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Fig. S1. P. ultimum Phgt sequence. Black nucleotides are from genomic DNA contig ADO01001287 (reverse
complement of nt 28981-34080) at the NCBI wgs database; upper case nt represent the predicted ORF, and lower
case nucleotides are non-coding; underlined nt represent intron splice signals. Blue nt are codon optimized for
expression in E. coli and D. discoideum, with 5°- and 3’-restriction sites for cloning indicated; green nt encode the
N-terminal FLAG-tag from pDM320 plasmid. Native amino acids are in bold black and are from the protein model
PYU1 T004073 at www.pythiumdb.org; red amino acids mark notes on the right; green amino acids represent the
N-terminal extension that encodes the FLAG tag;

tgccgctccacacagggtgecgtgtggecegteg
acgaacccgggcaggatgcagaactcgctgceccgtcgatctecctegtcaaagtgtacgggt
tgcggctgecgtctgcagccactgecgeccacgtgctecgtecgtgeccaacggecgcgatecttyg
ccgacgtggtcgaccacgagcgcgccgtgecgcaatcaccgcgagctegtectgegecttg
ccggccttgaacttttecgtggttggecgcacacctgcacgatctggecgegegttgectgatg
cggaggcggaaggagctcatggcgctgggtcttgtgttgecggctgetttaatggagaaat
actaggacgctgtggatcaaagaataccggcgcatgtaaagctcttgtggctgecattgtyg
actgctcatcagctcttcecctcaccggtaatcaccgatcttgaatacctctctacaatate
aaccctttttaaaaaactaaaaagtaaatattgtacatttatcacacatagtatgaatta
ctttatcatgaatactttgctttatcaaagatactcattataaaaggtatgccgactttt
ttctattgaagttctgtttgaggctcgtcacggtctcagactcagatgtcataccgtaca
gagacttagcaaagggccctgatcggatcaggcgtatgctactggatctgataccatecgt -60

M D Y K D D D D K R S FLAG-tag
gattggattcgatttgcacacatccaattgaagccacgcgcaccagaagcacgcaggacyg 0
ATGGATTATAAAGATGATGATGATAAAAGATCT BglII

M D K K S L L §S v L S P Q L Q A L V E A 20
ATGGACAAGAAATCGCTGCTGAGCGTGCTGTCGCCGCAACTGCAGGCGCTCGTGGAGGCT 60
ATGGATAAAAAGAGCTTGTTGAGCGTTTTGAGCCCGCAATTGCAAGCGTTGGTTGAAGCG

S L. G V P L Q A NA P A Q P L 35
TCTCTGGGCGTGCCACTGCAAGCGAACGCTCCAGCACAGCCACgtgcgectctaaccaat 120
AGCTTGGGTGTGCCGTTGCAAGCGAACGCGCCGGCGCAGCCGT

ccagagagcaacgggaaagtggacacagctggtgacgaagcgacagaagctgcgatageg 180
gatcagcggacaggtgggagcagcaaagcacccgtggcttcaactacacgcccagcagtg 240
gcaacgggcgtgggtcgtccaaggaaagttgctggtgcgaatgcgaagectgaacccttece 300
gaattgtttggtacgtacctgaaccagtctgtcatcacgccatatcaaatcgcacgatac 360

L K H P E S P 42
gctttaactttgcgatttgtatgtacgcacttgtcagTTCTGAAGCACCCCGAGTCACCA 420
TGTTGAAGCACCCGGAGAGCCCG

G F v vV X D A FL G S EHA AV T V R D A 62 Start of P4H-like
GGCTTTGTCGTGAAAGATGCGTTTCTCGGATCGGAGCATGCTGTCACCGTGCGTGACGCA 480
GGCTTCGTGGTTAAAGATGCGTTTTTGGGTAGCGAACATGCGGTGACCGTTCGTGATGCG

L L AL T K TE S F HEA AI KV G HGD H 82
TTGCTCGCGCTCACGAAGACCGAATCGTTTCATGAAGCCAAGGTCGGACACGGCGATCAC 540
TTGTTGGCGTTGACCAAGACCGAGAGCTTCCACGAAGCGAAAGTGGGCCACGGTGATCAC

L R N E R AV R GDURTIHWV KR P S D 102
CTTCGCAACGAGCGTGCCGTGCGCGGAGACCGTATCCACTGGGTCAAGCGTCCCAGTGAT 600
TTGCGTAACGAGCGTGCGGTGCGTGGTGACCGTATTCACTGGGTTAAGCGTCCGAGCGAC

L N R S DL L H P ATI L Y L M K Q V E S 122
CTGAATCGGTCAGATCTGCTGCATCCTGCGATTCTGTACCTGATGAAGCAAGTCGAGAGT 660



TTGAACCGTAGCGATTTGTTGCACCCGGCGATCTTGTACTTGATGAAGCAGGTTGAAAGC

A A Y A F K Q TNP DULDUL RNV T S T
GCGGCGTACGCCTTCAAACAGACCAATCCTGACCTGGATCTTCGGAACGTCACGTCCACG
GCGGCGTATGCGTTCAAACAAACCAACCCGGACTTGGATTTGCGTAACGTGACCAGCACC

Q F A I F
CAATTTGCCATTTTTgtatcctttttttcctgcttcatacttgctgcatecgttgtgacce
CAGTTCGCGATTTTT

attggtattggtatcagacattatgctccttgacctttgctgctgtgettttgtgtgtag

P G DG S R F V KHTUDT Y S T A H QD
CCAGGCGATGGGAGTCGATTTGTGAAGCACACAGACACGTACTCGACAGCGCACCAGGAC
CCGGGCGATGGTAGCCGTTTTGTTAAACACACCGACACCTACAGCACCGCGCACCAAGAT

E S G T s s s s b GL V RV L T C V Y Y
GAAAGCGGCACTTCGTCTTCTTCCGATGGACTCGTGCGTGTTCTCACGTGTGTGTATTAC
GAGAGCGGTACCAGCAGCAGCAGCGATGGCTTGGTGCGTGTTTTGACCTGCGTGTACTAT

L N Q D WV P EHEGQULI RV Y V K G T
CTGAACCAAGATTGGGTACCTGAGCACGAAGGCCAGCTGCGTGTGTACGTGAAGGGAACC
TTGAACCAGGACTGGGTTCCGGAGCACGAAGGCCAATTGCGTGTGTACGTTAAGGGTACC

s T L. LM Q H WD VAP KULDTTULV V F
TCGACTCTTCTAATGCAGCACTGGGACGTTGCCCCAAAGCTGGACACGCTGGTCGTGTTT
AGCACCTTGTTGATGCAGCACTGGGACGTGGCGCCGAAATTGGATACCTTGGTTGTTTTC

R S L. D V EHE VL P TV F Y ERMATIT
CGAAGTCTTGATGTGGAGCATGAGGTGCTTCCGACTTTTTACGAGCGCATGGCGATAACA
CGTAGCTTGGATGTGGAGCACGAAGTTTTGCCGACCTTTTATGAACGTATGGCGATTACC

V WY Y GH YV A K Q P P D PAA S I E P
GTGTGGTACTATGGACACGTTGCAAAGCAACCGCCGGACCCAGCAGCTAGTATCGAGCCT
GTTTGGTACTATGGTCATGTTGCGAAACAACCGCCGGACCCGGCGGCTAGCATTGAGCCG

O K Q QR QNSTLTEUZ PZPZPSU&PSPNTIL
CAGAAGCAACAACGACAGAATAGTCTAGAGCCACCGCCATCTCCAAGTCCAAACATTTTA
CAGAAACAGCAACGTCAGAACAGCTTGGAGCCGCCGCCGAGCCCGAGCCCGAACATCTTG

L S K EA S L. G bARTTIU FV G I P S Y
TTATCGAAAGAAGCATCTCTGGGGGATGCACGTACCATTTTCGTTGGCATCCCAAGCTAT
TTGAGCAAAGAGGGATCCTTGGGTGACGCGCGTACCATTTTCGTGGGTATCCCGAGCTAC

R D P ECRUHTV ADIULTLUBHI KA AT F P D
CGTGATCCGGAATGCAGACACACGGTCGCGGATTTACTGCATAAAGCAACGTTTCCAGAC
CGTGACCCGGAATGCCGTCACACCGTTGCGGATTTGTTGCACAAAGCGACCTTTCCGGAC

R I H I G I ¥ L Q EDENUDTDTTUL R H F
CGTATTCACATCGGTATTTACTTGCAGGAGGACGAAAATGACGATACGCTCCGCCACTTT
CGTATCCACATTGGCATCTACTTGCAGGAAGACGAAAACGACGATACCTTGCGTCACTTC

E EM Y P R S Q VRV Q FA D Y R S A A
GAAGAGATGTACCCACGCTCTCAAGTGCGCGTGCAGTTTGCGGACTACCGTAGTGCCGCT
GAGGAAATGTACCCGCGTAGCCAGGTTCGTGTTCAATTTGCGGACTATCGTAGCGCGGCG
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G P C V A RAGMOQI KT LWUDGE D F Y L
GGCCCGTGTGTGGCTCGCGCAGGAATGCAGAAGCTGTGGGATGGGGAGGACTTCTACCTG
GGTCCGTGCGTGGCGCGTGCGGGTATGCAGAAGTTGTGGGACGGCGAGGATTTCTACTTG

Q I D S HM RV FRAGWUDV F L L E Q L
CAAATCGACAGTCATATGCGATTCCGCGCAGGTTGGGACGTGTTTCTTCTCGAACAACTG
CAAATTGATAGCCACATGCGTTTCCGTGCGGGCTGGGACGTGTTTTTGTTGGAACAGTTG

L L. C A TU?PIKU?PTIILTT Y PULG Y TUL P
CTACTCTGCGCCACGCCAAAGCCGATCCTGACGACGTATCCGCTTGGGTACACACTGCCG
TTGTTGTGCGCGACCCCGAAACCGATCTTGACCACCTACCCGTTGGGTTATACCTTGCCG

N N Vv S S D RRPTULILUCA AS S AUZFDE N
AACAATGTTTCATCCGACCGCCGCCCAACGCTATTATGCGCGTCAGCATTCGATGAGAAC
AACAACGTTAGCAGCGATCGTCGTCCGACCTTGTTATGCGCGAGCGCGTTTGACGAGAAC

G I L R Q A S KT UL ATTI S P V
GGGATACTCCGTCAAGCCAGTAAAACTCTCGCCACGATTTCGCCAGTgtacgtatctgtt
GGCATTTTGCGTCAAGCGAGCAAGACCTTGGCGACCATCAGCCCGGT

gaaagtgcaacgctcttgctattgctgatggtgtgtgtgtgtttatgcattctctctecag

P L P S S F WA AGU FA AU F S S A K V I s
TCCTCTTCCTTCGAGCTTCTGGGCTGCCGGGTTTGCGTTTTCTTCGGCCAAAGTAATCAG
TCCGTTGCCGAGCAGCTTTTGGGCGGCGGGTTTTGCGTTTAGCAGCGCGAAAGTGATCAG

E v P Y DESLRUVF L F F G EUEA A S M s
CGAAGTCCCGTACGATGAGTCGTTGCGGTTTTTGTTTTTCGGTGAAGAAGCGTCGATGAG
CGAGGTTCCGTACGATGAAAGCTTGCGTTTTTTGTTCTTTGGCGAGGAAGCGAGCATGAG

A R L WT S G WD F F T P G E S I I Y H
CGCTCGTCTGTGGACGTCGGGTTGGGATTTCTTTACGCCGGGCGAATCGATTATTTATCA
CGCGCGTTTGTGGACCAGCGGTTGGGACTTCTTTACCCCGGGCGAAAGCATCATTTACCA

L W TR S Y R RV F Q E I EDNUDT A V
CCTGTGGACACGCTCGTATCGCCGTGTGTTTCAGGAGATTGAAGACAACGACACCGCGGT
CTTGTGGACCCGTAGCTATCGTCGTGTGTTCCAGGAGATTGAAGACAACGATACCGCGGT

W R T A S Q R Y vV K S L L L G G G NN Q
GTGGAGAACAGCGTCGCAGCGGTATGTGAAGAGCTTACTTTTGGGTGGTGGCAACAATCA
TTGGCGTACCGCGAGCCAGCGTTATGTTAAGAGCTTATTGTTGGGTGGCGGTAACAACCA

E P T G S I A A G T Y S L G S E R S L D
AGAGCCAACTGGCAGCATCGCTGCTGGCACTTACTCTCTTGGAAGCGAACGAAGCCTGGA
GGAACCGACCGGCAGCATTGCGGCGGGTACCTACAGCTTGGGCAGCGAACGTAGCTTGGA

A Y Q QRI GVNTFA ATZ KU QETIGQTWTERATE
CGCCTATCAGCAGCGTATTGGAGTCAATTTTGCAAAGCAGGAGATTCAGTGGGAAGCAGA
TGCGTATCAGCAACGTATTGGCGTTAACTTTGCGAAACAGGAGATCCAATGGGAGGCGGA

W G N L D P I Q F E L A T K S A G V H A
ATGGGGTAATCTGGACCCGATCCAATTTGAACTCGCCACCAAATCTGCTGGTGTTCATGC
ATGGGGTAACTTGGACCCGATTCAGTTCGAGTTGGCGACCAAGAGCGCGGGTGTTCATGC
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GCCAGCCtagatcaccttctcaccctgegttcacttgectgggetttgacgagttttgatyg
GCCGGCGTAAACTAGT

tttggaatacacaaatcatttatggaatgctatgaagtattcagggatttcttatcaaac
atctagatttcttttgcctcgacgggaacctcecctcacttactttttctcgatcagegtet
ttcccaacgtgaagtagaaatcgacgaggttgcgtaggtcttcgatttcgatgaactecge
gcgcacaatgtgcgtccgtgatgtttceccggcaccaacaaggtacgcattaccgtcgaact
ggaagtaggggatgtccgtgttgaacgaagcaatgtcggtctcecgtaaccttccacgactg
tcaggtgcacaggggagttagaagtgtacagctcgatgtcgacacgacccgatacaattt
tctacgcatagcgggaaatcataatgtaagatcaatggctatgcgcatttcecgcaatatce
agcaacagtagttagtaccttcacacgatccatgatcttttcagggttcgttgtcagtcg
gaacatgagcatcgcagatgcgtactccggaatagecgttcecgetgettgaccaccgttgat
gatgccaatgttgagcgtcgtggcaccaagctcectcagagtttggeccattgetegtgett
caggtcatggagcacgtcaatcaatggatcgattgcagaatcgcctaggtgagggtagcece
tattgggaataatagtgtacacagatatgtaagttatctcgaatcacgctgcatccaagce
gcggcatactgacagcaggttacttaccactatgagccgcagcaccctggecgagacagac
gaattttgagaattcctttttgcaggcgaatcatcttcatgteccgttggttcaccgacca
ccatgtgcttcggtttcaagcccaactcgttecgetttecttcatgececgetatggtecggttt
cttcggagaccacatacagaagccccacatcttcagcaaaaccagcttcgacgagetttt
gagacgcaatcatttgagcagcgaccaaactcttggcatcacaggatccacgtccataca
acgttttcccgtceccgttcgageccggtaggaaaggaggaacagtgtccatgtgcgagttga
acagcaggctcgggctcttgttaccagtgcggctcgcatacacattgtacctgtaacaag
acgataagtgagaaggctgattgatcaatggcaaccgacagcattgcaacaacaacaaaa
aacgtaccgatctgctttcacggcggcatcgecttgtggagcaaccttttgcagctccac
tttccatccgtgagaggtaaaccagttctcgagggecttgccaactgectecttecattgee
tgaagtcgattcgatattcatcaaaccgcaggagagttccagcacgtcatcactgttgat
gttcgccaatttggctgcagcagccaattgggcaacatgcteccttcgacagttgtgaatce
tgaagcattctcgtctgagctgatagccttcgaagtggaagatgacgecttgtcgeccactt
gccattcacgcaagttgctttcaccacgctgecttecgttecgcaccaaagatgaaggcgcec
aagcaacgaggctggattggagaacttcagctggtcttcattgatgtcgaccaacgcgaa
atctgcaccgaaaccatccttgatctctceccectattcaatgtagegttgecgcatacaacat
cagtaagcaagatagattttctcgcagtaatgttatctgcgcacgtaccactttcagatt
caatgactctgcgccattcttecgtcgcataacggaaaagcaactttgcgagatcggtcecte
atcggttgcttccgtgcatacacctcecgtcgactttggtggagtcggtggecgtattccaa
ccagcgcatctcttcgcacatatcaattctcgcattgcagtcggtgccaaggcacactcet
gtctaggcagcttgcaatcactggaaat

2400
Spel



Fig. S2. P. ultimum Skp1A sequence. Black nucleotides are from genomic DNA ADOS01001474.1 at
the NCBI wgs database; upper case nucleotides represent the predicted ORF, and lower case nucleotides
are non-coding; underlined nt represent intron splice signals; purple nucleotides are EST EL774563.2
(NCBI EST database). Blue nucleotides are codon optimized for expression in E. coli and D.
discoideum, with 5’- and 3’-restriction sites for cloning indicated. Amino acids are in bold black and
derived from protein model PYU1 T013675 at www.pythiumdb.org.

tgtagggggttctctcgcagccagcaaccaataac -480
ttaccaaaggataacgaacccgtaagggaggggggagggggcaaaagggggggtacaatt -420
actgttcctgattctgaacggactgacttttgggagggattcgtacttcgggacaaagag -360
atgacagaagaggaatataacgtgtttcctgatctggcacaatttgttttccaaaggecgg -300
ttttaggggagcaatagcattgctttcaaccgcaacttcacgtcctgataagaccagatec -240
aagaaagacagaagaggtcatacccttttttggcaaaaccgagagcggttttaaaagcga -180
attgagcctgacaaaaatggatcgtgacaaaacaggaaagtattccgtcectegttttgte -120

attaaaccaaagaaagcggtcttaagaggacaacccctgceccttceccecctegeteccecttect  -60
ttttccttectttcagagccaaaagtccgecccacacacgacagcagcagagccccacgace 0
CCAAAAGTCCGCCCACACACGACAGCAGCAGAGCCCCACGACC
CcC Ncol
M A DT AUPA AUPU D AUPI RO QEEDTHIK V 20

ATGGCCGACACCGCCCCCGCACCGGACGCCCCTCGCCAGGAGGAGGACACGCACAAGGTA 60
ATGGCCGACACCGCCCCCGCACCGGACGCCCCTCGCCAGGAGGAGGACACGCACAAGGTA
ATGGCTGATACAGCTCCCGCACCAGATGCACCCAGGCAAGAAGAAGATACTCACAAGGTG

N L v s M D G D S F E V S R S V A S M S 40
AACCTCGTGTCCATGGACGGCGACAGCTTCGAGGTCTCGCGCAGCGTCGCCTCCATGAGC 120
AACCTCGTGTCCATGGACGGCGACAGCTTCGAGGTCTCGCGCAGCGTCGCCTCCATGAGC
AACCTGGTTAGCATGGATGGTGACAGCTTCGAAGTGAGCCGTAGCGTTGCGAGCATGAGC

E L v K T L I S D 49
GAGCTCGTCAAGACCCTCATCTCCGgtacgtgcacgcgagagcgaataaagcggegtttg 180
GAGCTCGTCAAGACCCTCATCTCCG
GAACTGGTTAAAACCCTGATCAGCG
cattattcgtgtgcacgtgtgtggatatgcgtgtatgcgcgcttatgacccgtgaacgte 240

ctcattctacatagagcgcgtggatttgtggatatgaatgtgatgttagtgagcgegtge 300

E Q D D D E 55
attgtactaactgtgtttccgtctaattcecctatgtgcagATGAACAGGACGACGATGAA 360
ATGAACAGGACGACGATGAA
ACGAGCAGGACGATGACGAA
vV Q E I P L P NV K S T V L S K V I E F 75

GTACAGGAGATCCCGTTGCCGAACGTCAAGAGCACGGTGCTCTCGAAGGTCATCGAGTTC 420
GTACAGGAGATCCCGTTGCCGAACGTCAAGAGCACGGTGCTCTCGAAGGTCATCGAGTTC
GTGCAAGAGATTCCGCTGCCGAACGTGAAGAGCACCGTTCTGAGCAAAGTGATCGAGTTT

C S HHHNWDNWPMRBRETIE K 89
TGCAGCCACCACCACAACAACCCAATGCGTGAGATCGAAAAGgtatgttgactgactgat 480
TGCAGCCACCACCACAACAACCCAATGCGTGAGATCGAAAAG
TGCAGCCACCACCACAACAACCCGATGCGTGAAATTGAGAAG

gtgggttgacgttttttaatctcgaatgggtggttggctcactgttatggactgtatgtg 540



P L K S s DM HD V YV S D WD A N
tggttacagCCATTGAAGAGCTCGGACATGCACGACGTGGTCTCGGACTGGGACGCCAAC

CCATTGAAGAGCTCGGACATGCACGACGTGGTCTCGGACTGGGACGCCAAC

CCGCTGAAAAGCAGCGATATGCACGACGTGGTTAGCGATTGGGACGCGAAC

F v D I E Q DI L F E L I L A A NYMD

TTTGTGGACATTGAGCAGGACATCCTCTTCGAGCTGATCCTGGCGGCCAACTACATGGAC
TTTGTGGACATTGAGCGGGACATCCTCTTCGAGCTGATCCTGGCGGCCAACTACATGGAC
TTCGTTGATATCGAACAAGACATTCTGTTTGAGCTGATCCTGGCGGCGAACTACATGGAT

I K S L. LD L A CAI KUVASMTII KTSGI KT

ATCAAGAGCCTGCTCGATCTGGCGTGCGCGAAGGTCGCGAGCATGATCAAGGGCAAGACC
ATCAAGAGCCTGCTCGATCTGGCGTGCGCGAAGGTCGCGAGCATGATCAAGGGCAAGACC
ATTAAGAGCCTGCTGGACCTGGCGTGCGCGAAAGTTGCGAGCATGATCAAGGGCAAAACC

P Q E I R E T F NI V N D F T P E E E S

CCGCAGGAGATCCGCGAGACTTTCAACATTGTGAACGACTTCACACCCGAGGAAGAGAGC
CCGCAGGAGATCCGCGAGACTTTCAACATTGTGAACGACTTCACACCCGAGGAAGAGAGC
CCGCAGGAAATCCGTGAGACCTTCAACATTGTGAACGATTTTACCCCGGAGGAAGAGAGC

Q I R E E N K W C E E A *
CAAATCCGCGAGGAGAACAAGTGGTGCGAAGAAGCGtaggcggctagtcagtcaccgaat
CAAATCCGCGAGGAGAACAAGTGGTGCGAAGAAGCGTAGGCGGCTAGTCAGTCACCGAAL
CAAATTCGTGAAGAGAACAAGTGGTGCGAAGAGGCGTAAACTAGT

gcagaacggcgacgacccggtceccttgggctecgattgecgttgtgcagcagtcecegttecace
GCAGAACGGCGACGACCCGGTCCTTGGGCTCGATTGCCGTTGTGCAGCAGTCCGTTCACC

atttgcgctctgcatattagtcagctgattgattgagggagagcagcgagcagtcagtgg
ATTTGCGCTCTGCATATTAGTCAGCTGATTGATTGAGGGAGAGCAGCGAGCAGTCAGTGG

attggctctcaggttttcttttgtttcctgtecggecccateccgecgatcttgaatagaggte
ATTGGCTCTCATGTTTTCTTTTGTTTCCTGTCGGCCCATCCGCGATCTTGAATAGAGGTC

gtggactctttattaaatggacatcagcggatggcgtgcatttacacggtaattgataaa
GTGGACTCTTTATTAAATGGACATCAGCG

gagtcgttgcttcatactaatgcacacactgtcatgcacgcatccecctgctaaagtgectge
attttatacgcatgagacgcaacgagctgccggctgtcagcatgaagaaaatgcttcage
atgaagagcccatgagcagacaaggcaaatgggagacgtttggcgceccactctttctagat
ttttgtttgtttcggtgtgctaaattcctcttggecgcatgaatactacatgcaggtaggg
atatggaattctacagattggatgggattgtttggtgttggtatgtatcatccttaattg
cgtgatctctctgggaggagcaagaacacaaactcaacaggacgggccgctggtataaac
ggtcgctattgcagtcgettgt
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Fig. S3. P. ultimum Skp1B sequence. Black nucleotides are from genomic DNA ADOS01001682.1 at
the NCBI wgs database; upper case nucleotides represent the predicted ORF, and lower case nucleotides
are non-coding; purple nucleotides are ESTs from NCBI EST db (1, EL776046.2; 2, FE995571.1; 3,
FF026581.1; 4, FF014550.1; 5, FF017573.1; 6, FF023366.1); blue nucleotides are codon optimized for
expression in E. coli and D. discoideum, with 5’- and 3’-restriction sites for cloning indicated. Amino
acids are in bold black and were from protein model PYU1 T011629 at www.pythiumdb.org with the C-
terminal region adjusted based on genomic DNA data.

tccgcagctaacag -60

cccaagaagcgcctccecgecctcecccaagaccctettecgecttectttectacctgeccagt 0
TC BspHI
M S D A ATTUPULDGI®RI KV KLV S MDD 20

ATGAGCGACGCTGCTACCACCCCTCTCGACGGCCGCAAGGTCAAGCTGGTCTCCATGGAT 60
GGGGGGTTCTAAGCTGGTCTCCATGGAT 4
GGGGGGTTC-AAGCTGGTCTCCATGGAT
CCGGGGTTTACGGTCCGCAAGGTCAAGCTGGTCTCCATGGAT 6
ATGAGCGATGCGGCGACCACCCCGCTGGATGGTCGTAAGGTGAAACTGGTTAGCATGGAC

(&3]

G Q T ¥ E V D A A V A S L S K L V S T L 40
GGCCAGACCTACGAAGTGGACGCCGCTGTGGCCTCGCTCAGCAAGCTGGTGAGCACGCTG 120
GGCCAGACCTACGAAgtggacgccgctgtggcctecgectcagcaagectggtgagecacgetg 4
GGCCAGACCTACGAAgtggacgccgctgtggectcecgctcagcaagectggtgagcacgetg
GGCCAGACCTACGAAgtggacgccgctgtggcecctecgectcagcaagectggtgagcacgectg 6
GGCCAGACCTACGAAGTGGATGCGGCGGTTGCGAGCCTGAGCAAGCTGGTGTCTACCCTG

(&3]

vV S D NADEUDEV Q EMUPL P N V K S 60
GTGTCGGACAACGCTGACGAGGACGAGGTGCAGGAAATGCCGTTGCCGAACGTCAAGAGC 180
cgttgccgaacgtcaagagc

aaatgccgttgccgaacgtcaagagc
gtgtcggacaacgctgacgaggacgaggtgcaggaaataccgttgccgaacgtcaagagc
gtgtcggacaacgctgacgaggacgaggtgcaggaaataccgttgccgaacgtcaagagc
gtgtcggacaacgctgacgaggacgaggtgcaggaaatgccgttgccgaacgtcaagagce
GTTAGCGACAACGCGGACGAAGATGAGGTGCAAGAGATGCCGCTGCCGAACGTGAAGAGC

oy U1 N

H v L E K V v A F CE HHUHI KUHUPMIK E 80
CACGTGCTCGAGAAGGTGGTGGCGTTCTGCGAGCATCACCACAAGCACCCGATGAAGGAG 240
cacgtgctcgagaaggtggtggcecgttctgcgagcatcaccacaagcacccgatgaaggag
cacgtgctcgagaaggtggtggcecgttctgcgagcatcaccacaagcacccgatgaaggag
cacgtgctcgagaaggtggtggcecgttctgcgagcatcaccacaagcacccgatgaaggag
cacgtgctcgagaaggtggtggcgttctgcgagcatcaccacaagcacccgatgaaggag
cacgtgctcgagaaggtggtggcecgttctgcgagcatcaccacaag

CACGTTCTGGAAAAAGTGGTTGCGTTCTGCGAGCACCACCACAAGCACCCGATGAAAGAA

oy U1 DN

L E K P L K S NDULURD AV S D W Y A D 100
CTAGAGAAGCCGCTCAAGAGCAACGATCTACGCGATGCGGTCTCGGACTGGTACGCGGAC 300
ctagagaagccgctcaagagcaacgatctacgcgatgcggtctcggactggtacgeggac 1
ctagagaagccgctcaagagcaacgatctacgcgatgcggtctcggactggtacgecggac 2
CTGGAGAAGCCGCTGAAAAGCAACGACCTGCGTGATGCTGTGAGCGACTGGTACGCGGAT

F VvV E V X Q E D Q E L L F E L I L A A N 120
TTTGTGGAGGTGAAGCAGGAAGATCAGGAGCTCCTGTTTGAGCTGATCCTGGCCGCGAAC 360
tttgtggaggtgaagcaggaagatcaggagctcctgtttgagctgatcctggeccgegaac 1
tttgtggaggtgaagcaggaagatcaggagctcctgtttgagctgatcctggeccgecgaac
agatcaggagctcctgtttgagctgatcctggececgecgaac 3
TTCGTGGAAGTTAAGCAGGAAGATCAAGAGCTGCTGTTTGAGCTGATCCTGGCGGCGAAC

N



Y L. D I K N L L DL ACA AI KU YVYATMTIHK
TACTTAGATATCAAGAATCTACTCGATTTGGCGTGCGCAAAGGTTGCGACAATGATCAAA
tacttagatatcaagaatctactcgatttggcgtgcgcaaaggttgcgacaatgatcaaa
tacttagatatcaagaatctac
tacttagatatcaagaatctactcgatttggcgtgcgcaaaggttgcgacaatgatcaaa
TATCTGGACATTAAGAACCTGCTGGATCTGGCGTGCGCGAAAGTTGCGACCATGATCAAG

G K T P E E I R ATV F G I T EE F T P E

GGCAAGACCCCTGAAGAGATCCGTGCGACGTTTGGCATTACTGAGGAGTTCACTCCCGAA
ggcaagacccctgaagagatccgtgcgacgtttggcattactgaggagttcactcccgaa
ggcaagacccctgaagagatccgtgcgacgtttggcattactgaggagttcactcccgaa
GGTAAAACCCCGGAGGAAATCCGTGCGACCTTCGGCATTACCGAGGAATTTACCCCGGAG

E E Q R I R E E N K W C E D I *
GAAGAACAGCGCATTCGTGAAGAGAACAAGTGGTGCGAAGATATTtaagcgcgagttcac
gaagaacagcgcattcgtgaagagaacaagtggtgcgaagatatttaagcgcgagttcac
gaagaacagcgcattcgtgaagagaacaagtggtgcg
GAAGAGCAGCGTATCCGTGAAGAGAACAAATGGTGCGAAGACATTTAAACTAGT

gagcgaatggaacaggtaagttgcgtgtggatgtatttctgtatgtgecctttctctcatyg
gagcgaatggaacaggtaagttgcgtgtggatgtatttctgtatgtgectttctctcatg

cctactagaggtgctggattcagataatggtcatgaatgaaggctcagtttgtattgcac
cctactagaggtgctggattcagataatggtcatgaatgaaggct

gagcgcgtgtttttatgecgtcaccatceccecttgegegtttatgttgagecgacgaaacga
cagaccatgccgcgecgagagtgtggaagcaatggacagcgacaagecgatgettttgtttt
ggcaggtcagctcgcttcaagegcaagtgagcattgecccaattgtaccagcaacctcaa
cgagcagatactgagatgcaggctctagttcaatatgcatcaactgcagectgecatgtt
acatacacgtgtgcatttgaagctccttgttattggcacggaggtce
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Fig. S4. Predicted Skp1 sequences from select protists. The modified Pro residue is marked with an asterisk. Uncertain amino acids are
replaced with a question mark. To facilitate visualization of relatedness, acidic residues are in blue, basic in dark red, Gly and Pro in red,
and hydrophobic in green. Positions possessing a consensus chemical characteristic are highlighted, in yellow (hydrophobic), gray
(acidic), dark grey (basic), or teal (small).
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DOE, 71411|fgenesh1_pm.C_scaffold_18000002, 6/2007
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Dd SKplA ————m—mmmmmm PIPLENVTSTILERVLDYCRHHHQHP-SPQGDD—-—————— KKDEKRLDDI-PPYDRDFCK—-—

Tg Skpl  ———————mmmmm—— SIPLPNVDTCILKKIIEYCEHHHNNP-PEEIPK———————— PLKSSNLAEVVSEWDYQF INEN—

Ng SkplA ?QLVLPQVDVVFGLASQSEAQLFSLLFTGFELMSLGGDFEIQKPNTREFCEFLPNFVAEYFEN-—

Ng SKplB ———— oo IIPIPNVDSKPLORVIEYCQYHHKEP-AQEIEK-——————— PLKG-KIEDVICDWDKKFLE—-—

Tp SKPlA ————m e EIPLPNVKSTVLKKVIEFCKHHRSEP-MTEIEK—-—————— PLKSAAMAEVVQKWYADFVN—-—

Tp SKP1B ———————mmm o EIPLPNVKSSVLAKVIEYCTHYNQDP-MTPITT—-—————— PLKSNRIEEIVQEWYAHFVD—-—

FC SKPlA ————m—mmmmmm EIPLPNVKSEVLKKVIEFCEHHLAEP-MTEIEK—-—————— PLKSQNMADVVQKWYADFVD—-—

FC SKplB —————————mm—o—m EIPLPNVKNAVLTRKVIEYCKHYTNDEAMTQIQT—-—————— PLKSSKIEDLVQTWYAGFVD—-—

Ps SKPlA ———————mmmm EIPLPNVKSPVLSKVIEFCSHHHNSP-MREIEK—-—————— PLKSADMHDVVSDWDANFVD—-—

Ps SKplB —————————m o EIPLPNVKAHVLAKVVEFCQHHKDAP-MAEIQK—-—————— PLKSNVLSESVDEW-————————

Pr SKplA ————m—mmmmmm EIPLPNVKSPVLSKVIEFCSQHHNSP-MREIEK—-—————— PLKSADMHDVVSDWDANFVD—-—

Pr SKplB ———————m—m o EIPLPNVKAHVLAKVVEFCQHHKDAP-MAEIQK—-—————— PLKSNVLSDSVDEWDATEVDVG—

Pi SKplA ————mmmmmmm EIPLPNVKSPVLSKVIEFCSHHHNNP-MREIEK—-—————— PLKSADMHDVVSDWDANEFVD—-—

Pi SKplB ———————mmmmmomm— EIPLPNVKSHVLAKVVEFCRHHKDAP-MAEIQK—-—————— PLKSNVLSESIDAWDAKFVDL-—

PU SKPlA ————m—mmmmmm EIPLPNVKSTVLSKVIEFCSHHHNNP-MREIEK—-—————— PLKSSDMHDVVSDWDANEFVD—-—

Pu SKplB ———————mmm o EMPLPNVKSHVLEKVVAFCEHHHKHP-MKELEK—-—————— PLKSNDLRDAVSDWYADFVEVKQ

ES SKPlA ——————mmm EIPLPNVKASVLSKVIEFCAHYKEDP-MNEIEK—-—————— PLKSANMHDVVQEWYAKFVE--—

ES SKPlB ——————mmmmmmm EIPLTNMRSNVVAKVVEFCQHHQTDP-MTDIPKP-—————— VQFGKTVGDHVQEWYSTFVKA——

Gt SKPlA ————mmmmmm PLADKSCTLNIMNRVIEYLKKHAEFDNT————————————————— GADDEVINEFDKEFQE—-——

Gt SKPlB ——————m e PLMDRSCSANVLEKVLEYLKKHHDFDKS————————————————— NASQEDKDAWDKKYVE———

Al SKkpl  ———m o EIPLENVKSTVLSRVIEFCSHHLTNP-MEDIDK—-—————— PLKSSDMQEVVSEWDANFVD—-—

Eh Skpl  ——————mmmmm PVPLPMVDSKILIKVIEYCKYHHRA————————————————— EQESLPEDEKNVWDKDFVK-——

Ve SKkpl  —m—m o ATIPLPNVSGRILAKVIEYCKYHVEAEKKGA——————————— DDKPMKTEDEVKRWDEEFVK———

Cv Skpl  ———mmmmmmm = PIPLPTITAKVLTRILEYCSFYNVS—————————m——mmmm—o——— HTERETIKDFDKGFVN———

Sc Skpl  NHKSKDNNNGDDDDEDDDEIVMPVPNVRSSVLQKVIEWAEHHRDSNFP————-—————— DEDDDDSRKSAPVDSWDREFLK———

Hs Skpl  —————————m o PVPLENVNAAILKKVIQWCTHHKDDPPPP—————————— EDDENKEKRTDDIPVWDQEFLK———
*

Dd SkplA VDQPTLFELILAANYLDIKPLLDVTCKTVANMIRG-KTPEEIRKIFNIKNDFTPEEEEQIRKENEWCEDKGGN*

Tg Skpl  SDQKILFALILAANYLNIKPLLDLSVAKVATMIKA-KTPEEIRRIFNIVNDFTPEEEAQVREENKWCEDA*

Ng SkplA LDQVHLFALIIAANATFSKKILDLICAQVANMIRG-KSPEQIRDTFNIKNDFTPEEEEAVRRENSWVEE*

Ng SkplB IDQSLLIELIMAANYLNIKDLLDLTCAKVASMIKG-KSPEQIREMFGIENDFTPEEEAKIREENKWCEEA*

Tp SkplA VEQVLLFELILAANYMDIKPLLDLTCATVASMIKG-KTPEEIRKTFNIANDFSPEEEAQVREENKWCEEP *

Tp SkplB VEQILLFELVTAANFMDIKALLDLTCLAVSVLIKG-KSAEEIRRIFNISNDFSPEEEAQVSKENQFTDGTSSSS*

Fc SkplA LEQVLLFELILAANYMDIKPLLDLTCATVASMIKG-KTPDEIRATFNITNDFSPEEEAQVREENKWCEEA*

Fc SkplB VEQTLLFELVTAANFMDIKPLLDLTCLAVSISIKG-KTAPQLREIFNISNDFSQEEEAQVREESQWSQEDTPAVPAAAAAAAANEEEKEE *

Ps SkplA IEQEILFELILAANYMDIKSLLDLACAKVASMIKG-KTPQEIRETFNIVNDFTPEEEAQIREENKWCEEA*

Ps SkplB DANFVDFELILAANYMDIKSLLDLACAKMACMIKG-KTPEEIRATFGITEEFTEEEQQRILEENKWCE*

Pr SkplA IEQEILFELILAANYMDIKSLLDLACAKVASMIKG-KTPQEIRETFNIVNDFTPEEEAQIREENKWCEEA*

Pr SkplB ENQELLFELILAANYMDIKSLLDLSCAKVATMIKG-KSPEEIRATFGITEEFTEEEQQRILEENKWCEDV*

Pi SkplA IEQEILFELILAANYMDIKSLLDLACAKVASMIKG-KTPQEIRETFNIVNDFTPEEEAQIREENKWCEEA*

Pi SkplB EDQELLFELILAANYMDIKSLLDLSCAKVACMIKG-KTPEEIRATFGITEEFTEEEQQRILEENVDRGRVTSHIGTNQAGRVL*

Pu SkplA IEQDILFELILAANYMDIKSLLDLACAKVASMIKG-KTPQEIRETFNIVNDFTPEEESQIREENKWCEEA*

Pu SkplB EDQELLFELILAANYLDIKNLLDLACAKVATMIKG-KTPEEIRATFGITEEFTPEEEQRIREENKWCEDT *

Es SkplA VQQETLFELILAANYMDIKPLLDLTCATVASMIKG-KTAEEIRKTFNIVNDFTPEEEAQVREENKWCEDA*

Es SkplB LKDEMLFEMLLAANYIDLSPLLELCAATVGLRAVMN-KTPEEIQREFNIKEPFSPEVERTLRQENKWSTEPPIGS*

Gt SkplA QSDEIIFQTILAANFLDIKNLLELMCKKVADEIKKCKTPDDIRDRFNIRKDYTPEEVEEVKRAHPWIYDKNAK*

Gt SkplB VEDEVLFHLILAANFLDIKDLLDLTCKTVAEYIKQCKTPEEIRLRFNIPNDFTPEEEEEVRKENAWCEEAPS*

Al Skpl VEQELLFELILAANYMDIKSLLDLACAKVASMIKG-KTPQEIRDTFNIVNDFTPEEESQIREENKWCEEA*

Eh Skpl VDDETLFNLILAANYLDIKSLLDLTCKTVADEIKG-KTPEEIRIRFNIKNDFTPEEEEEVKRENAWCEER*

Vc Skpl  VDQATLFDLILAANYLNIKGLLDLTCQTVAQMIKG-KTPEEIRKTFNIKNDFTPEEEEEVRRENQWAFD*

Cv Skpl  INMDFMFDLIQGANFLNIKGLLDVI.CAAVADRIRG-KTPEQIREVFGIENDLTPEEEAAALAEHSWEHLVPIEDY*

Sc Skpl  VDQEMLYEIILAANYLNIKPLLDAGCKVVAEMIRG-RSPEEIRRTFNIVNDFTPEEEAATRRENEWAEDR*

Hs Skpl  VDQGTLFELILAANYLDIKGLLDVTCKTVANMIKG-KTPEEIRKTFNIKNDFTEEEEAQV-GSTQFCL*



Fig. S5. Organisms with Phgt-like sequences in their genomes.

Green algae
Charophytes

Kn Klebsormidium nitens (green algae)
Chlorophytes
Ve Volvox carteri (chromalveolata — chlorophyta)

Chlorella  Chlorella variabilis
Coccomyxa Coccomyxa subellipsoidea

Stramenopiles

Oomycetes

Pi Phytophtora infestans

Ps Phytophthora sojae

Pr Phytophtora ramorum (heterokont)

Pu Pythium ultimum (parasitic oomycete, stramenopile)(heterokont)

Pa Pythium aphanidermatum (parasitic oomycete, stramenopile)

Al Albugo laibachii Nc14, white rust oomycete

Spar Saprolegnia parasitica (heterokontophyta; fish pathogen) (Heterokonta — Oomycete)
Ae Aphanomyces euteiches, strain 109

Ai Aphanomyces invadans

Diatoms

Tp Thalassiosira pseudonana (DOE diatom db; jgi|Thaps3|4441|fgeneshl pg.C chr 4000391)
To Thalassiosira oceanica

Fc Fragilariopsis cylindrus (coldwater (arctic) diatom, stramenopile, from DOE)
Brown algae

Es Ectocarpus siliculosus (brown algae, stramenopile) (Heterokonta — Phacophyceac)
Alveolates

Ciliates

S1 Stylonychia lemnae

Ot Oxytricha trifallax (ciliated protozoan)

Dinoflagellate

Sm Symbiodinium microadriaticum (Alveolata - Dinophyceac)

Cryptophytes

Gt Guillardia theta CCMP2712 (GI:428176508) (Chromalveolata — cryptophyta)
Haptophytes

Eh Emiliania huxleyi (see E.huxleyi doc in “worldwide”) (Chromalveolata — Haptophyta)
Excavates

Ng Naegleria gruberi (amoeba-flagellate) (excavate — percolozoa)

Fungi

Chytridiomycota

Rhizo Rhizoclosmatium globosum (fungi)

Gona Gonapodya proliferia (Fungi)

Spun Spizellomyces punctatus DAOM BR117 (Fungi, Chytridiomycota, zoospore-producing soil fungi)



Fig. S6. Mass spectrometry of Skpl modifications. Reactions were conducted at a PuSkp1A:PuPhgt ratio
of 1:10 for 4 hrs. (A) Unreacted PuSkp1A. (B) The hydroxylation reaction included aKG and O,. (C) The
combined hydroxylation/GlcNAcylation reaction also included UDP-GIcNAc. Samples were analyzed by
separation on a C4-column mounted on an Ultimate 3000 nL.C in-line with a Q-Exactive+ Orbitrap. Data

from these and other samples are summarized in Table II.



Relative Abundance

Figure S6

A. PuSkp1A, unmodified 1336.453 Pu_Skp1_1_unmodified
10(& Full ms (700-2000 m/z) 1253.050 1431912 NL:1.01E7
1 RT-1850- =16 "
1 RT:1850-18.90 1179400 z=14
80 =17
] = 1268.807
. 1055359 ”;41'8823 z=16 1541.905
60 =19 ) z=13
40 95;53149 1670313
] 872689 = 1353525 1558063  z=12 1822.067
20 802954 z=23 7z=15 1451.063 z=13 1687.904 z=11
1 72 z=14 1603107 | 1997 jl 1844713 1962174
o ok JL P T . " mmm . " = h = z=1 72=7
B. PuSkp 1A, hydroxylation reaction 1337517
100 P y y 1253086 2=15 1432982
] =16 z=14 PuSkp1_1_rx1_sh
] NL:6.71E6
80
] 1114.766 ”801-2721 1270115 1543210
60 =18 = =16 | 15cacq7 z=13
1 1056.145 =15 1671644
407 955.705 z=12
] 912127 229 1452276 1823428
B =22 7= 5
20 836409 = z=11
1 771458 =1 1575604 11690399 Jl 1876999 1982.804
o] z=? o ’L Al ‘HM " N ) | _— A z=! z=?
C. PuSkp1A, hydroxylation/GlcNAcylation reaction 1351.056
z=15
100 1266615 1447487 Puskp1_1_n2_4dh
] =16 NL:7.05E6
80 1192226
1 126048 =7 R
60 z:1.8 =
] 013.543 1688.567
4<F: 92;55510 z=20 1297.7304 =12 1843435
20 844.828 5| 137400 | 1467924 =
1 780038 z=24 =1 z=14 1582913 1720075 1872978 1957440
] z=? ,L Y ST | T— w Pl = z=1 Z:? z=?
O\ MR AR R M finit \m\ proT \WWWWWWWWWIW [T et \"L\M\ AL it BABLRAL T
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

m/z





