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Abstract We have developed a ‘genotyping set’” of
48 SSR-based genetic markers for application in geneti-
cal studies of barley. The SSRs are a subset of a collec-
tion of approximately 600 SSRs available to the barley
research community. They have been specifically chosen
according to the following criteria: (1) they are single lo-
cus; (2) their product quality is good under standard as-
say conditions; (3) they are distributed across the barley
genome; and (4) they exhibit reasonably high polymor-
phic information content (PIC) values in the cultivated
barley gene-pool. To maximise genotyping throughput,
one of each SSR primer pair was 5" end-labelled with ei-
ther fam, hex or tet fluorochromes to allow automated
data capture after running the samples on a DNA se-
guencer. SSR product sizes were assembled from a refer-
ence set of 24 barley genotypes which alowed the con-
struction of ‘graphical genotypes’ of each of the individ-
ual lines. The graphical genotypes provide a convenient
tool for interrogating genetic similarity in the individuals
surveyed. The product sizes were compared to those ob-
tained from end-labelling one of the primers with 33P
and separating the products by denaturing PAGE fol-
lowed by autoradiography. Although inconsistencies in
size were common, they could generally be easily re-
solved. A reference manual for use of the ‘genotyping
set’ has been produced and is available as a PDF down-
load file at http://www.scri.sari.ac.uk/ssr/pdf. These well-
characterised barley SSRs, for the first time, provide a
common set of robust PCR-based tools which can be
used to integrate and compare information collected
from fundamental and/or applied genetic studies on bar-
ley in different |aboratories across the world.
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Introduction

The development and widespread adoption of molecular
markers for genetical studies has heralded a fundamental
shift from the analysis of phenotype to genotype. How-
ever, the expanding number of molecular assays capable
of determining genotype has resulted in a situation where
data is seldom directly comparable between different
studies. This is particularly true of popular generic
assays such as RAPD (Williams et al. 1991) and AFLP
(Vos et a. 1995) but is also a feature of species-specific
assays such as RFLP (Botstein et al. 1980) and STS
based approaches (e.g. CAPS, SCARS, SSCP etc.).
While recognising the importance of individual studies
which exploit a single marker system, for wider and lon-
ger-term value it would be prudent if genetic data were
generated using a common approach and recorded in a
way that would allow the integration and amalgamation
of data sets gathered at different times and in different
laboratories around the world. Arguably, only two types
of assay presently have the potentia to generate such a
common data format. These are the analysis of: (1)
single nucleotide polymorphisms (SNPs) (Coryell et al.
1999); and (2) length variation in Simple Sequence Re-
peats (SSRs) (Powell et al. 1996).

SNPs are bi-allelic markers which are routinely dis-
covered by direct comparison of homologous DNA se-
guences. The allele pool at a given locus is determined
empirically but may need to be updated by additional se-
guence information from cultivated, wild or exotic germ-
plasm. Deployment on a practical scale requires a rou-
tine, robust and accessible detection system. A number
of approaches for SNP allele detection, based on either
alele-specific hybridisation, primer extension or liga-
tion, have been demonstrated or are currently under de-
velopment (Kuklin et al. 1997; Chen et a. 1998; Cho
et a. 1999; Erdos et a. 1999). In anticipation of a suit-
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able method being developed, SNP discovery programs
are being actively pursued by a number of research
groups. However, the likely time-frame before SNP tech-
nology is routinely deployed in the community remains
unclear. In short, a gap exists between SNP discovery
and reduction to practice.

In contrast, SSR-based markers have been around for
a considerable time, particularly in human genetics
where they have proven to be an exceptionally valuable,
well-utilised technology. The main reasons for this are
their reproducibility and ease of use, their locus specific-
ity and high information content. Large numbers of
SSRs are now becoming available for a selection of crop
plants (Roeder et al. 1995; Bryan et al. 1997; Milbourne
et a. 1998; Ramsay et a. 2000) and these provide valu-
able sets of tools for crop-specific research programs.
Unlike SNPs, SSR allele characterisation is straightfor-
ward, with alleles revealed as a change in the length of
the products generated by PCR-amplification across an
SSR-containing region using specific primers designed
to the unique SSR-flanking sequences. Separation on
high-resolution acrylamide gels allows product sizing
with base-pair accuracy. A PCR product of a defined
molecular size, generated by sequence-defined primer
pairs, is diagnostic for a given allele. Given the simplici-
ty and specificity of the assay, and the ease with which a
widely reproducible definition of an allele at alocus can
be described, a collection of SSR-based markers pro-
vides an opportunity to develop a set of coherent and in-
tegrated descriptors of a genetic locus, which should
have long-term relevance and, therefore, impact upon
both data comparison and integration.

However, not all SSRs are equal! They can vary in ro-
bustness, quality of the amplification products, amplifi-

Table1 Genotypes used in this study

cation of single or multiple loci; they may be clustered
on the genome; they may have a low information content
in the gene-pool of interest. Choosing the most informa-
tive and robust set from those available would be diffi-
cult for those not intimately associated with the genera-
tion and evaluation of the markers, particularly as much
additional information is almost certainly known about
the SSRs but is not detailed in scientific reports. We
have, therefore, developed a set of 48 SSRs which are of
high quality, robust, highly informative in the cultivated
barley gene-pool (i.e. have high PIC values), and are dis-
tributed across the barley genome. To aid throughput, we
have fluorescently labelled one of each primer pair with
a different fluorochrome, which allows simultaneous ex-
amination and detection of multiple SSR loci on a single
run with an automated DNA sequencer.

Materials and methods

The accessions used in the current study, along with their immedi-
ate pedigrees, are given in Table 1 (the ‘reference genotypes)).
DNA was extracted from leaf material from glasshouse-grown
plants. The isolation of the microsatellite markers and their loca-
tion on the barley genetic map has been described previously in
detail (Saghai Maroof et a.1994; Becker and Heun 1995; Liu et
al. 1996; Struss and Pleiske 1998; Ramsay et al. 2000; Russell et
a. 1997ab; 2000). For detection on an ABI377 DNA sequencer
running Genescan and Genotyper software, one of the primers
from each pair was synthesised with the 5° end-nucleotide [abelled
with fam, hex or tet. The labelled primers are indicated in Table 2.
For comparison, the same primer was end-labelled with 33P, as de-
scribed previously (Russell et a. 1997a,b), and the products sepa-
rated on PAGE gels and detected by autoradiography.

The alleles detected by each microsatellite were recorded and
converted into a numeric scale ranging from one to the number of
different microsatellite alleles detected over all 24 reference geno-

Comments

Cultivar Pedigree

Alexis Breun 16220xTriumph

Aramir VollaxEmir

Atem (L92xMinerva)xEmir)xZepher
Banba Spratt ArcherxKenia

Banteng Platen 2349x(Vinesco)xDea)x(Jumbo)
Baronesse (343/6x34/6)xJ-427%(Oriol x6153 P40)
Beartrice (CentraxIris)x(PirolinexJet)

Betina Mutant of Vada (Hordeum laevigatumxGull)
Blenheim TriumphxEgmont

Claret [(ProctorxHP5466)xArmelle]xAbacus
Corniche Beindorf 99991/70x640

Criewener 403 Selection from Proskowetz Hanna
Golf (ArmellexLud)xLuke

Grammos Mutant of cv Rivale

Grete Stamm 732219x%(PellaxDura)

Grit (S5474/67x46459/68)x480/68

Hana Selection from Landrace Hanna

HS92 H. spontaneum

Igri Maltax(Carlsberg 1427xIngrid)

Ingrid Balderx(BinderxOpal)

Lina (Mari *5xMultan)xA6564/3xL ofa
Morex CreexBonanza

Plaisant AgerxNymphe

Steptoe

WA 3564xUnitanx(MuirxNilan)

Spring, 2-row, 1986, Germany
Spring, 2-row, 1972, Netherlands
Spring, 2-row, 1979, Netherlands
Spring, 2-row, 1960, Ireland
Winter, 6 row, 1976, Germany/Netherlands
Spring, 2-row, 1989, Germany
Spring, 2-row, ?, France

Spring, 2-row, 1969, France
Spring, 2-row, 1985, UK

Spring, 2-row, 1980, UK

Spring, 2-row, 1983, Germany
Spring, 2-row, 1910, Germany
Spring, 2-row, 1982, UK

Winter, 2-row, 1971, Greece
Winter, 6 row, 1989, Germany
Spring, 2-row, 1977, Germany
Spring, 2-row, 1945, Austria

H. spontaneum

Winter, 2-row, 1976, Germany
Spring, 2-row, 1958, Sweden
Spring, 2-row, 1982, Sweden
Spring, 6 row, 1979, USA
Winter, 6 row, 1979, France
Spring, 6 row, 1973, USA




types. From the frequencies of the 1 to n alleles detected by each
microsatellite, polymorphic information content (PIC) values were
calculated as:

n-1 n

PIC=1-(30¢)-'5 3 2pPpf

(Weber 1990); where p; and p; are the frequencies of the ith and jth
allelesin agiven population.

Results and discussion
Choice of SSRsfor the genotyping set

Liu et al. (1996), Struss and Pleiske (1998) and Ramsay
et al. (2000) have isolated a total of >600 SSRs which
can be deployed in genetical studies in barley. Of these,
well over half have been intra-chromosomally mapped in
segregating doubled-haploid experimental populations.
For many studies — particularly those involving germ-
plasm evaluation for academic or statutory purposes —
large numbers of markers are not required. Rather, a
well-distributed, highly informative and robust set of
markers would be of particular value. This requirement
has already been recognised for several animal species,
and internationally approved sets of highly informative
SSRs have been developed and are widely and reliably
used, e.g. for parentage testing and other applications.
There are obvious advantages to having an agreed set of
standard genotyping tools, the greatest being the direct
comparability it affords between different laboratories
and different studies. As such, a common set of tools fa-
cilitates the assembly of an SSR alele database, which
can be used as areliable reference for future applications
such as the protection of plant variety rights. Recognis-
ing the potential benefits, we have identified a set of
48 SSRs, which should satisfy many of the potential ap-
plications of molecular markersin barley. We would like
to encourage the use of this preliminary ‘ genotyping set’
in order that the barley research community establish a
platform from which it can reap the benefits of compara-
bility and integration.

The SSRs were chosen on the basis of a number of
criteria. First, markers were identified which gave repre-
sentative genome coverage. Second, autorads of the orig-
inal mapping population were checked to confirm that
the chosen SSRs were single-copy. Third, data from
germplasm screens of the 24 reference genotypes
(Table 1) were analysed to derive PIC values and pro-
vide an estimate of their level of informativeness. PIC
values ranged from 0.08 (HvLOX) to 0.94 (Bmac0040)
in the 24 genotypes surveyed, with an average PIC value
of 0.64. SSRs mapped on the LinaxHordeum sponta-
neum genetic map (an interspecific cross, chosen origi-
nally to map SSRs because it was very diverse) exhibit
pronounced clustering around the centromeric regions of
each linkage group (Ramsay et al. 2000). While some
expansion of the map distances are observed in intraspe-
cific populations (Graner et a. 1991; Kleinhofs et a.
1993; our unpublished results), the biased genetic distri-
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bution of the SSRs imposed some limits on the devel op-
ment of a set with a uniform genome distribution. For
example, on chromosome 6H, a marker interval of
approximately 70 cM exists between BMac0316 and
BMag0173. While other markers are mapped within this
region, none exhibited the dual demands of single-copy
and high quality required for the development of arobust
genotyping marker. Additional markers (in subsequent
genotyping sets) will be required to fill such gaps. In
contrast, the centromeric regions of all linkage groups
contain several very good quality single-locus markers.
Largely by default, we have included at least a pair of
markers which are genetically tightly linked in the cen-
tromeric portions of each linkage group.

Development of the genotyping set

Having identified a suitable set of SSRs, one primer from
each pair was re-synthesised with a fam, hex or tet 5'
end-l1abelled nucleotide to allow data capture on an auto-
mated DNA sequencer. The labels were chosen for each
of the primers to allow multiple SSRs to be separated on
asingle gel in order to increase throughput. Each primer
pair was used to screen the reference set for alelic diver-
sity. With this approach, separation of the alleles was eas-
ily and reliably achieved. As an example, Fig. 1 shows an
electropherogram of the BMac0032 locus on six of the
reference genotypes. The characteristic stuttering of di-
nucleotide SSR-based markers is clearly evident. All 48
primer pairs were used to screen the reference DNAS.
Table 2 presents the primer information for the 48 SSRs
in the genotyping set, the SSR repeat motif and fluores-
cent label. Their map position (on the LinaxHordeum
spontaneum (HS92) map), alele sizes on the reference
genotypes, and PIC values are givenin Fig. 2.

Running fluorescently labelled SSRs on an automated
DNA sequencer has many advantages over conventional
analysis on denaturing PAGE with radiolabelled primers.
On a 96-lane ABI377 we are currently able to multiplex
three samples in single run but can also re-load the same
gel up to two additional times, i.e. we are able to obtain up
to 900 genotypic datapoints per run with automatic data
capture and recording (although 300—600 is more routine).

Comparison between isotopic- and fluorescence-based
allele detection and sizing

Allele sizing on the ABI using ‘Genescan’ and ‘ Genoty-
per’ software isto two decimal places. One consequence
of thisisthat alleles are best placed into ‘bins’, the reso-
lution of which may be arbitrarily assigned, but is usually
1 bp or 2 bp depending on the SSR. Visual inspection of
the tracks is also necessary to determine whether two al-
leles are different or the same, especially when stuttering
is pronounced. In contrast, SSRs on autorads are by de-
fault given an exact bp cal. Perhaps unsurprisingly,
changing the format from isotopic to fluorescence detec-
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Fig. 1 Electropherogram of T e
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locus in six barley cultivars
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Lina 23 Yellow BMACO0032
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30

22 Yellow BMACO0032

90
60
30

Plaisant

tion revealed inconsistencies in estimated alele sizes.
Thus, while 43 of the SSRs revealed a pattern of aleles
that was the same on both platforms, the estimated sizes
were out by as much as 4 bp up or down (consistently for
all genotypes). As a consequence, the inclusion of ‘refer-
ence genotypes’ is essential when setting up the parame-
ters for any new SSR genotyping assay or any new plat-
form. Along with the use of alele ‘bins’, we have found
that ‘reference genotypes eliminate discrepancies be-
tween gels and between laboratories and support the
smooth integration of alelic data (Williams et al. 1999).
On a cautionary note, within this set of 43 SSRs, on 11
occasions, certain genotypes had clearly a‘wrong’ alele-
size caled (Morex for Bmac0209, Bmac0136, HVM67
and HvLOX; Lina for Bmag0007, Bmag0211, HVHVAL,
Alexis and Plaisant for Bmag0211; Igri for Bmag0225
and HS92 for Bmac0273). In the magjority of cases, after
close examination, the alele scored on the ABI at each of
these loci was the same as that in an adjacent track. Ap-
parently, PCR products from the adjacent tracks had
leaked into the track containing what must have been a
failed PCR reaction for the above genotypes. While this
was verified by repeating the relevant assays, it highlights
a potential problem of automated data capture which we
would not have noticed had we not been comparing the

24 Yelow BMAC0032

100
50

31 Yellow Bmac0032

200
100

28 Yellow BMAC0032

[» TsleRTER] [ n [00

alele-calls across platforms. Sensitivity of detection and
‘tracking’ problems contributed to the ‘false calls'. How-
ever, a combination of two observations, equal alele siz-
es in adjacent lanes and low signal strength in one of
them, should flag potential problems of this kind.

Five of the 48 SSRs were more difficult to com-
pare. For these (Bmac0040, Bmag0135, Bmag0222,
Bmag0382 and EBmac0415) the pattern of allele sizes
across the genotypes appeared superficially similar but
the estimated allele sizes, and thus the total number of
aleles detected, had severa inconsistencies. Close ex-
amination of the autorads (and ABI trace files) suggested
that the difficulties in estimating sizes came from a com-
bination of: (1) alarge PCR product size causing inaccu-
rate size estimates; (2) stuttering; and (3) a large allele
size range (which meant that scoring alleles on autorads
was particularly difficult). As Genescan and Genotyper
software is considered to provide a greater level of accu-
racy in estimating allele size (Kimpton et al. 1994), in
these cases we took the ABI score as being correct.

One of the origina criteria we applied when developing
this set of markers was to use those which revealed a maxi-
mum number of aleles in the germplasm we were primari-
ly interested in studying (e.g. Bmac0399, Bmac0040, and
Bmag0225). Retrospectively, these markers required most
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SSR Forward primer Reverse primer (1abelled) Repeat

Bmac0399 CGATGCTTTACTATGAGAGGT GGGTCTGAAGCCTGAAC (5 fam) (AC)21

Bmac0032 CCATCAAAGTCCGGCTAG GTCGGGCCTCATACTGAC (5 hex) (AC)7 T(CA)15(AT)9
Bmag0211 ATTCATCGATCTTGTATTAGTCC ACATCATGTCGATCAAAGC (5 hex) (CT)16

Bmag0382 TGAAACCCATAGAGAGTGAGA TCAAAAGTTTCGTTCCAAATA (5" fam) (AG)TAA(AG)7
HVHVA1  CATGGGAGGGGACAACAC CGACCAAACACGACTAAAGGA (5 tet) (ACC)5
WMCI1E8 TCATTCGTTGCAGATACACCAC TCAATGCCCTTGTTTCTGACCT (5  hex) (AC)24
Bmac0134 CCAACTGAGTCGATCTCG CTTCGTTGCTTCTCTACCTT (5 fam) (AC)28

HVM36 TCCAGCCGACAATTTCTTG AGTACTCCGACACCACGTCC (5" fam) (GA)13

Bmag0378 CTTTTGTTTCCGTAGCATCTA ATCCAACTATAGTAGCAAAGCC (5 tet) (AG)14
Bmac0093 CGTTTGGGACGTATCAAT GGGAGTCTTGAGCCTACTG (5 hex) (AC)24
Bmag0125 AATTAGCGAGAACAAAATCAC AGATAACGATGCACCACC (5 tet) (AG)19

HVM54 AACCCAGTAACACCTGTCCTG AGTTCCCTGACCCGATGTC (5 hex) (GA)14
EBmac0415 GAAACCCATCATAGCAGC AAACAGCAGCAAGAGGAG (5 fam) (AC)17

HVLTPPB  AGACGCTGAGTACGTTGAG CAAAGTACAACAAACTCACGA (5 tet) (AC)10(AT)5
Bmac0067 AACGTACGAGCTCTTTTTCTA ATGCCAACTGCTTGTTTAG (5 fam) (AC)18

Bmac0209 CTAGCAACTTCCCAACCGAC ATGCCTGTGTGTGGACCAT (5 tet) (AC)13
Bmag0136 GTACGCTTTCAAACCTGG GTAGGAGGAAGAATAAGGAGG (5 tet) (AG)6-(AG)10-(AG)6
Bmag0225 AACACACCAAAAATATTACATCA CGAGTAGTTCCCATGTGAC (5 hex) (AG)26
Bmag0013 AAGGGGAATCAAAATGGGAG TCGAATAGGTCTCCGAAGAAA (5 tet) (Cn21

HVM62 TCGCGACCAGACGAGAAG AGCTAGCCGACGACGCAC (5  fam) (GA)11

HVM40 CGATTCCCCTTTTCCCAC ATTCTCCGCCGTCCACTC (5" hex) (GA)6(GT)4(GA)7
Bmag0384 TGTGAGTAGTTCACCATAGACC TGCCATTATCATTGTATTGAA (5 fam) (AG)18

HVMO03 ACACCTTCCCAGGACAATCCATTG AGCACGCAGAGCACCGAAAAAGTC (5 tet) (AT)29

Bmag0353 ACTAGTACCCACTATGCACGA ACGTTCATTAAAATCACAACTG (5 fam) (AG)21
EBmac0701 ATGATGAGAACTCTTCACCC TGGCACTAAAGCAAAAGAC (5 fam) (AC)23

HvMLO3  CTTCCATGTCACCTACAG CGAACTGGTATTCCAAGG (5  hex) (CTT)6

HVM67 GTCGGGCTCCATTGCTCT CCGGTACCCAGTGACGAC (5 tet) (GA)11
EBmac0970 ACATGTGATACCAAGGCAC TGCATAGATGATGTGCTTG (5  hex) (AC)8

Bmac0113 TCAAAAGCCGGTCTAATGCT GTGCAAAGAAAATGCACAGATAG (5 tet) (AT)7(AC)18
EBmac0684 TTCCGTTGAGCTTTCATACAC ATTGAATCCCAACAGACACAA (5 hex) (TA)7(TG)11-(TG)1L(TTTG)5
Bmag0223 TTAGTCACCCTCAACGGT CCCCTAACTGCTGTGATG (5 tet) (AG)16

HVLEU TTGGAAGTGTACAGCAATGGAG TGAAAGGCCCCACAAGATAG (5 fam) (ATTT)4
Bmag0222 ATGCTACTCTGGAGTGGAGTA GACCTTCAACTTTGCCTTATA (5 fam) (AC)9(AG)17
HvLOX CAGCATATCCATCTGATCTG CACCCTTATTTATTGCCTTAA (5 fam) (AG)9

Bmac0316 ATGGTAGAGGTCCCAACTG ATCACTGCTGTGCCTAGC (5  fam) (AC)19
Bmag0173 CATTTTTGTTGGTGACGG ATAATGGCGGGAGAGACA (5 hex) (CT)29

Bmag0218 CATAGAGAGGGAGGGAGAG TCAACCTTACTGCATCTTTG (5 tet) (AG)6(AG)6
Bmac0018 GTCCTTTACGCATGAACCGT ACATACGCCAGACTCGTGTG (5" hex) (AC)11
Bmag0009 AAGTGAAGCAAGCAAACAAACA ATCCTTCCATATTTTGATTAGGCA (5 fam) (AG)13
EBmMac0806 ACTAAGTCCTTTCACGAGGA GTGTGTAGTAGGTGGGTACTTG (5 tet) (CA)4(GA)(CA)8-(CA)5
Bmac0040 AGCCCGATCAGATTTACG TTCTCCCTTTGGTCCTTG (5 fam) (AC)20
Bmag0021 ATTTTTATCAGAACGTCTCTCTC  CTAACTTCTCTCTCCCTCTCC (5 tet) (CA)10AA(GA)28
Bmag0206 TTTTCCCCTATTATAGTGACG TAGAACTGGGTATTTCCTTGA (5 hex) (GT)5(AG)14
HVCMA  GCCTCGGTTTGGACATATAAAG GTAAAGCAAATGTTGAGCAACG (5 fam)  (AT)9

Bmac0273 ACAAAGCTCGTGGTACGT AGGGAGTATTTCACCCTTG (5 tet) (AC)20(AG)20
Bmag0120 ATTTCATCCCAAAGGAGAC GTCACATAGACAGTTGTCTTCC (5" hex) (AG)15
Bmac0156 AACCGAATGTATTCCTCTGTA GCCAAACAACTATCGTGTAC (5 tet) (AC)22(AT)5
Bmag0135 ACGAAAGAGTTACAACGGATA GTTTACCACAGATCTACAGGTG (5 tet) (AG)10GG(AG)12

time for interpretation when comparing data between runs
or from avery large sample set. It islikely they will also be
troublesome when comparing data between |aboratories.
As aresult, we are currently choosing SSRs which revea
five or six aleles, preferably exhibiting step-wise muta
tions, to develop a second genotyping set of 48 SSRs to
complement that described here. This should be available
in the near future.

Graphical genotyping

Mapping major genes or QTLs onto genetic linkage
maps provides primary information on a gene or locus

which may be involved in a given trait. The application
of this type of information is, however, frequently re-
stricted to crosses or populations involving the actual
parent which was used to map the favourable alleles in
the first place. In many respects, determining the map lo-
cation of a gene or QTL can be considered a two-dimen-
sional exercise as it fails to evaluate the potential alelic
variation for that trait within the gene-pool.

Genotypic evaluation, using mapped-SSRs, provides
a convenient way of extending the results of linkage
studies to a much broader germplasm base (i.e. it adds a
third dimension). If we consider that portions of the ge-
nome between SSRs represent ‘linkage blocks' that may
or may not have been disturbed during the development
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Fig. 2 Graphical genotypes of
the 24 accessions surveyed in
the development of the geno-
typing set of SSRs. Chromo-
somes 1H-7H are arranged in
columns with markersin rows.
Marker boxes are scaled ac-
cording to the genetic distance
between the SSRs in the
LinaxH. spontaneum popula-
tion (Ramsay et al. 2000). The
position of each marker (in cM)
from the top of the short arm of
each barley linkage group is
given next to the marker name
(from the LinaxH. spontaneum
population). The allele size
scored for each SSR locusis
givenin each ‘box’ and PIC
values for each of theloci are
given at the right hand side of
each chromosome. The most
common allele at each locusis
coloured green with yellow and
light blue representing the
most-closely sized larger or
smaller alleles, respectively.
Other alleles were assigned dif-
ferent colours, according to the
‘scale’ at the bottom
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Fig. 2 (continued)
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of new varieties, then the same SSR alleles flanking a
given ‘linkage block’ in different accessions may be
good evidence for considering the region to be identical
by descent. If this assumption is correct, then similarly
(SSR) defined linkage blocks will contain the same ge-
netic (allele) information. Linkage blocks defined by dif-
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ferent SSR alleles will, therefore, by definition, comprise
adifferent set of gene alleles. In this case, a higher reso-
[ution of markers will be required to define smaller link-
age blocks. The second set of genotyping SSRs men-
tioned above will help further-define the marker resolu-
tion required to maximise our ability to interpret genetic
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information scrambled by plant breeding. Figure 2 shows
graphical genotypes, constructed manually in MS Excel,
of the 24 accessions used in this study. Without further
interpretation, this information could be immediately ex-
ploited in a number of ways. e.g. it could form the basis
of parental choice in crossing schedules; it could be used
to infer the position of favourable alleles affecting major
genes or quantitative traits (through association genet-
ics); or to mine the gene-pool for novel aleles. To ex-
ploit mapped SSRs for these types of application, we are
currently constructing a ‘genotypic database’ of a large
set of barley cultivars and accessions (>500) with the
markers described in this report. The database will be
mounted on the World Wide Web (as part of the UK
CropNet — http://synteny.nott.ac.uk/barley.html) and be
accessible by all interested parties who will be able to in-
teractively compare SSR-derived genotypes of barley
from their laboratory with the existing catalogue.

Conclusions

The SSRs described here represent a highly informative
set of molecular markers which are robust, easy to use,
easy to interpret and record. By adopting the ‘allele bin-
ning’ concept and routine comparison to reference geno-
types, they will facilitate the generation of information
which will allow the integration of comparable data from
different sources and different studies. This represents a
significant improvement over current genotyping meth-
ods, which rarely allow remote comparison or integra-
tion. While we have used fluorescently labelled primers
for automation detection in our laboratory, for low-tech
deployment isotopic labelling or silver staining will also
suffice, providing that comparison with the reference ge-
notypes is routinely performed.

In the longer term, it is likely that SNP data will ulti-
mately provide higher resolution and afford higher mu-
tational stability than SSRs, along with the potential for
automated, high-throughput genotyping systems. How-
ever, the development of a representative SNP collec-
tion is resource-demanding and, as yet, no SNP detec-
tion platform has been generally agreed by the commu-
nity. Thus, it is likely that it will be some time before
SNP-based genotyping is widely deployed. In contrast,
the SSR genotyping set described here, and a subse-
guent set under development, provide a resource which
can be deployed immediately in laboratories with wide-
ly differing technical capabilities, to generate data
which can be integrated with, and interpreted in, a glob-
al context.
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