ANNEX -5
RECOMBINANT DNA SAFETY GUIDELINES, 1990

Department of Biotechnology, Ministry of Science at Technology, Govt. of India

INTRODUCTION

The new capabilities to manipulate the genetic rmateresent tremendous potential and find use in
many novel experiments and applications. These lolewveents have generated a sense of concern
among scientists working in biological areas antkert to find ways how safely the research in the
field should be carried out and means to regulai&kwvolving pathogenic microorganisms and genes
of virulence. Several countries have formulatecetyafuidelines and regulations for research in the
field of recombinant DNA, large scale use of themproduction process and their applications in the
environment. Considering the possible incremensiisrassociated with the use of new techniques in
laboratory research with pathogenic microorganigims,National Biotechnology Board issued a set of
safety guidelines for India in 1983 to ensure thiety of workers in the laboratory environment. \&hi
framing the guidelines, the Committee took intocaet the local factors such as resistance to iofect
(immunity), host parasite burden in the communigporatory environment and chances of survival
and growth of altered organisms under the tropioabitions.

Remarkable developments have ensured in the lasyédars in the field of genetic manipulation and
the scenario has shifted from the laboratorieti¢onharket place elsewhere. In India there is a igigpw
awareness of the commercial potential of Bioteabgland efforts are being made to promote large
scale use of indigenously relevant biotechnologidslarge number of research institutions in
Government, Universities and private R&D labs haetive biotech programmes where research is
being done in both in basic and applied frontsisiiy microorganisms plant and animals, tissue
culture and cell lines and on development of vaesitowards communicable diseases of both men and
animals. A good deal of effort is being made indheas of diagnostics, biofertilizers, biocidestilfey
control, tissue culture of high value crops to depeaechnologies and useful products. The successes
in indigenous research efforts would soon be tededlinto commercially viable technologies through
clearing houses with major R&D Centres, Univershops with academic institutions and by the
industry itself.

The Biotechnology Safety Guidelines could nevepbe time exercise as knowledge is ever expanding
and the Department of Biotechnology which has tladate in this area, set up the rDNA Committee
to prepare a modified draft on the basis of curmientific information and from the experience
gained locally and outside the country on the dsthe new technique in the area of research, plessib
manufacture and applications.

The guidelines cover areas of research involvingetieally engineered organism. It also deals with
genetic transformation of green plants, rDNA tedbgy in vaccine development and on large scale
production and dekliberate/ accidental releasergérmsms, plants, animals and products derived by
rDNA technology into the environment. The issudatieg to Genetic Engineering of human embryos,
use of embryos and foetuses in research and hueman lgne gene therapy are excluded from the
scope of the guidelines.

While preparing the revised guidelines the Commitd@d its sub-groups have met 4 times and have
taken note of the guidelines currently in use ineotcountries. The evolution of the guidelines and
updation have gone through the process of conguitatith experts, academies, agencies and industry
and the concerned Ministries with a view to gainagal acceptance and broad consensus.

The guidelines are in respect of safety measumethéoresearch activities, large scale use andthéso
environmental impact during field applications ehetically altered material products.

SCOPE OF THE REVISED GUIDELINES

1.

Research:The levels of the risk and the classification of tirganisms within these levels based on
pathogenicity and local prevalence of diseasesomnépidemic causing strains in India are defined in
the guidelines. Some of the microorganisms notvaedt the country have been assigned to a special
category requiring highest degree of safety. Thieetude Lassa virus, Yellow fever virus etc.
Appropriate practices, equipment and facilities mm@ommended for necessary safeguards in handling
organisms, plants and animals in various risk gsodpe guidelines employ the concept of physical
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and biological containment and also based upomptineiple of good laboratory practice (GLP). Inghi
context, biosafety practices as recommended in WteO laboratory safety Manual on genetic
engineering techniques involving microorganismsdiferent risk groups have incorporated in the
guidelines (Chapter 1V).

Large scale operationsThe concern does not diminish when it comes touse of recombinant
organisms scale fermentation operations on largke dermentation operations or applications ohit i
the environment. As such, the guidelines prescrititeria for good large scale practices (GLSP) for
using recombinant organisms. These include measureh as proper engineering for containment,
quality control, personnel protection, medical giltance, etc.

Environmental risks: Application and release of engineered organisms ihé environment could
lead to ecological consequences and potential teless necessary safeguards are taken into account
The guidelines prescribe the criteria for assesswfethe ecological aspects on a case by case toasis
planned introduction of rDNA organism into the eowiment. It also suggests regulatory measures to
ensure safety for import of genetically engineareterials, plants and animals. The recommendations
also cover the various quality control methods eeetb establish the safety, purity and efficacy of
rDNA products.

GUIDELINES

Definition of recombinant DNA: Recombinant deoxyribonucleic acid (rDNA) by defiom involves

in vitro introduction of different segments of DNA (one kgithe vector and the others normally
unrelated DNA sequences) that are capable of egjwit in a host cell either autonomously or as an
integral part of host's genome and maintenancénaif tontinued propagation. This will include all

types of cell fusion, microinjection of DNA or RNAr parts or all of chromosomes, genetic
engineering including self cloning and deletionvesdl as cell hybridation, transformation and other
types of virus or pathogen introduction into unmnakthosts.

The organisms involved may belong to these categori

1. i) Intergeneric organisms
i) Well defined organisms with non-coding regjory regions
2. i) Biological agents whose source of DNA jgaghogen

ii) Organisms that are generally recognised ram-pathogenic and may imbibe the
characteristics of a pathogen on genetic maaijou.

Classification of a pathogenic microorganisms

The classification of infective microorganisare drawn up under 4 risk groups in increasingood
risk based on the following parameters:

pathogenecity of the agent

modes of transmission and host range of the agent

availability of effective preventive treatmentsanirative medicines

capability to cause diseases to humans/animatsgpla

epidemic causing strains in India

The above mentioned parameters may be influencddveys of immunity, density and movement of
host population, presence of vectors for transimisand standards of environmental hygiene.

An inventory of pathogenic organisms classifiedlifierent groups is provided in Chapter V: Al. The
scientific considerations for assessment of paénisks in handling of pathogenic organisms inelud
the following:

i) Characterisation of donor and recipient orgasism
ii) Characterisation of the modified organism
iii) Expression and properties of the gene product

Based on the risk assessment information,ptbbability of risk could be further assigned certa
quantitative values (Chapter V: A7) for categoimabf experiments in terms of the following:
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i) access factor of the organism
ii) expression factor of DNA
iii) damage factor of the Biologically active sunste

Containment

Containment facilities for different Risk Groups a@er the recommendations of World Health
Organization (WHO)

The term "Containment” is used in describing thie saethods for managing infectious agents in the
laboratory environment where they are being handtedaintained.

Purpose of containment

To reduce exposure of laboratory workers, othersqres, and outside environment to potentially
hazardous agents.

Types of containment

Biological containment (BC): In consideration of biological containment, thectee (plasmid,
organelle, or virus) for the recombinant DNA and tiost (bacterial, plant, or animal cell) in whtble
vector is propagated in the laboratory will be édesed together. Any combination of vector and host
which is to provide biological containment must cfesen or constructed to limit the infectivity of
vector to specific hosts and control the host-vestarvival in the environment. These have been
categorized into two levels - one permitting staddaiological containment and the other even higher
that relates to normal and disabled host-vectdesys respectively (Chapter V: A3).

Physical Containment (PC): The objective of physical containment is to coafirecombinant
organisms thereby preventing the exposure of tlseareher and the environment to the harmful
agents. Physical containment is achieved throughuse of i) Laboratory Practice, ii) Containment
Equipment, and iii) Special Laboratory Design. Theotection of personnel and the immediate
laboratory environment from exposure to infecticagents, is provided by good microbiological
techniques and the use of appropriate safety equiprPrimary Containment).

The protection of the environment external to thieofatory from exposure to infectious materials, is
provided by a combination of facility design ancgtional practices, (Secondary Containment).

Elements of Containment: The three elements of containment include laboyafmactice and
technique, safety equipment and facility design.

i) Laboratory practice and technique
- Strict adherence to standard microbiological pcastiand techniques
Awareness of potential hazards
Providing/arranging for appropriate training of gamel
Selection of safety practices in addition to staddaboratory practices if required
Developing of adopting a biosafety or operationsin@ which identifies the hazards

ii) Safety equipmentpfimary barrierg: Safety equipment includes biological safety calsirzetd
a variety of enclosed containers (e.g. safety diageg cup). The biological safety cabinet
(BSC) is the principal device used to provide comteent of infectious aerosols generated by
many microbiological procedures. Three types of BSClass I, I, Ill) are used in
microbiological laboratories. Safety equipment aiscludes items for personal protection
such as gloves, coats, gowns, shoe covers, besgirators, face shields and safety glasses,
etc.

iii) Facility Design Secondary barriefs The design of the facility is important in prowid a
barrier to protect persons working in the facilityt outside of the laboratory and those in the
community from infectious agents which may be aectdlly released from the laboratory.
There are three types of facility designs: viz, Besic Laboratory (for Risk Group | and ),
the Containment Laboratory (for Risk Group Ill) athét Maximum Containment Laboratory
(for Risk Group 1V).
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Bio-safety levels:It consists of a combination of laboratory pragsi@and techniques, safety equipment
and laboratory facilities appropriate for the opers performed and the hazard posed by the
infectious agents. The guidelines for Microbioladicand Biomedical Laboratories suggest four
Biosafety levels in incremental order depending tba nature of work. Additional flexibility in
containment levels can be obtained by combinatiothe physical with the biological barriers. The
proposed safety levels for work with recombinanttéchnique take into consideration the source of
the donor DNA and its disease-producing potentilikse four levels corresponds to (P1<P2<P3<P4)
facilities approximate to 4 risk groups assignadetiologic agents.

These levels and the appropriate conditions arenerated as follows:

Biosafety Level 1:These practices, safety equipment and facilitiesagupropriate for undergraduate
and secondary educational training and teachingrdatries and for other facilities in which work is
done with defined and characterised strains ofl@iahicroorganisms not known to cause disease in
healthy adult human. No special accommodation aipegent is required but the laboratory personnel
are required to have specific training and to bpestised by a scientist with general training in
microbiology or a related science.

Biosafety Level 2: These practices, safety equipment and facilities applicable in clinical,
diagnostic, teaching and other facilities in whigbrk is done with the broad spectrum of indigenous
moderate-risk agents present in the community asdciated with human disease of varying severity.
Laboratory workers are required to have specifaintng in handling pathogenic agents and to be
supervised by competent scientists. Accommodatiod facilities including safety cabinets are
prescribed, especially for handling large volume high concentrations of agents when aerosols are
likely to be created. Access to the laboratoryoistiolled.

Biosafety level 3:These practices, safety equipment and facilitiesagplicable to clinical, diagnostic,
teaching research or production facilities in whiabrk is done with indigenous or exotic agents eher
the potential for infection by aerosols is real dne disease may have serious or lethal consegsience
Personnel are required to have specific trainingvamk with these agents and to be supervised by
scientists experienced in this kind of microbiolo@pecially designed laboratories and precautions
including the use of safety cabinets are prescriretithe access is strictly controlled.

Biosafety level 4: These practices, safety equipment and facilities @pplicable to work with
dangerous and exotic agents which pose a highithdirisk of life-threatening disease. Strict iag

and supervision are required and the work is donspecially designed laboratories under stringent
safety conditions, including the use of safety wats and positive pressure personnel suits . Adsess
strictly limited.

A specially designed suit area may be providechan facility. Personnel who enter this area wear a
one-piece positive pressure suit that is ventildigd life support system. The life support sysiem
provided with alarms and emergency break-up bregthir tanks. Entry to this area is through an
airlock fitted with air tight doors. A chemical sker is provided to decontaminate the surface of the
suit before the worker leaves the area. The exhaudorm the suit area is filtered by two sets of
HEPA filters installed in the series. A duplicatiérétion unit, exhaust fan and an automaticalbrtihg
emergency power source are provide. The air pressithin the suit area is lower than that of any
adjacent area. Emergency lighting and communicatj@ems are provided. All penetrations into the
inner shell of the suit area are sealed. A douldler dutoclave is provided for decontamination of
disposable waste materials from the suit area.

Guidelines for rDNA research activities: The guidelines stipulate three categories of resear
activities, These are:

Category |: Which are exempt for the purpose of intimation apgroval of competent authority.

(i) The experiments involving self cloning, usingains and also inter-species cloning belonging to
organism in the same exchanger group (Vide Chapte4, A5).

(i) Organelle DNA including those from chloroplastnd mitochondria.

(iii) Host-vector systems consisting of cells intate and vectors, either non-viral or viral contag
defective viral genomes (except from cells knowrh&bour class Ill, IV and special category
etiologic agents listed under Chapter V: Al.
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Category Il: Those requiring prior intimation of competent auityo

(i) Experiments falling under containment leveldllland IV.

(i) Experiment wherein DNA or RNA molecules derivéom any source except for eukaryotic viral
genome may be transferred to any non-human veteelma any invertebrate organisms and
propagated under conditions of physical containm@tL and appropriate to organism under
study.

(iii) Experiments involving non pathogen DNA vecgystems and regeneration from single cells.

(iv) Large scale use of recombinants made by delfing in systems belonging to exempt category
(e.g.E.coli, SaccharomyceandB. subtili§

Category lll: Those requiring review and approval of competethaity before commencement.

(i) Toxin gene clonings : A list of toxins classifi based on their potential toxicity is listed ina@ter
V - A6. The number of plasmid toxin gene clonindspeesent going on are only three vi&.
subtilis and B. sphericustoxin genes are cloned iB. subtilisand cholera toxin genes arigi
thuringiensiscrystal protein genes cloned Encoli K12. These toxins gene cloning are being done
under PC1 and BC 1 Containment conditions. Allnogéne cloning experiments producing LD50
less than 50 ug/kg of body weight of vertebratekaffer V-A6) or large scale growing may be
referred to Institutional Biosafety Committee (IBSGr clearance.

(i) Cloning of genes for vaccine production: eRinderpest and leprosy antigens. Rinderpest has bee
classified under Risk Group Il in view of the conmmiacidence of the disease in India, though it is
listed under special category in the Centres faeBRse Control & National Institute of Health
(CDC-NIH) system. Similarly, leprosy afflicts a ¢gr segment of population which calls for
concerted programme to control the disease by matton and detection at early stages through
immunodiagnostic tests. The containment should ésddd by Review Committee on Genetic
Manipulation (RCGM) on a case by case basis onrénpat utilising DNA from non-defective
genomes of organisms recognised as pathogen.wnofi@o demonstrated risk from handling free
M. laprae antigens, inactivated whole cells as well as ansgean be assigned to Risk Group I.
The details of the rDNA technology in developmehtvaccines for human and animal health
giving containment conditions for observance okgafrds in large scale operations are given in
Chapter V-B.

(i) Cloning of mosquito and tick DNA experimergbould be prescribed on a case by case basis since
these are natural vectors for certain endemic gindl parasitic diseases.

(iv) Genes coding for antibiotic resistance intdhpgenic organisms which do not naturally possess
such resistance.

(v) Introduction into cultured human cells of reddnant DNA molecules containing complete genes
of potentially oncogenic viruses or transformedutat genes.

(vi) Introduction into animal cells of unidentifiddNA molecules derived from cancer cells or inwitr
transformed cells.

(vii) Experiments involving the use of infectiousimal and plant viruses in tissue culture systems.

(viil)Experiments involving gene transfer to whalkants and animals.

(ix) Cell fusion experiments of Animal cells comteig sequences from viral vectors if the sequence
lead to transmissible infection either directly iodirectly as a result of complementation or
recombination in the animals. For experiments iwiwng recombinant DNA of higher class
organisms using whole animals will be approved asedy case following IBSC review.

(x) Transgenosis in animal experiments : Transgenogthod is used to transform animal cells with
foreign DNA by using viruses as vectors or by miigjexrtion of DNA into eggs and pre-embryos.
The expression of an inserted gene can be inflekhoth by the regulatory sequences associated
with the gene and the sequences present at thef siteegration of host genome. At present, there
is no way to control where a gene is inserted ihékochromosome of either an animal or plant cell.
Yet this site of insertion can affect not only teepression of the interested gene but also the
regulation of the host cells- DNA e.g. by non-sfiecctivation of cellular protooncogenes.

(xi) All experiments involving the genetic maniptiten of plant pathogens and the use of such
genetically manipulated plant pathogens would meqapproval of competent authority (IBSC).

(xii) Transfer of genes with known toxicity to ptanusingAgrobacterium tumefaciers other vectors.
Attempts are under way using Ti-plasmiél, tumefaciensaand other vectors to transfer toxin-
encoding genes that enable plants to make their ioggcticide, resist infections or tolerate a
variety of environmental stresses. Case by casmrariee is needed though exemption may be
made for the use of well characterized vectorsremmdtoxic genes.

(xiii)In case of plant viruses, permission may lamed only when it is known that there is a cleanc
of non-species specific spread of infection to fdahat could produce changes in pathogenicity,
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host range or vector transmissibility. The growthwhole plants, propagation of genetically
manipulated organisms in plants, regeneration aftpl from cells transformed by manipulated
plant pathogen vector would require containmenditmms that are elaborated in Chapter V: C2.

(xiv)Experiments requiring field testing and releasf rDNA engineered microorganisms and plants
(Chapter V: C3).

(xv) Experiments involving engineered microbes vdétetions and certain rearrangements.

(xvi)Diagnostics: No major risk can be foreseen diagnostics involving in vitro tests. But for
diagnostics involving in vivo tests, specific cdntaent levels have to be prescribed on case by
case basis. For example, tuberculin moiety coula¢lbred and used for in vivo hypersensitivity
test as a diagnostic method.

(xvii)Gene therapy for hereditary diseases of gerisorders.

Large scale experiments:Large scale production of bio-molecules from gevadty engineered
microorganisms have not just been taken up in thentcy. However, the use of recombinant
organisms in large scale operations is expectéteimear future.

In the guidelines, experiments beyond 20ditapacity for research as well as industrial psepaare
included in the category of large scale experintértéoperations.

For such activities it is recommended that sheuld seek approval of the competent authority as
described in Chapter-IIl. In order to seek apprdtalill be necessary to furnish the relevant detai
a prescribed format on the lines suggested by GEAC.

For good large scale practice (GLSP) as welleaels of containment, the following principlek o
occupational safety and hygiene will be applied.

i) to keep work place and environment exposurengo @hysical, chemical or biological agent to the
lowest practicable level;

ii) to exercise engineering control measures atcgowand to supplement these with appropriate
personal protective clothing and equipment wheressary ;

ii) to test adequately and maintain control measwand equipment ;

iv) to test when necessary for the presence ofleiplocess organisms outside the primary physical
containment ;

V) to provide training of personnel

vi) to formulate and implement local code of preetfor the safety of personnel.

The following safety criteria are to be coragdilith for good large scale practice:

i) The host organism should not be a pathogen,ldhmt contain adventitious agents, and should
have an extended history of safe use, or have-ibuiéinvironmental limitations that permit
optimum growth in the bioreactor but limited sulliwith no adverse consequences in the
environment.

i) The vector/insert should be well characterised free from known harmful sequences; the DNA
should be limited in size as much as possible tibpa the intended function; should not increase
the stability of the recombinant in the environmentess that is a requirement of the intended
function; should be poorly mobilisable; and shouldt transfer any resistance markers to
microorganisms not known to acquire them naturiélguch acquisition could compromise the use
of a drug to control disease agents in human @rivetry medicine or agriculture.

iii) The genetically manipulated organism should be a pathogen and should be assessed as being as
safe in the bio-reactor as the host organism, dtitbut adverse consequences in the environment
(Chapter V:B2)

The physical containment conditions that sthdad ensured for large scale experiments and ptioduc
activities are given in Chapter V: B1.

Release to the environment:
Depending on the types of organisms handledamsessment of potential risks involved appropriat

containment facilities must be provided to enswakety of worker and to prevent unwanted release in
the environment.
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Biowastes resulting from laboratory experirseim industrial operations should be properlytedaso

that the pathogenicity of genetically engineereganisms are either destroyed or rendered harmless
before disposal in the environment. Special faedlitshould be created for disposal of experimental

animals. All refuse and carcasses must be incieerdExemption/relaxation of safety measures on

specific cases may be considered based on thagsgssment criteria.

For planned release of organisms into theremwient, the following points should be taken into

consideration:

i) Geographical location, size and nature of the ef release and physical and biological proximity
to man and other significant biota. In case of fdaproximity to plants which might be cross
pollinated.

i) Details of target ecosystem and the predictéetes of release on that ecosystem.

iii) Method and amount of release, rate frequemzy duration of application.

iv) Monitoring capabilities and intentions: how nyanovel organisms be traced, e.g. to measure
effectiveness of application.

v) Onsite worker safety procedures and facilities.

vi) Contingency plans in event of unanticipateaef§ of novel organisms.

It is important to evaluate rDNA modified organi$an potential risk prior to application in agricute

and environment. Prior to introduction of micro-@nisms, properties of the organism, the possible
interaction with other disease causing agents hedrifected wild plant species should be evaluated.
An independent review of potential risks should dmducted on a case by case basis prior to
application. Details of points to be taken into meut for risk assessment of genetically altered
organisms while making proposals for release agitins are given at Chapter V:D1. The bio-hazard
evaluation of viral, bacterial, insecticidal agefds field applications are provided in Chapter ¥:C
Development of organisms for agricultural or enmirental applications should be conducted in a
stepwise fashion, moving where appropriate, from ldboratory to the growth chamber and green
house under containment conditions and good latmyragiractice. It should be done under expert
advice of competent authority with regard to theeaarto be covered taking into account the
experimental design and condition of isolation.gRsk of any strain for field testing should be done
with the permission of Genetic Engineering Apprad@ammittee (GEAC) as mentioned at Chapter Il1.

Though, manipulation of plants under containmenuld/aot require regulatory clearance of GEAC,
testing of altered plant material in the environméowever should follow regulatory guidelines
seeking experimental field use permit from GEACretlough prima facie, plant material appears safe
to test under containment conditions. License &ogé scale release in case of genetically engideere
plants tested pathogens is required.

Import and shipment:

The import or receipt of etiologic agents amedtors of human and animal disease or their carige
subject to the quarantine regulations. Permitsaaiging the import or receipt of regulated matevial
for research (e.g. toxin genes, hybridomas, cdtucs, organelle) and specifying conditions under
which the agent or vector is shipped, handled awed @re issued by the Review Committee on Genetic
Manipulation while large scale imports for induatriuse are regulated by Genetic Engineering
Approval Committee and are mentioned in ChapterS#fety testing may be required to ensure that it
is far from risk.

The Inter-State shipment of indigenous eticl@gents, diagnostic specimens and biologicaldymts

is subject to applicable packaging, labeling anghghg requirements specified for etiologic agents.
Packaging and labeling requirements for Inter-ssipment of etiologic agents are summarised and
illustrated in the rDNA booklet. All such shipmemtsuld need the clearance of Institutional Biosafet
Committee mentioned in Chapter .

Quality control of biologicals produced by rDNA technology: The general regulations normally
applicable for biologicals are applicable to theomabinant DNA products. The specific relevant
aspects to a particular product should be discussidthe appropriate Government Agency on a case
by case basis.

A new license for the product or drug applaratvould be required on products made of recomttina
DNA technology even if the product is consideredb® chemically and physically similar to the
naturally occurring substance or previously apptdgweduct produced in conventional system.
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A recombinant DNA product demonstrated to denfical to normally occurring substance would not
require toxicological and pharmacological datahié information is already available at dose legéls
intended use but fresh clinical trials will be negary on all such products.

The booklet prescribes the various controhoet needed to establish the safety, purity andiaity
of rDNA products (Chapter V: B4).

Animal feeds: The prevention of food adulteratAct 1954 make it an offence to sell any mateéoa
use as a feeding stuff containing any ingredieritivfs deleterious to animals.

The use of stilbesterol, vitamin B12, antibiotidgect or indirect sources of nitrogen such as @

its derivatives, amino acids as additives in foragd animal feed to enhance nutritive effect are in
practice. The possibilities of introduction of puots derived by biotechnological process such as
single cell protein, enzymes and also the growimeréest in probiotics i.e. living organisms that &d

to animals to improve performance and use of mizganisms as silage aids may find means to
improve the overall health of animals. The conbbthese products is the same in principle whether
they are produced by chemical or biotechnologicat@ss provided the purity criteria are met.

The products derived from animals for human consiansuch as meat and milk should be free from
any contaminants or residue effect resultant oruieeof feed stuffs containing additives producgd b
biotechnological processes.

Figure 1: Importation and inter state shipment of uman pathogens and related materials
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. MECHANISM OF IMPLEMENTATION OF BIOSAFETY GUIDE LINES

For implementation of the guidelines it is necegs$arthave an institutional mechanism to ensurectivepliance
of requisite safeguards at various levels. The ajuids prescribe specific actions that include l#istaing
safety procedures for rDNA research, production ezldase to the environment and setting up contim
conditions for certain experiments. The guideliseggest compliance of the safeguards through \ayres
well as regulatory approach. In this connections iproposed to have a mechanism of advisory agdatory
bodies to deal with the specific and discretioraatjons on the following:

a. Self regulation and control in the form of guildes on recombinant research activities; and
b. Regulation of large scale use of engineerednisges in production activity and release of orgausisn
environmental applications under statutory provisio

The institutional mechanism as proposed for implaatn of guidelines is shown in organogram inuléy2.
Mainly it consists of the following:-

i) Recombinant DNA Advisory Committee (RDAC)

i) Institutional Biosafety Committee (IBSC)

iii) Review Committee on Genetic Manipulation (RCEM
iv) Genetic Engineering Approval Committee (GEAC)

Scope and functions of advisory committee and statiory body

1. Recombinant DNA Advisory Committee (RDAC): The Committee should take note of
developments at national and international levalsBiotechnology towards the currentness of the
safety regulation for India on recombinant reseansh and applications. It would meet once in 6
months or sooner for this purpose.

The specific terms of reference for Recombinantigaly Committee include the following :

i) To evolve long term policy for research and depment in Recombinant DNA research.

i) To formulate the safety guidelines for ReconamhDNA Research to be followed in India.

iii) To recommended type of training programme fechnicians and research fellows for making
them adequately aware of hazards and risks invalvedcombinant DNA research and methods

of avoiding it.
2. Implementation Committees:
2.1 Institutional Biosafety Committee (IBSC)

Institutional Biosafety Committee (IBSC) are to benstituted in all centres engaged in genetic
engineering research and production activities. Coemittee will constitute the following:

(i) Head of the Institution or nominee

(i) 3 or more scientists engaged in DNA work orlewnlar biology with an outside expert in the
relevant discipline.

(i) A member with medical qualifications - Biosty Officer (in case of work with pathogenic
agents/large scale use).

(iv) One member nominated by DBT.

2.2 The Institutional Biosafety Committee shall the nodal point for interaction within instituticior
implementation of the guidelines. Any research gobjwhich is likely to have biohazard potential (as
envisaged by the guidelines) during the executi@ges or which involve the production of either
microorganisms or biologically active moleculesttimaight cause bio-hazard should be notified to
IBSC. IBSC will allow genetic engineering activiby classified organisms only at places where such
work should be performed as per guidelines. Pronisif suitable safe storage facility of donor,
vectors, recipients and other materials involvedexperimental work should be made and may be
subjected to inspection on accountability.
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The biosafety functions and activity include thédiwing:

i) Registration of Bio-safety Committee membershgmposition with RCGM and submission of
reports.
IBSC will provide half yearly report on the ongoipgojects to RCGM regarding the observance
of the safety guidelines on accidents, risks anddewiations if any. A computerised Central
Registry for collation of periodic report on appeovprojects will be set up with RCGM to monitor
compliance on safeguards as stipulated in the tjéde

i) Review and clearance of project proposals figlliunder restricted category that meets the
requirements under the guidelines.
IBSC would make efforts to issue clearance quiakhlyreceiving the research proposals from
investigators.

iii) Tailoring biosafety programme to the levelrigk assessment.

iv) Training of personnel on biosafety.

V) Instituting health monitoring programme for lagtry personnel.

Complete medical check-up of personnel working mjgrts involving work with potentially
dangerous microorganisms should be done prior adirsy such projects. Follow up medical
checkups including pathological tests should beedperiodically, at least annually for scientific
workers involved in such projects. Their medicatarels should be accessible to the RCGM. It
will provide half yearly reports on the ongoing jeais to RCGM regarding the observance of the
safety guidelines on accidents, risks and on dewisif any.

vi) Adopting emergency plans.

Review Committee on Genetic Manipulation (RCGM) The RCGM will have the following
composition:

i) Department of Biotechnology

i) Indian Council of Medical Research

iii) Indian Council of Agricultural Research

iv) Council of Scientific & Industrial Research
v) Three Experts in Individual capacity

vi) Department of Science & Technology

The RCGM will have the functions:

i) To establish procedural guidance manual - procedor regulatory process with respect to
activity involving genetically engineered organisrims research, production and applications
related to environmental safety.

ii) To review the reports in all approved ongoirggearch projects involving high risk category and
controlled field experiments, to ensure that sadegds are maintained as per guidelines.

iii) To recommended the type of containment fagiind the special containment conditions to be
followed for experimental trials and for certairpeximents.

iv) To advise customs authorities on import of bgitally active material, genetically engineered
substances or products and on excisable itemsrzal&evenue and Excise.

v) To assist Department of Industrial Developme®énks towards clearance of applications in
setting up industries based on genetically engéteerganisms.

vi) To assist the Bureau of Indian Standards tdvevstandards for biologics produced by rDNA
technology.

vii) To advise on intellectual property rights withspect to rDNA technology on patents.

The RCGM would have a Research Monitoring fioncby a group consisting of a smaller number of
individuals (3 or 4). The monitoring group would empowered to visit experimental facilities in any

laboratory in India where experiments with biohalzpotential are being pursued in order to determine
the Good Laboratory practice and conditions oftyadee observed.

In addition, if the RCGM has reasons to belighat there is either actual or potential dangeolved

in the work carried out by any laboratory (whichghti or might not have obtained prior clearance for
the project), the monitoring group would be empa@aeto inspect the facility and assess the cause of
any real or potential hazard to make appropriat®menendation to the RCGM. RCGM would be
empowered to recommend alteration of the coursexp&riments based on hazard considerations or
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4.1

4.2

take steps to cancel the project grant, in casgebberate negligence and to recommend appropriate
actions under the provisions of Environmental Ritid@ Act (EPA) where necessary.

Genetic Engineering Approval Committee (GEAC): Genetic Engineering Approval Committee

(GEAC) will function under the Department of Enviroent (DOEnN) as statutory body for review and
approval of activities involving large scale usegehetically engineered organisms and their praduct
in research and development, industrial productorjronmental release and field applications.

The functions include giving approval from enviraemtal angle on:

i) Import, export, transport, manufacture, processlling of any microorganisms or genetically
engineered substances or cells including food stauftl additives that contains products derived by
Gene Therapy.

ii) Discharge of Genetically engineered/classifiedjanisms/cells from Laboratory, hospitals and
related areas into environment.

iiiy Large scale use of genetically engineered oigras/classified microorganisms in industrial
production and applications. (Production shall®tcommenced without approval).

iv) Deliberate release of genetically engineereganisms. The approval will be for a period of 4
years.

The composition of the Committee would be as folow

1. Chairman - Additional Secretary, Department o¥iEbonment
Co-Chairman - Expert Nominee of Secretary, DBT.

2. Representatives of concerned Agencies and Depats:
Ministry of Industrial Development
Department of Science & Technology
Department of Ocean Development
Department of Biotechnology

3. Expert Members:
- Director-General, Indian Council of Agricultural &arch

Director General, Indian Council of Medical Resdarc
Director-General, Council of Scientific & IndustrlResearch
Director-General, Health Services (Ministry of Haa Family Welfare)
Plant Protection Adviser (Ministry of Agriculture)
Chairman, Central Pollution Control Board
3 Outside experts in individual capacity.

4. Member Secretary - Official of, DOEn

GEAC will have the Biotechnology Coordinati@ommittees under it which will functions as legal
and statutory body with judicial powers to inspeialyestigate and take punitive action in case of
violations of statutory provisions under EPA.

i) Review and control of safety measures adoptedewfandling large scale use of genetically
engineered organisms/classified organisms in rebeatevelopmental and industrial production
activities.

i) Monitoring of large scale release of engineeoeglanisms/products into environment, oversee field
applications and experimental field trials.

iiiy To provide information/data inputs to RCGM upasurveillance of approved projects under
industrial production, and in case of environmemrgkases with respect to safety, risks and
accidents.

Statutory rules and regulations to be operbyeithe GEAC would be laid down under the Environtne
Protection Act, 1986.
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Funding Agency

The funding agency will be responsible forrappl and clearing of research proposals for gramésd

in respect of rDNA research activities. The fundaggncy at the centre and state level will be advis
to ensure that the guidelines are taken into addourcompliance while supporting grants on reskearc
projects. Investigators will be required to subiamt part of the project application an evaluation of
biohazards that may arise and also the requiremmerthe type of containment facility, certified by
IBSC. The funding agency should state clearly thatport on approved projects will be withdrawn in
case of deliberate violation or avoidable negligeatthe rDNA guidelines. The investigators wilsal
be asked to make a declaration in their publicatibiat the work was carried out following the nadib
guidelines. The funding agency will annually subtoitRCGM the list of approved projects that come
under high risk categories.

The concerned institutions will be instructedhe effect that initiation and execution of aegearch
project, production activity and field trials shdube preceded by necessary procedures of notificati
and approval of the competent authority includiB&C, GEAC depending on the nature of projects
and activities.

Initially, to familiarize the R&D groups in indtry and other institutions the guidelines will wilely
publicised through scientific journals and populacience magazines. Workshops and group
discussions will be organised in R&D institutes,daother places to fulfill the need for public
information on safety aspects of rDNA technologyepS will be taken to introduce courses in
biohazards and safety procedures for personnelimgpiik areas which are likely to involve biohazards
as part of the training programme.

Figure 2: Institutional mechanism for implementation of guidelines frame work for implementation
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GOl - Government of India
DBT - Department of Biotechnology
RDAC - Recombinant DNA Advisory Committee
IBSC - Institutional Biosafety Committee
RCGM - Review Committee on Genetic Manipulation
DOEN - Department of Environment
GEAC - Genetic Engineering Approval Committee
SBCC - State Biotechnology Coordination Committee
PI - Principal Invstigator (R&D/Industry/Others)
FA - Funding Agency (Govt./Private & Public Instibns)
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A2 CONTAINMENT FACILITIES AND BIOSAFETY PRACTICES:

A. The Basic Laboratory: The basic laboratory encompasses all laborator@kimg with Risk Group | and
Risk Group Il agents-those that present low or meteerisk to the laboratory worker and low or lieait
risk to the community. In some instances, partitylen clinical laboratories of hospitals, expostte
agents of high individual risk may occasionallyumexpectedly occur in the course of routine wotkede
possibilities must be recognised in developingtygdtans and policies.

The basic laboratory guidelines presented hereamgprehensive and detailed as they are fundamental
all classes of laboratory. The guidelines for comeent laboratories that follow later are modifioat of
the basic guidelines designed for work with the endaingerous pathogens.

Code of practice: This code is a listing of the most essential latmwyaprocedures that are basic to safe
laboratory practice. In many laboratories and malidaboratory programmes, such a code may be diven
status of "rules" for laboratory operations. Inseguidelines various parts of the "code of prattiwill be
elaborated and explained.

It is emphasised that good laboratory practiceursdémental to laboratory safety and cannot be cegldy
specialised equipment, which can only supplement it

The most important rules are listed below, not ssagly in order of importance :

1. Mouth pipetting should be prohibited.

2. Eating, drinking, smoking, storing food, and Igpm cosmetics should not be permitted in the fabmy
work area.

The laboratory should be kept neat, clean a® df materials not pertinent to the work.

4. Work surfaces should be decontaminated at lmast a day and after any spill of potentially dangs
material.

5. Members of the staff should wash their handsrédfandling infectious materials and animals anérwh
leaving the laboratory.

6. All technical procedures should be performed may that minimizes the creation of aerosols.

7. All contaminated liquid or solid materials shible decontaminated before disposal or reuse; mimased
materials that are to be autoclaved or incinerated site away from the laboratory should be placed
durable leakproof containers, which are closedredfeing removed from the laboratory.

8. Laboratory coats, gowns, or uniforms should lmerwin the laboratory; laboratory clothing shoulot he
worn in non laboratory areas; contaminated clotisimould be disinfected by appropriate means.

9. Safety glasses, face shields, or other proederices should be worn when necessary to prttectyes
and face from splashes and impacting objects.

* Laboratory Biosafety Manual (Geneva) World Hedlttganisation, (1983)

10. Only persons who have been advised of the patdrazards and meet any specific entry requirésnéng.
immunization) should be allowed to enter the latmyaworking areas; laboratory doors would be kept
closed when work is in progress; access to aninoakés should be restricted to authorized persons;
children are not permitted in laboratory workingas.

11. There should be an insect and rodent contogrpmme.
12. Animals not involved in the work being perforghould not be permitted in the laboratory.

13. The use of hypodermic needles and syringesldhmurestricted to parenteral injection and asioinaof
fluids from laboratory animals and diaphragm vaecbottles. * Laboratory Biosafety Manual (Geneva)
World Health Organisation, (1983) Hypodermic nesdied syringes should not be used as a substitute f
automatic pipetting devices in the manipulationirdectious fluids. Cannulas should be used instefad
sharp needles wherever possible.

14. Gloves should be worn for all procedures thay involve accidental direct contact with bloodiettious
materials, or infected animals. Gloves should eoreed aseptically and autoclaved with other lalmoyat
wastes before disposal. When disposable glovesi@ravailable, re-usable gloves should be usednUpo
removal they should be cleaned and disinfectedrbet®use.
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15. All spills, accidents and overt or potentiapesures to infectious materials should be repdrtedediately
to the laboratory supervisor. A written record dbobe prepared and maintained. Appropriate medical
evaluation, surveillance, and treatment shouldrbeiged.

16. Baseline serum samples may be collected froohstared for all laboratory and other at risk parss.
Additional serum specimens may be collected pecali depending on the agents handled or the foncti
of the facility.

17. The laboratory supervisor should ensure tlztitrg in laboratory safety is provided. A safetyoperations
manual that identifies known and potential hazand that specifies practices and procedures tonmsai
or eliminate such risks should be adopted. Perdatrarild be advised of special hazards and requged
read and follow standard practices and procedures.

Laboratory design and facilities: In designing a laboratory and assigning certaiesypf work to a laboratory,
special attention should be paid to conditions #natknown to pose problems. These include :

creation of aerosols;

work with large volumes and/or high concentratibmicroorganisms;
overcrowded, overequipped laboratories;

infestation with rodents or insects;

unauthorised entrance.

Design features for basic laboratories:

1. Ample space must be provided for the safe camafueboratory procedures.

2. Walls, ceiling, and floors should be smooth,ilgadeanable, impermeable to liquids, and resistarthe
chemicals and disinfectants normally used in theratory. Floors should be slip resistant. Expgsipes
and ducting should stand clear of walls. (Horizbrias should be avoided to prevent dust collec}ion

3. Adequate illumination should be ensured for yéag out all activities. Undesirable reflection tis be
avoided.

4. Bench tops should be impervious to water anidtesy to disinfectants, acids, alkalis, organilvesats, and
moderate heat.

5. Laboratory furniture should be sturdy, and opmgaces between and under benches, cabinets, and
equipment should be accessible for cleaning.

6. Storage space must be adequate to hold suppti@mmediate use and thus prevent clutter on beoph
and in the aisles. Additional long-term storagecspaconveniently located outside and working areas,
should also be provided.

7. Wash-basins, with running water if possible,uttidoe provided in each laboratory room, preferatdgr
the exit.

8. Doors should have appropriate fire ratings,ddedosing, and have vision panels.

9. An autoclave (or a suitable substitute) for adeamination of infectious laboratory wastes shobk
available in the same building as the laboratory.

10. Facilities for storing outer garments and peatdtems and for eating, drinking and smoking $thdue
provided outside the working areas.

11. There are no specific ventilation requirememmtsplanning new facilities, consideration should diven for
providing a mechanical ventilation system that pies an inward air flow and exhaust without
recirculation. If there is no mechanical ventilatiovindows should be openable, preferably haviggréof
screens. Skylights should be avoided.

12. Space and facilities should be provided forgafe handling and storage of solvents, radioactiaerials,
and compressed gases.

13. Safety systems should cover fire, electricatmgmncies, emergency shower, and eyewash facilities
14. First-aid areas or rooms suitably equippedraadily accessible should be available.

15. A good-quality and dependable water supplysgestial. There should be no cross-connectionseagtw
sources for laboratory purposes and the drinkintemsupply. The public water system must be pretect
by a back-flow preventer.
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16. A reliable electricity supply with adequate a&eipy should be available. There should be emeggenc
lighting to permit safe exit. A standby generatathwautomatic cut-off is desirable for the suppoft
essential equipment-incubators, freezers, etcaltiqular, it is in-dispensible for the ventilatiaf animal
cages.

17. A reliable supply of town, natural or bottlealsgo each working area is essential. Good maintenaf the
installation is mandatory.

18. Three aspects of waste disposal need spedgitiah to meet performance and/or pollution cdntro

requirements:

autoclaves and sterilizers for treatment of soliastes need specially designed accommodation and
services;

wastewater and sewage discharged from laboratogshave to be pretreated;

incinerators may need to be of special design apuipped with after burners and smoke-consuming
devices.

19. Laboratories and their animal houses are cmcally the targets of vandals. Security may be aarged by
strong doors, screened windows, and restricte@ isEkeys.

Laboratory equipment: The risk of an infection can be minimized by the w§ safety laboratory equipment,
practices and facilities. This section deals pritpawith laboratory equipment suitable for work tiRisk
Group Il (and also Risk Group Il) agents.

The head of the laboratory, after consultation it safety officer and safety committee, shoulgues that
adequate equipment is provided and that it is psegerly. In selecting safe laboratory equipmeme, general
principles that should be considered include:

designed to limit or prevent contact between therafors and the infectious agent;

constructed of materials that are impermeabledoids, corrosion-resistant, and meet structurangih
requirement;

fabricated to be free of burrs and shard edges;

designed, constructed and installed to facilitatepke operation and to provide for ease of maimera
accessibility for cleaning, and ease of decontatitinand certification testing.

These are general principles. Detailed performarak construction specifications may be requireértsure
that the equipment purchased will possess the saxgesafety features.

Recommended biosafety equipment:

1. Pipetting aids-to replace mouth pipetting. Theageavailable in many designs.

2. Biologicals safety cabinets-to be used whenever:
Procedures with a high potential for creating hdaas aerosols are conducted. These may include
centrifugation, grinding, blending, vigorous shakior mixing, sonic disruption, opening containefs o
infectious materials whose internal pressure mayifferent from the ambient pressure, intranasal
inoculation of animals, and harvesting infectedués from animals or eggs.
High concentrations or large volumes of infecticagents are handled. Such materials may be
centrifuged in the open laboratory if sealed headsentrifuge safety cups are used and if they are
opened only in a biological safety cabinet.

3. Loop microincinerators - to reduce aerosol potida.

4. Screw-cap tubes and bottles - to provide p@sgpecimen containment.

5. Autoclaves - to sterilize contaminated material.

Health and medical surveillance: The objectives of the health and medical surveikarof laboratory
personnel are:

to provide a means of preventing occupationallyuaeg disease by the exclusion of highly susceptibl
individuals as well as by regularly reviewing theseepted for employment;

to provide a means for the early detection of latw-acquired infection;

to access the efficacy of protective equipment@ondedures.
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It is the responsibility of the employing authoritiyrough the laboratory director to ensure thatltheand
medical surveillance of laboratory personnel isiedrout.

Guidelines for the surveillance of workers handlinigroorganisms of Risk Group |:

These microorganisms are unlikely to cause hums@ade or animal disease of veterinary importamsally,
however, staff members should be subjected to @mmEoyment health surveillance procedure regargist
medical history. Prompt reporting of illness ordeditory accident is desirable and all staff memiséauld be
made aware of the importance of maintaining gobdriatory safety practice.

Guidelines for the surveillance of workers handlinigroorganisms of Risk Group I

1. Pre-employment of preplacement health surveiflais necessary. This screening should includepése
medical history. A clinical examination and the lection of a baseline serum sample would be
advantageous and, in some cases, may be necessary.

2. The laboratory should maintain an up-to-dateofisthe employees' family medical practitioners.

3. Records of illness and absence should be keftébyaboratory director and it is the respongipidif the
laboratory worker and his own medical adviser tegkthe director informed of all absences due teds.

4. Women of child-bearing age should be made avwarenequivocal terms, of the risks to the unbdniidc
of occupational exposures to microbiological agestsh as rubella and cytomegalovirus. The presteses
taken to protect the foetus will vary, dependinglmmicroorganisms to which exposure may occur.

Training: Human error and poor laboratory practice can comj@® the best of laboratory safeguards and
equipment provided specifically to protect the labory worker. Thus, a safety-conscious staff, wdlbrmed
about the recognition and control of hazards pitesethe laboratory, is the key element in the praion of
laboratory accidents and acquired infections. R teason, continuous on-the-job training in safeeasures

in essential. The process begins and proceduresntegrated into the employee's basic training.e§af
measures should always be an integral part of aemegloyee's introduction to the laboratory.

Laboratory supervisors must play the key role @&ning their immediate staff in good laboratorygtige. The
safety officer can assist in training and with dexelopment of training aids and publications.

Staff training should always include safe methodsdealing with the following hazardous procedures
commonly encountered by all laboratory personnel:

procedures involving inhalation risks (i.e. aergsaduction)-streaking agar plates, pipetting, G&mjing,
flaming loops, opening cultures;

procedures involving ingestion risks-handling spesis, smears and cultures;

procedures involving disposal of infectious materia

Handling, transfer and shipment of specimensThe handling, transfer and shipment of impropedgked
specimens and infectious agents carries a riskfettion to all people directly engaged in, or ontact with,
any part of the process. Improper handling withie taboratory endangers not only the immediatd btafalso
administrative, secretarial and other support persb Transfer of materials between laboratoriemstitutions
widens the scope of risk to the public and torériand postal personnel.

Internal handling procedures:

Specimens container$Specimens containers should be leakproof. No naatshould remain on the outside
after the cap has been closed.

Transport To avoid accidental leakage or spillage into éngironment special secondary containers should be
provided for the transport of specimens betweendsvar departments and laboratories. These shouldf be
metal or plastic.

Reception of specimen#/here large numbers of specimens are receivegparate room should be provided for
their receipt. In a small facility, this may be paf the laboratory room.

Opening of packageddeally, all packages received via mail or aighg or other common carrier should be
opened in a biological safety cabinet.
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Shipment by mail, airfreight or other common canrrie

The United Nations Committee of Experts on the $pant of Dangerous Goods, the International Air
Transport Association (IATA), the Universal Podthlion (UPU), the International Civil Aviation Orgaation
(ICAO) and the World Health Organisation (WHO) haleveloped agreed common definitions, packagind, an
labeling requirements.

Definitions The definitions adopted for application as fro@83 are as follows:

"Infectious Substances are defined as substanceaiming viable microorganisms or their toxins whire
known, or suspected, to cause disease in animéisnoans."

"Diagnostic Specimens are any human or animal nma&tgrcluding, but not limited to, excreta, secreta
blood and its components, tissue and tissue fllbd#g shipped for purpose of diagnosis, but exotyd
live infected animals."

"Biological Products are either finished biologigabducts for human or veterinary use manufactuned
accordance with the requirements of national putmialth authorities and moving under special adror
license from such authorities; or finished biol@iproducts shipped prior to licensing for develepinor
investigational purposes for use in humans or asing products for experimental treatment of améma
and which are manufactured in compliance with gguirements of national public health authoritiEsey
may also cover unfinished biological products pregain accordance with procedures of specialised
government agencies. Live animal and human vacaimgs be subject to authorization by the country of
destination."

Packaging requirement$?ackaging of infectious substances and diagnepgcimens is in three layers: (a) a
primary watertight receptacle containing the specimb) a secondary watertight receptacle enclosimaugh
absorptive material between it and the primary ptasgle to absorb all of the fluid in the specimarcase of
leakage; and (c) an outer package which is interidgatotect the secondary package from outsideienite
such as physical damage and water, while in trgRgjure 1). It is important to tape securely oa tutside of
the secondary container one copy of the specimén fdams, letters and other information that idési or
describes the specimen. (Another copy should be lseairmail to the receiving laboratory and a dhaopy
retained by the sender). In this manner, the raggiaboratory can identify the specimen and makedecision
regarding safe internal handling and examination.

Fig. 1

Infectious substances are classified as dangeroodsg Packages containing such substances mustthzear
infectious substance (biohazard) label (see Fig. 2)

The IATA Shipper's Declaration for Dangerous Goousst also be completed for shipment by either eigfrt
or airmail.

The Universal Postal Union (UPU) requires that amrs for international shipment of noninfectious
diagnostic specimens and other biologicals matefigiar the standard international violet-colouredtieres
biologiques perissables" (perishable biologicaksaices) label (see. Fig.3).

See Part II: E. "Safe shipment of specimens andciidfus substances”, for additional information,

including emergency actions to be followed in tiverg of a transport accident involving the shipment
transfer of microorganisms
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Fig. 2 Fig. 3

Emergency procedures:Emergency contingency plans should be prepareadoh individual laboratory as
well as for the institutions. These are best pregdry the individual laboratory supervisor in comwtion with
his staff and the safety officer. This procedurersf the best prospect of success as it is the diatgestaff who
are most familiar with the hazards associated thighparticular laboratory.

Once the emergency plan is formulated, it shoulgpdsted in conspicuous place in the laboratorynfionediate
reference.

Emergency plans should provide for:

(a) breakage and spillage,

(b) accidental injection, cuts and abrasions,

(c) accidental ingestion of potentially hazardowenal,

(d) a potentially hazardous aerosol release (dHzer in a safety cabinet),

(e) breakage of tubes in centrifuges not havingtgajups,

(f) fire, flood and natural disaster,

(g) vandalism,

(h) emergency services-whom to contact,

(i) emergency equipment and its location.

() Referto Part Il : F. "Contingency plans andeegency procedures”, for further information.

Decontamination and disposal:

Decontamination and disposal in laboratories aosety interrelated acts, since disinfection or iktation
constitute the first phase of disposal. All materend equipment will ultimately be disposed ofikeer, in the
terms of daily use, only a portion of these wiljuege actual removal from the laboratory or degdtamc The
remainder will be recycled for use within the ladtory, examples being re-usable laboratory glasswar
instruments and laboratory clothing. Disposal stidhkerefore be interpreted in the broad sense rétlae in
the restrictive sense of a destructive process.

The principal questions to be answered prior tpalial of any objects or materials from laboratodesaling
with potentially infectious microorganisms or anlrtissues are:

Have the objects or materials been effectivelyndiésited or sterilised by an approved procedure?

If not, have the objects or materials been package&n approved manner for immediate on-site
incineration or transfer to another laboratory?

Does disposal of the disinfected or sterilized cigjeor materials involve any additional potentiakard,
biological or otherwise, to those carrying out tlhemediate procedure or those who might come into
contact with the objects or materials outside #imtatory complex?
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Decontamination:

Autoclaving is the procedure of choice for all detaonination processes. The autoclave should beeoftavity
displacement type and worked upon at 1.4 kgfmessure for 30 minutes.

Alternate methods, if an autoclave is not availabdtude:

boiling for 30 minutes, preferably in water contagsodium bicarbonate,

use of a pressure cooker at the highest attainatidng pressure.
Disinfectants and chemicals:

There should be a written disinfectant policy sigtivhich disinfectants are used for what purposktha use-
dilution of each.

Sodium hypochlorite and formaldehyde are the désitefnts recommended for general laboratory use.

For special purposes phenolic compounds, varioufacatactive and/or lipid-destroying agents, inahgd
alcohols, iodine and iodophors and other oxidisggnts, as well as very high or extremely low pah be
effective provided that it has been establishetttteaagent to be destroyed is not resistant tptbeedure.

Other methods:

The use of dry heat is discouraged because ofitsedictable variations. Similarly, ultravioletadiation is
unsuitable.

See Part Il : G. "Disinfection and sterilisatiofor, further information
Disposal:

An identification and separation system for contaated materials (and their containers) should ksbished.
Categories may be :

(&) non-contaminated waste that can be disposedttofjeneral waste,

(b) "sharps"-needles, syringes, etc.,

(c) contaminated material for autoclaving and réogc

(d) contaminated material for disposal.

"Sharps":

Hypodermic needles should be placed in containéis walls that are not readily penetrable. Whet, filese
should be placed in contaminated waste contaimetsreinerated, even if laboratory practice recuiteat they
are autoclaved first.

Disposable syringes, placed in container, shoulmshtieerated, even if they are autoclaved first.
Contaminated material for autoclaving and recycling

The material is placed in shallow leakproof corgaincontaining enough of a suitable disinfectartaeer the
contents. The containers are then placed in theckve. No precleaning is performed; any necessagning
or repair is done after autoclaving.

Contaminated material for disposal:

All cultures and contaminated material are normaliytoclaved in leakproof containers prior to digpos
Following autoclaving the material may be placedransfer containers for transport to the incinarat other

point of disposal.

In some situations, the autoclaving step is notired. In such instances the contaminated wasptated in
specially marked containers and transported dir¢athn incinerator. The best practice is to plag#astic bag
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for containing the waste in a paperboard box; tbemtents and container can all be incineratedralfisfer
containers are used they should be cleaned andfatitéd after emptying the contaminated waste aiwit fo
return to the laboratory. Such containers shoultbakproof with tight-fitting covers.

Incineration:

Incineration is the method of choice for final displ of contaminated waste, including carcassdabofratory
animals. Incineration for this purpose must meehlie approval of public health and air polluteuthorities
and the safety officer.

Where incinerators are not approved for such usal tlisposal methods must be established in catipar
with public health authorities.

Animal facilities: The use of laboratory animals for experimental digjnostic purposes imposes on the user
the obligation to take every care to avoid caudhmg animals unnecessary pain or suffering. Theyt rhas
provided with comfortable, hygienic housing and qdge, wholesome food and water. At the end of the
experiment they should be destroyed in a humarnelgsa manner.

Only healthy persons should enter the animal houQeslified well trained animal house officers mbst
available.

The animal house or room should be an independetached unit. If it adjoins the laboratory fa@kt, the
design should provide for its isolation from théblptilaboratory should such need arise.

The design and layout of the unit will vary greatlgpending upon the species of animals to be acoofat®ad,
upon the nature of the work programme, and upoal loimatic conditions. Individual rooms are reauirto
separate animals according to the degree of haghrthe agents under investigation. Additional desig
requirements may be obtained from publications tl/to laboratory animal care.

General safety precautions:
The following safety precautions apply to the mamagnt of all facilities :

1. A change of footwear and outer clothing shoddiade when entering or leaving an animal unit.
2. Appropriate protective clothing and gloves stddag worn when necessary.

3. Entry of wild rodents and other animals and détsenust be prevented. They may carry agents parimg
to man without themselves exhibiting any symptofms; such intrusion should be reported.

4. Small laboratory rodents or other animals ttsgape from their cages should be killed when cegtand
their carcasses incinerated.

5. Unexpected illness or deaths among animals ghoel reported without delay. Animals suffering from
unexpected illness should not be touched untikucsbns are given by the head of the laboratorgtber
responsible officer.

The hands should be washed-thoroughly after delide animals have been handled.

Small wounds, however trivial, incurred whilendéing animals, must be treated immediately; blegdi
should be encouraged, followed by liberal washingdap and water; a protective first aid dresshaukl

be applied and treatment sought as soon as pas3ibise applies especially if wounds are caused by
animals.

8. All staff working in animals facilities shouldeimmunized against tetanus and against other a.géregn
indicated and available.

9. Excretion of agents in saliva, faeces and wunitlecontaminate the animal box and bedding. Theggs of
aerosol contamination is increased when soiledibgdsl disturbed.

10. Inoculations and post-mortem examinations wimgl dangerous pathogens should be conducted in a
microbiological safety cabinet.

11. Cages that have been used for work with pati®geould be autoclaved before they are cleaned.

12. All laboratory animals can be symptomless easrof microorganisms highly dangerous to man.
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13. Special precautions should be taken with dusgsl for the sedation or euthanasia of experimamniatals.
At least one of the assistants should be awarbeoBimergency procedures in the event of accidesttl
injection by the operator.

14. Volatile anaesthetic may affect staff in a doedl space or may be explosive.

Chemical, electrical, fire, and radiation safety:A breakdown in the containment of pathogenic orgasi
may result indirectly through fire or chemical, atécal, or radiation accidents. It is thereforenaatory to
maintain high standards of chemical, electricag,fand radiation safety in the microbiology lalora

Statutory rules and regulations for each of thelermarmally be laid down by the competent natiooallocal
authorities.

Their assistance and guidance should be soughtciéssary. A preliminary assessment of the statuteof
laboratory in respect to these hazards can be iadesing the safety check list give in Part Il: 'f&eneral
safety checklist". *

B. The Containment Laboratory: The containment laboratory is designed and praovige work with Risk
Group Il agents-those that present a high ridboratory workers but a low risk to the community.

This level of containment requires strengtheninghef basic laboratory operational and safety progras
as well as the provision of added structural sadedgiand the mandatory use of biological safetinesh

The guidelines are presented in the form of madalifims in the guidelines for the basic laboratory.
Therefore, the reader must first apply the badiordatory guidelines before those specific of comtaint
laboratories. The major changes are in:

Code of practice
Laboratory design and facilities
Health and medical surveillance

Laboratories in this category should be registavedisted with the national or other appropriatalte
authority.

Code of practice: The code of practice for a basic laboratory ap@iespt where modified as follows:

The two-person rule should apply, whereby néviddal works alone within the laboratory.

2. A hazard warning sign should be displayed ororaiory doors, identifying the agent, the name haf t
laboratory supervisor and other responsible pes$ar(d indicating any special conditions of eninypithe
area (immunizations, etc.) (see. Fig.4).

3. Laboratory clothing that protects street claghifi.e. solid front or wrap-around gowns, scrubtssui
coveralls, etc.) must be worn in the laboratoryonfEbutton laboratory coats are unsuitable. Lalooyat
clothing must not be worn outside the laboratony amust be decontaminated before being laundered.

4. When appropriate, respiratory protective equipniseould be worn in rooms containing infected aittm
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Fig. 4: Hazard warning sign for laboratory doors

BIOHAZARD

ADMITTANCE TO AUTHORIZED PERSONNEL ONLY

Hazard identity:

Responsbile investigator:

In case of emergency cell:

Daytime phone: Home phone:

Authorization for entrance must be obtained from Responsible
Investigator named above

Laboratory design and facilities: The containment laboratory is designed for workhviRisk Group Il agents
and with large volumes and high concentrations isk RBroup Il agents, where there is a high rislaefosol
spread or infection.

The section on design and facilities for a badiotatory applies, except where modified below :

1. The laboratory should be separated from aresdisatle open to unrestricted traffic flow within theilding.
Additional separation may be achieved by usingbaratory at the blind end of a corridor, a pantitend
door, a double-door system where entry to the ktboy should be through an ante-room or airlock.

2. Access to the laboratory area should be desigmguevent entrance of free-living arthopods attteo
vermin.

3. The surfaces of walls, floors, and ceilings $thdae water resistant and easy to clean. Openimgkese
surfaces should be sealed to facilitate decontainmthe area.

A foot or elbow-operated wash-hand basin shbelgrovided near each laboratory exit door.
Windows in the laboratory should be closed aades.
Access doors to the laboratory should be seliel and lockable.

N o g &

An autoclave for decontamination of laboratorgstes should be available within the laboratory. If
infectious wastes have to be removed to another iarthe same building for disinfection, they shichéld
and transported in a covered, leakproof container.

8. There should be a ventilation system that eistzd® a negative pressure into the laboratoryatctilere is a
directional air flow from the corridor or the bad@boratory to the working area of the containment
laboratory. Personnel must verify that proper diogcair flow (into the laboratory) is achieved.

9. The building exhaust system can be used forptlnipose if the exhaust air is not recirculatedtter areas
of the building. air within the laboratory can, hewer, be recirculated.

10. The exhaust air from the laboratory should tsehdirged directly to the outside or through thédding
exhaust system so that it is dispersed away fraaomed building and air intakes. The exhaust aimfthe
laboratory that does not come from the biologiadkty cabinet can be discharged to the outsideowith
being filtered.

11. In laboratories that have supply air systeims,supply air and exhaust air systems are intestbéd ensure
inward air flow at all times.
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12. The HEPA-filtered exhaust air from Class | aldss Il biological safety cabinets should be disghd
directly to the outside or through the building awkt system. (HEPA:high efficiency particulate .air)

13. If the HEPA-filtered exhaust air from Classrl 10 biological safety cabinets is to be dischargedhe
outside through a building exhaust air systemhdusd be connected to this system in such a watp as
avoid any interference with the air balance ofdhbinet or building exhaust systems.

14. Air may be recirculated within the laboratomylyoafter it has been filtered through tested aadified
cabinet exhaust HEPA filters.

15. Exhaust air from Class Il biological safetybeets must be discharged directly to the outsidaout
being recirculated through the laboratory.

Laboratory equipment: The principles for the selection of equipment, udthg biological safety cabinets, are
the same as the basic laboratory except that &Nites involving infectious materials are condexttin
biological safety cabinets, with other physical teimment devices, or using special personal priotect
equipment. The use of a Class Il biological safetpinets or a flexible-firm isolator may be indexé for
procedures with Risk Group Ill microorganisms.

Health and medical surveillance: The objective of health and medical surveillancegprmmes for basic
laboratories apply to containment laboratoriesepkevhere modified as follows:

1. Medical examination of all laboratory personmelrking in the containment laboratory is mandatdryis
examination should include a detailed past mediisibry and clinical examination.
A baseline serum sample should be obtainedtangldsfor future reference.
Employees being treated with immunosuppressivegsd should not be employed in containment
laboratories.

Following a satisfactory clinical assessment repitit examinee should be provided with the medicatact
card (see Fig.5) stating that he/she is employead dontainment laboratory. It is suggested that ¢ard should
be wallet sized and it should always be carriethkyholder.

NOTE: The contact persons to be entered on the fronheofcard would need to be agreed locally but might
include the laboratory director, the medical advise the biosafety officer.

Fig. 5. Medical contact card format

Front of card
FOR THE ATTENTION OF THE PHYSICIAN

THE CARD HOLDERS .................. (Name of card holder)
ISEMPLOYED AT ..ovviiiiiiiiiiieeees (laboratory name. Address and
numbers)

In the event of iliness. The possibility of laboratory required infection
should be considered. You are asked to contact as soon as possible
one of the following:
1. . (Name and telephone number)
2. (Name and telephone number)

Date of Issue ................

Back of card

FOR THE ATTENTION OF THE HOLDER

ALWAYS CARRY THIS CARD WITH YOU.
ALWAYS SHOW IT TO AN ATTENDING PHYSICIAN
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C. The Maximum Containment Laboratory: The maximum containment laboratory is designedwfork
with infectious agents or experiments in microbjgidhat present, or are suspected to present,harisig
to both the laboratory worker and the community.

Construction and operation of a maximum containmiabbratory should be preceded by intensive
consultations with institutions that have experegenperating a maximum containment laboratory.

Operational maximum containment laboratories shbeldinder the control of national or other appatpri
health authorities.

The principal features of a maximum containmenotatory are :

1. Controlled accessEntry and exit of personnel and supplies areutjincairlock systems. On entering,
personnel put on a complete change of clothes lagyl shower on exit before putting on their street
clothing.

2. Controlled air systemNegative pressure is maintained by an individsapply and exhaust air
mechanical ventilation system with HEPA filterstlwe exhaust (and in the intake when necessary).

3. Decontamination of effluentsAll effluents from the maximum containment laborg are to be
rendered safe, including the shower water.

Sterilization of waste and materials double-door pass through autoclave is provided.

Primary containmentAn efficient primary containment will consist ofie or more of the following:
a. Class lll biological safety cabinet

b. flexible-film isolators to similar standards and

C. a positive-pressure ventilated suit as worn in'sait" laboratory. In this case, a special
decontamination shower must be provided for persideaving the suit area.
Because of the great complexity of the work a tedlaivork manual should be developed and tried out i
training runs.

In addition, an effective emergency programme rbestlevised (see also Part Il:F."Contingency plars a
emergency procedures")*. In the preparation of pghiggramme active cooperation with national andlloc
health authorities should be established. Otherrgeney services, e.g. fire, police, receiving htadpj
should likewise be involved.

D. The Gene Technology Laboratory: There are no unique or specific safety risks aasedi with
recombinant DNA work (genetic engineering); thdsiare no greater than those associated with withk w
known pathogens and do not necessitate speciabli@op design or practice.

An aid to the selection of suitable laboratory lities and practices is provided in Table 1.

Table 1: Proposed safety levels for work with recotiinant DNA technique*

Source of Disease-producing potential Required laboratory clssification
donor DNA
Viruses Nonpathogenic Basic Laboratory
Pathogenic According to laboratory classification

appropriate for donor organism

Prokaryotes Nonpathogenic Basic Laboratory
Pathogenic According to laboratory classification
appropriate for donor organism

Eukaryotes Nonpathogenic/and/or no Basic laboratory
toxin production
Pathogenic and/or toxin production Sequence| Appropriate to the known or
coding for highly achieve biological substancep conjectural risks2

*  These recommendations do not preempt natiorideioes or regulations.
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A Work with eukaryotic infectious agents is clagsif according to the risk group of the donor. Wingmer
eukaryotes are used as donors and when predeteriNA sequences that code for toxins or highlywacti
biological substances are manipulated, the labgrafassification as to be chosen that is suitabléhe known
or conjectural risks. A careful assessment of tmisks should be performed in consultation with éipgropriate
authorities and/or experts.

V.

RECOMBINANT DNA SAFETY CONSIDERATIONS

A. Microorganisms

1.

Classification of micro-organisms on the basisf risk groups:

Preamble: Recombinant DNA technique includes three componghésselected sequence of DNA of
the Donor (any living species or even synthetiaiseges), the Vector usually a virus or a plasntidt(t
may be endowed with the potentiality of autonomeeplication) that carries the ligated donor
sequences into the recipient host, and the Hostriably a microbial cell or a cultured cell. Tohéeve

the required biotechnological potential, manipaiatiof all the three components are essential.
Therefore any guidelines drawn up will take inte@mt hazards posed by al the three components,
viz., the donor, the vector and the host. It is rem@epted that the hazards posed in recombinant DNA
technology is not more than that of the donor ndoganism. Therefore in the fitness of things, for
framing the guidelines, it would be appropriateetmsider the classification of donor micro-orgaréism
according to the hazard posed by it and the relspecontainment measures which are required to be
followed.

Accidental infection of laboratory workers with pagenic microorganisms has paralleled the entire
development of the microbiological sciences. Therditure is repleted with accounts of these

accidents. The increase in the laboratory acquindections despite of advances in containment
techniques is probably due to the volume of miatalgical research; and the broadened spectrum of
infectious agents under investigation. With expwe gained, it is now possible to classify the

microorganisms according to the risks posed by ttethe handlers, and the ease of their transnissio

in the society.

In our classification, certain microorganisms halbeen classified at a higher or lower category
depending upon the conditions prevalent in the tguriror example, Foot and Mouth Disease virus
(attenuated strain) has been assigned to lower®&islp since the virus(es) are widely prevalerth@
country. Similarly, the other pathogens widely @ewnt in the country are brought under lower
category of Risk Group. Some of the microorganisiwispresent in the country have been assigned to
a special category requiring highest degree oftygdi@ example - Lassa virus, Yellow fever viresc.

Bacterial

Risk Group |

All bacterial agents not included in higher classesording to "Basis for Agent Classifications”:
Risk Group I

Actinobacillus- all species except. mallejwhich is in Risk Group lIl.
Arizona hinshawit all serotypes

Bacillus anthracis

*Bordetella- all species

Borrelia recurrentis, B. vincenti

** CI. chauvoei, Cl. difficle CI. fallax, Cl. haematam,
Cl. histolyticum, Cl. nowvi, CI. perfringes, Cl.psieum
Cl.sordelbi

Corynebacteriumdiptheriae*, C.equi, C.haemolyticum
C. pseudotuberculosis, C.pyogenes, C.renale
Diplococcug(Streptococcug)neumoniae
Erysipelothrix insidiosa

Escherichia coliall enteropathogenic serotypes
Haemophilus ducreyi, H.influenzae, H. pneumoniae
Herellea vaginicola
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Klebsiellaall species and all serotypes

Letionella

Leptospira interrogans all serotypes reported in India
Listeria, all species

Mima polymorpha

Moraxella-all species

Mycobacteriaall species includinglycobacterium avium, M.bovis,
*M. tuberculosis*, M.leprae*.

** Mycoplasmaall species exceptl. mycoidesaandM.agalactiae
Neisseria gonorrhoeae, N. meningitidis*

Pasteurella- all species except those listed in Risk Group 111
*Salmonella all species and all serotypes**

*Shigella- all species and all serotypes

Sphaerophorus neorophorus

Staphylococcus aureus

Streptobacillus moniliformis

Streptococcus pyogenes, S.equi, S.pneumonine*
Streptomyces madurae pelleteri somaliensis

Treptonema carateum, T.palliduandT. pertenue

*Vibrio foetus, V.commancluding biotype EIT or and

V. parahemolyticus

Vibrio cholerae

Risk Group IlI

Actinobacillus mallei

Bartonella- all species

Brucella- all species

Clostridium botulium, Cl. tetani*

Francisella tularensis

Mycobacterium avium, M.bovis, M. tuberculosis, &prhe.

Pasteurella multocidéype B ("buffalo” and other foreign virulent strajn
Pseudomonas pseudomallai

Yersinia pestis

* Cloning agents and strains for human vaccine gectdn.
** Agents likely to be employed for recombinant Wwan Veterinary field.

Fungal

Risk Group |

All fungal agents not included in higher classesoading to "Basis for Agent Classification”
Risk Group I

Actinomycetegincluding) NocardiaandActinomycesndArachina propionica
Aspergillus fumigatus

Blastomyces dermatitidis

Cryptococus neoformans C. fersiminosos

Epidermophyton madurella, E. microsporon

Paracoccidioides brasiliensis

(Sporothrix Trichoderma Trichophyton)

Risk Group I
Coccidioides immitis

Histoplasma capsulatum
Histoplasma capsulatum var duboissi
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Parasitic
Risk Group |

All Parasitic agents not included in higher classesording to "Basis for Agent Classifications:.
Risk Group I

*Entamoeba histolytica
*Leishmania species
Naegleria gruberia
Plasmodium thcilera
Plasmodium fabesia, P.falciparum
Schistosoma
Toxoplasma gondii
Toxocara canis
Trichinella spiralis
Trichomonas
Trypanosoma cruzi

Risk Group Il

Schisistosoma *mansomi

Viral, Rickettssial and Chlamydial
Risk Group |

All viral, rickettsial and chlamydial agents notinded in higher classes. In addition the following

Influenza virus A/PR8/34
**Newcastle disease virus - strains licensed farcuae use Parainfluenza Virus 3, SF4 strain
** Rinderpest - attenuated virus strain (e.g. K&b&) licensed for vaccine use.

Risk Group I

Adenoviruses - Human, all types

Avian loukosis

Cache Valley virus

CELO (avain adenovirus)

Coxsackio A and B viruses

Corona viruses

Cytomegalo viruses

*Dengue virus, when used for transmission experisien

Echo viruses - all types

Encephalomyocarditis virus (EMC)

Flanders virus

Hart Park virus

*Hepatitis-associated antigen material - hepattiand B viruses, non A and non B, HDV Herpes
viruses - except herpes virus simiae (monkey Bsyiwhich is in Risk Group IV.
Infectious Bovine Rhinotraechitis virus (IBR).

Infectious bronchitus**

Infectious Bursal diseases of poultry.

**Infectious Laryngotraechitis (ILT)

*Influenza virus- all types, except A/PR8/34 whishn Risk Group I.

Langat virus

Leucosis complex**

Lymphogranuloma venereum agent.

**Marek's Disease virus

*Measles virus

Mumps virus

**Newcastle disease virus (other than licensesrsfaa vaccine use)
Parainfluenza viruses - all types except Parainftaesirus 3, SF4 strain, which is in Risk Group |
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*Polio viruses-all types, wild and attenuated

Poxviruses - all types except Alastrim, monkey pglxeep pox and white pox, which depeinding on
experiments are in Risk Group Il or IV.

**Rabies virus - all strains except rabies stréais; which should be classified in Risk Groupvthen
inoculated into carnivores

Reoviruses - all types.

Respiratory syncytial virus

Rhinoviruses - all types

Rinderpest (other than vaccine strain in use)

Rubella virus

Simian viruses - all types except herpes virusainiMonkey B Virus) which is in Risk Group IV.
Simian virus 40

Ad 7 SV 40 (defective)

Sindibis virus

Rensaw virus

Turlock virus

Vaccinia virus

Varicella virus

Vole rickettsia

Yellow fever virus, 17D vaccine strain

Risk Group llI

African Horse Sickness (Attenuated strain excephahpassage)
Alastrim, monkey pox and whotepox, when used irovit
Arboviruses - All strains except those in Risk Gréuand IV
Blue Tongue virus (only serotypes reported in Ihdia
Epstein - Barr viurs

Feline Leukemia

Feline sarcoma**

Foot-and-Mouth Disease virus (all serotypes andypeis)
Gibbon Ape Lymphosarcoma

Herpes virus ateles

Herpes simplex saimiri

Herpes simplex 2

HIV-1 & HIV-2 and strains of SIV

Infectious Equine Anaemia

Lymphocytic choriomeningitis virus (LCM)
Psittacosis-ornithosis-trachoma group of agents
Pseudorabies virus

Rabies street virus, when used inoculations oficaras
Risckettsia - all species except Vole rickettsid @oxiella burnetti when used for vector transnoissi
**Sheep pox (field strain)

Swine Fever virus

Vesicular stomatitis virus

Wooly monkey Fibrosarcoma

Yaba pox virus

Non-defective Adeno-2 SV-40 hybrids

Risk Group IV

Alastrim, monkeypox, whitepox, when used for traisgion or animal inoculation experiments.
Hemorrhagic fever agents, including Crimean henagihand

Korean hemorrhagic fever (Congo) and others aan@éfined.

Herpes virus simae (monkey B viurs)

Tick-borne encephalitis virus complex, includingsRian Spring

Summer Encephalitis, Kyasanur Forest Disease, Ohaskorrhagic fever and Central European
Encephalitis viruses.
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SPECIAL CATEGORY
Bacterial

Contagious Equine MetritisH(, equigenitali¥
Pestis petit de ruminantium

Viral, Rickettsial and Chlamydial

African Horse Sickness virus (serotypes not reportdndia and challenge strains)
African Swine Fever

Bat rabies virus

Blue tongue virus (serotypes not reported in India)

Exoitic FMD virus types and sub-types Junin and Mg viruses
Lassa virus

Marburg virus

Murrey valley encephalitis virus

Rift Valley Fever virus

Small pox virus - Archieval storage and propagation

Swine Vesicular Disease

Veneseulan equine encephalitis virus - epidemairsr

Western Equine encephalitis virus

**Yellow fewer virus - Wild strain,

Other Arboviruses causing epizootics and so faremrded in India.

2. General scientific considerations* for risk assssment of microorganismsAttempt is made to set
out basic scientific considerations that may bevaht in assessing the possible risks associatid wi
the use of rDNA organisms. Although the list attésnpo be comprehensive as far as present
knowledge allows, not all the points included aiiply to every case. It is to be expected therefwae
individual proposals will address only those isstleg are relevant to the proposed work. The lefel
detail required is also likely to vary accordinghe nature of the proposal.

A. Characteristics of Donor and Recipient Organisr

1. Taxonomy, identification, source, culture

a. Name and designations.

b. The degree of relatedness between the donorreuigient organisms and evidence indicating
exchange of genetic material by natural means.

c. Characteristics of the organism which permintdiation and the methods used to identify the
organisms.

d. Technigues employed in the laboratory and/oirenment for detecting the presence of, and for
monitoring, numbers of the organisms.

e. The sources of the organisms.

f.  Information on the recipient organisms's repeithe cycle (sexual/asexual).

g. Factors which might limit the reproduction, gtbvand survival of the recipient organism.

2. Genetic Characteristics of donor and recipient organs
a. History of prior genetic manipulation

b. Characterisation of the recipient and donor ge®
c. Stability of recipient organism in terms of nedat genetic traits.

3. Pathogenic and physiological traits for donor aratipient Organisms
a. Nature of pathogenecity and virulence, infettj\or toxicity.
b. Hostrange
c. Other potentially significant physiological tsai
d. Stability of these traits
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Character of the Modified Organism

a) Description of the modification

b) The nature, function and source of the insedewdor nucleic acid, including regulatory or other
elements affecting the function of the DNA andtaf vector.

c) The method(s) by which the vector with insert@¥ been constructed.

d) Method(s) for introducing the vector-insert irtfee recipient organism and the procedure for
selection of the modified organism.

e) The structure and amount of any vector and/amodmucleic acid remaining in the final
construction of the modified organism.

f) Characterisation of the site of modificationtbé recipient genome. Stability of the inserted DNA

g) Frequency of mobilization of inserted vector /andjenetic transfer capability

* Genetic Manipulation Advisory Group Medical ResgaCouncil : ACGM/HSE/ Note-3

Expression and properties of the gene product

a) Rate and level of expression of the introduatktic material. Method and sensitivity of method.
b) Activity of the expressed protein.
c) Allergenig hazard of the product.

d) Toxic hazard of the product.

Host/Vector systemsHost/Vector Systems are three categories, norn@&i)(Hisabled and especially
disabled. Disabled and especially disabled hostvechave an access factor of ®1@nd 10
respectively. Use of these vectors, naturally &ridgwn the physical containment level.

Criteria for disabled host/vector system:The disabled host/vector systems listed are basethe
following considerations, which are given here &sist investigators who may wish to generate new
vectors or to adapt or modify existing ones.

In general, vectors must be safe not only to hub®ings but also to domestic animals. There should
not be any neoplastic effect.

Bacterial plasmid based cloning systems

1. Plasmids must not be self transmissible.

2. Non mobilisable or only very inefficiently moisiible. These plasmids should not code for the
mobilisation proteins and also must be deficientimsite on which the mobilisation proteins act.
Such plasmids have an access factor &fel@n on normdk. colihost.

Bacteriophage lambda based cloning systems

1. Must have reduced host range, achieved by tberporation of amber mutuations (reversion
frequency 18 or less) in two different genes not involved isisy

2. Must be non lysogenic; achieved by deletiontadge attachment site and defective repressor (Cl)
gene.

Must not propagate in the plasmid mode.
If the repressor is temperature sensitive, s $trains must be recrAutants.

5. If a lysogenic phage vector is used then the st be disabled, likE.coli strains DP50 Sup F
or MRCI.

»w

M13 vector systems

1. F-factor in the host must be defective for mishtion.
2. Vector must have amber mutuations in atleastysves.
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i)

ii)

Host-Vector systems fdBacillus subtilis

HVI Host strains: RUB 331, BGSC 1S53, BD224, PSCWUA403.

Plasmids: pUB110, pC194, pS194, pPSA2100, pE19D1BB(pE194) copp pT127, pC221,
pC223, pAB124 and their recombinant derivatives gBP9, pBD12.

HV2 Host strains: Aspergenic strain ASB298

Plasmids : pUB110, pC194, pS194, pSA2100, pE18DQ15 pT127, pUB112, pC221, pC223,
pAB124, pBD9, pBD12, etc.

Escherichia colK12:

Vectors forE.coli

pAA31; pNo 1523; pSCC31; pGA22; pLG338; pBEU43; p®; pBR312; pBR313; pBR315;
pBR320; pBR322; pBR325 pBR327; pKT21; pKTH605 pM&71; pMK20; pUc5; pUc3; pUc4;
pUc6; pUc7; pUc8; pUc9; pUR2, pWRA4.

Bacteriophage

Vectors for bacteriophage M13

M13mp7; mi3Gori 1

| 1059; | 1127; 1 2001; Charon 4; Charon 4A; Charon 10; Charon 27ar@h 28; Charon 34;
| EMBL3; | EMBL4; | gt10; | gtii, IgtWES; | B; | NM607; Homer |; pEMBLB; pCP3; pLC28;
pBN37; pWT571; pOP203-1; pEX1; pKH4; pKT241; ptacpKO4;| 21; pEP74.

iv) E.coliK12/S. cerevisiadybrid systems:

YeastE.coli shuttle vectors

Yipl, YIp5, YEp4, YEpl3, YEp24, YEp135, YRp7, YRplXrpl7, YCpR1, pAH5, pAH9,

pMA301, pMAC561, pAARG, pMC2010, YEp6.
v) Plasmid Vectors for cloning DNA in Streptomgce

Vector Copy No. Size, KB Parent replicon Markers
*plJ61 5 14.8 SLP1.2 Lt#sr aphl
*plJ 486/487 100 6.2 P1J101 tsr neo
*plJ 702 100 5.8 P1J101 tsr mel
plJ 941 1 25.0 SCP2* Ltztsr hyg
pMS 63 100 5.0 P1J101 tsr aph
pSK 21-K3 20 8.0 PSK2 Tsr
pSW1i 5 16.6 PSG2 tsr cat
pVE30 High 7.7 PVE1l sr vph amp
*plJ922 1 24 SCP2* Tsr, Ltz
Phage Vectors

*KC515 — j 38.6 C31 vph, tsr
KC 684 — j 40.5 C31 tsr lacz
PM8 — j 39.3 C31 tsr hygd ter
TG78 — j 38.8 TG1 Tsr

* often used

vi) Pseudomonas putida

HVI Strain KT 2440
Plasmids pKT 262, 263 and 264

vii) Host-vector systems falaemophilugMainly for self-cloning work).

Strains Haemophilus influenzaRd
Haemophilus parainfluenzgeough strain)
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Plasmids : pRSF0885 and its derivatives
pJi-8
pDM2
pJI-8 nolstr 44

viii)Vectors for DNA transfers througAgrobacterium

Binary vectors (To be used in combination witly &nhplasmid containing vir genes.)

1. pRAL 3940
2. pCEL 44
3. pGA471

Receptor and intermediate vectors

1. pGV 3850
pLGV 1103

2. pTiB6S3SE
pMon200

Vectors forH. influenzaeRd andH. parainfluenzae

RSF 0885
pJi-8
pDM 2

Binary vectors: Ti plasmids regions carrying the T-DNA and the laici can be physically separated
while remaining functionally intact. T-DNA insertednto Ti-independent replicons for the
Argobacteriumchromosome) is transferred to the plant with tekp lof vir functions provided in trans
as efficiently as T-DNA physically linked to thersloci in cis

The new generation of Binary Vectors are basedismprinciples:

S. No. Vectors References
1. Vehicle PAL 1050 used with plasmid pAL Hoekemeet. al Nature 303 (1983) 179-80
4404
2. Vechicle 13 and 19 used with plasmids  Bevan, Nucleic Acids Res., 12 (1984) 8711}
pAL 4404 8721

3. Vehicle pGA 436 or 437 or 438 used with An et al EMBO J. 4(1985)
plasmid pTi A 6 or pTi 37
4, Vehicle pPCV 310 or pPCV 311 used with Czaba & Schell Mol. Gen. Genetics 204

plasmid pMP 90 RK. (1986) 383-396
5. Vehicle Micro Ti: pRK used with plasmid de Framond et al. Mol. Gen. 202 (1986) 125-
pTi B6-806 131.

Cointegrate Vectors: Foreign genes carried by pBR-like intermediate mesciare transferred from
E.coli into A. tumefaciensand recombined into acceptor Ti plasmids by cogietiee formation
involving a single cross-over between homologouskR pBequences of the Ti plasmid and the
intermediate vector.

S. No. Vectors References
1. Vehicle pMON 120. Cocultivation with pTiB Fraleyet alPNAS 80 (1983) 4803-4807
653
2. Vehicle pNol, Cocultivation with pTi C58 Herrdestrellaet al Nature 303 (1983)
209-231
3. i) Vehicle pGV 3850 cocultivation with pTiB  Deblaere et al. Nucleic Acids Res.
653 12(1985) 4777-4788
i) Vehicle pGV 831 cocultivation with pGV
2260.

Information about vectors in relation to Agrobacterium
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1. Shuttle vectors for cloning Agrobacterium genes:

pTJS140, pUCD2, pUCD4, pUCD9p, pSa4, pVCK102 (Cd¥mmnd pHK17 (Cosmid.)
2. Plasmid with vir genes: pTVK25
3. Vectors for gene transfer:

P20 oY

Based on pBR322 - pLGV2381, pGV3850

Minivector - pRAL3940

Requiring virgenes in trans pAL1050

Split end vector system - pTiB6S3SE and pMON200
Broad host range vector systems-pKanl, pKarZeinpa & 8a

Information about vectors in relation to E.coli

1. Vectors for cloning:

S. No. Vector type Name of Vector

1. Lambda phage based Lambda gt 10, Lambda Charand Lambda EMBL3

2. Transmid vector pRRA101

3. Cosmid vector pHC79, pDZCos 2, pLAFRI (Broadthasge)

4, Broad host range pRK290, pSUP106, pVK102, pRK3asbing vectors

5. Other cloning vectors pBR322, pBR325, pBR32RPB3, pNG16, pCEDS6,
pMK2004, pKT231, pUr222, pACYC177, pACYC184,
pNC874 pSUP106, pKO1, puUC7, puC8, puC9, puC13,
pUC18, puC19, puUCD2, puUCD4

6. Broad host range expression pNM185

vectors
7. Expression vectors pRL31, pKK223-3, pPLC236, HRTpTR262

2. Vectors for sequencing:
pVH51, pCB221, M13mp7, mp8, mp9, mpll, mpl8 apd%n

Details of Host Vector Systems in Cyanobacteria

Recombinant plasmid

Function of the
recombinant plasmid

Construction of
recombinant plasmid

Cyanobacterial
plasmid & host

PDF30 (14Rb,9.33MD)
Amp', Can

pUC104
(12.2kb,8.13Md) Amf
Canl

PAQE2 (8.8Kb,5.9Md)
Amp'

pAQE10 (10.3Kb,
6.9Md) Amgd, Cani
pGL4

(8.8kb, 5.9Md) Amp
Cami

pGL5

(6.3kb, 4.25Md) Amp
Cani

pRL1
(9.26kb,6.17Md) Cafm

pRL5
(11.1kb,7.4Md) Cafp
Sl

pRL6
(11.3Kb,7.53Md)
Cam,Km',Mm’

Shuttle vectoA. nidulans

and

Shuttle vector transforms
both A.nidulansandE.coli

pDF3,Anacystis
nidulans6311
pUH24 A.nidulansRZ

pDF3+pBR325
transforms botl.coli
pUC1(deletion derivative
of a pUH24:: Tn901

plasmid
pAQ1lAgmenellum pAQ1+pBR322 Shuttle vector transforms
quadruplicatum bothA. quadruplicatunand
PR-6 E.coli
" pAQ1+pBR325 "
pGL2 Nostoc pGL2+pBR328 Hybridplasmid maintained i
PCC6705 E.coli
pGL3 Plectonema pGL3+pBR328
PCC6306
pDU1Nosto®C7524  pDU1+pBR322 +Cdm  Shuttle vector capable of
fragment from pBR328  conjugative transfer from
E.coli to Anabaenaand
transformsE.coli
pDU1 pDU1+pBR322 +Cam  Shuttle vector capable of
Nosto®CC7524 fragment from pBR328+ conjucative transfer from
S fragment from E.colito Anabaenand
R300B transformsE.coli
PDU1Nosto®CC752 pDU1+pBR322 fragment Shuttle vector capable of

from pBR38+ Km
fragment of Tn5

conjugative transfer from
E.colito Anabaenaand
transformsE.coli
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10. pSp8 0.95Md plasmid from  P. boryanum+pBR322 Hybrid plamid maintained in
(5.7kb, 3.8Md) Amp P.boryanunplasmid E.coli
UTEX954
DisabledE.coli host vectors**
S. No. VECTOR HOST ACCESS FACTOR
1. Plasmids
pAT153, pACYC184 Especially disabled strains of 10°
E.coliK12 ie MRC 1,7,8,9
x1776
2. pAT153, pACYC184 E.coliK12 10°
3. pUC series E.coliK12 10°
4 pBR322, pSC101 Recombination deficient strains 10°
of E.coli K12
5. mob~ derivatives of Inc Especially disabled strains of 10°
F,P,Q,W and X group E.coliK12
plasmids
6. mob™ derivatives of Inc E.coliK12 10°
F,P,Q,W and X group
plasmids
For reference, the following plasmids which wersteld individually in GMAG Note 9 and
supplements can be assigned Access Factors aggollo
S. No. VECTOR HOST ACCESS FACTOR
1. pBR313, pMB9, pAC134 Recombination deficient strains 10°
pWT111, pWT121, pWT131, of E.coliK 12
2. pOP213-13, pOP95-15
3. pBR327, pPBR328, pWT211, Especially disabled strains of
pwWT221, pWT231 E.coliK12
2. Bacteriophage lambda based vectors
S. No. VECTOR HOST ACCESS FACTOR
1. | gt WES.I B With recA~ strains ofE. coliK 10°
| gtVirdz.3l B 12
| gt WES. T5-622
2. | Charon 3 A With any strain oE.coli K12 10°
| Charon 4 At NM788
| Charon 24A
| 1059
3. M13 Vectors (with nonsense mutations)
1. M13 Mp 2 am4 JM101 (tra D36) 1o
2. M13 Mp 73 JM103 16
4, Cosmid Vectors
1. pJC74, pJC79, pFF2 E.coliK12 10°
2. Homer | MRC8 18

** Genetic Manipulation Advisory Group, Medical 8&arch Council GMAG NOTE-14.

Disabled yeast host/vector systems

5.

51

The followingSaccharomyces cerevisi@ectors when used in conjuction with stand&tdcerevisiae
host strains have been accepted as having an ABeessr of 10 provided that the vector's foreign
sequences come from the listed vectors.

a bacterial plasmid or a bacteriophage ventamich a selectable yeast nuclear gene has bsentéd
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(such vectors do not replicate autonomously in tybas can integrate by homology into yeast nuclear
DNA);
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5.2 a bacterial plasmid or a bacteriophage vectavhich has been inserted a segment of yeast awucle
DNA that contains a selectable function and whillso able to replicate in yeast (such vectors may
integrate by homology into yeast nuclear DNA or agmfree as an autonomous replicon with a single
copy per yeast cell).

5.3 a bacterial plasmid or a bacteriophage vdatavhich has been inserted the yeast '2 microrsnpic
and a selectable yeast nuclear gene (such venteggate by homology into yeast nuclear DNA).

6. TheS.cerevisiaghost strains SHY 1,2,3 have been accepted as havirdccess Factor of Favhen
used in conjuction with any of ti& cerevisia@ectors referred to above.

NB When any of the abov8. cerevisiae/E.colthimaeric vectors are grown Ecoli hosts the access
factor should be based solely on the bacterial compts of the systems.

Bacillus subtilishost/vector systems

7. ACGM considers that proven asporogenic mutagrivdtives of B. subtilis with the following
plasmids as vectors warrant an Access Factor 8f-10UB110, pC194, pS194, pSA2100, pE194,
pT127, pUB112, pC221, pC223 and pAB124.

4, Strains for self cloning experiments:Self cloning experiments using the strains givetoweare
exempted from notification:

A. Prokaryotes
1. E. coliK12 and other well characterised non-pathogeniorkbry strains oE.coli.
2. Bacillus subtilis
3. Bacillus stearothermophilus
4. Bacillus thuringiensis.
5. Non pathogenic strains 8treptomyces
6. Nonpathogenic strains bficromonospora
7. Strains oNocardia mediterranei.
8. Klebsiella pneumoniastrain M 5 al.
9. Acremonium chrysogenum
10. Pencillium chrysogenum
11. Non-pathogenic strains Bemophilus
B. Eukaryotes
1. Saccharomyces cerevisiae
2. Neurospora crassaith selected vectors.
3. Mouse cells with polyoma virus.
C. Strains with shuttle vectors
E. coliK12 carrying recombinant plasmids constructed in
i. Klebsiella pneumonia®l5 al.
ii. Saccharomyces cerevisiae
iii. Streptomyces
iv. Haemophilus
v. Bacillus
5. Gene Exchanger ClassificationThe Gene Exchanger classification is mostly adogtech NIH

guidelines. In the case of organisms covered urter list on various subgroups appropriate
containment levels must be followed as per guidstin

Subgroup A: Generally includedEscherichia, Shigella, Salmonella, Enterobactertrdbiacter,
Klebsiella, Erwinia, Pseudomonas (P.aeruginosa ®ida andP. fluorescence), Serratia marcescenes,
Yervinia entrocalitica.

Subgroup B: Bacillus subtilis, B. licheniformis, B. pumilus, Blobigii B. niger, B. nato, B.
amyloliquefaciens, B. atterimus.

219



Subgroup C: Streptomyces aureofaciens, S. rimosus, S. coelicolo
Subgroup D: Streptomyces griseus, S. cyaneus, S. venezuelae
Subgroup E: One way transfer db. mutan®r S. lacticSDNA into S. sanguis
Subgroup F: Streptococcus sanguis, S. pneumoniae, S. faeBalyogeneandS. mutans
Subgroup G: Haemophilus influenza®d andH. parainfluenzadr strain
Subgroup H: Agrobacterium tumefaciermndRhizobiuncertain species
6. Toxin classification
I.  LD50 less than 100 ng/kg body weight
Erootllqjilti)r?tljarg)_tetanus’ diptheriaShigella dysenteria@eurotoxin (Cloning of these toxins genes are

II. LD50 less than 100rg (but more than 100 ng/kg body wt.) (Genes fallimghis range can be
cloned)

i) LD50 100-1000 ng/kg body wt. includes abri@lostridium perfringensepsilon toxin
(P2+BC2) or (P3 + BC1)
i) LD50 1ng-100ny (P1 + BC1)

Under the guidelines cloning dtaphylococcus aureuslpha and beta toxind. pertussistoxin,
cholera toxin and the heat labile toxin Bf coli in organisms other thaB. coli are subject to prior
review.

7. Categorisation scheme based on risk assessment*
The values prescribed are all probabilities pett baicterium, a value of 1 means all bacteria are
expected to have access, express a polypeptideuse some biological damage*1feans a chance
of this occuring is 1 in thousand bacteria.

1. Access factor

The probability of entry and survival of the margiad organism, in the target tissue/cell if they
escape by chance.

Table below illustrate the calculated figures dabkshed systems.

Organism Access factor
Wild type E.coli (enterobacterium) 1
E.coliK12 or similar lab strains (normal) feBC1
Disabled host/vector systems 10° =BC2
Non mobilisable vector in disabled host “1$BC2
Genetically manipulated DNA in tissue culture cellkis DNA 10%?
cannot infect by itself

2. Expression factor

Probability of translation of the gene in the maréped organism and secretion of the cloned gene
product from the altered organism

Following table lists calculated factors for camsaDNAS.

DNA cloned specifically for its expression 1
cDNA from which expression is not sought delibelsate 10°
Genetic DNA in a known plasmid 10°
DNA whose non-expression is clearly demonstrated 10
Genetic DNA in non-expression sites 10°

* Genetic Manipulation Advisory Group Medical Raseh Council GMAG Note -14
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3. Damage factor: The probability that the expressed product causgsiplogical damage to the
individual. Only approximations are possible hdb®A molecules both singly stranded and double
stranded may not survive in individuals. Regardingteins before assigning a factor one should show
its effect in animal systems.

Damage factor for certain specific cases

Expression of toxic or a biologically active sulbsta in 1
guantities large enough to have significant biaabeffect.
Expression of Biologically active substance in dites large 10°

enough to cause serious deleterious effect if ievdelivered and
completely absorbed at the target tissue

Expression of biologically active substances atlelower than 10°
that of the normal body level
Expression of proteins which do not have any bickigeffect or 10°

of substances which already exist in large quastiti

Assignment Risk category must be done taking all ttiree factors access, expression and damage
together into consideration.

Example
S. No. Damage Access  Expression  Calculated Category
Risk
1. Hormones Toxins and host Disabled + 10° /s v
Biologically + 10° I
active polypeptides or - 10%? I
Polypeptides which enhance
pathogenicity of host organism
2. UncharacteriseH.coli K12 + 10° 1]
polypeptides of unknown + 10° I
Biological functions - 10" I
3. Uncharacterised disabled + 10° I
polypeptides of host
unknown + 10% I
Biological function - 10" [

A comprehensive listing could be prepared with #wailable date from the literature. Further the
Principal Investigator should make every effortffuonish this data based on scientific forethought t
IBSC in case his/her experiments are not classifiafith the available information.

Category |: Experiments in category | need not be reviewecbyBSC.

Category II: Proposals must be submitted in suitable formatrdeioto review by the IBSC. Format
given at the end.

Category Il & IV: Unlike Category Il experiments, Category Ill & I\kgeriments must be cleared
by the IBSC before commencement.

B. Large Scale Operations

1. Physical Containment Conditions For Large-Scale(20L) Fermentation Experiments And
Production

A. Cultures of viable organisms containing recorabinDNA molecules shall be handled in a closed
system (e.g. closed vessel used for the propagatich growth of cultures) or other primary
containment equipment (e.g. biological safety cabioontaining a centrifuge used to process
culture fluids) which is designed to reduce theeptial for escape of viable organisms.

B. Cultures fluid shall not be removed from a eldsystem or other primary containment equipment
unless the viable organism containing recombinaRADnolecules have been inactivated by a
validated inactivation procedure. A validated imation procedure is one which has been
demonstrated to be effective using the organisr whikh serve as the host for propagating the
recombinant DNA molecules.

221



C. Sample collection from a closed system, the tagdiof materials to a closed system and the
transfer of culture fluids from one closed systemnanhother shall be done in a manner which
minimises the release of aerosols and contaminafierposed surfaces.

D. Exhaust gases removed from a closed systenther @rimary containment equipment shall be
treated by filters which have efficiencies equinaléo HEPA filters or by others equivalent
procedures (e.g. incineration) to minimise the aséeof viable organisms containing recombinant
DNA molecules to the environment.

E. A closed system or other primary containmentiggent that has viable organisms containing
recombinant DNA molecules shall not be opened famitenance or other purposes unless it has
been sterilised by a validated sterilisation proced A validated sterilisation procedure is one
which has been demonstrated to be effective ugiagotganism that will serve as the host for
propagating the recombinant DNA molecules.

F. Emergency plans as and when required shalldeciethods and procedures for handling large
losses of cultures on an emergency basis as recodetdy IBSC and approved by the competent
authority.

Criteria For rDNA GLSP Micro-organisms ***

Host Organism rDNA Organism Vector/Insert

Non-Pathogenic Non-Pathogenic Well characterisedfiaefrom
known harmful sequence

No adventitious Agents As safe in industrial set@s | Limited in size as much as possible
host organism, but with limited to the DNA required to perform the
survial without adverse intended function; should not

consequence in environment | increase the stability of the construct
in the environment (unless that is 4
requirement of the intended

function)
Extended history of safe Should not transfer any resistance
industrial use, OR markers
Built-in environmental Should not transfer any resistance
limitations permitting optimal markers to micro-organisms not
growth in industrial setting known to acquire them naturally (if
but limited survival without such acquisition could compromise
adverse consequences in use of drug to control disease
environment agents)

Fokk Genetic Manipulation Advisory Group,
Medical Research Council: ACGM/HSE/Note-3

Use of rDNA Technology in Vaccine Developmenifhe issue of licenses for the manufacture of
genetically engineered vaccine need to be considenty when the recommended facilities for the
category or the organism in question is provided dn inspected physically by the competent
authority.

For large scale fermentation experiment and praolug®0 litres capacity) four levels of containment
as mentioned in Chapter Il would be applicable.drtgnt thing is to use a closed system.

However following review of the IBSC of appropriat@ta for a particular host-vector system more
latitude in the application of the guidelines maydermitted.

Experiments exempt from guidelines:

1. Self cloning experiments (except in Risk Groluand above)

2. Experiments involving DNA from bacteria withim @&xchanger sub-group as recommended by
WHO. This shows proposed safety levels for workhwiDNA techniques, only the non-
pathogenic organisms mentioned are exempt.
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3. Experiments involvinde.coli K12, Saccharomyces cerevisiae Baccilus subtlisl Streptomyces
lividensrecommended host vector system are exempt froneljuéd except those utilising DNA
of etiologic agents from Risk Group Il and abowequiring case by case approval, or cloning of
toxin genes (producing LD50 at less than 50 ugditdoody weight of vertebrates) or large scale
growing.

Experiments covered under the guidelines

Experiments not falling within the ambits of abaeemptions would require adherence to the general
guidelines. As a rule, DNA of a donor agent fallinghin a particular risk group (say Il) will reqei
facilities pertaining to next higher group agentsk( group 1ll). However, the exact requirements
would be decided by the IBSC on a case by cass.badew examples of cloning agents and strains
for human vaccine production using new technolagygiven in Chapter V: Al. See Asterik(*).

A list of genes that are currently being clonekklly to be cloned in the veterinary field in Indias to

be continually updated. This list should includethé cell vectors, infective and non-infective atge
likely to be employed for recombinant DNA technoglogork (Chapter V:Al. See Asterik (**). In
these cases, the risk classification has to confortine standards laid down in the guidelines.

List of Cells With Various Characteristics And Levds Of Concern About Their Use As
Substrates

A. CELL LINE CHARACTERISTICS
Life span Chromosomes | Tumorigenicity Risk | Containment
Group
Fibroblasts  (WI- Finite diploid Negative 0 e
38)
Continuous 1
Kidney (VERO) Infinite Abnormal Negative 2 2P
Tumour (Hela) Infinite Abnormal Progressive 4 3 P
BHK-21 Infinite Abnormal Progressive 3 2P

The Quality Control of Biologicals Produced byRecombinant Technology:Now we are just at the
beginning at the manufacturing scale and the ptesgperience may not be adequate to control
problems which may be encountered. Therefore, tbpgsed requirement for controlling the safety,
purity and potency of the biological products proeldi by Recombinant DNA Technology must be
regarded as flexible and subject to change as exper of the manufacturers and use of such products
increases.

The control proposals The control of biologicals produced by Recombin@MA methods, the
following topics are of concern:

Molecular identity of product,
Biological potency,

Purity,

Toxicity,

Immunogenicity
Consistency of production.

ouprwhE

Starting Material: A description of the host cell and of the exprassiector used in the production
and an explanation of the measures used to proamoteegulate the expression of the cloned gene will
be expected.

Expression SystemRecombinant DNA technology involves a process sfeyatically arranging and
manipulating the nucleic acid segments to produgeoxel molecule which is then placed into an
appropriate host system/environment which woulddygedesired product. Therefore, the manufacturer
should provide a description of:

(i) The method used to prepare the segment codingldsired product including the cell type and

origin of source material, detailed nucleotide ssme analysis and restriction enzyme digestion
map of the cloned segments including the additiseduences if present. In addition, the
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information on the construction of the vector uded expression of the cloned nucleotide
segments into its respective product should alsghdm®ughly described.

(i) The restriction enzyme digestion map of thérerconstructed vector should also be provided.

(iii) The host cell system which has been utilided generating the product for the expression host
should also be provided including its source, phgre genotype etc.

(iv) Cloning history and methodology should alsodescribed.

(v) The information of the new masters cell baflkeny, are to be provided by the manufacturing.unit

Master Cell Bank: The host cell chosen for the expression of the Réawant DNA products should
be maintained as a seed bank, in seedlots in ¢todensure genetic stability of the host cell utitis
The purity of the cell in the seedlot should beueess by isoenzyme analysis, auxotrophy, antibiotic
resistance and karyology as appropriate.

Manufacturing Products: Details of fermentation of culture used in the nfanture of the product
will be required. Test for microbial contaminatishould be carried out and the information about the
sensitivity of the methods used to detect contamigrovided. Details of methods used to purify th
gene product and the efficacy of the purificati@ed; to remove host cell polypeptides etc., androth
impurity, demonstrated.

Purification: The methodology for harvesting, extracting and firaiion should be described in detalil
and removal of any toxic chemicals produced by tinscedure should also be demonstrated. The
extent of purification of DNA recombinant produatisould be consistent with the intended use of the
product. The purification process should eliminspecifically, detectable viruses, nucleic acid onn
target antigenic material present in it.

Characterisation of the Product: The evidence of purity of the product should belgghed and the
identity of the product with the reference preparashould be derived from the wider variety oftses
available. The tests may include the following:

A. (1) Composition analysis of amino acid.
(2) Partial sequences analysis
(3) Peptide mapping
(4) Polyacrylamide gel electrophoresis (PAGH) mo electric focussing (IEF).
(5) High performance liquid chromatography (HRlet.
(6) Other characterisation.

B. Biological test for identity and potency.

C. Tests for contaminations.
(1) Pyrogen contamination,
(2) Viral contamination,
(3) Nucleic acid contamination,
(4) Antigen contamination,
(5) Microbial contamination.

D. Toxicity test and analysis: A recombinant DNAoguct demonstrated to be identical to
naturally occurring substance for which pharmadeklgand toxicological data exists at the
doses levels intended for use, then they are nboé tdeveloped. The data will be required for
the product which are developed having minor modifon in their chemical and physico-
chemical characteristics. The product, with radycaltered chemical structure from natural
substance would require an elaborate animal testkiding those for carcinogenicity,
teratogenicity, effects on fertility etc. The sgictests which might be appropriate are best
addressed on a case by case basis with the agieoguthority.

Clinical Trial: Clinical trails will be necessary for all produaterived from DNA technology to

evaluate their safety and efficacy. The efficacyeafch biological must be proven for license by
biometrically significant immunogenicity test inadmhost animal species. Five replicate potency test
must be conducted according to the outlines andnga@al average must be taken for the host
vaccine. Challange immunogenicity tests in a sigaift number of animals to establish biostatistjcal

significant proof of margin for efficacy. The tewdi of these new product should be undertaken in the
controlled environment and evaluated carefully keeftheir release to the market under license. The
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testing of the product should be bound by the dinde already available for handling of the
Recombinant DNA products.

Control of Final Product: The toxicity of the Recombinant DNA derived produehich deviates in
any way from its natural counter part or entirelpavel molecule, is likely to require more extemsiv
investigation, on a case by case basis.

Plants and Agriculture

The application of genetic engineering to agricdtis directed to deliver products whose research,
evaluation and commercial use would require studiesntroduction into the field. These products
include genetically engineered plants, microbesnalvaccines and animals.

Many of the scientific considerations describedearlier chapter are relevant to plants and animals
derived by rDNA techniques. Additionally, the gesleconsiderations (Chapter V) describing the
significance of the donor, recipient and modifiedjanisms are also essential to safety assessment
evaluation.

The proposed regulation requires a permit for thteoduction of any "regulated article" which is
defined as "any organism or product which has katmed or produced through genetic engineering,

if the donor organism, recipient organism, or veato vector agent" is specifically listed in the
regulation or which is determined by the competag@ncy as a plant pest/pathogen that cause disease
to plants. The proposed regulated articles are pgmbuby class, order, genus, family and other
groupings.

Organisms, Pests that cause diseases to Plants

The taxa or group of organisms which are or costglant pest are listed. Organisms belonging to all
lower Taxa contained within the group listed asoahcluded.

1. Virus
All members of groups containing plant viruses] at other plant and insert viruses.

The following viruses are subject to quarantine als

Bean Yellow Mosaic (Pea strain)
Pea Early Browning
Pea Enation

Cowpea Mottle
Cowpea Mild Mottle
Cowpea Severe Mosaic
Cowpea Yellow Mosaic
Cowpea Ringspot
Soybean stunt
Cucumber Mosaic
(soybean strain & other)
Tobacco Ring spot
(Soyabean strain)
Tobacco Streak
(Soyabean strain)
Tomato Ringspot

Bean Pod Mottle
Soybean Mild Mottle

Soybean stunt Peanut stripe

Cowpea Mild Mottle Peanut stunt

Cacao Necrosis Virus Marginal Chlorosis

(Soybean strain) Cowpea Mottle

Pea Seed-brone Mosaic (Bambara groundnut strain)
Cucumber Mosaic Special Case

(Green gram strain) Nuclear Polyhedrosis Virus
Black gram mottle Cytoplasmic Polyhedrosis giru
Bean Yellow Mosaic Granular Virus-Baculo
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(Green gram strain)
Cucumber Mosaic
(Groundnut strain)
2. Bacteria

Bacillusthuringiensis
Bacilussphericus
GenusPseudomonas
GenusXanthomonas
GenusAzotobacter

GenusRhizobium/Azorhizobium

GenusBradyrhizobium
GenusAgrobacterium
GenusPhyllobacterium
GenusErwinia
GenusEnterobacter
GenusKlebzieller
GenusAzospirillum
GenusAcquspirillum
GenusOceonospirillum
GenusStreptomyces
GenusNocardia
GenusgActinomyces
Coryneform group
GenusClavibacter
GenusArthrobacter
GenusCurtobacterium
GenusBdellovibro

Geminiviruses
Caulimoviruses

Rickettsial - like organisms associated with ingiseases
Gram-negative phloem-limited bacteria associated plant diseases
Gram-negative xylem-limited bacteria associatedth wliant diseases.

GenusSpiroplasma

Mycoplasma - like organisms associated with plasgases
Mycoplasma - like organisms associated with indesgtases.

3. Algae

Family Chlorophyceae
Family Euglenophyceae
Family Pyrophyceae
Family Chrysophyceae
Family Phaephyceae
Family Rhodophyceae

4. Fungi

Family Plasmodiophoraceae
Family Chytridiaceae

Family Hypochytridiaceae
Family Olpidiopsidaceae
Family Synchytriaceae
Family Catenariaceae
Family Coelomomycetaceae
Family Saprolegniaceae
Family Zoopagaceae

Family Albuginaceae

Family Peronosporaceae
Family Pythiaceae

Family Leptolegniellaceae
Family Mucoraceae

Family Choanephoraceae
Family Mortierellaceae

Family Eurotiaceae
Family Ophiostomataceae
Family Ascophaeraceae
Family Onygeneaceae
Family Microascaceae
Family Erysiphaceae
Family Meliolaceae
Family Xylariaceae
Family Diaporthaceae
Family Hypocreaceae
Family Clavicipitaceae
Family Phacidiaceae
Family Ascocorticiaeea
Family Hemiphacidiaceae
Family Dermataceae
Family Sclerotiniaceae
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Family Endogonaceae
Family Syncephalastracae
Family Dimargaritaceae
Family Kickxellaceae
Family Saksenaeaceae
Family Entomophthoraceae
Family Ecerinaceae

Family Protomycetaceae
Family Taphrinaceae
Family Endomycetaceae
Family Saccharomycetaceae
Family Elsinoeaceae
Family Myriangiaceae
Family Dothideaceae
Family Chaetothyriaeae
Family Parmulariaceae
Family Phillipsiellaceae
Family Hysteriaceae
Family Pleosporaceae
Family Melanomotaceae
Family Sacrosomataceae
Family Sarcoscyphaceae
Family Auriculariaceae
Family Ceratobasidiaceae
Family Corticiaceae

Family Hymenochaetaceae
Family Echinodontiaceae
Family Fistulinaceae
Family Clavariaceae
Family Polyporaceae
Family Tricholomataceae
Family Ustilaginaceae
Family Sporobolomycetaceae
Family Uredinaceae

Family Agaricaceae

Family Graphiolaceae
Family Pucciniaceae
Family Melampsoraceae

5. Protozoa

Genus Phytomonas

Family Cytarriaceae
Family Helotiaceae

Family Ganodeniatiaceae
Family Labonlbeniaceae
Family Sphaeropsidaceae
Family Melanconiaceae
Family Tuberculariaceae
Family Dematiaceae
Family Moniliaceae
Family Aganomycetaceae

And all Protozoa associated with insected diseases

6. Nematodes

Family Anguinidae
Family Belonolaimidae
Family Caloosiidae
Family Criconematidae
Family Dolichodoridae
Family Fergusobiidae
Family Hemicycliophoridae
Family Heteroderidae
Family Hoplolaimidae
Family Meloidogynidae
Family Neotylenchidae
Family Nothotylenchidae
Family Paratylenchidae
Family Tylenchidae
Family Tylenchulidae
Family Adhelenchoididae
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Family Longidoridae
Family Trichodoridae

7. Mollusca

Superfamily Planorbacea
Superfamily Achatinacae
Superfamily Arionaceae
Superfamily Limacacea
Superfamily Helicacea
Superfamily Veronicellacea

8. Arthropoda

Superfamily Ascoidea
Superfamily Dermanyssoiedea
Superfamily Eriohyoidea
Superfamily Tetranychoidea
Superfamily Eupodoidea
Superfamily Erythraenoidea
Superfamily Trombidioidea
Superfamily Hydryphantoidea
Superfamily Tarsonemoidea
Superfamily Hydryphantoidea
Superfamily Tarsonemoidea
Superfamily Pyemotoidea
Superfamily Hemisarcoptoidea
Superfamily Acaroidea
Order Polydesmida

Family Sminthoridae

Family Forticulidae

Order Isoptera

Order Thysanoptera

Family Acrididae

Family Gryllidae

Family Cryllacrididae

Family Cryllotalpidae

Family Phasmatidae

Family Ronaleidae

Family Tettigoniidae

Family Tetrigidae

Family Thaumastocoridae
Superfamily Piesmatoidea
Superfamily Lygaeoidea
Superfamily Idiostoloidea
Superfamily Coreoidea
Superfamily Pentatomoidea
Superfamily Pyrrhocoroidea
Superfamily Tingoidea
Superfamily Miroidea

Order Homoptera

Family Anobiidae

Family Apionidae

Family Anthribidae

Family Bostrichidae

Family Brentidae

Family Bruchidae

Family Buprestidae

Family Byturidae

Family Cantharidae

Family Carabidae

Family Cerambycidae
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Family Chrysomelidae
Subfamily Epilachninae
Family Curculionidae
Family Dermestidae
Family Elateridae
Genus Helophorous
Family Lyctidae
Family Melodiae
Family Mordellidae
Subfamily Melolonthinae
Subfamily Rutelinae
Subfamily Cetoniinae
Subfamily Dynastinae
Family Scolytidae
Family Seblytidae
Order Lepidoptera
Family Agromyzidae
Family Anthomyiidae
Family Cecidomyiidae
Family Chloropidae
Family Ephydridae
Family Lonchaeidae
Family Muscidae
Family Otitidae
Family Syrphidae
Family Tephritidae
Family Apidae

Family Caphidae
Family Chalcidae
Family Cynipidae
Family Eurytomidae
Family Formicidae
Family Psilidae
Family Siricidae
Family Tenthredinidae
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Some Major Diseases of Plants Not Yet Recorded india

SPECIAL CATEGORY

Crop Disease Pathogen

Apple, Pear Fire Blight Erwinia amylovors
Apple, Cedar Rust Cymnosporangium juniperi Virginae
Barley, Rye & other Scald or leaf Blotch Rhynchosporius secalis
Gramineae
Barley Snow mould Fusarium nivale

Leaf spot Dreschslera buchloes

Halo spot Selenophoma donacis

Leaf spot Septoria passerinii

Sterility Pyrenophora semeniperda

Disease (Drechslera verticillata)

Take All Ophiobolus graminis

Bunt Tilletia pancicii

Dwarf bunt Tilletia contraversa

Basal glume rot Pseudomonas atrofaciens
Bean, Soybean Bacterial wilt Corynebacterium flaccumfaciens
Cassava Brown streak Virus
Cucumber Bacterial wilt Erwinia tracheiphila
Date Palm Fusariose or Bayoud Fusarium oxysporus f.sp. albedinis
Maize Seedling and Foot rot Marasmius graminum

Wilt Erwinia stewartii

Yellow leaf blight Phyllosticta maydis

Eye spot Kabatiella zeae

Freckeled wilt Corynebacterium nebraskensis
Oats Halo blight Pseudomonas coronafaciens

Snow mould Micronectriella nivalis
Oilpalm Wilt Fusarium oxysporum f. sp. elacidis
Rice Hoja Blanca Virus
Rye grass & other Blind Seed Disease Gloeotinia temulenta
Gramineae
Strawberry Red stele, Brown core, root rot Phytophthora fragariae
Sugarcane Fiji disease Virus

Streak disease Virus
Sunflower Downy mildew Plasmopara halstedii
Soybean Downy mildew Peronospora manshurica
Tobacco Blue mould Peronospora tabacina
Wheat Take all Ophiobolus graminis

Eye spot Cercosporella herpotrichoides

Sterility disease Pyrenophora semeniperda

(Drechslera verticillata)

Halo spot Selenophoma donacis

Dwarf bunt Tillotia contraversa

Yellow Slime Corynebacterium siranicum

Genetic Manipulation of Plants and Plant Pathogns
The experiments that include:

a) The introduction of foreign nucleic acid intapts.

b) The introduction of foreign nucleic acid intoygolant pathogen where pathogen is defined as "any
living organism, other than a vertebrate animalclhis injurious to any plant, and includes any
culture of such organism."

Notification: Plant experiments that do not involve plant pathogey, where appropriate be initiated
once notification has been given to IBSC.
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All experiments involving the genetic manipulatiohplant pathogens and the use of such genetically
manipulated plant pathogens will require approfdB&C. Use of pathogenic vectors is mainly two :
(i) Agrobacterium tumefaciermnd (ii) Cauliflower Mosaic Virus.

Agrobacterium tumefaciens used to routinely that it must be considerediaynus toE.coli K12.
Apart from transfer ofB. thuringiensistoxin gene to plants, a new class of experimemglves
transfer of sequences from plant viruses which mnfieeir resistance to plants to infection of these
viruses (e.g. Tobacco Mosaic Virus, Alfalfa Mosai@rus etc.) Testing to this should be in a
glasshouse. As much of information as possible Iehbe provided about the pathogen including its
host range, mode of dispersal and pathogeniciglatsd plasmids from plant pathogens are not
normally considered as pathogen per se, so thasftnanation of plant cells by isolated plasmids of
plant pathogens would not normally require approVak genetic manipulation of microbes (including
plant pathogens) are adequately covered by thérexi®NA guidelines.

Plant Experiments with no plant pathogens:The growth of whole plants will, however require
special environmental conditions which may be aghdeby using glasshouse containment.

Glasshouse Containment A is appropriate to plapeements involving no plant pathogens and would
be suitable for experiments involving non-patho@A vector systems and regeneration from single
cells. The minimal requirements for Glasshouseg&oment A are :

i) Plants should be grown in a designated glasshaeuscompartment, clearly marked with a bio-
hazard sign indicating "glasshouse containment A".

i) Any other plants grown in the designated glassie or compartment must be handled under
conditions appropriate for the experimental plans.

iii) Plants should be managed by suitably trainedspnnel with the principles of good glasshouse
hygiene.

iv) The IBSC should consider whether any additidaators such as pest control, screening to prevent
ingress by vermin, birds and insects and destnuafosurplus plants and seed are relevant to the
particular experiment.

Plant Experimentation involving Plant Pathogens Prior approval for laboratory experiments
involving genetically manipulated plant pathogesisch as the production of manipulated DNA vector
systems for the transformation of cultured plantiscevill normally be needed on the basis of
containment categorisation.

Glasshouse Containment B is appropriate for glasshoexperiments involving (i) genetically
manipulated plant pathogens including plant virumesh as the propagation of genetically manipulated
organism in plants and (ii) the growth of plantgeeerated from cell transformed by genetically
manipulated pathogen vector systems which will stihtain the pathogen.

Glasshouse containment B conditions will be spedifty the Committee (RCGM) and will vary with
the pathogen, being particularly dependant on slemof dispersal, host range and pathogenicity and
they are to be worked out on case by case basis.

Special conditions may be needed in addition teghgiven under "A’ to prevent dissemination of the
genetically manipulated plant pathogen especialiging transfer between glasshouse and laboratory,
during disposal of plants and equipment and throsgivival of pollen, seeds or other biological
vectors.

a) Need for negative pressure and air filtrationlde doors etc. in cases where airborne dispessal i
potential hazard.

b) Need for effluent treatment plant where watenbalispersal is a hazard.

c) Need for suitable construction of glasshouseo(, dwarf wall, threshold at door etc.) in cases
where waterborne or soil borne dispersal are paldmzards.

d) Need to prevent pollination and seeding, ordntain pollen and seed in cases where pollen and
seed-borne dispersal is a potential hazard.

e) Need for measures either to prevent contammatify or to decontaminate the clothing of
personnel or tools, pots, equipment etc., wherehar@cal transmissions is an above average
hazard.
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(A)

(B)

f) Need to limit the growing of host plants in thieinity of the containment facility and to provide
monitoring for escape.

Inspection of a 'Glasshouse Containment B' fadilityBSC will be required before approval.
Pre-release tests of genetically engineered argsms on Agricultural Applications

Safety concerns focus on whether environmental agritultural applications of organisms modified
by rDNA technique pose an incremental risk. Whilehés time, the assessment of risk rests primarily
on extrapolations from experiences with

(i) the introduction of naturally occurring orgamis to eco-systems to which they are not native
(ii) evolution of noval traits in existing populatis and
(iii) manipulations of agricultural crops and pleagsociated microbes.

No adverse consequences were noted on introduofioraturally occuring species, or the selected
species evolved for agricultural applications. tralagy, it is expected that the impact on applatf
rDNA organism may be low as modified organism haveater predictability compared to species
evolved by traditional techniques. The assessmesy be conducted in small field trials upon
clearance of GEAC as to those done with the intttdo of selective species into the eco-system.

Rhizobium
Strains improved by transfer of genes betweenhizobia.
Conventional tests should be sufficient. These melyde the following.

(i) Elucidation of genetic markers and host rangg @equirements for vegetative growth.

(ii) Effectivity tests using corresponding legumerieties under the variety of conditions to whidsth
legume gets exposed in growth chamber and potreultu

(iii) Tests on persistence and stability usingasetl small plots.

(iv) Same as in (ii) in experimental field plotsr two years.

(v) Trials in farmer fields.

The strain to be released should be highly speafmpetitive and stable unless it has been pratluce
for a special need.

Strains improved by transfer of genes from hetelogous nonpathogenic bacteria.

(a) Use of foreign genes igrobacterium.
(i) Tests to ensure that the strain is not tunieducing and does not transform in host-cells.
(ii) Other test like in (A) above.

(b) When source of foreign genes is a non-Rhizoprakaryote such d@sscherichia coli
(i) Tests for enteropathogenicity on selected afsm
(i) Other tests like in (A) above.

Bacteria manipulated by any method should sasfy the following:

(@) The manipulated microorganisms should be tedtwd pathogenicity against its intended
associative partner and also other crop plants.

(b) They should not eliminate useful microorganidiks VVA-Mycorrhizae. Suitable testing should be
done in this regard before releasing a manipulatgdnism.

(c) The microorganism should not stimulate unwamiedts like weeds.

Blue Green Algae:

All the tests as given in A and B will be applicatgxcept that rice will be the plant against which
beneficial effects of concerned algal strain wéltested.
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Crop Plants:

When the improved plant has been derived by trardfgenes by DNA technique from wild species
or a different organism, tests on the food produd residual presence of agents toxic to man,ecattl
and other animals must be done.

Bio-Hazard Evaluation of Viral, Bacterial, Insecticidal Agents For Large Scale Application:

World Health Organisation (WHO) has developed prognes for evaluation, testing and safe use of
insecticides to control vector borne diseases dflipthealth, veterinary and agriculture importance
(WHO TRS 634). The criteria (Bull. WHO (1971), 441-22) for assessment of the ecological impact
involves controlled testing and evaluation undeidficonditions. There are growing number of tested
and accepted biological insect control agents lyihgnto diverse group such as bacteria, fungi and
certain viruses etc. Some of them are registereggbival market.

Any attempt at genetically altering, improving cgarg the host range, target specificity, differahti
pathogen toxicity, toxic agent productivity, factoaffecting safety and efficacy, new formulations
leading to newer uses of these biological contggnés and related organisms and their products
derived through genetic alteration would require tapplication of rDNA safety guidelines and
regulations as per categorisation scheme worketlased on risk assessment levels.

Whereas the testing and large scale use of biabgiontrol agents would itself require the normal
course of approval from Directorate of Plant Pridbecand quarantine under Ministry of Agriculture,

the production testing and use of these geneticdtsred agents would be strictly governed by the
rDNA guidelines and regulations of the Governmerindia. Violations and non-compliance including

non-reporting of the R&D work in this area wouldratt the punitive actions provided under the
Environmental Protection Act.

Bacterial Agents: Three main groups of bacteria, viBacillus popilliae, B.thuringiensisnd B.
sphericushave been subject of extensive studies. Of tHasburingiensisparticularly H-14 strain has
been found to be most promising for the controlanfae of lepidoptera, mosquitoes and black flies.
The protein crystal toxindéndotoxin) of these bacilli acts as potent gut goisn ingestion by the
larvae.

The development of new mutants Bf thuringiensig(including the asporogenic strain) producing the
same toxin would not require additional safety eatibn. However, a strain producing modified toxin,
possibly with altered biological activity, would q@re some additional evaluation of the live
microorganisms and fully safety evaluation of togir. When the toxin-producing gene is transferred
to another microorganism complete safety evaluationld be required.

Insect viruses as control agentsVirus diseases have been reported from more th@nsgécies of
insects and mites. Major groups of virus pathogeingisects are being currently studied as control
agents for pests. Insect viruses for pest (i-\8)@oduced on an industrial scale.

i) Heliothis zea

i) H. virescens

iii) Lymantira dispar

iv) Neodiprion sertifier

v) Orgyia pseudot-sugata
vi) Dendrolimus

The bio-hazard evaluation of promising viral agentsch are naturally occurring entempopathogens
should include the following:

Elaborate tests conducted in the laboratory as agelinder green-house conditions to understand
potential physiological and/or genetical hazardsrfan-target organisms. The overall response of
a species is likely to be polygenic.

In stable ecosystems, where the potential of theses can be utilised most effectively, more
information is required on the relationships betwesost density and susceptibility, virus
production, persistence and transmission. Analytiapproaches provide powerful ways of
highlighting the importance of such factors in gipizootiology.

233



The safety measures for large-scale applicatiorsuwh products would require very careful
evaluation since the combination of two or moreet/f biocides may affect the non-target
organisms particularly those which are beneficlkbr example genus Apis which plays an
important role in pollination of oil seeds, legunmesgetables, forage and food crops.

The characteristics of baculovirus that is morefulder identification is the profile produced by
cleavage of the rival DNA with bacterial restricti@ndonucleases. Such techniques should be
used to screen all production batches which shbelgreferably purified before release. These
batches should also be examined for the presenutherf ‘'occluded’ or 'non-occluded' viruses.

Bacteriological check and other safety tests adiomed in the WHO guidelines are also needed.

The purified virus should then be formulated intsacway that its stability both on the shelf and
field is satisfactory.

The biological activity of the propagation should imeasured by reproducible and effective bio-
assays to measure the responses in standardyaatiits which can be related to the activity of the
other batch.

The application of viruses can be most effective tiose areas, where there is a good
understanding of the ecology of the host-virusesystThe most appropriate method of ‘oryctes'
virus introduction, was appreciated when the effedftvirus replication on larvae and adults had
been extensively studied. It is probable that a#tdve methods of virus introduction, such as the
release of infected host, would become advantage@rsother methods.

Recombinant Insect viruses: Autographa californicanuclear polyhedrosis virus (AcNPV) is a
registered insecticide in USA and is also now gejrimportance for being employed as recombinant
vector. The recombinant technology could be extdniethe construction of noval AcNPVs with
genes oB.thuringiensis dendotoxin and insect neuropeptides for greatecéffeness.

Thus baculovirus recombinant vector containingxséataf B. thuringiensisand insect neuropeptides
could be of immense use in planning overall strafeginsect control. Such products having multiple
insect control features needs to be carefully asskfor the risk to the health and environment figeffo

is licensed.

Environment
Risk Assessment Factors On Environmental Relea®©f Genetically Manipulated Organisms*

The following factors should be taken into accowhien initial local risk assessment is being made.
These factors are essentially a list of pointsidalze initial local risk assessment. It is not esied that
for any particular release proposal all the poimif be relevant. Submission of proposal for
consideration by GEAC should include the objectigéshe project and should consist in the main of
information corresponding to the following pointhiave they are relevant to a particular proposat Th
extent of the information to be provided will degesn the type of organism and release proposed.

General: Under this heading risk assessment should, whérearst, take into account :

1. The nature of the organism or the agent to leased, in the species (or culture), its host ramge
pathogenicity (if any) to man, animals, plants écnarorganisms.

2. The procedure used to introduce the geneticfination.

3. The nature of any altered nucleic acid andatgce, its intended function/purpose and the extent
to which it has been characterised.

4. Verification of the genetic structure of the abgrganism.

5. Genetic stability of the novel organism.

6. Effects that the manipulation may be prediceddve on the behaviour of the organism in its
natural habitat.

7. The ability of the organism to form long-terrmgual forms, e.g. spores, seeds etc. and the teffec
the altered nucleic acid may have on this ability.

8. Details of any target biota (e.g. pest in theecaf a pest control agent); known effects of non-
manipulated organism and predicted effects of maaipd organism.

*ACGM/HSE/NOTE®6
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Release to the Environment:Information on the nature, method and magnitudehef release is
important in assessing potential risk. The follogvpoints should be considered:

1. Geographical location, size and nature of ttee cfi release and, physical and biological proximit
to man and other significant biota. In the casglahts, proximity to plants which might be cross
pollinated.

2. Details of the target ecosystem, and the predlieffects of release on that ecosystem.

3. Method and amount of release, rate frequencydaration of application.

4. Monitoring capabilities and intentions; how mangvel organism be traced e.g. to measure
effectiveness of application.

5. On-site worker safety procedures and facilities.

6. Contigency plans in event of unanticipated eéf@€ novel organism.

Survival and Dissemination: The survival, persistence and dissemination of l@ased novel
organism clearly has a major bearing on environalecvnsequences. This is especially so if the
organism persists beyond the time required foriritended purpose. To evaluate this aspect, the
following points should be considered:

1. Growth and survival characteristics of the lawgainism and the effect the manipulation may have.

2. Susceptibility to temperature, humidity, dessicg UV etc, and ecological stresses.

3. Details of any modification to the organism deseid to effect its ability to survive and to traersf
genetic material.

4. Potential for transfer of inserted DNA to othemganisms including methods for monitoring
survival and transfer.

5. Methods to control or eliminate any superfluorganism or nucleic acid surviving in the
environment or possibly in a product.
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CHECK LIST

It is suggested that various processes and proegdan be assessed qualitatively by means of & tisedor
according approval to a laboratory for carrying @atombinant DNA technology work. The check list

suggested are as follows:

- Air pressure
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1. Locality: - Urban
- Rural
2. Proximity to susceptible stock - which stospecify
3. Restricted public assess - Fenced
- Guarded
- Locks
Staff Identification - Staff movement restions
Safety against - Flood
- Subsidence
- Landslide
- Earthquake
- Other
Is there room for development - Specify vdithgram
Building - Generally suitable
-Old
- New
-Conventional/Prefabricated/Other
- Windows - Double
- Sealed
- Shatter proof
- Doors - Self closing
- Interlocked at airlocks
- Vision panel
- Marked sign-HAZARDS
- Walls - Suitable surfaces
- Floors - Cleanable
- Ceiling - Sealed entry of services
- Lighting - As per requirement
8. Laboratory fittings: - Surfaces
- Benches - Impervious
- Continuous
- Safety equipments - Microbiological safegb@ets
Class 1
Class 2
Class 3
- Protected centrifuges
- Protected sonicators
- Protecteds homogenisers
- Tapes - Hand
- Wrist
- Foot
- Electronic
- Space - Adequate
- Overcrowded
9. Ventilation: Infective agent handling area

- Negative to atmosphere
- Negative pressure



10.

11.

12.

13.

14.
15.
16.
17.
18.
19.
20.
21.

- Monitoring

- Air locks

- Exhaust air

- Filter Container

Manometers

- Frequency observation

- Recording

- Electronic

- Temperature control humidity

- Sophisticated
- Simple
- Separately ventilated

-H.E.P.A. filters
Single
Double
Quality of Filter
- Monitoring
- Testing methods

- Ledder frame

Canisters
- Input air - Filtered
- Quality
- Temperature, etc.
- Input/Extract - Interlocked
- Stand by Generating System - Specify capatity
Range of work - Research

Effluent treatment

Storage of infective material

Pass-out facilities

Structure-Disease Security Department

Disease Security Regulations
Other Security

Fire precautions

Staff training

Staff selection

Visitors regulations

- Vaccine production
- Large animal work
- Small animal work
- Diagnosis

- Other

- Heat
- Chemical
- Irradiation
- Other

- Location
- Minus 26c
- Minus 76c
- Liquid Nitrogen
- Locked
- Upto date records
- Secure area

- Autoclaves
- Fumigation cabinets
- Monitoring
- Photocopying
- Facsimile machine

Procedures and provisions for emergencies

The Check List has been prepared keeping in vievsthndard requirement of P1 to Pa laboratories.
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