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Table 1- Criteria for Selecting a Sample of Selected Countries for Legal and Regulatory Considerations in the

Field of GM Products

categorization Countries

Key Features

United States, Canada, Brazil

Role in Production, Export &  (Major Producers) and

Import European Union, Japan (Main
Importers)

Diversity in Regulatory & ) )

supervisory Approaches Countries representing

different approaches

Emerging Powers & Large

Markets China, India

Emerging economies (e.g.,
Brazil, India, China);
Strategic considerations
(Japan, Russia, Iran)

Unique & Strategic
Approaches

Largest producers and exporters of GMOs, over 85% of global
crops; science-based regulatory systems and trade facilitation;
focus on final product assessment.

Product-based (Canada), coordinated inter-agency structure
(USA), precautionary/strong  regulatory (EU, Japan),
developmental/rapid adoption (Brazil), in transition/extensive
with state control (China, India), limited or banned (Russia), and
a case with a national biosafety law but imbalanced

implementation (Iran).

Huge population and high need for food security; heavy
investment in agricultural biotechnology; evolving regulatory
systems balancing food self-sufficiency, environmental

protection, and public concerns.

Japan: Dual approach; strict on traditional GMOs but open to gene
editing. Russia: Complete ban on GMO cultivation motivated by
national security and support for domestic production. Iran: Legal
framework based on the Cartagena Protocol; accompanied by
implementation challenges and internal debates. In BRICS
countries, GMO policy is symbolic of larger national challenges
including: food security (China), economic development vs.
national  sovereignty  (India, Brazil), and national

identity/geopolitical positioning (Russia)

Source: Research Finding
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Table 2- Comparative Matrix of Bioengineered Food Regulatory Frameworks (GMOs) in Selected Countries

Main . Legal . Stance on
. Labeling Compliance
. inputs . Framework o . Gene
Main regulatory L Regulatory Requirements Cultivation with the .
. (cultivation . & Key Editing
Country bodies R Approach  (Requirement . status Cartagena
or major & Threshold) Technical Protocol (eg,
imports) Process CRISPR)
Law:
Coordinated
Framework
Mandatory (1986). Mostly
USDA, EPA, Corn, Soy, Product- (NBFDS), but Process: _ Not a outside
USA Cotton, with many Safety ~ Widespread GMO
FDA based . Member
Sugar Beet exemptions assessment of regulatory
(5% threshold) final product framework
and
environmental
risk
Law: Food and
Drugs Act. Developing
Canada Health Canada, C r(rllansola, b (Ij’r((])\;iucti Voluntary, no Process: Widespread Not a (product-
a CFIA o, 50Y, ased L tove threshold Safety esprea Member based
Sugar Beet Foods
assessment of approach)
"novel food"
Law:
Regulation on
Safety
i thton Process-  Mandatory, no A;i;nm'l strlat10r11 Under
. MARANBC  (cultivation), based threshold (any . &MY tura Limited review
China Soy and . GMOs (2001). . Member .
GACSAMR Com (cautious); detectable Process: (expanding) (cautious
(imports) Strategic presence) Multi-stage approach)
safety
assessment
and field trials
Law: Food
Sanitation Act,
255 Coragns At
Japan FSC, MHLW, CompSO . Producti Mandatory, Safet; : Very Member GMO
P MAFF,MOE » >0% 5% threshold Y limited regulatory
Canola based for assessment of framework
SDN-1 food, feed, and
biodiversity
impacts
Law:
Environment
Protection Act
Cotton (Bt Process- Mandato (1986)(’1%?;)5 Limited Exempt
India GEAC, FSSAI based (very N Iy, : (Cotton Member  from GMO
Cotton) ) 1% threshold Process:
cautious) . only) laws
Environmental
and food risk
assessment,
confined trials
European Com Process- Mandato Law: Directive
European Commission, . based; o4 2001/18/EC, Very Under
. (limited . 0.9% . . Member
Union EFSA A Precautionary Regulation limited GMO laws
o cultivation), L. threshold
eSS principle (EC)
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Mandatory,
1% threshold

Mandatory,
0.9%
threshold

Mandatory,

1829/2003.
Process:
Centralized
scientific risk
assessment (by
EFSA),
traceability,
post-market
monitoring
Law: Law No.
11,105/2005.
Process: Case-
by-case
scientific risk
assessment
Law: Federal
Law 358-FZ
(2016).
Process: State
registration
and
monitoring of
imported
products

Law: National
Biosafety Law
(2009).
Process: Risk
assessment

Widespread

Banned

No
widespread
commercial

Member

Member

Member

Outside
GMO
regulatory
framework

Developing
regulations

No clear
legal
stance

Imports:
Soy
CTNBio, CNBS, Hybrid,;
Brazil MAPA, Soy, Corn, Science-
ANVISA, Cotton based for
IBAMA NGTs
Imports:
. Rospotrebnadzor, Soy and Cautious
Russia Rosselkhoznadzor Com approach
(animal (full ban)
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Source: Research Finding

Fig 1-Chart of GMO Labeling Requirements in Selected Countries
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USA

Canada

European
Union

Brazil

Iran

India

China

Japan

Russia

Coordinated Framework for
Regulation of Biotechnology (1986)
- Plant Protection Act FD&C Act .

TSCA Laslg: USDA-APHIS FDA-
CFSAN/OVR EPA

Novel Foods Regulations (1999)- CFIA .
Health Canada (s slg

Directive 2001/18/EC - Regulation
(EC) No 1829/2003 & 1830/2003
Bodies: EFSA, DG SANTE,
National Authorities

Biosafety Law No 11.105/2005 -
Decree 4680/2003
Bodies: CTNBio, MAPA, ANVISA

National Biosafety Law (approved
2009)
Bodies: National Biosafety Council,
Ministry of Jihad-e-Agriculture,
Ministry of Health
Rules 1989 on Hazardous
Organisms & GMO - FSSAI
Regulations (2018) slg: GEAC

(MoEFCC) FSSAI

Regulations on Safety
Administration of Agricultural
GMOs (2001/2002)
Bodies: MOA, AQSIQ (Import
control)

Cartagena Act (2003) - Food Safety
Basic Act (2003)
Bodies: MAFF, MHLW, NITE

Federal Law No 86-FZ on GMOs

(1996) & subsequent amendments
Bodies: Rosselkhoznadzor,
Rospotrebnadzor

FDA licensing
APHIS for field testing and
environmental release
- Voluntary Bioengineered (BE)
Disclosure Rule

- Pre-market safety assessment
- CFIA authorization for cultivation
and import
- Voluntary labeling and mandatory
for allergens
- Step-wise risk assessment
- Supply chain traceability and
labeling from 0.9% GMO
- Frequent inspection of imported
shipments
- CTNBAIo risk assessment for release
and commercial cultivation
- OECD-based feeding and
environmental studies
- MAPA labeling from 1% GMO
- National Council technical permit
for lab and field
- Step-wise risk assessment
guidelines
- Drafting labeling regulations
- GEAC approval for testing and
cultivation
- FSSAI food safety assessment
- Mandatory labeling above 5%
GMO
- MOA agricultural safety certificate
issuance
- Field tests according to national
standard
- Mandatory labeling above 5%

GMO

- NITE environmental risk
assessment
- MAFF/MHLW approval for
cultivation and import

- Voluntary food labeling
- State registration of GMOs before
production

- Permit for environmental testing
and periodic monitoring
- Mandatory labeling of all GMOs

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Nagoya Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Cartagena Protocol
Codex Alimentarius
WTO SPS/TBT

Source: Research Finding
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Criterion legal  safety confirmation  transparency market  consumer
legal 1.000 0.500 0.333 0/2 0/2 0/3
safety 2.000 1.000 0.500 0/3 0/3 0/4
confirmation 3.000 2.00 1.000 0/2 0/2 0/3
transparency 0.500 0.333 . 0.500 0/1 0/1 02
market 0.500 0.333 0.500 0/1 0/1 0/2
consumer 0.333  0.025 0.333 0/5 0/5 0/1

Source: Research Finding
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0.0456
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CR = CI/RI = 0.0456/1.25 = 0.0365
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Table5- Index-Based Evaluation Matrix of Selected Countries

Americ Canad European Indi . Russi

Country/ Index Iran China Japan Brazil

a a Union a a
Legal Framework 4 4 5 3 4 3 4 4 3
Monitoring & 4 4 5 3 4 3 4 4 3
Enforcement System
Role & Responsibility of 5 4 5 3 4 3 4 4 3
Regulatory Bodies
Regulatory Stringency 3 5 4 4 4
Product Approval Process 4 4 3 4 3 4 4 3
Transparency & Public 3 4 2 2 2 2
Participation
Innovation & Market 5 4 2 2 4 3 3 4 2
Risk Assessment Method 4 4 5 3 4 3 4 4 3
Licensing Process 4 4 5 3 4 3 4 4 3
Containment Process 3 3 4 3 4 3 3 3 3
Cartagena Protocol 0 0 1 1 1 1 1 1 1
Membership
Labeling Requirements 2 2 5 4 5 3 5 5 4
Economic Benefits & 5 4 2 2 4 3 3 4 2
Impacts
Stakeholder Views 3 3 2 2 2 3 3 3 2
Approved GMO Events 5 4 2 1 3 2 2 4 2
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Consumer Acceptance 3 3 2
Percentage

Safety Concerns 3 3 5
Cultivation Area 5 4 1
Post-Market Monitoring 3 3 5

2 3 2 3 2
3 4 4 3 4
4 2 1 4 1
3 2 3 3 3

Source: Research Finding

Table 6 - Results of Analytic Hierarchy Process (AHP) for Evaluation of Key Indicators of Selected

Countries
Country/Main Legal Safety and Approval  Transparency Market and Social
Index and risk and and implementation and
institutio  management licensing  participation consumer
nal process factors
framewo
rk
America 0/60 0/65 3/73 3/53 0/100 0/70
Canada 0/60 0/65 3/73 3/53 0/80 0/70
European Union 3/73 0/95 0/100 3/73 0/35 0/70
Iran 7/46 0/60 7/66 3/53 0/30 0/35
China 0/60 0/70 0/80 0/60 0/75 0/60
India 7/46 0/60 7/66 3/53 0/50 0/60
Japan 0/60 0/70 0/80 3/73 0/45 0/60
Brazil 0/60 0/65 3/73 3/73 0/80 0/70
Russia 7/46 0/65 7/66 3/53 0/40 0/50

Source: Research Finding

X0 1Ky g ool € 0TV = 008 x 00 56 O sl

¢ 08880 = +.0488 x 0 ol e XYEY = A

£VVED ¢ samn

ans e O AHP Lo s

e s,

1ale st 05y skl el
2 Glae 035 % Sbas 3Ll = ol 5l

Lol sl Gl arlons 4 50

Table 7- Ranking of Selected Countries in the Field of GM Products (Using 6 Main Indicators and 19 Sub-

Criteria) Using AHP Method

Country/index AHP score

percentage rank

European Union 4/14133
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China 3/51224
America 3/47241
Brazil 3/47241
Japan 3/43474
Canada 3/36741
India 2/9045
Russia 2/88575
Iran 2/7685

70/24% 2
69/44% 3
69/44% 4
68/49% 5
67/34% 6
58/08% 7
57/71% 8
55/37% 9

Source: Research Finding
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Fig5- Ranking Chart of Selected Countries in the Field of Transgenic Products (Using 6 Main Indicators and 19

Sub-Criteria) Using AHP Method
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Table 8 - A Comparative Evaluation Matrix for the Effectiveness of Regulatory Systems Based on 4 Main
Criteria in Selected Countries

. . Regulatory
Country/Criterion Sa.f(?ty and Risk Tran.sparency and Economic E{npowerment Predictability and
Mitigation Public Trust and Innovation .
Efficiency
High: Robust N'Ie(ilum: Mgndatory High: Efficient process, ioh: Clear f d
scientific assessments dlsc.osure exists, but encourages innovation, and ngl.l' Clear ramev_lork an
USA L flexible formats (QR . L ’ relatively fast, predictable
by three specialized . . leads in cultivation and
. codes) reduce immediate processes.
bodies. S development
on-package visibility
igh: Ri R : i igh: Scienti . .
High: Rigorous Medium: Labeling is High: Scientific and
science-based safety voluntary, leaving efficient process High: Transparent, science-
Canada ’ i based process with

European Union

assessments by Health
Canada.

Very High:
Extremely strict
assessments and
post-market
monitoring.

High: Centralized,

consumer choice to the
market.

High: Mandatory
labeling, traceability, and
public participation aim
for trust.

Low: Processes are
opaque, and decisions

China state control over .
are often made without
safety. S .
public justification.
Hl.gh:. Rigorous Medium: Labeling laws
. scientific assessments . A
Brazil L are evolving, and public
by the specialized debates continue
body CTNBio. ’
Very High: Multi- Low: Complex
layered and rigorous .
Japan bureaucratic processes
assessments by several L
R and political
ministries.
High: Dual Medium: Proposed
India framework of GEAC labeling rules are strong,
and FSSAI ensures but implementation is a
rigorous assessments. challenge.
High (State Control): Low: Decisions are made
. The government has S
Russia by decree with little
full control over transparenc
safety. P th
Medium: L.aw.s exist, Low: Legal ambiguities
but reports indicate
: and weak enforcement of
Iran gaps in . .
: . labeling undermine
implementation and
- transparency.
monitoring.

supporting innovation and
agricultural trade.

Low: Long and political
process, limits approvals,
and suppresses cultivation.

High (Strategic): Facilitates
imports for industry and
targets domestic R&D.

Very High: Efficient process
has made Brazil a GMO
production and export giant.

Low (Domestic): Domestic
cultivation is practically
halted, limiting domestic
innovation.

Low (Domestic): A
practical ban on cultivation
has halted innovation in

Low: A ban on cultivation
eliminates any domestic
innovation and
development.

Low: Regulatory
uncertainty and trade
limitations hinder
innovation and
development.

predictable outcomes.

Low: Political impasses and
uncertainty make the process
unpredictable and inefficient.

Variable: The process for
imports can be unpredictable
and influenced by politics.

High: Scientific and fast
process leads to predictable
outcomes.

Medium: The process is
scientific, but
bureaucratic complexity
can slow it down.

Low: Complex bureaucratic
processes and political

High (in certainty): The
rules are clear (cultivation
ban), but state power to ban
imports creates trade
uncertainty.

Low: Contradictions in
laws and irregular
enforcement create an
unpredictable
environment.
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This research paper compares with a comparative analysis of the
effectiveness of international and national regulatory bodies related to
transgenic products (GMOs) in ensuring the safety and transparency of
bioengineered food in nine selected countries including Iran, India, China,
Japan, Russia, the United States, Canada, the European Union, and Brazil.
This research has been conducted using a qualitative method and a
comparative-documentary analysis approach. Data is collected through
library and documentary methods including national laws and regulations,
guidelines from regulatory agencies Such as the U.S. FDA and the EFSA of
the European Union and the corresponding institutions in China, Japan,
Brazil, India, Russia and Iran, scientific articles, policy reports, and
documents of the Cartagena Protocol on Biosafety and documents of
international organizations WHO, FAO, CODEX, WTO have been collected
and analyzed. Based on the findings, three divergent regulatory models were
identified: product-based model (United States, Canada, Brazil), process-
based model (European Union), strategic and limiting model (Russia, and to
some extent China, India, Iran, Japan). It is worth mentioning that the
emergence of new genomic techniques (NGTs) has created a new complexity
in the international regulation of this field. The results of this research can
help policymakers, regulators, and key stakeholders to balance safety
concerns with the benefits of technology by moving from unresolved
disputes to convergence, and to design a more sustainable future for
agricultural biotechnology through efficient regulatory systems, Strategic
investments (such as more sophisticated applications such as plant vaccines;
the use of artificial intelligence in international platforms) to design a more
sustainable future for agricultural biotechnology.
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