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Between-Species Sequence Alignments of Palindrome Boundaries

P1/P2 Inner Boundary 1 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa) (both P1 and P2)

CLUSTAL W (1.81) multiple sequence alignment

Ptr_I1_P1_P2           CTGACAGAACGAGACCTGTCTCTTAAAAACGGAACAAAACAAAATAAAACTTGTTGACTG

Ppa_I1_P1_P2            (no data)  GACCTGTCTCTTAAAAACGGAACAAAACAAAATAAAACTTGTTGACTG

Hsa_I1_P1              CTGACAGAACGAGACCTGTCTCTTAAAAACGGAACAAAACAAAATAAAACTTGTTGACTG

Hsa_I1_P2              CTGACAGAACGAGACCTGTCTCTTAAAAACGGAACAAAACAAAATAAAACTTGTTGACTG

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

Ptr_I1_P1_P2           ACTAGGTATTGGAAATAACAAAAAAGGTTTCCCTCAACTTCCTTCCTTTTTTAAAAAAGT

Ppa_I1_P1_P2           ACTAGGTATTGGAAATAACAAAAAAGGTTTCCCTCAACTTCCTTCCTTTTTTAAAAAAGT

Hsa_I1_P1              ACTAGGTATTGGAAATAACAAAAAAGGTTTCCCTCCACTTCCTTCCTTTTTTTAAAAATT

Hsa_I1_P2              ACTAGGTATTGGAAATAACAAAAAAGGTTTCCCTCCACTTCCTTCCTTTTTTTAAAAATT

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

Ptr_I1_P1_P2           ATGTATATTATCTCTGTGCCTGGTTTTTCTTTATTCCATGATTTTCCTTTGACTGTATTC

Ppa_I1_P1_P2           ATGTATATTATCTCTGTGCCTGGTTTTTCTTTATTCCATGATTTTCCTTTGACTGTATTC

Hsa_I1_P1              ATGTATATTATCTCTGTGCCTGGTTTTTCTTTATTCCATGATTTTCCTTTGACTGTATTC

Hsa_I1_P2              ATGTATATTATCTCTGTGCCTGGTTTTTCTTTATTCCATGATTTTCCTTTGACTGTATTC

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

                                                           SPACER <=||=> ARM

Ptr_I1_P1_P2           TCTTCTTTAGTCCTTTCCGTTCCTTGTACTTGCTAATGCTGGCTGAAATGCTAGCTAGAG

Ppa_I1_P1_P2           TCTTCTTTAGTCCTTTCCGTTCCTTGTACTTGCTAATGCTGGCTGAAATGCTAGCTAGAG

Hsa_I1_P1              TCTTCTTTAGTCCTTTCAGTTCCTTGTACTTGCTAATGCAGGCTGAAATGCTAGCTAGAG

Hsa_I1_P2              TCTTCTTTAGTCCTTTCAGTTCCTTGTACTTGCTAATGCAGGCTGAAATGCTAGCTAGAG

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

Ptr_I1_P1_P2           GTACATAAAGTTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTT---CAGTCAA

Ppa_I1_P1_P2           GTACATAAAGTTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTCTT---CAGTCAA

Hsa_I1_P1              GTACATAAAGTTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTTTTTCAGTCAA

Hsa_I1_P2              GTACATAAAGTTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTTTTTCAGTCAA

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

Ptr_I1_P1_P2           TGCCACGTAAGTCACAGAAAAAAAAAA--TCCTTCATGAGAAAAAAAGAAACATTTCACC

Ppa_I1_P1_P2           TGCCACGTAAGTCACAGAAAAAAAAAA--TCCTTCATGAGAAAAAAAGAAACATTTCACC

Hsa_I1_P1              TGCCACGTAAGTCACAGAAAAAAAAAAAATCCTTCATGAGGAAAAAAGAAACATTTCACC

Hsa_I1_P2              TGCCACGTAAGTCACAGAAAAAAAAAAAATCCTTCATGAGGAAAAAAGAAACATTTCACC

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

Ptr_I1_P1_P2           CGCTCCTTTTTGTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCA

Ppa_I1_P1_P2           CGCTCCTTTTTGTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCA

Hsa_I1_P1              CGCTCCTTTTTGTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCA

Hsa_I1_P2              CGCTCCTTTTTGTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCA

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

Ptr_I1_P1_P2           TCAGAACC

Ppa_I1_P1_P2           TCAGAACC

Hsa_I1_P1              TCAGAACC

Hsa_I1_P2              TCAGAACC

                       ********

P1/P2 Inner Boundary 2 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa) (both P1 and P2)

CLUSTAL W (1.81) multiple sequence alignment

Ptr_I2_P1_P2           TTTGGAATGGGTGTGCTTACTCAATGCCTGTACCCTCATTGTATCTAGGAAGTGACTAAC

Ppa_I2_P1_P2           TTTGGAATGGGTGTGCTTACTCAATGCCTGTACCCTCATTGTATCTAGGAAGTGACTAAC

Hsa_I2_P1              TTTGGAATGGGTGTATTTACTCAATGCCTGTACCCTCATTGTATCTAGGAAGTTACTAAC

Hsa_I2_P2              TTTGGAATGGGTGTATTTACTCAATGCCTGTACCCTCATTGTATCTAGGAAGTTACTAAC

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

Ptr_I2_P1_P2           TTACTTTTGATTTTACAGGCTCATACGCAAGACTTGCCTTGTCTCAGGTGAGACTTTGAA

Ppa_I2_P1_P2           TTACTTTTGATTTTACAGGCTCATACGCAAGACTTGCCTTGTCTCAGGTGAGACTTTGAA

Hsa_I2_P1              TTACTTTTGATTTTACAGGCTCATACGTGAGACTTGCCTTGTCTCAGGTGAGACTTTGAA

Hsa_I2_P2              TTACTTTTGATTTTACAGGCTCATACGTGAGACTTGCCTTGTCTCAGGTGAGACTTTGAA

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

                                                 SPACER <=||=> ARM

Ptr_I2_P1_P2           TTTGGACTTTTGGGTGAAATGTTGGAACTTGGACCCAATGCTAGCTAGAGGTACATAAAG

Ppa_I2_P1_P2           TTTGGACTTTTGGGTGAAATGTTGGAACTTGGACCCAATGCTAGCTAGTGGTACATAAAG

Hsa_I2_P1              CTTGGACTTTTGGGTGAAATGTTGGAACCTGGACCCAATGCTAGCTAGAGGTACATAAAG

Hsa_I2_P2              CTTGGACTTTTGGGTGAAATGTTGGAACCTGGACCCAATGCTAGCTAGAGGTACATAAAG

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

Ptr_I2_P1_P2           TTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTT---CAGTCAATGCCACGTAA

Ppa_I2_P1_P2           TTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTCTT---CAGTCAATGCCACGTAA

Hsa_I2_P1              TTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTTTT-CAGTCAATGCCACGTAA

Hsa_I2_P2              TTTTTGCCAAAAGGGTTTTGAAATTGTGGACTTTTTTTTTTTTCAGTCAATGCCACGTAA

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

Ptr_I2_P1_P2           GTCACAGAAAAAAAAAA-TCCTTCATGAGAAAAAAAGAAACATTTCACCCGCTCCTTTTT

Ppa_I2_P1_P2           GTCACAGAAAAAAAAAA-TCCTTCATGAGAAAAAAAGAAACATTTCACCTGCTCCTTTTT

Hsa_I2_P1              GTCACAGAAAAAAAAAAATCCTTCATGAGGAAAAAAGAAACATTTCACCCGCTCCTTTTT

Hsa_I2_P2              GTCACAGAAAAAAAAAAATCCTTCATGAGGAAAAAAGAAACATTTCACCCGCTCCTTTTT

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

Ptr_I2_P1_P2           GTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCATCAGAAC

Ppa_I2_P1_P2           GTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCATCAGAAC

Hsa_I2_P1              GTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCATCAGAAC

Hsa_I2_P2              GTGGTGATCAGAGATTGATTAATTTAGTTTTGCATTAATCAAGTTGTCATCAGAAC

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

P4 Inner Boundary 1 in Human (Hsa) and Gorilla (Ggo)
CLUSTAL W (1.81) multiple sequence alignment

Hsa_I1_P4       ATTTACAAAGTGGCACTACTAAGTCTTCATCAAGCAATAATTACCTTCAGTGAAAGCTGA

Ggo_I1_P4       ATTTACAAAGTGGCACTACTAAGTCTTCATCAAGCARTAATTACCTTCAGTGGAAGCTGA

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

Hsa_I1_P4       TGGTAAAATTACACAGTCAGGAGGCTTAGGAAGGCTAAGTAAAAATATTTTAAATCTGTT

Ggo_I1_P4       CTGTAAAATTACACAGTCAGGAGGCCTAGGGAGGCTAAGTAAAAATATTTTAAATCTGTT

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

                                              SPACER <=| TRANSITION |=> ARM

Hsa_I1_P4       TTGTCAGAGACTAGGAATGCAATTTCCCTTTATTTCTTTCCTTAAAACTATCGCTAGTGT

Ggo_I1_P4       TTCTCAGAGACTAGGAATAGAATTTCCTTTTATTTCTTTGCTTAAAACTATGGCTAGTGT

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

Hsa_I1_P4       GACTGAATAACTGAATTTTTAATCTATGCTTAATAAACTACATGTGCATAATGACTACCA

Ggo_I1_P4       GACTGAATAACTGAAATTTTAATCTATGCTTAATAAACTACATGTGCATAATGACTACCA

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

Hsa_I1_P4       TACAGGGTAGCATAATTCTAAGGTACATGGCTGGTATCTGTTGCTTAACTCTTACTACCA

Ggo_I1_P4       TACAGGGTAGCATAATTCTAAGGTACATGGCTGGTATCTGTTGCTTAACTCTTACTACCA

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

Hsa_I1_P4       AAGGAAATTTCTGGCTTGAAGGGATATTAAGAAACAATCTACGGGCCACGCATGATG

Ggo_I1_P4       AAGGAAATTTCTGGCTTGAAGAGATATTAAGAAACAATCTATGGGCCACGCATGATG

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

P4 Inner Boundary 2 in Human (Hsa) and Gorilla (Ggo)
CLUSTAL W (1.81) multiple sequence alignment

Hsa_I2_P4       GTATGACTCGCTGTGAAAATTGAAATGTTTGTATCTATGTTGTTGACTGTGGTAGGTACT

Ggo_I2_P4       GTGTGACTCTCTGTGAAAATTGCAATGTTTGTATCTATGTTGTTCACTGTGGTAGGTGCT

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

                            SPACER <=| TRANSITION|=> ARM

Hsa_I2_P4       AGCCTCATGTGGCTATTGAGCACTTGAAATTTGGCTAGTGTGACTGAATAACTGAATTTT

Ggo_I2_P4       AGCCTCATGTGGCTATTGAGCACTTGAAATTTGGCTAGTGTGACCGAATAACTGAATTTT

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

Hsa_I2_P4       TAATCTATGCTTAATAAACTACATGTGCATAATGACTACCATACAGGGTAGCATAATTCT

Ggo_I2_P4       TAATCTATGCTTAATTTTTAATCTATGCGTAATGACTACCATACAGGGTAGCATAATTCT

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

Hsa_I2_P4       AAGGTACATGGCTGGTATCTGTTGCTTAACTCTTACTACCAAAGGAAATTTCTGGCTTGA

Ggo_I2_P4       AAGGTACATGGCTGGTATCTGTTGCTTAACTCTCACTACCAAAGGAAATTTCTGGCTTSA

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

Hsa_I2_P4       AGGGATATTAAGAAACAATCTACGGGCCACGCATGATGG

Ggo_I2_P4       AGGGATATTAAGAAACANNCTATGGGCCACGCATGATGG

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

P6 Inner Boundary 1 in Chimpanzee (Ptr), Bonobo (Ppa), Human (Hsa), and Gorilla (Ggo)
CLUSTAL W (1.81) multiple sequence alignment

Ptr_I1_P6       TTTTTCATAGCTTATGATTATAGAGCAAGGATTAATATAGTATTGGAATAAAGAGTAATT

Ppa_I1_P6       TTTTTCATAGCTTATGATTATAGAGCAAGGATTAATATAGTATTGGAATAAAGAGTAATT

Hsa_I1_P6       TTTTTCATAGCTTATGATTATAGAGCAAGGATTAATACAGTATTGGAATAAAGAGTAATT

Ggo_I1_P6       TTTTCCATAGCTTATGATTATAGAGCAAGGATTAATATAGTATTGGAATAAAGAGTAATT

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

Ptr_I1_P6       GCTACAAACTAATGATTAACGATATCCATATATGATCATATCTATGATCTATGTCTAGTA

Ppa_I1_P6       GCTACAAACTAACGATTAACGATATCCATATATGATCATATCTATGATCTATGTCTAGTA

Hsa_I1_P6       GTTACAAACTAACGATTAATGATATCCATATACGATCATATCTATGATCTATGTCTAGTA

Ggo_I1_P6       GCTACAAACTAACGATTAATGATATCCATATATGATCATATCTATGAACTATATCTAGTA

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

Ptr_I1_P6       TAACTCTTGCTGTTTTATACAGTTTATTATAATAGAACAGTTCATGCCCTCTGTCTCTTG

Ppa_I1_P6       TAACTCTTGCTGTTTTATACAGTTTATTATAATAGAACAGTTCATGCCCTCTGTCTCTTG

Hsa_I1_P6       TAACTCTTGTTGTTTTATACAGTTTATTATAATAGAACAGCTCACGCCCTCTGTCTCTTG

Ggo_I1_P6       TAACTCTTGTTGTTTTATACAGTTTCTTATAATAGAACAGCTCATGCCCTCCGTCTCTTG

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

                                      SPACER <=||=> ARM

Ptr_I1_P6       CCTCTGAAACTAGGTGGCTTGCTGCCCACACTCTCCCACAACCCATGGGAATTGTGGGAG

Ppa_I1_P6       CCTCTGAAACTAGGTGGCTTGCTGCCCACACTCTCCCACAACCCATGGGAATTGTGGGAG

Hsa_I1_P6       CCTCTGAAACTAGGTGGCTTGCTACCCACACTCTCCCACAACCCATGGGAATTGTGGGAG

Ggo_I1_P6       CCTCTGAAACTAGGTGGCTTACTGCCCACACTCTCCCACAACCCATGGGAATTGTGGGAG

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

Ptr_I1_P6       CCACAATTCAAGATGAGATTTGGGTGGGGACACAGACAAATCATATCAAAGGTTAAACAT

Ppa_I1_P6       CCACAATTCAAGATGAGATTTGGGTGGGGACACAGACAAATCATATCAAAGGTTAAACAT

Hsa_I1_P6       CCACAATTCAAGATGAGATTTGGGTGGGGACACAGACAAATCATATCAAAGGTTAAACAG

Ggo_I1_P6       CCACAATTCAAGATGAGATTTGGGTGGGGACACAGACAAATCATATCAAAGGTTAAACAT

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

Ptr_I1_P6       CACAYTTGTTCTTCAAGTTGCCCACTTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCG

Ppa_I1_P6       CACACTTGTTCTTCAAGTTTCCCACTTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCG

Hsa_I1_P6       CACACTTGTTCTTCAAGTTGCCCACTTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCG

Ggo_I1_P6       CACACTTGTTCTTCAAGTTGCCCACTTGAGTCTTTTCCAAGCCTACTTTCCTTTTTTTCG

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

Ptr_I1_P6       TGTCTTAAAGCCTTTTTAAATAAACTTC

Ppa_I1_P6       TGTCTTAAAGCCTTTTTAAATAAACTTC

Hsa_I1_P6       TGTCTTAAAGCCTTTTTAAATAAACTTC

Ggo_I1_P6       TGTCTTAAAGCCTTTTTAAATAAACTTC

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

P6 Inner Boundary 2 in Chimpanzee (Ptr), Bonobo (Ppa), Human (Hsa), and Gorilla (Ggo)
CLUSTAL W (1.81) multiple sequence alignment

Hsa_I2_P6       AGAGAAGTGAACGTGTGCAGGGAAACTAACCTTTATAAAATAATCAGATCTCATGAGTCT

Ppa_I2_P6       AGAGAAGTGAACTTGTGCAGGGAAACTAACCTTTATAAAATAATCAGATCTCATGAGTCT

Ptr_I2_P6       AGAGAAGTGAACTTGTGCAGGGAAACTAACCTTTATAAAATAATCAGATCTCATGAGTCT

Ggo_I2_P6       AGAGAAGTGAACTTGTGCAGGGAAACTAACCWTTATAAAATAACCAGACCTCATGAGTCT

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

Hsa_I2_P6       TATTCACTACCATGAGAGCAGCATGGGAAAGACCGACTCCCATGAATTAATTACTTCCAC

Ppa_I2_P6       TATTCACTACCATGAGAGCAGCATGGGAAAGACCGGCTCCCATGAATTAATTACTTCCAC

Ptr_I2_P6       TATTCACTACCATGAGAGCAGCATGGGAAAGACCGGCTCCCATGAATTAATTACTTCCAC

Ggo_I2_P6       TATTCACTACCATGAGAGCAGCATGGGAAAGACTGGCTCCCATGATTTAATTACTTC-AC

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

             SPACER <=||=> ARM

Hsa_I2_P6       TGGGGCCCTCCCACAACCCATGGGAATTGTGGGAGCCACAATTCAAGATGAGATTTGGGT

Ppa_I2_P6       TGGGGCCCTCCCACAACCCATGGGAATTGTGGGAGCCACAATTCAAGATGAGATTTGGGT

Ptr_I2_P6       TGGGGCCCTCCCACAACCCATGGGAATTGTGGGAGCCACAATTCAAGATGAGATTTGGGT

Ggo_I2_P6       TGGGGCCCTCCCACAACCCATGGGAATTGTGGGAGCCACAATTCAAGATGAGATTTGGGT

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

Hsa_I2_P6       GGGGACACAGACAAATCATATCAAAGGTTAAACAGCACACTTGTTCTTCAAGTTGCCCAC

Ppa_I2_P6       GGGGACACAGACAAATCATATCAAAGGTTAAACATCACACTTGTTCTTCAAGTTTCCCAC

Ptr_I2_P6       GGGGACACAGACAAATCATATCAAAGGTTAAACATCACACTTGTTCTTCAAGTTGCCCAC

Ggo_I2_P6       GGGGACACAGACAAATCATATCAAAGGTTAAACATCACACTTGTTCTTCAAGTTGCCCAC

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

Hsa_I2_P6       TTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCGTGTCTTAAAGCCTTTTTAAATAAAC

Ppa_I2_P6       TTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCGTGTCTTAAAGCCTTTTTAAATAAAC

Ptr_I2_P6       TTGAGTCTTTTCCAAGCATACTTTCCTTTTTTTCGTGTCTTAAAGCCTTTTTAAATAAAC

Ggo_I2_P6       TTGAGTCTTTTCCAAGCCTACTTTCCTTTTTTTCGTGTCTTAAAGCCTTTTTAAATAAAC

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

Hsa_I2_P6       TTC

Ppa_I2_P6       TTC

Ptr_I2_P6       TTC

Ggo_I2_P6       TTC

                ***

P7 Inner Boundary 1 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa)
CLUSTAL W (1.81) multiple sequence alignment

Ptr_I1_P7       CAATTCTTTAATTTCCTCTGGCTAGAAAAGCCATAGGCTTTCTAAATGAATTTTAGCTGA

Ppa_I1_P7       CAATTCTTTAATTTCCTCTGGCTAGAAAAGCCATAGGCTTTCTATATGAATTTTAACT-A

Hsa_I1_P7       CAATTCTTTAATTTCTTCTGGCTAGAAAAGCCATAGGCTTTCTATATGAATTTTAGCTGA

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

                                                             SPACER <=||=> ARM

Ptr_I1_P7       AGTGTTAATTGAGATCTATATTCTGGCTAAAATCTGTAACAATGGAAACTTCAAACTTGT

Ppa_I1_P7       AGTGTTAATTGAGATCTATATTCTCGCTAAAATCTGTAACAATGGAAACTTCAAACTTGT

Hsa_I1_P7       AGTGTTAATTGAGATGTATATTCTGGCTAAAATCTGTAAGAATGGAAACTTCAAAATTGT

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

Ptr_I1_P7       GGTTTATTTTATCCAGGTACCAACTTCCCTCCAAAATCAGCCTGCTTGTATTTACTTTCT

Ppa_I1_P7       GGTTTATTTTATCAAGGTACCAACTTCCCTCCAAAATCAGCCTGCTTGTATTTACTTTCT

Hsa_I1_P7       GGTTTGTTTTATCCAGGTACCAACTTCCCTCCAAAATCAGCCCGCTTGTATTTACTTTCT

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

Ptr_I1_P7       TCTGACTTCAGATAGTTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACGTGAGCA

Ppa_I1_P7       TCTGACTTCAGATAGTTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACGTGAGCA

Hsa_I1_P7       TCTGACTTCAGATAGTTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACCTGAGCA

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

Ptr_I1_P7       TTTGTTGGTGCAGTATTGGCCTCACTGGACACACAGAAGTGAAATTCCTGAACTGAATTT

Ppa_I1_P7       TTTGTTGGTGCAGTATTGGCCTCACTGGACACACAGAAGTGAAATTCCTGAACTGAATTT

Hsa_I1_P7       TTTGTTGGTGCAGTATTGGCTTCACTGGACACACAGAAGTGAAATTCCTGAACTGAACTT

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

Ptr_I1_P7       CTACAGAATTTGATGATTAATTAAGCAAAAATCAGAGAGTGATGAACTACATGCAAGATA

Ppa_I1_P7       CTACAGAATTTGATGATTAATTAAGCAAAAATCAGAGAGTGATGAACTACATGCAAGATA

Hsa_I1_P7       CTACAGAATTTGATACTTAATTAAGCAAAAATCAGAGAGTGATGAACTACATGCAAGATA

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

Ptr_I1_P7       AATATGCCTATCAGAGATTCTGGGGCACATTCCAGTGT

Ppa_I1_P7       AATATGCCTATCAGAGATTCTGGGGCACATTCGAGTGT

Hsa_I1_P7       AATATGCCTATCAGAGATTCTGGGGCACATTCGAGTGT

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

P7 Inner Boundary 2 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa)
CLUSTAL W (1.81) multiple sequence alignment

Ptr_I2_P7       TAGGTTTATGTTTCCACTATATCAGTCATTTGGGAGAAATATCTTTAAATATGAAATTGC

Ppa_I2_P7       TAGGTTTATGTTTCCACTATATCAGTCATTTGGGAGAAATATCTTTAAATATGAAGTTGC

Hsa_I2_P7       TAGGTTTATGTTTCCTCTGCATCAGTCATTTGAGAGAAATATCTTTAAATATGAAATTGC

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

Ptr_I2_P7       AAAACCGAATCTTGTTTGTGTCTTTGTCTTTCATAATGTTGAAATATCAAGGCTCATAAG

Ppa_I2_P7       AAAACCGAATCTTGTTTGTGTCTTTGTCTTTCATAATGTTGAAATATCAAGGCTCATAAG

Hsa_I2_P7       AAAACCGAATCCTGTTTGTGTCTTTGTCTTTGATAATGTTCAAATATCAAGGCTCATAAG

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

Ptr_I2_P7       TATGATCTTCAACAAAAAGGAGCACAATGGAAAAAAACTGCAAAATCTTTTGAAGATTTT

Ppa_I2_P7       TATGATCTTCAACAAAAAGGAGCACAATGGAAAAAAACTGCAATATCTTTTGAAGATTTT

Hsa_I2_P7       TATGATCTTCAACAAAAAGGAGCATAATGGAAAAAA-CTGCAATATCTTTTGAAGATTTT

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

Ptr_I2_P7       TAACTCAGGCTGGGCACAGTGGCCCATGCCTGTAATCCTAGCAGTTCTGGAGGGTAACCT

Ppa_I2_P7       TAACTCAGGCTGGGCACAGTGGCCCATGCCTGTAATCCTAGCAGTTCTGGAGGGTAACCT

Hsa_I2_P7       TAACTCAGGCTGGGCACAGTGGCCCATGCCTGTAATCCTAGCAGTTCTGGAGGGCAACCT

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

                                              SPACER <=||=> ARM

Ptr_I2_P7       GGGTGAATCTGCTGAGGTTAGAAGTTTGAAATCAGTTTCTCTTGCGGTTTGTTTTATCCA

Ppa_I2_P7       GGGTGAATCTGCTGAGGTTAGAAGTTTGAAATCAGTTTCTCTTGCGGTTTGTTTTATCCA

Hsa_I2_P7       GGGTGAATCTGCTGAGGTTAGAAGTTTGAAATCAGTTTCTCTTGTGGTTTGTTTTATCCA

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

Ptr_I2_P7       GGTACCAACTTCCCTCCAAAATCAGCCTGCTTGTATTTACTTTCTTCTGACTTCAGATAG

Ppa_I2_P7       GGTACCAACTTCCCTCCAAAATCAGCCTGCTTGTATTTACTTTCTTCTGACTTCAGATAG

Hsa_I2_P7       GGTACCAACTTCCCTCCAAAATCAGCCCGCTTGTATTTACTTTCTTCTGACTTCAGATAG

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

Ptr_I2_P7       TTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACG

Ppa_I2_P7       TTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACG

Hsa_I2_P7       TTGATTTGCGTCTCTTCCCCAGATTTTATTCTTATTACC

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

P7 Outer Boundary 1 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa)
CLUSTAL W (1.81) multiple sequence alignment

Ptr_outer1_P7        AGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTGATTCCTATTCTTGGCTCCA

Ppa_outer1_P7        AGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTGATTCCTATTCTTGGCTCCA

Hsa_outer1_P7        AGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTGATTCCTATTCTTGGCTCCA

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

Ptr_outer1_P7        CATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGTTGATGTAAAGGACACCTCCTTAA

Ppa_outer1_P7        CATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGTTGATGTAAAGGACACCTCCTTAA

Hsa_outer1_P7        CATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGCTGATGTAAAGGACACCTCCTTAA

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

Ptr_outer1_P7        AGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCAGCTATAGTTGAGAGCCACTTG

Ppa_outer1_P7        AGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCCGCTATAGTTGAGAGCCACTTG

Hsa_outer1_P7        AGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCAGCTATAGTTGAGAGCCACTTG

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

                                                  ARM <=| TRANSITION |=> FLANK. SEQ.1
Ptr_outer1_P7        CCTAGAGGAGATCTTCTCCATCTTAAATCTGCATGGGAACTTCCTTCTTATCTTGTTAAC

Ppa_outer1_P7        CCTAGAGGAGATCTTCTCCATCTTAAATCTGCATGGGAACTTCCTTCTTATCTTGTTAAC

Hsa_outer1_P7        CCTAGAGGAGATCTTCTCAATCTTAAATCTGCATGGGAACTTCCTTCTTATCTTGTTAAC

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

Ptr_outer1_P7        AAGTAGGATCTAATTAACTCAGTCTGGGATGAAGACTTGAAATTCTGCATTTCTAACAAC

Ppa_outer1_P7        ATGTAGGATCTAATTAACTCAGTCTGGGATGAAGACTTGAAATTCTGCATTTCTAACAAC

Hsa_outer1_P7        ATGTAGGGTCTAATTAACTCAGTCTGTGGTGAAGACTTGAAATTCTGCATTTCTAACAAC

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

Ptr_outer1_P7        CTCCTTGGAGGACAAAGCTGACCAGTCCTGGAGTAGTGTGGTTGAGTTTTGGCAACATTG

Ppa_outer1_P7        CTCCTTGGAGGACAAAGCTGACCAGTCCTGGAGTAGTGTGGTTGAGTTTTGGCAACATTG

Hsa_outer1_P7        CTCCTTGGAGGACAAAGCTGACCAGTCCTGGAGTAGTGTGGTTGAGTTTTGGCAACATTG

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

Ptr_outer1_P7        AGATTACTCACACAACTCGATTTTTAAGTGCTTCAGTATGTGTTTATATGTGTCCTCTTG

Ppa_outer1_P7        AGATTACTCACACAACTCGATTTTTAAGTGCTTCAGTATGTGTTTATATGTGTCCTCTTG

Hsa_outer1_P7        AGATTACTCACACAACTCGATTTTTAAGTGCTTCAGTATGTGTTTATATGTGTCCTCTTT

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

Ptr_outer1_P7        TTATCTTTATTAATCATTCACAGAGCATTCAACAGAACAC

Ppa_outer1_P7        TTATCTTTATTAATCATTCACAGAGCATTCAACAGAACAC

Hsa_outer1_P7        TTATCTTTATTAATTATTCACAGAGCATTCAACAGAACAC

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

1 Flanking sequence is proximal in human.

P7 Outer Boundary 2 in Chimpanzee (Ptr), Bonobo (Ppa), and Human (Hsa)
CLUSTAL W (1.81) multiple sequence alignment

Ptr_outer2_P7      GCCCCGCAGGTCTATACAAAGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTG

Ppa_outer2_P7      GCCCCGTAGGTCTATACAAAGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTG

Hsa_outer2_P7      GCCCCGTAGGTCTATACAAAGCCAACTTCTGTGAAAAACAGTGTTGATGCTTCAACAGTG

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

Ptr_outer2_P7      ATTCCTATTCTTGGCTCCACATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGTTGAT

Ppa_outer2_P7      ATTCCTATTCTTGGCTCCACATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGTTGAT

Hsa_outer2_P7      ATTCCTATTCTTGGCTCCACATTAGAATGACCCAAGGAGCTCTTTGTGTAAAATGCTGAT

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

Ptr_outer2_P7      GTAAAGGACACCTCCTTAAAGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCAGC

Ppa_outer2_P7      GTAAAGGACACCTCCTTAAAGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCCGC

Hsa_outer2_P7      GTAAAGGACACCTCCTTAAAGCAATAAAACCGATGCTGACCTTGATTTACAATGTGCAGC

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

                                                                   ARM <=| TRANS...

Ptr_outer2_P7      TATAGTTGAGAGCCACTTGCTTAGAGGAGTTCTTCTCAATCTTAAATCTGCATGGAACTT

Ppa_outer2_P7      TATAGTTGAGAGCCACTTGCCTAGAGGAGTTCTTCTCAATCTTAAATCTGCATGGAACTT

Hsa_outer2_P7      TATAGTTGAGAGCCACTTGCCTAGAGGAGATCTTCTCAATCTTAATTCTGCATGGAACTT

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

              TRANSITION |=> FLANKING SEQUENCE2
Ptr_outer2_P7      CCTTGTATTTCTCACATATATCACATGTTCATGGGTGAAAAAATGAAAATGAATTGTGAA

Ppa_outer2_P7      CCTTGTATTTCTCACATATATCACATGTTCATGGGTGAAAAAATGAAAATGAATTGTGAC

Hsa_outer2_P7      CATTGTATTTCTCACATATATCACATGTTCATGGGGGAAAAAATGAAAAAGAATTGTGAA

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

Ptr_outer2_P7      CTATAAAGTACTCTACATTTTACATACAAAAACATCCTGAATATATGTTGAGGTTAGCAG

Ppa_outer2_P7      CTATAAAGTACTCTACATTTTACATACAAAAACATCCTGAATATATGTTGAGGTTAGCAG

Hsa_outer2_P7      CTATAAAGTACTCCACATTTTACATACAAAAACATCCTGAATATATGTTGAGGTTAGCAG

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

Ptr_outer2_P7      GAAGAAAACATCTCCTACTCCTTAAGATTAGAATCTACAGAGGGAGGAATACCTTATGTC

Ppa_outer2_P7      GAAGAAAACATCTCTTACTCCTTAAGATTAGAATCTACAGAGGGAGGAATACCTTATGTC

Hsa_outer2_P7      GAAGAAATCATCTCTTACTCCTTAAGATTGGAATCTACAGAGGGAAGAATACCTTATGTC

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

Ptr_outer2_P7      TTAAAAATAATATTTTGGACACATAGCAAATTTCAAATCCAGCTTTATTTTTTGAAGAAT

Ppa_outer2_P7      TTAAAAATAATATTTTGGACACATAGCAAATTTCAAATCCAGCTTTATTTTTTGAAGAAT

Hsa_outer2_P7      TTAAAAATAATATTTTGGACACATAGCAAATTTCAAATCCAGCTTTATTTTTTGAAGAAT

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

Ptr_outer2_P7      TAAA

Ppa_outer2_P7      TAAA

Hsa_outer2_P7      TAAA

                   ****

2 Flanking sequence is distal in human.

P8 Inner Boundary 1 in Human (Hsa) and Chimpanzee (Ptr)
CLUSTAL W (1.81) multiple sequence alignment

Hsa_I1_P8       TTTGGAAAAGAAAATGATCCTACACAATATTTATTAAAACTTCCTCCCTGAGATTGTTTT

Ptr_I1_P8       TTTGGAAAAGAAAATGATCCTACACAATATCTATTAAAACTTCCTCCCTGAGATTGTTTT

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

                                                           SPACER <=||=> ARM

Hsa_I1_P8       TCCAAAAATAAGTAATGTGTGTGGCAAAAAAGTTAAGAGAATTTCAGGGTTACAATCTTG

Ptr_I1_P8       TCCAAAAATAAGTAATGTGTGTGGCAAAAAAGTTAAGAGAATTTCAGGGTTACAATCTTG

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

Hsa_I1_P8       TTAACAACAGAATTGGGATTTAAATCTGTTTTGAAACCTAGTTAATATGTCTTGCCCACC

Ptr_I1_P8       TTAACAACASAATTGGGATTTAAATCTGTTTTGAAACCTAGTTAATATGTCTTGCCCACC

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

Hsa_I1_P8       TGTCTATGTCATAAACAAAGACAACTATTATTAAAACAACAACAATACAATGTTTCTTAC

Ptr_I1_P8       TGTCTATGTCATAAACAAAGACAACTATTATTAAAACAACAACAATACAATGTTTCTTAC

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

Hsa_I1_P8       TTCCAAACACAAATACGTATCCATTCAAAAAACTAGTAATTAAGTATGCACTACACGTTA

Ptr_I1_P8       TTCCAAACACAAATAYGCATCCATTCAAAAAACTAGTAATTAAGTATGCACTACACGTTA

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

Hsa_I1_P8       GGCAACGTTCCCCAA

Ptr_I1_P8       GGCAACRTTCCCCAA

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

P8 Inner Boundary 1 in Human (Hsa) and Chimpanzee (Ptr)
CLUSTAL W (1.81) multiple sequence alignment

Hsa_I2_P8       TTCCCACTAGCCACAACATCAGTACTCTCTGCATTCATGTCTCTGTCCTAATGATATCTT

Ptr_I2_P8       TTCCCACTAGCCACAACATCACTACTCTCTGCATTCATGTCTCTGTCCTAATGATATCTT

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

Hsa_I2_P8       ACTCACTAAGGGAGGAAGGGCTTACCTTATCTTA-TCCTGCTTCTGGCCCCATAAGTGTT

Ptr_I2_P8       ACTCGCTAAGGGAGGAAGGGCTTACCTTATCTTAATCCTGCTTCTGGCCCCATAAGTGTT

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

               SPACER <=||=> ARM 

Hsa_I2_P8       ATTCCATAAAATCTTGTTAACAACAGAATTGGGATTTAAATCTGTTTTGAAACCTAGTTA

Ptr_I2_P8       ATTCCATAAAATCTTGTTAACAACASAATTGGGATTTAAATCTGTTTTGAAACCTAGTTA

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

Hsa_I2_P8       ATATGTCTTGCCCACCTGTCTATGTCATAAACAAAGACAACTATTATTAAAACAACAACA

Ptr_I2_P8       ATATGTCTTGCCCACCTGTCTATGTCATAAACAAAGACAACTATTATTAAAACAACAACA

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

Hsa_I2_P8       ATACAATGTTTCTTACTTCCAAACACAAATACGTATCCATTCAAAAAACTAGTAATTAAG

Ptr_I2_P8       ATACAATGTTTCTTACTTCCAAACACAAATAYGCATCCATTCAAAAAACTAGTAATTAAG

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

Hsa_I2_P8       TATGCACTACAC

Ptr_I2_P8       TATGCACTACAC

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

Supplementary Note 1.  Deletions do not explain the observations in Figure 1 and Supplementary Figures 1, 2, and 3.

For the samples showing evidence of gene conversion in Figure 2 and Supplementary Figures 1, 2, and 3, we excluded the possibility of large deletions by confirming the presence of the nearest flanking unique STSs.  For CDY1-84 and CDY1+381 these are sY1291 and sY1201 (Repping et al., 2002 and Kuroda-Kawaguchi et al., 2001; GenBank G72340 and G67170).  For sY586 we also tested sY1191 (GenBank G73809).

Could the observations reported in Figure 2 and Supplementary Figures 1, 2, and 3 be caused by smaller deletions?  Two lines of evidence indicate that the answer is “no”.

1.  There are very few deletions between palindrome arms, other than those apparently due to a change in the length of a microsatellite or a polynucleotide tract.  Neither CDY1-84, CDY1+381, nor sY586 is near a microsatellite or a polynucleotide tract.  The following table shows the numbers of non-microsatellite, non-polynucleotide deletions broken out by the size of the deletion.

	deletion size (bp)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10-17
	18
	19-519
	520

	# deletions / 2.7 Mb
	41
	4
	4
	3
	0
	0
	0
	0
	1
	0
	1
	0
	1


We observed 55 deletions total, in 2.7 Mb, or 1 per 49 kb.  Thus, deletions are over 10 times rarer than single nucleotide differences.  While we cannot formally exclude the possibility that one of our observations is due to a small deletion, it is statistically impossible that deletions could account for all or most of the independent instances of changes from a genotype representing two different bases to a genotype representing a single base.  One way to think about this is that when examining the sequenced PCR products used to assay CDY1-84 and CDY1+381, we saw no sequence differences in 27 men with the C/T genotype at CDY1+381 or in 56 men with the C/T genotype at CDY1-84.  Thus, we observed no new nucleotide substitutions on chromosomes with these genotypes, and deletions would be 10 times less frequent.

2.  Additional evidence that the observations in Figure 1 and Supplementary Figures 1, 2, and 3 are not caused by small deletions comes from instances in which we were able to observe traces of gene conversion at CDY1-84 in conjunction with a difference between the two copies of CDY1 at another site.  In most of these instances the other site is one that we designate CDY1+1489.  In most Y chromosomes, there is a G at both copies of this site.  However, we also observed chromosomes with a G at one copy of this site and an A at the other.  In our data, such chromosomes are confined to the branch of the Y genealogy defined by the M170 polymorphism (Shen et al., 2000, Supplementary Fig. 2).  We therefore infer that these chromosomes are descended from one that was C/T at CDY1-84 (Supplementary Fig. 2).  Consequently, any M170-derived chromosomes with a C genotype at CDY1-84 represent the results of putative gene conversion.  In addition, we infer that the G/A genotype at CDY1+1489 arose on a Y chromosome with a C/T genotype at CDY-84, since C/T is the ancestral genotype at CDY-84 and we observed many chromosomes that are C/T at CDY-84 and G/A at CDY1+1489, represented schematically as

[image: image1.png]



though we cannot determine phase.

We found nine chromosomes that have a G/A genotype at CDY1+1489 and a C genotype at CDY1-84.  We confirmed that that the C genotype at CDY1-84 represents a C at both copies of the site rather than a deletion of one copy, as follows.  We designed primers to amplify both of these sites in one PCR product.  We confirmed that the product represented both the G and A copy of CDY1+1489.  We believe that these represent the results of a gene conversion event at CDY1-84:

[image: image2.png]



Hypothetically, the C genotype at CDY1-84 could also be due to a deletion, in which case the right deletion breakpoint would have to fall between CDY1-84 and CDY1+1489, thus 

[image: image3.png]



In this case, the PCR result would be a mix of products, though the difference in their size might be too small to be easily visualized by gel electrophoresis:

                   [image: image4.png]



However, overlapping reads in the same direction would indicate if there were a deletion

                    [image: image5.png]



since one of the overlapping sequencing reads would cross the deletion, after which the chromatogram would consist of a jumbled mixture of two different sequences.  In all nine instances we were able to tile the region between CDY1-84 and CDY1+1489 with overlapping, high-quality, reverse reads.  Therefore we conclude that the C genotype at CDY1-84 indicates not a deletion of one copy the site, but a C at both copies of the site

Finally, the reference Y chromosome is descended from a Y chromosome with the C/T genotype at CDY1-84 (Supplementary Figure 2), yet shows a C at both copies of this site (sequenced in separate BACs).
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Supplementary Note 2.  Gene conversion rate inferred from sequence differences between palindrome arms and nucleotide substitution rate.  

Consider the case of two, nearly identical repeat copies (e.g. palindrome arms) in the male-specific region of the Y chromosome, as in this figure:  

[image: image6.png]——

repeat copy 1 repeat copy 2




This is a special case of the analysis of Ohta, 1982, for a two-copy repeat on a hemizygous, clonally transmitted chromosome—compare with Ohta’s figures 1 and 2.  

Parameter cg is the rate per generation at which sequence from repeat copy 1 overwrites sequence in repeat copy 2 plus the rate at which sequence from repeat copy 2 overwrites sequence in repeat copy 1, and corresponds to Ohta’s .  A gene-conversion event affects a contiguous tract of sequence, the “gene-conversion tract”.  Thus, cg corresponds to the product of the rate per generation of gene-conversion events times the average length of a conversion tract.  Parameter dn is the fraction of sequence differences between repeat copy 1 and repeat copy 2 at generation n.  Parameter g  is the nucleotide substitution rate per generation.  The fraction of differences at generation n+1 is given by 

dn+1 = (1 – cg)dn + 2g(1 – dn).                                                  (1)

The term (1 – cg)dn accounts for differences that were present at generation n and are not removed by gene conversion, and the term 2g(1 – dn) accounts for paired sites that were identical at generation n but become different at generation n+1 because of a substitution at either copy of the site.  The last term constitutes a refinement to the equation in the main text, which neglected the very small rate of substitutions occurring at already differing sites, since both d and g.  For compatibility with Ohta’s analysis we still neglect the even smaller fraction of substitutions that restore identity between two differing sites.

From equation (1), the change in d per generation is given by

d 
= dn+1 – dn = (1 – cg)dn + 2g(1 – dn)  – dn  = dn – cgdn + 2g(1 – dn)  – dn 

      
= –dncg + 2g(1 – dn).                                                    


(2)

At equilibrium, d = 0, so (dropping the subscript)

dcg 
= 
2g(1 – d)

cg 
= 
2g(1 – d)/d     =     2g/d – 2g       (    2g/d

when g << 1 and d << 1.

We can show that equation (2) is equivalent to Ohta’s equation [5], for the special case of a two-copy repeat on a hemizygous chromosome.  In this special case our cg is equal to Ohta’s , as mentioned above, and Ohta’s  = 0 (since recombination does not act on a hemizygous chromosome).  In addition, our d, d, and g are equal respectively to Ohta’s 1 – c1, –c1, and .  By substituting these variables in equation (2) we have

–c1 
= –((1 – c1) + 2(1 – (1 – c1))

  c1 
=  – c1 – 2c1


= – (2c1 + 

which is Ohta’s equation [5], when  = 0.

Reference:  Ohta, T. Allelic and nonallelic homology of a supergene family.  Proc. Natl. Acad.Sci U. S. A. 79, 3251-3254 (1982)
Supplementary Tables

Supplementary Table 1.  For each category of genome-typical interspersed repeat, sequence divergence between human and chimpanzee is lower in MSY palindrome arms than in non-ampliconic MSY sequence.

	Genome-typical
	Sequence
	
	
	

	interspersed repeat
	
	
	Length
	
	Divergence
	
	
	

	category a
	Type b
	
	(kb)
	
	(%)
	95% CI
	
	P-value c
	

	Alu
	Arm
	
	          9 
	
	1.44
	1.20 – 1.70
	
	5.1(10-7
	

	
	Non-ampliconic
	
	        18 
	
	2.35
	2.14 – 2.58
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	L1
	Arm
	
	        32 
	
	1.53
	1.40 - 1.67
	
	0.017
	

	
	Non-ampliconic
	
	      106 
	
	1.73
	1.65 - 1.81
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Other d
	Arm
	
	        31 
	
	1.45
	1.32 - 1.59
	
	9.0(10-5
	

	
	Non-ampliconic
	
	        58 
	
	1.81
	1.70 - 1.92
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Non-interspersed repeat e
	Arm
	
	        51 
	
	1.37
	1.27 - 1.48
	
	3.6(10-8
	

	
	Non-ampliconic
	
	      104 
	
	1.75
	1.67 - 1.83
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	a As categorized by RepeatMasker (Arian Smit, http://repeatmasker.genome.washington.edu/).  Alignments in supplementary information.

	b “Arm” and “non-ampliconic” as in Table 1.

	c P-value of the null hypotheses that human-chimpanzee sequence divergence is equal in arm and ampliconic sequences.

	d Non-Alu, non-L1, genome-typical, interspersed repeat.
	
	
	
	

	e In palindrome arm, sequence that is only duplicated as part of low-copy-number ampliconic duplications.  In non-ampliconic Y sequence, unique sequence.


Supplementary Table 2.  STSs for amplifying MSY palindrome boundaries.  

	Palindrome and boundary amplified
	STS name
	dbSTS accession

	P1/2
	
	

	Inner boundary 1
	sY1307
	G73589

	Inner boundary 2
	sY1308
	G73590

	P4
	
	

	Inner boundary 1
	sY1225
	G73582

	Inner boundary 1
	sY1309
	G73591

	Inner boundary 2
	sY1226
	G73583

	P6
	
	

	Inner boundary 1
	sY1285
	G73584

	Inner boundary 2
	sY1286
	G73585

	P7
	
	

	Inner boundary 1
	sY1310
	G73592

	Inner boundary 2
	sY1311
	G73593

	Outer boundary 1 a
	sY1312
	G73594

	Outer boundary 2 b
	sY1304
	G73586

	Outer boundary 2 b
	sY1305
	G73587

	P8
	
	

	Inner boundary 1
	sY1306
	G73588

	Inner boundary 2
	sY1223
	G73595


a In human, the proximal outer boundary of the P7 palindrome.

b In human, the distal outer boundary of the P7 palindrome
Supplementary Table 3.  Accession numbers of PCR amplified ape MSY palindrome boundary sequences.  

	 
	Pan troglodytes
	Pan paniscus
	Gorilla gorilla

	P1/2
	
	
	

	Inner boundary 1
	AY090878
	AY090879
	

	Inner boundary 2
	AY090880
	AY090881
	

	P4
	
	
	

	Inner boundary 1
	
	
	AY090876

	Inner boundary 2
	
	
	AY090877

	P6
	
	
	

	Inner boundary 1
	AY090875
	AY090874
	AY090873

	Inner boundary 2
	AY090872
	AY090871
	AY090870

	P7
	
	
	

	Inner boundary 1
	AY090863
	AY090862
	

	Inner boundary 2
	AY090865
	AY090864
	

	outer boundary 1 a
	AY090867
	AY090866
	

	outer boundary 2 b
	AY090869
	AY090868
	

	P8
	
	
	

	Inner boundary 1
	AY090860
	
	

	Inner boundary 2
	AY090861
	 
	 


a Corresponds to the human proximal boundary of the P7 palindrome.

b Corresponds to the human distal boundary of he P7 palindrome

Supplementary Table 4.  Chimpanzee BACs identified and sequenced.  All clones are from the RPCI-43 library (BACPAC resources, Oakland California).

	BAC clone
	Genbank accession 
	Sequence content  
	Notes

	32G19
	AC139191
	Central portion of ortholog of P1/P2
	

	131F11
	AC139193
	“
	Second chimpanzee ortholog of human P1/P2 (different from the copy represented by 32G19)

	7D3
	AC139189
	Central portion of ortholog of P6
	

	164C2
	AC139194
	Ortholog of P7 and non-ampliconic flanking sequence
	Overlaps 44N16

	44N16
	AC139192
	“
	Overlaps 164C2

	12I19
	AC139190
	Non-ampliconic MSY sequence
	


Supplementary Table 5.  References for polymorphisms defining the genealogy of the human MSY.  

	Polymorphism
	Reference
	
	Polymorphism
	Reference
	
	Polymorphism
	Reference

	DYS271 (M2)
	1
	
	M173
	2
	
	M78
	3

	M109
	3
	
	M175
	2
	
	M81
	2

	M112
	3
	
	M20
	4
	
	M82
	2

	M117
	3
	
	M3
	5
	
	M89
	2

	M118
	3
	
	M32
	3
	
	M9
	4

	M119
	3
	
	M34
	3
	
	M91
	2

	M12
	4
	
	M35
	3
	
	M92
	2

	M122
	3
	
	M4
	4
	
	M95
	2

	M123
	3
	
	M45
	2
	
	M96
	3

	M124
	3
	
	M50
	2
	
	p12f
	6

	M13
	4
	
	M51
	3
	
	pSRY373 (M167)
	7

	M134
	3
	
	M58
	3
	
	RPS4Y711
	8

	M14
	4
	
	M60
	2
	
	SRY10831
	9

	M144
	2
	
	M67
	2
	
	USP9Y+3178
	10

	M168
	2
	
	M69
	2
	
	USP9Y+3636
	10

	M170
	2
	
	M75
	2
	
	YAP
	11

	M172
	2
	
	M76
	3
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Locations of additional supplementary information

Additional supplementary information is available in separate files:

Supplementary Tables 6, 7, and 8:  separate Excel spreadsheet.

Supplementary Table 6. Calculations for the values that appear in Table 2.

Supplementary Table 7.  Calculations for arm-to-arm divergence in human and chimpanzee.

Supplementary Table 8.  Divergence values for each pair of sequences analyzed.  The calculations in Supplementary Tables 1, 6, and 7 are based on these values.

Supplementary Figures:  separate PDF files.

Sequence alignments between the human MSY and chimpanzee BAC sequences: separate text files.


