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Table S1. BnaMAPKKK EST summary.

EV163147,EV195009,EV162973,EV194388,EV194455,C
N728521,EV216646,EV061853, EV137850, EV138327,
EV138063

No.of No.of total
Gene GenBank accession numbers of ESTs e singleto No.of
contigs ESTs
BnaMAPKKKI  DY022877,EV008430,GR446403,EV149603,EV 149926, 5 . ;
EV149087,EV149217
BnaMAPKKK2  (CX192261 0 1 1
BnaMAPKKK3
(BnMAP3Kal) CX191632,EV172297,GT082081,EE542547,EE550677 2 0 5
BnaMAPKKK4  EV(72989,EE444225 ES910539,CX187618,ES919039 2 1 5
BnaMAPKKKS  GT078796,GT078644,EV217621,EV158579 2 0 4
BnaMAPKKKG6
(BnMAP3Kz1) — EV145804.EV054446,EV055798 1 1 3
BnaMAPKKK7  CD818725,EE403405,DY002368,EL629803,EE457278,.E
S979963,ES966150,EV042545,EV018421,EV078443 EL 2 3 12
626620,EL627580
BnaMAPKKKS  EV192042,EV035080,FG566093,EV055951,CJ999505,E 5 ! 6
(BnMAP3KBI) V023028
BnaMAPKKK9/M
EKK) EV161695,EV161322,EV161456,EV161613,EV161538 2 0 5
BnaMAPKKKII  EE429793,DY000072,ES266880,EV117746,FG553806,E
1 3 6
L591134
BnaMAPKKKI2  EE452764,EV008430,GR446403 1 1
BnaMAPKKKI3  ES909856,ES913159,FG564143,FG557695 1
BnaMAPKKKI4  EE477468,GR443470,CN728075,EV076377,EV078743.,C 5 . g
X194918,EE461225,GR439026
BnaMAPKKKI5  EV111390,EV111105 1 0 2
BnaMAPKKKI7  DK466745,DK524925 1 0 2
BnaMAPKKKIS  GR719871,GR727308 1 0 2
BnaMAPKKKI9  (CX279903 0 1 1
BnaMAPKKK20  EE444892,EE417560 ,GR436387 1 0 3
BnaZIK1 CD828824,EV027260,EV136051,ES905716,EV028082,E
E432777,FG561292,EV190872,EV195091,CD836798,GT
084453,GR462753,EE444646,EV134286,EV133959,EV0 6 0 25
06837,EE471093,ES905420,ES989300,EV184525,EV183
080,CD835586,CD835289,GR463177,CD832636
BnaZIK?2 ES911192,EV052919,EE565337,EV222224 EV221813,E
V142598,EV142928, ES905716,EV028082, 2 2 11
ES913429,EE465196
BnaZIK3 EE472372 0 1 1
BnaZIK4 EV073626,EV139126,EV138473,EV138658,EV197022,E
V150739,EV150892,EV070186,EE492290,EE490805,EE
490822,EE494296,EE496988, EE496899,EE496635,EE49
2085,EE495787,EE492932,EE495844,EE491945,EE4912 4 3 35
91,EE497772,EE496649,EE493567,EV100529,
EE432777,FG561292,EV190872, EV197102, EL625512,
EV100585, EV190796,EE563876,CX278066,CX 189467
BnaZIK5 EE536542,GR458826,EV195091,CD836798,GT084453,G
R462753,EE444646,EV134286,EV133959,EV006837,EE
471093, CD835586, CD835289,GR463177,CD832636, 4 ) %



BnaZIK6

BnaZIK7
BnaZIK8

BnaZIK9

BnaCTR1

BnaEDRI (Raf2)
BnaRaf3

BnaRaf4
BnaRaf6

BnaRaf7
BnaRaf9
BnaRafl1

BnaRaf13
BnaRaf1?2

BnaRafl5
BnaRaf16

BnaRafl7

BnaRaf18

BnaRaf20

FG568049,ES980749,GR455306,ES983869,
DY020517,EE411206,EV217230,EE419889,EV125474,E
V181844,EV181764,GR457279,EV103908,EV104150,E
V204069,EE566985, EV125550

EE536542

GT085120,GT084787,EL591342,EV032757,EV104353,E
V104948,EV104623,EV104261,EV068090,EG020399,C
N726130,EV163028, EV163329,ES922711,EV049769

EV184439,EV182994, ES905420, ES989300,EV184525,
EV183080, EV197102 EV052012

ES989676,EE561092,ES909336,EV086661,ES980529,ES
916126,ES981393,ES908728,EV118427,EV122652,EV13
2908,FG576903,ES913258,CX196077,EL629678,ES9526
63,EL586905,CJ999426,ES992664,EV192459,EE562099,
CX188622,ES953149,ES964092,EV011520,EV026142,E
V039146,EE421469,EV122573,EV132704

EES557579

FG553342,EE492012,EE497602,EE494763,EE497280,EE
490955,EE493282,EE497282,EE495237,EE496270,EE49
7166,EE491978,EE493180,EE492484,EE493124,EE4957
19,EE494086,EE497526,EE492074,EE493713,EE495879,
EE491260,EE498010,EE497752,EE493692,EE491100,ES
974247,EV117365,EV117280,EE473862,EE564679,
ES957467,EV013879 ,EV058376 ,EL589581

EV175536 ,EV175611

EV205676 ,
EV205897 ,EV112696,EV065524 ,ES905061 ,EV114878,
EV112785

GT077030
GR441138,CX193045, EV216923

ES900067,GR440297,EV181221,EV181137,ES898401,E
E415962,ES898940,EE437643,CX281039,EE415166,EE4
11762,DY005002,ES912117,FG560755,EV198857,CX18
9012,GR441948,GR441859,EV217100,EV192425

CX192251,EE435654,EV202317,EE435564,EV122200,E
V122282,EV198765,ES908916,EV198840

CX280761,CD836474 ,CD836011,EV152662, EE549634,
EE568144
EV042506,ES967579

ES271921, ES271656, GR459694, ES271811,GR454502 ,
GR456294 ,GR458356, EV012120

EV193963,EV143899,EL629490,EV198792, EV204737,
EE444321, ES909131, EV198869, EV008880, CX188807,
EV143538, ES901419, EV193903, EV071758, EE513821,
EV194231, EE410295

EV168971, G566845,CN726119,EV145114,EV145484,
EE470702, EE555040, DY010700,EV181902,EE433611,
EVI81814, EV182318, EV121398 , EV121321

EV148544 ,EE445303 ,EE558140,EV148393,EV211763
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BnaRaf?1

BnaRaf2?2

BnaRaf23

BnaRaf24

BnaRaf26

BnaRaf27

BnaRaf28

BnaRaf29

CX188760,EE392444,EV045763,EV131126,EV159014,G
R442116,ES903985,ES912963,EE549185,CD828271,EV
198342,GR441411,EV216575,EV200708, EV057267,
EV161604, EV161528, EV121092, EV191002,FG562361,
EV081150,EV168660, EV121003,EV190923, EV161401,
EV161312,EV161685, EE455467,EV010619,EV168718,
EV110458,EV110382, EV202815, EV110158,
EV200634,EV110207, EE459573, EV222182,
EV189732,EV175173, DY001106,EV182843,
EE478620,GR450566,ES903484,EV176650,EV176575,
EV131046, EV020832,EL622888, ES900851

CD828801,DY012414,FG555341,EE411079,EV053578,E
E541889,EV038508,EV078680,EV176349,EV176422,ES
989778, EV117988, EL623219,ES991338,EV120911,
GR447086,EE434452,GR441880,FG567395,EV036952,D
Y001930,EV120893,EV088066,EV214281,EV214617,EV
141062,ES966119, EV013186,EE536863, EL625655,
EV059455, CD842174, EV186139,EV041195, ES909882,
EE449173, EV123588, GT073523,CD833520,CD&32597,
CD835829,EV023686,CN826331,EV185811,EE405899,E
S989158,EV062246,EV084408,EE568957,EE568610,EE4
70507,EV050318,ES990445,FG561994,FG556992,EV079
399,EV076551,FG574371,FG554400,EE468789,FG55331
8,DY002182,EV142833

CB686056,EE483168,EV080799,EV171789,AY587554,A
Y587554,ES994863,CN827635,CN827634,EV171782,EV
171787, ES907355,EE445038,ES908335,EV063584,
CN728271,GR455301,ES985384, GR456681, ES900514,
EV107604,EV107986,EV009491,EE552793

GR440156,GT084680,EV023244,EE463020,EV038513,E
V177532,EV223456,EE489551,EV223237,EV168802,CX
188972,CX196226,FG575581,EV020291,ES963392,ES97
3776,ES973772,EV130809,EV021734,EL628173,EV2245
24,EV224626,EV224194,EV224283,EE506566,EV14515
7,EV145499,EV207344,CD837080

ES989096,EV155356,GR454201,DY021755,GR453562,C
X195388,CX195380,EV109439,EV155273

EV189564,GT085380,H74387,GT085282,GT084914,GTO
84955, EE484013,EV189638,EV165926,EV221771,
EE440826,H74653 ,H74454,H74614,H74390,EV165995,
H74431

CD842174,EV186139,EV041195,ES909882,EE449173,E
V123588,GT073523,CD833520,CD832597,CD835829,E
V023686,CN826331,EV185811,EE405899,EE537024,EL
626484,EE458599,CD836673,CN830316,CN830315,ES9
04982,EV132004,EV132281,ES907483,EV190689,CB68
6365,FG576634,EV109612,CN730941,EV131716,EE404
614,EV123510,EV190606,EV109226,FG571495,EV0349
38,GR442269, EL623219, ES991338, EV120911,
GR447086, EE434452, GR441880, FG567395,
EV036952,DY001930, EV120893, EV088066,EV214281,
EV214617,EV141062,ES966119,FG567592, DW998470,
FG572537, CD831261, CD835589, CD831446,
FG568749, ES989158, EV062246,EV084408, EE568957,
EE568610, CD832942, ES990066, EV003278, EE538539,
EV002846, EV033982, EV012823, EV012866, CD836853

EV057267,EV161604,EV161528, EV121092,EV191002,F
G562361,EV081150,EV168660,EV121003,EV190923, EV
161401,EV161312,EV161685,EE455467,EV010619,EV1
68718
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BnaRaf30

BnaRaf31
BnaRaf32
BnaRaf33

BnaRaf34
BnaRaf35

BnaRaf36
BnaRaf37
BnaRaf38
BnaRaf39

BnaRaf41

BnaRaf42

BnaRaf43

BnaRaf46

BnaRaf47
BnaRaf48

GR450566,ES903484,EV176650,EV176575,
DY001106,EV182843,EE478620,ES903985,ES912963.E
E549185,EV222182,EV189732,EV175173,ES959642,EV
011656,ES907290,CD828107,ES906772,EV189809,EV18
2928,EE454914,EE419315

EE562897 , EE562760

EV148003,EV014780,EV147698,ES900634,ES900648

CD837014,CX278481,DY025237,EV022140,CX280005,
EE444749,EE419158,GR439687,EE457604

EE562760,EE562897

EV207803,EV207443,CX188942,EL588144,GR438570,E
L630251,EE494265,EE496543,EE495641, FG557003

GR454194, EV126104
EE449283, EE450402, EV022618, EV070828, GR44340
CD837014,CX278481,DY 025237

ES902728,ES271574,EV131406,EV206069,EE467568,G
R459322,EV036406,GR462543,GR457156,FG554126,G
R462574,EV002033,EV131215,EV205655,ES982394,EE
435970,EV014667,GR453462,GR439048,GR459363,EV2
22031,EV222394, EE554782,GR453503,
GR453297,ES965014,FG568031,EV031135,EE567796

EL623529,EE553522,CN831212,EE469147,EV109838,C
N727032
FG566845,CN726119,EV145114,EV145484,EE470702,E
E555040,GR440156,GT084680,EV023244,EE463020,EV
038513,EV177532,EV223456,EE489551,EV223237,EV1
68802,CX188972,CX196226,FG575581,EV020291,ES96
3392,ES973776,ES973772,EV130809,EV207803,EV2074
43,CX188942,EL588144,GR438570,EL630251,EE49426
5,EE496543,EE495641
EE423013,EV013275,EE438214,EL623537,GR457543.E
V123924,GR456382,EE477516,EE418279,EE566532,EE
569368,EE538516,GR443324,EV048864,EL591064,EE41
4233

CN728271, GR455301,ES5985384,GR456681, EV163620,
EV080799

EV009491, EE552793

ES910727,ES902967,EL628100,ES905974,EV219602,EV
219362,EV134513,EV110252,EV110524,EV120338,ES9
25881,ES910160,ES907733,FG566519,EV120257,EV142
866,GT084966,GT085401,EE538279,EV087758,EV1425
03,ES913826,EV116485,EV168494,EV168531,EV11656
5,CD831398,ES910727
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These EST were identified using the cDNA sequences of 80 Arabidopsis MAPKKK genes as the

queries against the Brassica napus (Bna) EST database in NCBI

(www.ncbi.nlm.nih.gov/dbEST/index.html) with a cut-off E value of 10*. The ESTs were clustered

into contigs or singlets using a criteria of more than 95% similarity over a range of 50 bp or more. The

GenBank accession numbers of each EST were listed after each individual BnaMAPKKK genes.



Table S2. Primers used in this study.

Gene

primer sequence (5'—3')

BnaMAPKKKI7

BnaMAPKKKI8

BnaMAPKKK19

BnaMAPKKK20

BnaZIK?2

BnaZIK3

BnaZIK4

BnaZIK8

Q-F:GACGGCGACGCAACTCCTAAAC
Q-R:GACCCATCCAACCCACCAACAC
F:cgccATGGAATGGACTAGAGGAAGAATCC
R:cgggatccTCAATTTACAGTCCCCCCCAC
BiFC-F:cgGGGCCCGAATGGACTAGAGGAAGAATCCTAGG
BiFC-R:cgggatccTCAATTTACAGTCCCCCCCAC
Q-F:AGACGCCTGAGCTGCCTTC
Q-R:-TTAATAATTGCCTCGCTGTCCATCT

BiFC-F: ggactagt AATTGGACTAGAGAAAAAACAATAGGCC
BiFC-R :cgcgtcgacATCATTATTCCGTCGAACCGTGATC

OE-F:cgccATGGACAATTGGACTAGAGAAAAAACAATAGGCC

OE-R:
gcTCTAGAgAGCGTAATCTGGAACATCGTATGGGTAAGCGTAATCTGGAACATCGT
ATGGGTATCCACCTCCGGGCGCGCCGTCGACGGGCCCATCATTATTCCGTCGAAC
CGTG

BnaM3K18-K32R-F:ACC ATC GCC GTG GGA TCC GCC GAG

BnaM3K18-K32R-R:GTG AAA CTC GGC GGA TCC CAC GGC GAT
BnM3K18-GW-Ncol-F:AAAGCAGGCTTCcATGggtAATTGGACTAGAGAAAAAACA
BnM3K18-GW-Sall-R:GTCTCCACCTCCGGAgtegacATCATTATTCCGTCGAACCGT
Q-F:GAGGCGCCGGAGGAGAG

Q-R:CCGTACGGTGACCCAGTTA
BiFC-F:ggACTAGTGAGTGGGTTCGAGGAGAAAC
BiFC-R:cgcGTCGACCCGTACGGTGACCCAGTTATTG

OE-F:cgCCATGGAGTGGGTTCGAGGA

OE-R:
gcTCTAGAZCAGATCTTCTTCAGAGATCAGTTTCTGTTCCAGATCTTCTTCAGAGAT
CAGTTTCTGTTCTCCACCTCCGGGCGCGCCGTCGACGGGCCCCCGTACGGTGACCC
AGTTATT

Q-F:TATGTCGTCCGAGTCAGAGATTCAA
Q-R:GACCCAGCCTTCGGAGACAGAC
F:cgccATGGAGTGGGTTCGTGGAG
R:cgegtcgacCCGTACGGTGACCCAGCC
BiFC-F:ggactagtGAGTGGGTTCGTGGAGAAAC
BiFC-R:cgcgtcgacCCGTACGGTGACCCAGCC
Q-F:GCTGACGGAAGAGGCTAGAATAAGA
Q-R:CCGCGTAAGGTGGCTGAAAC
F:catgccATGGTAAACATGAATCAGCTTTCTGAGTATGTAG
R:cgcgtcgacCTACCGCCTTGAACTCGGTGG

BiFC-F:ggactagt ATGGTAAACATGAATCAGC
BiFC-R:cgcgtcgacCTACCGCCTTGAACTCGGTGG
Q-F:TGGCCGGAGAATGAGATAAGGAGA
Q-R:GGCGTCGACGGGAAGTGAGA
F:cgccATGGACAATGGTGAAGAAAGCTTCGTTGAAG
R:cgggatccTCATATATCCACGGCGTCGAC
Q-F:GCAACAGCAGGAGAGCCGAGA
Q-R:ATAGAGACGGTAAAAACGAGAACGA
F:catgccATGGACAACAATCTGGTGAGTTATCTTGAGC
R:cgcgtcgacAGATTCAATGGCATCGACAGG
Q-F:ACCCCGCCATGACCGAGAG
Q-R:CAAGGCGATGATGCTGCTGTTC
F:catgccATGGTACTTCCTTGTGCGAGCTCC



BnaRaf17

BnaRaf28

BnaRaf29

BnaRaf30

BnaRaf34

BnaRaf35

BnaRaf36

BnaRaf39

BnaCTR1

BnaRaf21

BnaRaf2?2

BnaRaf23

BnaRaf27

BnaRaf33

BnaRaf37

BnaRaf41

BnaRaf46

R:cgggatccTCAAGAAACAACACGACCAGTTCC
Q-F:CGAGCCATACGAAGCAGCAAAAC
Q-R:AGCCCCAGTGGTGATCAGAAGGTA
F:cgccATGGAGAGCTCCGAAGCGTCGGCGGCT
R:cgcgtcgacTGAAGTGAATAAGCCCCAGTGG
Q-F:AACGGTCCCAGCTGATTGTCTCC
Q-R:AACGGGCTTTCCTCGCAGTCG
F:cgccATGGAGCTTGAGGGACCTAAGTTCGATATGC
R:cgegtcgacGTCGATTGTCATTGGTTGCGTC

BiFC-F:ggactagt ATGCTTGAGGGACCTAAG
BiFC-R:cgcgtcgacGTCGATTGTCATTGGTTGCGTC
Q-F:GCGATCGTGCTGTGGGAACTT
Q-R:ATCTGGTCTTTGAGCTGGGTCTTGT
F:cgccATGGCGATCAAAGACGAGACG
R:cgegtcgacATGGTGGCCTTTTCTTAGACCTG
Q-F:CTACGGGATTGTGCTATGGGAGTT
Q-R:GGATGCGTCTTCTTCGGTATTTTC

F:ttaggtc ATGATCGTGGTGATGGAGAGTTGCGG
R:cgegtcgacTCAATGATGTGTTGCACTTCTCCT
Q-F:CACTATTGCCACCGGATTCACCT
Q-R:ITTTGTCTTCAGTTTTAGCCTTTGGAGT
F:cttaggtcATGATCCTTGCTATGGATTCATTGAATGGATACAG
R:cgcgtcgacATAACATTGATTGAAGCAGAAAAACAAACC
Q-F:GGAAAGTTGTTGGGCATCTGAGC
Q-R:CTGCACCATCGCCATCTTCTTTT
F:GGAATTCATGTGCAGCAGTAATCGCG
R:cgegtcgacTTTCAAATTCATAGCAGCAGCCATATTC
Q-F:GCTCTGCCATGCCTAACCCTAAAT
Q-RiTCCCATAAACATCGAATCACAAACC
F:cttaggtcatg ATCGATGAAGAGGCTTCTTCTTGGATT
R:cgegtcgacAGCGAATTTAGGGTTAGGCATG
Q-F:CAGAGATGGAGGAAGTCGTGAAGA
Q-R:IATAATAAGATGGCCAAAGAGGGGTAA
F:cgCCATGGAAACACCAAACGAGATAAAAGCTT
R:ccCCCGGGTCAAGGACCACGACCGGAG
F:ttaggtcATGATCGAAATGCCCGGCGCTAGAAG
R:ccCCCGGGCATATCCAAGCGATTAGGTGGAGGAAC
F:cgCCATGGATACGAATACAGATGAATCGGAGAG
cgcGTCGACTGGTACGACGTTTACTTCAGTCATTAT
F:cgCCATGGTACTTGACGGAGCAAAGTTCAAC
cgggatccTTAGTCGATAGTCATAGGTTGACTCATAC
F:cgCCATGGCGAACATCGCGGGACA
cgcGTCGACTTTCCAAGGAAACTTGAATGTATCTTTC
F:cgCCATGGAAGATGATTACAAAACGCCG
R:cgcGTCGACCAAATGTGAACCGGATGATGAG
F:cgCCATGGTAAAGGAAGGAAACGACGGGT
R:cgcGTCGACCCAAACAGAACAAAAACAAGGAAAGTTTAA
F:cgCCATGGTACCTCGCGGGTACCAACGA
R:GGAATTCCTTGGAAATACAATCTCTGAAGATCTTGAG
F:ttaggtcATGATCGGATCTGCAAGTGGGTTTTACTC
R:cgcGTCGACTGAGCAGCAGAAGAAGAAGCT
F:cgCCATGGAGAACGTAGCGGCGC




R:cgcGTCGACTTTCCAAGGAAACTTGAATGTGTCTTTCC

BnaZIK5 F:ggaattc CATATGGACGGTGCAGAGGATGC
R:cgcGTCGACACCAGCTTGTTCTACCTTCTTCTGAGATAAC
BnaZIK6 F:ggaattcCATATGGCTTTTGGATCTTCTGGAACT
R:cgggatccTCACAAACCTTTTTGCTTTTTCATAATCC
BnaZIK9 F:cgCCATGGTAATGAACAACATCAGCCATCTTGAATC
R:cgcGTCGACGTCACTTGACCTACAAGAAAACACC
BnaMKK]1 F: GGAATTCCATATGAAGAGAGGCAGCTTGAGTC
R: CGGGATCCTAGCTGTTAGCTAGTGGGGG
BnaMKK?2 F: GGAATTCCATATGAAGAAGGGTGGATTCAGCAATAATC

R: CGGGATCCTTAAACGGAGAATGTACCAGACAGATTC

BiFC-F:cgGGATCCATGAAGAAGGGTGGATTCAG

BiFC-R:CGCGTCGACAACGGAGAATGTACCAGAC
BnaMKK3 F: GGAATTCCATATGGCAGCATTGGAGGAACTA

R: CGGGATCCTTAACTTGTAATATAAAGCTCTTGCTTAGC

BiFC-F:gcTCTAGAATGGCAGCATTGGAGGAACTA

BiFC-R:gggatccACTTGTAATATAAAGCTCTTG

BnaMKK4 F: GGAATTCCATATGAAACCAATCCAACCGCC
R: CGGAATTCTACGTCGTTGGGGAAGAAGAAG
BnaMKK5 F:ggaattccat ATGGCCATGAGACGAAACAAACGTCCT

R:cgcgtcgacCTAAGACGCCGGAGGCGGCG
BiFC-F:gctctagaATGGCCATGAGACGAAAC
BiFC-R:CGCGTCGACAGACGCCGGAGGCGGCG
BnaMKK6 F:ggaattccat ATGAAGCTCAAATCGAACTTGAAGC
R:cggaattc TTATCTAAGGCAGTTAACAGGTGGTTC
BiFC-F:gctctaga ATGAAGCTCAAATCGAACTTG
BiFC-R:CGCGTCGACTCTAAGGCAGTTAACAGGTG

BnaMKK$ F: gcCCATGggcAATCTCAAGCTTTCTCTTCCAC
R: cGAGCTCATCTTGCTGGAGAAGAAAAGGG
BnaMKK9 F:ggaattccat ATGGCTCTTGTTAGAGAACGTCG

R:cgggatccTCAAAGCTCTTCCTGGAGAAAAG
BiFC-F:cgGGATCCATGGCTCTTGTTAGAGAACGT
BiFC-R:cgcGTCGACAAGCTCTTCCTGGAGAAAAG
BnaMKK9-K74R-Fwd AACACTCTCTACGCTCTGAGAACAGTCAACGGC
BnaMKK9-K74R-Rvs GTCGCCGTTGACTGTTCTCAGAGCGTAGAGA

MKK9-GW-F
GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGGCTCTTGTTAGAGAACGTCG

MKK9-GW-R
GGGGACCACTTTGTACAAGAAAGCTGGGTCTCAAAGCTCTTCCTGGAGAAAAGG

BnaMKKO9-S193D/S199E-F GTCCGGGAATTGGATTCTTGCAACGAATAT
BnaMKK9-S193D/S199E-R GACATATTCGTTGCAAGAATCCAATTCCCG

US-attB1 G GGG ACAAGTTTGTACAAAAAAGCAGGCTTCCATG
U3-attB2 GGG GACCACTTTGTACAAGAAAGCTGGGTCTCCACCTCCGGA
BnaUPI1 Q-F: AGCCTGAGGAGATATTAGCAGGAA
Q-R: ATCTCACTGCAGCTCCACCAT
BnaUBC9 Q-F: GCATCTGCCTCGACATCTTGA

Q-R: GACAGCAGCACCTTGGAAATG

Note: F and R are primers used for amplifying CDS and cloned into pGBKT7 or pGADT7. Q-F and Q-R are for real-time
PCR, and GFP-F and GFP R are for GFP fusion. BiFC-F and BiFC-R are used for in vivo bimolecular florescence
complementation (BiFC) analysis.




Table S3. MAPKKK sequences from different species used for phylogenetic analysis.

GenBank
Species Taxon name Synonyms Accession No. or Subfamily
locus No.

Arabidopsis thaliana AtMAPKKK1 AtANPI Atl1g09000 MEKK
AtMAPKKK?2 AtANP2 Atl1g54960 MEKK
AtMAPKKK3 AtMAPKKK3a Atl1g53570 MEKK
AtMAPKKKA4 Atlg63700 MEKK
AtMAPKKKS AtMAP3Ky At5g66850 MEKK
AtMAPKKK®6 AtMAP3Ke2 At3g07980 MEKK
AtMAPKKK?7 AtMAP3Kel At3g13530 MEKK
AtMAPKKKS AtMEKK1 At4g08500 MEKK
AtMAPKKK9 At4g08480 MEKK

AtMAPKKKI10 AtMEKK3 At4g08470 MEKK
AtMAPKKKI11 AtMEKK4 At4g12020 MEKK
AtMAPKKK12 AtANP3 At3g06030 MEKK
AtMAPKKK13 Atlg07150 MEKK
AtMAPKKK 14 At2g30040 MEKK
AtMAPKKK15 At5g55090 MEKK
AtMAPKKK16 At4g26890 MEKK
AtMAPKKKI17 At2g32510 MEKK
AtMAPKKKI18 At1g05100 MEKK
AtMAPKKK19 At5g67080 MEKK
AtMAPKKK20 At3g50310 MEKK
AtMAPKKK?21 At4g36950 MEKK
AtZIK1 WNKS5 At3g51630 ZIK
AtZIK2 WNK4 At5g58350 ZIK
AtZIK3 WNK2 At3g22420 ZIK
AtZIK4 WNK1 At3g04910 ZIK
AtZIKS WNK6 At3g18750 ZIK
AtZIK6 WNKSE At5g41990 ZIK
AtZIK7 WNK?7 At1g49160 ZIK
AtZIKS At5g55560 ZIK
AtZIK9 WNKO9 At5g28080 ZIK
AtZIK10 WNK10 Atl1g64630 ZIK
AtZIK11 WNK3 At3g48260 ZIK
AtRafl AtCTRI1 At5g03730 Raf
AtRaf2 AtEDRI1 At1g08720 Raf
AtRaf3 AtMAP3K31 At5gl11850 Raf
AtRaf4 Atlgl18160 Raf
AtRaf5 Atlg73660 Raf
AtRaf6 AtMAP3KS5 At4g24480 Raf
AtRaf7 At3g06620 Raf
AtRaf8 At3g06630 Raf
AtRaf9 At3g06640 Raf



Brassica napus

AtRaf10
AtRafl1
AtRafl12
AtRafl13
AtRaf14
AtRafl15
AtRafl6
AtRaf17
AtRaf18
AtRaf19
AtRaf20
AtRaf21
AtRaf22
AtRaf23
AtRaf24
AtRaf25
AtRaf26
AtRaf27
AtRaf28
AtRaf29
AtRaf30
AtRaf31
AtRaf32
AtRaf33
AtRaf34
AtRaf35
AtRaf36
AtRaf37
AtRaf38
AtRaf39
AtRaf40
AtRaf41
AtRaf42
AtRaf43
AtRaf44
AtRaf45
AtRaf46
AtRaf47
AtRaf48
BnaMAPKKK3
BnaMAPKKK6
BnaMAPKKKS
BnaMAPKKK17
BnaMAPKKK18
BnaMAPKKK19
BnaMAPKKK20
BnaZIK2

AtMAP3Kh3

AtMAP3K 54
AtMAP3Kql
AtMAP3Kq2

ATNI

ATNI-like

AtMRK1
BnMAP3Kal
BnMAP3Kel
BnMAP3Kp1

At5g49470
At1g67890
At4g23050
At2g31010
At2g42630
At3g58640
At1g04700
At1g14000
Atlgl6270
At1g62400
At1g79570
At2g17700
At2g24360
At2g31800
At2g35050
At2g43850
Atdg14780
Atdg18950
At4g31170
At4g35780
At4g38470
At5g01850
At5g40540
At5g50000
At5g50180
At5g57610
At5g58950
At5g66710
At3g01490
At3g22750
At3g24720
At3g27560
At3g46920
At3g46930
At3g50720
At3g50730
At3g59830
At3g58760
At3g63260
CAA08995
CAB54520
CAA08997
KC190095
KC190096
KC190097
KC190098
KC190099

Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
ZIK
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Brassica rapa

BnaZIK3
BnaZIK4
BnaZIK5
BnaZIK6
BnaZIK8
BnaZIK9
BnaRaf17
BnaRaf28
BnaRaf29
BnaRaf30
BnaRaf34
BnaRaf35
BnaRaf36
BnaRaf39
BnaCTR1
BnaRaf21
BnaRaf22
BnaRaf23
BnaRaf27
BnaRaf33
BnaRaf37
BnaRaf41
BnaRaf46
BraMAPKKK1
BraMAPKKK4

BraMAPKKKS

BraMAPKKK6

BraMAPKKK?7

BraMAPKKKS

BraMAPKKK10
BraMAPKKK11
BraMAPKKK12
BraMAPKKK13

BraMAPKKK14

BraMAPKKKI15

BraMAPKKK16

BraMAPKKK17

KC190100
KC190101
TC171979
KF129405
KC190102
KF129406
KC190103
KC190104
KC190105
KC190106
KC190107
KC190108
KC190109
KC190110
KF129395
KF129396
KF129397
KF129398
KF129399
KF129400
KF129401
KF129402
KF129403
Bra018588
Bra027792
Bra012110
Bra031828
Bra001280
Bra027424
Bra039396
Bra001510
Bra000647
Bra039693
Bra037860
Bra029454
Bra020785
Bra015556
Bra018344
Bra022773
Bra002933
Bra035552
Bra028991
Bra026395
Bra010423
Bra018228
Bra021794
Bra005599

ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
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BraMAPKKKI18
BraMAPKKK19

BraMAPKKK?20

BraMAPKKK21

BraRafl

BraRaf2

BraRaf3

BraRaf4
BraRaf5
BraRaf6
BraRaf7
BraRaf9

BraRaf10
BraRaf12

BraRafl3

BraRafl5

BraRafl6

BraRafl7

BraRafl8

BraRafl19

BraRaf20

BraRaf21

BraRaf22

BraRaf23

BraRaf24

BraRaf26

BraRaf27

Bra015388
Bra012131
Bra036070
Bra030001
Bra011739
Bra009514
Bra005778
Bra031639
Bra006122
Bra023347
Bra025927
Bra015976
Bra013806
Bra029594
Bra040282
Bra040281
Bra001205
Bra036141
Bra019338
Bra021687
Bra022820
Bra007408
Bra003347
Bra015343
Bra019692
Bra026867
Bra026049
Bra026726
Bra026072
Bra027048
Bra036661
Bra027847
Bra035125
Bra003603
Bra002078
Bra024497
Bra037258
Bra007857
Bra032102
Bra007860
Bra021744
Bra022866
Bra021945
Bra022999
Bra037067
Bra013363
Bra020982

MEKK
MEKK
MEKK
MEKK
MEKK
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
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BraRaf28

BraRaf29

BraRaf30

BraRaf31

BraRaf32

BraRaf33

BraRaf34

BraRaf35

BraRaf36

BraRaf37

BraRaf38

BraRaf39

BraRaf41
BraRaf43

BraRaf46

BraRaf47

BraRaf48

BraZIK1

BraZIK2

BraZIK3

BraZIK4

BraZIK5

BraZIK6

BraZIK8

BraZIK9

BraZIK11

Bra011250
Bra024020
Bra010247
Bra007859
Bra010516
Bra011897
Bra010744
Bra015215
Bra028913
Bra025563
Bra000605
Bra000612
Bra006812
Bra020343
Bra006738
Bra002606
Bra012094
Bra037152
Bra039114
Bra033921
Bra023811
Bra025286
Bra018183
Bra007480
Bra003392
Bra007418
Bra014553
Bra007738
Bra040440
Bra036787
Bra002658
Bra020372
Bra006771
Bra029915
Bra039952
Bra001867
Bra040414
Bra001129
Bra037565
Bra001718
Bra028518
Bra002897
Bra035577
Bra028972
Bra009990
Bra036118
Bra019537

Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
ZIK
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Oryza sativa

OsMAPKKK1

OsMAPKKK?2

OsMAPKKK3

OsMAPKKK4
OsMAPKKKS5

OsMAPKKK6

OsMAPKKK?7

OsMAPKKKS
OsMAPKKK9
OsMAPKKK10
OsMAPKKKI11

OsMAPKKK12
OsMAPKKK13

OsMAPKKK14

OsMAPKKK15

OsMAPKKK16

OsMAPKKK17
OsMAPKKK18
OsMAPKKK19

OsMAPKKK20

OsMAPKKK?21

OsMAPKKK?22
OsMAPKKK?23

OsMAPKKK?24
OsMAPKKK?25
OsMAPKKK?26

OsMAPKKK27

OsMAPKKK?28

OsMAPKKK?29

OsMAPKKK30

OsMAPKKK31

OsMAPKKK32

OsACDR1,0sE
DRI1

DSM1

OsWNK1

OsWNK4

0s03g06410/AY 1675
75

0s10g29540/AK 1217
18
0s02g32610/AAF344
36

0s02g12810

Os12g37570

0s02g50970/AK 1027
67

0s06g12590/AK 0995
00/AK 105681

Os11g10100

0s02g44642/AK0730
40

0Os04g47240

0s07g02780/AK0698
89

0509239320

0s09g21510
0s04g52140/AK 1208
98
0s08g32600/AK 1030
&7

0s04g35700/AK0616
22/AK068725

0s09¢37230/AK0726
90
0s03g55560
0s02g35010/AK2878
89
0s07¢38530/DQ8375
32
0s07g25680/AK2411
23
0503249640

0s12g40279

0s04g56530/AK 0998
39
0s02g38080
0s07g29330/AK0661
98
0s03g43760/AK2436
90

Os03g15570/AK2427
66/CT835152/
CT835203

0s02g45130/AK0738

0502g027‘:§5()/AKO6O2

0s01 g45328%/AK1081

0508g12735%/AY1565
10

Raf

Raf

Raf

Raf
Raf

Raf

Raf

MEKK
MEKK
MEKK
MEKK

Raf
MEKK

Raf

MEKK

MEKK

Raf
MEKK
MEKK

ZIK

Raf

MEKK
Raf

MEKK
Raf
Raf

Raf

MEKK

ZIK

Raf

Raf

Raf
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OsMAPKKK33

OsMAPKKK?34
OsMAPKKK35
OsMAPKKK36

OsMAPKKK37

OsMAPKKK38

OsMAPKKK39

OsMAPKKK40

OsMAPKKK41

OsMAPKKK42

OsMAPKKK43

OsMAPKKK44
OsMAPKKK45
OsMAPKKK46

OsMAPKKK47

OsMAPKKK48
OsMAPKKK49

OsMAPKKKS50

OsMAPKKKS51

OsMAPKKKS52

OsMAPKKKS53
OsMAPKKK54
OsMAPKKKS55
OsMAPKKK56

OsMAPKKKS57
OsMAPKKKS58

OsMAPKKK59
OsMAPKKKG60
OsMAPKKK61

OsMAPKKK®62
OsMAPKKK63

OsMAPKKK64

OsWNK2

ILA1

OsWNK6

OsWNK3

OsWNK?7

OsWNKO9

OsWNK35

0s02g07790/AY 1565
12
0Os05g50190/AY2244
53
0s02g54510
0s05g01780/AK0700
61
0s04g51950/AY 1565
11
Os06g45300/AY2244
31
0s06g08280/AK0677
71

0Os01g48330/AK0708
08/AK102209
AK111983

0s06g43840/AK2434
13

0s03g60150/CT8308
32

0s06g50920/AK0737
47

0s02g14530/AK 1116
18

0506243030

0s11g06140/AK0704

90

0s07g08750/AK0605
52/AK100930

0s01g01740/AK0594
60
050544290

Os12g02250/AK0674
47/AK072172

Os01g54350/AK 1024
67

Os12g06490/AK 0628
12/AK073772

Os11g02305

0s03g28300/CT8284
99

0501250400

0s05g01780/AY3369
87

0Os05g46750
0s03g39150

Os12g41260/AK 1096
96

0Os03g53410

0s01g10450/AK0695
37

0Os01g50420
0Os01g50370

0s07g39520/CT8322
00/AK072014
/AK072176/AK 10526

Raf

Raf
Raf
ZIK

Raf

Raf

Raf

Raf

Raf

Raf

Raf

Raf
Raf
ZIK

ZIK

Raf
Raf

ZIK

Raf

ZIK

ZIK
Raf
MEKK
ZIK

MEKK
Raf

Raf
Raf
Raf

MEKK
MEKK

ZIK
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Selaginella
moellendorffii

OsMAPKKKG65
OsMAPKKK66
OsMAPKKKG67
OsMAPKKK68

OsMAPKKK69

OsMAPKKK70
OsMAPKKK71

OsMAPKKK?72
OsMAPKKK73
OsMAPKKK74

OsMAPKKK75

Sm86240
Sm139837
Sm65764
Sm73721
Sm113703
Sm55695
Sm82067
Sm164743
Sm76216
Sm444546
Sm438664
Sm74353
Sm73444
Sm126389
Sm134331
Sm11317
Sm130367
Sm10499
Sm24258
Sm40493
Sm97070
Sm96997
Sm56634
Sm131553
Sm130298
Sm146775
Sm20996
Sm115356
Sm146897
Sm118910
Sm444789
Sm88196

OsNPK1

0s07g43900
Os10g04010
0Os10g04000

Os12g30570

0s05g46760/AK1059
46

Os01g50410

0s02g21700

0s01g54480/AK 1046
74

0Os03g18170

0s01g66860/AK0700
97

0s02g39560/AK0719
22/AK099756

86240
139837
65764
73721
113703
55695
82067
164743
76216
444546
438664
74353
73444
126389
134331
11317
130367
10499
24258
40493
97070
96997
56634
131553
130298
146775
20996
115356
146897
118910
444789
88196

Raf
MEKK
MEKK

Raf

MEKK

MEKK
MEKK

Raf
MEKK
Raf

Raf

MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
ZIK
ZIK
ZIK
ZIK
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
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Physcomitrella
patens

Sm63609
Sm34528
Sm271276
Sm160379
Sm57136
Sm105905
Pplsl51 4Veé.1
Pplsl51 3Ve.1
Ppls216 64V6.1
Ppls8 299Ve6.1
Pp1s387 39Ve.1
Ppls10_200Ve6.1
Ppls44 113Ve.1
Ppls351 40Ve.1
Ppls35 323Ve.1
Ppls136 5V6.3
Ppls31 252V6.1
Ppls43 178V6.1
Ppls20 383Ve6.1
Ppls281 41Ve.1
Pp1s99 12Ve6.1
Ppls281 44Ve.1
Ppls100 _149Ve.1
Pplsl7 36Ve6.1
Ppls66 286V6.1
Ppls131_142Ve6.1
Ppls188 1Ve6.1
Ppls68 168Ve6.1
Ppls462 10V6.1
Ppls75 1V6.1
Pplsll 61Veé.l1
Ppls63 65V6.1
Ppls43 196Ve6.1
Pplsl7 22Veé.1
Ppls257 31Ve.1
Ppls130 99Ve.1
Ppls31 3Ve6.1
Ppls126 60Ve6.1
Ppls46_110Ve.1
Ppls96 95Ve6.1
Ppls120 103Ve6.1
Ppls66 _220V6.1
Ppls43 45Ve6.1
Ppls69 199Ve.1
Ppls281 5Ve6.1
Ppls118 90Ve6.1
Ppls35 214Ve.1

63609
34528
271276
160379
57136
105905
Pplsl51 4Ve.l
Pplsl51 3Ve.l
Ppls216 _64Ve6.1
Ppls8 299Ve.1
Pp1s387 39Veo.1
Ppls10_200Ve6.1
Ppls44 113Ve6.1
Ppls351 40Ve.1
Ppls35 323Ve.1
Ppls136 5V6.3
Ppls31 252V6.1
Ppls43 178V6.1
Ppls20 383Veo.1
Ppls281 41Ve.1
Pp1s99 12Ve6.1
Ppls281 44Ve.1
Ppl1s100_149Ve6.1
Pplsl7 36Ve6.1
Ppls66 286V6.1
Ppls131_142Veé.1
Ppls188 1V6.1
Ppls68 168V6.1
Ppls462 10V6.1
Ppls75_1Ve6.1
Pplsll _61Veé.1
Ppls63 65V6.1
Ppls43 196Ve6.1
Pplsl7 _22Veé.1
Ppls257 31Ve.1
Ppls130 99Ve.1
Ppls31 3Ve6.1
Ppls126 _60Ve6.1
Ppls46 110V6.1
Ppls96 95Ve6.1
Ppls120 _103Ve6.1
Ppls66_220V6.1
Ppls43 45V6.1
Ppls69 199Ve6.1
Ppls281 5Veo.1
Ppls118 90Ve6.1
Ppls35 214V6.1

Raf
Raf
Raf
Raf
Raf
Raf
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
MEKK
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf

17



Ostreococcus
lucimarinus

Ostreococcus tauri

Nicotiana tabacum

Nicotiana
benthamiana

Ppl1s93 69Ve6.1

Pplsi31 116V6.1

Ppls244 9Ve6.1
Ppls172 82V6.1
Ppls85 87V6.1

Ppls31 260Ve6.1
Ppls19 317Ve.1

Ppls136_112V6.1

Ppls74 259Ve6.1
Pp1s402 19Ve.1
Ppls375_32V6.1
Ppls248 25V6.1
Ppls78_106V6.1
Ppls180_6V6.1
Pp1s392 39Veé.1
Pp1s237_2V6.1

Pplsl16_192V6.1

Ppls384 6Ve6.1
Ppls236 45V6.1
Ppls236 53Ve.1

OlRaf1

OIMAPKKK1

OlRaf2

OlRaf3
OIMAPKKK?2

OlZIK1

OlRaf4
OlRaf5
OlRaf6

OlRaf7
OlRaf8

OlRaf9
OIRaf10
OlRaf11

OlRaf12
OtMAPKKKal

NINPK1

NbMAPKKKa
NbMAPKKKSf

Ppl1s93 69Veo.1
Ppls131 116Ve6.1
Ppls244 9V6.1
Ppls172 82V6.1
Ppl1s85 87V6.1
Ppls31 _260Ve6.1
Pplsl9 317Ve6.1
Ppls136 112V6.1
Ppls74 259Ve6.1
Ppls402 19V6.1
Pp1s375 32V6.1
Ppl1s248 25Ve6.1
Ppls78 106V6.1
Ppls180 6Ve6.1
Pp1s392 39V6.1
Ppls237 2Ve6.1
Pplsl16 192V6.1
Ppls384 6Ve6.1
Ppls236 45Ve6.1

Ppls236 53V6.1

estExt GenewiseEuka
ryote.C_Chr 905234
6664

e _gwEuk.16.135.1|37
745

estExt GenewiseEuka
ryote.C_Chr 501144
5682

e gwEuk.12.171.1]39
208

e gwEuk.13.217.1]41
728

estExt fgeneshl pg.C
_Chr_80010/24885

gwEuk.20.241.1/6189
gwEuk.11.188.1|3085

gwEuk.5.459.1|7730

e _gwFEuk.5.319.1|388
32

ost_ 05 007 _076|8723
8

e _gwEuk.17.220.1/42
011

gwEuk.14.176.113629

estExt Genewise_ext.
C_Chr_110034|50798

gwEuk.11.262.1]5051
XP_003082588

AB055514

AY500155
AB649283

Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
Raf
ZIK
ZIK
ZIK
ZIK
ZIK

Raf

MEKK

Raf

Raf

MEKK

ZIK

Raf
Raf
Raf

Raf

Raf

Raf
Raf
Raf
Raf

MEKK

MEKK
MEKK
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NbMAPKKKYy AB649284 MEKK
NbMAPKKKEg2 AB649285 MEKK
Solanum SIMAPKKKz GU192457 MEKK
lycopersicum
Lycopersicon LeMAPKKKa AY500156 MEKK
esculentum
Drosophila DmWNK AGB94867 ZIK
melanogaster
Caenorhabditis CeWNK CCE71534 ZIK
elegans

The respective MAPKKK sequences, except those from canola, were either downloaded from the
rice genome annotation project (http://rice.plantbiology.msu.edu), public NCBI database
(http://www.ncbi.nlm.nih.gov) according to published papers in Pubmed, or identified from
Phytozome database (www.phytozome.net) as described in the "Materials and methods" section. The
protein name of each MAPKKK is depicted by a two to three-letter code denoting the species in
combination with numbers or locus ID representing the chromosome localization in that species as

shown in Phytozome database. The GenBank accession numbers represent the assigned codes of the

sequences deposited in GenBank.
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Table S4. Similarity and identity analysis of MAPKKK genes/proteins between Arabidopsis, rice and

canola.

Please see the separate Excel file.
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Table S5. Computational prediction of subcellular localizations of MAPKKK proteins in canola.

Subcellular localization

tei
profemn PSORT CELLO ESLpred
chlo: 11.0, " Cytoplasmic Reliability
BnaMAPKKK17 cyto: 1.0, ngl;)rolp last' 2'13% 3 Index= 2
mito: 1.0 VIOpHasmic £ Expected Accuracy=~ 75%
cyto: 11.0, Cytoplasmic Reliability
BnaMAPKKKI18 chlo: 1.0, Cytoplasmic 2.006 * Index= 3 Expected Accuracy=~
nucl: 1.0 94%
cyto: 5.0,
nucl: 3.0, . " Cytoplasmic Reliability
BnaMAPKKK19 chlo: 2.0, Cg,;lof) an;gffj; 5 Index=5
plas: 2.0, P ‘ Expected Accuracy=~ 98%
cysk: 1.0
cyto: 6.0, . " Cytoplasmic Reliability
BnaMAPKKK20 nucl: 5.0, ?ZZOOP; i)aslizs 12';;; " Index= 3
chlo: 3.0 P ' Expected Accuracy=~ 94%
Nuclear 2.246 *
nucl: 8.0, Cytoplasmic 1.05 Cytoplasmic Reliability
BnaZIK2 cyto: 4.0, PlasmaMembrane 0.833 Index=1
chlo: 1.0 Mitochondrial 0.475 Expected Accuracy=~ 53%
Chloroplast 0.213
nucl: 10.0, Cytoplasmic 2.521 * Nuclear - Reliability
BnaZIK3 cyto: 2.0, Nuclear 2.104 * Index= 1
cysk: 2.0 ‘ Expected Accuracy=~ 53%
nucl: 11.0, Nuclear 3.247 * Cytoplasmic _ Reliability
BnaZIK4 cyto: 2.0 Cytoplasmic 1.479 [ndex=2
yio- < yiop ’ Expected Accuracy=~ 75%
4.0, nucl:
2.5, cyto: Cytoplasmic  4.266 * Cytoplasmic Protein
2.0, plas: OuterMembrane  0.404 Details
BnaZIK5 2.0, vacu: Extracellular 0.146
2.0, Periplasmic  0.115 Reliability Index= 2
cysk_nucl: InnerMembrane  0.070 Expected Accuracy=~ 75%
2.0
Extracellular  1.818 *
nucl: 10.0, Cytoplasmic  1.780 * Nuclear Protein
BnaZIK6 cyto: 2.0, OuterMembrane  0.740 Reliability Index= 4
chlo: 1.0 Periplasmic  0.476 Expected Accuracy=~ 97%
InnerMembrane  0.186
cyto: 4.5,
cyto_nucl: . g
45 Cytoplasmic 2.280 * Cytoplasmic - Reliability
BnaZIK8§ Index= 3
nucl: 3.5, Nuclear 1.633 * Expected Accuracy—— 94%
chlo: 3.0, P Y 0
cysk: 2.0
5.0 evio- Cytoplasmic  4.424 *
5' 0’ cy " k" Extracellular  0.349 Nuclear ProteinReliability
BnaZIK9 2' 0’ vfz/ cu.' OuterMembrane  0.122 Index= 2
v 10 ’ Periplasmic  0.089 Expected Accuracy=~ 75%

InnerMembrane 0.016
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BnaCTR1

BnaRafl7

BnaRaf21

BnaRaf22

BnaRaf23

BnaRaf27

BnaRaf28

BnaRaf29

BnaRaf30

BnaRaf33

BnaRaf34

chlo: 6.0,
pero: 3.0,
nucl: 2.0,
mito: 2.0

cyto: 8.0,
nucl: 3.0,
plas: 2.0

cyto: 12.0,
chlo: 1.0

chlo: 7.0,
cyto: 5.0,
nucl: 1.0

mito: 7.5,

chlo_mito:

6.2,
cyto_mito:
5.3, chlo:
3.5

cyto: 8.0,
pero: 4.0,
nucl: 1.0

nucl: 3.0,
cyto: 3.0,
ER.:2.0,
pero. 2.0,
cysk: 2.0,
chlo: 1.0

cyto: 9.0,
nucl: 3.0,
chlo: 1.0

cyto: 11.0,
chlo: 2.0

cyto: 8.0,
chlo: 2.0,
nucl: 2.0,
cysk: 2.0

cyto: 7.0,
cysk: 3.0,
chlo: 2.0,
nucl: 1.0

Periplasmic  1.876 *
Cytoplasmic  1.590 *
OuterMembrane  1.044
InnerMembrane  0.249
Extracellular  0.242

Mitochondrial 1.991 *
Cytoplasmic 1.959 *

Cytoplasmic  4.321 *
Periplasmic  0.466
OuterMembrane 0.125
Extracellular  0.056
InnerMembrane  0.032

Cytoplasmic  3.213 *
Periplasmic  1.065
InnerMembrane  0.607
Extracellular  0.062
OuterMembrane 0.054

Cytoplasmic  3.843 *
Periplasmic  1.103
InnerMembrane  0.028
OuterMembrane 0.018
Extracellular  0.008

Cytoplasmic  4.579 *
Periplasmic  0.384
InnerMembrane  0.019
Extracellular  0.012
OuterMembrane  0.006

Mitochondrial 1.308 *
Cytoplasmic 1.151 *

Cytoplasmic 2.677 *
Nuclear 0.919

Cytoplasmic 3.297 *

Cytoplasmic ~ 3.517 *
Periplasmic  1.157
Extracellular  0.160
InnerMembrane  0.104
OuterMembrane  0.063

Cytoplasmic 2.985 *
Mitochondrial 0.897

Cytoplasmic Protein
Details

Reliability Index= 1
Expected Accuracy=~ 53%

Cytoplasmic Reliability
Index= 3
Expected Accuracy=~ 94%

Cytoplasmic Protein
Details

Reliability Index= 5
Expected Accuracy=~ 98%

Mitochondrial Protein
Details

Reliability Index= 1
Expected Accuracy=~ 53%

Cytoplasmic Protein
Details

Reliability Index= 2
Expected Accuracy=~ 75%

Cytoplasmic Protein
Details

Reliability Index= 1
Expected Accuracy=~ 53%

Cytoplasmic Reliability
Index=1

Expected Accuracy=~ 53%

Cytoplasmic Reliability
Index= 4
Expected Accuracy=~ 97%

Cytoplasmic Reliability
Index=5
Expected Accuracy=~ 98%

Cytoplasmic Protein Reliability

Index= 3Expected
Accuracy=~ 94%

Cytoplasmic Reliability
Index=4
Expected Accuracy=~ 97%
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nucl: 7.0, Nuclear 2.355 * Nuclear Reliability
BnaRaf35 chlo: 5.0, Cutonlasmic 1.938 * Index= 4
mito: 2.0 yiop ' Expected Accuracy=~ 97%
el 9.0 Nuclear 1.990 * Nuclear Reliability
BnaRaf36 . to.' 40 Chloroplast 1.277 Index= 4
yio- . Mitochondrial 1.128 Expected Accuracy=~ 97%
Cytoplasmic  3.421 * Cytoplasmic Protein
cyto: 5.0, Periplasmic  1.024 Details
BnaRaf37 chlo: 4.0, InnerMembrane  0.409
nucl: 4.0 OuterMembrane  0.096 Reliability Index= 2
Extracellular  0.050 Expected Accuracy=~ 75%
cyto: 11.0, Cytoplasmic 2.214 * Cytoplasmic _ Reliability
BnaRaf39 nucl: 2.0 Nuclear 1.422 [ndex=2
T ’ Expected Accuracy=~ 75%
] Cytoplasmic  3.219 * Cytoplasmic Protein
cysk: 7.0, ; . :
ovio- 4.0 Periplasmic ~ 0.960 Details
BnaRaf41 chjlo.' 1' 0’ InnerMembrane  0.643
nucl.' ]' 0’ Extracellular  0.132 Reliability Index= 3
o OuterMembrane  0.047 Expected Accuracy=~ 94%
Cytoplasmic  4.095 * Cytoplasmic Protein
) Periplasmic  0.757 Details
BnaRaf46 c,},lll;(.) -]_?. g OuterMembrane  0.083
T InnerMembrane  0.035 Reliability Index= 1
Extracellular  0.030 Expected Accuracy=~ 53%

Subcellular localizations are predicted using two different programs, one is PSORT
(http://psort.nibb.ac.jp) and the other is CELLO v2.5 (http://cello.life.nctu.edu.tw) and the third is
ESLPred (http://www.imtech.res.in/raghava/eslpred/index.html). nucl-nuclear,
cyto-cytoplasm,pp-periplasm, mito-mitochondria,chlo-chloroplast,and pm-plasma membrane.
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Figure S1 Phylogenetic analysis of MAPKKKSs from eight species. The evolutionary relationship was

inferred using the maximum parsimony (MP) method implemented in MEGAS.1 program. For clarity
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of presentation, the respective MAPKKK proteins are depicted by a two to three-letter code denoting
the species in combination with numbers, locus ID or GenBank accession numbers representing the
exact MAPKPK from that species. An MAPKKK from the marine green alga Ostreococcus tauri (Ot)
was used to root the tree. The MAPKKK proteins from various species can be divided into three
major groups (A to C), as supported by highly significant bootstrap values. The analysis involved 426
amino acid sequences. The numbers on the nodes are percentages from a bootstrap analysis of 500
replicates. There were a total of 5622 positions in the final dataset. The green highlighted proteins are
from canola. The numbers on the nodes are percentages from a bootstrap analysis of 500 replicates.
Arabidopsis thaliana (At), Oryza sativa (Os), Brassica napus (Bna), Brassica rapa (Bra),
Physcomitrella patens (Pp), Selaginella moellendorffii (Sm), Nicotiana tabacum (Nt), Nicotiana
benthamiana (Nb), Solanum lycopersicum (Sl), Lycopersicon esculentum (Le), Ostreococcus

lucimarinus (Ol), and occus tauri (Ot) .
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61 LNTIMQEIDLLKNLNHKNIVKYLGSLKTKTHLHIILEYVENGSLANIIKPNKFGPFPESL
61

121 VIVYIAQVLEGLVYLHEQGVIHRDIKGANILTTKEGLVKLADFGVATKLNEADVNTHSVV
121

181 GTPYWMAPEVIEMSGVCAASDIWSVGCTVIELLTCVPPYYDLQPMPALFRIVQDDSPPIP
181
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—————————————————————————————————————— MPTWWVRIES SKNKDDSHLLQTQ
—————————————————————————————————————— MPAWWGKINS TKNKETQSKEKER
——————————————— MDRI IARMK--KSSGRRG---DKTPTRRLEFRDALKHINYDAAST
——————————————— MDRILARMK--KSTGRRGGDKNITPVRRLEZRDAARNINYDAASC
———————————— MHRLPGIFAHKKRVDSKQKCAVSSSFKAKPKLERLNARKDI DYEPCML
——————————————— MRWWQNAFSSSTSSSSASSSSSLSSKVHSDDSLITSSGGGGIRYT
DSLSPDITDFLRQCFKKDSRQRPDAKTLLSHPWIRNSRRALQSSLFHSGTIRYMKGADSS

TRS---————---————————— VSDKS IRRISADNS-KSSPDPVTPSRCTPRCSREFAGA
FDEVLCRNSPRNSKDLNLGGSGSGEFSGSGESGE
STWSAEDISAS---LVTRSLELPDRTMFRIFGGGDVEMDQIYKSLGLSGPDDLAISFDAW
SSSSAEDLSVSTSSIMTRSLEFPEPTRFRIGGG-VGEMDRIYRSLGVSGPDDLAISFEFDAW
EFN-———-————————————— GDSKEFRIEGHDSELLDNFFEKLGFSGPDDFAIPAAEW
LKSAFFFARRRCHARAKKLONLAENDVDDWRSHYSENENLSSSKCSSSSDRRPPPQPLPL
SEKDGEGSQDIAESVSAEKVGMSKTNEKSKLGVGSFRSEKDQSSASDIGEERADSEDDIM

EACKKRSSSDVINRFKSFELDLHNFPVPSLSEAAPSYGGMGENKPCLERTPTITVKSRGY
EACKKRSSSDVVNRFKSEFDLDKVRDODLSEEGPSGVVVGSDSMNHKVQGODLSEAGPSGG
DAMQLRSSS————————— SSEVIGLGNSKIKDNIFEYNDIPIKSRDVVQLQISDASKADT
PELQLLLRHDADATEFSNEPIVPLPSPTDAHNSHHKTGEERVKDTHKDGVAHGSRLSSQDA
SDQGPTLSIHDNKSSLOSSTCSISSDAKGTSQDGKSEPDGNLEMEASEGRRKASATKQVG

— DS QP T A PR — = == = = m KS
TDQAQF DI LF— = == = == = = m o o RG
LVPNHGDVAS—--—=--—-— GGGAGEDKR---GLVRTPTITVKSRGYLVPN--—---- QSD
IVTELSEIGNLITPVDRLVADGVVENRR---VMERTPTI-VKSKGYLVPNNVVAVGVGVG
IRLEDCVTGN-—=--—=--—-—- GAVLNGNEPVTLVRCGG-——=—==—==—=——=———— GGG

RKKKKEHLGSRLSRKTPQKLHVTDRVSDIRISVPISAPTTPYASPGLSPLKAEDFLSPNC
KESSIOMQOQRSHSFGPKGEDRGLRKAVKTPSSYGGNELTRESDPPGDACLHDLEFHPLNKV
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Motif 1
Serine/Threonine protein kinases active-site signature
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Motif 2
Protein kinases ATP-binding region signature
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Figure S2. Multiple alignment of MEKK-subfamily MAPKKK proteins in representative
species and schematic diagram of four motifs of BnaMAPKKKSs. (A) Multiple alignment of
MEKK-subfamily MAPKKK proteins in representative species. Multiple sequence alignment was
performed ClustalX1.83 and BOXSHADE

using the illustrated by

(http://www.ch.embnet.org/software/BOX_form.html). Identical amino acids are shaded in black,
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and similar amino acids are shaded in gray. Four motifs were shown as overbars, which are motif 1 of
Serine/Threonine protein kinases active-site signature, motif 2 of Protein kinases ATP-binding region
signature, motif 3 of Tyrosine kinase phosphorylation site and motif 4 of G(T/S)PX(F/Y/W)MAPEV.
(B) Schematic diagram of four motifs of BnaMAPKKKs. Motif analysis was determined by using
MEMEA4.0 program as described in Materials and Methods section.
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Figure S3. Multiple alignment of ZIK-subfamily MAPKKK proteins in representative species,
schematic diagram of four motifs of BnaZIKs, and phylogenetic analysis of ZIKs (WNKs) in
representative species. (A) Multiple alignment of ZIK-subfamily MAPKKK proteins in
representative species. Multiple sequence alignment was performed using the ClustalX1.83 and
illustrated by BOXSHADE (http://www.ch.embnet.org/software/BOX _form.html). Identical amino

acids are shaded in black, and similar amino acids are shaded in gray. Four motifs were shown as
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overbars, which are motif 1 of Serine/Threonine protein kinases active-site signature, motif 2 of
Protein kinases ATP-binding region signature, motif 3 of Tyrosine kinase phosphorylation site and
motif 4 of G(T/S)PX(F/Y/W)MAPEV. The Subdomain Iand II, as well as the autoinhibitory domain
(AD) are indicated as above. The Lysine (K) residue in subdomain I and asparagine or serine in the
serine/threonine protein kinase active-site signature was highlighted above. (B) Schematic diagram
of four motifs of BnaZIKs. Motif analysis was determined by using MEME4.0 program as described
in Methods. (C) Phylogenetic analysis of ZIKs (WNKs) in representative species. The phylogenetic
tree was inferred using the maximum parsimony method of MEGAS.1 program. For clarity of
presentation, the respective ZIK proteins are depicted by a two to three-letter code denoting the
species in combination with numbers, locus ID or GenBank accession numbers representing the exact
member from that species. A ZIK from the marine green alga Ostreococcus tauri (Of) was used to
root the tree. The ZIK proteins from animals form a distinct group (II) while those from plant species
can be divided into four major subgroups (IA to ID), as supported by highly significant bootstrap
values. The green highlighted proteins are from canola. The analysis involved 32 amino acid
sequences. There are a total of 254 positions in the final dataset. The numbers on the nodes are
percentages from a bootstrap analysis of 500 replicates. 4. thaliana (At), B. napus (Bna), O. sativa

(Os), Selaginella moellendorffii (Sm.) , Ostreococcus tauri (Ot), Drosophila melanogaster (Dm) and
Caenorhabditis elegans (Ce).
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218 NG-———————————————- CLSYYDKVPDGEFYMMNGLDPYIWTLCIDLHESGRIPSIESL
205 FN-—=====—=—=—=——————— ALGYDDRISDGEFYDLYVTG-——————— NGPASITMPSLKDL
139 YG-—————————————=——= VLDYEEKVVDSFYDVYSLS———-———-— TDSAKQGEMPSLEDL
150 YN-==-=-=——=-———————— FLDYHEKVIDGFYDIFGPS-—————— MESSKQGKMPSLADL

1 m o MTNTDESESCGSR---AVVASPSKENP
I MAIKDETEESCGSR---AVVS-VTKENP
R e i e LT MIVVMESCGSR---VLPMMSEAAME
] mm MDHGGQVSPVPATATAPRKV

241 VEGTWSPYYSPRHHGHFQEFPSSPSSARYRMPYGEVLDKGFDRMPEDYARAGHHPLYEHQ
241

247 RAIDSGVDSSLEAILVDRRVDPAFKELHN-—-————-— RVHDISCSCITTKEVVDQLAKLIC
261 RAVDSGVDSSLEAIIVDRRSDPAFKELHN----—-—-- RVHDISCSCITTKEVVDQLAKLIC
240 RAQSLSHRVNWEAVLVHRGEDPELMKLDQTALIMSLELRESKPSEFVGNDLVQKLAGLVA
175 ESNHG--TPGFEAVVVNRPIDSSLHELLEIA--—--- ECIALGCSTTSVSVLVQRLAELVT
186 QTGIG--DLGFEVIVINRAIDTTLQEMEQVA-—-——-— QCILLDFPVANIAALVQRIAELVT

25 RQYRMKLDVYGEILQRLQESNYEEAALPDFEDQLWQHEFNRLPARYALDVKVERAEDVLTH
25 ROORMKLEVYGDVLORIQESNYEEANLPDFDDHLWLHFNRLPARYAMDVNVERAEDVLTH
23 RRERMKVEVFEEVILRLRQSDNIDTDLPGFVDDLWAHFNRLPARYALDVNIERAEDVVMH
21 RREHMRLGVYHDVLQRLRDAGAPEALAPDFAEKLWTHFHRFNASYAMDVNVERAEDVLMH

301 GQVPDNVVWVPAGATPLESKGGFPGNVLHGGPSGYEGGGNICESCRVPFHKNHQPFDQAN
301
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BnaCTR1 300

AtCTR1 314
OsMAPKKK6-DSM1 300
AtEDR1 228
OsMAPKKK1-EDR1 239
BnaRaf33 1
BnaRaf39 1
BnaRaf36 1
BnaRaf22 1
BnaRaf28 1
BnaRaf34 1
BnaRaf4l 1
BnaRaf37 1
BnaRaf2l 85
BnaRaf29 85
BnaRaf30 83
OsMAPKKK43-ILA1l 81
BnaRafl7 1
BnaRaf23 1
BnaRaf46 1
BnaRaf27 1
BnaRaf35 361
consensus 361
BnaCTR1 360
AtCTR1 374
OsMAPKKK6-DSM1 360
AtEDR1 288
OsMAPKKK1-EDR1 299
BnaRaf33 1
BnaRaf39 1
BnaRaf36 33
BnaRaf22 1
BnaRaf28 1
BnaRaf34 1
BnaRaf4l 1
BnaRaf37 1
BnaRaf2l 138
BnaRaf29 142
BnaRaf30 134
OsMAPKKK43-ILAl 136
BnaRafl7 5
BnaRaf23 44
BnaRaf46 44
BnaRaf27 10
BnaRaf35 421
consensus 421

NRMGGSVIMGEDELVPMWKECINGLKECFKVVVPIGSLSVGLCRHRALLFKVLADIDLP
NRMGGPVIMGEDELVPMWKECIDGLKEIFKVVVPIGSLSVGLCRHRALLFKVLADIMDLP
RHMGGTFFDSEGMLVKYQKMMRYLRTSIGSVVVPLGOLKIGLARHRALLEKVLADNBGIP
EHMGGSAEDSSIVLARWTEKSSEFKAALNTCVFPIGFVKIGISRHRALLFKVLADS‘RLP
DHMGGPVKDANDMLTRWLEKSTELRTSLHTSLLPIGCIKIGLSRHRALLFKILADSNYGIP

ORLLKLAEDPATR-PVEDVHSVQVTPRNS————-—-- ADSDPALEEDAQSSSHTSGQGELAP
QRLLKLAEDPATR-PVFEVRCVQVSPSLNGHSADIDASDPAVKEDAQSSYHSSR—-—-/LAP
HRLLLSALDPHNRRPAIQVRLVQVQQPPPDS-—————— DSLTNETSSPPRRKRS——HHPP
MKLLEKATHPENQ-PAFSVRIVQVPLDIDAS---EADSQSNITEDDNCPTPRTP-AEHPA

———————————————————————————————————————————————————————— WssE
————————————————— MANIAGQLKRGISRQLSSVSLRRTFSRQFTRQASHDPRRENMR

GFOQPVPSAHCAQCPPNRETFMLNADPKPPTPHGAYANETFGHERGWIGQQQVNPNPNPNP
i

ACT domain
Ankyrin repeats

CRIAKGCKYCNRDDAASCLVRFGLDREYLVDLVGKPGHEWEPD----—-——————-——————
CRIAKGCKYCNRDDAASCLVRFGLDREYLVDLVGKPGHEWEPD----—-————-—-—-——————
CRLLKGRQYTGSDDGALNIVKEDDGREFIVDLVADPGTEIPSDGAVLSTEFEESSESNNH
CRLVKGSHYTGNEDDAVNTIRLEDEREYLVDLMTDPGT®IPADFASASNNTHEP-————~
CKLVKGSNYTGDDDDAINIIKMN-EREFLVDLMAAPGT IPSDVLSWKGNS!NSNARLTQ

KLNQEKLPGLKPIPDTSSSSTSTQADVYVVDSQVQRNPETNKQRSVSPSPQEALPD————
—————————— MLDGAKENVLNHNNNDNNYYTEFTQODEFYQKLN-EGTNMSMS-MQTSN-——-—
—————————— MLEGPKFDMHAVG—NHHNYDAFTQDFYQKLGEEGTNMSTDSEQTSN————

PTFGSSPNFEAITLG—NKIVEDV——DSAVNATLT—TRPE EITFSTIDKPKEELSQL----
PTFGSSPNFEAFTQAYKHHAEDD——DSAVNAQFPNSRP& EITFSTIDKPKEELSHL----
o

PAFGSSPNLEALALAAHD-HDHDEGDNSVRNNSLYSRPMHEITFSTLDKPKLLQL-~~~
PIFGSTTALKALVRQASSKNLLD----DNQDIDAILRPUNEITFASDDKPKGLTQL—-~~~
ASATAGDGGEQAVSAAGTSAGYDKQKEKARVSRTSLILWHAHQNDAAAVRKELEED————
FSFGRQSSLDPIRRS-PEGSG-HPQLAVPDN]DATMQLIFFVECGGDVEGVRDLLDD---~
FSFGRQSSLDPIRRS-PESLGCEPKMSVPEN]}DSTMQLIFMASKGDVDGVEELLDE -~~~
FTIGRQSSMAPEKIPEPSIHSEEEVLEDGEE}DGGVRLMYLCNEGDVEGIKELLDS—~~~
PRIDEGRPLLSIVGRPSDHYTLDGPGMNYPFGHFPGPEEgﬂEGFHﬁKPIGGEFINF3NF§

1 v
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BnaRaf34
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OsMAPKKK43-ILA1l
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consensus
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consensus

420 HFNKDNDIRQLGSSNSLSNSACSSFECELLDRRSTWINVGPSDSDGATTSQTSKNNQONT
34— CNSNGNKFP
358 Neom——mmmm oo m oo e PLAGSSSTTDSNLSANALP

481 AEERGFHYGNNLYAPGPESVHSASHSHIYPOONIWONVPNHISGAPGLPMQQVNGTANQT
481

403 —m—mmmmm o SLLNGPSTISISSPLRFPRPRPVEP--—
417 == mm o m o SLLNGPSSISISSPLRFPRPKPVEP---
480 LSDSFGILSVSTFTSENRPITNESRSTDDIAAAKNKERSSVTINSSSTSPSPSSPEVGST
351 TAQFSNDVPKLSEG------- EGSSHSSMANYSSSLDRRTEAERTDSSYPKVGPLRNIDY

378 PGHKGGQLPLFSSGDWILASQSGYEKDGATTSSQASSSGTTSVAAGSAFDSSWTLVSHGQ

66—
541 VIRNPMDSASRYSIGVENQSVLVGSPONISGEFDAMSSPGQPYYPNPHFQDRAFPLDPNWV
541
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BnaCTR1

AtCTR1
OsMAPKKK6-DSM1
AtEDR1
OsMAPKKK1-EDR1
BnaRaf33
BnaRaf39
BnaRaf36
BnaRaf22
BnaRaf28
BnaRaf34
BnaRaf4l
BnaRaf37
BnaRaf2l
BnaRaf29
BnaRaf30
OsMAPKKK43-ILA1l
BnaRafl7
BnaRaf23
BnaRaf46
BnaRaf27
BnaRaf35
consensus

BnaCTR1

AtCTR1
OsMAPKKK6-DSM1
AtEDR1
OsMAPKKK1-EDR1
BnaRaf33
BnaRaf39
BnaRaf36
BnaRaf22
BnaRaf28
BnaRaf34
BnaRaf4dl
BnaRaf37
BnaRaf2l
BnaRaf29
BnaRaf30
OsMAPKKK43-ILA1l
BnaRafl7
BnaRaf23
BnaRaf4d6
BnaRaf27
BnaRaf35
consensus

540 PAVRRMKVKDISEYMINAAKENPQLAQKIHEVLLENGVVAPPDLEFSEDSMEEPKDLIVYD
404 SSPSSVTSSTQLENNSSTAIGKGSRGAIIECSRTNMNIVPYNONSEEDPKNLEFADLNPFQ
438 SDDPSTSAGMSAQQKVILPGGEHPWNENINARNENIKLVSDLQGNSES-INLFADLNPFEG

601 PSENQAVRSEYLQGLKPLTGPMLQTNLDGAPIMQTPDCVEVVRPVESKVAQGGEHINCVD
601

ACT domain Ankyrin repeats

428 —————————- AVDFRELAKQYFTDSESLNLVFDPASDDﬂGFSMFHR ————— GGENDGSAE
442 ———————-—--- AVDFRLLAKQYFSDSQSLNLVFDPASDDIGFS*FHRQYDNPGGENDALAE
600 TTLFQSKDEMKKRMNELGSREYADRGHGPLLPHHPGHE;PSK&PHRAPLDSLKPVEGLGI
464 NKGADKLYMPTKSGLNNVDDFHQQOKNN--PLVGRSPAPUMWKNYS-CNEAPKRKENSYIE
497 GREPKRTSVPLNGPDNRNNEMORRRENVVPSTRRPQQ MKNWSPYNDVSNNKQYNYVE
1 ———————————— WMKEGNDGFVRADQIDLKS DEQ!ERHLSRALTLEKNKKRD
1l ——————— - METPNEIKHSPGNNLRNRGAVGNDSKKDMIFRA
89 —————————————= VFKEARSERQREFSTPHPRRMDSEKGMKPKIESHKNSFDKRRSENLRS
45 ——————————-—-=-== AGGFVSMSVDNSSVGSSDALIEHPGLKP) RNNAYSPSVGQSVYRPR
46 ————————————-== AGGSVS@SVDNSSVGSSDALIGHPGLKP“R—HPYSLSVGQSVFRPG
1
l ——— oo oo oo oo MG

GLNIQEAHAFS TVDFSDVFWDGWSQEETDGLI DALS
wDGWSQEETEGLI DALK

DGWPYEEVDRLRVALE

NLDIKEVHALSTNDDIFwI GWDHKETQLLEEALE

6l ——————— - PSL‘HARDYDFRTPLHVASLHGWID~¥NCLIEFGADVNAQDRW

98 ———--——— - GID‘NSIDLDJRTALHIAMCEGHVE~¥KLLLTRKANIDARDRW

99 ——---mmm GIDYNSIDLDGRTALHIASCEGHYDWAYKVLLSRRANIDARDRW

06 ———————————————— GIDANYRDIDRRTALHVARNCQGLK EILTLDRGADVDRPKDRW

661 TGVSDGVPCLDKHQPLAEGKNDIVEVS PSAAAPPE EISV%S FLPELMESVKRAALE
661 1
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OsMAPKKK6-DSM1
AtEDR1
OsMAPKKK1-EDR1
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BnaRaf39
BnaRaf36
BnaRaf22
BnaRaf28
BnaRaf34
BnaRaf4l
BnaRaf37
BnaRaf2l
BnaRaf29
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BnaRafl7
BnaRaf23
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BnaCTR1

AtCTR1
OsMAPKKK6-DSM1
AtEDR1
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473 NGGGSVPPGANMPPONIMRASNQVQDAVPINAPPINQPVVNRANRDLG-—-—-—=—=—=—
492 NGGGSLPPSANMPPQONMMRASNQIEAAP-MNAPPESQPVPNRANRELG-—-——-—-—-—-
660 DHPPDIQDNTSFISQYEPSAPPQEASSQLTKQLPWTAAAVATAAVVASSMVVAAAKSNND
521 NLLPKLHRDPRYGNTQSSYATSSSNGAISS-—-—-—-—-- NVHGRDNVTFVSPVAVPSSET
557 DSFARRNIGDNAASSSQVARPSAKNTNLNVGVRTDTPYMAAHNYDNSMAGSSAMKMTSTA
41 EEESAAATGASASSSPVAALNGG-—-—-—--—-- FVGQRKQRLE-—-—=-——=—=—=————-~
34 DRIDLKNLDIQLEKHLSRVWSRN---—-—-—-—- FEKNPKPKEE-—-—-—-—————-———-
135 PSVPIRDLSTLRIQERVKSMKDTGWSKIFDNAGRKVSADDAAEE-——-—-—-—-————-—
91 KITHPLDNDALTHALMDNMYPTEG-=-—-—-—-—=—=~ LANYEE--—-——=————=—-——~
91 RVTHALNDDALAQALMDSSYPTQG---—-—-—-—=—=~— LANYEE--—-———————————-
1 MILAMDSLNG-—=-—====—=—=————————— YRLEPK-—-—-————————————
3 SASGFYSNEG-—-—-——=—=—————————————————— FELDPK-————=—-———————~—
32 SSKGLESDDDSDDDYSDLDYDDQF-—-—=—=-—-—-—- HFSINDD-—-=—=—=—=——————
236 KEILKLKDQPGSKQKSIAFFEHDKSSNE—LIPACEEIPTDGTDE ————————————————
242 KEILKLKDQPSSRQKSITFFEHDKSTNE-LLPACIEIPTDGTDE-——-—-—-—-——-—-—
235 TEAAKIELQDQSWPMQQSFSPE—KQNG——TAKDH%VIPTDGTDV ————————————————
234
104
141 ¢STAAADAKYYGNMDVYNILKARGARVPKTKRTPMYVANPR-——=—-—-——————————~
142 ¢STAAVDAKYYGNTEVYNLLKARGAKAPKTRKTPUTVGNPK-——————-———————————
109 GSTPLADAIFYKNVDVIKILETHGAKHP—=-MAPNMHVKTPR-——————————————————
721 GAAEVKAHPEEANDPVRPELVENESEHVNAQVEHEDSDSDNPNNFKIEP-—--—-—-—-—-
721 i
S e et
539 - - - - -

720 VNFDVPVAAAATVTAAAVVATTAAVSKQYEHLEPGNQLHSLPSPSEGNESTEKSADEFWD
572 STENQFRPSTVEDMNR-NTNNELDLQPHTAAVVHGQOND----ESHIHDHRKYTSDDIST
617 GIGKVPDKVLYGDLDKGLTNSRLGDQPPTERHKWGNSVEGRIPTGTVHNQAKEHKENFDG
T4 o
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OsMAPKKK1-EDR1
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BnaRaf36
BnaRaf22
BnaRaf28
BnaRaf34
BnaRaf4l
BnaRaf37
BnaRaf2l
BnaRaf29
BnaRaf30
OsMAPKKK43-ILA1l
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BnaRaf23
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BnaRaf27
BnaRaf35 TKAEAEALSRGLQTIKNDD
consensus 841 wel 1

==

OO0 O UUOXRXNXN®nMEHE DX MABEHA

Motif 1 (subdomain I)
Protein kinases ATP-binding region signature
I/'V)GXG(S/F)(F/Y) (S/G/A) (K/D/T/E)VX(K/R/H)(G/A) X(W/F)(H/F/N)G

BnaCTR1 535 jIK--Ej;@€ HESEVAVKIIBIEQDFH-—-——————

AtCTR1 553 HESWBVAVKIIBIEQDFH-———————
OsMAPKKK6-DSM1 840 HE T2 VAVKIAEOODIS————————

AtEDR1 671 HE T2 VAVKIMEDODFS————————
OsMAPKKK1-EDR1 737 NET2VAVKINFIDODEFY ————————

BnaRaf33 83 DEOn - aVINARDWGEEGHRSEAE TV SIER AIBEYA
BnaRaf39 76 MS--N D€ - IS ARDIWGEDGYATTAETSA

BnaRaf36 188 G——L'F‘HGEYSKLYHGK EDKA-AVSITVPDD-DENGCLGARIEE KO T KI®
BnaRaf22 G——PPFRQG‘FGKLYKGS N —VEVICARERPEN-—-SLEKAQF

BnaRaf28 H IN[EGE D — VI HRE RPEN-—-—-SPEKAQ

BnaRaf34 KNOQT - UBEHRGET-—--PEETAKRDS
BnaRaf4l RNQT - UHOBEKRGES-—---PEETIAKRDS
BnaRaf37 REVNPWYS\A=0{FQPERA—-—-AAVS

BnaRaf21l CSQE—VAIKILK ——————— PERVNT

BnaRaf29 C SO — UK — — — — — — — PERVNT

BnaRaf30 LSQIa— it eK — — —— ——— PERLDS
OsMAPKKK43-ILA1 FlEE D - VRV — — — — — — — SDRLNENNMOQEIZI3N E 1Y
BnaRafl7 TPVAVK:GN#PST,SD-——-—-———— DRLYARQPIZR HId
BnaRaf23 NETKVSVUTIEDKDLYK-————-—- DN TRRE ARYK HIBRE
BnaRaf46 NETRVSVKIFDKDSYS—-———-——— DP

BnaRaf27 IQVAVKINMEDDKVLS——————— DE

BnaRaf35 K] SEVAIKRIKASCFAG——KPSERE

consensus 901 i kig gsfg vyrg y g d vavkll elv eF Ev ilkk
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BnaRaf36
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consensus
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AtCTR1
OsMAPKKK6-DSM1
AtEDR1
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consensus

1021 1 r 1lrmAlDiargm ylh

585 NIRSIRVARR@NC RENIN Y R LIM:INSGAREQ
603 ENIFY RTINS GAREQ
890 P--NNQ
721 P--KSH
787 P--NCQ
140 N-RRRK

133 N-RRRK
244 SHMmEINP-ENRT
184 VIWCERARINYA K GESI 4O TINR —-ONRA
184 VWCIRERRYT K GESAOIRTINR -ONRA
79 IVTEMRLGEGT LRIAY T AR NS
81 IVTERLIMEGT LRINY L \ASEFES 4
126 [EGNpREKIZITLST-RPNP
338 -—-QKCA
344 IARESINY DigilziN— —OKGV
335 IPGESIYY DpamzIN— —OKGV
337 KNES)Y Dpmzig— —RKGS
215 SIMIEIININERR GE DI O ABAE K - - -GG
248 IMK---GR
246 K---GR
210 GIB LRI KRINEEaY6)
847 VﬂEFIVNGSLKQFLQKK——DRT
961 lrHpNiv fmGa t pp 1 ivtEyl gslk flhk
Motif 2

Serine/Threonine protein kinases active-site signature
[LIVMFYC]X[HY]XD[LIVMFY]KXXN[LIVMFYCT]XXX

628
646
931
762
828
198
192
286
226
226
120
122
167
379
385
376
378
255
288
286
250
890
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Motif 2 Motif 3 Motif 4 (Subdomain VIII)

Tyrosine kinase phosphorylation site GTXX(W/Y)MAPE
[R/K]X{2,3}[D/E]X{2,3}Y

BnaCTR1 661

AtCTR1 679

OsMAPKKK6-DSM1 964

AtEDRL 795

OsMAPKKK1-EDR1 861

BnaRaf33 229 WENVIREAYK - ———-TRT\CANBINE ARV EASNPND

BnaRaf39 223 TENMLLDY————QRNLKIADFGVRR EAQNPKD

BnaRaf36 317

BnaRaf22 257

BnaRaf28 257

BnaRaf34 151

BnaRaf4l 153

BnaRaf37 198

BnaRaf21l 439

BnaRaf29 416

BnaRaf30 407

OsMAPKKK43-ILA1 409

BnaRafl7 288

BnaRaf23 322 NE T SFEKLEISDKSKVLNHGAHIDLEINY CV/EANSAY Y RD———
BnaRaf46 320 S

BnaRaf27 284 PSR

BnaRaf35 921 CENRRYNMRDPQRPVCUEEINI @F S| KQKELVS

consensus 1081 s nllvd vkvadfgl rl t mtgetgtyrwmAPEvV1
BnaCTR1 708 —-———- NiZ— ——AQVVARNYGFIANKINL E RS
AtCTR1 726 —=———-— A ———AlOVVARWGEFINCKINLE N
OsMAPKKK6-DSM1 1011 ----- NA

AtEDR1 842 ————- *N ———Ve\VGh

OsMAPKKK1-EDR1 908 ——--——-- iN

BnaRaf33 275 ————GNZqNZINCIDASSIACHE

BnaRaf39 269 ————G NIt

BnaRaf36 362 ————-RINFHGIEIA

BnaRaf22 302 -—--HETHNOX

BnaRaf28 302 ————HRPYTQK‘DVYSFGIVLWELITGLLPFQN*

BnaRaf34 201 RLGEKINHMNN|a DMYSFAIVLWELLHNKLPFEG*SN———LQ"YA“FKN INESA-ESLP
BnaRaf4l 203 RHGEKKHYNHKEDEYSFAIVLWELILNKLPFEG&SN———LQ"YA“FKNLRPSA—EDLP
BnaRaf37 246 QVGEKINEMDIEIN DVYSFEIVEWELLTNK 2 KGKNN-— - EVAYRAS - AN QIS IF
BnaRaf2l 485 ————- KPYSHKINDVESYATVLWE LET GIBJE PN EN Pl T Orva

BnaRaf29 462 ————- NDVESYATVLWELET GIHNEPYSRLN

BnaRaf30 453 ————-— KPYIHKINDVESNGIVLWE LET G PN INMUN P EEt TNV

OsMAPKKK43-ILA1l 455 —-—---- KPYDSKRDVFSFGVVLWELLTGKIPHEF&TP———LQ"IGVVQEGLRP INNATD
BnaRafl7 341 ————-

BnaRaf23 375 ————- ‘DEYSFGVVLYEMI G| QPFHPKPPEEAWKLMCLEG HPSFKAKTINSCP
BnaRaf4d6 373 ————-— DVHSFGVILYE E@VSTIaHPKPIFEEIAELICMEGRIEPTIKTKSINSY P
BnaRaf27 332 ————-— EEMDTIN DVFSFALIV@EMI ERUNFIAEKEDSEASEAYASK-ERPIEFKAPSINLY P
BnaRaf35 971 ———KSNMVSEKIDVYSFGIVMWELLTGEEPY‘DMHC———ASIIGG!VNNT KIREOWCD
consensus 1141 kpy rk DvySfgivlwElvtg lpw 1 p mg av k lrp ipk
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AtCTR1 778
OsMAPKKK6-DSM1 1063
AtEDR1 894
OsMAPKKK1-EDR1 960
BnaRaf33 328
BnaRaf39 322
BnaRaf36 415

BnaRaf22 355
BnaRaf28 355
BnaRaf34 257
BnaRaf4l 259
BnaRaf37 301

BnaRaf2l 537

BnaRaf29 514
BnaRaf30 505
OsMAPKKK43-ILA1 507
BnaRafl7 393
BnaRaf23 430
BnaRaf46 428
BnaRaf27 386
BnaRaf35 1025
consensus 1201

BnaCTR1

AtCTR1
OsMAPKKK6-DSM1
AtEDR1
OsMAPKKK1-EDR1
BnaRaf33 387
BnaRaf39

BnaRaf36 475
BnaRaf22

BnaRaf28

BnaRaf34 316
BnaRaf4l 319
BnaRaf37 359
BnaRaf2l

BnaRaf29 569
BnaRaf30 564
OsMAPKKK43-ILA1
BnaRafl7

BnaRaf23

BnaRaf46

BnaRaf27 446
BnaRaf35

consensus 1261
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RPINIKSAVPPPNRSDL————————————————
KPWLKNUTAQAPRQRVQQTDE-———-——~—~~
KPLNRLaLPTPQ ____________________

ORLYTPSHQESQSPPVPQEIWVNSSTP-~

KT
SHDTTKGG—GMIPADQQQGCLCFRRETWSLS
GYDTSKGG-GMIPEDQRPGCFCEFVSGRGP--
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Motif 2 ;

Figure S4. Multiple alignment of Raf-subfamily MAPKKK proteins in
representative species and schematic diagram of four motifs of BnaRafs. (A) Multiple
alignment of Raf-subfamily MAPKKK proteins in representative species. Multiple
sequence alignment was performed using the ClustalX1.83 and illustrated by
BOXSHADE (http://www.ch.embnet.org/software/BOX_form.html). Identical amino
acids are shaded in black, and similar amino acids are shaded in gray. Four motifs were
shown as overbars, which are motif 1 of Serine/Threonine protein kinases active-site
signature, motif 2 of Protein kinases ATP-binding region signature, motif 3 of tyrosine
kinase phosphorylation site and motif 4 of G(T/S)PX(F/Y/W)MAPEV. (B) Schematic
diagram of four motifs of BnaRafs. Motif analysis was determined by using MEME4.0

program as described in Materials and Methods section.
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Figure S5. Yeast two-hybrid (Y2H) assay of interactions between MAPKKK and MKK
proteins in canola. The yeast strain AH109 harboring the indicated plasmid combinations was
grown on either the nonselective (SD-LW) or selective (SD-LWHA) media, followed by X-Gal
staining. The remaining 18 BnaMAPKKKSs did not interact with any of the eight BnaMKKs
assayed and therefore are not shown here. Decreasing cell densities in the dilution series are
illustrated by narrowing triangles. EAD and EBD are empty pGADT7 and pGBKT7 vector,

respectively.
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Figure S6. Analysis of BnaMAPKKK and BnaMKK interactions in N. benthamiana leaf
epidermal cells through bimolecular fluorescence complementation (BiFC). BnaMAPKKK17,
19, 20, ZIK2, Raf28 was fused to N- terminal while BnaMKK?2, -3, -5, -6 and -9 were fused to
C-terminal halves of YFP, individually. The fluorescence of YFP in leaf discs was observed 3-4 d

after agroinfiltration by confocal laser microscopy. Bar = 50 pm.
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Figure S7. The heat maps of the expression profiles of MAPKKK genes of canola and
Arabidopsis in response to abtioic and biotic stresses. (A) The expression ratios (treatment/mock,
log, scale) of 16 BnaMAPKKK genes in response to abiotic and biotic stress derived from our
quantitative =~ RT-PCR  were  transformed into heat map using  Matrix2png
(http://www.chibi.ubc.ca/matrix2png/bin/matrix2png.cgi). (B) The expression ratios
(treatment/mock, log, scale) of 16 AtMAPKKK are derived from Genevestigator
(https://www.genevestigator.com/gv/plant.jsp), which contains Arabidopsis ATH1 GeneChip
analysis data. The up-regulated expression was indicated in the red rectangle while the

down-regulated expression in the green rectangle shape.
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Figure S8. Co-expression analysis of BnaMAPKKK19 and MKK9 in eliciting

pathogen-independent cell death in N. benthamiana leaves.



Leaves were infiltrated with agrobacteria carrying wild-type genes or mutated versions or both. All
experiments were performed three times with similar results obtained. (A) Symptoms of N.
benthamiana leaf areas expressing BnaMAPKKK19, BnaMKK?9 or their constitutively inactive (CI)
mutant forms 12, 24, 48, 72, 96, 120 and 144 hours post-infiltration (hpi). EV represents the p Y BHA
binary vector harboring GFP gene under double CaMV35S promoter. The left, middle and right
panels represent the front, back sides and DAB staining, respectively. The scheme at the top left
shows the injection arrangement of leaves, in which three combinations at each half of a leaf. Equal
amount of agrobacterial resuspension (1:1:1, volume ratio) in AS medium was injected into each site.
(B) Quantification of cell death in N. benthamiana leaves expressing BnaMAPKKK 19, BnaMKK?9 or
their CI forms by examining the percentages of leaf sites with water-soaked symptom at various
time-points. (C) Measurement of electrolyte leakage in leaf discs expressing BnaMAPKKKI9,
BnaMKK?9 or their CI forms at 96 and144 hpi. Values represent the means of three independent
assays for each time-point + S.E. Identical and different letters represent non- and significant

difference (p<0.05).
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