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Biosafety Level 1 practices, safety equipment, and facility design and construction are appropriate for undergraduate
and secondary educational training and teaching laboratories, and for other laboratories in which work is done with
defined and characterized strains of viable microorganisms not known to consistently cause disease in healthy adult
humans. Biosafety Level 1 represents a basic level of containment that relies on standard microbiological practices with
no special primary or secondary barriers recommended, other than a sink for handwashing.

Biosafety Level 2 practices, equipment, and facility design and construction are applicable to clinical, diagnostic,
teaching, and other laboratories in which work is done with the broad spectrum of indigenous moderate-risk agents that
are present in the community and associated with human disease of varying severity. With good microbiological
techniques, these agents can be used safely in activities conducted on the open bench, provided the potential for
producing splashes or aerosols is low. Hepatitis B virus, HIV, the salmonellae, and Toxoplasma spp. are representative of
microorganisms assigned to this containment level.

Biosafety Level 3 practices, safety equipment, and facility design and construction are applicable to clinical, diagnostic,
teaching, research, or production facilities in which work is done with indigenous or exotic agents with a potential for
respiratory transmission, and which may cause serious and potentially lethal infection. Mycobacterium tuberculosis, St.
Louis encephalitis virus, and Coxiella burnetii are representative of the microorganisms assigned to this level. Primary
hazards to personnel working with these agents relate to autoinoculation, ingestion, and exposure to infectious aerosols.
At Biosafety Level 3, more emphasis is placed on primary and secondary barriers to protect personnel in contiguous
areas, the community, and the environment from exposure to potentially infectious aerosols.

Biosafety Level 4 practices, safety equipment, and facility design and construction are applicable for work with
dangerous and exotic agents that pose a high individual risk of life-threatening disease, which may be transmitted via the
aerosol route and for which there is no available vaccine or therapy. Agents with a close or identical antigenic
relationship to Biosafety Level 4 agents also should be handled at this level. When sufficient data are obtained, work with
these agents may continue at this level or at a lower level. Viruses such as Marburg or Congo-Crimean hemorrhagic
fever are manipulated at Biosafety Level 4. The primary hazards to personnel working with Biosafety Level 4 agents are
respiratory exposure to infectious aerosols, mucous membrane or broken skin exposure to infectious droplets, and
autoinoculation. All manipulations of potentially infectious diagnostic materials, isolates, and naturally or experimentally
infected animals, pose a high risk of exposure and infection to laboratory personnel, the community, and the

environment.
http://www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm
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What’s changed since the 70s!

|. Databases populated with sequence information.
2. The internet.

3. Early advances in DNA construction technology.
4. Overnight shipping.

5. Expanded concern re: active misapplication of
biotech.
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1: NC 00416

Reston Ebola virus, compicte genome
SRNA: incar: Length: 184891 nt
Croatod: 20020904

. e J .
« NCU 002549

Zawe ebolavirus, Compieie genome
SRNAS linear; Leapth: 18959 m
Creaed: 19990210

« NC DO6ay)

Sudan cholavires, compicte gonome
SRNA; linear; Length: 1ISX7S mt
Croeated: 200011118




CGGACACACAAAAAGAAAAAAGGTTTTTTAAGACTTTTTGTGTGCGAGTAACTATGAGGAAGATTAACAGTTTTCCTCAGTTTAAGATATACACTGAAATTGAGATTGAGATTCTCCTCTTTGCTATTCTGTAACTTTCCCTGGTTGTGACAATTGAATCAGTTTTATCTATTACCAATTACCATCAACATGGTATGTCTAGTGATCTT

GGGACTCTTCTTCATCTGGTTTTTCCTAGAGCTCTGAATCCATTTTGCGAGAAGTTCATCCAAACGACCCAGTGTCTGAAAATACAAAAGGTTCCCCTTTCCGTCAAGTTTAAGGGGTTGTTTTGATTGTGTGTAGATTTTATAATCCTAGAGTGCCAAGGAGTTGCGTGTCATCATTGATTGGGAAGATCAAGGAAACAATTTGTTC

CAATAATATCGTACATCTTGACTAAGTCGAACAAGGGGAAGTCGATATGGATCGTGGGACCAGAAGAATCTGGGTGTCGCAAAATCAAGGTGATACTGATTTAGATTATCATAAAATTTTGACAGCTGGCCTTACTGTTCAACAGGGAATTGTCAGGCAGAAAATAATTTCTGTATATCTTGTTGATAACTTGGAGGCTATGTGTCAA
TTGGTAATACAAGCCTTTGAGGCCGGAATTGATTTCCAAGAAAATGCCGACAGCTTCCTTCTGATGCTTTGCCTACATCATGCTTACCAAGGTGACTATAAATTGTTCTTGGAGAGCAATGCTGTACAGTATTTGGAAGGTCATGGATTCAAATTTGAGCTCCGGAAGAAGGACGGTGTCAATCGGCTCGAGGAATTGCTTCCTGCT

GCAACGAGTGGAAAAAACATCAGGCGTACGTTGGCCGCACTGCCTGAAGAGGAGACTACAGAAGCAAATGCAGGGCAATTTCTCTCATTTGCGAGTTTGTTTCTTCCCAAACTGGTTGTGGGAGAGAAGGCTTGCTTGGAAAAAGTCCAGCGACAAATTCAGGTTCATGCAGAACAGGGTTTAATTCAATATCCCACTGCATGGCA
ATCAGTTGGACACATGATGGTAATCTTCAGATTGATGAGGACTAATTTCTTGATTAAATATTTACTGATCCACCAGGGTATGCATATGGTAGCTGGCCACGATGCCAATGATGCTGTCATTGCTAATTCAGTTGCTCAGGCTCGCTTTTCAGGACTCCTAATTGTCAAAACCGTTCTTGATCATATTCTGCAAAAAACCGACCAAGGA
GTAAGACTTCACCCTTTGGCCCGAACAGCCAAAGTGCGTAATGAGGTTAATGCATTTAAGGCCGCCCTAAGCTCACTTGCTAAGCATGGGGAATATGCCCCTTTTGCTCGCCTTCTCAATCTCTCGGGAGTTAACAACCTAGAACATGGTCTCTACCCACAGTTATCAGCAATTGCTCTTGGAGTTGCCACAGCACATGGTAGCACC
CTTGCAGGAGTTAATGTTGGTGAGCAGTATCAGCAGCTTAGAGAGGCTGCCACTGAAGCTGAGAAGCAACTCCAACAATATGCTGAGTCCAGAGAACTCGACAGCCTAGGCCTGGACGATCAGGAAAGAAGAATACTAATGAACTTCCATCAGAAGAAAAACGAAATTAGTTTCCAGCAGACCAATGCAATGGTAACCCTTAGGAA
AGAGCGACTGGCTAAATTAACAGAAGCTATAACGCTGGCCTCAAGACCTAACCTCGGGTCTAGACAAGACGACGGCAATGAAATACCGTTCCCTGGGCCTATAAGCAACAACCCAGACCAAGATCATCTGGAGGATGATCCTAGAGACTCCAGAGACACCATCATTCCTAATGGTGCAATTGACCCCGAGGATGGTGATTTTGAAA
ATTACAATGGCTATCATGATGATGAAGTTGGGACGGCAGGTGACTTGGTCCTGTTCGATCTTGACGATCATGAGGATGACAATAAAGCTTTTGAGCCACAGGACAGCTCGCCACAATCCCAAAGGGAAATAGAGAGAGAAAGATTAATTCATCCACCCCCAGGCAACAACAAGGACGACAATCGAGCCTCAGACAACAATCAACAA
TCAGCAGATTCTGAGGAACAAGGAGGTCAATACAACTGGCACCGAGGCCCAGAACGTACGACCGCCAATCGAAGACTCTCACCAGTGCACGAAGAGGACACCCTTATGGATCAAGGTGATGATGATCCCTCAAGCTTACCTCCGCTGGAATCTGATGATGACGATGCATCAAGTAGCCAACAAGATCCCGATTATACAGCTGTTGC
CCCTCCTGCTCCTGTATACCGCAGTGCAGAAGCCCACGAGCCTCCCCACAAATCCTCGAACGAGCCAGCTGAAACATCACAATTGAATGAAGACCCTGATATCGGTCAATCAAAGTCTATGCAAAAATTAGAAGAGACATATCACCATCTGCTGAGAACTCAAGGTCCATTTGAAGCCATCAATTATTATCACATGATGAAGGATGA
GCCGGTAATATTTAGCACTGATGATGGGAAGGAATACACCTACCCGGATTCACTTGAGGAAGCCTATCCTCCATGGCTCACCGAGAAAGAACGACTGGACAAAGAGAATCGCTACATTTACATAAATAATCAACAGTTCTTCTGGCCTGTCATGAGTCCCAGAGACAAATTTCTTGCAATCTTGCAGCACCATCAGTAACCACAGCA
CAAAGCGCGGTCCACTTCGTAAAGCTAAATACACTTAAGACTTGACCGATTCATCTACAAAAACTAATCCATTATAACTTATTAGTGCTACTTTTCTATAAGTGATTCTTAATCTAAGGCCATTAAGAGTTTAAGTAATATACATATACACTTACACCGGTCTATCCAAGATGTGGCTCAATGTTCTTGATTTGAACATAGTCATAAGG
GGATAAATAATACTTTATATTTCTGATTGTGGATTGACCCATTCTGCTTAAAATGCTTCGCCCATTGAAAATGTGATCTAATAGATAGCCCTGACTAGACAAATTAAGAAAAACATTTGATGAAGATTAAAACCTTCATCGCCAGTAAATGATTATATTGTCTGTAGGCAGGTGTTTACTCCACCTTAAATTTGGAAATATCCTACCTT
AGGACCATTGTCAAGAGGTGCATAGGCATTACCACCCTTGAGAACATGTACAATAATAAATTGAAGGTATGTTCAGGCCCAGAAACGACTGGATGGATTTCTGAGCAACTTATGACAGGTAAGATTCCAGTAACTGATATATTCATTGATATTGATAACAAGCCAGATCAAATGGAAGTCCGACTCAAACCATCATCAAGGAGCTCA
ACAAGAACTTGTACAAGTAGCAGTCAGACGGAGGTCAACTATGTACCTCTCCTTAAAAAGGTTGAGGATACATTAACTATGCTAGTGAATGCCACCAGTCGTCAGAATGCTGCAATCGAGGCCCTTGAAAACCGCCTCAGCACACTTGAGAGTAGCTTAAAGCCAATCCAAGACATGGGTAAAGTGATTTCATCATTGAATCGCAGT
TGTGCCGAAATGGTTGCAAAATATGATCTTCTAGTTATGACAACTGGACGGGCTACTTCAACTGCAGCTGCAGTAGATGCGTATTGGAAAGAGCACAAACAGCCACCACCAGGGCCAGCGTTGTATGAAGAGAATGCGCTTAAAGGAAAAATCGATGATCCAAACAGCTATGTACCAGATGCTGTGCAAGAGGCTTACAAGAACCT
TGACAGTACATCGACCCTGACCGAGGAAAATTTTGGGAAACCTTATATATCTGCTAAAGACCTGAAGGAGATCATGTATGATCATCTACCTGGTTTTGGGACTGCCTTTCACCAACTTGTTCAAGTGATTTGTAAAATAGGAAAGGATAACAACCTTTTGGACACAATCCATGCTGAGTTCCAGGCAAGTCTAGCAGATGGTGACTC

TCCCCAATGTGCACTCATACAGATAACCAAAAGGGTCCCAATCTTTCAGGATGTGCCGCCCCCGATAATCCATATTAGATCCCGTGGTGACATCCCACGAGCATGCCAAAAGAGTCTCCGACCAGCACCACCATCACCCAAAATTGATCGTGGTTGGGTTTGTTTGTTTAAGATGCAAGATGGTAAAACGCTTGGACTTAAGATCTA
AGAATCAAGATTTATTTAACAAGGCAAGCCACAACCTTAGATGGAACCTCAGCCAGACTATTGAACTATTGACGCTGTTGATGATAATATATAATTAATGGTCTTATTTGAATATGACAACATCTTGCTTCTTGTTCTGCCTTGTAGCTCTTTGAATTGGAAGATCATTCCAAACTTACAAACATGCACAAGATGTTATGGTTTAGCAA
AGAATTGATAGGAGTACTGGTATATAATGTAAATATAACAAGTGATGAAGATTAAGAAAAACCAGTCGGTATTTTCCAGACTTGGCATTTCTTATCTTCATCTTCTAAAGTGAGATATTTTATCATCAAAAAATGAGGCGCGGAGTGTTACCAACGGCTCCTCCAGCATATAATGATATTGCATACCCTATGAGCATACTCCCAACCC
GACCAAGTGTCATAGTCAATGAGACCAAATCAGATGTACTGGCAGTGCCAGGGGCAGATGTTCCATCAAACTCCATGAGACCAGTGGCTGATGATAACATTGATCACTCAAGCCATACTCCAAGCGGAGTAGCTTCTGCCTTTATATTGGAAGCTACAGTGAATGTAATTTCGGGAACAAAAGTCCTGATGAAGCAAATACCTATTT
GGCTTCCACTGGGTGTAGCTGATCAGAAGATATACAGCTTTGATTCAACAACAGCCGCAATTATGTTGGCTTCCTACACAGTGACACACTTCGGGAAGATATCTAACCCGCTGGTACGTGTCAACAGGCTAGGCCCAGGAATACCCGATCATCCGCTACGACTCCTAAGGTTGGGCAATCAGGCATTCCTTCAAGAGTTTGTTCTTC
CACCAGTCCAGCTTCCCCAGTATTTCACATTTGATCTAACAGCTCTAAAGCTCATCACTCAACCATTGCCAGCTGCAACCTGGACAGACGAAACTCCAGCAGGAGCAGTCAATGCTCTTCGTCCTGGGCTCTCACTCCATCCCAAGCTTCGTCCAATTCTCCTGCCGGGGAAGACAGGAAAGAAAGGACATGCTTCAGACTTAACAT
CACCTGACAAGATTCAAACAATCATGAATGCAATACCGGACCTCAAAATTGTCCCGATTGATCCAACCAAGAACATAGTTGGAATTGAGGTTCCAGAATTACTAGTTCAAAGGCTGACCGGCAAAAAACCACAACCCAAAAATGGCCAACCAATTATTCCAGTTCTTCTTCCGAAATATGTTGGACTTGATCCTATATCGCCAGGGG
ACTTAACTATGGTTATCACCCAGGATTGTGATTCATGCCACTCTCCAGCCAGCCATCCGTATCACATGGACAAGCAGAATAGTTACCAATAATTTAAATTCCATTCGAGCTATTATTCTGCTAGTAATTCCGACGGGATCAATAGACTAAAAATCTGATTGTATAGAATTATAAAAGAATCAAGCAGAGGCAACAGACTCACAGCTTA
CGCCTAGATAACTAATATTAAGGAGTTTTTTAATCTAATTTTCCAGTCTTGAGTAATAATCATTTCTTTTGTAATTAATTATGCATTTGTTAACTTATCGGTGCGAGATTTCCTTGAGAACCCGGCGGAGCTTCTACTATCTGCAGTAACCAGAAGAGAAGTTCAACCCAGTCAAAACTAAACCAAGCAATATTCTGAATGCTCTATAG
TCTATTCTAATCAGAGGTATAACAATGGCTAAGATTTCAATGACTCGTTAACAATCGCTAGTAATTTTAATCTCCAGATTAAGAAAAAGATATACGATGAAGATTAAGGCGACAACGAGCCGAAACTTCATCTCTTTTAAAGATCTAACATTATCTGTTCCAAAGTCATACAAGGACACATTCAAATCAGGGATTGTAAGCTGCTATT

TCTTACCTCCCCAAATTACCTATACAACATGGGGTCAGGATATCAACTTCTCCAATTGCCTCGGGAACGTTTTCGTAAAACTTCGTTCTTAGTATGGGTAATCATCCTCTTCCAGCGAGCAATCTCCATGCCGCTTGGTATAGTGACAAATAGCACTCTCAAAGCAACAGAAATTGATCAATTGGTTTGTCGGGACAAACTGTCATCA
ACCAGTCAGCTCAAGTCTGTGGGGCTGAATCTGGAAGGAAATGGAATTGCAACCGATGTCCCATCAGCAACAAAACGCTGGGGATTTCGTTCAGGTGTGCCTCCCAAGGTGGTCAGCTATGAAGCCGGAGAATGGGCAGAAAATTGCTACAATCTGGAGATCAAAAAGTCAGACGGAAGTGAATGCCTCCCTCTCCCTCCCGACG

GTGTACGAGGATTCCCTAGATGTCGCTATGTCCACAAAGTTCAAGGAACAGGTCCTTGTCCTGGTGACTTAGCTTTCCATAAAAATGGGGCTTTTTTCTTGTATGATAGATTGGCCTCAACTGTCATCTACCGAGGGACAACTTTTGCTGAAGGTGTCGTAGCTTTTTTAATTCTGTCAGAGCCCAAGAAGCATTTTTGGAAGGCTAC
ACCAGCTCATGAACCGGTGAACACAACAGATGATTCCACAAGCTACTACATGACCCTGACACTCAGCTACGAGATGTCAAATTTTGGGGGCAATGAAAGCAACACCCTTTTTAAGGTAGACAACCACACATATGTGCAACTAGATCGTCCACACACTCCGCAGTTCCTTGTTCAGCTCAATGAAACACTTCGAAGAAATAATCGCCT
TAGCAACAGTACAGGGAGATTGACTTGGACATTGGATCCTAAAATTGAACCAGATGTTGGTGAGTGGGCCTTCTGGGAAACTAAAAAAACTTTTCCCAACAACTTCATGGAGAAAACTTGCATTTCCAAATTCCATCAACCCACACCAACAACTCCTCAGATCAGAGCCCGGCGGGAACTGTCCAAGGAAAAATTAGCTACCACCCA
CCCGCCAACAACTCCGAGCTGGTTCCAACGGATTCCCCTCCAGTGGTTTCAGTGCTCACTGCAGGACGGACAGAGGAAATGTCGACCCAAGGTCTAACCAACGGAGAGACAATCACAGGTTTCACCGCGAACCCAATGACAACCACCATTGCCCCAAGTCCAACCATGACAAGCGAGGTTGATAACAATGTACCAAGTGAACAGC

CGAACAACACAGCATCCATTGAAGACTCCCCCCCATCGGCAAGCAACGAGACAATTTACCACTCCGAGATGGATCCGATCCAAGGCTCGAACAACTCCGCCCAGAGCCCACAGACCAAGACCACGCCAGCACCCACAACATCCCCGATGACCCAGGACCCGCAAGAGACGGCCAACAGCAGCAAACCAGGAACCAGCCCAGGAA
GCGCAGCCGGACCAAGTCAGCCCGGACTCACTATAAATACAGTAAGTAAGGTAGCTGATTCACTGAGTCCCACCAGGAAACAAAAGCGATCGGTTCGACAAAACACCGCTAATAAATGTAACCCAGATCTTTACTATTGGACAGCTGTTGATGAGGGGGCAGCAGTAGGATTGGCATGGATTCCATATTTCGGACCTGCAGCAGAA
GGCATCTACATTGAGGGTGTAATGCATAATCAGAATGGGCTTATTTGCGGGCTACGTCAGCTAGCCAATGAAACTACCCAGGCTCTTCAATTATTTCTGCGGGCCACAACAGAACTGAGGACTTACTCACTTCTTAACAGAAAAGCTATTGATTTTCTTCTTCAACGATGGGGAGGTACCTGTCGAATCCTAGGACCATCTTGTTGCA
TTGAGCCACATGATTGGACAAAAAATATTACTGATGAAATTAACCAAATTAAACATGACTTTATTGACAATCCCCTACCAGACCACGGAGATGATCTTAATCTATGGACAGGTTGGAGACAATGGATCCCGGCTGGAATTGGGATTATTGGAGTTATAATTGCTATAATAGCCCTACTTTGTATATGTAAGATTTTGTGTTGATTTATT
CTGAGATCTGAGAGAGAAAAATCTCAGGGTTACTCTAAGGAGAAATATTATTTTTAAAATTTACTTGAATGCTGACCACTTATCTTAAATGAGCAATTAATAATATGTTTTTCTGCTTCTTTGCTTGATTTACAATATGATATTTCTCTTAATAATGATTAATATATTAAGAAAAACTTATGACGAAGATTAAAGGAGAGGATCGTTAAC
GGGAAAACCTCCCATCTCGTTCGTCGAAGCCACGTTGGTGGTGCTTGCAGCTGAGAACAACTCCAGAGATTGTAGGTAGAAAGGACCAACATTTATAGGTAGGGGTCAGAAAGCAACAATAACCATAAAAGGAGAGCCTGACATTGCTATTTAATATCCTAGAACCTGATTTCTAGGTTCTAGCTTTAAAATCCGGATGATGGAGCA
TTCAAGAGAACGGGGTAGATCTAGCAACATGCGACATAATAGCCGGGAACCATACGAAAATCCATCAAGGTCTCGCTCATTATCTCGGGACCCTAATCAGGTTGATCGTAGACAGCCTCGAAGTGCATCCCAAATTCGTGTTCCGAATCTGTTCCATCGGAAAAAGACTGATGCACTCATAGTTCCTCCGGCTCCTAAAGATATATG
CCCAACACTCAAAAAAGGATTCCTCTGCGATAGCAAATTTTGCAAAAAAGATCACCAATTGGATAGCTTAAATGATCATGAATTACTACTGCTAATTGCAAGAAGAACATGTGGAATTATCGAGAGCAATTCGCAGATTACATCCCCAAAAGATATGCGGTTAGCGAATCCAACAGCTGAAGACTTCTCACAAGGTAATAGTCCTAA
ATTAACACTTGCAGTCCTTCTTCAAATTGCTGAACATTGGGCAACCAGAGACCTAAGGCAAATTGAGGACTCTAAACTTAGAGCTCTTTTAACCCTTTGTGCCGTATTAACAAGGAAATTTTCTAAATCCCAACTGGGTCTTCTATGTGAGACCCACCTACGGCATGAGGGCCTCGGACAGGACCAAGCTGATTCTGTATTAGAGGT

CTACCAAAGACTCCACAGTGATAAAGGAGGGAATTTTGAGGCTGCCCTGTGGCAACAATGGGACCGACAGTCATTAATAATGTTCATCTCTGCTTTTCTCAACATTGCTCTCCAGATACCTTGTGAAAGTTCTAGTGTCGTAGTCTCAGGTCTTGCCACATTGTACCCAGCACAAGACAATTCTACACCATCCGAGGCAACTAATGA

TACCACCTGGTCAAGTACAGTTGAATAGAAAACCACTGGAGCTATTTTTCCACGATTGCTCTCAGTCAATAAATTAATATAGATATAATACGACTTCGGTGTGCAATTGTCAAGAGTTCCATTTAGTAATAATGATTCTTAAAACAATCTACTATCGCAATTATCGATGGATCTACCCTATTTGACGGTACATGACTTGAATGTAATAA
GGTAAGTTGGTATCTGAGGTATTTTGTCTAGAGTATACTCAAAATCGTATGTCTAGCAAATTATCAATAGCAAAGTTAAATTCTCCTAACCTCATATTTTGATCAAGTAATCATGATTTTATGATAATTCTTTTCAGATTATCGGTTTAATCTTTATTAAGAAAAAATCATGATTGTAGACAATTTACTGGTAGTCCTTGGGTATCCAAG
TTTATGAATAGAGCTAGAGAGAATTTGCTACTTCCGAGGTATAACTTTATTATTTGCTACTTCGAATGCCTAAAACCAGTAATGCAGGATGAAGATTAATTGCGGAGGAATCAGGAATTCAACTTTAGTTCCTTAAGGCCTCGTCCGAATCTTCATCAGTTCGTAAGTTCTTTTATAGAAGTCATTAGCTTCTAAGGTGATTATATTTT
AGTATTAAATTTTGCTAATTGCTTGCTATAAAGTTGAAATGTCTAATGCTTAAATGAACACTTTTTTGAAGCTGACATACGAATACATCATATCATATGAAAACATCGCAATTAGAGCGTCCTTGAAGTCTGGCATTGACAGTCACCAGGCTGTTCTCAGTAGTCTGTCCTTGGAAGCTCTTGGGGAGACAAAAAGAGGTCCCAGAGA
GTCCCAACAGGTTGGCATAAGGTCATTAACACCAGCATAGTCGGCTCGACCAAGACTGTAAGCGAGTCGATTTCAACTAAAAAGATTATTTCTTGTTGTTTAAACAAATTCCTTTTGTGTGAGACATCCTCAAGGCACAAGATGGCTAAAGCCACAGGCCGATACAATCTCGTGCCCCCAAAGAAAGATATGGAAAAGGGAGTGATT
TTTAGTGATCTTTGTAATTTCTTGATTACTCAAACCCTGCAAGGTTGGAAGGTTTATTGGGCAGGAATTGAGTTTGATGTAAGTCAAAAAGGCATGGCTCTTCTGACAAGACTCAAAACAAATGACTTTGCTCCTGCCTGGGCGATGACAAGAAATCTTTTCCCACATCTGTTCCAGAACCCAAATTCGGTTATTCAATCTCCCATCT

GGGCTTTGAGGGTAATTTTGGCAGCCGGATTGCAGGATCAGTTGTTAGACCATTCATTGGTTGAGCCATTGACAGGGGCTCTCGGTCTAATTTCTGATTGGCTCCTAACTACAACGTCAACACATTTCAATCTTCGTACTAGAAGCGTAAAGGACCAGCTTAGTCTTCGTATGTTATCTTTGATCAGGTCAAACATCTTGCAGTTCAT
CAACAAGCTTGACGCCCTGCATGTTGTCAATTACAATGGTTTACTCAGTAGTATTGAGATCGGGACTTCTACACACACAATCATTATAACTCGTACAAATATGGGTTTTCTCGTGGAAGTTCAAGAGCCTGACAAATCAGCTATGAATTCTAAGCGCCCAGGACCAGTCAAGTTCTCATTACTTCATGAGTCTGCCTTCAAACCTTTC
ACTCGTGTTCCACAATCTGGGATGCAATCATTAATAATGGAGTTCAACAGTTTGTTGGCAATTTAACAAGGTAATCTTAAAATAAGTACATGAATGAGAATTAGTTGTGGGTCTTATCTAGCATTGTTGAGTTAACTATCTAATCTATTTTCGCTAATTGCATTGAGCACTGCTAATAGGTTTGTATCACGTTAAAGATTTAGAGTGTA
TGAATTGTGCAGATTTAAACTTGGG GCCTTATGCTTCATAGGTGGTC TTGAAATGGAGATTATCAGCATTTCTTAAATGGGAGGAGTTAGCAATCAGAAATTGGAGATAAATGGACATCGGGATAGAACAATGCCTAACTATTGGGCGGCTTCCATTTTTACATGTGTATATAACCAATCTTTTCCTATCTTTGCTTATATT
GGTGTAACTTTATTTTAATAACATGTCAATGCTATACTGTTAAGAGAAGGTCTGAGGAAGATTAAGAAAAAGGCCTCGTGTTCACTTGGTTGCCGTCAAGTATCCTGTGGTTTTTTTCTACCTAACTTCCTCATGCCATATGGCTACCCAGCATACCCAGTACCCGGATGCACGTTTATCCTCACCTATAGTCCTGGATCAATGTGATT
TGGTAACTCGAGCATGTGGGTTATATTCATCTTATTCTCTAAATCCTCAACTAAGGCAATGTAAATTACCAAAACATATATATCGACTTAAGTTCGACACAATAGTATCCAAATTCCTAAGTGATACACCTGTAGCAACACTGCCGATAGACTATTTAGTACCAATTCTCCTGCGTTCCCTAACGGGGCACGGTGATAGGCCATTGAC
CCCGACTTGCAATCAATTCCTTGATGAAATTATTAATTACACTCTTCATGATGCAGCCTTTCTTGATTACTATCTCAAGGCAACAGGTGCACAGGACCATTTGACAAACATTGCAACTAGAGAGAAGCTTAAAAACGAAATTCTAAACAATGATTATGTCCATCAATTGTTCTTCTGGCATGACCTTTCTATTTTGGCTCGACGTGGGC
GTCTGAATCGCGGGAACAACCGTTCAACCTGGTTTGTTCATGATGAATTCATTGATATTTTAGGATATGGCGATTATATTTTTTGGAAAATACCTTTATCATTATTACCAGTTACTATAGACGGGGTCCCACACGCAGCAACTGACTGGTATCAACCGACTCTTTTTAAAGAATCCATCCTAGGGCATAGCCAAATCCTATCTGTGTCA
ACAGCTGAAATACTAATTATGTGTAAAGATATTATCACCTGTAGGTTTAATACATCACTGATTGCATCCATTGCAAAATTAGAGGATGTAGATGTGTCTGATTATCCTGACCCGAGTGATATTCTTAAGATATACAATGCTGGAGACTATGTAATATCTATTCTTGGCTCAGAGGGTTATAAGATAATAAAGTACCTTGAACCACTTTG
TTTGGCCAAAATCCAACTTTGCTCTAAATTCACAGAAAGAAAAGGTCGTTTCCTCACACAGATGCATTTATCAGTAATAAATGATCTTCGGGAGTTGATTTCTAACCGCAGGTTAAAGGACTATCAGCAAGAGAAGATTAGAGATTTTCACAAAATATTATTACAATTGCAATTATCTCCTCAACAGTTTTGTGAATTATTCTCTGTTC
AAAAACATTGGGGGCATCCAATTTTACATAGTGAGAAAGCTATACAAAAAGTAAAACGGCATGCAACCATCCTTAAGGCTCTCAGACCTAATGTCATCTTTGAGACATATTGTGTATTCAAGTACAATATTGCCAAGCACTATTTCGACAGCCAAGGAACTTGGTACAGTGTAATCTCAGACAGGAATTTAACTCCAGGACTCAACT

CCTTCATAAAACGTAATCACTTTCCTTCACTACCCATGATTAAGGATCTTCTATGGGAATTCTATCATCTTAATCACCCTCCGTTATTCTCTACAAAGGTGATTAGTGACTTAAGTATTTTCATCAAAGATAGGGCCACAGCTGTTGAACAGACATGTTGGGATGCAGTCTTTGAACCCAATGTGCTAGGTTACAATCCTCCAAACAAA
TTCTCCACTAAAAGGGTGCCGGAACAATTTCTAGAACAAGAGGATTTTTCAATCGAAAGTGTCCTGAATTATGCACAGGAATTACATTATTTATTACCACAGAATAGGAATTTTTCCTTTTCTCTCAAAGAAAAGGAATTAAATATTGGACGAACATTTGGGAAGCTACCATATCTCACACGGAATGTCCAAACTTTATGTGAGGCTC
TGTTAGCAGATGGACTGGCCAAGGCCTTCCCCAGTAACATGATGGTAGTAACTGAACGTGAACAAAAAGAGAGCCTTCTTCATCAGGCATCATGGCACCACACCAGTGATGATTTTGGAGAGAATGCTACCGTTCGAGGGAGTAGTTTTGTAACTGATTTAGAGAAGTACAATCTTGCATTTCGCTATGAGTTCACTGCACCATTTA
TTGAGTACTGCAACCATTGCTATGGTGTGCGTAATGTCTTTAATTGGATGCATTATTTAATCCCGCAGTGTTACATGCATGTAAGTGATTATTATAATCCGCCTCACAATGTTAATCTTAGCAATCGAGAATATCCTCCTGAAGGCCCGAGTTCGTACCGAGGGCACTTAGGAGGCATAGAGGGATTACAACAAAAACTGTGGACGAG
TATATCCTGTGCACAAATCTCCTTAGTGGAAATTAAAACTGGTTTTAAGTTACGATCAGCGGTCATGGGAGACAATCAGTGTATAACCGTATTGTCTGTTTTTCCACTTAAAACAGACCCTGAAGAGCAGGAGCAAAGCGCCGAAGACAATGCTGCAAGAGTAGCAGCAAGTCTTGCAAAAGTAACCAGTGCATGTGGGATCTTTCT
TAAACCAGATGAGACATTTGTACACTCAGGTTTCATTTATTTCGGAAAAAAACAATATCTCAATGGTGTACAATTACCGCAATCACTCAAAACAGCAGCAAGAATGGCACCACTCTCTGATGCTATATTCGATGATCTACAAGGAACACTTGCCAGTATTGGAACTGCCTTCGAACGTGCTATATCGGAAACGCGACATATCCTCCCA
TGTCGTATTGTAGCAGCTTTCCATACGTATTTCGCCGTTCGGATTTTACAATATCACCATCTTGGATTTAATAAAGGCATCGATTTAGGACAGTTGTCACTTAGTAAACCATTAGACTATGGGACTATTACTCTAACATTGGCGGTTCCACAAGTCCTTGGGGGATTGTCTTTTCTAAATCCAGAAAAGTGTTTTTATCGAAACTTCGG
AGATCCTGTGACTTCTGGACTTTTCCAGCTACGGGTGTACCTAGAAATGGTTAACATGAAAGACCTATTTTGTCCATTAATATCGAAAAATCCAGGAAATTGTAGTGCCATTGATTTTGTCTTAAATCCATCCGGATTAAATGTTCCAGGATCACAAGACTTGACATCCTTTTTGCGACAAATCGTTAGGCGTAGTATTACCCTAACTG
CTAGAAATAAGTTAATTAACACTCTCTTCCATGCCTCTGCTGATTTGGAAGATGAGATGGTTTGTAAGTGGCTCCTTTCATCAAACCCTGTCATGAGTCGCTTTGCAGCGGATATTTTTTCCAGGACACCGAGTGGTAAACGTCTCCAAATATTAGGTTATCTTGAAGGGACCAGGACTCTATTGGCCTCCAAAATCATAAACAACAA
CAGTGAGACACCTGTACTTGATAAGCTGAGGAAGATCACCCTACAAAGATGGAATCTGTGGTTCAGTTATTTGGACCATTGTGACCAATTACTAGCAGATGCTCTACAGAAAATTAGTTGCACGGTGGATTTGGCCCAGATTTTGCGTGAGTATACATGGTCACACATCTTAGAGGGTAGATCATTGATCGGAGCGACATTACCATG
TATGGTGGAGCAATTCAAAGTTAAGTGGCTAGGACAATATGAACCTTGTCCAGAATGTCTCAACAAAAAAGGCTCAAATGCTTATGTCTCAGTTGCAGTCAAAGATCAAGTGGTCAGTGCTTGGCCTAATACTTCTCGAATAAGTTGGACAATAGGGAGTGGTGTCCCCTATATAGGGTCAAGAACCGAGGATAAAATCGGACAGCC
TGCTATCAAGCCGCGATGCCCTTCATCTGCCCTCAAGGAGGCTATAGAATTAGCATCAAGGCTCACTTGGGTTACACAAGGAGGTTCTAATAGTGAACAATTAATCCGGCCTTTCTTGGAAGCGAGAGTCAACCTTAGTGTCAGTGAAGTCCTGCAAATGACACCATCACATTATTCAGGAAATATTGTCCATCGATATAACGACCA
ATACAGCCCGCACTCATTTATGGCGAATCGCATGAGCAATACTGCGACCCGTCTCATAGTGTCAACTAATACACTTGGAGAATTTTCAGGTGGAGGGCAGGCCGCCAGGGATAGCAATATAATTTTCCAGAATGTTATAAATTTAGCAGTTGCCCTTTATGATATTAGATTCCGGAATACAAACACCTCTGATATAAGGCATAATAG

GGCTCATCTTCACCTGACAGAGTGCTGTACTAAAGAGGTCCCGGCCCAGTATTTGACATATACAAGTGCACTTAATCTGGATTTAAGCCGTTATCGTGATAATGAACTAATATATGACTCAAATCCACTGAAGGGAGGATTGAACTGCAATTTAACAATAGATAGTCCTTTAGTGAAGGGTCCTAGGCTTAACATGATTGAAGATGAT
CTTCTCCGCTTTCCACACCTTTCTGGATGGGAGTTAGCGAAAACGGTGGTACAATCCATCATCTCAGACAATAGCAACTCATCAACAGATCCAATCAGTAGCGGAGAAACACGCTCTTTCACAACTCATTTTCTCACTTACCCTCAGATTGGCCTTCTTTACAGTTTCGGAGCAGTATTATGCTTTTATCTAGGCAATACTATCCTAT

GGACTAAAAAACTTGATTACGAACAGTTTCTATATTATTTGCATAACCAGCTGCACAACTTACCTCATCGAGCACTCCGTGTTTTTAAACCAACATTTAAGCATGCCAGTGTGATGTCCCGATTAATGGAAATTGATTCTAACTTCTCAATTTATATTGGCGGGACATCTGGAGATCGAGGGCTGTCTGATGCTGCTCGACTGTTTCTT
CGGACAGCAATCGCGAGTTTTTTACAATTTCTTAAAAGCTGGATCATCGATCGCCAAAAGACAATTCCTTTATGGATAGTATATCCGCTTGAAGGTCAACAGCCGGAATCCATCAATGAATTTCTACATAAAA TGGGTCTGCTCAAACAAGGCCCCAAAAGTATTCCAAAGGAGGTCAGCATCCAAAATGATGGACATTTGGATT
TGGCAGAAAATAATTATGTTTACAATAGTAAGAGCACTGCTAGTAATTTCTTCCATGCATCCTTAGCTTACTGGAGAAGTAGGAAATCTCGGAAAACTCAAGACCATAATGATTTCTCAAGAGGGGATGGAACACTTACAGAACCCGTGCGTAAGTTTTCAAGCAATCATCAGTCAGATGAAAAGTACTACAATGTGACATGTGGAA
AGTCACCGAAGCCGCAAGAACGCAAAGACTTCTCGCAATACAGACTCAGCAATAACGGGCAAACAATGAGTAATCATCGTAAGAAAGGGAAGTTCCACAAGTGGAATCCCTGCAAAATGTTAATGGAGAGTCAAAGGGGAACTGTTCTAACAGAGGGTGACTACTTTCAAAACAATACTCCACCAACAGATGATGTATCAAGTCCT
CACCGACTCATTCTACCATTTTTTAAATTGGGAAATCACAACCATGCACATGATCAAGATGCCCAAGAATTGATGAATCAAAATATTAAACAGTACCTACATCAGCTAAGGTCTATGTTGGACACCACTATATATTGTAGATTCACAGGGATTGTCTCATCCATGCATTACAAATTGGACGAAGTTCTTCTAGAATACAATAGTTTCG

ATTCAGCTATCACATTAGCTGAAGGTGAGGGGTCAGGGGCTCTATTACTTTTGCAAAAATATAGTACAAGGTTATTATTTTTGAACACATTGGCAACAGAACACAGTATAGAATCAGAAGTTGTATCAGGTTTTTCTACTCCGAGAATGTTGTTACCAATAATGCAAAAGGTTCATGAAGGACAAGTCACTGTTATCTTAAATAATTC

AGCAAGTCAGATAACTGACATAACTAGCTCAATGTGGTTAAGTAATCAAAAATATAATCTACCTTGTCAAGTTGAAATCATTATGATGGATGCTGAAACAACAGAGAACTTAAACAGGTCCCAACTCTACCGAGCAGTATATAACTTAATACTTGATCACATTGATCCGCAGTATCTCAAGGTGGTGGTACTCAAAGTATTTCTGAGT
GATATAGAAGGAATATTATGGATTAATGATTACTTGGCTCCATTATTCGGGGCTGGTTACTTGATTAAACCGATTACATCAAGTGCCCGGTCAAGTGAATGGTACCTTTGCTTATCAAATTTGATATCTACTAACAGGAGATCGGCCCATCAGACTCACAAGGCATGTCTTGGTGTTATCAGAGATGCTTTGCAAGCACAAGTCCAGC
GAGGCGTGTACTGGTTGAGTCACATCGCACAGTATGCTACAAAGAATCTCCATTGTGAATACATAGGCCTTGGTTTCCCATCTCTAGAAAAGGTCCTATATCACAGGTATAATCTAGTTGATACTGGACTCGGTCCATTGTCGTCAGTTATTAGACATTTAACTAACCTCCAGGCAGAGATACGAGACTTAGTATTAGATTATAACCT
GATGAGGGAGAGTCGCACTCAAACGTACCATTTTATTAAGACTGCAAAAGGCAGAATCACAAAGTTAGTCAATGACTTTCTGAAGTTTTCTTTAATTGTCCAGGCACTCAAAAATAATTCTTCTTGGTATACTGAGCTTAAAAAATTACCTGAGGTTATTAATGTGTGTAATCGATTTTATCATACTCACAATTGCGAATGTCAGGAAA
AATTCTTTGTCCAGACGCTTTATTTACAACGCCTACGCGATGCAGAAATCAAGCTAATTGAACGCCTTACCGGGTTAATGCGATTTTATCCAGAAGGGTTAATATATTCCAATCACACATAGGTACTAAATCATCATAGTATGAGGAATAAGATAATGATAATTCCTGACGACAGTTTTAGTTCCGATTCTAAGTATATCGGAAGAGA
GTATGCCAATCTTAATTGTTAGAGGTAACAAGCTATTAGTTATTACTTATTGATAAGAATACACTTTATCATAGCGTAACACATCATAACTTTATAACGATTTTGCATTTCTAATCCTAGTATTTATTAGAATGTACTACCAGAGAAATGACCCCAGTTCCTATCTTTAAATAATGATTGTGTGTATTAAATTATTAGTTTATTAGGTTT

ATGAGTTGGTTACACAGTGAGTATTAGTAATTGAGGATTATGTAGATAGGTAATCTAACACTGAATCACCCATCTGATGTCACCATATCCAAATGTTGTGCTAGTCGCATTTAAACATGCTATCTTCAGTTAAGTAACATAGACTGAAAATGCTAAGAAGAGATTGGAGTAAAAGTATAAAATAAATTTAATTAAACTTCAAAGTGAT

TAAATGATAATGATCTTGGGAACTCGATATGACCTCAAGTCAAAAATAATGTCAATATAATTGTTTAGTAATATGAGTGATAATGTAAATTTTGATAACTAACTAGCTTTAGTAGTTAAGATCAAATGCAAACATTATAAGAATGTTAAGCGCACACAAAAACATTATAAAAAACCAATTTTTTCCTTTTTGTGTGTCC



Ability to build DNA from scratch
improving faster than computers

Productivity Improvements in
DNA Synthesis and Sequencing

person per day
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Carlson, Pace & Proliferation of Biological Technologies, Biosec. & Bioterror. 1(3):1 (2003)



Information (DNA Sequence)

Sequencing Synthesis

Material (Physical DNA)
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Biological Risk: Tactics as “Strategy”

Maginot Line
France, 1940




What else is changing now!

|. Many new types of people are incredibly excited
about biological technology.



STRICT

Paranoia vs. Sanity

Hacking The Genome

Whom Do You Trust?

System Profiling Through RPC
Robots and Spiders

Living Without an SSN

More Fun With Wireless Hacking
WEP: Not For Me

War Driving with a Pocket PC
Verizon's.Call Intercept

Fun With Hping

Remote Computing Secured
Letters

DISA, Unix Security, and Reality
Hacking the "Captivate" Network
Unlocking GSM Handsets
Unlocking WebLock Pro

Holes in Windows 2003 Server
How to Mess with Citibank Collections
Marketplace

Meetings
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MROECY

Build a
Thermal Cycler
and Run PCR




BUILD AND USE
YOUR CLEAN BOX

1 hour 10 Datid: 2 weeba 10 grow

INSTALL Tt
PURIFIER
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Making A Biological Counter

Katherine Aull was our runner-up for the bobricks lifeform. She explained her entry like this

-

hes DADer descnbes a novel Counter detgn, DAsed OM 4 Dt OverTOw CeteClor 10 $9na “Carry” evemts. and a Didirectona

1000ie satich 10 Upcate and mastain the count. It 210 SecnDes work towards a proftotype., ONooIng n the author s home

All our judges were extremely impressed with Aull’s home [aboratory, which 1S located in her closet

When she's not inventing lifeforms in her closet, Aull Is a research associate at a symthetic biology startup. She has

aBS. In biokgical engineering from MIT, and lives in Cambridge, Massachusetts. Here |s her paper, featuring an

excellent ohoto of ber clos#t lab
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Massive effort rescuces

neariy 2,000 10 lexas

Crackdown Candidates
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What is DIYbhio in 4 minutes?

The DIYblo Community - Presented at ignite Boston 5 (2009)
from * ac cowm




Google Groups Begertly Viaied Grogs | Heo | Sen e

-— - - - - —

g DIYbio (amsagos) (e tms)
Home Neaw since tast time: 62 messages  Home
Welcome 10 the DIYDIO (10w dscuision board. Discussions
Aiso see our wobsto at www, DIYDo o9 Files
-~ Discussions 7 of 3374 messages view all » (ermewpost |  About shis grong

moced organsm 200

by davn Koty 12330 -4 sors -3 el

By Br 10 TauiorDmpas s ke

L ”"gﬁz“’g gg_.; > ey

By Bryon Bishop - Agr 13 - Qaut 15 mmmm

>
More 9rowe nfo »

DIY DNA syrithesis {more)

By Beyon Batop - Age 13 - 1 author - 0 replen
Short biblography of DIY-frigndy DNA syrthes:s lechniques
Sy Wilam Heat - Apr 13 « 2 asthors « 1 reply

CodeCon 2009. San Francisco, April 17th- 16t

By Berynn Batop - Apr 13 - 3 authors - 2 replies
= Pages 20! 5pages view all » + aad page

DiYbeo model organisms
Lot updaned by Mackensie Cowed - Jan 20 - 1 suthor - 1 page ong

gel-electrophoresis-shopping-list

Lant updated Dy Jason Morrmon - Jun 26 2008 - 1 suther - 1 page long




However, being a public forum, it's possible that some republicrat
fearmonger dillhole will see this and raise holy hell that we're

sending around and organism that injects foreign DNA into plants. If
that happens they could probably get government agencies to
investigate and charge us with some bullshit violation on the books
somewhere that isn't normally enforced and nobody else worries about.

http://groups.google.com/group/diybio/msg/a6013269ea933532



http://groups.google.com/group/diybio/msg/a6013269ea933532
http://groups.google.com/group/diybio/msg/a6013269ea933532

Physcomitrella patens

Contents

» 2

Heferences

Frotocols
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Question.

If you were an |8 year old first
year undergraduate at <your
institution> what would you
expect to learn after 4 years of
Biological Engineering?



Teach me how to...

Design and build living organisms
that behave as expected.

Debug existing or write new
genetic programs to do my bidding.



Challenge

Make biology easy
to engineer.

Opportunities

Enable all constructive
biotechnologies.
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Better understand
nature.
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http://i.pbase.com/u47/hodero/large/30691408.jungle.jpg
http://i.pbase.com/u47/hodero/large/30691408.jungle.jpg
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http://en.wikipedia.org/wiki/Internet
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/. Control & dyn. systems
6. Reverse engineering

5. Fab, CAD & EDA
4.Standards & abstraction
3. Languages & grammars

2. Device design
|. Info. theory & signal proc.



VVe need new tools

Production of the
antimalarial drug
precursor artemisinic

acid in engineered yeast
Cohen et al., PNAS, 1973 Lin et al, PNAS, 985 Ro et al., Nature, 2006

Construction of Cloning and expression
biologically functional of the human
bacterial plasmids in vitro erthropoietin gene

MATEXIALS AND METHODS Assembly of Expression Vector for the Epo Gene. For direct
£, ool stran WEARD coctaiing the NRFIS00 plaasd, whoch  expression of the genomic Epo gene, the 4.8-kilobase (kb)

B e e e ™% BstEll-BamHI fragment of AHE1 (se¢ Resuits), which contains
[actors and procedures for DINA isndathon, ehertron mbmros the entire Epo gene, was used. Afler converting the BsrEI site
and traseformation of K. ool by plaseid DNA bave lwen 1010 & BamHI site with a synthetic linker, the fragment was
e (1, 7, 5. Purifcaton and wee of the Kol rentr inserted ino the umque BamHI site of the CAPression vectior
sy D ST Ses St o Fam | hetere pDSVL (unpublished data), which contains a dihydrofolate
- e - 'r_":__"'\:' o Mt o w1 reductase (DHFR) minagene from pMgl (24). The resulting
x el was ] w5 demrited (111 The detaibed sro-  Plasmad pDSVL-gHUuEPO (Fig. 1A) was then used to transfect
« for gl ehectrapbormis of DNA will be deserbed ohe.  Chinese hamster ovary (CHO) DHFR © cells (25) by the calcium
re (Helling, Goodman, and Hoyer, Ia prepantion phosphate microprecipitate method (26). The transformants
l ‘ 1 : ‘l Setace 'r s I s e were selected by growth in medium lacking hypoxanthine and
e et B 1o 07 searons at 225 V with 40 ot Lhymidine. The culture medium used was Dulbecco’s modified
Irie-acetate befler (nIf .08} containieg 2 ) M wdicon see.  ARlE'S medium supplemented with 1096 fetal bovine serum,
'} L oand 15 s sodiers cMonde The peis  penicalling, streptomycin, and glutamine (25).
1 poe] by # £ A
» 4 : x4 LiA oa L
ranee of . Wi Gete i f

Genetic engineering basics unchanged past 30+ years



Synthetic Biology as Tools Revolution

Recombinant DNA Polymerase Chain Reaction DNA Sequencing
First . il -
Gen. = | = =1 _
Biotech 3 = _
Basic “Cut” & “Paste”l8 Amplify & Make Simple Changes Read Out the Genetic Code
Synthesis Abstraction
Next
Gen. SCREW THREADS AND NUTS
Biotech . TR S
New
Tools Decoupling of design Engineered simplicity Refined genetic

components supporting
“off the shelf” reuse.

& fabrication, leading enabling many
to CAD and EDA. component systems.

42



1t {growing}

call wintergreen()
else
call bananas()
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Welcome to the Registry of Standard Biological Parts.

The Registry is a collection of ~J200 genetic parts that can be mixed and matched to buld synthelic Blology devices and systems. Founded in 2000 at MIT,
e Registry is part of the Synthetic Biology community’s efforts 1O make DINIOgy oasier 10 engineer. R provides a rescurce of avalalie genetc pars 10
IGEM Seams and academic lads.
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Registry news

« June 22, 200% You can now Bnk 10 part pages cirectly from B IGEM ek By hyping the lollowing <partinfo>bba_BORL5</partinfo>,

« June 11, 2000: We are conscenng changing the Hoense trms of e Rogisty 50 1hat we 0an shane our NIMAation wih oNer databases. Go here 10 'ead the
POpoAN Or 8¢ yOur COMYTenty.

« June 2, 2000 Most of e hand INormaton about 3 pan is now presemad in 1he Poader and ‘ooter of the part's Man Page In partioudar, the ‘unctonal parmetors
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smell test results

8 5 8 S S - 8 8 8

N Stinky
N Mint
Banana

A (Stinky) 8 (Mint) C (BGMM)
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BUILDING A NEW ORGANELLE
STEP 1: create compartment with
novel molecular identity code

Cells use "molecular barcode” to identify
distinct membrane compartments:
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Tagged receptor is properly localized and
functional
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Should teenagers practice genetic engineering? Yes

Should military force include biotechnology? No

Will biohackers be good or bad!?

Should BioBrick parts be patented or freely shared!?

Should genetic engineers sign their work!? Yes

How much can we construct with biology? 227
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Q. How to scale biosafety?

New people and cultures
Immigrating.

Pacing of work increasing
geometrically.

Our institutional oversight framework
inaccessible to many would-be
engineers of biology.



