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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.
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TECHNICAL SPECIFICATION ISO/TS 21569-5:2016(E)

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

Part 5:

eal-time PCR based screening method for the detectis
the FMV promoter (P-FMV) DNA sequence

1] Scope

This document specifies a procedure for the detection of a DNA sequence“used in genetically
(&M) plants by means of a real-time PCR (polymerase chain reaction).\The method detects 4
phirs long segment of the Figwort mosaic virus 34S promoter DNA sequence. This segment in
plants is indicated as FMV promoter (P-FMV) and in other GM plantsas FMV enhancer (E-FMV
T

he method was developed and validated for the analysis of DNA extracted from foodstuffs. |
stiitable also for analysis of other products such as feedstuffs and seeds. The procedure req
extraction of an adequate quantity and quality of amplifiable DNA from the test sample.

bn of

modified
78 base
some GM

).

t may be
lires the

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

ntain DNA of the naturally occurring Figwort mésaic virus. For this reason, it is necessary ta
a|positive screening result. Further analyses_are required using construct-specific or event
nlethods.

(o)

Normative references

2
The following documents are referred to in the text in such a way that some or all of theij
c
u

hdated references, the latést'edition of the referenced document (including any amendments]

[§0 21569, Foodstuffs(=+ Methods of analysis for the detection of genetically modified organ
derived products —.Quulitative nucleic acid based methods

I§0 21570, Fogdstuffs — Methods of analysis for the detection of genetically modified organ
derived products— Quantitative nucleic acid based methods

190 21571:2005, Foodstuffs — Methods of analysis for the detection of genetically modified organ
derived products — Nucleic acid extraction

confirm
specific

' content

nstitutes requirements of this’ document. For dated references, only the edition cited applies. For

applies.

isms and

isms and

isms and

19024276 Foadstuffs — Methods of analvusis for the detection of genetically maodified organ
4 77 J %4 J J J 7 J J

isms and

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.

[SO 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

© ISO 2016 - All rights reserved
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4 Principle

DNA is e
consists

xtracted from the test portion applying a suitable method (see ISO 21571). The DNA analysis
of two parts:

a) verification of the amount, quality and amplifiability of the extracted DNA, e.g. by a taxon-specific

PCR assay (according to ISO 21569 and ISO 21570), see also Reference [1];
b) detection of the P-FMV DNA sequence in a real-time PCR, see Reference [2].
5 Reagents and materials
5.1 Gedneral
For the purpose of this document, only chemicals and water of recognized analytical grade, appropriate
for moleg¢ular biology shall be used. Unless stated otherwise, solutions should be prepared by dissolving
the corrg¢sponding reagents in water and be autoclaved. For all operations for which'gloves are used [it
should be ensured that these are powder-free. The use of aerosol protected pipette tips (protectign
against dross 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 deoxyribonucleoside triphosphatg¢s
dNTPs.
Ready-td-use reagent mixtures or mixtures of individual components can be used. Reagents arjd
polymergses which lead to equal or better results may also be used.
5.2.3 Qligonucleotides (see Table 1)1).
Table 1 — Oligonucleotides
Namne DNA sequence of the oligonucleotide Final ancentratlon
in PCR
P-FMV ag the target sequence/{GeneBank accession number X06166[2L.[3]):
pFMV-F 5-CAA AATAAC GTG GAA AAG AGC T-3’ 340 nmol/1
pFMV-R 5-TEEFTT GTG GTC GTC ACT GC-3’ 340 nmol/1
Probe pAMV 5:-(FAM)-CTG ACA GCC CAC TCA CTA ATG C-(BHQ1)-3"a 120 nmol/1
a  FAM:[|6-Carboxyfluorescein, BHQ-1: Black Hole Quencher® 1 (non-fluorescent chromophore). This information is givejn
for convenience 'ofusers of this document and does not constitute an endorsement by ISO of the product named. Equivalenjt
products frem ether manufacturers may be used if they can be shown to give equivalent or better results.

6 Apparatus

Requirements concerning apparatus and materials shall be according to 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.

1) In the interlaboratory trial performed for P-FMV, participants were provided with dried aliquots (per 50
reactions) of primer/probe -mixes (to be stored in dark until the start of the interlaboratory trial). Per aliquot 375 pl
PCR grade water was added and allowed to settle.

2
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7 Procedure

7.1 Preparation of test sample

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

sample, e.g. by grinding or homogenizing of the laboratory sample. Measures and operational
be taken into consideration should be according to [SO 21571 and ISO 24276.

7.2 Preparation of DNA extracts

steps to

Cpncerning the preparation of DNA from the test portion the general instructions and“
described in ISO 21571 shall be followed. It is recommended to choose one of the BNA e
njethods described in ISO 21571:2005, Annex A.

3 PCRsetup

neasures
ktraction

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

7
T
Reagents are completely thawed at room temperature. Each reagentshould be carefully m
.
0

Table 2 — Reaction setup for the amplification

he method described applies for a total volume of 25 ul per PCR. The reagtiorn’setup is given i:[ Table 2.

ixed and
contains
depends
bipetting

otal reaction volume 25 ul

ample DNA (up to 200 ng) or controls 5pul

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

rimer pFMV-F and pFMV-R see Table

robe pFMV see Table

1
1

< |/l |3

Vater to 25 pl

amed. Equivalent products from/other manufacturers may be used if they yield similar or better results. If
dapt the amounts of the reagents and the temperature-time programme.

L 5 =

In the collaborative trial the QuantiTect Multiplex PCR NoROX Kit (Qiagen GmbH, Hilden/Germany) was fised. This
formation is given for conveniente'of users of this document and does not constitute an endorsement by ISO of the product

njecessary,

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

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

For the

amplification reagént control, add 5 pl of water into the respective reaction setup. Pipette either 5 pul
of sample DNA)0¥'5 pl of the respective control solution (extraction blank control, positive DNA target
C

Transferthe reaction setups into the thermal cycler and start the temperature-time programme.

714~ 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.
for initial denaturation depends on the master mix used.

© ISO 2016 - All rights reserved
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Table 3 — Temperature-time programme

Step

Parameter Temperature Time Fluorescence | Cycles

measurement

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

Initial denaturation 95°C 15 min no

Denaturation 95 °C 15s no

3 Amplification 45

Annealing and elongation 60 °C 60s yes

8 Acc

8.1 Ge

A corres
of PCR {
the devi
expresse
amplificd
amplificz
curve an|

If, due t
a meani
interpref
use of th

A positivj

ept/reject criteria

neral

bonding real-time PCR device-specific data analysis programme is used for the-identificatid
roducts. The amplification results may be expressed in a different manner, depending ¢
'e used. In the absence of detectable PCR products (e.g. negative contrals)“the result can
d as “undetermined”, “no amp”, or the maximum number of reaction Cycles performed. If th
ition of the DNA target sequence in a sample (e.g. positive controls) occurred, a sigmoid shapg
ition curve should be observed. The cycle number at the crossing-point of the amplificatig
d the fluorescence threshold is calculated (C; value or Cp value);

b atypical fluorescence measurement data, the automatic)interpretation does not provig
hgful result, it may be required to set the baseline_and the threshold manually prior {
ing the data. In this case, the device-specific instructions given in the manual regarding t}
b interpretation software should be applied.

e result can be also obtained if the sample contains DNA derived from the Figwort mosaic viry

which ce]ln naturally infect plants. To proof the presence of a GM plant derived product additional tes

using co

82 Id
The targ

— byu
amp

— in thle PCR control reactioiis with no added DNA (PCR reagent control, extraction blank control), 1

amp

— in thle reactions ferthe amplification controls (positive DNA target control, PCR inhibition contrg

the 6

struct-specific or event specific methods-are required for confirmation.

bntification
bt sequence is considered as detected, if

sing the P-FMV specific pfithers pFMV-F and pFMV-R and the probe pFMV, a sigmoid shapg
ification curve is observed and a C¢ value or Cp value is calculated,

ification has océurred, and

xpectedCyValues (or Cp values) are achieved.

9 Valﬁdation status and performance criteria

le
d
n

le

1

[S

9.1 General

Validation followed a two part process:

a) in-house validation followed by a pilot interlaboratory study;

b) acol

laborative trial validation.

© ISO 2016 - All rights reserved
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9.2 Robustness

The robustness of the method was tested with respect to small changes in the conditions of the following
factors: real-time PCR-instruments?) (ABI7500, Rotor-Gene Q, Stratagene MX 3005P); PCR-master mix
kits (QuantiTect Multiplex PCR NoROX Kit, SureMaster Probe Kit); volumes, 19 pl or 21 pl master mix
plus 5 pl sample DNA); annealing temperature (59 °C and 61 °C); and primer or probe concentration
(both lowered by 30 % respectively). For each tested factor three PCR replicates were analysed, each
with 20 copies of the target sequence. In these tests the method showed positive results under the
changed conditions in all PCR reactions as expected and thus the method can be considered robust.

9|3 Collaborative trial

The reliability of the method was verified in a collaborative trial with 16 participants, origanizgd by the
CVUA Freiburg in accordance with the IUPAC protocol.[4] The participants received 18-DNA samples for
the analysis. The samples contained the P-FMV target sequence at various coneefitrations, or did not
contain the target sequence. All samples were labelled with random coding numbers. Each pafrticipant
r¢ceived 3 vials (triplicate-blind) containing the following DNA solutions:

— non GM rapeseed;

— non GM soy;

—+ GT73 rapeseed, adjusted to a calculated concentration of 4 copies/ul;
— GT73 rapeseed, adjusted to a calculated concentration of10 copies/pl;
—+ MONB89788 soy, adjusted to a calculated concentration of 4 copies/ul;
—+ MON89788 soy, adjusted to a calculated concéntration of 10 copies/pl.

For conducting the PCR experiments participants received the PCR master mix and the oligonugleotides
(primers and probes).

Tp prepare the samples, genomic DNA.was extracted from ground seeds of GT73 canola (AOCH 0304-B
fjom AOAC Boulder/USA) and of MON89788 soy (AOCS 0906-B).3) The DNA was adjusted with 0,2x TE
bliffer to a nominal concentration'ef 10 copies/ul and 4 copies/pl of the target sequence in a bagkground
of 20 ng/ul of rapeseed or soy DNA.

The DNA concentrations were determined by fluorescence detection using the PicoGreen assgy.[2] The
copy numbers were established on the basis of the genome equivalents. For soy a haploid gengme mass
of 1,15 pg and for rapgseed of 1,23 pg was taken.[8] The integration of one copy of the P-FMV target
s¢quence in rapeseed GT73 and soy MON89788 genome was assumed,[Z].[8] and the GM mat¢rial was
¢onsidered homiezygous.

(@)

Tp prepare-samples not containing the target sequence, DNA was extracted from non GM rageseed or
s¢y (market samples) and adjusted to a concentration of approximately 20 ng/ul.

iIsing the

The DNA samples and a plasmid DNA standard, were tested for the presence of FMV DNA

The collaborative trial was designed for calculating the false positive and false negative rates. Each
DNA sample was tested by the participants in a single PCR test with 5 pl of the respective DNA solution,
using the procedure and the conditions given in Tables 2 and 3. The results of the collaborative trial are
listed in Table 4, more details on precision are provided in Table 5.

2) This information 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.

3) 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.

© IS0 2016 - All rights reserved 5
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Table 4 — Results of the collaborative trial

Number of laboratories 16

Number of laboratories submitting results 16

Number of samples per laboratory 18

Number of accepted results 288

Number of accepted samples containing the P-FMV target sequence 192

Number of accepted samples not containing the P-FMV target sequence 96

Fatse-positiveresults 6

False-positive results [%] 0

False-negative results 2

False-negative results [%] 1,0
In order(to calculate the corresponding copy numbers from the C; values determinedfrom the DN
samples|and to establish the LOD, each participant additionally received a plasmid DNA solutig

(adjusted

DNA confcentration was measured by digital PCR (QX100 Droplet Digital PCR'System, Bio-Rad Gmb

Munich/
buffer cd
800, 200
summar

A quanti
sufficien

subject df the collaborative trial.

| to 800 copies/pl of the target sequence in 20 ng/pl sonicated salmon-spetm DNA). The plasm

Germany?). To produce serial dilutions, the participants received a$_dilution buffer a 0,2x T
ntaining 20 ng/ul sonicated salmon sperm DNA. The plasmid DNA“standards (dilutions wif
40, 10 copies/ul) were measured twofold in the same PCR runwith the DNA samples. Table
zes the results achieved with the DNA samples.

fication of the target sequence copy number might be.p@ssible above 50 copies per PCR wif
L precision. The verification of the method for copy.number quantification, however, was n

Table 5 — Precision results obtained in the collaborative trial

oo s >

Dt

Copy numbers
(norflailllglilte:rget lab(i\ll'(;t(:)fries Pots(fg‘ﬁ;gtszs/ CI;};culated RSOZRC
dopy number) Mean S SgrP
GT73 rapgeseed (50 copies) 16 48/48 76,6 17,1 23,4 30,5
GT73 rageseed (20 copies) 16 46/48 33,6 7,8 11,0 32,8
MON897B8 soy (50 copies) 16 48/48 39,5 10,1 11,7 29,7
MON897B8 soy (20 copies) 16 48/48 13,5 5,8 6,3 46,6
Non GM rapeseed 16 0/48 - - - -
Non GM goy 16 0/48 - - - -
a  Repegtability standard-deviation.
b Repr¢ducibilitystandard deviation.
¢ Relat]ve reproducibility standard deviation.

kSt eat s

9.4 Se

P i
TITCIVICY

The method developer showed that the absolute limit of detection (LOD) for the method is around
5 DNA copies to 10 DNA copies.

In the collaborative trial, the plasmid DNA was further diluted for the determination of the LOD. Serial
dilutions were produced by the 16 laboratories in the range of 0,02 copies/ul to 4 copies/pl using 0,2x TE

buffer containing 20 ng/ul sonicated salmon sperm DNA. Each participant measured 10 replicates per

concentration level. A positive result was still achieved for 5 copies per PCR in 160 out of 160 tests
(Table 6).

4) This information 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.

6
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In addition, the probability of detection (POD) of the P-FMV method was examined according to a new
mathematical-statistical model.[11] The qualitative data of all PCR test results at the different dilution
levels were taken to estimate the laboratory standard deviations o, representing the relative between-

laboratory variability at POD = 0.95. For the P-FMV method, a value of 0,23 was obtained.

Table 6 — Collaborative trial results for the limit of detection (LOD)

P-FMV copy number per PCR

Number of positive results

(nominal) Ct < 45) out of 160 results
20 160
10 160
5 160
1 96
1 diluted 1:10 24

9{5 Specificity

The P-FMV target sequence is part of the promoter region of gene VIiin\the genome of Figwo
virus.[2] The amplified segment is part of a sequence which is used“as promoter or enhancer
expression in several GM plants (Table 7). In MON1445, MON89034, GT73 and H7-1 the
element is indicated as FMV promoter (P-FMV), in MON89788, MON87705, MON88913 and M
the inserted element is indicated as FMV enhancer (E-FMV),

Theoretically expected data were established by queries'in public databases.[12],[13]

I1} addition, P-FMV was detected with DNA from figwort mosaic virus and several plant transf
vectors (pMON99036, pMON93914) show compléte identity to the target sequence according to
dpta. This was established by comparing the’target sequence to the sequence data in the

nficleotide sequence collection (“non redundant” database with all GenBank, RefSeq, EMBL, 1
PDB sequences) and the database for patented nucleotide sequences by using the programme B

I Annex A, a method for detection of another sequence of the Figwort mosaic virus genome is d
[T In case of a positive signal for the P-FMV target sequence this method may allow test
contamination by the native EMV.

Table 7 — Specificity of the P-FMV detection method

't mosaic
for gene
inserted
DN88302

The performances specified in Table 7 were established with DNA from different GM plants.

brmation
bequence
GenBank
DDBJ and
LASTN.

bscribed.
ng for a

GM plant Theoretically expected Experimental confirmation

Alfalfa

J101 + n.d.

J163 + n.d.
Cotton

MON1445 + +

MON 88913 + +

LL25 -

MON 1076 + n.d.

MON 1698 + n.d.
Maize

MON 89034 + +

3272 -

5912 -

Bt176 -

© ISO 2016 - All rights reserved
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Table 7 (continued)

GM plant

Theoretically expected

Experimental confirmation

Btl1l

GA21

TC1507

MIR604

MON 810

MON 863

NK603

T25

CBH-351

MON 88(17

55-1

63-1

HLMT15}3

HLMT15}15

g

A

HLMT15}46

™

Rapeseed

GT73

R
\\J

+

MON 88302

/72

MS8

RF3

Falcon G$40/90

0XY-235

GT200

n.d.

ZSR500/502/503

n.d.

LL601

LL62

Bt63

Sugar beet

H7-1

+

GTSB77

+

Soybean

&9 )‘

A2704-12

GTS 40-3-2

305423

356043

10 Test report

The test report should be carried out as specified in ISO 24276 and other applicable standards (e.g.

ISO/IEC 17025.
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