
CHAPTER 4  Answers to Problems 
 
 
 
Problem 4.1.   
 

╔═══════╦════════════╤════════════╤════════════╗ 
║  No.  ║   uSAT-1   │   uSAT-2   │   uSAT-3   ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  F1   ║   10/10    │   15/15    │   2/2      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  P1   ║    8/10    │   15/19    │   2/6      ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  F2   ║    10/12   │   21/22    │   8/10     ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  P2   ║    11/12   │   17/21    │   2/10     ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  F3   ║    5/10    │   16/22    │   6/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  P3   ║    5/10    │   15/22    │   2/8      ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  F4   ║    8/12    │   18/22    │   2/6      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  P4   ║    8/8     │   18/22    │   6/6      ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  F5   ║    5/11    │   15/21    │   2/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  P5   ║    10/11   │   21/21    │   2/8      ║ 
╠═══════╬════════════╪════════════╪════════════╣ 
║  M1   ║     5/10   │   19/21    │   8/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M2   ║     8/10   │   18/18    │   6/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M3   ║     5/11   │   15/17    │   2/2      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M4   ║     10/12  │   15/15    │   10/10    ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M5   ║     8/11   │   19/19    │   6/6      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M6   ║     11/11  │   21/21    │   6/10     ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M7   ║     10/10  │   16/16    │   8/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M8   ║     12/12  │   17/19    │   10/10    ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║  M9   ║    10/12   │   18/22    │   8/8      ║ 
╟───────╫────────────┼────────────┼────────────╢ 
║ M10   ║    11/12   │   17/21    │   2/2      ║ 
╚═══════╩════════════╧════════════╧════════════╝ 

 
 
 
Problem 4.2.  P1: M5;  P2: M3 or M10;  P3 :M3;  P4 :M2;  P5 : M1. 
 



 
Problem 4.3.  You should mate individual 9 with an individual that does not have the 
183 allele (e.g., individual 5 (195/199).  If individual 9 is 183/183 than all progeny 
should be 183/ 195 or 183/199.  However, if 9 is 183/null then one-half of the progeny 
should be either 195/null or 199/null.  The presence of a single 195/null or 199/null 
progeny would confirm that 9 is 183/null.  At least 7 progeny that were neither 195/null 
nor 199/null would have to be examined to be more than 99% sure that 9 is not 183/null.  
The probability of a progeny not receiving the null allele from a null allele heterozygote 
is 0.5.  Using the multiplication rule (Box 5.1; Appendix Section A1), the probability of 7 
consecutive progeny from a null allele heterozygote not receiving the null allele is 0.008. 
 
 
 
 
Problem 4.4.  The first male from the left was the father.  There are several bands in the 
chicks that were not present in the mother and were only carried by this male. 
 
 
 



Problem 4.5.  The restriction sites are highlighted below: 
 
 

INDIVIDUAL 1 
   1 gtcaagttac agggttgtgt ctgtctgtgt gactgagtgt aactttgttc attcattatg 
  61 tcctagacaa cagaggtttg tgtcgtctgt gttttgaccc tcatttgtca agtcatcgag 
 121 tacgtttttt gtttttagga gtcacctctt cccgaactca tggaaagatt catgattgat 
 181 ttgacgcatt atactgattg ttccatagtc acatacaaaa acaggtccca tcggcgagag 
 241 gtggtacatg gagaaaatct catgtttcct cctgttgata cattaaaaca tgtgttctcc 
 301 atctataaaa acagtggccc caaacaagcg gcaacatact gaaccgacca ccacactttc 
 361 aagtgaagta atcatccttg gcaattaaga gaaaaaaatg ggacaaggta aaccagcttt 
 421 tattttattt ttttaagtgg gaagtcagtg taccatttaa taccatttaa ctttaacatt 
 481 aaatcactga ggcaggggcc aagaaggcag agaaagagtg aacaagtaat gtactgccat 
 541 gagggtataa tctacttaca cagaaccact tcctttaaca acctaaccat gtgatctatt 
 601 agatttacat ttgagttatt tagcagagac tcttatccag agcgacttac aggagcaatt 
 661 agggttaagt gccttgctca agggcacatc aacagatttc tcacctagtc agctcaggga 
 721 ttcaaaccag taacctttca gttactggcc caactctctt aatcgctagg ctaatgagaa 
 781 agatagcaaa ttgagaatat cttactattg agaatatctt actaacatgt cgcaacatca 
 841 tttgacttac tcgtttttat acatttctta ttttctgtca tctctctttt agtgtttctg 
 901 ctgatgccag tcttactggt cagttgtttc ctgggtcaag gggcggcgat ggaaaaccaa 
 961 cggctcttca acatcgcggt caaccgggtg caacacctcc acctattggc tcagaaaatg 

 
 INDIVIDUAL 2 

   1 gtcaagAtac agggttgtgt ctgtctgtgt gactgagtgt aactttgttc attcattatg 
  61 tcctagacaa cagaggtttg tgtcgtctgt gttttgaccc tcatttgtca agtcatcgag 
 121 tacgtttttt gtttttagga gtcacGGctt cccgaactca tggaaaAatt catgattgat 
 181 ttgacgcatt atactgattg ttccatagtc acatacaaaa acaggtccca tcggcgagag 
 241 gtggtacatg gagaaaatct catgtttcct cctgttgata cattaaaaca tgtgttctcc 
 301 atctataaaa acagtggccc caaacaagcg gcaacatact gaaTcgacca ccacactttc 
 361 aagtgaagta atcatccttg gcaattaaga gaaaaaaatg ggacaaggta aaccagcttt 
 421 tattttattt ttttaagtgg gaagtcagtg taccatttaa taccatttaa ctttaacatt 
 481 taatcactga ggcaggggcc aagaaggcag agaaagagtg aacaagtaat gtacAgccat 
 541 gagggtataa tctacttaca cagaaccact tcctttaaca acctaaccat gtgatctatt 
 601 agatttacat ttgagttatt tagcagagac tcttatccag agcgacttac aggagcaatt 
 661 agggttaagt gccttgctca agggcacatc aacagatttc tcacctagtc agctcaggga 
 721 ttcaGaccag taacctttca gttactggcc caactctctt aatcgctagg ctaatgagaa 
 781 agatagcaaa ttgagaatat cttactattg agaatatctt actaacatgt cgcaacatca 
 841 tttgacttac tcgtttttat acatttctta ttttctgtca tctctctttt agtgtttctg 
 901 ctgaGgccag tcttactggt cagttgtttc ctgggtcaag gggcAgcgat ggaaaaccaa 
 961 cggctcttca acatcgcggt caaccgggtg caaTacctcc acctaGtggc tcagaaaatg 

 
 
 
We expect the following fragments: 
 
Individual 1:  132 bp, 230 bp, 274 bp, 384 bp. 
 
Individual 2:  132 bp, 168 bp, 216 bp, 230 bp, 274 bp,  
 
Individual 1:  132 bp, 168 bp, 216 bp, 230 bp, 274 bp, 384 bp. 



 
 

 
                   Individuals 
            -----------------------     Size 
              1        2     Progeny  Standard 
        ┌───┐    ┌───┐    ┌───┐    ┌───┐    ┌───┐ 
        │   └────┘   └────┘   └────┘   └────┘   │ 
        │                                       │ 
        │                                       │ 
        │                               ▀▀▀▀    │ -- 400 bp 
        │                                       │ 
        │                                       │ 
        │                                       │ 
   │                   ▀▀▀▀    │ -- 300 bp 
        │                                       │ 
        │                                       │ 
        │                                       │ 
   │              ▀▀▀▀    │ -- 200 bp 
        │                                       │ 
        │                                       │ 
        │                                       │ 
   │              ▀▀▀▀    │ -- 100 bp 
        │                                       │ 
        │                                       │ 
        └───────────────────────────────────────┘ 

 
 
 
 
 
 
 
 
 
 
 
 
Problem 4.7.  These fragments are probably on the W chromosome that is not present in 
males.  These fragments should not be used since they result from a difference between 
the W and Z chromosomes, and do are not an intraspecific polymorphism . 
 
 
 
 
Problem 4.8.  Identical twins.   
 
 
 
 
 
 
 



Problem 4.10.  There are four cut sites and therefore five fragments with EcoRI (see 
below): 627 bp , 762 bp, 3,390 bp, 4,063 bp, 7,800 bp. 
 
1     acggctacagctatgtacaactgtaaatgttataacttgtaaacccaatgttatactaca 
61    tctatgtataatattacatattatgtatttacccatatataatactgcttgtgagtagta 
121   cattatatgtattatcaacatacggtgatttttaacccctcatacatcagcacaaatcca 
181   aggtttacattaagccaaacacgtgataataaccaactaagttgttttaaactgattaat 
241   tgctatatcaataaaactccaattaacacgggctccgtctttacccaccaactttcagca 
301   tcagtccggcttaatgtagtaagaaccgaccaacgatttatcggtaggcatactcttatt 
361   gatggtcaggggcagatatcgtattaggtcgcatctcgtgaattattcctggcatttggt 
421   tcctaagtcaagggctatccttaagaaaccagcccctgaaagccgaatgtaaagcatctg 
481   gttaatggtgtcaatcttattgcccgttacccaccaagccgggcgttctcttatatgcat 
541   agggttctcttttttttttcttttcctttcagcttgcatatacaagtgcaagcaaagaag 
601   tctaacaaggtcgaactagatcttGAATTCcagagaacccatgtatcatggtgaaatgat 
661   attctataaagaatcacatacttggatatcaagtgcataaggtcaattattttcttcaca 
721   gatacctaagatcgctcccggcttttgcgcggtaaacccccctacccccctaagctgaaa 
781   gatccttatgttcctgttaaacccctaaaccaggaagtctcaaatcagcaatattttttt 
841   tatacattaataaacttttatgcactttagcatttggcaccgacagcgctgtaatgcgta 
901   cacttccataaataaagtatacattaataaacttttcgatccactttgtagcacctagca 
961   ccaacaacgctgttatcaatgccatttccacgcacagcccgccgctgacgtagcttaact 
1021  aaagcataacactgaagctgttaagacggaccctagaaagtcccgctagcacaaaggctt 
1081  ggtcctgactttactatcagctctaactgaacttacacatgcaagtctccgcattcctgt 
1141  gaggatgcccttaatccctgcccggggacgaggagccggcatcaggcacgcccaggcagc 
1201  ccacgacgccttgctaagccacacccccaaggaaactcagcagtgataaatattaagcca 
1261  taagcgaaagcttgacttagttaaggttaagagggccggtaaaactcgtgccagccaccg 
1321  cggttatacgagagaccctagttgataactaccggcgtaaagagtggttatggaaaatat 
1381  ttaataaagccgaacaccccctcagccgtcatacgcacctgggagcacgaagacctactg 
1441  cgaaagcagcgtttaactatgcctgaccccacgacagctaagaaacaaactgggattaga 
1501  tacccactatgcctagccgtaaaccttgatagaaatatacaattgatatccgccagggaa 
1561  ctacaagcgccagcttaaaacccaaaggacttggcggtgcctcagacccacctagaggag 
1621  cctgttctagaaccgataacccccgttcaacctcaccaccccttgttttacccgcctata 
1681  taccaccgtcgtcagcttaccctgtgaaggccccatagtagcaaaatgggcaaaaccaaa 
1741  acgtcaggtcgaggtgtagcgcatgaggtgggaagaaatgggctacattctctaaattag 
1801  agcactacgaaccacgctgtgaaatcagcgtccgaaggtgaaatttagcagtaaacagaa 
1861  aacagagagttctcttgaaactggctctgaggcgcgcacacaccgcccgtcactctcccc 
1921  aagttcaacctgtccttctaactaagaagttaaccgaacaaaggggaggcaagtcgtaac 
1981  atggtaagtgtaccggaaggtgcgcttggaataaccagagtgtagctaaaataggaaagc 
2041  acctcccttacaccgagaagacatccgtgcaaatcgggtcaccctgagctgactagctag 
2101  ccaacatatttggtccaacaccacaacatacataccccaataaaacttagaattaagtca 
2161  acaaaccatttttccaccttagtaggggcgaccgaaaaggagataattgagcaacagaaa 
2221  aagtaccgcaaggggaagctgaaagagaattgaaataacccatttaagcctagagaagca 
2281  gagattaaatctcgtaccttttgcatcatgatttagccagcacacctgagcaaagagaac 
2341  tttagtttaggcccccgaaactagacgagctactccgggacagcctattgtagggccaac 
2401  ccgtctctgtggcaaaagagtgggacgagccccgagtagaggtgataaacctatcgagcc 
2461  tagttatagctggttgcttaggaaatgaatagaagttcagccccccggctttcttaggac 
2521  cttaaggtaaaactaatattgtcccaaagaaaccaggagagttagtcaaaggaggtacag 
2581  ctcctttgaacaaggacacaaccttaacaggcggctaaggatcatagttccaaggtaacc 
2641  tgttacagtgggcctaagagcagccacctgcacagaaagcgttaaagctcagacagatac 
2701  aaacctcttatcctgataagaaatcccacccccctaaccgtactaagccgttccatgccc 
2761  ccatggaagagattatgctagaatgagtaataagagagtacaactctctcccagcacatg 
2821  tgtaagtcggaccggaccccccaccgacaaataacgaacccaaaccaagagggaactgta 
2881  ggccagaacaaacaccaagaaaaacctacaccaacaaatcgttacccccacacaggagtg 
2941  ccccaagggaaagacccaaaggaagagaaggaactcggcaaacacaagcctcgcctgttt 



3001  accaaaaacatcgcctcttgcaaatcaaaacatagaggtccgcctgccctgtgactatgg 
3061  gtttaacggccgcggtattttgaccgtgcgaaggtagcgcaatcacttgtcttttaaatg 
3121  aagacctgtatgaatggcatcacgagggcttagctgtctcctcttccaagtcaatgaaat 
3181  tgatctgcccgtgcagaagcggacataagcacataagacgagaagaccctatggagcttt 
73241  agacaccaggcagatcacgtcaagcaaccttgaattaacaagtaaaaacgcagtagaccc 
3301  ctagcccatatgtctttggttggggcgaccgcggggggaaaattaagcccccactgtgga 
3361  ctggggggcactgccccaccagccgagagctacagctctaagcaccagaatatctgacca 
3421  aatatgatccggcgaacgcattcaacggaccgagttaccctagggataacagcgcaatcc 
3481  tctcccagagtccctatcgacgagggggtttacgacctcgatgttggatcaggacatcct 
3541  aatggtgcagccgctattaagggttcgtttgttcaacgattaaagtcctacgtgatctga 
3601  gttcagaccggagtaatccaggtcagtttctatctatgaagtgatgtttcctagtacgaa 
3661  aggaccggaaagaaggggcccatgcttgaggcacgccccacccccacctgatgaaggcaa 
3721  ctaaaacagacaagggggcacaccaagattgcctaaaagaacggcgcgctaaggtggcag 
3781  agcccggtaatttgcgagaggcctaagccctctttctcagaggttcaaaccctctcctta 
3841  gctatgattaccctaattacccacgttattaatccactagcatacattgtacccgttctg 
3901  ttagcagttgctttcctcaccctacttgaacgaaaagtccttgggtacatgcaactccga 
3961  aaagggcccaacatcgtcggcccctacggactactacaacccatcgcagacggcctaaaa 
4021  ctatttattaaagaaacggttcgaccttccacctcttcaccctttctatttctcgctaca 
4081  cccatacttgcccttacacttgcactcactctatgagcccccatacctattccttaccct 
4141  gttacagatcttaacctcggagtactatttgtacttgcactatccagcctggccgtgtat 
4201  tctattttagggtcaggatgggcatcaaactccaaatacgctttaattggcgaactccgg 
4261  gcagtggcacaaactatttcctacgaagttagcctaggcttgatcttactcagcgtaatt 
4321  atcatcacgggaggatttactcttcaaaccttcaacgtagcccaagaaagcatctgacta 
4381  ctcgtgccggcctgaccacttgccgccatatgatacatttctaccctcgcggagacaaac 
4441  cgtgcaccctttgacctcacagaaggagagtcagaattagtctccggattcaatgtagaa 
4501  tatgctggagggccctttgccctatttttcctagccgaatatgctaatatccttctaata 
4561  aatacgctctcagccgtcctatttttaggcgcatcccacatccctgctttccctgaacta 
4621  actgccctaaacctaataacgaaagccgccctcctctccgttgtatttttatgagtacga 
4681  gcttcctacccgcgatttcggtatgatcaactcatacatttagtttggaaaagcttccta 
4741  cccctgactctggcccttgtactatgacatttagcacttcccatcgcactagcaggcctc 
4801  ccccctcagctttagcccggaattgtgcctgaatgcttaaggaccaccttgatagcgtgg 
4861  ctaataggggttcaagtcccctcaattctagagagaaggggctcgaacccatcctcaaga 
4921  gatcaaaactcttggtgcttccactacaccactttctagtaaggtcagctaattaagctt 
4981  tcgggcccataccccgaatatgttggttaaaatccttcccttactaatgaacccctacgt 
5041  actcaccatcttactttctagcctaggactaggcacagtcctcacctttgccagctccca 
5101  ctgactacttgcatgaataggcctagaaatcaataccctagccattatcccgatcatagc 
5161  gcaacaacaccacccccgagcaatcgaagcaacaaccaagtattttttgacacaagcaac 
5221  cgccgcagcaataatcctttttgccagcaccaccaacgcctgactagtcggggagtgaga 
5281  aattcaccagctatcacacccactagcaactacaacagtaatattagccctcgccctcaa 
5341  acttggactagcacccgttcacttctgactaccagaagtccttcagggacttgaactcac 
5401  tacaggattaatcctgtcgacctgacaaaaactcgcaccctttgcacttataattcaagt 
5461  agccccaaccatcaattcttccctacttgtcacaatcggccttctatcaacacttgtggg 
5521  aggctgaggtggacttaatcaaacccaactacgtaaaattctagcatatcttccaattgc 
5581  ccatctaggatgaatagtactaattctacaattcgcaccctctctcacactcctcagtct 
5641  ctccctgtatatcgtcatgacatcttcagccttcctcacattaaaaaccaacaactcttt 
5701  aaccatcaatactctcgcaacttcatgaactaaatccccgacccttgccgcattaaccgc 
5761  tcttgtattattgtcccttggaggtctcccccctctctcaggctttataccaaaatgact 
5821  tattttgcaagaactaacgaaacagggactcccactatctgccacactagctgctataac 
5881  agccctcctaagcctttacttttatctacgactctgctacgccttaaccctcactattta 
5941  tcccaacaccctaactgctactgccccatgacgcctcaactttaccataattaccctacc 
6001  cctttcaattactactattatagccctaggactactacccctcacaccagctgtgactgc 
6061  gatattagctttgtaataagggcttaggatagtacttagaccaagagccttcaaagctct 
6121  aaacgggggtgaaatcccccagcccttgtaagacttgcaggactttatcccacatcttct 
6181  gaatgcaacccagacactttaattaagctaaagcctttctaggtgggaaggcctcgatcc 



6241  tacaaactcttagttaacagctaagcgctctatccagcgagcatccatctactttccccc 
6301  gcccccgggggggggagcgaggcggggaaagccccggcaggctattagcctacttcttca 
6361  gatttgcaatctaacgtgtggtacaccacagggcttgataaggagaggagtcaaacctct 
6421  gtttatggagctacaatccaccgcttaagctctcagccacccatcctgtggcaatcacac 
6481  gatgatttttctcaaccaaccacaaagacattggcaccctctatttagtatttggtgcct 
6541  gagccgggatagtaggcaccgccctgagtctactgattcgggcggaactaagccagccgg 
6601  gcgctcttctgggggatgaccaaatctataacgtgatcgtcacagcccatgccttcgtta 
6661  tgattttctttatagtcatgccaattataatcgggggctttggaaactgattaattcccc 
6721  taataatcggagcccctgatatggcattccctcgaataaataacataagcttctgactcc 
6781  ttcctccatcctttctcctcctcctgtcttcatcaggagttgaagccggcgcgggtactg 
6841  gatgaacagtatacccccctctagccggcaacctcgcccacgcaggagcctctgttgatt 
6901  taactatcttctcccttcatttagctggaatctcctcaattttaggagccattaatttta 
6961  ttacgaccattattaacataaaacctccagccatctctcagtaccaaacccccctattcg 
7021  tttgagccgtgctagttactgctgtccttctgttactttccctccccgtcctggcagcag 
7081  gcattactatgttacttacagaccgaaatctaaacaccactttctttgacccggcaggcg 
7141  ggggagatccaattttataccaacacctcttttgattcttcagccacccagaggtctata 
7201  ttctcatcctcccaggctttggtataatttcacacatcgttgcgtactactccggcaaaa 
7261  aggaacccttcgggtatataggaatggtctgagctataatagccatcgggttgttaggat 
7321  ttatcgtttgagcccaccatatgttcactgtagggatagacgtggacactcgtgcttact 
7381  ttacatctgccaccatgattatcgctatccccacaggagtaaaagtatttagctgactag 
7441  ctacactacacggaggctcaatcaaatgagaaacaccacttctttgagccttagggttta 
7501  ttttcctgttcacagtgggtggacttacaggtattgtccttgctaactcctcattagaca 
7561  ttgttctacatgacacttattacgtagttgctcatttccactacgtactatctataggag 
7621  ctgtatttgccattataggcgctttcgtacactggttcccgctatttacagggtacaccc 
7681  tccacagcacatgaaccaaaatccattttggaattatatttatcggtgtaaatttaacct 
7741  ttttcccacagcatttcctaggcctcgcagggataccacgacggtactctgattacccag 
7801  acgcctatacactgtgaaacactgtatcctcaatcggatcccttgtatccctagtagctg 
7861  taattatgttcctatttattctttgagaagcttttgctgccaaacgagaggtagcatcaa 
7921  tcgaactaacttcaacaaacgtagaatgactacacggatgccccccaccctaccacacat 
7981  ttgaagaaccagcatttgtccaagtacaagcaaactaacgagaaagggaggaattgaacc 
8041  cccatgtgctggtttcaagccaaccgcataaccactctgccactttcttctataagacac 
8101  tagtaaaactagtctattacactgcctggtcaaggcaaaattgtgggttaaaccccgcgt 
8161  gtcttaagcacttagctagaatggcacatccctcacaactaggattccaagacgcggcct 
8221  cccctgtaatagaagaacttcttcatttccacgaccacgctcttatgattgttcttctta 
8281  tcagcacactagtgctttatatcatcgtagcaatagtctctactaaacttactaatatgt 
8341  atatccttgattctcaagaaatcgagatcgtttggactgtcctcccagcagttatcctta 
8401  ttctcatcgctctcccttccctccGAATTCtctatcttatggacgaaattaacgaccccc 
8461  accttactattaaagcaataggccaccaatgatattgaagctatgaatataccgactacg 
8521  aagatttaggctttgactcttacatagtccccactcaagatttagtgccaggccaattcc 
8581  gtcttctagagacagatcatcgaatagttgtccctgtagaatccccaatccgagttctcg 
8641  tctcagctgaagacgtccttcactcctgagccgttccttctttaggtgtaaagatagacg 
8701  cagttccaggacgattaaaccaaacagcctttattgcctctcgacctggagtattctacg 
8761  gacaatgttctgagatctgcggggctaaccatagcttcatacctatcgttgttgaagcgg 
8821  tacccctagaacacttcgagaaatgatccactatgatacttgaagatgcctcactaagaa 
8881  gctaaatcgggaatagcgttagccttttaagctaaagattggtggcccccaaccacccct 
8941  agtgacatgccccaactcaaccccgccccctgatttgctattttagtattctcgtgactg 
9001  gttttcctaactgttattcccccaaaagtccttggccacactttcacaaatgagcctacc 
9061  tcacaaagcactgaaaaagctaagcccgaaccctgaaactgaccatgacactaagcttct 
9121  tcgaccaatttatgagccccacatacctaggtatcccacttatcgccgtagcattaaccc 
9181  tcccatGAATTCttttccctaccccctctgcccgatgattaaacaaccgcctaattaccc 
9241  tgcaagggtggttcatcaaccgatttacccagcaacttcttttaccgctaaatctaggcg 
9301  gtcacaagtgagcagctctactaacttccctcatactatttcttattaccctaaatatac 
9361  ttggcctacttccatatacattcaccccgaccacacagctctccctaaatatgggcctcg 
9421  cagtcccactgtggcttgctacagtaattatcggcatacgaaaccaacctacggccgccc 



9481  tcggccatttattgcctgaaggaacccccgttccactgatcccagtactgatcattatcg 
9541  aaacaattagcctttttatccgccccgcccttggcgtacgacttacagccaatctcacag 
9601  caggccaccaactaattgctacagcagcctttgttcttctacctataatacctacagtag 
9661  caatcctaacttctattgtcctctttctactcacccttctcgaaatcgccgtagccatga 
9721  ttcaagcctacgtttttgtcttactcctaagcctctatttacaagaaaacgtttaatggc 
9781  acaccaagcacacgcataccacatggttgacccaagcccctgacctctgaccggcgcaat 
9841  tgccgcccttttacttacatcaggcactgcagtctgattccatttccactcgctcacact 
9901  tcttaccttaggtaacattctcttacttctaaccatataccaatgatggcgggatatcat 
9961  ccgagaaggtacctttcaaggacaccacacgcccccagtccaaaaagggctacgatatgg 
10021 cataatcttatttattacctccgaggtattctttttcttaggtttcttctgagccttcta 
10081 ccacgccagcctcgcccccacacctgaattaggaggttgctgaccccccgcaggtattac 
10141 tactctagacccctttgaggtaccccttcttaatactgcagtccttctagcatctggtgt 
10201 caccgtaacatgagcccaccacagcatcatagaaggtgaacgaaaacaaaccattcaagc 
10261 tcttactctcactatcttactgggattttacttcactttcctacaaggtatagaatacta 
10321 cgaagccccatttacaatcgctgacggcgtatacggctctactttctttgtcgctacagg 
10381 attccatggcctacacgtaattattggctctacctttctggccgtttgccttctacgaca 
10441 agttcaataccactttacatctgaacatcattttggctttgaagctgctgcctgatattg 
10501 acactttgtagacgttgtatggctcttcctatacgtctctatttactgatgaggctcata 
10561 atctttctagtattaatacgtataagtgacttccaatcacccggtcttggttaaaatcca 
10621 aggaaagataatgaatttaatcacaacaatcatcactattaccatcacattatccgcagt 
10681 actagccactatttctttctgattaccacaaatctccccagacgcagagaagttatcccc 
10741 ctacgaatgtggatttgaccccttagggtccgcccgcctgcccttctccttacgcttctt 
10801 tctaatcgcgatcttattcctcctatttgatctagaaatcgccctccttttgcccctacc 
10861 ttgaggggatcaactccacaccccgaccctgacactcatctgatccactgccgttctagc 
10921 ccttcttactcttggcttaatctatgaatgaacccaaggaggcttagaatgagccgagta 
10981 cggagttagtccaaaacaagacccttgatttcggctcaaaagaccatggtttaagtccat 
11041 gaccgccttatgacaccagtacacttcagctttacctcagcctttattttagggcttata 
11101 ggactcgcgtttcaccgcacccaccttctctcagcccttctatgcctagaaggaataata 
11161 ctctctctattcatcgccctctccctctgagccctccaaatggaagcgactggctactca 
11221 gtggccccgatacttctcctagcgttctcagcctgtgaagccagcgcagggttagcccta 
11281 ctagtagcaactgcacgaacacacggcacagaccgcctccaaagcttaaacctcctccaa 
11341 tgttaaagatcctcatccccacactcatgctttttccaacgatctgactcagccccgcga 
11401 aatgattatgaactacatcaatcgcccaaagtttaattattgccctagcaagtttatcct 
11461 gacttaaatgatcgtcagaaaccggatgatcctcctccaacctctatttagcaactgacc 
11521 ccctatcaacacccctgctagtattaacctgctgactacttccccttataattcttgcta 
11581 gccaaagccacctctctcctgaacccttaaatcgccagcgagcctacatctccctcctgg 
11641 tctcccttcaaacgtttctagtattagcattcggggccactgaaattatcatattttacg 
11701 tcatattcgaagccacgctactccccacccttattattatcacccgatgaggaaatcaaa 
11761 ctgaacgcctcaatgccggtacctacttcttattttataccctagctggctccctacccc 
11821 tcctcgtggccctgcttcttatacaaaacgacaacggaaccctatctatgtttaccctgc 
11881 agtatacgcaacccctacaccttctaacgtgaggagataaactgtgatgagctgcctgcc 
11941 ttttagccttccttgtaaaaatacccctatacggtgttcacctttgactcccaaaagccc 
12001 acgtagaagctccaatcgccggatccataatcctagcggctgttctcctcaagctgggag 
12061 gatacggcataatacgtataatagttatactagacccgttaaccaaagaactggcctacc 
12121 cctttattgttttggccttgtgaggtatcattataacaggatctatttgcctacgtcaaa 
12181 cagacctgaaatcactaatcgcatactcttcagtcggccacataggattagtcgcagggg 
12241 gtattttaattcaaacaccttgaggatttactggtgcaattattctcataatcgcacacg 
12301 gccttgcctcctcagcgctattctgcttagccaatactagctacgaacgcacccacagcc 
12361 gaaccatactacttgcccgaggaatacaaataattctccccttaataaccacttggtgat 
12421 ttgtagctagtttagcaaatctggccctcccccctctccccaacctaataggagaactaa 
12481 taatcatcacttctatatttaactggtcgtattgaacccttattctcacgggactaggca 
12541 cgttaattacagcaagctactccctttatctgttcttaataactcaacggggacccctac 
12601 cttcccatattattgctcttgaacccacccacacccgagaacacctacttattattctgc 
12661 acctcatcccaattgtccttctaatcctaaagcctgagctcatgtgaggctgatgtttct 



12721 gtagatatagtttaaccaagacattagattgtgattctaaaaatagaggttaaaatcctc 
12781 ttatccaccgagagaaatctgttgataacagagactgctaatcttctgccccctcagtta 
12841 aattctgtggttcactcgtgcttctaaaggataatagctcatccattggtcttaggaacc 
12901 aaaactcttggtgcaaatccaagtagcagctatgcacccgactacactcatcttaagctc 
12961 atcccttttaataatcttcacacttctaatttatcctcttattaccaccctcaccccaac 
13021 cccccaacacaaaaactgggcccttactcacgtaaaaactgctatcaaaatagccttcct 
13081 agtgagcctgctccccctttttgtcttcctagaccaaggaaccgaaactatcgtgactaa 
13141 ctgacaatgaataaacaccacaacctttgacattaaccttagctttaaatttgaccacta 
13201 ctccattatttttacccctattgccctgtacgtaacctgatctattctaGAATTCgcatc 
13261 ctgatatatacacgccgaccccaacataaaccgattctttaagtacctcctcctcttcct 
13321 aatcgccataattattttagtaaccgccaacaacatgttccaactatttatcggctgaga 
13381 gggagtcggaattatatcatttctcctcattggatgatgacacggacgagctgacgctaa 
13441 cacagctgctatacaagctgtaatttacaaccgagtaggagacatcggacttatcctaag 
13501 tatagcctggttcgcaacaaacctaaactcctgagaaattcaacaaatatttgcctcttc 
13561 aaaaggacttgacctcacactccctcttataggcctcattctagccgccaccggcaaatc 
13621 agcgcaatttggacttcacccgtgacttccctccgcgatagagggtcctacgccggtatc 
13681 tgccctactacactccagcaccatggtcgtggcgggcatcttcctattaattcgactcca 
13741 ccctctaatagaagataaccaaacagccttaaccgtatgcttatgcctaggagccctaac 
13801 taccctcttcaccgctacctgcgccctcacccaaaatgacatcaaaaaaattgtcgcatt 
13861 ctctacatccagccaactagggcttataatagtcaccatcggacttaatcaaccacaact 
13921 agccttcctccacatctgcacccacgcattctttaaagctatacttttcctatgctcagg 
13981 ctcaattattcatagtttaaacgatgagcaagacattcgaaaaataggtggtatacacaa 
14041 cctcaccccctctacatcctcttgcctcacaatcggaagccttgcactaactggcacccc 
14101 attcttagctgggttcttctccaaagacgctattattgaagccttaaacacctcccacct 
14161 caacgcctgagcccttactcttaccttactagccacctcatttactgccatttatagcct 
14221 ccgagtcatcttttttgtctccataggacacccccgctttacggcaacagcccctgttaa 
14281 tgaaaataacccatccgtaattaacccaatcaagcgactagcctgaggaagcatcattgc 
14341 ggggcttctaattacctcaaacttcctacccaccaacacccccgtaataaccatgcccac 
14401 ccacttaaaattagccgctctcctggttactatctcgggccttctcattgcattagaact 
14461 tgcgtcactaactaacaaacaatttaaactacacccaacccttacactacataacttctc 
14521 caacatactgggattcttccccgccatcatccaccgattgaccccaaagctaaacttaac 
14581 tttaggacaaaccatcgccagccaaatggtagatcacacatgatttgagaaagtaggtcc 
14641 gaaggaattatttcaactcacctgcctaatagtcacaacaacaagtaatatccaacaagg 
14701 cataattaaaacatacctcaccctatttttcctttcaacaactctagctgttctattaac 
14761 attaacctaaactgctcgaagcgccccccgactcaatccccgtgttaattccaacaccac 
14821 aaaaagtgttaataggagtacccacgcgcacgcaattaatatcccccctccatgagagta 
14881 tatcaatgccaccccacttgtatccccacgcaatacagaaaactccttaaactcgtccac 
14941 tgctacccatgaggtttcataccacccaccccagaatagacctgccaccaacaccacccc 
15001 caccgtatataccaccacataccctaagaccgaacgatcccctcaagactccggaaaagg 
15061 ctcagcagccaaagccgctgaataagcaaataccacaagcatcccccccaagtaaatcaa 
15121 aaatagtactaaagacaagaaagatcccccgtgacccaccaaaaccccacaacccacacc 
15181 tgctgctacaaccaaccccaaagcagcaaagtaaggtgcagggttagatgcaacagctac 
15241 aagccctaaaaccagccctaaaagaaacaaagacacaagataagtcataattcctgctcg 
15301 gactctaaccgaaactaatgacttgaaaaaccaccgttgttattcaactacaagaaccta 
15361 atggccaacctccgaaaaacccaccctctcctaaaaatcgctaatgacgcactagtcgac 
15421 ctcccagcaccttctaatatctcagtctggtgaaactttggctcactactaggcctatgt 
15481 ttagctacccaaattcttaccgggctcttcctagccatgcactatacctccgacatttca 
15541 acagctttctcctctgtttgccacatctgccgagatgttagttacggctgactcattcga 
15601 aacatccatgccaacggagcatctttcttttttatctgtatttatatacatatcgcccga 
15661 ggactttactacggctcgtacctctacaaagaaacctggaatatcggagttgtactttta 
15721 cttctcactataataactgcctttgtaggctacgtcctcccgtgaggacaaatatcattc 
15781 tgaggggccactgtaattacaaacctcctctcagctgtaccatacgtaggaggcgcccta 
15841 gtacaatgaatttgagggggcttctccgttgacaacgccactctaacacgatttttcgcc 
15901 tttcacttcctattccccttcgtcattgcagccgctacggtccttcaccttctgttcctt 



15961 catgaaacaggatctaataaccctgcagggattaactctgatgctgataaaatctcattc 
16021 cacccttacttctcatacaaagatctcctaggattcgtagccatactcctaggcctaaca 
16081 tccttagctctttttgcaccaaatctcctaggggacccagacaattttacgcctgccaac 
16141 cccctagtgaccccacctcatattaaacccgaatgatacttcctattcgcttacgcaatc 
16201 ctacgatccatccccaacaagctgggaggagtacttgcccttttattctcgatccttgtc 
16261 ctcatggttgtccccatcctacacacttctaaacaacgaggacttacctttcgaccactc 
16321 acccaattcttattttgggccttagtagcagatatactcatcctcacctgaatcggaggc 
16381 atacctgtagaacaccccttcattattatcggacaagtcgcctctgtaatttacttcacc 
16441 atcttcctagttctttcccccttagccggctgggccgaaattaaagccctccaatgagcc 
16501 tgccctagtagctcagcgccagagcgccggtcttgtaatccggaagtcggaggttaaaac 
16561 cctccctagtgctcagagagaggagattttaactcccacccttaactcccaaagctaaga 
16621 ttctaaattaaactaccctctg 
 
 
 
 
There are 43 cut sites and therefore 44 fragments with MboI (see below). 
 
 
    1 acggctacagctatgtacaactgtaaatgttataacttgtaaacccaatgttatactaca 
   61 tctatgtataatattacatattatgtatttacccatatataatactgcttgtgagtagta 
  121 cattatatgtattatcaacatacggtgatttttaacccctcatacatcagcacaaatcca 
  181 aggtttacattaagccaaacacgtgataataaccaactaagttgttttaaactgattaat 
  241 tgctatatcaataaaactccaattaacacgggctccgtctttacccaccaactttcagca 
  301 tcagtccggcttaatgtagtaagaaccgaccaacgatttatcggtaggcatactcttatt 
  361 gatggtcaggggcagatatcgtattaggtcgcatctcgtgaattattcctggcatttggt 
  421 tcctaagtcaagggctatccttaagaaaccagcccctgaaagccgaatgtaaagcatctg 
  481 gttaatggtgtcaatcttattgcccgttacccaccaagccgggcgttctcttatatgcat 
  541 agggttctcttttttttttcttttcctttcagcttgcatatacaagtgcaagcaaagaag 
  601 tctaacaaggtcgaactaGATCttgaattccagagaacccatgtatcatggtgaaatgat 
  661 attctataaagaatcacatacttggatatcaagtgcataaggtcaattattttcttcaca 
  721 gatacctaaGATCgctcccggcttttgcgcggtaaacccccctacccccctaagctgaaa 
  781 GATCcttatgttcctgttaaacccctaaaccaggaagtctcaaatcagcaatattttttt 
  841 tatacattaataaacttttatgcactttagcatttggcaccgacagcgctgtaatgcgta 
  901 cacttccataaataaagtatacattaataaacttttcGATCcactttgtagcacctagca 
  961 ccaacaacgctgttatcaatgccatttccacgcacagcccgccgctgacgtagcttaact 
 1021 aaagcataacactgaagctgttaagacggaccctagaaagtcccgctagcacaaaggctt 
 1081 ggtcctgactttactatcagctctaactgaacttacacatgcaagtctccgcattcctgt 
 1141 gaggatgcccttaatccctgcccggggacgaggagccggcatcaggcacgcccaggcagc 
 1201 ccacgacgccttgctaagccacacccccaaggaaactcagcagtgataaatattaagcca 
 1261 taagcgaaagcttgacttagttaaggttaagagggccggtaaaactcgtgccagccaccg 
 1321 cggttatacgagagaccctagttgataactaccggcgtaaagagtggttatggaaaatat 
 1381 ttaataaagccgaacaccccctcagccgtcatacgcacctgggagcacgaagacctactg 
 1441 cgaaagcagcgtttaactatgcctgaccccacgacagctaagaaacaaactgggattaga 
 1501 tacccactatgcctagccgtaaaccttgatagaaatatacaattgatatccgccagggaa 
 1561 ctacaagcgccagcttaaaacccaaaggacttggcggtgcctcagacccacctagaggag 
 1621 cctgttctagaaccgataacccccgttcaacctcaccaccccttgttttacccgcctata 
 1681 taccaccgtcgtcagcttaccctgtgaaggccccatagtagcaaaatgggcaaaaccaaa 
 1741 acgtcaggtcgaggtgtagcgcatgaggtgggaagaaatgggctacattctctaaattag 
 1801 agcactacgaaccacgctgtgaaatcagcgtccgaaggtgaaatttagcagtaaacagaa 
 1861 aacagagagttctcttgaaactggctctgaggcgcgcacacaccgcccgtcactctcccc 
 1921 aagttcaacctgtccttctaactaagaagttaaccgaacaaaggggaggcaagtcgtaac 
 1981 atggtaagtgtaccggaaggtgcgcttggaataaccagagtgtagctaaaataggaaagc 
 2041 acctcccttacaccgagaagacatccgtgcaaatcgggtcaccctgagctgactagctag 



 2101 ccaacatatttggtccaacaccacaacatacataccccaataaaacttagaattaagtca 
 2161 acaaaccatttttccaccttagtaggggcgaccgaaaaggagataattgagcaacagaaa 
 2221 aagtaccgcaaggggaagctgaaagagaattgaaataacccatttaagcctagagaagca 
 2281 gagattaaatctcgtaccttttgcatcatgatttagccagcacacctgagcaaagagaac 
 2341 tttagtttaggcccccgaaactagacgagctactccgggacagcctattgtagggccaac 
 2401 ccgtctctgtggcaaaagagtgggacgagccccgagtagaggtgataaacctatcgagcc 
 2461 tagttatagctggttgcttaggaaatgaatagaagttcagccccccggctttcttaggac 
 2521 cttaaggtaaaactaatattgtcccaaagaaaccaggagagttagtcaaaggaggtacag 
 2581 ctcctttgaacaaggacacaaccttaacaggcggctaagGATCatagttccaaggtaacc 
 2641 tgttacagtgggcctaagagcagccacctgcacagaaagcgttaaagctcagacagatac 
 2701 aaacctcttatcctgataagaaatcccacccccctaaccgtactaagccgttccatgccc 
 2761 ccatggaagagattatgctagaatgagtaataagagagtacaactctctcccagcacatg 
 2821 tgtaagtcggaccggaccccccaccgacaaataacgaacccaaaccaagagggaactgta 
 2881 ggccagaacaaacaccaagaaaaacctacaccaacaaatcgttacccccacacaggagtg 
 2941 ccccaagggaaagacccaaaggaagagaaggaactcggcaaacacaagcctcgcctgttt 
 3001 accaaaaacatcgcctcttgcaaatcaaaacatagaggtccgcctgccctgtgactatgg 
 3061 gtttaacggccgcggtattttgaccgtgcgaaggtagcgcaatcacttgtcttttaaatg 
 3121 aagacctgtatgaatggcatcacgagggcttagctgtctcctcttccaagtcaatgaaat 
 3181 tGATCtgcccgtgcagaagcggacataagcacataagacgagaagaccctatggagcttt 
 3241 agacaccaggcaGATCacgtcaagcaaccttgaattaacaagtaaaaacgcagtagaccc 
 3301 ctagcccatatgtctttggttggggcgaccgcggggggaaaattaagcccccactgtgga 
 3361 ctggggggcactgccccaccagccgagagctacagctctaagcaccagaatatctgacca 
 3421 aatatGATCcggcgaacgcattcaacggaccgagttaccctagggataacagcgcaatcc 
 3481 tctcccagagtccctatcgacgagggggtttacgacctcgatgttgGATCaggacatcct 
 3541 aatggtgcagccgctattaagggttcgtttgttcaacgattaaagtcctacgtGATCtga 
 3601 gttcagaccggagtaatccaggtcagtttctatctatgaagtgatgtttcctagtacgaa 
 3661 aggaccggaaagaaggggcccatgcttgaggcacgccccacccccacctgatgaaggcaa 
 3721 ctaaaacagacaagggggcacaccaagattgcctaaaagaacggcgcgctaaggtggcag 
 3781 agcccggtaatttgcgagaggcctaagccctctttctcagaggttcaaaccctctcctta 
 3841 gctatgattaccctaattacccacgttattaatccactagcatacattgtacccgttctg 
 3901 ttagcagttgctttcctcaccctacttgaacgaaaagtccttgggtacatgcaactccga 
 3961 aaagggcccaacatcgtcggcccctacggactactacaacccatcgcagacggcctaaaa 
 4021 ctatttattaaagaaacggttcgaccttccacctcttcaccctttctatttctcgctaca 
 4081 cccatacttgcccttacacttgcactcactctatgagcccccatacctattccttaccct 
 4141 gttacaGATCttaacctcggagtactatttgtacttgcactatccagcctggccgtgtat 
 4201 tctattttagggtcaggatgggcatcaaactccaaatacgctttaattggcgaactccgg 
 4261 gcagtggcacaaactatttcctacgaagttagcctaggcttGATCttactcagcgtaatt 
 4321 atcatcacgggaggatttactcttcaaaccttcaacgtagcccaagaaagcatctgacta 
 4381 ctcgtgccggcctgaccacttgccgccatatgatacatttctaccctcgcggagacaaac 
 4441 cgtgcaccctttgacctcacagaaggagagtcagaattagtctccggattcaatgtagaa 
 4501 tatgctggagggccctttgccctatttttcctagccgaatatgctaatatccttctaata 
 4561 aatacgctctcagccgtcctatttttaggcgcatcccacatccctgctttccctgaacta 
 4621 actgccctaaacctaataacgaaagccgccctcctctccgttgtatttttatgagtacga 
 4681 gcttcctacccgcgatttcggtatGATCaactcatacatttagtttggaaaagcttccta 
 4741 cccctgactctggcccttgtactatgacatttagcacttcccatcgcactagcaggcctc 
 4801 ccccctcagctttagcccggaattgtgcctgaatgcttaaggaccaccttgatagcgtgg 
 4861 ctaataggggttcaagtcccctcaattctagagagaaggggctcgaacccatcctcaaga 
 4921 GATCaaaactcttggtgcttccactacaccactttctagtaaggtcagctaattaagctt 
 4981 tcgggcccataccccgaatatgttggttaaaatccttcccttactaatgaacccctacgt 
 5041 actcaccatcttactttctagcctaggactaggcacagtcctcacctttgccagctccca 
 5101 ctgactacttgcatgaataggcctagaaatcaataccctagccattatcccGATCatagc 
 5161 gcaacaacaccacccccgagcaatcgaagcaacaaccaagtattttttgacacaagcaac 
 5221 cgccgcagcaataatcctttttgccagcaccaccaacgcctgactagtcggggagtgaga 
 5281 aattcaccagctatcacacccactagcaactacaacagtaatattagccctcgccctcaa 



 5341 acttggactagcacccgttcacttctgactaccagaagtccttcagggacttgaactcac 
 5401 tacaggattaatcctgtcgacctgacaaaaactcgcaccctttgcacttataattcaagt 
 5461 agccccaaccatcaattcttccctacttgtcacaatcggccttctatcaacacttgtggg 
 5521 aggctgaggtggacttaatcaaacccaactacgtaaaattctagcatatcttccaattgc 
 5581 ccatctaggatgaatagtactaattctacaattcgcaccctctctcacactcctcagtct 
 5641 ctccctgtatatcgtcatgacatcttcagccttcctcacattaaaaaccaacaactcttt 
 5701 aaccatcaatactctcgcaacttcatgaactaaatccccgacccttgccgcattaaccgc 
 5761 tcttgtattattgtcccttggaggtctcccccctctctcaggctttataccaaaatgact 
 5821 tattttgcaagaactaacgaaacagggactcccactatctgccacactagctgctataac 
 5881 agccctcctaagcctttacttttatctacgactctgctacgccttaaccctcactattta 
 5941 tcccaacaccctaactgctactgccccatgacgcctcaactttaccataattaccctacc 
 6001 cctttcaattactactattatagccctaggactactacccctcacaccagctgtgactgc 
 6061 gatattagctttgtaataagggcttaggatagtacttagaccaagagccttcaaagctct 
 6121 aaacgggggtgaaatcccccagcccttgtaagacttgcaggactttatcccacatcttct 
 6181 gaatgcaacccagacactttaattaagctaaagcctttctaggtgggaaggcctcGATCc 
 6241 tacaaactcttagttaacagctaagcgctctatccagcgagcatccatctactttccccc 
 6301 gcccccgggggggggagcgaggcggggaaagccccggcaggctattagcctacttcttca 
 6361 gatttgcaatctaacgtgtggtacaccacagggcttgataaggagaggagtcaaacctct 
 6421 gtttatggagctacaatccaccgcttaagctctcagccacccatcctgtggcaatcacac 
 6481 gatgatttttctcaaccaaccacaaagacattggcaccctctatttagtatttggtgcct 
 6541 gagccgggatagtaggcaccgccctgagtctactgattcgggcggaactaagccagccgg 
 6601 gcgctcttctgggggatgaccaaatctataacgtGATCgtcacagcccatgccttcgtta 
 6661 tgattttctttatagtcatgccaattataatcgggggctttggaaactgattaattcccc 
 6721 taataatcggagcccctgatatggcattccctcgaataaataacataagcttctgactcc 
 6781 ttcctccatcctttctcctcctcctgtcttcatcaggagttgaagccggcgcgggtactg 
 6841 gatgaacagtatacccccctctagccggcaacctcgcccacgcaggagcctctgttgatt 
 6901 taactatcttctcccttcatttagctggaatctcctcaattttaggagccattaatttta 
 6961 ttacgaccattattaacataaaacctccagccatctctcagtaccaaacccccctattcg 
 7021 tttgagccgtgctagttactgctgtccttctgttactttccctccccgtcctggcagcag 
 7081 gcattactatgttacttacagaccgaaatctaaacaccactttctttgacccggcaggcg 
 7141 ggggaGATCcaattttataccaacacctcttttgattcttcagccacccagaggtctata 
 7201 ttctcatcctcccaggctttggtataatttcacacatcgttgcgtactactccggcaaaa 
 7261 aggaacccttcgggtatataggaatggtctgagctataatagccatcgggttgttaggat 
 7321 ttatcgtttgagcccaccatatgttcactgtagggatagacgtggacactcgtgcttact 
 7381 ttacatctgccaccatgattatcgctatccccacaggagtaaaagtatttagctgactag 
 7441 ctacactacacggaggctcaatcaaatgagaaacaccacttctttgagccttagggttta 
 7501 ttttcctgttcacagtgggtggacttacaggtattgtccttgctaactcctcattagaca 
 7561 ttgttctacatgacacttattacgtagttgctcatttccactacgtactatctataggag 
 7621 ctgtatttgccattataggcgctttcgtacactggttcccgctatttacagggtacaccc 
 7681 tccacagcacatgaaccaaaatccattttggaattatatttatcggtgtaaatttaacct 
 7741 ttttcccacagcatttcctaggcctcgcagggataccacgacggtactctgattacccag 
 7801 acgcctatacactgtgaaacactgtatcctcaatcgGATCccttgtatccctagtagctg 
 7861 taattatgttcctatttattctttgagaagcttttgctgccaaacgagaggtagcatcaa 
 7921 tcgaactaacttcaacaaacgtagaatgactacacggatgccccccaccctaccacacat 
 7981 ttgaagaaccagcatttgtccaagtacaagcaaactaacgagaaagggaggaattgaacc 
 8041 cccatgtgctggtttcaagccaaccgcataaccactctgccactttcttctataagacac 
 8101 tagtaaaactagtctattacactgcctggtcaaggcaaaattgtgggttaaaccccgcgt 
 8161 gtcttaagcacttagctagaatggcacatccctcacaactaggattccaagacgcggcct 
 8221 cccctgtaatagaagaacttcttcatttccacgaccacgctcttatgattgttcttctta 
 8281 tcagcacactagtgctttatatcatcgtagcaatagtctctactaaacttactaatatgt 
 8341 atatccttgattctcaagaaatcgaGATCgtttggactgtcctcccagcagttatcctta 
 8401 ttctcatcgctctcccttccctccgaattctctatcttatggacgaaattaacgaccccc 
 8461 accttactattaaagcaataggccaccaatgatattgaagctatgaatataccgactacg 
 8521 aagatttaggctttgactcttacatagtccccactcaagatttagtgccaggccaattcc 



 8581 gtcttctagagacaGATCatcgaatagttgtccctgtagaatccccaatccgagttctcg 
 8641 tctcagctgaagacgtccttcactcctgagccgttccttctttaggtgtaaagatagacg 
 8701 cagttccaggacgattaaaccaaacagcctttattgcctctcgacctggagtattctacg 
 8761 gacaatgttctgaGATCtgcggggctaaccatagcttcatacctatcgttgttgaagcgg 
 8821 tacccctagaacacttcgagaaatGATCcactatgatacttgaagatgcctcactaagaa 
 8881 gctaaatcgggaatagcgttagccttttaagctaaagattggtggcccccaaccacccct 
 8941 agtgacatgccccaactcaaccccgccccctgatttgctattttagtattctcgtgactg 
 9001 gttttcctaactgttattcccccaaaagtccttggccacactttcacaaatgagcctacc 
 9061 tcacaaagcactgaaaaagctaagcccgaaccctgaaactgaccatgacactaagcttct 
 9121 tcgaccaatttatgagccccacatacctaggtatcccacttatcgccgtagcattaaccc 
 9181 tcccatgaattcttttccctaccccctctgcccgatgattaaacaaccgcctaattaccc 
 9241 tgcaagggtggttcatcaaccgatttacccagcaacttcttttaccgctaaatctaggcg 
 9301 gtcacaagtgagcagctctactaacttccctcatactatttcttattaccctaaatatac 
 9361 ttggcctacttccatatacattcaccccgaccacacagctctccctaaatatgggcctcg 
 9421 cagtcccactgtggcttgctacagtaattatcggcatacgaaaccaacctacggccgccc 
 9481 tcggccatttattgcctgaaggaacccccgttccactGATCccagtactGATCattatcg 
 9541 aaacaattagcctttttatccgccccgcccttggcgtacgacttacagccaatctcacag 
 9601 caggccaccaactaattgctacagcagcctttgttcttctacctataatacctacagtag 
 9661 caatcctaacttctattgtcctctttctactcacccttctcgaaatcgccgtagccatga 
 9721 ttcaagcctacgtttttgtcttactcctaagcctctatttacaagaaaacgtttaatggc 
 9781 acaccaagcacacgcataccacatggttgacccaagcccctgacctctgaccggcgcaat 
 9841 tgccgcccttttacttacatcaggcactgcagtctgattccatttccactcgctcacact 
 9901 tcttaccttaggtaacattctcttacttctaaccatataccaatgatggcgggatatcat 
 9961 ccgagaaggtacctttcaaggacaccacacgcccccagtccaaaaagggctacgatatgg 
10021 cataatcttatttattacctccgaggtattctttttcttaggtttcttctgagccttcta 
10081 ccacgccagcctcgcccccacacctgaattaggaggttgctgaccccccgcaggtattac 
10141 tactctagacccctttgaggtaccccttcttaatactgcagtccttctagcatctggtgt 
10201 caccgtaacatgagcccaccacagcatcatagaaggtgaacgaaaacaaaccattcaagc 
10261 tcttactctcactatcttactgggattttacttcactttcctacaaggtatagaatacta 
10321 cgaagccccatttacaatcgctgacggcgtatacggctctactttctttgtcgctacagg 
10381 attccatggcctacacgtaattattggctctacctttctggccgtttgccttctacgaca 
10441 agttcaataccactttacatctgaacatcattttggctttgaagctgctgcctgatattg 
10501 acactttgtagacgttgtatggctcttcctatacgtctctatttactgatgaggctcata 
10561 atctttctagtattaatacgtataagtgacttccaatcacccggtcttggttaaaatcca 
10621 aggaaagataatgaatttaatcacaacaatcatcactattaccatcacattatccgcagt 
10681 actagccactatttctttctgattaccacaaatctccccagacgcagagaagttatcccc 
10741 ctacgaatgtggatttgaccccttagggtccgcccgcctgcccttctccttacgcttctt 
10801 tctaatcgcGATCttattcctcctatttGATCtagaaatcgccctccttttgcccctacc 
10861 ttgagggGATCaactccacaccccgaccctgacactcatctGATCcactgccgttctagc 
10921 ccttcttactcttggcttaatctatgaatgaacccaaggaggcttagaatgagccgagta 
10981 cggagttagtccaaaacaagacccttgatttcggctcaaaagaccatggtttaagtccat 
11041 gaccgccttatgacaccagtacacttcagctttacctcagcctttattttagggcttata 
11101 ggactcgcgtttcaccgcacccaccttctctcagcccttctatgcctagaaggaataata 
11161 ctctctctattcatcgccctctccctctgagccctccaaatggaagcgactggctactca 
11221 gtggccccgatacttctcctagcgttctcagcctgtgaagccagcgcagggttagcccta 
11281 ctagtagcaactgcacgaacacacggcacagaccgcctccaaagcttaaacctcctccaa 
11341 tgttaaaGATCctcatccccacactcatgctttttccaacGATCtgactcagccccgcga 
11401 aatgattatgaactacatcaatcgcccaaagtttaattattgccctagcaagtttatcct 
11461 gacttaaatGATCgtcagaaaccggatGATCctcctccaacctctatttagcaactgacc 
11521 ccctatcaacacccctgctagtattaacctgctgactacttccccttataattcttgcta 
11581 gccaaagccacctctctcctgaacccttaaatcgccagcgagcctacatctccctcctgg 
11641 tctcccttcaaacgtttctagtattagcattcggggccactgaaattatcatattttacg 
11701 tcatattcgaagccacgctactccccacccttattattatcacccgatgaggaaatcaaa 
11761 ctgaacgcctcaatgccggtacctacttcttattttataccctagctggctccctacccc 



11821 tcctcgtggccctgcttcttatacaaaacgacaacggaaccctatctatgtttaccctgc 
11881 agtatacgcaacccctacaccttctaacgtgaggagataaactgtgatgagctgcctgcc 
11941 ttttagccttccttgtaaaaatacccctatacggtgttcacctttgactcccaaaagccc 
12001 acgtagaagctccaatcgccgGATCcataatcctagcggctgttctcctcaagctgggag 
12061 gatacggcataatacgtataatagttatactagacccgttaaccaaagaactggcctacc 
12121 cctttattgttttggccttgtgaggtatcattataacagGATCtatttgcctacgtcaaa 
12181 cagacctgaaatcactaatcgcatactcttcagtcggccacataggattagtcgcagggg 
12241 gtattttaattcaaacaccttgaggatttactggtgcaattattctcataatcgcacacg 
12301 gccttgcctcctcagcgctattctgcttagccaatactagctacgaacgcacccacagcc 
12361 gaaccatactacttgcccgaggaatacaaataattctccccttaataaccacttggtgat 
12421 ttgtagctagtttagcaaatctggccctcccccctctccccaacctaataggagaactaa 
12481 taatcatcacttctatatttaactggtcgtattgaacccttattctcacgggactaggca 
12541 cgttaattacagcaagctactccctttatctgttcttaataactcaacggggacccctac 
12601 cttcccatattattgctcttgaacccacccacacccgagaacacctacttattattctgc 
12661 acctcatcccaattgtccttctaatcctaaagcctgagctcatgtgaggctgatgtttct 
12721 gtagatatagtttaaccaagacattagattgtgattctaaaaatagaggttaaaatcctc 
12781 ttatccaccgagagaaatctgttgataacagagactgctaatcttctgccccctcagtta 
12841 aattctgtggttcactcgtgcttctaaaggataatagctcatccattggtcttaggaacc 
12901 aaaactcttggtgcaaatccaagtagcagctatgcacccgactacactcatcttaagctc 
12961 atcccttttaataatcttcacacttctaatttatcctcttattaccaccctcaccccaac 
13021 cccccaacacaaaaactgggcccttactcacgtaaaaactgctatcaaaatagccttcct 
13081 agtgagcctgctccccctttttgtcttcctagaccaaggaaccgaaactatcgtgactaa 
13141 ctgacaatgaataaacaccacaacctttgacattaaccttagctttaaatttgaccacta 
13201 ctccattatttttacccctattgccctgtacgtaacctGATCtattctagaattcgcatc 
13261 ctgatatatacacgccgaccccaacataaaccgattctttaagtacctcctcctcttcct 
13321 aatcgccataattattttagtaaccgccaacaacatgttccaactatttatcggctgaga 
13381 gggagtcggaattatatcatttctcctcattggatgatgacacggacgagctgacgctaa 
13441 cacagctgctatacaagctgtaatttacaaccgagtaggagacatcggacttatcctaag 
13501 tatagcctggttcgcaacaaacctaaactcctgagaaattcaacaaatatttgcctcttc 
13561 aaaaggacttgacctcacactccctcttataggcctcattctagccgccaccggcaaatc 
13621 agcgcaatttggacttcacccgtgacttccctccgcgatagagggtcctacgccggtatc 
13681 tgccctactacactccagcaccatggtcgtggcgggcatcttcctattaattcgactcca 
13741 ccctctaatagaagataaccaaacagccttaaccgtatgcttatgcctaggagccctaac 
13801 taccctcttcaccgctacctgcgccctcacccaaaatgacatcaaaaaaattgtcgcatt 
13861 ctctacatccagccaactagggcttataatagtcaccatcggacttaatcaaccacaact 
13921 agccttcctccacatctgcacccacgcattctttaaagctatacttttcctatgctcagg 
13981 ctcaattattcatagtttaaacgatgagcaagacattcgaaaaataggtggtatacacaa 
14041 cctcaccccctctacatcctcttgcctcacaatcggaagccttgcactaactggcacccc 
14101 attcttagctgggttcttctccaaagacgctattattgaagccttaaacacctcccacct 
14161 caacgcctgagcccttactcttaccttactagccacctcatttactgccatttatagcct 
14221 ccgagtcatcttttttgtctccataggacacccccgctttacggcaacagcccctgttaa 
14281 tgaaaataacccatccgtaattaacccaatcaagcgactagcctgaggaagcatcattgc 
14341 ggggcttctaattacctcaaacttcctacccaccaacacccccgtaataaccatgcccac 
14401 ccacttaaaattagccgctctcctggttactatctcgggccttctcattgcattagaact 
14461 tgcgtcactaactaacaaacaatttaaactacacccaacccttacactacataacttctc 
14521 caacatactgggattcttccccgccatcatccaccgattgaccccaaagctaaacttaac 
14581 tttaggacaaaccatcgccagccaaatggtaGATCacacatgatttgagaaagtaggtcc 
14641 gaaggaattatttcaactcacctgcctaatagtcacaacaacaagtaatatccaacaagg 
14701 cataattaaaacatacctcaccctatttttcctttcaacaactctagctgttctattaac 
14761 attaacctaaactgctcgaagcgccccccgactcaatccccgtgttaattccaacaccac 
14821 aaaaagtgttaataggagtacccacgcgcacgcaattaatatcccccctccatgagagta 
14881 tatcaatgccaccccacttgtatccccacgcaatacagaaaactccttaaactcgtccac 
14941 tgctacccatgaggtttcataccacccaccccagaatagacctgccaccaacaccacccc 
15001 caccgtatataccaccacataccctaagaccgaacGATCccctcaagactccggaaaagg 



15061 ctcagcagccaaagccgctgaataagcaaataccacaagcatcccccccaagtaaatcaa 
15121 aaatagtactaaagacaagaaaGATCccccgtgacccaccaaaaccccacaacccacacc 
15181 tgctgctacaaccaaccccaaagcagcaaagtaaggtgcagggttagatgcaacagctac 
15241 aagccctaaaaccagccctaaaagaaacaaagacacaagataagtcataattcctgctcg 
15301 gactctaaccgaaactaatgacttgaaaaaccaccgttgttattcaactacaagaaccta 
15361 atggccaacctccgaaaaacccaccctctcctaaaaatcgctaatgacgcactagtcgac 
15421 ctcccagcaccttctaatatctcagtctggtgaaactttggctcactactaggcctatgt 
15481 ttagctacccaaattcttaccgggctcttcctagccatgcactatacctccgacatttca 
15541 acagctttctcctctgtttgccacatctgccgagatgttagttacggctgactcattcga 
15601 aacatccatgccaacggagcatctttcttttttatctgtatttatatacatatcgcccga 
15661 ggactttactacggctcgtacctctacaaagaaacctggaatatcggagttgtactttta 
15721 cttctcactataataactgcctttgtaggctacgtcctcccgtgaggacaaatatcattc 
15781 tgaggggccactgtaattacaaacctcctctcagctgtaccatacgtaggaggcgcccta 
15841 gtacaatgaatttgagggggcttctccgttgacaacgccactctaacacgatttttcgcc 
15901 tttcacttcctattccccttcgtcattgcagccgctacggtccttcaccttctgttcctt 
15961 catgaaacagGATCtaataaccctgcagggattaactctgatgctgataaaatctcattc 
16021 cacccttacttctcatacaaaGATCtcctaggattcgtagccatactcctaggcctaaca 
16081 tccttagctctttttgcaccaaatctcctaggggacccagacaattttacgcctgccaac 
16141 cccctagtgaccccacctcatattaaacccgaatgatacttcctattcgcttacgcaatc 
16201 ctacGATCcatccccaacaagctgggaggagtacttgcccttttattctcGATCcttgtc 
16261 ctcatggttgtccccatcctacacacttctaaacaacgaggacttacctttcgaccactc 
16321 acccaattcttattttgggccttagtagcagatatactcatcctcacctgaatcggaggc 
16381 atacctgtagaacaccccttcattattatcggacaagtcgcctctgtaatttacttcacc 
16441 atcttcctagttctttcccccttagccggctgggccgaaattaaagccctccaatgagcc 
16501 tgccctagtagctcagcgccagagcgccggtcttgtaatccggaagtcggaggttaaaac 
16561 cctccctagtgctcagagagaggagattttaactcccacccttaactcccaaagctaaga 
16621 ttctaaattaaactaccctctg 
 


