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Supplementary Fig. S1.  Expression of MKK7 and cyclin B1;1.

Semi-quantitative RT-PCR was performed to determine the levels of transcrips of MKK7 and 

cyclin B1;1 in mature leaves, shoot apices and flowers using RNA isolated from plants that had 

been grown for 49 days in soil. The resultant cDNAs were amplified with primers specific for 

the two genes. We tested amplification by PCR with varying numbers of cycles, and the optimal 

number (as indicated in the Figure) for the most reliable results is shown for each gene. The 

gene for ?-tubulin was used as the control. Expression of cyclin B1;1 has been reported in 

dividing cells (Ferreira et al., 1994; Colon-Carmona et al., 1999). 
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Supplementary Fig. S2.  Coprecipitation of MPK4 and MKK6/ANQ. 

Recombinant GST and GST-MKK6/ANQ were incubated separately with either 

His-T7-MPK4 (4) or MPK13 (13). Aliquots of both reactions were used as input 

fractions (I). Proteins were pulled down with glutathione-Sepharose 4B beads and 

each resultant precipitate (B) and supernatant (U) were visualized by 

immunoblotting with His tag-specific antibodies.
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Supplementary Fig. S3.  Double mutants that carried the mkk6-2/anq-2 mutation plus a mutation in 

MKK1, MKK2 or MKK3.

(A) Schematic representation of the MKK1 gene. White boxes correspond to exons and black boxes 

indicate coding regions. The site of insertion of T-DNA in mkk1-4 (SALK_140054C) is indicated above 

the gene (not drawn to scale). LB indicates the left border of T-DNA and the open region in the T-DNA 

represents filler DNA.

(B) Analysis by RT-PCR of the mkk1-4 mutant. Primer pairs depicted by arrows in (A) were used. RNA 

was extracted from entire above-ground parts of the plants that had been grown on plates. Two 

independent samples were used to ensure the validity of results.

(C) Photographs of Col-0 and homozygous single-mutant plants after growth for 14 days on plates, at the 

same magnification. Both mkk2-1 and mkk3-1 have been reported to be null alleles (Teige et al., 2004; 

Takahashi et al., 2007). Bar, 1 cm.

(D) Photographs of mkk6-2/anq-2 homozygous single-mutant plants and homozygous double-mutant 

plants after growth for 14 days on plates, at the same magnification. Bar, 1 cm. 
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Supplementary Fig. 4.  Phenotype of the mkk1-4 mkk2-1 mkk6-2/anq-2 triple 

mutant.

The mkk6-2/anq-2 homozygous plants and mkk1-4 mkk2-1 mkk6-2/anq-2 homo-

zygous triple-mutant plants were grown for 14 days on plates. Plants are all 

shown at the same magnification. Bar, 1 cm.
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Supplementary Fig. 5.  Subcellular localization of GFP-MKKs.

The cDNAs encoding GFP-fused MKK1, MKK2, MKK3, MKK4 and MKK5 

cDNAs were generated and expressed under the control of the 35S promoter of 

Cauliflower mosaic virus in BY-2 cells. Fluorescence due to GFP in cells at 

telophase (indicated by arrows) is shown. Nomarski images (DIC)  are also 

shown in for GFP:MKK1 and GFP:MKK2. Arrows indicate cells in the stage of  

cytokinesis.
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Supplemental Table 1. Primers used in this study. 

Application Sequence (5’ – 3’) (forward/reverse) Description 

RT-PCR of anq-2 mutant CTTGATTTCGAAATTACTGC/ 

CCAAAGATGATGCTCTTGCT 

Primer 2 in Fig. 1A 

Primer 3 in Fig. 1A 

RT-PCR of anq-3 mutant CAAGAATCCCCAATCTCTTCC/ 

TTATCTAAGGTAGTTAACAGG 

Primer 1 in Fig. 1A 

Primer 4 in Fig. 1A 

RT-PCR of mkk1-4 

mutant 

TCCTCTTGAGCAATCCATCTC/ 

AATGATTCGCCTCTCATGATG 

 

RT-PCR of MKK7 CGTCAGGTGTCAAGGGATCT/ 

TCTGTCCCTGAGGAAGCAAC 

 

RT-PCR of CycB1;1 ATTGCAGACCATGCATACAG/ 

CAAAGCGACTCATTAGACTTG 

 

qRT-PCR of α-Tubulin GGACAAGCTGGGATCCAGG/ 

CGTCTCCACCTTCAGCACC 

Semiarti et al., 2001 

qRT-PCR of MKK1 AGCAAAGGAGCTTCTGGAACAC/ 

TCCGAATCTTCAAACATCTTTACG 

 

qRT-PCR of MKK2 AGTTAAAGCCATCCCTGACTCCTAT/ 

AGCACTTGTCTAAAGATGGCAGAA 

 

qRT-PCR of MKK3 GAAAGGGAGAAAAGGCAGCAA/ 

CTTCACACAATGTCCGTATCTCTGT 

 

qRT-PCR of MKK4 CGTCGCCGTCCTGATCTTAC/ 

CGAGAGAAACATCGCGTTGAG 

 



qRT-PCR of MKK5 CGTCCTTTCGCTCTCAAAGTG/ 

TCTCACGGTATCTTCGTGGTTTC 

 

qRT-PCR of ANQ AGCTCTCCGTTCCAGCTCAA/ 

TCGCAGTCAGGAAGGAAGAGAT 

 

qRT-PCR of MKK9 AACAGTTAACGGCGACATGGA/ 

TCTCGCATCAACTGTCTTGTGAA 

 

qRT-PCR of β-tubulin ACCACTCCTAGCTTTGGTGATCTG/ 

AGGTTCACTGCGAGCTTCCTCA 

Czechowski et. al. 2004 
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