Homework #1
Plant Breeding 607
Fall ‘00

Practice safe computing
or

How to avoid STDs (sequence transmitted delusions)

Overview of the problem

In class we have been examining some of the pitfalls in the naive application of sequence
anaysistools. Inthis homework, you will be asked to explore the extent of one of the
biggest problems in sequence analysis — the persistent contamination of sequence
databases by cloning vectors. For general information on this problem see the VecScreen
and web pages at NCBI. It isagood ideato start from the main VecScreen page,
http://www.nchi.nlm.nih.gov/V ecScreen/V ecScreen.html, and follow all of the relevant
links that discuss contamination in gereral, the implementation of the VecScreen system,
and the contents of the UniVec database.

Asatedt, | used blastn with the standard settings to search the Drosophila genome for
entries in the UniVec database. The vector sequences with the most significant hits (E
values between 0.0 and 1072°) listed in Appendix 1. This test was designed to determine
if even state-of-the-art, highly curated sequence data obtained by reputable sequencing
laboratories is contaminated.

Questions

A) Usethe blastn program on the NCBI BLAST web server to search the Drosophila
genome for 5-10 of the longest sequencesin Appendix 1. What do you seein the
alignments? What can you conclude from this experiment alone?

B) Usethe blastn program on NCBI BLAST web server to search the EST database
for some of the sequencesin Appendix 1. What do you see? Could you be fooled
into mis-assigning a function to a vector contamination based on EST
annotations?

C) Isit possible that higher organisms have legitimate coding sequences that are
similar to vector sequences. How can you use basic facts of molecular biology
(e.g. the intro-exon structure of eukaryotic genes) to distinguish between vector
contamination and real coding sequences?

D) To test the conjecture in previous question, try using the NCBI BLAST web site
to search the SwissProt database for protein sequences that are similar to vector



sequences in Appendix 1. Which variant of BLAST should you use? Do you see
any hits? What, if anything, do they mean?

Appendix 1: Possible contaminants of the Drosophila
genomic sequence at NCBI from entries in the UniVec
database

>gnl | uv| LO5083. 1: 1- 447 Cl oni ng vector (pRL278) for sacB-nedi ated
positive selection for double reconbinants in gram negative bacteria
GCTGGCTGTTTTACGCGTATGACAGGCT CCGGAAGACGGT TGT TGCGCACGTATTCGGTGAACGCACTAT
GGCGACCCTGGEGGCGT CTTATGAGCCT GCTGT CACCCTTTGACGT GGT GATAT GGAT GACGGATGGCTGG
CCGCTGTATGAATCCCGCCT GAAGGGAAAGCT GCACGTAAT CAGCAAGCGATATACGCAGCGAATTGAGC
GGCATAACCT GAAT CT GAGGCAGCACCT GGCACGGCT GGGACGGAAGT CGCTGTCGT TCTCAAAATCGGT
GGAGCT GCATGACAAAGT CATCGGGCATTATCTGAACATAAAACACTATCAATAAGT TGGAGTCATTACC
AAAAGGT TAGGAATACGGT TAGCCATTTGCCTGCTTTTATATAGT TCATATGGGATTCACCTTTATGITG
ATAAGAAATAAAAGAAAAT GCCAATAG

>gnl | uv| LO5083. 1: 5894-5941-49 Cl oni ng vector (pRL278) for sacB-medi ated
positive selection for double reconbinants in gram negative bacteria
TGCATGTGTCAGAGGT TTTCACCGT CATCACCGAAACGCGCGAGGCAGGCTGGCTGT TTTACGCGTATGA
CAGGCTCCGGAAGACGGT TGTTGCGCA

>gnl | uv| UB7107. 1: 8348- 8840-49 Cl oni ng vector pAL-F insertion sequence

| S1 gal act oki nase (gal K), am nogl ycosi de 3'-phosphotransferase (kn),

bet a- gal act osi dase (lacZ), small ribosomal protein and beta-I|actanmase
(Ap) genes, conplete cds

TCGCCATAGT GCGTTCACCGAATACGT GCGCAACAACCGT CTTCCGGAGACT GTCATACGCGTAAAACAG
CCAGCGCTGGCGCGAT TTAGCCCCGACATAGCCCCACTGT TCGTCCATTTCCGCGCAGACGATGACGT CA
CTGCCCGGCTGTATGCGCGAGGT TACCGACTGCGGCCTGAGT TTTTTAAGT GACGTAAAATCGTGT TGAG
GCCAACGCCCATAATGCGGGCT GT TGCCCGGCATCCAACGCCATTCATGGCCATATCAATGATTTTCTGG
TGCGTACCGGGT TGAGAAGCGGT GTAAGT GAACT GCAGT TGCCATGT TTTACGGCAGT GAGAGCAGAGAT
AGCGCTGATGT CCGGECGGT GCTTTTGCCGT TACGCACCACCCCGT CAGT AGCT GAACAGGAGGGACACGCT
GATAGAAACAGAAGCCACT GGAGCACCT CAAAAACACCAT CATACACTAAATCAGTAAGT TGGCAGCATC
ACCCAATTACTGCAATGCCCTCGTAATTAAGTGAATTTACAATATCGTCCTG

>gnl | uv| U09365. 1: 1- 1365 Broad host range plasmd Bin 19

CCGGGCTGGT TGCCCT CGCCGLT GGGLT GGCGEGCCGT CTAT GGCCCTGCAAACGCGCCAGAAACCLCCGTC
GAAGCCGT GT GCGAGACACCGCGGECCGECCGELGT TGT GGATACCT CGCGGAAAACT TGGCCCTCACTGAC
AGAT GAGGGGCGGACGT TGACACT TGAGGGGECCGACT CACCCGGCGCGECGT TGACAGAT GAGGGGCAGG
CTCGATTTCGGCCGGCGACGT GGAGCT GGCCAGCCT CGCAAAT CGGCGAAAACGCCTGATTTTACGCGAG
TTTCCCACAGAT GATGT GGACAAGCCT GGGGATAAGT GCCCTGCGGT AT TGACACT TGAGGGGCGCGACT
ACTGACAGAT GAGGGGCGCGAT CCT TGACACT TGAGGGGCAGAGT GCTGACAGAT GAGGGGCGCACCTAT
TGACATTTGAGGGGCT GT CCACAGGCAGAAAAT CCAGCATTTGCAAGGGT TTCCGCCCGTTTTTCGGCCA
CCGCTAACCTGTCTTTTAACCTGCTTTTAAACCAATATTTATAAACCTTGTTTTTAACCAGGGCTGCGCC
CTGTGCCCGT GACCGCGCACGCCGAAGGEGEEGT GCCCCCCCT TCTCGAACCCT CCCGGCCCCCTAACGLG
GGCCTCCCAT CCCCCCAGGEGEGECT GCGCCCCT CGGCCGCGAACGGCCT CACCCCAAAAAT GGCAGCGLTGG
CAGTCCTTGCCAT TGCCGGGAT CGGGGCAGT AACGGGAT GGGCGAT CAGCCCGAGCGCGACGCCCGGAAG
CATTGACGT GCCGCAGGT GCTGGCAT CGACAT TCAGCGACCAGGT GCCGGGCAGT GAGGGCGGECGELCTG
GGT GGCGGCCT GCCCT TCACT TCGGCCGT CGGGGCAT TCACGGACT TCAT GGCGGGGCCGGCAATTTTTA
CCTTGGCCATTCTTGGCATAGT GGT CGCGGGT GCCGT GCTCGT GT TCGGGEGGT GCGATAAACCCAGCGAA
CCATTTGAGGT GATAGGT AAGAT TATACCGAGGT AT GAAAACGAGAATTGGACCTTTACAGAATTACTCT
ATGAAGCGCCATATTTAAAAAGCT ACCAAGACGAAGAGGAT GAAGAGGAT GAGGAGGCAGATTGCCTTGA
ATATATTGACAATACTGATAAGATAATATATCTTTTATATAGAAGATATCGCCGTATGTAAGGATTTCAG
GGGGCAAGGCATAGGCAGCGCGCTTATCAATATATCTATAGAAT GGGCAAAGCATAAAAACT TGCATGGA
CTAATGCTTGAAACCCAGGACAATAACCTTATAGCTTGTAAATTCTATCATAATTGGGTAATGACTCCAA
CTTATTGATAGTGTTTTATGT TCAGATAATGCCCG

>gnl | uv| UD9365. 1: 1969- 6239 Broad host range plasmid Bin 19



CGTTACGCACCACCCCGT CAGT AGCT GAACAGGAGGGACAGCT GATAGACACAGAAGCCACT GGAGCACC
TCAAAAACACCAT CATACACTAAAT CAGT AAGT TGGCAGCATCACCCATAATTGT GGTTTCAAAATCGGC
TCCGTCGATACTATGT TATACGCCAACT TTGAAAACAACT TTGAAAAAGCTGTTTTCTGGTATTTAAGGT
TTTAGAATGCCAAGGAACAGT GAATTGGAGT TCGTCTTGT TATAATTAGCTTCTTGGGGTATCTTTAAATA
CTGTAGAAAAGAGGAAGGAAATAATAAATGCCTAAAAT GAGAATATCACCGGAATTGAAAAAACT GATCG
AAAAAT ACCGCT GCGTAAAAGATACGGAAGGAATGT CTCCT GCTAAGGTATATAAGCT GGT GGGAGAAAA
TGAAAACCTATATTTAAAAAT GACGGACAGCCGGT ATAAAGGGACCACCT AT GAT GT GGAACGGGAAAAG
GACATGATGCTATGCCTGGAAGGAAAGCT GCCTGT TCCAAAGGT CCTGCACT TTGAACGGCATGATGGCT
GGAGCAATCTGCTCATGAGT GAGGCCGATGGCGT CCTTTGCT CGGAAGAGT AT GAAGATGAACAAAGCCC
TGAAAAGATTATCGAGCT GTATGCGGAGT GCATCAGGCTCTTTCACTCCATCGACATATCGGATTGTI CCC
TATACGAATAGCT TAGACAGCCGCT TAGCCGAATTGGATTACT TACT GAATAACGAT CTGGCCGATGT GG
ATTGCGAAAACT GGGAAGAAGACACT CCATTTAAAGAT CCGCGCGAGCTGTATGATTTTTTAAAGACGGA
AAAGCCCGAAGAGGAACTTGTCTTTTCCCACGGCGACCT GGGAGACAGCAACATCTTTGTGAAAGATGGC
AAAGTAAGTGCCTTTATTGATCT TGGGAGAAGCGGCAGGGCCGACAAGT GGTATGACATTGCCTTCTCGCG
TCCGGTCGATCAGGGAGGATAT CGCGGAAGAACAGTATGTCGAGCTATTTTTTGACT TACTGGGGATCAA
GCCTGATTGGGAGAAAATAAAATATTATATTTTACTGGATGAATTGT TTTAGTACCTAGATGT GGCGCAA
CGATGCCGGCGACAAGCAGGAGCGCACCGACTTCTTCCGCATCAAGT GTTTTGGCTCTCAGGCCGAGGCC
CACGGCAAGTATTTGGGCAAGGGGT CGCT GGTAT TCGT GCAGGGCAAGAT TCGGAATACCAAGT ACGAGA
AGGACGGCCAGACGGT CTACGGGACCGACT TCATTGCCGATAAGGT GGATTAT CTGGACACCAAGGCACC
AGGCGGGTCAAAT CAGGAAT AAGGGCACAT TGCCCCGGLGT GAGT CGGGGCAAT CCCGCAAGGAGGGTGA
ATGAATCGGACGT TTGACCGGAAGGCATACAGGCAAGAACT GATCGACGCGGGGT TTTCCGCCGAGGATG
CCGAAACCAT CGCAAGCCGCACCGT CATGCGT GCGCCCCGCGAAACCT TCCAGT CCGT CGGCTCGATGGT
CCAGCAAGCTACGGCCAAGAT CGAGCGCGACAGCGT GCAACT GGLCTCCCCCTGCCCT GCCCGLCGCCATCG
GCCGCCGTGGAGCGT TCGCGT CGT CTCGAACAGGAGGCGGCAGGT TTGGCGAAGT CGATGACCATCGACA
CGCGAGGAACT AT GACGACCAAGAAGCGAAAAACCGCCGGCGAGGACCT GGCAAAACAGGT CAGCGAGGC
CAAGCAGGCCGCGT TGCTGAAACACACGAAGCAGCAGAT CAAGGAAATGCACGCTTTCCTTGT TCGATATT
GCGCCGT GGCCGGACACGAT GCGAGCGAT GCCAAACGACACGGCCCGCT CTGCCCTGT TCACCACGCGCA
ACAAGAAAAT CCCGCGCGAGGCGCT GCAAAACAAGGT CATTTTCCACGT CAACAAGGACGT GAAGATCAC
CTACACCGGCGT CGAGCT GCGGGCCGACGAT GACGAACT GGT GT GGCAGCAGGT GT TGGAGT ACGCGAAG
CGCACCCCTAT CGGCGAGCCGAT CACCT TCACGT TCTACGAGCT TTGCCAGGACCT GGGCTGGTCGATCA
ATGGCCGGTATTACACGAAGGCCGAGGAAT GCCTGT CGCGCCTACAGGCGACGECGATGGCECTTCACGTC
CGACCGCGT TGGGCACCT GGAAT CGGT GT CGCTGCTGCACCGCT TCCGCGT CCTGGACCGT GGCAAGAAA
ACGT CCCGT TGCCAGGT CCTGATCGACGAGGAAATCGT CGT GCTGT TTGCTGGCGACCACTACACGAAAT
TCATATGGGAGAAGT ACCGCAAGCT GTCGCCGACGGCCCGACGGATGT TCGACTATTTCAGCTCGCACCG
GGAGCCGTACCCGCT CAAGCT GGAAACCT TCCGCCT CATGT GCGGAT CGGAT TCCACCCGCGT GAAGAAG
TGGCGCGAGCAGGT CGGCGAAGCCT GCGAAGAGT TGCGAGGCAGCGGCCT GGT GGAACACGCCTGGGT CA
ATGATGACCT GGTGCATTGCAAACGCT AGGGCCT TGT GGGGT CAGT TCCGGCT GGGGGT TCAGCAGCCAG
CGCTTTACTGGCATTTCAGGAACAAGCGGGCACT GCTCGACGCACT TGCTTCGCT CAGT ATCGCT CGGGA
CGCACGGCGCGCTCTACGAACT GCCGATAAACAGAGGAT TAAAATTGACAAT TGT GATTAAGGCT CAGAT
TCGACGGCT TGGAGCGGCCGACGT GCAGGAT TTCCGCGAGAT CCGAT TGT CGGCCCTGAAGAAAGCT CCA
GAGATGI TCGGGT CCGT TTACGAGCACGAGGAGAAAAAGCCCAT GGAGCGCGT TCGCTGAACCGGT TGCGAG
ATCGCCGT GGCAT TCGGCGCCTACAT CGACGGCGAGAT CATTGGGCT GTCGGTCTTCAAACAGGAGGACGG
CCCCAAGGACGCT CACAAGGCGCATCTGT CCGECGT TTTCGT GGAGCCCGAACAGCGAGGCCGAGGEGTC
GCCGGTATGCT GCTGCGGECGT TGCCGECGEGT TTAT TGCTCGT GATGAT CGT CCGACAGAT TCCAACGG
GAATCTGGTGGATGCGCATCTTCATCCTCGGCGCACTTAATATTTCGCTATTCTGGAGCTTGT TGT TTAT
TTCGGTCTACCGCCT GCCGEGECGGEEGT CGCGGCGACGGT AGGCGCT GTGCAGCCGCTGATGGTCGTGTI TC
ATCTCTGCCGCTCTGCTAGGTAGCCCGATACGAT TGAT GGCGGT CCTGGGGEGCTAT TTGCGGAACT GCGG
GCGTGGECGCTGTTGGT GT' TGACACCAAACGCAGCGCTAGAT CCT GT CGGCGT CGCAGCGGGECCT GECGEG
GCGCGGT TTCCATGGCGT TCGGAACCGT GCTGACCCGCAAGT GGCAACCTCCCGTGCCTCTGCTCACCTTT
ACCGCCT GGCAACT GGCGGCCCGAGGACT TCTGCTCGT TCCAGTAGCTTTAGT GTTTGATCCGCCAATCC
CGATGCCTACAGGAACCAATGT TCTCGGCCT GGCGT GGCTCGGCCTGATCGGAGCGGGT TTAACCTACTT
CCTTTGGT TCCGGGGGAT CTCGCGACT CGAACCTACAGT TGT TTCCTTACTGGGCTTTCTCAGCCCCAGA
TCTGGGGT CGAT CAGCCGGGGAT GCAT CAGGCCGACAGT CGGAACT TCGGGT CCCCGACCTGTACCATTC
GGTGAGCAAT GGATAGGGGAGT TGATATCGT CAACGT TCACT TCTAAAGAAATAGCGCCACTCAGCTTCC
TCAGCGGCTTTATCCAGCGATTTCCTATTATGI CGGCATAGT TCTCAAGATCGACAGCCTGI CACGGT TA
AGCGAGAAAT GAATAAGAAGGCT GATAAT TCGGAT CTCTGCGAGGGAGATGATATTTGATCACAGGCAGC
AACGCTCTGT CATCGT TACAAT CAACAT GCTACCCT CCGCGAGAT CATCCGT GT TTCAAACCCGGCAGCT



TAGTTGCCGT TCTTCCGAATAGCATCGGTAACAT GAGCAAAGT CTGCCGCCT TACAACGGCT CTCCCGCT
GACGCCGT CCCGGACTGAT GGGCTGCCTGTATCGAGT GGTGATTTTGT GCCGAGCT GCCGGTCGGGGAGC
TGTTGGCT GCCT GGTGGCAGGATATATT GT GGTGTAAACAAATTGACGCT TAGACAACT TAATAACACAT
TGCGGACGTTTTTAATGTACTGGGGTGGT TTTTCTTTTCACCAGT GAGACGGGCAACAGCTGATTGCCCT
T

>gnl | uv| U75991. 1: 10205- 10303 Cl oni ng vector pBACe4
TTTTCCTCGCTTCCGGGCTGT CATCATTAAACT GTGCAATGGCGATAGCTTTCGT CATTTCATGACCAGC
GITTATGCACTGGTTAAGTGTTTCCATGA

>gnl | uv| M64731. 1: 380-490 Cl oni ng vector pSU2718 DNA
GGATTTATTTATTCTGCGAAGT GATCTTCCGT CACAGGTATTTATTCGGCGCAAAGT GCGT CGGGTGATG
CTGCCAACTTACTGATTTAGTGTATGATGGTGTTTTTGAGG

>gnl | uv| M64731. 1: 536- 628 Cl oni ng vector pSU2718 DNA

TACT GACGGGGT GGT GCGTAACGGCAAAAGCACCGCCGGACAT CAGCGCCAT TCGCCATTCAGGCTGCGC
AACTGT TGGGAAGGGCGATCGGT

>gnl | uv| X06403. 1: 538-626 Cl oni ng vector pACYCl84

CTGACGGGGT GGTGCGTAACGGCAAAAGCACCGCCGGACAT CAGCGCTAGCGGAGTGTATACTGGCTTAC
TATGT TGGCACTGATGAGG

>gnl | uv| UL3761. 1: 763-860 Cl oni ng vector pDO192
CTCAACACGATTTTACGTCACTTAAAAAACT CAGGCCGCAGTCGGTAACATCGTCCATTCCGACAGCATC
GCCAGTCACTATGGCGTGCTGCTAGCTT

>gnl | uv| U13761. 1: 6428- 6524 Cl oni ng vector pDO192

TTCACCGAATACGT GCGCAACAACCGT CTTCCGGAGACT GTCATACGCGCATTCCCTGT TCCTGCCAGT T
CTGAATGGTACGGATACTCGCACCGAA

>gnl | uv| LO8817. 1: 8943- 9038 pAA3. 7X cl oni ng vector

CTACCGGAAGCAGT GTGACCGT GT GCTTCTCAAAT GCCTGAGGCCAGT TGGTAATGACTCCAACTTATTG
ATAGTGTTTTATGT TCAGATAATGCC

>gnl | uv| LO8817. 1: 9536- 9583-49 pAA3. 7X cl oni ng vect or

TGATTTTCTGGT GCGTACCGGGT TGAGAAGCGGT GTAAGT GAACT GCAGGCCTTTTGAAAAGCAAGCATA
AAAGATCAACAGT CGGTACGGCTGACC

>gnl | uv| U03463. 1: 764-939 Cl oni ng vector pDO6

TCAACACGATTTTACGT CACTTAAAAAACT CAGGCCGCAGT CGGTAACCGGCCTCTTCATCGGGAATGCG
CGCGACCTTCAGCAT CGCCGGCAT GT CCCCCT GGCGGACGGGAAGT AT CCAGCT CGAT CAGGCAGCAGCT
GAACCAACT CGCGAGGGGAT CGAGCCCGEEGTGGEL

>gnl | uv| U03463. 1: 8267- 8360 Cl oni ng vector pDO6
TTCGCTGCGTATATCGCTTGCTGATTACGT GCAGCT TTCCCT TCAGGCGT ACGCAT GACCGGCGGCGGAT
TTGGCGGCTGTATCGT CGCCCTGA

>gnl | uv| U03462. 1: 8530- 8621 Cl oni ng vector pDQO2

TCACCGAATACGT GCGCAACAACCGT CTTCCGGAGACT GTCATACGCGT GCGTCATATACTGACTGAAAA
CGCCCGCACCGTTGAAGCTGCC

>gnl | uv| U03460. 1: 842- 1010 Cl oni ng vector pDOL84

TCAGCATCGCCGGCAT GT CCCCCTGGCGGACGGGAAGT ATCCAGCT CGACAT CGT CTGCGCGGAAAT GGA
CGAACAGT GGGGCTATGT CGGGGCTAAAT CGCGCCAGCGCTGGCTGT TTTACGCGT TTTGCCACGATCGG
GTCCAGTTCATGCGCAACAGCGTTGAACT

>gnl | uv| U03461. 1: 5370- 5459 Cl oni ng vector pDO19
CCGCAGCTTAGACCAAAACAGGAAGCTATGGGCCTGCTTAGGT GACGT CATCGT CTGCGCGGAAATGGAC
GAACAGT GGGGCTATGTCGG

>gnl | uv| X53938. 1: 1293- 1389 Pl asni d vector pSU 36

GCTTTTGCCGT TACGCACCACCCCGT CAGT AGCT GAACAGGAGGGACAGGGGGT GGGCGAAGAACTCCAG
CATGAGATCCCCGCGCTGGAGGATCAT

>gnl | uv| U55760. 1: 1- 2749 Bacul ovirus transfer vector pBacPAK-H s3, beta-
| actamase (bl a) gene, conplete cds
TCGACATGCTGAACAACAAGATTAATATGCCTCCGTGTATAAAAAAAATATTGAACGATTTGAAAGAAAA
CAATGTACCGCGCGGCGGTATGTACAGGAAGAGGT TTATACTAAACTGT TACATTGCAAACGTGGT TTCG
TGTGCCAAGT GTGAAAACCGATGTTTAATCAAGGCT CTGACGCATTTCTACAACCACGACTCCAAGTGT G
TCGGTGAAGT CATGCACCTTTTAATCAAAT CCCAAGAT GT GTATAAACCACCAAACT GCCAAAAAATGAA
AACTGTCGATAAGCT CTGT CCGT TTGCTGGCAACT GCAAGGGT CTCAATCCTATTTGTAATTATTGAATA
ATAAAACAATTATAAATGCTAAATTTGT TTTTTATTAACGATACAAACCAAACGCAACAAGAACATTTGT




AGTATTATCTATAATTGAAAAAGCGTAGT TATAATCGCTGAGGTAATATTTAAAATCATTTTCAAATGAT
TCACAGTTAATTTGCGACAATATAATTTTATTTTCACATAAACTAGACGCCTTGTCGTCTTCTTCTTCGT
ATTCCTTCTCTTTTTCATTTTTCTCCTCATAAAAATTAACATAGT TATTATCGTATCCATATATGTATCT
ATCGTATAGAGTAAATTTTTTGT TGTCATAAATATATATGTCTTTTTTAATGGGGTGTATAGTACCGCTG
CGCATAGTTTTTCTGTAATTTACAACAGTGCTATTTTCTGGTAGT TCTTCGGAGTGTGTTGCTTTAATTA
TTAAATTTATATAATCAATGAATTTGGGATCGT CGGT TTTGTACAATATGT TGCCGGCATAGTACGCAGC
TTCTTCTAGTTCAATTACACCATTTTTTAGCAGCACCGGATTAACATAACTTTCCAAAATGT TGTACGAA
CCGTTAAACAAAAACAGT TCACCTCCCTTTTCTATACTATTGTCTGCGAGCAGT TGTTTGTTGTTAAAAA
TAACAGCCATTGTAATGAGACGCACAAACTAATATCACAAACT GGAAATGT CTATCAATATATAGTTGCT
GATATCATGGAGATAATTAAAAT GATAACCATCTCGCAAATAAATAAGTATTTTACTGT TTTCGTAACAG
TTTTGTAATAAAAAAACCTATAAATACCAT GGGT CATCAT CATCACCAT CACGGGT CGACAAGCTTGGAT
CCCTGCAGGCCTCGAGT TCGAAT CTAGAAGATCTGGTACCGAGCT CGAATTCCCGGGCGGCCCCTTAATT
AATTGATCCGGGTTATTAGTACATTTATTAAGCGCTAGATTCTGTGCGT TGTTGATTTACAGACAATTGT
TGTACGTATTTTAATAATTCATTAAATTTATAATCTTTAGGGT GGTATGT TAGAGCGAAAATCAAATGAT
TTTCAGCGTCTTTATATCTGAATTTAAATATTAAATCCTCAATAGATTTGTAAAATAGGT TTCGATTAGT
TTCAAACAAGGGT TGTTTTTCCGAACCGATGGCTGGACTATCTAATGGATTTTCGCTCAACGCCACAAAA
CTTGCCAAATCTTGTAGCAGCAATCTACCTTTGTCGATATTCGTITTGTGTTTTGT TTTGTAATAAAGGT T
CGACGT CGTTCAAAATATTATGCGCTTTTGTATTTCTTTCATCACTGTCGTTAGT GTACAATTGACTCGA
CGTAAACACGT TAAATAACGCTTGGACATATTTAACATCGGGCGT GTTAGCTTTATTAGGCCGATTATCG
TCGT CGTCCCAACCCT CGTCGT TAGAAGT TGCTTCCGAAGACGATTTTGCCATAGCCACACGACGCCTAT
TAATTGTGTCGGCTAACACGT CCGCGATCAAATTTGTAGT TGAGCTTTTTGGAATTATTTCTGATTGCGG
GCGTTTTTGGGCGGEGT TTCAATCTAACTGTGCCCGATTTTAATTCAGACAACACGT TAGAAAGCGATGGT
GCAGGCGGTGGTAACATTTCAGACGGCAAATCTACT AATGGCGGCGGT GGTGGAGCTGATGATAAATCTA
CCATCGGT GGAGGCGCAGGECGGEEECT GECGELCCGAGGCGGAGGCGEGAGGT GGT GGCGGT GATGCAGACGG
CGGTTTAGGCTCAAATGTCTCTTTAGGCAACACAGT CGGCACCTCAACTATTGTACTGGT TTCGGGCGCC
GITTTTGGTTTGACCGGT CTGAGACGAGTGCGATTTTTTTCGTTTCTAATAGCTTCCAACAATTGTTGTC
TGTCGTCTAAAGGT GCAGCGGGT TGAGGT TCCGT CGGCAT TGGT GGAGCGGGCGGCAAT TCAGACATCGA
TGGT GGT GGT GGT GGT GGAGGCGCT GGAAT GT TAGGCACGGGAGAAGGT GGT GGCGGLCGGT GCCGCCEGT
ATAATTTGTTCTGGT TTAGTTTGT TCGCGCACGAT TGT GGGCACCGGCGCAGGCGCCGCTGGCTGCACAA
CGGAAGGT CGT CTGCTTCGAGGCAGCCCT TGGGEGT GGTGGCAATTCAATATTATAATTGGAATACAAATC
GTAAAAATCTGCTATAAGCATTGTAATTTCGCTATCGTTTACCGT GCCGATATTTAACAACCGCTCAATG
TAAGCAATTGTATTGTAAAGAGATTGTCTCAAGCT CGGATCGATCCCGCACGCCGATAACAAGCCTTTTC
ATTTTTACTACAGCATTGTAGT GGCGAGACACT TCGCTGT CGTCGCCTGATGCGGTATTTTCTCCTTACG
CATCTGTGCGGTATTTCAC

>gnl | uv| AF098285. 1: 118-350 Cl oni ng vect or pFR-Bgal

GT CCTCCGAGCGGAGACT CTAGAGGGTATATAATGGATCCCCGGGTACCAGCT TGGGGGAT CGAAAGAGC
CTGCTAAAGCAAAAAAGAAGT CACCATGT CGTTTACT TTGACCAACAAGAACGTGATTTTCGT TGCCGGT
CTGGGAGGCAT TGGT CT GGACACCAGCAAGGAGCT GCTCAAGCGCGATCCCGT CGTTTTACAACGTCGT G
ACTGGGAAAACCCTGGCGTTACC

>gnl | uv| UB9935. 1: 560- 659 Cl oni ng vector pBI-GL

CCGCGGCCCCGAAT TCGAGCT CGGTACCCGGGGAT CCTCTAGAGGAT CCCCGGGAT CGAAAGAGCCTGCT
AAAGCAAAAAAGAAGTCACCATGTCGTTTA

>gnl | uv| U02433. 1: 1- 258 Cl oni ng vect or pNASSbet a

GAATTCGAGCT CGGTACT CGAGGAACT GAAAAACCAGAAAGT TAACTGGTAAGTTTAGTCTTTTTGTCTT
TTATTTCAGGT CCCGGAT CCGGT GGT GGT GCAAAT CAAAGAACTGCTCCTCAGTGGATGT TGCCTTTACT
TCTAGGCCTGTACGGAAGTGTTACTTCTGCTCTAAAAGCT GCGGAAT TGT ACCCGCGGCCGCAATTCCCG
GGGAT CGAAAGAGCCTGCTAAAGCAAAAAAGAAGT CACCATGTCGTTT

>gnl | uv| U13184. 1: 6-96 Cl oni ng vector pbetagal -Basic
GAGGTACCGAGCTCTTACGCGT GCTAGCT CGAGATCTAAGT AAGCT TGGGGGAT CGAAAGAGCCTGCTAA
AGCAAAAAAGAAGT CACCATG

>>gnl | uv| U13187. 1: 199- 287 Cl oni ng vector pbetagal - Pronoter
GTAGTGAGGAGCCTTTTTTGGAGGCCTAGGCT TTTGCAAAAAGCT TGGGGGATCGAAAGAGCCTGCTAAA
GCAAAAAAGAAGT CACCAT

>gnl | uv| M37847. 1: 848- 1034 Bacterial cloning vector pMvB206
GGATCTCAACAGCGGTAAGAT CCTTGAGAGT TTTCGCCCCGAAGAACGT GATGTCCGGCGGTCGCTTTTGC
CGTTACGCACCACCCCGT CAGTAGCT GAACAGGAGGGACAGCT GATAGAAACAGAAGCCACTGGAGCAAG
CACCTCAAAAACACCAT CATACACTAAAT CAGTAAGT TGGCAGCATC




>gnl | uv| U35235. 1: 534-629 Pl asmi d pBSL167 cl oni ng vector

GCTACT GACGGGGT GGTGCGT AACGGCAAAAGCACCGCCGGACAT CACGCGCGTAATACGACT CACTATA
GGGCGAATTGGEGTACCGEECCCCCCC

>gnl | uv| M37852. 1: 43-109 Cl oni ng vector pMvB206 beta | actamase (bl a,
truncated), 3' end

TGCCGTTACGCACCACCCCGT CAGT AGCT GAACAGGAGGGACAGCT GATGAAAACAGAAGCCACT GG
>gnl | uv| X06779. 1: 1- 4734 Conpl ete sequence of transformati on vector

pPl 25. 1

GGATCCCAAT CCGCATCGAATAAGACGCAAACTTTTGCATCGTATATTGAAAAGATGCGCTATCTCCATG
GCAAAGTTTTTGCGGT CGT CGCAGACAAAAGACGCGTGTTCCCTTTTAAAGT TTCATTAATCAATGGCTC
GGGTGGT GGAT GT GGAT GT GGCTGTAGCTAT TGAT GTAGCT GGAGGGGT TCTGCCACAGCTCCGGCTATA
GCTTTTATTATTTCAATTGCGGAACGGT GCCCGGGGCTCAAAAAT AT GAGGCATCATTTATCAGGCCGCC
ATTCCACCACTCCACTACGT CATACCATTCCGT TCTGGTGCGGATTGGCTGT CTGGGCTGTGGATTTCAA
ATTGGCAGCAACAAT GCCGT GATTAAT GGCCGT CAAAGCGAAAGAGT CAACAAAT GTCAAGCGACAAACT
GCAATTGGCAAT TGGAGGGAGGGEGEGEGET GGT GGT GGT GGTAAAGAGGACCAAAT CCCAAAAAACCCCATA
CCATAACATATACCATATACCATACTATACCATGGTAGGAAT CCCT TGGCCCGCGATGAAATGAATGCCA
ACACAAGTGCGGGTTAATTTTTTCAAATGTTTGTTAATTACATTTATTGTTTCCTTTTGITTTTGCATTT
GCATTTGITTTTATGITTTTTTTTCTCTCGITTCTCTTTAGTTTTGATTTCTTTCACTTGCAATCGTTCT
GGCTGCTTTCATTATTACTGATTGCCGGCCAAAACT CGCGATTATGGT TTGTTTTTGTAATGTATATATAT
GCACGTATATATAAGT CTAAGCGGGTTTATCTTACACTTTAGATATTTTTGATTTAACTTTATGCCTGCT
CTCTAACAATACAATACAAAAAAAATATTGGATAATCGCTCTTACTTATTTCCGATTATTAGATATTATT
ACGATATTTAACATAGT TTCGGTAATTCGATAGATAGGTAGTATTGTTTATCGCTCGTAGATGATAGACT
GITGCTTATACACACCATGATGAAATAACATAAGGT GGT CCCGTCGAAAGCCGAAGCTTACCGAAGTATA
CACTTAAATTCAGTGCACGT TTGCTTGT TGAGAGGAAAGGT TGTGTGCGGACGAATTTTTTTTTGAAAAC
ATTAACCCTTACGT GGAATAAAAAAAAAT GAAATATTGCAAATTTTGCT GCAAAGCT GTGACTGGAGTAA
AATTAATTCACGT GCCGAAGT GTGCTATTAAGAGAAAATTGT GGGAGCAGAGCCT TGGGTGCAGCCTTGG
TGAAAACTCCCAAATTTGTGATACCCACT TTAATGATTCGCAGT GGAAGGCT GCACCT GCAAAAGGT CAG
ACATTTAAAAGGAGGCGACT CAACGCAGATGCCGTACCTAGT AAAGT GATAGAGCCT GAACCAGAAAAGA
TAAAAGAAGGCTATACCAGT GGGAGT ACACAAACAGAGT AAGT TTGAATAGTAAAAAAAATCATTTATGT
AAACAATAACGT GACTGTGCGT TAGGT CCTGTTCATTGT TTAATGAAAATAAGAGCT TGAGGGAAAAAAT
TCGTACTTTGGAGTACGAAAT GCGT CGT TTAGAGCAGCAGCT GAGGGAGT CTCAACAGT TGGAGGAGT CT
CTACGCAAAAT CTTCACGGACACGCAGATACGGATACT GAAGAAT GGT GGACAAAGAGCTACGT TCAATT
CCGACGACATTTCTACAGCTATTTGT CTCCACACCGCAGGCCCTCGAGCGTATAACCATCTGTACAAAAA
AGGATTTCCTTTGCCCAGT CGTACGACT TTGTACAGATGGT TATCAGAT GT GGACATAAAAAGAGGATGT
TTGGATGT GGTCATAGACCTAATGGACAGT GATGGAGT TGATGACGCCGACAAGCTTTGCGTACTCGCTT
TCGACGAGATGAAGGT CGCTGCTGCCTTCGAGTATGACAGCT CTGCTGATATTGT TTACGAGCCAAGCGA
CTATGTCCAACTGGCTATTGT TCGT GGT CTAAAAAAAT CGT GGAAGCAGCCAGTTTTTTTCGATTTTAAT
ACCCGAATGGACCCGGATACTCTTAACAATATATTAAGGAAACT GCATAGGAAAGCGATATTTAGTAGI TG
CTATTGTATCCGATTTAGGTACCGGAAACCAAAAGCT AT GGACAGAGCT CGGTATATCAGAATGTAAGT T
TCGTATATTACAAAAAT CAGATAATCCTTGAAATTCCATTTTTTAGCAAAAACCTGGTTTAGCCATCCTG
CAGATGACCATTTAAAGATTTTCGTTTTTTCGGATACGCCACATTTAATTAAGT TAGTCCGTAACCACTA
TGTGGATTCCGGATTAACAATAAAT GGGAAAAAATTAACAAAAAAAACAATTCAGGAGGCACTTCATCTT
TGCAACAAGT CCGATCTGTCTATCCTCTTTAAAATTAATGAAAATCACATTAATGT TCGATCGCTCGCAA
AACAGAAGGT TAAATTGGCTACCCAGCTGT TTTCGAATACCACCGCTAGCTCGATCAGACGCTGCTATTC
ATTGGGGTATGACAT TGAAAAT GCCACCGAAACTGCCGACT TCTTCAAATTGATGAATGATTGGTTCGAC
ATTTTTAATTCTAAATTGT CCACATCCAATTGCATTGAGT GCTCGCAACCT TATGGCAAGCAGTTGGATA
TACAGAATGATATTTTGAATCGAAT GTCGGAAAT TATGCGAACAGGAAT TCT GGATAAACCCAAAAGGCT
CCCATTTCAAAAAGGTATCATTGTGAATAATGCTTCGCTTGATGGCTTGTATAAATATTTGCAAGAAAAC
TTCAGTATGCAATACATATTAACAAGCCGT CTCAACCAAGACATTGTGGAGCATTTTTTTGGCAGCATGC
GATCGAGAGGT GGACAATTCGACCATCCCACT CCACTGCAGT TTAAGTATAGGT TAAGAAAATATATAAT
AGGTATGACAAATTTAAAAGAAT GCGTAAACAAAAATGTAATTCCATGATTTATAATTGTTTAATGTI TTA
GCTATATGTTTCAGGAAAGT TTCAGT TGAGAATGTAGGTAGT TATGTGCTGTCTATTGTGTTTTGICTTT
TATCTGTITTCTTTTCATTTTATTATTTAATCATTATCCTTTTGCTTATCCAGCCAGGAATACAGAAATGT
TAAGAAATTCGGGAAATAT CGAAGAGGACAACT CTGAAAGCTGGCTTAATTTAGATTTCAGT TCTAAAGA
AAACGAAAATAAAAGT AAAGAT GATGAGCCT GT CGATGAT GAGCCT GT CGATGAGATGT TAAGCAATATA
GATTTCACCGAAATGGATGAGT TGACGGAGGAT GCGATGGAATATAT CGCGGGCTATGT CATTAAAAAAT
TGAGAATCAGT GACAAAGT AAAAGAAAATTTGACAT TTACATACGT CGACGAGGT GTCTCACGGCGGACT




TATTAAGCCGTCCGAAAAAT TTCAAGAGAAGT TAAAAGAGCTAGAATGTATTTTTTTGCATTATACAAAT
AATAATAATTTTGAAATTACAAATAAT GTAAAGGAAAAATTAATAT TAGCAGCGCGAAACGT CGATGTI TG
ATAAACAAGTAAAATCTTTTTATTTTAAAATTAGAATATATTTTAGAATTAAGTACT TCAACAAAAAAAT
TGAAATTAAAAAT CAAAAACAAAAGT TAATTGGAAACT CCAAATTATTAAAAATAAAACT TTAAAAATAA
TTTCGTCTAATTAATATTATGAGT TAATTCAAACCCCACGGACATGCTAAGGGT TAATCAACAATCATAT
CGCTGTCTCACTCAGACTCAATACGACACTCAGAATACTATTCCTTTCACTCGCACTTATTGCAAGCATA
CGTTAAGTGGATGT CTCTTGCCGACGGGACCACCTTATGT TATTTCATCATGATACACACACTTTGGTTT
CTCCCGTACTTAGTATATTCGCTAGCTCCTTTCGAACGCTAATTACGCATATTGATTAGTGTTACATTAG
ATTGCAAAAAAAAAAAGGATTAATAAATACATCCATATTGTAACTAGT TCGCTTGGT TATAGATATACAC
ACGCACGCACACAAATCCTTAACTTTACATCCACCTATCTTAGGCGCTTTACATCTAACGCGCTGGATCA
TCGT GGATCTGGCCATCATACCTCATCTACAATCCATCTAGAAATCATCCAGCTCCAGCTACTTCTATAC
AACGT TCGCCGT GGAAAGAACAT TCTTTAGCCT CGCACTAAACTAAACT TAAATAATAATCAACAACGT T
GCTCCAACAGACTTAAAAT GGAAT TAGAACAAAAAT CATGT GTGCTTAAGT CGT GTGCAGAATGTCTCAA
TATTTACACATCAAAGT TCACTTTTGCCAATTGCCCTCTAGCTCCTCTAGCTCCTCATCATCTATCTCTC
TTCATCTGACTCTACTCTACGATCTGCGGCT CTTCGGAT TCGAAGGACACAT CGAAAAT CGAACAGT GAT
CGGTGGCGATGTTTAGCTCTCTCGATTTCGCAGT CCACAAAAT CCGATTCTCT CCACCACCAGCCGCCCT
TGTCATTCATTCCACATTCATCAGT TTAGTCCTTCGTTTATTTTTTTTTTTTTAACTTTTTGGCACTGCT
TTGAATTTCTTTTGGCACCGCACGCT TCGAGCGT GAAAATAAAATTATTTATGCATATACATAGATAAAT
ACGAATATATCTATATGGAGTATGTAAAAAAAAAAAAAGGATCC

>gnl | uv| ML3369. 1: 1-85 Plasmid pNNL (cosmid) DNA with an inserted ISl
fragnment

GAATTCTCATGTTTGACAGCT TATCATCGATAAGCTGGTGATGCTGCCAACTTACTGATTTAGTGTATGA
TGGTGTTTTTGAGGT

>gnl | uv| ML3369. 1: 757-815 Plasmi d pNNL (cosnmid) DNA with an inserted ISl
fragnment

GGGCATTATCTGAACATAAAACACTATCAATAAGT TGGAGT CATTACCACGATAAGCTT




