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IWA 32:2019(E)

word

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

0.1 General

This purpose of this document is to provide guidance to laboratories worldwide to assess, in a
standardized way, whether cotton, cotton fibre and/or cotton-derived materials are produced from, or
contain materials from, genetically modified (GM) cotton plants. This document is intended for non-GM
cotton and textiles production lines, but it can be applied to any production line that wants to check the

presence of GM cotton.

0.2 Protocol

The GM scree
based method
cotton events
species: Gossy

Cotton (Gossy,
the Gossypiuni

ning protocol described in this document is based on Polymerase Chain Reaction
s, as these methods are the minimal set of DNA-based methods to cover all-knov
The protocol is written for and tested to work on all four of the major commercial
pium hirsutum, G. barbadense, G. arboreum G. herbaceum.

bium spp.) has been cultivated for lint for over 8 000 years. There ax€ over 50 spe
genus (Wendel et al.,, 2009). The Gossypium genome is complex,‘containing 2,25

gigabase (Arumuganathan and Earle, 1991). While GM-cotton cultivation coveérs a large part of

cotton produd
as well as voly
modified orgd
adequate and
potential pres

This documen
production ch|

tion today, there are countries where the cultivation of GM<eotton is not allowed
ntary private and/or public standards that do not allow the/intentional use of gen
nisms (GMOs) in the cotton and textile production process. This creates a need
harmonized protocol on the screening of cotton and 'cotton-derived materials

ence of GM-cotton related sequences.

t describes a procedure to screen seed, leaf and (processed) fibre samples in the
ain for the potential presence of GM-relatedd)NA elements. The protocol describe

(PCR)-
vh GM-
cotton

cies in
to 2,43
global
by law
btically
for an
for the

cotton
s three

major steps:

a)
b)

an effectiye way to isolate DNA from cotton materials;

a method
preferably

to confirm that the isolated DNA-€onsists of amplifiable cotton DNA, i.e. suitable for PCR,

r a low copy nuclear target;

A screeni
known G

rrently

<)

ng method consisting of a-minimum set of detection methods covering all the cu
cotton events, to beperformed on the cotton DNA isolate.

If the results off the screening methods described in this protocol are ‘not detected’, the likelihood that the
cotton sample|is (at least partly)derived from GM cotton is minimal, based on the ability of the scifeening
methods to defect elements@nd constructs of the GM cotton events. GM cotton levels below the deftection
limit of the method or unknown GM cotton events that do not contain any of the elements or the construct
tested cannot[be determiined by this detection method. When one or more screening methods ipdicate
that GM elementsare present, the sample should be considered as derived from GM cotton.

of this
of the

Further investig e 3
document as such, but some guidance i
related cotton events can be achieved.

as to how further identification

s provided in Annex A

0.3 Structure

The structure of this document is illustrated in Figure 1. Clause 4 describes the principle of the
screenings protocol. Clause 5 describes sample preparation for different types of material. Clause 6
describes the DNA isolation method that allows for successful DNA isolation from the respective
cotton-related products. Clause 7 describes the DNA quality control for the different cotton species.
Clause 8 describes the screening of GM-related DNA sequences in a cotton sample. Clause 9 describes
recommendations on the test report (outcome). Annex A gives an overview of known GMO cotton
events. Annex B gives an overview of detection methods applied by RIKILTY. Annex C provides

1) https://www.wurnl/en/Research-Results /Research-Institutes/rikilt.htm
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more information on the inhouse validation as carried out by RIKILT. Annex D provides a list of the

contributos to the International Workshop.

IWA 32 - Screening of GMOs in cotton and textiles
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International Workshop Agreement IWA 32:2019(E)

Screening of genetically modified organisms (GMOs) in
cotton and textiles
WARNING — The method described in this document implies the use of reagents that pose a

hazard to health. This document does not claim to address all associated safety problems. It
is the responsibility of the user of this document to take appropriate measures for health and

safety

1 Sda

protection.

ope

This dpcument provides requirements and recommendations to laboratories that perfo

modifi

ed organism (GMO) analyses in cottonseed, leaf, cotton fibre and cotton‘fiptre-deriy

The following are within the scope of this document:

'm genetically
red materials.

a) idgntifying the materials to be assessed, based on the probability of obtaining good|quality, fit for
purpose DNA from the materials in subsequent steps in the cotton cloth production process;

b) spegcifying a method for efficient DNA isolation from cotton and cotton-derived materials described
unider point a);

c) spegcifying the cotton-specific method(s) to be used@s control for amplifiable DNA;

d) specifying the screening procedure that provides optimal chances to detect GMOs as|a result of the
pefformance of the lowest number of genetically modified (GM) element screening agsays.

NOTE 1 The protocol allows for the screening.of all currently known GM cotton events and is|set up in a way

that opfimizes the probability of also detecting unknown GM cotton events that possibly contdin similar DNA

sequenges. Further information is given in\CEN/TS 16707.

Sampling is outside of the scope ofithis document.

NOTE 2
materid

A recommended sampling method is given in ISO 6497. General guidance for the sg
Is or for cotton-based products is available in standards such as ASTM D1441-12 and CEN

2 Normative references

The fo
constit]
undate

ISO 21

derived products — Quantitative nucleic acid based methods

lowing documents are referred to in the text in such a way that some or all of
utes requirements of this document. For dated references, only the edition cite

mpling of bulk
TS 15568.

their content
d applies. For

d réferences, the latest edition of the referenced document (including any amendn|

U UU ood U ortrie dete ed

nents) applies.

organisms and

ISO 21571, Foodstuffs — Methods of analysis for the detection of genetically modified organisms and
derived products — Nucleic acid extraction

ISO 24276:2006, Foodstuffs — Methods of analysis for the detection of genetically modified organisms and
derived products — General requirements and definitions

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© IS0 2019 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

3.1
cottonseed

seed from cotton plants

3.2
cotton leaf
leaves from t

3.3
seed cotton
raw cotton th

3.4
cotton lint
raw fibre that

3.5

greige yarn
unprocessed
subsequent sp

3.6
greige fabric
unprocessed t

3.7
processed ya
yarn that has

3.8

e cotton pln nt

it contains both the seed and the fibre before it has been ginned

has gone through the ginning process

ong continuous length of interlocked cotton lint that results from the cleani
inning of the cotton lint

extiles formed by weaving, knitting or crecheting the yarn and non-wovens

rn
indergone processing, to develop.its full textile potential

processed fabric

fabric that has

4 Principl

This documen
based on realt
DNA samples
cotton gene (
achieved thr

undergone processing, to develop its full textile potential

e

t describes’a method for the screening of GMO in cotton and textiles. The screg
ime PCRimethods which depends on obtaining good quality amplifiable DNA. Good
(those~fit for purpose) are defined as those where the amplification of an endo
bositive control) is observed. The amplification and detection of endogenous cad

ng and

ning is
guality
cenous
tton is

lgh isolation methods that result in gnnr‘ qnn]ify nI\IA, npp]ind to cotton and t

extiles,

while the targeted amplification of six genetic elements can allow for the detection of GM-cotton in

these samples

NOTE

Experimental results have shown that good quality DNA can be isolated from the production stages

of cottonseed up to greige yarn and greige fabric, while it showed not to be possible to isolate amplifiable DNA
in processed yarn and processed fabric. Processed yarn and processed fabric are therefore excluded from this
protocol. See Clause C.3 for the assessment of isolation of good quality DNA at different cotton production stages

by RIKILT.

5 Sample

Homogenize th

preparation

e sample using suitable methods and avoiding excessive heating.
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Sample preparation is dependent on sample type. Prepare samples by using either one of the following
techniques: 'teasing’, 'cutting’, 'crushing’ or 'shredding".

Prepare at least two replicates per sample. Include appropriate controls, as specified in ISO 21571 on
DNA extraction.

The recommended sample preparation for different types of material is as follows.

procedure.

r

ncedure

Cottonseed: Crush the seeds thoroughly with a suitable method. Use 100 mg in the DNA isolation

Cotton leaf: Crush the leaves thoroughly with a suitable method. Use 100 mg in the DNA isolation

p

Se
Us

Co
thd

Ya
len

Fa
0,5

bd cotton: Seperate the seeds from the fibres, crush the seeds thoroughly with assu
e 100 mg in the DNA isolation procedure.

tton lint: The fibre material can be teased thoroughly applying suitable_method.
e DNA isolation procedure.

gth. Use 100 mg in the DNA isolation procedure.

bric: Cut the fabric with a suitable method in small parts of a maximum of
x 0,5 cm in size. Use 100 mg in the DNA isolation pro¢edure.

6 D

6.1

A isolation

eneral

In ordgr to obtain amplifiable DNA from cottonseed, cotton and textiles as per the prot

DNA i

lation method has been selected:that allows for successful DNA isolation from

cottonirelated products. This method ‘allows for rapid purification of genomic DNA su
with alimited number of protocol steps. The protocol works well for cotton-derived mat
contain relatively high levels of PCR inhibitors.

NOTE 1
rest of {

NOTE 2
protocad
that thi
Kit to i
referen

The DNA isolation precedure described in this document is the QlAamp® Fast DNA Stq
his protocol refers ta:the QIAamp® Fast DNA Stool Mini Kit2).

As an altern@ative strategy to the DNA isolation method described below, the cotton-
1 (e.g. CRLVLE¥4/05XP: JRC 2006) or any other suitable DNA isolation method can be ap
s method has been proven by means of in-house validation against the QlAamp® Fast
erform egually well or better compared to the QIAamp® Fast DNA Stool Mini Kit. For
re materials are used for validation.

table method.

Use 100 mg in

Fn: Cut the yarn with a suitable method into small parts of a maximum of approximately 0,5 cm

hpproximately

ocol’s scope, a
the respective
itable for PCR
erials that can

ol Mini Kit. The

hdjusted CTAB-
plied, provided
DNA Stool Mini
seed, certified

6.2 Prinreiple

The DNA isolation procedure is based on an inhibition buffer, a lysis buffer and a DNA-binding spin
column. DNA binds specifically to the silica-gel membrane in the spin column, while contaminants pass
through. No phenol-chloroform extraction is required. PCR inhibitors are separated from DNA by the

inhibit

ion buffer.

2) QIAamp® Fast DNA Stool Mini Kit is an example of a suitable product available commercially. 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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6.3 Chemicals, reagents and equipment

Use only reagents of recognized analytical grade. Appropriate facilities should be used in order to avoid
contamination during the steps of preparation and measurement (e.g. uses of laminar flow benches or
comparable clean facilities)?3).

Unless otherwise stated, only reagents that conform to the specifications of ISO 24276 were used.
6.3.1 Reagents

6.3.1.1 Inhibition buffer: contains lithium chloride (>=1 - 10 % w/w) and sodium dodecyl sulfate
(>:1 -<10 % II/U\I) (a g Inhihitev Buffor Qiagon CatNo //In- 01 ﬁnA.)’ Qg prnviﬂnﬂ }'\y the manufact 1rer.

6.3.1.2 Lysis buffer: lysis buffer contains guanidine hydrochloride (>=30 - <50 % w/w).and|maleic
acid (>=0.1 - 41 % w/w), as provided by the manufacturer.

6.3.1.3 Wash Buffer 1; ethanol solution to denature proteins contains guanidine‘\hydrochloride¢ (>=50
- <70 % w/w)|), as provided by the manufacturer.

6.3.1.4 Wash Buffer 2: Tris-based ethanol solution to remove salts;contains sodium azide), as
provided by te manufacturer.

6.3.1.5 Ethgdnol 96 % to 100 %.
6.3.1.6 Elutjon Buffer: contains 10 mM Tris-HCl pH8.3, 0.\ mM EDTA, 0.04 % NaN3 (sodium agide).
6.3.1.7 Proteinase K (>=1- <10 % w/w).

6.3.1.8 Molecular biology grade water or water of equivalent purity.

6.3.1.9 DNA degrading solution (e.g. 1<%"bleach) household bleach (hypochloric acid).
6.3.2 Apparatus and equipment

6.3.2.1 Siliga-based mini spin columns, as provided by the manufacturer.

6.3.2.2 Disposable spatulas.

6.3.2.3 Sterjle filter pipette tips protecting against aerosols.

6.3.2.4 Microcentrifuge tubes of 1,5 ml and 2,0 ml.

6.3.2.5 Disposable gloves (powder-free).

6.3.2.6 Analytical scale and top weigher.

6.3.2.7 Waterbath and/or thermoshaker (e.g. 24 ml x 2,0 ml).

6.3.2.8 Centrifuge for microcentrifuge tubes (at least 20 000 x g).

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

4 © IS0 2019 - All rights reserved
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6.3.2.9 Suitable prepared homogenization equipment.

6.3.2.10 Autoclave, 121 °C, 20 minutes.

6.3.2.11 Pipettes (1-10 pl, 2-20 pl, 20-200 pl, 200-1 000 pl).

6.3.2.12 Vortex.

6.3.2.13 Refrigerator.

6.3.2.14 Freezer:
6.3.2.15 Clean lab coat.
6.4 Procedure

6.4.1 | General

The DNA extraction procedure comprises the following steps:

6.4.2 | Protocol
All cenLrifugation steps should be carried out atyroom temperature (15 °C to 25 °C).

Perfor
manuffcturer’s instructions.

lydis of, and separation of, impurities from samples in guanidine hydrochloride-containing buffer;

purification of DNA on mini spin columns.

the DNA isolation according tothe protocol of the chosen isolation meth¢d or see the

(1] Weigh 100 mg (+/- 10 ag) homogenized sample, as prepared in Clause |5, in a 2 ml

microcentrifuge tube.

(2] Add 1 ml inhibition(buffer to each sample. Vortex continuously for 1 min or unti] the sample is
theroughly mixed.

(3] Centrifuge sample at 20 000 x g for 1 min to pellet particles.
(4) Pipette 25l proteinase K into a new 2 ml microcentrifuge tube.

(5) Pipette 600 pl supernatant from step (3) into the 2 ml microcentrifuge tupe containing
proteinase K.

(6) Add 600 pl lysis buffer and vortex for 15 s.
(7)Incubate at 70 °C for 10 min.
(8) Add 600 pl of ethanol (96 %) to the lysate, and mix by vortexing.

(9) Carefully apply 600 pl lysate from step (8) to the silica-based spin column. Close the cap and
centrifuge at 20 000 x g for 1 min. Place the silica-based spin column in a new 2 ml collection tube
and discard the microcentrifuge tube containing the eluate.

(10) Repeat step (9) until all of the lysate has been loaded on the column.

(11) Carefully open the silica-based spin column and add 500 pl wash buffer 1. Centrifuge at
20 000 x g for 1 min. Place the silica-based spin column in a new 2 ml collection tube and discard the
collection tube containing the eluate.

© IS0 2019 - All rights reserved 5
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(12)

Carefully open the silica-based spin column and add 500 ul wash buffer 2. Centri

20 000 x g for 3 min. Discard the collection tube containing the eluate.

(13)
collection

(14)

fuge at

Place the silica-based spin column in a new 2 ml collection tube and discard the old

tube with the filtrate. Centrifuge at 20 000 x g for 3 min.

Transfer the silica-based spin column into a new, labelled 1,5 ml microcentrifuge tube
and pipet 100 pl Elution Buffer directly onto the silica-based column. Incubate for 1 min at room
temperature, then centrifuge at 20 000 x g for 1 min to elute the DNA.

6.5 Results

Resulting frofn the DNA extraction procedure, the extracted DNA is stored until use accor

Clause 7 and

[lause 8. DNA solutions may be stored at 4 °C for a maximum of 1 week or at’<2(

long-term stot

6.5.1 Analy

The DNA qu
used both u

n¥
endogenous ¢

7 DNA qu:

7.1 Generd

The cotton-sp
al., 2006) sho

age.
Sis
ity is assessed according to Clause 7. The DNA isolated from-\the cotton sam

iluted and 10 times diluted in a real time PCR and checked for;amplifiable DNA
tton gene SAH7 and inhibiting factors.

ality control

1

bcific endogenous DNA marker for the Sinapis’ Arabidopsis Homolog 7 (SAH7 -Baeu
d be used as a positive control method-for cotton. With the use of SAH7, one can

1
all four commtrcial cotton species (Gossypium hirsutium, G. barbadense, G. arboreum and G. herb(

More informa

Amplification

fion is provided in Annex C on the ithouse validation by RIKILT.

of the cotton-specific endogenous DNA marker for SAH7 indicates the quality of the

ling to
°C for

ples is
for the

mler et
detect
iceum).

cotton

DNA isolate. Once the SAH7 is found to be adequately amplified, any GM-related sequence that is present

above the det¢

7.2 Princiy

A positive sig
inhibition,a 1
3,32 Cq value
is inhibition i
possible inhib

ction limit will similarly.be/able to be amplified and be detected in the same samp

le

nal for the SAH7 indicates there is amplifiable DNA present in the sample. Tq
) times dilution is also tested and is expected to give a positive signal that is theor
later in¢the PCR. If the Cq difference is less than 3,32 Cq this is an indication thd

le.

check
ptically
t there

the sample DNA. To circumvent inhibition, a 10 times dilution is also tested to dilute the

ftion factors.

7.3 Chemicals, reagents and equipment, including reference materials

General requirements and recommendations related to the laboratory configuration and reagents and
material used that are described in ISO 24276 apply. Reference to a given product and/or company,
reagents and polymerases which lead to equal or better results may also be used.

7.3.1 Reagents

Use only reagents of recognized analytical grade and water conforming to grade 1 of ISO 3696.

7.3.1.1 Water.

7.3.1.2 Master mix for real-time PCR (e.g. DMML-D2-D600; Diagenode, Belgium).

© ISO 2019 - All rights reserved
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7.3.1.3 Primers and Probes.

See Baeumler et al. (2006) or the JRC GMO Method Database for endogenous cotton method SAH7 (QT-
TAX-GH-021: http://gmo-crl.jrc.ec.europa.eu/gmomethods/), or see Annex B.

7.3.1.3.1 Sah7-uni-r1: GCATCTTTGAACCGCCTACTG.

7.3.1.3.2 Sah7-uni-f1: AGTTTGTAGGTTTTGATGTTACATTGAG.

7.3.1.3.3 Sah7-uni-s1: FAM-AAACATAAAATAATGGGAACAACCATGACATGT-TAMRA.

7.3.1.4 Sample DNA.

Preparfed according to Clause 6.

7.3.1.§ Certified cotton reference material from IRMM or AOCS should.-be-used as ppsitive control
in the PCR.

7.3.1.4 Filter tips.

7.3.1.71 Microcentrifuge tubes 1,5 ml and 2,0 ml.
7.3.1.4 Microcentrifuge tube racks.

7.3.1.9 PCR plates.

7.3.1.10 Aluminium foil.

7.3.1.11 Optical quality sealing tape!

7.3.1.12 Disposable gloves.

7.3.2 | Apparatus and equipment

7.3.2.1 PCR thermocycler.

7.3.2.2 Freezern

7.3.2.3 ~Refrigerator.

7.3.2.4 Plate centrifuge.
7.3.2.5 Centrifuge (atleast 20 000 x g).
7.3.2.6 Vortex for microcentrifuge tubes and 96 well plates.

7.3.2.7 Pipettes (1-10 pl, 2-20 pl, 20-200 pl, 200-1 000 pl).
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7.4 Procedure

7.4.1 General

The procedure to amplify the endogenous SAH7 marker is a qualitative cotton endogenous screening
method. For the in-house verification of this cotton endogenous screening method, the minimum
performance requirements of ISO 24276 are applicable.

Perform the controls according to ISO 24276:2006, 5.2.

7.4.2 Safety precautions

No specific re

7.4.3 Pre-ti

DNA isolation

744 Amou

5 ul undiluted
of 25 ul.

NOTE Two,

amount of samples is four.

7.4.5 Proce

See the JRC QMO Method Database for the endogeneys cotton method SAH7 (QT-TAX-GH-021

//gmo-crljrc.6

Juirements. See [SO 24276.

eatment

according to 6.4.2.

nt of sample

and 5 pl 10 times diluted DNA for each sample isolation.are used in a reaction

samples derive from one sample. The previous step restilts in two samples. Therefore, t

dure

c.europa.eu/gmomethods/entry?db=gmometh&id=qt-tax-gh-021&q=sah7) as de:s

by Mazzara et
7.5 Results

7.5.1 Calcu

Calculate resu

7.5.2 Inter

r
According to lO 24276:2006, Clause 6.

al. (2006). More information is pro¥ided in Annex B.

ations

Its according to [SO-21570:2005, A.1.8. No ambiguous results shall be expressed.

etation and-expression of results

7.5.3 ResulFs

yolume

he total

|: http:
cribed

The final result of the detection of SAH7 is reported as “detected” or “not detected”. When no endogenous
SAH7 is detected, there is either no DNA present, or the DNA is not of sufficient quality. Therefore,
the subsequent screening should not be performed. Reporting should be carried out as specified in
ISO 24276 and other applicable standards (ISO 17025).

8 GM element screening

8.1 Principle

In order to detect the potential presence of GM-related DNA sequences in a cotton sample, a minimum
of two detection methods (targeting two of T-nos, P-35S, cry1Ab/Ac, pat otp/mepsps or P-FMV) shall be
applied. If detected, no further testing is required. If not-detected, further testing is necessary up to all

six elements.

8

© ISO 2019 - All rights reserved


http://gmo-crl.jrc.ec.europa.eu/gmomethods/entry?db=gmometh&id=qt-tax-gh-021&q=sah7
http://gmo-crl.jrc.ec.europa.eu/gmomethods/entry?db=gmometh&id=qt-tax-gh-021&q=sah7
https://standardsiso.com/api/?name=eb111646b20b0536402c0f4277763fbf

Internationally recognized methods should be applied, if possible, e.g.:

— T-nos (e.g. QL-ELE-00-011 JRC; ISO 21569:2005/Amd 1:2013);

— P-35S (e.g. QT-ELE-00-004 JRC; I1SO 21570:2005);

— crylAb/Ac (e.g. QL-ELE-00-016 JRC; ISO/TS 21569-6:2016);

IWA 32:2019(E)

— pat [e.g. QL-ELE-00-025 JRC; Inter-laboratory study in Food Control 73:452-461 (2016)];

— otp/mepsps (e.g. QT-CON-00-008 JRC; ISO 21570:2005);

— P-FMV (e.g. QL-ELE-00-015 JRC; ISO/TS 21569-5:2016).

NOTE 1

Reager
house

NOTE 2
method

8.2 (

8.2.1

See 7.3

See the JRC GMO Method Database (http://gmo-crljrc.ec.europa.eu/gmomethods/):

ts that lead to equal or better results may also be used. Annex B provides an ex3

mple of an in-

Falidated set of methods that could be applied as an alternative to the methods listied above.

Annex A contains an overview of the tested elements and construct. The targets of the
s were selected because they cover all known GM cottons events.

lhemicals, reagents and equipment, including reference materials

Reagents and materials

1.

The following is a list of primers and probes.

Se Six screening

T-nos (SO 21569:2005/Amd 1:2013)

180-F CATGTAATGGATGACGTTATTTATG

180-R TTGTTTTCTATCGCGTATTAAATGT

Tnp-180 FAM-ATGGGTTTTTATGATTAGAGTCCCGCAA-TAMRA
P-35S (ISO 21570:2005)

35S-F GCCTCTGCCGACAGTGGT

355-R AAGACGTGGTTGGAACGTCTTC

355-TMP FAM-CAAAGATGGACCCCCACCCACG-TAMRA
cry1Al/&o (1SO/TS 21569-6:2016)

Bt-F1(mod) GAGGAAATGCGTATTCAATTCAAC

Bt-R TTCTGGACTGCGAACAATGG

Bt-P FAM-ACATGAACAGCGCCTTGACCACAGC-TAMRA

pat (Inter-laboratory study in Food Control 73:452-461 (2016))

pat-F CGCGGTTTGTGATATCGTTAAC
pat-R TCTTGCAACCTCTCTAGATCATCAA
pat-P FAM-AGGACAGAGCCACAAACACCACAAGAGTG-TAMRA

© IS0 2019 - All rights reserved
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otp/mepsps (I

S0 21570:2005)

GA21 3-5 GAAGCCTCGGCAACGTCA
GA21 3-3’ ATCCGGTTGGAAAGCGACTT
GA21-2-Taq FAM-AAGGATCCGGTGCATGGCCG-TAMRA

P-FMV (ISO/TS 21569-5:2016)

pFMV-F CAAAATAACGTGGAAAAGAGCT

pFMV-R TETTTTETGETEGTCACTGE

Probe pFMV FAM-CTGACAGCCCACTCACTAATGC-BHQ1
Certified cott¢n CRMs from IRMM or AOCS shall be used as positive control in the PCR af the scr
elements, for ¢xample:

AOCS 08(44D MON15985: P-35S, T-nos, cry1Ab/Ac

ERM-BF4pP2 3006-210-23x281-24-236: pat

AOCS 1108-A GHB614: otp/mepsps

AOCS 08(4-B MON1445: P-FMV
8.2.2 Apparatus and equipment

See 7.3.2.

8.3 Procedure

8.3.1 Genel

The in-house
genetically mq

8.3.2 Safety
See 7.4.2.

8.3.3 Pre-ti

DNA used as

ral

Ferification of the screening methods carried out according to ISO 24276 on detec
dified organisms and dérived products.

f precautions

eatment

escribed in Clause 6.

8.3.4 Amount of sample

See 7.4.4.

8.3.5 Proce

See correspon

dure

ding protocols mentioned in 6.1.

8.4 Interpretation and expression of results

According to ISO 24276:2006, Clause 6.

10

eening

tion of
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8.5 Results

The final result of each target-specific detection method is reported as “detected” or “not detected”.
When one or more targets are “detected”, the sample contains GM-elements that are used in GM cotton.
When the results show “not detected” for all six targets this is considered indicative of the absence of
GM in the sample tested.

8.6 Reporting of data collection

The result should be recorded ensuring the reliability, reproducibility and integrity of the data
according to ISO 24276:2006, Clause 7.

9 Tgstreport

The te§t report shall contain at least the following information:

a) information necessary for identification of the submitted sample;

b) list of elements and/or constructs checked, detected and, if elucidated, the event(s);

c) results obtained of the screening, expressed as ‘the sample conitains GM-elements’ pr the ‘sample
dops not contain GM-elements’;

d) tegt method used, with reference to this document;
e) any particular points observed in the course of thetest;

f) oprating details not specified in this document, or regarded as optional, together yith details of
anj incidents which might have affected the-esults.

© IS0 2019 - All rights reserved 11


https://standardsiso.com/api/?name=eb111646b20b0536402c0f4277763fbf

IWA 32:2019(E)
Annex A
(informative)

Overview of known GM cotton events

A.1 General

This annex provides suggestions to confirm possible GM cotton events in a sample tested positiv¢ under
Clause 6. Tablp A.1 provides an overview of known GM cotton events. The targets of the six'scijeening
methods that fover the larger part of the GM cottons events are shown in bold. Only eleménts fof which
a detection m¢thod is available are listed.

Based on elements that are detected and not detected, it should be possible tovitarrow down and
identify the ppssible GM cotton source(s). Alternatively, the ‘Analysis tool’ (www.EUginius.eu)|can be
used. Here, the detected and not-detected targets aid to narrow-down the-possible cotton event(s)
present in the[sample.

Once one or njore possible candidate-events emerge, they can be confirmed by event-specific mg¢thods.
For available pvent-specific detection methods, see the JRC GMO Method Database for fully validated
methods (htty://gmo-crljrc.ec.europa.eu/gmomethods/). For quantification, see ISO 21570.

12 © IS0 2019 - All rights reserved
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Annex B
(informative)

Overview of detection methods applied by RIKILT

B.1 General

The primers 4
International

B.2 Prime

SAH7 (QT-TAX
Sah7-uni-
Sah7-uni-
Sah7-uni-

T-nos (QT-ELE
NOS ter 2
NOS ter 2
NOS-Taq

P-35S (QT-ELH
P35S-1-5
P35S-1-3’
P35S-Taq

crylAc (QL-EI

nd probes described in this annex perform as well as those in the methods in/th
btandards.

I's and probes

-GH-021: Baeumler et al. 2006)

rl GCATCTTTGAACCGCCTACTG
(1 AGTTTGTAGGTTTTGATGTTACATTGAG
51 FAM-AAACATAAAATAATGGGAACAACCATGACATGT-TAMRA

-NOS ter 2-5'/NOS ter 2-3": Kuriba et al., 2002)

L5’ GTCTTGCGATGATTATCATATAATTTCTG
3’ CGCTATATTTTGTTTTCTATCGCGT
FAM-AGATGGGTTTTTATGATTAGAGTCCCGCAA-TAMRA

-P35S 1-5'/P35S 1-3": Kuriba-et al., 2002)
ATTGATGTGATATCTCCACTGACGT
CETCTCCAAATGAAATGAACTTCCT
FAM-CCCACTATCCTTCGCAAGACCCTTCCT-TAMRA

E-CrylAc-F(/R)-n4/Cry1AcR-n2: Scholtens et al., 2013)

CrylAc-F[/R)-n4 TTCAGGACCAGGATTCAC
CrylAcR-nz GTGAATAGGGGTCACAGAAGCATA
Cry1AcP-n3 FAM-TCTGGTAGATGTGGATGGGAAGT-TAMRA

pat (QL-ELE-P
Patf-n2
Patr-n2

Patp-n2

atf-n2/Patr-n2: Xu et al., 2006)
GACAGAGCCACAAACACCACAA
CAATCGTAAGCGTTCCTAGCCT
FAM-GCCACAACACCCTCAACCTCA-TAMRA

otp/mepsps (QT-CON-00-008 JRC; ISO 21570:2005)

GA21 3-5’

16

GAAGCCTCGGCAACGTCA

e cited
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GA21 3-3’

GA21-2-taq

P-FMV (QL-ELE-00-015 JRC; ISO/TS 21569-5:2016)

ATCCGGTTGGAAAGCGACTT

FAM-AAGGATCCGGTGCATGGCCG-BHQ1

IWA 32:2019(E)

pFMV-F CAAAATAACGTGGAAAAGAGCT
pFMV-R TCTTTTGTGGTCGTCACTGC
Probe pFMV FAM-CTGACAGCCCACTCACTAATGC-BHQ1
B.3 llflastermix
Compoanent Stock Final ul/reaction
Diagenode DMMLD2D600 2X 1x 12,5
Primer| forward 10 uM 400 nM 1
Primei| reverse 10 uM 400-aM 1
Probe 10 uM 200 nM 0,5
Water 5
DNA 5
Total rgaction volume 25
B.4 PCR conditions
Deconfamination UNG 2 min 50°C 1 cydle
Denatyration 10 min 95 °C 1 cydle
Ampliffication step 1: denaturation 15s 95°C 45 cycles
Ampliffication step 23 Annealing and extension 1 min 60 °C

© IS0 2019 - All rights reserved
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Annex C
(informative)

In-house validation RIKILT

C.1 General

This annex pr
identifica

assessme

assessme

C.2 Identif

In order to id
species (Goss)
markers were

DNA was isol

pvides data to substantiate:
fion of best endogenous DNA-marker;
ht of isolation of good quality DNA at different cotton production stages;

ht of DNA isolation methods for different cotton production stages.

ication of best endogenous DNA-marker

entify the best endogenous DNA marker for the detection of the four commercial
bpium hirsutum, G. barbadense, G. arboreum and GOherbaceum), three differer
compared.

cotton
it DNA

ated with a CTAB method in combination with a Plant DNA-isolation kit from seed

(4 species) anld leaf (3 species) of the cotton species in(duplicate. The seed samples were obtained
from differenf plants in the U.S.A. and India. Each isolated DNA was used in a qPCR for the endogenous
controls acpl,|AdhC and SAH7. The qPCR was perforimed with 50 ng and 5 ng DNA. The resultg of the
tests are pres¢nted in Tables C.1 and C.2.
All three endggenous controls were initially. developed for the detection of G. hirsutum. They perform
equally well on G. hirsutum. All three endogenous controls also perform equally well on G. barbudense.
AdhC does not|detect G. arboreum and G(herbaceum. Acp1 shows later Cq values compared to SAH7 for G.
arboreum and|G. herbaceum. Tables Cil_and C.2 provide the outcomes for qPCR for endogenous fontrol
on cottonseed and leaf.
Conclusion: J4H?7 is the best éndogenous detection method for the detection of Gossypium hirsutum, G.
barbadense, G|arboreum and G/ herbaceum. Therefore, the cotton-specific endogenous DNA markégr SAH7
(Baeumler et al., 2006) sheuld be used as a positive control method for cotton. With the use of SAH?7, all
four commerdjial cotteh species (Gossypium hirsutum, G. barbadense, G. arboreum and G. herbaceym) can
be detected.

TableC1 — r}P(‘R for pndngpnnnc control on cottonseed
Sample (ng DNA from seed) Cq acpl Cq AdhC Cq SAH7
G. barbadense 1-1 50 ng 25,04 24,72 25,06
G. barbadense 1-1 5 ng 28,41 28,21 28,32
G. barbadense 1-2 50 ng 24,74 24,74 24,61
G. barbadense 1-2 5 ng 28,09 2799 28,09
G. hirsutum 8-1 50 ng 24,92 24,76 249
G. hirsutum 8-1 5 ng 28,01 28,21 28,05
G. hirsutum 8-2 50 ng 24,80 25,04 25,03
G. hirsutum 8-2 5 ng 28,03 28,62 28,50
G. arboreum 30-1 50 ng 32,07 N/A 25,68

18
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Table C.1 (continued)

Sample (ng DNA from seed) Cq acp1l Cq AdhC Cq SAH7

G. arboreum 30-1 5 ng 34,95 N/A 28,92

G. arboreum 30-2 50 ng 32,23 N/A 25,74

G. arboreum 30-2 5 ng 35,59 N/A 29,16

G. herbaceum 35-1 50 ng 32,25 N/A 25,87

G. herbaceum 35-1 5 ng 349 N/A 29,14

G. herbaceum 35-2 50 ng 31,97 43,13 25,59

G. herbaceum 35-2 5 ng 35,57 N/A 28,92
Table C.2 — qPCR for endogenous control on leaf

Sample (ng DNA from leaf) Cq acpl Cq Adh€ (q SAH7

G. barfadense 65-3 50 ng N/A N/A N/A

G. barhadense 65-3 5 ng 30,00 30,24 30,03

G. barhadense 65-4 50 ng N/A N/A N/A

G. barhadense 65-4 5 ng 30,66 30,48 30,74

G. hirspitum 69-3 50 ng 32,06 31,71 34,11

G. hirspitum 69-3 5 ng 35,52 35,22 36,30

G. hirsfitum 69-4 50 ng 2947 29,12 30,07

G. hirspitum 69-4 5 ng 32,57 32,39 33,55

G. arbgreum 67-3 50 ng N/A N/A 36,38

G. arbdreum 67-3 5 ng 38,97 N/A 32,60

G. arbdreum 67-4 50 ng N/A N/A 37,50

G. arbdreum 67-4 5 ng N/A N/A 34,77

AOCS (804D cotton 24,33 24,16 24,56

water N/A N/A N/A

C.3 Assessment of isolation of good quality DNA at different cotton production
stage

DNA was isolated from’ cottonseed, cotton leaf, seed cotton, cotton lint, greige yarn and greige fabric,
and processed yash and processed fabric in duplicate using the QIAamp Fast DNA $tool Mini Kit
(Qiagen). The samples were obtained from the U.S.A., Turkey and India. To confirm the| presence and
qualityf of the’DNA, each isolated DNA was used in a qPCR for the endogenous control S4H7. The qPCR
was perfofined with undiluted (1x) and 10x diluted (10x) DNA.

The results of the tests are presented in the Tables below. The results show that the QlAamp Fast DNA
Stool Mini Kit (Qiagen) can be used to isolate good quality DNA from cottonseed, cotton leaf, cotton
lint and greige yarn and greige fabric, while there is no amplification with DNA (if any) isolated from
processed yarn and processed fabric.

Conclusion: The QIlAamp Fast DNA Stool Mini Kit (Qiagen) is able to isolate good quality DNA
(amplifiable DNA using the method for endogenous SAH7) from samples of cottonseed, cotton leaf,
cotton lint and greige yarn and greige fabric. Processed yarn and processed fabric did not yield DNA
that was successfully amplified with the endogenous target SAH7. Therefore, it would seem highly
unlikely that from the matrices processed yarn and processed fabric sufficient DNA of good quality can
be isolated that can be applied in the GMO screening.

Tables C.3 to C.7 show qPCR results of cotton samples of cottonseed, cotton leaf, cotton lint, greige yarn
and greige fabric and processed yarn and/or processed fabric with SAH7.

© IS0 2019 - All rights reserved 19
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Table C.3 — gqPCR results of cotton samples of cottonseed with SAH7

Production stage: Cottonseed and seed cotton
Sample Cq 1x Cq 10x Result
RIK1-1 24,11 28,25 Detected
RIK1-2 23,53 28,27
RIK8-1 24,86 28,77 Detected
RIKS-2 24,68 28,42
RIK13-1 N/A 35,48 Detected
RIK13-2 N/A 35,83
RIK25-1 24,43 27,57 Detected
RIK25-2 24,72 28,14 N
RIK30-1 25,54 29,09 Detected -~ |/
RIK30-2 25,39 29,14 Y
RIK35-1 25,13 2891 Detekted
RIK35-2 2491 27,80 W\
RIK50-1 25,07 28,27 Vo etected
RIK50-2 25,27 2907 L)
RIK75-1 34,63 39,38 & © Detected
RIK75-2 37,12 N/AY
T-1 22,19 26,12 Detected
T-2 22,63 126,14
N/A is ‘not detedted’. \\\‘0
xO
Table C.4 — qPCR results of co{t\t&p.samples of cottonleaf with SAH7
Production §tage Sample C)\éq 1x Cq 10x Result
RIK65-1 27,18 30,79 detected
RIK65-2 (8,13 30,40
RIK66-1 7 |N/A 29,57 detected
RIK66-2 .5~ |27,54 30,21
RIK67-L- 0" N/A 30,46 detected
RIK67:2~" N/A 31,49
R -1 N/A 30,72 detected
[RIK68-2 34,54 30,71
(.o’\ RIK69-1 26,06 29,29 detected
RIK69-2 3229 2993
Cotton leaf
RIK70-1 27,35 29,09 detected
RIK70-2 31,02 29,04
RIK71-1 29,80 30,05 detected
RIK71-2 27,00 29,95
RIK72-1 27,55 29,34 detected
RIK72-2 42,49 28,26
RIK73-1 31,05 29,01 detected
RIK73-2 32,51 28,82
RIK74-1 N/A 27,72 detected
RIK74-2 N/A 27,87

N/A is ‘not detected’.
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Table C.5 — qPCR results of cotton samples of cotton lint with SAH7

Production stage Sample Cq1x Cq 10x Result

RIK89-1 32,45 35,18 detected
RIK89-2 32,74 36,04
RIK90-1 35,02 3794 detected
RIK90-2 35,16 37,82
RIK91-1 36,74 N/A detected
RIK91-2 36,25 40,48
RIK92-1 33,46 36,32 detected
RIK92-2 35,11 38,11
RIK93-1 33,50 37,02 detectpd

Cottonllint RIK93-2 33,15 36,36
RIK94-1 37,48 39,40 detectpd
RIK94-2 37,01 N/A
RIK95-1 N/A 37,61 detectpd
RIK95-2 33,15 34,71
RIK96-1 31,13 34544 detectpd
RIK96-2 36,51 36,14
RIK97-1 34,73 37,45 detectpd
RIK97-2 29,95 32,95
RIK98-1 33,53 37,44 detectpd
RIK98-2 34,35 37,16

N/A is ‘pot detected’.

© IS0 2019 - All rights reserved

21


https://standardsiso.com/api/?name=eb111646b20b0536402c0f4277763fbf

IWA 32:2019(E)

Table C.6 — qPCR results of cotton samples of greige yarn and greige fabric with SAH7

Production stage Sample Cq 1x Cq 10x Result

RIK15-1 N/A 38,64 detected
RIK15-2 N/A 41,09
RIK16-1 36,11 36,01 detected
RIK16-2 35,06 36,42
RIK17-1 33,37 37,60 detected
RIK17-2 34,28 38,36
RIK103-1 36,90 N/A detected
RIK103-2 35,48 N/A
RIK104-1 35,87 39,65 detected~
RIK104-2 36,43 N/A aV
RIK105-1 35,10 3798 detérted
RIK105-2 35,84 3774 A
RIK106-1 36,64 N/A ¢\ |detected
RIK106-2 3790 40,08, ©

Greige yarn anfl/or |RIK107-1 37,59 NfA) detected

greige fabric RIK107-2 36,14 SN/A
RIK108-1 37,00 %0739,60 detected
RIK108-2 35,17 b 3847
RIK109-1 3571 &\ 40,19 detected
RIK109-2 35,25 7 39,91
RIK110-1 36,230 37,68 detected
RIK110-2 3718 N/A
RIK111-1 (84,73 38,79 detected
RIK111-2 W 3613 37,60
RIK112-1 ()Y N 39,71 detected
RIK1122 D 37,56 N/A
RIK113-1 5 37,18 N/A detected
RIK113-2C5" 36,38 39,78
RIK114-1 37,07 N/A detected
RIK 1142 39,90 N/A

N/A is ‘not detedted’. Né\/

>
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Table C.7 — gqPCR results of cotton samples of processed yarn and processed fabric with SAH7

Production stage Sample Cq 1x Cq 10x Result

RIK18-1 N/A N/A not detected
RIK18-2 N/A N/A
RIK19-1 N/A N/A not detected
RIK19-2 N/A N/A
RIK20-1 N/A N/A not detected
RIK20-2 N/A N/A
RIK21-1 N/A N/A not detected
RIK21-2 N/A N/A
RIK22-1 N/A N/A not-d¢tected
RIK22-2 N/A N/A
RIK23-1 N/A N/A not d¢tected
RIK23-2 N/A N/A
RIK24-1 N/A N/A not d¢tected

Procesped yarn and/or |RIK24-2 N/A N/A

procesped fabric RIK115-1 N/A N/A not détected
RIK115-2 N/A N/A
RIK116-1 N/A N/A not d¢tected
RIK116-2 N/A N/A
RIK117-1 N/A N/A not d¢tected
RIK117-2 N/A N/A
RIK118-1 N/A N/A not d¢tected
RIK118-2 N/A N/A
RIK119-1 N/A N/A not d¢tected
RIK119-2 N/A N/A
RIK120-1 N/A N/A not d¢tected
RIK120-2 N/A N/A
RIK121-1 N/A N/A not d¢tected
RIK121-2 N/A N/A

. AOCS 0306A 29,17 detected

Positivie control (cetten)

AOCS 0306A 29,00
) Water N/A not d¢tected

Negatiye corntrol
Water N/A

N/A is ‘hot-detected’

C.4 Assessment of DNA isolation methods for different cotton production stages

Different DNA isolation methods were used to study the applicability to isolate good quality DNA for
the different cotton materials from cottonseed to textiles. The samples were obtained from the U.S.A.,,
Turkey and India. To confirm the presence and quality of the DNA, each isolated DNA was used in a
gPCR for the endogenous control SAH7. The qPCR was performed in duplicate with undiluted DNA.

DNA isolation methods assessed:
— acommercial kit based on magnetic beads (see Table C.8);

— CTAB method (see Table C.9);
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— CTAB method in combination with a Plant DNA-isolation kit (see Tables C.1 and C.2);
— CTAB-cotton CRLVL-14/05XP (see Table C.10);
— QIAamp Fast DNA Stool Mini Kit (Qiagen) (see Tables C.3 and C.11).

The CTAB method in combination with a Plant DNA-isolation kit was only performed on cottonseed and

leaf (see Table C.1) With the CTAB-cotton DNA isolation method CRLVL-14/05XP, DNA isolatio

n from

reference material derived from seed was confirmed by amplification with the endogenous gene acpl

(see Table C.10).

For the tested methods and productlon stages, the results show that only the QIAamp Fast DNA Stool

Mini Kit (Qiage
From the production stage Processed yarn and processed fabrlc DNA isolation was not p0551ble
DNA isolation|methods yielded little or no DNA, and subsequent qPCR with the endogenous-€ont
not successfull

Conclusion QJAamp Fast DNA Stool Mini Kit (Qiagen) is the only DNA isolation methed of the §
was tested thdt is capable to isolate DNA from cottonseed, cotton lint and greige yarn and greigg

Table C.8 shows DNA isolated with a commercial kit based on magnetic beads: Each isolated D]
used in a qPCR for the endogenous control SAH7.

fabric.
Other
rol was

et that
fabric.

NA was

TTxble C.8 — DNA isolated with a commercial kit based on magnetic beads
Progduction stage Sample Cq1l Cq2 Result
RIK79-1 30,38 28,76 detected
RIK79-1 30,66 29,14
Cottonseed
RIK14-1 29,54 30,97 detected
RIK14-1 29,44 30,74
RIK96-1 N/A 37,29 not detected
) RIK96-1 N/A N/A
Cotton lint
RIK94+1 N/A 40,70 not detected
R94-1 N/A N/A
RIK104-1 N/A N/A not detected
RIK104-1 N/A N/A
RIK103-1 N/A N/A not detected
RIK103-1 N/A 38,80
Greige yarn and/or RIK109-1 N/A 40,99 not detected
greige fabric RIK109-1 N/A 42,26
RIK108-1 N/A N/A not detected
RIK106-1 41,08 43,19
RIK17-1 N/A N/A not detected
RIK17-1 N/A 40,31
RIK21A-1 42,26 N/A not detected
RIK21A-1 39,93 N/A
Processed yarn and/or RIK118-1 N/A N/A not detected
processed fabric RIK118-1 N/A N/A
RIK18-1 N/A N/A not detected
RIK18-1 N/A N/A
Positive control (cotton) AOCS 0804D 24,23 detected
Negative control water N/A not detected
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