Additional File 7. Alignment and domain analysis of Triticcae MPKs. The amino acid sequences from
multiple genomic copies, along with the accessions reported in Additional File 3, of all Triticeae MPKSs

identified were aligned in Clustal Omega (www.ebi.ac.uk/Tools/msa/clustalo/) under default settings. A lower

case ‘p’ next to the gene name indicates that only a partial sequence was identified for the given gene. The PK
domain is in black font, and the ‘“MAP kinase’ signature (specific to MPKSs) is bolded where ‘MAP kinase’ flanks
(F and C) are in red font; N- and C-terminal extensions in teal font. Missing sequence information, namely ‘X’
residues, are shown in pink font. Highlighted sequences are the ATP binding signature (blue), the catalytic C-loop
(red), the activation T-loop (black), CD domain (teal) and EF-hand CBP (pink). Sequence deviations from the
T(E/D)Y activation loop of plant MPKs are marked in yellow font. Previously reported [1] conserved MPK
domains are written in blue font above the alignment, including the conserved clade-specific docking domain
found at the C-terminal end of the PK signature (highlighted grey; deviations from proposed sequence in a
darker shade). Deviations from these sequences are highlighted in yellow; some of these deviations were
observed in the ATP binding signature and are highlighted in a bright blue. Additional conserved sequences
described as putative phosphorylation sites distinct from the T-loop [1] are marked with a box. An asterix indicates

a stop codon.

Reference:
1. Mohanta TK, Arora PK, Mohanta N, Parida P, Bae H. Identification of new members of the MAPK gene
family in plants shows diverse conserved domains and novel activation loop variants. BMC Genomics. 2015;16:1-
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MPK3

TuMPK3

HvMPK3 (4H)
Locus_5782
AetMPK3
AAC28850
TaMPK3(4AS)
TaMPK3(4BL)
ScMPK3
TsMPK3(R/A/B)
TaMPK3(4DL)

TuMPK3

HVMPK3 (4H)
Locus 5782
AetMPK3
AAC28850
TaMPK3(4AS)
TaMPK3(4BL)
ScMPK3
TsMPK3(R/A/B)
TaMPK3(4DL)

TuMPK3

HVMPK3 (4H)
Locus 5782
AetMPK3
AAC28850
TaMPK3(4AS)
TaMPK3(4BL)
ScMPK3
TsMPK3(R/A/B)
TaMPK3(4DL)

I1GXGXYGXV I KK I XXXF DAXRXLRE FXDIYXXXELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIx{erAN{el ASSIVIVINTE Sy u S VA I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPAIPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIxerAN{el AeSIVIVINT S Sy u S VA I ANAFDNNMDAKRTLRE IKLLKHLDHEN IVGLRDV IPPAIPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYNIFGNQFE I TAKYQPP I MPLICIx{e7AN4el AV eIV IN S S SN I ANAFDNNMDAKRTLRE IKLLKHLDHEN IVGLRDV IPPATPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYNIFGNQFE I TAKPQPP I MPLICIx{e7AN4el AV eV N S SR RSN I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPATPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIxerAN{el ASSIVIV IS SIS NN | ANAFDNNMDAKRTLRE IKLLRHLDHEN 1 VGLRDV IPPAIPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIxerAN{el AeSIVIVIN S Sy U S VA I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPAIPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIxerAN{el AeSIVIVIN S SRS VA I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPAIPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYNIFGNQFE I TAKYQPP I MPLIeIx{e7AN4el AoV N S S RSN I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDVIPPATPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYNIFGNQFE I TAKYQPP I MPLIeIx{e7AN4el AV eIV Z S SV B ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPATPQSFNDVY IATELM
MDGAPVAEFRPTMTHGGRFLLYN I FGNQFE I TAKYQPP IMPLIeIx{erAN{el AeSIVIVINT S Sy u S VA I ANAFDNNMDAKRTLRE IKLLRHLDHEN IVGLRDV IPPATPQSFNDVY IATELM

FTEAIAEEAIALEAIAXTEAIALTEAXALAXALAAXTLAAXAAAXTAAXALAAXALE AEAXAXAXAXAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAR AEXAXEXAXAXTXAAXAXAAXAAXAXAAXAXAKN - kAKX XAXAXAAAXAAAAAAdkA A AXxXAAXxALAkxAhAidxikx

DLxxVI QXLRXLKYxXH HRDLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL IDxWSY,GC
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYA LRI NNESN\[MRENANCDLK I CDFGLARPSSESDMM TRWYRAPELLLNSTDY|SAAIDVWSVGCIFMEL——————- PGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYA LRI NNESN[MRENANCDLK I CDFGLARPSSESDMM TRWYRAPELLLNSTDY[SAAIDVWSVGCIFMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALR{BIMGSNBEENANCDLK 1 CDFGLARPSSESDMMIE=VV TRWYRAPELLLNSTDY|SAAIDVWSVGC I FMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALR{BI MG\ BEENANCDLK 1 CDFGLARPSSESDMMIE=VV TRWYRAPELLLNSTDY|SAA1DVWSVGC I FMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALR{BI MG\ IRMENANCDLK 1 CDFGLARPSSESDMMIR=YV TRWYRAPELLLNSTDY|SAA1DVWSVGC I FMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALRPINNESN[MRENANCDLK I CDFGLARPSSESDMM TRWYRAPELLLNSTDY[SAAIDVWSVGCIFMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALZ RPN\ MRENANCDLK I CDFGLARPSSESDMM TRWYRAPELLLNSTDY[SAAIDVWSVGCIFMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALR{BI MG\ BEENANCDLK 1 CDFGLARPSSESDMMIR=VV TRWYRAPELLLNSTDY|SAA1DVWSVGC I FMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYALR{BIMGSNBEENANCDLK 1 CDFGLARPSSESDMMIR=YV TRWYRAPELLLNSTDY|[SAA1DVWSVGC I FMEL INRAPLFPGR
DTDLHHI IRSNQELSEEHCQYFLYQLLRGLKY IHSANYAIRR{BI MG\ MMENANCDLK 1 CDFGLARPSSESDMMERYV TRWYRAPELLLNSTDY|ISAAIDVWSVGC I FMEL INRAPLFPGR
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KMLTFDP*%RITVE’:AL
DHMHQMRLITEVIGTPTDDDLGFIRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|MIAZI== [0 TDPFSFDFEQHPLTEDQMKQL I FNEALELNPNFRY™*
DHMHQMRLITEVIGTPTDDDLGFIRNEDARRYMRHLPQFPRRPFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|MIAZI== [0 TDPFSFDFEQHPLTEDQMKQL I FNEALELNPNFRY™*
DHMHQMRLITEVIGTPTDDDLGFIRNEDARRYMRHLPQFPRRPFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|MIAZI== [0 TDPFSFDFEQHPLTEDQMKQL I FNEALELNPNFRY™*
DHMHQMRLITEVIGTPTDDDLGF IRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDLIERMLTENPLQRITVEEALEHPY LER|SgIBA2WISZA k6 TDPFSFDFEQHPLTEDQMKQL IFNEALELNPNFRY*
DHMHQMRLITEVIGTPTDDDLGF IRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDLIERMLTENPLQR I TVEEALEHPY LER|SgIBAZ20ISZA k6 TDPFSFDFEQHPLTEDQMKQL IFNEALELNPNFRY*
DHMHQMRLITEVIGTPTDDDLGFIRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|MIAZI== [0 TDPFSFDFEQHPLTEDQMKQL I FNEALELNPNFRY ™
DHMHQMRLITEVIGTPTDDDLGFIRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|MIAZI== [0 TDPFSFDFEQHPLTEDQMKQL I FNEALELNPNFRY™*
DHMHQMRLITEVIGTPTDDDLGF IRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQR I TVEEALEHPY LER|SgIBA20IS=A k6 TDPFSFDFEQHPLTEDQMKQL IFNEALELNPNFRY*
DHMHQMRLITEVIGTPTDDDLGF IRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQR I TVEEALEHPY LER|SgIBAZ2WIS=A k6 TDPFSFDFEQHPLTEDQMKQL IFNEALELNPNFRY*
DHMHQMRLITEVIGTPTDDDLGF IRNEDARRYMRHLPQFPRRSFPGQFPKVQPAALDL IERMLTENPLQRITVEEALEHPY LER|SgA/A WIS {8 TDPFSFDFEQHPLTEDQMKQL IFNEALELNPNFRY*
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MPK4

ScMPK4
HVMPK4(1H)
BAJ97968.1
TaMPK4 (1AL)
TSMPK4(R/A)
AetMPK4

TaMPK4(1BL)
TaMPK4(1DL)

ScMPK4
HVMPK4(1H)
BAJ97968.1
TaMPK4 (1AL)
TSMPK4(R/A)
AetMPK4

TaMPK4(1BL)
TaMPK4(1DL)

ScMPK4
HVMPK4(1H)
BAJ97968.1
TaMPK4 (1AL)
TSMPK4(R/A)
AetMPK4

TaMPK4(1BL)
TaMPK4(1DL)

IGXGXYGXV IKK I xXxXxF DAXRXLRE FxD
MDTSGGGGGAAGGAAQ IQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLIeIz{erAN{el RV eAVAVISRIna ke S AAY/Y I | GNAFDNH I DAKRTLRE IKLLRHMDHEN I LATKDL IRPPRRDDFKD
MDTSGGGGGAAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLIeIRe7ANEel AYO7VA\VSR{na 1S 2AV/AY I(4 1 GNAFDNH I DAKRTLRE I KLLRHMDHEN I LAMKDL IRPPRRDDFKD
MDTSGGGGGAAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLIeIe7ANEel AYO7VA\VSRna Ne1S 2AV/AY I(4 1 GNAFDNH I DAKRTLRE I KLLRHMDHEN I LAMKDL IRPPRRDDFKD
MDTSGGGGGAAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLIeIe7ANEel AYO7VA\VSR{na IS 2AV/AY I(4 1 GNAFDNH I DAKRTLRE IKLLRHMDHEN I LAT1KDL IRPPRRDDFKD
MDTSGGGGGAAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLIeiz{eraNel RV eAVAVISRIna ke SN I | GNAFDNH I DAKRTLRE IKLLRHMDHEN I LATKDL IRPPRRDDFKD
MDN-SGGAATAGGAAQ IQGMATHGGRYVLYNVYGNLXEVASKYAPP I RPLIe[z{e7AN{el AYeAVAVERTp keI AVZAY N | GNAFDNH I DAKRTLRE IKLLRHMDHEN I LATKDL IRPPRRDDFKD
MDT-SGGGTAAGGAAQIQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLEeIerAN{el A O7VA\VER DA NI AAV/AY [ (41 GNAFDNH I DAKRTLRE IKLLRHMDHEN I LATKDL IRPPRRDDFKD
MDT-SGGGAAAGGAAQ IQGMATHGGRYVLYNVYGNLFEVASKYAPP I RPLEeIerAN{el A O7VA\VVER DA KIS AAV/AY [ (41 GNAFDNH I DAKRTLRE IKLLRHMDHEN I LATKDL IRPPRRDDFKD

Kk Kk mkkkAkokk R i
TYXXXELM  DLxxVI QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL IDxWSY,GC
VY IVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANYARG I M GRINMIENANCDLK IADFGLARTTSETDLM VVTRWYRAPELLLNGSQY[TAAIDVWSVGCILGELIT

VYIVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANVARGHBIMGRINIMEBNANCDLK IADFGLARTTSETDLM TRWYRAPELLLNGSQY[TAAIDVWSVGCILGEILIT
VYIVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANVARGRBIMGRINIMEBNANCDLK IADFGLARTTSETDLM TRWYRAPELLLNGSQY[TAAIDVWSVGCILGELIT
VYIVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANARGHPIMGRINIMEBNANCDLK IADFGLARTTSETDLM TRWYRAPELLLNGSQY[TAAIDVWSVGCILGELIT
VY IVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANYARGIMBIM I MZENANCDLK IADFGLARTTSETDLM=AA{VVTRWYRAPELLLNGSQY[TAAIDVWSVGCILGELIT
VY IVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANYARGIMIM RN MIBENANCDLK IADFGLARTTSETDLMIAA{VVTRWYRAPELLLNGSQY[TAAIDVWSVGCILGELIT
VYIVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANVARGHBIMGRINIMEBNANCDLK IADFGLARTTSETDLM TRWYRAPELLLNGSQY[TAAIDVWSVGCILGEILIT

VYIVTELMDTDLHQI IRSNQSLTDDHCQYFLYQLLRGLKYVHSANY RGIRPIMESINIMEBNANCDLK IADFGLARTTSETDLM TRWYRAPELLLNCSQY[TAAIDVWSVGCILGELIT
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KMLY,FDPxKR1 1VDEAL
RQPLFPGRDY 1QQLKLITEL IGSPDDSSLGF-RSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|MeIp INS=a®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY™*
RQPLFPGRDY IQQLKLITEL1GSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|SaIB IN=E=zak®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY*
RQPLFPGRDY IQQLKLITEL1GSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|SaIB IN=E=zak®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY*
RQPLFPGRDY IQQLKLITEL1GSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|SaIB IN=E=zak®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY*
RQPLFPGRDY 1QQLKLITEL IGSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|MeIp INSS=a®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY™*
RQPLFPGRDY 1QQLKLITEL IGSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|MeIp INS=a®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY™*
RQPLFPGRDY IQQLKLITEL1GSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|SaIB IN=E=zak®PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY*
RQPLFPGRDY IQQLKLITEL 1GSPDDSSLGFLRSDNARRYMKQLPQYPRQDFRLRFRNMSDGAVDLLERMLVFDPSRRITVDEALHHPY LAS|SgB) NSS4 ®¢PAPFSFDFEQPSFTEEHMKEL IWRETLAFNPDPPY*
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Additional File 7 — Triticeae MPK alignments Page 3 of 32



MPK6

AA016560.1
TaMPK6(7DS)
AK333212.1
RFL3769
AetMPK6p
ScMPK6
TsMPK6(R)
BAJ90351.1
BAJ86277.1
BAK07440.1
TaMPK6(7BS)
TaMPK6 (7AS)
HVMPK6 (7H)p

AA016560.1
TaMPK6(7DS)
AK333212.1
RFL3769
AetMPK6p
ScMPK6
TsMPK6(R)
BAJ90351.1
BAJ86277.1
BAK07440.1
TaMPK6(7BS)
TaMPK6 (7AS)
HVMPK6 (7H)p

1GXGXYGXV IKKIXXXF DAXRXLRE
MDAGGAQPPDSEMAEAGAGAA---AAAGTAPGGAMDN IQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIeiNerNEe) Ao\ RNS Sy aei =M/ BN ANAFDNK I DAKRTLRE IKLLRHMD
MDAGGAQPPDSEMAEAGAGA---AAAAGTAPGGAMDN IQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A oSTA\RNST = ReTS0M7:Y BN | ANAFDNK IDAKRTLRE IKLLRHMD
MDAGGAQPPDSEMAEAGAGA---AAAAGTAPGGAMDN IQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A STA\RNST = ReTS0M7:Y I ANAFDNK I DAKRTLRE IKLLRHMD
MDAGGAQPPDSEMAEAGAGA---AAAAGTAPGGAMDN IQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A oTA\RNS = ReTS0M7:Y I ANAFDNK I1DAKRTLRE IKLLRHMD
————————————————————————————————————————————————————————————— -—— STAARNS SR NeI SO\ I ANAFDNK IDAKRTLRE IKLLRHMD
—————————————————————————————————— MENTQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIeINeraN{e] AV eSTARNS = Nei S0MV/AY I ANAFDNK I DAKRTLRE IKLLRHMD
—————————————————————————————————— MENTQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIeINeTAN{e] AV/eSTAARNS] S Nei S0\ I I ANAFDNK I DAKRTLRE IKLLRHMD
MDAGGAQPPDAEMAEAGGAAAA--AAAAGAPGGAMEN IQATLSHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A STARNST = ReTS0M7:Y BN ANAFDNK IDAKRTLRE IKLLRHMD
MDAGGAQPPDAEMAEAGGAAAA--AAAAGAPGGAMEN IQATLSHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A STA\RNST = ReTS0M7:Y BN ANAFDNK IDAKRTLRE IKLLRHMD
MDAGGAQPPDAEMAEAGGAAAA--AAAAGAPGGAMEN IQATLSHGGRFIQYN IFGNVFEVTAKYKPP I LPLIeiNerNEe) Ao\ RN Sy aei =M/ BN ANAFDNK I DAKRTLRE IKLLRHMD
MDAGGAQPPDAEMAEAGAAA---AAAAGSAPGGAMDN IQATLTHGGRFIQYNIFGN I FEVTAKYKPP I LPLIeiNerNEe) Ao ARSI Sy aeiSeM/AY BN ANAFDNK I DAKRTLRE IKLLRHMD
MDAGGAQPPDSEMAEAGAAAAAAAAAAGAAPGGAMDN IQATLTHGGRFIQYNIFGNVFEVTAKYKPP I LPLIe]e7N{el A STA\RNRT = ReTS0M7:Y BN ANAFDNK IDAKRTLRE IKLLRHMD

FXDIYXXXELM DLxxVI QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL
HENIVAIRDI 1PPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQUILRGLKY IHSAN\Y RGNS\ IREENANCDLK I CDFGLARTTSETDFMUIR{VVTRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY BRI M\ RRENANCDLK I CDOFGLARTTSETDFM TRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY BRI M\ RRENANCDLK I CDOFGLARTTSETDFM TRWYRAPELLLNS
HENITVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIYEEIB S\ RRENANCDLK I CDOFGLARTTSETDFM TRWYRAPELLLNS
HENITVAIRDI 1PPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQUILRGLKY IHSAN\Y R ENS\IREENANCDLK I CDFGLARTTSETDFMIR{VVTRWYRAPELLLNS
HENITVAIRDI 1PPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQUILRGLKY IHSAN\Y RGNS\ IREENANCDLK I CDFGLARTTSETDFMIR{VVTRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY BRI\ RRENANCDLK I COFGLARTTSETDFM TRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY BRI\ RRENANCDLK I COFGLARTTSETDFM TRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY BRI\ RRENANCDLK I CDOFGLARTTSETDFM TRWYRAPELLLNS
HENIVAIRDI 1PPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQUILRGLKY IHSAN\Y R ENS\IREENANCDLK I CDFGLARTTSETDFMUIR{VVTRWYRAPELLLNS
HENIVAIRDI 1PPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQUILRGLKY IHSAN\Y R ENS\IREENANCDLK I CDFGLARTTSETDFMIR{VVTRWYRAPELLLNS
HENIVAIRDI IPPAQRTAFNDVY TAYELMDTDLHQI IRSNQALSEEHCQYFLYQILRGLKY IHSANIY B ES\|RRENANCDLK I CDOFGLARTTSETDFM TRWYRAPELLLNS
———————————————————————————————————————————————— QYFLYQILRGLKY IHSANY MR NCGESI\|NMENANCDLK 1 CDFGLARTTSETDFM TRWYRAPELLLNS
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MPK6 continued

AA016560.1
TaMPK6(7DS)
AK333212.1
RFL3769
AetMPK6p
ScMPK6
TsMPK6(R)
BAJ90351.1
BAJ86277.1
BAK07440.1
TaMPK6(7BS)
TaMPK6(7AS)
HVMPK6 (7H)p

AA016560.1
TaMPK6(7DS)
AK333212.1
RFL3769
AetMPK6p
ScMPK6
TsMPK6(R)
BAJ90351.1
BAJ86277.1
BAK07440.1
TaMPK6(7BS)
TaMPK6 (7AS)
HVMPK6 (7H)p

1DxWSY,GC

TEE X AAXAXAAXAAAAIAAAXAAXAAXAAAIAAAXAAAAAAAAAdhi*i

AS|HGI) ESISRVE TVMPFSFDFEQHALSEEQMKDL ITHQEG I TFNPDYQ*
AS|HGI) ESISRVE TVMPFSFDFEQHALSEEQMKDL ITHQEG I TFNPDYQ*
AS|HGI) ESISRVE TVMPFSFDFEQHALSEEQMKDL ITHQEG I TFNPDYQ*
AS|EGI) SIS RVe TVPFSFDFEQHALSEEQMKDL IHQEG I TFNPDYQ™
AS|EGI) SIS RVe TVPFSFDFEQHALSEEQMKDL IHQEG I TFNPDYQ™
AS|HGI) ESISRVE TVMPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ*
AS|HGI) ESISRVE TVMPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ*
AS|HGI) ESISRVE TVPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ*
AS|EGI) SIS RVe TVPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ™
AS|EGI) SIS RVe TVPFSFDFEQHALSEEQMKDL IHQEG I AFNPDYQ™
AS|HGI) ESISRVE TVPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ*
AS|HGI) ESISRVE TVPFSFDFEQHALSEEQMKDL ITHQEG I AFNPDYQ*
AS|HgI) BSIISRVE TMPFSFDFEQHALSEEQMKDL ITHQEG IAFNPDYQ*

KAEAAAAAAAAAAXAAAXAXAAAXAAAXAXAAXAXAAXAAXAAXAXAAXAXAKAAKX - AXAAAkdXx

Additional File 7 — Triticeae MPK alignments

KMLTFDP*:%R I TVEP:AL

SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLMEVFPCGISSLQL IGTPNEADLDFVNENARRY I1RQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME--===—~--
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME--===—---
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME--===—---
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME--===—---
SEY[TAAIDVWSVGC IFMELMDRKPLFPGRDHVHQLRLLME-———————-
SEY[TAAIDVWSVGC I FMELMDRKPLFPGRDHVHQLRLLME - ———————-

LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
L1GTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
L1GTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
L1GTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
L1GTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL
LIGTPNEADLDFVNENARRY IRQLPRHARQSLSEKFPHVHPSAIDLVEKMLTFDPRQRITVEGALAHPYL

A A A A A A A A A A A A A A AT A A A A A A A AA AT AAAAAAITAAAAAAIAAAAAAAAAAIAAAA AR A A I AAAdAddddhik
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MPK7

TaMPK7(7DLc2)
TuMPK7
TSMPK7(B)
TaMPK7(7BL)
AET10457.1
tp1b0018e09
HVMPK7 (7H)
AK252980. 1
AetMPK7
TaMPK7(7DLc1)
TaMPK7(7AL)
AET10456.1
SCMPK7

TaMPK7(7DLc2)
TuMPK7
TSMPK7(B)
TaMPK7(7BL)
AET10457.1
tp1b0018e09
HVMPK7 (7H)
AK252980. 1
AetMPK7
TaMPK7(7DLc1)
TaMPK7(7AL)
AET10456.1
SCMPK7

I1GXGXYGXV TKK I xXxxF DAXRXLRE FxXDIYxxxXELM DL

MAMMVDPPNGMGNHGKHYYTMWQTMFE I D)
MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D|
MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D|
MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D|
MAMMVDPPNGMGNHGKHYYTMWQTMFE I D
MAMMVDPPNGMGNHGKHYYTMWQTMFE I D
MAMMVDPPNG I GNHGKHYYTMWQTMFE 1 D;
MAMMVDPPNG I GNHGKHYYTMWQTMFE 1 D;
MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D;
MAMMVDPPNGMGNHGKHYYTMWQTMFE I D
MAMMVDPPNGMGNHGKHYYTMWQTMFE I D
MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D|

K
ITKY]
ITKY]
ITKY]
TKY]
TKY]
ITKY]
ITKY]
ITKY]
TKY]
TKY]
ITKY]

MAMMVDPPNGMGNHGKHYYTMWQTMFE 1 D|

P 1 KPLIelxiernges Rvfessioy INo]=a N\ G NNVFDNRLDALRTLRELKLLRHLRHENV TALKD IMMP IHRRSFKDVYLVSELMDMDL
VP 1 KPLAGEZN (€] RO IO/ NSNS I NNVFDNRVDALRTLRELKLLRHLRHENV ITALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN 0] NN SQYZY I I NNVFDNRVDALRTLRELKLLRHLRHENV TALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN o] NS QYZY I I NNVFDNRVDALRTLRELKLLRHLRHENV FTALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLEeia{eraNgeR Rvfessis) BN(0] Sp NN SYZ2Y IS I NNVFDNRVDALRTLRELKLLRHLRHENV IALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLEeia{eraNgeR Rv[essis) RN(0] Sp NN SYZ2Y IS I NNVFDNRVDALRTLRELKLLRHLRHENV IALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN o] NN SN I I NNVFDNRVDALRTLRELKLLRHLRHENV TALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN o] NN SN I I NNVFDNRVDALRTLRELKLLRHLRHENV FTALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN o] NN SN I I NNVFDNRVDALRTLRELKLLRHLRHENV FTALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLEeia{eraNgeR Rv/essis RN(0] Sa NN SN IS I NNVFDNRVDALRTLRELKLLRHLRHENV IALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLEeia{eraNgeR Rv/essis BN(0] Sa NN SN IS I NNVFDNRVDALRTLRELKLLRHLRHENV IALKD IMMP IHRRSFKDVYLVSELMDTDL
VP 1 KPLIela{eravgeq Rv(essis] LN O] NN SN I I NNVFDNRVDALRTLRELKLLRHLRHENV FTALKD IMMP IHRRSFKDVYLVSELMDTDL

ITKY]

VP 1 KPLIeia{eravgeq fv(essis] Lo/ NS QYN FGN I NNVFDNRVDALRTLRELKLLRHLRHENV TALKD IMMP IHRRSFKDVYLVSELMDTDL

* = k%

xxVI QXLRXLKYx

HQIVKSSQPLSNDHCQYFLFQVLRGLKYLHSAGLINGIMbIE SHEN[MBRYNANCDLK I CDFGLARTNNTKGQFM

H

A A A A A A A A A A A A A A A A A A A AAAAAAAAAAK - AAAAAAAAAAAAXAAAXAIAAAXAAAAIAAAXAAAAIAAAITAA XA A AL AddK X *X

HRDLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL IDxWSY,GC
VVTRWYRAPELLLCCDNYGTS IDVWSVGCIFAELLGRKPIFPGTECL

TRWYRAPELLLCCPNYGTSIDVWSVGCIFAELLGRKPIFPGTECL

HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGIMNMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLH-AGLINIXbI NN WRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGIMNMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGINbIE SHEN[MBRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGINbIE SHENMBRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGIMMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLIMGIMMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLIMGIMMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGIMbIE SHEN[MBRUNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLINGINbIE SHEN[MBRUNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLIMGIMMMNENMRYNANCDLK I CDFGLARTNNTKGQFM
HQIVKSSQPLSNDHCQYFLFQLLRGLKYLHSAGLHgIMMMEN|MRYNANCDLK I CDFGLARTNNTKGQFM

TRWYRAPELLLCC
TRWYRAPELLLCC

VVTRWYRAPELLLCC
VVTRWYRAPELLLCC
VVTRWYRAPELLLCC

TRWYRAPELLLCC
TRWYRAPELLLCC

VVTRWYRAPELLLCC
VVTRWYRAPELLLCC

TRWYRAPELLLCC
TRWYRAPELLLCC

DNY]
DNY]
DNY
DNY
DNY]
DNY]
DNY]
DNY
DNY
DNY]
DNY]

GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL
GTSIDVWSVGCIFAELLGRKPIFPGTECL

R S e R e e e e o e S *x
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AAAAXIAAAIAAAXIAAAIAAAXAXAAAIAAAAdAALAdXXXhx
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MPK7 continued

KMLIFDP3;KRISVTEAL

TaMPK7(7DLc2) NQLKL I'VNVLGTMSKADLAF IDNPKAGNY IKSLPYTPGMPLS IMYPHAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPGAARMVNM* -
TuMPK7 NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGIPLSSMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQGMLQYHPQAARGVMNM*
TsMPK7(B) NQLKLIVNVLGTMSETDLAF IDNPKARNY IKSLPYTPGMPLSIMYPHAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
TaMPK7 (7BL) NQLKLIVNVLGTMSETDLAF IDNPKARNY IKSLPYTPGMPLSIMYPHAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
AET10457.1 NQLKLIVNVLGTMSETDLAF IDNPKARNY IKSLPYTPGMPLS IMYPHAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
tplb0018e09 NQLKLIVNVLGTMSETDLAF IDNPKARNY IKSLPYTPGMPLS IMYPHAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
HVMPK7 (7H) NQLKLIVNVLGTMSEADLAF IDNSKARKY IKSLPYTPGIPLSSMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
AK252980.1 NQLKLIVNVLGTMSEADLAF IDNSKARKY IKSLPYTPGIPLSSMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
AetMPK7 NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGMPLSSMYPRAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
TaMPK7(7DLc1) NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGMPLSSMYPRAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLDIDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
TaMPK7 (7AL) NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGIPLSSMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLDIDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
AET10456.1 NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGIPLSSMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -
ScMPK7 NQLKLIVNVLGTMSEADLAF IDNPKARNY IKSLPYTPGMPLSTMYPQAHPLAIDLLQKMLVFDPSKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENIGTDMIREMLWQEMLQYHPEAARMVNM* -

E R e e e e e e I S e e S R ek ke e e e S S S e S e I e e R e R e e e R R e R e e e e *Kxhkkh Khkkhk X
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MPK11

HVMPK11(7H)
BAJ95789.1
ScMPK11
TSMPK11(U)
TSMPK11(A)
TaMPK11(7BL)
Jvg70088.1
TaMPK11(7DL)
TaMPK11(7AL)

HAAB01041577.1

TuMPK11
AetMPK11

HVMPK11(7H)
BAJ95789.1
ScMPK11
TSMPK11(U)
TSMPK11(A)
TaMPK11(7BL)
JV870088.1
TaMPK11(7DL)
TaMPK11(7AL)

HAAB01041577.1

TuMPK11
AetMPK11

HVMPK11(7H)
BAJ95789.1
ScMPK11
TSMPK11(U)
TSMPK11(A)
TaMPK11(7BL)
JV870088.1
TaMPK11(7DL)
TaMPK11(7AL)

HAAB01041577.1

TuMPK11
AetMPK11

1GXGXYGXV KK I XXXF DAXRXLRE

(e13{e7aNele] B NO7AVANANS RIS SAVZAY TN | GNAFDNQ I DAKRTLREVKLLRHMNHENV IS 1K
c]x{c7itee] B (OAVANVANOR NS RAVZAY I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
c]x{c7itee] B (OAVANVAVNORNNS VAN I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
c]x{c7ite(e] B (OAVANVANOR NS AV I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
(e13{e7aNele] B KO7VA\\VNOR NS SAVZAY TN | GNAFDNQ I DAKRTLREVKLLRHMNHENV IS 1K
(e13{e7aNele] B KO7VA\\VNOR NS SAVZAY TN | GNAFDNQ I DAKRTLREVKLLRHMNHENV IS 1K
c]x{c7itee] B (OAVAAVAVNORNNS VAN I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
c]x{c7itee] B (OAVAAVAVNOR NS AV I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
c]x{c7itee] B (OAVANVANOR NS AV I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK
(e13{e7aNole] B KO7VAN\VNOR NS SAVZAY TN | GNAFDNQ I DAKRTLREVKLLRHMNHENV IS 1K
(e13{e7aNeole] B KO7VA\\VNOR NS SAVZAY TN | GNAFDNQ I DAKRTLREVKLLRHMNHENV IS 1K
e]x{c7itee] B (OAVANVAVNORN NS AVZAY I | GNAFDNQ I DAKRTLREVKLLRHMNHENVISIK

B R e R e R e e e e e

MRMEGGGVGAGGGGGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKY VPP IRP
MRMEGGGVGAGGGGGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP
MRMEGGGAWA--GGGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP
MRMEGGGAGA--GGGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP
MRMEGGGAGA--GGGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKY VPP IRP
MRMEGGGAGA---GGG-—--—- GLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYNVPPIRP
MRMEGGGAGA---GGG—-—-—- GLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPPIRP
MRMEGGGAGA---GGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP
MRMEGGGAGA---GGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP
MRMEGGGAGA---GGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKY VPP IRP
MRMEGGGAGA---GGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKY VPP IRP
MRMEGGGAGA---GGGGHGGGHGLGGEAQIKGTLTHGGRYVQYNVYGNLFEVSAKYVPP IRP

*xAhkkkhk * *xx

R R R e R e S R S R e e e e e I S

HRDLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL ID
(W[N] M\ [ M MENAKCELK I GDFGLARTTTETDFMYI=A4VVTRWYRAPELLLNCSEY[TAAID
(o[NP MR S\ [ M WEANAKCELK IGDFGLARTTTETDFMYI=AVVTRWYRAPELLLNCSEY[TAAFD
(20l MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISAVVTRWYRAPELLLNCSEY[TAAID
(D] MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISA{VVTRWYRAPELLLNCSEY[TAAID
(D] MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISA{VVTRWYRAPELLLNCSEY[TAAID
(W[N] M ES\ [ M MENAKCELK I GDFGLARTTTETDFM{I=AVVTRWYRAPELLLNCSEY[TAAID
(W[N] M ES\ [ M MENAKCELK I GDFGLARTTTETDFM{I=AVVTRWYRAPELLLNCSEY[TAAID
(0] MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISAVVTRWYRAPELLLNCSEY[TAAID
(0] MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISAVVTRWYRAPELLLNCSEY[TAAID
(0] MR \|MMBNAKCELK 1GDFGLARTTTETDFMYISAVVTRWYRAPELLLNCSEY[TAAID
DIIRPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK\ARI0 M\ RMENAKCELK 1 GDFGLARTTTETDFMU=S{VVTRWYRAPELLLNCSEY|TAAID
DI IRPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK\YB{o M\ NMENAKCELK 1 GDFGLARTTTETDFMI={VVTRWYRAPELLLNCSEY|TAAID

AEEAEE AEAEAAEAAAAATAALTAEAAATAALTAEAAATAEAE A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A LI AA A A A A AAAAAAAAAIAAAAAAXAIAAAIAAAAAAAIAAA A IAAAIAA XA K XKhd =%

FXDIYXXXELM DLxxVI QXLRXLKYxH
DI I1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI I1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQTLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DIIRPTRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DIIRPTRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK
DI1RPPRRENFNDVY IVYELMDTDLHHLLRSNQPLTDDHCQYFLYQVLRGLKYVHSAK

KMLY,FDPxKR I I VDEAL
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPNMSTGAMDLLERMLVFDPSKRITVDEALCHPYLAS| SIS AN[BISRVIOP AP
IWSVGCILGE IAMREPLFPGKDYVHQLRLITEL-1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPNMSTGAMDLLERMLVFDPSKRITVNEALCHPY LAS|Bgl=t NDISVIeP AP F
IWSVGCILGE IAMREPLFPGKDYVHQLRLITEL-1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAVDLLERMLVFDPSKR I TVDEALCHPY LAS|Sg|=) fNDIp]AVI6P AP F
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAVDLLERMLVFDPSKRITVDEALCHPY LAS| SIS BN[BIBIRVIOP AP
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPYLAS|SaI= ANBISZVIOP APF
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPYLAS| SIS ANBISRVIOP AP
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKR I TVDEALCHPY LAS|Egl=t ANIDIS V(6P AP F
IWSVGCILGEIATREPLFPGKDYVHQLRLITELX1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPY LAS|Egl=t ANIDIS V(6P AP F
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPY LAS|EaI= ANBISRVIOP AP
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPY LAS|EaI= ANBISRVIOP AP
IWSVGCILGEIAMREPLFPGKDYVHQLRLITEL-IGSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPYLAS| SIS ANBISRVIOP AP
IWSVGCILGEIATREPLFPGKDYVHQLRLITEL-1GSPDDTSLGFLRSDNARRYVRSLPQYPKQHFGSRFPSMSTGAMDLLERMLVFDPSKRITVDEALCHPY LAS|Bg|=) NDISRVIeP APF

FEEAEXEAIXKEXEAIAKXEAXAEAX AEXEAXXEAXXAXTEAAXLTXAALTXAAXAEA AAXAXTEXAXTXAAXTEA XXX AKX A AXAEAAXAEAAXAEAAXAEAAXAEAAXAEAALX AXEXAX - AX XXX AXXAAAXAAAXAAAKX = AXAAXAAXAXAAXAXAALAXAKX - hkhkkhiiki

Additional File 7 — Triticeae MPK alignments

Page 8 of 32



MPK11 continued

HVMPK11(7H)
BAJ95789.1
ScMPK11
TSMPK11(U)
TSMPK11(A)
TaMPK11(7BL)
Jvg70088.1
TaMPK11(7DL)
TaMPK11(7AL)
HAAB01041577.1
TuMPK11
AetMPK11

SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPESIH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPEP IH*
SFDFEQPSFTEED IKEL IWREALKFNPES IH*
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MPK14

AetMPK14
TSMPK14(R/B)
TaMPK14(6DS)
AK332648.1
HVMPK14(6H)
BAJ85436. 1
BAJ84961.1
TaMPK14(6AS)
TaMPK14(6BS)
ScMPK14
TuMPK14

AetMPK14
TSMPK14(R/B)
TaMPK14(6DS)
AK332648.1
HVMPK 14 (6H)
BAJ85436. 1
BAJ84961.1
TaMPK14(6AS)
TaMPK14(6BS)
ScMPK14
TuMPK14

AetMPK14
TSMPK14(R/B)
TaMPK14(6DS)
AK332648.1
HVMPK14(6H)
BAJ85436.1
BAJ84961.1
TaMPK14(6AS)
TaMPK14(6BS)
ScMPK14
TuMPK14

Additional File 7 — Triticeae MPK alignments

I1GXGXYGXV TKK I xXxxF DAXRXLRE FXDITYXXXELM
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLIeIxerAN{el VoS IS IS Q7 I HNVFDNRVDALRTLREL --KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP 1 KPglelzieravge] AV/eSi] BNN=RINSVA NN HNVFDNRVDALRTLREL--KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLEeIerANEel AYOSR] INN=RNN =YY [ HNVFDNRVDALRTLRELXLKLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLEeIerANEel A OSR] INN=RNN =YY [ HNVFDNRVDALRTLREL--KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLIeIxerAN{el VoS NSNS Q7 I HNVFDNRVDALRTLREL --KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLIeIxerAN{el Ao IS IS Q7 I HNVFDNRVDALRTLREL --KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLEeIerAN{el AYOSR] INN=RNNS QYA [ HNVFDNRVDALRTLREL--KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLEeIierAN{el A OSRY INN=RNN S QYA [ HNVFDNRVDALRTLREL--KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLEeIierANEel AYOSRY INN=RNN =YY [ HNVFDNRVDALRTLREL--KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLIeIxerAN{el Ao IS IS Q7 I HNVFDNRVDALRTLREL --KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT
MAMLVDPPNGMGNQGKHYYSMWQTLFE ID[TKY VP I KPLIeIxeraN{el oS ] IS IS Q7 I HNVFDNRVDALRTLREL --KLLRHLRHENV I SLKD IMMPVQRRSFKDVYLVYELMDT

*h kX AEAEAAXIAAAKAAAXAAAXAIAAAXAAAXAIAAAIAAAXAAAAAAAddddi*k R e o R e e e S e e e S e e

DLxxV1 QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR

DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN NNE\IRRYNANCDLK I CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAELINGINM NN\ IRRYNANCDLK 1 CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAELINGIN NN\ IRRYNANCDLK 1 CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN NEE\IRRYNANCDLK I CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN NEE\IRRYNANCDLK I CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN NNE\IRRYNANCDLK I CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAELINGIHM NN\ IRRYNANCDLK 1 CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAELINGIN NN\ IRRYNANCDLK 1 CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN N\ IRRYNANCDLK I CDFGLARTNSSKGQFM
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[ NN NEE\IRRYNANCDLK I CDFGLARTNSSKGQFM TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE
DLHQI IKSPQGLSNDHCQYFLFQLLRGLKYLHSAE[|MgIX{s]NE\IRRYNANCDLK I CDFGLARTNSSKGQFM TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE

AAE A A KE A A KE A A A A A I A A A A AR A AR A A A A A A A AR A A A A AR A AR A AR A AR A AR AR AR A AR A AR A AR A AR A AR A AR A AR AA A AA A AAEAALAAAXAA AL A AXAAALAAAAAAAAAA A AL A AL XA A) kK

TRWYRAPEL I1DXWSY,GC
TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE
VVTRWYRAPELLLCCDNY(GTS IDVWSVGCIFAELLGRKPIFPGTE
VVTRWYRAPELLLCCDNY(GTS IDVWSVGCIFAELLGRKPIFPGTE
TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE
TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE
TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE
VVTRWYRAPELLLCCDNY(GTS IDVWSVGCIFAELLGRKPIFPGTE
VVTRWYRAPELLLCCDNY(GTS IDVWSVGCIFAELLGRKPIFPGTE
TRWYRAPELLLCCDNY[GTSIDVWSVGCIFAELLGRKPIFPGTE

KMLIFDP3;KRISVTEAL
CLNQLKLI'VNVLGTMSESDLEF IDNPKARRY 1 1P-—-TLPVPLASMYPHAHPLAIDLLQKML IFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM*
CLNQLKLI'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAATAVNM*
CLNQLKL I'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM*
CLNQLKLIVNVLGTMSESDLEFIDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM™*
CLNQLKLIVNVLGTMSESDLEFIDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM™*
CLNQLKL I'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM*
CLNQLKL I'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAAAAVNM*
CLNQLKL I'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKML IFDPTKRVSVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAATAVNM*
CLNQLKLIVNVLGTMSESDLEFIDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVPIDLD IDENISSEMIREMMWQEMLHYHPEAATAVNM™*
CLNQLKLIVNVLGTMSESDLEFIDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVPIDLD IDENISSEMIREMMWQEMLHYHPEAATAVNM™
CLNQLKL I'VNVLGTMSESDLEF IDNPKARRY IKTLPYTPGVPLASMYPHAHPLAIDLLQKMLIFDPTKRISVTQALEHPYMSPLYDPSANPPAQVP IDLD IDENISSEMIREMMWQEMLHYHPEAATAVNM*
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MPK16

TSMPK16(U1)
TsMPK16(U2)
AK354221.1
HVMPK16(1H)
AK251500. 1
BAJ88123.1
TaMPK16(1BS)
ABC54584 .1
AetMPK16
TaMPK16(U)
TuMPK16
TaMPK16(1AS)

TSMPK16(U1)
TsMPK16(U2)
AK354221 .1
HVMPK16 (1H)
AK251500. 1
BAJS88123.1
TaMPK16(1BS)
ABC54584 .1
AetMPK16
TaMPK16(U)
TuMPK16
TaMPK16(1AS)

TSMPK16(U1)
TSMPK16(U2)
AK354221 .1
HVMPK16 (1H)
AK251500. 1
BAJ88123.1
TaMPK16(1BS)
ABC54584 .1
AetMPK16
TaMPK16(U)
TuMPK16
TaMPK16(1AS)

1GXGXYGXV IKKIXXXF DAXRXLRE FxXDIYXxXXELM DLxxVI
MDFHTEY|GEGNRYK I EEVIEINERY (AT MR N RIS QYN I ND I FEHVSDATRILRE IKLLRLLRHPDIVEIKHILLPPSRREFKD I YVVFELMESDLHQV I KANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM VA ST RN RECI /AN I ND I FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM VA ST RN RECI VAN I ND | FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM VA ST RN RECI VAN I ND | FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIEINERY (AR R IR F I ND | FEHVSDATRILRE IKLLRLLRHPD IVEIKHILLPPSRREFKD I YVVFELMESDLHQV I KANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIEINERY (A SSTNRDR N RIS QN F I ND I FEHVSDATRILRE IKLLRLLRHPD IVEIKHILLPPSRREFKD I YVVFELMESDLHQV I KANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM (VA ST RN RECI VAN I ND | FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM VA ST RN RECI VAN I ND I FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM (VA ST RN RECI VAN I ND I FEHVSDATR I LREITKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIEINERY (AT MR N RIS QYN F I ND I FEHVSDATRILRE IKLLRLLRHPD IVEIKHILLPPSRREFKD I YVVFELMESDLHQV I KANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVLIEINERY (A SSTNRDR NI Q7N I ND I FEHVSDATRILRE IKLLRLLRHPD IVEIKHILLPPSRREFKD I YVVFELMESDLHQV I KANDDLTPEHYQFFL
MDFHTEY|GEGNRYK I EEVIIEINERM (VA ST RN RECI VAN I ND | FEHVSDATR I LREIKLLRLLRHPD IVEIKHILLPPSRREFKD 1 YVVFELMESDLHQV IKANDDLTPEHYQFFL

R S R e S e e

AAAAXIAAAIAAAXAXAAAIAAAXAXAAAIAAAXAdAAAhddhdhiixkx EaE ke

HRDLKPXN LXNXNCXLKIXDFGLAR

= [N MGG IWANADCKLK I CDFGLARVAISDTPTAIF
= [N MGG IWANADCKLK I CDFGLARVAISDTPTAIF
SR IWANADCKLK 1 CDFGLARVAISDTPTAIF
SR IWANADCKLK 1 CDFGLARVAISDTPTAIF
SR IWANADCKLK I CDFGLARVAISDTPTAIF
= [N MGG IWANANCKLK I CDFGLARVAISDTPTAIF
= [N MGG IWANADCKLK I CDFGLARVAISDTPTAIF
YQLLRGLKY IHTANYERIRIENGNUIWINADCKLK 1 CDFGLARVAISDTPTAIF
YQLLRGLKY IHTANYERIRIENGNUIWINADCKLK 1 CDFGLARVAISDTPTAIF
YQLLRGLKY IHTANYERRENH O IWINADCKLK 1 CDFGLARVAISDTPTAIF
YQLLRGLKY IHTANVZRIMI SN IWANADCKLK I CDFGLARVAISDTPTAIF
YQLLRGLKY IHTANYEM ST IWANADCKLK I CDFGLARVAISDTPTAIF

FrAAIXAAXAIAAAIAAAXAIAAAIAAAAdXhdhkx -

QXLRXLKYxH
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN
YQLLRGLKY IHTAN

TRWYRAPEL I1DXWSY,GC

LPA{ | ATRWYRAPELCGSFHRSKY[TPAIDIWS 1GCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LPA{ | ATRWYRAPELCGSFHRSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LRA{ ! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDI ITDLLGTPSP
LBA{ ! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDI ITDLLGTPSP
LBA( ! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLDI ITDLLGTPSP
LPA{ | ATRWYRAPELCGSFHRSKY[TPAIDIWS1GCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPSP
LPA{ | ATRWYRAPELCGSFHRSKY[TPAIDIWS 1GCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LBRA( ! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LBA{ ! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LRA(! ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LPA{ | ATRWYRAPELCGSFHRSKY[TPAIDIWS1GCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP
LAY | ATRWYRAPELCGSFHRSKY[TPAIDIWS IGCIFAELLTGKPLFPGKNVVHQLD I ITDLLGTPAP

*

AAAXIAAAIAAAXAIAAAIAAAXAXAAAIAAAAAAAdAdXhdhix
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LLE*LLAFDPKDRPTAEEAL
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKYRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIRELIYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLAFDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRRITKDDIREL 1YREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL 1YREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL IYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL IYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL I'YREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKYRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL 1YREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKYRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL 1YREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDD IRELIYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTQKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL IYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTHKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL IYREILEYHPNMLREFLEGAE
ETIARIRNEKARRYLSSMRRKKPVPFTHKFPNADPLALNLLERMLAFDPKDRPSAEEALADLYFKNIASVDREPSAQP ITKLEFEFERRRITKDDIREL 1YREILEYHPNMLREFLEGAE

FAEAEAXEAIAKXAXAKXAXAXAAXAXAA Fh-K=FXXxkkhk -k oA AAAXAAXAXA - *Kk *-kkhdkkikdx *Xxkhidxihidxdhkix *% =Ah KeAEKEAKE mAK - A EAAEAAXATEAALAEAAXAEAAXAAAXTAAXAAAXAAAAAAAAAAA A XA AKX
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MPK16 continued

TsMPK16(U1)
TsMPK16(U2)
AK354221 .1
HVMPK16 (1H)
AK251500. 1
BAJ88123.1
TaMPK16(1BS)
ABC54584 .1
AetMPK16
TaMPK16(U)
TuMPK16
TaMPK16(1AS)

TSMPK16(U1)
TsMPK16(U2)
AK354221 .1
HVMPK16(1H)
AK251500. 1
BAJS8123.1
TaMPK16(1BS)
ABC54584 .1
AetMPK16
TaMPK16(U)
TuMPK16
TaMPK16(1AS)

PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNAQKPRRDPASVGANRVPKELLSQGLVKWLVRHF—=—=——=——-
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNAQKPRRDPASVGANRVPKGAAVARPGKVVGSALRYGNCSTSGT
PTGFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV IFSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDTASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT
PTGFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV IFSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDTASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT
PTGFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV IFSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDTASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT
PTGFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSVIFSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDTASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNAQKPRRDPASVGANRVPKGAAVARPGKVVGSALRYGNCSTSGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNAQKPRRDPASVGANRVPKGAAVARPGKVVGSALRYGNCSTSGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDPASVGANRVPQGAAVARPGKVVGSALRYGNCSTPGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQGSDSRPQGAAN I TDDLSRC I IRDNTQKPRRDPASVGANRVPQGAAVARPGKVVGSALRYGNCSTPGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSV1YSDNRPQCSDSRPQGAANITDDLSRC I IRDNAQKPRRDPASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT
PTNFMYPSAVDHFKKQFTFLEEHYAKGSTAAPPERQHNSLPRPSVIYSDNRPQCSDSRPQGAANITDDLSRCIIRDNAQKPRRDPASVGANRVPQGAAVARPGKVVGSALRYGNCSTSGT

*kh FEAIAEAIIAAIAAAIAAAAAAhAAhkix ****** *********************** EaEcE ke *********

—————— VMVTVQHLVPSNMNSEGSSQAKELFQTVFLRAAHT ---LEEI TPARAKQVKL----KGST----
EQYEQRRVITSQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAVPPKPYTGNKLPATVDGRNGHW™
EQYEQRRVITGQGIFPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW*
EQYEQRRVITGQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW*
EQYEQRRVITGQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW™*
EQYEQRRVITGQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW™*
EQYEQRRVITSQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAVPPKPYTGNKLPATVDGRNGHW™*
EQYEQRRVITSQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAVPPKPYTGNKLPATVDGRNGHW*
EQYEQRRVITSQGVVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW*
EQYEQRRVITSQGVVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW™*
EQYEQRRVVTSQGIVPNGVPSGSSYPRRNNTCKSETGEAER IDVSQAGPPKPYTGNKLPATVDGRNGHW™*
EQYEQRRVVTSQGIVPNGVPSGSSYPRRNNTCKSETGEAERIDVSQAGPPKPYTGNKLAATVDGRNGHW*

B i R **x
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MPK17

IGXGXYGXV TKK 1 XX
TaMPK17 (V) MGGGNG I VDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEABQYR 1 QEV \AINERN{EIAVZAVAVAN IDANRRNCISY/AN [N I ND
TsMPK17(Ub) MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEY|GEASQYR 1 QEV\SINERN(EAAYZAVAVAY IDA R RCTSI AN I | ND
ABD97883.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEY|GEASQYR 1 QEV\ASINERN{EAAYZAVAVAY IDANEE RCTSI YN I | ND

AetMPK17 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAAEGLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERMEIAVZVVAY IR NG NEI SV INN I ND

TaMPK17(7DL) MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAAEGLDLVGLRS IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERN(EIAVZAVAVAY DR NG NEI SRV ESN I ND
AAX20165.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAAEGLDLVGLRS IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERN(EIAZAVAVAY DR NG NEI SRV ESN I ND
AAX20166.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDVEAAEGLDLVGLRS IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINER(EAAVZLV-VAY IDRNRGNEI SRV INN I ND
TsMPK17(R) MGGGNG IVDGFRRLFHRRTPSGSVLASSNQSSAGEDPSDVEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINER(EAAVZAVVAY IR NG NEI SRV INN I ND

ScMPK17 MGGGNG IVDGFRRLFHRRTPSGSVLASSNQSSAGEDPSDVEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINER(EAAVZAV-VAY IR NG NEI SRV INN I ND
HVMPK17(7H) MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSELEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERN(EIAVZAVAVAY DR NG NEI SRV ESN I ND
BAKO7695.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSELEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERN(EIAZAVAVAY DR NG NEI SRV ESN I ND
AK252439.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSELEAVEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERMEAAVZAV-VAY IDRNRGNEI SV INN I ND
ABC65848.1* MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERYMEAAVZLVVAY IDRNRJNEI SRV INN I ND
TuMPK17p MGGGNG IVDGFRRLFHRRTPSGSVFGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERY(EAAVZLVVAY IR NG NEI SV INN I ND
TaMPK17(7AL) MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINERN(EIAVZAVAVAY DR NG NEI SRV ESN I ND
TSMPK17(A) MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEY|GEASQYQ 1 QEV\Ye1ERN(EIAVAVAVAY IDR NG NEI SRV IS I ND
ABC54587.1 MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\AINER(EAAVZV-VAY IDRNRGNEI SV INN I ND
AK333198.1* MGGGNG IVDGFRRLFHRRTPSGSVLGSSNQSSAGEDSSDAEAAEDLDLVGLRP IRVPKRKMPLPVESHKKN IMEKEFHTEYIGEASQYR 1 QEV\ I ERSY(EAZAVVAY INANECI SN [N I ND

R R S R R e R e - * = Kk KX A A A A A A I A A A A A AT A A A ATETERAAATETRTAAALAAAAAAAAAA AR AR A IR A A ddddhhk

XF DAXRXLRE FXDIYXXXELM DLxxVI QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR

TaMPK17(U) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY I HCANARRRBING IWANADCKLK 1 CDFGLARVSFN
TsMPK17(Ub) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYZaRBI NN IWANADCKLK 1 CDFGLARVSFN
ABD97883.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRKEFQD I YVVFELMESDLHHV IRANDDLTAEHYQFFLYQLLRALKY IHGANYZaRBI NN IWANADCKLK 1 CDFGLARVSFN
AetMPK17 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYZaRBI NN W IWANADCKLK 1 CDFGLARVSFN

TaMPK17(7DL) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
AAX20165.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
AAX20166.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
TsMPK17(R) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
ScMPK17 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
HVMPK17(7H) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN
BAKO7695.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN

= [N MG IWANADCKLK I CDFGLARVSFN
= [N MG IWANADCKLK I CDFGLARVSFN
SRR IWNADCKLK 1 CDFGLARVSFEN
SRR IWNADCKLK 1 CDFGLARVSFEN
SR XD I NADCKLK 1 CDFGLARVSFEN
= [N MG IWANADCKLK I CDFGLARVSFN
= [N MG IWANADCKLK I CDFGLARVSFN

AK252439.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYZaRBI NN IWANADCKLK 1 CDFGLARVSFN
ABC65848.1* VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYEaRBI NN IWANADCKLK 1 CDFGLARVSFN
TuMPK17p VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYEaRBI NN IWANADCKLK 1 CDFGLARVSFN
TaMPK17(7AL) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY I HCANARRRPING I IWANADCKLK I CDFGLARVSFN
TSMPK17(A) VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD 1 YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY I HCANYARRRBIRNG O IWANADCKLK 1 CDFGLARVSFN
ABC54587.1 VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGANYZaRBI NN IWANADCKLK 1 CDFGLARVSFN

AK333198.1* VFEHVSDATRILREVKLLRLLRHPDVVEIKHIMLPPSRREFQD I YVVFELMESDLHQV IRANDDLTAEHYQFFLYQLLRALKY IHGAN\YEalRPl NI NADCKLK 1 CDFGLARVSFN

AEEXAXAAAAXAAAXAXAAAXAAAXAAAAIAAAXAXAAAIAAAAKXAK X - dddihik EAAEA A A A A A A A A A AAAAAAAAAAAAAAAAIAAAXAAAAXAAALAAAAIAAAAA A AA XA AAA A ddddhi
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MPK17 continued

TRWYRAPEL 1DXWSY,GC LLER.LLA
TaMPK17(U) DAPSAIF ATRWYRAPELCGSFHSKYITPAID IWS 1 GC I FAELLTGRPLFPGKNVVHQLD 1 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
TSMPK17(Ub) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
ABD97883.1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
AetMPK17 DAPSAIF ATRWYRAPELCGSFRSKYTPAIDIWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSE---- IRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
TaMPK17(7DL) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
AAX20165. 1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
AAX20166. 1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
TSMPK17(R) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
ScMPK17 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
HVMPK17 (7H) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I1GC I FAELLTGRPLFPGKNVVHQLD 1 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
BAK07695. 1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS 1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
AK252439.1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
ABC65848 . 1* DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
TuMPK17p DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I GC I FAELLTGRPLIF = = = — = = = — o e
TaMPK17(7AL) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I1GC I FAELLTGRPLFPGKNVVHQLD 1 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
TSMPK17(A) DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS I1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
ABC54587 .1 DAPSAIF ATRWYRAPELCGSFRSKYTPAID IWS1GC I FAELLTGRPLFPGKNVVHQLD I 1 TDLLGTPSSETLSRIRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA
AK333198_1* DAPSA I FW3}§VATRWYRAPELCGSFRSKYTPAIDIWS 1GC I FAELLTGRPLFPGKNVVHQLD I I TDLLGTPSSETLSR IRNEKARRYLSCMRKKHPVPLTQKFPNADPLAVRLLGRLLA

E R R o o S o o e o R B e S R R R R R e R R R e B B R SR R R R R R R R R R R R S R e R e R e e e e
FDPKDRPTAEEAL

TaMPK17(U) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHYSKGERGSPLQRKHASLPRQRVG
TSMPK17(Ub) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
ABD97883.1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
AetMPK17 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
TaMPK17(7DL) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHYSKGERGSPLQRKHASLPRQRVG
AAX20165. 1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHYSKGERGSPLQRKHASLPRQRVG
AAX20166. 1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
TSMPK17(R) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ 1 SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
ScMPK17 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ 1 SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
HVMPK17 (7H) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YREVKRHSLGFL — === ————————~— FCVNNTFYVSR* ===~ o mmmommm e
BAK07695. 1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YREVKRHSLGFL ————————————~— FCVNNTFYVSR* == mmmmmmmmmme
AK252439.1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ 1 SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
ABC65848 . 1* FDPKDRPSAEEVNSS TV — — — — e
TUMPKL7P s e e e e
TaMPK17(7AL) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHYSKGERGSPLQRKHASLPRQRVG
TSMPK17(A) FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHYSKGERGSPLQRKHASLPRQRVG
ABC54587 .1 FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL I YRE I LEYHPQMLEEYMKGGDQ I SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
AK333198_1* FDPKDRPSAEEALADPYFASLANVEREPSRHP I SKLEFEFERRKVTKDDVREL 1 YRE I LEYHPQMLEEYMKGGDQ 1 SFLYPSGVDRFKRQFAHLEEHY SKGERGSPLQRKHASLPRQRVG
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MPK17 continued

TaMPK17(U)
TsMPK17(Ub)
ABD97883.1
AetMPK17
TaMPK17(7DL)
AAX20165.1
AAX20166. 1
TSMPK17(R)
ScMPK17
HVMPK17 (7H)
BAK07695. 1
AK252439 .1
ABC65848 . 1*
TuMPK17p
TaMPK17(7AL)
TSMPK17(A)
ABC54587 .1
AK333198.1*

ASNDIENN=0N BpI0]SISAEPDAHGAVSPQKSQDAPSVGPNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNPIENN[=6]gN BSIBI0]SISAEPDAHGAVSPQKSQDAPSVGPNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA™
ASNPIENN[=6/gN BSIBI0]SISAEPDAHG TVSPQKSQDAPSVGPNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA™
ASNPIENN[=O/gN BSIBI0]SISAEPDAHG TVSPQKSQDAAGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA™
ASNIENN=0/N BpI0]SYSAEPDAHGTVSPQKSQDAAGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNDIENN 0N BI0]SSAEPDAHGTVSPQKSQDAAGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNIENN[=6eN BSIBI0]SISAEPDAHGAVSPQKSQDAPGVGONGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNPIENN[=e]gN BSBI0]SISAEPDAHG TESPQKAQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEEAEGAVDGLSEKVSKMHA™
ASNPIENN=e]s N ESTBlo]=SAEPDAHG TESPQKAQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEEAEGAVDGLSEKVSKMHA™

ASNDIENN 0N BpI0]SSAEPDAHGAVSPQKSQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNDIENN 0N BpI0]SSAEPDAHGAVSPQKSQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNPIENN[=6]gN BSIBI0]SISAEPDAHGAVSPQKSQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA*
ASNPIENN=e]s N ESTBI0]SISAEPDAHGAVSPQKSQDAPGVGQNGLSPTSLSSRTYLKSAS I SASKCVVVNPNKQPEYDDA I SEETEGAVDGLSEKVSKMHA™
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MPK20-1

AK252802.1p
TaMPK20-1(3B)
TSMPK20-1(U2)p*
TSMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324 .1
TuMPK20-1
TaMPK20-1(3DL)

AK252802.1p
TaMPK20-1(3B)
TsMPK20-1(U2)p*
TsMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324.1
TuMPK20-1
TaMPK20-1(3DL)

AK252802.1p
TaMPK20-1(3B)
TSMPK20-1(U2)p*
TSMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324 .1
TuMPK20-1
TaMPK20-1(3DL)

Additional File 7 — Triticeae MPK alignments

------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYK 1QE
VHGGPRKR I VAVAFPCRWAKLLAFLVGFSCTWGCTTT*LTSGACHHFNFATNTSRSCFSRKFL*STCTAVEFG INSL I LVVASQ*LL I LHVVH*KYLESSAEAEFFTEYGDABRYKIQEI
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDASRYKIQE
------------------------------------------------------------------------------------------ MISVILFQSSAEAEFFTEYGDABRYKIQEI
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYK IQE
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYKIQE
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYKIQE
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDASRYKIQE
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYKIQE
------------------------------------------------------------------------------------------ MQQDQRKKSSAEAEFFTEYGDABRYKIQE

IKKIxxxF DAXRXLRE QXLRXLKYxH HR

VeI (eNAVIOST-N DMV RNEIS QN RN I HD I FEH 1 SDAARIT LRE IKLLRLLRHPDIVE 1 KH IMLPPSRRDFKD 1'YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
Vel eR (Ao IV RNEI TN NN | HD | FEH I SDAARTLRE IKLLRLLRHPD I VEIKH IMLPPSRRDFKD 1 YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
Vel eR (Ao IV RNEI TN NN I HD | FEH I SDAARTLRE I KLLRLLRHPD I VEIKHIMLPPSRRDFKD 1 YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
Vel eR (Ao IV RNEI TN NN | HD | FEH I SDAARTLRE IKLLRLLRHPD I VEIKHIMLPPSRRDFKD 1 YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
VeI (eNAVIOST-N DMV RNEIS QN R I HD I FEH 1 SDAARIT LRE IKLLRLLRHPDIVE 1 KH IMLPPSRRDFKD 1'YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
VeI (WA OST-N DMV RNEIS QN R I HD | FEH 1 SDAARIT LRE IKLLRLLRHPDIVE 1 KH IMLPPSRRDFKD 1'YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
Vel eR (Ao IV RNEI STV NN | HD | FEH I SDAARTLRE IKLLRLLRHPD I VEIKH IMLPPSRRDFKD 1 YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN
Vel eRy(evAv oy VRIS QN SN I HD I FEH I SDAARTLRE I KLLRLLRHPD I VEIKH IMLPPSRRDFKD 1 YVVFELMESDLHQV IKANDDLTKEHYQFFLYQLLRALKY IHTAN

DLKPXN LXNXNCXLKIXDFGLAR TRWYRAPEL

IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
DI GO IWANSNCKLK I CDFGLARVAFNDTPTTIF
DI GO IWANSNCKLK I CDFGLARVAFNDTPTTIF
IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
IR IWANSNCKLK 1 CDFGLARVAFNDTPTTIIF
DI GO IWANSNCKLK I CDFGLARVAFNDTPTTIF
DI IWANSNCKLK I CDFGLARVAFNDTPTTIF

I1DxWSY,GC

LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LPA{VATRWYRAPELCGSFRSKY[TPAIDVWS 1GC I FAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LPA{VATRWYRAPELCGSFRSKY[TPAIDVWS 1GCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
LBA(VATRWYRAPELCGSFHSKY[TPAIDVWS IGCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
PA{VATRWYRAPELCGSFRSKY[TPAIDVWS 1GCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
L2A{VATRWYRAPELCGSFRSKY[TPAIDVWS I GCIFAEVLTGKPLFPGKNVVHQLDLMTDLLGTPSMDT I SRVRNEKARRYLSSM
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MPK20-1 continued

AK252802.1p
TaMPK20-1(3B)
TSMPK20-1(U2)p*
TSMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324 .1
TuMPK20-1
TaMPK20-1(3DL)

AK252802.1p
TaMPK20-1(3B)
TSMPK20-1(U2)p*
TsMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324 .1
TuMPK20-1
TaMPK20-1(3DL)

AK252802.1p
TaMPK20-1(3B)
TsMPK20-1(U2)p*
TsMPK20-1(U1)
ScMPK20-1
TSMPK20-1(U3)
AetMPK20-1
TaMPK20-1(3AL)
AKS50324 .1
TuMPK20-1
TaMPK20-1(3DL)

Additional File 7 — Triticeae MPK alignhments

LE®LLAFDPKDRPTAEEAL
RKKEL I SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL XXX XK = XXXXXXXX XXX XXSAVDQFRKQFA
RKKEL I SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEP I SFSHKFLNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEP 1 SFSHKFLNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IRELIFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEP I SFSHKFLNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IRELIFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEL I SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEL I SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEL I SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP ITKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEL 1 SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IREL IFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA
RKKEL 1 SFSHKFPNADPLALDLLQRLLAFDPKDRPTAEEALSHPYFKGLAKVEREPSCQP I TKMEFEFERRRVTKED IRELIFREILEYHPQLLKDYTNGTERTTFLYPSAVDQFRKQFA

HLEENTENGPVVPMDRKHTSLPRST I VHSAP IHAKEQPR I GPSRDKPSPDESYKNPRDSEKYSGNVQRTSLAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAAM---NSGYAPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKYSGNVQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMNSGYP----PQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNVQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVDKTNRKLPVNTYPKQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNAQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNAQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP IHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNAQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNVQRTSQAPQRVPTARPGRVVGPVLPYENVGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR IGPSRDKPSPDESYKNHRDSEKY SGNVQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP IHGKEQPR I GPSRDKPSPDESYKNHRDSEKY SGNVQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP ITHGKEQPR 1GPSRDKPSPDESYKNHRDSEKY SGNVQRTSQAPQRVPTARPGRVVGPVLPYENGGMKDTYDPRRVAAMSSG----YPPQQ
HLEENSENGPVVPMDRKHTSLPRST IVHSAP IHGKEQPR I GPSRDKPSPDESYKNHRDSEKYSGNVQRTSQAPQRVPTARPGRVVGPVLPYENVGMKDTYDPRRVAAMSSG----YPPQQ

xxxxxxxxx Fhikhkihkhkkit dkhdk FhhAkk * =%

QIPQIYGYYQTP-KSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAVPKRGSSDRLSAESNLYSRSLNGMAPTTSGVAASGHRKVGVVPYGVSQMY*
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGIAPTTTGVAASAHRKVGVVPYGMSQMY™*>
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY >
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVGHESTSLPSVSRAE-———==—=———— KGFF-====—— e e
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYTRSLNGMAPTTTGVAASGHRKVGVVPYGMSQMY >
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYTRSLNGMAPTTTGVAASGHRKVGVVPYGMSQMY™*>
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQVYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY™*>
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY >
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY >
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY >
QIPQIYGYYQTPAKSACSEPSQAEMYTLHQQAYACANSSTVPDVALDMRAPPFHQSAGPKRGSSDRLSAESNLYSRSLNGMAPTTTGVAASAHRKVGVVPYGMSQMY™*>

R R e e e e e I e e e - % * - -
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MPK20-2

BAJ92365.1
AK361419.1
HVMPK20-2(1H)
ScMPK20-2
TsMPK20-2(U1)
TsMPK20-2(U2)
AetMPK20-2p
TaMPK20-2(1DL)
tpIb0059e09
TaMPK20-2(1BL)
TuMPK20-2p
TaMPK20-2(1AL)
AK331818.1

BAJ92365.1
AK361419.1
HVMPK20-2(1H)
ScMPK20-2
TsMPK20-2(U1)
TsMPK20-2(U2)
AetMPK20-2p
TaMPK20-2(1DL)
tplIb0059e09
TaMPK20-2(1BL)
TuMPK20-2p
TaMPK20-2(1AL)
AK331818.1

IGXGXYGXV ITKK I xXxxF

DAXRXLRE

FXDIYxXxXXELM DLxxVI

---MQRSKSSAEVDFHTEYGDANRYK 1 QEV| KIS ERN(CAARSTN M MORN O] QN IS I HN I FEHTSDAAR I LRE IKLLRLLRHPDVVEIKH IMLPPSRKDFKD I YVVFELMESDLHQV I KAN
---MQRSKSSAEVDFHTEYGDANRYK 1 QEV| KIS ERN(CAAURSTN NP MORN O] QN IS I HN I FEHTSDAAR I LRE IKLLRLLRHPDVVEIKH IMLPPSRKDFKD I YVVFELMESDLHQV I KAN
—---MQRSKSSAEVDFHTEY|GDANRYK 1 QE V| KEINERMEAAV ST\ Mol MON X0/ Q7N I | HN I FEHTSDAAR I LREIKLLRLLRHPDVVE IKH IMLPPSRKDFKD 1 YVVFELMESDLHQV IKAN
MQQAQRSKTSAEVDFHTEY|GDANRYK I QEVLIeINeR {EVAY TN Ml HoRNNOI Q7N SN | HN I FEHTSDAARITLREIKLLRLLRHPDVVE IKHIMLPPSRKDFKD 1 YVVFELMESDLHQV I KAN
MQQAQRTKSSAEVDF—SEY|GDANRYK I QE—\{{eINERN{E\AVOSTA MBI HOR N NO] QY NN | HN I FEHTSDAARITLREIKLLRLLRHPDVVE IKHIMLPPSRKDFKD 1 YVVFELMESDLHQV I KAN

MQQDQRKKSSAEAEFHTEY[GDASRY

(] NERN (IO INVIS R NEI QY I I HD I FEH I SDAARTLREIKLLRLLRHPD IVE IKHIMLPPSRRDFKD 1 YVVFELMESDLHQV I1KAN

———————— SSAEVDFHTEY|GDANRYK 1 QEVLIeINeR {eNAv oSy Y Mol Heau e Q7N I HN I FEHTSDAAR I LREIKLLRLLRHPDVVE I KHIMLPPSRKDFKD 1 YVVFELMESDLHQV IKAN
MQQAQRSKSSAEVDFHTEY|GDANRYK I QEVLIEINeR {eVAY o T\ Ml HoRNNOI QN SN | HN I FEHTSDAARITLREIKLLRLLRHPDVVE IKHIMLPPSRKDFKD 1 YVVFELMESDLHQV 1 KAN
MQQAQRSKSSAEVDFHTEYGDANRYK I QEVLIeINeR {EVAV o TN Ml HORNNO] Q7N IS | HN I FEHTSDAARITLREIKLLRLLRHPDVVE IKHIMLPPSRKDFKD 1 YVVFELMESDLHQVLKAN
MQQAQRSKGSAEADFHTEY|GDANRYK I QEVLIeINeR {EVAY o T\ Ml HORNNOI Q7N SN | HN I FEHTSDAARITLREIKLLRLLRHPDVVE IKHIMLPPSRKDFKD 1 YVVFELMESDLHQV I KAN
MQQAQRTKSSAEVDFHTEYGDANRYK 1 QEVLIEISER (EAAV o7\ Mol HoR N (0] /N I 1 HN I FEHTSDAAR I LRE IKLLRLLRHPDVVE 1 KH IMLPPSRKDFKD I'YVVFELMESDLHQV I KAN
MQQAQRTKSSAEVDFHTEYGDANRYK 1 QEVLIEIER (EAAV o7\ Mol HoR N (0] /N IS I HN I FEHTSDAAR I LRE IKLLRLLRHPDVVE 1 KH IMLPPSRKDFKD I YVVFELMESDLHQV I KAN
MQQAQRTKSSAEVDFFTEYGDANRYKIQEVIGKGSYGVVCSALDLQTRQKVAIKKIHNIFEHTSDAARILREIKLLRLLRHPDVVEIKHIMLPPSRKDFKDIYVVFELMESDLQQVIKAN

**xk -k =

HRDLKPXN LXNXNCXLKIXDFGLAR
MG IR GHO I IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
GGG IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG IRNGIO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG IRNGIO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG IRNGIO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG RGO IWANSNCKLK 1 CDFGLARVAFNDTPTTIF
MG RGO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG IR O IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG RGO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG IR O IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG RGO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
MG RGO IWANSNCKLK 1 CDFGLARVAFNDTPTTVF
M MR O L IWANSNCKLK 1 CDFGLARVAFNDTPTTVF

QXLRXLKYxH
DDLTKEHYQFFLYQLLRALKY IHTAS
DDLTKEHYQFFLYQLLRALKY IHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKY IHTAN
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKY IHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKYIHTAS
DDLTKEHYQFFLYQLLRALKY IHTAS

B S e e S e e e e e e

Additional File 7 - Triticeae MPK alignments

TRWYRAPEL

- * -******** *x kX ******************** ************ xxxxxxxx

** *KXx

IDXWSY,GC

PA{VATRWYRAPELCGSFF
PA{VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
PA{VATRWYRAPELCGSFF
PA{VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
LBA(VATRWYRAPELCGSFF
PA{VATRWYRAPELCGSFF
PA{VATRWYRAPELCGSFF

TKY]
TKY]
TKY]
TKY]
TKY]
SKY]
TKY]
TKY]
TKY]
TKY]
TKY]
TKY]

LBA{VATRWYRAPELCGSFH

TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDVWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL
TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL

TKY]

nnnnnnnnnnnnnnnnnn B R e S e e e e e e e S

TPAIDIWSIGCIFAEVLTGKPLFPGKNVVHQL

R R R e R R R e
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MPK20-2 continued

BAJ92365.1
AK361419.1
HVMPK20-2(1H)
ScMPK20-2
TsMPK20-2(U1)
TsMPK20-2(U2)
AetMPK20-2p
TaMPK20-2(1DL)
tplIb0059e09
TaMPK20-2(1BL)
TuMPK20-2p
TaMPK20-2(1AL)
AK331818.1

BAJ92365.1
AK361419.1
HvMPK20-2(1H)
ScMPK20-2
TsMPK20-2(U1)
TsMPK20-2(U2)
AetMPK20-2p
TaMPK20-2(1DL)
tplb0059e09
TaMPK20-2(1BL)
TuMPK20-2p
TaMPK20-2(1AL)
AK331818.1

Additional File 7 — Triticeae MPK alignments

LE®LLAFDPKDRPTAEEAL
DLMTDLLGTPSMDT I SRVRNEKARRYLTSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT ISRVRNEKARRYLTSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT ISRVRNEKARRYLTSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKLEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT ISRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT ISRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT I SRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH
DLMTDLLGTPSMDT ISRVRNEKARRYLSSMRKKDPVPFSQKFPNADPLGVKLLEKLLAFDPKDRPTAEEALTDPYFRGLSKPEREPSCQP IRKMEFDFEHSRVSKDD IRELIFQEILEYH

A A A A A A A A A A A A A A A A A A A A A A A A A - A A A A A A A A A AT A A A A A A A A A A AA A A AA A AA A AAAAAAAAAAIAAAIAAA AT AA LT AL AT AL AKX, -

R R R e

PQLLKSYIDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRSTIVHSTP IPAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSALPYEGGSGK
PQLLKSYIDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRSTIVHSTP IPAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSALPYEGGSGK
PQLLKSYIDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRSTIVHSTP IPAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSALPYEGGSGK
PQLLKSYVDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRSTIVHSTP IPAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSALPSEGGVGR
PQLLKSYTDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSTP IPAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSALPSEAGVGR
PQLLKSYVDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSAP I SAKDTRPLFGKPCSKTSSETGRYAGNGRGASQASHAAQAVVSRRAAGSAL ————————
PQLLKSYIDGTERTTFLYPSAVDHFKKQFSHLEESDGSGSVVPADRKHASLPRST IVHSTP IPAKDTRPLFGKPCNKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSAL ————————
PQLLKSY IDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSTP IPAKDTRPLFGKPCNKTSSETGRYAGNGHSASQASHAAQAVVSRRAAGSAL ———————-—
PQLLKSY IDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSTP IPAKDTRPLFGKPCNKTSSETGRYAGNGHSASQASHAAQAVVSRRAAGSAL ————————
PQLLKSYTDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSTP IPAKDTRPLFGKPCNKTSSETGRYAGNGHGASQASHAAQAV ISRRAAGSAL ————————
PQLLKSYVDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSAP I SAKDTRPLFGKPCSKTSSETGRYAGNGHGASQASHAAQAVVSRRAAGSAL ————————
PQLLKSYVDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST IVHSAP I SAKDTRPLFGKPCSKTSSETGRYAGNGRGASQASHAAQAVVSRRAAGSAL ————————
PQLLKCYVDGTERTTFLYPSAVDHFKKQFSHLEESDGSGPVVPADRKHASLPRST I'VHSAP I SAKDTRPLFGKPCSKTSSETGRYAGNGRGASQASHAAQAVVSRRAAGSAL ————————

B o I G R o R b o kS e e S e R S SR e e e o e o o e I R AR R R S S o e e e e e *k FEAIxhkIAkhkAAAkAA X = FhEIAIAkIAIAAkAAKk -FkAhLhkAhhkkk
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MPK20-2 continued

BAJ92365. 1
AK361419.1
HVMPK20-2(1H)
ScMPK20-2
TSMPK20-2(U1)
TSMPK20-2(U2)
AetMPK20-2p
TaMPK20-2(1DL)
tp1b0059e09
TaMPK20-2(1BL)
TuMPK20-2p
TaMPK20-2(1AL)
AK331818.1

Additional File 7 — Triticeae MPK alignhments

HPYDVASRPAMSTGCPPQQQ IPQMYGQYQHQAPAGAGAGAGAG IPQAMGGYACGGYAKGTAP—-—-- APAMRAPTYRHVPAGQKNGRLDRLAVETTDIYTRSLNGIVAAAAASAGTASAHRKVGTVPFGMPTTY*
HPYDVASRPAMSTGCPPQQQ IPQMYGQYQHQAPAGAGAGAGAG IPQAMGGYACGGYAKGTAP——-—-- APAMRAPTYRHVPAGQKNGRLDRLAVETTDIYTRSLNGIVAAAAASAGTASAHRKVGTVPFGMPTTY*
HPYDVASRPAMSTGCPPQQQ IPQMYGQYQHQAPAGAGAGAGAG IPQAMGGYACGGYAKGTAP———-- APAMRAPTYRHVPAGQKNGRLDRLAVETTDIYTRSLNG IVAAAAASAGTASAHRKVGTVPFGMPTTY*

YPYDAASRPAMSSGCPPQQQIPQLYGQYQHQAAPGA----GAGIPQTMGGYSCGGYTKGTAPNAAAAAPAMRAPPYRHLPVGQKNGPLDRLAVETTDIYTRSLNG IVAAAAASAGTAGAHRKVGAVPFGMPTTY ™
YPYDAASRPAMSSGCPPQQQIPQLYGQYQHQAAPGA----GAGIPQTMGGYACGGYTKGTAPNAAAAAPAMRAPPYRHLPAGQKNGPLDRLAVETTDIYTRSLNG IVAAAAASAGTASAHRKVGAVPFGMPTTY ™
-PYDAASRPT ISPGCPPQQQIPQMYGQYQHQAPA-————- GAGIPQAMGGYACGGYTKGTAPNAAAAAPAMRAPPYRHLPAGQKNGPLDRLAVETTD I YTRSLNG I VAAAAASAGTASAHRKVGAVPFGMPTTY*
-PYDAASRPAMSPGCP-QQQ IPQMYGQYQHQAAPGA----GAGIPQAMGGYACGAYTKGTAPNAAAAAPAMRAPPYRHLPAGQKNGPLDRLAVETTDIYTRSLNG IVAAAAASAGATSAHRKVGAVPFGMPTTY >
-PYDAASRPTISPGCP-QQQIPQMYGQYQHQAAPGA----GAGIPQTMGGYACGGYTKGTAPNAA-AAPAMRAPPYRHLPAGQKNGPLDRLAVETTD I YTRSLNG IVAAAAASAGATSAHRKVGAVPFGMPTTY*
-PYDAASRPT ISPGCP-QQQIPQMYGQYQHQAAPGA----GAGIPQTMGGYACGGYTKGTAPNAA-AAPAMRAPPYRHLPAGQKNGPLDRLAVETTD I YTRSLNG I VAAAAASAGATSAHRKVGAVPFGMPTTY*
-PYDAASRPTISPGCPPQQQ IPQMYGQYQHQAPPGA--GAGAGIPQAMGGYACGGYTKGTAPNAAAAAPAMRAPPYRHLPTGQKNGPLDRLAVETTD I'YTRSLNG I VAAAAASAGATGAHRKVGAVPFGMPTTY>

—PYDAASRPT I SPGCPPQQQ I PQMYGQYQHQAPA—————— GAG I PQAMGGYACGGY TKGTAPDAA-RG - = = = — = — o o o o o o
—PYDAASRPT I SPGCPPQQQ I PQMYGQYQHQAPA—————— GAG I PQAMGGYACGGYTKGTAPNAA-AAPAMRAPPYRHLPAGQKNGPLDRLAVETTD I YTRSLNG I VAAAAASAGTASAHRKVGAVPFGMPTTY*
~PYDAASRPT I SPGCPPQQQ I PQMYGQYQHQAPA-————- GAG I PQAMGGYACGGYTKGTAPNAA-AAPAMRAPPYRHLPAGQKNGPLDRLAVETTD I YTRSLNG I VAAAAASAGTASAHRKVGAVPFGMPTTY*

*khkk Fhxhkkhk - -k FEhhk FhxEAIAAk-FEhAAAhLAk *AhIAkAhk -khkkkk-kk K-kkkkik
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MPK20-3

Locus4929
AetMPK20-3
TaMPK20-3(7DL)
AKL80627.1
ScMPK20-3
TaMPK20-3(7AL)
TuMPK20-3
TaMPK20-3(7BL)

Locus4929
AetMPK20-3
TaMPK20-3(7DL)
AKL80627.1
ScMPK20-3
TaMPK20-3(7AL)
TuMPK20-3
TaMPK20-3(7BL)

Locus4929
AetMPK20-3
TaMPK20-3(7DL)
AKL80627.1
ScMPK20-3
TaMPK20-3(7AL)
TuMPK20-3
TaMPK20-3(7BL)

Locus4929
AetMPK20-3
TaMPK20-3(7DL)
AKL80627.1
ScMPK20-3
TaMPK20-3(7AL)
TuMPK20-3
TaMPK20-3(7BL)

Additional File 7 — Triticeae MPK alignments

IGXGXYGXV TKK I xXxxF DAXRXLRE FXDIYXXXELM DLxxVI
MQN IDLRKKSAAE I DFHTEY|GDTNRYKVLEV IR (eI RV DA NoRNeIS QYN I HN I FEH I SDAAR I LRETKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV I KA
MONNDLRKKSAAE IDFHTEY|GDTNRYKVLEV]IEINERY(CIRYOSTN DA NORNCIH QYN IS HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA
MONNDLRKKSAAE IDFHTEY|GDTNRYKVLEV]IEINERY (1RSI NORNCIH QYN IS HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA
MONNDLRKKSAAE IDFHTEY|GDTNRYKVLEV] IS ERY(CIRY ST\ DA NORNCIH QYN NI HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA
MQNSDLRKKSAAE I DFHTEY|GDTNRY|KVLEVIEINERN (eI RV&ST\ DA ORI Q7Y I HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA
MQNGDLRKKSAAE I DFHTEY|GDTNRY|KVLEVIEINERY (eI RV&ST\ DA ORI Q7Y I HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV I KA
MONGDLRKKSAAE IDFHTEY|GDTNRYKVLEV]IEINERY(CIRVOSTN DA NORNCIH QYN IS HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA
MONSDLRKKSAAE I DFHTEY|GDTNRYKVLEV]IEINERY(CIRYOSTN DA NORNCIH QYN I HN I FEH I SDAAR I LREIKLLRLLRHPDVVEIKHILLPPSKKDFKD 1 YVVFELMESDLHQV IKA

*Kx*h FhkAkAAikkk

E L R R e R R e R R e R AAAKXIAAAIAAAXAAAAIAAAXAIAAAIAAAXAIAAAAAAdhdhdhix

HRDLKPXN LXNXNCXLKIXDFGLAR
MG RGN ANCKLK 1 CDFGLARVAFNDAPTTVF
M IR OWIWANANCKLK I CDFGLARVAFNDAPTTVF
MG IR OWIRANANCKLK 1 CDFGLARVAFNDAPTTVF
MG RGO WIWANANCKLK 1 CDFGLARVAFNDAPTTVF
NG R MGHIOWIRANANCKLK 1 CDFGLARVAFNDAPTTVF
NG R MGHIOWIRANANCKLK 1 CDFGLARVAFNDAPTTVF
MG IR OWIWANANCKLK 1 CDFGLARVAFNDAPTTVF
M MM GOWIWANANCKLK 1 CDFGLARVAFNDAPTTVF

R R R S R R R e R e S e S R e e e S e S SR

TRWYRAPEL IDXWSY,GC
WRA{VATRWYRAPELCGSFY[SKY[TPAIDIWS1GCIFAEVL IGKPLFPGKNVVHQ
LB){VATRWYRAPELCGSFY|SKY[TPAIDIWSI1GCIFAEVLIGKPLFPGKNVVHQ
LB)(VATRWYRAPELCGSFY|SKY[TPAIDIWS1GCIFAEVLIGKPLFPGKNVVHQ
LB){VATRWYRAPELCGSFY|SKY[TPAIDIWS1GCIFAEVLIGKPLFPGKNVVHQ
PA{VATRWYRAPELCGSFY[SKY[TPAIDIWS1GCIFAEVL IGKPLFPGKNVVHQ
PA{VATRWYRAPELCGSFY[SKY[TPAIDIWS1GCIFAEVL IGKPLFPGKNVVHQ
LB)(VATRWYRAPELCGSFY|SKY[TPAIDIWS1GCIFAEVLIGKPLFPGKNVVHQ
LBAVATRWYRAPELCGSFY|SKY[TPAIDIWS1GCIFAEVLIGKPLFPGKNVVHQ

*Ahkkkhhkdhkx

QXLRXLKYxH
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN
NDDLTREHYQFFLYQMLRALKYMHTAN

LR R R e R e R e S R e e e e S S

LE®LLAFDPKDRPTAEEAL
LDLITDVLGTPSLDAISQVRNDKARKYLTYMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKIEFEFEGRRVTKED IKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKLEFEFEGRRVTKEDIKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKLEFEFEGRRVTKEDIKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKLEFEFEGRRVTKEDIKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKHPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKIEFEFEGRRVTKED IKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKIEFEFEGRRVTKED IKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQP IPKIEFEFEGRRVTKEDIKELIFEEILEY
LDLITDVLGTPSLDAISQVRNDKARKYLTCMRKKQPASFSQKFPKADPLALRLLRRLLAFDPKDRPSAEEALADPYFNGLAKVEREPSCQPIPKIEFEFEGRRVTKEDIKELIFEEILEY

B o e R e e e S e e e
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HPQLLKEH I SGTDRPNFVHLSAVDQFKKRFAELEENGSENGSAVSSQRKHSSLPRQSFNPR -
HPQLLKEH I SGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSTQRKHSSLPR* —————-—
HPQLLKEH ISGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSTQRKHSSLPRQSFNPR>*
HPQLLKEH I SGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSSQRKHSSLPRQSFNPR>*
HPQLLKEH I SGTDRPNFVHLSAVDQFKKRFAELEENGGENGSAASSQRKHSSLPRQSFNPR™
HPQLLKEH I SGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSSQRKHSSLPRQSFNPH™*
HPQLLKEH I SGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSSQRKHSSLPRQSFNPH™*
HPQLLKEHISGTDRRNFVHLSAVDQFKKRFAELEENGGENGSAVSSQRKHSSLPRQSFNPR*

e R e S
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MPK20-4

HVMPK20-4(3H)
BAJ97013.1
BAJ96852. 1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

HVMPK20-4(3H)
BAJ97013.1
BAJ96852.1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

HVMPK20-4(3H)
BAJ97013.1
BAJ96852. 1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

Additional File 7 — Triticeae MPK alignments

IGXGXYGXV IKK I xxxF DAXRXLRE FxXDIYxxxXELM DL
MQPDQQQ--HQQRRKGSSDMDFFSEYGDANRYK 1 QEVIEINERY(EAAV(&STAN Inlefz1\[e1n[ Q7Y I HN I FEHLSDAAR I LRE IKLLRLLRHPDIVEIRHIMLPPSRRDFKDIYVVFELMDTDL
MQPDQQQ--HQQRRKGSSDMDFFSEYGDANRYK 1 QEVLIEILERY(EAVAY0STAY In[0]- 1N (€10l QAN I I HN I FEHLSDAARI LREIKLLRLLRHPDIVEIRHIMLPPSRRDFKDI1YVVFELMDTDL
MQPDQQQ--HQQRRKGSSDMDFFSEYGDANRYK 1 QEVLIEISERY(EAVAY0STAY In[0]- 1N (€10l QAN I I HN I FEHLSDAARI LREIKLLRLLRHPDIVEIRHIMLPPSRRDFKD1YVVFELMDTDL
MQPDQQ--QQQQRRKGSPEMDFFSEYGDANRYK 1 QEVLIEISERY(EAVAY6STAY In[0] WNCID QYN F I HN I FEHLSDAARI LREIKLLRLLRHPDIVEIRHIMLPPSRRDFKD1YVVFELMDTDL
MQPDQQ--QQQQRRKGSPEMDFFSEYGDANRYK 1 QEVIEINERY{EAAV(OSTAN Inle[ R uein Q7Y I HN I FEHLSDAAR I LRE IKLLRLLRHPDIVEIRHIMLPPSRRDFKDIYVVFELMDTDL
—-—--MQPDQHQQRRKGSSEMDFFSEYGDANRYK 1 QEVI K1 SR {EVAV/057AN In[elcnNeIn] VAN ({1 HN | FEHLSDAARILREIKLLRLLRHPD IVEIRHIMLPPSRRDFKDI1YVVFELMDTDL
———-MQPDQNQQRRKGSSEMDFFSEYGDANRYK 1 QEVLIEINERN{EAVAY 67N Inlolz N NeID QYN NI HN I FEHLSDAAR I LREIKLLCLLRHPDIVEIRHIMLPPSRRDFKDI1YVVFELMDTDL
MQPD--QHQQQQRRKGSSEMDFFSEYGDANRYK 1 QEVLEEISERY(EIVAY 672N In[01 WNCIDI QYN [ I HN I FEHLSDAARI LREIKLLRLLRHPDIVEIRHIMLPPSRRDFKDI1YVVFELMDTDL
MQPD--QHQQQQRRKGSSEMDFFSEYGDANRYK 1 QEVLIEISERY(EAVAY6STAY In[01 WNCID QYN F I HN I FEHLSDAARI LREIKLLRLLRHPDIVEIRHIMLPPSRRDFKDI1YVVFELMDTDL
MQPDQQQHQHQQRRKGSSEMDFFSEYGDANRYK 1 QEVIEINERY(EAAV(&STAN Inle[ R uein Q7Y I HN I FEHLSDAAR I LRE IKLLRLLRHPDIVEIRHIMLPPSRRDFKDIYVVFELMDTDL
MQPDQQQHQHQQRRKGSSEMDFFSEYGDANRYK 1 QEVIINERY{EAAV(&STAN Inelz puein Q7N LI HN I FEHLSDAAR I LRE IKLLRLLRHPDIVEIRHIMLPPSRRDFKDIYVVFELMDTDL

nnnnnnn B R R e S e e AEAAXIAAKX AAIAAAXIAAXAAAAIAAAXAXAAAXAIAAXAAAIAAXAdAddk

- k%

xxVI QXLRXLKYxH

HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN
HQV I KANDDLTKEHHQFFLYQMLRALKY IHTAN

HRDLKPXN LXNXNCXLKIXDFGLAR
MG IRNGIO L IWAINANCKLK 1 CDFGLARVAFNDTPTTVF
M 3] GO IWANANCKLK 1 CDFGLARVAFNDTPTTVF
M 3]G IWANANCKLK 1 CDFGLARVAFNDTPTTVF
MG IRGIO L IWAINANCKLK 1 CDFGLARVAFNDTPTTVF
MG IRGIO L IWAINANCKLK 1 CDFGLARVAFNDTPTTVF
MG IRGIO L IWAINANCKLK 1 CDFGLARVAFNDTPTTVF
MGG IWANANCKLK 1 CDFGLARVAFNDTPTTVF
GGG IWANANCKLK 1 CDFGLARVAFNDTPTTVF
MG IRNGIO L IWAINANCKLK 1 CDFGLARVAFNDTPTTVF

TRWYRAPEL I1DXWSY,GC
LBA(VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LPA{VATRWYRAPELCGSFHTKYISPAIDIWSIGCIFAEILTGKPLFPG
LPA{VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LBA(VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LBA(VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LBA(VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LPA{VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
LPA{VATRWYRAPELCGSFHTKYISPAIDIWSIGCIFAEILTGKPLFPG
LBA(VATRWYRAPELCGSFHTKYSPAIDIWSIGCIFAEILTGKPLFPG
HQVIKANDDLTKEHHQFFLYQMLRALKY IHTANYAGRIENA G IFANANCKLK I CDFGLARVAFNDTPTTVFWIBA{VATRWYRAPELCGSFHTKYISPAIDIWSIGCIFAEILTGKPLFPG
HQV IKANDDLTKEHHQFFLYQMLRALKY ITHTANYAGR XML IFANANCKLK I CDFGLARVAFNDTPTTVFWIIBAVATRWYRAPELCGSFHTKYISPAIDIWSIGCIFAEILTGKPLFPG

AR R R S R R R R R R AR R R AR R SR AR R R AR SRR S SRR R SRR R SRR R R R AR SR R R R ok S S ke S R R SR R R R AR R R S R R AR R AR AR R R R SR S SR R R SRR R R R R R SR R R R R S R R S R R R R R R R AR R R R R R R R

LE®LLAFDPKDRPTAEEAL
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQTVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKELIF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQTVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQTVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADAAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADAAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADPAALKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNVVHQLDLMTDLLGTPSLDTVSRIRNEKARRYLSSMRKKQPVCFSERFPKADPAAFKLMQRLLAFDPKDRPTAEEALADPYFKGLGKVEREPSCQP I SKFEFEFERKKVTKEDVKEL IF
KNV VHQL DM T DL L G T P S L D TV S = — — o e e e e e e e e e e e e e e e e e e e
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MPK20-4 continued

HVMPK20-4(3H)
BAJ97013.1
BAJ96852.1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

HVMPK20-4(3H)
BAJ97013.1
BAJ96852.1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

HVMPK20-4(3H)
BAJ97013.1
BAJ96852.1
ScMPK20-4
TSMPK20-4(U)
TuMPK20-4
TaMPK20-4(3AL)
AetMPK20-4
TaMPK20-4(3DL)
TaMPK20-4(3B)
AK333309.1p

Additional File 7 — Triticeae MPK alignhments

REILEYHPQLLKDYMNGTEKTNFLYPS-—————————— e AVDNFRRQFANLEENGGKGGAVVPSDRKHVSLP == === = = — - oo e
REILEYHPQLLKDYMNGTEKTNFLYPS-—————————— e AVDNFRRQFANLEENGGKGGAVVPSDRKHVSLP — == === = = — oo oo
REILEYHPQLLKDYMNGTEKTNFLYPS--———————-————— - ———— AVDNFRRQFANLEENGGKGGAVVPSDRKHVSLP - — === = e
REILEYHPQLLKDYMNGTEKTNFLYPGFYHKISSIFFHYMPIFITDPFLVPMLLSAVDNFRRQFANLEENGGKGGAIVPSDRKHVSLPFFGDL === === —— e MVLWNR
REILEYHPQLLKDYMNGTEKTNFLYPS———————————— e ——— AVDNFRRQFANLEENGGKGGA I VPSDRKHVSLPVLWSHGTMESLYMTKDGQVVRNFSSSLMIWHD
REILEYHPQLLKDYMNGTEKSNFLYPS-—————————— e —— AVDNFRRQFANLEENGGKGGA I VPSDRKHVSLP - === = = — - oo e
REILEYHPQLLKDYMNGTEKTNFLYPS—--——— === == ———— AVDNFRRQFANLEENGGKGGAIVPSDRKHVSLP - == — === = oo
REILEYHPQLLKDYMNGTEKTNFLYPS--————————————— - ———————— AVDNFRRQFANLEENGGKGGAIVPSDRKHVSLP————— == = e
REILEYHPQLLKDYMNGTEKTNFLYPS--———————————— - ———————— AVDNFRRQFANLEENGGKGGA I VPSDRKHVSLP === === — — e e
REILEYHPQLLKDYMNGTEKTNFLYPS--—-——————-————— - ———— AVDNFRRQFANLEENGGKGGA I VPSDRKHVSLP == === — = — o oo e

_________________ RTTTVHSTP I1PPKDQKPSQVPQRIPTGRPGRVVGPV IPFENSCAMDPYSQRRVARNPVLPAAATNLSAYAYHRKSDNTERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTPIPPKDQKPSQVPQRIPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNLSAYAYHRKSDNTERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTPIPPKDQKPSQVPQRIPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNLSAYAYHRKSDNTERELQQELEKDRMQYQPMQRFMDAK
[ QKMVRTTTVHSTSIPPKEQKSSQVPQR IPTGRPGRVVGPV IPFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
NFRDCHSTLLAD IFAFDRTTTVHSTP IPPKDQKSSQVPQR IPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTP I1PPKDQKSSQVPQRIPTGRPGRVVGPV IPFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTP IPPKDQKSSQVPQRIPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTPIPPKDQKSSQVPQRIPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTPIPPKDQKSSQVPQRIPTGRPGRVVGPV I PFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK
_________________ RTTTVHSTP IPPKDQKSSQVPQRIPTGRPGRVVGPV IPFENSCAMDPYSQRRVARNPVLPAAATNVSAYAYHRKSDSSERELQQELEKDRMQYQPMQRFMDAK

MVSPDLRSSSYYMPKGVPKADVAERTALQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSSSYYMPKGVPKADVAERTALQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSSSYYMPKGVPKADVAERTALQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGVPKADVAERTGLQPNMMQG IAPENG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGVPKADVAERTGLQPNMMQG IAPENG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGAPKADVAERTGLQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGAPKADVAERTGLQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGVPKADVAERTGLQPNMMQG IAPFNG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGVPKADVAERTGLQPNMMQG IAPENG IAAVGGSYNKASAVQYGVSRMY*
MVSPDLRSTSYYMPKGVPKADVAERTGLQPNMMQG IAPENG IAAVGGSYNKASAVQYGVSRMY*

Page 23 of 32



MPK20-5

HVMPK20-5(1H)
BAJ88795. 1
TaMPK20-5(1AL)
AKL80628. 1
TsMPK20-5(U1)
ScMPK20-5
TSMPK20-5(U2)
AetMPK20-5
TaMPK20-5(1BL)
TaMPK20-5(U)

HVMPK20-5(1H)
BAJ88795. 1
TaMPK20-5(1AL)
AKL80628. 1
TsMPK20-5(U1)
ScMPK20-5
TSMPK20-5(U2)
AetMPK20-5
TaMPK20-5(1BL)
TaMPK20-5(U)

HVMPK20-5(1H)
BAJ88795.1
TaMPK20-5(1AL)
AKL80628. 1
TSMPK20-5(U1)
ScMPK20-5
TSMPK20-5(U2)
AetMPK20-5
TaMPK20-5(1BL)
TaMPK20-5(U)

Additional File 7 — Triticeae MPK alignments

IGXGXYGXV TKKIxXXXF DAXRXLRE FXDIYXXXELM
MPEANAGARGGGEQRSK--SSDVMSFHSEY[GDASRYK 1 EE I LISINeRY{eIVAY&T-Y Inl={oaNeip]AV/Y I 1 SN I FEH 1 TDAARILREIKLLRLLRHPD1VQIKHIMLPPSRRDFKD IFVVFELM
MPEANAGARGGGEQRSK--SSDVMSFHSEY|GDASRYK 1 EE I LIeINeRY{e\VAY &T:Y Inlx{oauein] /Y NI SN I FEH 1 TDAARILREIKLLRLLRHPD1VQIKHIMLPPSRRDFKD IFVVFELM
MLEENAGAH I GGEQRDKVQSSDVMSFHSEY|GDASRYK 1 EE I LISINeR VAV &T:Y Il ={0aNeip]AV/Y I/ SN I FEH 1 TDAAR I LREIKLLRLLRHPD 1VQIKHIMLPPSRRDYKD I FVVFELM
MPEANAGARGGGEQRSKVQSSDVMSFHSEY/GDASRYK I EE 1 LISINERY{EIAV[OSTAY InIR{oNeinI a7 I/ SN | FEH I TDAARMLRE IKLLRLLRHPDIVQIKHIMLPPSRRDYKD I FVVFELM
MPEANAGGRGGGEQRSKVQSSDVMSFHSEY/GDASRYK I EE 1L ISINERY{EIVAV[eTAY Inz{onNein] Q7Y /SN I FEH I TDAARMLRE IKLLRLLRHPDIVQIKHIMLPPSRRDYKDIYVVFELM
MPEANAGGRGGGEQRSKVQSSDVMSFHSEY|GDASRYK 1 EE I LISINeRY{eIVAY[&7-Y Il ={oNeip] VY I/ SN I FEH 1 TDAARMLRE IKLLRLLRHPD 1VQIKHIMLPPSRRDYKDI1YVVFELM
MPEANAGARGGGEQRSKVQSSDVMSFHSEY[GDASRYK 1 EE I ISR {EIVAY[&T:Y Il ={oR ueip]AV/Y I/ SN I FEH 1 TDAARMLRE IKLLRLLRHPD 1VQIKHIMLPPSRRDYKD I FVVFELM
MPEANAGARGGGEQRSKVQSSDVMSFHSEY|GDASRYK 1 EE I LIS {EIVAY &T:Y Il =0 uep] VY I/ SNFFEH I TDAARMLRE IKLLRLLRHPD 1VQIKHIMLPPSRRDYKD I FVVFELM
MPEANAGARGGGEQRSKVQSSDVMSFHSEY/GDASRYK I EE 1 LISINERY{EIVAVIeSTAY InI2{oaNeinI A7 I/ SN | FEH I TDAARMLRE IKLLRLLRHPDIVQIKHIMLPPSRRDYKD I FVVFELM
MPEANAGARGGGEQRSKVQSSDVMSFHSEY|GDASRYK I EE 1 LISINERY(CIVAVIeTAY InIz{oaNeinI A7 I/ SN | FEH I TDAARMLRE IKLLRLLRHPDIVQIKHIMLPPSRRDYKD I FVVFELM

* * K**x - ***** * R o e o o o AR R Sk R R R R SRR Sk R R R AR R Rk ko ke IR o R ARk o kR o IR R R R R R R R R R R S R R R S R R S R R R R R o kI o U R R

DLxxVI QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR
DTDLHQV IKANDDLTKEHFQFFLYQMLRAMKY IHTANYAL IR IWA ANCKLKICDFGLARVAFNDTPTTVF
DTDLHQV IKANDDLTKEHFQFFLYQMLRAMKY IHTANYAL RN IWANANCKLK 1 CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY ITHTANYAL MR IWINANCKLK 1 CDFGLARVAFNDTPTTVF
DTDLHQV IKANDDLTKEHYQFFLYQMLRALKY IHTANYALRBIRNGHGUIWNANCKLK I CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY IHTANYALRBIRNGGWINNANCKLK I CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY IHTANYALRBIRNGHGIIFNANCKLK I CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY ITHTANYAL MM RN IWINANCKLK 1 CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY ITHTANYAL MR IWINANCKLK 1 CDFGLARVAFNDTPTTVF
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY IHTANYALR X BO I IWANANCKLK 1 CDFGLARVAFNDTPTTVFWIRA{VATRWYRAPELCGSFHTKY|SPAIDTWSIGCIFAEILTGKP
DTDLHQVIKANDDLTKEHYQFFLYQMLRALKY IHTANYASRIRBINEI G IWANANCKLK 1 CDFGLARVAFNDTPTTVFWIIBAfVATRWYRAPELCGSFHTKY|SPAIDTWSIGCIFAEILTGKP

AR R R R R R R R R O SRR ok o ok R R e R R SR R R R R R R R R S R R R AR R R AR R AR R R SRR R R R R R R R R R R R R R AR R SR AR R R R S R R S R R SRR R R R S SRR S SRR R SRR R R R R R R R R R R

TRWYRAPEL IDXWSY,GC
WPA{VATRWYRAPELCGSFHTKY|[SPAIDTWSIGCIFAEILTGKP
LBA(VATRWYRAPELCGSFHTKY|[SPAIDTWSIGCIFAEILTGKP
LBA(VATRWYRAPELCGSFHTKY|[SPAIDTWSIGCIFAEILTGKP
WPA{VATRWYRAPELCGSFHRTKY|[SPAIDTWSIGCIFAEILTGKP
WPA{VATRWYRAPELCGSFHRTKY|SPAIDTWSIGCIFAEILTGKP
WPA{VATRWYRAPELCGSFHRTKY|[SPAIDTWSIGCIFAEILTGKP
LBA(VATRWYRAPELCGSFHTKY|[SPAIDTWSIGCIFAEILTGKP
LBA(VATRWYRAPELCGSFHTKY|[SPAIDTWSIGCIFAEILTGKP

LEXLLAFDPKDRPTAEEAL
LFPGKNVVHQLDLMTDFLGSPSPD I 1SRIRNEKARRYLSTMRKKLPVPFSEKFPNADPAAVKLLQKLLAFDPKDRPTAEEALADPYFKGLAKVEREPSCQP I SKMEFEFERRKFTKEEVK
LFPGKNVVHQLDLMTDFLGSPSPD 1 1SRIRNEKARRYLSTMRKKLPVPFSEKFPNADPAAVKLLQKLLAFDPKDRPTAEEALADPYFKGLAKVEREPSCQP I SKMEFEFERRKFTKEEVK
LFPGKNVVQQLDMMTDFLGSPSPE 1 ISR IRNEKARRYLSSMRKKLPVPFSEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP I SKMEFEFERRKFTREDVK
LFPGKNVVQQLDMMTDFLGSPSPE 1 1SR IRNEKARRYLSSMRKKLPVPFSEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP I SKMEFEFERRKFTREDVK
LFPGKNVVHQLDMMTDFLGSPSPD I 1SRIRNEKARRYLSTMKKKLPVSFSEKFPNADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP I SKMEFEFERRKFTREDVK
LFPGKNVVHQLDMMTDFLGSPSPD I 1SRIRNEKARRYLSTMKKKLPVSFSEKFPNADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP I SKMEFEFERRKFTREEVK
LFPGKNVVQQLDMMTDFLGSPSPE 1 1SR IRNEKARRYLSSMRKKLPVPFAEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP ISKMEFEFERRKFTREDIK
LFPGKNVVQQLDMMTDFLGSPSPE 1 ISR IRNEKARRYLSSMRKKLPVPFSEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP ISKMEFEFERRKFTREDIK
LFPGKNVVQQLDMMTDFLGSPSPE I 1 SRIRNEKARRYLSSMRKKLPVPFAEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQP I SKMEFEFERRKFTREDIK
LFPGKNVVQQLDMMTDFLGSPSPEIISRIRNEKARRYLSSMRKKLPVPFSEKFPKADPAAVKLLQKLLAFDPKDRPTAEEALADPYFNGLAKVEREPSCQPISKMEFEFERRKFTREDIK

******** ko = **********- *x*k * **** ******************************** * *- -*
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MPK20-5 continued

HVMPK20-5(1H)
BAJ88795.1
TaMPK20-5(1AL)
AKL80628. 1
TSMPK20-5(U1)
ScMPK20-5
TSMPK20-5(U2)
AetMPK20-5
TaMPK20-5(1BL)
TaMPK20-5(U)

HVMPK20-5(1H)
BAJS8795.1
TaMPK20-5(1AL)
AKL80628. 1
TSMPK20-5(U1)
ScMPK20-5
TSMPK20-5(U2)
AetMPK20-5
TaMPK20-5(1BL)
TaMPK20-5(U)

ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPIPTTSGPASQAPQRIPTARPGRVVASATP IENAAFADRQTGRRMSRDPAA
ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPIPTTSGPASQAPQRIPTARPGRVVASATP IENAAFADRQTGRRMSRDPAA
ELIFREILEYHPQLLKDYSNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAAERKHVSLPRTTTVHSTPVPTTNCPASQAPQRIPAARPGRV IASATPTENAAFTDRQMGRRMARDPAG
ELIFREILEYHPQLLKDYSNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAAERKHVSLPRTTTVHSTPVPTTNCPASQAPQR IPAARPGRV IASATPTENAAFTDRQMGRRMARDPAG
ELIFREILEYHPQLLKDYSNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAAERKHVSLPRTTTVHSTPVPTTNCPASQAPQRIPAARPGRVIASATPTENAAFTDRQMGRRMARDPAA
ELIFREILEYHPQLLKDYNNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPVPTTNGPASQAPQRIPTARPGRVIASAIPTENTAFADRQTGRRMARDPAA
ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPVPTTNGPASQAPQRIPTARPGRVIASAIPTENTAFADRQTGRRMARDPAA
ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPVPTTNGPTSQAPQRIPTARPGRVIASATPTENAAFADRQMGRRMVRDPAA
ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPVPTTNGPAYQAPQRIPTARPGRV IASATPTKNAAFADRQTGRRMARDPAA
ELIFREILEYHPQLLKDYTNGSEKTNFLYPSAVDNFRRQFANLEEDGGKGGAPERKHVSLPRTTTVHSTPVPTTNGPASQAPQRIPTARPGRVIASATPTENAAFTDRQMGRRMARDPAA

EAEXAEXEAAAXAAAALXAAXAXAAX AAXXAAXAXAAXAXAAAAAAXAXAAXAXAAAXAAAXAAAAAAA AKX dAAAAAAAAXAAAAAAhdxkh=-KkX

PPAAAAAGYTLRPDCPDRQQQQQQQELEKDRTRYRPALHFRDARVAPEAEARPSAYY IPPFENG IAAVAGGY SKVGAAARMY*
PPAAAAAGYTLRPDCPDRQQQQQQQELEKDRTRYRPALHFRDARVAPEAEARPSAYY IPPENG IAAVAGGY SKVGAAARMY*

APA-AAAGHHLRPDCSDRQ----- HEVEKDRAHYRPSHHFRDARVAPEAEARPSAYY IPPENGIAAV - ————-— GAAGRMY*
APA-AAAGHHLRPDCSDRQ----- HEVEKDRAHYRPSHHFRDARVAPEAEARPSAYY IPPFNGIAAV - —————— GAAGRMY*
SS--SGAGYHQRPDCSDRQ----- QEVEKDRAHYRPAHHFRDARVAPEAEARPSAYHIPPFNGIAAVAGGY SKVGVAGRM* -

PPAAAAVGYHLKPDSSDRQQQEQQQEVEKDRARYRPAHHFRDARVAPEAEARPSAYHIPPFENG IAAVAGGY SKVGAAERMY*
PPAAAVVGYHLKPDSSDRQPEQQQQEVEKERARYRPAHHFRDARVAPEAEARPSAYH IPPFNG I AAAAGGY SKVGAAERMY*
PPAA-AAGYHLKPDCSDRQQEQQQQELEKDRARYRPTHHFRDARVAPEAEARPSAYH IPPFNG I AAVAGGY SKVGAAGRMY*

PPAAAAAGYHQRPDCSDRQQ----- EVEKDRAHYRPAHHFRDARVAPEAEARPSAYH I PPENG I AAVAGGY SKVGVAGRMY*
PPAA-AAGYHQRSGCSDRQQ----- ELEKDRTHYRPAHHFRDARVAPEAEARPSAYY I PPENG I AAAAGGY SKVGAAGRMY*
* -

- *KXx Kk =Kk= =mkhkhk = AhAAAAAAAAIAAAAAhAhh -khhhhhikiix * * X%

Additional File 7 — Triticeae MPK alignhments

K= AEAAAXAXALA=KAAAAXAA =k kA A * =Kk=kk=-kkk *hkkhk *kkk
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MPK21-1

BAKO8351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21(1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629.1
tp1b0009KO3

BAKO8351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21(1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629.1
tp1b0009KO3

BAKO8351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21(1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629. 1
tp1b0009KO3

Additional File 7 — Triticeae MPK alignments

---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
MPSPPLVLKPQPLLLPTSPPAPTHSAEKQQQPQPRAHTRSS I AMAAAAAAAAGTREEMVYMAKLAEQAERYEEMVEFMGEAGRLRVALPRAPARTNPPPRMDPGKKTSESEFFTEYBEL
---------------------------------------------------------------------------------------------------- MHTHSHTSESEFF[TEYGELN
---------------------------------------------------------------------------------------------------- MHTHSHTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTLESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEYBEL
---------------------------------------------------------------------------------------------------- MDPGKKTSESEFF[TEY[EL
*

=k KhkAkAkAAkAAhkk

1GXGXYGXV KK IxxxF DAXRXLRE FXDIYXXXELM DLxxVI QXLRXLKYxH
{EINERNEVAVZVVEN DD RO NEISIRVZN I | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ 1 KH IMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERN(E\AVVVEN InR RO NEISIRV/ZN I | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ I KH IMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERNEAVVVAN DD RO NEISIRAVZN NN I NDVFDHVSDATRILRE IKLLRLLRHPDIVQIKHIMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERNEVAVIVVAN DD N0 NCISRVZN NN I NDVFDHVSDATRILREIKLLRLLRHPDIVQIKHIMLPPSRREFRD 1 YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERN(E\VAVZVVEN DD RO NEISIRVZN I | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ 1 KH IMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERN(E\AVVVEN DD RO NEISIRVZN I | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ 1 KH IMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERN(EAVVVEN InR RO NEISIRVZN NN | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ I KH IMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERNEAVVVAN DD RO NEISRAVZN NN I NDVFDHVSDATRILRE IKLLRLLRHPDIVQIKHIMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERNEAVIVVAN DD RO NEISRAVZN NN I NDVFDHVSDATRILRE IKLLRLLRHPDIVQIKHIMLPPSRREFRD I YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
{EINERN VAV VEN DD RO NEISIRVZN I | NDVFDHVSDATRILRE IKLLRLLRHPD IVQ 1 KH IMLPPSRREFRD 1 YVVFELMESDLHQV I KANDDLTPEHHQFFLYQLLRGMKY IH
EINEN (VA V VAN DD Lo NEISRYZN I I NDVFDHVSDATRILRE IKLLRLLRHPD IVQ 1 KH IMLPPSRREFRD I YVVFELMESDLHQGNKANDDLTPEHHQFFLYQLLRGMKY IH

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AT A A A AA A A A A A AA A AAAAAAAAAAAAAAAAIAAAAIAA A LTI IAA A LA XA dXhdXk
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HRDLKPXN LXNXNCXLKIXDFGLAR
AASVERIX NG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASYERPINEG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASYERPINNEG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASYERPINEG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASVERIX NG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASVERIX NG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASYERPINNEG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASYERPINEG IWANADCKLK I CDFGLARVSFNDGAPSAIF
AASY RPN G IWANADCKLK I CDFGLARVSFNDGAPSAIF

TRWYRAPEL IDXWSY,GC
LRA{VATRWYRAPELCGSFRSKY[TPAIDIWSVGC I FAEMLTGKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC I FAEMLTGKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC I FAEML 1 GKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC I FAEML 1 GKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
2A{VATRWYRAPELCGSFRSKY[TPAIDIWSVGC I FAEMLTGKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
RA{VATRWYRAPELCGSFRSKY[TPAIDIWSVGC I FAEMLTGKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC I FAEMLTGKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC IFAEMLTGRPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSVGC IFAEMLTGRPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
AASVERIN NG IWANADCKLK I CDFGLARVSFNDGAPSA I FWLIA{VATRWYRAPELCGSFRSKY[TPAIDIWSVGC I FAEML I GKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
AAS RPN IWANADCKLK I CDFGLARVSFNDGAPSA I FWIRA{VATRWYRAPELCGSFHRSKY[TPAIDIWSVGC I FAEML I GKPLFPGKNVVHQLDLMTDVLGTPSAESLAKIRNEK
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MPK21-1 continued

BAKO08351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21(1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629.1
tplb0009KO3

BAK08351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21 (1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629.1
tp1b0009K03

BAKO08351.1
TsMPK21-1(U)p
TaMPK21-1(1DL)
AetMPK21-1
ScMPK21
HVMPK21 (1H)
TaMPK21-1(1BL)
TaMPK21-1(1AL)
TuMPK21-1
AKL80629.1
tpIb0009KO3

Additional File 7 — Triticeae MPK alignments

LE®LLAFDPKDRPTAEEAL
ARRYLSNMRKKPKVPLTKKFPGIDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDGERELEGQIGHHGRSPGT I IGTREEPVARRGGAGI
ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFNGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYR---= === === ————————————————

ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML—————- QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML—————- QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPGIDPMALHLLERLLAFDPKDRPTADEALTDPYFNGLANSEREPVAQP I SKFEFDFEKRKLGKDDVRELIYREILEYH--PQML—-=-—-~ QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPGIDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PHML-=-—-~ QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML—————- QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFNGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML—————- QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPG IDPMALHLLERLLAFDPKDRPTADEALTDPYFNGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML—————- QEYLRGGDQM
ARRYLSNMRKKPKVPLTKKFPGIDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREP IAQP I SKLEFEFEKRKLGKDDVRELIYREILEYH--PQML-=-—-- QEYLRGGDQM

ARRYLSNMRKKPKVPLTKKFPGIDPMALHLLERLLAFDPKDRPTADEALTDPYFTGLANSEREPIAQPISKLEFEFEKRKLGKDDVRELIYREILEYH——PQML —————— QEYLRGGDQM

****************************************************** ********* E = = o o ** **********

ANRWAASRGRRWRYPAFRRRSHRHRRWRRPQEQALRTQGKSRSPPRTADRRPAPHRRWARKARSTGASLAARQRHRRRRSRSSRSSSSSSTRSPAGRSVSRTAWARRGRSSPSRASLPSP

SF-—-mmm—e e MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA--—--- IGNKHGDSD---—==—--- YQVKLNTGEKPVHASY --—--- TDGISKPLMSA----
SF-——mm—mm MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPR--A-——--- IGNKHGDSD-—-=—=——-- YQVKLNTGEKPVHASY - ———-- TDGISKPLMSA----
SF——mmmmmm MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA-————- IGNKHGDSE---—=——--- YQVKLNTGEKPVHASY - ———-- TDGISKPLMSA----
SF——mmmm MYPSGVDRFKQ--QFAHLEK--GGAKGDKSSP-QLRQNASLPRERA-————- IGNKHGDSE----———--- YQVKLNTGEKPVHASY - ———-- TDGISKPLMSA----
SF-—-m—m MYPSGVDRFKQ--QFAHLEK--GGAKGEKASP-QLRQNASLPRERA--—--- IGNKHGDSE------—--- YQVKLNAGEKPVHASY - -—--- TDGISKPLMSA----
SF-—-m—m MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA--—--- IGNKHGDSD---—--—--- YQVKLNAGEKPVHASY - -—--- TDGISKPLMSA----
SF———mm—mm MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA-————- IGNKHGDSD-—=—==—--- YQVKLNAGEKPVHASY - ——--- TDGISKPLMSA----
SF———mmmm MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA--——-- IGNKHGDSD-—-—==—--- YQVKLNTGEKPVHASY - ——--- TDGISKPLMSA----
SF-—m——— MYPSGVDRFKQ--QFAHLEK--GGAKGEKSSP-QLRQNASLPRERA-————- IGNKHGDSD-—-===—--- YQVKLNTGEKPVHASY - ——--- TDGISKPLMSA----

—-—-—RSLLKSETMSASKC I GE IKNKDDEYESVDAADGVSQKVAQLKT™
—--—RSLLKSETMSASKC I GE IKNKDDEYESVDAADGVSQKVAQLKT™
-—-RSLLKSETMSASKC IGE IKNKDDEYESVDAADGVSQKTAQLKT™
-——-RSLLKSETMSASKC IGE IKNKDDELESVDAADGVSQKTAQLKT™*
—--—RSLLKSETMSASKC IGEVKNKDDEYESVDAADGVSQKVAQLKT™*
-—-—RSLLKSETMSASKC IGE IKNKDDEYESVDAADGVSQKTAQLKT™
—-—-—RSLLKSETMSASKC IGE IKNKDDEYESVDAADGVSQKTAQLKT™
-—-RSLLKSETMSASKC IGE IKNKDDEYESVDAADGVSQKVAQLKT™
-——-RSLLKSETMSASKC IGEVKNKDDEYESVDAADGVSQKVAQLKT™*
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MPK21-2

TsMPK21-2(U1)
TaMPK21-2(3AL)
HVMPK21-2(U)
TsMPK21-2(U2)
TsMPK21-2(U3)
TaMPK21-2(3B)
AK330685 . 1
AetMPK21-2
TaMPK21-2(3DL)

TsMPK21-2(U1)
TaMPK21-2(3AL)
HVMPK21-2(U)
TsMPK21-2(U2)
TsMPK21-2(U3)
TaMPK21-2(3B)
AK330685 . 1
AetMPK21-2
TaMPK21-2(3DL)

TsMPK21-2(U1)
TaMPK21-2(3AL)
HVMPK21-2(U)
TsMPK21-2(U2)
TsMPK21-2(U3)
TaMPK21-2(3B)
AK330685 . 1
AetMPK21-2
TaMPK21-2(3DL)

Additional File 7 — Triticeae MPK alignments

I1GXGXYGXV IKKIXXXF DAXRXLRE FXDIYXxXXELM DLxxVI

(€] ERN VAV R N R NETSS\V/AN 4N | DDVFEHVADATRILREITKLLRLLRHPDIVQIKHIMLPPSRREFRD 1Y 1 IFELMESDLHQV IKANDDLS
(€] CRY(CVAVAVAVANY DR N BNEISRAVZAN I | DDVFEHVADATRILREITKLLRLLRHPDIVEIKHIMLPPSRREFRDI1Y I I FELMESDLHQV IKANDDLS
(€] CRN(CVAVAVAVANY DR N BNEISRV/AN I | DDVFEHVSDATR I LREVKLLRLLRHPD IVQIKHIMLPPSRREFRD 1Y IVFELMESDLHQV IKANDDLS
(€] CRY(EVAVASTAN\Y/Da N BNEISSYV/AN I | DDVFEHVADATRILREITKLLRLLRHPDIVQIKHIMLPPSRREFRDI1Y I I FELMESDLHQV IKANDDLS
MAKKGSDKAGFHTEY|GEATRYEVCEV\ASINERY(ENAZAST\Ina R EE SSYV/AN I | DDVFEHVADATR I LREIKLLRLLRHPD IVQIKHIMLPPSRREFRDIY I lFELMESDLHQV IKANDDLS
MAKKGSDKGGFHTEYIGEATRYIQVGEV\AINERY(ENAZAST\Ina R EE =SV I | DDVFEHVADATR I LREIKLLRLLRHPD IVQIKHIMLPPSRREFRDIY I lFELMESDLHQV IKANDDLS
MAKKGSDKGGFHTEY|GEATRYIQVGEV\YAS|ERY(ENAZARTANVI DR I N NCI SN N | DDVFEHVADATRILRE IKLLRLLRHPDIVQIKHIMLPPSRREFRDIY 1 IFELMESDLHQV IKANDDLS
MAKKGTDKGAFHTEY|GEATRYIQVGEV\YAe|ERY(ENAZARTANI DR N NCTS YN I | DDVFEHVADATRILRE IKLLRLLRHPDIVQIKHIMLPPSRREFRDIY 1 IFELMESDLHQV IKANDDLS
MAKKGTDKGAFHTEYIGEATRYIQVGEV\YAS]ERY(ENAZARTANI DR N NCTS YN I | DDVFEHVADATRILREIKLLRLLRHPDIVQIKHIMLPPSRREFRDIY 1 IFELMESDLHQV IKANDDLS

* =kkk =K%k FKAEEIAIAKXEAXALAA AKX = = AEXAXEXXAXEAXAXAAKX - AAXEAAXEAL AXKXAAKXAAXAAEAAK = AKX EAEAAEAAK = AKX EAAAEAAXEAAEAXA - A AAEAAATAALAAALAALAAAL - AXAAAXAAAXAXAAAAAAdAdd%

MAKKGSDKAGFHTEY|GEATRYEVCEV|
MAKKGSDKAGFHTEY|GEATRYE IGEV
MSKKGSDKAGFHTEY|GEATRY[EVGEV
MAKKGSDKAGFHTEY|GEATRY[EVCEV

QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR
PEHHQFFFYQLLRGMKY IHAANYEREBINNE N IWANADCKLK | COFGLARVSFDDTPSAIF
PEHFQFFFYQLLRGMKYMHAANYEREBINNEN N IWANADCKLK I COFGLSRVSFNDTPSAIF
PEHHQFFFYQLLRGMKY IHAANYEREBINNE N IWANADCKLK | COFGLARVSFNDTPSAIF
PEHHQFFFYQLLRGMKY IHAAN\Y SR N IWANADCKLK 1 CDFGLARVSFDDTPSAIF
PEHHQFFFYQLLRGMKY IHAAN\Y SR MM IWANADCKLK 1 CDFGLARVSFDDTPSAIF
PEHHQFFFYQLLRGMKY IHAANYEREBINNEN N IWANADCKLK | COFGLARVSFNDTPSAIF
PEHHQFFFYQLLRGMKY IHAANYEREBINNE NN IWANADCKLK | COFGLARVSFNDTPSAIF
PEHHQFFFYQLLRGMKY IHAANYEREBINNEN M IWANADCKLK | COFGLARVSFNDTPSAIF ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLTGRPLFPGKNVVHQLDLMT
PENHQFFFYQLLRGMKY IHAAN\Y SR IMNE M IWANADCKLK I CDFGLARVSFNDTPSAIF ATRWYRAPELCGSFFSKY[TPAIDIWSIGCIFAEMLTGRPLFPGKNVVHQLDLMT

ECE I = = o = kLR SR O SRR S Sk S R R S SRR R SR AR R SR AR R AR R AR R ok ke R o o LI R ARAE SR R SR S R S R R R S S R R SR R R AR R R R R R SR AR Rk R Sk R Sk o S D R R ARAE R R R R R

TRWYRAPEL IDXWSY,GC
ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLTGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLTGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLSGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY|TPAIDIWSIGCIFAEMLTGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY|TPAIDIWSIGCIFAEMLTGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLTGRPLFPGKNVVHQLDLMT
ATRWYRAPELCGSFFSKY[TPAIDIWS1GCIFAEMLTGRPLFPGKNVVHQLDLMT

LEXLLAFDPKDRPTAEEAL
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP ISKLEFEFERRKLAREDLREL I'YREILEYHPQML
DLLGTPSEESISRVRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTAQP ISKLEFEFERRKLAREDLREL I'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP I SKLEFEFERRKLAREDVREL 1'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP I SKLEFEFERRKLAREDLREL I'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP ISKLEFEFERRKLAREDLREL I'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP ISRLEFEFERRKLGREDVREL I'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPADRPTAAEALADPYFTGLANSELEPTTQP ISRLEFEFERRKLGREDVREL I'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPTDRPTAAEALADPYFTGLANSELEPTTQP ISRLEFEFERRKLAREDVREL 1'YREILEYHPQML
DLLGTPSAESISRIRNEKARRYLGNMKKKHP IPFSQKFPGVDPMALHLLERLLAFDPTDRPTAAEALADPYFTGLANSELEPTTQP I SRLEFEFERRKLAREDVREL 1'YREILEYHPQML

EE o S I S I e e R e e S e S e R R S e R e R R R e R R e R e R e e B S S e *Kxk -
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MPK21-2 continued

TsMPK21-2(U1) QEYLRGGDQMSFMYPSGVDRFKQQFAHLEKGGAKGEKSSPQLRQNASLPRERA I GNKH-—- - -GDSEYQVKLNAGEKPVHASVTDG I SKPLMSARSLLKSETMSASKC I GE IKNKDDEYES

TaMPK21-2(3AL) HDYLRGGDQANFLYPSGVDRFKSQFVHLEE I GAKGEKTSPQLRQHASLPRERV I GSSDEPEKPNADYC I KLHVDEL PGHTSVTDGLNKPLLNTRNFLKSES 1 GASKC I VVKEKQEKDEES

HVMPK21-2(U) HEYLCGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV I SSSDEPEKPNADYC I KLHVGEL PGHTSVTDGLNKPLLNTRNFLKSES 1 GASKC 1V IKEKREKDEES

TsMPK21-2(U2) HDYLRGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV 1GS-DDPEKPNADYC I KLHVGELPGHTSVTDGLNKPLLNTRNFLKSES I GASKC I VVKEKREKDEES

TsMPK21-2(U3) HDYLRGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV 1GS-DDPEKPNADYC I KLHVGELPGHTSVTDGLNKPLLNTRNFLKSES I GASKC I VVKEKREKDEES

TaMPK21-2(3B) HEYLRGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV I GSSDEPEKPNADYC I KLHVGEVPGYTSVTDGLNKPLLNTRNFLKSES 1 GASKC I VVKEKREKDEES

AK330685. 1 HEYLRGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV I GSSDEPEKPNADYC I KLHVGEVPGYTSVTDGLNKPLLNTRNFLKSES 1 GASKC I VVKEKREKDEES

AetMPK21-2 HEYLRGGDQANFLYPSGVDRFKRQFVHLEE I GAKGEKTSPQLRQHASLPRERV I GSSDEPEKPNADYC I KLHVGEVPGHTSVTDGLNKPLLNTRNFLKSES 1 GASKC I VVKEKREKDEES

TaMPK21-2(3DL) HEYLRGGDQANFLYPSGVDRFKRQFVHLEEIGAKGEKTSPQLRQHASLPRERVIGSSDEPEKPNADYCIKLHVGEVPGHTSVTDGLNKPLLNTRNFLKSESIGASKCIVVKEKREKDEES
- - =k* *Xxkk * *hkAAAAAAX ** *** ******* * _ _ - - :* -**- ~ * * - -***** *** . :*_ -kkkk - Tt E ot **

TsMPK21-2(U1) VDA--—-- ADGVSQK I AQLKT*-

TaMPK21-2(3AL) MSEYMHEASD* - ———————————

HVMPK21-2(U) MSEYMHEVSDEEPKM I AQPKSL™*

TsMPK21-2(U2) MSEYMHEASD*—— -~ = —————

TsMPK21-2(U3) MSEYMHEASD* - ——— = —————

TaMPK21-2(3B) MSEYMHEASD* === ————————

AK330685. 1 MSEYMHEASD*————————————

AetMPK21-2 MSDYMHEA* — =~ =~ ——

TaMPK21-2(3DL) MSDYMHEA* — =~ ——
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MPK24

HVMPK24 (6H)
TaMPK24(6BS)
AK334728.1
ScMPK24
TaMPK24(U)
TsMPK24(U)
TuMPK24
TaMPK24(6DS)
AetMPK24

HVMPK24(6H)
TaMPK24(6BS)
AK334728.1
ScMPK24
TaMPK24(U)
TsMPK24(U)
TuMPK24
TaMPK24(6DS)
AetMPK24

HVMPK24(6H)
TaMPK24(6BS)
AK334728.1
ScMPK24
TaMPK24(U)
TsMPK24(U)
TuMPK24
TaMPK24(6DS)
AetMPK24

1GXGXYGXV IKKIXXXF DAXRXLRE FxXDIYXxXXELM DLxxVI
MEFHTEY|GEASQYQ I KE 1L IeINERI ZEVAZVAVAAYIsR o kel AN N | HDMFEHASDGTRILRE IKLLRLLRHPNIVEIKHILLPPARREFRD I YVVFELMESDLQKV 1QVNDNLTKGHHRFFL
MEFHTEY|GEASQY[Q I EE I Kele[eRI S CAAVZAVAVA\V DR KO ke SRV I | HDMFEHAPDGTR I LREIKLLRLLRHPNIVGVKHILLPPARREFRD I YVVFELMESDLQKVIQVNENLTAGHHRYFL
MEFHTEY|GEASQYQ I EE I Kele[eRI S CAAZAVAVA\V/DR KO Kel SRV INN | HDMFEHAPDGTR I LREIKLLRLLRHPNIVGVKHILLPPARREFRD I YVVFELMESDLQKVIQVNENLTAGHHRYFL
MEFHTEY|GEASQYQ I KE I LEEIER ZEAAZAVAVA\ DR NOR KE SR/ I | HDMFEHASDGTR I LREIKLLRLLRHPNIVEIKHILLPPARREFRD I YVVFEFMESDLQKVMQVNENLSADHHRFFL
MEFHTEY|GEASQYQ I EE 1 LIeINERI SEVAZAVAVAAYIRR o K¢l XAV N | HDMFEHASNG TR ILRE IKLLRLLRHPNIVETKHILLPPARREFRD I YVVFELMESDLQKV IQANENLTAGHHRFFL
MEFHTEY|GEASQYQ I EE 1 LIeIx{EeS] SEVAZAVAVAAYIsR o kel XAV N | HDMFEHASDGTR I LWE IKLLRLLRHPNIVEIKHILLPPARREFRD I YVVFELMESDLQKV IQVNENLTAGHHRYFL
MEFHTEY|GEASQYQ I EE I L EEINERI S CAAZAVAVA\V DR KO KEl SRV I | HDMFEHASNGTR I LREIKLLRLLRHPNIVETKHILLPPARREFRD I YVVFELMESDLQKV IQANENLTAGHHRFFL
MEFHTEY|GEASQYQ I EE I LECIERI S CAAZAVAVA\ DR KO Kel SRV I | HDMFEHASDGTR I LWE IKLLRLLRHPNIVEIKHILLPPARREFRD I YVVFELMESDLQKVMQVNENLTAGHHRYFL
MEFHTEY|GEASQYQ I EE I KIS CAAZAVAVA\V DR KO KEl SR/ I | HDMFEHASDGTR I LWE IKLLRLLRHPNIVEIKHILLPPARREFRD I YVVFELMESDLQKVMQVNENLTAGHHRYFL

FTEIAEEAIAELEAIALEAIAXTEAKX -AXXX - AEAXAXEAXTXAAXTXAALAAAXAXR AXAXAXAXAXAAXAAXAA -kAXhkd AxXxAXAXxAiAXxhiixixk FKEAEXEAXEAAXAAXAXAAXAXAAXAXAAKX -k kXX AXAXxix -k *=-%k%k- *kk-k*k

HRDLKPXN LXNXNCXLKIXDFGLAR

SRR WGRIN IWANSNCKLK 1 CDFGLARASRDDVPSAIF
Sl XD WGRIN IWANSNCKLK 1 CDFGLARALRDDAPLAIF
= [N MG IWANSNCKLK I CDFGLARALRDDAPLAIF
=[N MG IRYNSNCKLK I CDFGLARPLCDDAPLAIF
SalXBIWGRI IRYNSNCKLK 1 CDFGLARASRDDPPLAIF
SR WGRIN IRYNSNCKLK 1 CDFGLARPL-DDAPLAIF
Sl WGRIN IRYNSNCKLK 1 CDFGLARASRDDPPLAIF
YQLLHALKY IHAANVZRIMBI MG IRYNSNCKLK I CDFGLARASRDDPPLAIF
YQLLHALKY IHAANYE IR MRS IRYNSNCKLK I CDFGLARASRDDPPLAIF

e I e R e R e e e e e *Kh K AAXIAAIAAXAAAAIAAXAXAhdd X

QXLRXLKYxH
YQLLHALKY IHAAN
YQLLHALKY IHAAN
YQLLHALKY IHAAN
YQLLAALKY IHAAN
YQLLHALKY IHAAN
YQLLHALKY IHAAN
YQLLHALKY IHAAN

TRWYRAPEL I1DXWSY,GC
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSIGCIFAEVLTRNPLFPGTNVTHQLDLITDVLGTPSH
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSIGCIFAEVLTGKPLFPGMNVTHQLDLITNVLGTPSY
PA{VATRWYRAPELCGSFRSKY[TPAIDIWS1GCIFAEVLTGKPLFPGMNVTHQLDLITNVLGTPSY
PA{VATRWYRAPELCGSFRSKY|TPAIDIWS1GCIFAEVLTRKPLFPGRNGTHQLDLI-TILGNPSC
LBA(VATRWYRAPELCGSFHSKXPOOOXKXXXHKAXXXHIAXXXXAKXKXAXXXAXVKHQLDL I TDVLGTPSY
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSIGCIFAEVLTGKPLFPGRNGTHQLDLITDVLGNPSC
LBA(VATRWYRAPELCGSFHSKY[TPAIDIWSIGCIFAEVLTRKPLFPGTNVKHQLDLITDVLGTPSY
PA(VATRWYRAPELCGSFRSKY[TPAIDIWS1GCIFAEVLTRKPLFPGTNVKHQLDL ITDVLGTPSH
LPA{VATRWYRAPELCGSFREKY[TPAIDIWSIGCIFAEVLTRKPLFPGTNVKHQLDL I TDVLGTPSH

E R = o =-%k*x K%k

*hkx

LEXLLAFDPKDRPTAEEAL
ETLSQIRNEKARRYLTGMKRKHP IPFPRMFCSADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGLPKLEHEPSPYPFSKLDFEFERWKLSKDGIRDLIYQEILEYHPQMLQDY IRGGG
ETLSQIRNEKARRYLTGMKRKHP IPFPSIFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGVRDLIYREILEYHPQMLQDY IRAGG
ETLSQIRNEKARRYLTGMKRKHP IPFPSIFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGVRDLIYREILEYHPQMLQDY IRAGG
ETLSQIRNEKARRYLTGMKRKHP IPFASMFCNADPKAVRLLERLLAFDPKDRPTAEEALADPYFEGLRKLEHEPLPHPFSKLEFEFERLKLTKGGVRDLIYREILEYHPQMLQDY IRAGG
ETLSQIRNEKARITYLTGMKRKHP IPFPSMFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGIRDLIYREILEYHPQMLQDY 1GAGG
ETLSQIRNEKARRYLTGMKRKHP IPFASVFCNADPKAVRLLERLLAFDPKDRPTAEEALADPYFEGLRKLEHEPLPHPFSKLEFEFERLKLTKGGVRDLIYREILEYHPQMLQDY IRAGG
ETLSQIRNEKARIYLTGMKRKHP IPFPSMFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGIRDLIYREILEYHPQMLQDY IGAGG
ETLSQIRNEKARRYLTGMKRKHP IPFPSMFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGIRDLIYREILEYHPQMLQDY IRAGG
ETLSQIRNEKARRYLTGMKRKHPIPFPSMFCNADPQAVRLLERLLAFDPKDRPTAEEALADPYFEGFPNLEHEPSPHPFSKLEFEFERWKLTKDGIRDLIYREILEYHPQMLQDYIRAGG
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MPK24 continued

HVMPK24 (6H)
TaMPK24(6BS)
AK334728.1
ScMPK24
TaMPK24(U)
TsMPK24(U)
TuMPK24
TaMPK24(6DS)
AetMPK24

HVMPK24 (6H)
TaMPK24(6BS)
AK334728.1
ScMPK24
TaMPK24(U)
TsMPK24(U)
TuMPK24
TaMPK24(6DS)
AetMPK24

QTSFVYPSGVDGMRLQFAHAEDKYLRGERGT-PLRRRHASLPRERFRAPMGSDNQDCNNENRRTASSAGQ I I IRPQQVGMTHAYVYQNGTG IPDFCSGYYLQNGGTSDSSCAIGENEGPK
QTSFVYPSGVDGMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPMG IDNQDCNNERR-TASSAAQI T IRSQQEGLTHAYVYQNGTGIPDFCSGYYLQNGSTSASSCVIEENEGPK
QTSFVYPSGVDGMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPMG IDNQDCNNERR-TASSAAQITIRSQQEGLTHAYVYQNGTGIPDFCSGYYLQNGSTSASSCVIEENEGPK
QTSFVYPSGVDGMRLQFVHLEENHLRGERGTTPPQRRHASLPRERVCTPMGSDKHDCNNENRRTASCAAQT I IRSQQGGLTHAYVNQNGTSIPNFCSGYYLQNGSASASSCV IEENEGPK
QTSFVYPSGVDGMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPKGSDNQDCNNERRRTASSAAQTTIRSQQEGLTHAYVYQNGTS IPNFCSGYYLQNGSTSASSCV IDEHEGLE
QTSFVYPSGVDGMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPKGSDNQDCNNERRRTASSAAQTT IRSQQEGLTHAYVYQNGTSIPNFCSGYYLQNGSTSASSCVIEENEGLE
QTSFVYPSGVDDMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPKGSDNQDCNNERRRTASSAAQTTIRSQQEGLTHAYVYQNGTSIPNFCSGYYLQNGSTSASSCVIDEHEGL -
QTSFVYPSGVDDMRLQFVHLEENHLRGERGT-PLRRRHASLPRERVCAPKGSDNQDCNNERRRTASSAAQTTIRSQQEGLTHAYVYQNGTS IPNFCSGYYLQNGSTSASSCV IDDHEGLK
QTSFVYPSGVDDMRLQFVHLEENHLRGERGI ——==—=——-- DRERVCAPKGSDNQDCNNERRRTASSAAQTTIRSQQEGLTHAYVYQNGTSIPNFCSGYYLQNGSTSASSCVIDDHEGLK
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ENGVSEEEKVAYEPSELLAKI*
ENGVSA-EKVAYELSERLARI*
ENGVSA-EKVAYELSERLARI*
ENGVPEEEKVAYELSERLARI*
ENGVSEEEKVAYELSQCFARI*
ENGVSEEEKVAYELSERLARI*
ENGVSEEEKVAYELSQCFARI*
ENGVSEEEKVAYELSQCFARI*
ENGVSEEEKVAYELSQCFARI*
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MPK25

TSMPK25(U)
TaMPK25(5AL)
HVMPK25(5H)
TaMPK25(5BL)
ScMPK25
AetMPK25
TaMPK25(5DL)

TsMPK25(U)
TaMPK25(5AL)
HVMPK25 (5H)
TaMPK25(5BL)
ScMPK25
AetMPK25
TaMPK25(5DL)

TsMPK25(U)
TaMPK25(5AL)
HVMPK25 (5H)
TaMPK25(5BL)
ScMPK25
AetMPK25
TaMPK25(5DL)

I1GXGXYGXV IKKIXXXF DAXRXLRE FxD1YxxxXELM DL
MAKMVRPPNGKGKHGKHYYTMCQTMFE I D|TKYNVP I KPLIeIzEen el ASSN R I\ =07 I NNVFDNRVDALRMLREMKLLRHLRHENV IALKD IMMP 1QKRSFKDVYLVSELMDTDL
MAKMVAPLNGKQNHGKHYYTMDQTMFE I DITKYVP I KPLICSIERY(ENAY =1 JVIN ORI SN [ NNVFDSREDALRTLREMKLLRHLTHENV IALKDVMMP IRRRSFKDVYLVSELMDTDL
MAKMVDPPKGKGSHGKHYYTMCQTMFE I DITKYVP 1 EPLICINEIAN (VA OSSIY NN S Y7AY [ I NNVFDNREDALRTLRKLKLLRHLRHENV IALKD IMMPMKRRSYKDVYLVSELMDTDL
MAKMIDPPKGKGNSGKHYY IMCGTMFE I DITKYVP I KPLICINERY (A SSIVIN O NN S QY/AY IO NN I FDNREDALRTLRELKLLRHLSHENV IALKDVMMP 1QRRNFKDVYLVSELMDTDL
MKKMVGPPNGRRNHGKHYYTMGQTMFE I DTKYNVP I KPLIINETN (eSS IR vl S Q7Y I NNVFDNREDALRTLRELKLLRHLCHENV IALKDVMMP I1QKRSFKDVYFVSELMDTDL
————————————————————————————— e ————————_——————————————————————————————————————————————————— e ————————ELMDTDV
MAKMVDPPKGKGNHGKHYY IMCETMFE IDTKYVPI KPI NNVFDT-TDALRTLRELKLLRHLSHENVIALKDVMMP IQRRNFKDVYLVAGLMDTDL

E = =

XxV1 QXLRXLKYxH HRDLKPXN LXNXNCXLKIXDFGLAR

DRIINSSQTLSNDHCQYFLFQLLRGLKYLHSAGLERGIMIM M MRVDGNCDLK I CDFGLARTNNTEDQCM
QHI INSSQTLSNDHCQYFLFQLLRGLKY LHSAR I[N MCHENMRYNCGNCDLK I CDFGLARTNNTKGQLM
HQI 1KSPQALSNDHCQYFLFQLLRGLKY LHSAGLIMGIAIMNEN|MRYNGNCDLK I CDFGLARTNNTNGLSM
QKT 1SSCITLSNDHCQYFLFQLLRGLKYLHSAGINI{bHSHSNRRYNANCDLK I CDFGLART INAKVQSM
QQIINSSQTLSNDHCQYFLFQLLRGLKYLHSAGIYEI{bHSHENIMRYNCGNCDLK I CDFGLARTNNTKGQSM
QKT INSSIMLSNDQCQYFLFQLLRGLKY LHSAGLENGINB]WEN|MRYNGKCDLK I CDFGLARTNNAKGQFMUIR{VVTRWYRAPELLLSCDNY|GTS IDVWSVGC I FAELLGRKSIFPGTDCL
QKT INSSITLSNDHCQYLLFQLLRGLKY LHSAGLYEgIP]WEE\|WRYNCGNC — - —————— LARTNNAKGQFMUIR{VVTRWYRAPELLLSCDNY|GTS IDVWSVGCILAELLGRKSIFPGTDCL

-k*x * E o SR o S S e -% *Kkkk K- - *K* Kk KA IAAkAAAAAA = =%k K=K - *x *

KMLIFDP3;KRISVTEAL

TRWYRAPEL I1DXWSY,GC
VVTRWYRAPELLLSNDNY|GTS IDVWSVGCIFAELLGRKPIFPGTDSL
VGTRWYRAPELLLSCNNY|GNS IDVWSVGCIFAELLGRKSIFPGTDCL
TRWYRAPELLLSFDKY|GTSVDVWSVGCIFAELLGRKSIFPGTDCL
TRWYRAPELLLGCDNY|GTS IDDWSVGCIFAELLGRKSIFPGTDCL
TRWYRAPELLLSCDNY|GAS IDVWSVGCIFAELLGRKSIFPGTDCL

NQLQLIVNVLGTMNNADLEF IDNPRPHSY IKSLSYTAGIPLTGMYPQAHPLAIDLLQKMLVENPSKRISVTEALEHPYMSRLYDPSVSRPAQAP INLD IDENLSVEMLREMMWQEMLQYHEAAMMVNM*
NQLKL IVNVLGTMSGADLKFIENKKTRKY IKSLPYTIGIPLTGMYPQAHPLA-DLLQKMLVFDPSKRISVTEALEHPYMSTLYDHNANHPAQVPIDIDIDEKLSVEMIREMLWREMLQYP* === ————-
NQLKL 1'VDVLGTMSDANLEFIGNTKARKYVKSLSYTVGVPLTRMYPQAHPLAIDLLEKMLVFDPSKRISVTEALEHPYMSTLYDPSANHPAQAP IDLD IDEKLGVDMIREMLWQEMLQYP* —=———=——-
NQLKLIVNVLGTMSDDDLEF IDNMKARKY IKSLSYADGIPLTSMYPQADPLAIDLLQKMLVFDPSNRISVTEALEHPYMSTLYDPDANPPAQAP IDLD IDEKLGVDMIREMLWQEMLQYP* ———————-
NQLKLIVNVLGTMSGADLEF IDSMKARKY IKSLSHAVGTPLTRMYPQAHPLAIDLLQKMLVFDPSKRISVTEALEHPYMSMLYDPSANPPAQAP IDLD IDEKLGVEMIREMLWQEMLQYP* ———————-
NQLKLILNVLGTMSDDDLEF IGNMKARKY IKSLSYTAGIPLTRMYPQAHPLAIDLLQKMLVFDPSKRISVTEALEHPYMSVLYDPGANPPAQAP IDLD IDEKLGVEMIREMLWQEMLQYP* ———————-
NQLKL I'VNVLGTMSDDDLEF IGNMKARKY IKSLSYTAGIPLTRMYPQAHPLAIDLLQKMLVFDPSKRISVTEALEHPYMSVLYDPSANPPAQAP IDLD IDEKLGVEMIREMLWQEMLQYP* === =—=——-
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