
Group I-N AmWRKY1 -DDGYNWRKYGQKQVKGSEYPRSYYKCT---HPNCPVKKKVERSLDGQITEII----YKGQHNH 

 AmWRKY4 PSDGYNWRKYGQKQVKSPEGFRSYYRCT---FADC-VAKKIECCDRYNRVTDTV---YRSHHNH 

 AmWRKY6 -DDGYNWRKYGQKQVKGSENPRSYYKCT---HPNCPMRKKVEMSFAGEITEIV----YKGSHNH 

 AmWRKY14 -EDGYNWRKYGQKHVKGSEFPRSYYKCT---HPNCPVKKKVERSPEGHITEII----YKGAHNH 

 AmWRKY15 -EDGYNWRKYGQKLVKGSEFPRSYYKCT---YPNCEVKKIFERSPSGQITEIV----YKGSHDH 

 AmWRKY29 LDDGYNWRKYGQKIVKGNEFIRSYYRCT---YPSCQAKKQVERTHDGNKTDVN----YLGNHQH 

 AmWRKY31 -DDGYNWRKYGQKQVKGSEYPRSYYKCT---HPNCPVRKKVERSLDGQITEII----YKGQHNH 

 AmWRKY51 --DGYNWRKYGQKHVKGSECPRSYYKCT---HLNCPVKKKVERSSDGRVNEIT----YKGQHNH 

 AmWRKY59 -EDGYYWRKYGQKQVKGSEYPRSYFKCT---NTNCLVKKKVERSHDGQITEIV----YKGSHNH 

 AmWRKY63 -NDGYNWRKYGQKQVKASECPRSYYRCT---HLDCSVKKKVERSFDGRISEIT----YKGEHNH 

 AmWRKY64 -YDGHNWRKYGQKHVKGSEYPRGYYKCT---YPNCPVKKKVERMEDGQIAEIV----YKGEHNH 

 AmWRKY66 -DDGYNWRKYGQKQVKGSENPRSYYKCT---FPNCPTKKKVERNLDGHITEIV----YKGSHNH 

Group I-C AmWRKY1 LDDGYRWRKYGQKVVKGNPHPRSYYKCT---NPGCNVRKHVERAASDPKAVVTT---YEGKHNH 

 AmWRKY4 --DGYRWRKYGQKMVKGNPHPRNYYRCT---SAGCPVRKHIETAVDNSNTSVIT---YKGGHNH 

 AmWRKY6 --DGYRWRKYGQKVVKGNPNPRSYYKCT---SAGCSVRKHVERASHDAQSVITT---YEGKHNH 

 AmWRKY14 LDDGYRWRKYGQKVVKGNPNPRSYYKCT---SAGCNVRKHVERASHDLKSVITT---YEGKHNH 

 AmWRKY15 LDDGYRWRKYGQKVVRGNPNPRSYYKCT---NAGCPVRKHVERASHDPKAVITT---YEGKHNH 

 AmWRKY29 VNDGYRWRKYGQKFVKGNPNPRSYYRCS---NAGCPVKKHVERASHDSKVVITT---YEGQHVH 

 AmWRKY31 LDDGYRWRKYGQKVVKGNPYPRSYYKCT---YAGCNVRKHVERAPSDPKAVITT---YEGKHNH 

 AmWRKY51 LDDGFKWRKYGQKMVKGNPHPRSYYRCT---YPGCNVRKQVERASADPKAVITT---YEGKHDH 

 AmWRKY59 LDDGYRWRKYGQKVVKGNPNPRSYYKCT---TPGCPVRKHVERAANDIKSVVTT---YEGKHNH 

 AmWRKY63 LDDGFKWRKYGQKVVKGNPNPRSYYRCT---YAGCNVRKHVERAAADPKSVVTT---YEGKHNH 

 AmWRKY64 --DGFRWRKYGQKVVKGNVYPRSYYRCT---TPKCNVRKYVERTSEDTTSFITT---YEGRHNH 

 AmWRKY66 LDDGYRWRKYGQKVVKGNPNPRSYYKCT---FNGCPVRKHVERASHDLRAVITT---YEGKHNH 

Group IIa AmWRKY21 VKDGYQWRKYGQKVTRDNPCPRAYFKCS--FAPTCPVKKKVQRSIEDQSVVVAT---YEGEHNH 

 AmWRKY33 VKDGYQWRKYGQKVTRDNPCPRAYFKCS--FAPTCPVKKKVQRSIEDQSIVVAT---YEGEHNH 

 AmWRKY41 VKDGYQWRKYGQKVTRDNPSPRAYYKCS--YAPTCPVKKKVQRSIDDQSLLVAT---YEGQHNH 

 AmWRKY49 VKDGYQWRKYGQKVTRDNPSPRAYFKCS--FAPTCPVKKKVQRSVEDQSVVVAT---YEGEHNH 

Group IIb AmWRKY13 --DGCQWRKYGQKMAKGNPCPRAYYRCT--MAVGCPVRKQVQRCAEDRAILTTT---YEGTHNH 

 AmWRKY16 --DGCQWRKYGQKMAKGNPCPRAYYRCT--MAAGCPVRKQVQRCAEDRSILITT---YEGNHNH 

 AmWRKY17 --DGCQWRKYGQKMAKGNPCPRAYYRCT--MRVGCPVRKQVQRCAEDRSVLITT---YEGTHNH 

 AmWRKY18 --DGCQWRKYGQKMAKGNPCPRAYYRCT--MRVGCPVRKQVQRCAEDRSVLITT---YEGTHNH 

 AmWRKY30 -NDGCQWRKYGQKISKGNPCPRAYYRCT--ISSSCPVRKQVQRCAHDMSILTTT---YEGTHNH 

 AmWRKY46 -NDGCQWRKYGQKTAKGNPCPRAYYRCT--VAPGCPVRKQVQRCLEDMSILITT---YEGTHNH 

 AmWRKY50 -NDGCQWRKYGQKIAKGNPCPRAYYRCT--VAPSCPVRKQVQRCAEDMSILITT---YEGTHNH 

 AmWRKY53 --DGCQWRKYGQKMAKGNPCPRAYYRCT--MAVGCPVRKQVQRCADDRGILITT---YEGTHNH 

 AmWRKY62 -NDGCQWRKYGQKISKGNPCPRSYYRCT--VSPSCPVRKQVQRSAEDMSILTTT---YEGTHNH 

Group IIc AmWRKY2 LDDGYKWRKYGQKAVKNSSFPRSYYRCT---SPSCGVKKRVERSYEDSSIVITT---YEGTHTH 

 AmWRKY9 LDDGYRWRKYGQKAVKNSPFPRSYYRCT---STACGVKKRVERSCEDTSILITT---YEGTHTH 

 AmWRKY11 LEDGYRWRKYGQKAVKNSPYPRSYYRCT---TQKCGVKKRVERSFQDPSTVITT---YEGQHNH 

 AmWRKY20 LEDGYRWRKYGQKAVKNSPFPRSYYRCT---SATCNVKKRVERSFNDPSVVVTT---YEGQHTH 

 AmWRKY23 LDDGYKWRKYGQKSVKNNVHPRSYYRCT---HHTCNVKKQIQRLSKDNSTVVTT---YEGIHNH 

 AmWRKY24 LDDGYRWRKYGQKAVKNSKFPRSYYRCT---HHTCNVKKQVQRLSKDNSIVVTT---YEGTHNH 

 AmWRKY25 LDDGYKWRKYGQKVVKNSLHPRSYYRCT---HSNCRVKKRVERLSEDCRMVITT---YEGRHNH 

 AmWRKY28 LEDGYRWRKYGQKAVKNSPFPRSYYRCT---SQKCNVKKRIERSFEDPSVVITT---YEGQHNH 

 AmWRKY34 LDDGYRWRKYGQKAVKNNKFPRSYYRCT---HQGCNVKKQVQRLSQDEGIVETT---YDGVHSH 

 AmWRKY35 LDDGYKWRKYGQKVVKNTQHPRSYYRCT---QDNCRVKKRVERLAEDPRMVITT---YEGRHIH 

 AmWRKY38 LDDGYKWRKYGQKSVKNSVHPRSYYRCT---HHTCNVKKQIQRLSKDTSIVVTT---YEGIHNH 

 AmWRKY42 LDDGFKWRKYGKKMVKNSPNPRNYYRCS---AEGCPVKKRVERDNDDARYVVTT---YEGVHNH 

 AmWRKY43 LDDGYRWRKYGQKAVKNSPFPRSYYRCT---STACGVKKRVERSNEDPTTVVTT---YEGTHTH 

 AmWRKY45 LEDGYRWRKYGQKAVKNSPFPRSYYRCT---NSKCMVKKRVERSCEDPSVVITT---YEGQHCH 

 AmWRKY48 LDDGYRWRKYGQKAVKNNKFPRSYYRCT---HQGCNVKKQVQRLSKDEGIVMTT---YEGMHSH 

 AmWRKY56 LEDGYRWRKYGQKAVKNSPYPRSYYRCT---TQKCAVKKRVERSFQDPSVVITT---YEGQHNH 

 AmWRKY60 LDDGYKWRKYGQKVVKNTQHPRSYYKCT---QDNCRVKKRVERLAEDPRMVITT---YEGRHIH 

 AmWRKY61 LDDGYRWRKYGQKAVKNDRFPRGYYRCT---HNGCNVKKQVQRLSGDEGIVVTT---YEGTHSH 

Group IId AmWRKY7 -PDDFSWRKYGQKPIKGSPHPRGYYKCS--SVRGCPARKHVERALDDPAMLIVT---YEGEHNH 

 AmWRKY22 PSDEYSWRKYGQKPIKGSPYPRGYYKCS--TVRGCPARKHVERATDDPTMLIVT---YEGEHRH 

 AmWRKY27 PPDEYSWRKYGQKPIKGSPHPRGYYKCS--SMRGCPARKHVERCLEEPSMLIVT---YEGEHNH 

 AmWRKY40 PADEYSWRKYGQKPIKGSPYPRGYYKCS--TMRGCPARKHVERATDDPTMLIVT---YEGEHHH 

 AmWRKY44 -PDDYSWRKYGQKPIKGSPHPRGYYKCS--SVRGCPARKHVERALDDPTMLIVT---YEGEHNH 

 AmWRKY52 -PDDYSWRKYGQKPIKGSPHPRGYYKCS--SVRGCPARKHVERALDDPTMLIVT---YEGEHNH 

Group IIe AmWRKY8 PPDSWTWRKYGQKPIKGSPYPRGYYRCS--SSKGCPARKQVERSRHDPTTLLITYITYNCDHTH 

 AmWRKY10 PSDLWAWRKYGQKPIKGSPYPRGYYRCS--SSKGCSARKQVERSRTDPNMLVIT---YTSEHNH 

 AmWRKY12 PSDSWAWRKYGQKPIKGSPYPRAYYRCS--SSKGCPARKQVERSRVDPNMLVVT---YACEHNH 

 AmWRKY19 PSDRWSWRKYGQKPIKGSPYPRGYYRCS--TSKGCSAKKQVERCKTDASMLIIT---YTSIHNH 

 AmWRKY32 --DMWSWRKYGQKPIKGSPYPRGYYKCS--TSKGCLARKQVERNRSDPGMFIVT---YTAEHNH 

 AmWRKY37 --DMWAWRKYGQKPIKGSPYPRSYYRCS--SSKSCLARKQVEQSYMDPGKFIIT---YTAEHNH 

 AmWRKY54 PSDLWAWRKYGQKPIKGSPYPR----------------KQVERSRTDPNMLVIT---YTSEHNH 

 AmWRKY55 --DSWAWRKYGQKPIKGSPYPRNYYRCS--TSKGCAARKQVERSPNDPLIFVVS---YTGEHTH 

Group III AmWRKY3 -EDGHAWRKYGQKMILNTEYPRNYFRCTHKFDQKCKATKHVQKIQDDPPLFRTT---YYGHHTC 

 AmWRKY5 --DEHAWRKYGQKDILGSTYPRSYYRCVHGVSQGCQARKQVHQSDDDPSKWWIT---YYNQHTC 

 AmWRKY26 VDDGYNWRKYGQKDILGANHPRAYYRCTYRNTQGCLANKQVQRTDEDPSILEVI---YIGKHSC 

 AmWRKY36 LDDGYAWRKYGQKDILGAKHPRGYYRCTYRNVQGCLATKQVQRSDDDPTIFEIT---YRGKHTC 

 AmWRKY39 -DDGYSWRKYGQKDILGAKYPRSYYRCTYRLVQDCWATKQVQRSDDDPTIFEIT---YKGAHTC 

 AmWRKY47 LNDGYSWRKYGQKDILGANHPRAYYRCTHRNTQGCLATKQVQQTDDDPSIFEVI---YRGKHSC 

 AmWRKY57 -EDGRAWRKYGQKEILNSEYPRCYYRCT-HKYEGCKATKQVQRIKEKPLLYQTT---YFNHHTC 

 AmWRKY58 PEDGFTWRKYGQKEILGSRYPRSYYRCTHQKFYECPARKQVQRLDDDPFTFEVT---YRGTHTC 

 AmWRKY67 -EDGHAWRKYGQKVILNAIHPRNYFRCTHKYDQGCQATKQVQKIQDD--LFRTT---YHSHHTC 

 

 AmWRKY65 -DDGYKWRKYGQKSIKNSPNPRSYYRCT---NPRCSAKKQVERSIDDPDTLIIT---YEGLHLH 

 

Figure S1. Multiple sequence alignment of WRKY domains amino acid sequences in snapdragon. The highly conserved WRKYGQK 

sequence and the zinc-finger motif were highlighted by blue and yellow background, respectively. The mutated amino acids were marked in 

red letter. The vertical line in red indicates the intron position. 



 

 

 

 

 

 

 

 

 

 
Figure S2. Conserved motifs in snapdragon WRKY proteins. 

Motif 1 

 

 

 

Motif 2 

 

 

 

Motif 3 

 

 

 

Motif 4 

 

 

 

 

Motif 5 

 

 

 

Motif 6 

 

 

 

Motif 7 

 

 

 

 

Motif 8 

 

 

 

Motif 9 

 

 

 

Motif 10 



AmVQ1 RAPTTVLTTDTANFRQMVQEFTGIPAVP 

AmVQ2 THSPKVIHANASDFMSLVQKLTGLNRSE 

AmVQ3 TATTTFLNASITNFRALVQQHTGCHSTN 

AmVQ4 GRATTHVNANTHNFQALVQQFTGCDHSI 

AmVQ5 PYPTTFVQADTNSFKQVVQMLTGSSDTV 

AmVQ6 ISSPMKVKTSASKFRSLVQELTGKNSDI 

AmVQ7 IVAPEIIRTDVEHFRELVQRLTGKPEER 

AmVQ8 RNPTTLLNTDTTNFRAMVQQFTGGPTAH 

AmVQ9 TLRPKVYITDSSNFKNLVQQLTGNGTNP 

AmVQ10 IINTQYVETDAVSFKSVVQRLTGKGSED 

AmVQ11 THPTTFVQADTSSFKQVVQMLTGASKTA 

AmVQ12 RTPTTLLNTDAANFRAMVQHFTGGPSSM 

AmVQ13 RATTTFITADPANFRQMVQQVTGVRFNG 

AmVQ14 ITNPIKFKTSASEFRALVQELTGQDADM 

AmVQ15 IFAPEIIKTDAANFRELVQRLTGKPTDD 

AmVQ16 ISSPMKVKTSASKFRSLVQRLTGKNSDI 

AmVQ17 KARTMFVQADSTCFRDLVQRLTGPVGNE 

AmVQ18 AVSPKVIHTTVTDFMNLVQRLTGNTTGD 

AmVQ19 TVSPKIIHANPNEFMSLVQRLTGPNSSC 

AmVQ20 TRSPKIIHAQAQDFMALVQKLTGLNESK 

AmVQ21 QHQPHVYNINKNDFRNVVQQLTGSPARD 

AmVQ22 QHQPHVYNINKNDFRNVVQQLTGSPARD 

AmVQ23 IIEPQIIMTDVVNFRDLVQKLTGKPASE 

AmVQ24 IIEPQIITTDVENFLDLVQKLTCKPAPE 

AmVQ25 IVEPQIITTDVENFREIVQKLTGKHAEE 

AmVQ26 RAPTTVLTTDTTNFRQMVQEFTGIPAAP 

AmVQ27 SQQPPVYNINKNDFREVVQKLTGSPAHE 

AmVQ28 IPNTTFVQADPTTFRAVVQKLTGAGKPN 

AmVQ29 PIPPKVYKVDPVDFRDVVQKLTGAPEYI 

AmVQ30 PNPTTFIQADTSSFKQVVQMLTGSTDTA 

AmVQ31 KAPTTLLTANADNFRALVQQFTGCHSTF 

AmVQ32 RAPTTVLTTDTNNFRAMVQEFTGIPAPP 

 

Figure S3. Multiple sequence alignment of VQ-motif in snapdragon. The highly conserved 

amino acids in the FxxhVQxhTG structure were highlighted by green background. The mutated 

amino acids were marked in red letter. 

 




