Supplemental information

Supplementary Table S1. List of various anabaenopeptins found in the Planktothrix strains. Countries indicated according to two-letter code.
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R. Garcia (IT)

R. Nicolletti (IT)
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2A No. 865 L. Hiidenvesi (FI) G Y Y Y na X X

2A No. 873 G Y Y Y na X X

2A CCAP 1459/36 L. Gjersjoen (NO) G Y Y Y na X X X X
2A NIVA-CYA 15 L. Kolbotnvatnet (NO) G Y Y Y na X X

2A  NIVA-CYA 34 G Y Y Y na X X X X
2A NIVA-CYA56/3 L. Steinsfjorden (NO) G Y Y Y na X X X X

2A  NIVA-CYA 405  -7- G Y Y Y na X X X X
3 No.704 Saka (UG) G nd nd na nd

3 No. 707 G nd nd na na

3 No. 708 G nd nd na nd

3 No.710 G nd nd na na

3 No.711 G nd nd na na

3 No.712 G nd nd na nd

3 No.713 G nd nd na na

3  No.980 Ft. Lowell, Tucson (US) G nd nd na na

3 No. 1020 Vaal River (ZA) G nd nd na na

3 CCAP 1460/6 Nakhon Pathon (TH) G nd nd na na

3 PCC9214 Landjia (CF) G nd nd na na

4 sensu Harada et al. 1995 (AP B [M+H]* 837.5, AP A [M+H]* 844.4), Shin et al. 1997 (AP F [M+H]* 851.5), Sano and Kaya 1995 (Osc Y [M+H]*
858.4), Fujii et al. 2002 (AP C [M+H]" 809.4, AP D [M+H]" 828.4), Okumura et al. 2009 (AP 908 [M+H]" 909.5, AP 915 [M+H]" 916.5), Sano et
al. 2001 (Osc B [M+H]* 869.4), Williams et al. 1996 (ferintoic acid A [M+H]* 867.4)

b Insertion 1S1634; ¢ Recombination within apnC and apnD; ¢ Recombination within apnE; ¢ Partial deletion within apnB

R, red; G, green; Y, yes; nd, not detected; na, not analyzed; X, major peptide (30-100% peak area compared to the most abundant AP); X, minor
peptide (5-30% peak area compared to the most abundant AP)



Supplementary Table S2. Primer pairs used to amplify the apnA-E gene cluster and its flanking regions from Planktothrix strains.

Region Primer name  Primer sequence 5'-3? Ta[°C] Amplicon size [bp] Elongation time [min]

apnA-E gene cluster  apnlF+ CCTCCATGTTCAAGCAATCT 60 2017 1
apnlF- CGGAATATTTCATGACGACG ’
apn2+ TATCAGTGAAATTCTACGTCGTCATG 60 1975 1
apn2- TGAGACAGATTTCATCATTTCTTCTG ’
apn3+ CAGAAGAAATGATGAAATCTGTCTCA 60 2 024 1
apn3- CCAACCAACAGTACGAGACAAGT ’
apn4+ ACTTGTCTCGTACTGTTGGTTGG 60 2 027 1
apn4- CGATCGCATTAGGAGTCTTTTCTA ’
apn5+ TAGAAAAGACTCCTAATGCGATCG 60 1.800 1
apn5- GTTGTGCCACTTCATCTTCAGATAA ’
apn6+ TTATCTGAAGATGAAGTGGCACAAC 60 1962 1
apn6- TCTTCTGGATAATCGGAGTCAATC ’
apn7+ GATTGACTCCGATTATCCAGAAGA 60 2 007 1
apn7Tres- GCACGATAAAGTTGTTGCCATT ’
apn8Tres+ AATGGCAACAACTTTATCGTGC 60 2 009 1
apn8Tres- GGGATGATTCCAATAACCTTGAG ’
apn9Tres+ CTCAAGGTTATTGGAATCATCCC 60 2 079 1
apn9- CGTAACTTGTCTCCATCAGCAGA ’
apnl10+ TCTGCTGATGGAGACAAGTTACG 60 1951 1
apn1l0Tres- GAAATGACTCAAAATTAAGCCGATC ’
apnllTRest GATCGGCTTAATTTTGAGTCATTTC 60 1972 1
apnll- TGGGTTGGTAATCCGCATAAT ’
apnl2+ ATTATGCGGATTACCAACCCA 60 2287 1

apnl2- CTGATAGTGCCTATTGAGTAGTTGGTC




apnCD_recombination apn7+ GATTGACTCCGATTATCCAGAAGA 60 2 009 1
apn7T126- AGGCATTATAAGCTTGTTCCCATT ’
apn8T126+ AATGGGAACAAGCTTATAATGCCT 60 2 083 1
apn8T126- TTCGCCATTTAGCTAAGTCTCCT ’
apn9T126+ AGGAGACTTAGCTAAATGGCGAA 60 5 003 1
apn9- CGTAACTTGTCTCCATCAGCAGA ’
apnl10+ TCTGCTGATGGAGACAAGTTACG 60 1910 1
apn10T126- TCAAGGTTCTTGCCTTGAGATAAC ’
apnllT126+ GTTATCTCAAGGCAAGAACCTTGA 60 2 036 1
apnll- TGGGTTGGTAATCCGCATAAT ’

No apn gene cluster ~ ClbrCptD- AGCAACTATTCCGTCAGTAGT 58 5073 95
AspB- CTACTCGCGCTGCTAGCTT ’ '

5’end flanking region ClbrCptD- AGCAACTATTCCGTCAGTAGT 60 4892 5
CIBrApnA+ TTAATTCCTCATAGGTCAATTG ’

3’end flanking region Apnl2+ ATTATGCGGATTACCAACCCA 60 4376 5
CIBrMvdA+ TTATAGGTTTCTTCGTCCAT ’

apnA A; domain apnlF+ CCTCCATGTTCAAGCAATCT 60 1702 1
apnAAla- CGAGATAAAATTTGTGTGGCAAT ’

! Based on the apnA-E gene clusters obtained from genome sequencing of strains NIVA-CYA 98 (access. no. AM990463.2) and NIVA-CYA 126/8
(access. no. CM002803.1).



Supplementary Table S3. AP structural variants detected in Planktothrix strains.

Da RT [min] Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 Pos. 6

Unknown AP 1 884.4 12.3 Arg Lys 165 Da* Hty N-Me-Ala Phe
Anabaenopeptin C 808.4 15.5 Lys Lys Val Hty N-Me-Ala Phe
Unknown AP 2 822.5 16.0 160 Da* Lys Val Hty N-Me-Ala Phe
Anabaenopeptin B 836.5 16.4 Arg Lys Val Hty N-Me-Ala Phe
Unknown AP 3 822.5 17.9 Lys Lys [ Hty N-Me-Ala Phe
Oscillamide B 868.4 18.2 Arg Lys Met Hty N-Me-Ala Phe
Unknown AP 4 836.5 18.4 160 Da* Lys lle Hty N-Me-Ala Phe
Anabaenopeptin 908 908.5 18.6 Arg Lys lle Hty N-Me-Hty lle
Anabaenopeptin F 850.5 18.8 Arg Lys [ Hty N-Me-Ala Phe
Unknown AP 5 822.5 19.1 Lys Lys Val 209 Da* N-Me-Ala Phe
Unknown AP 6 850.5 19.6 Arg Lys 117 Da* Hty N-Me-Ala Phe
Unknown AP 7 850.5 20.0 Arg Lys Val 209 Da* N-Me-Ala Phe
Anabaenopeptin A 843.4 21.9 Tyr Lys Val Hty N-Me-Ala Phe
Anabaenopeptin 915 915.5 23.9 Tyr Lys [ Hty N-Me-Hty lle
Oscillamide Y 857.4 24.6 Tyr Lys lle Hty N-Me-Ala Phe
Anabaenopeptin D 827.4 29.1 Phe Lys Val Hty N-Me-Ala Phe
Ferintoic Acid A 866.4 29.2 Trp Lys Val Hty N-Me-Ala Phe
Unknown AP 8 841.4 32.2 Phe Lys Val 209 Da* N-Me-Ala Phe

* Molecular mass of the free amino acid



Supplementary Table S4. MS fragments of different AP structural variants detected in Planktothrix strains.

Anabaenopeptin B

Anabaenopeptin A

Anabaenopeptin C

m/z Sequence m/z Sequence m/z Sequence

8375 M+H 8445 M+H 8095 M+H

637.4 Lys+ Val + Hty + MAla + Phe + 2H 637.4 Lys + Val + Hty + MAla + Phe + 2H 637.4  Lys+ Val + Hty + MAla + Phe + 2H

619.4 Lys+ Val + Hty - H.0 + MAla + Phe + H 619.4 Lys+ Val + Hty - H20 + MAla + Phe + H 619.4  Lys+ Val + Hty - H.O + MAla + Phe + H

534.3 Lys+ Val + Hty - H20 + Phe + H 534.3 Lys+ Val + Hty - H2O + Phe + H 534.3  Lys+ Val + Hty - H2O + Phe + H

460.3 Lys+ Val + MAla + Phe + 2H 460.3 Lys + Val + MAla + Phe + 2H 460.3  Lys + Val + MAla + Phe + 2H

387.2 Lys+Val+Hty-H0+H 387.2 Lys+Val+Hty-H0O+H 387.2 Lys + Val + Hty - H.O + H

370.2 Lys+Val+Hty-H0-NH2+H 370.2 Lys+Val + Hty - H2O - NH2+ H 370.2 Lys + Val + Hty - H2O - NH2+ H

Unknown Anabaenopeptin 2 Anabaenopeptin D Ferintoic Acid A

m/z Sequence m/z Sequence m/z Sequence

8235 M+H 8285 M+H 8675 M+H

637.4 Lys+ Val + Hty + MAla + Phe + 2H 637.4 Lys+ Val + Hty + MAla + Phe + 2H 637.4  Lys+ Val + Hty + MAla + Phe + 2H

619.4 Lys+ Val + Hty - H20 + MAla + Phe + H 619.4 Lys+ Val + Hty - H20 + MAla + Phe + H 619.4  Lys+ Val + Hty - H20 + MAla + Phe + H

534.3 Lys+ Val + Hty - H20 + Phe + H 534.3 Lys+ Val + Hty - H20 + Phe + H 534.3  Lys+ Val + Hty - H2O + Phe + H

460.3 Lys+ Val + MAla + Phe + 2H 460.3 Lys + Val + MAla + Phe + 2H 460.3  Lys + Val + MAla + Phe + 2H

387.2 Lys+Val+Hty-H0+H 387.2 Lys+Val+Hty-H0+H 387.2 Lys + Val + Hty - H2O + H
Anabaenopeptin F Oscillamide Y Unknown Anabaenopeptin 3

m/z Sequence m/z Sequence m/z Sequence

8516 M+H 8585 M+H 8235 M+H

651.4 Lys + lle + Hty + MAla + Phe + 2H 651.4 Lys + lle + Hty + MAla + Phe + 2H 651.4  Lys+ lle + Hty + MAla + Phe + 2H

633.4 Lys+ lle + Hty - H20 + MAla + Phe + H 633.4 Lys + lle + Hty - H20 + MAla + Phe + H 633.4  Lys+ lle + Hty - H20 + MAla + Phe + H

548.3 Lys+ lle + Hty - H20 + Phe + H 548.3 Lys + lle + Hty - H20 + Phe + H 548.3  Lys+ lle + Hty - H20 + Phe + H

474.3 Lys + lle + MAla + Phe + 2H 474.3 Lys + lle + MAla + Phe + 2H 4743  Lys+ lle + MAla + Phe + 2H

4012 Lys+lle+Hty-HO0+H 401.2 Lys+lle+Hty-H0+H 4012 Lys+lle+Hty-H0+H




Unknown Anabaenopeptin 4

Unknown Anabaenopeptin 5

Unknown Anabaenopeptin 7

m/z Sequence m/z Sequence m/z Sequence
8375 M+H 8235 M+H 8515 M+H
651.4 Lys+ lle + Hty + MAla + Phe + 2H 651.4 Lys+ Val + (191 Da) + MAla + Phe + 2H 651.4  Lys+ Val + (191 Da) + MAla + Phe + 2H
633.4 Lys + lle + Hty - H.0 + MAla + Phe + H 633.4 Lys+ Val + (191 Da) - H20 + MAla + Phe + H 633.4  Lys+ Val + (191 Da) - H20 + MAla + Phe + H
548.3 Lys+ lle + Hty - H20 + Phe + H 548.3 Lys+ Val + (191 Da) - H20 + Phe + H 548.3  Lys+ Val + (191 Da) - H20O + Phe + H
474.3 Lys + lle + MAla + Phe + 2H 460.3 Lys + Val + MAla + Phe + 2H 460.3  Lys+ Val + MAla + Phe + 2H
401.2 Lys+Ille+Hty-HO+H 401.2 Lys+ Val + (191 Da) - H.O +H 401.2 Lys+Val+ (191 Da)-H0+H

Unknown Anabaenopeptin 8 Unknown Anabaenopeptin 6 Anabaenopeptin 908
m/z Sequence m/z Sequence m/z Sequence
8425 M+H 8515 M+H 9096 M+H
651.4 Lys+ Val + (191 Da) + MAla + Phe + 2H 651.4 Lys+ (113 Da) + Hty + MAla + Phe + 2H 709.5  Lys+ Val + Hty + MHty + lle + 2H
633.4 Lys+ Val + (191 Da) - H.0 + MAla + Phe + H 633.4 Lys+ (113 Da) + Hty - H.O + MAla+Phe+H 6914  Lys+ Val + Hty - H2O + MHty + lle + H
548.3 Lys+ Val + (191 Da) - H20 + Phe + H 548.3 Lys+ (113 Da) + Hty - H20 + Phe + H 518.4  Lys+ Val + Hty + lle + 2H
460.3 Lys+ Val + MAla + Phe + 2H 474.3 Lys + (113 Da) + MAla + Phe + 2H 500.3  Lys+ Val + MHty - H20 + lle + H
401.2 Lys+ Val + (191 Da) - H20 + H 401.2 Lys+ (113 Da) + Hty - H.O + H 387.2  Lys+Val+Hty-H0+H

Anabaenopeptin 915 Oscillamide B Unknown Anabaenopeptin 1

m/z Sequence m/z Sequence m/z Sequence
9165 M+H 869.4 M+H 8854 M+H
709.5 Lys+ Val + Hty + MHty + lle + 2H 669.4 Lys+ Met + Hty + MAla + Phe + 2H 685.4  Lys+ (147 Da) + Hty + MAla + Phe + 2H
691.4 Lys+ Val + Hty - H:O + MHty + lle + H 651.4 Lys+ Met + Hty - H20 + MAla + Phe + H 667.4  Lys+ (147 Da) + Hty - H20 + MAla + Phe + H
518.4 Lys+ Val + Hty + lle + 2H 566.3 Lys+ Met + Hty - H20O + Phe + H 621.4  Lys + (147 Da) — SCHs+ Hty - H20 + MAla + Phe + H
500.3 Lys+ Val + MHty - H.0 + lle + H 492.3 Lys + Met + MAla + Phe + 2H 508.1  Lys+ (147 Da) + MAla + Phe + 2H
387.2 Lys+Val+Hty-H0+H 419.2 Lys+ Met+ Hty-H0+H 434.9 Lys + (147 Da) + Hty - H.O + H

10
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Supplementary Figure S1. Fragmentation pattern of anabaenopeptin B ([M+H]* 837.5) from

strain no. 66.

Intens.
x108

, ) ?;\_ 4\ .i 7
Q 10 15 20 25 30 35 40 Time [min]

Peak RT [min] Area Area% m/z Peptide

1 15.6 2E+10 87 8095 APC

2 16.0 2E+09 8 823.5  Unknown AP

3 16.3 2E+09 10 8375 APB

4 19.3 1E+09 6 823.5  Unknown AP

5 21.9 1E+09 6 8445 APA

6 28.9 2E+10 100 8285 APD

7 321 1E+09 5 8425  Unknown AP

Supplementary Figure S2. HPLC-MS chromatogram of strain no. 804. Peaks from

anabaenopeptins are colored.
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5' End flanking region
ociD-apnA

No. 63
No. 64
No. 66
No. 67
No. 79
No. 80
No. 82
No. 83
No. 91/1
No. 97
No. 108
No. 110
No. 111
No. 139
No. 145
No. 161
No. 166
No. 169
No. 170
No. 178
No. 250

APstl

-
<

o
Z

11501

3' End flanking region
apnE-mvdA

NIVA-CYA 98
No. 108
No. 110

No. 40
No. 111

No. 41
No. 64

No. 63
No. 66
No. 67
No. 79
No. 80
No. 82
No. 97
No. 139
APstl

11501

Apn screening T 4% o~ & o <
T T T ¥ 99
part of apnB 2333383 3
< < < < < < <
O O O O O O oo
< < <€ < <€ < <
O O O O O O O
O O O O O O O

No. 496/1
No. 91/1
No. A7*
PCC 7821
No. 757
No. 772
No. 865

PCC 7811
APstl

11501

4507, 4749, 5077

(bp)

4507, 4749, 5077
_— 2838
—— 2443, 2459, 2556
2140

(bp)

4507, 4749, 5077
_ 2838
— 2443, 2459, 2556
2140

Lambda DNA/Pstl
(bp)

Lambda DNA/Pstl

Lambda DNA/Pstl

Supplementary Figure S3. Gel pictures showing PCR products of amplified (A) ociD-apnA
flanking region, 4.7 kbp (three strains no. 66, 63 and 41 showed a bigger PCR product due to
insertion of 1S1634, 2,063 bp), (B) apnE-mvdA flanking region, 4.4 kbp which was amplified

less frequently among strains of lineage 1, (C) apnB gene fragments with one strain (CCAP
1459/31) carrying a 381 bp deletion. (", denotes strains which were lost during this study).
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100

Anabaena 90 (apnAT)
Nodularia CCY 9414
Aphanizomenon NIES-81

100

Nostoc PCC 73102

100

Anabaena 90 (apnA2)

100]

Tolypothrix VB521301

—
0.05

Scytonema PCC 7110

Supplementary Figure S4. Maximum likelihood tree calculated from apnA gene sequences

(7,114 bp) from Planktothrix strains and other cyanobacteria genera.
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95| Anabaena 90
-
82 Nostoc PCC 73102
100 Scytonema PCC 7110
Tolypothrix VB521301
e

0.05
Supplementary Figure S5. Maximum likelihood tree calculated from apnB gene sequences
(3,285 bp) from Planktothrix strains and other cyanobacteria genera.
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0.05
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Tolypothrix VB521301

Supplementary Figure S6. Maximum likelihood tree calculated from apnC gene sequences

(8,202 bp) from Planktothrix strains and other cyanobacteria genera.

15



Tolypathrix VB521301
100 Anabaena 90

100 L Aphanizomenon NIES-81
Nostoc PCC 73102
’ | Nodularia CCY 9414
[

Scytonema PCC 7110

—
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Supplementary Figure S7. Maximum likelihood tree calculated from apnD gene sequences

(5,050 bp) from Planktothrix strains and other cyanobacteria genera.
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I Tolypothrix VB521301
—_

0.05

Supplementary Figure S8. Maximum likelihood tree calculated from apnE gene sequences

(2,339 bp) from Planktothrix strains and other cyanobacteria genera.
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No.66
No.39
No.64
No.770
No.108
No.804
No.371
No.396
No.67
No.365
No.277

NIVA-CYA126/8

No.260
No.32

No.3

No.82
PCC7821
No.31/1
CCAP1459/36
CCAP1459/17
No.806

GrsA

No.66
No.39
No.64
No.770
No.108
No.804
No.371
No.396
No.67
No.365
No.277

NIVA-CYA126/8

No.260
No.32

No.3

No.82
PCC7821
No.31/1
CCAP1459/36
CCAP1459/17
No.806

GrsA

No.66
No.39
No. 64
No.770
No.108
No.804
No.371
No.396
No.67
No.365
No.277

NIVA-CYA126/8

No.260
No.32

No.3

No.82
PCC7821
No.31/1
CCAP1459/36
CCAP1459/17
No.806

GrsA

277/278
FDVAAEEIYVTLCSGATLILRTEEMISSIPLEVQKSQDWQITVWDLPTAYWHLFVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPLFVQKSQDWQITIWDLPTAYWHLLVNELVN 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLEVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWDLPTAYWHLLVNELVN 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWRITVIDLPTAYWHLLVNELAN 258
FDMAAEEIYVTLCSGATLVLRTEEMISSIPLEFVQKSQDWRITVLDLPTAYWHLLVNELIN 258
FDVAAEEIYVTLCSGATLVLRTEEMISSIPLFVQKSQDWQITVWSLPTAYWHLLVNELAN 258
FDVAAEEIYVTLCSGATLVLRTEEMISSIPLFVQKSQDWQITVWSLPTAYWHLLVNELAN 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWRITVIDLPTAYWHLLVNELAN 258
FDVAAEEIYVTLCSGATLVLRTEEMISSIPLEVQKSQDWQITVWSLPTAYWHLLVNELVN 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLEVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSEFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAEEIYVTLCSGATLILRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAVHEVCTTLCSGAALVLRTEEMISSIPSFVQKSQDWQITVWSLPTAYWHLLVNELVK 258
FDVAAHEIYTTLCSGATLVLRTEEMISSIPSFVQKSQDWQITVWDLPTAYWHLLINELVK 258
FDASVWEMFMALLTGASLYIILKDTINDFVKFEQYINQKEITVITLPPTYVVHLDPERI— 292

KK . * . .k ** * . . . *  Kx .. ** KK ek . *

322 311
SKIALPNSLRLVIIGGERVQPELVRMWEKNVGDFPELINAYGPTEGTIEVSLCRLSQLTQ 318
SKIALPDSLRLVIIGGERVQAEIVRMWEFKNVGNFPELINAYGPTEGTVEVSVCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRMWEKNVGNFPELINAYGPTEGTIEVSLCHLSQLTE 318
SKIVLPDSLRLVIIGGERVQPELVRMWEKNVGNFPELINGYGPTEGTVEVSVCRLSQLTE 318
SKLVLPGSLRLIIIGGERVQPELVRMWEFKNIGNFPELINGYGPTEGTIEVSLCRLSQLTE 318
SKIALPDSLRLIITGGERIQPELVRVWEFKNIGNFPELINGYGPTEGTIEVSLCRLSQLTE 318
SKLVLPGSLRLIIIGGERVQPELVRMWEFKNIGNFPELINGYGPTEGTIAVSLCRLSQLTE 318
SKLVLPGSLRLIIIGGERVQPELVRMWEFKNIGNFPEIINGYGPTEGTIAVSLCRLSQLTE 318
SKLVLPGSLRLVIVGGERIQPELVRMWEFKNVGNFPELINIYGPTEGTIAVSLCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRLWLKNVGDFPELINAYGPTEGTIAVSLCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRMWEFKNVGNFPELINAYGPTEGTIAVSLCRLSQLAE 318
SKIALPDSLRLVIIGGERVQPELVRMWEKNVGNFPELINAYGPTEGTIAVSLCRLSQLAE 318
SKIAFPDSLRLVIIGGERVQPELVRMWEKNVGNEFPELINAYGPTEGTIAVSLCRLSQLAE 318
SKIALPDSLRLVIIGGERVQPELVRMWEKNVGNEFPELINAYGPTEGTIAVSLCRLSQLAE 318
SKIALPDSLRLVIIGGERVQPELVRMWEKNVGNFPELINAYGPTEGTIAVSLCRLSQLAE 318
SKIALPDSLRLVIIGGERVQPELVRMWEKNVGNFPELINVYGPTEGTIAVSLCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRMWEFKNVGNEFPELINVYGPTEGTIAVSLCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRMWEFKNVEIFLELINVYGPTEGTIAVSLCRLSQLTE 318
SKMALPDSLRLVIIGGERVQPELVRMWEFKNVGNFPELINVYGPTEGTIAVSLCRLSQLTE 318
SKIALPDSLRLVIIGGERVQPELVRMWEFKNVGNFPELINAYGPTEGTIEVSICHLSQLTE 318
SKVALPDSLRLIIIGGERVQPELVRMWEKNVGNEFPELINAYGPTEGTIEVSICHLSQLTE 318

—————— LSIQTLITAGSATSPSLVNKWKEKV————TYINAYGPTETTICATTWVATKETI 342
*:: :* '*' . ':*' * KKk KKK KK * *
SORNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGAAVARGY - -—-—-—————-—— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPPETPGEIYIGGAAVARGY - -—-—-—————-—— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPTETPGEIYIGGAAVARGY——————————— 367
SOQRNRTEIPIGKSLGENISVYVLDETLKIVPPETSGEIYIGGAAVARGY——————————— 367
SORSRAEIPIGKSLGENISIYVLDETLKIVPPETPGEIYIGGAAVARGY - -—-—-—————-—— 367
SORNRAEIPIGKSLGENISIYVLDETLKIVPPETPGEIYIGGAAVARGY - -—-—-—————-—— 367
SORNRAEIPIGKSLGENISIYVLDETLKIVPSETPGEIYIGGAAVARGY———-—-——————— 367
SQORNRAEIPIGKSLGENISIYVLDETLKIVPSETPGEIYIGGAAVARGY —————————-—— 367
SORNRTEIPIGKSLGESISVYVLDETLKIVPPETPGEIYIGGTAVARGY - -—-—-—————--— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTALARGY - -——-—————-—— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTALARGY——————————— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVSPETPGEIYIGGTAVARGY————-——————— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVSPETPGEIYIGGTAVARGY - -—-—-—————-—— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPPETPGEIYIGGAAVARGY - —-—-—-—————--— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPPETSGEIYIGGAAVARGY - —————————— 367
SOQRNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTALARGY - —————————— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTALARGY - ——-—-—————--— 367
SORNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTALARGY - ——-—-—————-—— 367
SOQRNRTEIPIGKSLGENISVYVLDETLKTVPPETPGEIYIGGTAVARGY - —————————— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPTETPGEIYIGGAAVARGY ——————————— 367
SORNRTEIPIGKSLGENISVYVLDETLKIVPPETPGEIYIGGAAVARGY - ——-—-—————=— 367
GHS----VPIGAPI-QONTQIYIVDENLQLKSVGEAGELCIGGEGLARGYWKRPELTSQKF 397

*** . . oK. ** * ** * Kk Kk ****
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Supplementary Figure S9. Alignment of ApnA A:-domain sequences (A4-A6, 170 aa) of 21
Planktothrix spp. genotypes and indication of positively selected sites as estimated by PAML
and Bayes empirical Bayes (BEB) inference (Yang et al., 2005). Red = specificity-conferring
Code (Stachelhaus et al., 1999), green = residues within 8 A around the substrate as defined
by Rausch et al. (2005), grey = indicated by BEB analysis (> 90%), numbering according to
Stachelhaus et al. (1999).
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