1 ‘

The Regulation of Synthetic Biology by EU
Law: Current State and Prospects

Gerd Winter

Abstract Assuming that synthetic biology (SynBio) will generate not only new
benefits but also new risks to human health and the environment this article
explores to what extent SynBio is already adequately supervised by the exist-
ing EU regulation of genetically modified organisms (GMOs). While the GMO
regime is applicable to many kinds of SynBio activities, others are not covered,
such as the complete replacement of the genetic material of a cell, the insertion
of transgenes into an organism by other methods than those listed as qualifying as
genetic engineering—or not—the construction of a protocell and minimal cell, the
placing on the market of bioparts, and xenobiochemistry. The article then asks if

the article is on ex ante regulation, or administrative oversight, it also discusses
€X post regulation, or civil liability for damage, concluding that liability schemes
must also be adapted to the new characteristics of SynBio. In sum, it is time for
regulators to take a closer look at SynBio.
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1 Introduction

Synthetic Biology (SynBio) is being heralded for generating new pencﬁt§ for socnetyu.
These include such diverse areas as medicine, energy, fine chemicals, food, m]ater}
als, environmental engineering, agriculture and even compgter technolggy (Babd“l;lfl
et al. 2012, Chap. 7; Church and Regis 20!2): Butitis a.lso likely to cause drawf :tal:: S.
Artificially designed and synthetically compiled organisms or genetlc’ (Ij)arts o ffei?;
may escape containment, or may deliberately ble rcleaseq, and cause a Vtirsef e o
to human health or the environment. Regulation is the major means of prevgmmg 1?.
The prevention by regulation of such ri§ks means that actors in rlfsear.ch, fcve; :
opment, production, trade and use of SynBio are slubjected to a set 0 dutles;)thce:eq
tion concerning the effects on third parties or publ.lc gc.)ods‘ The fulﬁlm;ﬁ (:j = g
duties is supervised by administrative bodie_s anq liability for dame.lgest.‘ dlr p elel
may be given rights to claim protection against risks or compftnsam’)n Zr 'ar_n?rg;i [ive
The regulation can be ex ante or ex post, ex ante meaning that a m1tn1t; e
oversight is involved before an activity may be u{ldF:Ftaken, and ex pos
party is liable for any damage caused by his/her activities.

2 Regulation Ex Ante

Most closely related to SynBio is the legal rejgime on genetically mod:ﬂed orfgaﬁlsmls
(GMOs). Other regimes (which are not consuiercq here) are the regulation o c1 ‘i:.ml-
cals and that of pathogens. The GMO regime consists of both EU apd MS lf:gm a t10n.
It is basically structured according to whether GMOS are handled in ConLammen_, :é
intentionally introduced into the environment, be it throug}} release gt a predeliennm
site or, after they have been placed on the market, thx"ough 1r.1{rod.uct10n anyw f:;. |

In the EU any works or products based on -genetlc modification are subjected to a
special legal regime for GMOs. In contrast, in th‘e US processes and produg;si ﬁaé'g
checked as part of the control regime for non-m(.)dllfymg processes and non-m _
products. For instance, a genetically modified pesticide would in the EU neeq t}acilo nllard
ket placement authorizations, one under the GMO and _the (l)lher under the pesuilzgso leg
islation, and in the US just one under the pesticides leg.lslau.on (Lynch anc.l Voge ) ).

Before considering whether the EU’s GMO regime is an appr()[‘)rlfate regu g;(/)[rg
tool for SynBio we need to examine if, and to what extent, the existing EU

regulatory regime is applicable to SynBio at all.

2.1 Applicability to SynBio of the GMO Regime

The GMO regime is, as already mentioned, applicable to the “containtid use, ﬂ.f
individual “release” and the wider “placing on _the markc.t of QMOS. Thct'reag;ly
lation of contained use is harmonized EU wide only in relation to genetic
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modified microorganisms (GMMs).! Contained use of other GMOs is thus left to
the regulatory competence of the Member States (MS).% In contrast, the regulation
of the release and placing on the market of GMOs is standardized by EU legisla-
tion concerning all kinds of GMOs.3 In any case, the core notion triggering the
regulatory regime is a GMO. Its legal definition must therefore be explained and
applied to SynBio techniques. The legal definition varies to some degree in rela-
tion to GMOs in general and GMMs, but the differences are not important in the
present context.
An “organism” is legally defined as

any biological entity capable of replication or of transferring genetic material +

This already excludes any modified or artificial subcellular bioparts that are not
capable of replication from the application of the GMO regime.
Further, a genetically modified organism is defined as

--.an organism, with the exception of human beings, in which the genetic material has

been altered in a way that does not occur naturally by mating and/or natural
recombination,’

Thus, for a GMO an organism must exist that is modified in certain artificial ways.
For SynBio, this means that the GMO-regime only deals with activities which
start with a real organism and modify it in specified ways. This excludes from the
regime the complete synthesis of a known organism as well as the completely new
design and synthesis of a new organism. In particular, bottom-up constructed pro-
tocells are not covered by the GMO regime.

The third element of the definition of a GMO is that the “genctic material” of
the organism has been altered. The term “genetic material” undoubtedly includes
the DNA and arguably also the RNA, considering the fact that the mRNA and
tRNA, switched on by a gene, are part of the information process initiating the
production of amino acids and through them of proteins. However, if by methods
of the so-called xenobiochemistry (Budisa 2012) the amino acids are replaced by
non-natural ones, and thus, new proteins emerge creating hitherto unknown prop-
erties of the organism, the operation is not one altering the “genetic material.”

The fourth element is that the genetic material contained in the organism
was “altered”. This poses the question if “alteration” also includes the complete

! Directive 2009/41/EC of the European Parliament and of the Council of 6 May 2009 on the con-
tained use of genetically modified micro-organisms (Recast), OJ L 125, 21.5.2009, p. 75, Art. 1.

% The German Act on Gene Technology (Gentechnikgesetz—GenTG), for instance, extends its
provisions on contained use to all GMOs. It however empowers the government to exempt those
GMOs which are considered to be safe (Sect. 2a GentG).

3 Directive 2001/18/EC of the European Parliament and of the Council of 12 March 2001 on the
deliberate release into the environment of genetically modified organisms and repealing Council
Directive 90/220/EEC, OJ L 106, 17.4.2001, p. 1, Art. 2 (1).

* Art. 2 (1) Directive 2001/18/EC.
% Art.2 (2) Directive 2001/18/EC.
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replacement of the genome of a cell, such as in the experiment with mycoplasma
bacteria of the Craig Venter Institute (Gibson et al. 2010). Based on a teleological
reading this would, because of the unknown risks, need to be controlled even more
than the mere modification. However, in a literal interpretation the full replace-
ment is different from a mere alteration. Man may ask if this should be different in
the case in which the inserted material consists of newly synthesized conventional
components. But in this case the organism is not altered but remains the same both
chemically and functionally.

The fifth element is that the nucleic acid molecules inserted into a host organ-
ism may have been “produced by whatever means outside an organism.”® Thus,
not only traits from existing organisms or a synthesized copy of them are covered,
but also synthesized traits having a new design, such as those generated by the so-
called xenobiology (Schmidt 2010; Budisa 2012).” This means that xenobiology
insofar it induces artificial DNA or RNA is included in the GMO regime.

The sixth element is that that nucleic acid molecules must be inserted into a
host organism. This excludes from the GMO-regime methods of reducing organ-
isms to minimal cells because in this case genetic material is removed from, rather
than added to, the organism.®

The seventh element, as mentioned, is that the alteration of the genetic material
is done “in a way that does not occur naturally by mating and/or natural recombi-
nation”.? The core techniques qualifying as not natural are listed in Annexes to the
relevant directives. They include, inter alia, the insertion of nucleic acid molecules
by means of a vector system into a host organism in which they do not naturally
occur, or by direct introduction such as micro-injection, or by not naturally occur-
ring cell fusion or hybridisation.'® This implies, for instance, that the gene gun
method used in the do-it-yourself networks (DIY-Bio) is un-supervised.'!

In contrast to the positive list of techniques qualifying as genetic engineering,
certain techniques are excluded from the GMO regime because although being
more or less artificial they can (at least theoretically) also occur under natural condi-
tions. These techniques are mutagenesis and certain kinds of cell fusion.!2 However,
a whole bunch of “New Plant Breeding Techniques (NPBTs)”—arguably included
in a broad understanding of SynBio—have been developed that although in

© Directive 2001/18/EC Art. 2 (2) together with Annex I A Part I (1).

7 This technique was however, not unknown to earlier genetic engineering. For instance, the
gene which encodes the PAT-protein and conveys tolerance of the herbicide glyphosinate was
redesigned and thus differs from the natural PAT-gene. Example taken from (Bundestag 2011).

The radical version would be the above cited mycoplasma experiment.

8 For a description of this technique see (Budisa 2012, pp. 103-108).

9 Art.2 (2) Directive 2001/18/EC.

0 Directive 2001/18/EC Art. 2 (2) together with Annex I A Part 1 (1)-(3).

' How naively the networks operate can be studied from the video displayed at http://www.sue
ddeutsche.de/wissen/bichacking-bewegung-leuchtende-pflanzen-zum-selberbasteln-1.1875586-2

(visited 14.02.2014).
IZ Directive 2001/18/EC Annex 1 B.
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Tal__)le 1 Deﬁ_ning GMOs in application to SynBio
Blements of definition

_____Elgments not covéréd )

The GMO must be an organism o Bioparts
The GMO must derive from an organism Complete syhthesi;: ofan ﬂorganismT“b(;ttc-Jmfu_p
| construction of a protocell

Cf)mplcte replacement of the ce]i_conlé;it, be it
| with conventional or new design

The genetic material must be a]tel:ed

The inserted transgenes can be of any design

and construction method
Transgenes must be “inserted” A minimal cell

Pt(_):‘;ltive land negative lists of techniques Not listed tech-nique-s- (e.g. gene gun), new |
of insertion breeding techniques ’

prmmp]e “natural” are so deeply interfering that they can be as hazardous as GMO
in the lcg.ai sense. Such techniques include targeted site-specific mutﬁ enesi S
transgenesis as an intermediate step of breeding processes where the transg ::: o
:qubsequently removed, or “cisgenesis” where genes from the same species fr f: N
ily arf: transferred (Parisi 2012; Raaijmakers 2009). Thus, a substaniial art of oy
breeding techr-liques appear not to be captured by the EU GMO regime ('If)able l)nﬂW

.In conc{usnon, SynBio, insofar as it works on existing living cells and al-ters
their ge.nellc material in a way that does not occur naturally, must be counted as
a techm.que rgsulting in genetic modification and thus as subjected to the existin
EU GMO regime. In particular, organisms in which the genetic content was modi%
f?cd by synthesized material of natural or artificial design are covered, even inso-
far as new genetic xeno-material is introduced. By contrast, the follow,ing SynBio
products are not captured by the GMO regime:

® an organism which was synthesized, be it of natural or artificial design
® an organism in which the genetic material was
org ' s completely replaced by known o
artificial genetic material ’ ’ g
® an organism into .which genetic material was inserted by other techniques than
vector systems, micro-injection, non-natural cell-fusion or hybridization

an organism whose chemical derivatives (amino acids, proteins) were modified
a protocell

®

L]

® a minimal cell

* synthesized or extracted bioparts

® an organi.sm whose chemical derivatives (amino acids, proteins) were modified
by xenobiochemistry

® an organism resulting from new breeding techniques which although in princi-
ple naturally occurring are deeply interfering.

g appears that 'this result—important SynBio techniques not being covered by the
MO regime—is not adequately discerned by research institutions and governments. '3

13
See for Germany (Acatech et al, 2009, p. 34); (Bundestag 2011).
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There are two ways of reacting to the fact that parts of SynBio escape the scopn;
of the existing GMO regime: One is to w.iden the scope so that more areast;_o
SynBio are covered, and the second is to introduce a new law. The first op 'i(iz
is certainly easier to reach politically, but the seco'nd would be more gpproprlat
because it could be based on a new approach whlch beFter mqtches 1ns;trume11I dq
of administrative oversight with different categorle§ ‘of I:lSk. Thl:ﬁ approach cou ‘
even reflect the fact that some kinds of genetic modification qualify to be .re:}czﬁe
from any prior regulation while others which are presently need to be subjected to

1t.

2.2 Adequacy of the GMO Regime

We now proceed to consider what principles f)f r.isk asses§ment are approprl;:e (1;01'
SynBio. This shall be done by critically reviewing the risk aSSESSHl-eI:lt me r(i)at(::-
logy that is presently applicable to GMOs. If they are found to be nm.p]c).r()p1 i
bebtter methodologies for SynBio must be .intr(?duced' either l?y the existing lega
regime as enlarged in scope, or the new regime if that is estabhshfxli;i I
Products from synthetic biology, or SynBio productsl (SBPs)'* will pro ? y
be fabricated and used in contained systems for a lopg tu.ne to come. There 01;:,
the relevant EU legal acts on contained genetic engineering operfmons mus;s Pe
consulted for their adequacy for SBPs. Howe\_fer, it is also possible tlhat SBPs
will be developed that shall intentionally b? mtrodl?ced into the enw'rlo.nmc;t,
such as microorganisms for the treatment of contaminated .water or sgl ];lor[hm;
the production of energy from biomass (French 20]4?. It is less pro aBet ﬂi,l
SBPs will be placed on the market for randorq release, in the near futuFe. u t?
possibility exists, for instance for microorganisms cons%ructed for env.lro'nmen a
management or energy fabrication. It must glso be cc?nsudered that a wbr;l:gtc ]T)rla.l‘-
ket has emerged for bioparts which prov1des‘ services for. Contame'd. 13
SynBio. We will therefore first explore the regime f'or contained operat-lons: ai:lL
then the deliberate release of SBPs at certain locations as well as their marke

placement.

2.2.1 Contained Use

As already indicated, EU law on contained use of GMIOs only refers to 'gencj,tl-
cally modified microorganisms (GMMSs) leaving other GMOs to the legislative
competence of the member states.

i i for
14 T suggest the introduction of this term into the emerging debate on a regulato.ry schebr::[ethis
SynBio. Alternatively one could consider “SynBio organism”™ (SO) as the core-term,
would not cover bioparts.
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Risk Paths

Even if kept in containment, GMMs may cause risks for the researchers and workers.
Moreover, they may unintentionally leak into the environment through persons carry-
ing them out of the lab, or through solid waste, sewage or exhaust disposed from the
lab. The same paths must be considered for SBPs.

Protected Goods

According to Art. 4 Directive 2009/41/EC Member States

--.shall ensure that all appropriate measures are taken to avoid adverse effects on human
health and the environment which might arise from the contained use of GMMs.

The goods protected by the GMM regime are thus human health and the environ-
ment. Any “adverse effect” to them must be avoided.

Although this is not explicitely mentioned in the directive it has been discussed
whether besides preventing risks GMMs must also provide a socio-economic benefit.
When in the late eighties and early nineties the first facilities with contained systems
were built for research on dangerous microorganisms, concerns were raised if the
containment would be perfect enough to hinder any escape of GMM:s. Considering
that a residual risk of leakage cannot be avoided, it was debated if the unavoidable
remaining risk should not be weighed against the benefits generated by the GMM.,
For instance, in a hearing on the construction of a BASF facility for the production
of the pharmaprotein Tumor Necrosis Factor (TNF) a concerned citizen argued that
TNF was ineffective if not detrimental as a medicinal drug so that the construction of
a production unit for TNF constituted, as she called it, a senseless risk (cf. Winter et
al. 1993, p. 34). Since then, the discussion about weighing risks against social bene-
fits (or their absence) has faded away in relation to contained systems. It has however
continued in relation to the deliberate release and market distribution of GMOs. !5

Concerning highly problematic kinds of SBPs the same discussion may be re-
opened even in relation to contained systems.

Burden of Submission of Risk Related Data

Risk assessment is only possible if appropriate data are available, Generally, in admini-
strative proceedings the authoritics are responsible for collecting the relevant data
(investigation principle),!'® Ultimately, this rule rests on the fundamental right to indi-
vidual freedom, which implies that if a law imposes restrictions based on certain factual
circumstances these facts must be identified and proven by the competent authority.

15 See further below.

' See Art. 337 TFEU and (v. Danwitz 2008, pp. 417-421).For Germany see Sect. 24
Administrative Procedure Act (Verwaltungsverfahrensgcsetz;VeerfG).
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The burden of producing evidence can however be imposed on the individual
by special legislation. This normally occurs, if an activity requires prior authoriza-
tion or notification, because it is assumed that the activity is suspected to pose a
risk and shall therefore only be allowed after detailed examination. The EU GMM
regime is based on this assumption and therefore shifts the burden of data provi-
sion to the applicant.'” It specifies which data have to be presented, limiting the
scope to those data which are needed to assess whether the substantive protective
standard (the protection of human health and the environment) is met.'®

If the presented data are not sufficient to allow a prognostic assessment, the
competent authority can request the submission of additional data.'” If the availa-
ble knowledge is not sufficient for this purpose, the applicant bears the burden of
generating it, provided there are indications of risk.20

Knowledge relevant to an authorisation or notification proceeding may already
be held by the administrative authority. If that is the case, the authority must make
use of it in the authorisation procedure and cannot ask the applicant to reproduce it
anew.?!

It appears that these principles of data submission would also fit if an authorisa-
tion regime for using SBPs in contained systems was introduced.

List of Data to Be Submitted

In the case of contained use of highly hazardous GMMs the data to be submitted
by the applicant comprise the following??:

(a) [...]
(b)

e the recipient or parental micro-organism(s) to be used,

e the host-vector system(s) to be used (where applicable),

» the source(s) and intended function(s) of the genetic material(s) involved in the
modification(s),

¢ the identity and characteristics of the GMM,

e the culture volumes to be used;

17 1t is true, however, that Directive 2009/41/EC allows for exempting from its scope those
GMMSs which are considered to be safe (Art. 3 (1) (b) together with Annex Il Part C of the same
directive).

18 Arts. 6-9 Directive 2009/41/EC.

19" Art. 10 (3) (a) Directive 2009/41/EC.

20 This requirement can be based on Art. 4 Directive 2009/41/EC as interpreted in view of the
precautionary principle according to Art. 191 (2) (2) Treaty on the Functioning of the European
Union (TFEU). On the necessity of indications and thus the exclusion of a zero risk approach see
European Court, Case T-13/99, judgment of 11 September 2002 (Pfizer). paragraphs 144-148.

21 See the clause “if necessary™ in Art. 10 (3) Directive 2009/41/EC.
22 Directive 2009/41/EC, Annex V Part C.
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(c)

°a dCSC.I'lpU'.OH of the containment and other protective measures to be applied
including information about waste management, inc]uding fhe t d fpp l:
wastes to be generated, their treatment, final form and destina[i@ipe e

® the purpose of the contained use, including the expected result !

* adescription of the parts of the installation; o

(d)
° mformat{on about accident prevention and emergency response plans, if an
° ali]y specific hazards arising from the location of the installation , g
® the preventive measures applied, such as saf i ;
r s y s safety equipmen

containment methods, e b systems and

e the procedures and plans for verifyi inui
. s ifying the continuing effecti

it e g tiveness of the con-
* adescription of information provided to workers
e the information necessary for the competent authority to evaluate any emer-

gency response plans, if required under Article 13(1);

While the data listed sub (c) and (d) might be transferable to the situation of h
ardogs SBPs those sub (b) reflect the fact that the object of assessment i : vl
modification of existing organisms. This may be appropriate fér SBPQSti%e?eﬂc
based on existing organisms. However, for new SBPs lists of required ;iataa s
!)e develqped that are better targeted to the specific risks of such SBPs W[}Ilmst
interpolations from donor, vector and recipient organisms are not possibk;,-s e 'f:ﬁre
test's concerning the resulting organism must be required. Moreover, as lhepG(l:\lfl(;
regime only covers living organisms, risks from bioparts individuall;f alnd in
binations, are not addressed by the data list ’ o

Assessing and Categorising Risk and Containment

Risk prevention measures should differ depending on the severity of the risks
caused. The more hazardous the use of an organism is the tighter the containment
must be. T'hi.s is also the logic applied in the EU GMM regi‘r‘ne. Four risk catego-
ries are distinguished corresponding to an increasing intensity of containmim
measures. These categories are described as Class 1: no or negligible risk, Class 2:
low risk; Class 3: moderate risk; and Class 4: high risk. The four risklc:l’asces are;
correlate.:d with four containment classes. These consist in c]usters. of mc;asures
concerning the construction of the lab (e.g. isolation), the equipment (e.g. negative
pressure), the system of work (e.g. restricted access clothing), and th-e .!;re %

of waste (e.g. inactivation of GMMs). 23 ’ , e

23
Art. 4 (3) and Annex IV of Directive 2009/4 1/EC.
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The risk assessment serves to classify any use of GMMS into one of tfhc tf::lr
risk and containment classes. A two-step procedure is recommended for this

exercise:

e i d allocate the
Identify potentially harmful properties (hazard)‘ of llhe GMM and a e
GMM to an initial class (class 1 to class 4), taking into account the severity o
the potentially harmful effects.

and ' L ‘
Assessment of possibility of harmful effects occurring by consideration of

exposure (both human and environmental), taking into fxccoum the' nlalture and
scale of the work, with containment measures appropriate to the initial class

allocated.

e Procedure 2 _ '
Determination of final classification and containment measures required for the

activity. Confirm final classification and containment measures are adequate by
revisiting Procedure 1.
When assessing the risk of the resulting GMO, the hazards of the donor as well as

. . . 25.
the resulting organism must be considered, i.e.”:

. the recipient micro-organism; _ .
the genetic material inserted (originating from the donor organism);

. the vector; - - ‘ '
the donor micro-organism (as long as the donor micro-organism is used during

o

the operation);
5. the resulting GMM.

: i 26,
The following endpoints must be examined~":

Human health considerations:

e expected toxic or allergenic effects of the GMM and/o:_' i_ts metabolic products, .
comparison of the modified micro-organism to the recipient or (where appropri-
ate) parental organism regarding pathogenicity,

i > isation
expected capacity for colonisa \ .
if the micro-organism is pathogenic to humans who are 1mrr}unocompete_nt,1
diseases caused and mechanism of transmission including invasiveness and virulence,

® @ o o

infective dose,

24 H f 27 : . o - 8
oIt llSSl() t‘,(“Si() 1 of 2 Septembe 2000 g he guidance notes ! ‘. o

& D r 2000 conce T t i uid. or risk assess
ment OUtlilled il! AnnexIIl of Directive 90/21 QIEE(, on the contained use of genellcally m()dlﬁed

micro-organisms, Annex Nr. 2.
5 Annex II1 A (2) Directive 2009/41/EC.

i i J isk assess-
20 Commission Decision of 27 September 2000 concerning the. guidancefnotes\tfo;]}'lsm()diﬁed
ment outlined in AnnexIII of Directive 90/219/EEC on the contained use of genetically

micro-organisms, Annex Nr. 3.2.5.
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possible alteration of route of infection or tissue specificity,
possibility of survival outside of human host,

biological stability,

antibiotic-resistance patterns,

allergenicity,

toxigenicity,

availability of appropriate therapies and prophylactic measures,

Environmental considerations:

® ecosystems to which the micro-organism could be unintentionally released from
the contained use,

* expected survivability, multiplication and extent of dissemination of the modi-
fied micro-organism in the identified ecosystems,

® anticipated result of interaction between the modified micro-organism and the
organisms or micro-organisms which might be exposed in case of unintentional
release into the environment,

¢ known or predicted effects on plants and animals such as pathogenicity, toxicity,
allergenicity, vector for a pathogen, altered antibiotic-resistance patterns, altered
tropism or host specificity, colonisation,

* known or predicted involvement in biogeochemical processes.

These parameters will have to be revisited in relation to SBPs. Based on accumu-
lated experience, lists of typical organisms and treatments have been compiled for
GMMs, However, concerning SBPs, it is questionable if the research activities can
already be categorized in a like manner. They are still very diverse, and risk related
knowledge is scarce. Moreover, the risk classes and containment measures mainly
refer to the hazards of the donor and receiver organisms. It appears that for the more
radical interventions of SynBio into the genome, genuine methods of assessment
must be developed. This is all the more the case in relation to bioparts, protocells and
minimal cells. Obviously, more discussion with scientists is needed in this regard.

2.2.2 Introducing SBPs into the Environment and Placing SBPs on the
Market®”

As already indicated, EU legislation, and in particular Directive 2001/18 categorises
the introduction of GMOs into the environment as the deliberate release at a par-
ticular site and the introduction into the environment at any site after GMOs have
been placed on the market. Both the release and the placing on the market must be
authorised. *® An authorisation of market placement of a GMO implies the subse-
quent introduction into the environment at any location, unless the allowable

7 The following analysis is based on (von Kries and Winter 2012).

* Articles 5 and 6; 13-15 Directive 2001/18/EC which provide differentiated procedures of
notification, risk assessment, commenting and final decision.
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locations are restricted by conditions of the authorisation. > Concerning genetically
modified food and feed, including seeds, a special regime has been established
which takes precedence over the general regime which will however not be treated
in this article because SynBio is still far from involving food and feed.*

We can treat the deliberate release and the market placement together because the
risk prevention criteria and risk assessment methodologies are largely the same for
both activities, with certain variations due to the larger geographical scope of intro-
ductions into the environment of GMOs which are authorised for market release.

Risk Paths

According to Art 4 (3) Directive 2001/18/EC Member States shall ensure that
potential adverse effects on human health and the environment, which may occur
directly or indirectly through gene transfer from GMOs to other organisms, are
accurately assessed on a case-by-case basis.

Correspondingly, an environmental risk assessment (ERA) must evaluate risks

whether direct or indirect, immediate or delayed, which the deliberate release or the plac-
ing on the market of GMOs may pose ... !

The distinction between direct and indirect effects means that not only those
adverse effects caused by GMOs in direct contact with endpoints (e.g., a human
being, animal or plant absorbing a GMO) have to be prevented but also those
which are mediated by intervening factors. Annex II of Directive 2001/18/EC
defines indirect effects as follows:

“indirect effects” refers to effects on human health or the environment occurring through

a causal chain of events, through mechanisms such as interactions with other organisms,
transfer of genetic material, or changes in use or management.

On this basis one could differentiate indirect effects further into natural causal chains
(horizontal and vertical gene transfer, food chain, etc.) and chains mediated by
human practices (such as agricultural change in pesticide use and crop rotation, etc.).

Concerning the distinction between immediate and delayed effects, the
Commission Guidance on the environmental risk assessment gives examples for
delayed effects such as the GMO developing invasive behavior, several genera-
tions following its release.*

2 Parts B and C of Directive 2001/18/EC.
30 Regulation (EC) No 1829/2003 of the European Parliament and of the Council of 22
September 2003 on genetically modified food and feed (Text with EEA relevance), OJ L 268,
18.10.2003, p. 1.

31 Art 2 (No 8) Directive 2001/18/EC.

32 Guidance Notes on the Objective, Elements, General Principles and Methodology of the
Environmental Risk Assessment Referred to in Annex ii to DIRECTIVE 2001/18/EC, OJ L 18,
07.11.2003, p. 32.
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In addition to alerting the risk assessment to dire
delayed effects the ERA must also consi
GMO*:

Xt ct/indirect and immediate/
der different environments exposed to the

F_or cach adverse effect identified, the consequences for other o

€1es or ecosystems exposed to the GMO have to be evaluated.
.Moreover.. there may be a broad range of environmental characteristics (site-specific or

regional-specific) to be taken into account, To support a casc-by-case; as : ‘-P[ it

be useful to classify regional data by habitat area, reflecting aspects of té)ierssm?\?" o

rpnment relevant to GMOs (for example, botanical data on the occurre GC? m]ﬁ cn}’"

tives of GMO plants in different agricultural or natural habitats of l-Europer)me e

rganisms, populations, spe-

This rather ambitious programme, relating to genetically modified plants, was
further elaborated by Guidance of 2010 of the European Food Safe[:; A ,enc
(EFSA).>* It concentrates on interactions of the plant on the levels of g isrs
and ecosystems.3’ b

While this analytical framework looks comprehensive, a note of caution is
however, appropriate: The fate of the GMO in the various environments may prove,
to be t‘oo complex to be examined. This is particularly true if the GMOs intro-
ducgd into the environment are microorganisms. It is telling that in that re kard th
pertinent EFSA Guidance somewhat wearily states as follows: ¢ )

Predicting impacts of GMMs and derived food or feed on complex ecosystems can be dif:
ﬁc‘u[t due. to continuous flux and spatial heterogeneities in ccosystcm; creating a . '](;
of' potentl.al microbial habitats in which interactions between GMMs and the;g; mcsimat
v\{tth the indigenous organisms and/or abiotic components can take place, It isro e,
nised t.hal an ERA cannot provide data of a GMM or its products, which wn;u]d éozmﬁi
potential environmental habitats and conditions. Consideration o’f environmental i . at
(damage) should, therefore, focus on environments in which exposure is most likel o
which, when relevant, viable GMMs could potentially proliferate. k e

Protected Endpoints

Human health and the environment

EU la}w has established that, for the deliberate release of GMOs, as well as for
contained use, the protected goods shall be human health and the environment,

These shall be kept safe from ‘adverse effe ; .
cts. “All appropriate meas 4
taken to prevent these.30 ppropriate measures’ must be

33 . .
Annex II Directive 2001/18s. 4.2.2 and Commission Guidance Sect. 3 3rd hyphen.
** (EFSA 2010).

35
See further on a multilevel approach of risk assess f
. sk assessment of GMO:s i
Schmidt 2015, this volume). S

3 Art. 4 Directive 2001/18/EC.,
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What are adverse effects? Is the mere presence of a GMO outside the field of
release, per se, to be considered as adverse effect? Prevailing court practice and
doctrine negate this, They posit that the adverse effect must be a result of such
presence, like the damaging of non-target species from an insecticide plant. The
justification given is that the law only addresses the specific risks of genetic engi-
neering, which shall be only health and environmental risks.*’

Concerning SBPs this might be seen differently. It could be argued that given
the early stage of R&D in this area and the radically artificial nature of SynBio,
SBPs should not be allowed to spread at all. Any release would then have to be
contained. Alternatively, if SBPs were constructed to only survive under artificial
conditions, one could consider their safe release into the environment, because
they would immediately die off there. However, this would not apply to organisms
which are intended to survive and perform in the open environment.

Socio-economic benefits

GMO releases may create benefits for the producer and consumer. Is this to be
weighed against the risks to human health and the environment? Such an analysis
is envisaged in the genetic engineering legislation of some countries.*® It is, how-
ever, only scarcely present in European GMO legislation.?

When pursuing this request two brands of risk-benefit-consideration should be
distinguished: a risk-tolerating variant which would allow any risk that is outweighed
by benefits, and a risk-averse variant according to which only residual risks can be
outweighed by benefits. An example, for instance, of the second variant would, in
relation to seeds, be the agricultural benefits of certain genetic modifications, such as
the subsequent non-use of pesticides, the use of less water and reduction of chemi-
cal fertilizers. Thus, a residual risk to certain parts of the environment could become
acceptable, if the overall eco-balance of agriculture were to be improved.

Concerning the release of SBPs into the environment, socio-economic benefits
should also be introduced as an additional requirement; but only after its risks

37 See for Germany Administrative Court (VG) Berlin, decision of 12.09.1995—14 A 255.95,
in: Eberbach/Lange/Ronellenfitsch, Recht der Gentechnik und Biomedizin, Entscheidung Chap.
4 on § 16 GenTG; VG Braunschweig, judgment of 12. 9.1995—14 A 255.95, No. 27.

38 For Germany see § 16 paras. | und 2 GentG, according to which “harmful effects on the pro-
tected goods listed in § 1 No. 1 must not be incurred if unacceptable in view of the objective
of the release.” Unacceptability in view of the release objective can be understood as a kind of
weighing risk versus benefit. German scholars tend to reject such interpretation, arguing that
this would be incompatible with the relevant EU law. See also Art. 10 of the Norwegian Gene
Technology Act: “In deciding whether or not to grant an application, considerable weight shall
also be given to whether the deliberate release will be of benefit to society and is likely to pro-
mote sustainable development.” This provision has, however, rarely been applied in practice
(Spok 2010).

39 See the rather enigmatic opening clause (“... other legitimate factors”) in Art. 7 and 19 of
Regulation (EC) 1829/2003.
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whefe assessed and found minimal, not as a vehicle to outweigh significant risks
by higher valued benefits.

Cultural factors

The rejection of GMOs by the majority of the population in a number of countries
can be explained by cultural factors. This skepticism is based on a conglomerate of
concerns including extreme precaution, criticism against neglecting the evolution-
ary wisdom, doubts about whether the promised benefits are not already available
from existing organisms, political will as well as ethical concerns and religious
beliefs. The cultural factor is not well represented in national and international law
as a legitimate justification for trade restriction. For instance, it was not even con-
sidered in the resolution of the WTO panel on EC restrictions concerning the mar-
keting of biotech products.*’

The ECJ has shown understanding for the cultural factor in Commission versus
Poland but finally rejected it by splitting the issue into three parts: Insofar as extreme
precaution was alleged, the Court said that this does not dispense from the normal
standard applied in the EU; concerning the opponent political will it held that the MS
must neglect it once an EU legal act has been adopted; and concerning ethical and reli-
gious beliefs it held that the strength and spread thereof was not sufficiently proven. 4!

It is submitted that the cultural factor should be given a more legitimate place
in regulatory designs.*?

Data to be submitted

A long list of data has been compiled that must be submitted for an application for

release of GMOs. It comprises*®:

e Information relating to the GMO

e Characteristics of (a) the donor, (b) the recipient, or (c) (where appropriate)
parental organism(s)

Characteristics of the vector

Characteristics of the modified organism

Information relating to the conditions of release and the receiving environment
Information relating to the interactions between the GMOs and the environment
Information on monitoring, control, waste treatment and emergency response
plans

40 WT/DS 291, 292/293/ R 29 Sept. 2006.

41 ECT Case 165/08, judgment of 16 July 2009 {Commission v Poland) paragraphs 54, 55, 58,
59.

42 See further (Pardo Avellaneda 2014 forthcoming).
43 Annex III of Directive 2001/18/EC.
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This list would have to be thoroughly checked for its suitability for SBPs releases.
Once again, it must be considered that more and more research is aiming at replac-
ing traits from parental organisms by synthesis and, even more importantly, by
artificial design.

The ERA, as outlined by Annex Il Directive 2001/18/EC, focuses on those
paths of risk with human health and the environment as endpoints. Other end-
points, like the coexistence with non-GM agriculture, the economic benefit and
political as well as cultural values, are hardly considered (Dolezel et al. 2009, p.
27). However, should these aspects become a legally required part of the risk man-
agement, then information has to be provided and assessed which is methodologi-

cally clear and rich in substance.

The stepwise generation of knowledge

Towards the end of the nineteen-eighties, when the deliberate release of GMOs
was approached, knowledge about the involved risks was still highly undeveloped.
Even today, there remain gaps in our knowledge. Nonetheless, to enable the
release of GMOs and acquire knowledge, the step-by-step principle was intro-
duced: incremental generation of knowledge in parallel with decreasing contain-

ment of tests.**
The step-by-step principle is characterised by recitals (24) and (25) Directive

2001/18/EC as follows:

The introduction of GMOs into the environment should be carried out according to the
“step-by-step” principle. This means that the containment of GMOs is reduced and the
scale of release increased gradually, step by step, but only if evaluation of the earlier steps
in terms of protection of human health and the environment indicates that the next step

can be taken.
No GMOs, as or in products, intended for deliberate release are to be considered for

placing on the market without first having been subjected to satisfactory field testing at the
research and development stage in ecosystems which could be affected by their use.

The following sequence of steps has emerged in practice:

laboratory

greenhouse
small-scale release with strict containment (not specified in law)

larger-scale release with more relaxed containment

placing on the market

subsequent measures covered by the authorization

subsequent Member State measures based on safeguard clause

# The step-by-step procedure goes back to OECD reports, including OECD, Safety considera-
tions for biotechnology, 1992 (available at www.oecd.org/dataoecd/8/3/2375496.pdf).
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The substance of the step-by-step principle was somewhat specified by
Commission Guidance which says that “data from each step should be collected as
earl_y as possible during the procedure.” It points to the possibility that “simulated
environmental conditions in a contained system could give results of relevance to
deliberate release,” such as the simulation of behaviour of microorganisms in the
laboratory, and of plants in greenhouses.*?

The step-by-step principle is an instrument of societal learning. In the ini-
tial phase of European genetic engineering legislation, it was at the fore of public
de%bate and became a legal requirement as outlined. With the amendment through
D11tcctive 2001/18/EC, monitoring has become an additional instrument. In order
to increase safety, and at the same time facilitate the release and market distribu-
tion of GMOs, it was emphasized that those issues which, for reasons of time or
scale, cannot be solved at one level can be clarified through monitoring at the next
level. Monitoring can therefore be seen as a phase of learning following the release
or market distribution, respectively. This concerns especially the investigation of
effects which cannot be researched on an experimental basis, such as complex inter-
actions on population and ecosystem levels, or cumulative and long-term effects.

As to procedural aspects, the applicant must submit a monitoring plan that con-
tains the following information:*

1. methods for tracing the GMOs, and for monitoring their effects;

2. specificity (to identify the GMOs, and to distinguish them from the donor,
recipient or, where appropriate, the parental organisms), sensitivity and reliabil-
ity of the monitoring techniques;

3. techni.ques for detecting transfer of the donated genetic material to other
organisms;

4. duration and frequency of the monitoring.

The monitoring programme is then determined as a condition for the release
authorisation. The operator is responsible for implementing the programme and
reporting results to the authority.

It is submitted that the step-by-step-principle, including self-monitoring, should
also be used in relation to SynBio. Of course, the methodology must still be
adapted to the various strands of SynBio and its peculiarities.

Steps in the analysis and assessment of risks

It is characteristic for the risk assessment in form of the environmental risk
assessment (ERA) that it processes the data successively in pre-defined steps.
The staggered evaluation of risks is finally followed by the risk management,
which translates the scientifically informed risk evaluation into measures, i.e. the

* Commission Guidance Chap. 3.
4 Art, 6 (2) (V) and Annex ITI C of Directive 2001/18/EC.
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authorisation, the conditions for the authorisation and, if applicable, the rejection
of authorisation.

According to Annex II of Directive 2001/18/EC and the respective Commission
Guidance the ERA consists of six steps. Using the language of the Annex the steps
can be summarized as follows:

In step 1, the inherent characteristics of the GMO are to be identified. They
present factors (or “hazards™) that can lead to risks depending on environmental
conditions and usage.

In step 2, the potential consequences of each established adverse effect have
to be evaluated. The evaluation concerns organisms, populations, species and eco-
systems interacting with the GMO. Particular emphasis is given to the expected
magnitude of the consequences. The latter can depend on the genetic design, the
established adverse effects, the number of released GMOs, the receiving environ-
ment, the manner of the release and the control measures taken as well as on a
combination of all these factors.

In step 3. the likelihood of the occurrence of each identified potential adverse
effect is to be evaluated; here, each effect is examined individually, taking into
account the risk factors, the number of released GMOs, the likelihood and fre-
quency of gene transfer, the receiving environment and the conditions of the release.

In step 4, the different magnitudes of consequences (high, moderate, low or
negligible) of every risk factor are linked to the different degrees of their likeli-
hood (high, moderate, low or negligible). In addition, the overall uncertainty for
each identified risk has to be described, including assumptions and extrapolations
made at previous levels in the ERA, different scientific assessments and view-
points, and the uncertainties contained in each evaluation.

In step 5, management strategies for risks from the deliberate release (or mar-
keting) of GMOs are to be developed. The risk management is to be designed in a
way so that identified risks can be controlled and that uncertainties can be covered.
Safeguarding measures (coated seeds, isolation distances, etc.) have to be propor-
tionate to the levels of risk and uncertainty.

In step 6, the overall risk of the GMO is determined. This consists of a sum-
mary of all identified risks and uncertainties of the examined application, taking
into account the magnitude and likelihood of the adverse effects as well as the pre-
vious release of other GMOs. The achieved risk reduction caused by the manage-
ment measures must also be considered.

Core to this 6 step procedure is the distinction between inherent factors of a
GMO, adverse effects of these factors through interactions on the levels of the
organism, populations, species and ecosystems, the magnitude of cach adverse
effect, and its likelihood. In addition, the uncertainties of the assessment shall be
described. Safeguarding measures shall also be taken into account. This sounds
thorough and comprehensive but may not sufficiently reflect the fact that SynBio
is too diverse and unstructured to allow for a standardisation of risk assessment.
For instance, the fact that much of the produce of SynBio is claimed not to survive
under real world conditions must be integrated into the methodology. Likewise, the
focus on organisms does not reflect possible risks from bioparts and minimal cells.
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Familiarity

Tl?e maj:or innovation needed in risk assessment for SynBio will be that the famili-
am_y principle must be modified and finally even abandoned, because the newly
cle_51g-necl orgar-lisms are intentionally more and more alienated from the genome of
existing organisms.

The status of the familiarity principle in the GMO risk assessment can be sum-
ma.rlzed as follows: Risks to human health and the environment can be cauqéd by
traits of the non-modified parental lines and of the genetic modification. Th‘e con-
cept of familiarity (or—using about the same approach—comparison with simi-
lar organisms or substantial equivalence), which goes back to an OECD paper of
19?3,. suggests that only effects of the genetic modification should be assessed.
This is reasonable; otherwise the applicant could be blamed for adverse effects
that are already contained in the parental line. However, critiques have alleged
Fhat, by focusing on the modification, the concept of familiarity cuts the organ-
ism into pieces and disregards effects of the newly created organism as a whole.
Rather than assuming firm knowledge of the unmodified organism, one should
rather look for the unexpected, the unfamiliar in interactions between the existing
gz;u;eg—;szcct network and the newly introduced GM component (Breckling 2004,

Asking what the law demands in this regard, it should first of all be noted that
the concept of familiarity is not conveyed by the wording of the substantive stand-
ard expressed in Directive 2001/18/EC. Rather, Art. 4(1) states comprehensively
that the release and the placing on the market of the GMO must not cause any
adverse effects. The annexed rules on the ERA, however, state that a comparison
with non-modified organisms

will .a.ssist in identifying the particular potential adverse effects arising from the genetic
modification. 47

The new EFSA Guidance of 2010 unwisely reinforces this approach by making
the “comparative safety assessment” the core yardstick of risk assessment 48

Whether called comparative or not, the examination is not allowed in any case
to imply that the transgene has to be considered in isolation. Unintended position
effects and mutual reactions at all organismic levels are rather the consequence of
genetic modifications and have to be considered to their full extent. Upon closer
look this is also envisaged by the EFSA Guidance of 2010. Therefore, the Annex
on EBA is still right to regard the comparative approach as a heuristic, rather than
constitutive, tool of the risk assessment.

Concerning SynBio, however, even this heuristic function will lose ground with
the growing alienation from parental lines of the new synthetic organisms. New
methods of risk assessment must be developed. It is suggested that such methodol-
ogy should start with risk-related analysis of the main strands of developments of

47 Annex 11 Directive 2001/18/EC, C.
4 EFSA Guidance Chap. 2.
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this technology. Subcellular parts and protocells, for instance, do not pose a risk of
replication and through that of risks attached to life forms, such as becoming dom-
inant in ecosystems. Rather, they are to be evaluated in terms of criteria used for
chemicals, such as toxic, carcinogen, mutagen and allergen properties, persistence
and bioaccumulation, as well as exposure analysis. Xenobiology is claimed to be
safe because resulting organisms can only survive under very artificial circum-
stances. However, this is not necessarily true, so that scenarios and tests must be
developed to prove this assumption. In addition, criteria used for chemicals should
be applied. The major challenge will be to develop methods for the vast and ever-
expanding works of those kinds of genetic engineering which are increasing the
degree of artificiality even more. Specific tests must be developed in order to iden-
tify risks. Specific risk abatement technology must also be developed.

As all this costs time and effort, it appears to be advisable to establish a mora-
torium for the release into the environment of SynBio organisms, as well as a mor-
atorium for the placing on the market of such organisms insofar as this entails any

release into the environment.

3 Regulation Ex Post

Regulation ex post makes an actor liable to remedy or compensate for damage he
or she has caused. There are various legal bases for such liability, general ones and
ones specifically created for GMO-related risks.

The general scheme is tort liability. It presupposes that damage was intention-
ally or negligently caused to human health or material assets by an operator. The
burden of proof, in principle, lies with the victim. Tort liability seldom leads to
convictions because the causation and negligence are difficult to prove.

More specific and promising from the victim’s perspective is strict liability for
GMOs which has been introduced by some countries including Germany. Art. 32
of the German Genetic Engineering Act (Gentechnikgesetz- GentG) provides:

Where any properties of an organism that result from genetic engineering operations

cause the death of a person or injury to his/her health, or damage of property, the operator
shall be obliged to give compensation for the damage ensuing therefrom.

No intention or negligence is required. The proof of causation is facilitated in two
ways:

Causation from genetic engineering operations is presumed if the damage was
caused by genetically modified organisms. The burden of proof that this was not

the case lies on the operator.*”
If the victim brings a prima facie proof that the damage was caused from

genetic engineering operations of an operator the operator must disclose

¥ Art. 34 GentG.
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information *“abou g i i i i

eFoere et tb ;,hf, e?g(? of and steps involved in the genetic engineering oper-

In addition, the liability does not only extend to the victim’s own damage but
also covers expenditure incurred by her for the restoration of damage to the envi-
rogment. If, for instance, a bacterium which has been gene-coded for an infectious
animal disease, escapes from the laboratory and causes a disease to bees, the o er:
ator is liable to pay for the forgone fruit yield and for the restoration ;)f the ]?Jee
population.

~ Directive 2004/35°" establishes a third basis for liability. The concept does not
introduce an additional right of a victim against an operator, but empowerel and
obliges administrative authorities to intervene. This is possible, i.e., if any deiiber—
ate release into the environment, transport and market placement of geneticall
modified organisms causes environmental damage.52 The administrative authoritz
can order the operator to take remedial action. NGOs are given rights to sue the
authority if it remains passive.

. Qverall, SynBio as far as it is subject to the GMO regime, faces rather strict
llapllity rules. As the special rules all refer to GMOs, they do not apply to technol-
ogies or products outside this scope. For this reason it must be considered whether
the liability should be extended to those parts of SynBio which do not consist
of GMOs in the legal sense, i.e. completely new organisms, organisms Wh;);e
genome was completely replaced, organisms into which transgenes were inserted
by other techniques than those contained in the positive and negative lists, organ-
isms modified by xenobiochemistry, protocells, minimal cells, and bioparts.,

4 Conclusion

Other than official statements by governmental and scientific bodies assume®? the
ex1st.mg regulatory framework cannot be relied on as an adequate means of con-
trolling risks from synthetic biology. Varjous kinds of SynBio are either not cap-
tured by the present regulation, or not appropriately treated by the present risk
assessment methodology. This study suggests that the risks from SynBio should
f:arefully and systematically be examined. On such basis new regulation should be
introduced. This could be done by extending the scope and improving the risk
-assessment of the existing regulation on genetically modified organisms, or by tak-
ing a new approach that addresses biotechnology in a broad sense, including
GMOs, SynBio, new breeding techniques and possibly further variants.

30 Art. 35 GentG.

51 vor o :
Directive 2004/35/CE of the European Parliament and of the Council of 21 April 2004 on

environmental liability with regard to the prevention and remedying of envi
ST 1B D ying of environmental damage,

52 Art. 3 para | and Annex III of the directive.
33 See Footnote 13 above.
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