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Abstract Apple simple sequence repeats (SSRs) were
intergenerically applied to the characterization of 36
pear accessions, including 19 Japanese pears (Pyrus
pyrifolia), 7 Chinese pears (P. bretschneideri, P. uss-
uriensis), 5 European pears (P. communis), 3 wild rela-
tives (P. calleryana), and 2 hybrids between P. pyrifolia
and P. communis. All of the tested SSR primers derived
from apple produced discrete amplified fragments in all
pear accessions. Nucleotide repeats were detected in the
amplified bands by both Southern blot and sequencing
analysis, and nucleotide sequences of pear were com-
pared with those of apple. The differences in fragment
size among pear or between pear and apple were, in
many cases, due to the differences in repeat number.
Interestingly, the DNA sequence of flanking regions in
apple was highly conserved in pear. Hybrids from P.
pyrifoliaxP. communis showed one fragment inherited
from each parent in all scorable cases, which suggested
that each primer pair amplified fragments originating
from the same locus. A total of 79 aleles were detected
from seven SSR loci in pear, and al pear varieties except
for the mutants could be differentiated. In conclusion,
SSRs isolated from apple are highly conserved in pear
and could be utilized as DNA markersin the latter genus.
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Introduction

SSRs (simple sequence repeats, also designated as
microsatellites) have become the genetic markers of
choice in mammalian and many plant species due to
their abundance, high degree of polymorphism, and suit-
ability for automation (Weber and May 1989). SSR
markers have several advantages over other molecular
markers, which ensure a more reliable method for DNA
fingerprinting. They show codominant inheritance and a
large number of alleles per locus and are abundant in
genomes. In addition, since the use of SSRs is based on
the polymerase chain reaction (PCR) method, the tech-
nique is simple and only a small amount of DNA is re-
quired. It iswidely held that SSRs isolated from a source
genome can be transferred to different individuals of the
same species or the same genus. For example, cross-
species amplification has been observed to be prevalent
in Brassica (Szewc-McFadden et al. 1996), Actinidia
(Weising et al. 1996), and Prunus species (Downey and
lezzoni 2000). However, there are very few reports on
the use of SSRs across genera in the same family or
across families.

Pear (Pyrus spp.) is one of the most important fruit
crops, having been cultivated in Europe and Asia for at
least 2—3 thousand years, and is presently commercialy
grown in al temperate regions encompassing more than
50 countries of the world (Bell 1990; Bell et al. 1996).
The genus Pyrus contains at least 22 well-recognized
primary species, al indigenous to Europe, Asia, and the
mountainous regions of North America. In addition,
there are at least nine natural or artificial interspecific
hybrids between primary species, which are also classi-
fied into different species (Bell et al. 1996). Genetic re-
sources have not been fully identified due to the low
morphological diversity, lack of differentiating charac-
ters among species, and widespread crossability. There-
fore, estimation of genetic diversity among Pyrus spp. is
often very difficult. Morphological characters (Kikuchi
1948; Shen 1980; Westwood 1982) and isozyme analysis
(Chevreau et al. 1997; Jang et a. 1991;) have been the
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two major tools used to assess the genetic variation in
Pyrus spp. However, isozyme markers and morphologi-
cal characters are till limited in number.

SSR markers have been isolated and used for genetic
linkage maps and cultivar identification in species belong-
ing to the family Rosaceae, such as apple (Malusxdomes-
tica Borkh., Gianfranceschi et a. 1998; Guilford et al.
1997; Maliepaard et al. 1998), Prunus spp. (Cipriani €t al.
1999), and so on. However, there are no reports on SSRs
isolated from pear, although pear is an important fruit spe-
cies belonging to the same family Rosaceae and the same
sub-family Pomoideae as apple (Malus spp.). Further-
more, there have been very few reports on the genetic re-
lationship between pear and apple using molecular mark-
ers. In the study presented here, we attempted to transfer
SSR primers derived from apple to pear.

Materials and methods

Plant material

Thirty-six pear accessions and two apple cultivars were used in
this study. Pear accessions included 19 Japanese pears (Pyrus
pyrifolia Nakai), 7 Chinese pears (P. bretschneideri Rehd., P. uss-
uriensis Maxim.), 5 European pears (P. communis L.), 2 hybrids
between P. pyrifolia and P. communis, and 3 accessions of the wild
relative P. calleryana Decne. Classification of the Asian species
was done following lketani et al. (1998). Two apple (Malusx
domestica Borkh.) cultivars, Cox’s Orange Pippin and Golden De-
licious, were used as references. All varieties were obtained from
the National Institute of Fruit Tree Science (Ibaraki, Japan).

Sixty-three F, plantlets obtained from the interspecific cross
between the Japanese pear Housui and the European pear Bartlett
were used to examine the segregation and inheritance of the SSR
loci in pear.

DNA extraction

Genomic DNA was isolated from young leaves by a CTAB-based
extraction method (Hasebe and Iwatsuki 1990; Yamamoto et al.
2000). One gram of fresh leaf tissue was homogenized in liquid
nitrogen. The resulting tissue powder was suspended in 10 ml of
CTAB extraction buffer (2% CTAB, 1.4 M NaCl, 20 mM EDTA,
0.1 M Tris-HCI, pH 8.0), and 1 ml lysis buffer (10% sodium
N-lauroyl sarcosinate, 20 mM EDTA, 0.1 M Tris-HCI, pH 8.0),
0.2 ml of 2-mercaptoethanol and 100 mg polyclar AT (insoluble
polyvinyl pyrrolidone, GAF Chemicals, Japan) were added to the
suspension, which was incubated at 60°C for 1 h. The suspension
was then purified twice by a chloroform: isoamyl acohol (24:1)
solution and precipitated with 2-propanol. The recovered DNA was
dissolved in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.5)
and purified using a QIAGEN-tip 20 column (Qiagen, Germany).

Microsatellite PCR amplification

Nine SSR primers derived from apple, i.e. 02bl, 0598, 28f4 (Guil-
ford et a. 1997), CHO1B12, CHO1E12, CHO1F02, CHO1HO1,
CHO1H10, CH02B12 (Gianfranceschi et al. 1998), were used for
PCR amplification in pear. All the SSR loci contained (AG)/(TC)
repeats. The PCR amplification was performed according to the
conditions reported, but forward primers were labelled with a fluo-
rescent chemical (FAM or TET or HEX). PCR products were sepa-
rated and detected using a PRIZM 377 DNA sequencer (PE Applied
Biosystems). The size of the amplified bands was calculated using
an internal DNA standard (GeneScan-350TAMRA, PE Applied
Biosystems) and the GeneScan software (PE Applied Biosystems).

Southern blot analysis

The presence of the microsatellite repeat in the amplified frag-
ments was searched by means of Southern blot hybridization.
DNA bands amplified with non-labelled primers were separated
on 4% NuSieve GTG agarose gels (FMC BioProducts) at 50 V for
80 min. DNA was transferred onto nylon membrane (HybondN*,
Amersham, UK) by capillary blotting. Hybridization was per-
formed using 5'-biotin-(AG),5 as a probe dissolved in a hybridiza-
tion buffer (5xSSC, 0.1% sodium N-lauroyl sarcosinate, 0.02%
sodium dodecylsulfate, 1% blocking reagent) at 50°C for 16 h.
The membranes were then washed twice with a washing solution
(2x SSC, 0.1% sodium dodecylsulfate) at room temperature. De-
tection was performed using BrightStar BioDetect kit (Ambion)
according to the manufacturer’s instructions.

Cloning and sequencing amplified fragments

More than 35 amplified fragments derived from apple cv. Cox's
Orange Pippin, pear cv. Housui, and the other pear accessions
were separated on 2—4% agarose gels at 50 V for 80 min. The tar-
geted bands were isolated and purified with GFX PCR DNA and
Gel Band Purification Kit (Amersham Pharmacia Biotech.) and
then cloned into pCR2.1 vector (Original TA Cloning Kit, Invitro-
gen) according to the manufacturers' instructions. Sequencing of
the cloned fragments was carried out using a PRIZM 377 DNA se-
quencer (PE Applied Biosystems) and BigDye Terminator Cycle
Sequencing Kit (PE Applied Biosystems). Three to ten clones for
each fragment were sequenced in order to obtain reliable sequenc-
es. The nucleotide sequences of pear and apple were aligned using
GENETYX ver 9.0.

Results and discussion

Microsatellite PCR amplification
and Southern blot analysis

Discrete reproducible bands were obtained for pear vari-
eties with all SSR primers. The same primers yielded
bands in the two apple cultivars, which were amost of
the same size as those reported by Guilford et al. (1997)
and Gianfranceschi et al. (1998). The fragments ampli-
fied with the 05g8, CHO1B12, CHO1E12, CHO1FO02,
CHO1HO01, CHO1H10, and CHO2B12 primers showed
the exact same size as those reported for Cox’s Orange
Pippin. The other two primers 02b1 and 28f4, produced
4-base longer and 1-base shorter fragments than reported
for Cox’s Orange Pippin, respectively. This difference
presumably originated from differences in the detection
system because the bands obtained from Golden Deli-
cious also exhibited the same shifts with these two prim-
ers. The size of the fragments obtained from apple was
different from that of pear.

The Japanese pear cultivar Kousui and the apple culti-
var Golden Delicious were used for the analysis of the
presence of the SSR repeat. When PCR products were
probed with the biotin-labelled (AG),s, all apple bands
produced positive signals. In pear, positive signals were
observed in al fragments except for the CHO1B12 frag-
ment of Kousui. Similarly, aimost all fragments obtained
from the 36 pear varieties exhibited positive signals in
all SSRs but CHO1B12. These results suggested that, in
most cases, the AG/TC repeat was conserved in pear.
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Nucleotide sequence of pear fragments

Sequencing of SSR alleles in Kousui and/or Housui
pears showed that eight out of the nine loci assayed con-
tained the AG motif, which was 10-25 repeats long.
However, the sequence of (AG);A3(AG)AL(AG)ALAG
was found in Kousui in the 134-bp fragment of
CHO1B12, which did not show a positive signa in
Southern blot analysis. In addition, nucleotide identity of
amplified fragments between pear and apple was rela-
tively low (approx. 68%). We concluded that the origin
of the pear fragment was different from that of apple and
that this SSR primer could not be utilized for analysisin
pear. Thus, we deleted it from further analyses.

The differences in the size of the fragments between
pear and apple as well as among pear varieties were
mainly due to differences in the repeat number of the AG
units (Fig. 1). The nucleotide sequence of the regions
flanking the AG repeats recorded in apple was highly
conserved in pear. When we compared the flanking re-
gions of Kousui and/or Housui pear with those of apple,
at least 90% of identity was observed between the two
species. No pear sequence showed any significant ho-
mology to the registered structural genes. Interestingly,

————— TGGAGGCACGAGACAGTTGTTGGTCTCCTTGAGAAACTGCTCCCACTGCAAGTCTTTC :121
GAGAGTGGAGGCACGAGACAGTTGTTGGTCTCCTTGAGAAACTGCTCCCACTGCAAGTCTTTC  :133

————— TGGAGGCACGAGACAGTTGTTGGTCTCCTTGAGARACTGCTCCCACTGCAAGTCTTTC :119
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deletions (or insertions) were found in the flanking re-
gion around the AG repeat when the latter was compared
between the two species.

Segregation and inheritance of SSRs

Segregation and inheritance of SSR loci were examined
using 63 F; plantlets derived from the interspecific cross
between Housui (Pyrus pyrifolia) and Bartlett
(P. communis) (Table 1). Six SSRs (02b1, 0598, 28f4,
CHO1F02, CHO1HO1, CHO1H10) fitted the expected
segregation, which suggested that the fragments exam-
ined were derived from the same locus in both species.
Segregation at the CHO1E12 locus was largely distorted.
In the case of CHO02B12, Housui had two alleles
(136/— bp; here we represent null alele by —) and
Bartlett apparently had four (160/133/113/101 bp).
However, the segregation from Housui fitted the 1:1 ra-
tio. As this SSR requires further analysis, we discarded
it for cultivar identification in pear. In addition, null al-
leles were found for four loci. These results suggested
that apple SSRs, in general, could be successfully used
in pear for mapping.

Table 1 Seregation of SSRs observed for interspecific hybrids of pear (ns not significant)

SSR Parents' genotypea Segregation in F; plants x%vaue
Housui Bartlett

02b1 aa (256/256) bc (258/254) ab:ac=30:33 0.14ns
0598 aa (107/107) bc (111/103) ab:ac=36:27 1.29ns
28f4 ab (113/105) cd (102/98) ac:ad:bc:bd=14:11:17:21 1.82ns
CHO1E12 ab (263(-2) cd (238/-b) ac:ad:bc:bd=31:6:17:9 21.0*
CHO1F02 aa (165/165) bc (176/163) ab:ac=29:34 0.40 ns
CHO1HO01 ab (113/-2) cd (105/103) ac:ad:bc:bd=13:18:14:18 1.19ns
CHO1H10 ab (107/97) ac (107/-) (aatac):ab:bc=34:10:19 297ns
CHO02B12 ab (136/-b) cdef (160/133/113/104) ab=29:34 0.40 ns

* Distortion at 5% level
aThe numbers indicate the size of the alleles (in base pairs)
b— Null allele
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Genetic diversity and cultivar identification of pear

Seven SSRs (02bl, 05g8, 28f4, CHO1E12, CHO1F02,
CHO1HO01, CHO1H10) were used for the evaluation of
genetic diversity and for cultivar identification in 36 pear
varieties (Tables 2, 3). The seven SSR primers could pro-
duce 79 fragments (approx. equal to alleles), with an av-
erage of 11 alleles per locus with a range from 9
(CHO1H10) to 14 (CHO1E12, CHO1F02). Although seg-
regation analysis showed the existence of null aleles, we
did not take null aleles into consideration because of
their detection difficulty. Allelic differences were ob-
served within species as well as among species. For ex-
ample, CHO1HO1 showed 12 putative alleles ranging
from 77 bp to 135 bp in size. Six aleles were present in
P. pyrifolia, of which the aleles of 77 bp, 115 bp, and
123 bp were only observed in this species. The same
SSR aso showed six, three, two, and two aleles in
P. bretschneideri, P. ussuriensis, P. communis, and P.
calleryana, respectively. CHO1F02 exhibited 14 alleles
ranging from 159 to 208 bp in length, of which five, four,
six, six, and five aleles were found for P. pyrifolia,
P. bretschneideri, P. ussuriensis, P. communis, and P. call-
eryana, respectively. Only two aleles, corresponding to
the 105-bp fragment from 28f4 and the 163-bp fragment
from CHO1F02, were commonly observed in all tested
species. These results indicated that apple SSRs could be
utilized for the evaluation of genetic diversity in Pyrus

p.
All of the pear varieties except the mutant cultivars
could be differentiated from each other using seven apple
SSRs. Gold Nijisseiki and Osa Gold showed SSR patterns
identical to that of the origina Nijisseiki cultivar. Gold
Nijisseiki is a Nijisseiki mutant carrying black spot dis-
ease resistance induced by gammarray irradiation of the
origina cultivar (Sanada et al. 1988). Osa Gold is a black
spot resistant and self-compatible mutant originating from
Osanijisseiki (Masuda et al. 1998), which in turn is a mu-
tant of Nijisseiki. In addition, Max Red Bartlett, a bud
sport of Bartlett, showed the same SSR genotypes as the
original cultivar. The cultivar pedigree was investigated
using several parent-offspring pairs. The accession
282-12, which is a hybrid between Housui and La France,
had one allele coming from each parent. Similarly, parent-
offspring compatibility was found for the following pairs:
La France (female parent) vs. Silver Bell (offspring),
Bartlett (female parent) vs. Le Lectier (offspring),
Okusankichi (femae parent) vs. Hougetsu (offspring),
Housui (female parent) vs. Chikusui (offspring), and
Kousui (pollen donor) vs. Akiduki (offspring). On the
contrary, Syuugyoku patterns were markedly incompatible
with that of its parent Kousui. This SSR analysis suggest-
ed that Syuugyoku may not have had Kousui as a parent.

Genetic similarity between apple and pear

Roder et al. (1995) noted that only a few microsatellites
of wheat (Triticum aestivum) could be used for rye

Totd
10
10
10
14
14
12

(103, 105, 107, 113, 133)

3
(163, 165, 170, 174, 180)

2
(107, 117, 119, 123, 129)

(251, 252, 254)

5
(103, 105, 107)

3
(237, 239, 263)

P. calleryana
(99, 111)

5

(159, 163, 167, 176, 180, 208)

(103, 105, 107, 111)
2

(254, 255, 258, 293)
3

P. communis

4

(98, 102, 105)
2

(238, 246)

6

(103, 105)

3

(105, 107, 121)

(241, 247, 252, 260, 263, 269)
(163, 165, 170, 182, 186, 187)

(96, 98, 103, 105, 112, 113)
3

(105, 107, 115, 122, 133)
6

(250, 251, 253, 256)
6
(97, 105, 119, 121, 123)

5
(105, 111, 113)

P. ussuriensis

(252, 254, 256, 257)

4
(105, 113, 118, 133)

4
(163, 165, 167, 169)

6
(111, 113, 121, 125,

(103, 105, 109, 111)
129, 135)

P. bretscheneideri
3

(241, 242, 247)
(117, 119)

(247, 248, 249, 252, 261,

263, 265)

5
(163, 165, 168, 169, 178)

6
(77, 105, 113, 115, 121,

123)

4
(97, 107, 109, 117)

(107, 109, 111, 121)

Number of alleles
3

(103, 105, 113)

(251, 256)2
7

P. pyrifolia
4

2

Table2 Number of putative alleles of seven SSRs observed for Pyrus species

aThesize of the alleles (in base pairs) arein parenthesis

02b1
05¢8
28f4
CHO1E12
CHO1F02
CHO1HO01
CHO1H10

SSR
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(Secale cereale) and barley (Hordeum wulgare) in the
Poaceae family. Kijas et a. (1995) reported that SSRs
isolated from an intergeneric hybrid between rangpur
lime (Citrusxlimonia) and trifoliate orange (Poncirus
trifoliata) could be applied for the genetic anaysis of
Citrus and related genera, where intergeneric hybridiza-
tion easily occurs. On the other hand, it has been report-
ed that SSR cross-species amplification sometimes fails
(Downey and lezzoni 2000; Weising et a. 1996).
Weising et al. (1996) stated that SSRs obtained from
Actinidia chinensis could produce amplified fragments
from one to eight species out of the eight Actinidia
species tested. These data suggest that intergeneric am-
plification of SSRsis rather difficult and depends on the
genetic relatedness.

Although both pear and apple are classified into the
Rosaceae family, and the Pomoideae sub-family, their ge-
netic relationship still remains unclear. There is consider-
able morphological variation not only in the vegetative
tissues but also in reproductive organs in Pomoideae.
However, it has been suggested that the genera of Pom-
oideae should have a close genetic relationship each other
based on the analyses of the chromosome number, pres-
ence of natural intergeneric hybrids, etc. (Kovanda 1965;
Sax 1931) lketani (1993) who conducted a restriction
fragment length polymorphism (RFLP) analysis in Pyrus
spp. and related genera (Malus, Cydonia, Chaenomeles)
probed with several chloroplast clones, and found that
there were a few polymorphisms among them. In this
study, we demonstrated that apple SSRs could be success-
fully used in Pyrus spp. Our results confirm that Pyrus
spp. display aclose genetic relationship to Malus spp.

We are currently constructing a genetic linkage map
of pear using an F; population derived from an interspe-
cific cross of Housui (Pyrus pyrifolia) and Bartlett
(P. communis). The SSRs 02bl, 0598, 28f4, and
CHO1HO01 have been mapped on our preliminary map of
the European pear. These SSRs will be utilized as anchor
loci to connect the apple linkage groups to those of pear.
We consider that the synteny between apple and pear
genomes can be studied in the near future by comparing
linkage groups using bridge markers such as SSRs.
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