Additional File 8. Alignment and domain analysis of Triticcae MKKSs. The amino acid sequences from
multiple genomic copies, along with the accessions reported in Additional File 3, of all Triticeae MKKSs 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 protein kinase domain
is in black font, and the 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) which carries the P-
loop consensus sequence (GxGxxG), the catalytic C-loop (red) with the DWYK consensus (where W refers to
the aliphatic amino acids L/I/V, but not M), the activation T-loop (black), NTF2 domain (pink). Sequence
deviations from the S/TxxxxxS/T activation loop of plant MKKSs are marked in yellow font. Other deviations from

consensus are highlighted in yellow. An asterix indicates a stop codon.
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MKK1

HVMKK1-2(6H)
TaMKK1-3(7DS)
HVMKK1-1(7H)
HP624471.1
TaMKK1-1(7DS)
AetMKK1-1
TaMKK1-1(4AL)
TuMKK1-1
ScMKK1
TaMKK1-1(7AS)
HP621269.1
TaMKK1-2(6BS)
TaMKK1-2(U)
AetMKK1-2
TaMKK1-2(6AS)
TUMKK1-2

HVMKK1-2(6H)
TaMKK1-3(7DS)
HVMKK1-1(7H)
HP624471.1
TaMKK1-1(7DS)
AetMKK1-1
TaMKK1-1(4AL)
TuMKK1-1
SCMKK1
TaMKK1-1(7AS)
HP621269. 1
TaMKK1-2(6BS)
TaMKK1-2(U)
AetMKK1-2
TaMKK1-2(6AS)
TUMKK1-2

GXGxxG

-------------------- XOOOXXXXXXXXXKKKXXXXXXAPP I KSLDN=-HQLS INDLEA I KV RO EZINE 1 QLN 1QES IRKQIARELKISLS
--------------- MGKFWTRSGTSKYSDGDLLVNKDGFR I 1PQTKEGKAPPVEPPEN-HELS I DDLDA I KE[ISXE Ao AV R ax o=~ IMA\ 1 QLNVQES IRKQIAQELKINLS
MKKPGKLALPSHDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP 1 KPLDN-HQLS 1DDLDS I KV IGXEE AN aKeo == IN4\ 1 QLN 1 QES IRKQIAQELKISLS
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP 1 KPLDNNHQLS 1DDLDS I KV I XE NS AR A GARC o == YR SV 1 QLN 1 QES IRKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP 1 KPLDNNHQLS 1DDLDS I KV I NS AR N L GRRE O = AR 1 OLN 1 QES I RKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP I KPLDNNHQLS 1DDLDS I KV I NS AR W LGRS0 = AR 1 OLN 1 QES I RKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPR 1 KPLDNNHQLS 1DDLDS I KV IS KNS AR W UKl = YRS\ 1 OLN 1 QES I RKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP 1 KPLDNNHQLS 1DDLDS I KV I e AR AR O = =AM SV - QLN I QES I RKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP I KPLDNNHQLS 1DDLDS I KV IS KENS AR A GARC o ==/ YR SV 1 QLN 1 QES IRKQMAQELK I SLF
MKKPGKLALPSQDST I GKFLTQSGTFK--DGDLLVNKDGLR 1VPQSEEGEAPP I KPLDNNHQLS 1DDLDS I KV I NS AR W L GRR O = AR 1 OLN 1 QES I RKQMAQELK I SLF
-------------------- MQ 1 GMFKDGDGNLLVNKDGLR I TPQTEEGEAPP 1 EPLDN-HQLS I HDLEA I KV [ XS CIA AV O AR IMA\ 1 QLN 1 QES IRKQLAQELKLSLS
-------------------- MQ I GMFKDGDGNLLVNKDGLR I TPQTEEGEAPP I EPLDN-HQLS IHDLEV I KVHIEAS Ao MY Rel0l= XMLV 1 QLN I QES IRKQLAQELKISLS
-------------------- MQ 1 GMFKDGDGNLLVNKDGLR 1 TPQTEEGEAPP 1 EPLDN-HQLS I HDLEA I KV IS CIA oI AVl axelo]==IM4\ 1 QLN 1 QES IRKQLAQELKLSLS
-------------------- MQ 1 GMFKDGDGNLFVNKDGLR 1 TPQTEEGEAPP 1 EPLDN-HHLS I HDLEA I KV IGXEER Ao AVl axelo= =M 1 QLN 1 QES IRKQLAQELKLSLS
-------------------- MQ I GMFKDGDGNLLVNKDGLR I TPQTKEGEAPP 1 EPLDN-HQLS IHDLEA I KV{{ENE-SeaaV oAVl areo] S WIRNY 1 QLN I QES I RKQLAQELKLSLS
-------------------- MQ1 GMFKDGDGNLLVNKDGLR I TPQTEEGEAPP IEPLDN-HQLS IHDLEAI KIS RY IO/ 1 QLN 1 QES IRKQLA*ELKLSLS

* * *** ** - k% Xk~ Rk o U S ok kI *Ahkkhk-khkkkAhkkikkh-k *kk- X

DwK
TQCQYVVTCYQCFYVNGVICIALEYMDGGSLADFLMTVRTVPEAYLAV ICKQQVLKGLMY LHHEK QLR EzIXM G ININHRGEVK 1 SDFGVSAYEBEENSAQRDTFTDTFNYMAPERING
TQCQYVVTCYQCFY INGVISIALEYMDGGSLADFLKGVGT IPESYLAAVCKK-VLKGLMYLHHERRLR IzIRMMNGEINIIN INHMGEVK 1 SDFGVSIAY R BISISAQRDMFTGTENYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMYLHNEKHRGIRIEGEIN IN INHRGEVK 1 SDFGVSIAYRESNISAQRDTFTGTENYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMGEIN IN INHRGEVK | SDFGVEIRBERSAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMESIN IN INHRGEVK | SDFGVEIRBERSAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMGEIN IN INHRGEVK | SDFGVEIRBERSAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMYLHHEKRVA LRGN IN INHRGEVK 1 SDFGVSIAYRBERISAQRDTFTGTENYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMYLHHEKRVA LRGN IN INHRGEVK 1 SDFGVSIAYRBERISAQRDTFTGTENYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMGEIN IN INHRGEVK | SDFGVEIRBERSAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLKAVRTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMESIN IN INHRGEVK | SDFGVEIRBERSAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTARTVPEAYLAAICKQ-VLKGLMY LHHEKRLE IZIRBIMEIN IN INHRGEVK I SDFGVEIRBERSTORD I FTGIFNYMAPER1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTVRTVPEAYLAAICKQ-VLKGLMYLHHEKRLR IzIRMMNGEIN IN INHRGEVK 1 SDFGVSIAXRIBEEISTORD IFTGIFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTARTVPEAYLAAICKQ-VLKGLMYLHHEKRVA RzIRM NG N INHRGEVK 1 SDFGVSIAYRBEEISAQRDTFTGTENYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTARTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMGEIN IN INHRGEVK | SDFGVEIRBEESAQRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTARTVPEAYLAAICKQ-VLKGLMY LHHEKRYARZIRBIMESIN IN INHRGEVK | SDFVVEIREERSAKRDTFTGTFNYMAPER 1 SG
TQCQYVVTCYQCFYVNGVISIALEYMDGGSLADFLMTARTVPEAYLAAICKQ- VLKGLMYLHHEKRVIHRDLKPSNILINHRGEVKISNFGVSAIISSSSAKRDTFTGTFNYMAPERISG

R e e S e e e e **** xxxxx * ** *** -**- ********* *- - - -******** E o S S - ** ** ** ********* *
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MKK1 continued

HVMKK1-2(6H)
TaMKK1-3(7DS)
HVMKK1-1(7H)
HP624471.1
TaMKK1-1(7DS)
AetMKK1-1
TaMKK1-1(4AL)
TuMKK1-1
SCMKK1
TaMKK1-1(7AS)
HP621269.1
TaMKK1-2(6BS)
TaMKK1-2(U)
AetMKK1-2
TaMKK1-2(6AS)
TUMKK1-2

QKHGYRSD IWSLGLVMLECATGNFPYPPCDSFYELFETVVDQPSPSAPTDQFSAEFCSF 1 SACMHKEATNRSSAQTLSAHPFLSMYDDLN IDLAVYFRTAGSPLVTFK* ———-
QKHGYMSD IWSLGLVMLECATGKFPYPPCDSFYELLEAVVDQPPPSAPSDKFSPQFCSFISACMQKNAPDRSYAQLLSAHPFLSMYDNQN IDLSDYFTTAGSPLATFK* ———-
QKHGYMSD IWSLGLVMLECATGNFPYPPRDSFYELLEAVVDQPSPSAPPDQFSAEFCSFVSACIQKNATDRSSAQTLSAHPFLSMYDDLNIDLSDYFTTAGSPLATFKQIAL*
QKHGHLSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSVHPFLSMYDDLNIDLSDYFRTAGSPLATFKQIAL*
QKHGHLSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSVHPFLSMYDDLNIDLSDYFRTAGSPLATFKQIAL™*
QKHGHLSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSVHPFLSMYDDLNIDLSDYFRTAGSPLATFKQIAL™*
QKHGHLSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSAHPFLSMYDDLNIDLSDYFTTAGSPLATFKQIAL*
QKHGYMSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSAHPFLSMYDDLNIDLSDYFTTAGSPLATFKQIAL™*
QKHGYMSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKDAADRSSAQTLSAHPFLSMYDDLNINLSDYFTTAGSPLATFKQIAL*
QKHGYMSD IWSLGLVMLECATGNFPYPPRESFYELLEAVVDQPSPSAPSDQFSPEFCSFISACIQKNAADRSSAQTLSAHPFLSMYDDLNIDLSDYFTTAGSPLATFKQIAL™>
QKHGYMSD IWSLGLVMLECATGNFPYPPRDSFYELLEAVVDQPSPSAPSDQFSPEFCSFISACMQKEATNRSSAQILSAHPFLSMYNDLNIDLADYFRTAGSPLVTFK* ———-
QKHGYMSD IWSLGLVMLECATGNFPYPPRDSFYELLEAVVDQPSPSAPSDQFSPEFCSFISACMQKEATNRSSAQILSAHPFLSMYNDLNIDLADYFRTAGSPLVTFK* ———-
QKHGYMSD IWSLGLVMLECATGNFPYPPRGSFYELLEDVVDQPSPSAPSDQFSPEFCSFISACMQKEATNRSSAQILSAHPFLSMYDDLNVDLAVYFRTAGSPLVTFK* ———-
QKHGYMSD IWSLGLVMLECATGNFPHPPRGSFYELLEDVVDQPSPSAPSDQFSPEFCSFISACVQKKATNRSSAQILSAHPFLSMYDDLNVDLAVYFRTAGSPLVTFK* ———-
QKHGYMSD IWSLGLVMLECATGNFPYPPRDSFYELLEAVVDQPSPSAPSDQFSPEFCSFISACMQKEATNRSSAQILS-VPFLSMYDDLN IDLAVYFRTAGSPLVTFK* ———-
QK== MLECATGNFPYPPRDSFYELLEAVVDQPSPSAPSDQFSPEFCSF I SACMQKEATNRSSAHILS-VPFLSMYDDLNIDLAVYFRTAGSPLVTFK* ——--

*x E R = = S S S FhAkAKk =k KAk Akkhk KAk Ak *=kk =kkhkkk=-)kk==%k * =%k X*=- X% KhIAkKh == K==k= Kk KhkAkkhAkhA Kkhkk
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MKK3

TaMKK3(3B)p
TuMKK3p
HVMKK3-3(6H)
TaMKK3-3(5AL)
TuMKK3-3
TaMKK3-3(5BL)
TsMKK3-3(U)
ScMKK3-3
TaMKK3-3(5DL)
TsMKK3-2(U2)p
BAJ96085.1
AKS50325.1
TuMKK3-2
ScMKK3-1
TsMKK3-2(U1)
HVMKK3-2(5H)
BAU62004 .1
TaMKK3-2(5BL)
TsMKK3-2(B)
AetMKK3-2
TaMKK3-2(5DL)

GXGxxG

MAGLEELKRRLQP I FFDADGNVVPPPAADGTHDDSSSDDCEVTLDGGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMHIFDS VVHRATYVPVHRVLALK[S
MAGLEDLKRRLQP IFFDADGNVVPPPAADGTSDDSSSDDCEV-LDSGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMH I FDS|Y€R KeZaSIS\VAIR 1292N INAVARAVIS IRAVI AV NK
MAGLEDLKRRLQP IFFDADGNAVPPPAADGTSDDSSSDDCEV-LDSGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMH 1 FDS\Y€R KeZaSIS\VAVIR1RV2N RN AVRAVIS IRAVIAV N K
MAGLEDLKRRLQP IFFDADGNVVPPPAADGTSDDSSSDDCEV-LDGGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMH I FDS\YEINEZNIS\VAVAERVAN AV RAVIS IRAVIAV N K
MAGLEDLKRRLQP IFFDADGNVVPPPAADGTSDDSSSDDCEV-LDSGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMH I FDS\UEINEZSSISIVAY R 1272N AV RV S IRAVI AV NK
MAGLEELKRRLQP IFFDADGNVVPPPAADGTSDDSSSDDCEV-LDGGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCSCHDMH I FDS\UEINEZSSIS\VAY R 1272N AV RAVIS IRAVIAV MK
MAGLEELKRRLQP IFFDADGNVVPPPAADGTSDDSSSDDCEV-LDGGTVNLLSRSSDEYN I SKLGFHKRTTRPDGDYATDKAYRCCCHDMH I FDS\UEINEZSSIS\VAY R 1292N AV RAVIS IRAVIAV MK
MSGLEELKKKLQPLLFDDTDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDSGEKAYRCASEDMH I FGPLECINE7ASIS VAVIOIR72N N NRAV5 134 NIV NK
———————————————————————————————————————— MKVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEEINE7AW1S VAVIO1272N Nl NRAV/ 124 FIAVNK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYNINEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEEINE7ASIS \VAVIO]272N Nt NEAVIy 124 NIV NK
MSGLEELKKKLQPLLFDDTDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYNINEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLECINE7ASIS \VAVIO]372N Nt NRAVIy 134 NIV NK
MSGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLECINEZAIS \VAVIO]272N Nt NRAVIy 134 RV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLECSIETANIS VAVIOIRV2N N NRAV/S 134 NIV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLECINE7ASIS VAVIOIRV2N N NRAV/S 134 NIV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLECINEZASIS \VAVIO]272N Nt NEAVIy 134 NIV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYNINEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEENIEZANIS \VAVIO]272N Nt NRAVIy 134 NIV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEENIEANIS \VAVIO]272N Nt NRAVIy 124 NIV NK
MAGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEESIETANIS VAVIOIRV2N Nt NRAV/S 134 NIV NK
MSGLEELKKKLQPLLFDDSDKGGVSTRVP---FPEDTCDSYVVSDGGT INLLSRSFGEYN INEHGFHKRSTGPEEPDTGEKAYRCASEDMH I FGPLEEINETASIS \VAV(OIR2N N NEAVAa 24 RV NK
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MKK3 continued

TaMKK3(3B)p
TuMKK3p
HVMKK3-3(5H)
TaMKK3-3(5AL)
TuMKK3-3
TaMKK3-3(5BL)
TsMKK3-3(U)
ScMKK3-3
TaMKK3-3(5DL)
TsMKK3-2(U2)p
BAJ96085.1
AKS50325.1
TuMKK3-2
ScMKK3-1
TsMKK3-2(U1)
HVMKK3-2(5H)
BAU62004 .1
TaMKK3-2(5BL)
TsMKK3-2(B)
AetMKK3-2
TaMKK3-2(5DL)

INIFEKEKRQQUILNEIRTLSAASCYPGLVEFQGVFYTPDSGEI'YFALEYMDGGSLAD I IRVKKFITEPVLSHMLQKVLLALRYLHEVRR Y ING\NINEENL KGDTK1TDFGY
ISIFDKEKRQQILNEITTLSAASCYPGLVEFQGIFYTPDSGEI'YFALEYMDGGSLAD I IRVKKFITEPVLSHMLQKVLLALRYLHEVRR Y0 ING\NINEENL KRDTK1TDFGY
ISIFDKEKRQQILNEITTLSAASCYPGLVEFQGIFYTPDSGE1'YFALEYMDGGSLAD I IRVKKF I TEPVLSHMLQKVLLALRYLHEVRR[IYIX) INGZ\NNREN| KGDTK I TDFGV
INIFDKERRQQILNEIRTLSAASCYPGLVEFQGVFYTPDSGE 1 YFALEYMDGGSLAD I IRVKKF I TEPVLSHMLQKVLLALRYLHEVRRIYIX) INGZ\NNREN| KGDTKI TDFGV|
INIFDKERRQQUILNEIRTLSAASCYPGLVEFQGVFYTPDSGEI'YFALEYMDGGSLAD I IRVKKFITEPVLSHMLQKVLLALRYLHEVRR MY ING\NINEENL KGDTK1TDFGY
IN-FEKEKRQQILNEIRTLSAASCYPGLVEFQGVFYTPDSGE I YFALEYMDGGSLAD I IRVKKFITEPVLSHMLQKVLLALRYLHEVRRMYaIx{®I INGZWNINEENL KGDTK1TDFGY
INIFDKEKRQQUILNEIRTLSAASCYPGLVEFQGVFYTPDSGEI'YFALEYMDGGSLAD I IRVKKFITEPVLSHMLQKVLLALRYLHEVRR Y0 ING\NINEEN| KGDTK 1 TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISTALEYMDGGSLADV IRVKKS IPEPVLAHMLLKVLLGLKY LHEVRHRYIXBIMZNNI IRUNL KGEAK I TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IKVKKS I PEPVLAHMLLKVLLGLKYLHEARH BRI MGV FRYUNL KGEAK I TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IKVKKS I PEPVLAHMLQKVLLGLKYLHEVRH RGN MGV MRYK | KGEAKI TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IKVKKS IPEPVLAHMLQKVLLGLKY LHEVRHRYR{EN\NINRYINL KGEAK I TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IRVKKS IPEPVLAHMLLKVLLGLKY LHEVRHRYR{ENZNI IRYNL KGEAK T TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISTALEYMDGGSLADV IRVKKS I PEPVLAHMLLKVLLGLKY LHEVRHRYIXBIMZNN IRUNL KGEAK I TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISTALEYMDGGSLADV IKVKKS I PEPVLAHMLLKVLLGLKY LHEARHBYIXBIMZNNI FRUNL KGEAK I TDFGV
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IKVKKS I PEPVLAHMLLKVLLGLKY LHEARHRYRIH MW RN KGEAK 1 TDFGLEIAEI R
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IRVKKS IPEPVLAHMLLKVLLGLKY LHEVRHRYER{IEGENI IRYNL KGEAK 1 TDFGVSIAEI D,
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IRVKKS IPEPVLAHMLLKVLLGLKY LHEVRHRYER{BIEGENI IRYNL KGEAK 1 TDFGVSIAEIHD;
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISIALEYMDGGSLADV IRVKKS ISEPVLAHMLLKVLLGLKY LHEVRHRYERBINGZNI IRUNL KGEAK | TDFGVEIAEIRS
INIFEKEKRQQILNEMRTLCEASCYPGLVEFQGAFYMPDSGQISTALEYMDGGSLADV IRVKKS IPEPVLAHMLLKVLLGLKY LHEVRHRYZIRBIMZANI IRVUNL KGEAK 1 TDFGVSIIE] "D,
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MKK3 continued

TaMKK3(3B)p
TUuMKK3p
HVMKK3-3(5H)
TaMKK3-3(5AL)
TuMKK3-3
TaMKK3-3(5BL)
TSMKK3-3(U)
ScMKK3-3
TaMKK3-3(5DL)
TSMKK3-2(U2)p
BAJ96085. 1
AKS50325 .1
TUMKK3-2
ScMKK3-1
TSMKK3-2(U1)
HVMKK3-2(5H)
BAU62004 . 1
TaMKK3-2(5BL)
TSMKK3-2(B)
AetMKK3-2
TaMKK3-2(5DL)

—————————————————————————————————————————————————————————————————————————————————————————— PDARPTCEQLLSHPFIKRYEEAGVDLAAYV
EIIMAMRATFVGTVTYMLPERIRGDNYLYAAD IWSLGLTVLECATGKFPYDFSEGPTNLMLQILDDPSPTPPEDAYSPEFRSFIDDCLQKEPDARSTCEQLLSHPFIKRYEEAGVDLAAYV
DN I TMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVSGGEADLMLQ I LEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCDQLLSHAF IKKYEGPGVDLAEYN
DRVTMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVNGGEADLMLQ I LEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCNELLSHSFIKKYEGPGVDLAEYN
BNVTMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVNGGEADLMLQILEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCNELLSHSFI1KKYEGPGVDLAEYN
BNVTMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVNGGEADLMLQILEDPSPTPPQHMHSEEFCLF IDACLQKDADARPTCDELLSHSFIKKYEGPGVDLAEYN
DRVTMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVSGGEADLMLQ I LEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCDELLSHSFIKKYEGPGVDLAEYN
DRVTMCTTFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVSGGEADLMLQ ILEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCDQLLSHAF IKKYEGPGVDLAEYN
DRVTMCATFLGSVTYMSPERIRNENYSYAAD IWSLGLTALECATGRYPYDVNGGEADLMLQ I LEDPSPTPPQHMHSEEFCSF I DACLQKDADARPTCDQLLSHSFIKKYEGPGVDLAEYN
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPADGYTPEFCSFINDCLRKDADARPTCEQLLSHAFIKRYEQTGVDLAAYV
NMIMAMCATFVGTVTYMSPER IRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSF INDCLRKDADARPTCEQLLSHPFIKRYEETRVDLAAYV
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPTPPEDAYTPEFCSF INDCLRKDADARPTCEQLLSHPFIKRYEQTGVDLAAYV
NMIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPTPPEDAYTPEFCSF INDCLRKDADARPTCEQLLSHAFIKRYEQTGVDLAAYV
NMIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPADGY TPEFCSFINDCLRKDADTRPTCEQLLSHPFIKKYEPTGVDLAAYV
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSFINDCLRKDADARPTCEQLLSHPFIKKYEPTGVDLAAYV
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSFINDCLRKDADARPTCEQLLSHPFIKRYEETGVDLAAYV
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSF INDCLRKDADARPTCEQLLSHPFIKRYEETRVDLAAYV
NMIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSF INDCLRKDADARPTCEQLLSHPFIKRYEQTGVDLAAYV
NMIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAY TPEFCSF INDCLRKDADARPTCEQLLSHPFIKRYEQTGVDLAAYV
NIMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSF I KDCLWKDADARPTCEQLLSHPFIKRYEQTGVDLAAYV
NMUMAMCATFVGTVTYMSPERIRNENYSYAAD IWSLGLT ILECATGKFPYNVNEGPANLMLQ I LDDPSPAPPEDAYTPEFCSFINDCLRKYADARPTCEQLLSHPFIKRYEQTGVDLAAYV

K=k Kk - -Kkhkhk Khkk-Kkk **k*k X

Additional File 8 — Triticeae MKK alignments
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MKK3 continued

TaMKK3(3B)p
TuMKK3p
HvMKK3-3(5H)
TaMKK3-3(5AL)
TuMKK3-3
TaMKK3-3(5BL)
TsMKK3-3(U)
ScMKK3-3
TaMKK3-3(5DL)
TsMKK3-2(U2)p
BAJ96085.1
AKS50325.1
TuMKK3-2
ScMKK3-1
TsMKK3-2(U1)
HVMKK3-2(5H)
BAU62004 .1
TaMKK3-2(5BL)
TsMKK3-2(B)
AetMKK3-2
TaMKK3-2(5DL)

CIEAAVID IS N =STM0) | AEMLAVHYYLLFNGSDGSWNHMKTLYMEESSFSFLGNVCVEQSV IFDTLST IRNKLKGDQPGGG I VHVVEKITHYGANGERE I TVRVFGPF 1VGNQFLVLGEGLQAEG
CIEVAV\ RN SNE O | AEMLVVHYYLLFNGSDGSWHHMETPYMEESSFRFSRNVYVGQSAIFDTLST IRNKFKGDQPSGG I FHVVEKIHCGADGERE I TVRVSGSF 1 VGNQFL I LGEGLQAEG
SR IDI SIS N ITE) | AHMLAVHYYL I FDGGDDQWCHMKSFYEQDSTFSFSEETHFGKSD IFDTLSR IREMLKDNSRCKK I GRVMEKVYCRAHGEEGMSVRVSGSF IMGNEFLVCADGFCVEG
KSVHDPAERLSQLEA WA NAYE FEEr e L et HMKSFYGQDSTFSFSGETHVGKSD I FDTLSR IREMLKGNSRCEK I GRVMEKVYCRAHWEEGMSVRVSGSF IMGNEFLVCADGFCAEG

KSVHDPAERLSQUEGIIWAGNATE FEEste et HMKSFYGQDSTFSFSGETHVGKSD IFDTLSR IREMLKGNSRCEK I GRVMEKVYCRAHGEEGMSVRVSGSF IMGNEFLVCADGFCAEG
RSV IDIEPN= 3 IS]0 | AHMLAVHYYL I FDGGDDQWHHMKSFYGQDSTFSFSGETHVGKSD I FDTLSR IREMLKGNSRCEK 1 GRVMEKVY -RAHGEEGTSVRVSGSF IMGNEFLVCADGFCAEG
RSVAR DIV T8 | AHMLAVHYYL I FDGGDDQWHHMKSFYGQDSTFSFSGETHVGKSD IFDTLSR IREMLKGNSRCEK I GRVMEKVY -RAHGEEGMSVRVSGSF IMGNEFLVCADGFCAEG
(SR IDI SIS N ITE) | AHMLAVHYYL I FDGGDDQWRHMKSFYGQDSTFSFSGETHVGKSD IFDTLSR IREMLKGNSRCEK I GRVMEKVYCRAHGEEGMSVRVSGSF IMGNEFLVCADGFCAEG
(SR IDl SN N BTe) | AHMLAVHYYL I FDGGDDQWRHMKSFYGQDSTFSFSGETHVGKSD IFDTLSR IREMLKGNSRCEK I GRVMEKVYCRAHGEEGMSVRVSGSF IMGNEFLVCADGFCAEG
RDVVNPTERLKQIAEMLAVHYYLLFNGSEGPWNYMKTFYKEESSFSFSGNVYVGQSAIFDTLSNIRKKLKGDRPREK 1VHVVEKLHCRAKWGNRNCYPCVWI THHGQP————————————
RGVVNPTERLKQIAEMLAVHYYLLFNGSEGPWNHMKTFYREESSFRYLRRCYIL*-——— - -
NEAAN SR NS NENO | AEMLAVHYYLLFENGSEGPWNYMKTFYKEESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGETE TAIRVSGSF I TGNQFL 1 FGEGLQAEG
(NEAN SR NS NE O | AEMLAVHYYLLFNGSEGPWNYMKTFYKEESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGETE IAIRVSGSF I TGNQFL 1 FGEGLQAEG
(NEAN SR NS NE O | AEMLAVHYYLLFDGSEGPWNHMKTFYKEESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGESE IAIRVSGSF I TGNQFL I FGEGLQAEG
NAAVN SN WNO | AEMLAVHYYLLFDGSEGPWNHMKTFYKEESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREKTVHVVEKLHCRANGESE IAIRVSGSF I TGNQFL I FGEGLQAEG
INAAVN RN WNO | AEMLAVHYYLLFDGSEGPWNHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREKTVHVVEKLHCRANGETE TAIRVSGSF I TGNQFL I FGEGLQAEG
NEAN SR NS NENO | AEMLAVHYYLLFNGSEGPWNHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGETE IAIRVSGSF I TGNQFL 1 FGEGLQAEG
(NEAVN SR N SINEE | AEMLAVHYYLLFNGSEGPWNHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGETE TAIRVSGSF I TGNQFL I FGEGLQAEG
(NEAN SR NS NE O | AEMLAVHYYLLFNGSEGPWNHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREK I VHVVEKLHCRANGETE IAIRVSGSF I TGNQFL 1 FGEGLQAEG
NEAAVN SN MNO | AEMLAVHYYLLFNGSEGPWNHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREKTVHVVEKLHCRANGETE ITAIRVSGSF I TGNQFL I FGEGLQAEG
AN SN =N MNO | AEMLAVHYYLLFNGSEGPWDHMKTFYREESSFSFSGNVYVGQSAIFDTLSN IRKKLKGDRPREKTVHVVEKLHCRANGETE ITAIRVSGSF I TGNQFL 1 SGEGLQAEG

* =k =k Kk KAk Kk KXkkAk-% =k== X ==k=-k =

Additional File 8 — Triticeae MKK alignments

Page 7 of 16



MKK3 continued

TaMKK3(3B)p
TuMKK3p
HVMKK3-3(5H)
TaMKK3-3(5AL)
TuMKK3-3
TaMKK3-3(5BL)
TsMKK3-3(U)
ScMKK3-3
TaMKK3-3(5DL)
TsMKK3-2(U2)p
BAJ96085.1
AKS50325.1
TuMKK3-2
ScMKK3-1
TsMKK3-2(U1)
HVMKK3-2(5H)
BAU62004 .1
TaMKK3-2(5BL)
TsMKK3-2(B)
AetMKK3-2
TaMKK3-2(5DL)

MPSLDELTVDIPRIRVGQFREQFIMQPGISMECYY ISRQDLY 108
MPGPDELA 1D IPSNRAGQFREQF IMQPGISMECYY IPRQDLY I Sieigls
MLSIVEISPDILSKQACHFQEDFFMEPGTAMGCYV ISRQELH I [ hel
MLSMVELSPD I LSKQAGHFQEDFFMEPGTAMGCYV ISKQELH I Sl
MLSMVELSPD I LSKQAGHFQEDFFMEPGTAMGCYV I SKQELH 1{ei%5
MLS1VELSPD I LSKQAGHFQEDFFMEPGTAMGCYV ISRQELH I{ei%S)
MLSM-ELSPD I LSKQAGHFQEDFFMEPGTAMGCYVISRQELH I &S
MLSIVELSPD I LSKQAGHFQEDFFMEPGTAMGCYV ISRQELH ISl
MLSIVELSPD I LSKQAGHFQEDFFMEPGTAMGCYVISRQELH I &Sl

MPSLEEIDIDIPSKRVGQFREQFTVHPGTSMGCYY IARQDLY 1 LIok\
MPSLEEIDI1DIPSKRVGQFREQFTVHPGTSMGCYY IAKQDLY 1\{o8
MPSLDE IGVDIPSKRVGQFREQFTVLPGTSMGCYY IAKQDLY 1\{o8
MPSLDE IGVD IPSKRVGQFREQFTVLPGTSMGCYY IAKQDLY 1o 5
MPSLDEIDIDIPSKRVGQFREQFTVHPGTSMGCYY IAKQDLY 10Nk
MPSLDEID 1D IPSKRVGQFREQFTVHPGTSMGCYY IAKQDLY 1 LIoNH
MPSLDGIDIDIPSKRVGQFREQFTVHPGTSMGCYY IAKQDLY 1\{o8
MPSLDGIDIDIPSKRVGQFREQFTVHPGTSMGCYY IAKQDLY 1\{o8
MPSLDEINIDIPSKRVGQFREQFTVLPGTSMGCYY IAKQDLY 1\ 5
MPSLDEINIDIPSKRVGQFREQFTVLPGTSMGCYY IAKQDLY 1\o 5

Additional File 8 — Triticeae MKK alignments
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MKK4

AK374401.1
TSMKK4(U)
HVMKK4 (6H)
TaMKK4(6AL)
TaMKK4(6DL)
ScMKK4
TaMKK4(6BL)
TuMKK4
AetMKK4

AK374401.1
TSMKK4(U)
HVMKK4 (6H)
TaMKK4(6AL)
TaMKK4(6DL)
ScMKK4
TaMKK4(6BL)
TuMKK4
AetMKK4

AK374401.1
TSMKK4 (V)
HVMKK4(6H)
TaMKK4 (6AL)
TaMKK4(6DL)
ScMKK4
TaMKK4 (6BL)
TuMKK4
AetMKK4

GXGxXG
MRPGGPPNARPGLQPQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPS---SSGSGSGSGGASSMPMPMSMTPPNSAGSAPPAPPPLDELERVRRYeRIe7Nelea aVATIRYI{ZV
MRPGGPPNARPGLQQQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPSSTSSSG--SGSGGASSMPMPMSMTPPNSAGSAPPAPPPLGELERVRR GHGAGGTVWLVRHAP
MRPGGPPNARPGLQPQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPS---SSGSGSGSGGASSMPMPMSMTPPNSAGSAPPAPPPLDELERVRRYeRIe7Nelea aVATIRYI{zV
MRPGGPPNARPGLQQQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPSSTSSSGSGSGSGGASSMPMPMSMTPPNSAGSAPPAPPPLGELERVRRYES]e7Ateleq AVAUMVia{zVil

MRPGGPPNARPGLQQQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPSSTSSS-—---GSGGASSMPMPMSMTPPNSAGSTPPAPPPLGELERVRRYGSNCICA ARV IV
------------------------------------------------------------------------- MPMPMSMTPPNSAGSAPPAPPPLGELERVRRYESSASRV AV
MRPGGPPNARPGLQQQQPGTPGRARRRPDLTLPLPQRDLTSLAVPLPLPPPPSSAPSSTSSSGSGSGSGGASSMPMPMSMTPPNSAGSAPPAPPPLGEL ERVRRYGINCNING N
------------------------------------- XXHXK = = = === == XXXXXXXXX XXX GGRSRGRSPSCARRS - TRPSCAATAC- - - — —————~TSRPASCRSCSSTWTAGRWT
------------------------------------- XXX == m e XXXXX X mm = = o s XXXXXXXXXKCOKKOOCCXXX

Kh = mkhkhk AEAAAAA FAAXAAkAXAXkAXAkAidkk R R Rk e o

————— AAAAAGPRRPAVLTARHNK-----SSWDGSLDGRWPAAR
LNQUIUMESNSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCAICYSESPAAPPTASPELRSF 1 SCCLQKNPAKRPSAAQLLQHRFIASP
LNQUIUMZESMNSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCAICYSESPAAPPTASPELRSF 1 SCCLQKNPAKRPSAAQLLQHRFIASP
LNQLLBIZSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCA1CYSESPAAPPTASPELRSF I SCCLQKNPAKRPSAAQLLQHRFIASP
LNQILBIZSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCA1CYSESPAAPPTASPELRSF I SCCLQKNPAKRPSAAQLLQHRFIASP
LNQILBIZSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCAICYSESPAAPPTASPELRSF I SCCLQKNPAKRPSAAQLLQHRFIASP
LNQUIUMESNSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCAICYSESPAAPPTASPELRSF I SCCLQKNPAKRPSAAQLLQHRFIASP
LNQUIUMZESNSISVGT IAYMSPERINTDLNDGNYNGYAGD IWSFGLS I LEFYLGRFPLGE-NLGKQGDWAALMCAICYSESPAAPPPASPELRSF 1 SCCLQKHPAKRPSAAQLLQHRFIASP
LNQTMDPCNSSVGTIAYMSPERINTDLNDGNYNGYAGDIWSFGLSILEFYLGRFPLGE NLGKQGDWAALMCAICYSESXXXXXXXXXXXRSFISCCLQKNPAKRPSAAQLLQHRFIASP

****************************** **x -k **x - - -- -k * * - K-

Additional File 8 — Triticeae MKK alignments
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MKK4 continued

AK374401.1
TSMKK4 (V)
HVMKK4(6H)
TaMKK4 (6AL)
TaMKK4(6DL)
SCMKK4
TaMKK4(6BL)
TuMKK4
AetMKK4

PQQQQPQVLAAPPC*
PQ-QQPQVLAAPPCQ
PP-QQPQALAAPPC*
PQ-QQPQALAAPPC*
PQ-QQPQVLAAPPC*
PQ-QQPQVLAAPPC*
P-PQQPQALAAPPC*
PPPQQPQALAAPPC*

PPATINQVGMERX

Additional File 8 — Triticeae MKK alignments
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MKKS

TuMKK5
AetMKK5
TsMKK5(U1)
TsMKK5(U2)
TaMKK5(7AS)
TaMKK5(7BS)
TaMKK5(7DS)
ScMKK5p
HVMKK5 (7H)
AK370268

TuMKK5
AetMKK5
TsMKK5(U1)
TsMKK5(U2)
TaMKK5(7AS)
TaMKK5(7BS)
TaMKK5(7DS)
ScMKK5p
HVMKK5(7H)
AK370268

TuMKK5
AetMKK5
TsMKK5(U1)
TsMKK5(U2)
TaMKK5(7AS)
TaMKK5(7BS)
TaMKK5(7DS)
ScMKK5p
HVMKK5 (7H)
AK370268

Additional File 8 — Triticeae MKK alignments

GXGxxG
———————————— P00 S e 0.0.0.0 0.000.00 0.0 000000 0.000.000.000.000000.00000000 000000000 0.00000 00000000000 0000000000000000000000.001

MRPAGGS--LP--A--QPGTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPTAAPLPGP-—-—==—— === —— APPAAAAPPPPPLHELERVRRYE
MRPAGGS--LP--A--QPGTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPTAAPP-TG-—-—-- AGPAQ--——————- PLVAPPAAAPPPPPLHELERVRRYes]erelen AATIAY 137
MRPAGIS--LP--A--QPGTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPTAAPP-————————- GAAQ-———————- PLVAPPAATPPPPPLHELERVRRAeSIerAelen R VAVIa{z 372}
MRPAGGGSSLP--AQPGPGTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPTAAPP--G—-—--- AGPAQ---—-—--- PLVAPPA---PPPPLHELERVRR\eS]ereleq ATV 372
————————————————————————————————————————————————— PPAPPAAAPLPG------AGPAQ---—------PLAAP-----PPPPLHELERVRRYes]erXelen avlliAvie] 5372
MRPAGTSSSLP--AQP--GTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPP-—== === === e e e e e e
MRPAGTSSSLP--AQP--GTPGRPRRRPDLTLPMPQRPDVSSSLAVPLPLPPPTTAPPAGA-—-—-- TGPAQ-———————- PLAAP———-—- PPPPLHELERVRRieSieraelen R ATIVAY atz a4

DwK
KXHKXXHKXHKAXXHKXHKHKXHKARXHKXKAKHKAXXHKXHAKXHKAXXHKXHKAXXHKXXHKXHKAXXHKAXXAKXKAXXAKAXKAKKXKAXXAKXKXXPDEPFLAHVARQVLSG TAY LHRRHAY 3 1a0d NGEINME IDSARRVK IADFGVGRI
KXHKXXHKXHKAXXHKXHKHKXHKARXHKXKAKXHKAXXHKXHAKXHKAXXHKXHKAKXHKXXHKXHKAXXHKAXHXAKAXKAKXAKAXKAKXKAXX KRR TADEPFLAHVARQVLSG TAY LHRRH A3 1a{0d BNGEINME IDSSRRVK IADFGVGRI
TGRAYALKVLYGHHDEAVRRQITREIAILRTAEHPSIVRCHGMYEQAGELQILLEYMDGGSLDGRRIASEAFLADVARQVLSG IAYLHRRHLAY A NGRINIME IDSG-RVK 1 ADFGVGRI
TGRAYALKVLYGHHDEAVRRQITREIAILRTAEHPSIVRCHGMYEQAGELQILLEYMDGGSLDGRRIASEAFLADVARQVLSG IAYLHRRHLAY A NGRINIME IDSG-RVK 1 ADFGVGRI
TGRCYALKVLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRR IADEPFLAHVARQVLSG IAY LHRRH|AYa(3{02 BNGE\ME IDSARRVK IADFGVGRI
TGRCYALKVLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRR IADEPFLAHVARQVLSG IAY LHRRH|AYa(3{02 BNGE\ME IDSARRVK IADFGVGRI
TGRCYALKVLYGNHDDTVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRR IADEPFLAHVARQVLSGIAY LHRRH| A0 BNGE\IME IDSSRRVK IADFGVGRI
TARRYALKVLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRRIADEPFLAHVARQVLSG IAY LHRRH{AzlZA NGSINMN IDSARRVKTADFGVGRI
TARCYALKVLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRRIADEPFLAHVARQVLSG IAY LHRRH{ AR BNGEINMN IDSARRVKTADFGVGRI
TARCYALKVLYGNHDDAVRRQIAREIAILRTAEHPAVVRCHGMYERGGELQILLEYMDGGSLDGRR IADEPFLAHVARQVLSGIAY LHRRH| N3P LGS\ INE IDSARRVK IADFGVGRI

K KEEA AEAXEAAXEAAXAEAAXAAAXAAAAAAXAXAAXAXAX)kAh*d*k R Rk ko

LNQUIUMZESNSISVGTIAYMSPERINTD INDGAYDGYAGD IWSFGLS I LEFYLGRFPFGENLGXX XXX X XXX XAXXKKXARK = === === m e XXXXXXSS*
LNQUIUMIESNSISVGTIAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF I ACCLQKNPANRLSAAQLLQHPFVALPQPQPLAAPPSS™
LNQILUBIZMNSSVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAI1CYSDPPEPSPATASPEFRGF IACCLQKNPANRLSAAQLLQHPFVALPQPQPLAAPPS™ -
LNQILUBIZOMNSISVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF I ACCLQKNPAKRLSAAQLLQHPV-ALPQPQPLAAPPSS™*
LNQILUBIZNSSVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAI1CYSDPPEPSPATASPEFRGF IACCLQKNPANRLSAAQLLQHPFVALPQPQPLAAPPSS™
LNQUIUMIESNSISVGTIAYMSPERINTD INDGAYDGYAGD IWSFGLS I LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF IACCLQKNPANRLSAAQLLQHPFVALPQPQPLAAPPS™ -
LNQUIUMIESNSISVGTIAYMSPERINTD INDGAYDGYAGD IWSFGLS I LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF I ACCLQKNPANRLSAAQLLQHPFVALPQPQPLAAPPSS™
LNQULBIZMNSISVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAILCYSDPPEPSPATASPEFRGF I ACCLQKNPAKRLSAAQLLQHPFVALPQPQPLAAPPS* -
LNQULBIZMNSISVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS 1 LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF I ACCLQKNPAKRLSAAQLLQHPFVALPQPQPLAAPPS* -
LNQUIUPIESNSISVGT IAYMSPERINTD INDGAYDGYAGD IWSFGLS I LEFYLGRFPFGENLGRQGDWAALMVAICYSDPPEPSPATASPEFRGF IACCLQKNPAKRLSAAQLLQHPFVALPQPQPLAAPPS™ -

AE A A A A A A AT AA A A A AAAAXAAAAXAAAXAAXAXAAAXAAAXAAAAIAAXAAAAAAA XA AAAAAddddhi - -
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MKK6

TuMKK6
AK333543.1
TaMKK6(4BL)
ScMKK6
AK250233.1
HVMKK6 (4H)
TSMKK6(R)
TaMKK6 (4AL)
TaMKK6(4DL)
AetMKK6

TUMKK6
AK333543.1
TaMKK6 (4BL)
SCMKK6
AK250233.1
HVMKK6 (4H)
TSMKK6(R)
TaMKK6 (4AL)
TaMKK6 (4DL)
AetMKK6

TUMKK6
AK333543.1
TaMKK6 (4BL)
SCMKK6
AK250233.1
HVMKK6 (4H)
TSMKK6(R)
TaMKK6 (4AL)
TaMKK6 (4DL)
AetMKK6

GXGxxG
MRGKKPLKEL--SVPAQETPVDKFLTASGTFKDGELRLNQRGLQL ISEENGDEHQSTKMKVEDVQLSMDDLEM 1QV]IeINeR e{eiVA{o] RY/a{: I\ 71N <
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIe]N e ele\VAY o] RV EI\YeR i BTN ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIejN e eleiVAY o] RV EI\YeR i TN ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIe]NerieleiVAY o] RV EI\YeR i BTN ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL ISEENGDEHQSTKMKVEDVQLSMDDLEM 1QV]IeINeR e{eiVA{o] RY/a{z I\ N 71N <
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL ISEENGDEHQSTKMKVEDVQLSMDDLEM 1QV]IeINeR e{eiVA{o] RV I\ N 71N <
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIe]NerRieleVAYe] RV I\ eR i BTN ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIejN e ele\VAY o] RV EI\Y/eR i DTN ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL I SEENGDEHQSTKMKVEDVQLSMDDLEM 1QVLIe]NeReleivAYo] RV/2ETN\Yea i STV N ¢
MRGKKPLKELTLSVPAQETPVDKFLTASGTFKDGELRLNQRGLQL ISEENGDEHQSTKMKVEDVQLSMDDLEM 1QV]IeINeRe{eiVA{o] RY/a{: [\ N 71N <

R R R e e S e S e S

1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELKI
1QMN 1QESVRKQIVQELK
1QMN 1QESVRKQIVQELKI

R R e R e R e

*x *h KXk *x

NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKT ILEPYLAVLCKQVLEGLLYLHHERH
NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKT ILEPYLAVLCKQVLEGLLYLHHERH
NQATQSPHIVLCHQSFYHNGVI1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERH
NQATQSPHIVLCHQSFYHNGVI1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERH
NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERHYARzIa{® LGRINMRVNHKGEVK I TDFGVSIAIESN I GORDTFVGTYNYMAPERI
NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERHYARzIa{® LGRINMRVNHKGEVK I TDFGVSIAIESN I GORDTFVGTYNYMAPERI
NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKT ILEPYLAVLCKQVLEGLLYLHHERH\YA LI INGSINMRYNHKGEVK 1 TDFGVEIANEASE | GORDTFVGTYNYMAPER
NQATQSPHIVLCHQSFYHNGVI1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERHYA IR NGRINIRRYNHKGEVK I TDFGVEIUNASN 1 GCORDTFVGTYNYMAPERI
NQATQSPHIVLCHQSFYHNGVI1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERHYA IR BGRINIRRYNHKGEVK I TDFGVEIYNASN 1 GCORDTFVGTYNYMAPERI
NQATQSPHIVLCHQSFYHNGV1YLVLEYMDRGSLAD I IKQVKTILEPYLAVLCKQVLEGLLYLHHERHYAIZRPLLGSININRVUNHKGEVK I TDFGV SIS 1 GORDTFVGTYNYMAPERI

AAE A A I A A KE A A A A A AT A AR A AR A AR A A A A A A A A A A AR A AR A AR A AR A AR A AR A AR A AR AA A AR A AA A AA A AA A AA A AA A AAEAAAAAAAAXAAAAAAAAAXAAAXAAAAAAAAA XA LA XA AL XA L d%

Lal2{0) INGSINIMRYINHKGEVK 1 TDFGVSIAWIERE] I GORDTFVGTYNYMAPERI
Lal2{0) INGSINIMRYINHKGEVK 1 TDFGVSIAWYEERE] I GORDTFVGTYNYMAPERI
R3] FNGRIN|MRVNHKGEVK I TDFGVSIXYESN] I GORDTFVGTYNYMAPERI
R3] GRINMRVINHKGEVK I TDFGVSIXYESN] I GORDTFVGTYNYMAPERI

SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDIWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLRILVESLEQPMNVPE™
SGSSYDYKSDIWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLRILVESLEQPMNVPE™
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERKSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERKSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERKSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERKSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
SGSSYDYKSDVWSLGLVILECAIGRFPYTPPEGEGWLSFYELLEAIVDQPPPSAPADQFSPEFCSFISSCIQKDPAERMSASELLNHAFIKKFEDKDLDLR ILVESLEQPMNVPE*
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MKK10

TuMKK10p
AetMKK10p
HVMKK10(1H)p
ScMKK10p
BAJ94499 .1
HVMKK10-2(4H)
TaMKK10-2(4AS)
TSMKK10p
TaMKK10-2(4BL)
TaMKK10-2(4DL)
TuMKK10-1/3

TaMKK10-1/3(4BSc1)
TaMKK10-1/3(4BSc4)
TaMKK10-1/3(4BSc5)
TaMKK10-1/3(4DSc2)
TaMKK10-1/3(4BSc3)

HVMKK10-1/3(U)

TaMKK10-1/3(4AL)
TaMKK10-1/3(4BSc2)
TaMKK10-1/3(4DSc1)

AetMKK10-5
HVMKK10-5(4H)
TaMKK10-5(4DS)
TaMKK10-5(4AL)
TaMKK10-5(4BS)
HVMKK10-4(4H)
TaMKK10-4(3B)
TaMKK10-4(4BS)
TaMKK10-4(4DS)

TaMKK10-4(4ALc2)
TaMKK10-4(4ALc1)

TuMKK10-4

GXGxXG
MAAARX XXX == === — e e e e e e XXXXKXKK === e ——— XXXXXX = =X XXX XXXXXXX
MAAARERRLPQLHLTLDAPTWAFRC—-———-—=——————— PAPAPVTAATPSTSAAPPRRGVRRKD I HXXXXXXXXXXXXXXXXHKHXHKHKXHKHXXHKHXXHXHXKHXKKK = = XXX == XXXXXX

MALVRQRR-QLPHLTLPLDHFALRA-———=——————— P-PPPPPA--A-————- APCEGLPRLSDYER 1 SQ[Nefo[el\eleg AV AN 1N — — SIRSIO 1AM FAAGDGDPSAAREAEIL
MALVRQRR-QLPHLTLPLDHFALRA-———=——————— P-PPPPPA--A-————- APCEGLPRLSDYER 1 SQ[Nefolel\eleg AV AN X — — RIRSIO 1AM FAAGDGDPSAAREAEIL
MALVRQRR-QLPHLTLPLDHFALRA--—==—==———- P-PPPLPP-AV---APCAPAEGLARLSDYER 1 SQ[Re{o[elNelea RV \a{a 12 - - AP0 I\BMNI FAAGDGDPSAAREAEIL
MALVRQRR-QLPHLTLPLDHFALAR--===—===———- P-P-PPPP-AV---APC---EGLARLSDYER 1 SQ|Re{o/e{Nelea RV 2z 13- - R PNO[ON/NBN FAAGDGDPSAAREAEIL
MALVRQRR-QLPHLTLPLDHFALRA--—==—=————- P-PP-PPP-AV---APC---EGLARLSDYER 1 SQ|Re{o[e{Nelea RV C\a{a 12 - - R PNO[ON/NBN FAAGDGDPSAAREAEIL
MALVRQRR-QLPHLTLPLDHFALRA-———=——————— P-PPPPPP-AV---APC---EGLARLSDYER I SQNefolel\[eleg i\ & 2z 1x - —RAVNOIO\/\HMN FAAGDGDPSAAREAEIL
MAAARERRLPQXXXXXXXXKXKXKX KX KX KXKXAKXAKXAKKA === == === X == XXXXXXXXXXKK = === === XX XXXKXKXKXKRKK == XX = XXXXKXKXKKK ==X = === XXXXXX
MASSRNQGR--TKPSLPHRPTAALTSASLAGAPTPRRPRPPPRRRCPASSASLTSTSSPSW-—-—==——-- AAGTAAPSTRSAIGR--RARALYALKVQHYG--DPAAAAKADVL

MALIREKRLPQLHLSLPVPPRAAAQELGV----LGRRPNPAVAPAPTATKASTPSGLSSQFRLADFEKLAV|ReNENele RAT QMG 1N- - SNV R NN/ QHYG--DPAAANEADVL
MALIREKRLPQLHLSLPVPPRAVAQELGV----LGRRPNPAVAPAPTATKASTPSALSSQFRLADFEKLAV|ReINEN el RATQYAG 1N - SRTAARENRN/QHYG--DPAAAAEADVL
QHYG--DPAAAAEADVL
QHYG--DPAAAAEANIL
QHYG--DPAAAAEADVL
QHYG--DPAAAAEADVL
QHYG--DPAAAAEADVL
QHYG--DPAAAAEADVL

-MALREKRLPQLHLALPVPSRAAAQELGV----LGRRPNP
MAMIREKRLPQLHLALPVPSRAAAQDLAV----1ARRTNP
MALIREKRLPQLHLALPVPSRAAAQELGV----LARRPNP
MALIREKRLPQLHLALPVPSRAAAQELGV----LGRRPNP
MAL IREKRLPQLHLALPVPSRAAAQELGV----LGRRPNP

MAAARERRLPQLHLTLDAPTWAFRC-—-——-————————- PAPAPVTAATPSTXXXXXXXXXXX XX XX XK XKXKXKXKX KX KX KKK == XXAKXK === XXXX = X ==X === =XXXXXX
MAAARERRLPQLHLTLDAPAWAFRC--—-=—==—==———— PAPAPVTAATPSTSAARPDGEFRQSDFERLSV|RejxelNele] AVl VS 1N - - SARSTA\RENBNI | HRG--HPGADEEVDVV
MAAARERRLPQLHLTLDAPTWAFRC--=-=—==—==———— PAPAPVTAATPSTSAARPDGEFRLSDFDMLKYV|ReNelNeleanVia | WX 51X - - SARSTAV\RENRNI | HRG--HPGADEEVDVV
MAAARERRLPQLHLTLDAPTWAFRC--=-=—==—==———— PAPAPVTAATPSTSAARPDGEFRQSDFDMLKYV|RelNelNelea RVl QS 31X - - SARTAR RN\ | HRG--HPGAGDEVDVV
MAAARERRLPQLHLTLDAPTWAFRC-——-——————————- PAPAPVTAATPSTSAARPDGEFRLSDFDMLKYV|Hetxe\eleg AT VRIIN - — RUSTAARPANN] | HRG--HPGAGEEVDVV
MAAARERRLPHLHLTLDAPTWAFRC-——-——————————- PAPASVTVATLSTSAPRPDGEFRL IDFDRLSV|Ketxel\ele] AT QVRIIN - - RISTAARPANN] | HRG--HPGADEEVDVV
MAAARERRLPQLHLTLDAPTWAFRC--=-====—==———— PAPAPVTAATPSTSAARPDGEFRLSDFDRLSV|ReNelNeleania | QAN 1N - - SARTAR YNNI | HRG--HPGADEEVEVV
MAAARERRLPQLHLTLDAPTWAFRC--=-====—==———— PAPAPVTAATPSTSAARPDGEFRLSDFDRLSV|ReNeNeleaRVia | QS 31X - - SARTA\RENRNI | HRG--HPGADEEVDVV
MAAARERRLPQLHLTLDAPTWAFRC--=-====—==———— PAPAPVTAATPSTSAARPDGEFRQSDFDRLSV|ReNeNeleaRVa | QS 1N - - SARTA\RENRNI | HRG--HPGVDEEVEVV
MAAARERRLPQLHLKLDAPTWAFRC-—-——-————————- PAPAPVTAATPSTLAARPDGEFRL IDFYRLSV|RelXNe\eleg AV QVRIN - — SIBSTARPANN] | HRG--HPGADEEVEVV
MAAARERRLPQLHLTLDASTWAFRC-—-——-————————- PASATVAAATPSTSAARPDGEFRL IDFDRLSV|RelXNe\eleg AV QVRIN - — SIRTARPANN] | HRG--HPGADEEVEVV

MAAARERRLPQLHLTLDAPTWAFRC--=-====—==———— PASAPVTAATPSTSAARPDGEFRL I DFDRLSV|RejNeNeleg s Sl Ix- - RRAAR RN | HRG--HPGADEEVEVV
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ML—--
ML---
ML---
ML---
ML---
ML---
“X—em—

—Se—o
—Ge——
—S——o
—S———
—S———
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MKK10 continued

DwK
TuMKK10p S 09.0.0.9.00.0.09.9.0.9.99.009.C9.0.9.9.0.9.99.909.900.900.0.C00.CH0.00.0.09.90.9.99.909.90.999909909909.90.9900909.90990990990990000900900.000000 00 CEEEY00.9.0.0.04
AetMKK10p = XXX KK = XK = XXX HKXHK = X = X = = XXX HKAXK KKK AKAXXAKXKTAAFG IVEVVSRAGKYHA----AYEGTAA
HvMKK10(1H)p XXKK == XHXXHKXHKAXXHKXXKXHKAXAKAXKAKKXKAXXAKXKXAKPAVAEVAARCALGLAHLHARGVAHLDLKPDNLLAGARGDVK IADFGVSR IFCRDGQRRPPRVSTAVGTTA
ScMKK10p AGPPSPYVVRCHAVLRGAG--GEPACLLELMDAGSLHDVLRRRAGRGLPEPALAEVAARCALALAHLHARGVAHLDLKPDNLLASARGDVKIADFGVSRIFSRDGQRRPPRVSVAVGTTA
BAJ94499 .1 —ASGAPHVVRLHAV I PSPAAAQPAALALELVSGGSLAGLLRAL-GRPMGERP 1AAVARQALLGLEALHAL RPNV AN MRYGPGGEVK I ADFGAGKVLRRRLDPCA----SYVGTAA
HvMKK10-2(4H) —ASGAPHVVRLHAV I PSPAAAQPAALALELVSGGSLAGLLRAL-GRPMGERP 1AAVARQALLGLEALHAL RPNV AN MRYGPGGEVK I ADFGAGKVLRRRLDPCA----SYVGTAA
TaMKK10-2(4AS) -ASGAPHVVRLHAV IPSPAAEQPAALALELVSGGSLAGLLRAL-GRPMGERP IAAVARQALLGLAALHALRVAYR R RNANIMRYCGAGGEVK 1ADFGAGKVLRRRLDPCA----SYVGTAA
TsMKK10p -ASGAPHVVRLHAV IPSPAAEQPAALALELVSGGSLAGLLRAM-GRPMGERP IAAVARQALLGLAALHALRNAYRIMNZ\NIMRYGACGGEVK IADFGAGKVLR-— === === === === ————
TaMKK10-2(4BL) -ASGAPHVVRLHAV IPSPAAEQPAALALELVSGGSLAGLLRAL-GRPMGERP IAAVARQALLGLAALHALRVAYR I RNNIMRYCGAGGEVK IADFGAGKVLRRRLDPCA----SYVGTAA
TaMKK10-2(4DL) -ASGAPHVVRLHAV I PSPAAEQPAALALELVSGGSLAGLLRAL-GRPMGERP 1AAVARQALLGLAALHAL RIAEBINANIMRYGAGGEVK I ADFGAGKVLRRRLDPCA----SYVGTAA
TuMKK10-1/3 — = X= = XXXXXXXXKXKXXK = XX ==X = XXXXXKXXXKKXXKK === === HXXHKHKAXXHKHKAXXHX KKK XHKAXXXHKAXXX KKK KAAXKKAXKXKXAKXGKATSADCATAEVVSRAGKYRA--——-AYEGTAA
TaMKK10-1/3(4BScl) -RTASPFVVRWHSVLLATAS-GDAPLLLELVDGGSINSV-RSR-RGAFTEAALTEVTTQVLSGLAY LHARRLLY zI®o) INGZ\NIMRYSTAGEVKVADFGIAELLARTGEHYA----SYIGTSA
TaMKK10-1/3(4BSc4) -RTGSPFVVRCHSVLPAATS-GDVALLLELVDGGSLDSV-RSR-RGAFTEAALAEVAAQALSGLAYLHARRIAYRIEnNVINZ\NIMRYSTAGEVKVADFG I AKVVARAGDHCY - - - -BEIE A
TaMKK10-1/3(4BSc5) -RTASPFVVRCHSVLPAAAS-GDVALLLELVDGGSLDSV-RTR-RGAFAEAALAEVAAQALSGLAYLHARRIAYRIHnVINCZ\N\INE ISTAGEVKVADFG IAKVLARAGDYClJ- - - -1 A
TaMKK10-1/3(4DSc2) -RTASPFVVRCHSVLPAAAS-GDVALLLELVDGGSLDSV-RTS-RGAFAEAALAEVAAQALSGLAYLHARR{ A M NEINMRYSTAGEVKVADFG I AKVLARAGDHCA----SYAGTSA
TaMKK10-1/3(4BSc3) -RTASPFCRAVPSVLPAAAS-GDVALLLELVDGGSLDSV-RSR-RGAFTETALAEVAAQALSGLAYLHARRLARIEVAGINMRY T TAGEVKVADFG I AKVLARAGDHYH- - - -SMACIEA
HVMKK10-1/3(U) -RTASPFVVRCHSVLPADAS-GDVALLLELVDGGSLDS I-RSR-RGAFAEAALAEVAAQALSGLAYLHARRIAYzI®o] INZNIMRYSTAGDVKVADFG I AKVLARAGDQCH - - - - A
TaMKK10-1/3(4AL) -RTASPFVVRCHSVLPAAAS-GDVALLLELVDGGSLDS I-RSR-RGAFTEAALAEVAAQALSGLAYLHARRIVHLD IKPANLLASTAGEVKVADFGIARVLARAGDHCY----BSIEA
TaMKK10-1/3(4BSc2) -RTASPFVVRCHSVLPAAAS-GDVALLLELVDGGSLDCI-RSR-RGAFTEAALAEVAAQALSGLAYLHARRIVHLDVKPANLLASTAGEVKVADFG IAKVLARAGDHCY----BSIEA
TaMKK10-1/3(4DScl) -RTASPFVVRCHSVLPAAAS-GDVALLLELVDGGSLDSI-RSR-RGAFTEAALAEVAAQALSGLAYLHARRIVHLD IKPANLLASTAGEVKVADFGIARVLARAGDHCA----SYAGTSA
AetMKK10-5p == XXX =XXX=XKXX === ==—= KXXXKXXXKXXKKXXKXARXX KKK = XXXXKKXXKXXXXXXALAGLAY LRARRYAZ R ROMNGZWNMRYNRAGQVK 1GDFG 1 AEVVSRAGKYRA--—--AYEGTAA
HVMKK10-5(4H) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRGG-QGGFPEAALAEVAAQALSGLAYLRARR\YAYRIZ{I INGWNIMRYNRAGQVK 1GDFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-5(4DS) -RVDSPHIVRCHSVLPT-PS-GDSALLLELMDGGSLDSLVRGG-QGGFPEAALAEVAAQALAGLAYLRARRWAYRIMNZANINRYNRAGQVK I GDFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-5(4AL) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRGG-QGGFPEAALAEVAAQALSGLAYLRARRVAURIMNZANINRYNRAGQVK I GDFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-5(4BS) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRGG-QGGFPEAALPEVAAQALSGLAYLRSRRIAREBMGEWNMRYNRAGQVK IGDFG IAEVVSRAGKYRA----AYEGTAA
HvMKK10-4(4H) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRGG-HGGFPEEALAEVAAQALSGLAYLRARRAYREI NG MRYNSAGHVK I ADFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-4(3B) -RVDSPHIVRCHSVLLT-GS-GDSALLLELMDGGSLDSLVRAG-QGGFPESALAEVAAQALSGLAYLRARR\AYRI{I INGZNIMRYNSAGQVK TADFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-4(4BS) -RVDSPY 1VRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRGG-QGGFPEEALAEVAAQALSGLAYLRARR\AURIZ{I INGNIMRYNRAGQVK TADFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-4(4DS) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDCGSLDSLFRAG-QGGFPEEALAEVAAQALSGLAYLRARRVAYRI{I INGANIMRYNSAGQVKTADFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-4(4ALc2) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRAG-QGGFPEEALAEVAAQALSGLAYLRARRIAYREI NG MRYNSGGQVK IADFG IAEVVSRAGKYRA----AYEGTAA
TaMKK10-4(4ALcl) -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRAG-QGGFPEEALAEVAAQALSGLAYLRARRIAYREI NGV MM INKAGQVK I ADFG IAEVVSRAGKYRA----AYEGTAA
TuMKK10-4 -RVDSPHIVRCHSVLPT-AS-GDSALLLELMDGGSLDSLVRAG-QGGFPEEALAEVAAQALSGLAYLRARR\AYIPIINZNINE INKAGQVKTADFG IAEVVSRAGKYRA----AYEGTAA
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MKK10 continued

TuMKK10p
AetMKK10p
HVMKK10(1H)p
ScMKK10p
BAJ94499.1
HVMKK10-2(4H)
TaMKK10-2(4AS)
TsMKK10p
TaMKK10-2(4BL)
TaMKK10-2(4DL)
TuMKK10-1/3

TaMKK10-1/3(4BScl)
TaMKK10-1/3(4BSc4)
TaMKK10-1/3(4BSc5)
TaMKK10-1/3(4DSc2)
TaMKK10-1/3(4BSc3)

HVMKK10-1/3 (V)

TaMKK10-1/3(4AL)
TaMKK10-1/3(4BSc2)
TaMKK10-1/3(4DSc1)

AetMKK10-5p
HVMKK10-5(4H)
TaMKK10-5(4DS)
TaMKK10-5(4AL)
TaMKK10-5(4BS)
HVMKK10-4(4H)
TaMKK10-4(3B)
TaMKK10-4(4BS)
TaMKK10-4(4DS)

XOOXKXXHKXXHXHIXHXHIIXXHXXXHXXXXXKXXXVT ILELLMGRYPLLPAGQEL TWAALMCA I CFGELPALPDGAASPE - LRSFVSACLQKDHRKRASVAEL LAHPFVAGRDVASARHAL
YMSPERFDTERSLQGDGEEKGPVDPYVTDVWGLG — — = = — = — m o

YMSPERFAPNA-—————- QAGSRGACAADVWSLGVTVLELFLGHRPVLPAERTPSWKMLKEAICYGEPPSVPGSAAASAELRGFVAACVQKDPRRRATVPQLLAHPFVARRDVEASSRAL
YMSPERFAPNA-—————- QAGPRGACAADVWSLGVTVLELFLGHRPVLPAERTPSWKMFKEAICYGEPLGVPDSAAASDELRGFVAACVQKDPRRRATVPQLLAHPFVARRDVEASRRAL
YMSPERFDPET--—--—- YAGDYDPYAADVWSLGMAILELYLGHFPLLPAGQRPDWAALMCAICFGEAPEAPAAAS--DEFRDFVARCLEKKAGRRASVAELLEHPFIAERDAEEAQRCL
YMSPERFDPET---—--- YAGDYDPYAADVWSLGMAILELYLGHFPLLPAGQRPDWAALMCAICFGEAPEAPAAAS--DEFRDFVARCLEKKAGRRASVAELLEHPFIAERDAEEAQRCL
YMSPERFDPEA-———-——- YSGDYDPYAADVWSLGMAILELYLGHFPLLPAGQRPDWAALMCAICFGEAPEAPAAAS--DEFRDFVARCLEKKAGRRASVAELLQHPFIAERDAEEAQRCL
YMSPERFDPET-——---- YSGDYDPYAADVWSLGMAILELYLGHFPLLPAGQRPDWAALMCAICFGEAPEAPAAAS--DEFRDFVARCLEKKAGRRASVAELLGHPFIAERDAEEAQRCL
YMSPERFDPEA---—-—- YSGDYDPYAADVWSLGMAILELYLGHFPLLPAGQRPDWAALMCAICFGEAPEAPAAAS--DEFRDFVARCLEKKAGRRASVAELLQHPFIAERDAEEAQRCL
YMSPERFDTERSLQGDSDEEGPVDPYAADVWGLGVTVLELLVGRYPLLPAGQELTWAALMCAVCFGELPALPDGAASPE-LRSFVAACLQKEHRKRASVGELLVHPFVAGRDVAASRRAL
YMSLEHFDQEA-——-——- HPGPYDPYAADVWSLGVTLLELFMGRYPLLPAGQQPTWVALMCAIFFGNRQCCPTAQPRRSSGDSLPRACKRTTARGRPSWSCLLTHSSP* ——————————-
YMSPERFDPEA-——-——- HGGHYDPYAADVWSLGVTLLELFMGRYPLLPAGQRPSWAALMCAVCFGEPPVLPAGASSPE-LRGFVASCLQKDYRNRASVAELLAHPFVAGRDMPVSKCAL
YMSPERFDPEA-——-——- HGGHYDPYAADVWSLGVTLLELFMGRYPLLPAGQRPSWAALMCAVCFGEPPAARR* === === == === e e e
YMSPERFDPEA--—--—- HGGHYDPCAADVWSLGVTLLELFMGRYPLLPAGQRPSWAALMCAVCFGDPPVLPEGASSPE-LRGFVAACLRKDYRNRASVAELLAHPFVAGRDVAASRCAL
YMSPECFDPEA--—--—- HGGHYDPYAADVWSLGVTLLELFMG-YTLLPAGQQPTWAPLMCAVCFGEPPVLPDAAASPE-LRGFVASCLHKDYRNRASVAELLVHPFVARRDVVVSKRAL
YMSPERFDPEA-——--—- HGGHYDPYAADVWSLGVTLLELFMGRYPLLPAGQQPTWPALMCAVCFGEPPVLPDGAASPE-LRGFIAACLQKDYRSRASVAELLAHPFVAGREVAASKRAL
YMSPERFDPEA--—--—- HGGHYDPYAADVWSLGVTLLELFMGRYPLLPAGQQPTWAALMCAICFGEPPVLPDGAASPE-LRGFVAACLQKDYRNRASVAELLAHPFVAGRDVAASKRAL
YMSPERFDPEA--—--—- HGGHYDPYAADVWSLGVTLLELFMGRYPLLPAGQQPTWAALMCAVCFGEPPVLPDGAASPE-LRGFVASCLQKDYRNRASVAELLAHPFVAGRDVAASKRAL
YMSPERFDPEA--—--—- HGGQYDPYAADVWSLGVTLLELFMGRYPLLPAGQRPSWAALMCAVCFGEPPVLPDGAASPE-LRGFVAACLSKDYRNRSSVAELLAHPFVAGRDVAASKCAL

YMSPERFDTERLHDG---EEDRVDPYAADVWGLGVTVLELLMGRYPLLPAGQELTWAALMCAICFGELPALPDGSASPE-LRSFVSACLQKDHRKRASVAELVAHPFVAGRDVAAARHAL
YMSPERFDTERLHD---GEEGRVDPYAADVWGLGVTVLELLMGRYPLLPAGQMPTWAALMCAICFGELPAIADGAASPE-LRSFVSACLQKDHRKRASVAELVAHPFVAGRDTAASRHAL
YMSPERFDTERLHE---GEEDRVDPYAADVWGLGVTVLELLMGRYPLLPAGQELTWAALMCAICFGELPALPDGSASPE-LRSFVSACLQKDHRKRASVAELVAHPFVAGRDVAAARHAL
YMSPERFDTERLQD---GEGGRVDPYAADVWGLGVT I LELLMGRYPLLPAGQELTWAALMCAICFGELPALPDGAASPE-LRSFVSACLQKDHRKRASVAELLAHPFVAGRDVASARHAL
YMSPERFDTERLHD---GEGNRVDPYAADVWGLGVTVLELL IGRYPLLPAGQELTWAALMCAICFGDLPALPDGAASPE-LRSFVSACLQKDHRRRPSAAELLAHPFVAGRDVAAARHAL
YMSPERFDTERSLHGDGDEQDRVDPYAADVWGLGVTVLELLVGRYPLLPAGQKPSWAALMCAICFGELPTLLDSTASPE-LRGFVAACLQKDHRKRASVAELLVHPFVTGRDVAASRRAL
YMSPERFDTERSLHVAGDEEGPVDPYAADVWGLGVTVLELLMGRYPLLPAGQELSWAALMCAVCFGELPALPDGAASPE-LRGFVAACLQKDHRKRASVAELLVHPFVAGRDVAASRRAL
YMSPERFDTERSLHGDGDEEGPVDPYAADVWGLGVTVLELLMGRYPLLPAGQELTWAALMCAVCFRELPALADGAASPG-LRGFVAACLQKDHRKRASVGELLVHPFVAGRDVAASRRAL
YMSPERFDTERSLQGDGDEEGPVDPYAADVWGLGVTVLELLMGRYPLLPAGQKPSWAALMCAVCFGELPALPDGAASPE-LRSFVAACLLKDHRKRASVGDLLVHPFVAGRDVAASRRAL

TaMKK10-4(4ALc2) YMSPERFDTERSLQGDGDEEGPVDPYAADVWGLGVTVLELLVGRYPLLPAGQELTWAALMCAVCFGELPALPDGAASPE-LRSFVAACLQKDHRKRASVGELLVHPFVAGRDVAASRRAL
TaMKK10-4(4ALcl) YMSPERFDTERSLQGDGDEEGPVDPYAADVWGLGVTVLELLMGRYPLLPAGQELSWAALMCAVCFGELPALSDGAASPE-LRSFVAACLQKDHRKRASVSELLVHPFVAGRDVAASRRAL
TuMKK10-4 YMSPERFDTERSLQGDGDEEGPVDPYAADVWGLGVTVLELLMGRYPLLPAGQELSWAALMCAVCFGELPALSDGAASPE-LRSFVAACLQKDHRKRASVSELLVHPFVAGRDVAASRRAL
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MKK10 continued

TuMKK10p

AetMKK10p
HVMKK10(1H)p
ScMKK10p
BAJ94499.1
HVMKK10-2(4H)
TaMKK10-2(4AS)
TsMKK10p
TaMKK10-2(4BL)
TaMKK10-2(4DL)
TuMKK10-1/3
TaMKK10-1/3(4BScl)
TaMKK10-1/3(4BSc4)
TaMKK10-1/3(4BSc5)
TaMKK10-1/3(4DSc2)
TaMKK10-1/3(4BSc3)
HVMKK10-1/3(U)
TaMKK10-1/3(4AL)
TaMKK10-1/3(4BSc2)
TaMKK10-1/3(4DScl)
AetMKK10-5p
HvVMKK10-5(4H)
TaMKK10-5(4DS)
TaMKK10-5(4AL)
TaMKK10-5(4BS)
HVMKK10-4(4H)
TaMKK10-4(3B)
TaMKK10-4(4BS)
TaMKK10-4(4DS)
TaMKK10-4(4ALc2)
TaMKK10-4(4ALcl)
TuMKK10-4

RHVIVETM*—————————
REIIVETM*————————-
AALVAEAAELGDQ*-—--
AALVAEAAELGDQ*-——-
AALVAEAAELGDQ*-———
AALVAEAAELGDQ*————
AALVAEAAELGDQ*-——-
RKLIEQRC*——=——————

RKLVADASSPSSDCRHT*
RKLVADASSSL*—————-
RKLVADASSSL*—-————-
RKLVADASSSL*—————-
RKLVADASSSL*—————-
RKLVADASSPSLECRHT*
REVIAQR=——————————
REVIEQRQ*—-———————-
REVIAQRV*—————————
REVIAQRV*—————————
REVIEQRV*—————————
CQVIEQRSMPISTRV*--
REVIDQRCR*————————
REAIEQRCR*————————
REVIEQRCG*————————
RKLIEQRC*—————————
GEVIKQRC*==———————
GEVIKQRC*—————————
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