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Assignment Tests for Variety Identification
Compared to Genetic Similarity-Based Methods
Using Experimental Datasets from Different
Marker Systems in Sugar Beet

J. De Riek,* I. Everaert, D. Esselink, E. Calsyn, M. J. M. Smulders, and B. Vosman

ABSTRACT

High genetic variation within sugar beet (Beta
vulgaris L.) varieties hampers reliable classifi-
cation procedures independent of the type of
marker technique applied. Datasets on ampli-
fied fragment length polymorphisms, sequence
tagged microsatellite sites, and cleaved ampli-
fied polymorphic sites markers in eight sugar
beet varieties were subjected to supervised
classifiers, methods in which individual assign-
ments are made to predefined classes, and
unsupervised classifiers, defined afterward on
the similarity in marker composition from sam-
pled individuals. Major issues addressed are (i)
which classification method gives the most con-
sistent results when three marker techniques are
compared, and (i) given different classification
techniques available, for which marker tech-
nique is the output generated least constrained
by the way data analysis is performed. Assign-
ment tests showed a higher consistency across
classifications independent from the marker
technique. A good allocation to the proper vari-
ety was obtained, together with a reliable allo-
cation pattern among the other varieties. Both
aspects deal with the variation within a variety
and the distance to other varieties. Assignment
data were transformed into an average similarity
measure, similarity by assignment (Saxyy), which
is a new genetic distance measure with interest-
ing properties.

J. De Riek, L. Everaert, and E. Calsyn, ILVO-Institute for Agricultural and
Fisheries Research, Plant Science Unit, Caritasstraat 21, 9090 Melle, Bel-
gium. D. Esselink, M.J.M. Smulders, and B. Vosman, Plant Research Inter-
national, P.O. Box 16, 6700 AA Wageningen, the Netherlands. Received 2
May 2006. *Corresponding author (jan.deriek@ilvo.vlaanderen.be).

Abbreviations: AFLP, amplified fragment length polymorphism;
CAPS, cleaved amplified polymorphic site; D,
D, Nei genetic distance; PCR, polymerase chain reaction; S, Jac-
card similarity coefficient; S

Euclidean distance;

o Simple matching similarity coefficient;

STMS, sequenced tagged microsatellite site.

THE GENETIC CHARACTERIZATION by means of molecular markers
offers an appealing approach to variety registration and protec-
tion. Molecular markers can provide a fast and reliable identification
tool applicable during all stages of seed production, trading, and agri-
cultural production and processing. These properties converge with
the demand of the seed companies for better protection of hybrids
and inbred lines. For many crops, the number of informative mor-
phological characteristics is limited. The high variation within vari-
eties hampers fingerprinting molecular markers and the construction
of reference databases containing molecular profiles.

Different types of biochemical and molecular markers have
been developed and used in sugar beet (Beta vulgaris L.). Biochemi-
cal markers (i.e., isozymes or protein patterns) are laborious (Jung et
al., 1993) and have a low degree of polymorphisms (Schneider et al.,
1999). On the other hand, random amplified polymorphic DNA is
insufficiently reproducible across years and laboratories (Barzen et
al.,, 1995; Jones et al., 1997). In sugar beet, amplified fragment length
polymorphisms (AFLPs) (Barnes et al.,, 1996; Barzen et al., 1995;
Pillen et al., 1992; Schondelmaier et al., 1996; Schumacher et al.,
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1997) and microsatellites (Rae et al., 2000) have been used
for mapping and fingerprinting. Cleaved amplified polymor-
phic site (CAPS) markers have also been identified (Paran
and Michelmore, 1993). Sequenced tagged microsatellite site
(STMS) markers have been developed for sugar beet (Rae et
al., 2000). Microsatellite markers were shown to be effective
in variety identification (Esselink et al., 2003; Bredemetjer et
al., 2002; Roder et al., 2002).

We analyzed three different marker datasets (AFLP,
STMS, and CAPS). Two types of data analysis were com-
pared: supervised classifiers and unsupervised classifiers.
Supervised classifiers represent a group of methods in which
individual assignments are made to predefined classes. Unsu-
pervised classification classes are defined a posteriori based on
the degree of difference or similarity in marker composition
from sampled individuals (Guinand et al., 2002). Two major
issues are addressed in this study. First, classification methods
were evaluated for using the three marker techniques. Sec-
ond, given the different classification techniques available,
marker techniques were compared to find out which one
yields the most reliable or the least constrained summarizing
output, independent from the way data analysis was being
performed. Finally, we discuss the potential of assignment
tests for the identification or evaluation of varieties.

MATERIALS AND METHODS

Plant Material, DNA Isolation,

and Marker Analysis

Eight sugar beet varieties were included in the present study;
six were triploid varieties, two diploid: Ariana (KWS Saat AG,
Einbeck, Germany), Aurelia (KWS), Fortis (2n = 2x; Hilleshog,
Syngenta Seeds, Landskorna, Sweden), Princesse (Delitzsch Plan-
zenzucht, Winsen, Germany), Sylvester (Vanderhave, Advanta,
Rilland, the Netherlands), H66377 (Vanderhave), KWS8123 (2n
=2x; KWS), and MK9907 (Kithn & Co. International B.V., Ber-
gen op Zoom, the Netherlands). Seeds were obtained from the
Belgian sugar beet research institute KBIVB-Tienen that is also
responsible for variety testing. Thirty individual plants per vari-
ety were analyzed. DNA isolation and AFLP (Vos et al., 1995)
analysis were described in De Riek et al. (2001) using the com-
mercially available AFLP kit from PerkinElmer

each primer, 100 pmol L™" of each ANTP, 10 mmol L' Tris-HCI
pH 9.0, 20 mmol L™ (NH,),SO,, 0.01% Tween 20, 1.5 mmol L™
MgCl,, and 0.3 U Goldstar Tag DNA polymerase. Amplifications
were performed using a PerkinElmer 9600; polymerase chain reac-
tion (PCR) conditions were 94°C for 3 min followed by 30 cycles
of 94°C for 30 s, at the calculated annealing temperature for 30 s,
72°C for 60 s, and a final extension at 72°C for 3 min. According
to corresponding reaction conditions different multiplex sets were
composed, each containing three microsatellite loci labeled with
different fluorescent dyes (FAM, HEX, NED).

Amplified fragment length polymorphism and STMS frag-
ments were separated by polyacrylamide gel electrophoresis on
an ABI Prism 377 DNA Sequencer (Applied Biosystems, Foster
City, CA) on 36-cm gels using 4.25% denaturing polyacrylamide
(4.25% acrylamide/bisacrylamide 19:1, 6 mol L™ urea in 1X TBE).
GS-500 ROX-labeled size standard (PerkinElmer) was loaded
in each lane to facilitate the automatic analysis of the gel and the
sizing of the fragments. Genescan 2.1 (Applied Biosystems) was
used to estimate detection time, signal peak height, and surface for
each fragment. Amplified fragment length polymorphism scoring
was conducted as described by De Riek et al. (2001). For STMS
analysis, only a selected set was used; null alleles were ignored, and
alleles whose frequency was below 1% were excluded.

Cleaved amplified polymorphic site markers were selected
from a list of codominant markers developed for sugar beet by
Schneider et al. (1999; Table 1). Polymerase chain reaction condi-
tions were as specified by Schneider et al. (1999). The fragments
were separated on a 2% Tris-borate-EDTA—-buffered agarose gel
after electrophoresis (4 h, 80 V). A scoring table (1/0) was gener-
ated by visual scoring after ethidium bromide staining and UV
lighting of the gel. According to a GeneRuler 100bp Plus and a
GeneRuler 50bp ladder (Fermentas International Inc., Burling-
ton, ON) fragment size was estimated. For all markers, CAPS
alleles were scored as present or absent.

Statistical Analyses

The Jaccard (S}, and simple matching similarity (S,,) coef-
ficients between two genotypes, the Euclidean distance (D
and the Nei distance (D)
bootstrapping procedures were as in De Riek et al. (2001). A

i Eucl)
between two populations, and

“dominant” scoring was used for all marker techniques, that is,
presence of marker bands (marker frequencies) instead of allelic
composition (allelic frequencies).

Life and Analytical Sciences, Inc. (Waltham, Table 1. Gene localization and restriction enzyme used for the cleaved amplified
MA) for fluorescent fragment detection. EcoR1 polymorphic site (CAPS) primer sets taken from Schneider et al. (1999).

and Msel were used for DNA digestion. Three Restriction o

primer combinations with six selective bases Code Name enzyme Localization
were applied: EcoRI-ACA and Msel-CTG; pr2 Rubisco, small subunit Rsal Calvin cycle
EcoRI-ACT and Msel-CAT; and EcoRI-AGG pr3 Triosephosphate isomerase Taql Calvin cycle

and Msel-CTT (De Riek et al., 2001).
Microsatellites were isolated from enriched

prd ADPG-pyrophosphorylase, large subunit Taql

Metabolism of transient starch

) o ) . prb Granule bound starch synthase Taql Metabolism of transient starch
small-insert genomic libraries (Esselink, unpub-
. pré Glucose-6-P/phosphate translocator /1l Msel Transport processes
lished data, 2000); 12 STMS markers were used:
pr7 Sucrose/proton symporter Msel Transport processes

Bvv 15, Bvv 17, Bvv 21, Bvv 23, Bvv 30, Bvv 32,

Bvv 43. Bvv 51. Bvv 53. Bvv 60. Bvv 61. and Bvv pr8 Vacuolar pyrophosphatase 2 Taql Transport processes
64. Sequenced tagged microsatellite site primers pro Adenylate transporter Taql Transport processes
were ampliﬁed in a 20-pL reaction volume con- prii Pyruvate dehydrogenase, subunit A Taql Oxidative decarboxylation
taining 20 ng of genomic DNA, 2 to 10 pmol of pri3 Aspartate aminotransferase Taql Nitrogen metabolism
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Table 2. Key figures of the three molecular methods used.

Total dataset

On average per single variety

Method® No. No. scored Averaged per locus Averaged per locus
loci bands No. scored bands  No. allelic phenotypes  No. scored bands  No. allelic phenotypes
AFLP 405 405 1 2 1 2
Microsatellites 12 53 442 + 1.62 14.6 + 8.3 3.08 + 1.25 5.33 +2.83
CAPS 10 57 5.70 + 2.98 14.2 + 101 5.56 + 2.02 10.00 + 3.81

TAFLP, amplified fragment length polymorphism; CAPS, cleaved amplified polymorphic site.

Analysis of molecular variance (AMOVA) was applied
(Schneider et al., 2000) to the Euclidean distance matrix
between individual genotypes to partition genetic variation
among ploidy level and varieties. The assignment based on the
highest probability of an individual’s genotype in any of the
populations was calculated using the “Doh” software (http://
www2.biology.ualberta.ca/jbrzusto/ verified 7 August 2007)
starting from the 0/1 data as described by Paetkau et al. (1995,
1997). This includes the calculation of a matrix of distances (d)
between each pair of populations, calculated as

d,, = (AW + Ay,x) p) 1]
based on the nonsymmetric matrix A defined by
A y = 1/”9( le loglo (Prx gi/Pry gl) [2]

where x, y are populations, n_is the size of population x, g, is

the genotype of individual i, and Pr_is the genotype probability
calculated in population x. A is a measure of how much more
likely genotypes of individuals sampled in population x are in
population x than in population y. A is not symmetric.

For the assignment tests based on the pairwise similarity
matrix (De Riek et al., 2001), first a ranking of the 30 most
similar partners was made per individual plant. For this, a (240
by 240) similarity matrix was constructed, using S _or S, . Sec-
ond, per individual plant, the origin variety for each of the, for
example, 10 individual genotypes that show the highest similar-
ity was recorded (we used the 3, 10, or 30 most highly ranking
partners). The partitioning of the origin of these highly ranking
partners over all varieties in the dataset is then displayed in an
assignment table for each variety under analysis, grouping the
assignments of all individuals of the variety under analysis. In an
identical way as described by Paetkau et al. (1997) for the deriva-
tion of dw from A
ment table was converted into a symmetric similarity measure,

(and shown above) this asymmetric assign-

similarity by assignment (Sa_ ), by making it a relative value and
simply averaging the a551gnn1ent values of Vass _ and Vass

Mantel analysis (Mantel, 1967; Mantel Nonparametrlc Test
Calculator for Windows, Version 2.00, 1999, by Adam Lied-
loff) computed standardized Mantel’s statistics between two
similarity matrices. The significance of the statistic was evalu-
ated by permutations (1000X) and expressed as a probability
(Smouse et al., 1986).

RESULTS AND DISCUSSION

Characteristics of the Experimental Data Sets

In total, 405 AFLP, 12 STMS, and 10 CAPS markers were
selected for genotyping this set of varieties. For all marker
techniques, the presence or absence of (allelic) bands in

the individual plants were scored. For the STMS markers,
in total 53 different alleles with a allelic band frequency
above 0.01 were scored; for 48 of these the allelic band
frequency was above 0.05. Ten CAPS markers taken from
Schneider et al. (1999) gave, in total, 57 bands.

In Table 2 some key figures differentiating the power of
the three molecular markers used are listed. For comparison
of the two codominant techniques, the average numbers of
bands per locus for the total dataset or on average per single
variety are listed. Power of discrimination between individ-
ual plants can also be evaluated by the number of unique
allelic phenotypes (Becher et al., 2000; Esselink et al., 2003),
representing a unique combination of alleles for a particular
codominant marker in a given genotype. This approach was
introduced to circumvent the problem of determining the
actual genotype in a polyploid species if one cannot exactly
determine whether a specific allele is present in two or three
copies (Esselink et al.,, 2004, Nybom et al., 2004). These
descriptive statistics (Table 2) make clear that the large num-
ber of AFLP markers outcompete the codominant marker
datasets in characteristics related to the amount of data
points. The datasets for STMS and CAPS are comparable
for most statistics, including the number of allelic phenotypes
that they can distinguish within the total dataset. However,
STMS tend to detect fewer allelic phenotypes within one
variety, which suggest that this particular dataset may be
superior in revealing differences between varieties.

Unsupervised Classification based on
Differences in Similarity and Clustering
Genetic Distances between Individual Plants

For the separate marker datasets, individual pairwise simi-
larity matrices (240 by 240) were constructed using S,

and S, and the binary D__; here on, Mantel’s tests Were
applied to evaluate the concordance of the genetic rela-
tionships revealed by each of the marker techniques. The
Mantel correlation coefficient rranged from —0.007 for the
comparison AFLP and CAPS to 0.14 for the comparisons
CAPS to STMS and AFLP to STMS (P < 0.02). These
values indicated a rather poor correspondence between
the data structure of the three matrices at the individual
plant level. However, when comparing varieties, the direct
relationships between the individual genotypes present
within varieties is not the only concern but merely the
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overall view on the group of genotypes making a vari-  STMS data were much higher (Table 4 above diagonal)
ety. Therefore, we took the analysis to that level. Table = making them a less precise estimate.
3 gives the average Spec and Sy taken over all pairwise
comparisons between two accessions for
each marker technique. Values closer to Table 3. The average similarity taken over all pairwise comparisons between
1 indicate higher similarity. Across all plants of two accessions for amplified fragment length polymorphism (AFLP),
pairwise comparisons between plants t?leav_ed amplified polymorphic site (_CAPS), and sequenced tagg_ed micro_satel-
L. . lite site (STMS) markers (below the diagonal Jaccard; above the diagonal Simple
within a variety, KWS8123 had the ; - ; S -
: ) ST Matching coefficients). On the diagonal the average similarity for all pairwise com-
highest internal average similarity inde- parisons internal to each variety is given for both coefficients.

pendently of the similarity measure or - - - -
. Ariana Aurelia Fortis H66377 KWS8123 MK9907 Princesse Sylvester
the marker dataset. The variety show-

) . o AFLP

ing the lowest internal average similar- 07077

ity did depend on the dataset: for AFLP, Ariana 015406 0.7090 0.6765 0.6793 0.6895 0.6804 0.6968 0.6783

Ariana, MK9907, and SylVCStCI” e Aureli 0.5399 0.7301 0.6959 0.6962 0.7001 0.6945 0.7090 0.6958

among the lowest; for CAPS, Fortis and "' ' 0.5647 ‘ ' ‘ ' '

MK9907; and for STMS, Sylvester, Ari- gois 04992 05213 272/" 06832 06799 06754 06871 06867
: : 0.5521

ana, and Princesse. When the internal

average similarity of a certain variety H66377 05204 05306 05222 (ferc 06931 06933 0.6992 06959

was compared to the average similarities 0.7418

between this particular Variety and the KWS8123 0.5258 0.5372 0.5105 0.5430 0.5960 0.6894 0.6993 0.6865

rest, the internal average similarity was 0007 05088 05248 05006 05304 05263 07988 oeg03 o621

always higher indicating that, with no 05468

exception, plants belonging to a partic- Princesse 05306 0.5439 0.5159 05479 05410  0.5251 g‘ggg‘i 0.6942
ular variety are always on average more ' 0.7040
similar to themselves than to another SyVester 05085 05282 05145 05435 05251 05156 08317 o o0
variety. This indicates that all datasets at CAPS
least partly reveal the genetic structure Ariana 0.7438 07386 0.7204 0.6952 07349  0.6940 07335  0.7125
of the varieties. 0.6751
. 0.7654 0.7166 07063 07476 ~ 0.6978 07478  0.7404
Aurelia 0.6712 0.7015

Classification based on | 0.7412 06656 07265  0.6941 07172 0.7131
Ordinations from Marker Fortis 06449 06425 oo ' ' ' '
Frequency Data

q Yy He6377 06337 06467 085990 07447 06896 06780 07001  0.6929
In Table 4 the standard D between 0.6930

pairs of varieties and its standard errors kwssi23 06529 0.6687 06384 06isg 08188 06791 0.7381 0.7162
. . ' ' ' ' 0.7402
are given. Using the AFLP dataset the
0.7100 0.6870 0.6962
standard D range from 0.02 to 0.08; MKS907 06279 06338 06219 06227 06002 Lio
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using the CAPS dataset, from 0.02 to 0.7625  0.7281
0.13; and using the STMS dataset, from T7N°esse 06720 06888 06513 06482 06672 06310 700
0.4 to 0.22. The range as obtained with gyesier 06504 06803 06456 06397 06413 06387 06749 7951
this AFLP dataset is somewhat higher 0.6940
than reported before (De Riek et al., STMS
2001) using the same AFLP primer Ariana 847;2; 0.7541 0.6968 0.6701  0.7424  0.6363  0.7148  0.6799
combinations. However, in the previous . 0.8071
study, 90 individual plants taken from AUeid 04568 (g, 07443 07005 07835 06928 07310 07075
three seed production years were ana- goyo og431 osess 089 07301 ozsi0 07097 07134 07225
lyzed, which makes the potential varia- 0.4928
tion within a variety larger (and hence H66377  0.3544 0.3779 0.4109 g:zggi 0.7220  0.7003  0.6825  0.7014
the distances between varieties lower). 0.8726

The range of D__ indicate that the KWS8123 03844 04317 03983 03538 (70, 07346 07336 07028
discriminatory capacity was lowest for -\ o057 00070 3517 08515 03877 0sset 079 oesaz 06873
the AFLP dataset, despite its including 0.5305
the highest number of data points, and Princesse 04150 04202 0.3696 03724 03690  0.3272 S'Z%é 0.6789
increased for CAPS and STMS. How- ' 0.7433
ever, standard errors for CAPS and Sylvester 03630 03820 03818 03965 03194 03653 03458 ') 0
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Table 4. The standard Nei genetic distance (x 10-2) between pairs of varieties (below
the diagonal) and its standard errors (above the diagonal) for the three marker tech-

niques used.’

applied a genetic structure design on
Euclidean distances between individ-

Ariana Aurelia Fortis

H66377 KWS8123 MK9907 Princesse Sylvester

ual plant genotypes, with allocation of

the variation to the ploidy level (diploid

AFLP versus triploid varieties), and within
Ariana 0.28 0.64 0.54 0.71 0.61 0.48 0.53 . ..
ploidy level, to varieties. For the three
Aurelia 1.56 0.53 0.40 0.69 0.51 0.52 0.41 .

. marker datasets used, the major part
Fortis 5.54 4.71 0.62 0.81 0.70 0.65 0.63 of the variation could be attributed
He6377 509 360 608 0.75 0.46 0.67 0.40 o .y -

to variation within varieties rang-
KWS8123  6.88 6.55 7.55 7.49 0.83 0.80 0.67 ing from almost 95% for the AFLP to
MKogor - s.9r 472 6.9 3.9 s 0.8 0.44 84% for the STMS datasets (Table 5).
Princesse  4.18 4.55 4.59 6.62 7.31 7.05 0.57 <

Only a small part of the variation was
Sylvester 4.64 3.81 517 3.21 6.88 3.42 4.40 . .

accounted for by ploidy differences.

CAPS Neither molecular method

Ariana 0.68 1.22 1.7 2.01 1.38 1.04 1.45 . . . . .

was very diagnostic in differenti-
Aurelia 2.22 1.30 216 1.59 1.69 0.74 0.86 . L .

. ating between varieties with the
Fortis 2.96 4.97 3.04 2.42 1.37 1.61 1.52 STMS method having the highest
He6377 6.93 6.67 109 8.62 1.73 240 2.2 differentiation values of 14%. The F-
KWSB123  5.87 5.66 102 1252 8:21 199 214 statistic indices F_ (partitioning of all
MK9907 4.62 5.64 4,50 6.92 11.81 1.65 1.34 - et .

variation), F_ (variation within each
Princesse 2.63 2.22 4,58 7.35 6.49 6.81 1.34 . 5 L

ploidy level), and F_ (variation due to
Sylester 463 217 481 785 8.92 460 8.7 the ploidy difference alone) reflect the

STMS above observations. F_ and F esti-

Ariana 1.39 3.17 3.48 2.76 5.27 1.78 2.39 S ¢

mates were always significant (1023
Aurelia 413 2.73 2.89 3.00 4.05 2.00 2.54 .

permutations) for the three data sets
Fortis 11.91 8.78 2.60 2.55 3.96 2.63 1.72 . .

used, while F_ = estimates were not
HB66377 14.00 12.21 6.94 3.47 3.01 2.81 1.86 signiﬁcant. Fst was highest for the
KWS8123 10.42 8.42 6.67 12.91 4.30 2.35 2.88 STMS (015) and lowest for the AFLP
MKQ907 21.64 14.77 14.92 11.53 14.07 4.30 3.17 dataset (0056) The population pair—
Princesse  6.41 7.07 7.88 10.83 8.91 17.49 2.26 . .- .

wise F-statistics matrices revealed a
Sylvester  10.36 9.49 7.06 7.29 11.85 13.19 9.90

comparable data structure as the use

TAFLP, amplified fragment length polymorphism; CAPS, cleaved amplified polymorphic site; STMS, sequenced

tagged microsatellite site.

Clustering and bootstrapping were used to compare
groupings by the three marker techniques (i.e., AFLP,
STMS, and CAPS), employing Nei’s pairwise distances (Fig.
1). Dendrograms were constructed with the UPGM A-algo-
rithm. Regardless the marker data set used, Ariana, Aurelia,
and Princesse clustered together at the highest similarity level.
With the CAPS dataset, Sylvester is also attributed to this
cluster. However, AFLP and STMS bootstrap values restrict
the cluster to Ariane and Aurelia. Clustering of MK9907,
Sylvester, and H66377 with the AFLP data set was not sup-
ported by the other datasets.

Supervised Classification

Techniques Using AMOVA and

Assignment Tests

Analysis of Molecular Variance

The AMOVA procedure (Excoffier et al., 1992) pro-
vides a general framework for the analysis of popula-
tion genetic structure based on any distance matrix. We

of the standard Nei distance (data
not shown).

Assignment based on the Highest

Probability of an Individual’s Genotype

in Any of the Populations

The method described by Paetkau et al. (1995, 1997)
starts with the calculation of the probability of the
assignment (assignment index) of each individual
plant to each variety (data not shown). Assignment
tests typically generate asymmetric matrices, showing
the number of plants attributed to a certain variety
based on this index. For the three marker datasets,
plants were in general classified to their original vari-
ety (Table 6). The highest assignments were obtained
with the STMS dataset. Correlation between assign-
ments based on the different marker datasets was >0.95,
significant at P = 0.001. The method also generates a
derived distance measure d__ (Table 6); distances here
are to be understood as the ratios of the probability
that an individual plant belongs to the original vari-
ety compared to the other variety on a logarithmic
scale. Only a poor agreement was obtained between
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Ariana P — 8 o L 1 AFLP

Aurelia 46

Princesse 41
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Figure 1. Dendrograms from the standard Nei genetic distances for amplified fragment length polymorphism (AFLP), cleaved amplified
polymorphic site (CAPS), and sequenced tagged microsatellite site (STMS) based ordinations (UPGMA-clustering). Bootstrap values are
indicated at the nodes.
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d matrlces based on the different markers by Mantel Assignment based on the Pairwise

testlng, indicating that apart from the apparently dif-  Similarity Data for Individual Plants

ferent levels of the matrix d_, also the data structure  Estimates of within variety genetic variation were also

of the matrices derived from the three marker datasets directly assessed from the pairwise similarity data for

was different (Tables 6 and 8). individual plants using See and S, (Table 7). Compared
to the method by Paetkau et al. (1995), this assignment
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Table 5. AMOVA table showing the distribution of the molecu-
lar variance according to groups (ploidy level) and popula-
tions with indication of derived fixation indices.t

Source of Sum of Variance  Percentage of
variation squares components variation
AFLP
Among groups 1 9.751 0.01714 0.52
@mg%ﬁ%‘gmns 6 49247 016903 5.0
Within populations 232 727.764 3.13691** 94.40
Total 239 786.762 3.32309
Fixation indices
F..: 0.05113"
F.;: 0.05602***
F..: 0.00516
CAPS
Among groups 1 9.936 0.04114 2.00
@mg%ﬁ%‘!a'ons 6  37.398  0.14549** 7.08
Within populations 232  433.459 1.86836*** 90.92
Total 239 480.792 2.05498
Fixation indices
Fo.: 0.07224
F.;: 0.09082"*
Fy: 0.02002
STMS
Among groups 1 12.822 0.03231 1.65
@mg%ﬁ%‘!a'ons 6 59484  0.27537** 14.05
Within populations 232  383.445 1.65278*** 84.31
Total 239  455.751 1.96047

Fixation indices
Fgo: 014282
Fg: 0.156695**
Fop 0.01648

***Significant (P < 0.001) at 1023 permutations.

TAFLP, amplified fragment length polymorphism; CAPS, cleaved amplified polymor-
phic site; STMS, sequenced tagged microsatellite site.

method produces much more dispersion across different
varieties. Marker datasets markedly differed in this respect.
Similarities based on the AFLP dataset yielded the highest
allocation among varieties, CAPS-based similarities were
less dispersed. Sequence tagged microsatellite site-based
similarities were clearly more distinguishing. This can be
evaluated as the number of plants that were traced back
to the proper variety. Here, the assignment based on the
STMS dataset is much more variety specific indicating
that here profiles of varieties are more typical.

We propose that the allocation pattern among varieties
of a single variety can be used as a measure for the variety
differentiation, particularly as the allocation pattern among
varieties was found to be relatively independent of the marker
dataset used. For instance, Ariana and Aurelia at one side and
KWS8123 at the other can be taken as examples of variet-
ies that are very easily distinguishable from each other and

from the remaining varieties in the datasets, although they
clearly refer to a common gene pool. This can be seen from
the (low) degree with which KWS8123 plants are allocated
to Ariana and Aurelia. In addition, Princesse refers to this
same breeding pool but to a lesser extent. The same can be
observed for Sylvester, H66377, and MK9907.

For these assignments too, the correlation between
assignments based on the different marker datasets was
high (r > 0.88, significant at 0.001).

To better reveal the information content, Table 7 was
turned into a symmetric similarity measure (Saw) by mak-
ing it a relative value and simply averaging as introduced
for d-w in Doh (see Materials and Methods). As such, Sa
can be compared to Table 3 as it also reports on variation
within and between varieties in one format. In contrast
to the similarity values in Table 3, the Sa_ results have
much more internal structure to reveal differences within
and between varieties. Note that Sa_ is a relative mea-
sure as it is influenced by the number of plants analyzed
in each accession (here, equal numbers were taken) and,
more important, by the overall composition of the set of
varieties taken into the analysis.

Comparison of Approaches Used
Summarizing output has been generated for the three marker
datasets under the form of different resemblance measures:
® the average Jaccard and simple matching similarity
taken over all pairwise comparisons between plants
of two accessions (Table 3)
® the standard Nei genetic distances (Table 4) and
Euclidean distances between pairs of varieties based
on the marker frequencies within each variety
® AMOVA generated population pairwise F-statistics
matrices (data not shown) from the Euclidean dis-
tance matrix between all individuals
® the distance matrix d_ (Table 6) from the assign-
ment test by Paetkau et al. (1995)
* the newly defined similarity by assignment, Sa__
(Table 7)

Two major issues need to be addressed: (i) Which
classification method gives the most consistent results
when the three marker datasets are compared, and (i1)
which marker technique yields the most reliable or least
constrained summarizing output? To test the concordance
between the different summarizing matrices Mantel’s tests
were made (Tables 8 and 9). Table 8 describes the compar-
ison of marker techniques for the different summarizing
methods. The Mantel’s statistic then indicates if, given a
summarizing technique, the data structure revealed by the
measure is consistent between marker techniques. This
can most easily be judged from the correlation coefficients
r and the corresponding probabilities P. The use of the
average Jaccard similarity or standard Nei genetic distance
generally yields a weakly correlated summarizing output.
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Table 6. Assignment of individual genotypes per variety and derived distance mea-

E ially, th lation bet AFLP
specrally, the correlation between sure dx,y’ based on the assignment indices according to Paetkau et al. (1995).f

and CAPS is low when the average Jac-
card similarity is applied. Significances

Assignment based on the highest probability of an individual’s genotype

are low, as can be seen from the P values To ) ) ) )
o Ariana Aurelia Fortis Princesse Sylvester H66377 KWS8123 MK9907
that are seldom below the 1% level. In
th the S d lati From AFLP
contrast, with the Sa_ a good correlation . o 8 7 0 3 " 0 0 0
between summarizing output generated agelia 3 o5 0 1 0 0 0 1
from the different marker techniques was  Fortis 1 1 27 0 0 0 0 0
obtained: r was always above 0.80 and, Princesse 1 3 0 26 0 0 0 0
: more importantly, P is within the 1% Sylvester 0 4 0 1 21 3 0 1
gl .
g level (or close to 1% for the comparison E\?\?SSE;ZZS 8 ; 8 8 8 2(7) 22 (2)
@ CAPS to STMS). . , MK9907 0 2 0 0 1 0 0 o7
o In addition to the issue raised above, CAPS
@ S .
£ which is releva}n'.c when data from differ- pjgng 13 7 1 5 0 1 0 3
2 ent marker origins are to be compared, Aurelia 3 14 2 3 6 1 0 1
§ it is essential to find out which marker Fortis 3 1 17 1 3 0 1 4
o technique is the least constrained by Princesse 5 1 0 15 6 0 2 1
< different final data analysis. This can Eélg(;t?r 8 5 g g 28 2; 8 ;
(U. . . .
8 be d.etermlned from Table 9, in which KWSB123 0 5 0 | ; 0 o6 0
9] matrices are compared for the three ;907 5 5 3 0 3 3 0 17
<E( molecular methods. In general, the cor- STMS
5 relations for the different methods are Ariana 24 5 0 0 0 0 1 0
%” high within a marker technique (Table Aurelia 1 27 0 0 0 0 1 1
g 9). For the summarizing output gener- Fortis 0 1 27 1 1 0 0 0
D ated from the three listed methods for anncefse (1) 8 ; 2(7) 22 8 (1) 8
o) .. ylvester
3] -
£ CAPS and STMS dat.asets, the signifi HE6377 ] 0 ] 0 ] o6 0 ]
2 cances gf Fhe correlations as seen from \yggio3 o 0 0 0 0 0 30 0
(g_ P are within the 1% level. For the AFLP pkg907 0 0 0 0 0 0 0 30
o dataset, there seems to be a less correlated Derived distance measure d,
(i output when the standard Nei genetic =~ From AFLP
= distance is being applied. Ariana 0
5 Aurelia 4.88 0
= Fortis 18.34 16.22 0
@
o CONCLUSIONS Princesse 13.36 15.66 16.42 0
g In this paper, we evaluated a number of g \eqier 1555 1326 1844 16,01 0
. statistical analyses to identify and char- Hgg377  16.89 1220 2092 2314 11.07 0
= acterize sugar beet varieties. As stated KWS8123 26.28 2506 2916  28.39 27.47 28.66 0
% before by Manel et al. (2005) in an evalu- MK9907 1998 16.07 23.76 24.68 11.87 1115 28.01 0
(g_ ation of different assignment methods to CAPS
e match different biological questions, it is 122 0
2 rrently, from a theoretical background, 2" 140
£ curtently, irom a theoretical background, - . e 144 244 0
£ often not possible to say with certainty picesse 085 098  2.01 0
g which of the statistical methods perform gyvester 225 106 206 161 0
e best and under which conditions. This H66377 331 383 526 3.53 3.93 0
8 strengthens the importance of the pres- KWS8123 357 3.57  4.42 3.67 5.04 6.82 0
% ent Comparative analyses. MK9907 1.91 2.57 1.99 2.76 2.08 3.1 6.51 0
o A first type of analysis techniques STMS
mainly focuses on the differences between 22 0
. Y . S Aurelia 225 0
varieties and largely ignores the within- . 689 519 0
variety variation. A commonly used princesse 3.97 471 582 0
method is the use of marker frequency data. Sylvester 574 529  4.24 5.91 0
From Table 4 it can be seen that genetic H66377 694 654 375 6.43 3.89 0
distances between varieties exist; depend- KWS8123 594 425 4.89 6.49 8.48 755 0
MK9907 11.06 8.02 6.94 8.93 6.10 5.74 7.90 0

ing on the specific marker dataset, they are
more or less significant when compared to

TAFLP, amplified fragment length polymorphism; CAPS, cleaved amplified polymorphic site; STMS, sequenced
tagged microsatellite site.
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Table 7. Assignment of individual genotypes per variety and derived similarity by
assignment values (Sa, ) based on the pairwise Jaccard similarity data (top 10
most similar assigned plants for each plant).t

the standard errors on them. However,
the Mantel’s analyses (Table 8), indi-
cate rather low correlation coefficients
between distance matrices.

Assighment based on the pairwise Jaccard similarity data

To i 1
Ariana Aurelia Fortis H66377 KWS8123 MK9907 Princesse Sylvester When data reduction techniques,
From AFLP such as bidimensional scaling and clus-
Ariana 76 69 16 23 40 17 41 16 tering, are used, an acceptable level of
Aurelia 43 114 17 27 34 15 30 20 significance was reached for only a lim-
Fortis 1 39 148 27 26 12 22 15 ited group of clusters: two clusters in the
3 E\?\/GSBEZZS ;? Zg lj 122 128 i’g g; 2‘2 case of AFLP data and one cluster with
g VK990~ 1’ o7 o5 o1 o3 17 20 6 the STMS data set (Fig. 1). Talgng into
N Princesse 20 34 9 30 o4 19 150 10 account that this study only included
N Sylvester 13 39 20 62 23 o8 32 31 eight varieties as an input for clustering,
2 CAPS but fingerprinted 30 plants per variety,
I=)  Ariana 62 56 38 21 30 21 43 19 the results confirmed across the three
Ry Aurelia 45 88 16 15 37 14 46 39 marker techniques using this approach
8 Fortis 33 37 101 5 31 32 31 30 are rather poor.
= H66377 30 26 5 145 15 26 30 23 X L
Bl Kwsst23 14 24 24 1 195 1 24 7 AMOVA  quantified the within
SN MK9907 26 29 34 46 12 o) o5 36 populations variation as ranging from
Il Princesse 20 48 25 13 23 14 105 33 84% for STMS to 92% for AFLP mark-
<E( Sylvester 21 63 24 18 13 26 58 77 ers. However, the population pairwise
5 N e 5 5 m STMS = > F-statistics matrices generated by the
E AB?(:IZ 62 149 0 i 08 4 1 9 AMOVA routine .in Arlequin did not
<f Fortis 3 27 195 24 16 1 14 20 outperform the simple D or D,
(g HB6377 4 1 o8 194 8 15 13 o7 calculated from the direct marker fre-
<8 Kwssi123 4 9 6 1 275 2 2 1 quency data.
b MKo907 1 6 19 8 255 2 9 A final set of analyses was based on
Q) Princesse 45 82 18 10 16 4 161 14 assignment tests offering the advantage
§ Sylvester 12 1 28 Simﬁgrity by aggignment ;im 15 170 of making use of.the multilocus geno-
- From AFLP type of each individual. 'The met_hod
ﬁ Ariana 0.253 of Paetkau et al. (1995) yielded assign-
o8 Aurelia 0.187  0.380 ments that were too unambiguous
% Fortis 0045 0.093 0493 (Table 6). The correlation between
B E\(/S\?SZ;S g?gg 8%2 8823 gggg 0563 the various marker techniques was
. ' ' ' : ' high (r > 0.95) but, unfortunately, in
bS] MK9907 0.0562 0.070 0.057 0.135 0.058 0.390 . . . .
Sl Princesse 0105 0107 0052 0115 0077 0082  0.500 its derived output much of this equiva-
gl Sylester 0048 0098 0062 0145 0.052 0.073 0.070 0270  lence disappeared as both the level and
a CAPS ranges of the derived distance d_ were
8 Ariana 0.214 inconsistent, shown by low Mantel’s
c Aurelia 0.172 0.293 statistics (Tables 6 and 8).
£ Fortis 0121 0088 0.337 An alternative assignment test based
AR
EN Mkoo7 0080 0072 0110 0120 0022 08307 vidual plants, as introduced by De Riek et
ell Princesse 0124 0159 0095 0.072 0.080 0.066 0.362 al. (2001) for AFLP data, yielded assign-
58 Sylvester  0.068 0170 0.090 0.068 0.033 0103 0.154 0.257 ments with a more dispersed allocation
& STMS pattern among varieties than the method
Ariana 0.457 by Paetkau et al. (1995) also showing a
ﬁs:ﬁga (())gfg gg% 0.650 higher consistency across the marker
HE6377  0.023 0038 0087 0.647 techniques used (Tables 7 and 8). A good
KWS8123 0030 0062 0037 0.015 0.917 allocation to the proper variety was
MK9907  0.000 0.008 0.012 0.057 0.017 0.850 obtained, together with a reliable alloca-
Princesse 0130 0080 0053 0038  0.030 0.010 0.537 tion pattern among the other varieties.
Sylvester  0.040 0.042 0.080 0.093 0.028 0.038 0.048 0.567

These two aspects represent the variation
» similarity by \vithin a variety and the distance to other

TAFLP, amplified fragment length polymorphism; CAPS, cleaved amplified polymorphic site; Sax‘y
assignment; STMS, sequenced tagged microsatellite site.
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varieties. Although asymmetric in its output, we have
shown that it can easily be transformed into an average

Table 8. Comparison of marker techniques for different summarizing
methods by standardized Mantel’s statistics g (also expressed as a cor-
relation coefficient r) between similarity matrices. P value was estimated

similarity measure (Saw). This index based on assign- by 1000 random iterations (out of 40,320 possible permutations).t

ment tests can be considered as a new genetic distance
measure with interesting properties:

Avg. Jaccard Standard Nei

1. The assignment tests revealed differences
among varieties by the allocation pattern
among the other varieties. In particular, this
is relatively independent of the marker tech-
nique used.

2. The assignments based on the same marker
technique but using a different similarity
measure were in good agreement.

3. The scales and scopes for the distances mea-

similarity =~ genetic distances xy Sa,,
AFLPvs. CAPS g =1.9326 g = 3.3067 g=20274 g=4.0771
r=0.407 r=0.6687 r=0.6342 r=0.8391
p = 0.3270 p = 0.0340 p =0.0400 p =0.0060
AFLPvs. STMS g =3.7694 g = 3.0400 g=1.8994 g=4.411
r=0.6824 r=0.5881 r=0.4376 r=0.9555
p =0.0130 p =0.1010 p=0.0900 p =0.0020
CAPSvs. STMS g =23.8176 g =3.0979 g=0.9760 g =4.0691
r=0.6241 r=0.6069 r=0.2302 r=0.8338
p = 0.0080 p = 0.0490 p=0.2100 p=0.0144

sured may be values relatively insensitive to
the degree of polymorphism of the marker
technique used.

4. The levels of distinction between varieties
obtained were much higher (i.e., a higher number
of plants is assigned correctly).

5. The measure produced comparable results when
calculated using different numbers of best assigned
plants (from the top three to the top 30 highest
matches for each plant sampled).

As a similarity by assignment is by its nature related to
the composition of the dataset (the varieties it is compared
with in the assignment test) and to the assignment thresholds
imposed (the number of most related plants each individual
is attributed to) it should not be treated as an absolute esti-
mate of genetic distance. However, compared to the other
analysis techniques in this study, it accomplishes a superior
distinction among genetically diverse varieties in a complex
cross-pollinating, polyploid crop such as sugar beet. To our
knowledge, this is the first time assignment methods were
used for variety identification.
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