Comments on the “Consolidated Report of PhilRice and IRRI’s GR2E
rice application for direct use as food and feed, or for
processing”
Summary
The Consolidated Report represents comments from various government agencies
on the application of genetically modified (GM) GR2E Golden rice for direct use as
food and feed, or for processing. Its assessment is positive towards the food and
feed safety of GM GR2E Golden rice. However, the supporting information (GR2EFFP-supporting-dossier-PH) and supporting studies (GR2E-FFP-submitted-studyreports-PH) show deficiencies in the data provided for the risk assessment. These
deficiencies cast doubt on the assessment, and the safety of GR2E for food and feed.
In summary, these deficiencies are:
1) The analysis of the open reading frames in the molecular data is
insufficient. The insertion of the DNA has caused open reading frames (ORFs)
to be created1. It is vital to determine whether these ORFs are transcribed to
the RNA level and, if so, what are the implications of this transcription. Only
bioinformatic searches are provided and these are insufficient to fully assess
the implications of these ORFs (and hence food safety).
2) The composition data is of insufficient quality.
a. The experimental design of the field trials is insufficient for the
required statistical power. There is a lack of non GM commercial
varieties included in the field trials and the number of replicates in
each are only 3, in comparison to the recommended four replicates by
EFSA2.
b. The summary (GR2E-FFP-supporting-dossier-PH) of significant
differences in compositional data examined by the agencies (Table 29)
in assessing the food safety of Golden Rice is a gross
oversimplification of the, possibly important, differences seen in the
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An open reading frame (ORF) is defined as any nucleotide sequence that consists of a string of
codons that is uninterrupted by the presence of a stop codon in the same reading frame (EFSA, 2011.
EFSA Journal 9, 2150.). These have the ability to be transcribed to RNA and translated into a protein.
In GM crops, ORFs have the potential to produce unintended RNA, which may interfere with cellular
regulatory functions, or to produce and unintended novel or altered protein. As allergens are
proteins, such ORFs are a concern for food safety and require robust evaluation.
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EFSA, 2011. Guidance for risk assessment of food and feed from genetically modified plants. Panel
on genetically modified organisms. EFSA Journal 9, 2150.

nutritional composition between individual sites and for individual
years, notably for the levels of numerous fatty acids.
Data are pooled across 4 different sites for each of the two years and
then amalgamated so only one significant difference remains (steric
acid). However, the number of significant differences between GM
GR2E Golden rice and the comparator increases considerably when
the pooled data for each year are examined and increase still more
for individual sites. Further investigation is needed to determine the
underlying cause(s) of the significant differences, particularly for
fatty acids.
c. The uptake of potentially toxic elements (e.g. lead, cadmium,
arsenic) have not been assessed, despite rice being well known for
taking up these elements.
d. Levels of intermediate compounds in the engineered pathway to
carotenoids have not been assessed. The engineered metabolic
pathway to produce beta carotene (and other carotenoids) contains
intermediary compounds and it’s important to determine whether
there is any risk associated with any intake of intermediary
compounds in this GM rice.
3) There is no GM rice grown commercially anywhere in the world. Despite
this, GM contamination of rice has occurred. Therefore, GM rice
contamination is possible even without commercial growing. Experience
with GM rice in the USA and China shows that GM contamination of rice can
occur without any commercial cultivation. There are substantial chances of
unintended release or planting of the regulated article. Therefore, it is
essential that:
a. A monitoring plan is employed to detect any unauthorised planting or
entry into the food system, including rice exports;
b. A contingency plan is employed in case of any GM contamination
incidents;
c. There are clear rules of liability and compensation should a GM
contamination incident occur with GM Golden rice.

Detail of deficiencies in the data submitted to the assessment of the safety of GM
GR2E Golden rice for direct use as food and feed, or for processing”
1) It has not been determined whether the two open reading frames (ORF)s,
created by the insertion of DBA are active.
The Consolidated Report (STRP assessment ‘Inserted DNA’) states that “the STRP
confirmed that based on nucleotide sequencing of the inserted DNA and the flanking
regions in the DNA of GR2E rice, it was shown that there were deletions of 15 base
pairs (bp) in the rice DNA, in addition to truncations in the left and right borders of
the insert of 11 bp and 23 bp, respectively. It was reported that bioinformatics
analyses were conducted to evaluate any open reading frames (ORFs) created as a
consequence of the T-DNA insertion to assess their potential to encode amino acid
sequences with significant similarity to known toxins or allergens. It was found out
that no new novel ORFs were created as a consequence of the DNA insertion that
would have the potential to encode proteins with any significant amino acid
sequence similarity to known or suspected toxins or allergens.”
Further information on the ORFs is from the Supporting Information (pg. 38, Section
4.7. Nucleotide Sequence Analysis of the Inserted DNA and Flanking Regions ): “The
inserted T-DNA in GR2E rice was found to have a 23 bp deletion on the right border
(RB) end and a 11 bp deletion on the left border (LB) end” and “Two ORFs were
identified, one in the reverse (complementary) orientation that spanned the 5’ T-DNA
insert—genomic DNA border (Figure 10, ORF-1, 207 bp, 68 amino acids), and one in
the forward orientation that spanned the 3’ T-DNA insert—genomic DNA border
(Figure 10, ORF-2, 240 bp, 79 amino acids)”.
It is evident that the insertion of the plasmid containing the GR cassettes caused
deletions of the flanking DNA which have resulted in the formation of two open
reading frames (ORF)s. These could potentially be transcribed into RNA and, further,
translated into amino acid sequences. The applicant has performed a bioinformatics
search to ensure that the ORFs do not result in any amino acids with significant
homology with any known toxins or allergens. However, this is insufficient to ensure
food and food safety. If transcribed to the RNA level, it is plausible that these ORFs
show similarity with regulatory forms of RNA. They could, for example show
similarity to primary miRNAs, potentially encoding peptides3 or to long non-coding
RNAs4. If so, it’s possible they could give rise to unexpected and unpredictable
effects. Bioinformatic searches are insufficient to fully assess the implications of
these ORFs (and hence food safety). It is vital to determine whether these ORFs are
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See, e.g. Lauressergues, D., Couzigou, J.M., Clemente, H.S., Martinez, Y., Dunand, C., Bécard, G. &
Combier, J.P. (2015) Primary transcripts of microRNAs encode regulatory peptides. Nature 520: 90-93.
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See, e.g. Dhanoa, J.K., Sethi, R.S., Verma, R., Arora, J.S. & Mukhopadhyay, C.S. (2018) Long noncoding RNA: its evolutionary relics and biological implications in mammals: a review. Journal of Animal
Science and Technology 60: 25.

transcribed to the RNA level and, if so, what are the implications of this
transcription.
2) Composition analysis is of insufficient quality.
a) Experimental design is insufficient
•

•

The objective of compositional analysis is to determine whether there are
differences between the GM plant, a non-GM comparator and commercial
varieties. No non-GM reference varieties have not been included in these
experiments. In contrast, in the EU, the European Food Safety Authority
(EFSA) recommend that 3 non-GM reference varieties should also be included
in each trial, with six varieties overall5.
The experimental design used in the field trials for compositional analysis
does not allow for enough statistical power to make conclusions on food
safety. For each of the 2 individual years, 3 replicates are used in each of 4
sites, using a single comparator. However, EFSA recommend a minimum of 4
replicates, on at least 8 sites6.

b) Data are pooled across four experimental sites and summarised for 2
individual years
The data presented in the main sections of the two compositional analysis studies
(for 2015 and 2016)7 have been pooled across 4 different sites. This could mask any
real differences between Golden rice and its conventional counterpart(s) by giving a
large range of values for each parameter. Data for the individual sites are presented,
but only in the Appendices and are not commented on in the submission. However,
the number of significant differences between Golden rice and the comparator
increases considerably if the single sites data are examined.
In the pooled data for 2015, significant differences are seen for crude fibre, the fatty
acids myristic, palmitic, stearic, linoleic, a-linolenic, arachidic, eicosenoic and behenic
acid, and for niacin (vitamin B3) (Table 13 for 2015, below). The fatty acids are
particularly striking, with 8 out the 11 fatty acids analysed showing significant
differences.
When the individual sites for 2015 are examined, further significant differences are
seen (excepting moisture content), for calcium, acid detergent fibre (ADF) at 3 sites;
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IR2015-07001: Nutrient Composition 2015 and IR2016-05001: Nutrient Composition 2016 in the
document entitled “Studies Submitted in Support of the Food Safety Assessment of Provitamin A
Biofortified GR2E Rice” (GR2E-FFP-submitted-study-reports-PH).

carbohydrate (CHO), neutral detergent fibre (NDF), amylose and tryptophan (see
Appendix).
In the pooled data for 2016, differences are seen for the fatty acids stearic, arachidic,
behenic and lignoceric (Table 13 for 2016, below). That is 4 out of the 11 fatty acids
analysed for show significant differences.
When the individual sites for 2016 are examined, further significant differences are
seen (excepting moisture content), for crude fat (2 sites), carbohydrate, crude fibre
(2 sites), ash, dietary fibre, calcium, acid detergent fibre (ADF), starch, neutral
detergent fibre (NDF), zinc, glycine (2 sites), arginine, histidine, threonine, folic acid
(2 sites), naicin (vitamin B), trypsin inhibitor and the additional fatty acids: palmitic,
myristic, linoleic, eicosenoic (see Appendix).

Table 13 from IR2015-07001: Nutrient Composition 2015 in “Studies Submitted in
Support of the Food Safety Assessment of Provitamin A Biofortified GR2E Rice
(GR2E-FFP-submitted-study-reports-PH)” summarising statistical differences
found within data pooled from different sites for 2015.

Table 13 from IR2016-05001: Nutrient Composition 2016 in “Studies Submitted in
Support of the Food Safety Assessment of Provitamin A Biofortified GR2E Rice
(GR2E-FFP-submitted-study-reports-PH)” summarising statistical differences found
within data pooled from different sites for 2016.

Neither the significant differences for individual sites in each year, nor the significant
differences reported in the pooled data for each year are reported in the Supporting
Information for the Risk Analysis Report for a Genetically Modified Plant for Direct
use as Food, Feed, or Processing (GR2E-FFP-supporting-dossier-PH, Table 29).
Instead, only stearic acid is listed as being consistently significantly different in the
Supporting Information. This is because the statistical treatment of the data from

across sites and across years has masked these differences. Thus, the lack of
reportage of statistical significances in the summary table is an artefact of treatment
of the data and masks the many significant differences seen both between individual
sites and in individual year.
In the Consolidated report, the following statements by the agencies are drawn only
from the summary table in the Supporting Information (GR2E-FFP-supportingdossier-PH, Table 29). Therefore, they do not consider the many significant
differences seen both between individual sites and in individual years.
STRP Assessment
On the other hand, comparison of proximates and fibre in grain (paddy) samples
derived from GR2E and control PSB Rc82 rice grown during the rainy season resulted
in no statistically significant differences in ash, crude fat, crude protein,
carbohydrate, amylose, moisture, acid detergent fiber (ADF), neutral detergent
fiber (NDF), and total dietary fiber (TDF). Although there was a statistically
significant difference in the mean concentration of crude fiber between samples of
GR2E and PSB Rc82 rice grain, the difference was relatively small (10.5 percent) and
unlikely to be biologically meaningful.
Moreover, comparison of the mineral composition in samples of GR2E and control
PSB Rc82 rice grain did not reveal any statistically significant differences in the
concentrations of any measured analytes. The mean concentrations of each of the
minerals measured in samples from GR2E and control PSB Rc82 rice grain were within
the ranges reported in the literature.
A comparison of amino acid composition of event GR2E and control PSB Rc82 rice
(grown during the rainy and dry season) grain showed no statistical differences in
the concentrations of any amino acids between samples of Gr2E and PSB Rc82. The
mean concentrations of each of the amino acids except tryptophan (lower but not
statistically different) in samples from GR2E and PSB Rc82 rice were within the ranges
of literature values.
In addition, samples of event GR2E and control PSB Rc82 rice grain were analyzed for
concentrations of the water-soluble B vitamins (thiamine, riboflavin, niacin,
pantothenic acid, pyridoxine, and folic acid), β-carotene, and α-tocopherol (Vitamin
E). Except for B-carotene which was intended to be elevated in GR2E rice, there
were no statistically significant differences noted in the concentrations of any
measured vitamins between GR2E and control PSB Rc82 rice.
For the analysis of fatty acids in grain, it was reported that the only statistically
significant different observed between GR2E and control PSB Rc82 rice samples was
in the concentration of stearic (C18:0) acid which was ~ 6.5% higher for GR2E rice.

The data for the grain fatty acids from GR2E were within the range reported in the
literature.
Analysis of anti-nutrients present in grain were also conducted. The assessors have
confirmed that there were no statistically significant differences in the
concentrations of phytic acid or in levels of trypsin inhibitor between samples of
GR2E and PSB Rc82 control rice. On the other hand, data on levels of phytic acid and
trypsin inhibitor in conventional rice grain are limited or non-existent. Mean
concentrations of phytic acid in grain samples from GR2E and control PSB Rc82 rice
were both slightly outside the range reported from the ILSI Crop Composition
Database, but were not significantly different.
PPSSD Assessment
Results of the analysis indicated that there is no differences in the proximate, fiber,
mineral, amino acid, fatty acid, vitamins and anti-nutrient of GR2E rice and the
non-transgenic rice that can be considered biologically relevant except for the
fortification with β-carotene which is the induced trait in GR2E rice
Bureau Of Animal Industry Assessment
…for the proximate and fiber analysis of grain, there is also no statistically
significant differences identified in grain samples derived from GR2E and control
PSB Rc82 rice.
…there was also no statistically significant differences observed in the mineral
composition between the samples of GR2E grain and the control.
Moreover, a comparison of amino acid composition of event GR2E and control PSB
Rc82 rice grain showed no significant differences. In addition, the data derived from
the transgenic line are within the reported range except for tryptophan which was
slightly lower and not statistically different from sample and the control.
Among all vitamins tested, no significant differences were observed in vitamins
composition between the sample and the control except for beta carotene which
was intended to be elevated and no statistical difference from the sample and the
control. In addition, the data derived from the transgenic line are within the reported
range of literature except for pyridoxine (B6), folic Acid (B9) and α-tocopherol which
were not statistically significantly different between sample and control.
For the analysis of fatty acids in grain, the BAI reported that no statistically
significant differences were identified between sample GR2E and control PSB Rc82
rice as to concentration of fatty acids except in the concentration of stearic acid,
which was approximately 6.5 % higher for GR2E rice. In addition, the data derived
from the transgenic line of fatty acid are within the reported range in literature.
Stearic acid comprises approximately two percent of the total fatty acids in rice grain

and is not essential fatty acid. The small but statistically significant difference
between stearic acid concentrations in samples of GR2E and control PSB Rc82 rice is
unlikely to be biologically relevant.
No statistically significant differences were observed in phytic acid composition or
in the levels of trypsin inhibitor between the sample and the control. In addition,
the data derived from the transgenic line are within the reported range of literature
and mean concentrations of phytic acid in grain samples from sample and control
rice.
In conclusion, the summary data examined by the agencies in assessing the food
safety of Golden Rice is a gross oversimplification of the, possibly important,
differences seen in the nutritional composition between individual sites and for
individual years, notably for the levels of numerous fatty acids. It’s clear that
further investigation is needed to determine the underlying cause(s) of the
significant differences, particularly for fatty acids.
c) Potentially toxic elements have not been reported

The compositional data do not include analyses of the potentially toxic elements
(e.g. lead, cadmium, arsenic). Rice is well known for taking up some potentially toxic
elements8. The genetic engineering of rice and production of carotenoids may have
affected the uptake of such elements. Therefore, their analysis should form part of
the compositional data and assessment.
d) Levels of intermediate compounds in the engineered pathway to carotenoids have
not been reported.

The engineered metabolic pathway to produce beta carotene (and other
carotenoids) contains intermediary compounds, e.g. phytoene (Figs. 16 and 22).
However, levels of these intermediary compounds are not reported in the
compositional data. It’s important to determine whether levels of intermediate
compounds accumulate in the rice and, if so, whether they are at levels normally
seen in foodstuff. This will allow assessment of any risk associated with their intake
(possibly as an addition to a normal diet) in this GM rice.
3) GM contamination of rice is possible even without commercial propagation.
In the consolidated report (DNER assessment, para 2) “the Committee noted that the
chances of unintended release or planting of the regulated article is very minimal and will not
cause any damaging and lasting effects to the environment. Also, the application clearly
states that the use of GR2E for Food, Feed and/or Processing will occur after approval for
commercial propagation. Similarly, the ERA report (Section III Monitoring Plan) states the
See, e.g. Norton, G. (2019) Rice minerals and heavy metal(oid)s. Chapter 6 in: Rice
Chemistry and Technology (4th edn.) Bao. J. (ed.) Elsevier, UK. pp. 169-194.
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“Use of GR2E rice in FFP will only occur following propagation approval in the Philippines.
There are no plausible risk hypotheses requiring testing via post-market environmental
monitoring (PMEM).”

There is no GM rice grown commercially anywhere in the world. Despite this, GM
rice in China and the USA caused major global GM contamination incidents even
though they never commercially grown9. These were herbicide tolerant Liberty Link
(LL) rice from the United States and insect resistant “Bt63” rice from China.
First discovered in 2005, GM rice Bt63 was also discovered in food imports
containing rice products in Europe. This led to the EU Commission imposing
emergency controls on all rice products from China to prevent imports of
unauthorised GM rice10. These restrictions continue to the present day and require
consignments to be certified as not containing GM rice and imports to be subjected
to sampling and document checks at the EU port of entry. GM rice is still being found
in imported foods from China and Hong Kong 14 years later, with seven
consignments rejected from the EU so far in 201911.
In August 2006, the 2005 crop of (non-GM) rice in the USA was found to be
contaminated with GM rice, LLRICE60112. In March 2007, the USDA confirmed that
rice had become contaminated with yet another unauthorised GM rice line
LLRICE60413. These GM contaminants were found in rice entering 28 different
countries during 200614. None of the experimental GM rice lines had never been
grown commercially.

Price, B. & Cotter, J. (2014) The GM Contamination Register: a review of recorded
contamination incidents associated with genetically modified organisms (GMOs), 1997–
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These cases of GM contamination occurred without any commercial cultivation. It is
not known how they escapes from experiments, but they very clearly show that GM
rice cannot be controlled. The two cases of GM rice contamination both caused
disruption to international trade. Although rice is not a major export from the
Philippines, rice exports were worth US$470,000 in 201815.
There are substantial chances of unintended release or planting of the regulated
article. Therefore, it is essential that:
d. A monitoring plan is employed to detect any unauthorised planting or entry
into the into the food system, including rice exports;
e. A contingency plan is employed in case of any GM contamination incidents;
f. There are clear rules of liability and compensation should a GM
contamination incident occur with GM Golden rice.
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World’s Top Exports (2019) Rice exports by country. Retrieved from
http://www.worldstopexports.com/rice-exports-country/

Appendix – Statistical Differences in Compositional Data
Summary data in Supporting Information for the Risk Analysis Report for a
Genetically Modified
Plant for Direct use as Food, Feed, or Processing (GR2E-FFP-supporting-dossier-PH).

Year 2015 (IR2015-07001: Nutrient Composition 2015) in the document entitled
Studies Submitted in Support of the Food Safety Assessment of Provitamin A
Biofortified GR2E Rice (GR2E-FFP-submitted-study-reports-PH
Statistical differences found in 2015 when pooled across sites

Statistical differences found in 2015 for individual sites (i.e. Pr < 0.05)

Year 2016 IR2016-05001: Nutrient Composition 2016) in the document entitled
Studies Submitted in Support of the Food Safety Assessment of Provitamin A
Biofortified GR2E Rice (GR2E-FFP-submitted-study-reports-PH
Statistical differences in 2016 pooled data

Statistical differences in Individual site data (i.e. Pr < 0.05)

