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Here we  established  a DNA  marker-based  method  to identify cuttiyars  of  loquat (Eriobotiya J'aponica Lindl.)
using  simple  sequence  repeat  (SSR) markers  derived from pears and  apples.  A total ot" 24 loquat cultiyars
commercially  grown in Japan  were  used  for genetic identification, including 15 diploid-, 6 triploid-, and  3
tetraploid cultivars.  Analysis using  the 88 SSR  markers  deriyed  t'rom pears and  apples,  which  belong to the same

subfami]y  (family Rosaceae, subfamily  Maloideae)  as the loquat, indicated that 26  SSR  markers  were  app]icab]e

to the identification ofloquat  cu]tivars.  A total of82  putative SSR  alleles were  obtained  by the 26 SSR  markers.

SSR ana]ysis  enabled  the identitication of  all loquat varieties  tested, except  for `Tomihusa'  and  
`4N-Tomihusa'.

In addition,  the parentages of  several cultivars, including 
`Oohusa'

 and  
`Mizuho',

 were  confirmed  from the SSR

genotype data obtailled.  Triploid and  tetraploid varieties  could  be identified from  the SSR  genotypes because
some  SSR  loci generated 2 or  more  alleles for potyploids. The  relationship  between `Kibou'

 and  its parents was
confirmed  since  SSR  al]eles  of  the seedless  triploid offspring  

`Kibou'
 were  clearly  inherited from the female

parent 
`4N-Tanaka

 1' and  the ma]e  parent  
`Nagasakiwase'.

 The  phenogram  obtained  by cluster  analysis  shovved

no  distinctive separation  of  Japanese commercial  cu}tiyars  from Chinese cultivars.  This result  was  consistent

with  the hypothesis that Japanese  commercial  cultivars  were  derived from introduced Chinese loquat.

Key  Words: DNA  marker,Eriohotnyay'cu)oniea,  simple  sequence  repeat,  triploid,tetraploid.

Introduction

 The  loquat (Erioboto,a ,iaponica Lindl.) is an

evergreen  fruit tree, belonging to thc family Rosaceae,
subfamily  Maloideae, and  is widely  cultivated  in Asia,
including China and  Japan, and  in Europe, especially  in
coastal areas  ofthe  Mediterranean, The genus Eriohotfi:y,a
has about  20 species  with  wide  ranges  in the temperate
and  subtropical  regions  ofChina  and  southeastern  Asia,
centered  in the upper  Yangtze River area  in Szechwan
(Sichuan) Province. Among  the Eriobotr.va species,  only

one,  E.japonica, is edible, In China, where  E..iaponiea
originated,  many  eultivars  were  developed in the 7th
century  and  the loquat was  established  as  one  of  the

major  fi'uit tree species  (lchinose, 2002: Yu, 1979). A

Received; January 1O, 200g. Accepted; Apr"  15, 2eU8.
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temperate c]imate,  with  mild  temperatures and  no

extrernetemperaturechanges,isconsideredtobesuitabIe

for the cultivation  of  loquats, International data show
that loquats are primarily grown  in Asia (China
42,OOOha, Japan 2,420ha, Pakistan 11,OOOha) fo11ovt'ed
by the Mediterranean coastal  regions  (Spain 2,914ha,
Turkey 1,470 ha, ltaly 663 ha, Israel 330ha)  and  South
America (Brazil 300ha) (Caballero et  al,, 2002),

 In Japan, `Mogi',

 
`Tanaka',

 and  
`Kusunoki',

 which

are the current  major  commercial  cultivars,  were

developed from seedlings  of  Chinese varieties  in the
early  19th century. This led to fu11-scale cultivation  of

the loquat in Japan. Many  of  the loquat cultivars  that

are commercially  cultivated  in Japan were  developed by
hybridization using  

`Mogi'

 or 
`Tanaka'.

 Early-maturing

cultivars  
`Mogi'

 and  
`Nagasakiwase'

 are  cultivated  in
Kyushu (e.g., Nagasaki Prefecture and  Kagoshima
Prefecture) and  the middle-  to Iate-maturing cultivars
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`Oohusa'
 and  

`Tanaka'
 are  cultured  in Honshu  and

Shikoku (e. g., Chiba Prefecture, Kagawa  Prefecture.
and  Ehime Prefecture).

  In recent  years, superior  toquat cultivars  with  big fimit,
high fruit quality, and  high production have  been  devel-

oped;  however, as  the loquat can  be clonally  propagated
by grafting, the unlawfuI  use  or  violation  ofrights  con-

cerningthesenewcultivarsisfeared,Astheconfirmation

of  illegal activities by cultivation  testing is time-

consuming  in fruit trees, including the loquat, the identi-
fication ofcultivars  is generally carried out  by analyzing

phenotypes. However, phenotypes can  be affected  by
environmental  factors and  the exact  identification of  culti-

vars  is difiicult even  for experienced  experts  involved
in the production and  distribution of  loquats; therefore, a

scientific rnethod  for identifying cultivars has been
strongly  hoped fbr. In addition,  in the case  of  fresh fruit,
a method  of  rapid  identification is necessary  to prevent
the loss of  profits that occurs  during standard  identifi-
cation  procedures, Techniques using  DNA  markers  are

promising, as they can  be rapid, reliable, and  objective.

  The  identification of  loquat cultivars  using  DNA

markers such as random  amplified polymorphic DNA

(RAPD) has been reported.  Vilanova et al. (2001)
analyzed  33 cultivars, including those cultivated  in Spain
by the RAPD  method,  and  observed  29 polymorphic
bands. They reported  that 22 cultivars  could  be identified
among  33 cugtivars.  Fukuda et al. C2002) showed  that

69 varieties,  including cultivars  introduced from Mexico
and  China, could  be identified by 108 polymorphic bands
observed  in RAPD  analysis.  Badenes  et  al, (2003)
showed  rather  narrow  genetic diversity in the loquat
varieties cultivated  in Europe by using  RAPD  and  simple

sequence  repeat  (SSR) markers.  They  also  reported  the

usefulness  of  SSR markers.  Soriano et a]. (2005), in a
study  to identify 40 cultivars using  SSR  markers,

reported  that the cultivars  tested could  be classified into
34 genotypes by 39 alleles, In spite of  these findings,
the identification ef  cultivars by DNA  markers  remains

in the preliminary stage,  and  further developments using
reliable  DNA  markers  are  necessary,

  Many  major  fruit tree species,  such  as the Japanese

pear (Jlyrus nyrClbiia Nakai) and  the apple  (Adbius
domestica Borkh.), as  well  as  the loquat, belong to family
Rosaceae, subfam"y  Maloideae. The applicability  of

SSR  rnarkers  developed fbr the apple  and  the Japanese

pear has been reported  (Liebhard et al,, 2002; Yamamoto
etal.,2001,2002c,2004),Yamamotoetal,(2001,2002c)

also  indicated that apple-derived  SSR  markers  could  be
used  fbr ]inkage map  construction  and  genetic analysis.
Liebhard et al, (2002) further reported  that app]e-deriyed

SSR  markers  could  be applied  widely  to plants belonging
to subfamily  Maloideae, such  as the loquat. In addition,

SSR  markers  derived from the apple  and  the  Japanese

pear could  be used  effectively  to identify quince cultivars
and  determine parentage relationships  (Yamamoto et a].,

2004),

  To  develop a  reliable  DNA  technique  for the

identificationofloquatcultivars,theapplicabilityofSSR
markers  developed in apples  and  the Japanese pear was
tested. Identification of  polymorphisms with  respect  to
SSR  markers,  confirmation  of  the parent-otTSpring
relationship,  analyses  of  triploid and  tetraploid strains,

and  genotyping  of  the triploid seedless  cultivar  
`Kibou'

are reported,Materia]s

 and  Methods

Ptant materials

  The plants used  in this study  were:  15 major  diploid
cultivars  commercially  grown in Japan, which  had been

maintained  in the  Southern Prefectural Horticulture
lnstitute, Chiba Prefectural Agriculture and  Forestry
Research Center; 6 triploid varieties, including `Kibou'

and  its siblings;  and  3 tetraploid varieties,  including a

parent of  
`Kibou'

 (Table 1). `4N-Tanaka

 1' and  
`3N-

Tanaka seedling'  were  kindly supplied  by Mr. Muranishi

(South Kyushu University) as scions, The other

polyploids were  bred and  obtained  from the Southern
Prefectural Horticulture Institute, Chiba PrefecturaL
Agriculture and  Forestry Research Center. The tetraploid

strains either spontaneously  fbrmed or were  induced by
colchicines  treatment of  the apical buds of  trees or

seedlings  <Yahata et al,, 2004). The triploid varieties

were  bred by hybridizing tetraploid  seed  parents with

diploid cultivars.  The ploidy of  these varieties  was

confirmed  by flow cytometry  (Ploidy Analyzer FAS
Type, Ikeda Scientific Co., Tokyo,  Japan),

thtraction qfDiVL4
  DNA  was  extracted  from the leaves immediately after

their unfblding.  Samples fbr DNA  extraction  were  O.05 g
of  leaves taken from each  variety.  Genomic DNA  was

extracted  using  the Nucleon Phytopure DNA  extraction

kit (GE Healthcare UK  Ltd., Buckinghamshire,
England), To avoid  high viscosity  and  coloring,  which

were  probably due to contaminants,  Reagent 1 in the kit
was  modMed  by adding  mercaptoethanol  (1% (ylv)),
pectinase (O,5% (w/y)), and  a-amylase  (135 U/mL) just
befbre application.  Concentrations of  DNA  were

determined, after  O.8%  (wlv) agarose  gel electrophoresis
and  ethidium  bromide staining,  by comparison  with  X
DNA  of  known  concentratiens  under  UV  irradiation.

SSR  analysis

  A  tota] of  88 SSR  markers  were  used:  43 markers

derived from Japanese pears (Sawamura et al., 2004;
Yamatnoto  et al., 2002a, b, c; Table3)  and  45 markers

derived fi'om apples  (Liebhard et a],, 2002) (Tab]e2).
PCR  was  carried  out  in a  reaction  volume  of20  pL, w{th

5 ng  of  DNA  extracted  from  the  loquat varieties  being

used  as  a template,  5'-fluorescence-labeled (FarrVVicf
Ned)  primer pair (250nM, O.2mM  dNTP  (Takara Co.,
Ohtsu, Japan), 1.5mM  MgC12 (Takara Co.), and  1 U of

Taq polymerase (Takara Co,). The reaction  mixture  was
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Table  1.Plant  mater{als  used  in this study.

Variety name Origin Ploidy

TanakaOohusaMizuhoKusunokiNagasaki",ase

'rolSatomiHusahikari

TomihusaHusahimeMogiShiromogi

Hakugyoku

Kahou  2 gou
Daishouhou

Kibou3N-Nagasaki

 17

3N-NHgasaki 30

3N-Tanaka seedling

3N-Kusunoki4

3N-Dohi 22

4N-Tanaka ]

4N-So  7S4N-Tornihusa

Chance  seedlings  of  Chinese lequat

TanakaxKusunoki

TanakaxKllsunoki

Chance  seedlings  of  Chinese ]oquat

MogixHondawase

Chance seedlings  of  Chinese loquat

Seedlings of  Kusunok{

Mizuho  x  Tanaka

TsukumoxMizuho

KusunokixTsukumo

Chance seedlings  uf  Chinese loquat

Gamma-ray  irradiation of  seedlings  ef  Mogi

Introduced frem C.hina

Introduced from China

Introduced from China

4N-Tanaka  1 x  Nagasakiwase

4N-Tanaka  1 xNagasakiwase

4N-Tanaka 1 x  Nagasakiwase

4N-TanakaxTanaka

4N-Tanaka  1 x  Kusunoki

4N-Tanaka1xToi

Co]chicine treatmcnt of  Tanaka seedlings

Chance seed]ings  ef  Husahikari x  Daishouhou

Colchicine treatment  of  shoot  buds ofTornihusa

diploiddip]oiddiploiddiploiddiploiddiploiddiploiddip]oiddiploiddipleiddiploiddiploiddiploiddiploiddiploidtrip]oidtriploidtrip]oidtriploidtriploidtriploidtetrapleidtetraploidtetraploid

put through 3S cycles  of1min  at 94eC, 1min at 52-
550C  and  2min  at  72eC  in the GeneAmp  PCR  System
9700 (Applied Biosystems, Foster City, CA, USA). The
amplification  products obtained  were  separated  and

detectedbyaDNAsequencer,ABIPRISM377(Applied
Biosystems). The fragment lengths of  the amplification

products were  analyzed  by the fragment analysis

program GeneScan (Applied Biosystems) using

fluorescence-labeled DNA  molecular-weight  markers

(400HD-ROX, Applied Biosystems) as internal stan-

dards.

Analysis ofgenompe dota

  The  presence (1) and  absence  (O) ofthe  amplification

products were  scored  fbr all alleles obtained  frorn the
28 SSR  loci in each  cu]tivar  or strain. A  similarity matrix

was  prepared from the scored  data, Nei's degrees of

genetic identity (Nei, 1972) between two  cultivars  were

calculated.  A  phenogram was  constructed  from cluster
analysis  by UPGMA  (unweighted pair-group method

using  arithrnetic averages)  using  the NTSYS-pc  program
(RohlL 2005).

           Results and  Discussion

SSR amplij7cation  in loquat

  In the experimental  application  of  43 SSR  markers

derived from Japanese pears, 20  markers  produced stable
amplified  bands, Among  them, 12 rnarkers  showed

polymorphism among  varieties, Of  45 SSR  markers

derived from apples,  amplified  fragments were  observed

in 25 markers,  among  which  14 markers  showed

polymorphism (Table 2). Ofthe 88 SSR  markers  derived
from pears and  apples,  45 SSRs, about  halC were

applicable  to the  loquat, of  which  26, about  30% of  the
total, showed  polymorphism.  The ratios  ofSSR  markers

applicable  to the loqu at were  not  much  di fferent between

pear-derived ancl apple-derived  markers.

  When  compared  to the observations  that all 12 SSR
markers  derived from apples  were  applicable  to pears
(Yamamoto et  al., 2001) and  that  77 of  1 1 8 SSR markers

(65% of  the total) derived from apples  and  pears could

be used  for quince analysis  (Yamamoto et al,, 2004),
the percentage of  SSRs  applicable  to loquat was

somewhat  lower. Soriano et al. (2005) reported  that 13

of  30 SSR  markers  originated  from apple  could  be
applicable  to the loquat, ln this study,  14 additional  SSR
markers  derived from apple  and  12 SSRs from pear were
found to be applicable  to the loquat.

Genetic identijication ofdiploid loquat by ssR markers

  ln genotype analysis  of  diploid IQquat cultivars using
26 SSR markers,  1 or  2 stable amplification  bands were
obtained  in diploid materials.  This suggested  that each
of  the SSR  markers  used  amplified  putative alleles

derived from a single  locus in the genome, as in the case
of  SSR  analysis  in the Japanese pear (Kimura et al.,

2004). Two  to 6 alleles  were  detected for each  SSR
marker,  totaling 82 alleles. An  average  of3,2  alleles  was
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detected fbr each  SSR  marker.  Diploid loquat cultivars
could  be identified by differences in the responses  to

plural SSR  markcrs  (Table 3).

 The  parent-offSpring re]ationship  was  examined  in

cultivars where  the parentages were  kno"'n. The  parent-
offspring  relationship  of  

`Oohusa'

 (offspring) and
`Tanaka'

 and  
`Kusunoki'

 (parents) was  confirmed,  with

no  discrepancy in the alleles found. The parent-offspring

relationship  between `Mizuho'

 and  its parents 
`Tanaka'

and  
`Kusunoki'

 was  also  confirmed  by SSR  rnarkers.

On  the other  hand, the parent-offSpring relationship

between `Husahikari'

 (putatively 
"Mizuno'

 x 
'Tanaka'),

`Mizuno'

 and  
`Tanaka'

 was  not  supported,  as  thc genetic
inheritance of  alleles was  contradictory,  In our  atternpt

to determine the parentage of  
`Husahikari',

 the alLele

results of  
`Kusunoki'

 × 
`Tanaka'

 showed  no  discrepan-
cies;  therefbre,  the possibility that the parents of

`Husahikari'
 are  

dKusunoki'

 and  
`Tanaka'

 is high. For

each  of  
'Nagasakiwase',

 
`Tomihusa',

 
'Husahime',

 and

`Kusunoki',

 one  of  their parents was  included in the

varieties tested. As the genetic inheritance ofalleles  had
no  inconsistencies, the parent-offspring relationships

were  contiumed.  Tt was  shown  that SSR  markers  could

be widely  applied  across  the genus and  that they  were

usefu1 in diagnosing loquat parentage, as has been
reported  fbr the Japanese pear (Kimura et al., 2003).
Soriano et al. (2005) presented the grouping and

relationships  among  loquat cultivars by SSR  markers;

Tabte 2,

391

however, the parent-offgpring relationships  were  not

analyzed.  In this study,  we  showed  that SSR  markers

could  be successfu11y  utilized  fbr confinnation  of  the

parent-offspring relationship  and  origin,

Anal.vsis of'triploid and  tetraptoid  loeuats

  As in the case  of  diploid cultivars, by analyzing

triploid and  tetraploid varieties using  26 SSR  rnarkers,

SSRgenotypeswerecharacterizedandal1varietiescould
be identified (Table3). ]n the analysis, the parentage
relationship  between `Kibou'

 and  its parents 
`4N-Tanaka

1 '

 ( 9) and  
`Nagasakiwase'

 (di ) was  confirmed  (Yahata
et al., 2005). '4N-Tanaka

 1' is a colchicine-induced

tctraploid variety  that showed  1 or  2 alleles in all SSR
analyses.  

`Kibou'
 is a triploid cultivar that showed  3

alleles in the analysis  with  SSR  markers  NHO07b  and

NHO14a.  Thus, the triploidy of  
`Kibou'

 was  also

confirmed  by molecular  markers.  The analysis  of  geno-
types  showed  that SSR  alleles of  

`4N-Tanaka

 1' and
`Nagasakiwase'

 were  transferred to 
`Kibou'

 (Table4).
From  these data, 

'Nagasakiwase'

 was  confirmed to be
the poHen parent of  

`Kibou',
 as has been assumed.  That

parentage of`4N-So75'  is described as 
`Husahikari'

 (9)
and  

'Daishouhou'

 (di), In this study,  a parent-offspring
relationship  between `4N-So75'

 and  
`Daishouhou'

 was

rejected  because of  the discrepancy at  the 2 SSRs
NHO14a  and  CH05g08, whereas  

`Husahikari'

 shared  the

same  alleles as 
[4N-So75'

 in all tested SSRs,

SSR markcrs  used  for cross-genus  amplificatic}n  {n the ]oquat.

',

 SSRnameZ  

'
 

-
 

'
 

''
 

'
 

'
 Or{gin Referenie's'

NA032a,NH035a,NH037'a,NH201a.NH203a,NH204a,NH206a,NH207a,NH208a,NH209a,NH210a,NH212a.NBI04a  pear d

NBI02a, NBI03a, NBI05a,  NBI06a,  NBI09u,  NBIIOa,  NBII]a,  NBI13a,  NHO19b,  NHe20a, NH021a pcar c

NHO04a,  NHO05a,  NHO07b,  NHO09b,  NHOIIb,  NHO14a, NHO15a, NHOI7a pear b

BGT23b.  BGA35,  KA14  pear a

tyUQ3pt!, NH202a, NH205a,  NH21la,  NBIOIa,  NB!-!Aa, NB135a,  NB141b  pear Table3

CH02g04,  CH02g051 C' HO'2hlla,CH03a04,  CH03aOi,'CH03dOl,CH03dOZ  CH03dll,CHe3d12,CH03e03, CuH!!gg!!g03 06, apple  e

CH03ge7,  CH03gl2,  S!HQ31!Q3. CH04a]2, CH04d02. CH04e02, CH04ee3, CH04e05. CH04g04. CH04h02,  CHU5a02,

CH05a04, CH05a05, CH05c06, CH05c07. CH05d02, CH05d08,  CH05e06,  CHOSro6. pm,  CL.!H!!!;g!!geS 08, MSOIa05,

MS06c09, MS!AhQA, CH02a03,  CH02dlOa, CH03aOg, CH03d02. CH04fl O, CH()4g07, CH05e04. CH05de4, CH05e04,
CHOSff)4SSR

 markcrs  showing  stable  amplification  are  in bold and  polymorphic SSR  markers  are  under]ined.

Rel'erences for SSR are as [bllows/ a, Yamamoto  et  al,, 2002a; b, Yamamoto  et a]., 2002b; c, Yamamoto ct a]., 2002c; d, Sa-'amura et al,,

2004; e. Liedhard et al.. 2002.

Tablc 3.Characteristics of  SSR  markers  developed in pear.

SSR 
namc

 
Fons,ard.

 primer sequenccs  (5L3')"

NHO]3b  GTCTGAAACAAAAAGCATCGCAA

NH202a  ATCGACCAATTCAAAGTCTGAT

NH2eSa  ATGTCTCGATATGCGTGCTAGG

NH2Ha  GGGAAATTCACACAACTCJTTAGGG

NBIOIa  GAAAGAGAAGGATAGCTGGTTA

NBI14a  AAGAAATAAAACCCACAAAGCC

NBI]Sa TGAGAGAAGAACAGCCAATGAT

NB14Ib GGATTGATCGCCTTATGGTTGT

'gtttctt:pig-tail

Reverse primer sequenccs  (S'-3')i erigin Moll'i Accession No.

CrTGCCTCGTCTTCCTCCTTATCTCC

gtttettTAGTCTTCCACAACAAACCCTA

gtttcLtCTTCAAAGCATTCACGGTAATCA

gtttcttTTCGAATATGCAAAACAACAAGTG
TTTGCTGCTTGCTTCTGCTT

gtttcttTGTCTT(]TCTC'I'CCGCTTATTC

gtttcttCTCCCACTCAGATCGCTCCT

gtttcttCAGAGAAAq.ACAGAGGTAGAGAGAA

HousuiHousuiHousuiHousuiBartlcttBartlettBartlettBartlett(AG)2o..s(AC)7(TA)6(CA)s

(AC)6(AG)27.scGA)ls(GA)n.s(AT)g{AG)ls.s

AB302413

AB302415

AB3024i6

AB302417

AB3{)24tt

AB302423

AB302441

AB302443
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SSR  markers.

Variety nameCHe3ae9  CII03d07 CHC}3d12CHU3gU6

 176,,]7g

 T76iT78

 176,,178

 178A7S

 176t180

 lso,,tgo

 17gi178

 176/178

 176ilSO

UHe4hU3

 102/102

 102,'102

 102,'102

 1021102

 94,,94

 94i94

 102il02

 102i]02

 102iT02

 102,'102.

 94,,le!

 94M02

CHU4e03  CH05a04

TanakaOohusaMizuheKusunekiNagasakiwase

ToiSatomiHusuhikariTomihusaHusahimeMegiShiromogi}IakugyokuKaheu

 ! gou

Daishouheu

Kibou3N-Nagasaki

 t7

3N-Nugasaki3e

3N-Tanakascedting

3N-Kusunoki 4

3N-Dohi 22

4N-Tunaka i
4N-So  IS4N-Tomihusa

140,

140A5014O,,140140i14e]40,,]48134i140134,,151140i14S140/140140iT40140iT4R140i14e140i140136i14e14SM50140A48140ii5e140i150t34i150lso'lseT4Si150

140i150T34A40140,,140

ISOAS2

NH033bNH035aNH204aNH2e7a

 306i'1()8

 308,,]08

 306i306

 306,,308

 ]08,,]14

 308i314

 ]06i306

 306i306

 306i]08

 306,,]08

 308,,310

 30S,'310

 308,,316

 3o6,'3og

 306,,3U6

 306i308

 3o6ir,og

 306i314

 3e6i308

 3o6,'3og

 306t3US

 3o6,'3og

 3U6,,314..10.6,,3og
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 2 gou
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 17     L3N-Nagasaki
 30

3N-Tanaka seedling             -
3N-Kusuiieki 4

3N-DohR2

4N-Tanaku T

4N-So7S4N-Tomihusa
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Genetic retatedhess  analyzed  by SSR tnarkeiiy

  A  phenogram of  the  15 diploid cultivars  analyzed  in
this study  was  preliminarily constructed  <Fig. 1) and

cultivars  belonging to the "TanakaV`Kusunoki' group,
those belonging to the tMogi'

 group and  the Chinese
cultivar  group formed three IQose groups, but with  no

clear  distinctive grouping. 
`Mogi',

 
`Tanaka',

 and
`Kusunoki',

 which  were  derived from seedlings  of

Chinese loquat cultivars, are the current  major

commercial  cultivars  as well  as the parents of  many

recent  hybrid cultivars. These genetic re]ationships  were

reflected  in the phenogram.  The cultivars  bred in Chiba
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S.F3 gFnotypes ot' 
`Kibou'

 
and

 
its

 parent cultivars,

  SSR

 marker

(/H03a09CH03d07CH03d12cHo3go6CH04h03cHosao4NH033bNH035aNH204aNH207aKA14NHO07bNHOIIbNHO14aNBI14aNB14]bCH(]Sc06al05g03CH05g08MSe6e09MS14b04CH02dlOa

CH05d04NHO15aNBI05a

Genotypei

Origin

appleapp]capp]eappleappleapplepearpcarpearpearpearpcarpearpearpearPearapp]cappleappleappleappleappleapp[epearpear

  Kibou

 140/150 
'

 306/308

 115/140

 178/180

 9Ltll02

 J85/187

 lg4/196

 i44/144

 IiOAIe

 156t156

 1751175129/'i411i47

 174/i84i64tl82tlgS

4N-Tanaka 1
(fema]e parent)Nagasakiwase(male parent)

133/i37143/i5i107gl07ISV16116t)!T99141A41267I267212M20192tt92II3M3i65t165

140i15e306130811Sl14017Sl1781021102iS511S519611961441144ilO/110156?IS6175117512Pl147]7411841641i82l371137l43/i5i1071107i6"180160119914"141267t267220/220J92/192ii3A

 13i6>V165

134t140308t31411SA38176tlgO

 !. {L4t94]85t187184t196144t144]1OA

 14156t156175/175129/141174/17413S/lg8l33X133143/1611071107143ASI1641199119A412671267212/212192A92t13A13155A65

'
 Alleles dcrivcd from 

`4N-Tanaka
 1' and  

`Nagasakiwasei
 are

 indicated in italics and  under]incd,  respectively.
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Prefecture, such  as  
`Satomi',

 
`Husahikari',

 
`Tomihusa',

and  
`Husahime',

 formed a genetically close  group in the

phenograrn. This may  have been due to the use  of

common  or  related  cultivars,  such  as  
'Kusunoki',

`Tanaka',

 or their oflgpring,  as the parents in
hybridization.

  More  comprehensive  and  reliable  infbrmation about

the genetic diversity of  the loquat will  be obtained  in
thefuturebyincreasingthenumberofvarietiesanalyzed,

including indigenous varieties  and  Chinese cultiyars.
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