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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.

The prog¢edures used to develop this document and those intended for its further maintenance ‘at

lanation on the meaning of ISO specific terms and expressions related to conformity assessmer
information about ISO’s adherence to the World Trade Organization (WTO) principles in tk
Barriers to Trade (TBT) see the following URL: wwwxiso.org/iso/foreword.html.

as well
Technic

The conlmittee responsible for this document is ISOLTE 34, Food products, Subcommittee SC 1
Horizontpl methods for molecular biomarker analysis.

Alist of 41l the parts in the ISO/TS 21569 series can'be found on the ISO website.

e
1

hf
hf
r

Dt

Kes

e

iv © ISO 2016 - All rights reserved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=7c68ac0612e783d6520fa7a0d053ba65

TECHNICAL SPECIFICATION ISO/TS 21569-4:2016(E)

Horizontal methods for molecular biomarker analysis
Methods of analysis for the detection of genetically
modified organisms and derived products —

Part 4:

f the P-nos and P-nos-nptll DNA sequences

1] Scope

eal-time PCR based screening methods for the detecti

This document specifies a procedure for the detection of a DNA sequence ‘efithe promoter region of the

nppaline synthase gene (P-nos) from Agrobacterium tumefaciens and a procedure for the detect
DNA transition sequence between P-nos and the neomycin-phosphotransferase gene (nptil)

Th5 transposon of Escherichia coli K12. The nos-promoter and the P-nos-nptll-construct are f1
fdqund in genetically modified plants. The P-nos and P-nos-nptl{Jspecific methods are based|
e PCR and can be used for qualitative screening purposes.¥or identification and quantifici
specific genetically modified plant (event) a follow-up analysi$ has to be carried out.

The methods described are applicable for the analysisiofDNA extracted from foodstuffs. They
bg suitable for the analysis of DNA extracted fromgother products such as feedstuffs and s¢
application of these methods requires the extra¢tion of an adequate amount of amplifiable D
the relevant matrix.

on of the
from the
equently

on real-
hition of a

may also
eds. The
NA from

The DNA sequence amplified by the P-nos element-specific method can be detected in samples which

contain DNA of the naturally occurring Fi-plasmid of A. tumefaciens. For this reason, it is nec
confirm a positive screening result.(Eurther analyses are required using construct-specific
ecific methods.

2| Normative refererces

The following documénts are referred to in the text in such a way that some or all of thei
constitutes requirenients of this document. For dated references, only the edition cited ap
uhdated referenees,/the latest edition of the referenced document (including any amendmentsj

190 21569, Feodstuffs — Methods of analysis for the detection of genetically modified organ
derived preducts — Qualitative nucleic acid based methods

[§0 215870, Foodstuffs — Methods of analysis for the detection of genetically modified organ
derived products — Quantitative nucleic acid based methods

pssary to
or event

I content
blies. For
applies.

isms and

isms and

[SO 21571:2005, Foodstuffs — Methods of analysis for the detection of genetically modified organisms and

derived products — Nucleic acid extraction

ISO 24276, Foodstuffs — Methods of analysis for the detection of genetically modified organ
derived products — General requirements and definitions

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16577 apply.

© ISO 2016 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

4 Principle

DNA is extracted from the test sample applying a suitable method (see ISO 21571). The DNA analysis
consists pftwo parts:

a) verification of the amount and amplifiability of the extracted DNA, e.g. by means of a target.taxqn
spedific real-time PCR (according to ISO 21570), see also Reference [1];

b) detertion of the P-nos and/or P-nos-nptll sequence in a real-time PCR, see References [2];]3] and [4

—_

5 Reagents and materials

5.1 General
For the purpose of this document, only chemicals and water of recognizedanalytical grade, appropriate
for moleg¢ular biology shall be used. Unless stated otherwise, solutiong,should be prepared by dissolving
the corr¢sponding reagents in water and be autoclaved. For all operations in which gloves are used, [it

should b ensured that these are powder-free. The use of aerosol-protected pipette tips as protectign
against dross contamination is recommended.

5.2 P(dRreagents
5.2.1 Thermostable DNA polymerase (for hot-start PCR).

5.2.2 HCR buffer solution (containing magnesium chloride and deoxyribonucleoside
triphosphates, dNTPs).

Ready-td-use reagent mixtures ok tmixes of individual components can be used. Reagents ard
polymergses which lead to equal or better results may also be used.

5.2.3 (Qligonucleotides (see-Tables 1 and 2).

Table 1 — Oligonucleotides for detection of P-nos element

Name DNA sequence of the oligonucleotide Finali;(;lﬁcee; é;ation
P-nos as fargét'sequencel4l:
Primer pfnos-F1 5-AAg CAC ATA CgT CAg AAACCATTATT-3’ 400 nmol/l1
Primer p-nos-R 5-TCA gTg gAg CAT TTT TgA CAA gAA-3’ 400 nmol/1
Probe p-nos-Tm 5-(FAM)-CgC gTT CAA AAg TCg CCT AAg gTC AC-(BBQ)-3" 100 nmol/1

a  FAM: 6-Carboxyfluorescein, BBQ: BlackBerry® Quencher. This information is given for convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products from other
manufacturers may be used if they can be shown to give equivalent or better results.

2 © IS0 2016 - All rights reserved
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Table 2 — Oligonucleotides for detection of P-nos-nptll construct

npanufacturers may be used if they can be shown to give equivalent or better results.

Name DNA sequence of the oligonucleotide Finalircl(;?lcee; (t:ll‘{ation
P-nos-nptll as target sequencel4l:
Primer p-nos-F2 5-TTC CCC TCg gTATCC AAT TAg Ag-3’ 400 nmol/1
Primer NPTII-R 5’-gAT TgT CTg TTg TgC CCA gTC A-3’ 400 nmol/1
Probe NPTII-Tm2 5’-(FAM)-AgC CgA ATA gCC TCT CCA CCC AAg C-(BBQ)-3"2 100 nmol/I
a___ _FAM: 6-Carboxyfluorescein, BBQ: BlackBerry® Quencher. This information is given for convenience of users of
this document and does not constitute an endorsement by ISO of the product named. Equivalent products_ffom other

6| Apparatus

upual laboratory equipment, the following equipment is required.

6{1 Real-time PCR device, suitable for the excitation of fluorescent\molecules and the det]
flhorescence signals generated during PCR.

7| Procedure

7t1 Preparation of test sample

sample, e.g. by grinding or homogenizing of the\samples. Measures and operational steps to
irfto consideration are described in [SO 21571and ISO 24276.

2 Preparation of DNA extracts

bscribed in ISO 21571 shall be followed. It is recommended to choose one of the DNA e}

7

Cpncerning the preparation of DNA' from the test sample, the general instructions and 1
d

nlethods described in ISO 215%1:2005, Annex A.

3 PCRsetup

he method is described for a total volume of 25 ul per PCR. The reaction setup is given in Tab

riefly centrifuged immediately before pipetting. A PCR reagent mixture is prepared which
| components except for the sample DNA. The required amount of the PCR reagent mixture
h the\mimber of reactions to be performed, including at least one additional reaction as a
r¢serve. Add 5 ul of sample DNA to each reaction.

7
T
Reagents are<completely thawed at room temperature. Each reagent should be carefully mjixed and
X
0

Rpquirements concerning apparatus and materials shall be according to ISO 21569. In additipn to the

ection of

It should be ensured that the test sample used for"DNA extraction is representative of the laporatory

be taken

neasures
ktraction

le 3.

contains
depends
bipetting

Mix the PCR reagent mixture, centrifuge briefly and pipette 20 pl into each reaction vial. For the
amplification reagent control, add 5 pl of water into the respective reaction set-up. Pipette either 5 pl
of sample DNA or 5 pl of the respective control solution (extraction blank control, positive DNA target

control). If necessary, prepare a PCR inhibition control as described in ISO 24276.

Transfer the reaction set-ups into the thermal cycler and start the temperature-time programme.

© ISO 2016 - All rights reserved
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Table 3 — Components of the PCR reaction

This inforjmation is given for convenience of users of this document and does not constitute an endorsement by ISO ofth
product named. Equivalent products from other manufacturers may be used if they can be shown to give equivalent d
better redults. If necessary, adapt the amounts of the reagents and the temperature-time programme.

Total reaction volume 25 ul

Sample DNA (up to 200 ng) or controls 5ul

PCR buffer solutiona (including MgCl,, dNTPs and hot-start DNA polymerase) 12,5 pl

Primers see Table 1 or 2
Probe see Table 1 or 2
Water add to obtain 25 pl

2 In thecotaborativetriat-FaqMan®tniversa- PER Mastermix—fhife-Fechmotogteswasrsed-asPERbuffer—sohrtion.

[¢)

—

7.4 Temperature-time programme

of differ

The tem{erature-time programme as outlined in Table 4 has been used in the validation study. The uj

nt reaction conditions and real-time PCR cyclers may require specific optimization. The tinje
for initial denaturation depends on the master mix used.

Table 4 — Temperature-time programme

Step Parameter Temperature | _‘Time Fluorescence | Cycles
measurement
1 Initial denaturation 95 °C 10 min no 1
o Denaturation 94 °C 15s no
2 Amplification - - 45
Annealing and elongation 60°C 60 s yes

8 Accept/reject criteria

8.1 Gedneral

A corresponding real-time PCR device-specific data analysis programme is used for the identificatic

of PCR {

the devi¢e used. In the absence,of detectable PCR products (e.g. negative controls) the result can &

expresseq

amplificdtion of the DNA target’'sequence in a sample (e.g. positive controls) occurred, a sigmoid shape
amplificdtion curve should\be observed. The cycle number at the crossing point of the amplificatia
curve anfd the fluorescenge threshold is calculated (Ct value or Cp value).

If, due tp atypical fluorescence measurement data, the automatic interpretation does not provic
a meanipgful reswlt, it may be required to set the baseline and the threshold manually prior {

interpref
use of th

roducts. The amplification:tesults may be expressed in a different manner, depending ¢

d as “undetermined”,ne’amp”, or the maximum number of reaction cycles performed. If t}

ing the*data. In this case, the device-specific instructions given in the manual regarding t}
e interpretation software shall be applied.

le
d
n

le
0
1e

8.2 Identification

The P-nos or P-nos-nptll target sequence is considered as detected, if

— by using the P-nos specific primers p-nos-F1 and p-nos-R and the probe p-nos-Tm or the P-nos-nptll
specific primers p-nos-F2 and NPTIIR and the probe NPTII-Tm2, a sigmoid shaped amplification
curve is observed and a C value or Cp value is calculated,

— inthe PCR control reactions with no added DNA (PCR reagent control, extraction blank control), no
amplification has occurred, and

© ISO 2016 - All rights reservi
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— in the reactions for the amplification control (positive DNA target control, PCR inhibition control)

9

the expected C¢ values or Cp values are achieved.

Validation status and performance criteria

9.1 General

Validation followed a two part process:

y

a

b)
9

T
fd

(d

o
0
W
p
9

T
tq

(@)

S4

i1

(B

th

tilme PCR machines!) (AB17900, ABI7900HT, ABI 7500 and LC480), PCR \nfaster mix kits and

in-house validation followed by a pilot interlaboratory study;

a collaborative trial validation.

2 Robustness of the method

he robustness of the P-nos and P-nos-nptll methods was tested in a pilot intérlaboratory st
ur participating laboratories with regard to changes in the conditions ef.the following fact

Diagen Quantitect Master Mix, TagMan® Universal Master Mix and(Roche Probes Master M
21 pl of master mix plus 5 pl of sample DNA), annealing temperature (59 °C and 61 °C), an|
" probe concentration (both lowered by 30 %). For each tested factor 3 PCR replicates were
ith 20 copies each of the target sequence. Under these changed conditions all PCR reacti
bsitive results as expected, hence the method can be considered robust.

3 Collaborative trial

he reliability of the methods was tested in an*interlaboratory trial with 12 participants g
ISO 5725 (all parts), which was organized by the German Federal Office for Consumer P1
nd Food Safety (BVL). The participants received for analysis 24 DNA samples containing

hdy with
brs: real-
volumes
ix, 19 ul
d primer
hnalysed
bns gave

ccording
rotection
different

ncentrations of the P-nos-nptll sequence and 12 DNA samples not containing this sequence. All

imples were labelled with randomized codes.

he P-nos and P-nos-nptll sequences-are used for genetic modifications in different plant spe
terlaboratory test employed genetically modified rapeseed (Topas19/2), genetically modifig
EH92-527-1) and the corresponding non-GM plant material as test samples. Taking into acco
bnetic constitution, 20 coepies or 50 copies of the P-nos-nptll sequence were used against a bag
20 ng/ul of species DNA-in 0,2x TE-buffer (see Table 5). The background DNA had been obtai
le batch of materialthat was used for the negative samples.

Table 5 — DNA-samples used in the collaborative trial

cies. The
d potato
unt their
kground
hed from

Species GM-event COpi:f per l:::;ilé(::sf
Rapeseed Non-GM rapeseed 0 6
Topas19/2 4 6
Topas19/2 10 6
Potato Non-GM potato 0 6
EH92-527-1 4 6
EH92-527-1 10 6

Each sample submitted to the participants was analysed in a single PCR with 5 pl of the DNA using the
P-nos and P-nos-nptll PCR systems under conditions as given in Tables 3 and 4.

1) Thisinformation is given for the convenience of users of this document and does not constitute an endorsement
by ISO of the products named. Equivalent products may be used if they can be shown to lead to the same results.

©

ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=7c68ac0612e783d6520fa7a0d053ba65

ISO/TS 21569-4:2016(E)

An overview of the results of the collaborative trial specifying the false-positive/false-negative rates

for the P-nos and P-nos-nptll methods is provided in Table 6.

Table 6 — Summary of the collaborative trial

PCR systems P-nos P-nos-nptll
Year of collaborative trial 2011
Number of laboratories 12
Number of laboratories submitting results 12
Number pf samples per laboratory 362
Number pf accepted results 429 429
Number pf accepted samples containing the P-nos target sequence 286 285
Number pf accepted samples which did not contain the P-nos sequence 143 144
False-pogitive results 5b (3,5 %) 1(0,7 %)
False-negative results 0(0%) 0 (0 %)

a  Onel

boratory analysed only 33 of 36 samples in both assays.

b False|positive reactions only appeared for non-GM potato DNA.

To be abfle to calculate the related copy numbers from the measured Cy/Cp-values, each participa

received

a DNA-solution of GM rapeseed Topas19/2, which was/adjusted to a concentration

500 copiles per pl of the target sequence in 20 ng/ul non-GM rapéseed (KWS 1519) DNA. In additio
the participants received as dilution buffer a 0,2x TE buffer containing 20 ng/pl of non-GM rapesee
DNA. Thijs allowed them to prepare standards using serial. dilutions and generate a standard cury
for detemining the limit of detection (LOD) during the cpllaborative trial. The pipetting scheme f

preparinfg the standards using serial dilutions is given in:Table 7.

Table 7 — Preparation of a standard-DNA dilution series

Dilution Preparation (example) COpiﬁf per Nu;ggﬁl;:tf:;CR
1 Standard DNA stock solution in 0,2x TEa 500 2
2 10 ul (500 copies/ul)+ 40 pl 0,2x TEa 100 2
3 20 pl (100 copiesful)+ 80 ul 0,2x TEa 20 2
4 50 pl (20 copiesyul) + 50 pl 0,2x TE2 10 2
5 70 pl (10 eopies/ul) + 105 pl 0,2x TE2 6
6 80 ul (4-copies/ul) + 80 ul 0,2x TE2 6
7 8041L(2 copies/ul) + 80 ul 0,2x TE2 6
8 60 1l (1 copies/ul) + 90 ul 0,2x TE2 0,4 6
9 60 pl (0,4 copies/ul) + 60 ul 0,2x TE2 0,2 6
14 20 pl (0,2 copies/ul) + 180 pul 0,2x TE2 0,02 6
a | 02%TE with 20 ng/pl non-GM rapeseed DNA (KWS 1519)

Nt
hf
n,
d
e
r

In parallel to the blinded samples also the serial dilutions had to be tested with the P-nos and P-nos-
nptil-methods (number of replicates see Table 7). The standard curve for determining the copy numbers
was established on the basis of the dilutions 1 to 5 (from 2 500 copies to 20 copies per reaction) shown
in Table 7. In all samples that contained the P-nos-nptll construct, the P-nos and P-nos-nptll sequences
were detected. The results of the analyses are summarized in Table 8.

© ISO 2016 - All rights reserved
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Number of positive Calculated copies per reactionb
i results/overall
Test sample DNA Nominal res{ﬂts Meanc RSDR (%)d
. copies per
(species/event) tiona
reaction P-nos P-nos- P-nos P-nos- P-nos P-nos-
nptll nptll nptll
Non-GM rapeseed 0 0/71 1/72 - - - -
Rapeseed/Topas19/2 20 71/71 71/71 24,0 26,3 35,6 36,2
Hapeseed/Topas19/2 50 T2]72 T2]72Z 63,9 67,3 29,8 31,8
Non-GM potato 0 5/72 0/72 - - - -
Hotato/EH92-527-1 20 71/71 71/71 28,8 20,4 31,4 39,0
Hotato/EH92-527-1 50 72/72 71/71 74,1 49,3 24,1 30,3
al  Nominal copy number of the P-nos-nptll sequence in the sample.
bl Data for information only. The intention of the study was not to verify the applicability of the method for quantification.
¢| Average of the calculated copy numbers from all individual analyses.
d|  Relative standard deviation of reproducibility.
94 Sensitivity
The dilutions, prepared by the participants from the supplied standard DNA, in the range from 20 copies
tq 0,1 copies per reaction were tested in 6 replicates with{the P-nos and P-nos-nptll PCR procedure by
eqich laboratory (Table 9).
For the dilutions with 20 copies and 10 copies perPER test, 72 of 72 reactions were positive, therefore
al|detection limit (LOD) of 10 copies can be specified. When using theoretically 0,1 copies, for the P-nos
nlethod only 4 and for the P-nos-nptll methgd*only 1 out of 72 results were positive, which can be
considered as an indication that the supposed copy number is plausible.
Table 9 — Results of the evaluation of sensitivity in the collaborative trial
: Number of positive
Species/event Nominal copy number of the results/overall results
P-nos-nptll sequence in the sample
P-nos P-nos-nptll
Rapeseed 20 72/72 72/72
70/72 70/72
54/72 49/72
33/72 30/72
0,1 4/72 1/72
95 Cpeciﬁ City
The specificity of the P-nos and P-nos-nptll detection methods was experimentally determined. For some

GM plants the specificity of the P-nos detection method was not determined (n.d.). Data for theoretically
expected detection according to queries in public databasesl6l.[Z] and for experimentally confirmed

detection are summarized in Table 10.

© ISO 2016 - All rights reserved
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Table 10 — Specificity data

GM plant

Theoretically expected

Experimental confirmation

P-nos

P-nos-nptll

P-nos

| P-nos-nptlla

Rapeseed

GT73 (RT73)

HCN92 (Topas 19/2)

+

+ (144 bp)

23-198

MS8

RF3

MS8xRF

)

MS1

+ ,(453;5 p)

RF1

(152 bp)

RF2

n'\u +

MS1xRF

D

Y +(152bp)

0XY-235

Q.

T45 (HCN 28)

Maize

Bt176

R

Bt11

MON 810

GA21

NK603

MON 863

TC 1507

MIR 604

DAS-591

' ! ! ' ' ' ! ! ' <)/;/l ! + |+ |+ |+ ! ! L ' + !

Soybean

GTS 40-3-2

DP305423

n.d.

DP356043

n.d.

A2704-12

n.d.

A5547-127

n.d.

BPS-CV1

n.d.

MON 87701

n.d.

MON 87769

n.d.

n.d.

MON 87705~
MON 89788

n.d.

Potato

EH92-527-1

+

+

+

+ (163 bp)

a  Asaresult of different cloning strategies during construction of the transition sequence between P-nos and the nptll
gene the P-nos-nptll amplicons have different lengths. The lengths of the P-nos-nptll amplicon are given in brackets.
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