
Supplementary fig. S1. Gene trees and sequence comparisons. Data are shown 

first for KNOX, then for ARP, then for YABBY. 

 

 

KNOX 

(A, B) Gene trees of KNOX proteins.  

(A) Gene tree with sequences that contain all four characteristic domains of KNOX proteins 

(KNOX1, KNOX2, ELK and homeodomain).  

(B) Gene tree with sequences that contain at least one of KNOX1, KNOX2 or Homeobox domain. 

Bootstrap support is only shown for values >60. Species from class Isoetopsida are shown in blue 

(Selaginella sp. and Isoetes tegetiformans) whereas sequences from class Lycopodiopsida 

(Huperzia selago and Lycopodium deuterodensum) are shown in green. 

(C) KNOX amino acids important for trafficking via PD 
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KNOX amino acids important for trafficking via PD. The homeobox of KNOX proteins is necessary and 
sufficient for trafficking through PD. Chen et al. (2014) determined that the R30 residue of helix alpha-1 
(strong positive charge) and the L53 residue of helix alpha-3 are important for selective intercellular 
trafficking of homeodomain proteins in plants. The homeodomain parts of the lycophyte KNOXes where 
added to the Chen et al. (2014) figure (everything above the line is from Chen et al. (2014); sequences 
from lycophyte KNOXes are below the line). Class II lycophyte KNOXes are highlighted in yellow.  

None of the lycophyte KNOXes contains the R30 (but neither does Arabidopsis KN1). However, all 
lycophyte class II KNOXes contain the L53 (with one exception that has M53 instead). Lycophyte class I 
KNOXes do not have the L53 (with one exception from Isoetes).  

Altogether, this gives the impression that the Lycopodiales/Isoetales KNOXes are not good at 
traveling through PD, or that the features required for traveling through secondary PD are different in 
Lycopodiales/Isoetales. Note that the Physco KNOXes that can travel do have the L53 residue (Chen et al., 
2014). Amino acid sequences can be found in Supplementary table S2 (Supplementary Material Online). 
 
 

                                                    R30                    L53 

                                 *         *         * *       *         *    *    *         *         

AtKN1                --SSLKQELSKKKKKGKLPKEARQQLLSWWDQHYKWPYPSETQKVALAESTGLDLKQINNWFINQRKRHWKPS  

ATKNAT1              --SSLKQELSKKKKKGKLPKEARQKLLTWWELHYKWPYPSESEKVALAESTGLDQKQINNWFINQRKRHWKPS  

AtSTM                --GSLKQEFMKKRKKGKLPKEARQQLLDWWSRHYKWPYPSEQQKLALAESTGLDQKQINNWFINQRKRHWKPS  

LeT6                 --GSLKQEFMKKRKKGKLPKEARQQLVDWWLRHIKWPYPSESQKLALAESTGLDQKQINNWFINQRKRHWKPS  

PhyscoKN2            --GELKAEFNRVRKKGKLPTSARTILKDWFNRHSHWPYPSEMEKQYLQRICGLNLKQINNWFINERKRHWSCE  

PhyscoKN5            --GELKAEFNRVRKKGKLPSSARSILKDWFNRHSYWPYPSEMEKQYLQKLCGLNLKQINNWFINERKRHWSCE  

PhyscoKN4            ADEELKKMLR--LKYGKLPTNARQILKDWFSRHSYWPYPSEMEKAYLQRLCGLNLKQINNWFINQRKRHWKPS  

AtKNAT2              --SSLKLEFSKKKKKGKLPREARQALLDWWNVHNKWPYPTEGDKISLAEETGLDQKQINNWFINQRKRHWKPS  

AtKNAT3              --VDIREEILRKRRAGKLPGDTTSVLKAWWQSHSKWPYPTEEDKARLVQETGLQLKQINNWFINQRKRNWHSN  

ChlamGSM1            --VQVAASLAQRPKVGKLPPAATQLLKGWWDDNFVWPYPSEEDKKQLGEAAALNNTQINNWFINQRKRHWHKH  

ChlamHDG1            --GGGGSGPGSKKGRENLPKNAVTALKQWVYAHIVHPYPSEDEKEVLCAHTGLDLLQLNNWFINARVRIWKPL  

AtBLR                --GFPDHHAPVWRPHRGLPERAVTVLRAWLFDHFLHPYPTDTDKLMLAKQTGLSRNQVSNWFINARVRVWKPM  

HupSel|KNOX1-1       --GSLKQEFSRKKKKGKLPRESRQQLLNWWSSHIKWPYPSEVEKASLAESTGLDQKQINNWFINQRKRHWKPS  

HupSel|KNOX1-2       --GSLKQEFMKKKKKGKLPTESRQQLLDWWSNHIKWPYPSEAEKASLAESTGLGQKQINNWFINQRKRHWKPA  

HupSel|KNOX2-3       --NDVREEILRKRRAGKLPGDTTSVLKSWWHAHSKWPYPSEEEKVKLVQETGLELKQINNWFINQRKRNWHNN  

HupSel|KNOX2-2       --NDVREEILRKRRAGKLPGDTTSVLKAWWHAHSKWPYPSEDEKARLVQETGLELKQINNWFINQRKRNWNSN  

HupSel|KNOX2-1       --ADVREEILRKRRAGKLPGDTTSVLKAWWHAHSKWPYPTEDEKTRLVQETGLELKQINNWFINQRKRNWHQH  

SelApo|LGDQ-2003456  --KGLTQEYLKKKKKGKLPKESRQQLLDWWAQHQDHPYPNENQKASLAQTTGLEPKQINNWFINQRKRHWNPQ  

SelApo|LGDQ-2010944  --VDVREEILRKRRAGKLPGDTTSVLKAWWHAHSKWPYPTEDEKARLVQETGLELKQINNWFINQRKRNWHHH  

SelApo|LGDQ-2004042  --NDVREEILRKRRAGKLPGDTTSVLKTWWHAHSKWPYPSEDDKARLVQETGLELKQINNWFINQRKRNWHSN  

LycDer|PQTO-2010435  --GSLKQEFSRKKKKGKLPRESRQQLLNWWSMHIKWPYPSEVEKASLAESTGLDQKQINNWFINQRKRHWNPS  

LycDer|PQTO-2081329  --GSLKQEFMKKKKKGKLPKESRQQLLDWWSGHIKWPYPSEEEKASLAESTGLGQKQINNWFINQRKRHWRPA  

LycDer|PQTO-2010278  --NDVREEILRKRRAGKLPGDTTSVLKSWWFAHSKWPYPSEEEKARLVQETGLELKQINNWFINQRKRNWHNN  

LycDer|PQTO-2081967  --ADVREEILRKRRAGKLPGDTTSVLKAWWQAHSKWPYPTEDEKARLVQETGLEMKQINNWFINQRKRNWHHH  

LycDer|PQTO-2083351  --NDVREEILRKRRAGKLPGDTTSVLKAWWHAHAKWPYPSEDEKARLVQETGLELKQINNWFINQRKRNWTNN  

SelKra|gb|AAW62517.1 --SSLKHEFLKKKKKGKLPKDSRQILLNWWSVHYKWPYPSESEKASLAESTGLDQKQINNWFINQRKRHWKPS  

SelKra|gb|AAW62518.1 --GGLTQEYLKKKKKSKLPSAATKTLRDWWFQHLEHPYPSEAQKATLAATTKLDPKQINNWFINQRKRHWDPS  

SelKra|gb|AAW62519.1 --VDVRXEILRKRRAGKLPGDTTSVLKAWWHAHSKWPYPTEDEKARLVQETGLELKQINNWFINQRKRNWHHH  

SelKra|ZFGK-2006217  --NDVREEILRKRRAGKLPGDTTSVLKSWWHAHSKWPYPSEDDKARLVQETGLELKQINNWFINQRKRNWHSN  

SelMoe|415291        --KGLTQEYLKKKKKGKLPKESRQQLLDWWSQHQDHPYPNENQKSNLAQSTGLDPKQINNWFINQRKRHWNPQ  

SelMoe|90744         --NDVREEILRKRRAGKLPGDTTSVLKTWWHAHSKWPYPSEDDKARLVQETGLELKQINNWFINQRKRNWHSN  

IsoTeg|PKOX-2100696  --NDVREEILRKRRAGKLPGDTTSVLKSWWHAHSKWPYPSEDEKARLVQETGLELKQINNWFINQRKRNWHSN  

IsoTeg|PKOX-2013942  --VDVREEILRKRRAGKLPGDTTSVLKAWWHAHAKWPYPTEDEKARLVQETGLELKQINNWFINQRKRNWHHH  

IsoTeg|PKOX-2100696  --NDVREEILRKRRAGKLPGDTTSVLKSWWHAHSKWPYPSEDEKARLVQETGLELKQINNWFINQRKRNWHSN  

                                  *         *         * *       *         *    *    *         *         

                                                    R30                    L53 

 

* R (strong positive charge) in this position improves trafficking 

* L (hydrophobic) in this position improves trafficking 

 

 
 

 

 

 

 



 

 

Based on Xu et al. (2011), trafficking of KNOXes through PD requires the chaperonin CCT8. A 

comparison of the CCT8 amino acid sequences from Arabidopsis (GenBank accession Q94K05.1) 

and H. selago shoot tips shows strong conservation. 

 
                                                                           

                  *         *         *         *         *         *       

HsCCT8   1 MSSFHLQPHGLQSMLKEGHRLLSGLDEAILKNIDACKELSNITRTSLGPNGMNKMIINHL  60 

AtCCT8   1 MVGMSMQPYGIQSMLKEGYRHLSGLDEAVIKNIEACKELSTITRTSLGPNGMNKMVINHL  60 

                                                                            

                  *         *         *         *         *         *       

HsCCT8  61 DRLFVTSDAGTIVNELEVQHPAAKLLVLASKAQQEEIGDGANLVISFAGELLQGAEELIR 120 

AtCCT8  61 DKLFVTNDAATIVNELEIQHPAAKLLVLAAKAQQEEIGDGANLTISFAGELLQNAEELIR 120 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 121 TGLHPSEIISGYTKATKKALTLLEELVEPSSETMDVRSKEQVIQRMKSVVASKQYGQEDI 180 

AtCCT8 121 MGLHPSEIISGYTKAVSKAVEILEQLVETGSETMDVRNKDEVISRMRAAVASKQFGQEEI 180 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 181 LTPLIAEACIQVCPKNPANFNVDNVRVAKILGGGIHDCHVVRGMVLKVEALGSIKHVKNA 240 

AtCCT8 181 ICSLVTDACIQVCPKNPTNFNVDNVRVSKLLGGGLHNSCIVRGMVLKSDAVGSIKRMEKA 240 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 241 KIAVFGGGVDTAATETKGTVLIKTAEQLENYAKTEEAKIEELIKAVASSGANVIVSGGAV 300 

AtCCT8 241 KVAVFAGGVDTTATETKGTVLIHSAEQLENYAKTEEAKVEELIKAVAESGAKVIVSGGSI 300 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 301 GEMALHFCERYKLMVLKISSKFELRRFCRTTGAISLVKLGHPGPDELGHADSISVDEIGG 360 

AtCCT8 301 GEMALHFCERYKIMVLKISSKFELRRFCRTAGAVAHLKLSRPSPEDLGYVDSISVEEIGG 360 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 361 TRVTIVKNEESGNLVSSVIIRGSTDSVLDDVERAVDDGVNVYKAMCKDSRIIPGAGASEV 420 

AtCCT8 361 VTVTIARNEEGGNSISTVVLRGSTDSILDDLERAVDDGVNTYKAMCRDSRIVPGAAATEI 420 

                                                                            

                  *         *         *         *         *         *       

HsCCT8 421 ELAKKINEFGDKETGLDQYAIGKFAQSLEVVPRTLAENAGLNSTDVISTLYAAHAAGNVK 480 

AtCCT8 421 ELAQRLKEYANAEIGLDKYAITKYAESFEFVPKTLADNAGLNAMEIIAALYTGHGSGNTK 480 

                                                                            

                  *         *         *         *         *         *      

HsCCT8 481 AGVDVEQGGFKDMTMENVWDLFVTKYWAIKLAARAVCTVLQVDQIIMAKQAGGPNKKDRP 540 

AtCCT8 481 LGIDLEEGACKDVSETKVWDLFATKLFALKYASDAACTVLRVDQIIMAKPAGGPRRDAAQ 540 

                                                                            

                         

HsCCT8 541 MDG---DDE 546 

AtCCT8 541 AAGAGAEED 549 

The KNOX homeobox domain is necessary and sufficient for trafficking of class I KNOX proteins through PD 

(Kim et al., 2005), a process which requires the binding of a chaperonin (Xu et al., 2011). Chen et al. (2014) 

used targeted mutagenesis to find out which amino acids were required for trafficking, and found that a 

positively charged amino acid at the end of the alpha-1 domain (R30) and a hydrophobic residue at the 

beginning of the alpha-3 domain (L53) played important roles. Comparison with the lypophyte KNOX 

protein sequences used in Figure 4 showed that none of the lycophyte KNOXes contained the R30. 

Furthermore, all class I KNOXes of lycophytes did not contain the L53, while most class II KNOXes did (the 

only exception, from Huperzia deuterodensum, contained a methionine in that position). The analyses of 

Chen et al. (2014) were based on trafficking of maize KN1 through secondary PD separating clonally 



non-related epidermis and mesophyll cells in Arabidopsis leaves. It is possible that trafficking through 

primary PD has different structural requirements; in this case, class I KNOX proteins might act mostly 

cell-autonomously in SAMs of Lycopodiales but not of Selaginellales. It is also possible that the 

requirements do not differ between both types of PD and class I KNOX proteins act mostly 

cell-autonomously in all lycophytes. 
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ARP 
 
Sequence comparison between  
(A) the ARP proteins of Arabiodpsis (AtAS1, GenBank accession O80931.1) and Selaginella 
kraussiana (SkARP, GenBank accession AAW62520.1) and (B) the corresponding cDNA 
sequences (AtAS1, GenBank accession AF175996.1; SkARP, GenBank accession AY667452.1). 
The N-terminal part shows strong conservation. 
(C) Sequence alignment of ARP proteins from angiosperms, Selaginella kraussiana and Pinus 
taeda. Amborella: GenBank XP_006855819.1 from Amborella trichopoda; Pisum: GenBank 
AF299140_1 from Pisum sativum; Arabidopsis: GenBank NP_181299.1 from Arabidopsis 
thaliana; Zea mays: GenBank AF126489_1; Selaginella: XP_002962315.1 from Selaginella 
moellendorfii; Pinus taeda: Congenie PITA_000017758).  
Sequence alignments were performed using MUSCLE (multiple sequence comparison by log- 
expectation; Edgar, 2004) at the EMBL-EBI website, and displayed using GeneDoc (Nicholas et 
al. 1997). 
 

(A)                                                                           
                   *         *         *         *         *         *       

AtAS1   1 MKERQRWSGEEDALLRAYVRQFGPREWHLVSERMNKPLNRDAKSCLERWKNYLKPGIKKG  60 

SkARP   1 MKDKQRWQPEEDALLCAYVKQYGPNDWNLVSERMATPLDRDPKSCHERWKNYLKPGLKRG  60 

                                                                           

                   *         *         *         *         *         *       

AtAS1  61 SLTEEEQRLVIRLQEKHGNKWKKIAAEVPGRTAKRLGKWWEVFKEKQQREEKESNKRVEP 120 

SkARP  61 PLSEEEQNLVIRLQEKYGNKWKRIAAEVPGRTAKRLGKWWEVHKERRQKEAIQRHQRIQ- 119 

                                                                           

                   *         *         *         *         *         *       

AtAS1 121 IDESKYDRILESFAEKLVKERSNVVPAAAAAATVVMANSNGGFLHSEQQVQ-PPNPVIPP 179 

SkARP 120 --TGVHTSHLSMFYGQTV---APFIPPAQSFSTCAEVVSSSSASEGESQCRNEPRMNLPA 174 

                                                                           

                   *         *         *         *         *         *       

AtAS1 180 WLATSNNGNNVVARPPSVTL--TLSPSTVAAAAPQPPI---------PWLQQQQPERAEN 228 

SkARP 175 AFPPTSSEPVLTLGPTVLDLLPAWKPAPRAASTSELPSLMAPEAIMKPNLSLSLDSGAES 234 

                                                                           

                   *         *         *         *         *         *       

AtAS1 229 GP--------GGLVLGSMMPS----CSGSSESVFLSELVE---CCRELEEGHRAWADHKK 273 

SkARP 235 GDTDTGTHFNNNKKVSTIIPKDDEFCNEINSDISPGELIPLLGLVKELEENKESWNVQKK 294 

                                                                           

                   *         *         *         *         *         *       

AtAS1 274 EAAWRLRRLELQLESEKTCRQREKMEEIEAKMKALREEQKNAMEKIEGEYREQLVGLRRD 333 

SkARP 295 NAASTLRELKQQLECERIEKRKQKMLEVESKIQALRKEEKLYLDKLELDYAELVAKLDRD 354 

                                                                 

                   *         *         *         *         *       

AtAS1 334 AEAKDQKLADQWTSRHIRLTKFLEQQMG---------------CRLDRP- 367 

SkARP 355 AELKEEKLVESWSLKYNKLVLMFEQTMQRYSSFHGPIFQAIQMRGMNSPA 404 

                                                                 

 

(B) 
                    *         *         *         *         *         *        

AtAS1    1 ----------------------------------------------------ATGAAAGA    8 

SkARP  661 CTTTGCTCATTCTACACAAAGTATTTGATCAGAAAAGTTGTATAATAAAGCGATGAAGGA  720 

                                                                            

                    *         *         *         *         *         *        

AtAS1    9 GAGACAACGTTGGAGTGGTGAAGAAGATGCATTGTTACGTGCTTACGTTAGACAGTTCGG   68 

SkARP  721 CAAGCAGCGTTGGCAGCCTGAAGAGGACGCACTCCTCTGTGCATACGTGAAGCAATACGG  780 

                                                                            

                    *         *         *         *         *         *        

AtAS1   69 TCCGAGAGAATGGCATCTTGTGTCTGAGCGTATGAACAAACCTTTGAACCGTGACGCCAA  128 

SkARP  781 CCCAAATGACTGGAACTTAGTTTCTGAAAGGATGGCAACGCCTTTGGATCGTGATCCAAA  840 

                                                                            

                    *         *         *         *         *         *        

AtAS1  129 GTCTTGTTTAGAGAGATGGAAGAATTATCTTAAGCCAGGGATCAAGAAAGGGTCTTTGAC  188 

SkARP  841 GTCTTGCCATGAACGCTGGAAGAACTATCTGAAGCCGGGACTCAAGAGGGGGCCATTGTC  900 

                                                                            



                    *         *         *         *         *         *        

AtAS1  189 AGAGGAAGAGCAGAGGCTTGTGATCCGTCTTCAGGAGAAACACGGCAACAAGTGGAAGAA  248 

SkARP  901 TGAAGAGGAGCAGAACCTCGTGATACGTCTTCAAGAAAAATACGGTAATAAATGGAAGCG  960 

                                                                            

                    *         *         *         *         *         *        

AtAS1  249 GATTGCTGCTGAGGTTCCCGGGAGGACGGCAAAGCGGTTAGGGAAGTGGTGGGAAGTGTT  308 

SkARP  961 TATAGCGGCTGAAGTTCCCGGCCGGACGGCCAAACGTCTGGGAAAATGGTGGGAGGTCCA 1020 

                                                                            

                    *         *         *         *         *         *        

AtAS1  309 TAAGGAGAAGCAACAGAGAGAAGAGAAAGAGAGTAACAAGAGAGTTGAGCCTATTGACGA  368 

SkARP 1021 CAAAGAACGCAGGCAGAAAGAAGCGATTCAGCGGCATCAGCGGATCCA-------AACGG 1073 

                                                                            

                    *         *         *         *         *         *        

AtAS1  369 GAGTAAGTACGATCGGATTCTCGAGAGTTTCGCTGAGAAGCTTGTCAAAGAGCGGTCTAA  428 

SkARP 1074 GAGTTCATACTTCTCACCTCTCGATGTTCT---------------------ACGGCCAAA 1112 

                                                                            

                    *         *         *         *         *         *        

AtAS1  429 C-GTTGTCCCTGCTGCTGCCGCTGCTGCAACGGTT------GTGATGGCTAATTCG----  477 

SkARP 1113 CTGTTGCTCCTTTCATTCCCCCAGCT-CAAAGCTTCTCTACGTG-TGCCGAAGTCGTTTC 1170 

                                                                            

                    *         *         *         *         *         *        

AtAS1  478 ------------AATGGAGGGTTTTTACATTCTGAACAACAAGTTCAGCCTC-------C  518 

SkARP 1171 ATCATCGAGTGCATCGGAAGGTG-----AGTCTCAATGTCGGAACGAGCCTCGGATGAAC 1225 

                                                                            

                    *         *         *         *         *         *        

AtAS1  519 TAACC--CAGTGATCCCGCC--TTGGTT---AGCTACTTCTAACAATGGGAACAATGTTG  571 

SkARP 1226 TTACCGGCAGCGTTTCCACCGACTAGTTCTGAGCCGGTTCTTACATTGGGTCCGACAGTG 1285 

                                                                            

                    *         *         *         *         *         *        

AtAS1  572 TTGCAAGGCCTCCCTCGGTAACTTTGACATT---ATCGCCTTCCACAGTGGCTGCAGCTG  628 

SkARP 1286 TTG---GACCTTCTTC--------CGGCATGGAAACCGGCACCGAGAGCAGCCTCGACT- 1333 

                                                                            

                    *         *         *         *         *         *        

AtAS1  629 CGCCTCAACCGCCAATCCCG-TGGCTGCAGCAGCAAC-----AGCCTGA-----------  671 

SkARP 1334 --TCTGAACTGCCAAGCCTGATGGCTCCAGAGGCGATCATGAAGCCGAACCTTTCGTTAT 1391 

                                                                            

                    *         *         *         *         *         *        

AtAS1  672 ----------GAGAGCAGAGAACGG---TCCAG----GGGGACTTGTGTT----------  704 

SkARP 1392 CTCTGGACTCGGGTGCTGAGTCCGGAGATACAGATACAGGTACTCATTTCAACAATAATA 1451 

                                                                            

                    *         *         *         *         *         *        

AtAS1  705 AGGGAGTAT-----------------GATGCCG--TCTTGTAGTGGGAGTAGCGAGAGTG  745 

SkARP 1452 AGAAGGTATCTACGATAATACCTAAGGACGACGAATTTTGCAATGAAATCAACTCGGATA 1511 

                                                                            

                    *         *         *         *         *         *        

AtAS1  746 TGTTCTTGTCAGAGCTTGTG---------GAGTGTTGTAGAGAGTTGGAGGAAGGGCACC  796 

SkARP 1512 TATCACCTGGAGAGCTGATACCTCTACTTGGGCTTGTCAAGGAGCTCGAGGAGAACAAGG 1571 

 

                    *         *         *         *         *         *        

AtAS1  797 GAGCTTGGGCAGACCATAAGAAAGAGGCTGCATGGAGGCTAAGAAGGCTGGAGCTGCAGC  856 

SkARP 1572 AAAGTTGGAATGTGCAGAAGAAGAATGCGGCATCCACACTGAGGGAACTGAAGCAGCAGC 1631 

                                                                            

                    *         *         *         *         *         *        

AtAS1  857 TAGAGTCAGAGAAGACGTGTAGACAAAGGGAGAAGATGGAGGAGATTGAGGCAAAGATGA  916 

SkARP 1632 TGGAGTGTGAGAGAATTGAAAAGAGGAAGCAGAAGATGTTAGAAGTGGAGTCAAAGATTC 1691 

                                                                          

                    *         *         *         *         *         *        

AtAS1  917 AAGCTCTTAGGGAAGAGCAGAAGAACGCAATGGAGAAGATCGAAGGAGAGTACAGAGAAC  976 

SkARP 1692 AAGCTCTAAGAAAGGAGGAAAAGTTGTATTTGGACAAGCTTGAGCTGGATTATGCTGAAC 1751 

 

                    *         *         *         *         *         *        

AtAS1  977 AGCTCGTTGGTTTGAGGCGAGACGCAGAGGCCAAAGACCAGAAACTGGCTGATCAATGGA 1036 

SkARP 1762 TTGTTGCAAAGCTGGACAGAGATGCTGAACTTAAGGAAGAAAAGCTTGTGGAAAGCTGGA 1811 

                                                                            

                    *         *         *         *         *         *        

AtAS1 1037 CCTCTAGGCATATCAGACTCACCAAGTTTCTTGAACAACAAATG---------------- 1080 

SkARP 1812 GCTTGAAGTACAACAAACTGGTTCTTATGTTTGAGCAGACAATGCAACGGTATTCGTCCT 1871 

                                                                            

 
 
 



(C) 
 
                         *         *         *         *         *         *       

Selaginella   1 MSIATKDRQRWQPEEDAILCAYVTQYGADDWNLISERMGEPLDRDPKSCHERWKNYLKPG  60 

Amborella     1 ----MKERQRWQPEEDALLRAYVKQYGPKEWNLVSQRMGRPLHRDAKSCLERWKNYLKPG  56 

Pinus taeda   1 ----MKERQRWQPEEDALLRAYVKQYGPREWNLVSQRMGKTLDRDAKSCLERWKNYLKPG  56 

Zea mays      1 ----MKERQRWRPEEDAVLRAYVRQYGPREWHLVSQRMNVALDRDAKSCLERWKNYLRPG  56 

Pisum         1 MSLEMKDRQRWRAEEDALLRAYVKQYGPREWNLVSQRMNTPLNRDAKSCLERWKNYLKPG  60 

Arabidopsis   1 ----MKERQRWSGEEDALLRAYVRQFGPREWHLVSERMNKPLNRDAKSCLERWKNYLKPG  56 

                                                                                

                         *         *         *         *         *         *       

Selaginella  61 IKKGPLTDEEQQLVIKLQTKYGNKWKRIAAEVPGRTAKRLGKWWEVYKERLIKDKKKLLS 120 

Amborella    57 IKKGSLSQEEQALVVALQAKYGNKWKKIAAEVPGRTAKRLGKWWEVFKEKQAKDKQRRLQ 116 

Pinus taeda  57 IKKGSLTEEEQSLVISLQAKYGNKWKKIAAEVPGRTAKRLGKWWEVFKEKQLKERRK--E 114 

Zea mays     57 IKKGSLTEEEQRLVIRLQAKHGNKWKKIAAEVPGRTAKRLGKWWEVFKEKQQRELRD--S 114 

Pisum        61 IKKGSLTEEEQHLVISLQATHGNKWKKIAAQVPGRTAKRLGKWWEVFKEKQQRETKG--- 117 

Arabidopsis  57 IKKGSLTEEEQRLVIRLQEKHGNKWKKIAAEVPGRTAKRLGKWWEVFKEKQQREEKE--- 113 

                                                                              

                         *         *         *         *         *         *       

Selaginella 121 TH--------------------AATGNCDSMVMEAMHLQALAPGFSRPFLSST------- 153 

Amborella   117 QNHHHHHHHQQHSSSISSQQPPVGLSSDSSSVPVSGRYDHILETFAEKYAQQAKSCCLPP 176 

Pinus taeda 115 RH-----------------------NIDSANCREGGKYDHILETFAEKYVQKKICPTSLP 151 

Zea mays    114 RR-----------------------PPPEPSPDERGRYEWLLENFAEKLVGER------- 144 

Pisum       118 -------------------------INKTVDPINDSKYEHILESFAEKLVKER------- 145 

Arabidopsis 113 -------------------------SNKRVEPIDESKYDRILESFAEKLVKER------- 141 

                                                                               

                         *         *         *         *         *         *       

Selaginella 154 P--DLCVNGAPAFSTSTPDAND------ICGPPT--VC---------------------- 181 

Amborella   177 PPPPPLLSDPTPLLSLNSAGTTTQRAPAATETPALLPS---------------------- 214 

Pinus taeda 152 PILMPCPSSSPLLTLSVPTGSTYADNICLANIKTTPSVLSGPIVSQMANLPGSMGFTLPV 211 

Zea mays    145 P--QQAAAAPSPLLMAA-------------------PV---------------------- 161 

Pisum       146 P--------SPSFVMAASNSS-YLHTDAQAATPG---L---------------------- 171 

Arabidopsis 142 SNVVPAAAAAATVVMANSNGG-FLHSEQQVQPPN--PV---------------------- 176 

                                                                                

                         *         *         *         *         *         *       

Selaginella 181 ------------------------------------------------------------ 181 

Amborella   214 ------------------------------------------------------------ 214 

Pinus taeda 212 IKGKMPSAREIEPRLTLESLGSTRPMLEPELALQCSSSAMDLDLTPTYLGTSSSAVDATS 271 

Zea mays    161 ------------------------------------------------------------ 161 

Pisum       171 ------------------------------------------------------------ 171 

Arabidopsis 176 ------------------------------------------------------------ 176 

                                                                                

                         *         *         *         *         *         *       

Selaginella 182 -QDHFGN--------NASGVTTTEALS-------------------GDETLLTLGPSTTF 213 

Amborella   215 -LPPWLS--------AAGGLKNFGAVPSVSPPPPPPPP--------PPSVSLSLSPTS-- 255 

Pinus taeda 172 SLPSWMSNVPTAQVPSSGGSDVKTTVSAFILEKDTPLSSKSIHLNSSPSVSLSLSPSASD 331 

Zea mays    162 -LPPWLS--------SNAGPAAAAAAAVAHPPPRPP----------SPSVTLSLASAA-- 200 

Pisum       172 -LPSWLS--------NSNNTA----------PVRPN----------SPSVTLSLSPST-- 200 

Arabidopsis 177 -IPPWLAT-------SNNGNNVVAR---------------------PPSVTLTLSPST-- 205 

                                                                               

                      *         *         *         *         *         *       

Selaginella 214 QKQFPMEVVATSGVTMPK-WI----PKKLEIQIASTLTESSLSLSSSRTADEGL------ 262 

Amborella   256 --------VAT------------------------------------------------- 258 

Pinus taeda 332 PVVSSGSASPASEVIAPRSWLQDTMRHHENINGVAGGVAKEKKVNFPWCALEKQVGTSSF 391 

Zea mays    201 --------VAP-GPPAPAPWM----PDRAAADAAPYGFPSPSQH---------------- 231 

Pisum       201 --------VAA-----PPPWM---QPVRGPDNA-----P--LVL---------------- 221 

Arabidopsis 206 --------VAAAAPQPPIPWLQQQQPERAENG------PGGLVL---------------- 235 

 

 

 

 

                                                                               

                      *         *         *         *         *         *       

Selaginella 263 -DCLDPASESSDNNEGSNLS-MFELFKELREQRENWIQQKKGISSKLKELKQQLECEKAE 320 

Amborella   259 -ECTMQAAASGV------VQQLAQWCREVEEGRQAWVQQKKEAAWRVRRVEQQLESEKSR 311 

Pinus taeda 392 DPNLASSKQAMDSLIMQQLPTFLQYCKDLEEGRQSWFMHKKEATWRLSRLEQQLESEKAR 451 

Zea mays    232 -GGAAPPGMAVVDGQA--LAELAECCRELEEGRRAWAAHRREAAWRLKRVEQQLEMEREM 288 

Pisum       222 -GNVAPHGAVLSYGENMVMSELIDCCKELEEGHHALAAHKKEAAWRLSRVELQLESEKAS 280 

Arabidopsis 236 -GSMMPSCSGSSESVF--LSELVECCRELEEGHRAWADHKKEAAWRLRRLELQLESEKTC 292 

 

 

                                                                               



                      *         *         *         *         *         *       

Selaginella 321 KQRQKIQEVDARVKALKEEKKQFLQKVEQDYSELVSNLERDAEMKEKKLTEAWTLKYDKL 380 

Amborella   312 KRREKMEEVEAKIRRLREEEAAFVDRLEADCREQLAAVQRDAEMKEVKLMEQWAAKHLKL 371 

Pinus       452 KRREKIEEVGSKIRALREEEITYLDKLETECREQLSSLQRDAEMKEAKMMELWATKHLQL 511 

Zea         289 RRREVWEEFEAKMRTMRLEQAAAAERVERDHREKVAELRRDAQVKEEKMAEQWAAKHARV 348 

Pisum       281 RRREKMEEIEAKIKALREEQAVALDRIEGEYREQLAGLRRDAEAKEQKLAEQWAAKHLRL 340 

Arabidopsis 293 RQREKMEEIEAKMKALREEQKNAMEKIEGEYREQLVGLRRDAEAKDQKLADQWTSRHIRL 352 

                                           

                         *         *          

Selaginella 381 VHTYERYTLSGPVFHAE------ 397 

Amborella   372 ATFVEHLSSQHPSSSCFLKDSLL 394 

Pinus taeda 512 TKFVEQMLYQFPDAQRLFSKEMH 534 

Zea mays    349 AKFVEQMGGCSRSWSSATDMNC- 370 

Pisum       341 TKFLE-QVGCRSRHAEQNGR--- 359 

Arabidopsis 353 TKFLEQQMGCRLDRP-------- 367 

                                           

 

 
Edgar RC (2004) MUSCLE: multiple sequence alignment with high accuracy and high throughput. 

Nucleic Acids Res 32:1792-1797.  
Nicholas KB, Nicholas HB Jr, Deerfield DW II (1997) GeneDoc: Analysis and visualization of genetic 

variation. EMBNEW.NEWS 4:14. 
 

 



YABBY 
 
(A) Intron exon structure of YABBY genomic sequence. The zinc finger domain is indicated in 
green, the myb domain in red. The size bar denotes 100 bp. (B) Gene tree of YABBY proteins. As 
there is no known ortholog in more early diverging plants, H. selago YABBY is used as an 
outgroup. Bootstrap support is only shown for values >60.  
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