1 AACGCTACTA CTATTAGTAG AATTGATGCC ACCTTTTCAG CTCGCGCCCC

51

101

151

201

251

301

351

401

451

501

551

601

651

701

751

801

851

901

951

1001

1051

1101

AAATGAAAAT ATAGCTAAAC AGGTTATTGA CCATTTGCGA AATGTATCTA

ATGGTCAAAC TAAATCTACT CGTTCGCAGA ATTGGGAATC AACTGTTACA
Xba
TGGAATGAAA CT[TCIAGA]CA CCGTACTTTA GTTGCATATT TAAAACATGT

TGAGCTACAG CACCAGATTC AGCAATTAAG CTCTAAGCCA TCCGCAAAAA

TGACCTCTTA TCAAAAGGAG CAATTAAAGG TACTCTCTAA TCCTGACCTG
MIul
TTGGAGTTTG CTTCCGGTCT GGTTCGCTTT GAAGCTCGAA TTAAA[ACGCG

TJTATTTGAAG TCTTTCGGGC TTCCTCTTAA TCTTTTTGAT GCAATCCGCT
TTGCTTCTGA CTATAATAGT CAGGGTAAAG ACCTGATTTT TGATTTATGG
TCATTCTCGT TTTCTGAACT GTTTAAAGCA TTTGAGGGGG ATTCAATGAA

TATTTATGAC GATTCCGCAG TATTGGACGC TATCCAGTCT AAACATTTTA
Bsu361
CTATTACCCIC CTCAGG]CAAA ACTTCTTTTG CAAAAGCCTC TCGCTATTTT

GGTTTTTATC GTCGTCTGGT AAACGAGGGT TATGATAGTG TTGCTCTTAC

TATGCCTCGT AATTCCTTTT GGCGTTATGT ATCTGCATTA GTTGAATGTG
Mfel
GTATTCCTAA ATCT[CAATTG] ATGAATCTTT CTACCTGTAA TAATGTTGTT

CCGTTAGTTC GTTTTATTAA CGTAGATTTT TCTTCCCAAC GTCCTGACTG

GTATAATGAG

AGTTGAAATT

CTCGTCAGGG

TTGGGTAATG

GCCAGCCTAT

TTGGTCAGTT

AAGTAACATG

CCAGTTCTTA

AAACCATCTC

CAAGCCTTAT

AATATCCGGT

GCGCCTGGTC

CGGTTCCCTT

GAGCAGGTCG

AAATCGCATA

AAGCCCAATT

TCACTGAATG

TCTTGTCAAG

TGTACACCGT

ATGATTGACC

CGGATTTCGA

AGGTAATTCA

TACTACTCGT

AGCAGCTTTG

ATTACTCTTG

TCATCTGTCC

GTCTGCGCCT

CACAATTTAT

CAATGATTAA

TCTGGTGTTT

TTACGTTGAT

ATGAAGGTCA

TCTTTCAAAG

CGTTCCGGCT

CAGGCGATGA
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1151

1201

1251

1301

1351

1401

1451

1501

1551

1601

1651

1701

1751

1801

1851

1901

1951

2001

2051

2101

2151

2201

2251

TACAAATCTC

CAAAGATGAG

TGCCTTCGTA

ATGAAAAAGT

TCCGATGCTG

TTAACTCCCT

ATGGTTGTTG

ATTCACCTCG

CGTTGTACTT

TGTTTTAGTG

GTGGCATTAC

CTTTAGTCCT

TCTTTCGCTG

GCAAGCCTCA

TCATTGTCGG

AAAGCAAGCT

GGAGCCTTTT

TTCCTTTAGT
Blpl

TLGCTTAGC]JAA AACCCCATAC AGAAAATTCA TTTACTAACG TCTGGAAAGA

CGACAAAACT

CTACAGGCGT

TGGGTTCCTA

GGGTGGCGGT

CTGAGTACGG

GACGGCACTT

TTCTCTTGAG

GGTTCCGAAA

CAAGGCACTG

AAAAGCCATG

TCCATTCTGG

TCGTCTGACC

TTTTTGGAGA

TGTTCCTTTC

TTAGATCGTT

TGTAGTTTGT

TTGGGCTTGC

TCTGAGGGTG

TGATACACCT

ATCCGCCTGG

GAGTCTCAGC

TAGGCAGGGG

ACCCCGTTAA

TATGACGCTT

CTTTAATGAG

TGCCTCAACC

TGTTTCGCGC TTGGTATAAT CGCTGGGGGT
Nhel

TATTCTTTCL[G CTAGC]TTCGT TTTAGGTTGG

GTATTTTACC CGTTTAATGG AAACTTCCTC

Bgll

CAAA[LGCCTCT GTGGC]CGTTG CTACCCTCGT

CTGAGGGTGA

GCGACCGAAT

CGCAACTATC

GATAAACCGA

TTTTCAACGT

TATTCTCACT

ACGCTAACTA

ACTGGTGACG

TATCCCTGAA

GCGGTTCTGA

ATTCCGGGCT

TACTGAGCAA

CTCTTAATAC

GCATTAACTG

AACTTATTAC

ACTGGAACGG

GATCCATTCG

TCCTGTCAAT

CGATCCCGCA

ATATCGGTTA

GGTATCAAGC

TACAATTAAA

GAAAAAATTA

CCGCTGAAAC

TGAGGGTTGT

AAACTCAGTG

AATGAGGGTG

GGGTGGCGGT

ATACTTATAT

AACCCCGCTA

TTTCATGTTT

TTTATACGGG

CAGTACACTC

TAAATTCAGA

TTTGTGAATA

GCTGGCGGCG

AAAGCGGCCT

TGCGTGGGCG

TGTTTAAGAA

GGCTCCTTTT

TTATTCGCAA

TGTTGAAAGT

CTGTGGAATG

TTACGGTACA

GTGGCTCTGA

ACTAAACCTC

CAACCCTCTC

ATCCTAATCC

CAGAATAATA

CACTGTTACT

CTGTATCATC

GACTGCGCTT

TCAAGGCCAA

GCTCTGGTGG

Cite as: Angela Belcher, Drew Endy, Natalie Kuldell and Agi Stachowiak. Course materials for 20.109 Laboratory
Fundamentals in Biological Engineering, Fall 2007. MIT OpenCourseWare (http://ocw.mit.edu), Massachusetts
Institute of Technology. Downloaded on [DD Month YYYY].



2301 TGGTTCTGGT GGCGGCTCTG AGGGTGGTGG CTCTGAGGGT GGCGGTTCTG

2351 AGGGTGGCGG CTCTGAGGGA GGCGGTTCCG GTGGTGGCTC TGGTTCCGGT

2401 CGATTTTGATT ATGAAAAGAT GGCAAACGCT AATAAGGGGG CTATGACCGA

2451 AAATGCCGAT GAAAACGCGC TACAGTCTGA CGCTAAAGGC AAACTTGATT

2501 CTGTCGCTAC TGATTACGGT GCTGCTATCG ATGGTTTCAT TGGTGACGTT
EcoRlI
2551 TCCGGCCTTG CTAATGGTAA TGGTGCTACT GGTGATTTTG CTGGCTC[GAA

2601 TTC]JCCAAATG GCTCAAGTCG GTGACGGTGA TAATTCACCT TTAATGAATA

2651

2701

2751

2801

2851

2901

2951

3001

3051

3101

3151

3201

3251

3301

3351

3401

ATTTCCGTCA

TTTGTCTTTA

AATAAACTTA

TTATGTATGT

TAATCATGCC

TTCCTTCTGG

CTTCGGTAAG

GGCTTAACTC

CCCTCTGACT

TCCCTGTTTT

ACGTTAAACA

TGTTTATTTT

TTGGTAAGAT

CTTGATTTAA

GCCTCGCGTT

CTATTGGGCG

ATATTTACCT

GCGCTGGTAA

TTCCGTGGTG

ATTTTCTACG

AGTTCTTTTG

TAACTTTGTT

ATAGCTATTG

AATTCTTGTG

TTGTTCAGGG

TATGTTATTC

AAAAATCGTT

GTAACTGGCA

TCAGGATAAA

GGCTTCAAAA

CTTAGAATAC

CGGTAATGAT

TCCCTCCCTC

ACCATATGAA

TCTTTGCGTT

TTTGCTAACA

GGTATTCCGT

CGGCTATCTG

CTATTTCATT

GGTTATCTCT

TGTTCAGTTA

TCTCTGTAAA

TCTTATTTGG

AATTAGGCTC

ATTGTAGCTG

CCTCCCGCAA

CGGATAAGCC

TCCTACGATG

AATCGGTTGA

TTTTCTATTG

TCTTTTATAT

TACTGCGTAA

TATTATTGCG

CTTACTTTTC

GTTTCTTGCT

CTGATATTAG

ATTCTCCCGT

GGCTGCTATT

ATTGGGATAA

TGGAAAGACG

GGTGCAAAAT

GTCGGGAGGT

TTCTATATCT

AAAATAAAAA

ATGTCGCCCT

ATTGTGACAA

GTTGCCACCT

TAAGGAGTCT

TTTCCTCGGT

TTAAAAAGGG

CTTATTATTG

CGCTCAATTA

CTAATGCGCT

TTCATTTTTG

ATAATATGGC

CTCGTTAGCG

AGCAACTAAT

TCGCTAAAAC

GATTTGCTTG

CGGCTTGCTT
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3451

3501

3551

3601

3651

3701

3751

3801

3851

3901

3951

4001

4051

4101

4151

4201

4251

4301

4351

4401

4451

4501

4551

GTTCTCGATG

GGAAAGACAG

GGGATATTAT

CGTTCTGCAT

TACTTTACCT

TGCCTCTGCC

TTAAGCCCTA

CGCATATGAT

ATTCTTATTT

AATTTAGGTC

TCGCGTTCTT

ATATAACCCA

GATTTTGATA

TCGCTATGTT

TACAGAAGCA

ATTAAAAAAG

TCTTGATGTT

AATTCGCCTC

ATCCGTTATT

CTGACGTTAA

GCTAATAATT

TAATCCAAAC

AGGAATATGA

AGTGCGGTAC

CCGATTATTG

TTTTCTTGTT

TAGCTGAACA

TTTGTCGGTA

TAAATTACAT

CTGTTGAGCG

ACTAAACAGG

AACGCCTTAT

AGAAGATGAA

TGTCTTGCGA

ACCTAAGCCG

AATTCACTAT

TTCAAGGATT

AGGTTATTCA

GTAATTCAAA

TGTTTCATCA

TGCGCGATTT

GTTTCTCCCG

ACCTGAAAAT

TTGATATGGT

AATCAGGATT

TGATAATTCC

TTGGTTTAAT

ATTGGTTTCT

CAGGACTTAT

TGTTGTTTAT

CTTTATATTC

GTTGGCGTTG

TTGGCTTTAT

CTTTTTCTAG

TTATCACACG

ATTAACTAAA

TTGGATTTGC

GAGGTTAAAA

TGACTCTTCT

CTAAGGGAAA

CTCACATATA

TGAAATTGTT

TCTTCTTTTG

TGTAACTTGG

ATGTAAAAGG

CTACGCAATT

TGGTTCAATT

ATATTGATGA

GCTCCTTCTG

ACCCGTTCTT

ACATGCTCGT

CTATTGTTGA

TGTCGTCGTC

TCTTATTACT

TTAAATATGG

ACTGGTAAGA

TAATTATGAT

GTCGGTATTT

ATATATTTGA

ATCAGCATTT

AGGTAGTCTC

CAGCGTCTTA

ATTAATTAAT

TTGATTTATG

AAATGTAATT

CTCAGGTAAT

TATTCAAAGC

TACTGTTACT

TCTTTATTTC

CCTTCCATAA

ATTGCCATCA

GTGGTTTCTT

GGAATGATAA

AAATTAGGAT

TAAACAGGCG

TGGACAGAAT

GGCTCGAAAA

CGATTCTCAA

ATTTGTATAA

TCCGGTGTTT

CAAACCATTA

AAAAGTTTTC

ACATATAGTT

TCAGACCTAT

ATCTAAGCTA

AGCGACGATT

TACTGTTTCC

AATTTTGTTT

TGAAATGAAT

AATCAGGCGA

GTATATTCAT

TGTTTTACGT

TTCAGAAGTA

TCTGATAATC

TGTTCCGCAA
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4601

4651

4701

4751

4801

4851

4901

4951

5001

5051

5101

5151

5201

5251

5301

5351

5401

5451

5501

5551

5601

5651

5701
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AATGATAATG

TTTAATACGA

CAAATGTATT

AAAGATATTT

AACTGACCAG

ATGCTTTAGA

GGCGGTGTTA

TTCGTTCGGT

TAAAGACTAA

CTTTCAGGTC

TACTGGTCGT

CGATTGAGCG

ATGGCTGGCG

GAGTTCTTCT

CTACAACGGT

ACTGATTATA

AATCCCTTTA

AAAGCACGTT

CGGCGCATTA

CACTTGCCAG

CTCGCCACGT

TTTAGGGTTC

ATTTGGGTGA

TTACTCAAAC

GTTGTCGAAT

ATCTATTGAC

TAGATAACCT

ATATTGATTG

[TTTTCATTT

ATACTGACCG

ATTTTTAATG

TAGCCATTCA

AGAAGGGTTC

GTGACTGGTG

TCAAAATGTA

GTAATATTGT

ACTCAGGCAA

TAATTTGCGT

AAAACACTTC

ATCGGCCTCC

ATACGTGCTC

AGCGCGGCGG

CGCCCTAGCG

TCGCCGGCTT

CGATTTAGTG

TGGTTCACGT

TTTTAAAATT

TGTTTGTAAA

GGCTCTAATC

TCCTCAATTC

AGGGTTTGAT

GCTGCTGGCT

CCTCACCTCT

GCGATGTTTT

AAAATATTGT

TATCTCTGTT

AATCTGCCAA

GGTATTTCCA

TCTGGATATT

GTGATGTTAT

GATGGACAGA

TCAAGATTCT

TGTTTAGCTC

GTCAAAGCAA

GTGTGGTGGT

CCCGCTCCTT

TCCCCGTCAA

CTTTACGGCA

AGTGGGCCAT

AATAACGTTC

GTCTAATACT

TATTAGTTGT

CTTTCTACTG

ATTTGAGGTT

CTCAGCGTGG

GTTTTATCTT

AGGGCTATCA

CTGTGCCACG

GGCCAGAATG

TGTAAATAAT

TGAGCGTTTT

ACCAGCAAGG

TACTAATCAA

CTCTTTTACT

GGCGTACCGT

CCGCTCTGAT

CCATAGTACG

TACGCGCAGC

TCGCTTTCTT

GCTCTAAATC

CCTCGACCCC

CGCCCTGATA

GGGCAAAGGA

TCTAAATCCT

TAGTGCACCT

TTGATTTGCC

CAGCAAGGTG

CACTGTTGCA

CTGCTGGTGG

GTTCGCGCAT

TATTCTTACG

TCCCTTTTAT

CCATTTCAGA

TCCTGTTGCA

CCGATAGTTT

AGAAGTATTG

CGGTGGCCTC

TCCTGTCTAA

TCCAACGAGG

CGCCCTGTAG

GTGACCGCTA

CCCTTCCTTT

GGGGGCTCCC

AAAAAACTTG

GACGGTTTTT
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5751

5801

5851

5901

5951

6001

6051

6101

6151

6201

6251

6301

6351

6401

6451

6501

6551

6601

6651

6701

6751

6801

6851

CGCCCTTTGA

AACTGGAACA

GGAGAAAAAA

TATTCCGCTT

GCGAGCGGAA

GGAAGATACT

ATAGGCTCCG

TGGTGGCGAA

CGGCTCCCTC

TTCCGCTGTT

CGGGTAGGCA

AGTCCGACCG

GAAAGACATG

AGGAGTTAGT

AGTTTTGGTG

GGTAGCTCAG

TTTCAGAGCA

CTTATTAAGG

TTTGGTCATG

AAAAATGAAG

GACAGTTACC

ATTTCGTTCA

TACGGGAGGG

CGTTGGAGTC

ACACTCAACC

GGCTGCACCG

CCTCGCTCAC

ATGGCTTACG

TAACAGGGAA

CCCCCCTGAC

ACCCGACAGG

GTGCGCTCTC

ATGGCCGCGT

GTTCGCTCCA

CTGCGCCTTA

CAAAAGCACC

CTTGAAGTCA

ACTGCGCTCC

AGAACCTTCG

AGAGATTACG

GGTCTGACGC

AGATTATCAA

TTTTAAATCA

AATGCTTAAT

TCCATAGTTG

CTTACCATCT

CACGTTCTTT

CTATCTCGGG

GTGCGTCAGC

TGACTCGCTA

AACGGGGCGG

GTGAGAGGGC

AAGCATCACG

ACTATAAAGA

CTGTTCCTGC

TTGTCTCATT

AGCTGGACTG

TCCGGTAACT

ACTGGCAGCA

TGCGCCGGTT

TCCAAGCCAG

AAAAACCGCC

CGCAGACCAA

TCAGTGGAAC

AAAGGATCTT

ATCTAAAGTA

CAGTGAGGCA

CCTGACTCCC

GGCCCCAGTG

AATAGTGGAC

ACGGATCGCT

AGAATATGTG

CGCTCGGTCG

AGATTTCCTG

CGCGGCAAAG

AAATCTGACG

TACCAGGCGT

CTTTCGGTTT

CCACGCCTGA

TATGCACGAA

ATCGTCTTGA

GCCACTGGTA

AAGGCTAAAC

TTACCTCGGT

CTGCAAGGCG

AACGATCTCA

GAAAACTCAC

CACCTAGATC

TATATGAGTA

CCTATCTCAG

CGTCGTGTAG

CTGCAATGAT

TCTTGTTCCA

TCATGTGGCA

ATACAGGATA

TTCGACTGCG

GAAGATGCCA

CCGTTTTTCC

CTCAAATCAG

TTCCCCCTGG

ACCGGTGTCA

CACTCAGTTC

CCCCCCGTTC

GTCCAACCCG

ATTGATTTAG

TGAAAGGACA

TCAAAGAGTT

GTTTTTTCGT

AGAAGATCAT

GTTAAGGGAT

CTTTTAAATT

AACTTGGTCT

CGATCTGTCT

ATAACTACGA

ACCGCGAGAC
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6901

6951

7001

7051

7101

7151

7201

7251

7301

7351

7401

7451

7501

7551

7601

7651

7701

7751

7801

7851

7901

7951

8001

CCACGCTCAC

GAGCTCGCCC

CACGGAACGG

CAGCAAAAGT

TAATGCTCTG

TCATCGAGCA

ACCATATTTT

GGCAGTTCCA

CGTCCAACAT

ATCAAGTGAG

AAAGCTTATG

TCGTCATCAA

CGCCTGAGCG

CAGGAATCGA

TTTTCACCTG

GGGGATCGCA

GCTTGATGGT

ATCTCATCTG

CAACTCTGGC

ATTGCCCGAC

ATGTTGGAAT

GCTCATAACA

TTCATGATGA

CGGCTCCAGA

CGGGGATCGA

TCTGCGTTGT

TCGATTTATT

CCAGTGTTAC

TCAAATGAAA

TGAAAAAGCC

TAGGATGGCA

CAATACAACC

AAATCACCAT

CATTTCTTTC

AATCACTCGC

AGACGAAATA

ATGCAACCGG

AATCAGGATA

GTGGTGAGTA

CGGAAGAGGC

TAACATCATT

GCATCGGGCT

ATTATCGCGA

TTAATCGCGG

CCCCTTGTAT

TATATTTTTA

TTTATCAGCA

CCAGTTGGTG

CGGGAAGATG

CAACAAAGCC

AACCAATTAA

CTGCAATTTA

GTTTCTGTAA

AGATCCTGGT

TATTAATTTC

GAGTGACGAC

CAGACTTGTT

ATCAACCAAA

CGCGATCGCT

CGCAGGAACA

TTCTTCTAAT

ACCATGCATC

ATAAATTCCG

GGCAACGCTA

TCCCATACAA

GCCCATTTAT

CCTCGAGCAA

TACTGTTTAT

TCTTGTGCAA

ATAAACCAGC

ATTTTGAACT

CGTGATCTGA

GCCGTCCCGT

CCAATTCTGA

TTCATATCAG

TGAAGGAGAA

ATCGGTCTGC

CCCTCGTCAA

TGAATCCGGT

CAACAGGCCA

CCGTTATTCA

GTTAAAAGGA

CTGCCAGCGC

ACCTGGAATG

ATCAGGAGTA

TCAGCCAGTT

CCTTTGCCAT

TCGATAGATT

ACCCATATAA

GACGTTTCCC

GTAAGCAGAC

TGTAACATCA

CAGCCGATTC

TTTGCTTTGC

TCCTTCAACT

CAAGTCAGCG

TTAGAAAAAC

GATTATCAAT

AACTCACCGA

GATTCCGACT

AAATAAGGTT

GAGAATGGCA

GCCATTACGC

TTCGTGATTG

CAATTACAAA

ATCAACAATA

CTGTTTTCCC

CGGATAAAAT

TAGTCTGACC

GTTTCAGAAA

GTCGCACCTG

ATCAGCATCC

GTTGAATATG

AGTTTTATTG

GAGATTTTGA
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8051

8101

8151

8201

8251

8301

8351

8401

8451

8501

8551

8601

8651

GACACAACGT

TTGATTTATA

CTGATTTAAC

AATTTAAATA

TATCAACCGG

ATCGATTCTC

TGTAGACCTC

GAACGGTTGA

CACCCTTTTG

ATATGAGGGT

CCGCAAAAGT

TTATGCTCTG

GTATGATTTA

GGCTTTCCCC

AGGGATTTTG

AAAAATTTAA

TTTGCTTATA

GGTACATATG

TTGTTTGCTC

TCAAAAATAG

ATATCATATT

AATCTTTACC

TCTAAAAATT

ATTACAGGGT

AGGCTTTATT

TTGGATGTT

CCCCCcceCT

CCGATTTCGG

CGCGAATTTT

CAATCTTCCT

ATTGACATGC

CAGACTCTCA

CTACCCTCTC

GATGGTGATT

TACACATTAC

TTTATCCTTG

CATAATGTTT

GCTTAATTTT

GCAGGTCTCG

CCTATTGGTT

AACAAAATAT

GTTTTTGGGG

TAGTTTTACG

GGCAATGACC

CGGCATGAAT

TGACTGTCTC

TCAGGCATTG

CGTTGAAATA

TTGGTACAAC

GCTAATTCTT

GGCTATTCTT

AAAAAATGAG

TAACGTTTAC

CTTTTCTGAT

ATTACCGTTC

TGATAGCCTT

TTATCAGCTA

CGGCCTTTCT

CATTTAAAAT

AAGGCTTCTC

CGATTTAGCT

TGCCTTGCCT
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