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Foreword

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

This document is part of a family of International Standards under the general title Microbiology of the
food chain — Polymerase chain reaction (PCR) for the detection of food borne pathogens:

— 1
— 1
— 1

SO 22174, General requirements and definitions;
SO 20837, Requirements for sample preparation for qualitative detection;

SO 20836, Thermal performance testing of thermal cyclers;

This
time
intern

SU ZUos0, Requirements jor amplifications and detection jor qualitative methods.

document describes a method for performance testing for standard thermal (cy¢le
thermal cyclers that allows laboratories to evaluate if the thermal cycler used lis sui
ded use and meets the specifications set by the laboratory.

The ¢lescribed method is based on a physical method that measures directly inthe thermal

in bl
meth
spec

Furt
itis

bck-based thermal cyclers and in tubes in heated-chamber-based thermal cyclers. TH

fications.

nermore, the method does meet the criteria of a metrological*traceable calibration me
ised by ISO/IEC 17025-compliant laboratories.

s and real-
fable for the

cycler block
e described

od provides a measurement uncertainty that is sufficiently low to.allow meaningful comparison to

thod in case
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INTERNATIONAL STANDARD 1SO 20836:2021(E)

Microbiology of the food chain — Polymerase chain
reaction (PCR) for the detection of microorganisms —
Thermal performance testing of thermal cyclers

1 Scope

This| document specifies requirements for the installation, maintenance, temperaturel calibration
and temperature performance testing of standard thermal cyclers and real-time therimal [cyclers. It is
applicable to the detection of microorganisms as well as any other applications in the food| chain using
polymerase chain reaction (PCR)-based methods.

This|document has been established for food testing, but is also applicable._to other domains using
therinal cyclers (e.g. environmental, human health, animal health, forensjc-teSting).

2 Normative references

The following documents are referred to in the text in suchya.way that some or all of their content
consfitutes requirements of this document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced deciiment (including any amendmepts) applies.

[SO/|EC Guide 98-3:2008, Uncertainty of measurement'= Part 3: Guide to the expression of upcertainty in
meagurement (GUM:1995)

3 Terms and definitions
For the purposes of this document, the\folowing terms and definitions apply.

ISO dnd IEC maintain terminological-databases for use in standardization at the following gddresses:

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

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

3.1 | Polymerasé.chain reaction

3.1.1
polymerase-chain reaction
PCR
enzyniatic procedure that allows in vitro amplification of DNA

[SOURCE: ISO 22174:2005, 3.4.1]

3.1.2
PCR method
test method based on the PCR (3.1.1) technique

Note 1 to entry: Examples include, but are not limited to, PCR, quantitative real-time PCR (qPCR), reverse
transcription PCR (RT PCR) and reverse transcription quantitative real-time PCR (RT qPCR).

©1S0 2021 - All rights reserved 1
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3.2 Thermal cycler

3.2.1

thermal cycler
automatic device that performs defined heating and cooling cycles necessary for PCR (3.1.1) or real-

time PCR

Note 1 to entry: The thermal cycler can be a block-based or (individual) reaction-chamber-based thermal cycler.

[SOURCE: ISO 22174:2005, 3.4.20, modified — “or real-time PCR” and Note 1 to entry have been added.]

3.2.2

reaction bl
heated and
inserted

bck
cooled metal block in which PCR reaction vials, containing the PCR reaction miXj ca

Note 1 to enfry: The block can be heated and cooled by a number of technologies, among which/Peltier he

and cooling i

3.2.3

the most abundantly used.

reaction chamber

heated and
inserted dir

Note 1 to enf
and cooling i

3.2.4
heated lid
heated cove
tubes to preg
seal, and ey
proper ther

3.2.5

PCR tempe
heating and
extension te

Note 1 to ent
extension arg

3.3 Temp

3.31
thermal cy

cooled chamber in which PCR reaction vials, containing the PCR reaction mix, cg
ectly or in a rotor

ry: The chamber can be heated and cooled by a number of.téchnologies, among which air he
the most abundantly used.

r of a thermal cycler (3.2.1), which is applied;in block-based thermal cyclers onto rea
vent condensate of reaction mix to collect inside the cap of the reaction tube or ont
aporation from the reaction tube, and'which applies pressure onto the tubes to er
mal contact

rature protocol
cooling cycles required fer\PCR (3.1.1), typically consisting of denaturation, annealing
mperature steps, which are typically repeated 30 to 45 times

ry: In certain PCR méthods (3.1.2), a two-step temperature protocol is used in which annealin
combined to onestep.

erature characteristics

Clerlttémperature profile

n be

ating

n be

ating

ction

b the
sure

r and

o and

graph of the

¢ourse of the temperature by performing measurements at defined intervals

Note 1 to entry: See Annex D for an example graph of a thermal cycler temperature profile.

3.3.2
Tt

temperature in °C of sensor i at time tin s

3.3.3

set temperature

T,

set

target temperature programmed to be reached in °C

© IS0 2021 - All rights reserved
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3.34
average temperature

T

avg

Tavg

N
(t):z Tl (t)
i=1

N

where

T,

i

avg (t) is average temperature in °C at time ¢;

is sensor i of N;

]
aver

3.3.5

N is total number of sensors.

hge of measured values of all active temperature sensors in °C at a specific time in s

temperature deviation

Tdev
dev

t)=T,e (t)-T.

avg set

averqge temperature (3.3.4) minus set temperature (3.3.3) in °C at,a §pecific time in s

3.3.6
mini

maxi

3.3.9

mum temperature

(£)=min(T; (£)..Ty (£))
mum value of all active temperature sensors in °G'at a specific time in s

jmum temperature

(t)=max(T; (£)..Ty (¢))
mum value of all active temperature sensors in °C at a specific time in s

temperature uniformity

T,

unifi
unif
hom
maxi

3.3.9

rmity

rmity () =Trax (£)=Tin (£)

bgeneity of the-temperature distribution within the reaction block (3.2.2) or chambe
mum temperdture (3.3.7) minus minimum temperature (3.3.6) in °C at a specific time in

temperature transition

T,

tran

itien

phas|

-, defined as
S

e oPfast temperature change from one set temperature to another set temperature

3.3.10
ramp rate

heat

or cool rate of thermal cycler (3.2.1) in °C/s

3.3.11
average ramp rate

Ve

V. =

N
2_ Ti 909 —Ti 10%
i \ti90% ~li10%

where
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is ramp rate in °C/s;

is sensor i of N;

is total number of sensors;

is T; at 10 % temperature of the ramp slope in °C;
is T;at 90 % temperature of the ramp slope in °C;

is time ins.

heat or cool
cooling slop

Note 1 to ent

3.3.12
maximum }
Vt max
maximum h|

3.3.13
maximum {4
T.

i,0vs,max

T; ,0vs,max

maximum t
overshoot al
hold when

Note 1 to ent
is expressed

Note 2 to en
thermal cycle

3.3.14
minimum t
Ti,uns,min

Ti,uns,min =

minimum td
undershoot
hold when ¢

Note 1 to ent]

T

rate of thermal cycler (3.2.1) calculated between 10 % and 90 % time of the hedtil
d

y: The heat rate is a positive ramp rate (3.3.10). The cool rate is a negative ramp rate:

‘amp rate

eat or cool rate during heating or cooling slope in °C/s

emperature overshoot

thold=15
r‘i,max (t)‘ tZoIdzO; -T; (thOId :305)

pmperature (3.3.7) value in °C of all active fémperature sensors during tempery
bove the average temperature (3.3.4) of the reaction block (3.2.2) or chamber temperaty
eating up

'y: The maximum temperature overshoot'is-¢alculated between start and end of the overshod
Felative to the temperature at 30 s hold time (3.3.18).

ry: The overshoot occurs typically.between 0 s and 15 s hold time. See Annex D for an ex4
" temperature profile (3.3.1).

emperature undershoot

thold=15
i,min (t)‘ t201d=0§—Ti (thOId :305)

mperature {3-3.6) value in °C of all active temperature sensors during tempery
below the.average temperature (3.3.4) of reaction block (3.2.2) or chamber temperaty
poling.dewn

ry:"The maximum temperature undershoot is calculated between start and end of the under

and is expres

g or

hiture
re at

t and

mple

hiture
re at

shoot
ative

sedrelative to the temperature at 30 s hold time (3.3.18). An undershoot is an overshoot in neg

direction.

Note 2 to entry: The undershoot occurs typically between 0 s and 15 s hold time. See Annex D for an example
thermal cycler temperature profile (3.3.1).

3.3.15

average temperature overshoot

T,

ovs,avg

T,

0

N

vs,avg — 2

i=1

T

1,0Vs,max

N

o)

average value of maximum temperature overshoots (3.3.13) of all active block temperature sensors in °C
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3.3.16
average temperature undershoot
Tuns,avg
N T .
1,uns, min
Tuns,avg = Z
i=1 N

average value of minimum temperature undershoots (3.3.14) of all active block temperature sensors in °C

3.3.17
overshoot duration
time elapsed between start and end of the overshoot in s

Note |l to entry: The start of the overshoot is defined as the moment in time where the averagg temperature
(3.3.4) exceeds the average hold temperature, calculated at 30 s hold, at the beginning of the“overshoot. The
end df the overshoot is defined as the moment in time where the average temperature reaches thelaverage hold
tempprature at the finish of the overshoot.

3.3.18
hold|time
timelelapsed between start and end of a temperature hold in s

Note [l to entry: See Annex D for an example to determine start and end,ofthiold.

3.4 | Temperature measurement

3.4.1
temperature measurement system
temperature measurement and data logging instrument

3.4.
sampling frequency
number of samples per second taken fromya time-continuous signal to make a time-discret¢ signal

3.4.

response time
time| required for the temper@ture measurement system (3.4.1), when subjected to 3 change in
tempgerature, to react to this,chahge

3.44
measurement uncertamty
parameter associated-with the result of a measurement that characterizes the dispersion ¢f the values
that fould reasonably be attributed to the quantity intended to be measured

[SOURCE: ISO/IEC Guide 98-3:2008, B.2.18, modified — “quantity intended to be measured” and
replgced, “measurand” and the notes to entry have been deleted.]

3.4.5
performance test
test procedure that determines the performance of a thermal cycler (3.2.1)

3.4.6

calibration

operation that, under specified conditions, in a first step, establishes a relation between the quantity
values with measurement uncertainties (3.4.4) provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

Note 1 to entry: Calibration should not be confused with adjustment of a measuring system, nor with auto-check,

self-verification test, verification, normalization, installation qualification (IQ), operational qualification (0Q) or
performance qualification (PQ).

© IS0 2021 - All rights reserved 5
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[SOURCE: ISO/IEC Guide 99:2007, 2.39, modified — Note 1 to entry has replaced the original Notes 1, 2
and 3 to entry.]

4 Installation of thermal cyclers

The manufacturer’s instructions shall be followed.

The following should be taken into consideration.

a)

invalida

te the results or adversely affect the required quality of any test.

Thermal cyclers should be installed and operated at suitable environmental conditions that do not

b) Theeny

and reld

ironmental conditions that should at minimum be taken into account are room temper:
tive humidity.

See the manual of the thermal cycler for recommended room conditions.

Thermal cyq

See ISO 221
activities.

5 Maintg

The laborat]
ensure prop

6 Perfor

6.1 Gene

If the perfol
calibration,
with a min
chambers <
traceability
method is u
the number
wells for red
and metrolo

In case of in

lers shall be located in such a way that free circulation of air is permarently allowed.

74 for guidelines for contamination prevention and separation oftincompatible labor

pnance of thermal cyclers

ory shall establish a maintenance programme, whéré appropriate, and keep recor
er functioning and prevent deterioration of the thérmal cyclers.

mance testing of thermal cyclers

ral

'mance testing method of this do¢ument is used as a metrological traceable temper
as a conformity test or as atwreference method, the performance test shall be carrie
mum number of sensorsthat represent at least 12,5 % of wells for reaction bloc}
D6 wells or 12 wells for rfeaction blocks or chambers > 96 wells (see 6.4.5.1) and metrolg
(see 6.3) shall be provided up to the level of the thermal cycler. If the performance te
sed for other purpeses, such as supplier’s quality control or supplier’s after sales sej
of sensors may bereduced to a minimum number of sensors that represent at least 8
iction blocks-er.chambers < 96 wells or 8 wells for reaction blocks or chambers > 96

gical traceability shall be provided up to the level of the temperature measurement sy:

dividualreaction chambers, each of the individual reaction chambers shall be tested.

The decisio

hiture

htory

s to

ture
1 out
ks or
gical
sting
vice,
% of
vells
tem.

chart in Figure 1 can be used to determine if the performance test shall be a metrolo

gical

traceable ca

NOTE 1

) b £ b 4
Nordtivll vl 4 pCrlullidiict tost.

Calibrations that meet the requirements of the ISO/IEC 17025 are considered to be metrological

traceable. ISO/IEC 17025 describes when metrological traceability is required and how metrological traceability
is established.

NOTE2  The chemistry- or biochemistry-based normalization and verification kits available at the time of
publication of this document offer no traceability to SI and are associated with high measurement uncertainties,
and are therefore inapt as a performance testing method. The normalization Kits are developed to optimize the
optical detection and related software to enable the collection of fluorescent data in a real-time thermal cycler.
These kits are not developed for calibration purposes.
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Has laboratory to comply to ISO/IEC 170257

Has the thermal
cycler a significant effect on
the result and/or associated

measurement uncertainty?

Has the test
laboratory documented
evidence that the thermal cycler has no
significant effect on the result and/or
associated measurement
uncertainty?

YES

l

Metrological traceable calibration
that meets requirements of both
ISO/IEC 17025 and ISO 20836

Performance test that only m
requirements of ISO 2083

NO

6.2

The ]
to en
spec

IS0/
orde

NOTH
progi

6.3

Perfd

eets
6

Figure 1 — Decision chart to determine the requirement for metrological tract
temperature calibration of thermal cyclers

Performance testing programme

aboratory shall establish a performance testing programme, where appropriate, and k
sure that the thermal cycleris capable of achieving the accuracy required and compl
fications relevant to the.intended use.

EC 17025-compliant laboratories are required to establish a planned calibration pr
I to maintain confidehce in the status of calibration (see ISO/IEC 17025:2017, 6.4).

Guidance "on how to determine calibration intervals, particularly when setting up
amme, is preyided in, for example, ILAC G24.

Metrological traceability

pable

eep records
ies with the

bgramme in

a calibration

rmance testing shall be traceable to the International System of Units (SI).

Metr

ological traceability is established by considering, and then ensuring, the following:

a) the specification of the measurand (quantity to be measured);

b) a documented unbroken chain of calibrations going back to stated and appropriate references
(appropriate references include national or international standards, and intrinsic standards);

c) measurement uncertainty for each step in the traceability chain is evaluated according to agreed
methods;

d) each step of the chain is performed in accordance with appropriate methods, and the measurement
results and associated, recorded measurement uncertainties;

©ISO
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e) the laboratories performing one or more steps in the chain supply evidence for their technical
competence.
NOTE Calibration laboratories fulfilling the requirements of the ISO/IEC 17025 are considered to be

competent. A thermal cycler calibration certificate bearing an accreditation body logo from a calibration
laboratory accredited to the ISO/IEC 17025 is sufficient evidence of traceability of the calibration data reported.

6.4 Temperature performance testing method

6.4.1 General

This performance testing method is intended to determine the thermal cycler temperature paramgters
thatinfluenge the outcome of the PCR and RT PCR. It can be used to perform a temperature perfornijance
test on both|PCR and real-time PCR thermal cyclers.
An example|of a test and compliancy report is given in Annex E.
6.4.2 Principle
The temperpture is measured by temperature sensors directly in the reaction block in block-hased
thermal cydlers or inside the reaction vials in reaction-chamber-based thermal cyclers, in order to
achieve an adequately low measurement uncertainty. The measurementis performed over the complete
reaction temperature range, including at least a minimum, maximui“and middle temperature. }f the
thermal cydler has a heated lid, the measurement shall be performed with the heated lid closed and
operating, when physically possible.

6.4.3 Equipment

6.4.3.1 Thermal cycler

The therma] cycler shall be checked, before the performance test, to be functional.

The ventilation openings shall be clean and net obstructed, allowing free air circulation.

6.4.3.2 Temperature measurementsystem

The temperature measurement system shall meet at least the following criteria:

a) multi-sg¢nsor system witlnan adequate number of temperature sensors to measure simultanepusly
in at lealst the numbey of required wells (see 6.4.5.1), allowing to measure uniformity;

b) capable| of recording the heated lid temperature with at least one temperature sensor (yhen
physically possible);

c) capable|ofsecording temperatures dynamically with a sampling frequency of at least one timg per
second mrordertomeasure LUllCLt}_y the ramprate andovershoot;forthermat L_yL]lClb with heat
rates above 4 °C/s, a sampling frequency of at least four times per second per temperature sensor is
recommended;

d) capable of recording temperature over the complete reaction temperature range;

e) capable of being calibrated, traceable to SI, over at least the complete reaction temperature range;

f) resolution < 0,1 °C;

g) expanded combined measurement uncertainty (k = 2) < 0,15 °C/sensor (determined in accordance
with ISO/IEC Guide 98-3:2008);

h) total mass of the sensor head approximately equal to load of thermal cycler when the heating block
or heating chamber is completely filled with tubes containing reagents;

8 © IS0 2021 - All rights reserved
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i) response time of the sensors < 1s.

The temperature performance test unit shall be calibrated in a metrological traceable manner at
regular intervals according to a predefined programme.

6.4.4 Environmental conditions

The performance test shall be performed at suitable environmental conditions that do not invalidate
the results or adversely affect the required quality of the performance test.

NOTE The performance testing environmental conditions typically correspond to the environmental

d 43 3 £, 3 £ilb o+l 1 1
cond fHetrsregredtoroperatiorot the- trermrateyeler

6.4.3 Procedure

6.4.3.1 Temperature sensor locations

If the¢ performance testing method of this document is used as a metrolegieal traceable temperature
calibration, as a conformity test or as a reference method the following-eombination of driteria shall

apply.

For gach heating block-based or heating-chamber-based thermal¢ycler the following criterion shall be
met:

— the temperature sensors shall be located evenly distributed over the reaction block or chamber in at
rast 12,5 % of the wells for reaction blocks or chambers < 96 wells or 12 wells for reaction blocks
r chambers > 96 wells.

For fectangular heating block-based thermal cyelers the following additional combination of criteria
shalllbe met:

a) the locations shall include four cornet-locations for heating blocks > two columns or rpws of wells
r two corner locations for heatingblocks < two columns or rows of wells;

b) the locations shall include at least one edge location for each edge of the heating block # six wells;

c) the locations shall include-at least two central locations for heating blocks > 18 wells|and at least
four central locationsfor-heating blocks > 48 wells.

For thermal cyclers that eontain independent heating and control units, each of the units shall be tested.

If the performance testing method is used for other purposes, such as supplier’s quality control or
supplier’s after Sales service, the number of sensors may be reduced to a minimum of eight|sensors and
metrjologicaltraceability shall be provided up to the level of the temperature measurement system.

NOTH Guidelines for sensor locations are described in Annex A.

6.4.5.2 Recording

The data acquisition frequency shall be sufficiently high to allow a dynamic measurement of ramp rates
and overshoots.

The thermal cycler shall be programmed with a temperature protocol that shall meet the following
criteria:

a) the temperature protocol shall be representative for the used reaction temperature range and
include at least a minimum, middle and maximum temperature;

b) the temperature protocol shall include a preheat of at least 60 s at minimum temperature, 60 s at
maximum temperature and 60 s at minimum temperature to preheat the thermal cycler and allow
the thermal cycler and the temperature measurement system to reach an equilibrium;

©1S0 2021 - All rights reserved 9
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c) the hold times for each temperature shall be representative for PCR applications in which
temperatures quickly alternate, but be at minimum 30 s long to allow stabilization of the
temperature;

d) the temperature protocol shall include an up-going ramp from minimum to maximum temperature
in order to determine the maximum heat rate;

e) the temperature protocol shall include a down-going ramp from maximum to minimum
temperature in order to determine the maximum cool rate;

f) the temperature protocol shall include an up-going ramp towards the temperature hold

represe

tative of the denaturation temperature in aorder to determine the avershoao

for

denatur

ation;

g) the temperature protocol shall include a down-going ramp towards the tempefature

represe

h) the ten
represe

i) in case
the set

It is recomn
cyclers and

hperature protocol may include an up-going ramp towards the.témperature
htative of the elongation temperature in order to determine the overshoot for elongati

of block-based thermal cyclers: the set temperature of the heated 4id shall be higher
emperature of the block at any time during the temperature protocol.

hended to use universal temperature protocols that allow comparisons between thg
comparisons to specifications, rather than temperature<protocols specific to certain

methods that require a performance test of each thermal cycler for;each PCR method used.
NOTE A example of a universal temperature protocol is deseribed in Annex B.
6.4.6 Performance test results

For each of {
a) temper3
b) temper:
c) average
d) maximy
e) overshg
f) average
g) temper3

h) average

he temperature holds measured at leastthe following parameters shall be calculated:
ture uniformity after 30 s hold time-at the different temperature holds;

iture uniformity at maximum overshoot or undershoot at the different temperature hq
temperature overshoot-orundershoot at the different temperature holds;

m temperature overshoot and undershoot at the different temperature holds;

ot duration;

temperatureafter 30 s hold time at the different temperature holds;

iture deviation after 30 s hold time at the different temperature holds;

ramp rate and maximum ramp rate between each temperature hold;

hold

htative of the annealing temperature in order to determine the undershoot forannealing;

hold
bn;

than

rmal
PCR

Ids;

i)  hold time at the different temperature holds.

For fast thermal cyclers, the parameters may be calculated at hold times shorter than 30 s.

6.4.7 Performance test report

The test rep

a) atitle;

ort shall contain at least the following information:

b) the name and address of the laboratory, and the location where the performance tests were carried

out;

10
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unique identification of the performance test report and on each page an identification in order to

ensure that the page is recognized as a part of the performance test report;
identification of the method used;

a reference to this document, i.e. ISO 20836:2021;

an unambiguous identification of the thermal cycler tested;

the date of performance of the performance test;

performance test results with the units of measurement;

the name, function and signature or equivalent identification of person authorizing they
test report;

the operation modus of the thermal cycler;

the programmed sample volume;

:Lperation of thermal cycler with opened or closed lid;

if applicable, the quantity of contact medium (thermal oil or thermal paste) used.

Furthermore, it is recommended to record the environmental.¢onditions under which the |

test

The

Was made.

following requirements apply if the performance testing method of this document

metrjological traceable calibration, as a conformity testor as a reference method:

Wincertainty of measurement of the performaice test [expanded combined uncertainty

¢vidence that performance test is traceable to SI.

NOTH Examples of the operation modi of thermal cyclers are block mode, calculated modsg
simulated mode, emulated mode, etc.

6.4.8 Compliancy testing

The
a)
b)
‘)

thermal cycler can be-qualified as suitable for intended use in different ways:
¢omparison to mahufacturer specifications;
¢omparison t0.PCR-method-based specifications;

if, no specifications may be obtained, by a functional test with low positive controls
yith the.most extreme temperatures.

See Annex C for more information on compliancy testing.

6.5

Optical performance testing method

erformance

erformance

s used as a

(k=2)];

, tube mode,

in the wells

Optical performance testing is intended to determine the real-time thermal cycler optical parameters
that influence the outcome of the real-time PCR. Optical parameters that have an effect are optical non-
uniformity, nonlinearity, detection sensitivity, and detection saturation.

At the time of publication of this document, no metrological traceable optical calibration methods for
real-time thermal cyclers exist. Therefore, it is recommended to check the optical unit of real-time
thermal cyclers in addition to the temperature unit with a biological, biochemical or physical test. The

© IS0 2021 - All rights reserved
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checking of the optical unit should be performed around the moment of the performance testing of the
temperature unit.

NOTE The existing biochemistry-based optical kits are designed for normalization or verification purposes,
not for calibration purposes, although their name might suggest so. The kits available at the time of publication
of this document are not traceable to SI and are associated with large measurement uncertainties. The physical
methods available at the time of publication of this document offer a higher level of traceability, but are also at
the moment not fully traceability to SI.
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Annex A
(informative)

Sensor locations

The sensor locations described in Figure A.1 are guidelines for sensor locations for different thermal
cycler block formats that meet the requirements of this document.

For 96 well blocks, the guidelines contain both a 12 sensor layout (minimal) and a 16 s¢nsor layout
(optimal).

Othefr relevant sensor layouts meeting the requirements of 6.4.5.1 can also be used:
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19-20 21 22 22 |23 24

TOZECDR——ITOmMmUO®m>

a) 384 well block - 12 sensors
1 2 3 4 A6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

------ ! N

-~ -~
N H N

b) 96 well block - 12 sensors (minimal) or 16 sensors (optimal)

OmmouaOw >

T OTmm oo W >
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U=y
\S}
w

.cJ-1

H

Ommunw x>

N

c) 77 well block - 12 sensors

T/amm YN w >

.

1 2 3 4 5 6 7 8

-_-

T oOommYu o w >

I:I

- I

d) 64 well block - 12 sensors
1 2 3 4 5 6 7 8 910

MmO w >

:
-

N

e) 60 well block - 10 sensors

1 2 3 4 56

O

1 2 3 4 5 6 7 8

H

Mmoo w >

N

f) 48 well block - 10 sensors

T oOomm9onw@e

1 2 3 4 5

i

g) 40 well block - 10 sensors
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1 2 3 4 1 2 3 4 5 6 7 8
A A
B B
C C
D D
E
F
G
H
h) 32 well block - 10 sensors
1 2 3 4 5 1 2 3 4 5 6
A A
B B
C C
D D
E E
F
i) 30 well block - 10 sensops
1 2 3 4 5
A
B
C
D
E
j) .25 well block - 10 sensors
1 2 3 4 5 6 1 2 3 4 1 2 3 4|5
A A A
B B B
C C C
D D D
E E
F
k) 24 well block - 8 or 10 sensors
1 2 3 4 1 2 3 4 5
A A
B B
C C
D D
E

1) 20 well block - 8 sensors
1 2 3 4 5 6

A

B

C

m) 18 well block - 8 sensors
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1 2 3 4 5 6 7 8 1 2 3 4

| SmEE .

o0 w>

n) 16 well block - 6 sensors
1 2 3 4 5 6

] B E |

0) 12 well block - 6 sensors
1 2 3 4 5 6 7 8

Al [ H

p) 8 well block 3 sensors

30 O O . O O
29
25 OO6
27O O 7
260) O 8
25@ e
240 O10
zsoo OO11
222 OO 0013 12
20 O O@O O 14

18 17 16

q) 32 well rotor - 4 sensors
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5
68 [e] o) 6
66670 o0 000007 8
6465.0 0.910
63 O o _11
62 O O 12
61 O O_ 13
60 O O 14
5 O It
58 le) o) 16
57 ) @ 17
56 O O 18
55 O O 19
54 O O 20
53 % 8 21
52 22
51 O O ;3
50 > O,
® e
49 0 O 25
48 O O 26
47 O O 27
46 O, O~ »g
(0] (o)
4544 OO. .OO 3.029
43,, OOOOOOO 333231
4039 3837363534

r) 72 well rotor - 9 sensors
9 10 11 12 13 14 15 16

1 2 3.4>5 6 7 8

s) Individual units - 1 sensor/unit

Figyre A.1 — Sensor locations megeting the requirements of this document in differept thermal

cycler block formats
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Annex B
(informative)

Universal temperature protocol

The protocol given in Figure B.1 meets the requirements of this document and can be used on heating
block based-thermal cyclers. For heating-chamber-based thermal cyclers, it is recommended to increase

the minimal temperature to 40 °C or 45 °C as this type of thermal cycler is typically not able to,caol to

30 °C.

30°Cfor60s
95°C for 60s
30°Cfor60s
30°Cfor60s
95°Cfor 60s
30°Cfor60s
90 °C for 60s
50°Cfor 60s
70 °Cfor 60 s
60°Cfor60s
30°Cfor60s

> pre-heat step

> calibration step

Figure B.1 — Universal temperature protocol

The goal of|the pre-heat step is to reach a stable starting point in which the thermal cycler is| pre-
heated, and|the thermal cycler and the temperature measurement system have reached equilibyium.
Depending ¢n the temperature medsurement system used, the times and temperatures of the pretheat

step may negd to be adjusted.

This univergal temperature protocol is a universal performance testing protocol that can be applied to

all thermal ¢yclers for thepurpose of performance testing. It is not a PCR temperature protocol.

18

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=c345b0838170eb017a4fb517947a4156

IS0 20836:2021(E)

Annex C
(informative)

Compliancy testing

C.1 Comparison to specifications

C1.1

The thermal cycler can be qualified as suitable for intended use in different ways:

a)
b)

)

PCR-method-based specifications are in general much wider than thermal cycler m
spec
spec
spec
mentioned in C.1.3 can be applied for setting PCR-method-based specifications.

C1.2

Check if the thermal cycler is within manufacturer specifications by comparing the meas
with

C1.3

C.1.3.1 General

To qualify if a thermal\cycler is suitable for the intended use, the temperature robustnes
metHod can be determined. Determining the robustness of a PCR can be done via one of t
methods; by gradietit PCR or by programming suboptimal temperaturesl®llZl, The goal i
the highest anddowest denaturation and annealing temperature at which a qualitative PCR yields a
posiffive result-or a quantitative PCR provides quantification with an acceptable difference
on tHe availability of a gradient thermal cycler, the gradient PCR method (see C.1.3.2) or thd

temperature method (see C.1.3.3) can be selected.

General

¢omparison to manufacturer specifications;
¢omparison to PCR-method-based specifications;

if no specifications can be obtained, by a functional test with low:positive controls in th
the most extreme temperatures.

fications, which only apply to the thermal cycler butiniot to the method. The PCR-m
fications are strongly dependent on the robustness of the PCR method. If no m
fications are provided by the laboratory that has.developed the PCR method, one of {

Comparison to manufacturer specifications

the specification limits, taking theiineasurement uncertainty into account (see Figure

Comparison to PCR-meéthod-based specifications

e wells with

anufacturer
bthod-based
pthod-based
he methods

ured values
C.1).

5 of the PCR
he following
b to identify

. Depending
suboptimal

C.1.3.2 Gradient PCR method

In the gradient PCR method, the exact temperature limits of a PCR method are identified via the
following method.

a)

b)

Calibrate the thermal cycler on which the PCR-method-based specifications will be

determined

in accordance with this document and determine the accuracy and deviation at the denaturation,

annealing and elongation temperature.

Optimize the annealing and denaturation temperature of the PCR method.

Run a gradient PCR at denaturation temperature with a gradient window of 4 °C around the optimal
denaturation temperature, using a weak positive control. Keep the annealing and elongation

temperature at optimum.

© IS0 2021 - All rights reserved
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d)

f)
g)

h)

j)

C.1.3.3 Suboptimal temperature method

Determine the minimum and maximum denaturation temperature that yield a correct PCR result.

Run a gradient PCR at annealing temperature with a gradient window of 4 °C around the optimal
annealing temperature, using a weak positive control. Keep denaturation and elongation
temperature at optimum.

Determine the minimum and maximum annealing temperature that yield a correct PCR result.

Set the PCR-method-based specifications based on the minimal and maximum denaturation and
annealing temperatures.

Correct these temperatures with the deviation measured during the calibration in step a).

Calibrafe each thermal cycler to be qualified in accordance with this document.

Check |f each thermal cycler is within the PCR-method-based specifications,: tdking the
measurgment uncertainty into account (see Figure C.1).

In the subgptimal PCR method, the temperature limits of a PCR method”are approximated by

programming the thermal cycler off optimum. The limits are identified viathe following method.

a)

b)

f)
g)

h)

Calibrafe the thermal cycler on which the PCR-method-based specifications will be deternjined
in accoridance with this document and determine the accuracy and deviation at the denaturation,
annealing and elongation temperature.

Optimize the annealing and denaturation temperature of the PCR method.

Run sevleral PCRs with varying denaturation temperatures (e.g. optimal denaturation temperature
-1 °C, #L °C, -2 °C and +2 °C), using a weak positive control. Keep the annealing and elongation
temperature at optimum.

Determ|ne the minimum and maximum déendturation temperature that yield a correct PCR regult.

Run seVeral PCRs with varying annealing temperatures (e.g. optimal annealing temperature
-1 °C, +1 °C, -2 °C and +2 °C), usingia*weak positive control. Keep the denaturation and elongation
temperqture at optimum.

Determjne the minimum apd.maximum annealing temperature that yield a correct PCR result.

Set the [PCR-method-based specifications based on the minimal and maximum denaturation} and
annealihg temperatyres.

Correct|these temperatures with the deviation measured during the calibration in step a).

Check if each thermal cycler is within the set PCR-method-based specifications, taking the
measurgfent uncertainty into account (see Figure C.1).

C.1.4 Functional testing using extreme temperature positions

If no specifications are available and compliancy reporting is not possible, the thermal cycler can be still
qualified as suitable for intended use by a functional test on the most extreme temperature positions as
described in the procedure below.

To test a thermal cycler without defining specifications the laboratory can do the following.

a)

20

Based on the calibration results, determine the hottest, second hottest, coldest and second coldest
position of the thermal cycler during the maximum overshoot at denaturation temperature and
maximum undershoot at annealing temperature. In cases where the temperature profile does not
show overshoots, the hottest and coldest temperatures at 30 s hold time can be determined.
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b) Put weak positive PCR controls in the hottest and coldest wells and negative PCR controls in the
second hottest and second coldest wells and run the PCR temperature protocol belonging to the
PCR method.

c) Check if all positive controls yield results in case of a qualitative analysis or if all positive controls
yield quantities with an acceptable difference in quantity, in case of a quantitative analysis.

It is recommended to take weak positive controls close to the limit of detection (LOD) or limit of
quantification (LOQ) of the PCR method itself.

When it is not feasible to perform the functional test for all methods in use, a laboratory may decide,
based.on a risk-based analvsis to pprfnrm the functional test with the least robust method

Figure C.1 shows compliance with specifications for an upper and lower limit.

Therjmal cyclers meet specifications (v') when the measured value plus or minus the-expand¢d combined
unceftainty lies within the specification limits. When the uncertainty interval lies cqmpletely or
partially above the upper limit or below the lower limit, the thermal cycler doesnot meet specifications

().

<

Key
1 upper specification limit

2 lower specification limit

Figure C.1 — Compliance with specifications for an upper and lower limit
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