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Recent addition to the plant breeder’s toolbox…

Genome editing is a fundamentally different way to engineer the genome: 

The genome editor itself is ABSENT from the resulting organism. 
Only the desired edit is present. 

Genome editing redefines the meaning of the word “natural” 

it allows you to move a natural form of a gene from one living organism to another - without 
adding an extra gene to the recipient (solely by changing the recipients’ own natural gene to a 
different equally natural form) 



Policy on gene editing
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NCBP Resolution on Plant 

Breeding Innovations/New 

Breeding Techniques



Executive Order No. 514, Series of 
2006:

“Establishing the National 
Biosafety Framework, Prescribing 
Guidelines for its Implementation, 
Strengthening the National 
Committee on Biosafety of the 
Philippines, and for other 
Purposes”

DOST-DA-DENR-DOH-DILG Joint Department 
Circular No. 1, Series of 2016: 

“Rules and Regulations for the Research 
and Development, Handling and Use, 
Transboundary Movement, Release into 
the Environment, and Management of 
Genetically-Modified Plant and Plant 
Products Derived from the Use of Modern 
Biotechnology”

LEGAL BASIS



This regulation shall cover plant and plant
products derived from New Plant Breeding
Techniques or Plant Breeding Innovations to
determine whether or not they should be
regulated as Genetically Modified Organisms
(GMOs)

SCOPE

To be, or not 
to be a GMO, 
that is the 
question



Definitions

▰ Since 2005, NBTs have been subject of global regulatory discussion,
because organisms developed with NBTs can have genetic changes that
could have been achieved through traditional breeding or which could
occur naturally.

▰ This raised regulatory concerns, e.g.:

▻ Do those organisms fall under the regulatory definitions (e.g. GMO,
GEO, LMO)?

▻ Enforcement – detection and identification?

▰ Whether and which genome edited organisms fall under regulations
depends on the regulatory definitions. :

▻ Whether and which genome edited organisms are LMOs in the sense
of the Cartagena Protocol on Biosafety (CPB) depends on whether
they fall under the LMO definitions of the CPB



• Genetically Modified Organisms – also refers to “living modified organism” under the Cartagena
Protocol on Biosafety and refers to any living organism that possesses a novel combination of
genetic material obtained through the use of modern biotechnology;

• Living organism – any biological entity capable of transferring or replicating genetic material,
including sterile organisms, viruses and viroids;

• Modern Biotechnology – refers to application of: a) in vitro nucleic acid techniques, including
recombinant deoxyribonucleic acid (DNA) or direct injection of nucleic acid into cells or
organelles; or b) fusion of cells beyond the taxonomic family, that overcome natural
physiological reproductive or recombination barriers and that are not techniques used in
traditional breeding selection;

• New Plant Breeding Techniques – also refers to Plant Breeding Innovations, refers to a new set of
molecular, genomic and cellular tools that enable the targeted and efficient development of new
varieties of crops with desired traits in a way that is faster and more precise than conventional
plant breeding techniques;

• Novel Combination of Genetic Material – a resultant DNA combination in a living organism that
is not possible through conventional breeding



Other or upcoming techniques that have the
potential to produce non-GM or both non-
GM and GM plants as final products

Site-Directed Nucleases (SDN)

Oligonucleotide-Directed 
Mutagenesis (ODM)

Cisgenesis and Intragenesis

RNA-dependent DNA 
Methylation (RdDM)

Grafting with GM 

material

Reverse Breeding

Agro-infiltration

Synthetic Genomics

NEW BREEDING 
TECHNIQUES



Products from NBTs or PBIs maybe classified as either:

a) GMOs –if they contain a novel combination of genetic material obtained through the use of modern

biotechnology, which “novel combination”, this Resolution defines as a resultant genetic combination

in a living organism that is not possible through conventional breeding, or

b) non-GMOs or conventional products - if they do not contain a novel combination of genetic

material

NBT/PBI-derived GM plants and plant products will be 
regulated under the JDC#1, s2016; 

NBT/PBI-derived non-GM plants and plant

products will not be regulated under this Circular



• Evidence-based policy – informed by the advancing
scientific evidence and experience worldwide and that
the processes for deciding on regulatory oversight are
transparent;

• Certainty – confirms that products of NBTs, when they do
not contain a novel combination of genetic material, do
not fall within the scope of GMO regulation;

• Regulating trait/product- risk assessment should be based
primarily on the specific, science-based characterization
of new plant cultivars, by whatever method, not on the
processes by which they are generated;

• Department of Agriculture – issue guidelines and take the
lead in evaluating and monitoring plants and plant
products derived from the use of modern biotechnology,
including Plant Breeding Innovations (PBIs) or New Plant
Breeding Techniques (NBTs)



1. Produced 
through Modern 
Biotechnology? NoYes

2. With novel 
combination?

NoYesNoYes

GMO (Classic) PBI (Case 1) HGT CBT

rDNA
technology with 
trans insert;
Direct injection;
Fusion of 
unrelated cells

Site-directed Nuclease 1 (SDN1);
SDN2*;
Grafting with GM material;
Oligonucleotide-directed 
mutagenesis (ODM); 
Cisgenesis and Intragenesis;
RNA-dependent DNA methylation 
(RdDM);
Reverse Breeding;
Agroinoculation of non-germline
tissues;
SDN3 with cis insert*; 

Agroinoculation of germline

tissues with cis insert; 

Synthetic Genomics **(cis-like 

sequence integration or faithful 

genome reconstruction)***

Mutagenesis 
(chemical, physical, 
transposon, 
retrotransposon);
Hybrid breeding;
Tissue culture; 
Fusion of related 
cells

Natural genetic  

transformation of 

some plants 

through
horizontal gene 
transfer (HGT) by 
some bacteria and 
viruses

GM Regulation Non-GMO

DECISION TREE ON THE TREATMENT OF PLANT AND PLANT PRODUCTS DERIVED FROM THE USE OF PLANT 
BREEDING INNOVATIONS

2. With novel 
combination?

PBI (Case 2)

SDN3 with trans 
insert*; 
Agroinoculation
of germline 
tissues with 
trans insert; 
Synthetic 
Genomics** 
(trans-like 
sequence 
integration)***

*Includes the new CRISPR-CAS with Prime Editing (Science, 2019)           ** Different from Synthetic Biology which specializes on artificial organisms      ***Pertains to a largely synthetic  assembled genome        

Techniques listed under PBI Case 1 and Case 2 may expand as new technologies emerge. Any PBI technique must potentially produce a non-GM  or both non-GM and GM plant as a final 
product..



Modern 
Biotechnology

NoYes

GE (Classical) PBI (Case 1)

• rDNA technology 
with trans insert;

• Direct injection;
• Fusion of 

unrelated cells

• Site-directed Nuclease 1 (SDN1);
• SDN2;
• SDN3 with cis insert; 
• Oligonucleotide-directed mutagenesis (ODM); 
• Cisgenesis and Intragenesis;
• RNA-dependent DNA methylation (RdDM);
• Grafting with GM material;
• Reverse Breeding;
• Agroinfiltration of non-germline tissues; 
• Agroinoculation of germline tissues with cis 

insert; 
• Synthetic Genomics (cis-like sequence integration 

or faithful genome reconstruction)

GMO

SUMMARY

With novel 
combination?

• All of the 8 NBTs/PBIs can result in a non-GMO
• 4 have an intermediate GM stage  (in bold fonts) 
• SDN1, SDN2, SDN3 with cis insert and ODM can 

result in a non-GMO (no novel combination)

Non-GMO



Modern 
Biotechnology

NoYes

GE (Classical) PBI (Case 1)

• rDNA 

technology with 

trans insert;

• Direct injection;

• Fusion of 

unrelated cells

• Site-directed Nuclease 1 (SDN1);
• SDN2;
• SDN3 with cis insert; 
• Oligonucleotide-directed mutagenesis (ODM); 
• Cisgenesis and Intragenesis;
• RNA-dependent DNA methylation (RdDM);
• Grafting with GM material;
• Reverse Breeding;
• Agroinfiltration of non-germline tissues; 
• Agroinoculation of germline tissues with cis 

insert; 
• Synthetic Genomics (cis-like sequence integration 

or faithful genome reconstruction)

GMO

SUMMARY

With novel 
combination?

PBI (Case 2)

• SDN3 with trans 
insert; 

• Agroinfiltration of 
germline tissues with 
trans insert; 

• Synthetic Genomics 
(trans-like sequence 
integration)

• All of the 8 NBTs/PBIs can result in a non-
GMO

• 4 have an intermediate GM stage  (in bold 
fonts) 

• 3 NBTs can also give rise to a GMO

Non-GMO



Proposed Rules and Procedure to 
Implement NCBP Resolution on the 
Regulation of Products of Plant 
Breeding Innovations or New Plant 
Breeding Techniques



RESOLVED: “that products from Plant Breeding
Innovations may be classified either as: (a) GMOs,
if – as defined under E.O. 514 s. 2006 - they contain
a novel combination of genetic material obtained
through the use of modern biotechnology, which
“novel combination” the NCBP defines as a resultant
genetic combination in a living organism that is not
possible through conventional breeding; or (b) non-
GMOs or conventional products, if they do not
contain a novel combination of genetic material.
A decision tree is attached to this resolution as Annex
A”

RESOLVED: “that only PBI-derived GM plants and
plant products would be regulated under the
JDC1. Consequently, PBI-derived non-GM plants
and plant products would not be regulated under
the said Circular”

RESOLVED: “that the DA shall issue guidelines and
take the lead in evaluating and monitoring plant
and plant products derived from the use of modern
biotechnology, including Plant Breeding Innovations”





Procedure for the Conduct of Technical Consultation for Evaluation and 
Determination (TCED)

Procedural requirements for the conduct of a TCED:
1. TCED Request Form
2. Accomplished Prior Evaluation Form (PEF)

- type of organism and species involved
- description of breeding technique used
- novel trait introduced and evidence of desired genetic change
- proof of absence of inserted genetic material
- Certification from DOST-BC ( if locally developed)
- scientific studies, experimental evidence, and other documents
to support claims in the PEF

Technical Consultation for Evaluation and Determination (TCED)
Request for technical evaluation to determine 
whether or not the PBI/NBT product contain a 
novel combination of genetic material.

Decision
If GMO: will undergo regulation
If non-GMO: Certificate of Non-
Coverage

PBI/NBT product for introduction into the environment
Completed contained use study under the DOST-Biosafety Committee
(for locally-developed)

BPI-Biotechnology Regulatory Team
Responsible for the conduct of TCED. Discuss and 
review the submission, particularly the Prior 
Evaluation Form (PEF) and other supporting 
documents.

Other important feature:
➢ Mutual Recognition 

Agreements



PROCESS FLOW FOR THE CONDUCT OF THE TECHNICAL CONSULTATION FOR EVALUATION AND 
DETERMINATION (TCED) 

Product 

Developer

Covered 

under 

JDC1?

BPI 

Director

BPI 

Biotechnology 

Regulatory 

Team

BPI Biotech 

Secretariat

No

No
Yes

Sufficient?

•Product Developer submits to BPI 

Biotech Secretariat Requests for 

TECD If its PBI product is covered 

by JDC1 based on the NCBP 

Resolution on PBI

• Submission includes:

a. Accomplished TECD Request 

Form

b. Accomplished Prior 

Evaluation Form (PEF)

c. Scientific studies, 

experimental evidences, 

other documents to support 

claims in PEF 

d. DOST-BC Certificate of Non-

Coverage, if product is 

locally developed and has 

undergone contained use in 

the Philippines under the 

supervision of DOST-BC

e. Proof of payment of 

processing fee 

• BPI Biotech Secretariat 

examines  submission in 

terms of sufficiency in form 

and substance 

• If found sufficient, accepts 

submission and, within 3 

days of acceptance, 

endorses to BPI 

Biotechnology Regulatory 

Team (BPI-BRT) for conduct 

of TECD

• If found insufficient, returns 

it to Product Developer

•Within 7 days upon receipt, BPI-BRT

schedules its TECD meeting

•May seek technical advice from 

technical experts 

• Invites Product Developer to be 

available during meeting (F-F or online) 

for possible presentation and 

clarification on PBI/NBT product 

•Second consultation may be set within 

5 days after first, if there are additional 

concerns requiring further discussion

•During consultation/s , a) evaluates 

submission using PEF, scientific 

information, and Annex A of NCBP 

Resolution (decision tree), and b) 

determines regulatory status of 

PBI/NBT product if covered by JDC1, 

then c) drafts its Report on Official 

Determination (ROD)

•ROD is endorsed  to the BPI Director 

within 7 days after conclusion of TCED

•Within 5 days upon receipt of ROD, BPI 

Director:

a) If PBI/NBT product is determined as 

GMO, informs Product Developer in 

writing and advises that PBI/NBT product 

may be applied for biosafety permit 

under JDC1 for any of the activities and 

use of the regulated articles

b) If PBI/NBT product is determined as  

non-GMO: issues to Product Developer a 

Certificate of Non-Coverage from the 

JDC1, which is made public by posting on 

BPI website and requires Product 

Developer to submit report on annual 

distribution of the PBI/NBT product

Yes



Information Requirements
Argentina 

CONABIO

Brazil 

CTNBio

Chile 

SAG

Colombia 

ICA

Honduras 

SENASA

US

USDA 

Japan Philippines

MOE MHLW DA-BPI

Information:

Voluntary vs. Required
R R R R R V R R R

(Breeding) Method used/Grouping of 

breeding method ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Alternative breeding method thru which 

the characteristic may have been 

obtained

✓

Description of intended new 

characteristic/ modification of existing 

characteristic/ equivalence to non-edited 

comparator

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Genetic map/construct used/delivery 

method
✓ ✓ ✓ ✓ ✓

Molecular characterization/description of 

genetic change/sequence ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Information about methods used to 

discard foreign genetic material
✓ ✓ ✓ ✓ ✓ ✓

Information on authorization by other 

countries
✓ ✓ ✓ ✓ ✓

Usage of the organism 

(cultivation vs. import for food/feed)
✓ ✓ ✓

Comparison across Countries
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Intra-Department Consultation
7 September 2021

1st Stakeholder Consultation
13 September 2021

2nd Stakeholder Consultation
30 September 2021



Status of R&D with the 
application of gene 
editing in the Philippines



• BLB is a major constraint for rice 
production causes 20 to 70% yield
losses

• Major disease in South Asia, 
Southeast Asia and Africa.

• Caused by Xanthomonas oryzae pv. 
oryzae (Xoo)

• Deploying resistance genes (natural 
mutation in the bacterial  TAL 
effector binding element of rice 
OsSWEET genes) is the most 
effective approach

• However, single mutation is no 
longer effective

Targeting agronomic trait important to farmers

Broad spectrum resistance to bacterial leaf blight (BLB) diseases 
in rice (IRRI and CIAT and collaborative team led by HHU)



• Rice Tungro Virus Disease is a serious 
constraint in rice production across 
tropical Asia. RTD is caused by the 
interaction between Rice tungro
spherical virus (RTSV) and Rice tungro
bacilliform virus (RTBV).

• Natural variation in `Utri merah’ 
resistant rice cultivar  for RTSV 
Resistance is controlled by eIF4G in chr 7 
(Lee et al., 2010).

• We developed novel variant by gene 
editing showing resistance to RTSV 

GLH

RTSV
(RNA virus)

Rice tungro spherical virus (RTSV)



Yield trait

• Knockout Yield Related Genes 
Using CRISPR-Cpf1 System in 
Samba Mahsuri and IR64

• Gen : Gn1a



OsEPFL9 Knocked-out in Rice Using CRISPR
to reduce the mature stomata number for 
Water Use Efficiency

Cas9-S1WT

On going study



• Past 20 years, 10 billion capsules, 

(reduce preschool mortality by 

12-24%)

Cost US$10-15 billion 

VITAMIN A

• About 1.5 billion people 
suffer from Fe deficiency 
anemia

• Impairs cognitive function 
in children

IRON (Fe)

• Affects 1.2 billion people 

• Results in weakened 
immune systems, higher 
mortality, and stunting 

• 25% children (<5 years) are 
stunted

• Stunting results in poor 
brain development and 
cognitive function.

ZINC

Source: Van Der Straetten, Slamet-Loedin et al,  2020 Nature comm.

?

Biofortification by Gene Editing approach 
in progress



Targeted Genome Editing using CRISPR-Cas9 Technology: 

Capacity Building and Proof-of-Concept 

in Rice, Corn, and Tomato

Implementing Agency: University of the Philippines Los Baños

Cooperating Agency: IRRI

Dr.  ANTONIO C. LAURENA

Project Leader



Seminars, trainings and workshops on 

CRISPR-Cas9 for capacity-building of 

University faculty, staff and students and 

other SUC's

YEAR 1 YEAR 2 YEAR 3

Tissue culture rice, corn and 

tomato plants as starting 

material for transformation

Lycopene 

cyclase for 

enhanced 

anti-oxidant 

(orange to 

deep-red 

fruit) 

Gene Editing using CRISPR

(Cas9 and Cpf1)

T1-T2 Generation:

Phenotypic analysis and 

chemical characterization 

EPF/EPFL for 

reduced 

stomatal density

Phytic acid 

(ZmIPK1) change by 

5-10% vs. wild type 

for better nutrient 

availability



EPF/EPFL gene family in Rice

Tameshige, et al. 

2016

EPF1 and EPF2 have a negative role in rice 

leaf stomatal development while 

EPFL9/Stomagen acts as a positive regulator of 

leaf stomatal density. CRISPR-Cas9 and Cpf1 

gene editing technology were applied to edit the 

EPF/EPFL genes to cause loss of function of 

the targeted genes. Knocking out the function 

of the positive regulator would reduce the 

stomatal density. This is desirable in the 

development of drought-resistant rice varieties 

to decrease the rate of transpiration, applicable 

in tropical countries like ours. Likewise, altering 

the expression of the negative regulator to 

produce the desired density of stomates will 

allow for efficient photosynthesis.



ZmIPK1 gene in corn

Decrease in phytic acid 

biosynthesis in white corn 

using CRISPR/Cas9 

technology by targeted 

editing of the enzyme 

encoded by the gene 

IPK1 (Inositol 1,3,4,5,6-

pentakisphosphate 2-

kinase) which catalyzes 

the terminal step of the 

phytic acid biosynthetic 

pathway. Reduction of 

phytic acid in corn 

increases 

bioavailability of many 

cations and thus 

increases the 

nutritional value of the 

produce.

Kishor, et al. 2019



Lycopene cyclase gene in Tomato

Te´lef, et al. 

2006

Tomato lycopene beta-cyclase 

(Lcy-b) and lycopene epsilon-

cyclase (Lcy-e) genes among the 

carotenoid genes in the 

carotenoid biosynthetic pathway 

are responsible for fruit color in 

tomato among other quality traits. 

Specifically, Lcy-b, which 

catalyzes several steps to 

convert relevant precursors to 

lycopene and carotene, while 

Lcy-e to further convert lycopene 

to carotene. By regulating this 

pathway, it is expected to 

produce a visible changes in 

fruit color, specifically favoring 

red fruit flesh due to the 

accumulation of lycopene 

carotenoid.



Philippine Rice Research Institute

Improving popular released rice varieties through gene editing 



Traits to be targeted

• Tungro resistance

• Bacterial leaf blight (BLB) resistance 

• Optimized grain amylose content

▰Ultimately, the outputs are expected to increase

consumer preference, help secure farmers’ incomes and

reduce dependence on pesticides.



Crop Biotechnology Center



KEY TAKE-AWAY MESSAGE:

▰ The Philippines now has a regulatory policy (NCBP Resolution) on products
of NBTs/PBIs, including genome editing;

▰ For products of genome editing that do not possess foreign DNA (SDN1,
SDN2, ODM and SDN3 with cis insert), the existing GM regulation will not
apply;

▰ SDN3 with trans insert (GMO) shall be covered by the GM regulation;

▰ The Department of Agriculture (DA) has already drafted the rules and
procedure in evaluating products of NBTs and has conducted three
consultations;

▰ Any genome-edited product is subject to a determination step if it is
covered by the GM regulation (JDC#1 s2016) or not;

▰ A certificate of non-coverage from the JDC#1 is expected to be issued (by
the DA-Bureau of Plant Industry) for non-GM products of NBTs.



THANK YOU!
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