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NSABB FindingsNSABB FindingsNSABB FindingsNSABB Findings
 Some practitioners of synthetic genomics 

are:are:
 Educated in disciplines that do not routinely 

entail formal training in biosafety; and
 Uncertain about when to consult an 

Institutional Biosafety Committee (IBC).

 There is a need for biosafety principles 
and practices applicable to synthetic 
genomicsgenomics.



Current Biosafety GuidelinesCurrent Biosafety GuidelinesCurrent Biosafety GuidelinesCurrent Biosafety Guidelines
 NIH Guidelines are limited to synthetic DNA joined by 

recombinant methodsrecombinant methods
 Does not cover synthetic DNA that is synthesized de novo
 Does not cover synthesized RNA virusesy

 Biosafety in Microbiological and Biomedical 
Laboratories Manual (BMBL)
 Agent specific, not technology driven

 References NIH Guidelines with respect to synthetic 
bi t l lrecombinant molecules



Recombinant DNA Advisory CommitteeRecombinant DNA Advisory CommitteeRecombinant DNA Advisory CommitteeRecombinant DNA Advisory Committee
 Considered the application of the NIH Guidelines to

synthetic biologysynthetic biology
 To what degree is this technology covered?
 Does the scope need to be modified to capture synthetic 

biology research?biology research?

 Develop recommendations regarding principles g g
and procedures for risk assessment and 
management of research involving synthetic 
biologybiology



Synthetic Nucleic Acids           Synthetic Nucleic Acids           
Existing LanguageExisting Language

 NIH Guidelines for Research Involving 
Recombinant DNA Molecules 
 Molecules that are constructed outside living Molecules that are constructed outside living 

cells by joining natural or synthetic DNA 
segments to DNA molecules that can replicate 
i li i llin a living cell, or

 Molecules that result from the replication of 
those described above



Overall ApproachOverall ApproachOverall ApproachOverall Approach
 Capture the same products made by synthetic 

techniques that are currently covered under the NIH q y
Guidelines for recombinant DNA research provided 
the same biosafety concerns are raised

 Level of review based on risk not technique

 Recognize that all not all future scientific 
developments can be anticipated, so that the NIH 
Guidelines will need periodic review and updating



Section ISection I--B. Definition of B. Definition of 
Recombinant DNA MoleculesRecombinant DNA Molecules

(i) Recombinant nucleic acid molecules that are constructed(i) Recombinant nucleic acid molecules that are constructed 
by joining nucleic acid molecules and that can replicate in 
a living cell,

(i) Synthetic nucleic acid molecules that are chemically, or by 
other means, synthesized or amplified, including those 
that are chemically or otherwise modified but can base y
pair (bind) with naturally occurring nucleic acid molecules

(iii) molecules that result from the replication of 
those described in (i) or (ii) above.



NonNon--replicating Synthetic NAs:replicating Synthetic NAs:
B i R hB i R hBasic ResearchBasic Research

 Exposure in the lab to a low dose of non- Exposure in the lab to a low dose of non-
replicating synthetic nucleic acid 
sequence is considered low risksequence is considered low risk
 No replication if the NAs enter a cell 
 No spread in the environment if released No spread in the environment if released
 Exposure similar to that of a chemical exposure; 

however nucleic acids are not toxic in and of 
th lthemselves



Basic Research with                   Basic Research with                   
Synthetic Nucleic AcidsSynthetic Nucleic Acids

 New Section F-1 will exempt from the NIH New Section F-1 will exempt from the NIH 
Guidelines those synthetic nucleic acids that: 
 can neither replicate nor generate nucleic acids that can 

replicate in a any living cell [e g oligonucleotides or otherreplicate in a any living cell [e.g. oligonucleotides or other 
synthetic NAs that do not contain an origin of replication or 
contain elements known to interact with either DNA or RNA 
polymerase], and 

) t d i d t i t t i t DNA da) are not designed to integrate into DNA, and 
b) do not produce a toxin that is lethal for vertebrates at an LD50 < 100 

nanograms, and 
c) are not deliberately transferred into one or more human research 

participants (see Section III-C and Appendix M)participants (see Section III C and Appendix M). 



Human Gene TransferHuman Gene Transfer
 Many human gene transfer trials use replication 

incompetent vectors; however, safety risks often 
arise from other factors that are not dependent onarise from other factors that are not dependent on 
replication including transgene effects, insertional 
mutagenesis, and immunological responses

 Doses and routes used in human gene transfer 
potentially increase risks compared to those 
anticipated for inadvertent lab exposure

 Human gene transfer often raises unique scientific, 
medical and ethical issues that warrant transparent  

i htoversight



NonNon Vector vs Vector ConstructsVector vs Vector Constructs

 Comments agreed that vector constructs are

NonNon--Vector vs. Vector ConstructsVector vs. Vector Constructs

 Comments agreed that vector constructs are 
human gene transfer, whether made 
synthetically or by recombinant means

 Considerable debate by RAC as to whether 
t i l d th ti RNA d DNA tto include synthetic RNA and DNA not 
delivered by a traditional viral, plasmid or 
bacterial vectorsbacte a ecto s



Public Comments Public Comments –– March 2009 ProposalMarch 2009 Proposal
 Urged RAC and OBA to differentiate synthetic RNA 

and DNA oligonucleotide agents from gene transfer g g g
agents that use vectors based on the following 
characteristics:

h t h lf lif ith di t bl short half-life with more predictable 
pharmacokinetics

 lack of ability to integrate into the genomeac o ab ty to teg ate to t e ge o e
 lack of replication or potential for inadvertent 

replication due to mobilization or recombination
 lack of a transgene for coding a protein



Next StepsNext Steps

 Implement changes to NIH Guidelines
to cover synthetic nucleic acids

 Limit the changes to human gene Limit the changes to human gene 
transfer to cover synthetic vectors that 
are equivalent to recombinant vectorsare equivalent to recombinant vectors



Section IIISection III--CC--1 : Human Gene Transfer1 : Human Gene Transfer
 Human gene transfer includes all 

experiments involving the deliberate 
transfer of either:
1) Recombinant DNA, or DNA or RNA derived from 

recombinant DNA orrecombinant DNA or 
2) Synthetic DNA or RNA that:

 Contains greater than 100 nucleotides or base pairs in 
total; ortotal; or 

 Have characteristics than enable integration into the 
genome; or 
Are known to replicate in a cell; or Are known to replicate in a cell; or 

 Are known to be transcribed or translated



S ti IIS ti II EE 11Section IISection II--EE--11
Experiments Involving the Formation of
Recombinant DNA Molecules Containingg
No More than Two-Thirds of the Genome
of any Eukaryotic Virusof any Eukaryotic Virus



Section IISection II EE 11Section IISection II--EE--11
 Current language allows certain tissue Current language allows certain tissue 

culture experiments to be conducted at 
BL1 if:BL1 if:

 No more than 2/3rds of full viral genome is 
present, AND

 The cells lack helper virus



O i i l P d ChO i i l P d ChOriginal Proposed ChangesOriginal Proposed Changes
 Reduce the two thirds requirement to 

ONE-HALF
 Public comment reflected concern that it 

may be possible to generate a functional 
i t i i l th 2/3 f thvirus containing less than 2/3 of the 

genome



Revised Proposed ChangesRevised Proposed ChangesRevised Proposed ChangesRevised Proposed Changes
 Tissue culture experiments in which less than one-

half of any viral genome is present y g p
OR

 Where more than one half of a viral genome is 
present as long as the function of critical viral genespresent as long as the function of critical viral genes 
is sufficiently understood to allow a determination 
that a complete deletion in one or more essential 
viral capsid envelope or polymerase genes requiredviral capsid, envelope or polymerase genes required 
for cell-to-cell transmission of viral nucleic acids will 
effectively impair viral replication



R i d P d ChR i d P d ChRevised Proposed ChangesRevised Proposed Changes
 The deletion must be designed such 

that it is not possible to rescue critical 
functions through homologous 
recombination



R i d P d ChR i d P d ChRevised Proposed ChangesRevised Proposed Changes
 Will apply only to RG 3 and 4 viruses as 

the NIH Guidelines already exempt 
research with less than one-half of the 
genome of a RG 1 or 2 virus (See 
Appendix C-1 and C-1-A)



Cross Breeding BL1 Transgenic Cross Breeding BL1 Transgenic g gg g
Rodents (or WT x TG)Rodents (or WT x TG)

XX

Section III-E (IBC notification upon initiation)( p )



CurrentCurrent NIH GuidelinesNIH Guidelines Section IIISection III--EE--3 3 

 Experiments that require BL 1 containment involving theExperiments that require BL 1 containment involving the

Experiments Involving Transgenic RodentsExperiments Involving Transgenic Rodents
 Experiments that require BL 1 containment involving the Experiments that require BL 1 containment involving the 

generation of rodentsgeneration of rodents in which the animal's genome has been in which the animal's genome has been 
altered by stable introduction of recombinant DNA, or DNA altered by stable introduction of recombinant DNA, or DNA 
derived therefrom, into the germderived therefrom, into the germ--line (transgenic rodents) may line (transgenic rodents) may 
be initiated upon registration with the IBCbe initiated upon registration with the IBCbe initiated upon registration with the IBCbe initiated upon registration with the IBC

 Under the Under the NIH GuidelinesNIH Guidelines, “generation” of a transgenic rodent , “generation” of a transgenic rodent 
includes mating between two different transgenic rodents or includes mating between two different transgenic rodents or g gg g
mating of a transgenic rodent and a nonmating of a transgenic rodent and a non--transgenic rodent if transgenic rodent if 
the purpose is to create a new transgenic rodent the purpose is to create a new transgenic rodent 

 Breeding of two identical transgenic rodents to maintain a line is notBreeding of two identical transgenic rodents to maintain a line is not Breeding of  two identical transgenic rodents to maintain a line is not Breeding of  two identical transgenic rodents to maintain a line is not 
subject to this sectionsubject to this section of the of the NIH GuidelinesNIH Guidelines



Impetus for Considering an Exemption for     Impetus for Considering an Exemption for     p g pp g p
Mating of Certain Transgenic RodentsMating of Certain Transgenic Rodents

 Transgenic rodents that may be contained Transgenic rodents that may be contained 
under BL1 conditions do not pose an under BL1 conditions do not pose an 
appreciable biosafety risk to humansappreciable biosafety risk to humansappreciable biosafety risk to humansappreciable biosafety risk to humans

 The The NIH GuidelinesNIH Guidelines currently exempts the currently exempts the y py p
purchase or transfer of transgenic rodents purchase or transfer of transgenic rodents 
that require BL1 containment (Appendix Cthat require BL1 containment (Appendix C--
VI)VI)VI)VI)



Impetus For Considering an Exemption for Impetus For Considering an Exemption for p g pp g p
Mating of Certain Transgenic RodentsMating of Certain Transgenic Rodents

 The overwhelming majority of matings of transgenicThe overwhelming majority of matings of transgenic The overwhelming majority of matings of transgenic The overwhelming majority of matings of transgenic 
rodents that require BL1 containment will result in a rodents that require BL1 containment will result in a 
rodent that can be housed at BL1 and would therefore rodent that can be housed at BL1 and would therefore 
not pose an appreciable risk to human healthnot pose an appreciable risk to human healthp ppp pp

 While each registration is not a significant burden, the While each registration is not a significant burden, the 
total number of registrations required leads to antotal number of registrations required leads to antotal number of registrations required leads to an total number of registrations required leads to an 
administrative burden on the IBC and researchers administrative burden on the IBC and researchers 
that does not appear to be commensurate with the that does not appear to be commensurate with the 
biosafety riskbiosafety risk



Proposed Exemption: Mating of Proposed Exemption: Mating of p p gp p g
Transgenic RodentsTransgenic Rodents

Appendix C–VII. 
Generation of BL1 Transgenic Rodents via Breeding

 The mating of two different transgenic rodents or the mating of The mating of two different transgenic rodents or the mating of 
a transgenic rodent with a nona transgenic rodent with a non--transgenic rodent with the intent transgenic rodent with the intent 
of creating another transgenic rodent that requires BL1 of creating another transgenic rodent that requires BL1 
containment will be exempt from the NIH Guidelines if:containment will be exempt from the NIH Guidelines if:containment, will be exempt from the NIH Guidelines if:containment, will be exempt from the NIH Guidelines if:

 Both parental rodents require BL1 containment,Both parental rodents require BL1 containment,



Proposed Exemption: Mating of Proposed Exemption: Mating of p p gp p g
Transgenic RodentsTransgenic Rodents

ANDAND
 Each parental transgenic rodent does not Each parental transgenic rodent does not 

contain any one of the following geneticcontain any one of the following geneticcontain any one of the following genetic contain any one of the following genetic 
modifications:modifications:

a)a) More than 50% of the genome of an exogenous virus More than 50% of the genome of an exogenous virus 
f i l f ilf i l f ilfrom a single family; or from a single family; or 

b)b) Expression of the transgene is under the control of a Expression of the transgene is under the control of a 
gammaretroviral long terminal repeat;gammaretroviral long terminal repeat;



Proposed Exemption: Mating of Proposed Exemption: Mating of p p gp p g
Transgenic RodentsTransgenic Rodents

ANDAND
 It is anticipated that the transgenic rodent 

th t lt f thi ti ill tthat results from this mating will not:
a) Contain more than 50% of an exogenous viral 

genome from a single familygenome from a single family



Comments Received in                     Comments Received in                     
Response to FR NoticeResponse to FR Notice

 9 comments received; all supportive 9 comments received; all supportive

 One comment asked for clarification of how much      
gammaretroviral LTR sequence must be present to         
not be exempt

I th fi l FR ti dditi l ill b dd d t l ifIn the final FR notice, additional will be added to clarify 
sufficient gammaretroviral LTR sequence to control 
expression of the transgene (not smaller fragments of 
homologous sequence not acting as a promoter)homologous sequence not acting as a promoter)



RAC DiscussionRAC DiscussionRAC DiscussionRAC Discussion

March 2010March 2010
June 2010

September 2010

http://oba.od.nih.gov/rdna_rac/rac_past_meetings_2000.html



Major Action Language UpdateMajor Action Language UpdateMajor Action Language UpdateMajor Action Language Update
March 4 2009 Federal Register Volume 74March 4, 2009 Federal Register, Volume 74, 
Number 41 
 Proposed revising the criteria for determining whenProposed revising the criteria for determining when 

introduction of a drug resistance trait into a 
microorganism must be reviewed and approved by 
the NIH Directorthe NIH Director. 

 Proposed amendment also contained additional 
language requiring consideration of the utility of the g g q g y
drug in certain subpopulations. 



Major Action Language UpdateMajor Action Language UpdateMajor Action Language UpdateMajor Action Language Update
Where this stands now?Where this stands now?

 Retaining original language
 Adding clarifications regarding use of drugs in Adding clarifications regarding use of drugs in 

subpopulations
 Exploring a mechanism for “same experiment” p g p

submissions
 See June and December 2009 RAC meeting archive for more details



What else is new?What else is new?



New NSABB ReportNew NSABB Reportpp



Dual Use Research Educational DVDDual Use Research Educational DVDDual Use Research Educational DVDDual Use Research Educational DVD



Dual Use Research      Dual Use Research      
Ed ti l B hEd ti l B hEducational BrochureEducational Brochure



http://www.biosecurityboard.govhttp://www.biosecurityboard.govhttp://www.biosecurityboard.govhttp://www.biosecurityboard.gov



NEXT NSABB M tiNEXT NSABB M tiNEXT NSABB MeetingNEXT NSABB Meeting

October 19-20, 2010 
NIH M i CNIH Main Campus, 

Bldg. 31, Floor 6C, Room 10, g , , ,
Bethesda, MD



Awareness of Incident                 Awareness of Incident                 
Reporting RequirementsReporting Requirements

 Incorporate incident reporting 
requirements into training programrequirements into training program

Report within 30 days to NIH OBA any significant 
bl i l ti f th NIH G id liproblems, violations of the NIH Guidelines, or any 

significant research-related accidents and illnesses



Awareness of Incident                 Awareness of Incident                 
Reporting RequirementsReporting Requirements

Report immediately to NIH OBA certain 
incidents described in Appendix G-II
Appendix G-II-B-2-k. Spills and accidents which result in overt exposures to 
organisms containing recombinant DNA molecules are immediately reported to 
the Institutional Biosafety Committee and NIH/OBAthe Institutional Biosafety Committee and NIH/OBA.

Appendix G-II-C-2-q. Spills and accidents which result in overt or potential
exposures to organisms containing recombinant DNA molecules are 
immediately reported to the Biological Safety Officer Institutional Biosafetyimmediately reported to the Biological Safety Officer, Institutional Biosafety 
committee, and NIH/OBA.



Incident Reporting FAQIncident Reporting FAQIncident Reporting FAQIncident Reporting FAQ



Incident Reporting TemplateIncident Reporting TemplateIncident Reporting TemplateIncident Reporting Template



Incidents by Type for 2010Incidents by Type for 2010Incidents by Type for 2010Incidents by Type for 2010
2010 Reported Incidents by Type

Animal loss
Improper facilities
Containment violation
E i t f ilEquipment failure
Exposure NOS
Exposure (occular)
Exposure (parenteral)
Failure to obtain IBC approval
Improper disposal
Loss of containment
Spill



Save the Date!Save the Date!Save the Date!Save the Date!
IBC Professional Development ConferenceIBC Professional Development Conference

J 12 14 2011June 12-14, 2011
San Diego



Questions?Questions?


