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, INTERNATIONAL SEED TESTING ASSOCTATION
T ASSOCIATION INTERMATIONALE D'ESSALS DE SEMENCES
= INTERNATIONALE VEREINIGUNG FUR SAATGUTPRUFUNG

APPENDIX 5:  Instructions for Reviewers: Draft Test Plan

Flease review the enclased drefl Lest plan with reference Lo the eveluation criterie below,
Making COMMENtS On A0ditional SEsLs &5 Bppropriate

ISTA Statistics Committee Activities

 Testing plan and method validation report reviews

Review relurned date:

The method described in this drafl Lest plan shauld he considered as a

New Method O Additianal Methad =
Reglecement Method ] Method Madification (]

o Criteria (not all sspects will necessarily apply):

Yes Wo | See Comments

T The [est plen presented (7 The corecl Tormaty -
Ts the nomenclelare/taxonemy correct? Rl evelusted
To the purpsse of The methad end need far | 7
validation adequetely expiained?
To The method Gescrplion  Oeer  and | 7
unambiguous?
Fre perameters Tor acruraty, epeslanTy, |7
reproducitility and uncerzinty of the tast melhod
identified?

e relevant Sarely precautions Edequater Fol eveluated
Are any recgents end apperatus described o Wol evaluated

S | ] | ] | | | |
aefined in perfarmence terms?
s the melnad QEscAbed sulabie for meetng the | 7
e (el vank CCE Stepipa R MELE AR -
Are perameters for guelity control of methad Not indicated
perfarmance del nne_u?
u u u “Source of variation Sum of Squares Mean Square Num OF Den OF F value  Pr(sF)
Lot 710.1356 355.0678 2 4 9.008063 0.03300944
' I I I Least Squares Means Table:
I I l I I I ””” Estimate std. Error  loner _ upper
Lot 1 74.25000 6.299437 50.59267 97.90733
Lot 2 61.91667 6.299437 38.25933 85.57400
n
I I I u Stl y WO I S O pS Tamazolm

Jire potential I Tdentined” -
ArE GBL Bnalyais melthods given Spproariate? -

T& & parlicipant reqilralion form ncluded? -

Tre date record sheels and Inslructions for Tl 7

completion included?

Bre ol iables, figures and terms sullicentsy Wl relevant
sxplained?

Mean s_repeatability disp s_Reproducibility s_Lab s_LotxLab
69 6.28 0.96 12.19 10.26 1.98

ANOVA Table of type III with Satterthwaite approximation for degrees of freedom:

Lot 3 71.25000 6.299437 47.59267 94.90733

pifferences of Least squares Means Table:

Estimate std. Error Tlower upper
Lot 1 - Lot 2 12.333333  3.030707  3.918741 20.7479255
Lot 1 - Lot 3 3.000000 3.030707 -5.414592 11.4145922
Lot 2 - Lot 3 -9.333333 3.030707 -17.747926 -0.9187411

Least Squares Means plot Differences of LS Means plot
100~
20-
u |
Significance
R NS
03 ﬁ p-value < 0.01
£ 50- s 0- p-value < 0.05
2 B p-value < 0.001

25-

* Develop next generation (Young@ISTA) °'

» [STA tech. committees and member questions

Lot 1-Lot2
Lot 1- Lot 3-
Lot2-Lot3

Lot 1-
Lot 2-
Lot 3-

ISTA
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Support of TCOMs — Report Reviews

ar, INTERMATIOMAL SEED TESTING ASSOCIATION
v, 4 ASSOCIATION INTERMATIONALE D'ESSAIS DE SEMENCES
‘e’ INTERNATIOMALE VEREINIGUNG FUR SAATGUTPRUFUNG

St il Lt ik bracee 50, .0, Bow 303 3307 B

APPENDIX 5: Instructions for Reviewers: Draft Test Plan

|
. Pleese review the enclosed drafll test plam with reference bo the evaluation criteria below,
making commenlts on additional shaels B8 appropriabe.

Tesk plan Litle:

Author:
Submisgion date:
Raviewer name:

Raviaw regueas! dalea:

| | |
. Ravigw relurmed date:
v a I a I o n s u y I e v I ews The methad described in this drafl Lest plan shauld be considered as a:
Mew Mathod I:I Additianal Melhod E
Replecermnent Methad [ ] Method Madilication ]
Evaluation Criteria [not all aspects will necessarily apply )t
Yes Mo See Comments
Is the lest plan presented in Lhe carrecl Tormal? <
5 the nomeanclabure/laxonamy correct? Mol evaluated
Is the purpose of the method end need Tor +
validation adaqublely explained?
Is  the method  descriplion  cleer  and -
unambiguous?
Are  parameters  Tor  accuracy, repeatability, -

e 4 val

|
reproducibility 2nd wnesrtainby of the test methad
identilied?
Are ralevanl safely precautions edequate? Mol evaluated
Are any reagents and apperatus described or Mol evaluated

definad in perfarmance lerms?

Is the methad described suilable for meeling Lhe o+

objectivelz) af the test?

are relavanl crilical steps/paramelers identified? o+

Are perameters Tor guelity contral af methad Mol indicated
perfarmeance defined?

Are polential parlicipating laboratores identified? +

Are dala analysis methods given appropriake? -

15 & participant registration lorm included? +

Are date record sheels and inslructions Mor Dheir -

completion included?

Are Bl Lables, fguresd Bnd berms  Sulliciently MNol relevanl

* GM PT 24: quantitative rating
computations

ISTA
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Support of TCOMS - Consulting & Questions

» 21 questions answered from TCOMs, Labs, and others
(Young@ISTA committee members are helping)

* Some questions have required significant time to answer (days to
weeks)

* A few questions received where not answered (we cannot answer
everything)

 Examples of question areas

sampling intensities, seed disease transmission, seed lot
heterogeneity calculation, maximum group size in GMO testing,
method validation, tolerances, image analysis SISTA

ANNUAL MEETING
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Sampling of 2025-2026 Efforts

« SANSORJ/ISTA Webinar on Statistics — Fall 2025 @)

SSSSSSS

Support for a Rules change submitted by the GER Committee: abandonment of the "100-Seed
Grouping Rule" and derivation of new tolerance tables

Sample size for the heterogeneity test applied in the preparation of PUR, GER, TZ and SH Proficiency
Tests

Actively engaged in revising the 66-page Method Validation document, including reviewer forms, seed
health guidelines (in collaboration with ISHI), sample preparation, and analysis

Development of a Bayesian predictive framework for the design and evaluation of GM proficiency test
samples

Development of a new ISTA paradigm integrating biological (seed physiological quality) variability into
tolerance tables and heterogeneity tests for physiologically heterogeneous species (e.g., tree and wild
species), using a Beta—Binomial framework grounded in de Finetti's representation theorem.

Come to Statistics Committee open session and learn more about modeling biological variation!
Increased participation of Young@ISTA members in committee efforts
Planning for ISTA Statistics Workshop at 2027 ISTA meeting in Angers, France!

* Venue: GEVES IST A

* Multiple topics including method validation ANNUAL MEETING
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SANSORI/ISTA Workshop of Statistics — Fall 2025

1. ISTA Proficiency Tests (PTs)

8T8 * Overview of the ISTA Accreditation Programme
SANSOR « Rating calculations for the standard PTs

« Examples: Germination and Purity

* Other tests: brief overview

7t SANSOR Seed Analyst Webinar on
Statistics

Kirk Remund — ISTA Statistics Committee Chair
Jean-Louis Laffont — ISTA Statistics Committee Vice-Chair

2. Tolerance Tables
- Rationale
* Theoretical principles underlying the construction of tolerances

Overall rating f-or all tests ba-sed on the in-round ratings over the last six rounds: A= PY TO I e ra n Ce ta b I eS fo r g e rm i n ati O n a n d tetra ZOI i u m teStS
: o o * Other tolerance tables: brief overview
BMP 1 0 EZ::tz ?0@3‘2:\;?‘:\91
_ . “0‘5€30

More than 100 attendees, including SANSOR seed analysts as

28 — 30 points A bz

21 — 27 points B M d lity test: k licat f ds: »94(“:}; . [] " N .

c | ot bt 4 aptteof 10 socts (o mues) well as international participants from ISTA and the wider seed
below 16 points BMP Suspension of BMP labs

-> checking no particular problem occurs in a routine test (e.g. seed analyst mistake)

L] L]
- checking for over/under dispersion in collaborative studies involving new tests te Stl n g CO m m u n Ity_

400 seeds

Random assignment

Due to popular demand ISTA Statistics Committee will have
R another ISTA Webinar with similar content in Fall 2026 with

89 89 89 93
O
SterrsTe
=, 4
o

B L% ooserve (99,70, 04,97 Young@ISTA members as presenters.
ANNUAL MEETING

(or (70, 94, 97, 99)?
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Support for a Rules change submitted by the GER Committee

CURRENT VERSION PROPOSED VERSION

5.11 Tolerance tables 5.11 Tolerance tables

Table 5B gives the maximum tolerated differences between the Table 5B gives the maximum tolerated differences between the

highest and lowest germination percentages of the replicates of a highest and lowest germination percentages of the replicates of P rob | em:
germination test, allowing only for random sampling variation ata a germination test, allowing only for random sampling variation

probabilty of 0.025. ata probabilty of 0.025. grouping the reps into pairs of 100 seeds or
' te-+eH To determine whether a test is reliable, calculate the average 50 SeedS can |ead to ComblnathnS Of
germination percentage over all replicates, to the nearest whole

number. seedlings that may obscure the reading
iIssue in one or more reps of 50 or 25 seeds

mm) Creation of new tables for tests with 4 reps of 50 seeds, 8 reps of 50 seeds, 4 reps of 25 seeds,
8 reps of 25 seeds, and 16 reps of 25 seeds

Table 5B Part 4. Four replicates of 50 seeds Table 5B Part 5. Eight replicates of 50 seeds [Table 5B Part 6. Four replicates of 25 seeds Table 5B Part 7. Eight replicates of 25 seeds Table 5B Part 8. Sixteen replicates of 25 seeds
Average germination percentage of test Tolerance Average germination percentage of test Tolerance Average germination percentage of test Tolera Average germination percentage of test Tolerance Average germination percentage of test Tolerance
51-100% 0-50% 51-100% 0-50% 51-100% 0-50% 51-100% 0-50% 51-100% 0-50%
99 2 7 99 2 8 99 2 9 99 2 11 99 2 12
98 3 8 a8 3 10 98 3 12 08 3 14 98 3 16
a7 4 10 97 4 12 97 4 14 a7 4 17 a7 4 19
96 5 11 96 5 13 96 5 16 96 5 19 96 5 21
g5 6 13 95 6 15 95 6 18 95 6 21 95 6 23
94 7 14 94 7 16 94 7 19 94 7 22 94 7 25
92-93 8-9 15 93 8 17 93 8 21 93 8 24 93 8 27
91 10 16 92 9 18 92 9 22 ) 0 25 92 9 28
90 11 17 91 10 19 91 10 23 91 10 27 91 10 30
88-89 12-13 18 89-90 11-12 20 90 11 24 90 1 28 90 11 31
87 14 19 88 13 21 89 12 25 a9 12 29 2g 12 33
85-86 15-16 20 87 14 22 88 13 26 83 13 30 88 13 34
83-84 17-18 21 85-86 15-16 23 87 14 27 87 14 31 &7 14 35
80-82 19-21 22 83-84 17-18 24 86 15 28 86 15 32 86 15 36
78-79 22-23 23 81-82 19-20 25 84-85 16-17 29 85 16 33 a5 16 a7
75-77 24-26 24 79-80 21-22 26 83 18 30 84 17 34 a4 17 382
71-74 27-30 25 77-78 23-24 27 81-82 19-20 31
66-70 31-35 26 74-76 25-27 28 79-80 21-22 32 2?63 ;g 9 gg g?_gz 13_20 ig
59-65 36-42 27 71-7T3 28-30 29 77-78 23-24 33 30 21 37 80 21 41
51-58 43-50 28 67-70 31-34 30 75-76 25-26 34 78.79 5993 28 79 99 47
2 ———— | Al e wanw TR
67.69 32.34 37 74-75 26-27 40 76 25 44 -
82,66 35,39 38 72-73 28-29 41 74-75 26-27 45
g povs o 69-71 30-32 42 7273 28.29 45 ANNUAL MEETING
51 50 20 66-68 33-35 43 69-71 30-32 a7
62-65 36-39 44 B67-68 33-34 48 *
56-61 40-45 45 63-66 35-38 49 2 2 6
51-55 46-50 46 59-62 39-42 50
51-58 43-50 51




Sample size for the heterogeneity test

Heterogeneity test for GER
A B C D 3 F G H J K el R
1 PT number XX
New calculator released . . :
; Calculator for performing heterogeneity tests for PTs Species —
N D ecem b er 2 O 2 5 fo r th e - THE CACULATOR IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND. IN NO EVENT Sample size 200 H test Accept
7 SHALL THE AUTHORS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY _ Significance level homogeneity
. : ARISING IN CONNECTION WITH THE CALCULATOR. Change any value in a yellow cell | Test Statistic 0.80 hvpothesis
h ete ro g e n e Ity te St 10 Data are entered into the unprotected yellow cells of the calculator. In order to avoid Critical value  1.41
11 conditional formatting conflicts, always copy/paste data in the calculator using paste
I - d - th t' 1; special > values. Number of
a p p I e I n e p re pa ra I O n 14 Sample seedlings % germination
15 For moisture, the reference variance used in the H test is derived from the tolerated range sample 1 370 02.50%
Of P U R G E R TZ M O I 1? whereas for conductivity it is derived from the tolerated CV. Sample 2 368 92.00%
y y y y 18 Sample 3 368 92.00%
. . 19 The results of the H test are displayed in the green window. Sample 4 379 94.75% HO W m a n Sa m Ie S
Conductivity and SH ; B
5 Sample 6 382 95.50%
. . 23 Sample 7 378 94.50%
Proficiency Tests : are needed?
= Sample 9 379 94.75% "
- Sample 10 385 96.25%
i . Sample 11
< 2 Instructions  GER  PUR  TZ MOI Conductivity ~ Seed Health + Sample 12
< 2 Instructions  GER  PUR 17 MOl  Conductivity =~ Seed Health + e

Power Curves for Different ¢ Values

Power
analysis

mm) 10 samples are sufficient to
_ detect strong heterogeneity
(power =~ 80%),

80%_Po

0.75

2
X0.99,m—-1 _
power =1 —F » — )] -p=12
Xm-1 ¢ 2 0.50 ¢- 2
o U -p=2
. Q
where m is the number of samples, -p=4

F,2 (x) is the cdf of a chi-square

distribution with m — 1 df,
@ is the variance inflation factor 0.25

9ISTA

ANNUAL MEETING
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66-page Method Validation document revision:
identification of areas for revision

Acreditation Membership Proficiency Tests Publications Events Bookstore G u i d e I i n eS fo r S.a m p | e p re p a r?ti .O n
are lacking, particularly for verifying
Method Validation Programme the homogeneity of the lots used to

etos taiatonbesuments — prepare samples except in SH, where
e such guidelines already exist

alidation Reports for New

|STA Method Validation for Seed Testing
T —
A Method Validation Process ANNEX 5: Instructions for

Validating Methods and Organization and Analysis of Results of CTs - for Seed Health ANNEX &: Instr
e

hors: Preparation of V.

M

Existing Test

posal for the inclusion of new species in the ISTA Rules

STA reviewer forms Annex 1, Statistical Aspects of Method Validation
requires revision 23 pages) requires a complete revision

Annex 7: Instructions for Reviewers — The Validation 12 Ruggedness Testing Procedure I Free sotuare e avalable on the ISTA ueb ste to compute repestabilty and
rey ucibility values according to 150 5725-2.
Report (Derived ouden and Steiner (1875) Stafistical Manual of the ADAG. [AGAC " N
Intemational, A SA)
Evaluation Criteria (not all aspects will necessarily apply): When the test sponsor deYPgguand standardizes 1ne progedures of 3 method, data sample | o abs | e | sid e epstabiy sz |
may be collected for a set of ions and equipment that is never varied. This II\-gr\ : ag:g gg;g g?gg
process does not reveal what will during a method trial in a number of ot £
Is the title appropriate? Have sufficient data been presented to allow =5 Ereparaan of sianarte e and mperatins ane. ot satoraion and o i oo
Is the summary clear/adequate? independent assessment? mmmfrx.hiv;énfgxitﬂ;ch;-::ﬁwu::“n:'unn;-:st g st even when < medum3 |8 004z
Is the reason for the study clearly stated? (i.e. Is the exclusion of particular data/laboratories from == undar diferent Isberatory condions s to dalbaratey imiraduce SPgghia varasns It also provides graphs wi
o ) ’ A s nd cheerve what happens. If the procedurs s ‘rigged e resul
objective(s), aim, questions, hypothesis that test the analysis justified? affected. o s i 1 s endency o under o over eximate
organiser wishes to address) Has the accuracy, reproducibility and repeatability The suggested scheme does not study one ateration at a fime, but ntroduces severa [
Has/have previous literature/data been reviewed of the method(s) been estimated and clearly| %=1 Zhanges 3 SUSR m SR 3 mamar Al e effens of indviaual changes can B2 a1
? - et
adeguately? stated? Exampte: e
Is the cited literature appropriate, are there any Are the conclusions justified by the data and| =g Eevh B2, 0.2, 7. and S dancts e memin! vales orseven Sfsrentfackrstht it u 1 1 o
omissions? statistical anaIySis? g‘::::b:‘j :.E:n:, :j'f“e.‘;n:aéues RS TS Signiy. L3 ey snemstive values e .;i | =
In the case of inter-laboratory comparative test - is Are all tables, figures, equations, and terms The condifons for running & determination wil be compltly specified by the ssven of results and distributions . T
there evidence that the guidelines have been &) | sufficiently explained? == s, eoch s beng s cail on lowe case Tore e 21 o 128 aifrnt BB inctmss =mn = —
followed as far as possible? Are the summaries (graphs/tables) of the data| —gy o 2 comisnalions that adecuately baianozs upper and lwer ease sondibons For dirst tests e seeds & 2 e resut s assessed =
Have technical difficulties/problems identified | appropriate? : S —TT. et sy et -
during the validation process been highlighted? Ciouhil a{n,;: hguﬁs or tables be explained by a| =g rogecres of an el s Toms e geminton,purs, ion, tetrazoiium, moisture, vigour
ici or 0. These values help to see which are over i or under i ing in
Have the comments of participants been Smp'e Statemen — " Factor Value [ E 2 5 8 7 B Example: garmination %« 100 s=ds for pepper comparison to kh:mean for all laboratories [h valuss), and to see the variability of results
reported/addressed? Have the conclusions and recommendations been Aoa A 1A Ta T 1= 1= 1= . . | s a e i mach laboratary for ach lot (k values),
| rep o norma atromal .
Was the design of the validation appropriate? =g |clearly stated? et o L T L L z Binomial and poisson data
Were the controls adequate to ensure repeatability| =g Are the references correct? - Dord T O = 8 5 5 2 Cansidar the folloving randem effects model:
ore - = e - o2
and reproducibility of the data reported? Are all the cited rg)orts/d_ata _avallable. Core I - - c e ’ ’ : ye=m+L+e, -
Were reference materials included and are their Is the method fully justified by the Method == Gorg G s |a |6 g [6 | s Average 85 c c 3 Z R
results reported? Validation Report? Observed result =t Ju v Jw Jx Jy l= 162 Indirect tests :
Were steps taken to ensure the integrity of the Have steps been taken to archive the raw data to ;r: IaNewspec_irﬁ:s |he’;alued ﬁ:r:;:zﬂ :Tmshm be used while D eight \n‘:m: tests data are obtained through computstions and/or equipment
. ) erminatone. The resuts are designated s trough 2 caliration A L
data, i.e. blind testing/coding of samples? ensure availability for re-analysis/future studies? To find whether changing Tacior A 0.2 had aneﬂ'gﬂ, compar Bverage (sstrusv)id For instance % presence can be derived from Optical Density for ELISA in seed 1
=== ~ with the average (w+x+y+z)4. Daterminations 1.2.3, were run with factor level health tests, % presence of seeds with specified trait-(s) can be derived from a linear
Were checks included to ensure that each A, and determinations 5.8.7. and & with factor I ling drawn from delta CTs and Log of % presence of raference material.
QartiC]Qant fo"owed the Drotocol? @ - key queStIOnS for The seven differences for A-a, B-b, computed. If one or two factors are having N N U L M E ETI N G
. N N - bii effect, their differ b Iy 1. th h of differ
Has a statistical analysis been performed? =7 e s s 2T i o8 e Sareremens. o o s o e A A
Is the statistical analysis appropriate to the data 1 H 1 method’s sensit Tactors.
| == a statistical review g e i st et i
and has the approach been justified? S os s o mebod whieh s ret by ehangs:
g pre—— e [re——— pre—— e
A B Ve 20 g B [T = e e e et Ty oo e
P T i ST Vaton o Sed Testng [y o




Bayesian predictive framework for the design of GM PT

Given: B 1. What is the probability of
A GM lot has been characterized through individual a positive detection for a
seed testing: positive sample?
= Number of seeds tested: n = 141 - 2. What is the uncertainty

= Number of GM seeds out of n: y = 139 associated with the actual

 The conventional lot has previously been qualified as GM concentration in PT

having a purity of at least 99.99% with 95% confidence samples?
B(y+1m+n—-y+1)
= =1 —
Development of a new 1. PX =D =1-= 05
I Number of seeds tak Probability of at least 1
Bayesian framework to e tros oo aseathecample  The GM lot is highly suitable for the
: 1 97.90% preparation of positive PT samples
answer these queSthnS 2 99.94% intended for qualitative detection
3 99.99%

2. Bayesian predictive convolution framework
* G=0Ge+Gc Target GM seeds Probability within
* P(G=g)= ZkP(GG =k)P(Gc =g — k) concentration added +109% of target
 Compute: P (| P —p* |< tol X p*¥) 0.20% 6 81.14% ;’: ISTA

{;'Egziﬂ ;{5; 331233’:“ Target concentrations between

oon e S 0.5% and 2.0% provide reliable PT ~ ANNUAL MEETING

2.00% 60 99.69% design for samples of 3000 seeds 2’*26




Development of a new ISTA paradigm integrating biological
variability

Current ISTA framework Limitation
- Classical species * Some species show biological variability
- Binomial assumption (e.g. tree species, wild species)
» Tolerance tables well established * Overdispersion observea
» x* heterogeneity test appropriate * Tolerances too stringent
 Classical tests reject valid lots

New paradigm

Distinguish biological variability from true heterogeneity

Implications Proposed solution

» Adapt tolerance tables » Use beta-binomial models

* Develop new heterogeneity tests | « Model biological overdispersion $ISTA
» Test excess variability beyond | s\nuaL Meenine

biological level 2+26
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Thanks for your attention, support
and patience as we work together!
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  power ≈ 80 %


  power = 1 −  F   𝜒  m − 1 2  (     𝜒  0 . 99 , m − 1 2 𝜑 )


   F   𝜒  m − 1 2 ( x )


  m − 1


  𝜑


  n = 141


  y = 139


  P ( X ≥ 1 ) = 1 −   B ( y + 1 , m + n − y + 1 )  B ( y + 1 , n − y + 1 )


  G =  G G +  G C


  P ( G = g ) =  ∑ k  P (  G G = k ) P (  G C = g − k )


  P    (  ∣ P −  p ∗ ∣ ≤ tol ×  p ∗ )


  𝜒 ²

