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Supplementary Figure 1. (A)  Gels  demonstrating  the  binding  of  SEP1,  SEP2  and  SEP3  to  a  DNA  probe  having  

a  single  CArG-box. Increasing concentrations of DNA were incubated with a constant amount of protein. The in 

vitro translated protein used is marked over the gel. ∆ represents a negative control in which the in vitro translation 

assay was programmed only by a pTNT vector not containing a cDNA insert. The volumes of in vitro translated 

protein solutions used were: 2µl of SEP1 solution, 4µl of SEP2 solution  and 2µl of SEP3 solution. The various 

concentrations of the DNA probe used (with each protein) were: 1.05, 2.25, 4.50, 9.00, 18.00 nM (each prepared by 

mixing labelled with unlabeled DNA in a ratio of 1:50), 36.23, 72.45, 108.60, and 144.90 nM (each prepared by 

mixing labelled with unlabeled DNA in a ratio of 1:500) in the same order as seen on the gel. The numbers, 0 and 2 

adjacent to the bands represent the respective number of protein molecules bound. (B) Concentration of protein-

DNA complex formed as a function of the concentration of free DNA. Graphs were calculated as described in 

materials and methods. 



CArG1 CArG2 CArG3

Aethionema.arabicum TTTACATAAAAGGAAAGCTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTTGGCTACA-CCTTCTATTTTTGGTAACTC
Schrenkiella.parvula TTTACCAAAGAGGAAAGCTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAATA-TTTTCCTTTTATAGAAACTC
Brassica.rapa CTTACCAAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAATA-CCTTCTATTTTTAGCAACTC
Sisymbrium.irio TTTACCAAAGAGGAAAGCTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAAAA-CCTTCTATTTTTAGTAACTC
Eutrema.salsugineum TTCACCAAAGAGGAAAGCTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCTATATCTTTCTATTTATAGTAACTC
Brassica.oleracea.3 CTTACCAAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAACA-CCTTTT-TATATAGTAAGTC
Cochlearia.pyrenaica.3 TAGACGAAAAAGGAAAGTTTATCACCTAGTTTTCATCAACTTCTGAACTTACCTTTCATAGATTAGGCATAT-ATTTCTATATTTAGTAACTC
Arabis.alpina.3Africa TTTCTATAAGAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTCACCTTTCATAGATTCGGCAATT-TTTTCTATTTATAGTAATTT
Arabis.alpina.3Europe TTTCTATAAGAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTCACCTTTCATAGATTCGGCAATT-TTTTCTATTTATAGTAATTT
Arabis.hirsuta1 ATTCTATAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATAGATTCGGCAATA-TTTTCTATTTTTAGTAATTC
Arabis.hirsuta2 ATTCTATAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATAGATTCGGCAATT-TTTTCTATTTTTAGTAATTC
Arabis.hirsuta3 ATTCTATAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATAGATTCGGCAATT-TTTTCTATTTTTAGTAATTC
Arabis.turrita.3 TTTCCATAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAGCTTACCTTTCATGGATTCGGAAATA-TCTTCTATTTTTAGTAACTC
Mathiola.incana.3 TTTACATAAATGGAAAACTCTTCACTTAGTTTTCATAAACTTCTGAGCTTACCTTTCATAGATTCGGCAATA-ATTTCTATTTTGAGTAACTC
Fourraea.alpina.1 CTTATCAAAAAGGAAAGTTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAATA-CCTTCTATTTTTAGTAATTC
Rorippa.amphibia.1 TTTCAATTTAAGGAAAGTTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CCTTCTATTTTTAGTAATTT
Rorippa.amphibia.3 TTTCAATTTAAGGAAAGTTCATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CCTTCTATTTTTAGTAATTT
Lepidium.campestre.1 TTTACATTAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAATT-TTTTCTATTTTAAGTCATTT
Barbarea.vulgaris.1 TTCCTATAAAAGGAAAGCTCATCACTTAGTTTTCATCAACTTCTGAACTTAACTTTCATGGATTAGGCAATA-CCTTCTATTTTTAGTAATTT
Capsella.rubella TTTACGTAATAGGCAAATTTATCACTTAGTTTTCATCAACTTCTGAACTCACCTTTCATGGATTCGGCAATA-CTTTCTATTTTTAGTAACTT
Capsella.rubella.1 TTTACGTAATAGGCAAATTTATCACTTAGTTTTCATCAACTTCTGAACTCACCTTTCATGGATTCGGCAATA-CTTTCTATTTTTAGTAACTT
Arabis.glabra.3 TTTACACAATAGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTCGGCAATA-CTTTCTATTTTTAGTAACTC
Cardaminopsis.petraea.1 TCTACATAAATGGAATATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CTTTCTATTTTTAGTAACTC
Arabis.drummondii.1 TTTACATAATAGGATAATTTAGCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATAGATTCGGCAATA-CTTTCTATTTTTAGTAACTC
Cardaminopsis.halleri.1 TTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CTTTCTATTTTTAGTAACTC
Leavenworthia.alabamica TTTCTATTTATGGTAAGTTAATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CATTCTATTTATAGTAACTC
Arabidopsis.lyrata. TCTACATAAATGGAATATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CTTTCTATTTTTAGTAACTC
Arabidopsis.thaliana.Col TTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CTTTCCATTTTTAGTAACTC
Arabidopsis.thaliana.Ler TTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGAACTTACCTTTCATGGATTAGGCAATA-CTTTCCATTTTTAGTAACTC

**     *   *** ********** ********* ** * ******* **** **        **   * *   *  * *        

Supplementary Figure 2A. Alignment of the regulatory region of AP3 from different Brassicaceae species. The regions where CArG-boxes are found in

Arabidopsis thaliana are underlined. Identical positions across all the sequences are denoted by asterisks below the alignment.



Aethionema.arabicum CTCTTCTTTCTATTTATAGTAAGTGGGCCCACTTCCCATTACCTATTGAAGTGGACCCTGTTCCTCTATTTTCAGTAACTCT
Schrenkiella.parvula CTCATCTTTCTATTTTTGGCAACGAGGTCCCTTTCCCATTACGTCTTGACGTGGACCCTGTCTGTCTATTTTTAGCAACTTA
Brassica.rapa CCCATCTTTCTATTTTTGGCAATGAGGTCCCCTTCCCATTACGTCTTGACATGGACCCTGTCTATCTATATTTAGCAGCTT-
Sisymbrium.irio CCCATCTTTCTATTTTTGGCAACCAGGTCCACTTCCCATTACGTCTTGACGTGGACCCTGTCCGACTATTTTAAGCAGCTTA
Eutrema.salsugineum CCCATCTTTCTATTTTTGGCAAGGAGGTCCCCTTCCCATTACGTCTTGACGTGGACCCTGTCCGTCTAATTTTAGCAGCTTA
Leavenworthia.alabamica ACCATCTTTCTATTTTGGGCTACATGGTCCCCTTCCCATTACATCTTGATGTGAACCTTGTCTGTCTATATTTAGCAACTTA
Leavenworthia.alabamica.2   ACCATCTTTCTATTTTGGGCTACATGGTCCCCTTCCCATTACATCTTGATGTGAACCTTGTCTGTCTATATTTAGCAACTTA
Thellungiella.halophila CCCATCTTTCTATTTTTGGCAAGGAGGTCCCCTTCCCATTACGTCTTGACGTGGACCCTGTCCGTCTAATTTTAGCAGCTTA
Capsella.rubella ACCATATTTCTATTTTGGGAAACGAGGTCCCCTTCCCATTACGTCTTGACATGGACCCTGTCCGTCTATATATAGCAGATTA
Arabidopsis.lyrata TCCATCTTTCTATTTTGGGCAACGAGGTCCCCTTTCCATTACGTCTTGACGTGGACCCTGTCCGTCTATTTTTAGCCGATCT
Arabidopsis.thaliana TCCATCTTTCTATTTTGGGTAACGAGGTCCCCTTCCCATTACGTCTTGACGTGGACCCTGTCCGTCTATTTTTAGCAGAATC

* *********     *  *   ** **  ** ******* * ****  ** *** ***    ***  *  **            

CArG1 CArG2

Supplementary Figure 2B. Alignment of the regulatory region of SEP3 from different Brassicaceae species. The regions where CArG-boxes are 

found in SEP3 of Arabidopsis thaliana are underlined.  Identical positions across all the sequences are denoted by asterisks below the alignment. 



4’
4’

rAP3 rAP3m1 rAP3m2 rAP3m3 rAP3m1,2 rAP3m1,3

Supplementary Figure 3. Binding of SEP4 to CArG-boxes derived from the regulatory region of 

AP3. DNA probes used are denoted below the gel. The volume of each in vitro translated 

protein solution loaded was 5 µl. If more than one protein is denoted, co-translations were 

used. ∆-∆’  represents  a  negative  control  in  which  the  in  vitro  translation  assay  was 

programmed by pTNT and pSPUTK vectors not containing a cDNA insert. 4’ represents a 

potential heterotetrameric protein-DNA complex. 
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Supplementary Figure 4: AP3 or PI alone cannot form tetrameric
complexes with SEP3. In this EMSA, a probe carrying only one CArG-box 
was used. SEP3 alone does barely constitute a homotetramer on this probe 
but heterotetramers of SEP3, AP3 and PI are readily formed, as 
demonstrated previously (21). When SEP3 is incubated alone or in 
combination with only AP3 or PI, only dimeric protein-DNA complexes are 
formed. However, when SEP3, AP3 and PI are present together, a complex 
of low electrophoretic mobility indicative of tetramer formation is 
reconstituted.
Lane and band labelling is as in Figure 1. Volumes of the in vitro translated 
protein solution added to the binding reaction were 2 µl in lanes 1, 3, 5 and 6; 
2 µl +2 µl in lanes 2, 4, 7 (individual in vitro translations separated by ‘+’ as 
noted above the gel) and 4µl in lane 8.
Approximately 2 ng of a DNA-probe with the sequence 5’-CTCGA GGTCG 
GAAAT TTAAT TATAT TCCAA ATAAG GAAAG TATGG AACGTT 
CGACGG TATCGA TAAGC TTGAT ATATG TTCAT CATAA AAATA 
TAATTC TCCTT GCCGT TTTAT ATCGA ATTCC TGCAG CCCGGG 
GGATC CACTA GTTCT AGA-3’ was used. The CArG-box is underlined.
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bp



Supplementary Table 1: Primer pairs used for the amplification and cloning of the SEP 
cDNAs into pTNT vector. Restriction sites are italicized.  

 

 

 

 

 

 

 

  

cDNA  Primer pairs used for cloning: forward, reverse (5’-3’) 

SEPALLATA1 5’-AATGAT CTCGAGCCATGGGAAGAGGAAGAGTAGAGCTG-3’,  
5’-ACTTATGTCGACTCAGAGCATCCACCCCG-3’ 

SEPALLATA2 5’-TTATAT CTCGAGCCATGGGAAGAGGAAGAGTAGA-3’, 
5’-TACATA GTCGACTCACAGCATCCAGCCAGGGAT-3’ 

SEPALLATA4 5’-AGACTACTCGAGAGCCATGGGAAGAGGGAAAGTTGAG-3’, 
5’-CGAATCTAGAGTATTGTTTTCAGACCATCCATCC-3’ 



Supplementary Table 2: DNA probe sequences used in the study. The restriction sites used to excise the DNA probes from the vector are 
italicized. CArG-boxes are underlined and mutated CArG-boxes are underlined with broken lines. 

 

DNA probe 

Cloned in  Recognition 
sites used for 
excision from 

plasmid 

Sequence of the DNA probe used, 5’-3’ 

DNA probes used to check specific binding by the SEP proteins (used in Figure 1) 

DNA probe with 2 
CArG boxes spaced 
by 6 helical turns 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTCGACGGTATCGATAAGCTTGATGAA
ATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTATCGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA
-3’ 

DNA probe with 1 
CArG box 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGATAAAACGGCAAGGAGAATTATATTTTTATGATGAACATATCGACGGTATCGATAAGCTTGATGAA
ATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTATCGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA
-3’ 

DNA probe with 0 
CArG box 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGATAAAACGGCAAGGAGAATTATATTTTTATGATGAACATATCGACGGTATCGATAAGCTTGATATA
AAACGGCAAGGAGAATTATATTTTTATGATGAACATATATCGAATTCCTGC AGCCCGGGGGATCCACTAGTTCTAGA
-3’ 

DNA probes used for the stereospecific DNA binding and cooperative DNA binding assays (used in Figure 2 and 3) 

CArG-boxes spaced 
by 1 helical turn 

 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG ACCAAATAAGG
AAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA- 3’ 

CArG-boxes spaced 
by 1.5 helical turns 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAATTCCAAAT
AAGGAAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA- 3’ 

CArG-boxes spaced 
by 2 helical turns 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAGTAATATTC
CAAATAAGGAAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA- 3’ 
 



CArG-boxes spaced 
by 2.5 helical turns 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGTTA
TATTCCAAATAAGGAAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA- 3’ 

CArG-boxes spaced 
by 3 helical turns 

pBluescript SK II+ 
XhoI, XbaI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAA
TTAATTATATTCCAAATAAGG AAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGTTCTAGA- 3’ 

CArG-boxes spaced 
by 3.5 helical turns 

 

pBluescript SK II+ 
XhoI, SpeI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAA
CGAATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGT- 3’ 

CArG-boxes spaced 
by 4 helical turns 

pBluescript SK II+ 
XhoI, SpeI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAA
CGTTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTGAATTCCTGCAGCCCGGGGGATCCACTAGT-
3’ 

CArG-boxes spaced 
by 4.5 helical turns 

pBluescript SK II+ 
XhoI, SpeI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCAAATTTAATTATATTCCAAATAAGGAAAGTATGGAAC
GTTCGAGATGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTGAATTCCTGCAGCCCGGGGGATCCACT
AGT- 3’ 

CArG-boxes spaced 
by 5 helical turns 

pBluescript SK II+ 
XhoI, SpeI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCTTTAATTATATTCCAAATAAGGAAAGTATGGAACGTTC
GACGGCTTGATGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAAGAATTCCTGCAGCCCGGGGGATCCACTA
GT- 3’ 

CArG-boxes spaced 
by 5.5 helical turns 

pBluescript SK II+ 
XhoI, SpeI 

 

5’-
CTCGAGGTCGACGGTATCGATAAGCTTGATATCGAATTCAATTATATTCCAAATAAGGAAAGTATGGAACGTTCGA
CGGTATAGCTTGATGAAATTTAATTATATTCCAAATAAGG AAAGTATGGGAATTCCTGCAGCCCGGGGGATCCACT
AGT- 3’ 

DNA probe used for the saturation binding assay (used in Supplementary Figure 1) 

Single CArG box 
used in saturation 

binding assay 

- - 
5’- AATTCGAAATTTAATTATATTCCAAATAAGG AAAGTATGGAACGTTG- 3’ 
      3’-GCTTTAAATTAATATAAGGTTTATTCCTTTCATACCTTGCAACTTAA- 5’ 
 

 
 
 

 
 
 



 
DNA probes derived from the regulatory region of the SEP proteins’ targets (used in Figures 4 and 5) 

rAP3 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATTCAGTTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGA 
ACTTACCTTTCATGGATTAGGCAATACTTTCCATTTTTAGTAACTCAATCTTTCTAGA- 3’   

rAP3m1 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATTCAGTTTATATAAATTT AAAATTTATCACTTAGTTTTCATCAACTTCTGA 
ACTTACCTTTCATGGATTAGGCAATACTTTCCATTTTTAGTAACTCAATCTTTCTAGA- 3’ 

rAP3m2 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATTCAGTTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTGA 
ACTTATTTTTCATAA ATTAGGCAATACTTTCCATTTTTAGTAACTCAATCTTTCTAGA- 3’   

rAP3m3 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATTTCAGTTTACATAAATGGAAAATTTATCACTTAGTTTTCATCAACTTCTG 
AACTTACCTTTCATGGATTAGGCAATACTTTTTATTTTTAAT AACTCAAATCTTTCTAGA- 3’   

rAP3m1,2 pJET1.2. 
XhoI, XbaI 

 

5’- CTCGAGTTTTTCAGCAAGATTCAGTTTATATAAATTT AAAATTTATCACTTAGTTTTCATCAACTTCTGA 
ACTTATTTTTCATAA ATTAGGCAATACTTTCCATTTTTAGTAACTCAATCTTTCTAGA- 3’  
 

rAP3m1,3 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATTCAGTTTATATAAATTT AAAATTTATCACTTAGTTTTCATCAACTTCTGA 
ACTTACCTTTCATGGATTAGGCAATACTTTTTATTTTTAAT AACTCAATCTTTCTAGA- 3’ 

rSEP3 pJET1.2. 
XhoI, XbaI 

 
5’- CTCGAGTTTTTCAGCAAGATAAACTCCATCTTTCTATTTTGGGTAACGAGGTCCCCTTCCCATTACGTCT 
TGACGTGGACCCTGTCCGTCTATTTTTAGCAGAATCACTAGTATCTTTCTAGA- 3’ 

 

 

 

 

 

 



 

Supplementary Table 3: Kdim and kcoop values used in equations (14) and (17) to calculate protein concentrations necessary to half-occupy two 
CArG-boxes simultaneously that are spaced by 2 or 6 helical turns and are located on naked or nucleosomal DNA. For a SEP dimer binding to 
CArG I on nucleosomal DNA an energy penalty of 20.92 kJ/mol was introduced.  

 Naked DNA Nucleosomal DNA  

   CArG I and II spaced by 2 turns CArG I and II spaced by 6 turns   CArG I and II spaced by 2 turns CArG I and II spaced by 6 turns 

 
KdimN 

(CArGI) 
(·106 M-1) 

KdimN 
(CArGII) 
(·106 M-1) 

kcoop2 

Protein concentration 
necessary to half-
occupy both CArG-
boxes simultaneously 
(nM) 

kcoop6 

Protein concentration 
necessary to half-
occupy both CArG-
boxes simultaneously 
(nM) 

KdimH 

(CArGI) 
(·106 M-1) 

KdimN 
(CArGII) 
(·106 M-1) 

kcoop2 

Protein concentration 
necessary to half-
occupy both CArG-
boxes simultaneously 
(nM) 

kcoop6 

Protein concentration 
necessary to half-
occupy both CArG-
boxes simultaneously 
(nM) 

SEP1 52 52 155 1.7 ≥200 ≤ 1.5 0.005 52 155  1,300 ≥200 ≤ 1000 

SEP2 68 68 n.d. n.d. ≥200 ≤ 1.1 0.007 68 n.d. n.d. ≥200 ≤ 750 

SEP3 150 150 1.1 15 39 1.3  0.015 150 1.1 60,600 39 1,700 


