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Abstract
The scope of this article is to discuss critical points in developing a bioprospecting protocol
for Romania under the Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable
Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity that
entered into force in October 2014. By taking as a case study Gentiana lutea L., (yellow gentian) an
endangered plant species of pharmaceutical importance, listed in the Annex D of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES), our study reveals that
bioprospecting is not officially implemented in our country. However, for ensuring the conservation of
biodiversity as a whole it is needed to further strengthen and harmonize all legal provisions among
international treaties such as CITES, Nagoya Protocol and Multilateral System adopted under the
International Treaty on Plant Genetic Resources for Food and Agriculture or Plant Treaty.
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1. Introduction
Plant species are today major sources for food and non-food industry. Two major
technology areas from economic point of view are represented by pharmaceuticals and
biotechnology followed by different other sectors such as: cosmetics, dyes and colorants,
herbal health products, different intermediates, plant protection or essential oils (A. LUBBE
& R. VERPOORTE [1]). Only for genetically engineered seeds was recorded a revenue of
US$ 5.6 billion in 2013 (J. STRAUS [2]) and for biopharmaceuticals of US$ 150 billion in
2015 (J. NIOSI [3]). Today we assist to the increasing interest to synthetic biology, that arose
with cephalexin synthesis (P.P. SAVIOTTI [4]). By funding research, development and
innovation, pharmaceutical industry is continuously increasing worldwide even the costs for
placing on the market of a single product is estimated to reach US$1 billion (B. DAVID & al.
[5]; J.A. DIMASI & al. [6]). Over 25% of the nowadays pharmaceutical drugs are originating
from plant natural products (A. LUBBE & R. VERPOORTE [1]) and 76% of the 1073 new
chemical entities belonging to small molecules approved to be placed on the market up to
2010 are of natural origin (A.G. ATANASOV & al. [7]). These authors recognized among
major challenges for pharmaceutical industry the accessibility of the starting material in their
search for new bioactive compounds. Species important for their biological active compounds
are widely spread all over the world. Some of them are common species and others are rare,
endangered species that need conservation measures to be in place for their protection. It was
recorded an increasing demand for plant species accession for research, development and
innovation purposes (B. VANHEUSDEN & G. VAN DEN BERGHE [8]).
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Romania is recognized as a very rich country in terms of biodiversity, mainly on
native wild medicinal and aromatic plants. At least 300 wild plant species were recorded and
described for their food potential (C. DRĂGULESCU [9]). A number of 24 plant species
have been classified as important for essential oil production, 47 as aromatic, 48 for dyes and
32 for colorants, 186 are medicinal plant species, 79 poisonous species relevant for their
alkaloids content and 223 are high pollen production species (A. BELDIE [10]). Today, it is
agreed that the Romanian common wild flora is not seriously threatened by collecting from
the wild (W. KATHE & al. [11]). The scope of this article is to identify and discuss some
critical points regarding bioprospecting from the wild of Gentiana lutea in Romania for
ensuring the full implementation of the Nagoya Protocol on Access to Genetic Resources and
the Fair and Equitable Sharing of Benefits arising from their Utilization to the Convention on
Biological Diversity (Nagoya Protocol), in harmony with already existing regulatory
frameworks in order to further support the conservation of biodiversity as a whole. This wild
species falls under the scope of Nagoya Protocol – prior accession (i.e. when discussing the
access to genetic resources) and under the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) for trade (i.e. when discussing the trade of species
and specimens).

2. Material and methods
Description of the study site. The research was conducted in June, 2013 in Postăvaru
Massive, Brașov county, Romania Lat. N: 45°34'60" Long E: 25°33'0" at an average altitude
of 1,480 m, where the occurrence of Gentiana lutea L. was recorded before (E.C. MUICA &
al., [12]).
Method. Critical identified points in developing a bioprospecting protocol as a stepby-step process is discussed following certain recommendations (T. GREIBER & al., [13])
and addressing as a case study on bioprospecting Gentiana lutea L. from the mountain range
Postăvaru with the intention of collecting for scientific research and development purposes.
Biological material. Minimal standards guiding bioprospecting in the classical
manner were applied for the characterization of selected genotypes (A.B. CUNNINGHAM
[14]).

3. Results and discussions
Bioprospecting under multilateral environmental agreements.
In 2010 in Nagoya (Japan) during the 10th Meeting of the Parties to the CBD the
Nagoya Protocol was adopted and entered into force in the 12th of October 2014. Romania
signed the Protocol in the 20th of September 2011, as a European Union (EU) Member State
approved the Protocol on the date of entering into force and nowadays must comply with the
Protocol‟s provisions into the EU context (M. BUCK & al., [15]; G.S. NIJAR, [16]). Before
the adoption of Nagoya Protocol, the Bonn Guidelines recognized by the EU provided
recommendations on access for benefit sharing (ABS) upon the access of genetic resources,
after its adoption at the 6th Conference of the Parties to the CBD (S. TULLY, [17]; U.
SCHÜKLENK & al., [18]; S. BHATTI & al., [19]). The scope, of Nagoya Protocol, was
established in the text of article 1: “the fair and equitable sharing of the benefits arising from
the utilization of genetic resources”, which in fact is the third objective of the CBD (S.
BHATTI & al., [19]; M.W. TVEDT & al., [20]). In other words, granting access to genetic
resources for an applicant from another country, for research and development aiming the
commercialization of new products, must give back revenues to the country of origin of
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genetic resources (M. BUCK & al., [15]; J. DREXL, [21]). Thus, it is vital from economic
point of view to integrate the objectives of biodiversity conservation into the national
development strategies, to create synergies among different sectors in order to meet the
mandates of the CBD (S.B. BRUSH, [22]). According to the provisions of Art. 22.5. f) of the
Nagoya Protocol, entitled “Capacity”: “each party have to develop measures including
bioprospecting associated research and taxonomic studies”. In this regard an official
bioprospecting protocol should be adopted at the national level and in case of Romania it
should be in line with the EU policy. This protocol should be the subject of a bilateral
contractual agreement based on mutual agreed terms (MAT) between applicant and the Party
(M. BUCK & al., [15]).
Some relevant terms need to be clarified for Nagoya Protocol for the current national
regulatory framework such as following: applicant, country of origin and bioprospecting.
The term “applicant” was first defined into the text of Art. 2 (Definitions) of the
Council Regulation (EC) 338/97 on the protection of species of wild fauna and flora by
regulating trade therein. The same term was included in 2010 into the text of the Nagoya
Protocol, namely into the provisions of Art. 13, regarding the national focal points and
competent national authorities. In case of bioprospecting genetic resources in Romania the
applicant will be defined according to the Council Regulation (EC) 338/97.
If “country of origin of genetic resources” for the CBD means the country which
possesses those genetic resources into in situ conditions for Nagoya Protocol, it is noted a
slight change: “Party or the Parties providing genetic resources that is the country or are the
countries of origin of such resources or a Party or Parties that have acquired the genetic
resources in accordance with the Convention”. For EU countries based on the provisions of
the Council Regulation (EC) 338/97, the term “country of origin” is defined as “the country
in which a specimen was taken from the wild, captive-bred or artificially propagated” and fits
with the terms agreed for the Nagoya Protocol. Thus, an applicant from another country will
comply with the Council Regulation (EC) 338/97. In this case, in situ and ex situ origins of
genetic resources may become “countries of origin” of the accessed genetic resources with
the ratification of the Nagoya Protocol. Thus, ex situ collections of public interest may
become the subject for bioprospecting as well.
The term “bioprospecting” is not mentioned in the text of the CBD but it is into the
provisions of Art 22.5. (f) of the Nagoya Protocol. This term is also missing in the text of the
Council Regulation (EC) 338/97 and therefore is missing too in the national regulatory
framework for transposing this regulation. Bioprospecting is defined as the official granted
search for plant and animal species from which commercially valuable compounds can be
obtained. On contrary bioprospecting without permit is biopiracy (M.J.W. COCK & al.,
[23]). The term bioprospecting cannot be considered as an activity embedded or hidden under
the term “scientific research” citing the Governmental Emergency Ordinance 57/2007 (GEO
57/2007) and transposing the Habitat Directive, Birds Directive and the Council Regulation
(EC) 338/97. Based on the provisions of Art. 15 para. 2 let. d) of the GEO 57/2007, the term
„scientific research” is related strictly to conservation measures of species and habitats that
include scientific observations and monitoring activities. There is no connectivity to any
potential sustainable use of genetic resources for research and innovation or biotechnology.
In case of protected species and habitats, scientific research is allowed based on derogations
only for supporting the conservation, inside or outside protected areas, according to
provisions of Art. 38 for setting down derogations according to the provisions of Art. 33 of
the GEO 57/2007. Therefore, it can be concluded that in the national regulatory framework is
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missing an official procedure for bioprospecting as well as for accessing genetic resources
according to Nagoya Protocol.
A bioprospecting protocol should be harmonized with already existing rules and
procedures under other treaties and already existing domestic regulatory framework such as
those of Multilateral System (i.e. this system is functioning under the International Treaty on
Plant Genetic Resources for Food and Agriculture or Plant Treaty) and of the Convention on
International Trade in Endangered Species of Wild Fauna and Flora (CITES). We mention
here that the Gene Bank of Suceava is the national focal point for the Plant Treaty, working
under the Ministry of Agriculture (i.e. Romania adhered to the Treaty through the Low
42/2005). Ministry of Environment is the national competent authority for CITES
implementation, closely working with the Commission for Nature Monuments of the
Romanian Academy and The Forest Research and Development National Institute as
scientific authorities according to provisions of Art 2. of the Law 69/1994 for the ratification
of CITES Convention. Moreover, public ex situ collections may belong to public institutions
functioning under the Ministry of Education or Ministry of Research.
Contracting with applicants under Nagoya Protocol
Mutual agreed terms (MAT) under a binding instrument such as a bilateral contractual
agreement should be developed for bioprospecting implementation. In this case a guideline
should be adopted to explain on case-by-case basis different situations that may emerge, by
considering the specific of the country and targeted group of species. Some of deficiencies of
the market and contractual approaches for governance all over the globe for these bilateral
contractual agreements have been described (M. BUCK & al., [15]; T.
DEDEURWAERDERE, [24]; L. ONOFRI, [25]; I.M. SOLIS, [26]). A bilateral contractual
agreement for bioprospecting should include clear financial obligations for the applicant from
another country in case of benefit arising from accessing genetic resources from the country
of origin (S.P. SINGH & al., [27]). This regulatory act should be in line with the current
regulatory framework for nature protection in the European countries (S.R. HARROP, [28];
L. MAGGIONI, & al., [29]). However, the current GEO 57/2007 works only for the
conservation of biodiversity without considering the third objective of the CBD. Notifications
under the scope of scientific research were received by our national environmental authorities
from other countries such as: Serbia, Bulgaria, Hungary, Austria and Germany (personal
communications) and therefore in case of accessing genetic resources it is necessary to
comply to the objective of the Nagoya Protocol (E.C. KAMAU & al., [30]; E. GUNDU & al.,
[31]). In case of collecting from the wild yellow gentian for scientific research have been
described different methods and some of them are highly destructive (D. PEŠANAC, [32];
M.R. POP & al., [33]). Thus, in case of endangered species only aerial parts of plants should
be allowed to be collected, on a case by case basis, for ensuring first the maintenance of
optimum population size of the species. The bilateral contractual agreement should also
stipulate the beneficiary direct contribution to the national monitoring system that needs to
meet the requirements of the provisions of Art. 17 of the Habitats Directive in the EU
context.
Case study - Gentiana lutea
Gentiana lutea was described for its composition in different biological compounds
and uses as a medicinal plant since 1821 (J.E. ATKINSON & al., [34]). Different compounds
classes have been recorded (i.e. secoiridoid glicosides, flavonoid, xanthone, pyrone) and
medicinal effects have been described. It contains unique compounds that are subject for
cancer therapy or anti-inflammatory drugs development (S. POPOV & al., [35]; H.
HARAGUCHI & al., [36]; O. PRAKASH & al., [37]). As an example, an amount of 10 mg
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of pure gentiopicroside, purified from yellow gentian, costs today 132 Euro (BOTANICERT
& al., [38]). Yellow gentian is the subject of ABS for cloning carotenogenic genes during the
flowering for lutein production (C. ZHU & al., [39]), the isolation of new triterpenoids (Y.
TORIUMI & al., [40]) or for biotechnology purposes (N.M. DROBYK & al., [41]).
In Romania, Gentiana lutea L. is a protected species since 1977 (i.e. the first group of
protected species includes six species: Taxus baccata, Pinus cembra, Angelica archangelica,
Gentiana lutea, Leontopodium alpinum and Cypripedium calceolus) all over the country
territory (A. BELDIE [10]). The species, continues to be in a favourable status of
conservation on the current territory of the country (G. DIHORU & al., [42]). Today, based
on the current regulatory framework, the species is listed in the Annex no. 4A for protected
species of community interest of the Governmental Emergency Ordinance 57/2007 (GEO
57/2007). Yellow gentian populates meadows and grasslands, and in Romania may be found
in floristic associations with species belonging to the following genus: Nardus, Agrostis,
Setaria (H. HELTMAN, [43]). Official data regarding the presence of the species in protected
areas are supplied by the Order of Ministry of Environment 1964/2007, being recorded in
several protected areas of community importance and listed under Chapter 3.3. of the Natura
2000 Standard Data Form (i.e. other species), in four sites of community importance
according to already published management plans: ROSCI0013 (PARCUL NATURAL
BUCEGI [44]), ROSCI0027 (PARCUL NAŢIONAL CHEILE BICAZULUI – HĂŞMAŞ
[45]), ROSCI0122 (FĂGĂRAȘ NATURA 2000 [46]) and ROSCI0229 (REZERVAȚIE
SIRIU [47]).
According to the European Commission data base EIONET Gentiana lutea is in a
favourable status of conservation in the alpine regions for Austria, Germany, Bulgaria, Spain,
France, Italy, Romania and Slovenia (EUROPEAN TOPIC CENTRE ON BIOLOGICAL
DIVERSITY [48]).
At the global level as a non-CITES species Gentiana lutea is monitored for the trade
purposes as it is listed in the Annex D of the CITES Convention (i.e. import, export and reexport as such or part of it). Romania do not officially trade yellow gentian as dried plants or
roots for research and development based on CITES data base. However, according to
official data provided by CITES, in 2012 14,301.00 kg roots of yellow gentian were officially
imported in European countries from third Parties and collected from the wild for
pharmaceutical purposes (CITES TRADE DATABASE [49]). The global market demands of
the species, between 2010 and 2013, came only from the European Union‟s countries such as
Germany (76,563.00 kg) and Italy (9,749.00 kg). Small quantities have been imported also by
Spain (4.00 kg) and Slovenia (0.50 kg). A total amount of 86,316.50 kg (i.e. 28,129.50 kg of
dried plants 58,187.00 kg roots) have been imported by the European Community‟s
applicants from third parties also belonging to the European continent (e.g. Albania, Bosnia
and Herzegovina, Croatia, Macedonia, Montenegro and Switzerland). The major contributor
to yellow gentian export was Bosnia and Herzegovina with 72,310.00 kg followed by
Albania (6,077.00 kg), Croatia (2,505.00 kg) Montenegro (1,958.50 kg), Makedonia (640.00
kg). Germany placed on the common market 2,714.00 kg of gentian originating from Albania
and Switzerland exported a total amount of 112.00 kg gentian roots collected from the wild.
We underline that the unsustainable collecting from the wild may have negative
impact on yellow gentian conservation. Thus, negative impact on the conservation of this
species were already described for Bosnia and Herzegovina (S.U. PAULS & al., [50]),
Albania and Macedonia, Croatia (Z. ŠATOVIŠ [51]; G. SAMY [52]) and Bulgaria
(PETROVA & al., [53]). Moreover, in these countries of origin are not properly working
financial mechanism for supporting the implementation of measurable conservation and/or
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ecological restoration indicators associated with gentian habitats (S. SULLIVAN [54]).
Following the negative examples described above, the bilateral contractual agreement should
include detailed risks assessment regarding the collection from the wild for each species.
Experiencing a potential bioprospecting Gentiana lutea in Postăvarul Massive
In Brașov area, in Bârsei Mountains, yellow gentian is best occurring in the grasslands
of three mountains: Piatra Mare (ROSCI0195), Postăvarul (ROSCI0207) and Piatra Craiului
(ROSCI0194) (E.C. MUICA & al., [12]). Protection measures are taken only in the
Management Plan of Piatra Craiului, and by accident the species is not mentioned in the
Ministerial Order 1964/2007 (PIATRA CRAIULUI [55]; FUNDAȚIA CARPAȚI [56]; [57]).
Granting the official access for bioprospecting the species in the wild and for collecting the
minimum specimen numbers for analysis should include in situ description of the habitat and
taxes for supporting biodiversity conservation (G.C. RAUSSER & al., [58]; N.
PANASENKO [59]; G. KEPPEL & al., [60]).
In Romania, Gentiana lutea was the subject for scientific research and collecting from
the wild, for biochemical analysis of pharmaceutical importance and for developing ex situ
conservation protocols for in vitro micropropagation (I. HOLOBIUC & al., [61]; I.
HOLOBIUC & al., [62]; L.S. MUNTEAN [63]). In case of an applicant from another
country, there is a regulation gap regading the access to yallow gentian that needs to be
acknowledged and solved for the future. Moreover, the species was also considered for
cultivation as a crop in Brașov area (C. SAVA [64]). It becomes obviously that there is a
need for strengthening cooperation between the management units of protected areas or the
custodians and the Ministry of Environment in developing clear provisions to be introduced
into the bilateral contractual agreement regarding: specific period and areas for
bioprospecting and collecting, imposed conditions, minimum training requirements for the
involved personnel.
Species characterization based on filed observations
A large population of over 350 yellow gentian specimens for a single area of about
250 m2 on the South slope of the Postăvaru Massive according to the described GIS
coordinates. The population is highly heterogeneous in terms of height but homogeneous for
blooming stage. It is relevant to note that some morpho-anatomic descriptors related to
species should be analysed and provided to officials upon granting bioprospection (i.e. in
case of yellow gentian it would be relevant to note the following descriptors: 3-4 rosette
leaves, highly developed root, flowering stems of a height between 0.7 to over 1.3 m). It is
relevant to note floristic associations with species belonging to the following genera
Alchemilla, Carlina, Digitalis, Festuca. The bilateral contractual agreement should include
on a case by case basis specific requirements regarding in situ measurements during
bioprospection and collecting from the wild.

4. Conclusions
Following this study, it was highlight that Romania needs to develop and adopt an
official bioprospecting protocol. This could help to contribute for fully addressing all
commitments taken under the Convention on biological diversity. Such a protocol will
protect the over-collecting from the wild, will ground financial revenues for the country of
origin and at the same time will catalyse the optimization ratio between in situ and ex situ
conservation strategies for ensuring the preservation of all genetic resources (M.R. BELLON
& al., [65]).
Furthermore, the case study of collecting from the wild yellow gentian revealed
already the need to include for a future bioprospecting protocol, specific requirements as
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taxes, minimal descriptors related to the place of origin, habitat and species. Such a protocol,
based on a bilateral contractual agreement, may support officials for creating synergies with
the monitoring system of endangered species and habitats. Moreover, it will become
compulsory that bioprospecting measures to be included into all current management plans
for protected areas all over the country.
In terms of capacity building the future notification system for bioprospecting should
empower the Ministry of Environment as a competent authority closely working in harmony
with the Ministry of Agriculture in charge with Multilateral System as well as with the
Ministry of Education, Ministry of Research and any other potential authority dealing with ex
situ collections of genetic resources.
We also consider that the fully implementation of Nagoya Protocol will catalyse the
development of research in genomics, metabolomics and proteomics in our country by
creating awareness regarding the importance of patenting biodiversity by accessing genetic
resources for creating new products and services of commercial use.
The appropriate implementation of Nagoya Protocol at the country level will further
contribute for harmonizing policies, strategies including legal provisions that work among
treaties such as Nagoya Protocol, Cartagena Protocol on Biosafety, CBD, CITES as well as
the Plant Treaty.
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