How is the safety of
genome-edited
foods confirmed?

Natl$InstiHealth Sci.,, Japan

Genome-edited potatoes that do not produce solanine have not been submitted for notification yet. This
cartoon was created using the example of the solanine-free potatoes, and assumes how safety is confirmed
in the prior consultation phase before notification and distribution.

|

@ In Japan, a notification system for genome-edited foods was launched in October 2019. The safety of genome-edited foods is confirmed
during the prior consultation phase of the notification system, and a notification will be submitted to and accepted by the Consumer
Affairs Agency (CAA) when it is determined that there are no safety concerns and the requirements for notification are met.

@ In this MANGA (cartoon), outline of the prior consultation and notification system for the genome-edited foods is introduced.



@When reading this MANGA (cartoon), start from the right top corner and move on to the left, then to the boxes below (similarly right to left).
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We are all here at o
camping ground o
today for outdoor

activity at school. 7

When it comes to
camping meals

Curry andrice
(curry overrice),
of course!!

Let's prepare
curry and rice
together.

Then I'll peel
the potatoes.

what's this?

This potato is
kind of
sprouting

No




Never eat
potato sprout!!

Right.
They're kind of greenish.
Do you think itis OK
to eat them?
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Hmmm,
| guess so.
ay.
We'll cook them anv¥
| A\
o o Don't eat sprout
Itis said that N and greenish part
such toxin is included of potatoes!!
to protect potato SN
from foreign enemy !
such as bugs Accumulation This part contains

and animals.

It accumulates more
when exposed
to sunlight.

a toxin called solanine.

Potatoes have
the highest number of
food poisoning cases
among plants.

By the way,
there have been cases of
food poisoning due
to eating potatoes
including much solanine.

In the past 10 years
(2012-2021),

there have been

280

cases in Japan




there were potatoes

| wish

without solanine. don'tyou?

You spend a
lot of money
managing them,

As solanine increases
by sprouting,
people are careful
during the distribution
process.

We invest in
product handling.

Radiation

Prevents
sprouting

\\
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But, in Japan,
itis allowed
to irradiate potatoes
to prevent them
from sprouting.

Unfortunately,
there is no chance
of producing
solanine-free potatoes

naturally.

But, how do you
induce mutations?

SOUnds diff'lCUH'-

Cholesterol
precursor

Theidea is
to induce mutations
in the SSR2 gene
to stop SSR2 function.

\ 4um SSR2

Cholexterol
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Solahine

Another way is
to artificially
create potatoes
that don't produce

solanine!

Can we make
such potatoes
artificially?




That's where
genome editing
comesin.

Genome is
the genetic information
of an organism
consisting of DNA.

All living things,
humans and potatoes,
have a blueprint for life
made up of genes
on their genomic DNA.

There are many genes
on the genomic DNA,
and each gene has
a different function.
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Using genome

editing technology,
you can alter
the genes as desired.
’ »
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1 When DNA is cut,
cells repair it to
. the original state
DNA repair error
\l/

But if DNA is not

repaired as it was, H H
the function of 7|\

the gene can be lost.

A gene may be damaged
by various stimuli,
including exposure to
ultraviolet (UV).
But organism has a capability

Cutting a gene
sounds scary!

Various stimuli

Fée)?;;g,ne to repair such damage. DNA repair errors
Species ** occur naturally.
Radiation

SRS~

But, in rare cases, uv
repairing can be
unsuccessful.
DNA repair error Repair
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Genome editing is
a technology to make
this happen at a target
site artificially.




In other words,

SSR2 do we cut SSR2 gene

But how do we \l/ by genome editing
in order for potatoes

actually cut? :
m m not to produce solanine?

(

Genome editing procedure

Decide a location of

SSR2 gene where to cut.
. e Here
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Prepare a molecule \

That molecule binds
to the SSR2 gene.

’that binds to \\

mmJ 7 the target location. \

How do you deliver HU'HNN'HUN'-
that molecule? ’ v . NN . v

This is the outline
of the process.

)

\lv
m — Deliver the molecule to
— the plant to be
7|\ genome-edited.

Genome editing
is complete!!
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When this Agrobacterium is
delivered to potato nursery
plants by infection,
the molecule binds
to the location to be cut.
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Potato nursery plants

Molecule to bind to
the site to be cut

N

We use a soil bacterium,

Vector called Agrobacterium,
(transporter) which can deliver
a part of DNA sequence

to plants.

Agrobacterium

We connect the molecule,
to be combined

to the location desired to be cut,

to a transporter called a vector,

and have the Agrobacterium deliver.

Not yet! Is the genome
Now comes editing now
the main part. Now we can completed?

harvest potatoes
without solanine!!

SSR2 Then,
\l/ SSR2 gene
will be cut.

[ see.
Itis cut like
SCissors.

Mutated No change Mutated Mutated

O X OO
et i

We grow the nursery plants
after genome editing,
check DNA, and select only the
individuals to which mutation
has occurred to SSR2 genes.

That means,
we select the individuals
whose gene was not repaired
to its original state. Right?
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Deletions \e .~
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Substitution =<9 =

XOC O0OC

Insertion®_ =

Repair errors

We check how the base
sequence of SSR2 gene
of the selected potatoes
has changed.

(=
X




What is

DNA is composed
“base sequence”?

of four base pairs,
A T,G,and C.

The sequence is called

a base sequence.

[TA (Adenine [ G Guanine
I Thymine [[€ < Cytosine

Change in genes due to the change of base sequence.

Threonine Valine Tyrosine Alanine Arginine Arginine

mmmm ACT GTA TAT GCC CGA CGG A
mmmsm TGA CAT ATA CGG GCT GCCT

P

The combination of
the three base pairs in
a sequence determines
one amino acids,
and the sequence of
the amino acids determines
the characteristics
of the protein.

Threonine Valine

mmmm ACT GTA
mmmm TGA CAT

That results in a loss
of function of
the original gene.

Threonine Valine

mmmm ACT GTA
mmmm TGA CAT

SO\
Missing base pair H\C\’O\’ The sequence shifts forward one by one.
v

Tyrosine= Alanine Arginine Arginine

TAT |[GCC CGA CGG A
ATA lICGG GCT GCC T

Unsuccessful
repair

Tyrosine Proline Asparticacid Glycine

TAT '| ICCC GAC COA mmmmmii TAA
ATA LJGQG CTG CCT s

If one base is missing
due to a repair error,
it will be shifted one by one.
As a result, the amino acids
will be different from

the original.

STOP

Hlergen atabase for ood afety

for toxicity and allergenicity
are available online.

Allergen Prediction Tools

COMPare Analysis of
Sequences with Software-

National Library of Medicine

We will also find out
whether a substance
causing food allergy is
generated or not due to
the sequence change.




We should not create
different toxins
when trying to

eliminate solanine.

Right?

Whether other toxic
substances are
generated due to the
increase in the amount
of cholesterol precursor.

Phytosterol Cho%erol

We will also check
whether toxic substances,
other than solanine,

Whether SSR2 gene
is involved in

ting toxi
ChOlBStEFOl Sugg&igelré%qugihe are generated or not due
Precursor  loss of its function. to the sequence change.
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Yes, understood.

At a location other

S 3
deaotaM  HaocodaM  HaHdadeM HelobMi

Are there same

than the cut location; sequences? m M
WaTaTaTalalat R
Is there 1 base Is there 2 bases
\ | / different sequence? different sequence?
TRRROUURT We examine the
HMANAMAMAM sequences in the potato genome
7|\ that are similar to the targeted sequence

N

Furthermore, we examine
if any change has occurred
at a location other
than SSR2 gene.

s 3 . 3

in advance. If there are similar sequences,
we will find out to see if they have changed
before and after genome editing.

We will further check

-
_— After
N deletion

Environment with
high nutrition is

Environment
including antibiotic

suitable for is not suitable for
Agrobacterium to Agrobacterium to
grow. grow.

Confirm that Agrobacterium
Agrobacterium

does not increase.

is deleted@\

if Agrobacterium is deleted
from the nursery plant.

There are so many
things to be done,
aren't they?

It is checked to see if the vector
sequence has not increased.
(a small sequence is checked)

PCR method

Southern blotting

method vector is not detected.

(a large fragment is checked)

Analysis based on

phenotypes. indicated when a vector is included,

is not observed.

/ Next generation
sequencer

see if vector sequences exist in
the genome.

It is checked to see that DNA of a

It is checked to see that a characteristic,

It reads whole genome sequence to

We will find out
the absence or presence
of the vector sequences
used.
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Genome-edited
potatoes We'll
actually grow them
and check to see if
solanine is reduced or if
there are any other
differences from original
potatoes.

Non-genome-edited
potatoes

Solanine content

Genomic stability is
also examined.

Finally,
genome-edited potatoes
are ready.

we can eat
solanine-fre
potatoes.

It was a big task
already so far.
And yet, there is more.

Oh no!
Genome-edited potatoes
aren't on the market yet?

Not really!
One more job to do before
actually commercializing
the potatoes.
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Content;
(1) Names of item and breed and summary (usage
and intended use) of the developed food

(2) Method of genome editing technology used A\ \ o
and details of modification @ @
(3) Information on confirmation that there are no
remaining foreign genes or their parts
(4) Information on confirmation that confirmed —
changes in DNA do not cause production of
new allergens having adverse effects on
human health or increase of known toxic
substances contained
(5) For items in which modification affecting the
metabolic system was performed in order to
increase or decrease specific components,
information on changes in major components
(nutrient components only) related to the
target metabolic system
(6) Year and month of marketing (*Notify the
MHLW of it after marketing)

First, developer of the
genome-edited potatoes is
supposed to prepare
pre-submission consultation
document, and submit it with the
result of analysis to the CAA.

~_ ( )
= | A
rag’é\ fas"o‘ =
o) & ‘ Develope

Examples of the material showing the result of analysis
are;

@The result of analysis investigating how SSR2 gene
sequence has changed (Example: Electrophoretic
image file)

@Result of a search for existence/non-existence of a
sequence similar to the one at the designated
location.

@Result of a search to see if a new protein is not
generated.

@Result of a study to see if allergenicity and toxicity
do not exist.

@Result of determination of solanine content etc.

@Details of each measurement and analytical method.

And so on.

Pharmaceutical Affairs * : After checking
and Food Sanitation Council ConsumerAialSigEncy the document,
CAA will request the

Request for
content

confirmation <~ Pharmaceutical Affairs and Food

Sanitation Council (hereinafter
referred to as “the

Subcommittee”), consisting of

experts, to check the content of

the document.

¥ Subcommittee on Genetically Modified Foods, Newly Developed Food Committee of the Food Sanitation Council
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check if those
documents meet the

standard for notification

of genome-edited foods
to confirm the safety.

Members of the
Subcommittee will
check the content of the
submitted documents
and materials
representing the
analytical result, and

Simply submission
does not mean OK.
Right?

|

Additional
information or
analysis

may be requested.

If checking finds any
inadequacy, additional
information or analysis
may be requested.

Hey!

Itis till so many!!

Content of the application document [tems pointed out by the Subcommittee

Tool necessary for genome editing (molecule to be
combined to the location desired to be cut) was inserted
into the cell of OOspecies potatoes by Agrobacterium
method, and mutation was observed in SSR2 gene.

Cut location is [J[Jregion of SSR2 gene. When genome
editing was performed on individuals of Apieces,
mutation of missing 1 base was observed on individuals
of Opieces, and reduction of solanine content was
confirmed.

Because a method to express target protein transiently
by Agrobacterium is used, foreign genes are not
inserted into the potato genome. The fact that foreign
genes did not remain was confirmed by PCR method,
Southern Blotting method and analysis based on
phenotype.

+How was the solanine content measured? How many

+Was the position of the primer appropriate in PCR

*Where was the probe position for analysis of Southern

*What kind of vector was used for genome editing?

Table on the left
shows the points to
be checked.

*Where on SSR2 gene was modified? Please show us the
location in an appropriate figure?

individuals were investigated, and how were the
measurements? Based on the database, were the
changes within the variable range under the cultivation
conditions?

method? Did the primers cover the sequence to be
analyzed? Could you also submit the picture of
electrophoresis?

hybridization analysis? Was the target fragment
detected? Please show us the result.
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) ) We reached
the end at last!!

It's been
along way!!

In order to supplement
the items pointed out, the
developers will revise the

document with additional

information including
further analysis.

A

The Subcommittee will
check the revised

Additional documents, and ask for
information additional information
or analysis if there is any finding.
may be

requested.

| thought one round X
of revision would
end the process.

What are you saying!
Don't you realize that,
if a major problem is

found after product 4 <
distribution, the
impact could be very [
serious. 2

[t seems that we can

never eat the
Such process will be genome-edited
repeated as many potatoes.

times as needed until
necessary
confirmation is made.
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While research and

We did it @
at last!!

=l development are big
tasks, document
application process is
so challenging far
more than | thought.

When it is judged
that the safety is
confirmed, notification

documents are

prepared and
submitted to CAA,
and once the
documents are
accepted,

| never imagined
that checking for
safety is so strict.

Finally, the
genome-edited
potatoes can be

introduced to the
market!!
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Developer

Prior consultation
with the CAA.

Prepare a document with

amendments made regarding

the ﬁndings, and resubmit the
ocument.

Prepare the document to be
submitted, and make
notification.

The entire process flow
will look like the one
shown above.

Submittal of notification document

Consumer Affairs Agency (CAA)

Subcommittee on Genetically Modified Foods | Food Safety Commission, Cabinet Office

Based on the material submitted for a prior consultation, experts will check
if analyses necessary for verification of safety are adequately conducted.

Inform the findings to the developer.

Resubmitted document for prior consultation is reviewed again by experts.

If safety is successfully confirmed,
judgment is made as appropriate
for notification.

If judgement cannot be made regarding safety,
judgment is made as appropriate for a safety
assessment.

Safety assessment is conducted

is requested. by the Food Safety Commission.

If safety is successfully
confirmed, judgment is made as
appropriate for notification.

Safety cannot
be confirmed.

Publication on
the CAA website.

Distribution is available. Commercialization not allowed.
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If solanine-free potatoes
are distributed in the
market, concern for food
poisoning can be
reduced!

First, | was a little bit
scared about cutting genes.
. But now | am comfortable
about eating.

| did not know that

such a severe review
is made before

commercialization.

\ conventional potatoes.

It's great to know that
safety is adequately
confirmed, and yet good
taste and nutrition stay
the same as the

Oh no!
| completely
forgot about it.

What about
potatoes peeling?






