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Summary

The Norwegian Environment Agency (NEA) has requested the Norwegian Scientific Committee for
Food and Environment (VKM) to assess whether new scientific information provided in the renewal
application (C/NL/06/01-002) for transgenic carnation event FLO-40689-6 changes VKMs previous
conclusions in the risk assessment conducted during the original application (VKM Report 2015:16).
Additionally, the NEA has asked VKM to add any comments/enquires regarding the application that
should be conveyed by the NEA during the EU scientific hearing, which has a deadline 13. June 2026.

VKM concludes that the updated bioinformatic analyses etc. do not indicate an altered risk that
would change the conclusions in VKMs previous risk assessment of transgenic carnation FLO-40689-
6.

VKM has no comments/enquires regarding the renewal application to be conveyed by the NEA
during the EU scientific hearing.
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Sammendrag

Miljgdirektoratet har bedt VKM om a vurdere hvorvidt ny vitenskapelig informasjon vedlagt i
fornyelsessgknaden (C/NL/06/01-002) for transgen nellik FLO-40689-6 endrer konklusjonene i VKMs
risikovurdering i forbindelse med den opprinnelige sgknaden (VKM Report 2015:16). | tillegg har
Miljgdirektoratet bedt VKM om & vurdere evt. innspill til seknaden, som Miljgdirektoratet kan
fremme i EU-kommisjonens vitenskapelige hgringsperiode, som har frist 13. Juni 2026.

VKM konkluderer at ny vitenskapelig informasjon i fornyelsessgknaden ikke pavirker VKMs
konklusjoner i den opprinnelige risikovurdering av transgen nellik FLO-40689-6. VKM har ingen
kommentarer til sgknaden for Miljgdirektoratet 3 spille inn under EUs vitenskapelige hgring.
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Background

The Norwegian Environment Agency (NEA) has requested VKM to assess whether new scientific
information provided in the renewal application (C/NL/06/01-002) for transgenic carnation event
FLO-40689-6 changes VKMs previous conclusions in the risk assessment conducted during the
original application (VKM Report 2015:16). Additionally, the NEA has asked VKM to add any

comments/enquires regarding the application that should be conveyed by the NEA during the EU
scientific hearing, which has a deadline 13. June 2026.
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Excerpts of new information in the
renewal application C/NL/06/01-002

Information on bioinformatic analysis of flanking sequences

Southern and sequencing analysis demonstrates that the transgenic carnation event FLO-40689-6
demonstrated that T-DNA is inserted at three loci (Nakamura et al., 2020). Longer flanking genomic
DNA sequence of FLO-40689-6 has been obtained since the consent to marketing was provided for
FLO-40689-6.

In 2017, the three inserts in transgenic carnation event FLO-40689-6 were re-sequenced. It was
found that for loci 2 and 3 the sequences submitted with the original marketing application in 2007
were identical to those found after re —sequencing. For loci 1, correction was required by removal of
one nucleotide from the original sequence.

In the renewal application, bioinformatic analysis of the longer flanking sequences was conducted
using two carnation genome databases to examine whether the location of the insert in the
carnation genome could be determined. The two databases used were the DB carnation database
developed by Yagi et al. (2014) and the carnation genome deposited at the NCBI-database by Zhang
et al. (2022). The genome sequence assembly developed by Zhang et al. (2022) allows homology
association of query sequences to linkage groups but not to specific ORFs.

The flanking sequences were assessed in 2017, using blastn and blastx search programs within the
Carnation DB sequence database hosted at http://carnation.kazusa.or.jp (Yagi et al., 2014). All
available flanking sequence was used. Sequence homology identified scaffold regions at the loci
insertion points and suggested that insertion sites of locus 1 and locus 2 were within a region coding
for proteins and locus 3 was inserted into a non-coding region of the carnation genome.

Each of the six genomic DNA sequences flanking the T-DNA integrations in FLO-40689-6 were
subjected to Blastn and tBlastx. Details of the analysis is provided in “Bioinformatic analysis of
flanking sequences CNL0O601001.pdf”.

e [BLASTn: A nucleotide homology search for finding similar sequences in nucleotide databases
by finding local regions of similarity.

e tBLASTx: A nucleotide homology search using both sequences of a query nucleotide sequence
from all six possible open reading frames.

e  BLASTx: An amino acid homology search using translated amino acid sequences from query
nucleotide sequence.]
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Findings
Bioinformatic analysis of flanking sequences:

Using the database published by Zhang et al. (2022) each of the six genomic DNA sequences flanking
the T-DNA integration in FLO-40689-6 were subjected to a nucleotide homology search using blastn
and tblastx BLAST programs. Output of the BLAST searches are provided in “NCBI flanking sequence
outputs CNL0O601001.pdf".

The BLAST analysis had shown that the three loci are possibly located on three different linkage
groups (chromosomes). While locus 1 was not definitively located, possibly because of the shorter
qguery sequences, loci 2 and 3 were shown to be inserted on linkage groups 1 and 4, respectively. For
locus 1, there were hits with similar E-values and identities to multiple linkage groups. For example,
the LB query sequence in the blastn search gave a hit with an E-value of 4e-78 to seven different
linkage groups and for the RB query all hits had an E-value between 1e-64 to 4e-71. Similar patterns
were observed in the tblastx searches. It was therefore not possible to assign locus 1 to a linkage
group.

Cross check analysis to allocate linkage groups to scaffolds using the carnation database Yagi et al.
(2014) showed that none of the scaffolds previously identified as insertion sites for the three loci
were assigned to a linkage group.

Overall, the new information that the insertion sites are located on different linkage groups of the
carnation genome will not change the risk of the product to the environment or human health.

Disruption of endogenous genes:

Open reading frames (ORFs) were generated from the longer flanking sequences using two ORF
generation tools (EMBOSS and ORFfinder tools); one from stop codon to stop codon and one from
start codon to stop codon. The ORF amino acid sequences were then used in a blastp (protein-
protein BLAST) analysis (Bioinformatic analysis of ORFs for homology to allergen and toxin proteins
CNL0601001.pdf ). A threshold limit of a minimum of 25 amino acids was set for selecting the ORFs
for blastp.

Earlier Blastn and tBlastx analysis indicates that the insertions in loci 1 and 2 may be in protein
encoding regions, though the function of the hypothetical proteins could not be identified from the
information available in the carnation genome databases. Loci 3 was shown to be in a non-coding
region of the carnation genome. The additional analysis performed for this renewal has established
that the three loci are likely to be located on three different linkage groups (chromosomes). While
locus 1 was not definitively located, possibly because of the shorter query sequences, loci 2 and 3
were shown to be inserted on linkage groups 1 and 4, respectively.

After submission of the marketing application for event FLO-40689-6, all three inserts were re-
sequenced. Re-sequencing (in 2017) showed that removal of one nucleotide correction was required
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in locus 1, while sequences of loci 2 and 3 were identical to the sequences provided to the EU in
2007.

Thirty-one ORFs, generated from the complete insert sequences including 150bp of genomic flanking
sequence at each end of each inserts, bridging the T-DNA and adjacent genomic DNA have been re-
assessed for homology to toxin and allergen proteins using multiple allergen databases and cross
matching of BLAST outputs against a set of toxin-related protein sequences obtained from the
UniProtKB/Swiss-Prot database.

The following three on-line allergen databases used were;

1. The FARRP (Food Allergy Research and Resource Program) allergen protein database
(Goodman et al., 2016) located at http://www.allergenonline.org/databasefasta.shtml.

2. The Comprehensive Protein Allergen Resource (van Ree et al., 2021) located at
https://comparefasta.comparedatabase.org/

3. The Allermatch database located at https://allermatch.org/database.html.

For toxin homology search, a three-step process was used, based on a blastp analysis of
the UNIProtKB/Swissprot database.

Step 1. Generation of a list of toxin related entries, to generate a list of toxin related entries a
dataset was generated on January 18, 2026, using the search term toxin in the search panel of
the BLAST homepage.

Step 2. Blastp analysis of ORFs. The translated sequences of the ORFs were subjected to
a blastp analysis with no search term using the BLAST
tool located at https://www.uniprot.org/blast.

Step 3. Cross matching. All significant hits (E-value of less than 1.0) from step 2 were assessed
to see if any entries matched the entries obtained in step 1.

Homology of ORF to toxin proteins: The UNIProtKB/Swissprot database was used to determine if the

ORFs had significant homology to toxin proteins in the database. Using query sequences from 31
ORFs, no homology hits with an E-score of less than 1.0 were identified in the UniProtKB/Swiss-Prot
database.

No significant homologies to toxin-related proteins were identified. An absence of homology of the
31 ORFs to toxin-related proteins is consistent with previous results. None of the hits identified for
this ORF also occurred in the set of 11,060 toxin-related proteins.

Homology of ORF to allergen proteins: To determine the potential allergenicity, 31 ORF query

sequences were assessed using three on-line allergen databases (FAARP, COMPARE and Allermatch
databases) using the full FASTA and 6/8mer exact match tools available within each database.
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The results of the analysis indicate that none of the putative ORFs share significant homology to
allergen proteins in the three up-to-date databases screened, and the finding of absence of
homology of the 31 ORFs to allergens was consistent with previous results. No E-value scores less
than 0.01 were observed (E-scores of less than 0.01 are indicative of homology while only those less
than 1e-7 might suggest possible functional similarity). Further, one ORF with lowest E-value hit had
bit score of 27.5 and 31.5 in the full-length searches, indicating no homology of biological
significance. Therefore, all 31 ORF queries are unlikely to be allergens. “Bioinformatic analysis of
ORFs for homology to allergen and toxin proteins CNLO601001.pdf”.

Overall, the results of the analysis indicate that none of the “bridging” ORF query sequences shared
significant homology to allergen proteins in the three up-to-date databases screened, and no
significant homologies to toxin-related proteins were identified.

Updated bioinformatic analysis of the inserted genes in FLO-40689-6: Analysis of the sequences of

the three newly expressed proteins (CYTB5, F3’5’H and ALS) in FLO-40689-6 using protein sequence
databases indicated no biologically significant homology to toxins or allergens. The three newly
expressed proteins are ubiquitous, well characterized proteins and are not known to be allergens
“Bioinformatic analysis of inserted genes pCGP1991.pdf”.

The three expressed proteins are ubiquitous, well-characterized proteins which are not known to be
allergens. In full FASTA alignments, E-values were greater than 0.01 for all query sequences and so
and are not likely to represent relevant matches (E-scores of less than 0.01 are indicative of
homology while only those less than 1e-7 might suggest possible functional similarity). No hits were
generated from the 80mer sliding window searches for the three databases examined, for any query
sequence (no hits meeting a 35% identity homology in a sliding window search). Further, the highest
bit score for any full length FASTA search was 31.9 indicating that none of the hits obtained were of
biological significance. The analysis of the three newly expressed protein sequences using three
allergen protein sequence databases indicated no biologically significant homology to any allergen
proteins.

Most proteins identified with significant homology to the three query sequences (E-values lower than
E-2%) were related to the query sequences by function (synthases in the case of ALS, reductases in the
case of DFR and cytochrome P450s in the case of F35H). None of the inserted genes are known to be
toxins and none of the matches were to toxin proteins, including the two dianthin proteins from the
organism Dianthus caryophyllus.

Cross checking analysis, 16 hits generated from a blastp search of the introduced protein query
sequences were identified in the ~ 11,000 toxin proteins in the UniProtKB/Swiss-Prot database. The
homologies seen in the low E-values are to similarities in protein function and not to motifs
specifically related to toxicity. For the F35H query sequence, all hits were to cytochrome P450 type
proteins; the super-family to which flavonoid 3' 5' hydroxylase enzyme belongs. Further, the toxin-
related proteins identified by the 11 matches were enzymes involved in toxin biosynthesis pathways
or involved in carcinogen activation. For all hits, identity scores were 25-30%, and a minimum
identity score of 35% is needed for considering meaningful homology. Exact amino acid homologies
were restricted to 3-7 amino acids for the DFR query and to 3-9 amino acids for the Vh F35H query.
For the DFR query sequence, longest amino acid homologies in all 5 matches were to parts of the
sequence TGAAGFIGSWLV within the DFR protein. The specificity to these sequences in hits from a
broad range of species is evidence that the cross matches obtained were the result of commonality
of sequence within a broad protein group, rather than to a sequence common to toxin proteins.
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Overall, the analysis indicated no biologically significant homology to toxins or allergens, and all three
proteins are ubiquitous, well-characterized proteins which are not known to be allergens or toxins
“Bioinformatic analysis of inserted genes pCGP1991.pdf”.
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Conclusion

As provided in VKM report 2015:16

“Considering that carnation Moonaqua 123.8.12 is not intended for cultivation or use as food or feed,
the VKM GMO Panel considers that the comparative analysis of the newly synthesised anthocyanin
pigments delphinidin, cyanidin and petunidin in its petals is sufficient for the risk assessment. The
reported morphological differences between Moonaqua 123.8.12 and its conventional carnation
counterpart FE123 do not raise safety concerns.

Based on current knowledge, information supplied by the applicant, and considering the intended
use, which excludes cultivation and use as food and feed, the VKM GMO Panel concludes that
Moonaqua 123.8.12 is as safe as its conventional counterpart. It is unlikely that the DFR, F3’5’H or
ALS proteins, or the delphinidin or cyanidin pigments, will introduce a toxic or allergenic potential in
carnation Moonaqua 123.8.12.

Likewise, the VKM GMO Panel concludes that carnation Moonaqua 123.8.12, based on current
knowledge and the intended use as cut ornamental flowers, does not represent an environmental risk
in Norway.”

28.05.2026 Update, regarding the updated bioinformatics etc. in the renewal application

The VKM GMO panel assessed the provided new information by the applicant, and there is no new
evidence in the new information provided by the applicant about — updated bioinformatic analysis of
the inserted genes, putative ORFs generated from flanking regions and search for homology to toxin
and allergen proteins using updated toxin and allergen databases — that would change VKMs
previous conclusions.
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