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Safety assessment — Application A1289

Food derived from disease-resistant, low-reducing sugars and
reduced browning potato line BG25

Executive summary

Application A1289 seeks approval for the sale and use of food derived from potato line BG25
which has been genetically modified to have resistance to late blight and Potato Virus Y
(PVY), low-reducing sugars and reduced browning.

Resistance to late blight is conferred by the expression of three R-proteins: VNT1, AMR3 and
BLB2, encoded by Rpi-vnt1, Rpi-amr3 and Rpi-blb2 genes respectively. They allow the plant
to detect the presence of the infecting organism Phytophthora infestans, leading to the
induction of the plant’s immune response and elimination of the fungus.

BG25 contains novel dsRNA molecules that are expressed to trigger the RNA interference
(RNAI) silencing pathway. Protection against PVY infection is achieved by silencing the PVY-
CP gene encoding viral coat protein. Two endogenous genes are also silenced via RNA::
Vinv encoding vacuolar invertase and Ppo encoding polyphenol oxidase. Silencing of Vinv
and Ppo genes results in lower reducing sugars and reduced browning, respectively.

BG25 also contains the modified acetolactate synthase (StmAIls) gene from S. tuberosum
that confers tolerance to imidazolinone herbicides. Imidazolinone tolerance was only used for
selection of putative transformants during the transformation stage. The applicant has
advised that herbicide tolerance is not a commercial trait in BG25.

This safety assessment addresses food safety and nutritional issues associated with the GM
food. It therefore does not address:

risks related to the environmental release of GM plants used in food production
. the safety of animal feed, or animals fed with feed, derived from GM plants
o the safety of food derived from the non-GM (conventional) plant.

History of use

On a global scale, potato is the fourth most produced food crop following maize, rice and
wheat and is cultivated in over 100 countries. It has been cultivated for human consumption
for thousands of years and has a long history of safe use in the food supply. Potatoes are
typically cooked before consumption and are processed into different food commodities.



Molecular characterisation

Comprehensive molecular analyses indicate that a single insertion is present at a single site
in the BG25 genome with the expected organisation. There are no extraneous plasmid
sequences or antibiotic resistance genes present in this line.

Molecular analyses also confirmed the silencing of Vinv and Ppo genes and the expected
changes to phenotype: low-reducing sugars and reduced browning.

Characterisation and safety assessment of novel substances

The VNT1, AMR3 and BLB2 proteins are present in potato line BG25 at very low levels. The
safety of the VNT1 protein has been assessed by FSANZ in previous applications (A1139
and A1199). FSANZ has not previously assessed the AMR3 and BLB2 proteins, however,
they are R-proteins from the Solanaceae family with a history of safe human exposure, and
are structurally and functionally similar to VNT1 and other R-proteins that are ubiquitous in
edible crops. Bioinformatic analyses confirmed the expressed proteins are unlikely to be
allergenic or toxic to humans.

The StmALS protein is present in BG25 tuber and leaf. FSANZ has not previously assessed
the StmALS protein, however this protein is derived from S. tuberosum which has a history of
safe use as food. StmALS is 99.7% identical to the native ALS protein present in S.
tuberosum. Food derived from several plants resistant to ALS inhibiting herbicides through
modifications to the ALS protein are commercially available and safely consumed.
Bioinformatic analyses confirm that StmALS does not have any significant similarity to known
allergens or toxins.

There are no safety concerns regarding the presence of the dsRNA molecules in BG25. The
available data do not indicate the dsRNAs expressed in BG25 possess different
characteristics, or are likely to pose a greater risk, than other RNAi mediators naturally
present in potato.

Compositional analyses

Compositional analyses were undertaken on BG25 tubers and compared to the non-GM
control. These analyses confirmed the expected changes to the levels of sucrose and
reducing sugars as a result of RNAi mediated silencing in BG25. These changes and all
other identified differences were within the range of natural variation. Overall, the
compositional data support the conclusion there are no biologically significant differences in
the levels of key constituents in tubers from BG25 compared to non-GM potatoes cultivars
available on the market.

Conclusion

No potential public health and safety concerns have been identified in the food safety
assessment of potato line BG25. On the basis of the data provided in the present application,
and other available information, food derived from potato line BG25 is considered to be as
safe for human consumption as food derived from conventional potato varieties.
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1 Introduction

FSANZ received an application from SPS International, Inc. (SPSII) to vary Schedule 26 in
the Australia New Zealand Food Standards Code. The variation is to include food from a new
genetically modified (GM) potato line BG25, with the OECD Unique Identifier SPS-@BG25-7.
This potato line is resistant to a fungal pathogen that causes late blight and Potato Virus Y
(PVY). Potato line BG25 also has low-reducing sugars and reduced browning.

Resistance to late blight is conferred by the expression of three R-proteins: VNT1, AMR3 and
BLB2, encoded by Rpi-vnt1, Rpi-amr3 and Rpi-blb2 genes respectively. The introduced
genes are derived from wild potato species Solanum venturi, Solanum americanum and
Solanum bulbocastanum. The introduced R-proteins do not directly inhibit the fungal
pathogen. They allow the plant to detect the presence of the infecting organism Phytophthora
infestans, leading to the induction of the plant’'s immune response and elimination of the
fungus.

Protection against PVY is achieved by introducing inverted repeat DNA sequences which,
through the RNA interference (RNAI) pathway, silences the PVY-CP gene encoding the viral
coat protein (CP) (Hannon 2002). The introduced DNA sequences were derived from PVY.

The low-reducing sugar trait is achieved by introducing inverted repeat DNA sequences that
silence the expression on the endogenous vacuolar invertase (Vinv) gene through RNAI. The
introduced DNA sequences were derived from Solanum tuberosum var. Ranger Russet. The
vacuolar invertase enzyme catalyses the conversion of sucrose into glucose and fructose,
and its activity increases with decreasing temperature, leading to an increase in reducing
sugar formation at the cold temperatures normally used for storage of potatoes (Sowokinos
2001; Bhaskar et al. 2010). Silencing of the Vinv gene leads to reduced conversion of stored
sucrose into glucose and fructose, particularly on the outer edge of the potatoes, which has
been associated with darkening on the ends of potato chips (crisps) and French fries (Zhu et
al. 2014).

The lowering of reducing sugars in BG25 decreases the potential for acrylamide formation
during cooking at high temperatures. Acrylamide’ is a known carcinogen that has been
shown to form in high carbohydrate-rich foods such as potatoes when cooked at high
temperatures (120-200 °C) (Basaran et al. 2023). The acrylamide forms when the amino acid
asparagine reacts with reducing sugars such as glucose and fructose (Raffan and Halford
2019). Therefore, silencing of the Vinv gene in BG25 may reduce the potential for acrylamide
formation upon cooking.

The reduced browning trait is achieved by introducing inverted repeat DNA sequences that
silence the expression of the endogenous polyphenol oxidase (Ppo) gene through RNAI. The
introduced DNA sequences were derived from the wild edible potato, Solanum verrucosum.
Silencing of the Ppo gene leads to reduced discolouration that sometimes forms in damaged
or cut potatoes and is associated with PPO activity. PPO converts colourless polyphenols in
the plant tissue to coloured quinones, which further react to produce dark melanin pigments.
This discoloration results in reduced organoleptic properties, leading to increased food
wastage by growers, processers and consumers.

If approved, food derived from potato line BG25 may enter the Australian and New Zealand
food supply as imported food products such as French fries, potato crisps, potato flour or
potato starch.

1 For more information: https://www.foodstandards.gov.au/consumer/chemicals/acrylamide
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2 History of use

21 Host organism

The potato (Solanum tuberosum) originated from South America, where it has been
cultivated for human consumption for thousands of years (Ugent and Patterson 1988). Potato
is propagated vegetatively using small tubers or pieces of tuber typically referred to as seed
or seed potatoes. Potato can also be propagated via sexually produced seed, contained
within tomato-like berries. However, seed production and breeding are challenging.

Internationally, potato is the fourth most produced food crop following wheat, maize and rice
and is cultivated in over 160 countries (FAOSTAT 2024). Global potato production in 2022
was ~ 375 million tonnes (MT), with China the top producer at ~ 96 MT. Potato is not a major
crop in Australia and New Zealand, with production around 1.1 MT and 0.43 MT in 2022,
respectively (FAOSTAT 2024).

Whole potatoes are typically cooked before consumption or are processed into food
commodities such as potato chips (crisps), pre-cooked French fries and dehydrated potato
products (diced, flaked or granules). Potato is also used for the production of industrial starch
and alcohol, with the by-products and residues having the potential to be used to supplement
animal feedstock.

The Russet Burbank potato variety chosen by the applicant for genetic modification is highly
susceptible to late blight infection, a current problem facing potato growers in North America
and around the world (lvanov et al. 2021). A genetic modification process was chosen to
address these issues because the Russet Burbank variety is infertile (Cultivariable 2021) and
therefore standard crossbreeding cannot be performed in this variety.

Potato has a long history of safe use as food. Potato and other members of the Solanaceae
family, such as tomatoes and eggplants, naturally produce a pesticidal group of compounds
called glycoalkaloids (GAs). GAs can be toxic to humans if consumed in high quantities
(greater than 1 mg GA per kg bodyweight). However, humans are rarely exposed to such
high levels of GA. A maximum limit of 200 mg/kg fresh potato is the widely accepted safe
limit for total GA in registered potato varieties. Proper storage conditions and peeling the
potato before use help reduce GA levels.

2.2 Donor organisms
2.2.1 Solanum tuberosum

The Vinv and StmAls DNA sequences are derived from Solanum tuberosum. S. tuberosum
has a long history of safe use as food. Majority of the non-coding DNA sequences are from
this source including the ADP glucose pyrophosphorylase gene promoter (pAgp), the
granule-bound starch synthase promoter (pGbss), the polyubiquitin promoter, ubiquitin
terminator, some of the left and right border region and spacer DNA (see Appendix 1).

2.2.2 Solanum verrucosum

The Ppo DNA sequences were derived from S. verrucosum. This is a wild, edible species of
potato from Mexico (CFIA 2015) that has been used as a bridging species for the
conventional breeding of desirable traits into the domesticated S. tuberosum potato (Jansky
and Hamernik 2009).



2.2.3 Solanum venturii

The Rpi-vnt1 DNA sequence was derived from S. venturi. This is a wild species of potato
with high resistance to late blight (Park 2013). This species can be crossed with S.
tuberosum (Jackson and Hanneman 1999) and forms part of several breeding programs in
Europe and South America to introgress Rpi-vnt1 into commercial potatoes (Coca-Morante
and Tolin-Tordoya 2013; Gabriel et al. 2013). The late blight resistance gene Rpi-vnt1
belongs to a family of resistance genes found in many plant species, including food crops like
the potato (Xu et al. 2011; Marone et al. 2013). This diploid species would not produce viable
offspring if bred with tetraploid S. tuberosum varieties.

2.2.4 Solanum americanum

The Rpi-amr3 DNA sequence was derived from S. americanum, a species commonly known
as American black nightshade. This species does not yield tubers, but its leaves and ripe
berries are consumed as food and used for medicinal purposes in parts of Africa and Asia
(Sarkinen et al. 2018). S. americanum is not known to cause allergies or toxicity in humans
(Edmonds et al. 1997; Sarkinen et al. 2018). The glycoalkaloid contents in S. americanum
and other nightshade species are low and do not pose a safety risk when consumed as
green vegetables or ripe fruits (Yuan et al. 2018). The leaves and berries also lack tropane
alkaloids, a potent toxicant associated with nightshade berries (Pigatto et al. 2015). S.
americanum is a source of R-proteins for late blight protection and has been shown to be
naturally resistant to P. infestans (Witek et al. 2016).

2.2.5 Solanum bulbocastanum

The Rpi-blb2 DNA sequence was derived from S. bulbocastanum. This wild potato species
has been used as the primary source of the late blight protection trait in breeding efforts to
transfer protection to cultivated S. tuberosum potato varieties (Hermsen 1966; Hermsen and
Ramanna 1973; Helgeson et al. 1998). Two conventionally bred varieties of potatoes, Toluca
and Bionica, contain the BLB2 R-protein from S. bulbocastanum and are protected against
late blight. These varieties are cultivated for food use on a small scale, primarily in Europe
(Haverkort et al. 2009).

2.2.6 Potato virus Y

The PVY-CP DNA sequences were derived from potato plants infected with PVY strain N.
PVY is an RNA virus belonging to the potyvirus group of plant viruses and is found in most
regions in the world where potato is grown (Onditi et al. 2022). The virus is aphid
transmissible and commonly infects potatoes, causing serious disease (Quenouille et al.
2013). There is a long history of safe human exposure to PVY through the consumption of
PVY-infected potatoes (Torrance and Talianksy 2020). PVY does not have any known
allergenicity or toxicity to humans (APHIS 2024).



3 Molecular characterisation

Molecular characterisation is necessary to provide an understanding of the genetic material
introduced into the host genome and helps to frame the subsequent parts of the safety
assessment. The molecular characterisation addresses three main aspects:

e the transformation method together with a detailed description of the DNA sequences
introduced to the host genome

e a characterisation of the inserted DNA, including any rearrangements that may have
occurred as a consequence of the transformation

e the genetic stability of the inserted DNA and any accompanying expressed traits.

3.1 Transformation method

An Agrobacterium-mediated transformation method was used to generate potato line BG25.
The methodology is outlined in a flowchart in Appendix 2 and summarised below.

Internode segments from 4 week-old in vitro grown potato plantlet from the Russet Burbank

variety were inoculated with A. tumefaciens AGL1 harbouring the pSIM4363 plasmid (Figure
1). The internode segments were then transferred to regeneration medium to promote callus
growth. The regeneration medium contained the antibiotic timentin to suppress the growth of
excess Agrobacterium. Callus tissue was transferred every four weeks to fresh regeneration
medium until visible plantlets developed.

Regenerated plantlets were transferred to rooting medium containing imazamox, an ALS-
inhibiting herbicide. Plantlets that did not produce roots were discarded as this indicates the
absence of T-DNA integration, i.e. no StmAls expression. To identify transformants that had
inadvertently taken up the plasmid backbone, explants that produced abnormal or stunted
shoots indicative of ipt gene expression (found in the backbone region; see Figure 1) were
discarded. The IPT protein, encoded by the ipt gene, catalyses the formation of cytokinin, a
plant growth hormone that causes abnormal plant growth phenotypes.

Polymerase chain reaction (PCR) analysis was used to identify transformants for further
propagation that had incorporated the T-DNA insert. The absence of backbone sequences
was later confirmed by lllumina Next Generation Sequencing (NGS) and the results were
further confirmed using digital droplet PCR (ddPCR).

Successful transformants were tested for polyphenol oxidase (PPO) activity, reducing sugar
levels, as well as PVY and late blight protection. Transformants expressing low levels of PPO
and reducing sugars, as well as the highest level of protection against PVY and late blight
were advanced further.
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Figure 1. Map of plasmid pSIM4363. The region between LB and RB, indicated by a maroon
line, was inserted into the potato genome. The region contains the Rpi-vnt1, Rpi-amr3, Rpi-
bib2 and StmAls expression cassettes as well as the Vinv / Ppo and PVY-CP inverted repeat
sequences.

3.2 Detailed description of inserted DNA

Potato line BG25 contains the T-DNA from pSIM4363 plasmid (Figure 1). The Rpi-vnt1, Rpi-
amr3, Rpi-blb2 and StmAls expression cassettes as well as the Vinv/ Ppo and PVY-CP
inverted repeat sequences are all derived from pSIM4363 and are summarised in Table 1.
Additional details, including plasmid backbone and intervening sequences used to assist with
cloning, mapping and sequence analysis, can be found in Appendix 1.

Table 1. Expression cassettes contained in T-DNA of pSIM4363

Expression Enhancer/Regul
cz ssette Promoter atory Coding sequences Terminator Notes
sequences
Intron from
Polyubiquitin Ubiquitin gene Modified S——
StmAls promoter (pUbi7) (Ubi7) and acetolactate tgrbr:]?rl:ggr:)‘(t%i;;) Full length
from S. tuberosum ubiquitin gene synthase (StmAls) from S. tuberosum modified protein
(potato) monomer from from S. tuberosum ’
S. tuberosum
AR [ Rpi-vnt1 native
. promoter (pVnt1) Rpi-vnt1 gene from pr- Full length
eyt from S. venturi . S. venturii Sy (i) native protein
(po'tato) ’ from S. venturii




Expression Enhancer/Regul
P Promoter atory Coding sequences Terminator Notes
cassette
sequences
Rpi-amr3 native . Rpi-amr3 native
Rpi-amr3 promoter from S. - RpéamrS gene 2 terminator from S. FQ” Iength_
: . americanum 2 native protein
americanum (potato) americanum
p’fg’;‘;{gf fatve Rpi-blb2 native Full length
Rpi-blb2 bulbocastanum - Rpi-blb2 gene from terminator from S. protein n_at|ve
S. bulbocastanum bulbocastanum protein
(potato)
Partial sequence of
vacuolar invertase
Granule-bound (Vinv) gene from S.
starch synthase tuberosum in sense
gene promoter and anttliense Vi A B
orientation.
Vinv/Ppo {pEiess) sl bl Inverted repeat
inverted repeat ZLEeEe . . partial
pyrophosphorylase 3'UTR region of sequences
gene promoter polyphenol oxidase
(pAgp) from S. (Ppo) gene from S.
tuberosum verrucosum in sense
and antisense
orientation
U:)?;E)izrfrg:ne Partial sequence of
PVY-CP inverted Polyublqumn. (Ubi7) and pota_lto virus coat_ Ublqumn-3 gene _ PVY-CP
" ¢ promoter (pUbi7) i Grme protein (PVY-CP) in terminator (tUbi3) inverted repeat
epea from S. tuberosum q 9 sense and antisense | from S. tuberosum | partial sequence
monomer from orientation
S. tuberosum
3.3 Development of the potato line from the original transformant

After the transformation and selection process, plantlets were maintained in tissue culture
(Figure 2A). Shoots from the plantlets were cut and cultured in fresh media to allow root
formation (Figure 2B). Plantlets with roots were transferred to soil in greenhouses to produce
tubers. Tubers from greenhouse-grown potatoes were then planted in fields, to multiply
potato propagules for large scale potato production (Figure 2C). The use of the tuber as a
seed is a characteristic of potato, allowing cultivation by vegetative propagation rather than
by sexual reproduction?. Potato seed contains buds that can sprout and grow into mature

potato plants.

2 The progeny arising from this form of asexual reproduction will be genetically the same as the parent plant.
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Figure 2. Potato plantlet stocks are maintained in tissue culture (A) and multiplied by
vegetative propagation (B) to produce mature potato plants and potato seed (C).

When characterising the BG25 line, different generations of plants were analysed. Plants and
tubers arising from the initial planting of plantlets into soil are referred to as GO and the plants
and tubers arising from the planting of GO tubers are referred to as G1 and so forth (Figure
3). The type of characterisations performed and at what generation they were analysed are
summarised in Table 2.

Plantlet Plant Tubers Plant Tubers Plant Tubers Plant Tubers

GO G1 G2 G3

Figure 3. Generations of potato derived from vegetative propagation.

Table 2. BG25 generations used for various analyses

R e
Inheritance and genetic stability GO, G1, G2 leaf Russet Burbank
Insert integrity and site of integration GO leaf Russet Burbank
Compositional analysis G3 tuber Russet Burbank
RNA.i silencing of targeted genes

Suppression of RNA transcripts G2 tuber and leaf Russet Burbank
Reducing sugar levels G3 tuber Russet Burbank




3.4 Characterisation of the inserted DNA and site(s) of insertion

A range of analyses were undertaken to characterise the genetic modification in BG25.
These analyses focused on the nature and stability of the insertion and whether any
unintended re-arrangements or expression products may have occurred as a consequence
of the transformation procedure.

To characterise the number of integration sites, insert integrity and absence of extraneous
sequences, the applicant made use of Next Generation Sequencing (NGS) with a targeted
sequence capture technique. Sanger sequencing was used to determine the sequence of the
inserted DNA and flanking sequences from the potato genome.

3.4.1 Number of integration site(s)

Leaf-derived genomic DNA (gDNA) from GO generation of BG25 was analysed by NGS,
along with DNA from a non-GM Russet Burbank plant as a control. Plasmid DNA from
pSIM4363 was used as the positive control.

NGS with a targeted sequence capture technique utilising the transformation plasmid
pSIM4363 was used to determine the T-DNA insert organisation and to confirm the absence
of any unintended plasmid sequences in BG25.

A set of probes of 80 nucleotides in length covering the entire pSIM4363 plasmid, including
the backbone, were hybridised to the gDNA extracted from the leaves of the GO plants, and
the captured samples were sequenced using NGS. The targeted sequence capture
technique yielded paired-end reads (2x 150 bp) with an average of 99X depth of coverage
across the entire pSIM4363 T-DNA insert, including the junctions and flanking genomic DNA.

The sequence reads obtained by NGS were compared to the potato reference genome?
(Sharma et al. 2013) to identify unique junctions attributable to inserted DNA. Two unique
insert-flank DNA junction sites were identified, indicating a single T-DNA insertion site in
BG25. The right and left insert-flank DNA sequences were further analysed by PCR and
Sanger sequencing, corroborating the NGS result. A reference sequence was assembled
from the known T-DNA plasmid sequence and the Sanger sequenced right and left insert-
flank DNA junctions.

The sequencing coverage in the control was limited to regions derived from potato
endogenous sequences present in the inserted T-DNA. No insert-flank DNA junctions were
identified in the control confirming that the reads were only identifying endogenous
sequences.

Further alignment of the NGS reads to the assembled reference sequence, pSIM4363
sequence and the Russet Burbank draft genome v1.0* (control) confirmed that a single copy
of the pSIM4363 T-DNA, was integrated into the genome of BG25 with the intended
organisation.

The T-DNA insert copy number in BG25 was further confirmed using ddPCR, which
quantified the expression of six targets spanning the T-DNA insertion relative to a reference
gene (either Vinv or the vacuolar protein sorting gene). All of the T-DNA targets had a copy

3 Potato Genome Sequencing Consortium (PGSC) S. tuberosum group Phureja clone DM1-3 pseudomolecules
(v4.03), http://spuddb.uga.edu/pgsc_download.shtml

4 The Russet Burbank draft genome (v1.0) was developed in collaboration with Corteva (lowa), utilising PacBio
CLR sequencing reads with an average length of 34 kb to develop a genome assembly from ~37x coverage of
the tetraploid genome.
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number of one, indicating that BG25 contained a single T-DNA insertion.
3.4.2 Absence of backbone and other sequences

NGS sequencing analysis was performed on leaf-derived genomic DNA to detect possible
plasmid backbone. NGS reads from BG25 or the control were aligned to pSIM4363
backbone sequences. A small number of reads mapped to backbone sequences, however
this is due to the presence of two endogenous potato sequences in the plasmid backbone.
No other backbone sequences including any antibiotic resistance genes were identified in
BG25 genome from this alignment. PCR analyses with six primer pairs targeting the
backbone sequence of pSIM4363 further confirmed the absence of plasmid backbone
sequence in BG25.

3.4.3 Insert integrity and site of integration

The NGS, Sanger sequencing and ddPCR analyses indicated that BG25 contains a single
copy of the intended T-DNA insert, with the expected organisation and no unintended
sequences or rearrangements.

Alignment of NGS reads with the reference sequence and the control confirmed that BG25
contains the intended T-DNA insert, with deletions in the right and left border regions.
Compared to the intended insertion, 34 bp from the right border and 330 bp from the left
border are not present in BG25. Such changes during T-DNA insertion are common during
Agrobacterium-mediated plant transformation due to double-stranded break repair
mechanisms (Anderson et al. 2016). Given these sequences are not part of the gene
cassettes, it is unlikely they would affect the function of the inserted genetic elements.

To determine the location of the T-DNA insertion in the potato genome, the native locus in
the control (non-GM Russet Burbank) was amplified using primers that hybridise to the
genomic regions flanking the T-DNA insert. The identified sequences were then compared to
the BG25 sequence and the reference genome of the control. These searches located the
single T-DNA insert on chromosome 12. A 55 bp deletion of the potato genome at the T-DNA
integration site was identified which correspond to an intergenic region. The insertion did not
disrupt any endogenous genes or any other known annotated feature in the potato genome.

3.4.4 Inheritance and genetic stability of the inserted DNA

As commercial potatoes are vegetatively propagated, standard Mendelian segregation
analysis could not be used to determine inheritance. In order to confirm that the progeny
were genetically the same as the parent and to ensure the stability of the inserted DNA over
time, ddPCR and PCR analysis was performed on leaf-derived genomic DNA obtained from
GO0, G1 and G2 plants. The ddPCR measured the absolute copy number of six target
amplicons across the T-DNA insert in BG25 and the PCR analysis assessed the left and right
flanking regions of the T-DNA insert. The results confirmed that the inserted T-DNA was
stably incorporated over 3 successive clonal generations and remained stable over this time
period in BG25.

3.4.5 Open reading frame (ORF) analysis

A proprietary Python script was used to identity all start-to-stop open reading frames (ORFs)
in both the inserted DNA and junctions between the insert and gDNA. All six reading frames
were analysed. ORFs of 30 or more amino acids were captured for further analysis, as
proteins shorter than 29 amino acids would not meet the minimum requirements of a 35%
match over an 80 amino acid sequence (Codex 2009).
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In total, 125 putative ORF were identified in BG25. These were all associated with the
pSIM4363 insert only, i.e. there were no junction putative ORFs identified in BG25. Amino
acid sequences from the 125 identified ORFs (putative peptides) were used as query
sequences in homology searches for known allergens and toxins in established databases.
These analyses are theoretical only as there is no reason to expect that any of the identified
ORFs would, in fact, be expressed.

3.4.5.1 Bioinformatics analysis for potential allergenicity

The 125 putative peptides were compared to known allergenic proteins listed in the
COMprehensive Protein Allergen REsource (COMPARE?®) database, from the Health and
Environmental Science Institute. At the date of the search (January 2023), there were 2361
sequences in the allergen database (AD_2023).

Three types of analyses were performed for this comparison:

a) Full length sequence search using a FASTA (Fast Alignment Search Tool — All)
alignment was performed comparing the whole sequence to the database entries.
Significant homology was determined when there was (i) greater than 50% homology
between query protein and database entry and (ii) E-value < 10*. The lower the E-
value, the less likely the similarity is due to chance.

b) 80-mer sliding window search —a FASTA alignment was performed comparing all
contiguous 80 amino acids to the database entries. Only matches of greater than
35% similarity over = 80 amino acids (E-value of 10) were considered.

c) 8-mer exact match FASTA search was performed comparing contiguous 8 amino
acids to the database entries. Only matches of 100% similarity over 8 amino acids
were considered.

Two putative peptides coinciding with the inverted Vinv DNA sequences in the pSIM4363
insert matched a minor allergenic vacuolar invertase protein from tomato (S. lycopersicum;
AAL754498 AAL754507). This match is not a safety concern, rather, the putative peptides
sequences are similar to the vacuolar invertase protein sequence that is already expressed
in potatoes. Therefore, BG25 potatoes are no more likely than conventional potato to cause
an allergic reaction in individuals sensitive to the tomato vacuolar invertase. This match
therefore does not raise any allergenicity concerns.

3.4.5.2 Bioinformatic analysis for potential toxicity

The putative peptides were compared to known toxin proteins identified in the UniProtkKB2
database that were selected using a keyword search for toxins. A BLASTP search® (with an
E-value < 10?) was used as a criterion for similarity.

The BLASTP search identified 9 potential toxins in the UniProtKB database with alignment to
putative peptides associated with VNT1, AMR3, BLB2, StmALS proteins and with PVY-CP
and Vinv inverted repeats. While the identified potential toxins in the database contained the
key word "toxin" in their accession records, none of them are actual toxins. This was
confirmed by a literature review. There were no other putative peptides identified with

5 https://comparedatabase.org
Swww.ncbi.nlm.nih.gov/protein/18542113
"www.ncbi.nlm.nih.gov/protein/AAL75450

8 https://www.uniprot.org/

9 https://blast.ncbi.nim.nih.gov/Blast.cgi

10 Searches were performed on 30 January 2023.
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similarity to any known human toxins. The putative peptides / ORFs in BG25 therefore do not
present a toxicity concern.

3.4.6 Silencing of targeted genes

To confirm that targeted genes had been silenced as intended, the applicant provided data
examining RNA transcript levels in BG25 compared to the non-GM Russet Burbank line
(control), as well data showing the effects of target gene silencing.

3.4.6.1 RNA transcripts

Reverse transcription quantitative real-time PCR (RT-gPCR) analysis was used to examine
RNA transcript levels of Vinv and Ppo genes in BG25 compared to the control. In comparison
to the control, BG25 showed a reduction of Vinv and Ppo transcripts in tubers.

The viral CP RNA transcript is the target of PVY-CP double-stranded RNA (dsRNA). It is not
present in healthy potato plants, but introduced during viral infection. Therefore, quantifying
viral CP RNA transcript levels in healthy plants would be challenging. However, the
application describes a PVY resistance assay (Appendix 2) performed during the
development of the BG25 potato line. In this assay, GO plants and susceptible non-
transformed control plants were inoculated with PVY and symptoms were examined visually.
Plants protected against PVY were advanced to molecular screening and field trials.
Therefore, viral CP RNA transcripts are expected to be silenced if BG25 were to be infected
by PVY.

3.4.6.2 Gene silencing effects on reducing sugar levels

Reducing sugars are simple sugars like glucose and fructose that contain an aldehyde
group, which can act as a reducing agent in a redox reaction. Reducing sugar levels are
increased by the hydrolysis of starch and sucrose, two major carbohydrate forms found in
plants. Vacuolar invertase, encoded by the Vinv gene, converts stored sucrose into glucose
and fructose. The activity of this enzyme increases with decreasing temperature, leading to
an increase in reducing sugar formation at the cold temperatures normally used for storage
of potatoes (Sowokinos 2001; Bhaskar et al. 2010).

The applicant showed there are reduced levels of RNA transcripts for the Vinv target gene.
Further analysis was done to confirm that the reduced RNA transcript levels correspond to
reduced levels of reducing sugars.

As shown in Table 3, the level of reducing sugars (fructose and glucose) in BG25 tubers
were consistently lower at harvest and after storage compared to the control. The mean
levels of sucrose were significantly higher in BG25 after storage compared to the control.
These data indicate the breakdown of sucrose at lower temperatures has been impaired in
BG25 and this is correlated to the suppression of the Vinv gene.

Table 3. The change in sucrose and reducing sugar levels between BG25 and the control in
freshly harvested or cold-stored potatoes at 7 °C.

. Sucrose Reducing sugars Fold
Temperature Variable Fold change change
Fresh 11.24 | 2.52
7°C 6 months 1 1.26 | 1.91

1. Bolded and underlined results indicate statistical significance between BG25 and the control.
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3.4.7 Conclusion

Data provided by the applicant showed that an integration event has occurred at a single
locus in the potato genome. Sequencing data confirmed that the VNT1, AMR3, BLB2,
StmALS expression cassettes and the PVY-CP and Vinv / Ppo inverted repeat cassettes are
present with the expected sequence and organisation in the genome of BG25. No plasmid
backbone sequences, including antibiotic resistance genes, from the transforming pSIM4363
plasmid are present. The introduced genetic elements are stably maintained through clonally
propagated generations. None of the new ORFs created by the insertion raise any
allergenicity or toxicity concerns.

Molecular analysis also confirmed the suppression of the Vinv and Ppo genes in BG25 with
corresponding changes to phenotype resulting in lower levels of reducing sugars in BG25.
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4  Characterisation and safety assessment of
novel substances

Four novel proteins are expressed in BG25: the three R-proteins, VNT1, AMR3 and BLB2,
which provide protection against the late blight disease; and the StmALS protein which acts
as a selectable marker during the transformation process. BG25 also contains novel dsRNA
molecules which mediate silencing (by RNAI) of endogenous Vinv / Ppo genes and
exogenous PVY-CP during an infection.

41 Newly expressed proteins

In considering the safety of newly expressed substances it is important to note that a large
and diverse range of proteins are ingested as part of the normal human diet without any
adverse effects. Only a small number of dietary proteins have the potential to impair health,
because of anti-nutrient properties or triggering of allergies in some consumers (Delaney et
al. 2008). As proteins perform a wide variety of functions, different possible effects have to
be considered during the safety assessment including potential toxic, anti-nutrient or
allergenic effects.

To effectively identify any potential hazards, knowledge of the characteristics, concentration
and localisation of all newly expressed proteins in the organism as well as a detailed
understanding of their biochemical function and phenotypic effects is required. It is also
important to determine if the newly expressed protein is expressed in the plant as expected,
including whether any post-translational modifications have occurred.

4.1.1 R-proteins

VNT1, AMR3 and BLB2 belong to a group of common plant resistance proteins (R-proteins)
that contain a typical Coiled-Coil-Nucleotide-Binding-Site-Leucine-Rich Repeat (CC-NBS-
LRR) domain structure. These CC-NB-LRR proteins are used by the plant to detect the
presence of pathogenic molecules known as effectors that are indicative of an infection
(Jones and Dangl 2006; McHale et al. 2006). Once the presence of an effector is detected
the plant’s defence responses are activated resulting in the eventual development of
immunity to the pathogen.

The R-proteins introduced into BG25 recognise and mediate a response to the oomycete P.
infestans (Foster et al. 2009; Jones et al. 2014). This pathogen causes late blight, a
devastating fungal disease responsible for the Great Irish Potato Famine and which still
poses a major threat to global potato cultivation.

VNT1

The VNT1 protein is encoded by the native Rpi-vnt1 gene, promoter and terminator from S.
venturii, a wild relative to S. tuberosum. The protein consists of 891 amino acids and is one
of three variants expressed in S. venturii (Foster et al. 2009). The predicted size of the
mature protein is ~102 kDa.

VNT1 has a typical CC-NBS-LRR domain structure and shares high homology to several R-
proteins, actual and predicted, from edible food crops across the Solanaceae family,
including potatoes, tomatoes and capsicums (sweet and chilli peppers) (Foster et al. 2009). It
is therefore similar to proteins that have a history of safe human exposure.
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VNT1 has been assessed previously by FSANZ in applications A1139" and A1199"2. The
expression product in BG25 is identical to that expressed in the previous applications.

AMR3 and BLB2

The AMRS3 protein in encoded by the native Rpi-amr3 gene from S. americanum, a wild
Solanum species. The protein consist of 887 amino acids and the predicted size of the
mature protein is ~102 kDa.

The BLB2 protein is encoded by the native Rpi-blb2 gene from S. bulbocastanum, a wild
Solanum species. The protein consist of 1267 amino acids and the predicted size of the
mature protein is ~146 kDa

FSANZ has not previously assessed the AMR3 and BLB2 proteins, however, both AMR3 and
BLB2 have the typical CC-NBS-LRR domain structure found in VNT1 and other R-proteins
that are ubiquitous in edible crops (Oh et al. 2014; Zhao et al. 2015). Similar to VNT1, AMR3
and BLB2 recognises and mediates a response to oomycete P. infestans, which activates
the plant cell death pathway to inhibit the pathogen’s growth and spread (Lin et al. 2022).

4.1.1.1 Expression of the R-proteins in potato tubers

RT-gPCR analyses were used to investigate the presence of Rpi-vnt1, Rpi-amr3 and Rpi-
blb2 mRNAs in tuber tissue of BG25 and the control (non-GM Russet Burbank). Leaf tissues
from S. venturii, S. americanum and S. bulbocastanum were used as positive controls,
respectively. Rpi-vnt1, Rpi-amr3 and Rpi-blb2 mRNA were not detected in the leaf or tuber
tissue of the control, which is expected, as this variety does not have these genes. Rpi-vnt1,
Rpi-amr3 and Rpi-blb2 mRNA were detected in BG25 in the leaf and tuber tissue. These
results confirm that the Rpi-vnt1, Rpi-amr3 and Rpi-blb2 genes are expressed in BG25.

Immunoblotting was used to examine the expression of VNT1, AMR3 and BLB2 proteins in
tuber tissues of BG25 and the control. Polyclonal antibodies were generated for detecting
VNT1, AMR3, BLB2. The recombinant forms of AMR3, BLB2 and VNT1 proteins expressed
in Escherichia coli (E. coli) were used as protein standards to determine the limit of
quantification (LOQ). The VNT1 protein has been considered by FSANZ in previous safety
assessments (A1139 and A1199). Similar to those assessments, VNT1 was below the LOQ
in BG25, as were AMR3 and BLB2. These results are in line with the published literature as
R-proteins are known to be expressed at low levels and are considered to be intractable
proteins™ (McHale et al. 2006; Bushey et al. 2014).

4.1.1.2 Safety of the introduced R-proteins

FSANZ has previously assessed the VNT1 protein in A1139 and A1199’s safety
assessments and concluded that VNT1 is unlikely to be allergenic or toxic. The
bioinformatics analyses for VNT1 have been updated for this application.

AMR3 and BLB2 are derived from the Solanaceae family and are structurally and functionally
similar to VNT1 and other R-proteins found ubiquitously in other food crops. Given this
structural and functional similarity to proteins with a history of safe human consumption,
bioinformatic analysis is considered sufficient to confirm the safety of these proteins.

1 https://www.foodstandards.gov.au/food-standards-code/applications/A1139

12 https://www.foodstandards.gov.au/food-standards-code/applications/A1199

13 Intractable proteins are those that are extremely difficult to isolate and purify. Without the ability to obtain a high
amount of purified product, protein characterisation studies cannot be performed.
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4.1.1.3 Bioinformatic analyses of R-proteins

The applicant provided the results of bioinformatic analyses comparing the VNT1, AMR3,
and BLB2 amino acid sequence to known allergenic proteins in the COMPARE database,
using the same search criteria as outlined in Section 3.4.5. The FASTA search did not
identify any known allergens with homology to VNT1, AMR3 or BLB2.

The applicant has provided the results of bioinformatic analyses comparing the amino acid
sequence of VNT1, AMRS3, and BLB2 to proteins identified as “toxins” from the UniProtKB
database. A BLASTP search identified 5 potential toxins with an E-value < 1072

All of the toxigenic proteins identified were plant resistance-like proteins that provide
protection from pathogenic microorganisms. As resistance proteins exist in the majority of
plants including food crops (McHale et al. 2006) and to date, have not been shown to have
adverse effects after consumption of food or feed, it can be concluded that VNT1, AMR3 and
BLB2 proteins are not homologous to any biologically relevant toxins.

4.1.2 StmALS

The StmALS protein in BG25 is a modified version of acetolactate synthase (ALS) from S.
tuberosum (StALS). The protein consist of 659 amino acids and the predicted size of the
mature protein is ~65 kDa. StmALS is 99.7% identical to native StALS present in S.
tuberosum, differing only by two amino acids (W563L and S6421) (Appendix 3).

The native StALS, also known as acetohydroxyacid (AHAS), catalyses the first common step
in the biosynthesis pathway of the branched-chain amino acids isoleucine, leucine and valine
in plants. ALS converts two pyruvate molecules to 2-acetolactate (a precursor of leucine and
valine), or pyruvate and 2-ketobutyrate to 2-aceto-2-hydroxy-butyrate (Duggleby and Pang
2000).

ALS-inhibiting herbicides inhibit branched-chain amino acids synthesis by binding to ALS and
blocking access to its substrates (McCourt et al. 2006). This causes a deficiency in the amino
acids necessary for growth and survival, leading to plant death. Two amino acid substitutions
in the native ALS sequence, makes StmALS resistant to ALS-inhibiting herbicides.

The safety of ALS enzymes expressed in crops has been extensively investigated
(Mathesius et al. 2009; Chukwudebe et al. 2012; He et al. 2016). Several commercialised
crops have herbicide tolerance conferred by alleles of the Als gene, e.g. Clearfield canola,
Clearfield wheat, Clearfield sunflower, Clearfield lentils (Tan et al. 2005). Additionally,
proteins with homologous amino acid sequence to ALS are found in commonly consumed
food such as canola, chickpea, barley, and sunflower (Rutledge et al. 1991; Kolkman et al.
2004; Lee et al. 2011; Thompson and Tar'an 2014). No reports of adverse effects due to
exposure to ALS enzymes have been reported.

4.1.2.1 Expression of StmALS protein in potato tissues

The level of SIMALS expression in BG25 was measured in leaf and tuber tissues, collected
from four field locations' in representative potato-producing regions of the United States in
2021. Three replicates of samples were collected from each of the four field trial sites,
resulting in 12 replicates of samples for each tissue type analysed. Tissues were flash frozen
in liquid nitrogen, homogenised and stored frozen until the analysis.

StmALS was extracted from tissues using standard methods and the expression level was
quantified in each tissue using immunoblot analysis. A polyclonal antibody for StmALS was

14 Field trial location in the United States — Michigan, North Dakota, Idaho and Washington.
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generated for detecting StmALS in BG25. The antibody is specific for StmALS with minimal
cross-reactivity to the endogenous, native StALS. A recombinant form of StmALS protein,
derived from E. coli, was used as positive control. Protein concentration was quantified using
densitometric analysis via the Imagelab software.

The concentration of StmALS in leaf and tuber was calculated using a standard curve. These
values were converted to parts per billion (ppb; ng/g) fresh weight (FW) based on the amount
of total protein loaded onto the gel.

StmALS expression was detected in BG25 tuber, with a mean of 420 ppb (range: 200 — 570
ppb). StMALS was expressed at a higher level in BG25 leaf, with a mean of 1830 ppb
(range: 780 — 6010 ppb). There was variation in the StmALS expression levels amongst
samples obtained from various locations. This variation could be attributed to various biotic
or abiotic variables, or to the maturity of the sample at the time of collection.

4.1.2.2 Safety of the introduced StmALS

FSANZ has not previously assessed the StmALS protein, however, food derived from
several commercially available plants resistant to ALS inhibiting herbicides through
modifications to the ALS protein are commercially available and safely consumed (Tan et al.
2005). In addition, FSANZ has assessed and approved homologs of StmALS in four previous
assessments (A1006, A1018, A1064 and A1239). These previous assessments did not raise
any safety concerns and there have been no credible reports of adverse health effects in
humans.

Since the StmALS protein expressed in BG25 is 99.7% identical to the native ALS protein
present in S. tuberosum (cultivated potato variety) and plants with modifications to the ALS
protein are commercially available and safely consumed, bioinformatic analysis is considered
sufficient to confirm safety.

4.1.2.3 Bioinformatic analyses of StmALS

Bioinformatic analyses (January 2023) for StmALS that looked for amino acid sequence
similarity to known protein allergens and toxins were provided by the applicant. The results
did not identify any known allergens or toxins with homology to StmALS.

4.2 Conclusion

Proteins with a history of safe use, or that are structurally and functionally related to proteins
with a history of safe use, are considered safe to consume (Hammond and Cockburn 2007).
The VNT1, AMR3, BLB2 and StmALS proteins are derived from potato species and
bioinformatic analyses showed that these proteins had no similarity to known allergens or
toxins that are of significance or concern.

4.3 Newly expressed dsRNA

4.2.1 Description of the dsRNA

Two cassettes were introduced into BG25 to produce dsRNA. The first cassette contains
inverted DNA repeat sequences which targets endogenous Vinv and Ppo mRNA and a
second cassette containing inverted DNA repeat sequences that targets PVY-CP mRNA
from an infecting PVY and inhibits its replication. These sequences include both sense and
antisense fragments from either the coding or promoter regions of the target genes.

When the inverted DNA repeat sequences are transcribed, the complementary base pairs of
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the sense and antisense strands bind, forming a dsRNA molecule with a hairpin loop. These
molecules are then processed by the RNAI post-transcriptional pathway in the cell, forming a
RNA-induced silencing complex. This complex binds to the target gene mRNA resulting in its
cleavage and degradation. This pathway exists in most eukaryotic organisms, including food-
based crops.

Evidence has been provided by the applicant to show that the target genes Vinv and Ppo,
have been suppressed in the tubers (Section 3.4.6). The PVY resistance assay performed
during the development of the BG25 potato line provides evidence that the PVY-CP dsRNA
molecule is expressed.

The available data do not indicate these dsRNAs possess different characteristics, or are
likely to pose a greater risk, than other RNAi mediators naturally present in potato. A history
of safe human consumption of RNAi mediators exists, including those with homology to
human genes. The evidence published to date also does not indicate that dietary uptake of
such RNA from plant food is a widespread phenomenon in vertebrates (including humans)
or, if it occurs, that sufficient quantities are taken up to exert a biologically relevant effect
(FSANZ 2013).
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5 Compositional analysis

The main purpose of compositional analysis is to determine if, as a result of the genetic
modification, an unexpected change has occurred to the food. These changes could take the
form of alterations in the composition of the plant and its tissues and thus its nutritional
adequacy. Compositional analyses can also be important for evaluating the intended effect
where there has been a deliberate change to the composition of the food.

The classic approach to the compositional analysis of GM food is a targeted one. Rather
than analysing every possible constituent, which would be impractical, the aim is to analyse
only those constituents most relevant to the safety of the food or that may have an impact on
the whole diet. Important analytes therefore include the key nutrients, toxicants and anti-
nutrients for the food in question. The key nutrients and anti-nutrients are those components
in a particular food that may have a substantial impact in the overall diet. They may be major
constituents (fats, proteins, carbohydrates or enzyme inhibitors such as anti-nutrients) or
minor constituents (minerals, vitamins). Key toxicants are those toxicologically significant
compounds known to be inherently present in an organism, such as compounds whose toxic
potency and level may be significant to health.

51 Key components

The key components to be analysed for the comparison of GM and conventional potato are
outlined in the OECD Consensus Documents on Considerations for New Varieties of potato
(OECD 2021). There are fewer analytes analysed in this application than in previous GM
potato applications. This is due to a recent update to the OECD potato consensus document
(OECD 2021), which recommends a reduced number of analytes (12).

The analytes measured include proximates (moisture, carbohydrate, protein, fat, starch and
ash), fibre, vitamins, minerals and the anti-nutrient glycoalkaloid. Furthermore, as the RNAI
mechanism silences the expression of the Vinv gene that would impact the hydrolysis of
sucrose in fresh and stored potato tubers, the levels of sucrose and reducing sugars
(glucose and fructose) were analysed at harvest and after six months of cold storage.

5.2  Study design

BG25 and the control (non-GM Russet Burbank) were grown and harvested from 6 potato
growing regions'® in the Unites Staes in 2021. The agronomic practices and pest control
measures used were location-specific and were typical for all aspects of potato cultivation
including soil preparation, fertiliser application, irrigation and pesticide-based control
methods. The field trials were established in a randomised complete block design with 4
replicates per site.

Tubers from BG25 and the control were obtained at typical harvest maturity. Each sample
was composed of 6 randomly selected tubers from each replicate at each site. Fresh tubers
from each site were transported at ambient temperature to an analytical laboratory. The long-
term storage tubers were transported to an analytical laboratory after 6 months and the
tubers were processed within 3 days of receipt.

The compositional analysis included validated methods from either the Association of Official
Analytical Collaboration (AOAC), International, the American Oil Chemists’ Society (AOCS),
or other published scientific methods.

15 One site from each of Michigan and North Dakota, 2 sites from each of ldaho and Washington.
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Homogenised samples were prepared for analysis using 6 whole raw tubers, including the
peel. The analytes that were measured in these samples are listed in Figure 4. In total, 16
different analytes were measured. Statistical analyses were performed using SAS 9.3 (SAS
Institute, Cary, North Carolina). A linear mixed model analysis of variance was used by
combining data from multiple locations. In assessing the significance of any difference
between the mean analyte value for BG25 and the control, a P-value of < 0.05 was used.
This means that approximately 5% of statistically significant differences are expected to
occur due to chance alone.

For analytes where all individual sample values were below the LOQ, a value of half the LOQ
was assigned and the P-value and standard deviation were reported as “NA” (not
applicable). For analytes where individual analyte values were below LOQ, a value of half the
LOQ was assigned when calculating mean.

Total glycoalkaloids (GAs) were reported as the sum of a-solanine and a-chaconine. Since
the LOQs for a-solanine and a-chaconine are each 2.50 mg/100 g, total glycoalkaloid values
below 5.00 mg/100 g were considered below the LOQ. All samples analysed for ADF were
reported to be below the LOQ, and therefore was reported as “NA”.

If a statistically significant difference was observed between BG25 and the control, the value
was compared to a combined literature range based on the natural variation of analytes from
publicly available data (USDA 2019; OECD 2021; AFSI 2023). The ranges derived from
these values account for variability present in non-GM potato varieties due to a wider range
of agronomic and environment conditions, as well as different genetic backgrounds.

Proximates (6) Fibres (3)
Ash
Carbohydrate Total dietary fibre (TDF)
starch Acid detergent fibre (ADF)
Moisture Neutral detergent fibre (NDF)
Protein
Total Fat
Anti-nutrients (1) Vitamins & Minerals (4) Sugars (2)
Total glycoalkaloids Vitamin B6 Reducing sugars’
Vitamin C Sucrose
Magnesium
Potassium

Figure 4. Analytes measured in fresh potato tubers. * Glucose and fructose

5.3 Analyses of key components in tubers

Of the 16 analytes measured, there were 3 analytes for which there was a statistically
significant difference in mean values between BG25 and the control; total GAs, reducing
sugars and sucrose. A summary of these 3 analytes is provided in Figure 5. For the complete
set, including values for the analytes for which no statistically significant differences were
found, refer to Application dossier'® (pages 105 — 107).

16 hitps://www.foodstandards.gov.au/food-standards-code/applications/a1289-food-derived-disease-resistant-low-
reducing-sugars-and
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5.3.1 Glycoalkaloids

The mean total GA level was statistically significantly higher in BG25 tuber compared to the
control (Figure 5b). Although the total GA level in BG25 is higher than the control, the
observed mean for BG25 falls within the natural variation found across a range of
conventional potato lines used for human consumption as represented by the publicly
available literature ranges (light grey bar). Therefore, the differences observed here does not
raise any safety concern.

5.3.2 Reducing sugars and sucrose

Statistically significantly lower levels of reducing sugars (fructose and glucose), were
observed in BG25 tubers at harvest and after six months of cold storage (panels c—d). While
the mean levels of sucrose in freshly harvested tubers from BG25 showed no differences,
statistically significantly higher levels of sucrose were observed in BG25 tubers after six
months of storage compared to the control (panels e—f). These data correlate with the
intended silencing the vacuolar invertase gene. Vacuolar invertase would normally facilitate
the conversion of sucrose to fructose and glucose during cold storage. For both sucrose and
the reducing sugars, the observed mean in BG25 fell well within the natural variability
represented by publicly available literature ranges (light grey bar in Figure 5¢ — f).

Overall, the compositional data are consistent with the conclusion that there are no
biologically significant differences in the levels of key constituents in BG25 when compared
with conventional non-GM potato varieties already available in agricultural markets. Tubers
from BG25 can therefore be regarded as equivalent in composition to tubers from
conventional non-GM potato.
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Figure 5. Visual summary of total glycoalkaloids, reducing sugars and sucrose in BG25 and the
control (non-GM Russet Burbank). (a) Percentage deviation of the mean BG25 value from the mean
control value for (b) glycoalkaloids as well as for (¢) — (d) reducing sugars and (e) — (f) sucrose (fresh
and after storage) for which a statistically significant difference was found (except (e)). (b) — (f)
Measured means (dots) and ranges (coloured bars) for BG25 (blue) and the conventional control
(orange) for the 5 analytes as labelled. The light grey bar represent the publicly-available range of
values for each analyte. Note that the x-axes vary in scale and unit for each component.
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6 Nutritional impact

In assessing the safety of a GM food, a key factor is the need to establish the food is
nutritionally adequate and will support typical growth and wellbeing. In most cases, this can
be achieved through an understanding of the genetic modification and its consequences,
together with a compositional analysis of the food, such as that presented in Section 5.

Where a GM food has been shown to be compositionally equivalent to conventional varieties,
the evidence to date indicates that feeding studies will add little to the safety assessment and
would not be warranted (OECD 2003; Bartholomaeus et al. 2013). If the compositional
analysis indicates biologically significant changes to the levels of certain nutrients in the GM
food, additional assessment should be undertaken to assess the consequences of the
changes and determine whether nutrient intakes are likely to be altered by the introduction of
such foods into the food supply.

Potato line BG25 is the result of genetic modifications to confer resistance to late blight and
PVY. In addition, the BG25 line also has low-reducing sugars and reduced browning traits.
Compositional analyses of tubers have been undertaken to demonstrate the nutritional
adequacy of potato line BG25 and indicate they are equivalent in composition to tubers from
conventional potato varieties.

The introduction of food from BG25 into the food supply is therefore expected to have little

nutritional impact and, as such, no additional studies, including animal feeding studies, are
required.

24



7 References

AFSI (2023) Crop Composition Database: Version 9.1: Potato Tuber.
https://www.cropcomposition.org/.

Anderson JE, Michno J-M, Kono TJY, et al. (2016) Genomic variation and DNA repair
associated with soybean transgenesis: a comparison to cultivars and mutagenized plants.
BMC Biotechnology. 16(1):41.

APHIS (2024) Potato Virus Y. U.S. Department of Agriculture Accessed 16 April 2024
Bartholomaeus A, Parrott W, Bondy G, Walker K, ILSI (2013) The use of whole food animal
studies in the safety assessment of genetically modified crops: limitations and

recommendations. Crit Rev Toxicol. 43 Suppl 2(Suppl 2):1-24.

Basaran B, Cuvalci B, Kaban G (2023) Dietary Acrylamide Exposure and Cancer Risk: A
Systematic Approach to Human Epidemiological Studies. Foods. 12(2)

Bhaskar PB, Wu L, Busse JS, et al. (2010) Suppression of the vacuolar invertase gene
prevents cold-induced sweetening in potato. Plant Physiol. 154(2):939-948.

Bushey DF, Bannon GA, Delaney BF, et al. (2014) Characteristics and safety assessment of
intractable proteins in genetically modified crops. Regul Toxicol Pharmacol. 69(2):154-170.

CFIA (2015) The biology of Solanum tuberosum (L.) (Potatoes). Ontario.

Chukwudebe A, Privalle L, Reed A, et al. (2012) Health and nutritional status of Wistar rats
following subchronic exposure to CV127 soybeans. Food Chem Toxicol. 50(3-4):956-971.

Coca-Morante M, Tolin-Tordoya | (2013) The Potato Late Blight Caused by Phytophthora
infestans Mont de Bary as Selection Factor of Phurejas Potatoes ( Solanum phureja Juz et
Buk) in Endemic Areas of the Bolivian Andes. American Journal of Plant Sciences. 4:53-58.

Codex (2009) Foods derived from modern biotechnology, 2nd edition.

Cultivariable (2021) Risk of cross pollination by GM potatoes. epub.
https://www.cultivariable.com/risks-of-cross-pollination-by-gmo-potatoes/.

Delaney B, Astwood JD, Cunny H, et al. (2008) Evaluation of protein safety in the context of
agricultural biotechnology. Food Chem Toxicol. 46 Suppl 2:571-97.

Duggleby R, Pang SS (2000) Acetohydroxyacid Synthase. Journal of biochemistry and
molecular biology. 33:1-36.

Edmonds JM, Heller J, Engels J (1997) Black nightshades. Solanum nigrum L. and related
species,

FAOSTAT (2024) FAOSTAT Statistics Division Food and Agriculture Organization of the
United Nations.

Foster SJ, Park TH, Pel M, et al. (2009) Rpi-vnt1.1, a Tm-2(2) homolog from Solanum
venturii, confers resistance to potato late blight. Mol Plant Microbe Interact. 22(5):589-600.

FSANZ (2013) Response to Heinemann et al on the regulation of GM crops and foods

25


https://www.cropcomposition.org/
https://www.cultivariable.com/risks-of-cross-pollination-by-gmo-potatoes/

developed using gene silencing. . Zealand, FSaN. Canberra.

Gabriel J, Plata G, Cadima X, Franco J (2013) Solanum phureja Juz et Buk.: Valuable
Source of Genetic Resistance to Potato Late Blight [Phytophthora infestans (Mont.) de Bary].
Revista latinoamericana de la Papa. 17:131-142.

Hammond BG, Cockburn A (2007) Food Safety of Proteins in Agricultural Biotechnology,
CRC Press.

Hannon GJ (2002) RNA interference. Nature. 418(6894):244-251.

Haverkort AJ, Struik PC, Visser RGF, Jacobsen E (2009) Applied Biotechnology to Combat
Late Blight in Potato Caused by Phytophthora Infestans. Potato Research. 52(3):249-264.

He X, de Brum PA, Chukwudebe A, et al. (2016) Rat and poultry feeding studies with
soybean meal produced from imidazolinone-tolerant (CV127) soybeans. Food Chem Toxicol.
88:48-56.

Helgeson JP, Pohiman JD, Austin S, et al. (1998) Somatic hybrids between Solanum
bulbocastanum and potato: a new source of resistance to late blight. Theoretical and Applied
Genetics. 96(6):738-742.

Hermsen JGT (1966) Crossability, fertility and cytogenetic studies in Solanum acaule x
Solanum bulbocastanum. Euphytica. 15(2):149-155.

Hermsen JGT, Ramanna MS (1973) Double-bridge hybrids of Solanum bulbocastanum and
cultivars of Solanum tuberosum. Euphytica. 22(3):457-466.

Ivanov AA, Ukladov EO, Golubeva TS (2021) Phytophthora infestans: An Overview of
Methods and Attempts to Combat Late Blight. J Fungi (Basel). 7(12)

Jackson SA, Hanneman RE (1999) Crossability between cultivated and wild tuber-and non-
tuber-bearing Solanums. Euphytica. 109(1):51-67.

Jansky S, Hamernik A (2009) The introgression of 2x 1EBN Solanum species into the
cultivated potato using Solanum verrucosum as a bridge. Genetic Resources and Crop
Evolution. 56:1107-1115.

Jones JD, Dangl JL (2006) The plant immune system. Nature. 444(7117):323-329.

Jones JD, Witek K, Verweij W, et al. (2014) Elevating crop disease resistance with cloned
genes. Philos Trans R Soc Lond B Biol Sci. 369(1639):20130087.

Kolkman JM, Slabaugh MB, Bruniard JM, et al. (2004) Acetohydroxyacid synthase mutations
conferring resistance to imidazolinone or sulfonylurea herbicides in sunflower. Theor Appl
Genet. 109(6):1147-1159.

Lee H, Rustgi S, Kumar N, et al. (2011) Single nucleotide mutation in the barley
acetohydroxy acid synthase (AHAS) gene confers resistance to imidazolinone herbicides.
Proceedings of the National Academy of Sciences. 108(21):8909-8913.

Lin X, Olave-Achury A, Heal R, et al. (2022) A potato late blight resistance gene protects

against multiple Phytophthora species by recognizing a broadly conserved RXLR-WY
effector. Mol Plant. 15(9):1457-1469.

26



Marone D, Russo MA, Laido G, De Leonardis AM, Mastrangelo AM (2013) Plant nucleotide
binding site-leucine-rich repeat (NBS-LRR) genes: active guardians in host defense
responses. Int J Mol Sci. 14(4):7302-7326.

Mathesius CA, Barnett JF, Jr., Cressman RF, et al. (2009) Safety assessment of a modified
acetolactate synthase protein (GM-HRA) used as a selectable marker in genetically modified
soybeans. Regul Toxicol Pharmacol. 55(3):309-320.

McCourt JA, Pang SS, King-Scott J, Guddat LW, Duggleby RG (2006) Herbicide-binding
sites revealed in the structure of plant acetohydroxyacid synthase. Proceedings of the
National Academy of Sciences. 103(3):569-573.

McHale L, Tan X, Koehl P, Michelmore RW (2006) Plant NBS-LRR proteins: adaptable
guards. Genome Biology. 7(4):212.

OECD (2003) Considerations for the Safety Assessment of Animal Feedstuffs Derived from
Genetically Modified Plants: Series on the Safety of Novel Foods and Feeds. Report No: 9.
Development, OFEC-OA. Paris.

OECD (2021) Revised Consensus Document on Compositional Considerations for New
Varieties of Potato (Solanum Tuberosum): Key Food and Feed Nutrients, Toxicants,
Allergens, Anti-Nutrients and Other Plant Metabolites. .

Oh SK, Kwon SY, Choi D (2014) Rpi-blb2-Mediated Hypersensitive Cell Death Caused by
Phytophthora infestans AVRbIb2 Requires SGT1, but not EDS1, NDR1, Salicylic Acid-,
Jasmonic Acid-, or Ethylene-Mediated Signaling. Plant Pathol J. 30(3):254-260.

Onditi J, Nyongesa M, van der Viugt R (2022) Prevalence, distribution and control of potato
virus Y (PVY) strains in Kenyan potato cultivars. Tropical Plant Pathology. 47(5):659-671.

Park T-H (2013) Genetic diversity of resistance to Phytophthora infestans derived from
Solanum venturii. Horticulture, Environment, and Biotechnology. 54(5):422-429.

Pigatto AG, Blanco CC, Mentz LA, Soares GL (2015) Tropane alkaloids and calystegines as
chemotaxonomic markers in the Solanaceae. An Acad Bras Cienc. 87(4):2139-2149.

Quenouille J, Vassilakos N, Moury B (2013) Potato virus Y: a major crop pathogen that has
provided major insights into the evolution of viral pathogenicity. Mol Plant Pathol. 14(5):439-
452.

Raffan S, Halford NG (2019) Acrylamide in food: Progress in and prospects for genetic and
agronomic solutions. Ann Appl Biol. 175(3):259-281.

Rutledge RG, Quellet T, Hattori J, Miki BL (1991) Molecular characterization and genetic
origin of the Brassica napus acetohydroxyacid synthase multigene family. Mol Gen Genet.
229(1):31-40.

Sarkinen T, Poczai P, Barboza GE, et al. (2018) A Revision of the Old World Black
Nightshades (Morelloid Clade of Solanum L., Solanaceae). PhytoKeys. 223:1 - 223.

Sharma SK, Bolser D, de Boer J, et al. (2013) Construction of Reference Chromosome-
Scale Pseudomolecules for Potato: Integrating the Potato Genome with Genetic and
Physical Maps. G3 Genes|Genomes|Genetics. 3(11):2031-2047.

Sowokinos J (2001) Biochemical and molecular control of cold-induced sweetening in

27



potatoes. American Journal of Potato Research. 78:221-236.

Tan S, Evans RR, Dahmer ML, Singh BK, Shaner DL (2005) Imidazolinone-tolerant crops:
history, current status and future. Pest Manag Sci. 61(3):246-257.

Thompson C, Tar'an B (2014) Genetic characterization of the acetohydroxyacid synthase
(AHAS) gene responsible for resistance to imidazolinone in chickpea (Cicer arietinum L.).
Theor Appl Genet. 127(7):1583-1591.

Torrance L, Talianksy ME (2020) Potato Virus Y Emergence and Evolution from the Andes of
South America to Become a Major Destructive Pathogen of Potato and Other Solanaceous
Crops Worldwide. Viruses. 12(12)

Ugent D, Patterson LW (1988) Archaeological remains of potato and sweet potato in Peru.
CIP Circular 16:1-40.

USDA (2019) FoodData Central. Potatoes, russet, flesh and skin, raw (Includes foods for
USDA's Food Distribution Program). https://fdc.nal.usda.gov/index.html.

Witek K, Jupe F, Witek Al, et al. (2016) Accelerated cloning of a potato late blight-resistance
gene using RenSeq and SMRT sequencing. Nat Biotechnol. 34(6):656-660.

Xu X, Pan S, Cheng S, et al. (2011) Genome sequence and analysis of the tuber crop
potato. Nature. 475(7355):189-195.

Yuan B, Byrnes D, Giurleo D, et al. (2018) Rapid screening of toxic glycoalkaloids and
micronutrients in edible nightshades (Solanum spp.). J Food Drug Anal. 26(2):751-760.

Zhao L, Zhang Q, Gao R, et al. (2015) High genetic abundance of Rpi-blb2/Mi-1.2/Cami
gene family in Solanaceae. BMC Evolutionary Biology. 15(1):215.

Zhu X, Richael C, Chamberlain P, et al. (2014) Vacuolar Invertase Gene Silencing in Potato

(Solanum tuberosum L.) Improves Processing Quality by Decreasing the Frequency of
Sugar-End Defects. PLOS ONE. 9(4):e93381.

28


https://fdc.nal.usda.gov/index.html

Appendix 1

pSIM4363-derived genetic elements

Relative

Genetic Element Source o Size (bp) Description
Position
) Secondary cleavage site releases ssDNA'”
Left Border (LB) Synthetic DNA 1-25 25 inserts from pSIM4363
LB buffer S. tuberosum var. 26-187 162 Buffer for truncations during insertion
Ranger Russet.
Intervening sequence S. tuberosum 188-192 5 Sequence used for DNA cloning
StmALS cassette
Polyubiquitin promoter S. tuberosum var. ~ . .
(pUbi7) Ranger Russet 193-1,131 939 Drives expression of the StmAls gene
StUbi7 gene intron S. tuberosum 1,132-1,700 569 Improves expression of StmALS; is spliced
out before translation
Ubiquitin gene monomer S. tuberosum 1,701-1,928 228 Sigreariz o 2 USlE i Simlle, e
cleaved off
Intervening sequence Synthetic DNA 1,929-1,934 6 Sequence used for DNA cloning
Modified Als gene Selection marker; modified potato ALS
(StmAls) S. tuberosum 1,935-3,914 1,980 (StmALS)
Intervening sequence Synthetic DNA 3,915-3,920 6 Sequence used for DNA cloning
Ublqumn-3 gene S. tuberosum 3,921-4,275 355 Terminates transcription of StmAls gene
terminator (tUbi3)
Intervening sequence Synthetic DNA 4,276-4,285 10 Sequence used for DNA cloning

Rpi-vnt1 cassette

Rpi-vnt1 native

. S. venturii 4,286-5,210 925 Terminates transcription of Rpi-vnt1
terminator (tVnt1)
Rpi-vnt1 gene coding S. venturii 5211-7 886 2676 Expresses the VNT1 protein for late blight
sequence (Vnt1) ) ’ ’ ’ protection
T (?Ja\l/t'r\]ﬁ )promoter S. venturii 7,887-8,595 709 Drives expression of the Rpi-vnt1
Intervening sequence Synthetic DNA 8,596-8,601 6 Sequence used for DNA cloning

Rpi-amr3 cassette

Rpi-amr3 native

S. americanum 8,602-10,519 1,918 Drives expression of the Rpi-amr3 gene
promoter (pAmr3)
Rpi-amr3 gene coding S. americanum 10,520-13,183 2,664 Expresses the AMR3 protem for late blight
sequence (Amr3) protection
Rpl.-amr3 el S. americanum 13,184-13,953 770 Terminates transcription of Rpi-amr3 gene
terminator (tAmr3)
Intervening sequence Synthetic DNA 13,954-13,965 12 Sequence used for DNA cloning
Rpi-blb2 cassette
Rpi-blb2 native . . ,
terminator (tBIb2) S. bulbocastanum 13,966-16,497 2,532 Terminates transcription of Rpi-blb2 gene
Rpi-blb2 gene coding S. bulbocastanum 16,498-20,387 3.890 Expresses the BLB2 pr.otem for late blight
sequence (BIb2) protection
g (r;)aéll\t/)ezz)promoter S. bulbocastanum 20,388-21,932 1,545 Drives expression of the Rpi-blb2 gene
Intervening sequence Synthetic DNA 21,933-21,940 8 Sequence used for DNA cloning

Vinv / Ppo inverted repeats

Granule-bound starch
synthase promoter
(pGbss)

S. tuberosum var.
Ranger Russet

21,941-22,626 686

Drives expression of the VInv/Ppo inverted
repeat

17 ssDNA: Single-stranded DNA
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Relative

Genetic Element Source Position Size (bp) Description
Intervening sequence Synthetic DNA 22,627-22,633 7 Sequence used for DNA cloning
Vacuolar invertase gene 18
fragment (sense S. tuberosum var. 22.634-23 137 504 Generates dsRNA' to _down regulate Vinv
: Lo Ranger Russet transcripts
orientation; Vinv)
Intervening sequence Synthetic DNA 23,138-23,143 6 Sequence used for DNA cloning
3’-untranslated region of
the ponphen(_)I oxidase S. verrucosum 23.144-23,287 144 Forms dsRN_A to reduce expression of
gene (antisense polyphenol oxidase to reduce black spot
orientation; Ppo)
S. tuberosum var. Sequence between the inverted repeats;
SIpREEr Ranger Russet HE AN e forms loop in dsRNA transcript
3’-untranslated region of
the polyphenol_ omda}se. S VT 23.451-23 594 144 Forms dsRNA to reduce expression of
gene (sense orientation; polyphenol oxidase to reduce black spot
Ppo)
Intervening sequence Synthetic DNA 23,595-23,601 7 Sequence used for DNA cloning
Vacuolar invertase gene
fragment (antisense S. tuberosum var. 23.602-24,099 498 Generat_es dsRNA to doyvn regulate
f . Ranger Russet invertase transcripts
orientation, Vinv)
Intervening sequence Synthetic DNA 24,100-24,105 6 Sequence used for DNA cloning
ADP glucose . . .
pyrophosphorylase S. tuberosum var. 24.106-26,365 2,260 Drives expression of VInv/Ppo inverted
Ranger Russet repeat
promoter (pAgp)
Intervening sequence Synthetic DNA 26,366-26,377 12 Sequence used for DNA cloning

PVY-CP inverted repeats

Polyubiquitin promoter

S. tuberosum var.

Drives expression of the PVY inverted

(pUbi7) Ranger Russet e ST 5 repeats
StUbi7 gene intron S. tuberosum 27,317-27,885 569 Improves expression of PVY-CP
Ubiquitin gene monomer S. tuberosum 27,886-28,113 228 SpEEsEel 88 al IISIEn wiln SYiHes, (e
cleaved off
Intervening sequence Synthetic DNA 28,114-28,119 6 Sequence used for DNA cloning
Potato virus Y coat
protein gene f_ragment Potato virus Y strain 28,120-28,641 529 Generates dsRNA that target PVY genome
(sense orientation, PVY- N for degradation
CP)
S. tuberosum var. Gbss intron sequence between PVY
e 2 Ranger Russet AR Z inverted repeat to form loop in dsRNA
Potato virus Y coat
prot_eln gene _fragm_ent Potato virus Y strain 28,879-29,400 592 Generates dsRNA that target PVY genome
(antisense orientation, N for degradation
PVY-CP)
Intervening sequence Synthetic DNA 29,401-29,406 6 Sequence used for DNA cloning
Ubiquitin-3 gene S. tuberosum 29,407-29,761 355 Terminator for PVY-CP dsRNA transcript
terminator (tUbi3)
Intervening sequence Synthetic DNA 29,762-29,770 9 Sequence used for DNA cloning
. S. tuberosum var. .
Right border (RB) buffer Ranger Russet 29,771-29,931 161 Supports primary cleavage at RB
RB Synthetic 29.932-29.956 o5 Primary cleavage site releases ssDNA insert

from pSIM4363

18 dsRNA: Double-stranded RNA
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Appendix 2

Flowchart showing the development process used in the creation of potato line BG25

Assembled pSIM4363 plasmid and transformed into A. tumefaciens strain AGL1

v

Transformed S. tuberosum cv. Russet Burbank internode segments with pSIM4363 using Agrobacterium-
mediated transformation

v

Promoted callus formation on internode segments using regeneration medium supplemented with 300 mg/I
timentin to inhibit Agrobacterium growth

v

Transferred callus to fresh regeneration medium containing timentin until visible shoots developed.
Transferred visible shoots to rooting medium containing imazamox, an ALS-inhibiting herbicide

v

Plantlets that did not root lacked StmALS expression (indicating lack of T-DNA integration). Discarded non-
rooting plantlets and plantlets with stunted ipt+ phenotype (indicating presence of pSIM4363 backbone
DNA)

v

Collected leaf samples from plantlets and performed construct-specific PCR analysis to identify plantlets
containing an insert from pSIM4363. Only PCR-positive plantlets were carried forward

N
Excised tips from plantlets containing the insert and rooted them in medium containing timentin to continue
elimination of viable Agrobacterium. This was repeated
N
Tested leaf samples from mature plantlets for the absence of Agrobacterium by growing in nutrient broth
yeast extract (NBY) for 14 days. Repeated leaf test in NBY prior to transfer to greenhouse and phenotyping
assays
N
| Screened greenhouse plants by qPCR to confirm lack of backbone DNA ‘
N
| Assessed greenhouse plants by ddPCR to determine pSIM4363 T-DNA insert copy number ‘
N
| Tested tubers for PPO and reducing sugars to select events with down regulation ‘
N
| Assayed plantlets for protection against PVY. PVY-protected plantlets were advanced ‘
N
| Assessed plantlets for late blight protection. Lines with the highest levels of protection were advanced ‘

v

Performed targeted capture and lllumina sequencing to assess backbone DNA integration. Confirmed lack of
backbone DNA integration using ddPCR

N
Performed PCR and Sanger sequencing on lead events to determine flanking sequences
N

Conducted field studies on lead events to assess agronomic and phenotypic characteristics, leading to the
selection of BG25
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Appendix 3

Protein sequence alignment between the native full-length potato acetolactase synthase
(StALS) and the modified potato ALS (StmALS) in BG25. The StmALS has two amino acid
substitutions, W563L and S642I (highlighted in red). StALS and StmALS are 99.7% identical.

StALS MAAAASPSPCFSKTLPPSSSKSSTILPRSTFPFHNHPQKASPLHLTHTHHHRRGFAVSNV €0
StmALS MAAAASPSPCFSKTLPPSSSKSSTILPRSTFPFHNHPQKASPLHLTHTHHHRRGFAVSNV €0

E e i e i e e b e b e e e b e b e o e e o e e e e i o e e i e i e e e e e e o i

StALS VISTTTHNDVSEPETFVSRFAPDEPRKGCDVLVEALEREGVTDVFAYPGGASMETHQALT 120
StmALS VISTTTHNDVSEPETFVSRFAPDEPRKGCDVLVEALEREGVTDVFAYPGGASMETHQALT 120

E e e e i e e o e b e e b e b e o e e b e e e o e e e i e e e i e e e e o o i

StALS RSNIIRNVLPRHEQGGVFAAEGYARATGFPGVCIATSGPGATNLVSGLADALLDSIPIVA1E0
StmALS RSNIIRNVLPRHEQGGVFAAEGYARATGFPGVCIATSGPGATNLVSGLADALLDSIPIVA1E0

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS ITGQVPRRMIGTDAFQETPIVEVTRSI TKHNYLVMDVED IPRVVREAFFLAKSGRPGPVL 240
StmALS ITGQVPRRMIGTDAFQETPIVEVTRSI TKHNYLVMDVED IPRVVREAFFLAKSGRPGPVL 240

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS IDVPKDIQQQLVIPNWDQPMRLPGYMSRLPKLPNEMLLEQITRLISESKKPVLYVGGGCL 300
StmALS IDVPKDIQQQLVIPNWDQPMRLPGYMSRLPKLPNEMLLEQITRLISESKKPVLYVGGGCL 300

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS QSSEELRRFVELTGIPVASTLMGLGAFPTGDELSLOMLGMHGTVYANYAVDGSDLLLAFG 360
StmALS QSSEELRRFVELTGIPVASTLMGLGAFPTGDELSLOMLGMHGTVYANYAVDGSDLLLAFG 360

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS VRFDDRVTGKLEAFASRAKIVHIDIDSAEIGKNKQPHVSICADIKLALQGLNSILEGKEG 420
StmALS VRFDDRVTGKLEAFASRAKIVHIDIDSAEIGKNKQPHVSICADIKLALQGLNSILEGKEG 420

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS KLEKLDFSAWRQELTEQKVKYPLSFKTFGEAI PPQYATIQVLDELTNGNAIISTGVGQHOMW 4380
StmALS KLEKLDFSAWRQELTEQKVKYPLSFKTFGEAI PPQYATIQVLDELTNGNAIISTGVGQHOMW 4380

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS ARQYYKYKKPHQWLTSGGLGAMGFGLPAAIGAAVGRPGEIVVDIDGDGSFIMNVQELATTI 540
StmALS ARQYYKYKKPHQWLTSGGLGAMGFGLPAAIGAAVGRPGEIVVDIDGDGSFIMNVQELATTI 540

E e i e i b e b e b e e b e b e e e o e e e e e o e i o e i e e e e e e i o i

StALS KVENLPVKIMLLNNQHLGMVVQWEDRFYKANRAHT YLGDPANEEEIFPNMLKFAEACGVE 600
StmALS KVENLPVKIMLLNNQHLGMVVQLEDRFYKANRAHT YLGDPANEEEIFPNMLKFAEACGVE 600

R Rk I
StALS AARVSHRDDLRAATQKMLDTPGPYLLDVIVPHQEHVLPMIPSGGAFKDVITEGDGRRSY €59
StmALS AARVSHRDDLRAATQKMLDTPGPYLLDVIVPHQEHVLPMIPIGGAFKDVITEGDGRRSY €59
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