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Abstract

With the numbers of new varieties of potato obtaining Plant Breeders’ Rights increasing yearly,
the reliable maintenance of large culture collections is becoming more problematic. Addition-
ally, the differentiation of cultivars based on morphological characteristics is a highly skilled
and time-consuming task and for these reasons a rapid and robust method for variety differ-
entiation has become highly desirable. By screening a number of microsatellite (simple
sequence repeat, SSR) markers we have developed a set of six that can be used to differentiate
over 400 cultivars, including those on the UK National List, but excluding somaclonal variants
(e.g. Red King Edward and King Edward). The whole process from tuber to accurate identifi-

cation can be carried out in a single day.
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Introduction

The granting of Plant Breeders’ Rights for new potato var-
ieties is determined by Distinctness, Uniformity and Stab-
ility (DUS) testing for a minimum of 2 years, according to
UPOV guidelines (UPOV guideline TG/23/6; Cooke,
1999). These tests are based on the comparison of the mor-
phological and physiological characteristics of a proposed
new variety with those of officially registered and common
knowledge varieties. Many of these characteristics are
quantitatively expressed but are subjectively assessed,
thus leading to potential differences amongst assessors.
In addition, the characters may be influenced by environ-
mental factors, leading to differences in results between
test centres. The recent expansion of the European Union
has resulted in over 1000 varieties being listed on the EU
Common Catalogue. This figure is likely to rise each year.
It is clearly impractical for test centres to maintain living
collections of all these varieties and those of common
knowledge for comparative purposes.

Currently, varietal identification is primarily made by
means of characteristics of sprouts produced under very
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low light intensity (Houwing et al., 1986). This test can
take up to 3 months and can still be insufficiently discrimi-
native for an unequivocal identification, thus necessitating
growing trials and phenotypic assessments. The need for a
rapid and reliable method for differentiation and identifi-
cation of potato varieties is, therefore, becoming increas-
ingly more urgent as an aid to DUS testing, maintenance
of variety collections and incorrect labelling of varieties
for sale for consumption (Anon., 2003a, b; Davey, 2004).
Molecular taxonomic methods, which analyse the DNA
of biological material, are not prone to phenotypic differ-
ences resulting from changes in growing conditions or
from different assessors, and have the additional advan-
tages that they are rapid and any part of the plant can
be used for analysis. Numerous methods have been
investigated for varietal differentiation including restric-
tion fragment length polymorphism (RFLP; Gorg et al.,
1992), randomly amplified polymorphic DNA (RAPD;
Demeke et al., 1993; Hosaka et al., 1994; Sosinski and
Douches, 1996; Isenegger ef al., 2001), amplified frag-
ment length polymorphism (AFLP; Kim et al., 1998),
inter-simple sequence repeats (ISSR; Bornet et al., 2002)
and simple sequence repeats (SSR; Kawchuk et al,
1996; Corbett et al., 2001; Norero et al., 2002; Coombs
et al., 2004; Ghislain et al, 2004). Combinations
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of several of these techniques have also been trialled
(Milbourne et al., 1997, 1998; McGregor et al., 2000).
Many of these studies examined either small numbers
of varieties, large numbers of markers or were primarily
concerned with mapping of the potato genome. Of all
of the above methods, sequence tagged microsatellite
(STM), sometimes known as SSR markers, have proved
to be highly efficient for the rapid differentiation of
potato varieties (Ghislain et al., 2004). The purpose of
this study was to develop and validate a straightforward
system based on SSR markers to support the DUS work
conducted at the Scottish Agricultural Science Agency
(SASA). This involved the determination of a minimum
set of markers to achieve differentiation within ca 400
varieties from the SASA potato variety collection.

Materials and methods
Plant material and DNA extraction

All potato varieties for testing were obtained from the
SASA variety collection, either as leaf, tuber or sprout
tissue. When available, DNA was extracted and analysed
from more than one sample of a variety, to check there
were no intra-varietal admixtures. Genomic DNA was
extracted by grinding samples in liquid nitrogen and
incubating approximately 0.1-0.3g of the resulting
powder in 1ml GeneScan lysis buffer (Adgen Ltd) at
65°C for 1h to which was added 200 pg/ml Proteinase
K and 30 pg/ml RNAse A (both from Sigma). The result-
ing samples were extracted with chloroform and the
DNA precipitated with propan-2-ol, washed twice with
70% ethanol and re-suspended in distilled water.

SSR analysis

Amplification of all SSR regions was carried out using
10 ng of purified DNA in a reaction volume of 10 pl with
AmpliTaq Gold (0.5 units) and a final MgCl, concentration
of 2.5 mM, 1 mM dNTP blend (all Applied Biosystems) and
1 pmol each of forward and reverse primers. Forward pri-
mers were fluorescently labelled (Applied Biosystems),
reverse primers were synthesized by MWG Biotech and
included a 5 pig-tail sequence of TTCTTTG (Brownstein
et al., 1996) to reduce +A effects. Markers were chosen
by screening a selection of markers from a list of over
200 produced by the Scottish Crop Research Institute
(SCRD) (Milbourne et al., 1998; Ghislain et al., 2004): the
markers used in this study were STM1024, STM2022,
STM2028, STM3012, STM5136 and STM5148. Amplifica-
tions were carried out in an ABI 9700 thermocycler
(Applied Biosystems) using the following conditions,
94°C for 9 min, followed by 30 cycles of 94°C for 1 min,
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50°C for 1min, 72°C for 1min, with final hold steps of
60°C for 30 min and 25°C thereafter. After amplification,
fragments were separated on an ABI 3100 Genetic Analy-
zer (Applied Biosystems). Electrophoresis conditions
were default values for a 36 cm capillary array and POP-
4 polymer. The size standard used was the GS500 LIZ
marker from Applied Biosystems. After electrophoresis,
fragment sizes were determined using GeneScan Analysis
v3.7 (Applied Biosystems). Allele sizes were stored as
binary data in a BioNumerics v3.5 (Applied Maths) data-
base. Cluster analysis was carried out using the Dice coef-
ficient and unweighted pair-group method of arithmetical
means (UPGMA) options in BioNumerics on the com-
bined data for all six markers. The polymorphism infor-
mation content (PIC) values were calculated based on
the allelic phenotypes (or numbers of different profiles
obtained) for each marker for varieties on the 2004 UK
National list using PIC =1 — E(p,)z, where p; is the fre-
quency of the ith allelic phenotype detected (Nei, 1973).

Results

In an initial screen, 28 markers were tested against 12
potato varieties and 12 were chosen which exhibited the
key characteristics conferring ease of analysis. These cri-
teria were good peak height and morphology, minimal
stutter, stability across a range of amplification conditions,
distribution throughout the genome and production of
polymorphic alleles. The 12 markers were then tested
against 96 varieties, before selecting a final set of six mar-
kers (Table 1). These six markers fulfilled the criteria
stated above as each yielded at least seven alleles and
could also be used under identical amplification con-
ditions. The clear peak morphology for each marker is
shown in Fig. 1 for var. Dunbar Standard. To date, a total
of 55 alleles have been detected from over 400 potato var-
ieties which have been grown commercially. All of these
varieties could be differentiated with the exception of
somaclonal variants of an existing variety.

The validity of the system was tested in two ways. First,
reproducibility was examined by analysing DNA
extracted from 30 individual plants of var. Arran Comet,
all of which gave identical results for each of the six mar-
kers (data not shown). Second, tests were carried out on
10 coded samples of varieties from the SASA variety col-
lection which had previously been tested. The resulting
allele scores were screened against the reference library
of known varieties in the BioNumerics database and, in
each case, the identification matched the variety.

An analysis was then made of 400 varieties including
121 of those on the 2004 UK National List (varieties eli-
gible for certification and marketing as seed potatoes in
the UK). The numbers of allelic phenotypes (or different


https://doi.org/10.1017/S1479262107192133

SSR-based identification method for potato 9
Table 1. The final six sequence-tagged microsatellite markers used for potato variety
identification at SASA (the size range for each marker was obtained from data from over
400 varieties)

Number
Marker Size range (bp)  of alleles Linkage group Repeat
STM1024 140-157 7 VI (TTG)e
STM2022 169-236 7 Il (CAA);3.. (CAA);
STM2028 288-411 9 Xl (TAC)s. ( A)s...(CAT)3
STM3012 166-211 7 IX (CT)a. (CT)
STM5136 219-256 9 | (AGA)
STM5148 405-481 16 Vv (GAA);7

SSR profiles) varied from five to 57, for STM2022 and its inclusion. Each of the markers yielded profiles which
STM5148, respectively (Table 2). Although STM2022  were unique to a single variety. The frequencies of
gives fewer allelic phenotypes than the other markers it  these unique profiles varied from marker to marker,
was necessary for differentiating some varieties, hence ~ STM2022, STM3012 and STM5136 each vyielded two

Fig. 1. Example microsatellite traces for the six markers used in this study (STM1024, STM2022, STM2028, STM3012,
STM5136 and STM5148) generated from the variety Dunbar Standard. The peaks with the dark shading are the SSR alleles
and the lightly shaded peaks are molecular size standard peaks. Each panel is scaled to encompass the entire range for that
marker. Sizes of peaks are shown in base pairs.
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Marker information for varieties on the 2004 UK National List (the marker PIC

values are calculated from the allelic phenotypes)

Number of allelic

Profiles unique to

Marker phenotypes single variety (% of total) Marker PIC value
STM1024 21 7 (5.74) 0.83
STM2022 5 2 (1.64) 0.64
STM2028 20 7 (5.74) 0.82
STM3012 13 2 (1.64) 0.85
STM5136 18 2 (1.64) 0.90
STM5148 57 34 (27.87) 0.97

unique profiles, STM1024 and STM2028 had seven each
while STM5148 gave 34. These data are reflected by the
PIC values which varied from 0.64 (for STM2022) to
0.97 (for STM5148) with most in the 0.80-0.90 range.
All six markers are not required to separate the varieties
on the UK National List as it is possible to differentiate
them on the basis of only four markers (STM2028,
STM3012, STM5136 and STM5148, data not shown).

Within the National List, there are four groups (excluding
two pairs of somaclonal variants: vars Red King Edward/
King Edward and Pearl/Arran Comet) which have greater
than 90% similar (Fig. 2). The two varieties with the greatest
similarity, Celine and Stroma (93.3%), differ by two alleles
(Table 3). Stroma is one of the parent varieties of Celine.
Similarly, the next highest similarity group, containing the
varieties Navan, Kingston and Isle of Jura (92.2%), also
have shared ancestry. Navan and Kingston both have
Maris Piper as one of their parents and Navan is a parent
of Isle of Jura. The final two groups with a similarity greater
than 90% (Carlingford/Maris Peer and Duke of York/Majes-
tic) would appear to have no common ancestors although,
in both cases, one of the four parents is unknown. The
Maris Peer and Carlingford pairing is unusual as all of the
alleles found in the latter are present in var. Maris Peer.
However, var. Maris Peer has two extra alleles, thus allow-
ing the varieties to be differentiated.

Three varieties (Inca Sun, Inca Dawn and Mayan Gold)
form a sister clade to the other varieties on the UK National
List (Fig. 2). These varieties are diploid cultivated forms of
S. tuberosum group phureja and consequently did not yield
more than two alleles per marker (none of which were
exclusive). Three other varieties Anya, Carlingford and
Pentland Hawk also yielded a maximum of two alleles
per marker, however, more than two alleles were observed
with other markers tested during the initial screen. This,
therefore, indicates that the difference observed between
varieties in the diploid phureja group is due to the unique
combination, and not only because these varieties have
fewer alleles. Indeed, the determination of allelic dosage
using this method proved to be problematic. Dunbar Stan-
dard yielded a single peak for three markers (STM1024,
STM2028 and STM3012) and four peaks for STM5136
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(Fig. 1. The remaining two markers (STM2022 and
STM5148) each yielded three peaks. In the case of this var-
iety one peak is larger than the other two, with STM2022 the
181 bp peak is larger than the 195 and 236 bp peaks, and
with STM5148 the 452bp is larger than the 447 and
478 bp peaks (Fig. 1. It is therefore likely, but not certain,
that these two alleles were present in double the dosage
of the other alleles. In other varieties, where only two
alleles were observed for a particular marker, it was often
not so obvious what the dosage may have been (data not
shown). When alleles were scored for construction of the
database only presence or absence was recorded. This,
therefore, means that the cluster analysis of the UK National
List varieties (Fig. 2) is not intended as an accurate indi-
cation of the relationship between the varieties (see
Provan et al., 1996) but is still a convenient method to
show the distinctiveness of large numbers of varieties.

Discussion

The ability to identify cultivars rapidly and reliably has
benefit to those involved in maintaining germplasm col-
lections and those involved in quality inspections
throughout the agro-chain (from seed potato certifica-
tion, production of potatoes for end use, food processing,
wholesale merchanting and consumers).

A number of molecular markers have been examined
for their efficacy for variety identification in potato.
Many of these have focused on the use of microsatellite
markers because of their ease of use, robustness and
speed (Kawchuk et al., 1996; Corbett et al., 2001,
Norero et al., 2002; Coombs et al., 2004; Ghislain et al.,
2004). The increasing number of available markers has
made it possible to consider identifying a small set with
enough discriminatory power to differentiate large num-
bers of varieties. The six microsatellite markers described
here allow the differentiation of over 400 varieties
(excluding somaclonal variants) and, coupled with the
use of a BioNumerics database, the accurate identification
of these varieties from a range of potato tissue with 100%
accuracy.
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Fig. 2. Cluster analysis of 121 varieties on the 2004 UK National List constructed by UPGMA analysis of the combined data
yielded by the six markers. The scale is % similarity.

https://doi.org/10.1017/51479262107192133 Published online by Cambridge University Press


https://doi.org/10.1017/S1479262107192133

Table 3.
90% similarity

A. Reid and E. M. Kerr

Groups of varieties on the 2004 UK National List yielding greater than

Discriminating

Variety allele(s) Parentage % Similarity
Celine STM3012: 197 Sante X Stroma 93.3
Stroma STM5148: 447  Seedling ex S Vernei X Desiree
Navan STM5148: 478 S 62 47 1 X Maris Piper
Kingston STM5136: 224 Pentland Crown X Maris Piper 92.9
Isle of Jura STM5148: 472 Navan X 81 C117-13
Maris Peer STM2022: 181 Unknown X Ulster Knight

STM5148: 466 90.9
Carlingford S 62 47 1 X DrMclntosh
Duke of York ~ STM2028: 367  Early Primrose X King Kidney

STM5136: 254 90.3

Majestic STM5136: 230

Unknown X British Queen

Discriminating allele(s) show the marker and allele present which can be used to
differentiate one variety from the other(s) in the grouping. Data for the parent lines

were obtained from www.europotato.org.

Previous molecular studies have used marker systems
that require either large amounts of starting material
and are time-consuming to perform or are unreliable.
For example, Gorg et al. (1992) were able to differentiate
130 out of 136 varieties using four RFLPs, a reliable, but
lengthy process. RAPDs are quicker to perform than
RFLPs and require no a priori knowledge of sequences
within the genome. However, although the discrimina-
tory power of RAPD is sufficient for variety identification
(Demeke et al., 1993, Hosaka et al., 1994; Sosinski and
Douches, 1996; Isseneger et al., 2001), its reproducibility
has been called into question (Demeke et al., 1993;
Isseneger et al., 2001). Similarly, the potential of ISSR
has been investigated and also found unreliable (Corbett
et al., 2001). Although previous studies have shown AFLP
to be potentially more discriminatory than SSRs (McGre-
gor ef al., 2000), the method is more time consuming
to perform than SSRs and the results more difficult to
interpret due to the large numbers of fragments that
can be generated and no large data sets have been pub-
lished using this technique.

Former studies which utilize microsatellites for the
identification of potato varieties have generally focused
on small numbers of varieties. Kawchuk et al. (1996)
were only able to differentiate 73 out of 95 varieties
tested using four markers. Likewise, Schneider and
Douches (1997) only resolved 24 out of 40 varieties
using five markers. However, since these early publi-
cations, many more microsatellite markers have been
reported (Milbourne et al., 1997) and successful elucida-
tion has improved, although overall numbers of varieties
remain low. McGregor et al. (2000) reported that 39 var-
ieties could be differentiated with five markers, Corbett
et al. (2001) reported 50 varieties using as few as three
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markers and Coombs et al. (2004) reported 17 varieties
with 18 markers. The most extensive study published to
date is that of Ghislain et al. (2004) who developed
a set of 18 markers for genotyping lines from a range
of cultivated potato species. They have characterized
913 accessions although these are made up from all
species except S. tuberosum subsp. tuberosum.

We believe that our system is the first rapid, routine
and robust application of microsatellite markers for iden-
tifying large numbers of varieties of S. tuberosum subsp.
tuberosum. The method is regularly used by SASA as an
additional check on the integrity of its variety collections
and for identifying plants of a different variety found in
seed potato crops during inspections. The system can
also be used to verify varietal identity in cases in which
one variety is marketed under the name of another
variety, either as seed or for consumption (Anon.,
2003a, b; Davey, 2004). The method was also used in
the ring rot outbreak in the UK at the end of 2003 to con-
firm the varietal identity of infected tubers within a lot
and showed that there was an admixture in one of the
infected crops (Anon., 2005). This greatly reduced the
amount of work required by the regulatory bodies carry-
ing out trace-back investigations as they could focus
solely on the infected variety.

The database is being continually augmented to
include all of the varieties held in the SASA collections
and ultimately, in collaboration with other laboratories
in Europe, the entire EU Common Catalogue. The
intention is to make a searchable version of the data-
base available on the internet at the earliest possible
opportunity. This will prove to be an invaluable
resource for the potato-growing community in the
European Union.
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