
Supplemental Figure 1. Alignment of ZIX C-terminus with the Ataxin-10 related domain pfam09759 of other eukaryotes 

Red residues: highly conserved, blue residues: moderately conserved. 
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ZIX          372 GFRRDIVSVIGNCAYRRKEVQDEIRERDG-LFLMLQQCVTDDENPFLREWGLWCIRNLLEGNPENQEVVAELEIKGS--V 448 

gi 122016228 197 GYRTEHMRLMANLTLDNVEACSFIVSNSAlLAAVLTSTRFDEENPGMVEWAEFCIRNLCCCTKEAHEKIRRLMPVGIsdE 276 

gi 1351646   324 GVKRECVRFIAFICSKFSTAPDLVRHFNG-VALIISQANYDDWNPYIREISVLCTRLLLQNNIENQKIIGGLTPITT--T 400 

gi 74670950  807 NLKKLVVLVLSSLVWKCPEVQDQIRRHGG-VETILSCTNFDAHNPYIKEHAVMCLKFLLEGNRENQKLVEALEAREVvrD 885 

gi 74606966  420 GIKCFLVELLGFMSYEQKDVQDSVRELHG-LELVLSNCIIDDNNPFIKERCIICIRYLLANNSTNQEFISQLEAKKA--V 496 

gi 74695766  419 ECKSLIIEILGFLTYKNREVQDKCRELHG-LELVLSNCVIDDNDPFIKERSIMCIRFLLEDNAENQSFVAQLEAKKA--V 495 

gi 74608914  427 ECKLLIIEIIAMLTHENREIQNQVRELGG-LGVILSNCVIDDNDPFIKERSIMCIKFLLKDNKENQNFVANLESKRV--A 503 

gi 140514    445 HCKLVIIEILASLVYAHPEIQDQIRELGG-LALILSNCVIDDNDPFIKERSIVCLKFLLKNNAKNQEYVKKMEAQDV--V 521 

gi 74627407  363 SVKTNIITILSYLSYDSFQFQEKIRELGG-LSLVLSNCIIDNNNPFIKEQAIVCLKYLLQKNPKNQQFVADLEAKKV--V 439 

gi 74601194  381 QVKSLIIEVIAFLVHGSFEIQEKMRELHG-LELVLSNCMIDDNDPFIKERAIVCVKFLLANNEKNQQFVADLEAKQT--V 457 

gi 75151733  361 GYRRDVVAVIANCLHRSKKVQDEVRHLDG-IILLLQQCVVDEENPYLREWGLFAVKNLLEGNEENQKEVSGLKMQEA--V 437 

gi 74858970  499 GFKIELIRILGNLSYKNRGNQDEIRELGG-IEIILNHCRFDVNNPYIKEWSVFAIRNLCEDNVENQNLIESLKVKGV--A 575 

gi 82178990  379 GFKAHLIRLIGNLCYQNKENQEKVYQLDG-IALILDNCSIDDNNPFLNQWAVFAIRNLTENNDKNQELIASMERQGL--A 455 

gi 122144951 369 GFKSHLIRLIGNLCYKNKDNQDKVNELDG-IPLILDSCGLDDSNPFLTQWVVYAIRNLTEDNSQNQDLIAKMEEQGL--A 445 

gi 122093877 348 SLKSSLVKALVNLSYKNKKNQNLARDMQI-MAAILECTNLDARNPLIKEWSILAIRNLCDDNLENQKFVASLTKVGD--A 424 

gi 74685004  431 NLKRDLVRLLGVLTFNDTRVGDQVREYEG-VQLVLSLTEIDEGNPFLREHALFCIRNLMLNNPANQAIIKEMDPVGV--- 506 

gi 74830132  196 GFRREHVRLVANLTYENKEVCSAVLGDTRlLTAILGATRIDLENPGMGEWATFVIRNLCYCSNEAREILRGLTPISIv-E 274 

gi 75036035  198 GFKTECMRLIANLTHNNVDVNAALVERDTfLFNILSATQIDEENPGMVEWAEFALRNICESSAAAREKIRKLAPQGV--T 275 

gi 122160642 468 GYRVDLIAIIGNASFNRAQVCDLVVSLGG-VPMVLNHTRGEDGEAYLREWALWAVRNMTEVSDAARQKIIELQPQAV--E 544 

gi 24654554  255 ELKTLLVRCSANLLYDNKANKGYCLDTQL-LPTLLECTTMDARNPLMREWSILAIRNACINCPEAQQVIAGLTMQGS--A 331 

                         90       100 

                 ....*....|....*....|....*. 

ZIX          449 DVPQLREIGLRVEIDPKtARPKLVNd 474 (Arabidopsis thaliana) 

gi 122016228 277 SKELLSSGRVDCHLNSE-GKLVLSNP 301 (Trypanosoma cruzi) 

gi 1351646   401 HSDALEEAGFTSYINDK-GKVVLQPK 425 (Saccharomyces pombe) 

gi 74670950  886 ENGLLERSGFEAVIDKT-GKLAIRPK 910 (Aspergillus fumigates) 

gi 74606966  497 DGDVLKKAGYKVDIDGK-GNIKLTAD 521 (Kluyveromyces lactis) 

gi 74695766  496 NDDVLAEAGYEVKVGAD-GKIGLTKN 520 (Eremothecium gossypii) (Ashbya gossypii) 

gi 74608914  504 NDETLQEAGYEVDISKD-GKLSLKST 528 (Candida glabrata) 

gi 140514    522 QDDALSKAGFEISVEKG-GKVRLVSK 546 (Saccharomyces cerevisiae) 

gi 74627407  440 DDQVLSEVGYQVEV-ID-GKVAVKRK 463 (Candida albicans) 

gi 74601194  458 DDDALKEVGYEVQI-ED-GNVKLRKT 481 (Debaryomyces hansenii) 

gi 75151733  438 ITPEIADIGLRVEIDKEtGHPKLVNN 463 (Oryza sativa) 

gi 74858970  576 NNDELKDLGLEVGVTEN-GTIKFKNV 600 (Dictyostelium discoideum) 

gi 82178990  456 DSSLLKSMGLQAEE-RD-GKLLLKSV 479 (Xenopus (Silurana) tropicalis) 

gi 122144951 446 DASLLKKMGFEVEK-RG-DKLILKST 469 (Bos Taurus) 

gi 122093877 425 ENSLLTEYNSAG------GTIRIKDS 444 (Aedes aegypti) (Stegomyia aegypti) 

gi 74685004  507 ----LSETGELLPV--P-DKMKKKSI 525 (Filobasidiella neoformans) (Cryptococcus neoformans) 

gi 74830132  275 EADELFGKAVDPHATPE-GRSAMEPL 299 (Trypanosoma brucei) 

gi 75036035  276 DQSREILAGRCSYSFSStGKVQLHTQ 301 (Leishmania major) 

gi 122160642 545 ESEELLAKGLDVELNREtGRPRVVKR 570 (Ostreococcus tauri) 

gi 24654554  332 PNDILTELNLDM------GALRISDR 351 (Drosophila melanogaster) 
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Supplemental Figure 2. Predicted secondary structure of ZIX by HHpred based on sequence alignment with proteins of known 
structures. 

Six representative hits (1, 3, 5, 21, 22, 23) were selected to show secondary structure alignment below the graphic presentation. 

Query ZIX (seq=MEASLPEEVL...TARPKLVNDT Len=475 Neff=4.0  Nseqs=45)   
Parameters  score SS:yes   search:local   realign with MAP:no   
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No Hit                                Prob  E-value P-value  Score    SS Cols Query HMM  Template HMM 

  1 pfam09759 Atx10homo_assoc Spin 100.0 7.7E-42       0  294.8  11.0  102  372-474     1-102 (102) 

  2 PF09759 Atx10homo_assoc:  Spin 100.0 9.8E-40 2.2E-44  283.0   8.9  103  372-474     1-105 (105) 

  3 2jdq_A Importin alpha-1 subuni  98.9   2E-06 4.6E-11   85.7  27.7  324   11-436    23-353 (450) 

  4 1wa5_B Importin alpha subunit;  98.8 1.1E-06 2.6E-11   90.1  25.0  341   10-449    89-431 (530) 

  5 1jdh_A Beta-catenin; beta-cate  98.8 8.3E-07 1.9E-11   90.0  21.7  337   10-449    22-358 (529) 

  6 1xm9_A Plakophilin 1; armadill  98.7 4.3E-07   1E-11   86.9  16.3  355   55-441     7-370 (457) 

  7 2z6h_A Catenin beta-1, beta-ca  98.7 1.6E-06 3.6E-11   92.2  21.2  334   10-446    19-352 (644) 

  8 1jdh_A Beta-catenin; beta-cate  98.7 1.1E-05 2.6E-10   81.8  25.3  407    8-442    62-500 (529) 

  9 1y2a_C SRP1-alpha, importin al  98.6 5.4E-05 1.3E-09   73.4  26.7  330   10-441     9-349 (428) 

 10 2z6h_A Catenin beta-1, beta-ca  98.6 1.4E-05 3.2E-10   85.0  23.5  408    8-441    59-496 (644) 

 11 1xm9_A Plakophilin 1; armadill  98.5 4.3E-05   1E-09   73.2  21.6  387   10-441     7-417 (457) 

 12 1y2a_C SRP1-alpha, importin al  98.4 0.00018 4.1E-09   69.8  25.4  299   52-443     9-308 (428) 

 13 2z6g_A B-catenin; FULL-length,  98.4 1.7E-05 3.9E-10   87.2  20.3  337   10-449   155-491 (780) 

 14 2jdq_A Importin alpha-1 subuni  98.2 0.00068 1.6E-08   67.7  23.4  295   50-441    20-316 (450) 

 15 2z6g_A B-catenin; FULL-length,  98.1 0.00062 1.4E-08   75.0  23.2  406    8-441   192-632 (780) 

 16 1wa5_B Importin alpha subunit;  97.8  0.0028 6.6E-08   65.3  21.3  293   52-441    89-381 (530) 

 17 3grl_A General vesicular trans  97.6   0.018 4.1E-07   63.7  25.1  359    7-449    24-413 (651) 

 18 1xqr_A HSPBP1 protein; armadil  97.6  0.0017   4E-08   63.1  15.0  225   22-253    56-291 (296) 

 19 1xqr_A HSPBP1 protein; armadil  97.5  0.0026 6.1E-08   61.8  14.9  200    9-214    86-289 (296) 

 20 3grl_A General vesicular trans  96.8   0.023 5.4E-07   62.7  14.8  325   47-453    21-365 (651) 

 21 PF00514 Arm:  Armadillo/beta-c  94.7   0.065 1.5E-06   37.3   4.6   40  388-429     1-40  (41) 

 22 pfam00514 Arm Armadillo/beta-c  94.6   0.062 1.5E-06   37.7   4.4   41  388-430     1-41  (41) 

 23 smart00185 ARM Armadillo/beta-  91.9    0.28 6.6E-06   34.4   4.1   41  388-430     1-41  (41) 
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  No 1   

>pfam09759 Atx10homo_assoc Spinocerebellar ataxia type 10 protein domain. This is the conserved C-terminal 100 

  residues of Ataxin-10. Ataxin-10 belongs to the family of armadillo repeat proteins and in solution it tends to 

  form homotrimeric complexes, which associate via a tip-to-tip association in a horseshoe-shaped contact with the 

  concave sides of the molecules facing each other. This domain may represent the homo-association site since 

  that is located near the C-terminus of Ataxin-10. The protein does not contain a signal sequence for secretion or 

  any subcellular compartment confirming its cytoplasmic localisation, specifically to the olivocerebellar 

  region. 

  Probab=100.00  E-value=7.7e-42  Score=294.76  Aligned_cols=102  Identities=51%  Similarity=0.903  Sum_probs=0.0 

 

  Q ss_pred             cHHHHHHHHhccccccChhhHHHHHHcCCcHHHHhcCCccCCCHHHHHHHHHHHHHHhcCCHHHHHHHHhcCcccCcCcH 

  Q ZIX             372 GFRRDIVSVIGNCAYRRKEVQDEIRERDGLFLMLQQCVTDDENPFLREWGLWCIRNLLEGNPENQEVVAELEIKGSVDVP  451 (475) 

  Q Consensus       372 Gfk~~lv~ligN~~~~~~~~qd~vr~l~Gi~liL~~c~~D~~Np~lreW~i~aiRnL~e~n~~nQ~~Ia~le~qg~~~~~  451 (475) 

                        |||+++||+|||+||+|+.|||+||+++|||+||+||++|++|||||||||||||||||+|++||++||+||+||+||++ 

  T Consensus         1 G~K~~lVrli~nl~~~n~~vQd~vr~~~gl~liL~~c~~D~~NP~irEwai~~iRnL~e~N~enQ~~Ia~Le~q~~~~~~   80 (102) 

  T pfam09759         1 GFKRELVRLIANLTYKNKEVQDKVRELGGLALILSNTRIDDNNPFIKEWAIFCIRNLLENNPENQEFIAGLEPQGVVDND   80 (102) 

  T ss_pred             CcHHHHHHHHHHHHhcChhHHHHHHHcCChHHHHHhcCCCCCCcHHHHHHHHHHHHHHhCCHHHHHHHHhcCcccCcChH 

 

 

  Q ss_pred             HHHhCCCeEEEcCCCCceEeccC 

  Q ZIX             452 QLREIGLRVEIDPKTARPKLVND  474 (475) 

  Q Consensus       452 ~L~~~Gl~veid~~tg~~~lv~~  474 (475) 

                        +|+++|++|++|++ ||+++.+. 

  T Consensus        81 ~L~~~G~~v~i~~~-Gk~~l~~~  102 (102) 

  T pfam09759        81 LLKEAGLEVEINKE-GKLRLKSK  102 (102) 

  T ss_pred             HHHHCCcEEEECCC-CcEeeccC 

 

 

  No 3   

>2jdq_A Importin alpha-1 subunit; transport, PB2 subunit, nuclear protein, protein transport, armadillo repeats; 

  2.2A {Homo sapiens} 

  Probab=98.89  E-value=2e-06  Score=85.70  Aligned_cols=324  Identities=13%  Similarity=0.077  Sum_probs=0.0 

 

  Q ss_pred             HHHHhcccccccHHHHHHHHHHhcc------CccccccccccchHHHHHHHHHhcCCCchhHHHHHHHHHHHHHhccchh 

  Q ZIX              11 QPLLHASDLSYSLEDCLKFLLESSK------TDSGRSDLASKSILPSILRLLQLLPYPSSRHYLNLSLKVLRNLCAGEVS   84 (475) 

  Q Consensus        11 ~~~~~~~~~~~~~~~~l~~~~~~s~------~~~gr~~l~~~~~~~~~~~~~~~~~~~s~~~~~~l~lr~LRN~cag~~~   84 (475) 

                        +++...=+ |+|.++.+++....-|      .|.-++-..+.++.|...+++   ...+...+-.....+|.|.|.+... 

  T Consensus        23 ~~~i~~l~-s~~~~~~~~a~~~~r~lls~~~~~~~~~~i~~~g~ip~Lv~lL---~~~~~~~vq~~a~~~L~nla~~~~~   98 (450) 

  T 2jdq_A           23 SDMIEMIF-SKSPEQQLSATQKFRKLLSKEPNPPIDEVISTPGVVARFVEFL---KRKENCTLQFESAWVLTNIASGNSL   98 (450) 

  T ss_dssp             HHHHHHHH-SSCHHHHHHHHHHHHHHHHSSSSCCHHHHHTSTTHHHHHHHHH---TCTTCHHHHHHHHHHHHHHHSSCHH 

  T ss_pred             HHHHHHHh-CCCHHHHHHHHHHHHHHHhCCcCccHHHHHHcCCCHHHHHHHH---cCCCCHHHHHHHHHHHHHHhcCCHH 

 

 

  Q ss_pred             hhHHHHHcCChHHHHHHHhcCCccHHHHHHHHHHHHHHHhCCHHHHHHHHHHhchHHHHHHcCCCCc-cchhhHHHHHHH 

  Q ZIX              85 NQNSFVDHDGSAIVSDLLDSAIADFETVRFGLQVLANVVLFGEKRQRDVWLRFYPERFLSIAKIRKR-ETFDPLCMILYT  163 (475) 

  Q Consensus        85 NQn~f~~l~g~~~~~~iL~~~e~~~~~~RcgLQfLgN~a~~ne~~Q~aiW~~~FPd~F~~~l~~~d~-kv~~y~CMiLfT  163 (475) 

                        +...+++.+++.+.+++|.  +.+.++..-++-.|+|++..++..+..+.....-..+..+++..+. ++...++..+.+ 

  T Consensus        99 ~~~~i~~~g~i~~L~~lL~--s~~~~v~~~a~~~L~nla~~~~~~~~~i~~~g~i~~L~~ll~~~~~~~~~~~~~~~l~~  176 (450) 
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  T 2jdq_A           99 QTRIVIQAGAVPIFIELLS--SEFEDVQEQAVWALGNIAGDSTMCRDYVLDCNILPPLLQLFSKQNRLTMTRNAVWALSN  176 (450) 

  T ss_dssp             HHHHHHHTTHHHHHHHHTT--CSCHHHHHHHHHHHHHHHTTCHHHHHHHHHTTCHHHHHHHTTSCCCHHHHHHHHHHHHH 

  T ss_pred             HHHHHHHCCCHHHHHHHhc--CCCHHHHHHHHHHHHHhhcccHHHHHHHHhcCcchhHHHHHccccHHHHHHHHHHHHHH 

 

 

  Q ss_pred             HhCCCcceehhccccCCchHHHHHHHHHhhcCCchhhhHHHHHHHHHHhcchhHHHHHHHHhccccchhHHhHHHHHHHH 

  Q ZIX             164 CVDGSSEIASELCSCQGLTIIAETLRTSSSVGSVEDYWLKLLVSRICVEDGYFLKLFSKLYEDAENEIFSSEQAFLVRMV  243 (475) 

  Q Consensus       164 cl~~~~er~~eL~~~~gl~iv~~vv~~a~~v~~~e~eWl~lii~~l~l~e~~fp~Lf~~L~~~~~~~~~~se~~~LLd~i  243 (475) 

                        .+.+.+...........++++...+.      +.+.+                                  -+......+ 

  T Consensus       177 l~~~~~~~~~~~~~~~~~~~L~~ll~------~~d~~----------------------------------v~~~a~~~L  216 (450) 

  T 2jdq_A          177 LCRGKSPPPEFAKVSPCLNVLSWLLF------VSDTD----------------------------------VLADACWAL  216 (450) 

  T ss_dssp             HHCCSSSCCCGGGTGGGHHHHHHHTT------CCCHH----------------------------------HHHHHHHHH 

  T ss_pred             Hhhcccccchhhhhccccchhhhhcc------cccHH----------------------------------HHHHHHHHH 

 

 

  Q ss_pred             HHHHhcCcccCcCcHHHHHHHHHHHHHHHHHHHHhhccccCCCCCCchhhhhhhHHHHHHHHHHhhhhhhhccccccccc 

  Q ZIX             244 SDIANERIGKVSIPKDTACSILGLFRQSVDVFDFVSGERSELPTGSTIVDVMGYSLVIIRDACAGGRLEELKEDNKDSGD  323 (475) 

  Q Consensus       244 s~~l~e~~~~~~i~~~~a~~i~~~f~~~a~~~~~~s~~~~~L~~~~~~~Dv~~~sl~lLr~lc~~~~~~~~~~~~s~~~~  323 (475) 

                        +.+.....        .....+...+.....+......         ...+...+++.|.-+|            .+... 

  T Consensus       217 ~~l~~~~~--------~~~~~~~~~~~~~~lv~lL~~~---------~~~v~~~al~~l~nl~------------~~~~~  267 (450) 

  T 2jdq_A          217 SYLSDGPN--------DKIQAVIDAGVCRRLVELLMHN---------DYKVVSPALRAVGNIV------------TGDDI  267 (450) 

  T ss_dssp             HHHTSSSH--------HHHHHHHHTTTHHHHHHHTTCS---------CHHHHHHHHHHHHHHT------------TSCHH 

  T ss_pred             HHHHhhhh--------hhccchhhhhhhhhhhhhhcCc---------chHHHHHHHHhhhchh------------hhhHH 

 

 

  Q ss_pred             hhhHHhhcCHHHHHHHHhccCCCccccchhhhcCCCCCCCCCCcCCCccHHHHHHHHhccccccChhhHHHHHHcCCcHH 

  Q ZIX             324 TVELLLSSGLIELLLDLLSKLDPPTTIKKALNQSPSSSSSSLKPCPYRGFRRDIVSVIGNCAYRRKEVQDEIRERDGLFL  403 (475) 

  Q Consensus       324 ~vd~Ll~~GL~~Lll~lLr~l~~p~~~~~a~~~~e~~~a~~~~~~P~~Gfk~~lv~ligN~~~~~~~~qd~vr~l~Gi~l  403 (475) 

                        ....+...|.++.+..++..                         +....|......++|++..++.....+.+.+++|. 

  T Consensus       268 ~~~~~~~~g~l~~L~~lL~~-------------------------~~~~i~~~a~~~l~nl~~~~~~~~~~i~~~~~~~~  322 (450) 

  T 2jdq_A          268 QTQVILNCSALQSLLHLLSS-------------------------PKESIKKEACWTISNITAGNRAQIQTVIDANIFPA  322 (450) 

  T ss_dssp             HHHHHHTTTHHHHHHHHTTC-------------------------SSHHHHHHHHHHHHHHTTSCHHHHHHHHHTTHHHH 

  T ss_pred             HHHHHHhcccchHHHHHHcC-------------------------CCHHHHHHHHHHHHHHHhccHHHhhHHhhccchHH 

 

 

  Q ss_pred             HHhcCCccCCCHHHHHHHHHHHHHHhcCCHHHH 

  Q ZIX             404 MLQQCVTDDENPFLREWGLWCIRNLLEGNPENQ  436 (475) 

  Q Consensus       404 iL~~c~~D~~Np~lreW~i~aiRnL~e~n~~nQ  436 (475) 

                        +.+.-  .+.++-++..+.|++.|++.+....| 

  T Consensus       323 li~~l--~~~~~~v~~~a~~al~nl~~~~~~~~  353 (450) 

  T 2jdq_A          323 LISIL--QTAEFRTRKEAAWAITNATSGGSAEQ  353 (450) 

  T ss_dssp             HHHHH--HHSCHHHHHHHHHHHHHHHHHCCHHH 

  T ss_pred             HHHhh--ccCcHHHHHHHHHHHHHHHcCCCHHH 

 

 

 

  

 No 5   

>1jdh_A Beta-catenin; beta-catenin, protein-protein complex; 1.90A {Homo sapiens} SCOP: a.118.1.1 PDB:  1qz7 _A 

   1g3j _A  1th1 _A*  1i7w _A*  1i7x _A  1jpp _A  1m1e _A  1v18 _A*  1jpw _A  2gl7 _A  1t08 _A  1luj _A  2bct _A  3bct 

_A* 
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  Probab=98.79  E-value=8.3e-07  Score=90.04  Aligned_cols=337  Identities=12%  Similarity=0.113  Sum_probs=0.0 

 

  Q ss_pred             HHHHHhcccccccHHHHHHHHHHhccCccccccccccchHHHHHHHHHhcCCCchhHHHHHHHHHHHHHhccchhhhHHH 

  Q ZIX              10 LQPLLHASDLSYSLEDCLKFLLESSKTDSGRSDLASKSILPSILRLLQLLPYPSSRHYLNLSLKVLRNLCAGEVSNQNSF   89 (475) 

  Q Consensus        10 ~~~~~~~~~~~~~~~~~l~~~~~~s~~~~gr~~l~~~~~~~~~~~~~~~~~~~s~~~~~~l~lr~LRN~cag~~~NQn~f   89 (475) 

                        |--++...+ ..--.++.+.+...++.+..|..+.  .--..+..+...+..+...+........|+|+| ....++..| 

  T Consensus        22 L~~ll~~~~-~~~~~~a~~~l~~l~~~~~~~~~~~--~~~~~v~~l~~~l~~~~~~~~~~~a~~~L~~l~-~~~~~~~~i   97 (529) 

  T 1jdh_A           22 LTKLLNDED-QVVVNKAAVMVHQLSKKEASRHAIM--RSPQMVSAIVRTMQNTNDVETARCTAGTLHNLS-HHREGLLAI   97 (529) 

  T ss_dssp             HHHHHTCSC-HHHHHHHHHHHHHHHTSHHHHHHHH--TCHHHHHHHHHHHHHCCCHHHHHHHHHHHHHHT-TSHHHHHHH 

  T ss_pred             HHHHhcCCC-HHHHHHHHHHHHHHhhccHHHHHHH--hhhhHHHHHHHHHccCCCHHHHHHHHHHHHHHh-cChHHHHHH 

 

 

  Q ss_pred             HHcCChHHHHHHHhcCCccHHHHHHHHHHHHHHHhCCHHHHHHHHHHhchHHHHHHcCCCCccchhhHHHHHHHHhCCCc 

  Q ZIX              90 VDHDGSAIVSDLLDSAIADFETVRFGLQVLANVVLFGEKRQRDVWLRFYPERFLSIAKIRKRETFDPLCMILYTCVDGSS  169 (475) 

  Q Consensus        90 ~~l~g~~~~~~iL~~~e~~~~~~RcgLQfLgN~a~~ne~~Q~aiW~~~FPd~F~~~l~~~d~kv~~y~CMiLfTcl~~~~  169 (475) 

                        ++.+|+...+++|  .+.+.++...+...|+|++..++.++..+...--=..+...++..+.++....+..|.+.+..+. 

  T Consensus        98 ~~~g~i~~Li~lL--~~~~~~v~~~a~~aL~nl~~~~~~~~~~i~~~g~i~~Lv~lL~~~~~~~~~~a~~~L~~l~~~~~  175 (529) 

  T 1jdh_A           98 FKSGGIPALVKML--GSPVDSVLFYAITTLHNLLLHQEGAKMAVRLAGGLQKMVALLNKTNVKFLAITTDCLQILAYGNQ  175 (529) 

  T ss_dssp             HHTTHHHHHHHHT--TCSCHHHHHHHHHHHHHHHHHCTTHHHHHHHHTHHHHHHHGGGCCCHHHHHHHHHHHHHHHTTCH 

  T ss_pred             HHCCCHHHHHHHh--CCCCHHHHHHHHHHHHHHhcCChHHHHHHHHcCCcchHhhhhccccHHHHHHHHHHHHHHhhcch 

 

 

  Q ss_pred             ceehhccccCCchHHHHHHHHHhhcCCchhhhHHHHHHHHHHhcchhHHHHHHHHhccccchhHHhHHHHHHHHHHHHhc 

  Q ZIX             170 EIASELCSCQGLTIIAETLRTSSSVGSVEDYWLKLLVSRICVEDGYFLKLFSKLYEDAENEIFSSEQAFLVRMVSDIANE  249 (475) 

  Q Consensus       170 er~~eL~~~~gl~iv~~vv~~a~~v~~~e~eWl~lii~~l~l~e~~fp~Lf~~L~~~~~~~~~~se~~~LLd~is~~l~e  249 (475) 

                        +.-.......+.+.++..+..     +..+.                                      +....+.++.. 

  T Consensus       176 ~~~~~~~~~g~i~~L~~ll~~-----~~~~~--------------------------------------~~~~a~~~l~~  212 (529) 

  T 1jdh_A          176 ESKLIILASGGPQALVNIMRT-----YTYEK--------------------------------------LLWTTSRVLKV  212 (529) 

  T ss_dssp             HHHHHHHHTTHHHHHHHHHHH-----CCCHH--------------------------------------HHHHHHHHHHH 

  T ss_pred             HHHHHHhhcccchhHHHHHhc-----cchHH--------------------------------------HHHHHHHHHhh 

 

 

  Q ss_pred             CcccCcCcHHHHHHHHHHHHHHHHHHHHhhccccCCCCCCchhhhhhhHHHHHHHHHHhhhhhhhccccccccchhhHHh 

  Q ZIX             250 RIGKVSIPKDTACSILGLFRQSVDVFDFVSGERSELPTGSTIVDVMGYSLVIIRDACAGGRLEELKEDNKDSGDTVELLL  329 (475) 

  Q Consensus       250 ~~~~~~i~~~~a~~i~~~f~~~a~~~~~~s~~~~~L~~~~~~~Dv~~~sl~lLr~lc~~~~~~~~~~~~s~~~~~vd~Ll  329 (475) 

                        -.........+..         ++.+....+-     ..+...++...++..++.+...........              

  T Consensus       213 l~~~~~~~~~i~~---------~g~i~~L~~l-----l~~~~~~~~~~a~~~l~~ls~~~~~~~~~~-------------  265 (529) 

  T 1jdh_A          213 LSVCSSNKPAIVE---------AGGMQALGLH-----LTDPSQRLVQNCLWTLRNLSDAATKQEGME-------------  265 (529) 

  T ss_dssp             HTTSTTHHHHHHH---------TTHHHHHHTT-----TTSSCHHHHHHHHHHHHHHHTTCTTCSCCH------------- 

  T ss_pred             cccccccchhhhh---------ccchhHHHHH-----hccccHHHHHHHhhHHhhcccccccchhhh------------- 

 

 

  Q ss_pred             hcCHHHHHHHHhccCCCccccchhhhcCCCCCCCCCCcCCCccHHHHHHHHhccccccChhhHHHHHHcCCcHHHHhcCC 

  Q ZIX             330 SSGLIELLLDLLSKLDPPTTIKKALNQSPSSSSSSLKPCPYRGFRRDIVSVIGNCAYRRKEVQDEIRERDGLFLMLQQCV  409 (475) 

  Q Consensus       330 ~~GL~~Lll~lLr~l~~p~~~~~a~~~~e~~~a~~~~~~P~~Gfk~~lv~ligN~~~~~~~~qd~vr~l~Gi~liL~~c~  409 (475) 

                          |.+..++.++..                         ...+.+....+.++|++..++.+++.+.+.+|++.+...-. 

  T Consensus       266 --~~i~~Lv~ll~~-------------------------~~~~~~~~a~~aL~~L~~~~~~~~~~i~~~~~i~~L~~~l~  318 (529) 

  T 1jdh_A          266 --GLLGTLVQLLGS-------------------------DDINVVTCAAGILSNLTCNNYKNKMMVCQVGGIEALVRTVL  318 (529) 

  T ss_dssp             --HHHHHHHHHTTC-------------------------SCHHHHHHHHHHHHHHTTTCHHHHHHHHHTTHHHHHHHHHH 

  T ss_pred             --cccchhhhhccC-------------------------CCHHHHHHHHHHHHhhcccchhHHHHHHHhhhhHHHHHHHH 
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  Q ss_pred             ccCCCHHHHHHHHHHHHHHhcCCHHHHHHHHhcCcccCcC 

  Q ZIX             410 TDDENPFLREWGLWCIRNLLEGNPENQEVVAELEIKGSVD  449 (475) 

  Q Consensus       410 ~D~~Np~lreW~i~aiRnL~e~n~~nQ~~Ia~le~qg~~~  449 (475) 

                        .+..++-+++.++++++|++.++.+....-......|.++ 

  T Consensus       319 ~~~~~~~v~~~a~~aL~~L~~~~~~~~~~~~~i~~~~~~~  358 (529) 

  T 1jdh_A          319 RAGDREDITEPAICALRHLTSRHQEAEMAQNAVRLHYGLP  358 (529) 

  T ss_dssp             HHTTCHHHHHHHHHHHHHHTSSSTTHHHHHHHHHHTTCHH 

  T ss_pred             hhhhhhhhHHHHHHHHhhhhhcccchhhhhhhHHhccCch 

 

 

  No 21  

>PF00514 Arm:  Armadillo/beta-catenin-like repeat;  InterPro:   The armadillo (Arm) repeat is an 

  approximately 40 amino acid long tandemly repeated sequence motif first identified in the Drosophila melanogaster 

  segment polarity gene armadillo involved in signal transduction through wingless. Animal Arm-repeat proteins 

  function in various processes, including intracellular signalling and cytoskeletal regulation, and include such 

  proteins as beta-catenin, the junctional plaque protein plakoglobin, the adenomatous polyposis coli (APC) tumour 

  suppressor protein, and the nuclear transport factor importin-alpha, amongst others . A subset of these proteins 

  is conserved across eukaryotic kingdoms. In higher plants, some Arm-repeat proteins function in intracellular 

  signalling like their mammalian counterparts, while others have novel functions .   The 3-dimensional fold of an 

  armadillo repeat is known from the crystal structure of beta-catenin, where the 12 repeats form a superhelix 

  of alpha helices with three helices per unit . The cylindrical structure features a positively charged grove, 

  which presumably interacts with the acidic surfaces of the known interaction partners of beta-catenin. ; PDB: 

   2bct   1jpp _A  1i7x _C  1m1e _A  1i7w _A  3bct   1v18 _A  1jpw _B  1th1 _B  1qz7 _A  ....  

  Probab=94.70  E-value=0.065  Score=37.34  Aligned_cols=40  Identities=20%  Similarity=0.281  Sum_probs=0.0 

 

  Q ss_pred             ChhhHHHHHHcCCcHHHHhcCCccCCCHHHHHHHHHHHHHHh 

  Q ZIX             388 RKEVQDEIRERDGLFLMLQQCVTDDENPFLREWGLWCIRNLL  429 (475) 

  Q Consensus       388 ~~~~qd~vr~l~Gi~liL~~c~~D~~Np~lreW~i~aiRnL~  429 (475) 

                        ++++.+.+++.||||.+++.=.  ..+|-+++=+.||++|++ 

  T Consensus         1 ~~~~~~~i~~~g~i~~l~~lL~--~~~~~v~~~a~~~L~nl~   40 (41) 

  T PF00514_consen    1 SPENRQAIIEAGAIPALVQLLK--SSDEEVQENAAWALSNLA   40 (41) 

  T ss_dssp             SHHHHHHHHHTTHHHHHHHHTT--SSSHHHHHHHHHHHHHHH 

  T ss_pred             CchHHHHHHHcCCHHHHHHHhc--CCCHHHHHHHHHHHHHhc 

 

 

  No 22  

>pfam00514 Arm Armadillo/beta-catenin-like repeat. Approx. 40 amino acid repeat. Tandem repeats form super-helix 

  of helices that is proposed to mediate interaction of beta-catenin with its ligands. CAUTION: This family does 

  not contain all known armadillo repeats. 

  Probab=94.62  E-value=0.062  Score=37.72  Aligned_cols=41  Identities=20%  Similarity=0.262  Sum_probs=0.0 

 

  Q ss_pred             ChhhHHHHHHcCCcHHHHhcCCccCCCHHHHHHHHHHHHHHhc 

  Q ZIX             388 RKEVQDEIRERDGLFLMLQQCVTDDENPFLREWGLWCIRNLLE  430 (475) 

  Q Consensus       388 ~~~~qd~vr~l~Gi~liL~~c~~D~~Np~lreW~i~aiRnL~e  430 (475) 

                        ++++...+.+.||+|.+.+...  ..++-+++=+.||++||+. 

  T Consensus         1 ~~~~~~~v~~~g~v~~Lv~lL~--~~~~~v~~~a~~aL~nL~~   41 (41) 

  T pfam00514         1 SPENKQAVIEAGALPPLVQLLS--SPDEEVQEEAAWALSNLAA   41 (41) 

  T ss_pred             CcHHHHHHHHCCCHHHHHHHHc--CCcHhHHHHHHHHHHHHhC 
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http://pfam.sanger.ac.uk/family?acc=PF00514
http://pfam.sanger.ac.uk/family?acc=PF00514
http://pdb.rcsb.org/pdb/explore.do?structureId=2bct
http://pdb.rcsb.org/pdb/explore.do?structureId=2bct
http://pdb.rcsb.org/pdb/explore.do?structureId=1jpp
http://pdb.rcsb.org/pdb/explore.do?structureId=1jpp
http://pdb.rcsb.org/pdb/explore.do?structureId=1i7x
http://pdb.rcsb.org/pdb/explore.do?structureId=1i7x
http://pdb.rcsb.org/pdb/explore.do?structureId=1m1e
http://pdb.rcsb.org/pdb/explore.do?structureId=1m1e
http://pdb.rcsb.org/pdb/explore.do?structureId=1i7w
http://pdb.rcsb.org/pdb/explore.do?structureId=1i7w
http://pdb.rcsb.org/pdb/explore.do?structureId=3bct
http://pdb.rcsb.org/pdb/explore.do?structureId=3bct
http://pdb.rcsb.org/pdb/explore.do?structureId=1v18
http://pdb.rcsb.org/pdb/explore.do?structureId=1v18
http://pdb.rcsb.org/pdb/explore.do?structureId=1jpw
http://pdb.rcsb.org/pdb/explore.do?structureId=1jpw
http://pdb.rcsb.org/pdb/explore.do?structureId=1th1
http://pdb.rcsb.org/pdb/explore.do?structureId=1th1
http://pdb.rcsb.org/pdb/explore.do?structureId=1qz7
http://pdb.rcsb.org/pdb/explore.do?structureId=1qz7
http://pdb.rcsb.org/pdb/explore.do?structureId=....
http://pdb.rcsb.org/pdb/explore.do?structureId=....
http://pfam.sanger.ac.uk/family?acc=PF00514
http://pfam.sanger.ac.uk/family?acc=PF00514


  No 23  

>smart00185 ARM Armadillo/beta-catenin-like repeats. Approx. 40 amino acid repeat. Tandem repeats form superhelix 

  of helices that is proposed to mediate interaction of beta-catenin with its ligands. Involved in transducing 

  the Wingless/Wnt signal. In plakoglobin arm repeats bind alpha-catenin and N-cadherin. 

  Probab=91.85  E-value=0.28  Score=34.43  Aligned_cols=41  Identities=17%  Similarity=0.296  Sum_probs=0.0 

 

  Q ss_pred             ChhhHHHHHHcCCcHHHHhcCCccCCCHHHHHHHHHHHHHHhc 

  Q ZIX             388 RKEVQDEIRERDGLFLMLQQCVTDDENPFLREWGLWCIRNLLE  430 (475) 

  Q Consensus       388 ~~~~qd~vr~l~Gi~liL~~c~~D~~Np~lreW~i~aiRnL~e  430 (475) 

                        +..+...+++.||||.+.+--.  ..++=+.+-+.||++|++. 

  T Consensus         1 ~~~~~~~v~~~g~i~~Lv~LL~--~~~~~i~~~a~~aL~nl~~   41 (41) 

  T smart00185        1 DDEQKQAVVDAGGLPALVELLK--SEDEEVVKEAAWALSNLSS   41 (41) 

  T ss_pred             CcHHHHHHHHcCChHHHHHHHc--CCcHhHHHHHHHHHHhhcC 
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Supplemental Figure 3. Identification of Arm repeats in ZIX 

Putative ZIX Arm repeat motifs were aligned with known Arm repeats of two proteins with crystal 3-D structure (yeast importin-α and 

mouse β-catenin) and with the consensus pfam00514 and smart00185 protein domains. 

        H1                   H2     H3 

________  __________________  _______________ 

 

Yeast importin-α (SRP1) 
HRPPIDVVI QAGV VPRLVEFMR-ENQP EMLQLEAAWALTNIA 

TSAQTKVVV DADA-VPLFIQLLY--TGS VEVKEQAIWALGNVA 

DSTDYRDYV LQCNAMEPILGLFN--SNK PSLIRTATWTLSNLC 

PQEAIQAVI DVR-IPKRLVELLS--HES TLVQTPALRAVGNIV 

NDLQTQVVI NAG-VLPALRLLLS--SPK ENIKKEACWTISNIT 

NTEQIQAVI DANL-IPPLVKLLEV--AE YKTKKEACWAISNAS 

RPDIIRYLV SQG-CIKPLCDLLEIA--D NRIIEVTLDALENIL 

 

Mouse β-catenin 
NYQDDAELA TR--AIPELTKLLN--DED QVVVNKAAVMVHQLS 

KEASRHAIM RSPQMVSAIVRTMQ-NTND VETARCTAGTLHNLS 

CSSNKPAIV EAG-GMQALGLHLT--DPS QRLVQNCLWTLRNLS 

NQESKLIIL ASG-GPQALVNIMR-TYTY EKLLWTTSRVLKVLS 

DKEAAEAIE AEG-ATAPLTELLH--SRN EGVATYAAAVLFRMS 

QEGAKMAVR LAG-GLQKMVALLN--KTN VKFLAITTDCLQILA 

AEMAQNAVR LHY-GLPVVVKLLH-PPSH WPLIKATVGLIRNLA 

HREGLLAIF KSG-GIPALVKMLG--SPV DSVLFYAITTLHNLL 

NYKNKMMVC QVG-GIEALVRTVLRAGDR EDITEPAICALRHLT 

CPANHAPLR EQG-AIPRLVQLLVRGVRM EEIVEGCTGALHILA 

 

pfam00514 
SPENRQAII EAG-AIPALVQLLK--SSD EEVQENAAWALSNL 

 

smart00185 
DEQKQAVVD AG--GLPALVELLK--SED EEVVKEAAWALSNLS 

 

ZIX 
SDLASKSIL P---SILRLLQLLP-YPSS RHYLNLSLKVLRNLC (33-79) 

VSNQNSFVD HD--GSAIVSDLLDSAIAD FETVRFGLQVLANVV (83-122) 

RKEVQDEIR ERD-GLFLMLQQCVTDDEN PFLREWGLWCIRNLL (388-429) 

 

The three helices of Arm repeats were 

designated as H1, H2, and H3. The amino acid 

positions of three putative ZIX Arm repeat motifs 

were given in parentheses. 

Color codes for amino acid residues: blue: 

aliphatic; green: basic; red: acidic; gray shade: 

conserved amino acid. 
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Supplemental Figure 4. Two top 3-D thread models of ZIX predicted by I-TASSER using proteins of known crystallized structures. 

A and B: predicted 3-D models of ZIX. C: crystal structure of yeast importin-α (SRP1) complexed with c-myc NLS peptide (1ee4). 

D: crystal structure of human β-catenin Arm repeat region and C-terminus (2z6h). 

 

  

  

1ee4 2z6h 

A B C D 
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Supplemental Figure 5. Expression data of ZIX transcripts and proteins from public databases 

A. ZIX spatial expression data were extracted from Genevestigator v3. The x-axis indicates expression levels. 
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B. ZIX developmental expression data were extracted from Genevestigator v3. The y-axis indicates expression levels. 
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C. ZIX protein expression data were extracted from AtProteom. Two peptides were detected from roots and siliques. 
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Supplemental Figure 6.  ZIX promoter activities in early seeds 

A-C: maternal ZIX:GUS. D-F: paternal ZIX:GUS. A,D: 4-cell embryo. B,E: 8-cell embryo. C,F: globular embryo. Scale bar: 20 µm. 
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Supplemental Figure 7. Chromatin mark and small RNA distributions at ZIX locus from public databases. 

A. DNA cytosine methylation, small RNAs, and mRNAs in wild-type and mutant immature floral tissues. 

mC: methylated cytosine, smRNA; small RNAs, ddc: drm1,drm2,cmt3, rdd: ros1,dml2,dml3 

yellow bars: CG, blue bars: CHG, red bars : CHH (absent from this locus) 

green squares: RNA-sequencing reads. 

Data were extracted from http://neomorph.salk.edu/epigenome/epigenome.html. 
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Supplemental Figure 7 (cont.). Chromatin mark and small RNA distributions at ZIX locus obtained from public 

databases. 

 

B. DNA cytosine methylation and histone methylation, acetylation and ubiquitylation marks compiled from 

multiple data sources at http://epigara.biologie.ens.fr/cgi-bin/gbrowse/a2e/. 
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Supplemental Figure 8. ZIX-GFP protein localization in early seeds 

DIC and GFP overlay images. A: 4-cell embryo. B: 8-cell embryo. C: early globular embryo. D: 

early heart stage embryo. Scale bar: 20 µm. 

 
 

 

 

 

 

 

Supplemental Figure 9. Maternal MINI3:GUS expression in zix seeds 

A: 1DAP wild-type (wt) seed. B-D: 2DAP zix seeds. Scale bar: 20 µm. 
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Supplemental Table 1. Primers and PCR parameters 

allele primer sequence (5' to 3') 

Ds borders of Ds5-2 CGTTCCGTTTTCGTTTTTTACC 

all 3 zix Ds3-2 CCGGTATATCCCGTTTTCG 

zix-1 SET2325 5' ATTGCTTGAAATTTCTTCTAGAGTCTTC 

 SET2325 3' GCCCTTGACAGCTACAAAGC 

zix-2 SET3862 5' ACTGTCTCGAAATCCGCAAT 

 SET6076 3' GTGGTGAAGGCCAAACAAAT 

zix-3 SGT8064 5' CATCCTCACAAGAAAGGCTTG 

 SET5779 3' GGCCCATTACACGAAACACT 

At4g00231 LP At4g00231 exon2 DraI GTAGCTGTCAAGGGCTCACC 

SNP RP At4g00231 exon2 DraI TCAGGGTTCCCTTCCAGTAA 

Ler met1 & met1 For CTCTTTAGTAGAAGTTGGCATG 

Col met1 met1 Rev ATATGTATGTATAGATATTTTCTCC 

Ler ddm1-2 DDM1f CAGATCTCTACCCTCCTGT 

 ddm1-2dRsa TGAGCTACGAGCCATGGGTTTGTGAAACGTA 

Col ddm1-1 ddm1-1 for TTTGAGGTTTGCAGAATCGATGGCA 

 ddm1-1 rev CCTATAAACATGAACAGGTTTCGTCTGCCCGAT 

Ler cmt3-7 cmt3-7 for TTGACTACCCCGGGAATGAACCCATTTGT 

 cmt3-7 rev GATCTGCAACAAATCTCAGC 

Lg At4g00231   ad1 gMEE             AAAAAGCAGGCTGCGGTCCAATCGCCGATTA 

transgene   ad2 gMEE           AGAAAGCTGGGTAGCATCATCATCCAGTTAGATGCT 

    attB1 for   GGGGACAAGTTTGTACAAAAAAGCAGGCT 

    attB1 rev   GGGGACCACTTTGTACAAGAAAGCTGGGT 

ZIX:ZIX-GFP   ad1 gMEE             AAAAAGCAGGCTGCGGTCCAATCGCCGATTA 

    ad2 gMEEfuse  AGAAAGCTGGGTGGTGTCATTGACAAGCTTTGG 

 

Supplemental Data. Ngo et al. (2012). Plant Cell 10.1105/tpc.112.102384

22



 

All PCRs were carried out for 30 cycles, except for At4g00231 SNP, which was done for 35 cycles, at 940C / 30 sec, 550C / 30 sec, 

720C / 60 sec, with 940C / 2 min at the beginning and 720C / 3 min at the end.  The annealing temperatures for met1, ddm1-2, and 

ddm1-1 alleles were 450C, 480C, and 670C, respectively. PCR parameters for amplifying the Lg At4g00231 transgene were 

performed as recommended by the Gateway cloning protocol per manufacturer (Invitrogen, CA, USA). 
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