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Abstract Based on the place of its origin, pear tree (Pyrus
spp.) is largely divided into European pears (P. communis,
cultivated mainly in Europe and the U.S.) and Asian pears
(P. pyrifolia, P. bretschneideri, and P. ussuriensis, distributed
and grown in East Asian countries including China, Japan,
and Korea). Most pear trees have 17 chromosomes (diploidy,
2n=2x=34). Their genetic studies and precise cultivar breeding
are highly restricted by conditions such as self-incompatibility
controlled by S-locus and juvenility as one major character
of fruit crops. Genetic studies on Pyrus have been promoted
by the development of various molecular markers. These
markers are being utilized actively in various genetic studies,
including genetic relationship analysis, genetic mapping,
and QTL analysis. In addition, research on pear genetic
linkage maps has been extended to studies for the identification
of QTL for target traits such as disease resistance and genetic
loci of useful traits. NGS technology has radically reduced
sequencing expenses based on massive parallel reactions to
enable high-capacity and high-efficiency. NGS based genome
analyses have been completed for Chinese pear ‘ Danshansuli’
and European pear ‘Bartlett’. In Korea, GWAS for agricultural

"These authors contributed equally to this work.

Y. Oh" - H. Shin' - K. Kim * H. Han - D. Kim (i)
S=50gtn Hojstut

(Department of Horticulture, Chungbuk National University,
Cheongju 28644, Korea)

HEALBA A SIALH

(Brain Korea 21 Center for Bio-Resource, Chungbuk National
University, Cheongju 28644, Korea)

e-mail: dkpomo@cbnu.ac.kr

Y. K. Kim

AN STt HHATA

(Pear Research Institute, National Institute of Horticultural &
Herbal Science, Rural Development Administration, Naju 58216,
Korea)

valuable traits such as floral structure, ripening, and total
soluble contents have been conducted through resequencing.
GBS has been performed for ‘Whangkeumbae’, ‘Cheongsilri’,
and ‘Minibae’.
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wide association study
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o U= 7] IH(Rosaceae) Hj LH-oF 2k (Maloideae) Bl L+
Pyl 310 17749] 7% GAAE AT 9k
jLp ot aholl = 3071 2) Zi(genus)ol oF 1,0000] F(species)
o] &3fql o, At Malus spp.), I Cydonia Oblonga),
v (Eriobotrya japonica), X FXIH Mespilus germanica),
AEAPE S (Crataegus spp) 5] %28 &) 2850
E5FE th(Kovanda 1965; Westwood and Challice 1978; Ferree
and Warrington 2003). BjURE AE2 AT A37]¢
T AF AReRA| o A 7 E Sl om, Ab o] F AR
whef Fof {3}7h o] Fol Hrkal dref A Qlth(Rubzov 1944;
Zeven and Zhukovsky 1975). QAR 2 HEl 29| B33k
of wreb Hoyuet Fopu) 274e] 1E 02 L vl(Bailey
1917), A Ful(P. communis)~= S, 0=, o}x |7}, & F
Y AAollA ZulA Al chBell 1990). 5= P.
pyrifolia, P. ussuriensis, P. bretschneideri, P, sinkiangensis2]
y 7o =8 IFe R UHH, o|F P. pyrifolia= &8
Fope S FRo Y, U8, 312, et 5 ofAlo}
SR Ao A 2 Au\E| 1L, P. ussuriensis} P. bretschneideri
L omue Bl Ao FEA, BRE Eiels
Zoa YEO EXH 2] of A ZFThBao et al. 2007; Challice
and Westwood 1973; Chun et al. 2012; Yakovin et al. 2011;
Yamamoto and Chevreau 2009). THFSt 25 oA P. communis
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&} P. pyrifolia7t 53] 4 dA oz FastA AufE i Sl
(Wu et al. 2013; Yakovin et al. 2011), P. pashia, P. calleryana
R B S-S ER I AL R AR R
) TH(Yamamoto and Chevreau 2009). v} o] A A A Ay At
S B AR 3 AR EE olof 3918 XA
Lo, 2AA £ 92 004745 16 hac)
of A 25.28 1k E2 AAFSFIIL(FAO 2013), s ofl A
Yl mhs xHth‘-jxj, Z 8.1%E AR5 9o 2014
13,127ha®] @A of| A 302,731 8-S Y ALE] 9 tHKOSAT).
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stlthFig. 1). 71&9] Fe 2], Aatetal Ao H]g]
DNA AHof| ZAZ BAZEAES S4 4 2o 4
=0 TEwtA o FFE WA o= AHe 7HAAL e
T dol =i Ag 7heet 29 =7t FE5to] dig Y
FARA S AEste] ATt o] & & Al HUo
(Belaj et al. 2002). vjL}E-<sof A= 1997 RFLP (restriction
fragment length polymorphisms) (Kim et al. 2002; Okada et al.
2004; Tan et al. 2008)E ©]-8-3F -7} Z Y=g o, o]
S AFLP (amplified fragment length polymorphisms) (Dolatowski
et al. 2004; Monte-Corvo et al. 2000), RAPD (random amplification
of polymorphic DNA) (Kim et al. 2000; Kim and Ko 2004,
Teng et al. 2001, 2002), SSR (simple sequence repeats) (Bao
et al. 2007; Bassil et al. 2005; Kimura et al. 2002), SNP (Single
nucleotide polymorphisms) (Montanari et al. 2013; Terakami et
al. 2014; Wu et al. 2013, 2014; Yamamoto et al. 2011) 59
HAEA S| FARARA, FFTLE, FAEA, f44
A= ZHA kahsgé_‘ 71 A} #H(quantitative trait loci, QTL)
T 5ol o] &= ek 53], 20015 AA7HA] SSR
22 843 Aro] 7H wo| MYE T 9y, o]
SSR EA|7} AAYE] GAA| Yol wo] BEstu(Litt
and Luty 1989; Luty et al. 1990), %2 ¥ (2-6bp)] & 7]
Aol wrEE o] oo ejat Ho] ela) ul¢ e o}
H AL K o]il(Moore et al. 1991), SSRE] HHE-o]L} HHAY 9]
HIE7F 25 Afolo] A T2 Uehdths 548 7127
917] tolch. E SSR EAL FLA 0l fHARY
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Fig. 1 The number of reports on molecular markers of genus
Pyrus between 1997 and 2015
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Fig. 2 The number of reports on genetic linkage map construction
for genus Pyrus using various molecular markers in different countries
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Fig. 3 The number of reports on quantitative trait locus (QTL)
analysis for genus Pyrus using molecular markers in different
countries
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9] © ™ (Tketani et al. 2001; Montanari et al. 2013; Pierantoni
et al. 2004, 2007; Sun et al. 2009; Terakami et al. 2014; Yamamoto
et al. 2002, 2007; Zhang et al. 2013), T}Fst EX}E R 7} X
Awo] A&7t 23kg ol weh QTLY| et F&e w2
AR S5 QekFig. 3). W4 42049 QTL
of st A= vl 3 A) " (Iketani et al. 2001; Pierantoni et
al. 2004, 2007), v} 3}AFH (Dondini et al. 2004) 5 ¥ * 34
TRz Bt AF7E 2 AP E o, Y (Sun
et al. 2009), T4 EAJ(Zhang et al. 2013) Sof 3t AL =
APE ek H2E AN G714 E EAl(next generation
sequencing, NGS) 7] & o] 83t A7} AP HA o=
o] A AEo] Y EIL QlaL, o] F o] &3k AUE
AARA =S A4 = A Hol ot Ady 4=
fdo® st HiuES AEY FHA77E o 2
A& =2 Qlth(Chagné et al. 2014; Montanari et al. 2013;
Terakami et al. 2014; Wu et al. 2013).
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A7} o AT gk of AT BAE 9744 G| Wsto] 16279 B
R oA AT A7 A ol 8% fHA B EAE YHOR A AL fastgon, 7679 o
e o #4 FFe) £F< Danshansuli (P, bretschneiders) o) EFNA 44 BARAT HSHTLE AFA,
S oz FRA 7P WA SAEAG Wu 013)  FEAY), A S 5 37k AT GEEe| e 8
52 BAC-by-BACTH llumina Hiseq o] 83t} SHAZ  213km GWASS §847 T8 7Hsae Bxstck
B O(1940), FAAE 2/ MU AR §A obAZEK RS A Bol4 GWASS] Hat AP T
A9} 97.1%] Sgaks SIMbRTh 177h9] GAIAIo] 2005 el ]s) o] REBAW AW BLH ol
Aol SNPE FAE TUE AR EE AAtdon,  BAEA Auw 594 22 F¥el 3t P £
8179 S 1Y GAAE Btk B A7t P BAL JMOR S AT HATS FHOE
SOA, AN, S5, B A SR Fol B AT Glo] 0T BEW & A TEW AAWY
g $AAES BAHAt AR SHAL HEH o o3t ol o) §F BRE A/ HoE FHAY 5
Aopil E5Q ‘Bartlett’ (P. communis)& hHOE HAR Gk AW 277k D Rolth

CoA EZE BEAS 9473} tH(Chagné et al. 2014).
M oFel= F 142,08371 2] scaffold 2 414 =] %1 2.1, 600Mb
2 2HES UTE SAA 27 3 ST73MbE 23}
Aok B3 FAA oSS B HE 12719 AEEY A
3 umahel e u) AopHlel A e Lehbl SEg 1219
o] Thld s hdstelon, vAo] Astel st
Mol A WHAE = expansin FHAE A Fuet LA
421 AFXHMalus X domestica)®] A A e} vl H4

shees.
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