
A. 
Dvl-5a        ATGGAGGAGACTAAGATTATATATCATATAGATGATGAAGACACTCCATATCTCGTAAAA 
Dvl-1 ATGGAGGAGACTAAGATTATATATCATATAGATGATGAAGACACTCCATATCTCGTAAAA 
Dvl4a-4b      ATGGAGGAGACTAAGATTATATATCATATAGATGATGAAGACACTCCATATCTCGTAAAA 

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

Dvl-5a        TTACCAATTCCTGCCGCCGATGTAACTCTTGGAGATTTCAAGAATGTCCTCAATCGGCCG 
Dvl-1 TTACCAATTCCTGCCGCCGATGTAACTCTTGGAGATTTCAAGAATGTCCTCAATCGGCCG 
Dvl4a-4b      TTACCAATTCCTGCCGCCGATGTAACTCTTGGAGATTTCAAGAATGTCCTCAATCGGCCG 

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

Dvl-5a        AACTACAAATTCTTCTTCAAATCGATGGACGATGATTTTGGAGTTGTAAAAGAAGAAATA 
Dvl-1 AACTACAAATTCTTCTTCAAATCGATGGACGATGATTTTGGAGTTGTAAAAGAAGAAATA 
Dvl4a-4b      AACTACAAATTCTTCTTCAAATCGATGGACGATGATTTTGGAGTTGTAAAAGAAGAAATA 

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

Dvl-5a        GTTGATGATGACACCAAATTACCTTGTTTTAATGGCCGTGTTGTGTCATGGCTGGTGCCA 
Dvl-1 GTTGATGATGACACCAAATTACCTTGTTTTAATGGCCGTGTTGTGTCATGGCTGGTGCCA 
Dvl4a-4b      GTTGATGATGACACCAAATTACCTTGTTTTAATGGCCGTGTTGTGTCATGGCTGGTGCCA 

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

Dvl-5a        GCAGAGGGCAGCACCAACGGGTCAGACACAGCGTCGGTCACGACAGATACGAGAGGAGAC 
Dvl-1 GCAGAGGGCAGCACCAACGGGTCAGACACAGCGTCGGTCACGACAGATACGAGAGGAGAC 
Dvl4a-4b      GCAGAGGGCAGCACCAACGGGTCAGACACAGCGTCGGTCACGACAGATACGAGAGGAGAC 

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

Dvl-5a        TCGCAACTTCCGCCCGAGAGGACAGGTGGTATAGGAGACTCTAGACCACCTTCATTTCAT 
Dvl-1 TCGCAACTTCCGCCCGAGAGGACAGGTGGTATAGGAGACTCTAGACCACCTTCATTTCAT 
Dvl4a-4b      TCGCAACTTCCGCCCGAGAGGACAGGTGGTATAGGAGACTCTAGACCACCTTCATTTCAT 

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

Dvl-5a        TCGAGTGGAGGAGGGGTCCAAGATAAATTCGACGACACAGACACATGTACAGAATCAGAG 
Dvl-1 TCGAGTGGAGGAGGGGTCCAAGATAAATTCGACGACACAGACACATGTACAGAATCAGAG 
Dvl4a-4b      TCGAGTGGAGGAGGGGTCCAAGATAAATTCGACGACACAGACACATGTACAGAATCAGAG 

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

Dvl-5a        CGAAGCTCAAGAAGAGGTCACCATCGCATGAGGAGAGACAAGTACAATAACTTTTCAAGA 
Dvl-1 CGAAGCTCAAGAAGAGGTCACCATCGCATGAGGAGAGACAAGTACAATAACTTTTCAAGA 
Dvl4a-4b      CGAAGCTCAAGAAGAGGTCACCATCGCATGAGGAGAGACAAGTACAATAACTTTTCAAGA 

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

Dvl-5a        AGCAAGAGGGACCATCACCATCGAAGCGGGCATGGATACGAGAGTTCGTCAACGTTGATG 
Dvl-1 AGCAAGAGGGACCATCACCATCGAAGCGGGCATGGATACGAGAGTTCGTCAACGTTGATG 
Dvl4a-4b      AGCAAGAGGGACCATCACCATCGAAGCGGGCATGGATACGAGAGTTCGTCAACGTTGATG 

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

Dvl-5a        AGCAGCGACATTGACTCCACAAGCTGCTTTGAATCAACAGACGACGACAGCAGTAGATTC 
Dvl-1 AGCAGCGACATTGACTCCACAAGCTGCTTTGAATCAACAGACGACGACAGCAGTAGATTC 
Dvl4a-4b      AGCAGCGACATTGACTCCACAAGCTGCTTTGAATCAACAGACGACGACAGCAGTAGATTC 

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

Dvl-5a        AGTAGTGCCACAGAAAGGAGTAGCTTAGCCAGGCCGATGAGGGGACCACCAAAGAACCGC 
Dvl-1 AGTAGTGCCACAGAAAGGAGTAGCTTAGCCAGGCCGATGAGGGGACCACCAAAGAACCGC 
Dvl4a-4b      AGTAGTGCCACAGAAAGGAGTAGCTTAGCCAGGCCGATGAGGGGACCACCAAAGAACCGC 

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

Dvl-5a        AAGAAGAAGAGGAGATCTAAGATGCCACCAGTACACAGAGCATCATCTTTCAGTAGTATA 
Dvl-1 AAGAAGAAGAGGAGATCTAAGATGCCACCAGTACACAGAGCATCATCTTTCAGTAGTATA 
Dvl4a-4b      AAGAAGAAGAGGAGATCTAAGATGCCACCAGTACACAGAGCATCATCTTTCAGTAGTATA 

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

Dvl-5a        ACAGACTCAACAATGTCCCTCAACATCATTAATGTCACATTAAACTTAGATAAAATTAAT 
Dvl-1 ACAGACTCAACAATGTCCCTCAACATCATTAATGTCACATTAAACTTAGATAAAATTAAT 
Dvl4a-4b      ACAGACTCAACAATGTCCCTCAACATCATTAATGTCACATTAAACTTAGATAAAATTAAT 

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

Dvl-5a        TTTCTTGGCATCAGTATTGTTGGTCAGAGTAATAAAGGAGGAGACGGTGGCATTTATGTG 
Dvl-1 TTTCTTGGCATCAGTATTGTTGGTCAGAGTAATAAAGGAGGAGACGGTGGCATTTATGTG 
Dvl4a-4b      TTTCTTGGCATCAGTATTGTTGGTCAGAGTAATAAAGGAGGAGACGGTGGCATTTATGTG 

************************************************************ 
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Dvl-5a        GGCTCCATAATGAAAGGGGGCGCAGTAGCAGCAGATGGGAGGATAGAACCTGGAGATATG 
Dvl-1 GGCTCCATAATGAAAGGGGGCGCAGTAGCAGCAGATGGGAGGATAGAACCTGGAGATATG 
Dvl4a-4b      GGCTCCATAATGAAAGGGGGCGCAGTAGCAGCAGATGGGAGGATAGAACCTGGAGATATG 

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

Dvl-5a        ATCTTACAGGTCAACGAGGTCAGCTTTGAGAACATGAGTAACGATGATGCGGTCAGAGTA 
Dvl-1 ATCTTACAGGTCAACGAGGTCAGCTTTGAGAACATGAGTAACGATGATGCGGTCAGAGTA 
Dvl4a-4b      ATCTTACAGGTCAACGAGGTCAGCTTTGAGAACATGAGTAACGATGATGCGGTCAGAGTA 

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

Dvl-5a        TTAAGAGAAGCAGTACATCAACCAGGTCCTATCAAATTAGTGGTAGCTAAATGCTGGGAC 
Dvl-1 TTAAGAGAAGCAGTACATCAACCAGGTCCTATCAAATTAGTGGTAGCTAAATGCTGGGAC 
Dvl4a-4b      TTAAGAGAAGCAGTACATCAACCAGGTCCTATCAAATTAGTGGTAGCTAAATGCTGGGAC 

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

Dvl-5a        CCCTCACCGAAAGGATACTTCACCATTCCAAGAAGTGAGCCGGTAAGACCCATCGACCCA 
Dvl-1 CCCTCACCGAAAGGATACTTCACCATTCCAAGAAGTGAGCCGGTAAGACCCATCGACCCA 
Dvl4a-4b      CCCTCACCGAAAGGATACTTCACCATTCCAAGAAGTGAGCCGGTAAGACCCATCGACCCA 

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

Dvl-5a        GGTGCATGGGTAGCACACACAAATGCCATGAAAGTTGCTGCAGAGTATCAAGGAAGGGCG 
Dvl-1 GGTGCATGGGTAGCACACACAAATGCCATGAAAGTTGCTGCAGAGTATCAAGGAAGGGCG 
Dvl4a-4b      GGTGCATGGGTAGCACACACAAATGCCATGAAAGTTGCTGCAGAGTATCAAGGAAGGGCG 

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

Dvl-5a        GGGCCTATGAGTCCGTCAATGACCTCTATGACCTCTACAAGCTCTTCCATCACCAGCTCA 
Dvl-1 GGGCCTATGAGTCCGTCAATGACCTCTATGACCTCTACAAGCTCTTCCATCACCAGCTCA 
Dvl4a-4b      GGGCCTATGAGTCCGTCAATGACCTCTATGACCTCTACAAGCTCTTCCATCACCAGCTCA 

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

Dvl-5a        CTACCAGAGTCAGAGAGGTTAGAAGACTTTGGACGCCTCACCCTCAACACGGACATGACG 
Dvl-1 CTACCAGAGTCAGAGAGGTTAGAAGACTTTGGACGCCTCACCCTCAACACGGACATGACG 
Dvl4a-4b      CTACCAGAGTCAGAGAGGTTAGAAGACTTTGGACGCCTCACCCTCAACACGGACATGACG 

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

Dvl-5a        ACCATCGCTAGGGCCATGGCAGCTCCTGATTCCGGCCTCGACATTAGAGACAGAATGTGG 
Dvl-1 ACCATCGCTAGGGCCATGGCAGCTCCTGATTCCGGCCTCGACATTAGAGACAGAATGTGG 
Dvl4a-4b      ACCATCGCTAGGGCCATGGCAGCTCCTGATTCCGGCCTCGACATTAGAGACAGAATGTGG 

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

Dvl-5a        CTCAAAATCACCATCTCAAGCGCTTTCATAGGTTCTGATGTAGTGGAATGGTTGTTCACG 
Dvl-1 CTCAAAATCACCATCTCAAGCGCTTTCATAGGTTCTGATGTAGTGGAATGGTTGTTCACG 
Dvl4a-4b      CTCAAAATCACCATCTCAAGCGCTTTCATAGGTTCTGATGTAGTGGAATGGTTGTTCACG 

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

Dvl-5a        CACGTAGAAGGGTTCCAGGACAGGAGAGAAGCGAGGAAGTACGCCTGCAATCTCTTAAAA 
Dvl-1 CACGTAGAAGGGTTCCAGGACAGGAGAGAAGCGAGGAAGTACGCCTGCAATCTCTTAAAA 
Dvl4a-4b      CACGTAGAAGGGTTCCAGGACAGGAGAGAAGCGAGGAAGTACGCCTGCAATCTCTTAAAA 

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

Dvl-5a        GCCGGCTTCATCAGACACACCGTCAACAAGATCACATTCTCCGAGCAGTGCTACTATGTC 
Dvl-1 GCCGGCTTCATCAGACACACCGTCAACAAGATCACATTCTCCGAGCAGTGCTACTATGTC 
Dvl4a-4b      GCCGGCTTCATCAGACACACCGTCAACAAGATCACATTCTCCGAGCAGTGCTACTATGTC 

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

Dvl-5a        TTTGGTGACCTCTGCGGAAACATGGCTTCTCTGTCCTTAGGAGACGAAGCATCCGAGGCG 
Dvl-1 TTTGGTGACCTCTGCGGAAACATGGCTTCTCTGTCCTTAGGAGACGAAGCATCCGAGGCG 
Dvl4a-4b      TTTGGTGACCTCTGCGGAAACATGGCTTCTCTGTCCTTAGGAGACGAAGCATCCGAGGCG 

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

Dvl-5a        GACAGGGACACGTTAGCACCCCTACCCCAGCAGGGCCATTGGATGCCCCCGCCCCTCCCC 
Dvl-1 GACAGGGACACGTTAGCACCCCTACCCCAGCAGGGCCATTGGATGCCCCCGCCCCTCCCC 
Dvl4a-4b      GACAGGGACACGTTAGCACCCCTACCCCAGCAGGGCCATTGGATGCCCCCGCCCCTCCCC 

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

Dvl-5a        ACTGCACCCCCAATGCCTTATCAGATGCCCCCAGGGGTGCCGGGCTACACCAGCTTTGAC 
Dvl-1 ACTGCACCCCCAATGCCTTATCAGATGCCCCCAGGGGTGCCGGGCTACACCAGCTTTGAC 
Dvl4a-4b      ACTGCACCCCCAATGCCTTATCAGATGCCCCCAGGGGTGCCGGGCTACACCAGCTTTGAC 

************************************************************ 
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Dvl-5a        ACTGCTAGCTATACAAGCTTCGGTGCCACCAGCATCGGTAGTGGAAGCGGAGGAAGCAGT 
Dvl-1 ACTGCTAGCTATACAAGCTTCGGTGCCACCAGCATCGGTAGTGGAAGCGGAGGAAGCAGT 
Dvl4a-4b      ACTGCTAGCTATACAAGCTTCGGTGCCACCAGCATCGGTAGTGGAAGCGGAGGAAGCAGT 

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

Dvl-5a        GATTCTGGTCACAGCCAAGCCAAAGCCATGGCGGCCAAAGGAGGGTCAGGAAGCAAGGGC 
Dvl-1 GATTCTGGTCACAGCCAAGCCAAAGCCATGGCGGCCAAAGGAGGGTCAGGAAGCAAGGGC 
Dvl4a-4b      GATTCTGGTCACAGCCAAGCCAAAGCCATGGCGGCCAAAGGAGGGTCAGGAAGCAAGGGC 

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

Dvl-5a        AGTGGTAGTGAGTCTTCTGACCAAGCCTCGACCGTGGCCGGGGACATCCCTCCTGCCCTC 
Dvl-1 AGTGGTAGTGAGTCTTCTGACCAAGCCTCGACCGTGGCCGGGGACATCCCTCCTGCCCTC 
Dvl4a-4b      AGTGGTAGTGAGTCTTCTGACCAAGCCTCGACCGTGGCCGGGGACATCCCTCCTGCCCTC 

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

Dvl-5a        ATGGGCAGCATGCAGGGCATCGGTCCCCCCTCCGTCACCAACACTGGCATGATGGTCCCC 
Dvl-1 ATGGGCAGCATGCAGGGCATCGGTCCCCCCTCCGTCACCAACACTGGCATGATGGTCCCC 
Dvl4a-4b      ATGGGCAGCATGCAGGGCATCGGTCCCCCCTCCGTCACCAACACTGGCATGATGGTCCCC 

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

Dvl-5a        GGCGGCGCACCCTGCGGTAGCCTTGGTAGCCTCGGTAGCCACGGTGCCCTGTCCAACCAC 
Dvl-1 GGCGGCGCACCCTGCGGTAGCCTTGGTAGCCTCGGTAGCCACGGTGCCCTGTCCAACCAC 
Dvl4a-4b      GGCGGCGCACCCTGCGGTAGCCTTGGTAGCCTCGGTAGCCACGGTGCCCTGTCCAACCAC 

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

Dvl-5a        GGCATCGGTCCCCCGTCCATGGGCGGGGTCCAGCACCAAGTCATCGGCTTTGGTCCCCCT 
Dvl-1 GGCATCGGTCCCCCGTCCATGGGCGGGGTCCAGCACCAAGTCATCGGCTTTGGTCCCCCT 
Dvl4a-4b      GGCATCGGTCCCCCGTCCATGGGCGGGGTCCAGCACCAAGTCATCGGCTTTGGTCCCCCT 

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

Dvl-5a        CCCGGTGTCCCCCACCAGCTGCAGCACGTGATCGGGCCCCCACCGCACCAGACCCAGGGG 
Dvl-1 CCCGGTGTCCCCCACCAGCTGCAGCACGTGATCGGGCCCCCACCGCACCAGACCCAGGGG 
Dvl4a-4b      CCCGGTGTCCCCCACCAGCTGCAGCACGTGATCGGGCCCCCACCGCACCAGACCCAGGGG 

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

Dvl-5a        ATCGGCCCCGCCCAGGGCATCGGTCCCCCGAGCCAGGGGGTGCCCCAGATGATGGTACCA 
Dvl-1 ATCGGCCCCGCCCAGGGCATCGGTCCCCCGAGCCAGGGGGTGCCCCAGATGATGGTACCA 
Dvl4a-4b      ATCGGCCCCGCCCAGGGCATCGGTCCCCCGAGCCAGGGGGTGCCCCAGATGATGGTACCA 

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

Dvl-5a        ATGATGCCTCGACAACTCGGTAGCGTGCCTGAGGATCTCTCCGGCAGCAGACAGTCATTC 
Dvl-1 ATGATGCCTCGACAACTCGGTAGCGTGCCTGAGGATCTCTCCGGCAGCAGACAGTCATTC 
Dvl4a-4b      ATGATGCCTCGACAACTCGGTAGCGTGCCTGAGGATCTCTCCGGCAGCAGACAGTCATTC 

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

Dvl-5a        CGCATGGCGATGGGAAACCCTTGTGAGTTCTTTGTCGATGTCATGTAA--------- 
Dvl-1 CGCATGGCCATGGGAAACCCTTCCTAG------------------------------ 
Dvl4a-4b      CGCATGGCCATGGGAAACCCTTATTTTGATGATTCAGTCAGCGTCACACTTTTGTGA 

******** *************
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B. 
Dvl5a_3UTR      --------------------------------------------------ACAAAAATAT 10 
Dvl4b_3UTR      AGTGCGGAAATTTTGAAATCATTTTGATTAGGTACAGTAGTGTTTGATTGAAGATAAATA 60 
Dvl4a_3UTR      AGTGCGGAAATTTTGAAATCATTTTGATTAGCCTAGGACGCTAAAGTCTTGCGAATTTAA 60 
Dvl1_3UTR       ------------------------------------GACGCTAAAGTCTTGCGAATTTAA 24 

*      

Dvl5a_3UTR      AT-CCAAACCGACAACCAACCCCAATCCAGCTAGACTAAATCCTCTTTT------ATATT 63 
Dvl4b_3UTR      -----TTGCACAATGTT-------AAAGAGCTAAAATAACTT---TGGGAGGTCAAATTG 105 
Dvl4a_3UTR      AGAAGCTGCCCCCGCCGGCGCCGCCGCGAGCAAGCCGGAATCATGGTGCACCTCAAGCTC 120 
Dvl1_3UTR       AGAAGCTGCCCCCGCCGGCGCCGCCGCGAGCAAGCCGGAATCATGGTGCACCTCAAGCTC 84 

*                   *** *     * *              *  * 

Dvl5a_3UTR      CTTTCTCCCACCTAGCATCAGTTACCCATGACACCTCTCGCTTGTATCATATAGAAATAT 123 
Dvl4b_3UTR      GAATGACCTTGTCAAGGCTG--GG--GTTGGAAATTTGAACTTGATGCTGACAAAATTCA 161 
Dvl4a_3UTR      ATCGCTCCCTCCCCGCCTTC--GGCCCCCCGCAACTCTCCCACGAAGCACACGGGTCTGT 178 
Dvl1_3UTR       ATCGCTCCCTCCCCGCCTTC--GGCCCCCCGCAACTCTCCCACGAAGCACACGGGTCTGT 142 

**                        *  *    *  *   *  *      *   

Dvl5a_3UTR      ATAT-------------------------------------------------------- 127 
Dvl4b_3UTR      TTTTAA-CAATCTAAAATAGATTCTGGGGACCATGATTTG--ACTAGAGTACAAAGAATA 218 
Dvl4a_3UTR      AAAGCACAACTGTCAAAATGTTGAAAGGGAGAAAAAGTCGAGAGAGGAATGCTTTCTGCT 238 
Dvl1_3UTR       AAAGCACAACTGTCAAAATGTTGAAAGGGAGAAAAAGTCGAGAGAGGAATGCTTTCTGCT 202 

Dvl5a_3UTR      -------TATCTACCTGTGTGTTTTGTTTGAGTTGAAATA-------------------- 160 
Dvl4b_3UTR      TTAATATGTTTTGGGTA-TGATATTAATATGGTACAAATTTTCCATTCTAATATTATTTG 277 
Dvl4a_3UTR      CGAACATGATTTTGTTGTTGTTTCTGACTTGATTGAAATTAGCTGATTTTGAGTT----- 293 
Dvl1_3UTR       CGAACATGATTTTGTTGTTGTTTCTGACTTGATTGAAATTAGCTGATTTTGAGTT----- 257 

* *   *     *  *       * ****

Dvl5a_3UTR      ---------------------------------------GCATGCATCTATTATACTTTA 181 
Dvl4b_3UTR      TGTTTTATTTTATTGTTTTCTTTTGTTTGATCATGAGTTGGATCGTATAGGGTCAGTTTC 337 
Dvl4a_3UTR      GGTTCAATGTTGGACTTTTGTATT---AGATGTCAACC-CGCTGCTTTTGGGGCAGATTG 349 
Dvl1_3UTR       GGTTCAATGTTGGACTTTTGTATT---AGATGTCAACC-CGCTGCTTTTGGGGCAGATTG 313 

*           *  ** 

Dvl5a_3UTR      TATTTGTCTGTGTGTTGCCGATAGCT---GTGGT-AGGAAGT----------------AC 221 
Dvl4b_3UTR      AA---ATCTAGGATTTAATATCAAGCCGGGCCTTAA-------------TGCATAAAGGT 381 
Dvl4a_3UTR      TTTTTGTTTTTGTTTTAATTGAAAGAGTTTCGTTATGCAAGCATGGCTTTGCCATGTGCT 409 
Dvl1_3UTR       TTTTTGTTTTTGTTTTAATTGAAAGAGTTTCGTTATGCAAGCATGGCTTTGCCATGTGCT 373 

* *  *  **      *          *

Dvl5a_3UTR      AGCTTTCAAAAAAAAAATGCTAGATGATGTAACATAGAGCTTCTT--------------- 266 
Dvl4b_3UTR      TGCTATCGAATACAAATG-------AAAATCATTAACAAATTTGTAACGTTAG---CCCT 431 
Dvl4a_3UTR      TGGTTTCACCAGGCCATTGTTATATTTTGTGATTCACAACTATTTTTCCTCTGTTTTTCC 469 
Dvl1_3UTR       TGGTTTCACCAGGCCATTGTTATATTTTGTGATTCACAACTATTTTTCCTCTGTTTTTCC 433 

* * **        *             * *   * *  *   *

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      TCAGGATCGATAGGAT---------ACATGTAGCTGTACTATTG---------AGTATAG 473 
Dvl4a_3UTR      TCTGTTTTTATTCAACTCATTGTTATCACTTATGTGCTGTATTTTGGATGTTTTTCATTG 529 
Dvl1_3UTR       TCTGTTTTTATTCAACTCATTGTTATCACTTATGTGCTGTATTTTGGATGTTTTTCATTG 493 

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      GTCCAGATTGACATATAAAGGAGAATTATGCTTGATTGTAACTGCGTGATTCCAAAAATG 533 
Dvl4a_3UTR      TTCCAACCTTAGCTTTAT-TTTCAGTTATTGTTCTCTCTATCTCTCTCTTTCTCTCTGTC 588 
Dvl1_3UTR       TTCCAACCTTAGCTTTAT-TTTCAGTTATTGTTCTCTCTATCTCTCTCTTTCTCTCTGTC 552 

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      CAACAGGCCT---------------------TGGGTCAAAATTCACTTTCAGATTCGTTT 572 
Dvl4a_3UTR      TCCCTCCCTCTCTCTCTTTCTCTTTTTTTCTCCCCCCCCCTCTCTCTCTCCCTATCCTTC 648 
Dvl1_3UTR       TCCCTCCCTCTCTCTCTTTCTCTTTTTTTCTCCCCCCCCCTCTCTCTCTCCCTATCCTTC 612 

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      GCAATTGTTGTATTGATTACTT-------------------------------------- 594 
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Dvl4a_3UTR      CCACTTCATCTCTTTCTACATTATTATTCATTTTTGTATTTCACTATTTTTGTTCATGTT 708 
Dvl1_3UTR       CCACTTCATCTCTTTCTACATTATTATTCATTTTTGTATTTCACTATTTTTGTTCATGTT 672 

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      ------------------------------------------------------------ 594 
Dvl4a_3UTR      TGTCCAATCTTTTCATCCTTCTCCTCATTTTAATTTTCTGTTTTAACCTGTTTTTCTGTG 768 
Dvl1_3UTR       TGTCCAATCTTTTCATCCTTCTCCTCATTTTAATTTTCTGTTTTAACCTGTTTTTCTGTG 732 

Dvl5a_3UTR      ------------------------------------------------------------ 266 
Dvl4b_3UTR      -------------------------------------------------------GTTAA 599 
Dvl4a_3UTR      CCGACCATTTCTATCACCCTACATGTATGTCTCCACATTATATCTGTCATTTCATTTTTA 828 
Dvl1_3UTR       CCGACCATTTCTATCACCCTACATGTATGTCTCCACATTATATCTGTCATTTCATTTTTA 792 

Dvl5a_3UTR      -----------------------------------------GTGCAA------TGTTGAT 279 
Dvl4b_3UTR      CGAATATATGTTGT----------------------------------GTCCTCATTAAA 625 
Dvl4a_3UTR      AAGAAAGATACTGTGCCCATCAAAATGAAGTTCATACATATGTGCACTATTCTTGAAAAT 888 
Dvl1_3UTR       AAGAAAGATACTGTGCCCATCAAAATGAAGTTCATACATATGTGCACTATTCTTGAAAAT 852 

* 

Dvl5a_3UTR      TGATCTGGAGAGAGAAAGGTCAGTCGTGTAATG---------CTTATTTTTTTGT----T 326 
Dvl4b_3UTR      TCATCATA---------------------------------------------------- 633 
Dvl4a_3UTR      TCAACAAACCCGAGAATGCTCAATGCTTTCCATCTCTTACTCCATCTCTTTCCA------ 942 
Dvl1_3UTR       TCAACAAACCCGAGAATGCTCAATGCTTTCCATCTCTTACTCCATCTCTTTCCATCTCTT 912 

* * *                                                       

Dvl5a_3UTR      GCGATTAGTAGTAT--TCTGGCAAGAATCATAGTAGATTCTTT-GTTCAATGTGTGATTT 383 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      ----TCTCTCTCCTGCTCTCTCTCCTGCTCTCTCTCACTCTCTCTTACTCTCTCTCACTT 998 
Dvl1_3UTR       TCCATCTCTCTCCTGCTCTCTCTCCTGCTCTCTCTCACTCTCTCTTACTCTCTCTCACTT 972 

Dvl5a_3UTR      TTAAAAACCTTTTGTCTAAATT--ATCCTTGACTGAATTTTTAAGGACATTAATTCAGAT 441 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      TAACAATCTCAATCACTACCCTTTATTTCTTTCTTCCCCTCTCGCGACATTTTATTTTTT 1058 
Dvl1_3UTR       TAACAATCTCAATCACTACCCTTTATTTCTTTCTTCCCCTCTCGCGACATTTTATTTTTT 1032 

Dvl5a_3UTR      GCTTTTGAGGACATTAATTATACTGCCATGATACAACTATGCGTGTATCTGATGAATGAG 501 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      TCT-CCCATTTCTCTTTTTATCTTTCCCTGCTCTCTATATGTCTCCCTGAAATCCTAAAG 1117 
Dvl1_3UTR       TCT-CCCATTTCTCTTTTTATCTTTCCCTGCTCTCTATATGTCTCCCTGAAATCCTAAAG 1091 

Dvl5a_3UTR      ACA-------------------GGATTACAAAAATTATGCTTATGGACAATATCAAAACG 542 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      TCTATTTGCTGCCATGCTTAACTATTTTCACTCCTAAATGATCTTGTGTCTACCGAGGCA 1177 
Dvl1_3UTR       TCTATTTGCTGCCATGCTTAACTATTTTCACTCCTAAATGATCTTGTGTCTACCGAGGCA 1151 

Dvl5a_3UTR      AGTATAGGAAATTGCCTTTGAAAAATCTTAATTTCAAGATATATACTTGGGAAGGGTGGA 602 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      AGCAAAGGCAGACTCCACTTTGTATTCTAT--------------------GCATCATGAA 1217 
Dvl1_3UTR       AGCAAAGGCAGACTCCACTTTGTATTCTAT--------------------GCATCATGAA 1191 

Dvl5a_3UTR      GAGGGGTATGGCTTACACAAAAATATGTGAAATACCTTGCATGATAT----------CAA 652 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      GTGCAATTTGGCCTCTACATCTCTCCCTTTGATAATTTACATCATTGAGAATAAAAGAAA 1277 
Dvl1_3UTR       GTGCAATTTGGCCTCTACATCTCTCCCTTTGATAATTTACATCATTGAGAATAAAAGAAA 1251 

Dvl5a_3UTR      AAAGCTATACTAGTTACT--------AATT--------GTAGAGAATGCTTTTGACT--- 693 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      AAAAATATGCTTGTACAATCATCCACAATCATGCACAGTGATGGCATCCTGTTGGCACTC 1337 
Dvl1_3UTR       AAAAATATGCTTGTACAATCATCCACAATCATGCACAGTGATGGCATCCTGTTGGCACTC 1311 
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Dvl5a_3UTR      ------------ATGACTTTGTTTTCTGTGAT-GAAAAATGCAGTGTTTAGGAGCAAGTA 740 
Dvl4b_3UTR      ------------------------------------------------------------ 633 
Dvl4a_3UTR      AAATTCCAAATTATCCCTTATTCTTCATTCATTCAAAAATTGAGCGGTCATT-------- 1389 
Dvl1_3UTR       AAATTCCAAATTATCCCTTATTCTTCATTCATTCAAAAATTGAGCGGTCATT-------- 1363 

Dvl5a_3UTR      ACCTAACATATTGT 754 
Dvl4b_3UTR      -------------- 633 
Dvl4a_3UTR      ---------ATTG- 1393 
Dvl1_3UTR       ---------ATTG- 1367 

Figure S1. Sequence analysis of Dvl isoforms. (A) Multiple sequence alignment of the coding 

region of SpDvl isoforms using CLUSTAL Omega (1.2.4). (B) Multiple sequence alignment of 

the 3'UTR of SpDvl isoforms using CLUSTAL Omega (1.2.4). QPCR primers are underlined. 
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Figure S2. Dose response of Dvl mRNATP and Dvl mRNA overexpression effects. (A) 

Zygotes were injected with either control TP with fluorescein dextran or Dvl miRNATP with 

Texas Red dextran. All injected embryos were mixed and incubated in one well with primary 

rabbit anti-SUDdsh-C antibody, followed with goat anti-rabbit Alexa Fluor 647 secondary 

staining. The level of Dvl protein increase is dependent on the dosage of injected Dvl miRNATP. 

(B) Lower dose of Dvl mRNA overexpression did not induce significant PMC or gut 

developmental defects. Zygotes were injected with either 0.25µg/µl of mCherry or combinations 

of LvDvl/SpDvl4a/4b and LvDvl*/SpDvl5a mRNA. Gastrulae were fixed and immunolabeled 

with antibodies against the PMCs (1D5) or mid- and hindgut (Endo1). 

Development: doi:10.1242/dev.167130: Supplementary information
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Figure S3. miRNA sequence reads throughout development. Sequence reads of miRNAs 

examine in this study are expressed throughout early development (Song et al., 2012). 
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Table S1. Real time, quantitative PCR primers. 
Gene name  Forward primer (5’ to 3’) Reverse primer (5’ to 3’) 
Ubq CACAGGCAAGACCATCACAC GAGAGAGTGCGACCATCCTC 

Dvl 5a GCATCAGTTACCCATGACACC TCGGCAACACACAGACAAAT 

Dvl 4a TGTGCCGACCATTTCTATCA ATTGAGCATTCTCGGGTTTG 

Dvl 4b AGCCCTTCAGGATCGATAGG ATTTTGACCCAAGGCCTGTT 

β-catenin GACATCAACGTGGTGACCTG GCTGGCTCTGTGATTTCCTC 

RhoA AGATGAAGCAGGAACCGGTG CGTCTCAAACACTTCCCGGA 

Rac1 CGGAGCTGTGGGAAAGACAT ATCCTAAGTTCACTGGGCGG 

Cdc42 ACCAGAGATCACCCACCACT TTTGGCCATCCTCTCACCAG 

Wnt 1 TGCGATCTTATGTGCTGCTC GAAACGACGTGCACTCTTCA 

Wnt5 TGCTGTGGAAGAGGCTACAA TTCTGCACTTCCGACACTTG 

Wnt8 TGGGTGAAGCAGAGCTGTAG ACCTGACAACACCAAACGAA 

SM29 GCTGATGGAACCGAATTCTT GAGTTATCCGGTCGGTTGTT 

SM49 CCGCTGAACCATTTTACAGA CATGAACTCAATCGCTTGCT 

SM50 GGTGCTCTGGCTTCAGTTTC GTGCCATCTTCCCAAAAGAA 

Hnf6 TGCAGCTTCTCTGCATACCA ACTCCAACATGCCTCCAAAC 

Nodal GACAACCCAAGCAACCACG CGCACTCCTGTACGATCATG 

BMP2/4 GACACACGGTTAGTCGACGT GATGGTCTGCCCCTTGAGTC 

Pax2/5/8 CCAAAGGTGGTGTCGAAGAT ATCGAGCTGACACTGGGAAC 

Vegf3 TGCAAATGTTCCCATTACGA GTTCGTTTGGTTATGCGTCA 

Alk4-5-7 CATAGGCACAAAGCGCTACA CCAATCTCCCAGAGAACCAA 

SLC26a5 TGATATCTTCCTGGGCCTTG TCGAGGGTTCAAAACCAATC 

TGFbrtII CGAGCTCATTGGAAAAGGAC GCTCTTTCTCGACGTTCCAC 

KirrelL 
 

TCGCATCCCATTCTCTCAGC GACCCAGCAGCCCATGATAA 

Eve TTCAACCAGCAGTTCATCCA ATGTCGGGATTGGTGGTG 

Bra ACACATCGACCCATCATCAA CATGGTGTCGTATCTTGGAAAG 

Krl TCTTCACTCCTGTCCCTTGG GTGATCATTTCCAGCTGTCG 

FoxA CCAACCGACTCCGTATCATC CGTAGCTGCTCATGCTGTGT 

Development: doi:10.1242/dev.167130: Supplementary information
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Movie 1. Control TP-injected embryos have long apical cilia with synchronous beating. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-1


Movie 2. Dvl miRNATP-injected embryos have bent apical cilia with irregular beating. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-2


Movie 3. Control TP-injected larvae have long body cilia with synchronous beating. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-3


Movie 4. Dvl miRNATP-injected larvae have bent body cilia with irregular beating. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-4


Movie 5. Embryos injected with mCherry have normal apical cilia. Live embryos were 

collected 5 dpf and mounted in filtered natural sea water on microscope slides. Images were taken 

with an LSM 780 scanning confocal microscope using the time lapse function. Images were 

compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-5


Movie 6. Embryos injected with LvDvl/SpDvl4a/4b mRNA have defective apical cilia. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-6


Movie 7. Embryos injected with LvDvl*/SpDvl5a mRNA have defective apical cilia. Live 

embryos were collected 5 dpf and mounted in filtered natural sea water on microscope slides. 

Images were taken with an LSM 780 scanning confocal microscope using the time lapse function. 

Images were compiled using Windows Movie Maker to make a movie using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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http://movie.biologists.com/video/10.1242/dev.167130/video-7


Movie 8. Embryos injected with LvDvl/SpDvl4a/4b plus LvDvl*/SpDvl5a mRNA have 

defective apical cilia. Live embryos were collected 5 dpf and mounted in filtered natural sea water 

on microscope slides. Images were taken with an LSM 780 scanning confocal microscope using 

the time lapse function. Images were compiled using Windows Movie Maker to make a movie 

using 0.1s between images. 

Development: doi:10.1242/dev.167130: Supplementary information
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