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JlaGopaTopHble TEXHOIOMMN 7
MHHOBALMOHHbLIE  MeTodbl  ODHapyXeHus B
obnactn coxpaHeHusi ©OwunopasHoobpasua —

ahdeKkTMBHLIE NOAXOAL!, KOTOPbLIE BKMNKOYAKT, HO
He OrpaHM4YMBAKOTCA CrneaylmnMn MeTogamu:

- BupooBas waoeHTUUKAUMA MSCHbIX W
pacTUTenbHbIX  KOMMOHEHTOB, 4YTO  MOXeT
athpeKTMBHO UCNonb3oBaTbcAa Kak ans 0opbObl C
DpakoHLEepCTBOM, Tak W ans OLIEHKM
pbanscnpnumMpoBaHHbiX MULLEBLIX MPOAYKTOR,
KOPMOB C LUenbi KOHTpOMs WX KadectBa W
DesonacHoCcTH.

« OOHapy¥eHne HepaspelleHHbix KWNO, B
TOoM 4uncne HoBbiX XKWO, co3gaHHbIX C MOMOLLbH
metogoe CRISPR-Cas n apyrmx coBpeMeHHbIX
TEXHOOTNIA.

« BbisBneHne natoreHOB B nNapTuax CemsiH,

bpykTOB " paccage LIeHHbIX
CeNbCKOX03ANCTBEHHbIX KynbTYp,
pacnpocTpaHeHne KOTOPbIX Bbl3blBaeT

nosiBrieHne CTepurbHbIX CEeMSH WU MOXEeT
npuBecTM K pacnpocTpaHeHuio 6onesHeir wu
HaHecTy Bpen CEeNbCKOX03ANCTBEHHbIM
acTeHUSIM U IUKO Npupoae.

Laboratory technologies and innovative detection
methods for biodiversity conservation are
effective approaches which include but are not
limited to the following methods:

. Species-specific identification of meat
and plant components, which is useful to both
prevent poaching and assess food and feed
products’ adulteration with a view to controlling
their quality and safety.

. LMO detection of unauthorized LMOs,
including novel LMOs developed by CRISPR-Cas
methods and other modern technologies.

. Detection of pathogens the spread of
which causes the emergence of sterile seeds or
could cause the spread of diseases and harm
crops and wildlife, in the batches of seeds, fruit,
and seedlings of valuable agricultural crops.



Takne meTodbl MCMONb3yKTCA ANA
BbIABMEHWA KNO4YeBbIX B3aMMOCBA3aHHbIX
dakTopoB  yTpartkl BuopasHoobpaszus,
KOTOpble B KOHEYHOM UTOre oKasbiBaloT
BO3[EeWCTBUE Ha 3[0POBbLE YeloBekKa.

MeToabl nabopaTopHOM [OeTekuuu

paspabaTbiBaloTCs B HayYHbIX
yuypexneHusx — LleHTpax nepenoBoro
onkiTa. OpfHako CYLLECTBYHOT

orpaHnyeHnss B BuAe (PUHAHCOBLIX W
4YernoBeYeCKNX PECYPCOB, YTO B KOHEYHOM
UTOTE CUITbHO OCIOXHSAET KOMMNEKCHbIN
MOHWUTOPWHI, KOHTPONMb W Haas3op 3a
KNioYeBbLIMU chakTopamm yTparTh|

Kak Ha
Tak U PErMoHanbHOM

OunopasHoobOpasnd
HaLWOHanbHOM,
YPOBHSAX.

Such methods are used to identify key
interrelated drivers of biodiversity loss
that ultimately impact human health.

Methods of laboratory detection are being
developed in Centres of Excellence.
However, constraints in terms of limited
financial and human resources do not
allow one single centre to fully develop
and implement all of these, which
ultimately renders comprehensive
monitoring, control and supervision of
such drivers at both the national and the
regional levels very difficult.



Kakune ecTb npobnembi?

orpaHU4yeHHbIe h1HaHCOBbLIE n
YyernoBe4yecKkue pecypchi;

pasHbI YpOBEeHb nMoTeHumnana u onbiTa B
obnactn nabopaTopHOW OeTeKkuuu;

He A0CTaro4yHOCTb 3HAHMWA U HaBLIKOB B
OTHOLUEHUW  KOHKPETHbIX  MeTOdOB n
nabopaTtopHbIX Npouedyp B COOTBETCTBUMU C
MexayHapoaHelMu TpeboBaHuAMKU K oTDOpy
Npo6, oBHapYXEeHUIO U NOEHTUMUKALUN;

OTCYTCTBME TEeXHUYECKUX HOPMaTUBHBLIX
NpaBOBLIX aKTOB (Hampumep, TexXHUMYeckue
pernameHThl, TeXHU4eckne KOOEeKChI
YCTaHOBUMBLUENCA TNPaKTUKA, TUrMeHUYecKue
CTaHaapThl);

HedoCTaTOMHbIM noTeHuwnan ans obmeHa
OMNbITOM U MH(pbOpMaUNeN;

HecornacoBaHHOCTb MEeToL0N0orM4ecKux
NOOXOOOB;

OTCYTCTBME 00y4YeHus;

OTCYTCTBME TEXHUYECKOW NOOOEPMHKH,
npenocTaBnAeMeole ONMbITHLIMU

What are the problems?
limited financial and human resources;

varying levels of capacity and experience in
in-lab detection;

insufficient knowledge and skills regarding
specific methods and laboratory procedures
in accordance with international sampling,
detection and identification requirements;

lack of technical normative legal acts (for

example, technical regulations, technical
codes of established practice, hygiene
standards);

insufficient capacity for exchange of

experience and information;
inconsistency of methodological approaches;

lack of training;
lack of technical support provided by
experienced specialists



Llene npoekra — pa3BuTUe OONTOCPOYHOro
coTpyoHuyecTtBa M™exay WHCTMTYTOM CenbcKkoro
xo3ancrtea Pecnybnukn Cepbckoit, baHs-llyka (bocHus
n [epueroBuHa), [enaptameHTOM nNpoOUNAKTUKA
3aboneBaHuin KM rocyqapCTBEHHOrO0  CaHWTapHO-
3NUAEMNONOrMYECKOro Hagaopa (Kelprelackas
Pecnybnuka), otaenom no peanuaaunn 3K0NOrMYecKux
NpoekToB  MuHWUCTEpCTBA  OKpyXawllen  cpefbl
(Mongoega), MHcTuTyTOM Bronorn4yeckux
uHctutyta  Pecnybnukm  Cepbua  benrpapgckoro
yHuBepcuteta (Cepbus), kadbegpon buotexHonorum u
cuctemHon BuonorMM HauWMoHanbHOroO MHCTUTYTA
Buonorun (CnoeeHus) U MHCTUTYTOM DOTaHWUKM,
ou3nonorun pacTeHUini U reHeTMKkn HauwnoHanbHOWR
akagemuu Hayk Tamxkukuctana (Tamxukuctad) u MU
(benapyco) yepe3 coO3aHWe AaKTUBHOW CeTH
LleHTpoB nepegoBoro onbitTa B LleHTpanbHOW WM
BoctoyHon Eepone (UBE) w UeHTpanbHon A3umn,
KOTOpble OyayT oOCyWecTBNATb COTPYAHWYECTBO
ONA NpoBeAeHWA COBMECTHbIX MEpPONpPUATUA NO
BbIABNEHUK  OCHOBHbIX  (haKTOpOB  yTpaThl

OuopaszHooOpa3nua M 3awMTe 300pPOBbA nNHOAEH,
XUBOTHbIX N pacTeHUN.

The goal of Project is to foster cooperation
between the Agricultural Institute of Republic of
Srpska, Banja Luka (Bosnia and Herzegovina), the
Department of Disease Prevention and State
Sanitary and Epidemiological Surveillance (Kyrgyz
Republic), the P.Il. Environmental Projects
Implementation Unit of the Ministry of Environment
(Moldova), the Institute for Biological Research
"Sinisa Stankovi¢" of the National Institute of the
Republic of Serbia of the University of Belgrade
(Serbia), the Department of Biotechnology and
Systems Biology of the National Institute of Biology
(Slovenia), and the Institute of Botany, Plant
Physiology and Genetics of the Tajikistan National
Academy of Sciences (Tajikistan) and IGC
(Belarus), through the creation of an active
network of Central and Eastern European (CEE)
and Central Asian centres of excellence that will
cooperate to carry out joint activities to identify
key drivers of biodiversity loss, and protect

human, animal and plant health.



Meponpusmue 1/ Onucanwne/ Description Wror/ Output
Activity 1

OpeaHusauus u
nposedeHue psda
coselwjaHul e oHnalH-
gopmame

Organize and conduct
a series of online
meetings

CoBellaHus byayT NoOCBALLEHb!
0BCYOEBHNK W CpaBHEHUK NpPaBOBLIX W
TEXHWUYECKNX HOPM, a TaKkke
CyLlecTBYOLWMX NabopaTopHbIX METOOOE W
nogxodoe B obnactn  wMaeHTUUKaLUK
BUOoB, oDHapyXeHus W wuaeHTudukaunmn
KUBLIX WM3MeHeHHbIX opraHuamoB (XKWNO),
obHapyXeHMs naToreHoB pacTeHui, a
Takke ApyruM  Knwo4YeBbIM  obnacTtam,
KOTOpkIe MOryT COOEenCcTBOBaTh
coxpaHeHunio brnopazHoobpaaus.

The meetings will serve to discuss and
compare legal and technical regulations, as
well as existing laboratory methods and
approaches in the fields of species
identification, detection and identification of
Living Modified Organisms (LMO), detection
of plant pathogens, and other key areas
that may help biodiversity conservation.

Ot4yer ¢ noapobHbIM OMUCAHWEM W
CpaBHEHWEM NpPaBOBLIX N TEXHUYECKNX

HOpM, [OEUCTBYKLWMWUX B  CTpaHax-
napTHepax c TOYKU 3peHus
nabopartopHoro obHapyxeHus
KNKYeBbIX dakTopos yTpaTsl
buopasHoobpazus, uernb KOTOPbIX

3dKINMD4YaeTCA B BEIABINEHWMW CXOOCTBaA W
paanuymnAa W BHECEHWW BKNaga B
rApPMOHM3aUWD NOOXOOO0B B pervoHe.

Report detailing and comparing the legal
and technical regulations in place in the
partner countries in terms of In-
laboratory detection of key drivers of
biodiversity loss, the objective of which is
to clarify similarities and differences and
contribute to the harmonization of
approaches in the region.



Meponpuamue 2 / Onucanuel/ Description Wrtor/ Output
Activity 2

OpraHuzauumsa n
nposegeHue yvyebHoro
ceMuHapa

Organize and conduct
a training workshop

MNATMOHEBHLIM  TEOPEeTUYEeCKUA W NpakTUYecKuin
yyebHbIN cemuHap nod PYKOBOACTBOM 3KCMEpPTOB
Ml wn HauuvoHanbHoro WMHCTUTYTa  Buonorum
CnoBeHUu.

Llent cemuHapa:

a) obecneyeHue TeEOPETUYECKON MOATOTOBKM MO
nabopatopHoi uaeHTUUKAUUKM BUOOB, CKPUHWUHIY
KNO n obHapy¥eHu naToreHoB, KOTOpbLIE MOryT
OKaaklBaTb BNUAHWE Ha 300POBbLE MKAEN, KUBOTHBLIX
U pacTeHWiA; a Takxke

b) cogeiicTBUM  OJanbHelllemy  obBCcyKOeHWUio
Haubonee osddPeKkTUBHLIX NOAXOOOB, METOOOB MW
NPOTOKONOB Ans 0BbHapyXeHUs Takux hakTopos.

A five-day theoretical and practical training workshop,
under the leadership of experts from IGC and the
National Institute of Biology of Slovenia

The goals of on-site seminar:

a) Provide theoretical training on in-laboratory
species identification, LMO screening, and pathogen
detection that may affect human, animal, and plant
health; and

b) Facilitate further discussion of the most effective
approaches, methods and protocols for the detection
of such drivers.

Ob3op MEeTOMOB,
ncnonb3yemelX B CTpaHax-
napTHepax Aans
BHYTDUNabopaTopHOro
oDHapyXeHus 7
naeHTudnKauum KIoYeBbIX
hakTopor yTpathl
BuopasHoobpasans,
MHopMaumMa 0 KoTopkix Byaet
pacnpocTpaHeHa cpeau
LleHTpoB nepegoBoro onbkita
CTpaH-y4acTHUL, W

WMCNone3otBaHa ONnA pPa3BUTUA
noTeHuyuarna.

Overview of the methods used
in the pariner countries for in-
laboratory detection and
identification of key drivers of
biodiversity loss, to be shared
among the participating centres
of excellence and used for
capacity development.



Meponpusmue 3/ Onucanuel/ Description Wror/ Output
Activity 3

WMHuummpoeanue
co3gaHus
perMoHanLHoOn  ceTu
LleHTpoB nepegoBoro
onbita B UBE n
LleHTpanbHoi A3un

Initiate the
establishment of the
Regional CEE and
Central Asia's Network
of Centres of
Excellence

Ha ocHoBe obcyxgeHun, HavaTblX BO
Bpems y4ebHoOro cemmuHapa (MeponpuaTue
2), ©yger nogrotoBneHo nopgpobHoe
npeanoxeHue no [ONrocpoYHOMY
coTpyaHuYecTBy B (hopMe OOPOXKHOW KapTkl
M nnaHa YCTOMYMBOrO pasBUTUS ONA
pervoHanbsHon cetu LleHTpoB nepenoBoro
oneiTa UBE w#n LUeHTpancHon Asuu B
COTPYAHWYECTBE CO BCEMW BOBNEYEHHLIMN
3auHTepecoBaHHLIMI CTOPOHaMMN.

Building on discussions initiated during the
training workshop (Activity 2), a detailed
proposal for long-term collaboration
activities in the form of a roadmap and
sustainability plan for the Regional CEE
and Central Asia's Network of Centres of

Excellence will be prepared in collaboration
with all stakeholders involved.

CornaweHue o co3gaHnn pernoHanbHon
cetn UeHTpoe nepepororo oneita (LIBE
n LleHTpanoHaa Aasufa). CornaweHue
Oyger BKkmw4Yatb B cebs  CTPYKTYypy
NOPOXHOW KapTel W NNaH YCTONYUBOro
pasBUTUS €  Lenbld  coaercTBUSA
NONroCpoYHOMY COTPYAHUYECTBY MOCne
peanuaauumn npoekTa. Ocoboe
BHMMaHue Oyger ygeneHo y4acTuio
KEHWMH W MOModbiX Y4YeHbIX Kak B
MEPONPUATUAX AOPOXKHON KapThkl, Tak U B
MEPONPUATUAX  NnaHa  YCTOMYMBOrO
pPazBUTUS.

Agreement on the establishment of a
Regional Network of Centres of
Excellence (CEE and Central Asia). The
agreement will include the structure of a
roadmap and sustainability plan to
facilitate long-term cooperation beyond

the implementation of the Project.
Special consideration for the
participation of women and young

scientists will be given in both the
roadmap and the sustainability plan.



NNAHUPYEMBIE UTOTU EXPECTED OUTPUTS

Uror 1: Otyer ¢ nogpoBbHbIM oOnMUcaHuem u
CpaBHEHMEM [MPaBOBbLIX W  TEXHWYECKMX HOPM,
OENCTBYIOLWNX B CTpaHax-naprtHepax C TOYKW 3peHusd
BHYTDUNabopatopHoro oBHapy}eHus KNOYeBbIX
thakTopoB yTpatkl buopaszHoobpazna (MaeHTUguKkayua
BuaoB, obHapyxeHue W upgeHTudukauma KUO,
obHapyxeHWe naTtoreHoB pacTeHWin W T.4., 4YTo Obino
onpefeneHo B XOAe OHMaWH-KOHCYNbTauuKW), uenb
KOTOPLIX 3aknwyaeTcs B BLIABMEHWM cxoacTtBa W
pasnuynus U BHECEHWW BKNaga B rapMoHU3auuio
NOAXOLOB B peruoHe.

WUror 2: OB3op meTodoB, UCNONb3yeMbIX B CTpaHax-
naptHepax ansi BHyTpunabopatopHoro obHapyxeHus
M MOEHTUMWUKaAUUKM  KN4YeBbiX aKkTopoB yTparthl
buopasHoobpasna, uHgopmaunms o KoTopelx Oyaer
pacnpocTtpaHeHa cpean LleHTpoB nepegosoro oneita
CTpaH-y4acTHUL, W Kcronb3oBaHa AONA pPasBUTUSA

noTeHuwarsa.

Qutput 1: Report detailing and comparing the legal
and technical regulations in place in the partner
countries in terms of in-laboratory detection of key
drivers of biodiversity loss (species identification, LMO
detection and identification, detection of plant
pathogens, and others as identified during the online
consultations), the objective of which is to clarify
similarities and differences and contribute to the
harmonization of approaches in the region.

Quiput 2: Overview of the methods used in the partner
countries for in-laboratory detection and identification
of key drivers of biodiversity loss, to be shared among
the participating centres of excellence and used for
capacity development.



Ponn ©n o0da3aHHOCTU TeXHW4Yeckux napTHEepoB W napTHepoB B o00nactu Hay4yHoro
cotpygHudyectBa/ Roles and Responsibilities of the Technical and Scientific
Cooperation Partners

WMHctutyTt reHetuku M Institute of Genetics opraHnzauus Bcex organize  all  project
LUMUTONOrNM, and Cytology, meponpustTin B pamkax activities, including the
HaunoHanbHbIA National NnpoekTa, BKNoYas delivery of online
KoopaAWHaUMOHHbIA UeHTp Coordination nposegeHue OHnanH- discussions and the
ounobesonacHocTH* Biosafety Centre OUCKYCCMIA U NOAroTOBKY preparation of the

yyebHoro cemuHapa, a training workshop, as
Takke peanuaauma apyrux well as other steps
mep, Heobxoaumeix Onsneeded to  facilitate
paclupeHuns collaboration among
coTpygHuyectBa  Mexnay project partners
napTHepamu Nno NpoekTy;

Kadcdeppa 6uotexHonormu Department of obecneveHne akcnepTHOro provide expert
M cucremHon 6OBuonorum Biotechnology and pykoeogctea Bo Bpewms leadership during the
HauwoHanbHoOro Systems Biology of oHnanH-guckyccui u online discussions and
MHCTUTYTA ouonorumn the National Institute obyyaowero  cemunHapa the ftraining workshop
CnoBeHun of Biology, Slovenia (Teopus 1 npakTuka); (theory and practice)




9 MaptHep-|Five PartnerjaktuBHoe yyactue Blactively participate in
CKMX Institutes [lobcyxaeHunax pernameHTOB,|discussions on regulations
UucrutyTos|Institutions nabopatopHbix MetoooB  M|and laboratory methods and
| OpraHusa- noaxoaoB BO Bpems|approaches during online
uun coBeLlaHMMW B oHNnauH-cpopmate meetings

akTUBHOE yyacTue B obyyawouwem actively participate in  the
ceMnHape (Teopusa u npaktuka)  training workshop (theory and
practice)

coaencrtene B BbiABNeHnu help identify additional drivers
OOMONHUTENbHLIX ¢hakTopos of biodiversity loss
yTpatkl buopasHoobpasus

paspaboTka AopoxHon KapTel K development of a roadmap
nnaHa ycton4mBoro passutua and and sustainability plan for the
pernoHanoHon cetn LleHTpoB Regional Network of Centers
nepenoBoro onkiTa. of Excellence




Comparison of key legal and technical regulations in the area of
laboratory detection of key drivers of biodiversity loss in countries
— partners to the Project

An initial discussion and comparison of the national and the commonwealths of states (European Union, EU, and Eurasian Economic
Union, EAEU) legal regulation, as well as multilateral environment agreements (hereinafter — MEAs) that affect area of laboratory
detection of key drivers of biodiversity loss during the Second Workshop on December 11, revealed the following:

1. All participating countries are parties to the Convention on Biological Diversity and the Cartagena Protocol on Biosafety therefore
the norms ofthese MEAs influence decisions on the conservation of biclogical diversity and area of laboratory detection in them.

2. With regard to the Nagoya Protocol on Access to Genetic Resources and Benefit-shanng, which may significantly affect the areas
of monitoring and control of genetic resources, and therefore the areas of laboratory detection, all countries except Bosnia and
Herzegovina are parties to this multiateral agreement.

3. In all countries except Kyrgyzstan, a biosafety law has been approved and is in force. Starting from 2022, Kyrgyzstan is actively
developing a law on biosafety with support from FAO. The areas of requlation covered by the biosafety law may differ in different
countries, from regulation of the safety of LMOs' (Belarus) to regulation of both LMOs and GMOs2 (Tajikistan). In countries where
GMOs are not covered by biosafety law, there are other regulations to regulate them . At the same time, in Belarus and Tajikistan
National Biosafety Frameworks were developed for ensuring biosafety, which cover the concept of biosafety more broadly than
LMOs and GMOs and are aimed at the coordinated activities of state regulatory bodies, monitoring and control in the field of other
factors of loss of biological diversity.

4 The scope oflegal regulation of laboratory detection of plant damage caused by phytopathogens (viruses, bactena, phytoplasma)
is regulated in Slovenia, Bosnia and Herzegovina, Belams, and Tajikistan. In Serbia, regulatory clanfication is needed. Examples
of national regulations are presented in Annex 1.

' According to the CPB, LMO - “Living modified organism” means any living organism that possesses
a novel combination of genetic material obtained through the use of modem bioctechnology;
“Living organism” means any biological entity capable of transfeming or replicating genetic material, including sterile organisms,

giries GMD can simultaneously mean baoth a living modified organism and products made from it, in this context we will mean
ity aimed at production and release at the market of GMOs and its products, mcludmg investigation, testing and



. Apparentily, the least regulated area of laboratory detection by national legislation is the area of laboratory identification of species
in order to prevent the loss of biodiversity and prevent poaching activities. This issue will be further clarified during the 5-day
training seminar, however, the presentations submitted from countres seem to indicate that in countries regulation applies only
to food products, food raw matenals of plant and animal origin, and feed. At the same time, Slovenia, Bosnia and Herzegovina
and Belarus are developing their own methods, standard operational procedures, instructions which are introduced into the field
of laboratory certification and allow for a species-specific identification of a wide variety of species and subspecies. Examples are
given in the Annex 2.

. With regard to the legislation of the Commonwealth of States in Slovenia, Bosnia and Herzegovina and partly in Serbia, national
legislation is hamonized with the legislation of the EU regulating the field of laboratory detection. In the countries — Parties to the
Eurasian Economic Union, EAEU (Kyrgyzstan and Belarus) along with national legislation, the laws of the EAEU, the so-called
technical regulations of the Customs Union (hereinafter - TRCU), apply. In Belarus, national laws in the field of laboratory
regulation are fully harmonized with the TRCU. In Kyrgyzstan, partially, since national laws have not been adopted in all areas of
laboratory detection. However, in Kyrgyzstan TRCU operates, and, therefore, the legislation of the these countries is harmonized
and the same laboratory detection rules apply on theirterritory.

- In Tajikistan, national legislation in the field of LMO regulation including laboratory detection is well developed, including several
laws, technical code and technical regulations.

. In order o assess how similar or different the regulation is in countries that are par ofthe EU and those that are part of the EAEU,
a comparson of legislation has been carrying out using the example of the country of Belarus (EAEU country) and Slovenia (EU
country). Conclusions were drawn on the simiarities/differences between legislation at the level of commonwealths of states and
separately on national legislation. The preliminary results are given in tabular form in the Annex 3. Countries — partners to the
BioBridge Project will then be invited to make the same compansons forareas of laboratory detection covered by the project.

. The draft study will be presented to countnes prior to the 5-day theoretical and practical workshop fo make additions and will be
finalized durng the face-toface workshop, afier which a final companson of legislation on laboratory detection of key drivers of
biodiversity loss will be provided.




1. LMO/ GMO detection and identification.

Testing of LMOs/GMOs? is mainly based on the detection of recombinant DMNA
introduced during the transfomation process and differentiates LMOsS/GMOs from
their non-LMO/GMO counterparts (1,2). For the enforcement laboratories in GMO
routine analysis the quantitative PCR (gPCR) is the method of choice (3). Methods for
detection, identification and quantification of many genetic elements and event-
specific targets of commercially available GMOs and reference genes are available in
public databases, like the GMO detection database (GMDD; https//gmdd.sjtu.edu.cn/)
and GMOMETHODS {http-/gamo-cd jrc.ec.europa. ew/gmomethod s/). These
databases have been established for the collection and exchange of developed and
validated methods. Potential detection approaches for gene edited organisms or
products are the same as those currenty used for
detection/identification/quantification of genetically modified organisms (GMOs).

Vihere possible control laboratories are using validated methods and are accredited
in line with 1SO 17025:2019. In addition, other standards and guidelines are follovwed
(the list of standards and guidelines applied in Belarusian GMO detection
laboratories accredited by the national accreditation body is in Annex). For example,
the National Coordination Biosafety Centre, IGC (Belarus) is accredited by the State
enterprise “Belarusian State Accreditation Center”™ for compliance with the
requirements of GOST IS0 / IEC 17025-2019 (Accreditation centificate No. BY 7/ 112
1.1599, dated 07.12 2009, valid until December 07, 2024) for the qualitative and
quantitative testing of genetically modified organisms. A comprehensive list of
laboratory methods in the area of GMO detection of the IGC is given in the Annex.
Department of Biotechnology and Systems Biology is accredited by Slovenian
accreditation for qualitative and quantitative testing of genetically modified
organisms, Reg. No. LP-028 (the scope of accreditation is partially flexible). Both
laboratories would be able to test also for new gene edited plants. Decision on
granting authorization to test laboratories in Bosnia and Herzegovina for
examination, control and monitoring of the presence of genetically modified
organisms in food and animal feed is published in Official Gazette of Bosnia and
Herzegovina, No. 15/10, followed by publishing the renewing of authorization.
Authorization for LMO/ GMO detection and identification is granted to the Laboratory
for Biotechnology, Agricultural Institute of Republic Srpska, Banja Luka

1T According to the CPB, LMO - “Living modified organism” means any living organism that possesses
a novel combination of genetic material obtained through the use of modern bioctechnology ;

“Living organism” means any biological entity capable of transferring or
icating genetic material, including sterile organisms, viruses and viroids;

in many countries GMO can simultaneocusly mean both a living modified organism
i in this context we will mean use of genetically modified organisms — activity
at the market of GMOs and its products, including investigation, testing



Laboratory for Genetically Modified Organisms, Federal Agro-Mediteranean Institute
Mostar, Laboratory for Genetically Modified Organisms and Food Biosafety, Insfitute
for Genetic Engineering and Biotechnology Sarajevo, Laboratory for Genetically
Modified Organisms, Federal Institute of Agriculiure, Sarajevo. By the Decree of the
Presidium of the Academy of Sciences of the Republic of Tajikistan No. 108 dated
30.11.2015 the Laboratory of Biclogical Safety was established at the Institute of
Botany, Plant Physiology and Genetics of Tajikistan National Academy of Science, the
main tasks of which are the development and application of modern methods of
analysis for the detection of biclogical agents and toxins, chemical contaminants in
food products and crops, and analysis of GMO products. In Kyrgyzstan two
laboratories accredited at this moment in the national system of accreditation, and one
in Serbia.

While some countries use complex screening schemes aimed at covering all GM lines
on the market (Slovenia, Belarus) and the main method is quantitative real-time PCR,
in other countres it is used as qualitative PCR using gel electrophoresis, and
quantitative PCR in real fime (Bosnia and Herzegovina, Tajkistan Kyrgyzstan).

Besides gPCR, other approaches like digital PCR (dPCR) {(4) and next generation
sequencing (NGS) (5,6) have been used forthe detection of GMOs in some countries.
Short description of the approaches including reflections to detection of gene edited
organisms and products is provided below.




Quantitative PCR

Current and new approaches in GMO detection are described in a review by Fraiture
et al (3). gPCR approach allows detection, identification and quantification of GMO via
the SYBR Green or TagMan chemistries. Due to the wide use of this approach, gPCR
analysis tools were also developed in order to facilitate the interpretation of results.
Due to the increasing number of GMOs multiplex gPCR strategies were introduced,
however, the development of optimal multiplex assays could be more challenging
compared to simplex gPCR. Some other altemative muliiplex strategies were also
considered, such as combination of PCR and capillary gel electrophoresis or PCR and
microarrays, Luminex technology (biotinylated targets amplified by single or multiplex
PCR assays and analysed by flow cytometry). Forimproved specificity of g°PCR in the
detection of single nucleotid varnants (SNVs) gPCR can be adapted, for example, by
the use of locked nucleic acids (LNAs) or performed as RNaseH-dependent gPCR (7).

LNA probe approach combined with an internal reference probe (drop-off-assay) has
already been used as for measurements of gene editing rates in blastocytes and for
accurate detection of mutations in mice (8).

Some other adaptations of qPCR were done and are already available also
commercially. An example is KASP, where KASP primers (typically three) are custom-
designed to target the SNP or InDel of interest (9).

Some qPCR platforms and gPCR master mixes enable also on-site testing.




Digital PCR

Due to the absolute quantification and resilience to inhibitors dPCR could become a
key tool in the field of GMO identification/quantification, while this approach is
currently, due to the limitations oftechnology (low throughput and limited multiplexing),
less suitable for the screening step (3).

Nevertheless, dPCR has been proposed as a method fit-for-purpose in the
development and characterisation of gene-edited organisms (mainly in human and
animals). It has been used for assessing the gene-editing frequencies mediated by
site directed nucleases already in 2016. Mock et al (10) described the approach for
simultaneous detection of wild-type and nonhomologous end-joining (NHEJ)-affected
alleles which enables concurrent quantification of edited and wild-type alleles in a
given sample. Similarly, Findlay et al (11) described dPCR as a tool for deciphering
homozygous from heterozygous mutations in stem cells with superior levels of
precision and sensitivity, while Fallabela et al (8) used it in measurements of editing
rates in blastocytes and for accurate detection of mutations in mice. Miyaoka etal (12)
have employed dPCR for monitoring of genome-editing outcomes in HEK293T and
Hela cells and showed that the HDR/NHEJ ratios were highly dependent on gene
locus, nuclease platform, and cell type. It has been shown that dPCR can also be used
for precise quantification of large DNA excisions and inversions, and has been
modified to measure precise repair of excision junctions and allele-specific excision,
which has important implications for disease modelling and therapeutic gene editing
(13).

Peng et al (14) have developed and evaluated duplexed dPCR-based method for the
detection and evaluation of gene-editing frequencies in plants (rice and canola). They
have shown that the method is applicable also to polyploid plants and processed food
samples with low concentrations of DNA.

Until now, the dPCR approach for the gene editing has advanced and also commercial
solutions are available (e.g. Bio-Rad).



Next generation sequencing

NGS, allowing a massive parallel DNA sequencing, has been suggested for GMO
detection as it does not require the prior knowledge of at least a part of the GMO
sequences and could overcome laborious and intricate optimisations of multiplex
approaches (3). Two main strategies of sequencing exist: targeted sequencing
approach (samples are earlier enriched with sequences of interest) and whole genome
sequencing (WGS) approach. With targeted sequencing approach two substrategies
are possible (i) amplicon sequencing (sequencing of DNA library of PCR products,
which depends on PCR strategy) and (ii) target enrichment sequencing (sequencing
of selected DNA fragments from a whole genome library, which depends on
hybridization methods for capturing selected fragments). Whit the WGS approach the
entire DNA library is sequenced, which enables, using bioinformatics tools,
characterization of samples without any prior knowledge. Currently, these approaches
are notimplemented in testing laboratories due to high costs, compared to PCR based
approaches, and the need for adequate computer infrastructure and bioinformatic
expertise.

Wang et al (15) have determined the copy number, insertion site, and host genome
flanking sequence and detected vector backbone insertion and unintended integration
using WGS and showed that this can be effective strategy for the molecular
characterization of GMOs.

Sequencing methods are suitable also for detection of small DNA modifications like
SNVs and short sequence insertions or deletions (InDels), which are frequent results
of genome-editing and (7).




Isothermal approaches

Loop-Mediated Isothermal Amplification (LAMP) was proposed for GMO detection due
to its rapidity, specificity, sensitivity, and simplicity, but the design of four primers per
target, which guarantee the high specificity and sensitivity of the LAMP, could be
difficult. In addition, the identification of several GM targets using a multiplex assay is
notapplicable (3). As the instrumentation for LAMP is portable and easy-to-use, LAMP
is applicable for on-site GMO testing (16).

Comparison of approaches

Costa et al (17) were comparing performance of gPCR, dPCR and NGS for molecular
characterization of grapevine edited lines. These lines contained a knock-out mutation,
obtained via CRISPR/Cas9 technology, in genes involved in plant susceptibility to two
important mildew diseases of grapevine. The results showed good agreement in
integration copy number of a transgene. NGS was less appropriate as it was not able
to discriminate the integration points in three out of ten lines. Still, NGS method could
positively identify T-DNA truncations or the presence of tandem/inverted repeats.
Based on the results of Costa et al (17) the integrated use of all the three proposed
approaches would enable the characterization of transgenic plants already at an early

stage.

Conclusion

All listed approaches were used in detection and/or identification and/or quantification
of GMOs. All except LAMP, were also employed in the characterisation of gene edited
organisms as well as in evaluation of gene editing approaches. All these approaches
could be used also in testing of gene edited organisms as they are enabling detection
of large and small changes of the genome. In addition, laboratories that are currently
testing for GMOs would be capable of testing for gene edited organisms. However,
there is a limitation in the use of these methods, especially for small changes in the
genome. While detection is possible for such changes, they could also appear



1. Detection of plant pathogens

Conventional (traditional) diagnostic methods
- Direct examination of dry seeds — inspection;
- Seed washing test;
- Examination of the embryo - Embryo count method;
- Staining Methods;
- Incubation of seeds (Incubation tests);
- Incubation of seeds on nutrient medium (Agar plates);
- Incubation of seeds on moist filter paper (Blotter test);
- Seedling symptom tests (Biotest).

Immunodiagnostic (conventional) methods
Enzyme immunoadsorption test - ELISA test;
Immunofluorescence test - |F Test;

Seed immunoblot binding assay — SIBA;

Dyed latex bead agglutination test - LA test;
Immunodipstick assay.

Molecular methods

Methods based on PCR:

(Conventional PCR, Nested PCR, Multiplex PCR, RT-PCR, Bio-PCR, etc.);
Genetic imprint - fingerprinting;

Methods based on DNA hybridization;

DNA sequencing.

European and Mediterranean Plant Protection Organization contains compendium of
methods to detect plant pathogens (19). Database of the National Institute of Biology

contains methodologiesfor bacteria, phytoplasmas, viruses and viroids detection

_= gSE databases can contribute r:.apac:ltyr building in CEE-CA Network of Centres



Conclusions

Since there are a lot of diseases and they differ in the causative agent that causes
them (various bacteria, viruses and phytoplasma), the choice of the most suitable
method is based on case by case. At the same time, PCR method and its variations
are increasingly being used, as one of the most accurate methods. PCR is very often
used along with ELISA to detect seed planting material for virus infection.

Since pathogens may differ from region to region, from country to country, it will be
relevant to create a comprehensive list of pathogens for cultivated crops and wild
plants in the country, jointly develop methodologies for common types of
phytopathogens by the CEE-CA Network and, based on the established capacity,
each country will be able to develop DNA or RNA markers and protocols for the
detection of specific phytopathogens relevant for the country.

The existing databases of international organizations and individual institutions can
greatly help the CEE-CA network of Centers of Excellence in building capacity both to
develop screening complex schemes and reliable methods for the presence of
phytopathogens in crop seeds and in wildlife.




1. Species-specific identification

Since there are a lot of species of plant and animal origin that need to be identified in
a country or region in order to conserve biodiversity, the choice of the most suitable
method is based on case by case.

This is probably why there is no clear legislation in countries regarding their laboratory
control, especially for wild species. At the same time, as necessary, methods for
detecting species are being developed in countries, a number of which are included in
the scope of accreditation, and therefore constitute a regulatory legal act of laboratory
regulation for a given species.

Currently, GOST 31719-2012 “Food products and feed. Express method for
determining raw material composition (molecular)” has been introduced into the scope
of accreditation of a number of countries. The standard is intended for the accelerated
identification of species-specific DNA of cattle (Bos taurus), pig (Sus scrofa), chicken
(Gallus gallus), soybean (Glycine max), corn (Zea mays), potato (Solanum
tuberosum), etc. in feed compositions, raw materials, semi-finished products, finished
food products using polymerase chain reaction (PCR) in order to prevent product
counterfeiting and poaching. GOST is also used by laboratories involved in the
analysis of falsification of one type of fish and seafood by another.

Because species identification needs may differ between countries, proprietary
techniques are being developed, primarily based on PCR and its variations.




Examples include developed methods introduced into the scope of accreditation of the
Institute of Genetics and Cytology of the National Academy of Sciences of Belarus
(21):

« l|dentification and certification of varieties of agricultural crops (soft wheat,
potatoes, tomatoes, flax and beets) based on DNA markers.

« Methodological recommendations for identification and certification of apple and
pear varieties based on DNA markers.

« Guidelines for the use of DNA testing in livestock farming in Belarus.

« |Instructions for the use of molecular genetic analysis to establish the species
(population) identity of fish of the sturgeon family and products made from them.

« Technology for genetic identification of salmon species in fish raw materials and
food products (salmon, rainbow trout, pink salmon, coho salmon, chum salmon,

sockeye salmon).
« Technology for genetic identification of fish and seafood species in fish raw
materials and food products.

Bosnia and Herzegovina:

- Test of the quality of the mother flock and fry of fish;

. Selective breeding of fish;

- Hybridization test for salmonids and cyprinids;

. Genetic screening (mitochondrial DNA and lactate dehydrogenase, LDH) of the
mother flock and juvenile fish;

- Genetic characterization of Bosnia and Herzegovina autochthonous fruit and
vegetable varieties;

. Genetic characterization of Bosnia and Herzegovina autochthonous cattle breeds;
. Genetic characterization of Bosnia and Herzegovina autochthonous varieties of
forest trees.

At the same time, as in the case of phytopathogens it will be relevant to create in each

a comprehenswe list of mterest of plant animal and fungi orlgln jolntly develop




Conclusion

For species-specific assessment, there are regulations in the field of methodological
detection of species that describe sequences and primers for a number of plant and
animal species. Some partner countries, such as Slovenia, Bosnia and Herzegovina,
and Belarus, are developing their own methods for detecting the species of interest
and detection protocols, mainly based on PCR and variations of this method.

Since there are a lot of species of plants, animals and fungi on earth, and since the
purposes of laboratory identification of species in the field of conservation of biological
diversity may vary from region to region and from country to country, for example, to
prevent poaching and extermination of species, analysis after an incident of poaching
in forensic science, analysis of adulterations in food, food products, and stern, etc., it
is advisable to create a comprehensive list of interest of plant, animal and fungi origin
in the country, jointly develop methodologies of the species-specific identification for
common species of interest and, based on the established capacity, each country will
be able to develop PCR markers and protocols for the detection of specific species for
the country.




“Enhancing Collaboration between the CEE and Central Asia’s Centres of
Excellence to Address the Key Drivers of Biodiversity Loss and Maintain
Human, Crop and Livestock Health”
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Networking of 7 CEE and Central Asisn countries and
improvement of l|aboratory detection with the application of

molecular genetic methods for identification of key drivers of
biodiversity loss

» Species-specific identification
» LMO detection

» Pathogen detection.... others



Reliable methods —

the Fine Art of Global
Collaboration
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