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ABSTRACT. Simple sequence repeats (SSRs) and amplified fragment-length polymorphisms (AFLPs) were used to evalu-
ate sweet cherry (Prunus avium L.) cultivars using quality DNA extracted from fruit flesh and leaves. SSR markers were
developed from a phage library using genomic DNA of the sweet cherry cultivar Valerij Tschkalov. Microsatellite contain-
ing clones were sequenced and 15 specific PCR primers were selected for identification of cultivars in sweet cherry and
for cross-species amplification in Prunus. In total, 48 alleles were detected by 15 SSR primer pairs, with an average of
3.2 putative alleles per primer combination. The number of putative alleles ranged from one to five in the tested cherry
cultivars. Forty polymorphic fragments were scored in the tested cherry cultivars by 15 SSRs. All sweet cherry cultivars
were identified by SSRs from their unique fingerprints. We also demonstrated that the technique of using DNA from
fruit flesh for analysis can be used to maintain product purity in the market place by comparing DNA fingerprints from
12 samples of ‘Bing’ fruit collected from different grocery stores in the United States to that of a standard ‘Bing’ cultivar.
Results indicated that, with one exception, all ‘Bing’ samples were similar to the standard. Amplification of more than 80 %
of the sweet cherry primer pairs in plum (P. salicina), apricot (P. armeniaca) and peach (P. persica L..) showed a congeneric
relationship within Prunus species. A total of 63 (21 % ) polymorphic fragments were recorded in 15 sweet cherry cultivars
using four EcoRI-Msel AFLP primer combinations. AFLP markers generated unique fingerprints for all sweet cherry
cultivars. SSRs and AFLP polymorphic fragments were used to calculate a similarity matrix and to perform UPGMA
cluster analysis. Most of the cultivars were grouped according to their pedigree. The SSR and AFLP molecular markers
can be used for the grouping and identification of sweet cherry cultivars as a complement to pomological studies. The
new SSRs developed here could be used in cherry as well as in other Prunus species for linkage mapping, evolutionary

and taxonomic study.

The capability to distinguish among cherry (Prunus avium) culti-
vars in breeding and cultivationis extremely important for scientific
as well as for economic reasons. There is a demand for a rapid and
reliable method of cultivar identification for Plant Breeder’s Rights
(PBR) registration and protection. Classical methods of identifica-
tion and characterization of cultivars in fruits have relied mostly
upon a large set of phenotypic data that is often difficult to assess,
may vary with environment and production practices, and can be
time consuming to collect when surveying large populations that
may be growing in different locations. Molecular markers based
on DNA are stable, detectable in all tissues and independent of
environmental or seasonal conditions. They can be used for cultivar
identification, diversity analysis, assessment of parentage, patent
issues and quality control of rootstock-seed lots. The ability to
distinguish cherry cultivars would be greatly enhanced by the use
of molecular markers.

Molecular marker development and use within Prunus species
has been most active in peach (P. persica) due to its relatively
short juvenile period and commercial importance (Dirlewanger
and Bodo, 1994; Sosinski et al., 1998). A variety of molecular
techniques have been developed for measuring genetic variabil-
ity. Of the possible alternatives, isozymes have been shown to be
insufficiently variable in cherry due to low polymorphism of the
species ( Tobutt and Boskovic, 1996). Randomly amplified poly-
morphic DNA (RAPD) markers have also been assayed in fruit
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trees (Warburton and Bliss, 1996) but poor reproducibility and low
multiplexing output limit their use. Two hundred RAPD primers
of which only 25 were informative could not distinguish 18 sweet
cherry cultivars (Gerlach and Stosser, 1998). Chloroplast DNA,
because of its conserved nature, is commonly not recommended
as a good molecular marker to distinguish cultivars (Mohanty et
al., 2001 ). One of the most reliable molecular marker systems
is microsatellites or simple sequence repeats (SSRs) which are
abundant and well distributed throughout the nuclear genomes of
eukaryotes. These are mostly present in noncoding DNA, which
can accumulate mutations more rapidly than the coding DNA.
Simple sequence length polymorphism (SSLP) caused by varia-
tion in the number of repeat units, can be easily detected by PCR
using pairs of primers designed from unique sequences bordering
the SSR motifs. SSRs, are generally considered the marker of
choice for genetic fingerprinting purposes in fruit trees, due to
their high levels of polymorphism, high degree of reliability and
reproducibility, and codominant mode of inheritance. In plants,
these markers have been used widely for cultivar identification and
genetic mapping (Cipriani et al., 1999; Guilford et al., 1997) and
are a powerful genetic resource for phylogenetic studies (Provan et
al., 1996). Microsatellite loci developed from genomic DNA librar-
ies tend to map randomly throughout the genome and are suitable
for comparative genetic studies. The genetic profiles produced by
multiplexing specific combinations of microsatellite markers can be
used in conjunction with pedigree and performance data to docu-
ment ownership and protect intellectual property rights (McCouch
etal., 1997). Microsatellites have been recognized as a good source
of genetic markers in cherry (Cantini et al., 2001; Downey and
Iezzoni, 2000), but a major limitation of SSRs is the time and cost
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required to isolate and characterize each locus when a preexisting
DNA sequence is not available. In cherry, sufficient sequence data
arenotavailable in the database for designing microsatellite primers
for analysis. Lengthy cloning and plasmid screening procedures
are needed to identify candidate markers.

Another molecular marker, amplified fragment-length polymor-
phism (AFLP) has been shown to reveal a relatively high degree
of polymorphism in sweet cherry (Boritzki et al., 2000; Struss
et al., 2001; Tavaud et al., 2001). Zhou et al (2002) found AFLP
to be an appropriate method for rapidly developing a fingerprint
profile. The high multiplex ratio of AFLP analysis makes it the
most efficient method for generating large numbers of anonymous
DNA markers for use in genetic linkage and diversity studies. The
use of high quality total genomic DNA with complete digestion
by restriction enzymes is very important for reproducibilty of the
AFLPprofile. Consistent differences were observed between AFLP
profiles generated from peach leaf and fruit DNA (Aranzana et al.,
2001). The present project was designed 1) toestablish the presence,
abundance and characteristics of the two classes of dinucleotide
repeats, (GA/CT)n and (GT/CA)n in the cherry genome, 2) to
develop SSR and AFLP fingerprints for identification and charac-
terization of sweet cherry cultivars using DNA extracted from fruit
flesh and leaf tissues, and 3) to demonstrate the transferability of
SSR markers developed in sweet cherry (P. avium) for molecular
analysis in plum (P. salicina Lindl.), apricot (P. armeniaca) and
peach (P. persica).

Material and Methods

PraNT MATERIAL. Leaf and fruit samples were collected from
15 sweet cherry cultivars— ‘Bing’, ‘Chinook’, ‘Van’, ‘Vista’
‘Larian’, ‘Sam’, ‘Jubilee’, ‘Tulare’, ‘Index’, ‘King’, ‘Chelan’,
‘Early Coral’, ‘Early Burlat’, ‘Brooks’, and ‘Skeena’ (only leaf
sample was available)—from mature trees located in Winters,
Calif. In addition, 12 fruit samples of ‘Bing’ sweet cherry were
collected from different grocery stores in the United States. For
cross species amplification of SSRs, leaf tissue obtained from
‘Santa Rosa’ plum, ‘Patterson’ apricot and ‘Elegant Lady’ peach
were used for DNA extraction.

DNA EXTRACTION FROM FRUIT AND LEAVES. DNA was extracted
from young expanding leaves and green to ripe fruit flesh corre-
sponding to Centre Technique Interprofessionel des Fruitet Legumes
(CTIFL) code color chips 1 to 4. Whole fruit and leaves were first
cleaned with ddH,0O. About 200 to 250 mg of fruit (including both
skin and flesh while excluding developing seeds in immature fruit)
or leaf sample were collected in a 1.5-mL Eppendorf tube, put in
liquid nitrogen and stored at or below —70 °C until used. Care was
taken to avoid thawing before grinding. The samples were ground
to powder using mortar and pestle in the presence of liquid nitrogen.
To this was added 500 uL preheated extraction buffer (2% CTAB,
100 mm Tris-HCI, pH 8.0, 1.4 M NaCl, 20 mm EDTA, 1% PVP-
40 and 10 mm DTT) and 10 uL proteinase K to each sample. The
samples were incubated for 30 min at 65 °C, extracted with 500
uL 24 chloroform : 1 isoamyl alcohol, and centrifuged at 9750 g,
for 5 min. The resulting supernatant was transferred into a new
1.5 mL Eppendorf tube to which 500 uL phenol was added, and
incubated for 5 min followed by centrifugation at 9750 g, for 5
min. The upper phase was removed, the milky phase collected and
transferred into anew tube, and 500 pL chloroform was added prior
tocentrifugation for 5minat9750 g,. The aqueous phase was mixed
with 0.6 volume of ice-cold 2-isopropanol and centrifuged for 10
min at 9750 g,. The supernatant was discarded and the pellet was
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washed with I mLice-cold 70% ethanol. The dried DNA pellet was
re-suspended in 50 uL distilled water and stored at 4 °C.

DNA extracted from fruit or leaf tissue was purified by adding
1/10 volume 3 M sodium acetate and 2 volumes 100% ethanol
with subsequent storage at —20 °C for 1 h. The samples were
centrifuged at 9750 g, for 15 min. Pellets were washed twice
with 70% ethanol, air dried and resolved in 50 uL TE buffer (10
muM Tris, 1 mm EDTA, pH 7.5). DNA quality and quantity were
measured with ethidium bromide-stained 1% agarose gel and the
A, Asg, ratio was determined using UV-2401 spectrophotometer
(Shimadzu Scientific Instrument, Inc., Pleasanton, Calif.). Quality
of the DNA was also verified by complete digestion with EcoR1
and MSel restriction enzymes for AFLP and PCR amplification
for marker analysis.

SCREENING AND IDENTIFICATION OF MICROSATELLITE LOCL. SSR
markers were developed following the procedure of Struss and
Plieske (1998). For constructing a phage library, 50 ng genomic
DNA of the sweet cherry cultivar Valerij Tschkalov was digested
with the methylation sensitive restriction enzyme Pst I. The low
molecular weight fraction was isolated from an agarose gel, di-
gested with Mbo1 and cloned into the BamH]1 site of the phage
vector Zap express (Stratagene, La Jolla, Calif.). The library was
screened for the presence of repeats by hybridization with (GA),,
and (GT),, probes, labeled by random priming with 32P CTP (Fein-
berg and Vogelstein, 1983). Positive plaques were isolated and
used to transfect Escherichia coli strain XL1 blue. The colonies
were again hybridized with (GA),, and (GT),, probes and positive
clones were sequenced using an auto sequencer (ABI 373; Global
Medical Instrumentation, Inc., Albestville, Minn.). Sequencing was
performed by using M13 (-21) as a forward primer. In some cases
when the insert was long, resequencing was done by using M 13
reverse primer.

MARKER ANALYSIS. For each unique SSRs that contained suf-
ficient reliable flanking sequence, 15 PCR primer pairs were
selected using the primer selection computer program Primer 3
(Cambridge, Mass.). The forward primers were labeled with IRD-
800 and IRD-700 at the 5’ end to be detected simultaneously on an
automated DNA sequencer (LI-COR, Lincoln, Nebr.). PCR was
carried out in a DNA engine tetrad thermal cycler (MJ Research,
Inc., Waltham, Mass.) with a total volume of 12 uL under the fol-
lowing conditions: 20 to 25 ng of template DNA, 250 nm of each
primer, 200 pm of ANTPs, 1 U of Taq Polymerase, 1.5 to 2 mm of
MgCl,. The reaction, depending on the primer pair, was run for 35
to 45 cycles (denaturing at 94 °C for 1 min, annealing at 55 or 60
°C for 1 min, with a2 min extension at 72 °C), followed by a single
extension at 72 °C for 60 min. One microliter of reaction products
were mixed with 6 yL of formamide dye, denatured at 94 °C for
3 min, and rapidly cooled on ice for 3 min. Amplified fragments
from both fruit and leaf DNA were separated by electrophoresis
on 0.25-mm-thick 5.5% polyacylamide gels and visualized using
a DNA sequencer (Gene Readir 4200; LI-COR). Gene Image IR
analysis software (Scanalytic, Fairfax, Va.) was used for measuring
SSR allele size. Manual editing of the allele size was performed
for more accuracy.

To complement the SSR markers, AFLPs were tested on the
same cultivars. Restriction, ligation, and preamplification reactions
were performed following the original AFLP protocol of Vos et
al. (1995) with some modifications suggested by Myburg et al.
(2001) for using EcoRlI labeled primer with infrared dye IRDye-
800 or IRDye-700 (LI-COR) at the 5’ end to be detected on the
DNA sequencer (Long Readir 4200; LI-COR). Preamplification
reactions were performed with standard EcoRI (E + A) and Msel
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(M+C) adapter primers (Vos et al., 1995). Standard EcoRI and
Msel adapter primers with three selective nucleotides (i.e., E +
ATAand M + AGT,M + ACT ,M + ATC, M + CAA ) were used
for final selective amplification. Only bright, clearly distingushable
bands were used in the genetic analysis. Apparent polymorphisms
appearing below 50 base pairs (bp) and above 600 to 700 bp of
the banding patterns were rejected due to the inconsistancy of
amplification and weakness of bands. AFLP fragments generated
from fruit flesh and leaf DNA were run side by side on 5.5%
polyacrylamide gels (0.25-mm spacer thickness) and detected by
a two-dye (model 4200; LI-COR) automated DNA sequencer. At
least one lane per gel loading was loaded with 50 to 700 bp sizing
standard labeled with the corresponding IRDye (LI-COR). To test
the reproducibility of the AFLP banding patterns, two independent
PCR amplifications were performed on the same samples, run side
by side and detected on a LI-COR automatic sequencer.

SSRs and AFLP fragments were scored visually as the presence
of fragment (1) or absence of fragment (0). The PAUP 4.0b10
software package (Swofford, 1999) was used to generate a mean
character difference matrix and then to produce adendrogram using
the unweighted pair group method based on arithmetic averages
(UPGMA).

Results and Discussion

DNA exTRACTION. The extracted DNA from fruit flesh and leaf
samples was of sufficient quality for marker analysis. DNA yield

was from 8 to 12 ug-g-! of the starting material. DNA appeared to
be of high molecular weight with little shearing and easy mobility.
A discrete band on agarose gel was observed for DNA extracted
from green (concentration 35 to 46 ng-uL-!') and ripe (concentra-
tion 40 to 55 ng-uL-1) fruit. Over-ripe fruit samples showed DNA
concentration of 15 to 20 ng-uL-!, but the band on agarose gel
was not discrete. The A,q: AL, ratio for green and ripe samples
was =1.8, but for samples isolated from over-ripe fruits, this ratio
was between 1.51 and 1.64. The A,,:A,q, ratio was in the range
of 1.79 to 1.85 for DNA samples from leaf tissues. DNA extracts
of some samples which showed browning were greatly reduced
with the purification step using 3 M sodium acetate.

LIBRARY SCREENING AND SEQUENCE CHARACTERIZATION. The fre-
quencies of dinucleotide repeats in the sweet cherry genome was
estimated among 80,000 plaques from a lambda genomic library
by hybridization under stringent conditions with the dinucleotide
repeats (GA),, and (GT) ,,. In total, 478 clones showed positive
signals after hybridization with (GA) ,, and (GT) ,,. Eighty-two
positive clones were sequenced. Forty-twoclones (51.2%) contained
dinucleotide SSRs, of which 31 clones (73%) had dinucleotide GA/
CTrepeats, while 26% displayed GT/CArepeats. Eighty percent of
the clones having dinucleotide (GA)n and (GT)n repeats were 10
to 20 bp long. Eight clones (19%) had compound sequences which
consisted of classes of di, tri, and tetra-nucleotide repeats alternating
with (GA)n and (GT)n repeats. Imperfect repeat sequences were
relatively rare (around 5%). Similarly four clones (9.5%) were
found to be redundant. In the 42 clones having a dinucleotide mi-

Table 1. Primer sequences, repeat motif, number of putative alleles, and their size in base pair amplified by 15 SSRs in cherry cultivars. Cross species
amplification of these SSRs in other Prunus species have also been shown.

Allele

Primer Sequence Repeat Putative size

pair F/R (5°-3%) motif alleles (bp) Plum  Apricot Peach

UCD-CHI0O F TCACGAGCAAAAA GTGTCTCTG (CA)12 2 135/148 * * N
R CACTAACATCTCTCCCCTCCC

UCD-CHI1 F TGCTATTAGCTTAATGCCTCCC (CD15 4 134/145/148/151 *E *E N
R ATGCTGATGTCATAAGGTGTGC

UCD-CHI2 F AGACAAAGGGATTGTGGGC (CA)14 5 173/175/177/180/200 N oK oK
R TTTCTGCCACAAACCTAATGG

UCD-CHI3 F ACCCGCTTACTCAGCTGAAC (CA)10 2 133/139 oK oK oK
R TTAGCACTAAGCCTTTGCTGC

UCD-CH14 F GTACACGGACCCAATCCTG (CD18 3 139/145/147 *E *E *E
R TCTAACATCATGTTAAACATCG

UCD-CHIS F TCACTTTCGTCCATTTTCCC (CD15 3 94/96/112 ok ok ok
R TCATTTTGGTCTTTGAGCTCG

UCD-CH16 F ATCACAAGGCAGACTGGTCC (CT)20(CA)I0 1 123 * * *
R CTTAAACTTCAACAAGTTCAGG

UCD-CH17 F TGGACTTCACTCATTTCAGAGA  (CD11 3 186/188/190 ok ok ok
R ACTGCAGAGAATTTCCACAACCA

UCD-CHI8 F GATGGAAGGCCAAGGCAAC (CT)23 4 178/184/186/188 oK ok N
R AATGTTCCCGGTTATATGC

UCD-CHI9 F GTACAACCGTGTTAACAGCCTG  (CA)I2 1 122 o o o
R ACCTGCACTACATAAGCATTGG

UCD-CH21  F TTGTTGACCATCGAATATGAAG (CA)18 4 114/116/118/122 *E o o
R GAAGGTACATGGCGTGCC

UCD-CH26 F CTGTCGAAATGCCTATGC (CDH10 4 110/114/120/124 N * *
R ATGAATGCTGTGTACATGAGGC

UCD-CH31 F TCCGCTTCTCTGTGAGTGTG (CT)26 4 111/123/125/148 o o o
R CGATAGTTTCCTTCCCAGACC

UCD-CH36 F TACGTTGTGTATTTTGTCGCT (CDI3(CA)S 4 110/122/124/128 * * *
R GCAATTGGGAGGTTATACAGTG

UCD-CH39 F CACTGTCTCCCAGGTTAAACTC  (CT)28 4 122/142/144/146 * * *
R CCTGAGCTTTTGACACATGC

**Reproducible and easily interpretable amplification product at the expected size range; *amplification of complex banding pattern; N = did not work in the tested spe-

cies.
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Fig.1. Amplification products using SSR primer pair UCD-CH31 with 15
sweet cherry cultivars. Both leaf and fruit DNA were used as a template in
the amplification reaction. Samples 1 to 12 are DNA fingerprints from ‘Bing’
fruits collected from grocery stores in the United States. Band size is in base
pair (bp) using LI-COR size marker.

Sanple 5

Early Coral L
Early Coral F
Early Burlat
Early Burlat
Brooks L
Brooks F

Sample 6
Sanple 7

have shown the most frequently occurring
dinucleotide repeats to be (AT)n with (CT)n
and (AC)n as second and third most frequent
(Echt and May-Marquardt, 1997; Wang et al.,
1994). In cherry, the (GT/CA)n motif have
more compound microsatellites. This result is
in agreement with that of Raffaele et al. (2000)
for the peach (P. persica L. Batsch) genome.
Condit and Hubble (1991) observed that 10%
t0 20% of phage inserts that carried a CArepeat
also carried a CT repeat, indicating a clustering
of repeat regions.

MARKER ANALYSIS. The 15 microsatellite-specific primer pairs
which resulted in a clear PCR product, were further tested for their
efficiency in detecting polymorphisms among 15 cherry cultivars
and 12 ‘Bing’samples collected from the market place. Primer pairs,
repeat motif, number of putative alleles and their expected size in
base pair amplified by 15 SSRs in sweet cherry
cultivars are shown in Table 1. All SSRs were
single locus and no complex banding pattern
wasobserved. Thirteen SSRs were polymorphic
while the amplification patterns obtained with
UCD-CH16 and UCD-CH19 did not show any
polymorphism. A total of 48 putative alleles
were detected with an average of 3.2 alleles
per primer combination. The number of alleles
ranged fromone to five in this small setof cherry
~ cultivars. One or two alleles per cultivar indi-

Size Marker
Base Pair

S%lﬁ 10
Sanple 11
Samnple 12

Sample §
Smle9

= 100

L
F

cated the diploid nature of the cherry genome.
No correlation between the number of repeats
of a microsatellite and the number of alleles

detected within the tested cherry cultivars was

Fig. 2. A portion of AFLP polymorphism in 15 sweet cherry cultivars using leaf
and fruit DNA extract and run side by side for comparison. Polymorphic bands
are indicated by arrows.

crosatellite, 30 (71%) had sufficient flanking sequence for primer
design. The rest of the clones were discarded for not having any
microsatellite or the microsatellite was too small or the microsat-
ellite was too close to the cloning site. An intial set of 20 primer
pairs were designed. After testing the efficiency of primers with
the donor ‘Valerij Tschkalov’ sweet cherry as an internal standard
and four randomly chosen sweet cherry cultivars, 15 primer pairs,
which amplified very clean and easily interpretable single locus
PCR product loci were chosen to analyze the selected cultivars
and genotypes.

It was observed from the phage library that both GA/CT and
GT/CA repeats are abundant in the cherry genome and can be
used for marker development. Our phage library resulted in an ef-
ficiency of 18% from sequencing to the production of operational
loci whichis almost double to that of Szewc-Mcfadden et al. (1996)
who sequenced 141 clones in Brassica, in which 21 (15%) primer
pairs were designed and of these, 13 amplified polymorphism in
a test array, resulting in an efficiency of 9.2% from sequencing to
the production of operational loci.

We have isolated more (GA/CT)n microsatellites than (GT/
CA)n from the phage library developed from the cherry genomic
DNA. These results are in agreement with surveys in plants that
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observed. SSR markers identified all cultivars
from their unique DNA fingerprint. Figure 1
shows an example in which the DNA from 15
sweet cherry cultivars in genus Prunus was
amplified to display the allelic variation at microsatellite locus
UCD-CH31. Four alleles were amplified by this locus in sweet
cherry cultivars. This locus distingushed the four cherry cultivars,
‘Van’, ‘Sam’, ‘Early Coral’ and ‘Burlat’ from the rest of the cultivars
due to their unique fingerprints. For example, the cherry cultivar
Early Burlat had one homozygous putative allele at 125 bp while
the cherry cultivar Van had two putative alleles at positions 123 and
148 bp. The maximum number of cultivar specific putative alleles
(allele present in only one cultivar) was observed in cultivar Brooks
(3), followed by ‘Sam’ (2), ‘Chinook’ (1), ‘Vista’ (1), ‘Larian’ (1),
‘Bing’ (1), ‘Early Coral’ (1), and ‘Early Burlat’ (1). At all loci, no
differences in SSR profiles were observed for leaf and fruit flesh
DNA from the same cultivar (Fig. 1). Similarly, no differences
were observed when gels were run three times separately for SSR
markers. Comparison of 12 ‘Bing’ fruit samples collected from
grocery stores in the United States indicated that all samples except
sample 4 have the same DNA fingerprint as that of the standard
‘Bing’ fruit DNA profile (Fig. 1). From the 15 primers developed
in sweet cherry, 13 (86.6%) generated amplification products in
plum, 15 (100%) in apricot and 12 (80%) in peach with bands
within the expected sizes.

The number of fragments produced by the AFLP protocol was
highly variable, ranging from 61 to 92 with an average of 74 per
lane. A total of 63 (21%) polymorphic fragments were recorded in
15 sweet cherry cultivars using four primer combinations. AFLP
markers generated unique fingerprints forall sweetcherry cultivars.
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Skeena 2N-60-07 x 2N-38-22 (Summerland BC) *

TPEMA Bing Black Republican O P. (USA) ™
Larian Lambert x (Bing x Bush Tatarian) (IIS4) *
LI: Jubilee Lamhert x Napa Longstem Bing (IT54) *
King Bing d"Andy OP. (USA) *
Chinook Bing x Gilpeck (USA)"
Index Stella x Unkown (USA)*

Chelan Stella x Beaulieu (US4) ©
Early Coral  Rainier x Farly Burlat (USA)
Tulare Bing OP.(USA) *

|: Wan Empress Eugenie OF. (Summerland BC) '

I Vista Hedelfinger x Victor (Vineland ON) *
Sam Windsor OP. (Summerland BC) *
Brooks Rainer x Early Burlat (US4) *

Early Burlat Unknown (France) *
——— 0.05 changes

Fig. 3. Dendrogram of 15 sweet cherry cultivars constructed from the matrix
based on pairwise mean character differences using SSR and AFLP markers.
Parentage of each cultivar was indicated on the right for evaluation of SSR and
AFLP markers. OP = open-pollinated. “Brooks and Olmo, 1997.

The degree and nature of polymorphism revealed by AFLP primer
combination is depicted in Fig 2. A maximum number of unique
bands ( band present in only one cultivar) were present in ‘“Tulare’
(5) followed by ‘Early Burlat’ (4). No significant differences were
observed inthe AFLPfingerprints generated by four different primer
combinations from both cherry leaf and fruit DNA extracts and
run side by side. (Fig. 2).

Forty SSR and 63 AFLPfragments from 15 sweetcherry cultivars
were used to estimate the genetic distance among the cultivars and
UPGMA cluster analysis shown as a dendrogram are presented in
Fig 3. In this dendrogram, a close association of ‘Larian’, ‘Jubilee’,
‘King’, and ‘Chinook’ to ‘Bing’ could be explained due to the pres-
ence of the ‘Bing’ genome in the development of these cultivars
as indicated by their pedigree. Pedigrees of ‘Index’ and ‘Chelan’
indicated that these two cultivars are half-sibs sharing ‘Stella’ as the
female parent and were clustered in the same group. ‘Early Coral’
and ‘Brooks’ were believed to be originated from the same cross,
but SSRs and AFLP data could not support this assumption since
these are present in a different cluster. “Tulare’ is thought to have
‘Bing’ in its parentage, but its presence in another cluster did not
support this assumption. The three British Columbian cultivars Van,
Skeena, and Sam and the cultivar Vista from Vineland, Canada,
are close to each other. The most divergent subcluster consisted of
two cherry cultivars Brooks and Early Burlat. ‘Brooks’ originating
from the cross ( ‘Rainier’ X ‘Early Burlat”) was close to its male
parent ‘Early Burlat’. Most of the unique markers were observed
in this cluster.

This study revealed the abundance of SSRs in the cherry genome.
We have developed SSR markers with high efficiency for detecting
polymorphisms and identifing cherry cultivars. The average number
of SSR alleles in our study was 3.2, which was slightly higher than
the 2.8 previously observed by Dirlewanger et al. (2002) in a set
of 21 sweet cherry cultivars with 33 microsatellite markers. The
low number of putative alleles from 1 to 5 in our study indicated in
part, the narrow genetic base in this set of sweet cherry cultivars.
Dirlewanger et al. (2002) found that the number of alleles observed
for microsatellites in sweet cherry appeared to be relatively low
(one to six) when compared with other species such as apple (one to
nine). Ahigherlevel of polymorphism was expected in sweet cherry,
given its self-incompatibility. A low degree of polymorphism in
sweet cherry has been reported by Gerlach and Stosser (1998) who
reported similarity indices ranging from 0.83 to 0.98 and Shimada
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et al. (1999) who reported similarity indices ranging from 0.51 to
0.98 by using RAPD markers. Mohanty et al. (2001) who used a
RFLP-PCR technique on chloroplast DNA, achieved only a low
level of resolution in a wild population of sweet cherry.

In contrast to the weak correlation between the number of alleles
and the number of repeats as observed in wheat (Plaschke et al.,
1995), and the stronger one in barley (Saghai Maroof et al., 1994),
and peach (Raffaele et al., 2000), no correlation was detected for
the 15 cherry microsatellites in our study, in concordance with the
results of Szewc-Mcfadden et al. (1996) in Brassica and Valdes et
al. (1993) in humans.

Ourresults showed amplification of more than 80% of the cherry
primer pairs in plum, apricot and peach indicating a congeneric
relationship within Prunus species. Therefore, a high level of
sequence conservation exists within the primer sites flanking the
microsatellites in the Prunus genome. A large amount of structural
and functional homology between Prunus genomes has been sug-
gested in the past. Downey and Iezzoni (2000) used SSR markers
identified in other Prunus to study genetic diversity in black cherry
(P. serotina Ehrh.). Sosinski et al. (2000) developed SSR markers
for peach, which were partially usable in apricot and sour cherry.
For use in linkage mapping, microsatellites must be informative
across many species and cultivars within the genus or family. The
frequencies for the transportability observed here were higher than
those reported in other plants. For example, 26% of the barley
(Hordeum vulgare L..) microsatellite primers amplified microsatel-
lites from oat (Avena sativa L.) (Liet al., 2000). Lower values were
even found for microsatellite loci sequenced in soybeans [Glycine
max (L.) Merr.], from which only 10% provide useful markers for
cowpeas [ Vigna unguiculata (L.) Walp.], broad beans or lupines
(Lupinus albus L.) (Peakall et al., 1998). These results demonstrate
that microsatellites are very powerful markers for synteny analysis
in Prunus. The fact that primer pairs developed for one species can
work in other species allows researchers to avoid the expensive
work of developing new primers. In this sense, SSR markers ap-
pear to be promising candidates to serve as molecular markers for
phylogenetic studies, where different species and even higher taxa
are sampled, at least in the case of the genus Prunus.

The overall genetic diversity among the tested cherry cultivars
was relatively low as evident from the polymorphic rate of 21%
found by the four AFLP primer combinations in our study which is
similar to the 17% reported by Boritzki et al. (2000) and to the 19%
reported by Zhou et al. (2002) and the 20% reported by Struss et
al. (2001). AFLP analysis reveals a higher degree of polymorphism
which is necessary when studying populations with a low degree of
genetic variability, such as in sweet cherry. Our data demonstrate
that AFLP fingerprints can distingush cultivars of sweet cherry
even in a population with limited genetic diversity. The limited
genetic variability of sweet cherry revealed by our AFLP analysis
is consistent with the known genetic background of cultivars.

We successfully applied two marker systems, SSRs and AFLP,
for genome analysis in cherry which can be used for characteriza-
tion and identification of cherry genotypes, product purity, pursu-
ing patent protection, and ensuring the proper genetic material for
cherry growers.

We also demonstrated cross species amplification of the SSR
primer pairs in other Prunus species, which showed conservation
of microsatellite loci among the most important Prunus species.
These newly developed SSRs could be used to complete already
existing Prunus maps (Dirlewanger et al., 1998; Joobeur et al.,
1998) and to compare and merge in Prunus linkage maps which
might speed up sweet cherry breeding programs. These markers
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can also be used for resolving trueness-to-type issues. The use of
fruit for genotyping purposes is of particular interest in situations
when leaves are not available for testing. We have developed
methods to use fruit DNA for monitoring cultivar identity, aiding
in the protection of plant breeder’s rights and for quality control
in the market. In conclusion, we have developed SSRs in sweet
cherry and demonstrated the utility of SSRs and AFLP molecular
markers for identification and characterization of sweet cherry
cultivars using leaf and fruit DNA extracts.
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