ldentities: 577 of 817 nucleotides (719, gaps: 8 of 817 nucleotides (1%.

VChR1 254 TATGCGTACCAGGCATGECGAGCGACGTGOGEETGEGAGGRAGGTTTATGTGECATTGATT 313

(RN e e e R AR R R AR AR R RN I I
VChR2 238  TATGCATACGCGACCTGGAGAACCACCTGCGGCTGGGAGGAGGTATATGTGTGCTGCGTC 297

VCchril 314 GAGATGATGRAAGAGTATTATCGAGGCCTTTCACGRATTCGATTCACCTGCGACTCTGTGE 373

e e rr e rre e el [ |
VChR2 258  GAGTTGACCAAGGTCGTGATCGAGTTCTTCCACGAGTTTGACGAGCCCGGCATGCTGTAC 357

VvCchrl 374 CTATCTAGCGGRRACGGEGETTGTCTGGATGCGATACGGCGRAATGGTTGCTTACATGCCCE 433

[ e e e N e R NN N AR AN
VChR2 358  CTTGCGRACGGCAACCGAGTGCTGTGGCTGCGGTACGGCGAGTGGTTGCTGACCTGCCCC 417

Vchrl 434 GTGCTCCTGATCCACTTGTCARRATTTAACTGGGCTCARAGRATGATTACAGCARGCGGACE 453

b rrrrrrrrrrrrr rerrr reerr rrrre e e rrrt e
VChR2 418  GTCATTCTCATCCACTTGTCCAATTTGACTGGCCTCARGGACGACTACAACRAGCGGACC 477

VChr1 49594 ATGGGTTTGCTCGTCTCCGATGTCGGATGCATCGTATGGGETGCCACATCCGCCATGTGT 553

FEEr rrrrr e e Fererr reereert re b rrrrrnd
VChR2 478  ATGCGGTTGCTTGTCTCCGATGTCGGCACCATCGTGTGEGETGCTACTGCGGCCATGTCC 537

VChrR1 554 ACGGGATGGACCRARGATCCTGTTCTTCCTTATCTCACTTTC-—TTACGGCATGTACRCGT 611

[ e e e e N A R [ [AREEN e
VChR2 538  ACTGGCTACATARAAGTGATTTTCTTCCT--CCTCGGTTGCATGTACGGCGCRAARCACAT 595

VvCchr1l €12 ACTTCCACGCCGCCAAGGTTTACATCGAGGCATTTCACACGETGCCCRAGGGCATCTGCC 671

L T e e I I O I O A O
VChR2 596  TCTTCCACGCCGCCAAGGTGTATATTGAGTCGTACCACACCGTCCCCAAGGGTCTGTGTC 655

VChrR1 672 GTGAGCTGETGCEEETCATGECATGGACCTTTTTCGTCGCGTGEEECATGTTCCCCGTGEE 731

FErererrr re o rrreer Fererer b rrrre rreer ot
VChR2 656  GTCAGCTGGTCCGCGCCATGGCCTGGCTGTTCTTCGTGTCATGGGGGATGTTTCCCGTAC 715

Vvchrl 732 TCTTCTTACTGGGRACTGAGGGATTCGGCCACATTTCACC——TTATGGTTCGGCCATCGE 789

T e e 1 I A O [ R RN
VChR2 716 TGTTCCTGTTGGGGCCCGAGGGECTTCGE —ACATCTGAGCGTCTACGGGTCARACRATCGE 773

VvCchr1l 790 CCATTCCATATTAGACTTGATCGCARAGRRACATGTGGEGTGTTCTCGGCARCTACCTGCG 849

R e N N AR FErrer trr e ree el
VChR2 774  TCACACCATTATCGACCTTCTCTCCAAGAACTGCTGGGGTCTGCTGGGCCACTTCCTCCG 833

Vvchrl 850 TGTCARGATCCACGAGCACATCCTGTTGTACGGCGATATACGGAAGARAGCAGRAGATCAC 509

e rrrrrrrrrrr e rrer rrrrrrrr rr o r (ARRRRRREN
VChR2 B34  CCTGARAGATTCACGAGCACATTCTGCTGTATGGCGATATCCGCAAGGTTCAGRAGATCAG 693

Vvchr1l 9510 CATCGCAGGCCAGGAGATGGAGGTGGAGACTCTTGTGGCCGRAAGAGGAGGACGACACGET 969

[ e R R R R N N R N RN [ARRRRE
VChR2 B83%4  GGTGGCCGGTGAGGAGCTGGAGGTGGAGACCCTCATGACGGAGGAGECCCCCGACACCGT 953

Vchr1l 970 CARARCAGTCGACTGCCARAGTATGCATCTCGTGACTCGTTCATCACCATGCGCRAATCGTAT 1029

e e rrerr e e rrr e rrrrrrrr |
VChR2 954  CRAGRAGTCCACTGCGCAGTACGCCARACAGGGAGTCCTTCTTGACCATGCGTGATAAGCT 1013

VChr1 1030 GCGGGAGRAGGGCTTGGAGGTGCGGGCCTCACTGGAT 1066

(AR R R R AR RN
VChR2 1014 CAAGGAGAAGGGTTTCGRAGTGCGTGCTTCGCTGGAT 1050




Identities: 259 of 351 nucleotides (749, gaps: 10 of 351 nucleotides (3%.

VCchrR1 1205 CCGGGCCGGGETTATCCTGGCCGTTCCGGACATTTCCATGGTCGACTTTTTCAGAGRACEE 1264

Ferreer rerrrrr rerrr re e rrerrr e e e rrer rrrrrr el
VChR2 1231 CCCGGCCGCGTCATCCTAGCCGTACCTGATATTTCCATGGTGGACTATTTCAGGGAGCAG 1290

VChRI 1265 TTCGCGCAGCTGCCCGTGCCGTACGRAGTCGTACCCGCCCTTGGCGCCGAGRATACCGTA 1324

Ferrrrrererrr reer rrrrrrrerr e e et rrerrrrr rer rrrrl
VChHR2 1291 TTTGCGCAGCTGCCGGTGCAGTACGRAGTCGTACCCGCGCTCGGCGCCGRCAATGCCGTA 1350

VChHRI 1325 CAGCTGGTACAGCAGGCTGCGATGTIGGGCGGCTGCGACTTTGTGCTGATGCACCCGGAG 1384
e [ARRRERE! rrrrrrerrrrrrrrrrrr e r rr el

VChHR2 1351 CAGCTTGTTGTACAGGCTGCTGGGCTGGGECGGCTGCGACTTTGTACTCCTACATCCGGAG 1410

VChRI 1385 TTCTTGCGTGAC——--CGCGGACCCRCGGGTCTGCT-GCCACAGGTCAARATGATGGGTC 1439
I e | [ R [N [

VChHR2 1411 TTTCTCCGTGACARGTCTTCCACCAGCTTGCCTGCTCGGCTGCGETC-———— CATAGGGC 1465

VChRI 1440 AGCGTACGGCAGCGTTCGGATGGTCTCAGATGGGCCCCATGCGCGACCTCATTGAGAGCT 1499
FErer rererr rrrrr rreer ol e e e e |

VCHR2 1466 AGCGTGTGGECAGCATTCGGCTGGTCCCCCGTTGGCCCTGTGCGTGATCTCATTGAATCCE 1525

VChHRI 1500 CTGGTGTTGGCGCCTGGCTTGAGEGECCCAGCTTCGGCTCCGGARTCAGCT 1550

(AR e R R R R e N N A R R
VChHR2 1526 CTGGCCTGGATGGCTGGCTGGAGEGECCCAGTTTTGGATTGGECATTAGCC 1576

Supplemental Figure S1. Nucleotide sequence alignment of the VChR1 and VChR2 coding sequences. BLASTn result
(basic local alignment search tool, nucleotide) using the National Center for Biotechnology Information (NCBI)
databases. Numbers on both sides of the sequence alignment correspond to nucleotide numbering of VChR1 (Acc. No.
EU285658) and VChR2 (Acc. No. EU285660) coding sequences.



Identities: 1004 of 1432 nucleotides (70%, gaps: 48 of 1432 nucleotides (3%.

vchrl 260 TACCAGGCATGGCGAGCGACGTGCGEGTGEEAGGAGGTTTATGTGGCATTGATTGAGRATE 319

FErrer 1ol Forr et rreer rren e e
ChR1 419  TACCAGACCTGGRAGTCTACTTGCGGCTGGGAGGAGATTTACGTGGCCACGATCGAGATG 478

VChr1 320 ATGAAGAGTATTATCGAGGCCTTTCACGRATTCGATTCACCTGCGACTCTGTGGCTATCT 379

[ Il Fere e [ARERRN [ Il
ChR1 479 ATCAAGTTCATCATCGAGTATTTCCATGAGTTTGACGAACCTGCGGTGATCTACTCATCC 538

VChr1 380 AGCGGRRACGGGETTGTCTGGATGCGATACGGCGAATGETTGCTTACATGCCCGETGCTC 439

e e [ O I A O B
ChrR1  53%  AACGGCRAACAAGACCGTGTGGCTTCGTTACGCGGAGTGGCTGCTGACCTGCCCTGTCATT 598

Vvchr1 440 CTEATCCACTTGTCARATTTAACTGEGCTCARAGATGATTACAGCARGCGGACRATGGET 455

e [ e N N et e e rrrerl
ChR1 599  CTTATCCATCTGAGCAACCTTACGGGTCTGGCGRAACGACTATRACRAGCGTACCATGGGT 658

VChr1 500 TTGCTCGTCTCCGATGTCGGATGCATCGTATGEGETGCCACATCCGCCATGTGTACGGGE 559

e e e e rirl R N N N R AR
ChR1 659 CTGCTGGTGTCAGATATCGGCACGATCGTGTGGGGCACCACGGCCGCGOTGTCCARGGGA 718

VChr1 560 TG-GACCAAGATCCTGTTCTTCCTTATCTCACTTTCTTACGGCATGTACACGTACTTCCE 618

[ e RN e e e el
Cchrl 719  TACGTCCGTG-TCATTTTCTTCCTGATGGGCCTGTGCTACGGCATCTACACATTCTTCAL 777

vchrl 619 CGCCGCCARGGTTTACATCGAGGCATTTCACACGETGCCCARGGGCATCTGCCGTGAGCT 678

e rrrrrrer rerer rrrre o rrrrr rrrrrrrrr e e rerer v
ChR1 778  CGCAGCCAAGGTCTACATTGAGGCGTACCRCACCGTGCCCARGGGCATTTGCCGCGACCT 837

VChr1 €79 GGETGCGEGTCATGECATGGACCTTTTTCGTCGCGTGGEECATGTTCCCCGTGCTCTTCTT 738

Il [ N N N A N N e rrrrrr e e rrrd
ChR1 838 GGTCCGCTACCTTGCCTGGCTCTACTTCTGTTCATGGGCTATGTTCCCGGTGCTGTTCCT 857

VChrl 739 ACTGGGRAACTGAGGGATTCGGCCACATTTCACCTTATGET——TCGGCCATCGGCCATTCC 796

Feeer e rrerr e rrererrr e el FErrererr el
Chr1  8%8  GCTGGGCCCCGAGGGCTTTGGCCACAT--CAACCAATTCAACTCTGCCATCGCCCACGCC 955

vchrl 757 ATATTAGACTTGATCGCARRGRACATGTGEGGTGTTCTCGGCAACTACCTGCGTGTCARG (56

[ R [N (R e e e A AR R RN
ChR1 956 ATCCTGGACCTTGCCTCCAAGARCGCTTGGAGTATGATGGGTCACTTTCTGCGTGTCAAG 1015

VChr1 8357 ATCCACGAGCACATCCTGTTGTACGGCGATATACGGARAGRAAGCAGARGATCACCATCGCE 916

T e I O e Y I O A O
chrl 1016 ATCCACGAGCACATCCTGCTGTACGGCGACATCCGCARGARGCAGARGGTCARCGTGECT 1075

VCchrl 917 GGCCAGGAGATGGAGGTGGAGACTCTTGTGGCCGARGRAGGAGGACGACACGGTCARACRAG 976

Frrrrrrererrrrreerererr e e rerrr rerrr rr Il I
Chr1 1076 GGCCAGGAGATGGAGGTGGAGACCATGGTGCACGAGGAGGACGACGAGACGCAGAAGGTG 1135

vchrl 377 TCGACTGCCAAGTATGCATCTCGTGACTCGTTCATCACCATGCGCARATCGTATGCGGEEAG 1036

et rrrrr L T T B [N
ChR1 1136 CCCACGGCARAGTACGCCAACCGCGACTCGTTCATCATCATGCGCGACCGCCTCAAGGAG 1185

VCchrl 1037 AAGGGCTTGGAGGTGCGGGCCTCACTGGATGCCGETGGTGECGACAGCGETATGGRAGECC 10596

FEEErrer T rerel [ e e O O B N
ChR1 1196 AAGGGCTTCGAGACCCGCGCCTCGCTGGA————————— CGGCGAC-—CCGRACGG-CGAC 1243



Vchrl 1097 GGCGETEGCGGECGCCGCACACGCCCARCCACACATGECARAGCCCGECACGEARACTEEEC 1156

[ R Fer e e rrerl
ChR1 1244 GCCGAGGCCAACGCTGCAGCCGGC-—————————= GGC-AAGCCCGGRATGGAGATGGGC 1291

vchrl 1157 AAGACGATGTCCGCCA-——-GCTTTACRARACGGAGCCGCCRA-————————— CRAGCTTGGAG 1204

Il FEEE e [ e N N R [
ChR1 12392 AA---GATGACCGGCATGGGCATGAGCATGGGTGCCGGCATGGGCATGGCGRAACATCGAT 1348

Vchrl 1205 CCGGGCCGGGTTATCCTGGCCGTTCCGGACATTTCCATGGTCGACTTTTTCAGRAGARCRAG 1264

FErrerr et e rrrrrr et reerrere e e rd
ChRI 1349 TCGGGCCGCGTCATCCTCGCCGTGCCGEACATCTCCATGETGGACTTTTTCCGCGAGCAG 1408

VChrl 12653 TTCGCGCAGCTGCCCGTGCCGTACGAAGTCGTACCCGCCCTTGGCGCCGRAGRATACCGTA 1324

Prrrerr rerrrrerrrrr reerrr e rr rrrrr v rrrer rrrer el
ChR1 1409 TTCGCGCGGCTGCCCGTGCCCTACGAACTGGTGCCCGCGCTGGGCGCGGAGAACACCCTC 1468

VCchrl 1325 CAGCTGGTACAGCAGGCTGCGATGTTGGGCGECTGCGACTTTGTGCTGATGCACCCGGRAG 13684

FEEEEEEE rrrrrrnd I FEEETrrrererere tr rr rerrrerr i
ChR1 1469 CAGCTGGTGCAGCAGGCGCAGTCACTGGEAGGCTGCGACTTCGTCCTCATGCACCCCGAG 1528

VCchrl 1385 TTCTTGCGTGACCGCGGACCCACGGGETCTGCTGCCACAGGTCARAATGATGGGTCAGCGT 1444

e e rererr torrrr e rrr et (AR (AR
Chrl 1529 TTCCTGCGCGACCGCAGTCCCACGGGTCTGCTGCCCCGCCTCARGATGGGCGEGCAGCGE 1588

VChR1I 1445 ACGGCAGCGTTCGGATGGTCTCAGATGGECCCCATGCGCGACCTCATTGAGAGCTCTGET 1504
et e el (R R N N N N
ChrR1 1589 GCCGCGGCCTTCGGCTGEGCGECAATCGECCCCATGCGEGACTTGATCGAGGGTTCGEGC 1648
VChRI 1505 GTTGGCGCCTGGCTTGAGGEGCCCAGCTTCGGCTCCGGAATCAGCCAGGCTGCTCTCCAG 1564
FEre rrreerrr rerer rerrrrrr e et il Il I
ChR1 16459 GTTGACGGCTGGCTGEAGGGCCCCAGCTTTGGCGCCGGCATCARCCAGCAGGCGCTGETG 1708
VChRI 1565 CAGCTGGTGGTGAAGATGCAACAGGCCAAGCGCATGGCGGCCATGGGTAGCATGATGGET 1624
(RN FEEEE Tt [ R Il [AERRE
Chr1 1709 GCGCTGATCAACCGCATGCAGCAGGCCAAG ——RAAGATGGGCATGATGGGCGGTATGGGT 1765
VChR1 1625 GGCGGECATGGGCAACGGCATGGGCATGGECATEGETATGGGCATGEECATGE 1676

Pererrrrr o rerrrerr e e e e e e e e e
ChR1 1766 ATGGGCATGGGCGGCGGCATGGGTATGGGCATGGGTATGGGCATGGGCATGE 1817

Supplemental Figure S2. Nucleotide sequence alignment of the VChR1 and Chlamydomonas ChR1 coding sequences.
BLASTN result (basic local alignment search tool, nucleotide) using the National Center for Biotechnology Information
(NCBI) databases. Numbers on both sides of the sequence alignment correspond to nucleotide numbering of VChR1
(Acc. No. EU285658) and ChR1 (Sineshchekov et al., 2002, Acc. No. AF508965) coding sequences.



ldentities: 596 of 804 nucleotides (74%, gaps: 15 of 804 nucl eotides (2%.

VChr2 262 ACCTGCGGCTGEEAGEAGGTATATGTGTGCTGCGTCGRAGTTGACCARAGETCGTGATCGRAG 321

FErrrrrrrrrrrrere e o rrrrrirnd (R e AN RN N R R
ChR2 262  ACCTGCGGCTGGGAGGAGATCTATGTGTGCGCTATCGAGATGGTCARGGTGATTCTCGAG 321

VChr2 322 TTCTTCCACGAGTTTGACGAGCCCG—GCATGCTEGTACCTTGCGRAACGGCARCCGRGTGCT 380

AR e R R R RN e N A R RN |
ChR2 322  TTCTTCTTCGAGTTT-AARGAACCCGTCCATGCTGTATCTAGCCACAGGCCACCGCGTCCA 380

vchr2 381 GTGGECTGCGGTACGGCGAGTGETTGCTGACCTGCCCCGTCATTCTCATCCACTTGTCCAR 440

e rerr e reerrer v rerrrerr rrrrrrrerrr e reer
ChR2 381  GTGGTTGCGTTACGCCGAGTGGCTTCTCACCTGCCCGGTCATTCTCATTCACCTGTCARR 440

VChR2 441 TTTGACTGGCCTCARAGGACGACTACRACARGCGGACCATGCGEGTTGCTTGTCTCCGATGT 300

FEEE e Frrererer re e rreerr r ot e e el
ChR2 441  CCTGACGGGCTTGTCCAACGACTACAGCAGGCGCACCATGGGTCTGCTTGTGTCTGATAT 500

vchr2 501 CGGCACCATCGTETGGGETGCTACTGCGGCCATGTCCACTGGCTACATRAARAGTGATTTT S60

L T e e I I I A Y B B
ChR2 501  TGGCACRATTGTGTGGGGCGCCACTTCCGCCATGGCCACCGGATACGTCAAGGTCATCTT S60

VChr2 361 CTTCCTCCTCGGET-TGCATGTACGGCGCARACACATTCTTCCACGCCGCCAAGGTGTATE 619

(R e e N e N R R A R R R AR R R R
ChR2 561 CTTCTGCCTGGGTCTGTGT-TATGGTGCTAACACGTTCTTTCACGCTGCCAAGGCCTACE 615

vchr2 620 TTGAGTCGTACCACACCGTCCCCARGGGTCTGTGTCGTCAGCTGEGTCCGCGCCATGGCCT 679

[ Frrerererer e rerrr e rrrrrr e el (RN
ChR2 620 TCGAGGGTTACCACACCGTGCCGRAGGGCCGGTGTCGCCAGGTGETGACTGGCATGECTT 679

VChr2 &80 GECTGTTCTTCGTGTCATGGEGEGATGTTTCCCGTACTGTTCCTGTTGEGGECCCGRGGECT 739

AR RN R R e R e N AR R RN
ChR2 680 GGCTCTTCTTCGTATCATGGGGTATGTTCCCCATCCTGTTCATCCTCGGCCCCGAGGGET 739

VChr2 740 TCGGACATCTGAGCGTCTACGGETCAACRATCGETCACACCATTATCGACCTTCTCTCCE 799

(RN Preerere reeer re e rrrr rrrrrrr e v rrrrr el
ChR2 740 TCGGCGTCCTGAGCGTGTACGGCTCCACCGTCGGCCACACCATCATTGACCTGATGTCGE 799

VvCchr2 800 AGRACTGECTGEEETCTGCTGEECCACTTCCTCCGCCTGAAGATTCACGAGCACATTCTGS 859

Frrrerrrrrrrrrerrer rerrrrr v rer e rrr rrrrrr e e
ChR2 800 AGAACTGCTGGGGTCTGCTCGGCCACTACCTGCGCGTGCTGATCCACGAGCATATCCTCA 859

VChr2 860 TETATGGCGATATCCGCARG——GTTCAGR-AGATCA-GGETGECCGEGTGAGGRAGCTGGAG 915

b et el e e e e (AR
ChR2 860 TCCACGGCGACATTCGCAAGACCACCARAATTGAACATTGGTGGC-——-ACTGAGATTGAG 915

vchr2 9516 GTGGAGACCCTCATGACGGAGGAGGCC———CCCGACACCGTCARAGAAGTCCACTGCGCAG 972

[ N AR RN [ e A O I O B O N Il
ChR2 916  GTCGAGRCGCTGGTGGAGGACGAGGCCGAGGCTGGCGCGGTCAACRRGGGCACCGGCAAG 975

VChr2 973 TACGCCARACAGGGAGTCCTTCTTGACCATGCGTGATARGCTCARAGGAGRAGGGTTTCGAR 1032

AR N e R N A R AR AR R |
ChR2 976  TACGCCTCCCGCGAGTCCTTCCTGGTCATGCGCGACAAGATGARGGAGRAGGGCATTGAC 1035

Vvchr2 1033 GTGCGTGCTTCGCTGGATRAACAGC 1056

e e et rrernd
ChR2 1036 GTGCGCGCCTCTCTGGACARCAGC 1059



Identities: 282 of 401 nucl eotides (70%, gaps: 10 of 401 nucl eotides (2%.

VChr2 1231 CCCGGCCGCGTCATCCTAGCCGTACCTGATATTTCCATGGTGGACTATTTCAGGGAGCRAG 1250

PEEErrrrrrrrerrer e e e e FEEEre e ree rorrrrnd
ChR2 1222 CCCGGCCGCGTCATCCTGGCGGTGCCGGACATCAGCATGGTTGACTTCTTCCGCGRAGCAG 1281

VChr2 1291 TTTGCGCAGCTGCCGGTGCAGTACGRAGTCGTACCCGCGCTCGGCGCCGACARTGCCGTA 1350

T e e I e e I e B e N A R O N R B I N O B
ChR2 1282 TTTGCTCAGCTATCGGTGACGTACGAGCTGGTGCCGECCCTGGGCGCTGACAACACACTG 1341

VChR2 1351 CAGCTTGTTGTACAGGCTGCTG-GGCTGEGCGECTGCGACTTTGTACTCCTACATCCGGE 1409

e FEErr [ARRERERN fereeerr e
ChR2 1342 GCGCTGGTTACGCAGGC-GCAGRAACCTGGGCGGCGTGGACTTTGTGTTGATTCACCCCGE 1400

VChrR2 1410 GTTTCTCCGTGACAAGTCTTCCACCAGCTTGCCTG-CTCGECTGCGETCCATAGEGGCAGS 1468

e e e e et (RN I (A EEE
ChR2 1401 GTTCCTGCGCGACCGCTCTAGCACCAGCAT-CCTGAGCCGCCTGCGCGECGCGEECCAGE 1459

VChR2 1469 GTGTGGCAGCATTCGGCTGGTCCCCCGTTGGCCCTGTGCGTGATCTCATTGARTCCGCTG 1528

FEEEEre re rerrrerer 1l [ R AR A A RN
ChR2 1460 GTGTGGCTGCGTTCGGCTGEECECAGCTGEGGGCCCATGCGTGACCTGATCGAGTCCGCAR 1519

VChrR2 1529 GCCTGGATGGCTGGCTGGRAGGGECCCAGTTTTGGATTGGGCAT-TAGCCTGCC——CARCC 1585

FEEEEE e e el [ N
ChR2 1520 ACCTGGACGGCTGGCTGGAGGGCCCCTCGTTCGGACAGGGCATCCTGCCGGCCCACATCG 1579

Vchr2 1586 TTGCRAAGCCTGGTCCTGCGGATGCAGCATGCGCGCARGATE 1626

(RN (AR [(RERRRREE [ARERRRREE
Cchr2 1580 TTGC-——-CCTGEGETGGCCALRGATGCAGCAGATGCGCARGATE 1617

Supplemental Figure S3. Nucleotide sequence alignment of the VChR2 and Chlamydomonas ChR2 coding sequences.
BLASTN result (basic local alignment search tool, nucleotide) using the National Center for Biotechnology Information
(NCBI) databases. Numbers on both sides of the sequence alignment correspond to nucleotide numbering of VChR2
(Acc. No. EU285660) and ChR2 (Sineshchekov et al., 2002, Acc. No. AF508966) coding sequences.
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Supplemental Figure S4. Aligned coding sequences of VChR1, VChR2, ChR1 and ChR2 with highlighted
intron positions. Alignment of nucleotide sequences was done using the MUItiple Sequence Comparison by
Log-Expectation program (MUSCLE) . Alignments were illustrated using GeneDoc 2.6 . White letters on
black background, conserved in 100% of the sequences at the corresponding position; white letters on dark
gray background, conserved in 75% of the sequences at the corresponding position; black letters on light gray
background, conserved in 50% of the sequences at the corresponding position. Intron positions are indicated
within each coding sequence by vertical red bars. Sites with introns are highlighted with red arrows. Numbers
at the right side of the sequence alignment correspond to nucleotide numbering of VChR1 (Acc. No.
EU285658), VChR2 (Acc. No. EU285660), ChR1 (Sineshchekov et al., 2002, Acc. No. AF508965), and
ChR2 (Sineshchekov etal., 2002, Acc. No. AF508966) coding sequences. The numbers above the alignment
(marker line) are for orientation.



conl

ldentities: 51 of 70 residues (73%, sinmlarities: 64 of 70 residues (91%,
gaps: 0 of 70 residues (0%.

VChRl 266 IHEHILLYGDIRKKQKITIAGQEMEVETLVAEEEDDTVKQSTAKYASRDSFITMRNEMRE 325

IHEHILLYGDIRK QKI +AG+E+EVETL+ EE DTVK+STA+YA+R+SF+TMR++++E
VChR2 266 IHEHILLYGDIRKVQKIRVAGEELEVETLMTEEAPDTVKKSTAQYANRESFLTMRDKLKE 325
VChR1 326 KGLEVRASLD 335

KG EVRASLD
VChR2 326 EKGFEVRASLD 335

con2

ldentities: 86 of 113 residues (76%, simlarities: 98 of 113 residues (87%,
gaps: 0 of 113 residues (0%.

VChR1 383 GRVILAVPDISMVDFFREQFAQLPVPYEVVPALGAENTVQLVQQAAMIGGCDEVLMHPEF 442
GRVILAVPDISMVD+FREQFAQLPV YEVVPALGA+N VQLV QAA LGGCDEVL+HPEF
VChR2 397 GRVILAVPDISMVDYFREQFAQLPVQYEVVPALGADNAVQLVVQAAGLGGCDEVLLHPEF 456

VChR1 443 LRDRGPTGLLPQVEKMMGQRTAAFGWSQMGFMRDLIESSGVGAWLEGPSFEGSGI 495
LRD+ T L +++ +GQR AAFGWS +GP+RDLIES+G+ WLEGPSEG GI
VChR2 457 LRDKSSTSLPARLRSIGQRVAAFGWSPVGPVRDLIESAGLDGWLEGPSFGLGI 509

con3

ldentities: 17 of 21 residues (81%, sinmlarities: 18 of 21 residues (86%,
gaps: 0 of 21 residues (0%.

VChR1 817 ETDMLQQLMTEINRLKDELGE 837
E +MLQQLM EINRLK ELGE
VChR2 727 EAEMLQQLMAEINRLKSELGE 747

Supplemental Figure S5. Protein sequence alignment of the conl, con2 and con3 regions of VChR1 and VChR2.
BLASTYp result (basic local alignment search tool, protein) using the National Center for Biotechnology Information
(NCBI) databases. Numbers on both sides of the sequence alignment correspond to amino acid residue numbering of
VChR1 (Acc. No. EU285658) and VChR2 (Acc. No. EU285660). Identical and similar (*+) amino acid residues are

given between the sequences.
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FCMKWLWAAFALSVIILIYYAYATWRTTCGWEEVYVCCVELTKVVIEFFHEFDEPGMLYLANGNRVLWLRYGEWLLTCPVILIHLSNLTDYNKRTMRLLV
FCLAWLWITFALSALCLMEFYGYQTWKSTCGWEEIYVATIEMIKFIIEYFHEFDEPAVIYSSNGNKTVWLRYAEWLLTCPVILIHLSNLTDYNKRTMGLLV
YCAGWIWLAAGFSILLLMFYAYQTWKSTCGWEEIYVCAIEMVKVILEFFFEFKNPSMLYLATGHRVOQWLRYAEWLLTCPVILIHLSNLTDYSRRTMGLLV
SVSDSLSFAIAAMFASALFFFES . AQALVGORYRLALLVSAIVVSIYHYFRIFNSAAYVLENGVKENDAYRYVDWLLTVPLLLVETVAVLKEARPLLKLTV
SGAIFDVLAWIALLFTALFMAFKAVNA .DPVVRKFYYINAFVCGVESYFAMISGMGWETIMGCROMFYVRYIDWEFITTPLMILNIGLLAGEEQWMIAIMG
TGVGALTITFLILAVST. .IIFITRVGPATSQKVYYYCNVEFICGLMSYFAMLSGQGWTAVAGCRQFFYARYVDWTITTALIILELGLIAGAEPALIGVMG
TGIGGLTLGFLALTVTTVVMVAKAANA . DPERRKYYFCNTFICGIFAYFAMLSGQGWTAISGCRQFFYAHYVDWLLTTPLIILNLGLIAGQDYVTIAVCG
PTPTEYWVTFALMVLSSGIFALLSWNVPTSK.RLFHVITTLITVVLSYFAMATG . HATTFNCDRQVFWGRYVDWALTTPLLLLELCLLAGVDGAHTMAIV
ALASSIYVNIALAGLTIIVIAVMSRSIHDSRAKLITMSTLMISVVSSYMGLASGIDPLVMPEGVLSLWGRYLTWAFSTPFILLALGLLARSTTDKISAIV
LLNSSLWVNIALAGVVILLEVAMGRELESSRAKLIWVATMLVPLVSSYAGLASGVGFLOMPPGVLSPWGRYLTWTFSTPMILLALGLLADTDMASLTAIT
LLNSSIWVNIALAGVVILLEVAMGRDLESPRAKLIWVATMLVPLVSSYAGLASGVGFLOMPPGVLSPWGRYLTWTFSTPMILLALGLLADTDIASLTAIT
LLASSLYINIALAGLSILLEVEMTRGLDDPRAKLIAVSTILVPVVASYTGLASGISVLEMPAGVVTMWGRYLTWALSTPMILLALGLLAGSNATKLTAIT
LLASSLWINIALAGLSILLEVYMGRNVEDPRAQLIFVATLMVPLVSSYTGLVSGVSFLEMPAGVLTPWGRYLTWALSTPMILIAVGLLAGSNTTKLTAVV
LLASSLWINIALAGLSILLEVYMGRNLEDPRAQLIFVATLMVPLVSSYTGLVSGVSFLEMPAGVLTPWGRYLTWALSTPMILVALGLLAGSNATKLTAVT
LLHSSLWVNIALAGLSILVFLYMARTVRANRARLIVGATLMIPLVSSYLGLVTGAGPIEMPAAVLSQWGRYLTWTLSTPMILLALGWLAEVDTADLVVIA
LLHSSLWVNIALAGLSILVFLYMARTVRANRARLIVGATLMIPLVSSYLGLVTGAGPIEMPAAVLSQWGRYLTWTLSTPMILLALGWLAEVDTADLVVIA
LLSSSLWVNVALAGIAILVEVYMGRTIRPGRPRLIWGATLMIPLVSSYLGLLSGVGMIEMPAGVRSQWGRYLTWALSTPMILLALGLLADVDLGSLTVIA
LLSSSLWVNIALAGLSILLEVYMGRNITSGRARLIWGATLMIPLVSSYLGLASGVGFIEMPAGVMSQWGRYLTWALSTPMILLALGVLADVDRGSLTVIA
LESLLHWIYVAGMTIGALHFWSLSRNPRGVPQYEYLVA MFIPIWLAYMAMAIDQGKVEAAGQ.IAHYARYIDWMVTTPLLLLSLSWTAKKDWTLIFLMS
QEIVWYGAGAGAFFVSAVVEVWFAATRGNIRSSFYYLPPIHTS .VAAYVAMAL. IAGGQLGDTVSITTLRFADWIVSTPIITYYLARLAGVDTQTRLAVA
AVSAAYWIAAVAFLVGLGITAALYAKLGESEDRGRLAALAVIPGFLAYAGMALGIGTVTVNGA .ELVGLRYVDWIVITPLLVGFIGYVAGASRRAIGVML
AVTSAYWLAAVAFLIGVGITAALYAKLEGSRARTRLAALAVIPGFLSYVGMALGIGTVTVNGA . ELVGLRYVDWVVTTPLLVGFIGYNAGASRRAIGVMI
AVATAYLGGAVALIVGVAFVWLLYRSLDGSPHQSALAPLAITIPVFLSYVGMAYDIGTVIVNGN.QIVGLRYIDWLVITPILVGYVGYAAGASRRSIGVMV
AVAVVYGITAAGFAVGVAIVGYLYASLEGSEERSILAALALIPGFISYVAMAFGIGTVTIGET . TLVGFRYLDWVVTTPLLVGEVGYAAGASRRAIGVMV
PITIVYIIGTLGMLVGI. .. .PPALSLVGDEVGLDFDYVWAIPGIFMYLLMTFDVGSVQFQGY . HVPIPRYIDWALTTPLLVGYTAYIAGASRGMIGTAL
ATTIVLMLGTAGMLFGI. . ..PPCLRLLDMEADGHFGYLLLIPGFLMYALMTFGVGTQTFQGQ . TVPLLRYLDWLVTTPIMIGYAAYVAGTSKRGIGAAL
SEATWLWIGTIGMVLGTVYFAVRGRGSTDPEQQTYYIITTLIPAIAAYLAMATGLGVISMPIRIDIYWARYADWLLTTPLLIIDLALVAGARKQTLKLII
GEGIWLALGTIGMLLGMLYFIADGLDVODPROKEFYVITILIPAIASYLSMFFGFGLTEVSLAVDVYWARYADWLFTTPLLLLDIGLLAGASQRDIALVG
GEGIWLALGTVGMLLGMVYFMAKGWDVQODPEQEEFYVITILIAGISSYLSMFFGFGLTEVELVIDVYWARYADWLFTTPLLLLDIGLLAGASNRDMSLIT
PEWIWLALGTALMGLGTLYFLVKGMGVSDPDAKKFYAITTLVPAITMYLSMLLGYGLTMVPFGNPIYWARYADWLFTTPLLLLDLALLVDADQGTIALVG
PETLWLGIGTLLMLIGTFYFIARGWGVIDKEAREYYAITILVPGIAAYLAMFFGIGVTEVELALDIYYARYADWLFTTPLLLLDLALLAKVDRVTITLIG
PETLWLGIGTLLMLIGTFYFLVRGWGVTDKDAREYYAVTILVPGIAAYLSMFFGIGLTEVTIVGLDIYYARYADWLFTTPLLLLDLALLAKVDRVTITLVG
PETLWLGIGTLLMLIGTFYFIVKGWGVIDKEAREYYSITILVPGIAAYLSMFFGIGLTEVQVGLDIYYARYADWLFTTPLLLLDLALLAKVDRVSITLVG
PETLWLGIGTLLMLIGTFYFIVKGWGVIDKEAREYYSITILVPGIAAYLSMFFGIGLTEVQVGLDIYYARYADWLFTTPLLLLDLALLAKVDRVSITLVG
PESLWLWVGTIGMTLGTLYFLGRGRGVRDPKMOQOFYIITIFVITIAMYFAMATGFGVTEVIVGLTIYWARYADWIFTTPLLLLDLALLAGANRNTITLLG
PESIWLWIGTIGMTLGTLYFVGRGRGVRDRKMOEFYIITIFITTIAMYFAMATGEFGVTEVMVGLTIYWARYADWLEFTTPLLLLDLSLLAGANRNTITLIG
GESIFLWVGTAGMFLGMLYFIARGWSVSDQRROKFYIATIMIAAIVNYLSMALGFGVTTIELGRAIYWARYTDWLFTTPLLLYDLALLAGADRNTISLVG
SEGIWLWLGTAGMFLGMLYFIARGWGETDGRROKFYIATILITAIVNYLAMALGFGLTFIEFGHPIYWARYTDWLFTTPLLLYDLGLLAGADRNTISLVS
SEAIWLWLGTAGMFLGMLYFIGRGWGETDSRROKFYIATILITAIVNYLAMALGFGLTIVEFAHPIYWARYSDWLFTTPLLLYDLGLLAGADRNTISLVS
GEAIWLWLGTAGMFLGMLYFIARGWGETDSRROKFYIATILITAIVNYLAMALGFGLTIVEIARPIYWARYSDWLFTTPLLLYDLGLLAGADRNTISLVS
ALTTWEWVGAVGMLAGTVLPI. .RDCIRHPSHRRYDLVLAGITGLIAYTTMGLGITATTVGDR. TVYLARYIDWLVTTPLIVLYLAMLARPGHRTSWLLA
DTTVWAWIGALAMGAGTLWAWLSGSSATDESHGVYYGTLAGVTGVLAYLAMALGVGTLSTAAG . ELEVVRYVDWLVTTPLILLYLGLLARPSRRVLGLIG
TITTWEFTLGLLGELLGTAVLAY .GYTLVPEETRKRYLLLIAIPGIVAYALMALGFGSIQSEGH . AVYVVRYVDWLLTTPLNVWELALLAGASREDTKLVV
GLTTLFWLGAIGMLVGTLAFAWAGRDAGSGERR. YYVTLVGISGIVAYVVMALGVGWVPVAER. TVFAPRYIDWILTTPLIVYFLGLLAGLDSREFIVIT
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LDVFMCLTGLAAALTTSSHWLWYALSTAFFVGVLYIFSTLOQWMTIVLWIGYPVVWALGNEGLALLEVGATSWAYSGLDIFAKYAFTIILVL
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ADIGMCVTGLAAAMTTSALWAFYAISCAFFVVVLSIFDTLRVLTVVLWLGYPIVWAVGVEGLALVSVGVTSWAYSVLDVFAKYVFAFILLR
ADIGMCVTGLGAALITSSYWAFYIISCTFEFVVVLFIFSTLRLLTVVLWIGYPVIWAAGVEGFALISVGLTSWGYSGLDILAKYAFSFLLLR
TQIVVITSGLIADLSERDWYLWYICGVCAFLIILWLYDKLVTYFTVLWIGYPIVWIIGPSGFGWINQTIDTFLEFCLLPFFSKVGFSFLDLH
ANVVMIGVGYGFVSMSGSLWIAFAVSTVAFIGLLYLFQSLRDLTVVIWSLYPVVYFLGPLGTGIIQAPDLNFLVAVLDTIAKVGFMSILLV
ADALMIAFGAGAVVTGGTLWVLEGVSSIFHVILFALFSLLKNHVGLLWLAYPFVWLMGPAGIGFTTGVGAALTYAFLDVLAKVPYVYFEYA
ADALMIVFGAAAVVSGGTLWALFGVSALFHVSLFALFSLLKNHVGLLWLAYPFVWLMGPAGIGFTGAVGAALTYAFLDVLAKVPYVYFEYA
ADALMIAVGAGAVVTDGTLWALFGVSSIFHLSLFALFNLLKNHIGLLWLAYPLVWLFGPAGIGEATAAGVALTYVFLDVLAKVPYVYFEYA
ADALMILTGVGAVVADGTLWVLEGVSTVFHVSLFALFSLLKNHIGLLWIAYPLVWLAGPEGLGLATYVGVSITYAFLDLLAKVPYVYFEYA
ADFMMIVEFGLGAVVESSTAWVEFFGLSSACHLTLLALARLLLNYVGLLWLAYPLVWLEGP . GLQWVDAAGIAVIISYLDVTAKVPEVYFIYR
VDAVMIGLGTAAVVTAPPTWIFFGLAALCHLVLLGLARLLVNHTGLLWITYPVVWVEGP . GLQLISATGVSIMIMYMDVLAKVPEVYEFVYR
IDAIMILGGLAGSMMOQGAIVWWAVSTAAFIILLYVENRLRNITLGLWALYPIVWILGTGGFGIIAVITEIMLYVMLDIGTKIGFGAVLLE
IDAFMIVTGLVATLTKVVVYAFWTISTISMVFLLYTENALRNIILVTWAIYPVAWLVGTEGLALTGLYGETLLFMVLDLVAKVGEFGFILLR
IDAFMIVTGLAATLMKVPVYAFWTISTIAMLEVLYTENVLRNIILVAWAIYPVAWLVGTEGLGLVGLFGETLLFMILDLTAKIGFGFILLR
ADGIMIGTGLVGALTKVYSFVWWAISTAAMLYILYTEFKVLRNVTVVLWSAYPVVWLIGSEGAGIVPLNIETLLFMVLDVSAKVGEGLILLR
VDALMIVTGLIGALSKTPLYTWWLFSTIAFLFVLYTEFNTLTALVAVLWTAYPILWIVGTEGAGVVGLGIETLAFMVLDVTAKVGEGEFVLLR
VDALMIVTGLIGALSHTAIYSWWLESTICMIVVLYTENTLTALVLVLWTAYPILWIIGTEGAGVVGLGIETLLFMVLDVTAKVGEGFILLR
VDALMIVTGLVGALSHTPLYTWWLFSTICMIVVLYTENTLTALVLVLWTAYPILWIIGTEGAGVVGLGIETLLFMVLDVTAKVGEGFILLR
VDALMIVTGLIGALSHTPLYTWWLESTICMIVVLYTENTLTALVLVLWTAYPILWIVGTEGAGVVGLGIETLLFMVLDVTAKVGEGFILLR
LDVEMIGTGTIAAFAATPGIAWWGISTGALLVLLYLEFSTLRNLLIVLWLLYPVVWILGTEGFGILPLYWETAAFMILDLSAKVGEGVLLLR
LDVFMIGTGAIAALSSTPGIAWWAISTGALLALLYLFGRLRNLVIALWFLYPVVWILGTEGFGILPLYWETAAFMVLDLSAKVGFGVILLQ
LDVLMIGTGALATLSAGSGLVWWGISTGFLLVLLYKFSTLRNLVLVLWLVYPVLWLVGTEGLGLVGLPIETAAFMVLDLTAKIGEFGIILLQ
LDVLMIGTGVVATLSAGSGLVWWGISTAFLLVLLYTFKTLRNLVTVVWLVYPVWWLVGSEGLGLVGIGIETAGFMVIDLVAKVGFGIILLR
LDVLMIGTGLVATLSAGSGLVWWGISTAFLLVLLYTFKTLRNLVTVVWLVYPVWWLIGTEGLGLVGIGIETAGFMVIDLTAKVGFGIILLR
LDVLMIGTGLVATLSAGSGLVWWGISTAFLLVLLYTFKTLRNLVTVVWLVYPVWWLVGTEGIGLVGIGIETAGFMVIDLVAKVGEFGIILLR
ADVFVIAAGIAAALTTGVQWLFFAVGAAGYAALLYLEVTLRNITVVLWTLYPVVWLLSPAGIGILQTEMYTIVVVYLDFISKVAFVAFAVL
VDVVVIAGGVTGAATGGAVWAAFAVGGGAYLALVYVEGTLRNITVVLWTLYPVVRLLAPTGFGLLTSATEMLVEVYLDIVSKVGEVVIAVA
LOALTIVEFGFAGAVTPSPVYALFAVGGALFGGVIYLYRTLRNFVVVLWLVYPVVWLLGAAGVGLMDVETATLVVVYLDVVTKVGFGVIALL
LNTVVMLAGFAGAMVPGIEYALFGMGAVAFLGLVYLYVRLRNLTVILWAIYPFIWLLGPPGVALLTPTVDVALIVYLDLVTKVGEGFIALD



Supplemental Figure S6. Trimmed alignment of 45 rhodopsin-related proteins from green algae, fungi, cyanobacteria,

cryptomonads, and halobacteria.

Alignment of protein sequences was done using the MUItiple Sequence Comparison by Log-Expectation program
(MUSCLE) (Edgar, 2004). Minor manual optimization of alignments, trimming, and management of multi-aligned data
was done with BioEdit v7.0.9 (Hall, 1999). Investigated rhodopsins and source organisms are as follows: VChR1/V.c.,
channelrhodopsin-1, Volvox carteri; VChR2/V.c., channelrhodopsin-2, Volvox carteri; ChR1/C.r., channelrhodopsin-1,
Chlamydomonas reinhardtii; ChR2/C.r., channelrhodopsin-2, Chlamydomonas reinhardtii; Br/G.v., bacterioopsin,
Gloeobacter violaceus;, Ops2/G.t., opsin-2, Guillardia theta; Opsl/G.t., opsin-1, Guillardia theta; Ops/Cry.sp., opsin,
Cryptomonas sp.; Nop-1/N.c., opsin-1, Neurospora crassa; Hop/S.r., halorhodopsin, Salinibacter ruber; ChoP3/Ha.v.,
cruxhalorhodopsin-3, Haloarcula vallismortis; Hop/H.m., halorhodopsin, Haloarcula marismortui; Hop/N.p.,
halorhodopsin, Natronomonas pharaonis; Hop/H.sp., halorhodopsin, Halobacterium sp.; Hop/Hr.sod., halorhodopsin,
Halorubrum sodomense; Hopa/Ht.sp., halorhodopsin, Haloterrigena sp.; Hopb/Ht.sp., halorhodopsin, Haloterrigena sp.;
Hop/H.s., halorhodopsin, Halobacterium salinarum; Hop/H.w., halorhodopsin, Haloquadratum walsbyi; Br/N.sp.,
bacteriorhodopsin, Nostoc sp.; Xop2/H.m., opsin, Haloarcula marismortui; Sopl/H.sp., sensory rhodopsin-1,
Halobacterium sp.; Sop/Hr.sod., rhodopsin, Halorubrum sodomense; Sopl/H.s., sensory rhodopsin-1, Halobacterium
salinarum; Csr3/Ha.v., bacterial rhodopsin, Haloarcula vallismortis; Sria/S.r., sensory rhodopsin a, Salinibacter ruber;
Srib/S.r., sensory rhodopsin b, Salinibacter ruber; Bopll/H.w., bacteriorhodopsin Il, Haloquadratum walsbyi; Bopl/H.w.,
bacteriorhodopsin 1, Haloquadratum walsbyi; Xopl/H.m., bacteriorhodopsin, Haloarcula marismortui; Bop/H.s.,
bacteriorhodopsin, Halobacterium salinarum; Ar2/H.sp., archaerhodopsin-2, Halobacterium sp.; Ar3/Hr.sod.,
archaerhodopsin-2,  Halorubrum  sodomense; Arl/H.sp., archaerhodopsin-1, Halobacterium sp.; Aop/H.x.,
archaerhodopsin, Halorubrum  xinjiangense; Br/H.l., bacteriorhodopsin, Halobiforma lacisalsi; Bop/Ht.sp.,
bacteriorhodopsin, Haloterrigena sp.; Cop2/H.sp., cruxrhodopsin-2, Haloarcula sp.; Bop/H.m., bacteriorhodopsin,
Haloarcula marismortui; Cop/H.j., cruxrhodopsin, Haloarcula japonica; Cop3/Ha.v., cruxrhodopsin-3, Haloarcula
vallismortis; Sop2/H.s., sensory rhodopsin-2, Halobacterium salinarum; Pr/H.sp., phoborhodopsin, Halobacterium sp.;

Sop2/Ha.v., sensory rhodopsin-2, Haloarcula vallismortis; Sop2/N.p., sensory rhodopsin-2, Natronomonas pharaonis.
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Supplemental Figure S7. Multiple alignment of the conl, con2 and con3 regions of the

channelrhodopsins from Volvox and Chlamydomonas. Conserved amino acid residues were

shaded with similarity groups enabled. White letters on black background represent residues

conserved in 100% of the sequences at the corresponding position; residues seen in white letterson

gray background are conserved in >60% of the sequences.



Supplemental Table S1. Sequence comparison of VChR1 and VChR2 to related rhodopsins.

Comparison to VChR1 Comparison to VChR2
Gene product Species Group Acc.No. Percent Percent E-value Percent Percent E-value
identity* similarity* identity* similarity*
channelrhodopsin-1 Volvox carteri green EU285658 100% 100% 0.0 63% T7% 0.0
algae (837/837) (837/837) (335/530) (412/530)
channelrhodopsin-2 Volvox carteri green EU285660 62% 7% 0.0 100% 100% 0.0
algae (331/526) (410/526) (7471747) (7471747)
channelrhodopsin-1 Chlamydomonas green AF508965 66% 80% 0.0 62% T7% 0.0
reinhardtii algae (328/496) (397/496) (328/522) (403/522)
channelrhodopsin-2 Chlamydomonas green AF508966 56% 70% le-177 60% 73% 0.0
reinhardtii algae (300/532) (375/532) (325/534) (393/534)
bacterioopsin Gloeobacter Cyano- NP_923144 25% 45% 5e-10 30% 49% 4e-13
violaceus bacteria (42/164) (75/164) (46/152) (75/152)
bacteriorhodopsin Nostoc sp. Cyano- BAB74864 34% 53% 6e-05 30% 56% 6e-04
bacteria (16/47) (25/47) (12/39) (22/39)
opsin-2 Guillardia theta crypto- ABA08438 22% 48% 6e-06 20% 49% 5e-05
monads (32/141) (68/141) (33/163) (81/163)
opsin-1 Guillardia theta crypto- ABA08437 25% 50% 4e-08 25% 44% 4e-07
monads (38/148) (74/148) (43/170) (76/170)
opsin Cryptomonas sp. crypto- ABA08439 24% 47% 7e-09 25% 48% 1e-09
monads (34/141) (67/141) (38/149) (73/149)
opsin-1 Neurospora crassa fungi AF135863 47% 57% 0.43 26% 46% 0.024
(9/19) (11/19) (42/158) (74/158)
halorhodopsin Salinibacter ruber haloarch. YP_446872 23% 42% 4e-08 22% 44% 2e-06
(cn (35/150) (64/150) (33/149) (67/149)
cruxhalorhodopsin-3 Haloarcula haloarch. P94853 26% 47% 7e-07 27% 47% 8e-09
vallismortis (cn (40/151) (72/151) (44/159) (75/159)
halorhodopsin Haloarcula haloarch. YP_136278 26% 47% 6e-08 28% 45% 7e-08
marismortui (cn (40/151) (71/151) (45/160) (73/160)
halorhodopsin Natronomonas haloarch. P15647 38% 65% 9e-05 23% 43% le-04
pharaonis (cn (19/49) (32/49) (38/160) (70/160)
halorhodopsin Halobacterium sp. haloarch. CAA49773 24% 45% 1le-05 22% 43% 5e-08
(cn (38/157) (72/157) (38/166) (73/166)
halorhodopsin Halorubrum haloarch. 093742 25% 45% 2e-06 23% 45% 1le-08
sodomense (cn (40/157) (72/157) (36/155) (70/155)
halorhodopsin Haloterrigena sp. haloarch. 093741 23% 46% le-07 23% 46% 3e-07
(cn (36/152) (71/152) (33/143) (66/143)
halorhodopsin Haloterrigena sp. haloarch. BAA75201 23% 46% 2e-07 23% 46% 5e-07
(cn (36/152) (71/152) (33/143) (66/143)
halorhodopsin Halobacterium haloarch. P16102 23% 42% 5e-07 22% 42% 3e-06
salinarum (cn (43/181) (77/181) (42/185) (78/185)




halorhodopsin Haloquadratum haloarch. YP_658762 26% 46% 4e-06 24% 47% 3e-07
walsbyi (cn (40/153) (71/153) (37/150) (71/150)

opsin Haloarcula haloarch. YP_135281 21% 45% 5e-07 23% 44% 9e-09
marismortui (SR) (31/142) (64/142) (36/156) (69/156)

sensory rhodopsin-1 Halobacterium sp. haloarch. P33743 25% 53% 1le-09 25% 49% 7e-11
(SR) (37/147) (78/147) (39/154) (76/154)

rhodopsin Halorubrum haloarch. 093743 26% 48% 6e-09 26% 48% 3e-11
sodomense (SR) (40/152) (74/152) (41/155) (75/155)

sensory rhodopsin-1 Halobacterium haloarch. P25964 26% 51% 6e-12 26% 46% 3e-13
salinarum (SR) (39/147) (75/147) (52/198) (93/198)

bacterial rhodopsin Haloarcula haloarch. Q48334 25% 50% 1le-09 28% 47% 6e-10
vallismortis (SR) (38/148) (74/148) (42/148) (71/148)

sensory rhodopsin a Salinibacter ruber haloarch. YP_446609 26% 44% 6e-04 23% 42% 0.017
(SR) (40/149) (67/149) (29/124) (53/124)

sensory rhodopsin b Salinibacter ruber haloarch. YP_446677 40% 70% 0.007 25% 42% le-04
(SR) (8120) (14/20) (39/155) (66/155)

sensory rhodopsin-2 Halobacterium haloarch. P71411 27% 48% 3e-09 31% 52% le-12
salinarum (SR) (42/151) (73/151) (48/151) (79/151)

phoborhodopsin Halobacterium sp. haloarch. BAB86796 32% 56% 0.003 37% 59% 3e-05
(SR) (12/37) (21/37) (14/37) (22/37)

sensory rhodopsin-2 Haloarcula haloarch. P42197 27% 45% 9e-09 25% 50% 2e-10
vallismortis (SR) (42/155) (71/155) (40/155) (79/155)

sensory rhodopsin-2 Natronomonas haloarch. P42196 25% 46% 9e-06 26% 45% 2e-07
pharaonis (SR) (35/140) (65/140) (38/146) (67/146)

bacteriorhodopsin 11 Haloguadratum haloarch. YP_656804 25% 43% 4e-07 22% 46% le-07
walsbyi (H) (41/158) (69/158) (37/162) (75/162)

bacteriorhodopsin | Haloquadratum haloarch. YP_656801 31% 47% 4e-11 27% 49% 5e-11
walsbyi GY) (46/148) (71/148) (43/158) (78/158)

bacteriorhodopsin Haloarcula haloarch. YP_136594 32% 48% 3e-09 28% 43% 3e-08
marismortui (H) (47/144) (70/144) (46/164) (71/164)

bacteriorhodopsin Halobacterium haloarch. P02945 20% 35% 2e-04 20% 37% 3e-05
salinarum (H) (35/168) (60/168) (36/174) (65/174)

archaerhodopsin-2 Halobacterium sp. haloarch. P29563 26% 45% 8e-06 27% 60% 0.002
(H) (42/159) (73/159) (12/43) (26/43)

archaerhodopsin-2 Halorubrum haloarch. P96787 27% 46% 3e-05 28% 58% 9e-04
sodomense (H (41/151) (70/151) (13/46) (27/46)

archaerhodopsin-1 Halobacterium sp. haloarch. J05165 26% 46% 5e-05 28% 58% 8e-04
GY) (40/151) (70/151) (13/46) (27/46)

archaerhodopsin Halorubrum haloarch. AAS15567 26% 46% 6e-05 28% 58% 0.001
xinjiangense (H (40/151) (70/151) (13/46) (27/46)

bacteriorhodopsin Halobiforma haloarch. AAU04564 42% 64% 0.006 28% 46% 6e-05
lacisalsi (H") (6/14) (9/14) (45/156) (73/156)

bacteriorhodopsin Haloterrigena sp. haloarch. 093740 32% 48% 2e-07 29% 49% 2e-07
(H) (50/156) (76/156) (47/157) (78/157)




cruxrhodopsin-2 Haloarcula sp. haloarch. AAB32951 38% 59% 3e-05 34% 60% 5e-05
(H) (17/44) (26/44) (16/46) (28/46)

bacteriorhodopsin Haloarcula haloarch. YP_137573 25% 45% 7e-05 22% 44% 1le-06
marismortui GY) (38/152) (69/152) (46/206) (92/206)

cruxrhodopsin Haloarcula japonica haloarch. BAA81816 37% 60% le-04 24% 45% 1le-05
(H) (16/43) (26/43) (37/152) (69/152)

cruxrhodopsin-3 Haloarcula haloarch. P94854 37% 62% 4e-05 24% 46% 7e-06
vallismortis (H) (16/43) (27/43) (37/152) (70/152)

* The number of identical or similar amino acid residues as well as the total number of residues is given in parentheses.

haloarch., haloarchaea; SR, sensory rhodopsin; CI', chloride pump; H*, proton pump.




> VChR1/ V. c.
YCEGALW/VFAL SVACL GWAYQAVWRAT CGAEEVYVAL I EMVKSI | EAFHEFDSPATLW.
SSGNGVYWWWRYGEW.L TCPVLLI HLSNLTDYSKRTMGLLVSDVGCI VWGATSAMCTGAT |
LFFLI SLSYGWTYFLVRVVAW FFVAWGVFPVLFLLGTEG-GH SPYGSAI GHSI LDLI
AKNMAGVLYLR

> VChR2/ V. c.
FCMAWLWAAFALSVI | LI YYAYATWRTTCOAEEVYVCCVEL TKWI EFFHEFDEPGVL YL
ANGNRVLW.RYGEWLLTCPVI LI HLSNLTDYNKRTMVRLLVSDVGT I VAGATAAMSTGY!1 V
| FFLLGCMYGANTFFLVRAVAW. FFVSWGVFPVLFLLGPEGFGHLSVYGSTI GHTI | DLL
SKNCWGELLFLR

> ChR1/C.r.
FCLAW.W TFALSALCLMFYGYQTVKSTCOAEEI YVATI EM KFI | EYFHEFDEPAVI YS
SNGNKTWALRYAEWLLTCPVI LI HLSNLTDYNKRTMGELLVSDI GTI VWGT TAAL SKGYW
| FFLME.CYQ YTFFLVRYLAW. YFCSWAMFPVLFLLGPEG-GHI NQFNSAI AHAI LDLA
SKNAWSMVFLR

> ChR2/C.r.

YCAGW WLAAGFSI LLLMFYAYQTVWKSTCGWEE! YVCAI EMVKVI LEFFFEFKNPSMLYL
ATGHRVOALRYAEWLLTCPVI LI HLSNLTDYSRRTMGLLVSDI GT'l VAWGATSAVATGYVWW
| FFCLGA.CYGANTFFWTGAGVAW. FFVSWGEVFPI LFI LGPEGFGVLSVYGSTVGHTI | DLM
SKNCWAELLYLR

> Br/Gv.

SVSDSLSFAI AAMFASAL FFFS- AQALVGORYRLALLVSAI WSI YHYFRI FNSAAYVLE
NGVKFNDAYRYVDWLL TVPLLLVETVAVLKEARPLLKLTVASVLM ATGYPGEI SDDI TI

| WGTVSTI PFAYI LYLVRNVRWLLLLSWGVYPI AYLLPM_GSGTSAAVGVQVGYTI ADVL
AKPVFGLLVF-

> ps2/ G t.

SGAl FDVLAW AL LFTALFMAFKAVNA- DPVWRKFYY! NAFVCGVFSYFAM SGVGAETI
MGCRQVEYVRY! DWFI TTPLM LNI GLLAGEEQAM Al MGADMGM FAGYMGSVALVPTW
LWEVI GLWWYI PVWI LYGKVSLL TVWSWBVYPFVW L SV- GTGGLGVSAESI LYALLDVT
SKCFFSFM - -



> ps1/Gt.
TGVGALTI TFLI LAVST- - | | FI TRVGPATSQKVYYYCNVFI CGLMSYFAM. SGQGATAV
AGCRQFFYARYVDWI| TTALI | LELGLI AGAEPALI GVMGADVI M VGGYLGTVSI VTTW
FWEVI SMALFVWVLYVYGRLAW.TI VSW FYPWAAL F- SDGFASFSVSFEVCAYSI LDl A
SKAI FGFM/VS

> Qps/ Cry. sp.

TG GALTLGFLALTVTTVWMWAKAANA- DPERRKYYFCNTFI CA FAYFAM.SGQGATAI
SGCRQFFYAHYVDWLLTTPLI | LNLGLI AGQDYVTI AVCGADVLM | SGYMASVSWTTW
FWYLFA GVFLPI | YLYGKVAWL.TI | | WCFYPI WALF- SQGFASFSVSFETVAI TI MDVI
AKCVFSFM | A

> Nop- 1/ N. c.
PTPTEYWTFALMLSSG FALLSWAVPTSK- RLFHVI TTLI TWLSYFAVATG- HATTF
NCDRQVFWERYVDWAL TTPLLLLEL CLLAGVDGAHTMAI VADVI ML CGLFAAL GEGGNW
GWYTI GCFSYLFVI W.FTGLAVFALLLWIAYPI | W - G AGARRTNVDTEI LI YTVLDLL
AKPVFGFWLLL

> Hop/S.r.

ALASSI YVNI ALAG.TI | VI AVMSRSI HDSRAKLI TMSTLM SWSSYMELASGE DPLVM
PEGVLSLWERYLTWAFSTPFI LLALG_LARSTTDKI SAlI VLDVFMCLTGA.AAALTTSSHW
LWYALSTAFFVGVLYI FSTLQAMTT VLW GYPVYWWALGNEGLALLEVGATSWAYSGALDI F
AKYAFTI | LVL

> ChoP3/ Ha. v.

LLNSSLWNI ALAGWI LLFVAMGRELESSRAKLI WWATM_VPLVSSYAGLASGVG-LQVI
PPGVLSPWERYLTWFSTPM LLALG.LADTDVASLTAI TVDI GMCl TALAAALVTSSHW
VFYQ SCAFFI AVLYI FGTLKLLTWLW.GYPI LWALGSEGVALLSVGVTSWGYSGE.DI L
AKYVFAFLLLR

> Hop/H . m

LLNSSI WNI ALAGWI LLFVAMGRDLESPRAKL I WATM.VPLVSSYAGLASGVGFLQM
PPGVLSPWERYLTWIFSTPM LLALGLLADTDI ASLTAI TVDI GVCVTGLAAALI TSSHW
VFYGE SCAFFVAVLYI FGTLKI LTWLW.GYPI LWALGSEGVALLSVGVTSWGYSGLDI L
AKYVFAFLLLR



> Hop/ N. p.

LLASSLYI Nl ALAGLSI LLFVFMIRGLDDPRAKLI AVSTI LVPWASYTG.ASG SVLEM
PAGWTMAGRYLTWALSTPM LLALGLLAGSNATKLTAI TFDI AMCVTGLAAALTTSSHW
FWYAI SCACFLWLYM-NTLKLLTWMALGYPI WAALGVEG AVLPVGVTSWGYSFLDI V
AKY! FAFLLLN

> Hop/ H. sp.
LLASSLW NI ALAGLSI LLFVYMGRNVEDPRAQLI FVATLMVPLVSSYTALVSGVYSFLEM
PAGVLTPWGRYLTWALSTPM LI AVGLLAGSNTTKLTAVWWADI GVCVTGLAAALTTSSYW
VWAl SCAFFVWVLYI ENTLKVLTWLW.GYPI FWALGAEGLAVLDVAI TSWAYSGVDI V
AKYLFAFLLLR

> Hop/ Hr. sod.

LLASSLW NI ALAGLSI LLFVYMERNLEDPRAQLI FVATLMVPLVSSYTGELVSGVSFLEM
PAGVLTPWERYLTWALSTPM LVALG.LAGSNATKLTAVTADI GVCVTGLAAALTTSSYW
VWYVI SCAFFVWVLYI ENTLKLLTWLW.GYPI FWALGAEGLAVLDVAVTSVWAYSGVDI V
AKYLFAFLLLR

> Hopa/ Ht. sp.

LLHSSLWN ALAGLSI LVFLYMARTVRANRARLI VGATLM PLVSSYLGLVTGAGPI EM
PAAVLSQWGERYLTWLSTPM LLALGW. AEVDTADLWVI AADI GMCLTALAAALTTSSYW
AFYLVSTAFFVWLYI FGTLRALTVI LWL GYPI LWALGVEGFALVSVGALTSWGYSLLDI G
AKYLFAALLLR

> Hopb/ Ht. sp.

LLHSSLWNI ALAGLSI LVFLYMARTVRANRARLI VGATLM PLVSSYLGLVTGAGPI EM
PAAVLSQWGERYLTWLSTPM LLALGW. AEVDTADLVWVI AADI GMCLTALAAALTTSSYW
AFYLVSTAFFVWLYI FGTLRALTVI LWL GYPI LWALGVEGFALVSVGALTSWGYSLLDI G
AKYLFAALLLR

> Hop/ H. s.

LLSSSLW/NVALAG Al LVFVYMGRTI RPGRPRLI WGATLM PLVSSYLG.LSGVGM EM
PAGVRSQAGRYLTWALSTPM LLALGLLADVDLGSLTVI AADI GVCVTGLAAAMI TSALW
AFYAI SCAFFVWLSI FDTLRVLTWLW.GYPI VAAVGVEQLALVSVGVTSWAYSVL DVF
AKYVFAFI LLR



> Hop/ H. w.

LLSSSLW/NI ALAGLSI LLFVYMGRNI TSGRARLI WGATLM PLVSSYLG.ASGVGFI EM
PAGVNSQNGRYLTWALSTPM LLALGVLADVDRGSLTVI AADI GMCVTGLGAALI TSSYW
AFY! | SCTFFVWLFI FSTLRLLTWLW GYPVI WAAGVEGFALI SVGLTSWGYSG.DI L
AKYAFSFLLLR

> Br/N. sp.

LESLLHW YVAGMTT GALHFWSL SRNPRGVPQYEYLVA- MFI Pl WLAYMVANVAI DQGKVEA
AGQ | AHYARY! DAWWTTPLLLLSLSWIAKKDWILI FLMSTQ WI TSGLI ADL SERDW
LWYl CGVCAFLI | LMLYDKLVTYFTVLW GYPI VW | GPSG-GW NQTI DTFLFCLLPFF
SKVGFSFLDLH

> Xop2/ H. m

QEl VW GAGAGAFFVSAVWFWIFAATRGNI RSSFYYLPPI HTS- VAAYVANAL - | AGGQL
GDTVSI TTLRFADW VSTPI | TYYLARLAGVDTQTRLAVAANVWM GVGYGFVSMSGSLW
I AFAVSTVAFI GLLYLFQSLRDLTWTWSLYPWYFLGPLGTA | QAPDLNFLVAVLDTI
AKVGFMSI LLV

> Sopl/ H. sp.

AVSAAYW AAVAFLVG.A TAALYAKLGESEDRGRLAALAVI PGFLAYAGVALA GTVTV

NGA- ELVGELRYVDW VTTPLLVGF GYVAGASRRAI GVMLADALM AFGAGAWTGGTLW
VLFGVSSI FHVTLFALFSLLKNHVGEL LW AYPFVW.MGPAG GFTTGVGAALTYAFLDVL

AKVPYVYFFYA

> Sop/ Hr. sod.

AVTSAYW.AAVAFLI GVA TAALYAKLEGSRARTRLAALAVI PGFLSYVGVALA GTVTV
NGA- ELVGALRYVDWWVTTPLLVGH GYNAGASRRAI GVM ADALM VFGAAAVVSGGTLW
ALFGVSALFHVSLFALFSLLKNHVGLLW.AYPFVWALMGPAG GFTGAVGAALTYAFLDVL
AKVPYVYFFYA

> Sopl/H. s.

AVATAYLGGAVAL | VGVAFVWLL YRSLDGSPH@SALAPLAI | PVFLSYVGVAYDI GTVI V
NG\ Q VGLRYI DALVTTPI LVGYVGYAAGASRRSI GVMVADALM AVGAGAVWTDGTLW
ALFGVSS| FHLSLFALFNLLKNHI GLLW.AYPLVWLFGPAG GEATAAGVALTYVFLDVL
AKVPYVYFFYA



> Csr3/Ha.v.

AVAWYG TAAGFAVGVAI VGYLYASLEGSEERSI LAALALI PGFlI SYVAMVAFG GTVTI
GET- TLVGFRYLDWWTTPLLVGFVGYAAGASRRAI GVMVADALM LTGVGAVWADGTLW
VLFGVSTVFHVSLFALFSLLKNH GLLW AYPLVWWLAGPEGLGLATYVGVSI TYAFLDLL
AKVPYVYFFYA

> SrialS.r.

PI TI VYl | GTLGWMLVA - - - - PPALSLVGEEVA.DFDYWAI PG FMYLLMIFDVGSVQF
QGY- HVPI PRYI DWALTTPLLVGYTAYl AGASRGMV GTALADFMM VFGALGAVVFSSTAW
VFFGLSSACHLTLLALARLLLNYVGA. LW AYPLWALFGP- GLQWDAAG AVI | SYLDVT
AKVPFVYFI YR

> Srib/S.r.

ATTI VLMLGTAGWFG - - - - PPCLRLLDVEADGHFGYLLLI PGFLMYALMIFGVGTQTF
QGQ TVPLLRYLDW.VTTPI M GYAAYVAGTSKRG GAALVDAVM GLGTAAWTAPPTW
| FFGLAALCHLVLLGLARLLVNHTGLLW TYPWW/FGP- GLQLI SATGVSI M MYMDVL
AKVPFVYFVYR

> Bopl I/ H w.

SEATW.W GTl GWLGTVYFAVRGRGSTDPEQQTYY! | TTLI PAI AAYLAVATGLGVI SM
Pl RI DI YWARYADWLLTTPLLI | DLALVAGARKQTLKLI | I DAI M LGELAGSMVIQQGAI
VWAAVSTAAFI | LLYVENRLRNI TLGLWALYPI VW LGTGGFA | AVTTEI MLYVMLDI G
TKI GFGAVLLE

> Bopl/H. w.

GEG WLALGTI GVLLGWLYFI ADGLDVQDPRQKEFYVI TI LI PAI ASYLSMFFGFGLTEV
SLAVDVYWARYADW.FTTPLLLLDI GLLAGASQRDI ALVG DAFM VTGLVATLTKVWWY
AFWT STI SWFLLYTENALRNI | LVTWAI YPVAW.VGTEGQLALTGLYGETLLFWLDLV
AKVGFGFI LLR

> Xopl/H m

GEA WLALGTVGMLLGWYFNVAKGADVQDPEQEEFYVI Tl LI AG SSYLSMFFGFALTEV
ELVI DVYWARYADW.FTTPLLLLDI GLLAGASNRDVSLI TI DAFM VTGLAATLIMKVPVY
AFWTT STI AMLFVLYTFNVLRNI | LVAWAI YPVAW.VGTEGQLGLVGLFGETLLFM LDLT
AKI GFGFI LLR



> Bop/ H. s.

PEW W_AL GTALMGLGTL YFLVKGVGVSDPDAKKFYAI TTLVPAI TMYLSMLLGYGLTW
PFGNPI YWARYADW.FTTPLLLLDLALLVDADQGTI ALVGADG M GTGLVGALTKVYSF
VWAAI STAAMLYI LYTFKVLRNVTWLWSAYPVWWLI GSEGAG VPLNI ETLLFWLDVS
AKVGFGLI LLR

> Ar2/H. sp.

PETLW.G GTLLM.I GTFYFI ARGAGVTDKEAREYYAI Tl LVPA AAYLAMFFG GVTEV
ELALDI YYARYADW.FTTPLLLLDLALLAKVDRVTI TLI GVDALM VTGl GALSKTPLY
TWALFSTI AFLFVLYTENTLTALVAVLWIAYPI LW VGTEGAGWGLG ETLAFMWLDVT
AKVGFGFVLLR

> Ar 3/ Hr. sod.
PETLWL.G GITLLM.I GTFYFLVRGAGVTDKDAREYYAVTI LVPG AAYLSMFFE GLTEV
TVGALDI YYARYADW.FTTPLLLLDLALLAKVDRVTI TLVGVDALM VTGl GALSHTAI' Y
SWALFSTI CM WLYTENTLTALVLVLWAYPI LW | GTEGAGWG.GE ETLLFMVLDVT
AKVGFGFI LLR

> Arl/H. sp.

PETLW.G GTLLM.I GTFYFI VKGAGVTDKEAREYYS! TI LVPG AAYLSMFFG GLTEV
QVGLDI YYARYADW.FTTPLLLLDLALLAKVDRVSI TLVGVDALM VTGLVGALSHTPLY
TWALFSTI CM WLYTENTLTALVLVLWAYPI LW | GTEGAGWGLG ETLLFM/LDVT
AKVGFGFI LLR

> Aop/ H. x., Aopbdl_H. x.

PETLW.G GILLM.I GTFYFI VKGWEVTDKEAREYYSI Tl LVPGE AAYLSMFFA GLTEV
QVALDlI YYARYADW.FTTPLLLLDLALLAKVDRVSI TLVGVDALM VTGl GALSHTPLY
TWALFSTI CM WLYTENTLTALVLVLWAYPI LW VGTEGAGWG.AE ETLLFMVLDVT
AKVG-GFI LLR

> Br/H|.

PESLW.WGTI GMTLGTLYFLGRGRGVRDPKMQQFYI | TI FVTTI AMYFAMATGFGVTEV
TVGA.TI YWARYADW FTTPLLLLDLALLAGANRNTI TLLGLDVFM GTGTI AAFAATPG

AWNG STGALLVLLYLFSTLRNLLI VLWLLYPWW LGTEGFGA LPLYWETAAFM LDLS
AKVGFGVLLLR



> Bop/ Ht . sp.

PESI W.W GT1 GMTLGTLYFVGRGRGVRDRKMEFYI | TI FI TTI AMYFANATGFGVTEV
MG TI YWARYADW.FTTPLLLLDLSLLAGANRNTI TLI GLDVFM GTGAI AALSSTPG
AWM STGALLALLYLFGRLRNLVI ALWFLYPWW LGTEGFG LPLYWETAAFMWLDLS
AKVGFGVI LLQ

> Cop2/ H. sp.
CES| FLW/GTAGVFLGWLYFI ARGWASVSDQRROKFYT ATI M AAI VNYLSMALGFGVTTI
ELGRAI YWARYTDWLFTTPLLLYDLALLAGADRNTI SLVGLDVLM GTGALATLSAGSGL
VWWAE STGFLLVLLYKFSTLRNLVLVLW. VYPVLW.VGTEG.GLVG.PI ETAAFMLDLT
AKI GFG | LLQ

> Bop/H. m

SEA WW.GTAGVFLGWLYFI ARGAGETDGRR(KFYI ATI LI TAI VNYLAVALGFGLTFI
EFGHPI YWARYTDWLFTTPLLLYDLG.LAGADRNTI SLVSLDVLM GTGWATLSAGSGL
VWAGE STAFLLVLLYTFKTLRNLVTVWALVYPWWALVGSEGLGLVAE G ETAGFWI DLV
AKVGFG | LLR

> Cop/H.j.

SEAI WW.GTAGMFLGWMLYFI GRGAGETDSRRQKFYI ATI LI TAI VNYLAMVALGFGLTI V
EFAHPI YWARYSDW.FTTPLLLYDLG.LAGADRNTI SLVSLDVLM GTGLVATLSAGSGL
VWAGE STAFLLVLLYTFKTLRNLVTVWW.VYPVWWAL| GTEGLGLVAE G ETAGFWI DLT
AKVGFGE | LLR

> Cop3/ Ha. v.
GEAl WWL.GTAGVFLGWL YFI ARGWGETDSRRCKFY!1 ATI LI TAI VNYLAVALGFGLTI V
El ARPI YWARYSDWLFTTPLLLYDLG.LAGADRNTI SLVSLDVLM GTG.VATLSAGSGL
VWAE STAFLLVLLYTFKTLRNLVTVWALVYPWWLVGTEG GLVAE G ETAG-WI DLV
AKVGFG | LLR

> Sop2/ H. s.

ALTTWFWGAVGWLAGTVLPI - - RDCI RHPSHRRYDLVLAG TGl AYTTMELGA TATTV
GDR- TVYLARYI DWL.VTTPLI VLYLAMLARPGHRTSW.LAADVFVI AAG AAALTTGVQW
LFFAVGAAGYAALLYLFVTLRNI TWLWLYPVWW.LSPAG G LQTEMYTI VVVYLDFI
SKVAFVAFAVL



> Pr/H. sp.

DTTVWAW GALAMGAGTLWAW. SGSSATDESHGVYYGTLAGVTGVLAYLAVALGVGTLST
AAG ELEVWRYVDWLVTTPLI LLYLGLLARPSRRVLGLI GVDVWI AGGVTGAATGCAVW
AAFAVGGGAYLALVYVFGTLRNI TWLWLYPWRLLAPTGFGLLTSATEMLVFVYLDI V
SKVGFWI AVA

> Sop2/ Ha. v.

TI TTWFTLGALLGELLGTAVLAY- GYTLVPEETRKRYLLLI Al PA VAYALMVALGFGSI (S
EGH AVYWRYVDW.LTTPLNVWFLALLAGASREDTKLWWLQALTI VFGFAGAVTPSPVY
ALFAVGGALFGGVI YLYRTLRNFVWVLW.VYPYWW L GAAGVGLMDVETATLVWYLDW
TKVGFGVI ALL

> Sop2/ N. p.

GLTTLFW.GAI GVLVGTLAFAWAGRDAGSGERR- YYVTLVA SG VAYWNVAL GVGAVPV
AER- TVFAPRYI DW LTTPLI VYFLG.LAGLDSREFI VI TLNTWM.AGFAGAMVPG EY
ALFGVGAVAFLGA_VYLYVRLRNLTVI LWAI YPFI W.LGPPGVALLTPTVDVALI VYLDLV
TKVGFGFI ALD

Supplemental Data Set S1. Trimmed sequences of 45 rhodopsin-related proteins from green algae, fungi,
cyanobacteria, cryptomonads, and halobacteria corresponding to the alignment in Supplemental Figure S6.

Source organisms: VChR1/V.c., channelrhodopsin-1, Volvox carteri; VChR2/V.c., channelrhodopsin-2,
Volvox  carteri; ChR1/C.r., channelrhodopsin-1, = Chlamydomonas reinhardtii; ChR2/C.r.,
channelrhodopsin-2, Chlamydomonas reinhardtii; Br/G.v., bacterioopsin, Gloeobacter violaceus;
Ops2/G.t.,, opsin-2, Guillardia theta; Opsl/G.t., opsin-1, Guillardia theta; Ops/Cry.sp., opsin,
Cryptomonas sp.; Nop-1/N.c., opsin-1, Neurospora crassa; Hop/S.r., halorhodopsin, Salinibacter ruber;
ChoP3/Ha.v., cruxhalorhodopsin-3, Haloarcula vallismortis; Hop/H.m., halorhodopsin, Haloarcula
marismortui; Hop/N.p., halorhodopsin, Natronomonas pharaonis; Hop/H.sp., halorhodopsin,
Halobacterium sp.; Hop/Hr.sod., halorhodopsin, Halorubrum sodomense; Hopa/Ht.sp., halorhodopsin,
Haloterrigena sp.; Hopb/Ht.sp., halorhodopsin, Haloterrigena sp.; Hop/H.s., halorhodopsin,
Halobacterium  salinarum;  Hop/H.w.,  halorhodopsin,  Haloguadratum  walsbyi;  Br/N.sp.,
bacteriorhodopsin, Nostoc sp.; Xop2/H.m., opsin, Haloarcula marismortui; Sopl/H.sp., sensory

rhodopsin-1, Halobacterium sp.; Sop/Hr.sod., rhodopsin, Halorubrum sodomense; Sopl/H.s., sensory



rhodopsin-1, Halobacterium salinarum; Csr3/Ha.v., bacterial rhodopsin, Haloarcula vallismortis;
Sria/S.r., sensory rhodopsin a, Salinibacter ruber; Srib/S.r., sensory rhodopsin b, Salinibacter ruber;
Bopll/H.w., bacteriorhodopsin Il, Haloquadratum walsbyi; Bopl/H.w., bacteriorhodopsin |,
Haloquadratum walsbyi; Xopl/H.m., bacteriorhodopsin, Haloarcula marismortui; Bop/H.s.,
bacteriorhodopsin, Halobacterium salinarum; Ar2/H.sp., archaerhodopsin-2, Halobacterium sp.;
Ar3/Hr.sod., archaerhodopsin-2, Halorubrum sodomense; Arl/H.sp., archaerhodopsin-1, Halobacterium
sp.; Aop/H.x., archaerhodopsin, Halorubrum xinjiangense; Br/H.l., bacteriorhodopsin, Halobiforma
lacisalsi; Bop/Ht.sp., bacteriorhodopsin, Haloterrigena sp.; Cop2/H.sp., cruxrhodopsin-2, Haloarcula sp.;
Bop/H.m., bacteriorhodopsin, Haloarcula marismortui; Cop/H.j., cruxrhodopsin, Haloarcula japonica;
Cop3/Ha.v., cruxrhodopsin-3, Haloarcula vallismortis; Sop2/H.s., sensory rhodopsin-2, Halobacterium
salinarum; Pr/H.sp., phoborhodopsin, Halobacterium sp.; Sop2/Ha.v., sensory rhodopsin-2, Haloarcula

vallismortis; Sop2/N.p., sensory rhodopsin-2, Natronomonas pharaonis.



