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KDD76312 - - -------- EAARAAQGHG KABMRARSHHE AAQAHAM- - - - - - - - - oo oo oo 386
XP_011396366 - - -------- EAABASRGTR TcocsNPQaad RAAAPEQGER TANAGEA--- - --- oo oo
XP_005846540 - - - - - - - - - - EAAKAASESK SREssANQSGA ASAGANGGSA AANMAAAHNEH ---------- ----------
XP_002507666 - - -------- EQARANR- - - ----------
XP_003056520 - - - - ----- - NANNcCEERR RERGRERARP
XP_005646693 - - - - - - - - - - EGRGSRSRSH GHGARMPSGA
KXZ50454 - - - - - - - - - - EAABAAARAA APTPSSANGT
XP_001699095 - - = = = = = === —ooeosoo oo
XP_002951120 = - = = = = == == - e ee
kxz56454 RHAMEABAAAA NGENHGEGBP
XP_001703601 - - == - === =« —coowom-
XP_002954138 - - - - - - - - - -
XP_001419059 - - - - - - = - - -
XP_003080614 - - - - - - - - - -
CCO16213 - - = - == -- - -
XP_002503335 - ---------
XP_003058405 - - - - - - ----
XP_013900021 - - - ------- vllBEGeEl - - ---------- ------- Q0@ Gcoaacmaaq 498
XP_002954367 - - - - - ----- AHBEAGGECA BEEAGH- - - - - --------- - 400
KXZ43541 - = = = = = = = - - AHBEAGGAPHE SRcQNGNGPRE MEPSSSHPKE WUAEEQAEAA 449
XP_001694300 - - - ------- AHBEAGGA- - - - - oo oo oo oo 390
XP_005645479 - - - - - - - - - - AHBEGGGH - - - - - - - - oo m e e e 452
XP_011399372 - - - - - - - - - - AHBEAGG- - - - - - - Ll ol 381
KDD74687 - --------- AHBEGGG- - - - - - - - oo oo o 412
XP_005844785 - - - -« ----- AHBEAGG - - - - - - oo L Ll 393
002/ J e = [ 375
XP_001419478 - - - ------- RASSTSEAEA PRAGABE- - - - ------- - oo mm oo i 449
XP 003083155 = = = = = = = = = = m e mm e o e d e e oo d e e e e e et e e oo 424
CCO18034 - - -------- THABABEERE QTMBNI- - - - - - - - - - - - - - - oo oo oot it e 535
XP_001419851 - - - - - --- - - QESBcGBGoE EGNEESEEEE ---------- ---------- mmmmmmmmee e e e 405
XP_003081390 - - - - ------ SERSETESST BANM- - - - - - - - - - - o oo o i e 459
XP_002501054 - - - ------- SGEITPMMS - - - - = = = = = = o oo e e e e e e e et e e oo oo 360
XP_003057263 - - -------- EGGGSGHNPM ES-------- - --- oo L Ll il 374
XP 005651434 = - = = = = = = = = m e m s m e oo oo o oo oo ool oo 377
002102~ 270
D < T < 1= 314
XP 001690850 = - = = = = = = = = mm o m e e e e m e e e e ke e e e e e e et e e oo 375
XP 001690852 = = = = = = = = = = & e m e e e m e e oo e e e e e m et e e e e 383
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XP_013902829 - - -------- GGAAPGSPSH BEBARAGAGRE P-------- - comm oot i oo 343
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KXZAB360 - = - = = = = = = = e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e mee e e e e e 394
XP 001700291 = = = = = = = = = = m e e e e e oo e e d e e et e e e 389
XP_002503699 - - - ------- AASRGGRGGN GEBRAEMGEE AP- - - - - - - - - - - - oo oo oo 415
XP_003059282 - - -------- EArRGceeeeeB BEBBBccAcN KBAKENMEE- - - --------- ---------- oo 426
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KDD76312 = = = = = o o m o e e e e e e e e e e e
XP 011396366 - - = = = = = = = = m e e e e e e
XP_005846540 - = = = = = = === m e e e e e e
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KDD76312 = = = = = = = = = = e e e e e e e e e e e e e e e e e et e e e e e e e e e eeee aeeeo - 386
XP 011396366 = = = = = = = = = = mm e e e e e e e e e e e e e e e e e e e e e e e e e 257
XP 005846540 - - = = = = =2 e s s e e eiieaas meeeamssas memeseemsas mememmeemas me-aan= 409
XP 002507666 = - = = = = = = = = m e e e e e e e e e e e e e e e et e e e e e oo 363
XP_ 003056520 = = = = = = = = = = mm e m e e e e e e e e e et e e e e e e e e ee oo 380
XP 005646693 = = = = = = = = = = m e m e e e e e e e e e e e e e e e e e e e e e 391
41 442
XP 001699095 = - = = = = = = = = e e e e e e e e e e e e e e e et e e e e e oo 353
XP_ 002951120 = = = = = = = = = = mm e e e e e e e e e e et e e e e e e e e e e e e e 336
kxz56454 HEAQQEAAGE MMAQQGHEQA REEAAGASGS TPRNBPNEAN EASNGPACHMA PP---- 691
XP_ 001703601 = = = = = = = = = = = m e e e e e e e e e e et e e e e e e e e e e e oo 353
XP 002954138 = - = = = = = = = & e e e e e e e e e oo e e oo oot e oo e oo oo 346
XP_001419059 = = = = = = = = = = & m e e e e oo e e e e e e ee e e e ee e ia e e e e iaae oo 387
XP 003080614 AG- = = = = = = = == mm e m e e e e e e e e e e e e e e e e e e e e 507
(0707 172 < J 535
D010 7210 k3 K 1< 370
XP 003058405 = - = = = = = = = = e m e e e e e e e e e e e e e e et e e e e e oo 362
XP_013900021 QPMQEPEAPG ---------- oo ----APBEGN NPHEERSsSsSM@ PAAMQGR 697
XP_002954367 - = = = = = = = = = = e s e e e e e e e e e e e e e e e e me e e e e eee e e e 466
KXZ43541 Bl- - - - - - - - o oo oo e e et e e e e e aaa o oo 642
XP 001694300 = - = = = = = = = = e e e e e e e e e e e e e e e e et e e oo oo 398
XP_005645479 - - - - ------ o------o- oo ----ABNSRG GNEERSNSEQ ------ 537
XP 011399372 = = = = = = = m e e e e e e e et e e e e e e e e e e e e e e e e oo 469
KDD74687 = - = = = = = = = = = m e e e m e e e e e e oo e e e e e oo oo e e oo 461
xP_005844785 QARPPPPTAN PGAAPGAGPN PENEFRETGAN GQ0cccacaca OQNEMERSNSAN ------ 566
0] 022+ 1 J 375
XP_001419478 = = = = - = = o o & oo e e o oo oo oo oo oo ool oo 449
XP_003083155 - - = = = = = = o & e e e e e e e e e e e e e e e e e mme e e eemee aeea- 424
o X1 1 £ 535
XP_ 001419851 = = = = = = = = = & o m e e e e e e e e e e e e ee e e e ee e oe e e e e iaea oo 405
Do 010310 1 e <10 J 459
XP_002501054 - = = = = = = = = & e e e e e e e e e e e e e e e et e e e e e e e e e e e eee e e 360
XP 003057263 = = = = = = = = = = m e e e e e e e e e e e e et e e e eeee oo 374
XP 005651434 = = = = = = = = = o e e e e e e e e e e e e e e e et e e e e oo 377
KDD76079 = = = = = = = = o & oo e e e e e f i f il il ol 270
XP 013893971 = = = = = = = o e o e e e e e e e e e e e e e e e e e e e e e e e e 314
XP 001690850 = - = = = = = = = = m e e e e e e e e e e e e e e e e et e e e e e oo 375
XP_ 001690852 = - = = = = = = = = e e e e e e e e e e e e e e et e e e e e oo 383
XP_ 002948304 = = = = = = = === e m e e e e e e e e e e e e e e e e e e e e ee e 381
KXZ55952 - = - = = = = = = o e e e e e e e e e e e s et e e e e e oo e e e oo e e e oo 388
Do 0 ToT: 1 T 384
XP 005848327 = - = = = = = m mm e e e e e e e e e e e e e e et e e e e e oo 360
XP_ 013902829 = = = = = = = = = e e e e e e e e e e e e e e e e e e e e ee e 343
Do 010723°TT-1 - N 397
O K 1 I T 394
a0 0 022 389
XP_ 002503699 = = = = = = = = = e m e e e e e e e e e e e et e e e e e e e e e e e oo 415
XP 003059282 = = = = = = = = m = m e e e e e e e e e e e e e e e e e e e e e e e e 426
CONSENSUS = = = = = = = = = = = =& = @ & = e e e e m e m e e e e e e e e e e e e e e e e e e m e e e e m e o -
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Figure S1

Multiple alignment of MAPK protein sequences from 13 algal species. 48 sequences identified in 13
species (Table 2) were aligned by the MUSCLE alignment method. Amino acids are coloured according to
their biochemical properties to visualise conservation and similarities. Consensus and degree of conserva-
tion are indicated below each block.
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Figure S2

Phylogenetic relationships of MAPK protein sequences in 13 algal species. Full-length amino acid
sequences of the 48 identified MAPKs (Table 2) were aligned by the MUSCLE alignment method and the
phylogenetic tree was constructed by the Maximum-likelihood method using the MEGA®6 software package.
A cyclin-dependent kinase (CDKG1) of Chlamydomonas reinhardtii was used as outgroup. Species are indi-
cated by the protein IDs in the tree with coloured dots according to the key on the left. Phylogenetic grouping
and the type of the conserved phosphorylation site (TxY) are indicated at the inner and outer perimeters,
respectively.
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Figure S3

Phylogenetic relationships of MAPK nucleotide sequences in 13 algal species. Full-length nucleotide
sequences of the 48 identified MAPKs (Table 2) were aligned by the MUSCLE alignment method and the
phylogenetic tree was constructed by the Maximum-likelihood method using the MEGA®6 software package.
A cyclin-dependent kinase (CDKG1) of Chlamydomonas reinhardtii was used as outgroup. Species are indi-
cated by the protein IDs in the tree with coloured dots according to the key on the left. Phylogenetic grouping
and the type of the conserved phosphorylation site (TxY) are indicated at the inner and outer perimeters,

respectively.
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Figure S4

Sliding window analysis of sequence divergence between MAPKS in C. reinhardtii and V. carteri.
Full-length (A-B) and kinase domain encoding (C-F) nucleotide sequences of the indicated orthologous
MAPKs were used at 51-bp window size and 9-bp step size settings for sliding window analysis. The Ka/Ks
plots are indicated by red lines.
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Table S1

Ka/Ks values of the 48 full-length MAPK sequences. Ka/Ks values were calculated for all pairwise combinations of the 48 algal MAPK nucleotide sequences
by generating 1175 pairwise alignments using the MUSCLE method of the MEGAG6 software package. AXT format files were subsequently prepared using a
self-made script. Ka/Ks values were calculated with the KaKs Calculator2.0 software using the Model Average (MA) method. Ka/Ks values below 1.0 indicate

purifying selection.
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XP_005651434|0.12 0.11 0.11 0.13 0.12 0.12 0.15 0.15 0.14|0.05 0.03 0.04 0.06 0.03 0.03 0.05 0.05 0.05 0.04|0.03 0.03 0.03 0.02

KXz255952({0.12 0.11 0.11 0.13 0.11 0.12 0.18 0.16 0.14|0.05 0.03 0.04 0.05 0.04 0.04 0.04 0.05 0.05 0.04/0.02 0.01 0.00 0.02 0.02

KDD76079(0.10 0.09 0.09 0.12 0.13 0.10 0.16 0.17 0.14{0.06 0.03 0.04 0.04 0.04 0.04 0.05 0.05 0.04 0.04|0.04 0.02 0.03 0.02 0.03 0.03
XP_002501054/0.11 0.10 0.09 0.12 0.10 0.12 0.13 0.15 0.13|0.05 0.03 0.03 0.06 0.03 0.03 0.05 0.04 0.05 0.03|0.04 0.03 0.03 0.03 0.04 0.03 0.04
XP_003057263/0.09 0.09 0.08 0.10 0.10 0.09 0.13 0.13 0.11|0.05 0.03 0.04 0.07 0.04 0.04 0.06 0.05 0.05 0.04|0.03 0.03 0.04 0.03 0.04 0.03 0.04 0.02
XP_013893971|0.13 0.07 0.08 0.11 0.07 0.10 0.15 0.14 0.11/0.04 0.02 0.02 0.04 0.02 0.03 0.03 0.03 0.03 0.03|0.02 0.02 0.01 0.01 0.02 0.01 0.03 0.03 0.03
XP_001419478]0.14 0.15 0.14 0.16 0.13 0.14 0.21 0.19 0.17|0.08 0.06 0.07 0.09 0.06 0.06 0.06 0.07 0.07 0.07 0.06 0.06 0.06 0.05 0.06 0.06 0.06 0.05 0.05 0.05
XP_003083155{0.11 0.14 0.13 0.14 0.13 0.13 0.18 0.17 0.16|0.08 0.05 0.06 0.08 0.05 0.06 0.06 0.07 0.07 0.07|0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.05 0.06 0.04 0.05
XP_002948304|0.13 0.13 0.12 0.14 0.14 0.14 0.17 0.16 0.17/0.05 0.04 0.04 0.06 0.04 0.05 0.06 0.05 0.06 0.05/0.03 0.01 0.01 0.02 0.03 0.01 0.04 0.04 0.04 0.01 0.07 0.07

Group D

XP_011399372|0.18 0.14 0.14 0.17 0.13 0.14 0.18 0.19 0.17|0.11 0.07 0.08 0.10 0.08 0.08 0.11 0.11 0.11 0.10(0.10 0.10 0.11 0.09 0.13 0.11 0.11 0.09 0.09 0.07 0.17 0.17 0.13
CC0O16213|0.14 0.15 0.12 0.16 0.15 0.15 0.17 0.19 0.16|0.12 0.09 0.10 0.11 0.10 0.11 0.12 0.13 0.13 0.11|0.11 0.11 0.12 0.10 0.13 0.11 0.12 0.10 0.11 0.10 0.15 0.14 0.12|0.04
XP_001694300{0.14 0.15 0.15 0.16 0.13 0.15 0.19 0.23 0.17|0.12 0.06 0.07 0.10 0.07 0.08 0.10 0.10 0.12 0.09|0.10 0.10 0.11 0.09 0.10 0.10 0.11 0.08 0.08 0.07 0.17 0.15 0.12|0.02 0.05
XP_001703601{0.12 0.09 0.09 0.11 0.08 0.10 0.17 0.19 0.12|0.11 0.07 0.07 0.09 0.07 0.07 0.10 0.09 0.10 0.08(0.08 0.08 0.09 0.07 0.09 0.09 0.08 0.08 0.08 0.06 0.13 0.12 0.11(0.04 0.07 0.04
XP_005844785/0.11 0.10 0.10 0.12 0.10 0.10 0.17 0.18 0.13|0.09 0.04 0.05 0.07 0.05 0.06 0.08 0.08 0.09 0.06|0.07 0.07 0.07 0.06 0.08 0.07 0.08 0.06 0.07 0.05 0.12 0.12 0.09|0.01 0.03 0.01 0.10
XP_005645479|0.15 0.13 0.14 0.15 0.12 0.13 0.17 0.18 0.15(0.11 0.06 0.07 0.09 0.08 0.08 0.10 0.10 0.11 0.09/0.10 0.09 0.09 0.08 0.11 0.09 0.10 0.08 0.09 0.08 0.16 0.13 0.10|0.01 0.04 0.02 0.05 0.01
KXZ43541]0.14 0.12 0.12 0.13 0.11 0.12 0.16 0.17 0.15|0.10 0.05 0.06 0.08 0.06 0.06 0.09 0.08 0.09 0.070.08 0.07 0.08 0.07 0.09 0.08 0.08 0.07 0.07 0.06 0.13 0.12 0.09/0.01 0.04 0.01 0.04 0.01 0.01
KXZ256454]0.13 0.12 0.11 0.15 0.10 0.13 0.20 0.19 0.17|0.11 0.06 0.08 0.10 0.06 0.08 0.10 0.09 0.10 0.08|0.08 0.08 0.09 0.07 0.10 0.08 0.08 0.08 0.08 0.06 0.13 0.12 0.11|0.05 0.06 0.05 0.02 0.04 0.04 0.04
KDD74687(0.14 0.12 0.13 0.15 0.11 0.13 0.19 0.21 0.15/0.11 0.06 0.06 0.09 0.07 0.07 0.09 0.09 0.10 0.07|0.09 0.09 0.09 0.08 0.11 0.09 0.09 0.07 0.08 0.06 0.14 0.14 0.10|0.01 0.03 0.02 0.04 0.01 0.01 0.01 0.04
XP_002503335{0.13 0.10 0.10 0.12 0.10 0.10 0.14 0.17 0.13|0.10 0.04 0.06 0.07 0.05 0.05 0.09 0.07 0.08 0.07|0.07 0.07 0.07 0.06 0.08 0.07 0.08 0.06 0.06 0.05 0.12 0.11 0.09|0.02 0.02 0.02 0.03 0.01 0.02 0.01 0.03 0.02
XP_003058405{0.12 0.10 0.11 0.12 0.10 0.11 0.15 0.16 0.13|0.11 0.06 0.08 0.08 0.06 0.06 0.11 0.08 0.09 0.09(0.09 0.08 0.09 0.07 0.09 0.08 0.10 0.07 0.11 0.06 0.14 0.12 0.11|0.03 0.03 0.03 0.04 0.02 0.02 0.02 0.04 0.02 0.01
XP_013900021/0.14 0.09 0.12 0.12 0.09 0.11 0.15 0.18 0.14|0.10 0.05 0.05 0.08 0.06 0.06 0.08 0.08 0.09 0.07|0.08 0.08 0.08 0.07 0.09 0.08 0.10 0.07 0.07 0.06 0.13 0.12 0.09|0.02 0.04 0.02 0.03 0.02 0.02 0.01 0.04 0.02 0.01 0.02
XP_001419059{0.17 0.11 0.12 0.14 0.12 0.12 0.16 0.18 0.13|0.12 0.07 0.07 0.10 0.08 0.08 0.12 0.11 0.13 0.08|0.09 0.09 0.10 0.08 0.10 0.09 0.10 0.08 0.09 0.07 0.14 0.13 0.10|0.04 0.04 0.04 0.05 0.03 0.04 0.03 0.06 0.03 0.03 0.03 0.03
XP_003080614|0.17 0.12 0.12 0.15 0.13 0.13 0.16 0.18 0.15|0.12 0.08 0.08 0.10 0.09 0.09 0.12 0.11 0.13 0.10(0.10 0.09 0.10 0.09 0.10 0.10 0.11 0.09 0.09 0.07 0.15 0.13 0.11(0.04 0.04 0.05 0.05 0.03 0.04 0.04 0.06 0.04 0.03 0.03 0.04 0.03
XP_002954138{0.18 0.12 0.15 0.14 0.11 0.13 0.17 0.19 0.15|0.13 0.08 0.09 0.14 0.09 0.10 0.13 0.12 0.13 0.11{0.12 0.11 0.11 0.10 0.11 0.11 0.13 0.10 0.11 0.09 0.17 0.15 0.13(0.06 0.07 0.05 0.02 0.04 0.05 0.04 0.02 0.05 0.04 0.05 0.04 0.06 0.07
XP_002954367|0.17 0.14 0.14 0.16 0.14 0.15 0.16 0.19 0.17|0.12 0.07 0.08 0.11 0.08 0.08 0.11 0.12 0.13 0.09/0.10 0.10 0.10 0.09 0.11 0.10 0.12 0.09 0.09 0.08 0.17 0.16 0.11]/0.02 0.04 0.01 0.05 0.01 0.01 0.01 0.06 0.01 0.02 0.03 0.02 0.04 0.05 0.05
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Table S2

Ka/Ks values of the 48 MAPK kinase domain sequences. Ka/Ks values were calculated for all pairwise combinations of the 48 algal MAPK kinase domain
encoding nucleotide sequences by generating 1175 pairwise alignments using the MUSCLE method of the MEGAG6 software package. AXT format files were
subsequently prepared using a self-made script. Ka/Ks values were calculated with the KaKs Calculator2.0 software using the Model Average (MA) method.

Ka/Ks values below 1.0 indicate purifying selection.
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