NOTICE PERTINENT TO THE MARCH 2013 REVISIONS
OF THE
NIH GUIDELINES FOR RESEARCH INVOLVING
RECOMBINANT OR SYNTHETIC NUCLEIC ACID MOLECULES
(NIH GUIDELINES)

Summary of Amendments:

Major Actions

Page 1:

Page 10:

Page 10:

Page 13:

Title changed from “NIH Guidelines for Research Involving Recombinant DNA Molecules (NIH
Guidelines)” to “NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid
Molecules (NIH Guidelines)”

Section I-A. Purpose. Added the new numbered clause:
“(ii) synthetic nucleic acid molecules, including those that are chemically or otherwise modified
but can base pair with naturally occurring nucleic acid molecules”

Section I-B. Definition... Revised definition:

“(i) molecules that a) are constructed by joining nucleic acid molecules and b) that can replicate in
a living cell, i.e. recombinant nucleic acids;

(ii) nucleic acid molecules that are chemically or by other means synthesized or amplified,
including those that are chemically or otherwise modified but can base pair with naturally
occurring nucleic acid molecules, i.e. synthetic nucleic acids, [...]”

Deleted the following paragraphs:

“Synthetic DNA segments which are likely to yield a potentially harmful polynucleotide or
polypeptide (e.g., a toxin or a pharmacologically active agent) are considered as equivalent to their
natural DNA counterpart. If the synthetic DNA segment is not expressed in vivo as a biologically
active polynucleotide or polypeptide product, it is exempt from the NIH Guidelines.”

“Genomic DNA of plants and bacteria that have acquired a transposable element, even if the latter
was donated from a recombinant vector no longer present, are not subject to the NIH Guidelines
unless the transposon itself contains recombinant DNA.”

Section 11-A-3. Comprehensive [...] Additions:

First paragraph: “[...] the first step is to assess the risk of the agent itself. Appendix B,
Classification of Human Etiologic Agents on the Basis of Hazard, classifies agents into Risk
Groups based on an assessment of their ability to cause disease in humans and the available
treatments for such disease. Once the Risk Group of the agent is identified, this should be followed

by [...].

New paragraphs (2) and (3):

“While the starting point for the risk assessment is based on the identification of the Risk Group of
the parent agent, as technology moves forward, it may be possible to develop an organism
containing genetic sequences from multiple sources such that the parent agent may not be obvious.
In such cases, the risk assessment should include at least two levels of analysis. The first involves
a consideration of the Risk Groups of the source(s) of the sequences and the second involves an
assessment of the functions that may be encoded by these sequences (e.g., virulence or
transmissibility). It may be prudent to first consider the highest Risk Group classification of all
agents that are the source of sequences included in the construct. Other factors to be considered
include the percentage of the genome contributed by each parent agent and the predicted function
or intended purpose of each contributing sequence. The initial assumption should be that all
sequences will function as they did in the original host context.”
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Page 16:

Page 17:

Page 23:

Page 23:

“The Principal Investigator and Institutional Biosafety Committee must also be cognizant that the
combination of certain sequences in a new biological context may result in an organism whose risk
profile could be higher than that of the contributing organisms or sequences. The synergistic
function of these sequences may be one of the key attributes to consider in deciding whether a
higher containment level is warranted, at least until further assessments can be carried out. A new
biosafety risk may occur with an organism formed through combination of sequences from a
number of organisms or due to the synergistic effect of combining transgenes that results in a new

phenotype.” [...]

Section I11-A-1-a. New paragraphs (2) and (3):

“Consideration should be given as to whether the drug resistance trait to be used in the experiment
would render that microorganism resistant to the primary drug available to and/or indicated for
certain populations, for example children or pregnant women.”

“At the request of an Institutional Biosafety Committee, NIH/OBA will make a determination
regarding whether a specific experiment involving the deliberate transfer of a drug resistance trait
falls under Section I11-A-1-a and therefore requires RAC review and NIH Director approval. An
Institutional Biosafety Committee may also consult with NIH/OBA regarding experiments that do
not meet the requirements of Section I11-A-1-a but nonetheless raise important public health issues.
NIH/OBA will consult, as needed, with one or more experts, which may include the RAC.”

Section I11-B-2. New Section:
Experiments that have been Approved (under Section I11-A-1-a) as Major Actions under the NIH
Guidelines

Upon receipt and review of an application from the investigator, NIH/OBA may determine that a
proposed experiment is equivalent to an experiment that has previously been approved by the NIH
Director as a Major Action, including experiments approved prior to implementation of these
changes. An experiment will only be considered equivalent if, as determined by NIH/OBA, there
are no substantive differences and pertinent information has not emerged since submission of the
initial 111-A-1-a experiment that would change the biosafety and public health considerations for
the proposed experiments. If such a determination is made by NIH/OBA, these experiments will
not require review and approval under Section Il1-A.

Section I11-C-1. Revised definition:
“[...JHuman gene transfer is the deliberate transfer into human research participants of either:
1. Recombinant nucleic acid molecules, or DNA or RNA derived from recombinant nucleic acid
molecules, or
2. Synthetic nucleic acid molecules or DNA, or RNA derived from synthetic nucleic acid
molecules, that meet any one of the following criteria:
a. Contain more than 100 nucleotides; or
b. Possess biological properties that enable integration into the genome (e.g., cis elements
involved in integration); or
c. Have the potential to replicate in a cell; or
d. Can be translated or transcribed.”

Section I11-F. Exempt Experiments Added:

“[...] however, other federal and state standards of biosafety may still apply to such research (for
example, the Centers for Disease Control and Prevention (CDC)/NIH publication Biosafety in
Microbiological and Biomedical Laboratories).”

Section I11-F-1. New section:
“Those synthetic nucleic acids that: (1) can neither replicate nor generate nucleic acids that
can replicate in any living cell (e.g., oligonucleotides or other synthetic nucleic acids that
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Page 23:

Pages 23-24:

Page 24.

Throughout:

Minor Actions:

Page 39:

do not contain an origin of replication or contain elements known to interact with either
DNA or RNA polymerase), and (2) are not designed to integrate into DNA, and (3) do not
produce a toxin that is lethal for vertebrates at an LD50 of less than 100 nanograms per
kilogram body weight. If a synthetic nucleic acid is deliberately transferred into one or
more human research participants and meets the criteria of Section I11-C, it is not exempt
under this Section.”

Section I11-F-2. Updated section:

“Those that are not in organisms, cells or viruses and that have not been modified or manipulated
(e.g., encapsulated into synthetic or natural vehicles) to render them capable of penetrating cellular
membranes.”

Section I11-F-7. New Section (in part moved from prior version of Section I-B — see deleted
paragraphs above):

“Those genomic DNA molecules that have acquired a transposable element, provided the
transposable element does not contain any recombinant and/or synthetic DNA.”

Renumbered: Sections I11-F-1 through 111-F-8

Section IV-A. Policy. Paragraph 1, added:

“[...]The utilization of new genetic manipulation techniques may enable work previously
conducted using recombinant means to be accomplished faster, more efficiently, or at larger scale.
These techniques have not yet yielded organisms that present safety concerns that fall outside the
current risk assessment framework used for recombinant nucleic acid research. Nonetheless, an
appropriate risk assessment of experiments involving these techniques must be conducted taking
into account the way these approaches may alter the risk assessment. As new techniques develop,
the NIH Guidelines should be periodically reviewed to determine whether and how such research
should be explicitly addressed.”

New Paragraph 2, deleted the sentence:
“General recognition of institutional authority and responsibility properly establishes accountability
for safe conduct of the research at the local level.”

The term “recombinant” in a variety of contexts (e.g., recombinant DNA, recombinant molecules,

recombinant techniques...) has been replaced with the terms “recombinant or synthetic” as
appropriate.

Appendix B-1: All serotypes of Adenovirus-Associated Viruses are considered to be Risk Group 1
agents. Previously, only serotypes 1 — 4 were listed.
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Visit the OBA Web site at:
http://oba.od.nih.gov
For current information on Guidelines, Protocols, Principal Investigators, Meetings,
and information about upcoming Gene Therapy Policy Conferences

These NIH Guidelines shall be in effect on March 5, 2013 and on that date, shall supersede all earlier versions
until further notice.
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SECTION I. SCOPE OF THE NIH GUIDELINES
Section [-A. Purpose

The purpose of the NIH Guidelines is to specify the practices for constructing and handling: (i) recombinant
nucleic acid molecules, (ii) synthetic nucleic acid molecules, including those that are chemically or otherwise
modified but can base pair with naturally occurring nucleic acid molecules, and (iii) cells, organisms, and viruses
containing such molecules.

Section I-A-1. Any nucleic acid molecule experiment, which according to the NIH Guidelines requires approval
by NIH, must be submitted to NIH or to another Federal agency that has jurisdiction for review and approval.
Once approvals, or other applicable clearances, have been obtained from a Federal agency other than NIH
(whether the experiment is referred to that agency by NIH or sent directly there by the submitter), the
experiment may proceed without the necessity for NIH review or approval. (See exception in Section I-A-1-a
regarding requirement for human gene transfer protocol registration.)

Section |-A-1-a. For experiments involving the deliberate transfer of recombinant or synthetic nucleic acid
molecules, or DNA or RNA derived from recombinant or synthetic nucleic acid molecules, into human research
participants (human gene transfer), no research participant shall be enrolled (see definition of enrollment in
Section I-E-7) until the RAC review process has been completed (see Appendix M-I-B, RAC Review
Requirements); Institutional Biosafety Committee (IBC) approval (from the clinical trial site) has been obtained;
Institutional Review Board approval has been obtained; and all applicable regulatory authorization(s) have been
obtained.

For a clinical trial site that is added after the RAC review process, no research participant shall be enrolled (see
definition of enroliment in Section I-E-7) at the clinical trial site until the following documentation has been
submitted to NIH OBA: (1) IBC approval (from the clinical trial site); (2) Institutional Review Board approval; (3)
Institutional Review Board-approved informed consent document; and (4) curriculum vitae of the Principal
Investigator(s) (no more than two pages in biographical sketch format); and (5) NIH grant number(s) if
applicable.

Section I-B.  Definition of Recombinant and Synthetic Nucleic Acid Molecules
In the context of the NIH Guidelines, recombinant and synthetic nucleic acids are defined as:

(i) molecules that a) are constructed by joining nucleic acid molecules and b) that can replicate in a living
cell, i.e., recombinant nucleic acids;

(ii) nucleic acid molecules that are chemically or by other means synthesized or amplified, including those
that are chemically or otherwise modified but can base pair with naturally occurring nucleic acid
molecules, i.e., synthetic nucleic acids, or

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

Section I-C.  General Applicability
Section I-C-1. The NIH Guidelines are applicable to:

Section I-C-1-a. All recombinant or synthetic nucleic acid research within the United States (U.S.) or its
territories that is within the category of research described in either Section I-C-1-a-(1) or Section I-C-1-a-(2).

Section I-C-1-a-(1). Research that is conducted at or sponsored by an institution that receives any support for
recombinant or synthetic nucleic acid research from NIH, including research performed directly by NIH. An
individual who receives support for research involving recombinant or synthetic nucleic acids must be
associated with or sponsored by an institution that assumes the responsibilities assigned in the NIH Guidelines.

Section I-C-1-a-(2). Research that involves testing in humans of materials containing recombinant or synthetic
nucleic acids developed with NIH funds, if the institution that developed those materials sponsors or participates
in those projects. Participation includes research collaboration or contractual agreements, not mere provision of
research materials.
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Section I-C-1-b. All recombinant or synthetic nucleic acid research performed abroad that is within the category
of research described in either Section I-C-1-b-(1) or Section I-C-1-b-(2).

Section I-C-1-b-(1). Research supported by NIH funds.

Section I-C-1-b-(2). Research that involves testing in humans of materials containing recombinant or synthetic
nucleic acids developed with NIH funds, if the institution that developed those materials sponsors or participates
in those projects. Participation includes research collaboration or contractual agreements, not mere provision of
research materials.

Section I-C-1-b-(3). If the host country has established rules for the conduct of recombinant or synthetic nucleic
acid molecule research, then the research must be in compliance with those rules. If the host country does not
have such rules, the proposed research must be reviewed and approved by an NIH-approved Institutional
Biosafety Committee or equivalent review body and accepted in writing by an appropriate national governmental
authority of the host country. The safety practices that are employed abroad must be reasonably consistent with
the NIH Guidelines.

Section I-D. Compliance with the NIH Guidelines

As a condition for NIH funding of recombinant or synthetic nucleic acid molecule research, institutions shall
ensure that such research conducted at or sponsored by the institution, irrespective of the source of funding,
shall comply with the NIH Guidelines.

Information concerning noncompliance with the NIH Guidelines may be brought forward by any person. It
should be delivered to both NIH/OBA and the relevant institution. The institution, generally through the
Institutional Biosafety Committee, shall take appropriate action. The institution shall forward a complete report
of the incident recommending any further action to the Office of Biotechnology Activities, National Institutes of
Health, 6705 Rockledge Drive, Suite 750, MSC 7985, Bethesda, MD 20892-7985, 301-496-9838/301-496-9839
(fax) (for non-USPS mail, use zip code 20817).

In cases where NIH proposes to suspend, limit, or terminate financial assistance because of noncompliance
with the NIH Guidelines, applicable DHHS and Public Health Service procedures shall govern.

The policies on compliance are as follows:

Section I-D-1. All NIH-funded projects involving recombinant or synthetic nucleic acid molecule must comply
with the NIH Guidelines. Non-compliance may result in: (i) suspension, limitation, or termination of financial
assistance for the noncompliant NIH-funded research project and of NIH funds for other recombinant or
synthetic nucleic acid molecule research at the institution, or (ii) a requirement for prior NIH approval of any or
all recombinant or synthetic nucleic acid molecule projects at the institution.

Section I-D-2. All non-NIH funded projects involving recombinant or synthetic nucleic acid molecule conducted
at or sponsored by an institution that receives NIH funds for projects involving such techniques must comply
with the NIH Guidelines. Noncompliance may result in: (i) suspension, limitation, or termination of NIH funds for
recombinant or synthetic nucleic acid molecule research at the institution, or (ii) a requirement for prior NIH
approval of any or all recombinant or synthetic nucleic acid molecule projects at the institution.

Section I-E. General Definitions
The following terms, which are used throughout the NIH Guidelines, are defined as follows:

Section I-E-1. An "institution" is any public or private entity (including Federal, state, and local government
agencies).

Section I-E-2. An "Institutional Biosafety Committee" is a committee that: (i) meets the requirements for
membership specified in Section 1V-B-2, Institutional Biosafety Committee (IBC), and (ii) reviews, approves, and
oversees projects in accordance with the responsibilities defined in Section 1V-B-2, Institutional Biosafety
Committee (IBC).
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Section I-E-3. The "Office of Biotechnology Activities (OBA)" is the office within the NIH that is responsible for:
(i) reviewing and coordinating all activities relating to the NIH Guidelines, and (ii) performing other duties as
defined in Section IV-C-3, Office of Biotechnology Activities (OBA).

Section I-E-4. The "Recombinant DNA Advisory Committee" is the public advisory committee that advises the
Department of Health and Human Services (DHHS) Secretary, the DHHS Assistant Secretary for Health, and
the NIH Director concerning recombinant or synthetic nucleic acid molecule research. The RAC shall be
constituted as specified in Section IV-C-2, Recombinant DNA Advisory Committee (RAC).

Section I-E-5. The "NIH Director” is the Director of the National Institutes of Health, or any other officer or
employee of NIH to whom authority has been delegated.

Section I-E-6. "Deliberate release" is defined as a planned introduction of recombinant or synthetic nucleic acid
molecule-containing microorganisms, plants, or animals into the environment.

Section I-E-7. “Enrollment” is the process of obtaining informed consent from a potential research participant,
or a designated legal guardian of the participant, to undergo a test or procedure associated with the gene
transfer experiment.

Section |-E-8. A “serious adverse event” is any event occurring at any dose that results in any of the following
outcomes: death, a life-threatening event, in-patient hospitalization or prolongation of existing hospitalization, a
persistent or significant disability/incapacity, or a congenital anomaly/birth defect. Important medical events that
may not result in death, be life-threatening, or require hospitalization also may be considered a serious adverse
event when, upon the basis of appropriate medical judgment, they may jeopardize the human gene transfer
research subject and may require medical or surgical intervention to prevent one of the outcomes listed in this
definition.

Section I-E-9. An adverse event is “associated with the use of a gene transfer product” when there is a
reasonable possibility that the event may have been caused by the use of that product.

Section I-E-10. An “unexpected serious adverse event” is any serious adverse event for which the specificity or
severity is not consistent with the risk information available in the current investigator’s brochure.
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SECTION II. SAFETY CONSIDERATIONS
Section II-A. Risk Assessment
Section lI-A-1. Risk Groups

Risk assessment is ultimately a subjective process. The investigator must make an initial risk assessment
based on the Risk Group (RG) of an agent (see Appendix B, Classification of Human Etiologic Agents on the
Basis of Hazard). Agents are classified into four Risk Groups (RGs) according to their relative pathogenicity for
healthy adult humans by the following criteria: (1) Risk Group 1 (RG1) agents are not associated with disease
in healthy adult humans. (2) Risk Group 2 (RG2) agents are associated with human disease which is rarely
serious and for which preventive or therapeutic interventions are often available. (3) Risk Group 3 (RG3) agents
are associated with serious or lethal human disease for which preventive or therapeutic interventions may be
available. (4) Risk Group 4 (RG4) agents are likely to cause serious or lethal human disease for which
preventive or therapeutic interventions are not usually available.

Section lI-A-2. Criteria for Risk Groups

Classification of agents in Appendix B, Classification of Human Etiologic Agents on the Basis of Hazard, is

based on the potential effect of a biological agent on a healthy human adult and does not account for instances
in which an individual may have increased susceptibility to such agents, e.g., preexisting diseases, medications,
compromised immunity, pregnancy or breast feeding (which may increase exposure of infants to some agents).
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Personnel may need periodic medical surveillance to ascertain fitness to perform certain activities; they may
also need to be offered prophylactic vaccines and boosters (see Section I1V-B-1-f, Responsibilities of the
Institution, General Information).

Section lI-A-3. Comprehensive Risk Assessment

In deciding on the appropriate containment for an experiment, the first step is to assess the risk of the agent
itself. Appendix B, Classification of Human Etiologic Agents on the Basis of Hazard, classifies agents into Risk
Groups based on an assessment of their ability to cause disease in humans and the available treatments for
such disease. Once the Risk Group of the agent is identified, this should be followed by a thorough
consideration of how the agent is to be manipulated. Factors to be considered in determining the level of
containment include agent factors such as: virulence, pathogenicity, infectious dose, environmental stability,
route of spread, communicability, operations, quantity, availability of vaccine or treatment, and gene product
effects such as toxicity, physiological activity, and allergenicity. Any strain that is known to be more hazardous
than the parent (wild-type) strain should be considered for handling at a higher containment level. Certain
attenuated strains or strains that have been demonstrated to have irreversibly lost known virulence factors may
qualify for a reduction of the containment level compared to the Risk Group assigned to the parent strain (see
Section V-B, Footnotes and References of Sections I-1V).

While the starting point for the risk assessment is based on the identification of the Risk Group of the parent
agent, as technology moves forward, it may be possible to develop an organism containing genetic sequences
from multiple sources such that the parent agent may not be obvious. In such cases, the risk assessment
should include at least two levels of analysis. The first involves a consideration of the Risk Groups of the
source(s) of the sequences and the second involves an assessment of the functions that may be encoded by
these se