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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Seed and grain testing is used throughout the world to commercially define the purity of seed and grain

lots.

Commercial requirements for labelling agricultural products with genetically modified organism (GMO)
content at a specified threshold level both as a seed/grain contaminant and a food ingredient have
become common to satisfy regulations and consumer demands. Conformance with these specifications
is evaluated at various points of the supply chain, often starting with the harvested grain.
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Molecular biomarker analysis — Method for the statistical
evaluation of analytical results obtained in testing sub-
sampled groups of genetically modified seeds and grains —
General requirements
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Normative references

Terms and‘definitions

fcope

document describes general requirements, procedures and performance criteria fo
ontent of genetically modified (GM) seeds/grains in a lot by a group testing strategy {
tative analysis of sub-sampled groups followed by statistical evaluation ofithe results.

document is applicable to group testing strategy estimating the GM content on a perce
basis for purity estimation, testing towards a given reject/accept criterion and for
grain lots are carrying stacked events.

document is not applicable to processed products.

Description of the use of group testing strategy are available in References [1], [7], [8],

following documents are referred to in the“text in such a way that some or all of t
Fitutes requirements of this documentFor dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

6577, Molecular biomarker analySis— Terms and definitions

1572, Foodstuffs — Molecular-biomarker analysis — Immunochemical methods for the d
tification of proteins

P4276, Foodstuffs —(Methods of analysis for the detection of genetically modified or{
ed products — General requirements and definitions

he purposes of this document, the terms and definitions given in ISO 16577 and the foll

nd1EC maintain terminology databases for use in standardization at the following adc

I evaluating
hat includes

ntage seed/

rases where

18], [19] and

heir content
applies. For
hts) applies.
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bwing apply.

Iresses:

— 1
|

3.1

abso
abso
abso

SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at https://www.electropedia.org/

lute PCR limit of detection
lute polymerase chain reaction limit of detection
lute PCR LOD

lowest nominal (average) number of target copies in the template volume distributed to individual PCRs
that would allow for an acceptable probability of detecting the target
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3.2
AQL
acceptable

:2021(E)

quality limit

level of impurity that is acceptable to the producer and that production practices can support

3.3

consumer risk
consumer (beta) risk
probability of accepting a lot at the lower quality limit (3.10)

3.4
deviant sed
considered 1

Note 1 to enf]
that is not ex

3.5

false negat
FNR
probability
by the meth

Note 1 to en
number of pd

[SOURCE: I
has been ch

3.6

false positi
FPR
probability
by the meth

Note 1 to en
number of n¢

[SOURCE: I§
has been ch

3.7
group size
number of s

3.8

d/grain
non-conforming based on the presence or absence of a specific trait or characteristic

ry: For the purpose of this document, a deviant seed is considered to possess a GM.¢haracts
bected or is unintended based on the expected or known GM characteristics of the seed/grain

ve rate

that a known positive (seed/grain group) test sample (3.20) has-been classified as neg]
pd

try: The false negative rate is the number of misclassified\khown positives divided by the
sitive test samples (3.20).

0 16577:2016, 3.63, modified — the abbreviatién has been added, “positive test sar
hnged to “positive (seed/grain group) test sample”, and the formula has been deleted.]

ve rate

that a known negative (seed/grain\group) test sample (3.20) has been classified as pof{
pd

fry: The false positive rate(is)the number of misclassified known negatives divided by the
gative test samples (3.20)!

0 16577:2016, 3.65-modified — the abbreviation has been added, “negative test sar
hnged to “negative,(seed/grain group) test sample”, and the formula has been deleted.]

beds/graifls comprising a group

ristic

ative

total

nple”

itive

total

nple”

group testi

o
-]

statistical evaluation of analyte contents based on qualitative analysis results (i.e. positive or negative)
from each seed/grain group in the test sample (3.20)

39
laboratory

sample

sample or subsample(s) received by the laboratory

Note 1 to entry: The seed/grain sample received is expected to represent the seed/grain lot (3.18).

[SOURCE: IS

0 16577:2016, 3.89, modified — Note 1 to entry has been added.]
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3.10

LQL

lower quality limit

highest impurity that is acceptable to the consumer

Note 1 to entry: This can be equivalent to the threshold (3.22).

3.11
mass fraction
ratio of GM seeds/grains relative to the total seeds/grains corresponding to mass ratio

3.12
numper of deviant seed/grain groups
number of seed/grain groups (3.17) including one or more deviant seeds/grains (3.4)

3.13
operjating characteristic curve
OC cprve

graph plotting the percentage of deviant seeds/grains and the probability of acceptance fespectively
on the horizontal and the vertical axes and used in quality contrél to determine the probability of
accepting seed/grain lots (3.18) in a testing plan (3.21)

3.14
producer risk

producer (alpha) risk

probpbility of rejecting a lot at the AQL (3.2)

3.15
representative sample
sampling units (samples or groups) that haye been extracted from a lot with the process ensuring all
sampling units of the lots have an equal.probability of being selected and not altered in any way that
would change the analytical result

Note [l to entry: The extraction process can be a multi-stage process.

3.16
reje¢t/accept criterion
maximum number of deviant seed/grain groups (3.12) that can be detected in the test sampld (3.20) of an
acceptable seed/grainlot-(3.18)

3.17
seed/grain group
group

detefmined:number of seeds/grains prepared from a seed/grain test sample (3.20) by representative
sampling

3.18

seed/grain lot

lot

population for which sampling is intended to estimate the measured parameter

3.19

stacked event

accumulation of two or more transformation events as a result of traditional breeding and/or successive
transformation steps)

Note 1 to entry: In the context of this document a stacked event refers to a stack in which the two or more events
are not genetically linked.

[SOURCE: ISO 16577:2016, 3.197, modified — Note 1 to entry has been added.]
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test sample
sample prepared for testing or analysis, the whole quantity or part of it being used for testing or
analysis at one time

Note 1 to entry: The test sample is prepared from the laboratory sample (3.9).

Note 2 to entry: The test sample is expected to represent the laboratory sample (3.9).

[SOURCE: ISO 16577:2016, 3.210, modified — Note 1 to entry and Note 2 to entry have been added.]

3.21

testing plan

plan specify]
(3.17) and t
seed/grain I

3.22
threshold
maximum a

Note 1 to ent

Note 2 to ent
is involved in

4 Princi

4.1 Gene

In this meth
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number of s

A statistical
per group (
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estimate of

ing group testing (3.8) conditions including group size (3.7), the number of seed/grdin,gr
he number of deviant seed/grain groups (3.12) in test sample (3.20) resulting inejecti
t (3.18)

cceptable content of GMO presence in a lot
Fy: This can be a prescribed value.

y: Thresholds can be expressed in mass fraction (3.11) with the proviso that an uncertainty f
the conversion to a seed/grain percentage threshold.

ple

ral

od, the test sample is divided into a predetermined number of groups. Each group con
ned number of seed/grain and is tested qualitatively for the presence or absence of
tistical evaluation is performed-on‘the number of GM positive groups relative to the
bed/grain groups to determine the GM content in mass fraction.

calculation determines tlieyoptimal testing conditions, namely, the number of seeds/g
broup size), the number of seed/grain groups, and the maximum number of GMO poj
broups for seed/grain)lot acceptance. Alternatively, a statistical calculation providg
'he percentage by«namber of the GM seeds/grains in a lot, according to a given testing

oups
on of

actor

sists
h GM
total

rains
itive
bS an
plan.
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Preparation of seed/grain groups

1 2

A

bhoratory cnmp]p

1

lest sample
eed/grain groups
leviant seed/grain

Each group is represented as an array on the right.

Figure 1 — Sampling illustration of the obtention of seed/grain groups from a bulk s

The |
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The
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4.3
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lot

brocess of forming seed/grain groups from a series of sampling steps starting with th
lot is shown in Figure 1, (1).

ugh the procedures for obtaining a laboratory sample from a seed/grain lot is not

edures can be designed according to the References [3], [6], [10], [11], [12], [15], [19] ax

aboratory sample shall be thoroughly mixed and divided/reduced to create the test
vise, the test sample shall be thoroughly mixed (i.e. homogeneous) and divided intq
ps (each group represented as an-array in Figure 1, (4)) following simple rando
iples. The seed/grain groups can y¥ary in size from one single seed/grain up to the ¢
le (i.e. a single bulk). In most case€s, multiple seed/grain groups are created from the t

ermined number of seeds/grains can either be obtained by weighing or a volumetric m
e an approximation of‘number is made based on a determined conversion factor (e
5/grains weight). For_the case that weight is used to obtain the seed/grain groups, t
have an estimateof-ithe variability introduced by using weight rather than seed/grain

broup testing-procedure described in Clause 7 is carried out on the collective qualitat
gative) results for each seed/grain group.

Detection methods for the qualitative analysis of GM seed/grain in seed /g

eed/grain

b bulk seed/

the subject

is document, a laboratory sample (2) from a seed/grain lot shall be obtained appropriately. The

d [23].

sample (3).
seed/grain

m sampling

bmplete test
bst sample.

basurement,
g. thousand
he operator
count.

ve (positive

rain

Ips

In general, GMO detection methods are categorized into two classes[21l. The first class of assays targets
a nucleic acid sequence for detecting GMO presence. The second class includes methods for detecting a
specified protein that confers a specific transgenic trait. Detection methods from either or both classes
should be selected considering fitness-for-purpose. Guidance on the selection of qualitative methods is
provided in Clause 8. Further details can be found in ISO 21569[4] and ISO 21572.

4.4

Statistical evaluation

Sampling and measurement uncertainty shall be considered. Sampling uncertainty can be adequately
considered using the binomial distribution[18]2], The FPR and the FNR of the qualitative assay should
be considered(2l. The LOD of the applied detection method should be considered.
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The group testing described here can be used to set reject/accept criteria based on a given threshold by
GMO content, as well as to estimate the GMO content and associated upper and lower confidence limits.

5 Reagents
All reagents used in the analysis should be those specified in the method.
Otherwise, all reagents should be of molecular biology grade.

These reagents shall be stored and used as recommended by the supplier or according to the laboratory
quality assurance specifications. It can also be appropriate to aliquot the reaction solutions required
for the analytical method in order to avoid subjecting them to repeated freeze-thaw cycles, or toxrgduce
the chances|of cross contamination or both. Further details shall refer to ISO 24276 and 1SO 21572

6 Apparatus and equipment
The laborat¢ry should use properly maintained equipment suitable for the methodslemployed.

Further detgils shall refer to ISO 24276 and ISO 21572.

7 Design of testing plan

7.1 Generfal

The number of seeds/grains tested, the reject/accept critetia, the sample preparation steps angl the
method usef for testing shall be determined depending on'the analytical purpose.

In seed/grajn sample classification, it can be determined whether the number of deviant seeds/gfrains
or seed/grajn groups is above a given reject/accept.eriterion or not. Then, it can be decided to rejgct or
accept the seed/grain lot based on the test results:

A basic testing plan for group testing consists’of three fundamental parameters:
a) the number of seed/grain groups;
b) the size|of the seed/grain groups;

c) the maximum number of deviant seed/grain groups for seed/grain lot acceptance (reject/agcept
criterioh).

The risks agsociated . with the AQL and the LQL are the producer (alpha) and consumer (beta) [risks
respectively, and together with the FPR and FNR allow the design of an appropriate testing plan.

The OC curye can be used to develop a testing plan. Explanations for the estimation of the LOD |for a
zero deviant testing plan, the effect of the genome size on the group size if methods targeting DNA are
applied, and the effect of the individual seed size on the sample preparation are given in Annex C.

Annex D provides guidance on the determination of the maximum group size whatever analytical
method is used in the laboratory.

NOTE Seedcalcl1®] is a statistical program (Microsoft Excel spreadsheet application) that is freely available

from the International Seed Testing Association and has procedures to facilitate the design. Seedcalc is located
on the ISTA website.

7.2 Single-stage testing plan

A single-stage testing plan consists of one testing stage. Groups are taken from the test sample and
evaluated once, and a decision is then made based on the results to accept or reject the seed/grain
test sample. In a single-stage testing plan, a specified number of individual seeds/grains or seed/

6 © IS0 2021 - All rights reserved
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grain groups shall be selected randomly from the test sample and tested. Depending on the number
of deviants detected and the maximum number of deviants specified in the plan, the seed/grain lot is
either accepted or rejected.

The probability that an individual seed/grain or seed/grain group is deviant, pj, can be calculated as

given in Formula (1):

pp=1-P=1-(1-p)" (W

where

P is the probability that there are no deviant seeds/grains in the group;
p isthe true unknown impurity in the seed/grain lot;

mn is the number of individual seeds/grains in a seed/grain group (if seedsygrains are tested indi-
vidually, m = 1).

Then, the probability that a lot will be accepted, P(a) is calculated as given in Formula (2):

’(a)=2(?jpbi (1-py)"" (2)

i=0

—

wherte

P(a) isthe probability that a lot will be accepted;

1 is the number of individual seeds/grains or seed/grain groups tested;
d is the maximum number of deviaht'seed/grain groups for acceptance.
By combining Formulae (1) and (2), P(a)\is a function of p, n, m and c.

Afteff n, m and c are determinedfan OC curve can be drawn by plotting p and P(a) on the x-axis and
y-axis, respectively.

7.3 | Double-stage testing plan

A dopble-stage testinig’/plan is generally set up so that additional seed/grain groups are tested in the
second stage. Initialvseed/grain groups are taken from the test sample and tested. Based|on this test
result, three different decisions can be made:

a) accept.the seed/grain lot;

b) 1eject the seed/grain lot; or

c) draw asecond set of seed/grain groups from the test sample and retest.

The test results from the first and second stages of testing are combined and used to determine whether
the seed/grain lot is accepted or rejected (see Figure B.1). In Annex B examples for implementation of a
double-stage testing plan to evaluate GMO content in seeds/grains are provided. Subclause B.1 can also
be applied for cases where seed/grain lots are carrying stacked events.

Some additional terms are defined as follows:
— ny, the number of independent seed/grain groups to be tested in the first stage;
— n,, the number of independent seed/grain groups to be tested in the second stage;

— ¢4, the maximum number of allowable deviant seed/grain groups for acceptance in the first stage;

© IS0 2021 - All rights reserved 7
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for acceptance;

d;, the number of deviant seed/grain groups in the first stage;

d,, the number of deviant seed/grain groups in the second stage.

P(a) is calculated as given in Formula (3):

¢, the minimum number of deviant seed/grain groups that will result in rejection at the first stage;

3, the maximum number of deviant seed/grain groups in the first and second stages combined

P(Cl)— ‘1 (nl \ Ipq  Nnj—i C2 -1 |_ (nl I/q N —I] \ C3'i(n2 \ jga o \O—j
—‘_,iZOL - pr t=75) pare C1+1 L ) be (=75 ol ; pr (T=7p
(3)
8 Selectjon of qualitative methods
8.1 Geneyal

An analytic;
of the meth

Analytical methods have been developed to detect specific genes encoding transgenic traits or sp

characterist
are availabl
Protein-bas
detecting a

8.2 Perfq

The analyti
group with

In the case

methods pe
plan which 4
a) physica

easily g

PCR, re{
b) absolutj
c) false-ng

e that detect specific DNA sequences encoding.elements, constructs or GMO eventd

]l method shall be chosen to meet the purpose of testing. Thee performance character
d should be determined before application in seed/grain testing.

ics expressed by specific genes in seeds/grains. Nucléic-acid-based methods such ag

ed methods such as ELISA and lateral flow immunoassays require a specific antibod
bpecific GM protein (see IS0 21572).

rmance criteria

fal methods applied for the test/plan protocol shall detect at least one GM seed/graif
high probability of detection. Refér to Reference [2].

pf PCR, detection methods'shall be chosen to meet the purpose of group testing. Ge
rformance criteria are described in ISO 24276. General criteria for the design of the te
hould be considered(include

and genome size)of seed/grain species as it affects the number of seed/grain that c{
round per group’and the number of genome equivalents that can be analysed in a stan
pectively,

e PCR limit of detection of the qualitative method, and

stics

beific
PCR
[4][5].

y for

1 in a

neral
sting

in be
dard

both

gative rates associated with the method of detection or identification in addition for
21311341

nucleic

dLlu auu Pl ULClll UdDCu lllCLllUuD bllUulu UC \,UllbluCl CUr=I=,

Detection-method-specific performance criteria can refer to ISO 24276, ISO 21569[4] and I1SO 21572.

The seed/grain testing plans discussed in this document assume that the seeds/grains tested are a
representative sample drawn from the seed/grain test sample. Simple representative sampling implies
that each seed/grain in the test sample has both an equal and an independent chance of being included
in the seed/grain group.

9 Interp

retation

In determining whether to “accept” or “reject” a given seed/grain lot, the test results shall be compared
with the predetermined reject/accept criterion, e.g. the maximum number of GM-positive groups

allowable fo

8

r acceptance.
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Statistical calculation using the formulae shown below permit the evaluation of a GMO content with
confidence intervals from the test results. Statistical calculation programs such as Seedcalc? facilitate
the calculation. In this manner, one can obtain quantitative information on the GMO content of the seed/
grain lot based on how many groups proved to be GM-positive in the qualitative analysis. Together, test
results and their statistical evaluation reveal the level of impurity in the seed/grain lot. Ninety-five
percent upper and lower confidence limits for this impurity evaluation can then be calculated. The true
impurity in the seed/grain test sample can be expected with 95 % confidence to fall within these limits.

The most likely value of GMO content, p, can be evaluated from the test results as given in Formula (4).

__/ d\%
p_l—Ll—U

wherte

4

i is the number of individual seeds/grains or seed/grain groups tested;

m is the number of individual seeds/grains in a seed/grain group_(if)the seeds/grains are tested
individually, m = 1);

d is the number of deviant seeds/grains or seed/grain groups:

The group testing approach, like quantitative methods, has dimitations concerning the G levels that
can e estimated. Table 1 gives two examples of the highest.¢computed GM estimate for test jample sizes
of 200 seeds/grains and 3 000 seeds/grains. These highest estimates are obtained when| all, but one
group is positive. Associated 95 % confidence limits.aré given to the estimates to show the sampling
unceftainty.

Note For seed/grain group sizes greater than\one, when all groups are positive for GM presgnce, there is
very limited utility in this approach.

Table 1 — Examples of highest computed GM estimate of the content of the deviant s¢eds/grains
for yarious seed/grain group sizes-(when all but one group is positive) and the 95 % confidence
limits (when all but one group is positive)

Seeds per | GM positive | Estimated percent- | Range of GMO dontent (%)
Seedls (total) | Groups groups groups age GM seed (for 95 % confidence level)
1 200 0 0,0 0,0to 1,8
40 4 39 0,8to 12,4
200
10 20 9 10,9 4,0 to 2p,8
20 10 19 259 13,0 to 48,7
1 3000 0 0,0 0,0to(,1
5 600 4 0,3 0,1to 9,9
16 366 9 6,8 6;3t02,0
3000
20 150 19 2,0 09to 4,4
30 100 29 3,3 1,7t0 6,8
60 50 59 79 4,7 to 14,4

1) Seedcalcis an example of a statistical tool for seed testing. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of this product.
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If the confidence level for evaluation is set at x %, the upper confidence limit of GMO content in the

evaluation c

an be calculated using the following Formulae (5) and (6):

X

o=1-——

where x is the confidence level in percentage terms.

PUL:1

_(1_

1
(d+1)Fi_g 2d4+2,2n-2d }m
(n=d)+(d+1)Fy_y 2442 2n-2d

where the q
degrees of fi

Also, the tw
following Fd

Py, =17

10 Expre;

10.1 Class

To classify 4

seed/grain lot is acceptable or that the seed/grain lot should be rejected.

The upper 9
of groups te

The OC cur
decision res

10.2 Estin

The GMO cg
made such

pantity Fi_, 2442 2n-24 1S the 1 — @ quantile from an F-distribution with 2d + 2 and,2n
reedom.

o-sided confidence interval (upper limit, Py ; lower limit, A ) can be caleulated usin

rmulae (7) and (8):

[1

]%

\m
/2,2d,2n-2d+2

@+ D)Fgp2d42,2n-2d
(n=d)+(d+1)Fi_ 2 2d+2,2n-2d

1

d
Fy

[ “d+(n-d+1)/
s5sion of results

ification of a seed/grain lot into_{‘accept” or “reject” category
seed/grain lot into the “accept” (05 *reject” category, a statement can be made such th3
b % confidence limit of the concentration based on the result can be included, or the nu

cted, or the number of deviant pools or all of these.

ve expressing the.characteristic of sampling can be attached along with the altern|
ult in order to facilitate understanding.

jation of-the level of molecular biomarker in the seed/grain lot

ntentin the seed/grain lot can be estimated as described in Clause 9. A statement c3
that the most probable value of GMO content is p %, and the (1-a)x100 % config

(5)

(6)

-2d

g the

(7)

(8)

t the

mber

ative

in be
ence

interval ran

£ D 04 & D 0L
<S5 llUlllfLL 70 LU FUL 70.

11 Test report

The test report shall be written in accordance with ISO 24276 and shall contain at least the following
additional information:

the sam

a)

b) arefere

c)

method

10

ple;

nce to the method that was used for the extraction of nucleic acid or protein;

s used for the detection of the target protein or both;

a reference to the methods used for the amplification of the nucleic acid target sequences or the
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d) the LOD of the method used to test the groups and the matrix used to identify the LOD;
e) thereference material used if applicable;

f) the results expressed according to Clause 10;

g) the International Standard used (i.e. ISO 22753:2021);

h) any deviations from the procedure;

i) any unusual features observed;

3 1 e yayn | de b=
]) UIICT UdLlT Ul LIIT LTS L.
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Annex A
(informative)

Terms and definitions comparison table

A.1 Comparison of terms defined other documents

Synonymousg terms defined in other documents or organizations are shown in Table A.1.

Table A.1 — Terms comparison table

This document ISTA2b JRCC
Term Definition Term Definition Term Definition

alotis a distinct
and specified
quantity of ma-

population for which a seed lotis a specified terial dispat¢hed

seed/grain| | sampling is intended to dlot quantity of seed thatds lot I received ak on
lot estimate the measured | ¢ physically and uniquély © o ecenée a 30 g
parameter identifiable tlll)ne and covpre
y a particylar
contract or ship-
ping documgnt
a submitted sample is
a sample that is to be
sample or subsample(s) submitted to the testing
received by the labo- laboratory and may com- sample as pJre-
ratory prise either the whole of pared (form|the
. the composite sample or lot) for sendLing
laboratlory Note 1 to entry: The Smeltlted a subsample thereof. The laboratlory to the laborafory
sampie seed/grain sample SAWP | submitted sample may be|  STP© and intendeq for
received is expected divided into subsamples inspectionfor
to represent the seed/ packed in different ma- testing
grain lot. terial meeting conditions

for specific tests (e.g.
moisture or health).

a2  INTERNATIONAL SEED{ESTING ASSOCIATION, Chapter 2: Sampling. International Rules for Seed Testing 2021, P021,
Bassersdorf, §witzerland[18};

b INTERNATIONAL SEED TESTING ASSOCIATION, Chapter 19: Testing for seeds of genetically modified organfisms.
International Rules forSeed Testing 2021, 2021, Bassersdorf, Switzerland[1Zl,

¢ EUROPEANTCOMMISSION, JOINT RESEARCH CENTRE. (2014), JRC Technical Report: Guidelines for sample preparfation
prOceduresi GMQ nn:\]ycic[ﬂ]
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This document ISTAab JRCe
Term Definition Term Definition Term Definition
sample prepared for
testing or analysis,
the whole quantity or the working sample is the
part of it being used for whole of the submitted
testing or analysis at sample or a subsam- (sub-)sample
one time ple thereof, on which prepared from
. Note 1 to entry: The working one Ofthf _quLa}llty t.is,ff . . the laborato-
testrsampre - TUCSTTTOCU IIT CITCST IS5 171 | TSt Sallpic Ty aample and
test sample is prepared| sample . .
Rules is made and must from which test
from the laboratory be at 1 h ioh \ il b
sample. e atleast the weight portions will be
prescribed by the ISTA taken
Note 2 to entry: The Rules for the particular
test sample is expected test.
to represent the labo-
ratory sample.
A seed group is one of the
portions of the working
determined number of sample that is sep.ara.tely
seeds/grains prepared prepared (e.g. grinding,
seefl/grain : DNA or proté€in‘éxtrac-
from a seed/grain test | seed group | . - -
gdroup tion) and analysed (e.g.

sample by representa-
tive sampling

end-pointPCR, ELISA,
real-time PCR) when
using the group testing
approach

a2 INTERNATIONAL SEED TESTING ASSOCIATION, Chapter 2: Sampling. International Rules for Seed Testi

Bass¢rsdorf, Switzerland[13],

b INTERNATIONAL SEED TESTING ASSOCIATION, Chapter 19: Testing for seeds of genetically modifig

Interhational Rules for Seed Testing 2021, 2021,;Bassersdorf, Switzerland[1Z],

¢ HUROPEAN COMMISSION, JOINT RESEARCH CENTRE. (2014), JRC Technical Report: Guidelines for samp

procg¢dures in GMO analysis(9].

ng 2021, 2021,

d organisms.

e preparation

© IS0 2021 - All rights reserved
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Annex B
(informative)

Implementation of the method to evaluate GMO content in seeds/

grains example

B.1 Exan|lple 1: Group testing to evaluate GMO content in maize grains

B.1.1 General

This annex provides an example to evaluate GMO content in grains using a double-stage testing plan.

The double $tage testing plan is used for checking the appropriateness of food labelling in Japan.

B.1.2 Andlytical purpose

If there is cpmmingling of stacked event(s) into seed/grain lots, GMO@mounts measured by realitime
PCR lead tofan overestimation as compared to the actual proportional’GM amount in a lot. The group
testing strafegy was introduced to estimate the GM content towatds the given reject/accept critdrion,

irrespective of the presence of stacked event seeds/grains in thelot.

The specified sampling strategy was devised to determine’if the GMO content in maize grain lots

exceeds 5 % (mass/mass) or not.

B.1.3 Properties of the analytical method

Properties fpr each item are shown in Table B.1.:Flow chart for decision making is shown in Figure B|1.

[22][13]

Table B.1 — Analytical method example for double stage sampling plan

=
—
ks
fo

Item

Value

Type of analytical sample

Maize grain

Analyte

GMOs in maize grains

Qualitative tholecular biomarker detection
method

Real-time PCR method targeting either or both of Cauliflowef
mosaic virus derived 35S promoter and Agrobacterium tumefa-
ciens derived NOS (nopaline synthase) terminator GM elemeits,
which is validated to be able to detect at least 1 GM grain in
20 grains

Type of sampling pltan

Double stage

Reject/accept criterion in the first stage

Group size in the first stage 20 grains
Number of groups in the first stage 10 groups
6 groups

The second stage is carried out if 7 or more groups show positive.

Group size in the second stage

20 grains

Number of groups in the second stage

10 groups

Reject/accept criterion in the second stage

12 groups after combining the numbers of positive group in the
first and second stages.

Sample lot rejected if = 13 groups test positive for either or both
GM targets.

14
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first stage

Qualitative analysis of

10 groups

/ N\ y4 Y
The number of GM-positive groups The number of GM-positive groups
is more than 6. is 6 or less.
The grain lot can be
accepted.
second stage
Qualitative analysis of
another 10 groups
The numbey, of GM-positive groups The number of GM-positive groups
in the-total of first and second in the total of first and second
stages is more than 12. stagesis 12 or less.
The grain lot can be The grain lot can be
rejected. accepted.

Figure B.1 — Flow chart for decision making

B.2 Example 2: Group testing to evaluate GMO content in seeds

B.2.1 Analytical purpose

This example describes a validated German official approach for seed testing(20l. It can be applied to
determine whether the GMO content exceeds 0,1 % or not.
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B.2.2 Properties of the analytical method

Properties for each item are shown in Table B.2. Flow chart for decision making is shown in Figure B.2.
The Seedcalc based estimations of GM seed content based on the number of GM positive results obtained

in the qualitative tests are given in Tables B.3 and B.4.[20][14]

Table B.2 — Analytical method example for German official approach

Item

Value

Type of analytical sample

Seeds (maize; rapeseed)

Analyte

(‘nnofiro”}y modified seed

Qualitative molecular biomarker detection
method

Real-time PCR method validated to be able to detect at least |
genetically modified seed in 3 000 seeds

Type of sampling plan Double stage
Group size i1 the first stage 1000 seeds
Number of gfoups in the first stage 3 groups

Reject/accept criterion in the first stage

—+

When GMO is detected in more than 1 group: GM seed conter]
exceeds 0,1 %;

second stage is carried out, if GMO is)detected only in 1 grou

=]

Group size i the second stage

1000 seeds

Number of gfoups in the second stage

3 groups

Reject/accept criterion in the second stage

In additional group(s) GMO detected: GM seed content exceedls
0,1 %

16
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laboratory
sample
(stage 1)
v
group a
(1000 seeds)
No PCR-positive group b =1 PCR-positive
group (1000 seeds) group
group ¢ event-specific
GMO not detected (1000 seeds) PCR tests
(GM content — -
<O Toat @— 1 poSItive group—
= 0,95 %) (stage 2) P group
v 3 positive~2 positive
group d groups groujps
GMO detected (1 000 seeds) . . |
(GM content  }¢— NO g\(_iditional group e additional positive
<0,1% positive group (1000 seeds) group
atlp = 0,95 %) roup T
(1000 seeds)
test for whole GM seeds |
(optional) B
v
group
(100 seeds)
All 3 groups positive: ’/ Sroup 0 positive groups
perform quantitative (100 seeds) to 2 positive =—mm
real-time PCR test? L groups \
group GMO detected
(100 sektls) (GM content > 0,1 % at

doating).

p = 0,95 %, if more
than 1 group is positive

Duantitative real time PCR tests.or comparison of Cq values can help to distinguish whole GM
in the sample from positive.sighals caused by traces of other homogenously present material (4

Figure B.2 — Flow chart for decision making

Table B.3/= Seedcalc estimations of GM seed content based on the number of GM
results obtained in the qualitative tests of three groups of 1 000 seeds

eeds present
.g. dust, seed

positive

-
Se ,,c.) Seeds GM Percentage GM Ranf,ie of E‘l)/l‘O Probapility for a
CCusS ) - CUILIILTIIL l IUJ
ota) | T R e reots 1 gt Gor35% coni- | e CHO ctent
group group y p dence level)?2 =070
3000 3 1000 0 0,00 0,0000t00,1229 0,950
3000 3 1000 1 0,04 0,0008t00,2358 0,694
3000 3 1000 2 0,11 0,0099t00,476 8 0,253
a2 The true GMO content of the seed lot (expressed as percentage GM seed) at a confidence level of 95 % is statistically
significant in the given range.

© IS0 2021 - All rights
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Table B.4 — Seedcalc estimations of GM seed content and corresponding probabilities based on
the number of GM positive results obtained in the qualitative tests of six groups of 1 000 seeds

Seeds [ @1 0 Probability
Seeds GM positive | Estimated per- content (%)
Groups per . for a true GMO
(total) groups centage GM seed | (for 95 % confi-
groups content of < 0,1 %
dence level)?2
6000 6 1000 0 0,00 0,0000to0 0,061 5 0,998
6 000 6 1000 1 0,02 0,0004to0 0,102 5 0,972
6 000 6 1000 2 0,04 0,004 4to0 0,150 0 0,862
6000 6 +666 3 8,6+ 8;042-6t0-6;2434 8:61t
6000 6 1000 4 0,11 0,0252t00,3135 0,287
6 000 6 1000 5 0,18 0,044 4t0 0,545 5 0,064
a2 The true GMO content of the seed lot (expressed as percentage GM seed) at a confidence level of 95 %_is statistjcally
significant in fhe given range.

B.3 Example 3: Implementation of the method to evaluate GMO purity in seeds

B.3.1 Gen

Clause B.3 p
tolerant see

is to determfine whether a seed lot contains the desired characteristic at above a desired threshold.

A represent
are sprayed
calculated a
seeds are pl
tolerant see
approach ca
phenotype d

B.3.2 Ana

This is a te
herbicide to

B.3.3 Pro

Properties g
of 400 seed
and for test
result wher

eral

rovides an example to evaluate the GMO purity in seedsdfor'checking the percent herb
ds, or the percent seeds containing another desired characteristic. The purpose of th¢

ptive sample of seeds are, for example, sown irxsoil. At a specific leaf stage, the seed
with the herbicide at an appropriate rate. Théproportion of herbicide tolerant seedliry
s the share of the number of germinated seeds that show herbicide tolerance. Alternat
aced on a towel or other medium containing the herbicide and the proportion of herh
ds is counted. Abnormal or non-gernminating seeds are excluded from the count.
n be used on any seed. It can also:Be applied to seeds that are not GM seeds, that exh
r genotype that can be tested of individual seeds.[41[17][24][25]

lytical purpose

5ting method used te-chieck if the percentage of seeds with a desired characteristiq
erant seeds in herbicide tolerant GM) in a seed lot exceeds a specified threshold.

perties of the analytical approach

feach item are shown in Table B.5. The analytical method is typically carried out on a sa

seed lot is expecte ;
approach should only be used when the outcome is predictable.

0 be Very p

Table B.5 — Analytical method example for checking seed purity

icide
» test

lings
1S is
ively,
icide
This
ibit a

(e.g.

Item Value

Type of analytical sample

Soybean seeds

Analyte

Herbicide tolerance

Detection method

Tolerance (resistance) to an herbicide applied to the seeds or
seedlings

Type of sampling plan

Double stage

Group size in the first stage

Single seed

18
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Table B.5 (continued)

Item Value

Number of groups in the first stage

400 groups (individual seeds)

Reject/accept criterion in the first stage

Dependent on the required threshold

Group size in the second stage

Single seed

Number of groups in the second stage

400 groups (individual seeds)

Reject/accept criterion in the second stage

Dependent on the required threshold

B.3.4 Analytical method

The
to hd
pres
protg

B.3.]

A thi
have
to:

whel
distn

Whe
toler
gern]
the n
lot, t

For {
gern]
of th
lowe
the s

A tw

pnce of the desired genel4ll3] or a protein assay (see 1SO 21572) to determine exp
in. For the purpose of this annex, the example used is herbicide tolerance.

b Interpretation of results

germinated. This threshold corresponds to a LQL with an assé¢iated consumer risk

QL —

y
Fvl,vz
y+(n—y+1)q0'95

R
ey is the number of tolerant seeds observed ouit of n tested and qovc}évz is the 0,95 qua
ibution with v; = 2(n -y + 1) and v, = 2y degrees of freedom.

ant seedlings) needs to be adjusteddy considering the LQL determined assuming all t

inate out of 400 and.that after treatment with the herbicide at an appropriate rate,
e 390 that were sprayed. Then the estimated trait purity is (390 - 5) / 390 =98,7 % a
' bound for the'seed lot is 97,32 %. This lower bound is higher than the LQL of 96,42
ced lot is accepted.

test

a single’stage test cannot be used (e.g. by adding the results). The reject/accept criteria fc

testi

n a lotis conditioned on the result of the first stage of testing and therefore the statis

hg-€an be determined using the “Qual Plan quign” tab of Seedcalc

eshold is typically determined as the observed percentage putity assuming all the §

h all the seeds do not germinate, the threshold on the observed tolerant seedlings (or
inating. Given that the distribution‘of the number of tolerant seedlings is binomial with

umber of seedlings (i.e. the number of germinated seeds) and the true percentage of j
he threshold on the seedlings‘can be calculated for a true percentage of purity equal tq

p-stage testing plan can be used to reduce producer risk. The decision to carry out a {

seeds can be assayed using a number of analytical methods. These depend on tllle tolerance
rbicide applied to the seeds, or to seedlings grown from the seeds, using PCRto de

termine the
ression of a

eeds tested
bf 5 % equal

(B.1)

htile of the F

on the non-
he seeds are
parameters
burity in the
the LQL.

pxample, for a test where the threshold is 98 %, the LQL is 96,42 %. Suppose that 390 seeds

five die out
ind the 95 %
%, and thus

econd stage
tics used for
r two-stage

In order to simplify the performance and scoring of assays, a pass/fail table can be constructed showing
the ranges of germination (seeds counted) and the number of deviant seeds allowed for a single stage
test. Table B.6 is an example of such a table, using a 98 % count of 400 seeds as the baseline (LQL of
96,42 % for a consumer risk of 5 %). Calculations of low numbers of germinant seeds (<75 %) are not
shown as such a situation would mean that the seed lot was not commercially saleable.
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Table B.6 — Example of an acceptance table for a test for 98 % tolerant seeds (by count)

Test 1
Nominal number Number germinating Non-toleran_t (deviant)
seeds tested seedlings
400 400 <8
400 364 to 399 <7
400 328t0 363 <6
400 291 to 327 <5

Table B.7 is

meant to be

Table B.7 — Example of an acceptance table for a two-stage test for 98-% tolerant seeds

an example of a table constructed 1ol two-Stage testing with an equal number of §
at each stage. In this example, the required estimated trait purity by count of germinating ses
98 % or grefater and the LQL is 96,4 % with a consumer risk of 5 % or less. Both criteria shall bg
for an acceptable testing plan. Table B.7 gives only a few two stage testing plan examplés“and i
an exhaustive list of all testing plans meeting these criteria. Calculations of /oW numb¢
germinant seeds (<75 %) are not shown because the seed would not normally be confmercially salg

eeds
ds is
met

S not
brs of

able.

(by count)

Nominal npm- | Number germi- | Non-tolerantseed- |Non-tolerantseed-| Non-tolerant total sped-
ber seeds t¢sted | natingin each lings accepted in lings in first.stage |lings in first and/or(sec-
in each stage stage first stage forretest ond stage to reject|lot
400 400 <8 940 16 > 16
400 375to0 399 <7 8to 15 >15
400 350 to 374 <6 7 to 14 > 14
400 331 to 349 <6 7to 13 >13
400 325t0330 <5 6to13 >13
400 301 to 324 <5 6to 12 >12

20

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=f198d2cbd7f59f2281efdff4d75a221c

ISO 22753:2021(E)

Annex C
(informative)

Estimation of the limit of detection for a testing plan to detect GM

seeds/grains in seed lots

C1

This
qualj
Worlj

A teq
testi
thet

This
need
C.2

Seed
num
metH

General

annex provides a procedure to estimate the limit of detection (LOD) for a'‘testing
tative PCR methods for detecting GMO presence. The procedure has beew elabor
king Group ‘Seed Testing’ of the European Network of GMO Laboratories (ENGL)[8].

ting plan specifies the required group size and the number of seedy/grain groups. T
hg plan can be estimated according to the described procedure toleheck if it addresse
st

annex is only applicable for PCR testing with the assumptionthat at least 10 copies of §
to be present in the PCR reaction.

Calculations

grain groups which are comprised of m seeds/grains are taken from a laboratory
ber of seeds/grain groups is n. The seed/graitvgroups are analysed independently using
od with a false negative rate (due to for example genome size and sample volume

plan using
ated by the

he LOD of a
s the goal of

| target DNA

sample. The
r a detection
hnd random

sporgdic blunders) fy and a low false positiverate. If one or more seed/grain groups produge a positive
result then the presence of GM seeds/grains in the lot is indicated.
For 4 group sample from a laboratorysample taken from a lot that contains a proportion [. GM seeds/
grains the probability of at leastsonte positive result pj is given in Formula (C.1):

pp =1-[1-(1- fy)1-@+1) (€1

The ]

Then
using

LOD of the testingplan Ly, is the value of L for which p, = 0,95.

the group size’needed to achieve a LOD L, (or LOD for a testing plan) can be directl
r Formulae (C.2) and (C.3):
1-0,05'/"

y estimated

fog| 1-
_Og{ 1-fn }

~
~

1-0,05Y/"

log(1-Ly)
1/m
1-fy ]

(C.2)

(C.3)

This approach is similar to that implemented on the “Qual Impurity Estimation” tab in Seedcalcl1el,

C.3 The effect of genome size on the number of analytical group size

PCR methods tend to reliably (at least 95 % of the time) give a positive response where a few copies
of target DNA are present in a reaction. A fixed mass M of DNA is delivered to each PCR. If we consider
that we need to be confident of at least 10 copiesl8] being present in each PCR from each single seed in
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