Theor Appl Genet (2003) 106:912-922
DOI 10.1007/s00122-002-1158-z

V. Decroocq - M.G. Favé - L. Hagen - L. Bordenave
S. Decroocq

Development and transferability of apricot
and grape EST microsatellite markers across taxa

Received: 2 May 2002 / Accepted: 23 August 2002 / Published online: 3 December 2002

© Springer-Verlag 2002

Abstract EST microsatellite markers were developed in
apricot (Prunus armeniaca L.) and grape (Vitis vinifera
L.). cDNA libraries from either apricot leaves or grape
roots were used in an enrichment procedure for GA and
CA repeats. The transferability of EST simple sequence
repeat (SSR) markers from apricot and grapevine to
other related and unrelated species was examined. Over-
all, grape primers amplified products in most of the
Vitaceae accessions while the apricot primers amplified
polymorphic alleles only in closely related species of the
Rosaceae. In this taxonomic family, ten EST SSR loci
were tested, and one single primer pair, PacB22, was
amplified across species and sections in the Prunoideae
and Maloideae. Sequencing of EST SSR loci in other
species and genera confirmed a higher level of conserva-
tion in the microsatellite motif and flanking regions in
the Vitaceae compared to the Rosaceae. Two distinct
fragments of the PacB22 locus amplified across the
Malus and Pyrus genera; however, while the coding
region was highly conserved, the microsatellite repeat
motif was no longer present. The banding pattern was
explained by base substitution and insertion/deletion
events in the intronic region of PacB22. This study in-
cludes the determination of the degree of polymorphism
detected among species and genera in two unrelated
taxonomic families and the evaluation of the information
provided by the microsatellite repeats and the flanking
regions.
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Introduction

Recently, interest has been directed towards the compar-
ative studies of genome organisation in natural and culti-
vated populations. For this purpose, hypervariable
markers such as SSRs (simple sequence repeats, also
called microsatellites) have been characterised in a
number of crop and tree species (see Powell et al. 1996
for a review). In many cases, microsatellite markers were
shown to be transferable across taxa (Rossetto 2001).
The conservation of flanking regions and primer binding
sites in different genera has been reported, for example,
between wheat and barley (Erpelding et al. 1996),
soybean and other legume genera (Peakall et al. 1998),
Malus and Pyrus (Yamamoto et al. 2001) and among the
Vitaceae family (Thomas and Scott 1993; Rossetto et al.
2002). In the Rosaceae, cross-species amplification was
tested on Prunus species and between Malus, Fragaria
and Prunus genera (Cipriani et al. 1999; Downey and
Iezzoni 2000; Sosinski et al. 2000; Dirlewanger et al.
2002). In cases where codominant and hypervariable
markers can be transfered over a set of related and unre-
lated species, microsatellites can be of great interest for
the analysis of genetic diversity and for studies on the
evolution of species. However, they are usually distin-
guished by size, which is determined on high-resolution
sequencing gels. Compensatory effects within the micro-
satellite locus such as base substitutions and inser-
tion/deletion events are therefore not detected and the
fragments amplified may not be those anticipated. This
might lead to errors due to the high chance of indepen-
dently arising, equally sized alleles (homoplasies)
(Grimaldi and Crouau-Roy 1997). Moreover, transfer-
ability means not only that amplification but also that the
microsatellite primers developed for one species can be
used to detect polymorphism at homologous loci in relat-
ed species. However, successful amplification does not
guarantee the presence of the repeat motif within the
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sequence, leading to a loss in polymorphism across
species.

We successfully used an enrichment procedure to iso-
late microsatellite repeats from genes expressed in grape
roots and apricot leaves. We produced a set of microsat-
ellite markers linked to ESTs (expressed sequence tags)
and known genes that identify single variable loci. In the
current report, the possibility of transferring EST SSR
information across species and genera of the Vitaceae
and Rosaceae taxa is investigated. The purpose here is
not to define phylogenetic relationships across related
and unrelated species in the Vitaceae and Rosaceae but
rather to determine how informative a set of microsatel-
lites is across two unrelated taxonomic families. Two
types of information are compared in this study: the
degree of polymorphism detected on high-resolution
sequencing gels and the sequences of the microsatellite
and its flanking regions.

Materials and methods

Construction of cDNA libraries enriched
for microsatellites and primer design (Table 1)

Total RNA was extracted from mature leaves of apricot (Prunus
armeniaca L., cultivar Stark Early Orange, SEO) and grape roots
(Vitis vinifera L. cv Cabernet Sauvignon). RNA was extracted fol-
lowing the procedure described in Chang et al. (1993) and treated
with DNAase RQ1 (Promega). PolyA+ RNA was purified using
the Oligotex kit (QIAGEN). Double-stranded cDNA was synthe-
sised with the Promega Riboclone Kit and cDNA larger than
200 bp was selected using spin columns (Pharmacia). The frag-
ment ends were polished and, after purification, 3 ng of cDNA
was ligated with the Mlul adaptor. Prior to enrichment, 1/20th of
the ligation was amplified for 25 cycles with the 21-mer Mlul
primer (Edwards et al. 1996). The enrichment procedure of
Edwards et al. (1996) was used with the modifications described
in Butcher et al. (2000). Enrichment for microsatellites was car-
ried out using the total volume of the former amplification which
was hybridised on CA- and GA-bound Nylon membranes (Appli-
gene). Following two rounds of enrichment, 8 pl of eluted DNA
was amplified by PCR with 0.8 uM of the 21-mer Mlul primer in
40 pl of 20 mM Tris, 50 mM KCI, 2 mM MgCl,, 0.2 mM of each
dNTP and 1 U of Tag polymerase (Life Technologies) using a
Perkin Elmer 9700 thermocycler; 1/20th of the PCR product was
cloned in 50 ng of pGEM-T vector (Promega) prior to transforma-
tion into DHS5o Escherichia coli cells.

Randomly picked clones were amplified using M13 universal
primers. Insert DNA was purified on Qiaquick PCR purification
columns (QIAGEN) and directly sequenced using an ABI 377 au-
tomated DNA sequencer (Applied Biosystems). Oligonucleotide
primers complementary to the regions flanking the identified re-
peat motifs were designed using the program Primer version 0.5
(National Biosciences, Plymouth, Minnesota), setting an annealing
temperature of 57.5 °C. Database searches were carried out using
the Advanced Blast program at the National Center for Biotech-
nology Information (Bethesda, Md.).

Cross-species amplification of EST SSR loci

Eight grape microsatellites isolated from an enriched root cDNA
library of V. vinifera were tested among 62 individuals out of 46
different species in the Vitaceae family (see Table 2). Classifica-
tion was as reported by Galet (1967). All accessions were obtained
from the national collection of INRA (Institut National de la
Recherche Agronomique) based at Montpellier and Bordeaux.
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In the Rosaceae family, 21 Prunus accessions including inter-
specific crosses, one pear (Pyrus communis L.) and six apple
(Malus x domestica Bortch.) cultivars and an interspecific cross
between Cydonia oblonga (Miller) and P. communis were ampli-
fied with each of ten apricot EST SSR primer pairs (see Table 3).
These accessions were obtained from the INRA germplasm collec-
tion at Bordeaux, Avignon and Angers. Classification was as
reported by Rehder (1949).

Genomic DNA from Rosaceae individuals was prepared as
described in Lefort and Douglas (1999). In the Vitaceae, DNA was
prepared with the QTAGEN Plant DNEASY mini kit. Starting with
10 ng of genomic DNA as a template, PCR conditions were as
follows: 2 mM of MgCl,, 0.1 mM of each dNTP, 0.2 uM of each
primer, 1x Buffer and 0.5 units of 7ag polymerase (Sigma) in
25 ul final volume. Thermocycling conditions were 30 s at 94 °C,
followed by 30 cycles of (94 °C for 30 s, 57.5 °C for 30 s and
72 °C for 30 s) and an extension step at 72 °C for 7 min, in a
GeneAmp 9700 thermal cycler (Applied Biosystems).

Separation of alleles was performed on a 6% acrylamide
sequencing gel in 0.5x TBE buffer at 80 W for 100 to 120 min.
One to two microliters of PCR product was mixed with 3 pl of
denaturing loading buffer containing 95% formamide, 0.25% bro-
mophenol blue and 0.25% xylen cyanol, and 10 mM of EDTA.
This mixture was heated for 5 min at 94 °C to denature the DNA
before loading. Gels were stained with silver nitrate following the
protocol detailed by Chalhoub et al. (1997) and bands were scored
after gel scanning.

PCR cloning of SSR loci and sequence analysis

A dinucleotide (CA/GT),g microsatellite locus was selected in apri-
cot, PacB22, and screened for sequence variation in the Rosaceae
family. Another dinucleotide repeat, vvc34, was screened from
Vitaceae genomic DNA. The PacB22 primer pair amplifies a frag-
ment of about 260 bp in P. armeniaca L. and the vvc34 primers
amplify a fragment of 200 bp in V. vinifera. PCR conditions were
as indicated above. PCR products were purified on QiaQuick PCR
purification columns (Qiagen) and cloned in the pGEM-T vector
(Promega). Inserts were sequenced in duplicate from various indi-
viduals using an automated sequencing system (Genaxis, Nimes,
France). DNA sequences were aligned using the ClustalW software
from InfoBiogen (http://www.infobiogen.fr).

Results
Identification of EST SSR loci

Within both enriched c¢cDNA libraries, the insert size
ranged from 300 to 1,500 bp with an average of 800 bp.
Several clone sequences were discarded prior to primer de-
sign for several reasons which included insufficient length
of the flanking sequences to design primers, too short
sequences between the repeat motif and the poly-A tail or
multiple cloned sequences. Details on primers which am-
plified a single locus in apricot and grape are summarised
in Table 2. About 500-bp long sequences from the 5
and/or 3’ ends of each clone were obtained. TBLAST-X
analysis (http://www.ncbi.nlm.nih.gov/BLAST/) identified
significant homology to known plant-coding regions for
81% of the apricot and 70% of the grape SSR containing
clones (see Table 1). The remaining apricot and grape
cDNAs represent novel transcripts. Enrichment in CA and
GA motifs was up to 90% but this does not take into
account clone redundancy. In apricot, 51.5% of the positive
clones were unique based on sequencing data. One clone,
PacC3, accounted for up to 19% of the overall library.
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Table 2 Amplification and Polymorphism of 8 eight EST SSR lo-
ci in a variety of Vitaceae species and genera showing allele sizes
(base pairs) detected. The left column indicates species and acces-
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sion numbers chosen for testing transferability of eight grapevine
EST SSRs; mb indicates multiple banding patterns. Classification

is as reported by Galet (1967)

Individuals/species tested Geographic origin VVC5 VVC6 VVC7 VVCI9 VVC34 VVC62 VVC71 VVC(C82
Ampellocissus chantinii Africa (Cameroun) 178 115 119 152 83 182 192 161 93 - -
Cissus quadrangularis indochinese peninsula 162 111 118 97 mb - 161 - - 256
Cissus voinieriana® indochinese peninsula - - 111 - - 87 - - - - - - - -
Parthenocissus henryana Asia Minor/Europe 144 172 109 - - 85 182 184 195 85 197 201
Parthenocissus semicordata Asia Minor/Europe 154 105 96 - - - - - = - - - -
Ampelopsis orientalis Asia Minor 176 211 116 119 98 112 97 - - - - - = - -
Ampelopsis japonica Eastern Asia 154 162 105 94 97 mb - - - - - - -
Ampelopsis aconitifolia China 161 167 105 - - 97 - - 203 212 - - - -
Ampelopsis aegirophylla Chinal64 105 96 97 192 181 90 250
Ampelopsis delavayana China 162 105 94 97 mb 204 88 200
Ampelopsis heterophylla #2245 China - - - - % - - - - 202 206 - - 208 222
Ampelopsis indivisa #10085 USA 169 107 132 136 97 180 208 196 85 98 - -
Muscadinia rotundifolia est USA/Florida - — 111 119 98 102 99 102 188 208 99 126 231 245
Muscadinia rotundifolia ouest ~ USA/Florida 180 182 111 91 92 100 106 188 195 202 91 216

Vitis riparia #10128 Northern America 145 153 119 121 - - 102 104 178 190 189 103 - -
Vitis riparia #10709 Northern America 153 170 119 - - 102 178 190 187 107 235

Vitis riparia cv. RGM French rootstock 145 153 119 121 - - 102 104 178 190 189 103 202 218
Vitis candicans #10189 USA 179 200 111 113 99 112 100 106 186 200 186 189 99 103 213 219
Vitis candicans #10196 USA 180 111 96 93 186 - - - - - -
Vitis coriacea USA 163 179 111 113 99 114 94 100 188 185 203 85 211 213
Vitis Simpsonii #10968 USA 168 198 113 98 120 103 180 188 189 101 191 200
Vitis champinii #10164 USA 145 179 111 117 96 98 92 104 186 191 189 200 89 119 - -
Vitis longii #587-02 USA 169 186 117 119 98 102 100 102 178 191 186 190 97 101 208 237
Vitis solonis= longii USA 146 162 117 121 - - 100 104 178 190 196 200 - — 196 220
Vitis doaniana #10165 USA 153 179 111 129 96 100 92 104 178 188 193 200 93 - -
Vitis doaniana #10179 USA 196 119 96 104 100 102 178 191 189 196 99 107 214 222
Vitis mexicana USA 171 119 121 98 102 100 102 190 196 198 202 101 198 199
Vitis arizonica USA 175 117 119 - — 98 106 190 193 196 - - 194 204
Vitis berlandieri #10099 USA 162 164 111 115 96 100 192 199 88 99 - -
Vitis berlandieri #10178 USA 157 169 111 96 110 100 190 198 198 201 82 103 204 206
Vitis berlandieri #10594 USA 169 111 96 100 100 102 186 190 198 84 199

Vitis labrusca #10308 USA 156 165 113 100 102 106 179 184 186 99 207 209
Vitis labrusca #11056 USA 156 113 100 102 106 185 186 188 93 95 217 222
Vitis cinerea #10139 USA 152 111 100 - - 186 - - - = 197 201
Vitis cinerea #10943 USA 172 178 111 113 96 - - 191 191 83 101 216 238
Vitis rupestris #10334 USA 153 170 119 98 108 178 207 188 189 99 107 201 235
Vitis rupestris #10400 USA 159 176 119 98 102 112 200 207 186 188 99 107 215 218
Vitis rupestris #10738 USA 153 157 121 98 106 102 108 178 190 99 107 207 218
Vitis aestivalis #10055 USA 154 184 113 96 99 180 208 188 85 89 196 200
Vitis aestivalis #11051 USA 176 177 113 96 98 180 190 189 192 85 91 197 210
Vitis bicolor #11218 USA 180 202 113 96 96 98 178 180 189 85 87 181 197
Vitis bicolor #11219 USA - - - - 9 - - - = 189 197 - - 192 204
Vitis lincecumii #10988 USA 174 210 113 96 98 98 178 189 85 183 211
Vitis cordifolia #11018 USA - - - - % 9% - - - - - - 109 109 203 231
Vitis cordifolia #11551 USA 195 196 - - 108 - — 188 194 193 197 - - 216 218
Vitis monticola #10111 USA 163 171 113 94 100 101 - — 185 192 83 107 - -
Vitis rubra #10168 USA 154 113 108 98 184 198 189 93 189

Vitis rubra #10919 USA - - - - 108 112 - - 179 191 189 91 203 231
Vitis amurensis I Eastern Asia - - 118 120 98 102 103 179 208 189 195 103 112 202 213
Vitis amurensis 11 Eastern Asia 145 118 120 102 104 103 201 208 190 196 103 113 231

Vitis thunbergii Eastern Asia - - - - 106 - = 179 191 196 112 203

Vitis flexuosa #2484 China 151 188 118 96 98 97 179 191 193 199 89 97 207

Vitis piazeskii China 189 116 96 97 188 189 198 79 88 201 212
Vitis betulifolia China 166 185 116 118 96 98 97 179 191 193 196 81 103 210 216
Vitis pagnucii China 172 176 119 98 106 101 103 196 200 190 83 101 187 211
Vitis pentagona China 160 170 113 96 97 192 199 202 73 81 193 195
Vitis reticulata China 171 118 - - 103 196 200 187 189 83 101 196 219
Vitis microsperma China 152 120 122 98 102 103 - - 189 192 107 - -
Vitis davidii China 165 118 120 96 98 97 186 - 194 103 203 219
Vitis romaneti China - — 116 128 - - 97 184 - 195 97 107 207

Vitis sylvestris Europe - - 113 96 97 185 - 212 91 105 203 220
Vitis vinifera cv Europe 161 166 113 125 96 96 98 200 207 182 208 89 97 214 232
Cabernet Sauvignon

Hybride riparia cinerea German accession 145 149 113 119 96 106 100 102 178 190 197 201 87 103 203
(borner)

Total number of allelles amplified in the Vitacees 43 16 19 17 20 28 27 42

b Formerly classified as Cyphostemma voinieriana
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SSR length polymorphism

Identical PCR conditions and thermal reactions were
used for all EST SSR primers. Optimisation of the PCR
conditions especially for relatively distant taxa was not
attempted in order to avoid amplification of false posi-
tives. Separation of the fragments by standard polyacry-
lamide sequencing gels and visualisation by silver stain-
ing gave, in general, a common “stuttered” banding pat-
tern, but the fragments could easily be distinguished at a
resolution of 1 bp. The allele sizes were recorded in base
pairs and, for this, the most intense upper band was used.
Alleles were scored twice independently by the authors.
The degree of polymorphism was counted as the abso-
lute number of different alleles per microsatellite locus.

Of the eight primer pairs that amplified across
Vitaceae DNA, all EST SSR loci were variable, two be-
ing highly polymorphic, vvc5 and vvc83, with 43 and 42
alleles respectively among 62 accessions tested (Table 2).
In the family Vitaceae, most of the EST SSR loci in
Cissus and Ampelopsis were homozygous, while most
primers failed to amplify DNA from Cissus voinieriana
and Parthenocissus semicordata with the exception of
two or three loci. However, since only one accession was
tested per species, we can not state whether the EST SSR
loci are truly homozygous or not in those species and
genera. Surprisingly, the vvc34 primer pair amplified
more than two fragments in Cissus quadrangularis. This
could be explained by gene duplication but cannot be
confirmed without segregation analysis in progeny arrays.

During cross-taxa amplification, most of the blanks
due to mis-amplification were detected in genera distant
from Vitis. These results confirm a negative correlation
between the phylogenetic distance and successful ampli-
fication. The same tendency was noticeable when con-
sidering the level of polymorphism. Interestingly, for the
less polymorphic SSR loci (vvc6, vvc7 and vvcl9), the
low level of allelic variation was not due to a failure in
amplification but instead reflects the amplification of
predominant alleles.

The most successful cross-species amplification of
polymorphic EST SSR loci was within the genus Vitis.
There were however a number of exceptions including
Vitis rubra accession #10168 which was homozygous at
all, but one (vvc34), loci.

All ten apricot EST SSR loci transferred to closely
related species such as Prunus domestica, which is a
member of the same subgenus as P. armeniaca L.,
Prunophora (Table 3). In the Prunophora subgenus, the
level of ploidy can differ greatly from 2n = 2x to 6x but
in most cases, EST SSR loci were polymorphic with two
to five alleles per genome. Loci presenting two alleles in
the apricot genome were the most polymorphic in related
species, except for PacC3 where null alleles were deter-
mined by analysis in plum full-sib segregating pedigrees
(data not shown). Null alleles can be due to changes in
flanking regions, for example at the PacC3 primer bind-
ing sites, that prevent primer annealing and result in no
amplification.

Across different subgenera, amplification of heterozy-
gote alleles was attained within the subgenus Cerasus,
mostly in Prunus cerasus species (2n = 4x), while the
Prunus persica accessions were in general homozygous
at the respective loci. Table 3 does not show any pre-
dominant allele except in intraspecific microsatellite
amplification of P. persica DNA, confirming a high level
of homozygosity in this species.

Among ten EST SSR loci tested, only the PacB22
primer pairs yielded an unambiguous banding pattern
across the Rosaceae genera. Interestingly, in the
Maloideae, this locus showed a very similar allelic
pattern between the two species, Malus X domestica and
Pyrus communis, as well as successful amplification
in the Cydonia X Pyrus interspecific accession, Pyronia
veitchii. Two clear bands of equal size with no stutters
were detected in four of the Malus cultivars and in the
pear and P. veitchii accessions.

With the exception of PacB22, cross-genera amplifi-
cation of EST SSR loci failed or produced a number of
bands that could not be interpreted (see PacAl10 and
PacB35). PacB22 is one of the most-polymorphic EST
SSR loci, together with loci PacA18 and PacC13, result-
ing in 22 to 23 alleles for 29 accessions tested (Table 3).
However, this cannot be compared to the most polymor-
phic vvc loci in the Vitaceae since, in the Rosaceae, we
have to account for polyploidy. This can increase consid-
erably the number of alleles observed per locus.

Comparison of nucleotide sequences of the microsatellite
locus vve34 among the Vitaceae species

The PCR products amplified across taxa by the vvc34
primer pair were cloned and sequenced from ten species
of the genus Vitis. The sequences were analysed to verify
the nature of the amplification products compared with
one of the two alleles sequenced in V. vinifera, cv Caber-
net Sauvignon. The vve34 microsatellite repeat was sys-
tematically present but shorter than in the source cultivar.
The alignment by ClustalW analysis revealed a high de-
gree of conservation of vvc34 SSR flanking regions espe-
cially across the Vitis genus (Fig. 1). In this genus, allelic
variation and length variability within a species and across
the Euvitis and Muscadinia subgenus was mainly due to a
length variation of the microsatellite alone, combined with
point mutation and short insertion/deletion events (2—4-bp
long, Fig. 1) within the flanking regions. An interrupted
repeat was detected in the related Vitis subgenus, Musca-
dinia but not in the Euvitis species. Interestingly, a 2-bp
indel placed just downstream of the vvc34 forward primer
is observed in two geographically distinct species, Vitis
mexicana (American) and Vitis davidii (Asian).

In this sequencing analysis, DNA sequences from
Parthenocissus henryana, Ampellocissus chantinii and
C. quadrangularis were added as representatives of the
more distant genera. Figure 1 shows that, despite point
mutations and rather important length variation, the
microsatellite repeat is still present. However, it can
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AGGATGAAATGACATGGA!GACAAA*fGACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCCCACACACACACACACACACACACACACACAATGATTATTAAATT
AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCC--—--—— CACACACACACACACACACACACAATGATTATTAAATT
AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTTGCGCGCGCG- -~ --——--——-——-—- CACACACACACAAAATGCTTATTAAATT
AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTC- -~ - - - - -----— -~CACACACACACACACACACACAATGCTTATTAAATT

5-  AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG-—=---=-=~ CACACACACACACACACACAATGCTTATTAAATT

6-  AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTC-—————----- CACACACACACACACACACACACACACAATGCTTATTAAATT

7-  AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG-———-——==~ CACACACACACACACACACAATGCTTATTAAATT

8-  AGGATGAAATGACATGGATGACAAA--GAC--GAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG - -CACATACACACACACACACACACACAAAATGCTTATTAAATT

9-  AGGATGAAATGACATGGATGACAAA--GAC--GAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG-—===—===-~~ CACACACACACACACAARATGCTTATTAAATT

10- AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG- - - - - - - - - ~CACACACACACACACACACAATGCTTATTAARATT

11- AGGATGARATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTTGCGCGCGCG-——========~== CGCACACACACACARAATGCTTATTAAATT

12- AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG-——========-== CACACACACACACACAATGCTTATTAAATT

13- AGGATGARATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCG-—===-=~ ~CACACACACACGCATACACACAATGCTTATTARATT

14- AGGATGAAATGACATGGATGACATAAAGATTGGAGTGTATTTATACAGCAAAAGAACAAATGATATTTTACTGAGTT-=-—-==--===--==--- CACACATACACAAACACAAGGCTTATTAAATT

15- AGGATGAAATGACATGGATGACATAAAGACT-GAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTT----=---===--- -~ -CACACACACACACACACACAAAGCTTATTAAATT

16- AGGATGARATGACATGGATGACATARAGACT-GAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTT-—=============--=—-—~ CACACACACACACACACAAAGCTTATTAAATT

17- AGGATGAAATGACATGGATGACAAA—-GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCAAA--CACACACACACACACACACACACACAATGCTTATTAAATT

18- AGGATGARATGACATGGATGACAAA—-GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCAAACACACACACACACACACACACACACACAATGCTTATTARATT

19- AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACARATGATATTTTACTTTCGCGCACGC - === === === == ===~ ACACACACACACAATGCTTATTARATT

20- AGGATGAAATGACATGGATGACAAA--GACTGGAGTGTGTTTATACAACAAAAGAACAAATGATATTTTACTTTCGCGCGCGCG- - -~~~ CACACACACACACACACACAATGCTTATTAAATT
ok Ak ko Ak Rk Rk R KRk kR Ak koot ko kA ko ko kR Kk Rk KAk Kk KRRAE K kk ok kkE AR kKA

1-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

2-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

3-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

4-  ARRA----—- ATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

5-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

6-  ARAA----—- ATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

7-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

8-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

9-  AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

10- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAARAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

11- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

12- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

13- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

14- AAAATTTGAATGCCTTGTCATAACATGGCATGAAAAA-CTGTAAGGGTCAAAGAGTGAACTCATCAACATGGGT

15- AAARATCTGAATGCCCTGTCATAAGATGGCATGAAAAAACTGCAAGACTCAAAGGGTGAACTCATCAACATGGGT

16- AAAATCTGAATGCCCTGTCATAAGATGGCATGAAAAAACTGCAAGACTCAAAGGGTGAACTCATCAACATGGGT

17- AARATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

18- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

19- ARRA----- ATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGET

20- AAAATCTGAATGCCTTGTCATAAGATGGCATGAAAAAACTGTAAGGCTCAAAGAGTGAACTCATCAACATGGGT

*kok ko

************************************************F****************

Fig. 1 Nucleotide comparison of vvc34 EST SSR locus in ten re-
lated species and four genera of the Vitaceae family. From [ o 12,
the subgenus Euvitis comprising European (/-2) the V. vinifera
accession number in Genbank BQ106729; 3, Vitis sylvestris),
american (V. riparia 4-5, labrusca 6 and mexicana 7—-8 respective-
ly) and asian (from 9 to 12, V. davidii, Vitis amurensis, Vitis piaze-
skii, V. romaneti respectively) species; 13 subgenus Muscadinia,
species Vitis rotundifolia; 14 P. henryana; 15 and 16 A. chantinii;
17 to 20 C. quadrangularis The microsatellite repeat is under-
lined. The dot above the sequence indicates interruption in the per-
fect (CA) repeat in Muscadinia rotundifolia, and arrows the for-
ward and reverse primers

be either a compound microsatellite repeat as it is in
V. vinifera (succession of GC and CA repeats), or a per-
fect (CA) repeat. It is also interrupted in two distinct
positions in P. henryana. Four distinct fragments were
amplified and cloned from C. quadrangularis. Surpris-
ingly, one of those presents a deletion downstream to the
motif repeat similar to Vitis riparia and Vitis labrusca,
while those species are definitely not related. This might
be due to the fact that this indel belongs to an extensive
hypervariable region, prone to mutation and deletion. It
draws attention to potential pitfalls that arise from using
flanking sequences too close to the hypervariable micro-
satellite region for phylogenetic analysis.

Length variation and sequence analysis of the PacB22
flanking regions in the Rosaceae

The PCR products amplified across taxa by the PacB22
primer pairs were cloned and sequenced from three sub-

genera of the Prunoideae and two Maloideae genera.
Along with the microsatellite repeat, 66 nucleotides of
the upstream coding region were cloned. They displayed
almost perfect conservation at the nucleotide level across
species and genera (Fig. 2). One base substitution was
observed at position 32 which distinguished members of
the Prunoideae from the Maloideae. Single or double
consecutive base substitutions were detected in the par-
tial coding region but they were either species-specific
(position 19-20) or allele-specific.

Across the Prunoideae subfamily, the microsatellite
repeat was present but much shorter, down to eight
(CA/GT) motifs in P. cerasus and P. avium (Fig. 2). This
would explain the low level of polymorphism observed
across sections in the Prunoideae. Interestingly, the
PacB22 flanking region was perfectly conserved apart
from the few base substitutions within the coding region.

Most of the transition events were detected between
alleles from the Prunoideae subfamily and species of the
Maloideae subfamily. Eleven nucleotide substitutions in
the region upstream to the primary tandem repeat clearly
distinguish the Prunoideae and Maloideae accessions.
Moreover, Fig. 2 shows that electrophoretic size variation
detected in the Maloideae was not due to variation in the
microsatellite repeat numbers but instead to the occur-
rence of two deletion events present in the PacB22 flank-
ing region. The first indel and several nucleotide substitu-
tions demonstrate similarities between alleles (named A
and B arbitrarily) across two Malus cultivars and the
Pyrus and Pyronia veitchii accessions. To determine
whether these were from different loci, allele segregation
was analysed in Malus X domestica F1 progeny cv Dis-
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Primer PacB22b iorward
10 20 30 40 50 60 70 80 90

G A AI VV VWL S S I VV GA VN SV P L
GAGGTGCGGCGATAGTCGTGGTGTGGTTGTCTTCAATAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGTGGTGTGGTTGTCTTCAATAGTTGTTAGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCTTCAATAATTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAAATTCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCTTCAATAGTTGTTAGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCTTCAATAGTTGTTAGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCTTCAATAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCTTCAATAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGAGATTTCTTTTGAAACCAGTTGCCTCTAGATTTTGCAATTTAGAATCTATTTTGATTAT
GAGGTGCGGCGATAGTCGCAGTGTGGTTGTCCTCAATAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTTCGGAAACCACATACCTCTAGGT TTTTCAGTTTTGAA- -~~~ - -~ - -~ AT
GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCCTCAATAGTTGTTGGCGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTCTGGAAACCACATACCTCTAGGTTTTTCAATTTTGAGTCCATTT -G~ - -AT

100 110 120 130

10- GAGGTGCGGCGATAGTCGCAGTGTGGTTGTCCTCAATAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTTCGGAAACCCCATACCTCTAGEGTTTTTCAGTTTTGAA -~~~ ~—~~~—~~ AT
11- GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCCTCAATAGTTGTTGGCGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTCTGGARACCACATACCTCTAGGTTTTTCAATTTTGAGTCCATTT -G~ ~~AT
12- GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCCTCAACAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTTTGGAAACCACATACCTCTAGEGTTTTTCAGTTTTGAA ~~~——~~~~~~~ AT
13- GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCCTCAACAGTTGTTGGCGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTCTGGAAACCACATACCCCTAGCTTTTTCAAGTTTGAGTCCATTT-GATTAT
14- GAGGTGCGGCGATAGTCGCTGTGTGGTTGTCCTCAACAGTTGTTGGTGCCGTCAATTCAGTGCCACTTGTAAGTGATTTCTTTGGAAACCACATACCTCTAGGTTTTTCAGTTTPTGAA ~~————~ ==~~~ AT
[ L FRKHKKK K KRRR KXKK Ak kk Kk kk

140 150 160 170 180 190 200 210 220 230 240 250 260

o o ]

1- GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGTGTGTGTGTGTGTGTGTGTGTGAGTGTGAGTGTGTGTTTGCATTATCTCCTGTTTAGAAATTAATT -AACTACTCTGAATTGACTTTCAGCT
2-  GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGCGTGTGTGTGTGTGTGTGTGTGT - -~ -GAGTGTGTGTTTGCATTATCTCCTGTTTAGAAATTAATT -AACTACTCTGAATTGACTTTCAGCT

3-  GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGTGTGCGTGCGTGTATCTCTGTGT -~
4- GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGCGTGTGTGTGTGT---—--—--—-~—
5-  GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGCGTGTGTGTGTGT————-——-——-—
6- GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTATGTGTGTGTGTGTGTGTGTGT - -~
7-  GGAAA-TGATGAATCTATATTTCAATTTACAACTTTGTGTGTGTGTGTGT-—————-——————~
8- GGAAAGTGATGAATCTATTTTTCAAGTTACAACTTTGTCCGTGT-CGT----————--===———
9-  GGAGAATGATGAATCTATTTTTCAAC-TACAACTTTGTGCGTGT ~CAT -~~~ === === ===~
10- GGAAAGTGATGAATCTATTTTTCAAGTTACAACTTTGTCCGTGT-CGT-—————--—————-—~—
11- GGAAAATGATGAATCTATTTTTCAAC-TACAACTTTGTGCGTGT -CAT -~~~ === ===== ===~
12- GGAAAGTGATGAATCTATTTTTCAAGTTACAACTTTGTCCGTGT-CGT----————-——————~—
13- GGGAAATGATGAATCTATTTTTCAACTTACAACTTTGTGCGTGT ~CAT ~— === === ===~
14- GGAAAGTGATGAATCTATTTTTCAAGTTACAACTTTGTCCGTGT-CGT----————-——-———~—

kokkkkkKkkk Kk K Kk KKKk Kkkk Kk KAKKK kKK

C- K%

———————— GTGTTTGCATTATCTCCTGTTTAGAAATTAATT -AACTACTCTGAATTGACTTTCAGCT
____________ TTGCATTATCTCCTGTTTAGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
____________ TTGCATTATCTCCTGTTTAGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
,,,,,,,,,,,, TCGCATTATCTCCTGTTTAGAAATTAATT -AACTACTCTGAATTGACTTTCAGCT
____________ TCGCATTATCTCCTGTTTAGAAATTAATT -AACTACTCTGAATTGACTTTCAGCT
_____________ TGAATTATGTCCTCTTTAGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
,,,,,,,,,,,,, TGAATTACCTCCTCTTTGGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
_____________ TGAATTATGTCCTCTTTAGAAATTAATTGAACTAATCTGAATTGACTTTCAGCT
,,,,,,,,,,,,, TGAATTACCTCCTCTTTGGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
_____________ TGATTTATCTCCTCTTTAGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
,,,,,,,,,,,,, TGA------=----=---———-ATTAATTGAACTACTCTGAATTGACTTTCAGCT
_____________ TGATTTATCTCCTCTTTAGAAATTAATTGAACTACTCTGAATTGACTTTCAGCT
*

dok ook Kok ok ek ok kK kKK Kk ok kK K Kk Kk Kk ok ok K

Fig. 2 Nucleotide comparison of PacB22 EST SSR locus in spe-
cies of the Rosaceae family. Different alleles in the same acces-
sions are indicated by the name of the accession followed by A
or B. I P. armeniaca L. SEO (260 bp); 2 Prunus davidiana #1908
(256 bp); 3 P. persica GF305 (250 bp); 4 P. avium Burlat (239 bp);
5 P. cerasus V2327 (239 bp); 6 Prunus japonica X Prunus spinosa
cv Jaspi A (244 bp); 7 P. japonica X P. spinosa cv Jaspi B
(234 bp); 8 Malus x domestica cv discovery fragment A (220 bp);
9 Malus x domestica cv discovery fragment B (227 bp); 10 Malus
X domestica cv MM105 A (220 bp); 11 Malus x domestica
cv MMI105 B (227 bp); 12 P. communis cv Pine seedlings
A (220 bp); 13 P. communis cv Pine seedlings B (213 bp);
14 P. veitchii (220 bp); C consensus sequence. The primary
tandem repeat is underlined while gaps are represented by
broken lines. Bold characters indicate base substitutions in be-
tween Prunoideae and Maloideae, as well as nucleotide similari-
ties across Maloideae alleles. Dots above the sequences show in-
terruption in the apricot microsatellite repeat and uppercase letters
above the first 70 bp correspond to the partial 5" coding region of
B22 (accession number BQ134643). Forward and reverse PacB22
primers are displayed by arrows

covery X TN10.8 (data not shown). Twelve individuals
were tested along with the parents Discovery and TN10.8
following the above PCR conditions. All 12 progeny and
two parents displayed two distinct and equally sized frag-
ments. Therefore, the PacB22 locus in the Maloideae
does not follow a single-locus segregation.

Another EST SSR locus, PacA10, was sequenced
across the Rosaceae species and genera (data not shown)
but the sequence in Malus did not correspond to the ini-
tial apricot EST clone. While the PacA10 locus in apri-
cot displayed homology with a chlorophyll a/b binding
protein (Table 1), the PCR product amplified with the
PacA10 primer pair in Malus X domestica showed simi-
larity with a gene coding for a nonsense-mediated
mRNA decay transacting factor in Arabidopsis thaliana
(accession number AB017068, id.= 4e-08).

Primer PacB22 revers

Discussion

In this report, we show that SSRs are retrieved from
expressed sequences of grape and apricot species, after
little input and without extensive sequencing data.
cDNA-SSR markers combine the advantages of micro-
satellite variability with the information content poten-
tially carried by expressed sequences. This is an efficient
and economical technique for accumulating and mapping
cDNA sequences from different tissues and developmen-
tal stages and, by this means, increasing the density of
gene markers on linkage maps of minor crops.

A putative function was assigned by sequence simi-
larities for half of the grape and apricot cDNA-SSR loci;
this is in concordance with systematic sequencing and
functional annotation of genes in other species where
52% of the sequences were coding for unidentified pro-
teins (Aubourg and Rouzé 2001). Some of them are good
candidates for QTL mapping and for the assessment of
phenotypic and adaptive variation, e.g. potassium import
with the SKOR gene and its relation with fruit quality in
grape.

Grape and apricot EST SSR primer pairs were tested
for cross-species transferability in the family Vitaceae
and Rosaceae respectively. Utility of microsatellite
markers between related and less-related species was
evaluated not only by the presence or absence of amplifi-
cation products but also on heterozygous banding pat-
terns and sequence variation in the flanking regions.

In the Vitaceae, high levels of length polymorphism
across species and genera, and allele sequence data, con-
firmed the microsatellite nature of observed variations
and the optimal utility of the EST SSR markers. In the
Rosaceae, optimal utility of the apricot EST SSR mark-
ers was for closely related species belonging to the same



920

subgenus Prunophora. Outside this subgenus, heterozy-
gous banding patterns were rarely attained, except in the
tetraploid P. cerasus. Specificity of SSRs for a given
taxon can limit the cross-species utility of these markers
in other cultivated species or in interspecific crosses.
Many authors reported a decline in amplification success
with increasing divergence and evolutionary distance be-
tween taxa (for example see Whitton et al. 1997). The
more-closely related the species are, the better is the am-
plification and the higher is the allelic diversity. This
was confirmed in both the Vitaceae and Rosaceae fami-
lies. The threshold distance after which no amplification
can be expected is shorter in the Rosaceae than in the Vi-
taceae. This may reflect large genetic distances among
Rosaceae taxa and that speciation in the Vitaceae took
place rather recently. According to Rossetto (2001),
cross transferability within the same genus reaches
76.4%, with 86% displaying polymorphism. Across the
Vitaceae genera, Arnold et al. (2002) suggested that
cDNA microsatellites were transferred more readily than
anonymous SSR markers. In the Rosaceae, such a level
of transferability is apparently not the case; polymor-
phism is particularly low in the Amygdalus subgenus and
in other non-source subgenera. More extensive data will
be required in the Rosaceae to fully compare anonymous
versus transcribed SSR markers.

Our results are consistent with studies performed in
the Vitaceae using anonymous SSR markers (Di Gaspero
et al. 2000), but in contrast with previous studies in the
Rosaceae (Sosinski et al. 2000; Dirlewanger et al. 2002).
However, in the two last reports, only amplification and
detection of appropriate-sized fragments on Metaphor
agarose gels were recorded; polymorphism and verifica-
tion of true positives by sequencing were not considered.
We believe that it is not possible to predict marker trans-
ferability into a given species on the basis of its taxo-
nomic classification; it will mainly depend on the evolu-
tionary histories of the respective taxonomic families.

In animals, the potential of interspecific amplification
is high (for example see FitzSimmons et al. 1995). In
plants, cross-species transferability has been particularly
successful in several crop species and forest trees
(Westman and Kresovich 1998; Karhu et al. 2000). Con-
servation of a microsatellite repeat at the waxy locus has
been demonstrated in non-related species such as rice,
barley and potato (Becker and Heun 1995; Ayres et al.
1997; Milbourne et al. 1998). While in some cases this
locus is monomorphic in length (Washington et al. 2000;
Domon et al. 2002), such conservation across plant taxa
raises the question of the biological role for this micro-
satellite repeat.

It is important to note that we used unchanged PCR
conditions to test the transferability of EST SSRs across
taxa. Modifiying the PCR protocol by lowering of an-
nealing temperature may increase transferability. How-
ever, false positives can appear and the fragments ampli-
fied may not be those anticipated, for example PacA10
in Malus X domestica. Such alleles will be incorrectly
scored at an expected EST locus and are a major draw-

back in genetic comparison and marker-assisted localisa-
tion of expressed genes. In many surveys of SSR ampli-
fication across plant species and genera, products are se-
lected as useful markers if they amplify consistently and
are similar to SSRs in the source taxon in terms of size
and polymorphism. This highlights the fact that results
are easily misinterpreted when transferring SSR markers
across taxa.

Overall, the sequence alignments showed that the
microsatellite repeat in the Vitaceae was variable but
present in most cases. This study is clearly limited by the
number of taxa used and by the number of alleles
sequenced. However, other authors recently reported
the characterisation of microsatellite flanking regions in
other species of the V itaceae family (Di Gaspero et al.
2000; Rossetto et al. 2002). Interestingly, Rossetto et al.
(2002) evaluated the potential of EST SSR flanking
regions for determining taxonomic relationships within
two Vitaceae genera, Cissus and Cayratia. In our case,
the purpose was not to perform a phylogenetic study but
to compare the potential of information provided by the
tandem repeat, as well as the flanking region, in compar-
ative genetics. Clearly, in the Vitaceae, microsatellite and
flanking regions are highly conserved. Similar results
were reported by Di Gaspero et al. (2000) who showed
that there was no difference at the sequence level be-
tween European, American and Asian species. However,
interruptions in the microsatellite repeat occur in another
subgenus, Muscadinia, and enables separation of the two
Vitis subgenera, but this needs to be confirmed by more
extensive sequencing. More information was obtained by
analysis of the flanking regions and the occurrence of
insertion/deletion events. We showed sequence similari-
ties, especially a 2-bp deletion event, between two geo-
graphically distinct species, V. mexicana (American) and
V. davidii (Asian). Along with the former study of
Di Gaspero et al. (2000), this clearly demonstrates that
classification in the genus Vitis based on the geographi-
cal distribution of species may not be reflecting the true
phylogenetic relationship.

In view of the low success of cross-genera amplifica-
tion and size polymorphism in the Rosaceae family, in-
formation based on flanking-region sequences makes
those EST markers a potentially more useful tool for the
study of genome variation and evolution between genera.
It is well documented that within a microsatellite locus,
length differences between alleles are not only due to a
variation in the number of tandem repeat units (Grimaldi
and Crouau-Roy 1997; Orti et al. 1997). In the case of
the PacB22 EST SSR locus, no variability was found
among different species of the Prunoideae subfamily
except for microsatellite length shortening and a few
base substitutions in the coding region. However, when
amplifying across genera in the Rosaceae, base substitu-
tions and deletion events in the flanking region are more
informative than the core motif repeat itself. In fact, SSR
length variation as normally scored in microsatellite as-
says is inadequate to assess long-term evolutionary
divergence between the Maloideae and the Prunoideae,



and in general between relatively distinct taxa. Effective-
ly, we can observe that in distinct species such as Malus
X domestica and Pyrus communis, the microsatellite
repeat is no longer present. Moreover, allelic similarities
between Malus and Pyrus cultivars lead us to propose
that those alleles do not belong to the same locus but in-
stead arose either from gene duplication or allopolyplo-
idisation. Segregation analysis in Malus X domestica
showed two monomorphic distinct loci. After sequenc-
ing, each allelic size class was compared between Malus
and Pyrus accessions; one single deletion showed relat-
edness between one and the other fragment across the
subgenera Malus and Pyrus. Previous study in the sub-
family Maloideae suggested that the Maloideae genome
(x = 17) was derived from allopolyploidy between primi-
tive members of the subfamilies Prunoideae (x = 8) and
Spiroideae (x = 9) (Stebbins 1958). Additional loci have
frequently been observed for example in wheat, where
29% of primer pairs amplified more than one locus
(Bryan et al. 1999), and in apple, 25% (Guilford et al.
1997). This is probably reflecting chromosomal duplica-
tion or allopolyploidy in those species. In our case, one
distinct locus additional to PacB22 was amplified as
confirmed by segregation analysis.

Therefore, the variability recorded within the flanking
sequence of the PacB22 locus is sufficient to distinguish
between two loci in the same genome, either duplicated
or located on two homoeologous chromosomes. This
could be particularly useful for differentiating homoeo-
logous chromosomes in allopolyploid species. It also
shows that EST-derived markers (RFLP, SNP, SSCP)
would represent markers of choice, compared to micro-
satellite markers, for genome comparisons across genera
in the Rosaceae.
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