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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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TECHNICAL SPECIFICATION ISO/TS 21569-3:2015(E)

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

Part 3:

(onstruct-specific real-time PCR method for detection
aof P35S-pat-sequence for screening genetically modifig
grganisms

Scope

his Technical Specification describes a procedure for the detection of the DNA transition
btween the 35S promotor (P35S) from Cauliflower mosaic virus7and a modified phoshin|
fetyltransferase gene (pat) from Streptomyces viridochromogenesxThe P35S-pat construct is fq
und in genetically modified plants with tolerance for pho§phinothricin-containing herbic
B5S-pat construct specific method is based on a real-time _PCR and can be used for qualitg

VDO TY T

nalysis has to be carried out.

his Technical Specification is applicable for the analysis of DNA extracted from foodstuffs. It
e suitable for the analysis of DNA extracted ftom other products such as feedstuffs and sqg

Qo -

)

INA from the relevant matrix.

2| Normative references

The following documents, in whole or in part, are normatively referenced in this document
dispensable for its application. For dated references, only the edition cited applies. For
r¢ferences, the latest edition of the referenced document (including any amendments) applies.

—
—

Pt
Lo

0 215609, Foodstuffs—~=Methods of analysis for the detection of genetically modified organisms an
products — Qualitative nucleic acid based methods

et
Lo

0 21571, Foodstuffs — Methods of analysis for the detection of genetically modified organisms an
products —=Nucleic acid extraction

—

q0 24276, Foodstuffs — Methods of analysis for the detection of genetically modified organisms an
pradusts — General requirements and definitions

bequence
othricin-
equently
des. The
itive and

hantitative screening purposes. For identification and.quantification of a specific event, a follow-up

may also
eds. The

pplication of this method requires the extraction of an adequate quantity and quality of amplifiable

and are
undated

d derived

d derived

d derived

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 24276 apply.

4 Principle

DNA is extracted from the test portion applying a suitable method. The DNA analysis consists of two

parts, namely,

1) verification of the amount and amplifiability of the extracted DNA, e.g. by means of a target taxon

specific real-time PCR (see ISO 21570[10]), and
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ction of the P35S-pat construct in a real-time PCR.[L2]

5 Reagents and materials

5.1 General

Chemicals of recognized analytical grade, appropriate for molecular biology shall be used, as a rule.
The water used shall be double distilled or PCR grade water (i.e. nuclease and nucleic acid free). For all

1-

operatio
protecte

ns in which gloves are used, it should be ensured that these are powder-free The use of aerosq
[ pipette tips as protection against cross contamination is recommended.

5.2 P({Rreagents

5.2.1 Thermostable DNA polymerase, for hot-start PCR.

5.2.2 HCR buffer solution, containing magnesium chloride and deoxyribonuclepside triphosphatt

(dATP, d

'TP, dGTP and dUTP).

Ready-td-usereagent mixtures or mixes ofindividual components canbe used.Reagents and polymerass

which le

d to equal or better results may also be used.

5.2.3 0Qligonucleotides (see Table 1).

Table 1 — Oligonucleotides

LS

LS

Npme DNA sequence of the oligonucleotide Finali;(;llllcee; é;ation
P35S-pat|construct as the target sequence:[1.2]
Primer 3pSPO3.f 5-AAg TTCATT TCATTT ggA'gAg gAC A-3’ 200 nmol/1
Primer ppt-7.r 5-Cgg CCATAT CAg CTg €Tg TAg-3’ 200 nmol/1
Probe GSKOL.s 5-(FAM)-CCg gAg Agg AgA CCA gTT gAg ATT Agg 100 nmol 1
C-(TAMRA)-32
a  FAM:p-Carboxyfluorescein, TAMRA; 6-Carboxytetramethylrhodamine

NOTE

Equivalent reportet-dyes and/or quencher dyes can be used for the probe if they can be shown to yie

similar o1 better results.

5.2.4 Standard DNA for calibration

A standard DNA:solution of a known concentration (ng/pl) can be used to calculate the copy number

the P35S

pattarget sequence.

Id

bf

When us

. 1 I NLA 4l b 1 L1 IOALA ]l 1 £l 1 el . 1 . 1
ITg gCHUILIU PIdIIU UINA d5 LT SULAITUdIU UINA, LIIT TTUITITUCT UT'IId PIUIU gTIHUIIIC TYUIV AITIILS SITUU

d

be calculated on the basis of the molecular mass of the plant haploid genome by applying the Formula (1):

Number of genome equivalents per ul =

DNA concentration [ng/ul]-1 000

haploid genome mass [pg]

M

On the basis of the genome equivalents, the respective copy number for the P35S-pat sequence can be
calculated. In doing so, the number of integrations into the plant genome as well as the degree of zygosity
of the plant material used shall be taken into consideration.
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6 Apparatus

Regarding the apparatus and materials, see ISO 21569. In addition to the usual laboratory equipment,

the following equipment is required.

6.1 Real-time PCR device, suitable for the excitation of fluorescent molecules and the detection of

fluorescence signals generated during PCR.

7 _Procedure

711 Test sample preparation

into consideration shall be as described in ISO 21571 and ISO 24276.

2 Preparation of the DNA extracts

ethods described in ISO 21571, Annex A.

713 PCR setup

The method is described for a total volume of 25 pl per*PCR. The reaction set-up is given in TaQj

(@)

bmpletely thaw reagents at room temperature. ‘Each reagent should be carefully mixed an
céntrifuged immediately before pipetting. Prepare a PCR reagent mixture which contains all con
except for the sample DNA. The required amount of the PCR reagent mixture depends on the n
r¢actions to be performed, including at l€ast one additional reaction as a pipetting reserve. Ad
sample DNA to each reaction.

Table2 — Reaction set-up for the amplificiation

7
Cpncerning the preparation of DNA from the test portion, the general instructions and reasures
d
1]

It should be ensured that the test sample used for DNA extraction is representative of the laporatory
sample, e.g. by grinding or homogenizing of the samples. Measures and operatiénal steps to pe taken

pscribed in ISO 21571 should be followed. It is recommended %o ‘choose one of the DNA extraction

le 2.

d briefly
iponents
umber of
id 5 pl of

(verall reaction volume 25 ul
Spmple DNA (up to 200 ng) ot controls 5ul

PICR buffer solutiona(icluding MgCl,, dNTPs and hot-start DNA polymerase) 12,5 pl
Primer 35SP03.fandpat-7.r see Table 1
Probe GSS01,s see Table 1
Water To 25 pl

al In thecollaborative study, depending on the real-time PCR devices, different PCR buffer solutions were used

| [TagMan
robe PCR

Universal PCR Mastermix (Life Technologies, Darmstadt), QuantiTect Multiplex PCR NoROX or QuantiTect H
Mastermix (Qiagen GmbH, Hilden)]. This information is given for the convenience of users of this document an

il does not

results. If necessary, adapt the amounts of the reagents and the temperature-time programme.

constitute an endorsement by ISO. Equivalent products from other manufacturers may be used if they yield similar or better

Mix the PCR reagent mixture, centrifuge briefly and pipette 20 pl into each reaction vial

. For the

amplification reagent control, add 5 pl water into the respective reaction set-up. Pipette either 5 ul 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 2015 - All rights reserved
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7.4 Temperature-time programme

The temperature-time programme as outlined in Table 3 has been used in the validation study. The use
of different reaction conditions and real-time PCR cyclers may require specific optimization. The time

for initial denaturation depends on the master mix used.

Table 3 — Temperature-time programme

Step Parameter Temperature | Time Fluorescence | Cycles
measurement

1 UNG activation (optional) 50°C 2 min no 1

2 Initial denaturation 95°C 10 min no 2
Denaturation 95 °C 15s no

3 Amplification i 45
p Anneahng and 60 °C 60 s yes

elongation

8 Accept/reject criteria

8.1 Gedneral

A corresponding real-time PCR device-specific data analysis prograthme is used for the identificatign
of PCR pfoducts. The amplification results may be expressed in<@ different manner, depending on the
device uged. In the absence of detectable PCR products (e.g. negdtive control), the result can be expressgd
as ‘undetermined’, ‘no amp’, or the maximum number of possible cycles. If the amplification of the DNA
target seiquence occurs in a sample (e.g. positive control),asigmoid-shaped amplification curve can Qe

observed and the cycle number is calculated at which a predetermined fluorescence threshold value
exceeded (Ct value or Cp, value).

If, due tp atypical fluorescence measurement data, the automatic interpretation does not provig
a meanipgful result, it might be necessary o Set the baseline and the threshold manually prior {
interpretfing the data. In this case, the device-specific instructions given in the manual regarding t}
use of th interpretation software shall be applied.

8.2 Identification
The targpt sequence is considered as detected, if

— by using the P35S-patspecific primers 35SP03.f and pat-7.r and the probe GSS01.s, a sigmoid-shape
amplification curye.can be observed and a predetermined fluorescence threshold value is exceede

— in thle PCR control set-ups with no added DNA (PCR reagent control, negative extraction control), 1
sigmoid shaped amplification curve can be observed and a predetermined fluorescence thresho
valug isnotexceeded, and

IS

le

1S

int SAt e fortho ayanlifioatinn ~contra] (acitivun NDNA 45
5 SHPTt ¥ PoestHve t

agaot contral DCD tphilitinny ~cnntra]) +1
SeeupSster+tne P e €0RtFor g et CoRtFo o HHHBTHO R E€ORtFo -+

expected Ct values (or Cp values) are achieved.

8.3 Calculation of P35S-pat copy numbers

With DNA standards containing defined amounts of P355-pat copy numbers (see 5.2.4, 9.3), a calibration

curve can be generated and used for calculation of P35S-pat copy numbers in unknown samples.
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9 Validation status and performance criteria

9.1 Robustness of the method

The robustness of the method has not been tested with respect to small modifications of factor

ssuch as

reagent concentrations (e.g. primers, probe) or reaction conditions (e.g. annealing temperature).

NOTE In the collaborative trial the robustness of the method has been checked with regard to different real-
time PCR machines and PCR buffer solutions. The real-time PCR machines and the PCR buffer solutions had no

fluence on the performance of the method.

—

2 Collaborative trial for determination of LOD

he LOD of the method has been tested in a collaborative study coordinated in 2017 by the
pderal Office of Consumer Protection and Food Safety (BVL) with a total of(1® participd
hrticipants received 4 DNA samples from GM-positive plants containing the R355-pat target s

b prepare the samples, certified reference materials produced from the Amierican Oil Chemistj
AOCS, Urbana USA) and the Institute for Reference Materials and Measurements (IRMM, Geel
ere used. The materials used were DNA from leaves of T45 canola)(AOCS, 0208-A2), of 4
Eybeans (AOCS, 0707-B2), of T25 maize (AOCS, 0306-H), and DNAextracted from 1507 maiz¢

bnome equivalents per pl were calculated applying Formula{4). On the basis of the number o
quivalents, the respective copy number for the P35S-paf sequence was calculated considg
imber of integrations of the P35S-pat sequence into the.plant genome as well as the degree of]
" the plant material used (see Table 4). Copy numbers-of sample DNAs were adjusted to appro
DO copies of the P35S-pat sequence per pl.

RO S 0 Mmw s T T O

Table 4 — Characteristics of reference materials for determination of LOD

German
nts. The
equence.

"Society
Belgium)
12704-12
e powder

RMM, ERM-BF418d). DNA concentrations were determined photospectrometrically. Numbers of

[ genome
bring the
Zygosity
ximately

Source of Haploid P35S-pat copy | Length of the
GM event reference Material/ genome Zveosit numbers per P3bS-pat
. % (m/m),GM mass (pg) ygosity haploid PCR product
material
[3] genome (bp)
T45 canola AOCS DNA/ 99,99 % 1,3 homozygot 1[4] 111
A2704-12 A0CS ~-DNA /99,99 % 1,13 homozygot 215] 102
soybean
T25 maize ABGS DNA /99,99 % 2,7 homozygot 1[6] [11
[[C1507 maize RMM powder / 10 % 2,7 heterozygot 1[7] 102

In the basis.ofithese four standard DNA solutions, dilution series were prepared by the partid

0
0
participants analysed each diluted DNA solution with the P35S-pat real-time PCR method in
determination under the conditions described in Table 1 to Table 3. The results of this collabor3
study are listed in Table 5.

ipants in

"der to obtdin DNA solutions with copy numbers of 50 to 0,1 per 25 ul PCR reaction, respectively. The

a sixfold
tive trial

Table 5 — Results of the collaborative trial for determination of LOD

Number of positive results (C; < 45) out of 60 results
P35S-pat copy
numbers per PCR | 145 canola TC1507 T25 maize | A2704-12

maize soybean

50 60 60 60 60

20 60 60 60 60

10 59 60 60 60

5 46 59 56 55

© ISO 2015 - All rights reserved
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Table 5 (continued)

Number of positive results (C; < 45) out of 60 results
P35S-pat copy
numbers per PCR | T45 canola TC1507 T25 maize | A2704-12
maize soybean
26 52 41 36
1 11 42 21 24
0,1 3 8 3 2

9.3 Collaborative trial for quantification of the P35S-pat construct in rapeseed

The method has been validated in a collaborative study coordinated in 2004 by the Sub-committg
for Methpd Development of the German National and Federal Joint Committee on Genetic-Engineerir
(LAG) wijth a total of 14 participants. The participants received 5 seed samples and 5(BNA sample
respectiyely.

For preppration of the seed samples, non-GM rapeseed was mixed with genetically modified GS40/9
in ratios 0of 980 g /20 g (2 % GM),990g /10 g (1 % GM),995g / 58(0,5 % GM),999¢g / 1
),and 1 000 g / 0 g (0 % GM), homogenized and subdivided inte-samples of 30 g using
ivider. Participants had to grind the seed samples and isolate the DNA thereof. For preparatiq
of the DNA samples, provided to the participants, genomic DNA isolated fbom a plant of GS40/90 oilsee

rape wasg mixed with genomic DNA isolated from a plant of non-GM oilseed rape to obtain solutions

containing 2 %, 1 %, 0,5 %, 0,1 %, and 0 % of GS40/90 oilseed rape DNA. Concentrations of the DN
samples were adjusted to 20 ng/pl.

Each samiple was analysed by the participants in a threefoldzdetermination with the P35S-pat real-tin
PCR method under the conditions described in Table 1 to<Fable 3. For calibration 6 DNA standards (10
300,900} 2 700, 8 100, 100 000 copies; provided) wereimeasured twofold in the same PCR analysis ru
In additipn, the same number of measurements was“tarried out using a taxon specific real-time PQ
method fargeting the pepC gene of oilseed rape.[] The calibration curves were created by plotting tk
Ci valuegagainst the logarithm of the copy numbers of the target sequence provided for the calibratig
solutiong. The respective copy numbers fot the samples were calculated by interpolation from tk
calibratipn curve.

In Table|6, a summary of the resultsis presented. Table 7 shows the quantitative results. Before t}
calculatipn ofthe mean GM contents.and of precision data using statistical tests according to ISO 5725-2!¢
Grubbs gnd Cochran outliers were identified and eliminated if applicable. Since the number of pep
alleles infdifferent varietiesof-oilseed rape is not known, it is not possible to use the results of the taxq
specific PCR to calculatethe-0ilseed rape genome copy number. Therefore, the trueness of the methd
could nof be determin€dyIn addition, it is assumed that the true GM content in the seed samples mz
deviate from the expected content. The degree of deviation cannot be estimated.

Tablg 6 — Results of the collaborative trial for quantification of the P35S-pat construct in

g

0
g
a
n
d

A

e

rapeseed
Year of cottaborative triat 2007
Number of laboratories 14
Number of laboratories submitting results 14
Number of seed samples per laboratory 5
Number of DNA samples per laboratory 5
Number of accepted results 140
Number of accepted samples containing the P35S-pat target sequence 112
Number of accepted samples which did not contain the P35S-pat target 28
sequence

6 © IS0 2015 - All rights reserved
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Table 6 (continued)

False-positive results 0 (0 %)

False-negative results 0 (0 %)

Table 7 — Quantitative results obtained in the P35S-pat collaborative trial

Calculated GM contents in %
Relative GM contents of samples in % (w/w) (P35S-pat copies / pepC copies)
MW RSDRP(%)
0,1 % (rapeseed) 0,19 52,0
0,5 % (rapeseed) 0,88 29,5
1 % (rapeseed) 1,78 42,1
2 % (rapeseed) 391 32,5
0,1 % (DNA) 0,14 32,2
0,5 % (DNA) 0,54 34,5
1% (DNA) 1,08 21,8
2 % (DNA) 2,26 17,3

1

Mean value after elimination of Grubbs and Cochran outliers

bl Relative standard deviation (under reproducibility conditions) after.elimination of Grubbs and Cochran outlj

ers

9l4 Sensitivity

In) Table 5, the collaborative trial results for DNA S$amples with low copy numbers of the P355-p
s¢quence are shown. The standard DNA, set to-a concentration of 10 copies per PCR reaction,
irf an amplification in almost all laboratories\with only one exception out of 60 reactions for T4
Bpsed on these results, the limit of detectign for the tested GM events is less than or equal to 1

915 Specificity

The specificity of the primer and the probe was validated in silico using sequence alignment]
s¢arches in GenBank/EMBL/DDB]J. For this purpose, by use of the programme BLASTN and the
of the PCR product of maize event DAS-59122-7 (GenBank accession FN550388, length 102 bp)
fqr matches was perfopmed in both the GenBank nucleotide sequence collection (‘non-re
dptabase with all GenBank, RefSeq, EMBL, DDB]J, and PDB sequences) and the database for
icleotide sequences. The results of the searches show no complete identity with other sequen
htabases exceptfor those targeted by the oligonucleotides. Identity of the amplicon sequeng
qr patentedinticleotide sequences of DAS 59122-7, DAS-59132, TC1507, and A5547-127, as w|
her paténted nucleotide sequences of not-specified GM plants or vectors used for transfory
plantssABLASTN search (search date: 15 November 2011) confirmed complete identity of the
s¢quence only to nucleotide sequences of GM plants or vectors used for transformation of plan

o A S

at target
resulted
5 canola.
D copies.

s of data
bequence
a search
dundant’
patented
res in the
e occurs
ell as for
nation of
P35S-pat
LS.

When experimentally determining the specificity of the P355-pat method, no amplification was
with DNA from the following GM plants:

— GMrice: LL62 (ACS-0S@@2-5), LL601 (BCS-0S@@3-7);

— GMrapeseed: GT73 (MON-@@@73-7), Laurat (pCGN3828) (CGN-89465-2), MS1xRF1 (ACS
7xACS-BN@@1-4), MS8 (ACS-BN@@5-8);

detected

-BN@@4-

— GM maize: 3272 (SYN-E3272-5), Bt176 (SYN-EV176-9), CBH-351 (ACS-ZM@@4-3), MON809 (PH-

MON8@9-2), MON810 (MON-@@81@-6), GA21 (MON-@@@21-9), MIR604 (SYN-IR6@4-5),
(MON-@@863-5), MON88017 (MON-88@17-3), NK603 (MON-@@6@3-6);

— GM soy: 305423 (DP-3@5423-1), 356043 (DP-356@43-5), MON40-3-2 (MON-@4@32-6) ;
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