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EXECUTIVE SUMMARY .

Oilseed rapeRrassica napus.) (OSR) is an important oil and fodder crop, grown
in many parts of Europe and wonldde. Variety registration and protection of OSR are
carried out in several EU MS, requirigstinctness, uniformityrad stability DUS) testing
of new varietiesA major problem for all countries carrying out DUS tests is the requirement
to compare new varieties with an increasing number of varieties of common knowledge.
Whilst it is axiomatic that thquality of the ridhts awarded depends on the ability to compare
new varieties with as wide a collection of existing varieties as possstiiet adherence to
the concept of common knowledgeifispossible.The overall objective of this projeutas
thusto examine the potdial uses ofDNA molecular markers (specifically microsatellites
SSR$ as a toolfor the management of variety reference collectionwimer OSRDUS
testing, in the context of a UPOV Option 2 approachfii€al i br ati on of t hr esh
molecularc har acteri stics against the minimum dista

The experimental approaches used weerg(i) standardise conditions forahuse of
an agreed set of SSRs; (dphalysea large variety collectiofrom dfferent EU MS with
thee SSRs; (ii)analyse the data produced, including estimates of genetic and phenotypic
distances, compare the distances in differeays; and (iv)validate these approaches in a
field trial.

In total, 410 varieties were analysed using a set of 23 SSRkemgrand
morphological data for these varieties from four countries collat&dr inspection of the
data and taking into account missing data poir@s, &arieties analysed with 18 SSBsd
with sufficiently complete morphological dateere usedn the final consolidated dataset
The difficulties inherent in the DNA profiling of a heterogeneous species such as OSR in
different laboratories using different equipment were overcome by the development of a
thresholding approach. This enabled good qualityecwdbar data to be compiled. There were
also issues with the morphological data that had to be overcome, mostly due to the adoption
of different recording regimes in the countries involved. Nevertheless, a thorough statistical
examination of the data showelat they were robust, with no evidence of any bias or
clustering as a result of the country of analysis or other factors.

An extensive statistical analysis of the data was conducted, which involved the
computation of a wide range of distance (similarégjimates applied to both the molecular
and morphological data sets, and comparison of the resulting dist&oce3ption 2 to be
applicable in its most straightforward form, there would be a relationship between the two
methods of distance assessmenizhsthata threshold for Distinctness using molecular
markers could be extrapolated from thresholds applied to traditional characteristics in such a
way that the same decisions would be made, regardless of which method of assessing variety
differences wasised.No evidence of any statistical correlation between molecular distances
and morphological distances was foundowever, other approaches to combining
morphological assessments and molecular marker distances were investighfednd to
produce pronsing results.

There is a pressing need to address the question of the management of the reference
collection in WOSR DUS testingand this project has demonstrated quite clearly the
difficulties associated with thiddolecular markerstill offer perhapshe best opportunities,
but their application is by no means straightforward. In order teesacin combining
morphology and molecular distancesffectively, it is necessary to define the threshold
distances both morphological and molecularwhich prodee satisfactory results, with an
attendant level of risk which is acceptable to all stakeholders.

In order to achieve thist is suggested that future work in this area shindtude
(i) the use of more and better quality (preferably single locus) ;S8Rmvestigations of
other types of markerse.g. functonal SSR markers, and/or SNPs.; (iii) continued
investigation of distance measuesl how best to score molecular profiles; (inglgsis of
the morphological characteristics usadWOSR DUS teing, to produce an agreed set that
are robust, to enable data from different years to be combined with confidence.
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1. INTRODUCTION

Oilseed rapeRrassica napud..) (OSR) is an important oil and fodder crop,
grown in many parts of Europe and wevide. Both winter and springsown types
are common, and many hundreds of varieties of each seasonal type exist. Variety
registration and protection of OSR are carried out in several EU MS currently,
requiring DUS testing. Although the format of the DWSting varies between MS
(see below), in all cases replicated plots are grown in field trials and a range of
phenotypic characteristics observed and/or measured. A major problem for all
countries carrying out DUS tests is the requirement to compare n@tiesawith an
increasing number of existing varieties, whether protected or not. Article 7 of the
1991 UPOV Convention says that a variety
clearly distinguishable from any other variety whosesterice is a matteof
common knowledge at the time of the filin
the CPVO requires adherence to these same principles, and CPVO protocols
incorporate the same concept. Common knowledge is broadly defined elsewhere
(e.g. the revise®eneral Introduction to the Test Guidelines, TG/1/3, UPQOV 2002)
to include all known varieties, i.e. any variety entered into or subject to an
application for PBR, varieties grown commercially, varieties held in publicly
accessible reference collectioms, of which there is a published description. It is
axiomatic that the robustness of the rights awarded depends on the ability to compare
new varieties of a given species with as wide a collection of existing varieties as
possible. However, strict adherento the concept of common knowledge is clearly
logistically and financially impossible, especially in a crop such as OSR which is
cultivated widely around the world. Thus DUS testing stations tend to take a
somewhat pragmatic view of common knowledgegedasn e.g. climatic factors and
availability of material. Nevertheless, many hundreds of varieties shaililcbe
taken into account for OSR testinghis includes all those with European rights
and/or listed on the Common Catalogue (well over 550 int totiaently) and other
varieties of common knowledge which are relevant in European climatic conditions
and for which seed is available for testing statiohgain, the availability of the
largest possible reference collection of known varieties is eakeatiensure the
efficacy of the system for granting PBR, and there is a danger that the quality and
scope of protection offered by PBR schemes will be eroded if testing against
varieties of common knowledge is not carried out adequately. This inevitdidyta
the scale and costs of testing, and in order to reduce these costs, a way of managing
the large number of reference varieties and of selecting those varieties most similar
to candidates for inclusion in the field trials is needed. If at the saredliBmumber
of varieties taken into account could be increased, this would improve the quality of
protection offered to breeders by PBR schemes.

Whilst in theory, the full reference collection to be used for comparison purposes for

any candidate varietig the known worlevide collection of varieties of the species,

in practice, the nmber of varieties to be included in a growing test can be reduced.
UPOV TG/ 1/ 3 ( 2 0.& 8ystematic indiwdsal contparison fmay not be

required with all variges of common knowledge. For example, where a candidate

variety is sufficiently different, in the expression of its characteristics, to ensure that

it is distinct from a particular group (or groups) of varieties of common knowledge, it

would not be neceasy for a systematic individual comparison with the varieties in

that group (or those groups). o UPOV TG/ 1/

5
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selection can usually be further narrowed down by using documented variety
descriptions and the informatia@m the most similar varieties supplied by the breeder
in the Technical Questionnaire which accompanies the application for te$tng.

a testing authority can use a range of sources of information to limit the number of
varieties from the reference oettion which must be used in the field growing test
(Barendrecht 1999).

Clearly then, there is much interest in approachasdould reduce the workload and
costs of testing, by eliminating unnecessary comparisons between existing and
candidate variet® prior to more formal testing. One possible way in which this
might be approached is to use DNA profiling of varieties as a management tool. By
comparing the profiles of candidate varieties with those of existing varieties
maintained in a central databagemight be possible both to eliminate from further
testing those varieties which do not require comparison in a field trial (according to
an agreed set of criteria) and to select the varieties most similar to the candidate for
close comparison in fieltests (Jonest al, 2003, Tommasingt al., 2003). In order

for such a scheme to work, it is necessary to have an agreed set of molecular markers
to generate the DNA profiles, and an agreed means of utilising the profiling data.

The creation of DNA profe databases populated with data from different
laboratories is not a trivial task, but recent research funded by the EU and others has
identified the parameters that need to be considered and demonstrated that such an
undertaking is feasible (Bredemeijet al, 2002, Rédeet al, 2002). Furthermore,

UPOV has clarified the current options for the use of molecular markers in DUS
testing, via discussions within the BMT and elsewhere. One of these options

( A Opt Calibratioh of threshold levels for moldar characteristics against the

mi ni mum di stance i n )thasdeen supportec by the BMTr act er

and subsequently by a special ABMT Revi
broadly in accordance with the UPOV Convention, would not etbdevalue of
protection and which should be developed for use in the management of reference
collections.

Thus it is now an appropriate time to I
2" approach in an important crop such as OSR, where the bittee aeference
collection is an issue of concern to MS. This requires (i) the generation of a sufficient
quantity of DNA profiling data of good quality, and (ii) the subsequent analysis of
these data to evaluate the usefulness for the management ofcefemlections.

By creating a database of variety DNA profiles, which could ultimately be available
to other MS, improvements in DUS testing across the EU can be achieved, whilst
maintaining costs at no more than current levels. The overall rationatbeof
proposed work is thus to investigate approaches to OSR DUS testing in which the
number of comparisons of candidate varieties with those of common knowledge is
maximised whilst the subsequent number of comparisons in field tests is minimised,
by using nolecular markers. In this way, the strength and scope of the protection
offered by PBR systems could be maintained and even enhanced, ireffextste

and technically robust manner.

ew

nv e
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2. OBJECTIVES ADDRESSED

The overall objective of this project is tgamine the potential uses of molecular
markers (specifically microsatellites) for the management of variety reference
collections in oilseed rape DUS testing. This will be done by (i) standardising
conditions for the use of an agreed set of SSRs, (iiysing c. 410 OSR varieties
from different EU MS with these SSRs, (iii) analysing the data produced, including
estimates of genetic and phenotypic distances, and comparison of such distances in
different ways, (iv) validation of these approaches in a fietd. If successful, the
project would provide potential ways of improving the esif¢ctiveness of OSR
DUS testing across the EU, addressing the genotype x environment issue, and
enabling increased woilbads to be achieved within existing resources.

3. CURRENT SITUATION

3.1.0OSR DUS Testing in the EU

DUS testing of OSR is carried out in several EU MS (at least 8 currently). There
is a UPOV Gudeline for OSR (TG/36/6) and @PVO Protocol(CPVO-TP/36/1)
Although the characteristics to be recorded in OSR @t#Sthus harmonised, there
are varying approaches to the testing adopted in different MS, and various sets of
Ainational 0 characteristics used. Il n the U
at a single location (with a reserve site) and testing nbrriekes two years. Each
variety (candidate or reference) is grown in three replicates, two of which are
randomised and one of which is arranged so that close comparisons, reference
varieties and example varieties are included where appropriate. Hylorid @l i ne 0
varieties are treated as separate types, but grown in the same trial. The parent lines of
hybrids are also grown, although they are not routinely fully assessed fard$
purposes (but may need to be assessed if the parental formula is used fo
purposes). A total of 29 characteaee routinely observed/measured. A further 20
characters, many of them Acombinedd char a
cotyledons, can be recorded and used if necessary. A separate trial is growesgo ass
alternativity in winter OSRFor the measured characters, COYD at 2% is generally
used for distinctness purposes and UNIF at 1% for assessing uniformity. It is also
possible to enter candidates for a third year of testing if D is not established. In the
third year, plots of the candidate and Fidrvariety (or varieties) are grown for side
by-side observations. Other countries e.g. Germany, Denmark, operate systems
which are broadly similar to this, but vary in detail, for example the parent lines
including mantainer lines are fully assessed for U & S routinely in the same trial.

A different approach is taken in France. DUS trials are grown at two locations, for

two years. There argvo types of trial.In the first type, grown in each year of testing,

plots of candidates and reference varieties are grown for description purposes, with

two replicates of each. A total of 16 characters are assessed, two of which are
measured, along with a set of six isozymes (the genetic basis and chromosomal
locations of which a well established). In these trials, all parent lines of hybrids,

pl us maintainer |l ines and restorers are ¢
varieties. Hybridger searealsogrown in ths trial and described for U and S. D is

determined by the pental formula, and close hybrids are directly compared when
necessary. The data from this set of trials are analysed using a software program

7
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known 8. ke deAtaseioltside thef sco@Aof this proposal, but
the software has been made aafalié to other UPOV member states. In essence,
GAIA estimates the degree of distance between varieties, based on weightings
assigned by the crop expert to the characters measured. Once an established
threshold distance has been exceeded, then a varietpecaaid to be D. The
weightings consider the reliability of the character, and the difference required to
provide evidence of distinctness. In this way, the D decision is constructed from the
sum of varying degrees of difference. Thel@Aesults from yeafl are used either

to declare varieties D after one year of testing (unlikely in OSR, but happens in a
small number of instances), or to plan the field trial for year 2. $econdtrial,
candidates are grown in replicated plots alongside the most sivatsty or
varieties, and recorded until a clear difference is found, which can be confirmed at
both locations, at which point the variety is said to be D and recording is stopped.

In spite of these differences of approach, and the influence of themmeént on the
expression of morphological characteristics, which affects the comparability of
variety descriptions, when it is possible to make comparisons then the same results
are obtained. For example in 2003, the same candidate variety entered K dhe U

in France was found to be n@nhfrom the same existing variety (and went into a
third year of tests in both countries). Again, the same problems exist whichever
system is used a large number of candidate varieties of different types, the need to
include parent lines of hybrids in the trials and the existence of a large reference
collection, not all of which can be accommodated within the trial (for both logistical
and financial reasons). As an example, the winter OSR trial in thehigKyear
(200708) contains oveR000 plots, about#i0% of which are parent lines. France has

a large reference collection, with over 300 varieties/lines currently being grown,
which represents about 3000 plots at each location.

Thus the outcomes of this project, ifcsassful, will contribute not only to the
management of this situation, allowing more reference varieties to be included in
comparisons whilst reducing the number of field plots, but will also help to
harmonise further DUS testing in EU MS, with conseqbemniefits to the CPVO.

3.2. Molecular Markers in OSR

In contrast to biochemical or morphological markers, molecular markers are
numerous, polymorphic and unaffected by the environment or growth stage.
Therefore, they offer several potential advantages famtplariety characterisation
(Donini et al, 2000). Various kinds of molecular markers have been used within
Brassica species, including RAPD (randomly amplified polymorphic DNA) and
RFLP (restriction fragment length polymorphism) (e.g. ke¢al, 1996a,b). More
recently however, DNA microsatellites (simple sequence repeats, SSRs), consisting
of short tandem base repeats8(bp units), have gained increasing importance in
plant variety testing generally (Cooke 1999; Domhal, 2000) and are the mank
of choice within the UPOV BMT group. SSRs have been studi®tassicas(e.qg.
Kresovichet al, 1995; SzewcMcFaddeet al, 1996; Plieske and Strauss, 2001,
Tommasiniet al, 2002) and have been shown to be numerous, highly informative,
technically smple, robust and suitable for automated allele detection and sizing
using high throughput detection methods. Furthermore, due to the economic
importance of cultivate®@rassicaspecies, large investments have been made in the

8
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development ofBrassica SSRs, many of which are available to the scientific
community. For example, in the UK, many SSRs have been made available publicly
via the BBSRC UK Cropnet Initiative (primer sequences can be found at
http://ukcrop.net/perl/ace/search/BrassicaDB

Both NIAB and GEVES have screened SSRs from this BBSRC set and from other
sources and between them have selected about 30 SSRs that are of good quality. At
NIAB, a set of 16 SSRs have been used to andéysts of heterogeneity within 10
registered OSR varieties (by analysis of 48 individuals from each) and also to
analyse discrimination between c. 160 OSR varieties from the UK, D and DK.
GEVES have so far analysed a set of 15 varieties with 17 SSRsmiResl
experiments have indicated that it should be possible to select a common set of SSRs
that can be analysed successfully in both laboratories.

3.3. Molecular Markers and DUS Testing

The use of molecular markers for DUS testing has been discussed by &0V
other interested parties for several years now. Whilst it is acknowledged that such
markers have many potential advantages, there are also important issues that need to
be addressed, including:
1 the number of markers that should be used;
1 whether or nothe distribution of the markers within the genome is important;
1 whether or not it is important that the markers are mapped;
1 whether or not it is preferable to use markers that relate to expressed regions
of the genome;
are standardised methods of markaalgsis available?
are the suggested markers publicly available?
whilst it is relatively well documented that markers can discriminate between
varieties (and thus might be able to demonstrate D), what about the U and S
aspects?
1 would the use of markersme t abl 'y reduce the fAmini mun
distinct varieties?
71 the necessity to develop a database of appropriate structure, to contain not
only molecular but also other relevant data.

E g ]

Following a meeting in 2002, a view has emerged within UPQOV thatder to
ensure that the value of protection is maintained in the event that molecular markers
are used for DUS testing, a series of options for their use should be followed. In
summary these are:

Option I Molecular characteristics as a predictor ofaditional
characteristics
(@) Use of molecular characteristics which are directly linked to
traditional characteristics (gene specific markers)
(b): Use of a set of molecular characteristics which can be used
reliably to estimate traditional charactesti e.g. quantitative trait
loci
Option 2 Calibration of threshold levels for molecular characteristics against
the minimum distance in traditional characteristics
Option 3 Development of a new system

9
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Currently, with regard to the management of refeeecollections, most interest is

being paid to Option 2 approaches. The aim is broadénswre that there would be

no significant shift in the typical minimum distances as measured currently by
Atraditional 0 char act er idsowewersthe prolblemrnso | e c ul
that in previous work, there is a lack of a clear relationship between molecular

marker distances and differences in traditional characteristics, which would lead to

the need to consider how to handle potentially different dewson distinctness.

The key is whether variety pairs, which are not distinct using traditional
characteristics, would be judged as distinct using molecular characteristMsegor

versg and the impact of such decisions on the value of PBR protection.

A major difficulty in pursuing such an option is the lack of sufficiently
comprehensive datasets to be able to undertake the necessary statistical analyses in
important crops. Thus the first stage of this project is to generate such a dataset for
OSR usingvarieties from four EU MS. The data will then be used to examine the
relationship between genetic and phenotypic distances in a number of ways.

4. EXPERIMENTAL APPROACHES

The work plan for the project was to:

(1) standardise conditions for the use of an agse¢df SSRs,

(i) analyse c. 410 OSR varieties from different EU MS with these
SSRs,

(i)  analyse the data produced, including estimates of genetic and
phenotypic distances, and compare the distances in different
ways,

(iv)  validate these approaches in a field trial.

4.1 Selection andStandardisation of Markers.

At the start of the project, NIAB circulated DNA sampiiesn 10 OSR varietie®
GEVES and DIAS, along with the sequences of 29 SSRs and a draft analytical
protocol. Both the SSRs and the protocol were derifredn previous work
undertaken by NIAB and GEVEShe microsatellite markers used were all obtained
from publicly available source&fesovich et al, 1995; SzewcMcFaddest al, 1996;
Plieskeet al, 2001; Tommasinet al, 2003, ukcrop.net/perl/ace/search/BrassicgDB
Participants from the three countries carried out analysis of these 10 samples and
discussed their results. It was agreed that there were 14 markers that could be
analysed and scoredliably. In addition, there were 11 that needed reviewing, and
four markers were rejected.

Subsequently, NIAB circulated coded seed samples of 40 OSR varieties to the other
laboratories, in order to test the usefulness of the markers, and the analytical
scoring methods of the laboratories. The samples were analysed using the markers as
before, with an agreed protocol, and the results of these analyses were subsequently
discussedAs a consequencd, was agreed that it would be desirable to use as
standardised an approach to the genotyping as possilgléo ensure that DNA of
comparable quality is used in all laboratories, DNA extraction kdslgvbe used.

The PCR protocol e.g. in terms of the primer labelling strategy used and the source

10
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of Tag mwlymerasewould be agreedAgain, although the markers have been
previously analysed using different platforms, it would improve comparability of
data if all laboratories used the same equipr(terg wasachieved for the next phase

of the projeck

As a result of these preliminary analyses, tl8S5Rs detailed in Table 1 were
selectedor the genotyping elements of the project:

TABLE 1 i SSR markers chosen for analysis of WOSR varieties.

Original Chromosome No. of
No. Marker 5' primer sequence 3' primer sequence Alleles*
1 Ra2-E03 AGGTAGGCCCATCTCTCTCC CCAAAACTTGCTCAAAACCC 10 3
2 BN12A GCCGTTCTAGGGTTTGTGGGA GAGGAAGTGAGAGCGGGAAATCA 13 2
3 BN26A TAAACTTGTCAGACGCCGTTATC CCCGTAAATCAAGCAAATGG unknown 1
4 CLONES33 GTTTGTGTTGCAATTATTCCCA CCTGCATTGCGAAAATATAATC Unknown 3
5 LS107 GTTAAGTGTGGCGTTAGAGG CCTTGGTACATGCCACTGAA Unknown 3
6 MB5 AACATCTTTTTGCGTGATAT AATAGCATTGAAGCCTTAC Unknown 2
8 Nal0-H03 GAGCTGGCTCATTCAACTCC CACAATTTCTCAGACAAAACGG Unknown 2
9 Nal0-E02 TCGCGCATGTAATCAAAATC TGTGACGCATCCGATCATAC 5 3
10 Nal2-D04 ACGGAGTGATGATGGGTCTC CCTCAATGAAACTGAAATATGTGTG 6 1
11 Nal2-A02 AGCCTTGTTGCTTTTCAACG AGTGAATCGATGATCTCGCC 16 5
12 Nal2-E02 TTGAAGTAGTTGGAGTAATTGGAGG  CAGCAGCCACAACCTTACG unknown 4
14 Nal4-H11 GGATGTTTTCACAGACCCTG CTTTGCAGGTATGAACACGC Unknown 4
15 0Il09-A06 TGTGTGAAAGCTTGAAACAG TAGGATTTTTTTGTTCACCG 12 3
16 0I10-B01 CCTCTTCAGTCGAGGTCTGG AATTTGGAAACAGAGTCGCC 17 4
17 Ol10-BF11  TTTGGAACGTCCGTAGAAGG CAGCTGACTTCGAAAGGTCC 1 2
19 0Ol11-B05 TCGCGACGTTGTTTTGTTC ACCATCTTCCTCGACCCTG 3 3
20 0Ol11-G11 GTTGCGGCGAAACAGAGAAG GAGTAGGCGATCAAACCGAG 3/13 8
21 0Ol12-F02 GGCCCATTGATATGGAGATG CATTTCTCAATGATGAATAGT 9 4
22 0Ol13-C12 AGAGGCCAACAAAGAACACC GAAGCAGCACCAGTGACAAG 13 8
23 Ral-F06 ACCAAAATGTGTGAAGCCAC CTTGTGGCCAGATTCATCAC 6 6
24 Ra2-A05 GCTAGTTACGGGCGG AAACGACATCGGCAAGAAG ’ 2
25 Ra2-All GACCTATTTTAATATGCTGTTTTACG ~ ACCTCACCGGAGAGAAATCC 9 4
27 Ra2-E11 GGAGCCAGGAGAGAAGAAGG CCCAAAACTTCCAAGAAAAGC 3 6

* number of alleles found from analysis of whole set of 410 varieties, see below

The analytical protocol adogd can be summarised follows

DNA Preparation: 40 to 50 seedsf each varietywere germinated on moist

filter paper in the dark and harvested once the cotyledons had emerged from the testa
and the seedlings were large enough to handle. The seedlerg cut from the
roots and 30 seedlings collected in a bulk to represent each vanetg freeze
dried The dried seedlings were extracted using Qiagen DNeasy 96 Plant extraction
manufacturer 0s

kits in

accordance

with the

DNA Amplification : PCR reactions were prepared with 1 ul DNA template

(nominally 10 ng), 1 ul x10 PCR buffer, 1 gb mM MgCI2, MgCI2,1 pl 5 mM
primer pairs, A pl 20 mM dNTP, 0L ul 5U/m TAq polymerase and water i® pl.

Use of Markers. The fluorescentlylabelled primers, suitable for the

| aboratoryods i

nstrument

system,

wer e

were amplified using the following PCR cycling conditions: 92°C for 120 seconds,
followed by 35 cycles of 92°C for 30 seconds, then 55°C for 30 sectivah 72°C

11
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for 60 seconds followed by 72°C for 600 secomitiagments were visualised using a
MegaBace instrumen{DIAS), Licor, and subsequentlyABI 3130XL Genetic
Analyser(GEVES)and an ABI 3100 Genetic Analysg\IAB) .

4.2 Selection and Molecular Analyss of Varieties.

It was agreedthat the project should analyse only those varieties from the
participating countries which were lines (i.e. no hybrids) and fertile (no-staiie
lines). Using these criteria, each of the partners produced a list akldheant
varieties from their country. The lists were collated at NIAB, and a set of 410
varieties compiledNote that the names of the varieties are not supplied in this
Report, but are available from NIAB if requiredthe molecular analyses were
carriedout on seed samplexbtainedfrom the reference collection at NIAB. If no
seed ofa variety was available at NIABeed samples were supplied by the partners
from their collectionsThe samples were coded (to remove variety names) and the
appropriate onese-distributed to the laboratories undertaking the genotyping work.
The appropriate permissions from the plant breeders to utilise some of the varieties in
this final list for the experimental purposes within the project were obtained by
CPVO where neceary.

The total list of 410 varieties to be analysed was divided between the three
laboratories 190 varieties to NIAB, 190 to GEVES and 70 to DIAS. In addition to
these, 5 coded samples from the original set of 40 varieties were included, and of the
190 sent to NIAB and GEVES, 40 of these varieties were common to both, for
quality control purposes. The varieties were analysed by each laboratory using the
agreed set of SSRs and the protocol outlined above. It should be noted that by this
stage, all laoratories were using a capillabased platform for the molecular
analysesThe raw data were compiled and sent to NIAB for collation and inspection.
The data were collated into an Excel spreadsheet, containing the band molecular
wei ght s ( A led basds plong With thecasseaiated peak heights, for each
marker used (see Table 2, for example of the data format).

TABLE 2 - Example of the collated molecular data.

DK data F data UK data
Nominal Peak Size
Sample  Marker 278 287 278 288 281 290
WOSR001 ’I\B/Ir?lZA 12455 8366 787 659 7596 6348
WOSR002 glr?le 0 14386 1272 829 6772
WOSRO003 ’I\BAr?12A 0 15254 1140 7174
WOSRO004 '|\3Ar?12A 15878 11492 419 346 7362 6341
WOSRO005 glr?le 49608 37177 682 550 7329 6268
WOSRO006 ’I\BAr?12A 16199 11636 784 621 7751 7033
WOSRO007 ’I\B/Ir?lZA 16457 11516 1080 884 7853 7122
WOSRO008 ’|\3Ar?12A 44263 28614 1465 1120 7756 7177
WOSR009 'I\BAr?12A 16053 11998 767 595 7580 6493
WOSRO010 glrfle 12953 10251 839 629 5931
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4.3 Phenotypic Analysis of Varieties

It was agreedhat each of the partners would provide the phenotypic data available
from their national records for any of the 410 varieties from the selected variety set.
Since it was thought that using data scored only as UPOV Notes would result in
rat her i d¢alaodnepneeduintlydrather crude phenotypic distance estimates,
it was further agreedhat phenotypic data would be provided (i) in the form of
UPOV Notes for each characteristic listed in the CPVO Technical Protocol, and (ii)
as collated variety means feach appropriate continuously assessed characteristic
from each of the years 2003, 2004 and 2005 for which data were available.

All of the data were supplied to NIAB for collatidnTable 3 gives an example of the
raw data format.

TABLE 3- Example offormat of phenotypic data.

o o = ‘—g £ .
> ] 8 P=
= 53 g gc 2% s 0
= X —_—
g g g 8 g § 8 § g = s :;/ o %
2 3 § £ £ 8 oo o3 5 3 3% £ o
= Sy 9 B © & o£ o3 5] zE o2 T IS
2 2 2% § 5 % £ Ele| - oz =y : =
& 5 < e g 2 £ Z. ZL£&8 S = o
\f'./ =4 & <o S T > E kel Eos 3 % @ <_% 5 S
< s £§ 2 & 2% 2% 2 = 'g g ) =
5 B g » S . of o2 2 g 53 £ P
2 5 = g S s Z9 3 o E® = 2
o = s = =3 o 8 O 4= o o
c i o w o= =2 £09 © o
© % ol %] - © S ® |
o = = cg £9
2 kS R
Characteristic No. -
Characteristic No. - UPOV Notes Continuous Data
14 15 16 17 18 19 20 21 2 3 7 9 11
ID NAME
CAPRICORN 5 6 6 6 7 2 136 251 503 200 183
347 Sparta
348 Hobson
1299  SILEX 6 5 5 5 5 1 x * 547 198 179
536 ASKARI 7 4 5 5 5 1 138 245 473 201 17.3
460 Idol
488 Samourai
780 PRESTOL 4 4 5 4 4 3 10 183 457 190 155
541 VIVOL 6 4 5 6 4 3 122 196 593 200 176

Table 4 shows the amount of variety data siggpby each country, and the number
of individual data points.
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TABLE 4 - Phenotypic Data Supplied by the Partners.

Partner Number of varieties with | Number of data points
phenotypic data supplied
BSA 290 24,333
DIAS 156 7,664
GEVES 255 10,044
NIAB 143 11,271

In all, data from four countries were supplied for 40 varieties, whilst 84 varieties had
data from three countries, 141 varieties had data from two countries and the
remainder had data from only one country. One variety had no data from any
country. Some of the variety phenotypic data sets were not complete, with some
characteristic data missingr, some years data missing, or both.

4.4 Statistical Analysis of Molecular and Phenotypic Data.

The basic objective of the statistical analysis wasalculate various estimates of
distance (both genetic distance (GD), from thelecular data, and phenotypic
distance, PD) and compare these estimates, to evaluate the fundamental UPOV
Option 2 approach. A number of different analyses were used, wmiddtetailel in
the Results section below and described in full in Arfhex

In brief, for the GD estimates, NIAB converted firalised and validate&SR data

(see Results belowfrom band present/absence binary data into gengigftern
profiles, and tlen computed GD with CitBlock, using the GenStat Software. It was
thought that this would cope with the expected distribution and quantity of missing
data. GEVES used the presence/absence binary data to compute a number of
distances. The Nei & Li (or Digeand Jaccard distances were calculated using
LCDMV software, and Simple Matching, Ochiai and Sokal and Sneath distances
with DarWin software. Once all GD matrices had been computed, the data were
exchanges and their robustness validated using Mantetistat

For the PD estimates, again a range of approaches were undertaken, both for the data
in Notes form, and for the measured values.all cases a number of possible
approaches were utilised. The one finally used for the Notes data was:

Establishingwvhere possible the MODAL note (with a maximum of 3
sites/centres each with a maximum of 3 years worth of ta®a
possible values). In cases where no unique mode exists (either due to
too few data values, tied modal values or no defined mode) the
median vas used. See an example set below:

Country Countrg Country Mode Value Used
Yeal YeaPR YeaB | Yeal YeaP YeaB | Yeal YeaP YeaB
Example 1 3 4 3 3 3 4 3 3 3 | Mode=3
Example 2 4 4 3 4 4 3 4 3 3 4 | Mode=4
Example 3 1 2 3 N/A Missing Value
Example 4 1 3 3 1 2 2 1 2 3 | N/A Median=2
median=5 but missin
Example § 1 2 3 4 5 6 7 8 9 | N/A value used

14
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The approach finally used for considering measured data for a defined morphological
trait converted to Notes form was:

Undertakng a REML (restricted maximum likelihood) analysis of the
note data and rounding (to integer) to give whole numbers for PD
computation. These are referred to as NxM (Notes from Measured)
and while included in specific analyses in the consolidated statistic
report should not be considered as a rs&ieam feature of the
statistical work.

In addition, methods for combining the data types were investigatezte are a
number of characteristics for which data in both note and measuredwasn
supplied.In these cases it isoh sensible to combine the datss essentially these
derive from the same source, albeit summarised in a different way. Wheneot a

1:1 concordance betweehe datatypesfrom all centres and across all years,itso

was necessartp consider the data which is available onlyoa® specific type, and

how to convert one type to anotheretflods for computing?Ds from mixeddata
types,e.gGower 6 s met hod WEeev8uatadt pr ocedur e)

4.5 Variety Pairs Evaluated by Field Trials.

It was decided that a field trial would be sown which evaluated various variety
pairs/groups. Because of time constraints, the choice of these was based on an initial
analysis of distances (not from the full data matrix). The varieties selected were ones
which appeared tbe similarin phenotypic distance but were easily separable (i.e.
dis-similar) in terms of genetic distance, and viegsa.

On this basis, crop experts froeach partner identified and selected appropriate
varieties(Table 5). Seed of ehf these variety pairs was exchanged, so that the
pairs were replicated in all countries. The pairs were then sown Hbgiside plots

in field trials in UK, F, DE and DK irautumn2006, for visual examination and
recording.All of the characteristiceicluded in the CPVO Protocolexerecorded in

the fdlowing growing seasorlhe data were analysed using the normal DUS testing
procedures in each country.

TABLE 5- The variety pairs selected for field trials
Varieties Selected By

DK UK F DE
Caracas/@stille Smart/Eclipse Bellini/Caraco Hektor/Zenith/Libea
Californium/Sansibar Calvacade/Action  Bellini/Cannelle Hektor/Casanova
WRG257/KW1097 Action/Caiman Lewis/PR54W04 Casanova/Siska
SW9991097/WRG257 Action/Fortis Capvert/Mohican Apex/NKVictory

Fortis/Limpet Boston/Remy

Fortis/Licontent Remy/Solomon
Licontent/Calvacade Cannelle/Remy
Smart/Limpet Remy/Splendor

Caraco/Mohican
Licorne/Mohican
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5. RESULTS
5.1 Validation and Thresholding of Molecular Data

Before being able to compud®y genetic distances, the raw molecular data
from the three laboratories had to be in a condition which allowed the generation of
an agreed matrix of band absence/presence.

The initial results showed microsatellite profiling of OSR to be a robust amgdug

tool. However, the mukHallelic nature of the profiles was problematic when
determining the agreed profile of a variety. The same allele could be identified with a
different size (molecular weight), depending on the size standards and detection
methodused. Moreover, the relative response for each allele within a profile will
depend on the proportion of individuals within the bulked sample possessing that
allele. The relative response may also be affected by the efficiency of PCR for the
fragments beig amplified. The size of the fragment being amplified and presence of
competing fragments have an effect on PCR efficiency, and these effects may not be
consistent between laboratories. Whilst the three laboratories generated broadly
similar profiles, therelative response for each allele within the profile could vary
between laboratories, leading to minor peaks being called as alleles at one laboratory
but not in anothertT hi s suggested the need for a set
calling that wouldallow the differing profiles at each laboratory to be described in
the same wayThese allele calling rulestermed thresholding were validated by
analysis of data for a small number of varieties analysed at more than one laboratory
and then applied tdata for a much larger variety set, where varieties may have been
assayed at one laboratory only. This process should allow microsatellite data from
different laboratories to be unified in a database.

5.1.1 The Thresholding Process

The options for thresiiding include (i) absolute thresholding, and (ii)
relative thresholding, either using a global threshold value or applying independent
threshold values for data from each laboratory (see Figure 1).

Absolute thresholding entails rejecting all allele pedielow a certain threshold

value (Figure 1A). All data generated in capillary electrophoresis genetic analysis
systems will have been subject to absolute thresholding to a degree throwsgh pre

threshold values in the data collection software and throggection by the system
operator . Both of these absolute threshdc
detection system is not reported as data. Establishing rules based solely on absolute
thresholding is complicated by a number of factors, inclydiithin and between

batch variation in PCR efficiency, between batch variation in electrophoresis and the

use of different measuring systems by instrument manufactudersce it was

considered that the use of absolute thresholding was not appropriate.

Rdative thresholding requires that the allele with the largest response, for example
peak height, within a variety profile is identified. All other peaks in the profile will

then be scored as alleles if their response exceeds a predetermined percehisge of t
largest peak. Relative thresholding may be applied in two ways; the same
predetermined global threshold is applied at all laboratories for all markers (Figure
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1B), or empirically determined laboratory and/or marker specific thresholds are used
(FigurelC).

There are advantages and disadvantages to all of these approaches. When relative
thresholding is applied using a global threshdifferences between labatoriesin

PCR efficiency for different sized fragmentsuld result in different allele scose
being recordedOn the other hand, i§lobal thresholding is applied using a high
threshold value (for instance 75%),the resultant allele calling produces
conservative, cautious set of allele data which does not exploit the full potential of
these maers Variation would also be introduced where the maxim peak
observed in a particular analysisffers between latratories. Global thresholding
applied by including peak heights abovdoa threshold (for instance51% and
above that of the maximurpe& height, i.e. trim off the worstyesults ina
discriminating set of allele data, butreaseshe risk of potential variation between
laboratories. When relative thresholding is applied usieqpirically determined
laboratory and/or marker specific tBhelds, considerable effort is required to
determine the values that will be used.

1000 L A B rs c

JUN L NAVVN

[E A

A " /\ A 111 B0% /\\ N 1,01
VAVAVAN S EACAvAY VAVIVIN

500 A
\/\AJ\ ” /\ A - = /\ A -
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= & =

Figure 1. Strategies for thresholding A) absolute thresholding where peaks are
scored as present if they exceed a predetermined level of instrument response erg. greate
than 500 units in this example. B) Relative thresholding with a common threshold at all labs.
The largest peak is identified for each sample (box). Alleles are scored in all labs if their peak
height is greater than 25% (in this example) of the pealkhs&gn in the largest peak in the
sample trace C) Relative thresholding with an empirically derived threshold at each lab. The
largest peak is identified for each sample (box). Thresholds are calculated for each marker at
each laboratory. Alleles are sedrif their peak height exceeds the threshold percentage of
the peak height seen in the largest peak in the sample trace.

5.1.2 Production of Concordant Data Sets

These differentrelative thresholdingapproaches were evaluatéy their
application tathe raw data sets generated by the three partner molecular laboratories
for the initial 40 varietiesThe methods and results are described in detail in &nes
al., 2008(in press) Briefly, the data were subjected to the varying approaches using
different levels of thresholdingand the degree of concordance (see Figure 2)
achieved between laboratories for each of them calculated and compared.
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Using this approach, it was demonstrated that it was possible to produce levels of
concordance between the dabtories of any desired percentage, although at higher
levels, the information content of the markers, and the number of markers that
produced usable information, declined.

A: Thresholding

Allele A B c Threshold A B ¢C
Max value

Accession Peak heights Value (e.g. 50%) Binary
1 90269 17307 95722 95722 47861 1 0 1
2 43684 28509 43884 21942 1 0 1
3 77452 59433 3309 77452 38726 1 1 0
4 56655 76819 76819 384095 0 1 1
5 48839 44751 17600 48889 24444 5 1 1 4]

B: Calculating concordance

Lab A B C

Accession Concordance

1 111 111 111 2

2 111 011 111 1

3 101 110 100 0

39 101 101 101 2

40 101 101 001 1

Sum (Z) 65

Max possible 80

Concordance % 81

Figure 2: Thresholding and Concordance A): Application of Thresholding Set

out the peak height data for each marker in an amath variety data in a row. ldentify the
largest peak for each variety and tabulate the maximum peak heights in a second array.
Calculate a threshold value as a percentage of the maximal peak heiggibalate this in a

third array. Convert the peak height data for each allele into a bioary scoring 1 if it
exceeds the threshold value and scoring O if it does notC&culating concordanc&he

data for each variety were compared across the fatmratories and scored according to the
degree of agreement. Where #itee laboratories agreed a variety profitae result was
scored asi20, where two laboratories agreed the result was scoréficeand where there

was no agreement a scorefiob was given. The total score for a combination of thresholds at
the three laboratories was calculated and then expressed as a percentage of the maximum
score (i.e. where all |laatories agree all variety profilesompletdy). This percentage was
termed theconcordance score.

It was agreed by the partners that levels of 90 and 95% concordance would be
appropriate to accept as a working basis for the genetic distance estimates. This
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meant that two datasets would be produced from the 410 variety set, ugiisiag

18 (at 90%) or 11 (at 95%) SSR markers. (In practice, a third set of data, with 90%
concordance and comparable performance for the internal control varieties was also
usedi this utilised 14 markers). Although this procedure reduced the number of
markers used for GD estimates, it was considered that the robustness and reliability
of these estimates would be much improved, since the less useful (i.e. less
informative) and/or more difficult markers will have been excluded, and problems
arising from tle use of bulked samples should be reduced.

On the basis of this approach, a final molecular data set for the 410 varieties
(subsequently reduced to 335 varieties following scrutiny of the morphological data)
was produced, consisting of the agreed alletees for the appropriate SSR markers,

in a binary format. These data were subsequently used by the statisticians for the
estimationof genetic distances.

5.2 Statistical Analyses of Data.

Following scrutiny of the datasets by the statisticians witha project, a
final set of agreed molecular and morphological data was produced, which took into
account the availability of appropriate amounts of each type of data for a variety, the
number and pattern of missing data values, etc. This fatal@npried information
from 33 varieties A full report of all of the statistical analyses that were undertaken
with the molecular and morphologladatasets is included in Annexes 1 and Re
following sections highlight the main approaches used and summtmspsncipal
outcomes.

5.2.1 Genetic Distances Introduction

Therearea large number of methods that have been used to estimate genetic
distancessome of themore common of which are outlined below. They generally
differ in how the distance measusecomputed, which can be illustrated as follows.
Assume that we have two units (or varieties in the present context), called i and |,
and that the distance between them is gived;hyFurther assume that in the allele
descriptions, the absence of antba= Oand thepresence of a band 1. The first step
is to produce a matrix, thus:

1 0

] 1 a b
i

0 c d

The various distance indices then vary in how the different seaggpesence of a
band in both and j presence in one, absence in anothéhe a, b, ¢, d notations
above) are ansideredSome examples are:

a. Dice (Nei & Li)
b+c

d =— =
' 2a+(b+c)
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The Dice dissimilarity indexcorresponds to the percentage of different bands
betweerthe units i and j, without considering double absen@#8), and givesmore
weight to bands present in both units.

b. Jaccard

__b+c
' a+(b+c)

This dissimilarity in@éx corresponds to the percentage of different bands betthieen
units i and j, without considering double absences.

c. Ochiai

a
d. Sokal & Sneath

2(b+0)
I T a+2b+c)

e. Simple Matching (Sokal & Michener)

:&
" a+b+c+d

This index takes noaccount of anyifference between presence and absenesit(
only takes into account the fact that a bandés@nt in both units, or absent in Hoth

5.2.2 Genetic Distances Results.

Using thesoftware package DarWin (CIRAD), these distaesgmatesvere
calculated using the three thresholded datasets noted aboVd (>90%
concordance, 18 markers), T2 (>95%1 markers), and T3 (>90% + internal
controls, 14 markers). For the initial anabypaasd o an
approach was used, i.e. the absence/presence of each band recorded at all of the SSR
loci was taken for computatioifthe detailed data aeevailablein Annex1, and only
illustrative examples are shown below

For the T1 dataset, the distribution of the distances in the Dice analysis is given in
Figure 3. The mean distance was 0.254.

v

.m- | | I . —
1inen
" I I
"
L] T T T T T T T T T
O e o aann [T = - i e

Figure 3: The distribution of the Dice genetic distancefrom the
T1 dataset
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Although the exact shape of the distribution curves and the mean values for the other
analyses differed slightly, all showed essentially the same features. The correlations

between the various indices are shown in Table 6.

TABLE 6. Correlations between various genetic distance indices from the T1

dataset
Dice | Jaccard | Ochiali Sokal & Simple
Sneath Matching
Dice 1
Jaccard 0.996 1
Ochiai 0.999 0.996 1
Sokal & Sneath 0.990 0.987 0.990 1
Simple Matching | 0.980 0.994 0.980 0.973 1

The high value®f these correlations indicatkat all of the approaches are broadly
comparale i there does not seem to be grgrticularadvantage in this instance to
using one or other of the estimates.

These data were analysed in variousepttvays, includingprincipal co-ordinates

anal

ysi

S

(to

check

for

any

clusteri

ng

various kinds. Using the Dice distance set, the PCO analysis was as in Figure 4
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Figure 4: Principal co-ordinates analysis of he Dice distance set from the
T1 data. The coloured spots represent data points from different sournuie i

21

of



FINAL REPORT

calibration set, blué results from DK, green results from F, red results fromUK. Axes1
and 2 represent 17 % of totariation

Thereis no obvious clustering evident in this analysis, indicating that there is no
apparent bias in the data arising from the seed source (country of origin of samples)
or from the laboratoryA similar conclusion could be drawrofn the various cluster
analysesthat were carried ot Figure 5 for instance shows a Ward hierarchical
cluster tree of the Dice distance data from T1 dataset.

Similar results (not shown) were obtained for the analysis of the other datasets,
although the absolute values of the mel&stances varied (the mean for the Dice
analysis of T2for examplewas 0.218).

From these initial analyses, it can be concluded that:

-the verified molecular data generated w
f or pur peoceceuid bausdfor any subsequent analyses;

- the number of markerssed affects the absolute values of the distances, but not

their correlations;

- the choice of distance measure does not affect the utility of the data, and the

choice of method in this instance is w©atical.
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Figure 5. Ward hierarchical clustering. The Dice distance data from T1 were used.
Colours as in Figure.4

5.2.3Genetic and Phenotypic Distances.

The thresholded molecular data (T1, 2 and 3 as above) arthatieed collated
morphologich data, provided by the four partners as Notes (N) or as Measured
values (M)and treated as detailed in Anngéxwere analysed in a further series of
computationsData from a total of 3B varieties was usetlVork was also carried out
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on data in the formfoNotes derived from measured values (NxNhis phase of
statistical analysesoncentrated othe assessment @he robustnessf the similarity
(distance) estimates.In essence, if any results/conclusions differed markedly
depending on the technical diétaf the statistical method used to compute the
similarities or distances, then there is only low level of robustness. In an ideal case
with high robustness, results and hence decisions are exactly the same, irrespective
of the methodsitilisedto arriveat these decisions.

With regard to the overall project objective (to examine the UPOV Option 2
approach), the major comparisons with respect to robustness are to compare the
similarities or distances derived from morphology with those from the molecular
data, and to assess the robustness in terms of the method of computation of the
similarities. A wide and diverse range of techniques was used to examine this. The
salient points of the analyses are summarised below and full details can be found in
Annex1.

a. In all case, similarities (tdistances) were used for all computations.

b. These analyses concentrated on the assessment of the robustness of
the distance estimates and the correlations between the genetic and
morphological distances.

c. A A maby-kmakermtt ernd approach was wused
and similarities based on both City Block (CB) and Euclidean (E)
distance used for all data types. In addition, analyses based on Jaccard
(J) distance were undertaken, to forrirk with the analyses
previouslypresented (above).

d. The similarities in all cases were high, with no values below 0.5 .

e. Attention was focussed on variety pairs in the tails of the similarity
distributions, i.e. those which are either very similar or very dis
similar.

f. The results from ththree sets of molecular marker analyses (T1, 2
and 3) correlated highly in all cases (>0.79), thus confirming the
previous results with a different analytical approach.

g. Although there is na priori reason to suggest that they should, the
morphological ntes and measured (N and M) data were also
correlated (c. 0.67).

h. There was effectively no correlation (<0.1) between any of the
morphological and molecular estimates of similarity.

I. An assessment of the situations where all morphology and molecular
methods greed in assessing variety pair similarity showed that for the
top 1000 similarities, there were only 3 cases of agreement out of a
possible 55000 pairs.

j.  Shifts in the ranking order of similarity were also assessed, which
again indicated that theveere instances of large differences in
morphological distance not being reflected in molecular distance (and
vice versa

k. The distributions of the morphological and molecular distances
estimated in the various ways were plotted against each other; in all
casesliere were at best only very weak correlations observed.

l. All of these results were independent of the method of analysis, again
in agreement with the previous conclusions.
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Figure 6 below illustrates the general relationship found between the
Aphenotiwpiaoi sy derived from the morphol o
similarity from the molecular data. Whilst the data were refined later in the project in
consensus form, this Figure highlights the three main regions of interest: (i) potential
foragreelent bet ween fAmor phol ogyo andhafidmol ecul
corner); (i) cases where there is a very high level of observed similarity in terms of
AMor phol ogyo but weak when asses-Baadd by fAM
corner); (iii) ases where there is a very high level of observed similarity in terms of
AMol ecul aro but weak when assessed- by @aMo
hand corner).
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Figure 6: Comparison of Distance Estimates.The Relationship between
AiPhenot amice 0 Diast Cal cul ated from Morphological
Calculated from SSR Data

The relationship observed follows the general triangular shape that has been reported
previously (e.g Dillmann and Guerin,1998) It is evident thatthis similarty
relationship is weak or virtually neexistent,and henceamorphological similarity
cannot, for the majority of variety pairs, be adequately predicted from the genetic
similarity obtained from the molecular data.
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Correlations between the various distanrmeasures were also made and are
summarised in Table 7. The results from the three sets of molecular marker analyses
i seethe green block- correlated highly in all cases (>0.79), thus confirming the
results above with a different analytical approach. special note is the high
correlation (0.95) when comparing the CB vs. E resiltsis for the threesetsof
molecular datgT1, T2 and T} the computational method applied (CB or E) gives
highly correlated relationshipsThis indicates that the molecar pairwise
similarities are sufficiently robust and not unduly influenced by choicenethod
when establishing the similarity coefficients.

The relationships between morphologicaltéldata by two computational methods
(NCB and NE) and morphologicaleasured data (MCB and ME}he yellow block

were 0.95 and 0.93 respectively, showing no strong metpedific requirement and
good robustnesd he morphological notes and measured (N and M) data were also
correlated (correlation coefficient.0c67). Notes from Measured by City Block
(NXMCB) similarities were only weakly relatevith NCB (correlation ©.62) as
wereNxXME v NE (correlations coefficients also of 0.62¥xMCB v NXME had a
slightly weakercorrelation of 0.59

In theorangecolouredblock d the Table it can be seen that there was effectively no
correlation (<0.1) between any of the morphological and molecular estimates of
similarity. This resulivas consistent across data types and computational methods.

TABLE 7. Correlations between variaus measures of phenotypic and molecular

similarity.
Correlations MCB ME NCB NE NXMCB  NXME TICB TIE T2CB T2E T3CB T3E
MCB 1 093 065 062 0.96 093 0.07 0.04 0.07 0.06 0.08 0.05
ME 093 1 066 067 0.89 095 0.08 0.06 0.08 0.07 0.08 0.07
NCB 065 066 1 095 062 063 0.06 0.03 0.08 0.06 0.08 0.05
NE 062 067 095 1 059 062 0.07 0.03 0.08 0.06 008 0.06
NXMCB 0.96 0.89 062 059 i 0.94 0.06 0.04 0.06 0.05 007 0.05
NXME 093 095 063 062 0.94 1 0.06 0.04 0.06 0.05 0.07 0.05
TICB 0.07 0.08 0.06 0.07 0.06 0.06 1 0.95 0.83 0.79 093 0.87
TIE 0.04 0.06 003 0.03 0.04 0.04 0.95 1 0.82 0.86 0.89 093
T2CB 0.07 0.08 0.08 0.08 0.06 0.06 0.83 0.82 1 095 0.85 0.84
T2E 0.06 0.07 0.06 0.06 0.05 0.05 079 0.86 095 1 083 089
T3CB 0.08 0.08 0.08 0.08 0.07 0.07 093 0.89 085 0.83 1 095
T3E 0.05 0.07 0.05 0.06 0.05 0.05 087 0.93 084 0.89 095 1

Pair-wise Correlations 55000 points

MCB Morphology Measured City Block
ME Morphology Measured Euclidean
NCB Morphology Notes City Block
NE Morphology Motes Euclidean
NXMCB Morphology Notes derived from REML Means of Measured Characteristics City Block
NXME Morphology Notes derived from REML Means of Measured Characteristics Euclidean
TICB Malecular Marker Set1 City Block
TE Molecular Marker Set1 Euclidean
T2CB Molecular Marker Set2 City Block
T2E Molecular Marker Set2 Euclidean
T3CB Iolecular Marker Set3 City Block
T3E Molecular Marker Set3 Euclidean
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Very similar conclusions could be drawn from formal analysis of matrices of pair
wise similarities by Mantels tests and
Also, the use of the Jaccard coefficidtreating the molecular data as binary as
opposed to a patternyas shown to have no significant impact on the resulting
comparisons of similarity see Annex for details.

Fromall of these analyses it can be concludleati in agreement with the preuis
results the method of assessment of distance is not important in this instance,
although depending on data type some distastienatesare more appropriate than
othes. Furthermore, there is no evidenoé any corredtion between thegenetic
distance (from SSR data) and phenotypic distances (from morphological data) for
thevariety collection considered.rbm this it can be concluded thétis not possible

to apply a straightforward UPOV #AOption
the use of miecular markers to managee reference collection in OSR. This leads

to the conclusion that is now clearlynecessaryo pursue other approachis the
application of markers conjunction with morphological characteristiesg. within

a GAIA-typeor some other form of analysis.

5.2.4 Analysis of Morphological Characteristics.

This part of the statistical analysis was carried out by BSA and considered the
evaluation of the morphological data. The aim was to identify appropriate statistical
procedues for the analysis of morphological data both in the structure provided by
the examination offices and the consolidated data developed by UK. Full details are
given in Annex 1.

The consolidated data set consists of notes and measurements consolidated fo
countries and years. The characteristics were those in the UPOV Guideline,

consisting of notes and measurements per country and year. An optimized dataset
was prepared by dropping out those characteristics which are part of notes and
measurementisthe measurements were retained, but the corresponding notes not.

Since variables with large variances tend to have more effect on distance or
similarity measures than those with small variances, it is recommended to
standardise the variables (characteristick) the SAS software package the
DISTANCE procedure provides a convenient way to standardise each variable with
it own method before measures are computed. Standardisation is not required if there
is only one level of measurement, otherwise it is mangafiandardisation depends

on the type of characteristic and scale level (nominal, ordinal, interval, ratio, see
below).

The ypes of characteristics and their scale levels are well defined in the literature
(UPOV2007: TGP/8/1 chapter 4). In summary:

Nominal scale Nominal scaled qualitative data are qualitative data
without any logical order of the discrete categories. Characteristics with only two
categories (dichotomous characteristic) are a special form of nominal scales. The
nominal scale is the West classification of the scales.
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Ordinal scale Ordinally scaled data are qualitative data of which discrete
categories can be arranged in an ascending or descending order. They result from
visually assessed quantitative characteristics. The distdreteseen the discrete
categories of an ordinal scale are not exactly equal. Therefore, an ordinal scale does
not fulfil the condition to calculate arithmetic mean values, which is the equality of
intervals throughout the scale. The Ordinal scale is highssified than the nominal
scale.

Interval scale An interval scale is a quantitative scale without a defined
absolute zero point. There is always a constantzeoo distance between two
adjacent expressions. Interval scaled data may be distributethumrdly or
discretely. The interval scale is higher classified than the ordinal scale.

Ratio scale A ratio scale is a quantitative scale with a defined absolute
zero point. There is always a constant zero distance between two adjacent
expressionsRatio scaled data may be continuous or discrete. The ratio scale is the
highest classification of the scales.

A wide range of distance and similarity measures were used to analyse the
morphological data set (see Annex 1 for full details and definitioAspasic
requirement for the application of a specific method is the type of data to be
analyzed. It is important if the data set contains only one type of data or a
combination of different types of data. In particular it is important if the dataset
contans nominal scaled data. This is summarised in Téble

TABLE 8. Different types of characteristics and the appropriate methods for
their analysis.

Nominal Ordinal | Interval Ratio | Combination
nominal/
ordinal/
interval/ratio

two >two
categories categores

Cityblock X X X
Euclidian X X X
Chebychev X X X
Cosinus
Dice
Jaccard

M coefficient
RR
coefficient
Kulczinski
coefficient
Gower's index X X X X X X

XXX | XX

x

The essential objective of this workaw to identify the most appropriate
distance/similarity measure for variety comparisomefore analysis, it was
necessary to modify the data set somewhat, as follows:

The characteristics bl (Seed: erucic acid; 1=absent, 9=present), b6 (Leaf:
lobes; 1=absnt, 9=present) and bl13 (Production of pollen; 1=absent, 9=present)
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were defined as ordinal characteristics instead of nominal. This is possible because of
the absence of more than two categories. The characteristic b10 (Flower: Colour of
petals; 1=white,2=cream, 3=yellow, 4=orangeellow) was dropped from the
dataset. It is impossible (and indeed from the theoretical point of view forbidden) to
handle this nominal scaled characteristic with four categories (colours) as ordinal,
interval or ratio scaled eacteristic.

The data were then analysed in a range of ways and the correlations between the
results computed. The results are summarized in Bable

TABLE 9. Correlation s between various measures applied to the
morphological data set.

Sample Measure 1 Measure 2 | Correlation
Coefficient

Consolidated dataset City block Euclid 0.95687 (P<0.001

Chebychev 0.87801 (P<0.001

Gower -0.92994 (P<0.001

Euclid Chebychev 0.97336 (P<0.001

Gower -0.81894 (P<0.001

Chebychev Gower -0.70844 (P<0.001

The correlation coefficients varied from 0.71 to 0.97, indicating that the influence of

the distance or similarity measure is appreciable. The best correlation was between
AEuclidiand and AChebychebbod¢lWo 9ad86)i,Euact
09% 87) . From a theoretical point of view,
to use, allowing for the structure of the dataset. The best correlated measure to
AGower 6s i ndelklooawlksdithtearmdcCed y( 0. 92994) .

In conclusion:

a) The different type®f characteristichave to be taken into accouas there
are nominal, ordinal, interval and ratio scaled characteristics
b) The AGowerds indexo is the most approp
the consolidated morphological datase¢cause it is th@nly one which
allows a combination of the present data types.
c) It is not allowed to use nominal scaled characterisiicsh ascharacteristic
b10 (Flower: colour of petals; 1=white, 2=cream, 3=yellow, 4=orange
yellow) with more than two categoriesforava t i on bd fockCidtiyst an c e
d) For comparison of different distance measurementdschotomous
characteristics€.g. b1, b6, b13) can be handled as ordinal characteristics.
Nominal characteristics with more than two categories (lsl®@uld be
dropped.
e) Thebest correlated measurefcGo wer 6 s i n d etxhoe affigketayr s t o
di stanceo
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5.2.5 Analysis of Field Trial Data

5.2.5.1 Recording of Characteristics Individually.

Analysis of the sideside variety pairs in each of the four countries produced
the results summarised in Tabl#@8A and B The data from France is presented
separatelyn Table10B, as the use of GAIA does not require the same programme of
recording as in the other countri@$e varietieshad been selected on the basis that
theyappeared to be similar in phenotypic distanbat were easily separable in terms
of genetic distance, andce-versa Note that he UK data are based on differences at
2%, whereas the DK and DE data are on 1Adl.are based on only one year of side
by side éta and not using COYD.

TABLE 10A. Summary of the field trial data from UK, DK and DE.
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TABLE 10B. Summary of the field trial data from France.
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Although it is not possible to draw too many conclusions from this exercise, given
that only one year of data is available, it is clear that, where direct comparisons are
possible, there is general agreemestiMeen the countries in:
- variety pairs that are difficult or impossible
to  distinguish, e.g. Hektor/Zenith;
Action/Fortis
- variety pairs that are readily distinguished,
e.g. Mohican/LicorneCaraco/Bellini.

5.2.5.20bservation of Variety Pairs Globally.

In addition to the foregoing analyses, GEVES undertook a study of the side
by-si de variety pairs evaluated according
as opposed to a recording of the individual characteristics (see Annex 2 for more
detailed infomation). In brief, he crop experts were asked to observe the pairs of
varieties at two stages (leaves stage and flowering stage) and to give a note using the
foll owing fAscale of similarityo:

1 the two varieties are similar or very close

3  the two varietie are distinct but close

5 the comparison was useful, but the varieties are clearly distinct

7  the comparison should have been avoided because the varieties are very

different
9 the comparison should have been avoided because the varieties are
totally different

The set of 26 variety pairs planted in each country were visually evaluated for their
degree of morphological similarity/difference by two to four crop expdegending

on the countryThe e x per t ghéncompared o the eorresponding Bic
distances.
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The results from France are shown in TaHlé the results from the other countries
were broadly similar and are given in detail in Annex 2.

Tablell: Cor r e |

at

i on between

French

Expert] Expert2 Expert3 Expert4 Dice_dist

| Expertl| 100| 088 073 046/ 035
| Expert2| 088 100( 083 041 034
| Expert3| 073 083 100 058 054
| Expertd| 046 041 058 100| 023
Dice_dist| 035 034 054 023 100

expertso

In general as mightbe expectedfor all countries,although there was a
degree of good agreement between expdhsre was no correlation between
expertsod6 not at i oUssof thexndeandor madal, i nsedisn)vales .
for the note from all countries did not ingwe the situation markedly. It should be
noted thathie number of variety pairs studied and the number of expertsrataey
limited. Moreover,very few selected variety pairs were found very similar (note =
1), which would be necessary to define propertiie molecular threshold above
which morphological distances were high enough to declare the varieties distinct.
One point of interest however, was that for the few very similar variety pairs that
were included, it was noted that the Dice distances diéxuged c. 0.3 (see Figure
7). More work would be required to investigate this further.

Individual expert's notes, leaves stage
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Figure7. An example of the distribution of variety pair-wise Dice

distances for the various global notes.

5.2.6 Use of Molecular Markers in Combination with GAIA

GEVES undertook a detailed analysis of the potential use of molecular
markers in combination with the software programme GAIA. The whole set of
methods used and results are detailed in Annex 2, and a summary of the main points

is given below.
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The overall purpose of thisvork was to compare different methofis selecting the
pairs of varietieshat have to beompared in the field and to evaluate how molecular
marker information could be combinedith morphological data to reduce the
number othese pairs.

To examine thisdifferent thresholds for morphological and molecular distances
were chosenand the number of pairs of varieties to be tested in the field estimated
on the assumed use @f only morphological characteristics, (ii) morpbglcal and
electrophoresis characteristics, or (iii) morphological and molecular characteristics
(Dice distances calculated excluding the monomorphic marker@henotypic
distances based on morphological and/or electrophoretic data were calculated by
using the GAIA software. The GAIA threshold used to declare the varieties-super
distinct(see belowvas 6.

The generaproposal for the combination of morphological and molecular data is
illustrated in FigureB. The first step is a selection on morphologic@aracteristics
which leads to the following

- if the GAIA distance is higher than 6, the varieties are considered-super
distinct and do not need to be put in the field
- if the GAIA distance is smaller than 2, the varieties are put in the field;
- if the GAIA distance is between 2 and 6, then the molecular distance
between the varieties ised:
- if the molecular distance is higher than a defined threshold (for
example 0.2 in Figur8), the varieties are considered distinct and do
not need to beyt in the field;
- if the molecular distance is below the defined threshold, then the
varieties have to be studied in the field.

GAIA
A
Super Distinct
varieties
6
5 T . . . .
Distinct varieties
4 4+ Toputin on the basis of
the field Morpho 2 + Dice 0.2
3+
Threshold for o -———-————-
morphological data '
1T To putin the field
]
l 1 l l [

T T T T L

01 (02 03 04 Dice

Threshold for molecular distances

FIGURE 8: A summary of the GEVES proposal for the selection of
the variety pairs to be compared m the field by using molecular data
combined with morphological characteristics.
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