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Abstract In this review, we summarized the trends of
genomics and transcriptomics research on peach, a model
species of Rosaceae. Peach genome maps have been developed
from various progeny groups with many next-generation
sequencing (NGS) based single nucleotide polymorphism
markers. Molecular markers of qualitative traits and quantitative
trait loci (QTL) such as fruit characteristics, blooming date,
and disease resistance have been analyzed. Among many
characteristics, markers related to flesh softening and flesh
adhesion are useful for marker assisted selection. Through
comparative genomics, peach genome has been compared to
the genome of Arabidopsis, Populus, Malus, and Fragaria
species. Through transcriptomics and proteomics, fruit growth
and development, and flavonoid synthesis, postharvest related
transcriptomes and disease resistance related proteins have
been reported. Recently, development of NGS based markers,
construction of core collection of germplasm, and genotyping
of various progenies have been preceded. In the near future,
accurate QTL analysis and identification of useful genes are
expected to establish a foundation for effective molecular
breeding.
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AH31(Genomics)
FHXIX| =(Genetic map)2t S2|X|(Physical map)
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(RAPD) u}#, 17019 59 A A (isozyme), 47019 &2
2451 4 th(Chaparro et al. 1994). 5}A| 9k o] A==
BIgo] AR AUA St OB 12 BelEge
AE 4] S RAPD o} 2 o] 831917] tjio] o] o]
A48 fAASE 2P gl ool Wi
FARA] = 46719 restriction fragment length polymorphism
(RELP), 127 2] RAPD, 7749 Heja A nj#A =2 BAst A
o7 Baof ‘New Jersey Pillar’ @} KV 77119465 1 v} 5}¢]
2 F JehE o83 A o|th(Rajapakse et al. 1995). o]
A e AR loci) 2] 25%7F e R gt 314
7t lglon, Beet @A 49 2L 89 ABIES
Harodehi] ooj7} ot Bgot $HAANEE 2y
skt gloiAl BAH o st 444 chebgol o
ofAThE AE, S8 Bt Prums o4 §474
tFel 7H 9 Aoz A AtkByme et al. 1990).
oleigt BAIE dlZel] el F0ade ¢ AW 7
Zo| AW Ow, 0|2 o &7 FHAAE F4o] T
5] o] Fo] x|l Qltk(Table 1). 7H d2] ezl Hof
SHARA] = B4 0l(P. persica) ZZ ‘Texas’ @} o =(P.
dulcis) ¥% ‘Barlygold’ 9] &7t %t R THTxE)S o]-&3t
Z o]th(Joobeur et al. 1998). 0] A== Prunus® HFA| =
(reference map)2 2oy ThE Ho A% 33 7%
3} ul7(transferable marker)= A= o] Qlct. 87 AU 1
& 9ol RFLP, E9& 4 whA Fo] #EEo] glom,
19983 W3k gAjoll= vhA 2F Ft A7t 20eM Gl e

o]%.o] simple sequence repeat (SSR), RFLP 52| u}7|7} 57}

tlo =
1

Table 1 Peach intra- and inter- specific linkage maps

%] o](Aranzana et al. 2003; Dirlewanger et al. 2004a; Dominguez
et al. 2003; Howad et al. 2005), &A= 0.63cM A== U
StEl Ut Prunus EFAEQ TxE A= o2 A9t &
3t 7}s3t oY A(anchor) FAE AF8H7] WF Prunus
4% Aolo] AL ATt ule $8aA el
ok A F7HA] Prunusol| A 3071 o] 4ol A =7} vhEo] 5 o
o, tf R TXE A =0 Z3HE vpAE 23kl 9l7] o
Bof ELolel thE Prunus?] A1E¢l o}l X (Joobeur et
al. 2000), AF=*(Lambert et al. 2004) 53} vja % v} Qlc}.
Bpob BN EE 2H4el7] g wEol U gEH 2}
o] B 2] (library)= 44,1607112] 2202 LA % ‘Nemared’
9] bacterial artificial chromosome (BAC) 2}o] B2 2](Georgi
et al. 2002)2} 34,5607 ©] 2202 TAE ‘Lovell 9=
cholselelolet. %ol S AT of % A9 ol
el g o] g3ste] AAEon, 20061 HEEH %7
A= oadeluiol= Wyl E] sluhe Bz
g (fingerprinting) 7| H-S o] &3t A2 10,1287]¢9] 22
o]-§stof 1,4017§2] 7 ¥l d(contig) S /5 H,
AE| Zol= 197 Mb3 th(Zhebentyayeva et al. 2006). =
olo] tFAR HAX]E EAH(high information content
fingerprinting: HICF)& ©]-&3t XAt E2] X =7} ¥ 5
=g, o]= 15655719 2o 2138719 Ag1E F+

At on, 1 ZAoj= 303 MbSth(Zhebentyayeva et al.

st

ﬂl{

=

2009, 5 HICES: o] 43 /1M gl o] At 5
ol WF AYI 55 WA SAAALE & 5 AUtk

Population Type Marker # No. linkage group Map size (cM) References

P. persica x P. persica

Weeping clone 1:55 x ‘Early F, 52 8 350 Dirlewanger and Bodo (1994)

Summergrand’

NC174RL x ‘Pillar’ F» 88 15 396 Chaparro et al. (1994)

‘New Jersey Pillar’ x ‘KV77119 F» 58 13 540 Rajapakse et al. (1995); Abbott et al.
(1998); Sosinski et al. (2000)

‘Suncrest” x ‘Bailey’ F, 147 23 926 Abbott et al. (1998);
Sosinski et al. (2000)

‘Lovell’ x ‘Nemared’ F> 153 15 1,300 Abbott et al. (1998); Lu et al. (1998);
Sosinski et al. (2000)

‘Harrow Blood’ x ‘Okinawa’ F» 76 10 Gillen and Bliss (2005)

‘Akame’ x ‘Juseitou’ F2 178 8 571 Shimada et al. (2000);
Yamamoto et al. (2001, 2005)

‘Ferjalou Jalousia’ x ‘Fantasia’ F» 181 7 621 Dirlewanger et al.,(1998, 2006);
Etienne et al. (2002)

‘Contender x Fla.92-2C’ F» 127 8 535 Fan et al. (2010)

‘Guardian ® x ‘Nemaguard’ F» 158 11 737 Blenda et al. (2007)

(P. persica x P. davidiana)

PI91459 x ‘Bounty’ F» 1,148 8 537 Linge et al. (2015)
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Table 1 Peach intra- and inter- specific linkage maps (Continue)

Population Type Marker # No. linkage group Map size (cM) References

P. dulcis x P. persica

‘Texas’ x ‘Earlygold’ F, 826 8 524 Joobeur et al. (1998);
Aranzana et al. (2003);
Dirlewanger et al. (2004b);
Howad et al. (2005)

‘Padre’ x ‘54P455’ F» 161 8 1,144 Foolad et al. (1995);
Bliss et al. (2002)
‘Garfi’ x ‘Nemared’ F» 51 7 438 Jauregui et al. (2001)
P. persica x P. ferganensis
IF7310828 (‘J.H. Hale’ x ‘Bonanza’) BC; 216 8 665 Quarta et al. (1998, 2000);
x P. ferganensis Verde et al. (2005)
P. persica x P. davidiana
‘Summergrand’ x Clone P1908 F 23/97 3/9 159/471 Dirlewanger et al. (1996); Viruel et al.
(1998); Foulongne et al. (2002)
‘Rubira’ x Clone P1908 (P. cerasifera) Fi 4/88 0/8 454.2 Rubio et al. (2010)
x (P. dulcis x P. persica)
P.2175 x GN22 (‘Garfi’ x ‘Nemared’)  F, 93/166 8/7 525/716 Dirlewanger et al. (2004a)
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Fig. 1 Comparison of positions of SNPs in the scaffolds of “peach v1.0” with their positions in the genetic maps obtained for Pop-DF
and Pop-DG. The physical map of each chromosome is shown in blue (Martinez-Garcia et al. 2013)

220} SHH| F7|ME EA(Whole genome sequence) A T ATH(Verde et al. 2013). Egobs A7kA o
7FestAE 2 F52 B g o thEof A Y] o
woll vll-p- o] A A (heterozygous)o| ™, o= A A
}o] 1= IPGI (International Peach Genome o Bajo] ujo Halak 2A0 R 2hastt) o] et B4
=

SN2at7] 9181 Bgot Lovell o B3RS Wj7HAI 7]
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A& (PLov2-2N)E A E 24 o ol &atith A7 B8
Sanger Aol 7]HFSt whole genome shotgun A& &
of dojxlom, 2FE H7IAEE FAAAEE o835t
o FAA A E 25t thJoobeur et al. 1998; Dirlewanger
et al. 2004a; Howad et al. 2005; Verde et al. 2005; Fan et al.
2010; Eduardo et al. 2011). 227Mbof 3 Fa}= A Fo] 202
Mo F82 AIEE(scaffold)of] ZFHEQIOH, 1 9 87
L 2gobe] ) QAAE sl $IH A pseudomolecule)

Edch(Fig. 1). A £4E AF-2 99.96%9] Y=
S e, oA S84 HLL Aoks 1A
T A E T 7HA Q& 1) &Hs] FR AT NAE
o] &35t A3}, 2) Sanger FEAJWHo| 7]HESE whole genome
sequence (WGS) HH-Z o] &3k A4 & 4 Utk
Sanger A1 R 0] &= wi AR [ 7]E=Q Z4A|
) 9714 ¥ EA(next generation sequencing: NGS)o| H| 3}
w A7} Hgo] Wol B Hold,

A 54 (annotation)> FHA A Ho A AR
YRS FohyAY S4& Fohht Hgolh P24,
712 4 B2 A&7 2 SHbioinformatics) 9] 2+ Zof
2 Peach v1.0 20| A Thil AL oFEslets f AR
7} 27,8527, AAA 7} 28,6897l A Ao 2 FAES
oh ES 47, 9 W AP 5 20 g0 Besi
SR ) AE e AoR A, o)t 1A
A ZRIAABELY] 93t l=go] X3 Fofrh(Abbott
and Verde 2013).

=50t Hlu || H(Comparative genomics)

Seoks F Wel o d(polymorphism)o] ulj-p- 7]
=l T FAA v digk Bade] 2

o g Bel 482 gyoz
2 39% §23 B BAuAS
=
o

¢ Bgotol A f85H

Y A Arabidopsis (7)), Populus (EZ2}) S0
=] 11 Qlth(Jung et al. 2006; 2009). Arabidopsis2}
Prunus 33 ] = (reference map)E B n 3t o |3},
Prunus©] 23%2} of 71t o] 17%7} FAFsH, A3 7Hs
& H(syntenic region)> 377 2 ZA}E A Th(Dirlewanger et
al. 2004b). Moore 5(2007)-2 Prunus, Arabidopsis, Populus 2]
Al vlaskgl=dl, Al17gm|t(Rosid ol 3= Populus

@} Prunus= S-AF G o] W& v, #1274 v wH(Rosid 1)
of &3} Arabidopsis<= F-AF G H o] uf$- EAzE o] Q)
o 2otk Populus o] &fo] A1Aw]tol &35t
Medicago (7} AH2]) A& Almit= B LE ]

o] B2stAko 2 PrunusQ} TATA 7} 717k AL Populus
B} Medigago©| AWt Als 24 AT} Populus®} o ARG
A0 2 95 H th(Jung et al. 2009). wh2tA] A A Prunus -
WA ga Sof QlojA Fulzt ol9] HEg FLT T
Wl Populus A& AR} o] Fmach

flo

o[t Lo M2 B|w

Aok Woll A Egof A vlils 2 ARK(Malus)2}
D7) (Fragaria)E A1 2.2 AP I Qlt}. Dirlewanger 5
(2004b) 282121 % 450kn=8)} 4817] 21 AFTH2n=34)
AR WG Fo F AR Ak A o] nE

S, g3(fusion), 1 FHtranslocation) 52| Zjuj &
£ Qojutas Holth Eat Aol 4 ol $70
A 27 PYE e, Baote] 54 sl o
o] ALzte] % Aol QUA NN BEH o] 9L ol
sholeh. Aol vl Prums ATAES AT G
MEE Blagt Ao TxE 2| &=9f 784719 A go] At}
S 2] oss7le] Aol AT 1B, Prums
o] AFIE 1, 3, 4= ATt AFIE 5, 8,9, 10, 13, 17
o Aol ae U o Aol et al. 2011
Velasco et al. 2010). E-4o0}e} T7| = 8 Aujilof 435}
A4k, 5 7§ 2] o2 o}#KRosoideae 2} Spiraeoideae)o]] 45}
7] W2l ol el fFAuA7E 7 #oltt. Vilanova
S(2008)2 717 9] Y7 wpAE o] g3t FAAE vl
st=tl, A F'o] AR AR elstion 36
o Aujdo] dojid Aoz Bt F FoAA 7t
B AEE0] w2 ABIAFS Heokd G613 719 G2
Z o S AT yH A ol Aede Hole A
o2 A o2 AdFES 3 F T Aol
Aepeom & HEC] Ho| as & &+ e, os
upz] Aoy $H 31 xH(candidate gene) 1Mo W2
Ego] 2 4 QTt(Ku 2001; Tani et al. 2007).

(o]

Prunus Uo|AM2| H|w

Prunus Yol A= TxE A=} thoFst Prunus S £
TEolZl 13709 A =g H|ists A7 AP Folth
ol Heeol AL A2, P. davidiana, P. cerasifera, P.
ferganensis G& &3l St A=t AAEHGNOH o5&
HI 3L RE A= Prunus7h shUH o] S ¥ §-44] ko]t
= AL S Zth(Arus et al. 2006; Dirlewanger et al.
2004b; Pozzi and Vecchietti 2009).
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Prunus®] A E PSS ff FF L A3 1
Aol npA 7t FUS AR WdEA d= F7E A
o, o]= 22 JFE9] o 9](inversion)7} Lot Ao =
chEch Hh GAA Qe E 2o 2 WHItE goldh

I

et AF7A HH AL ABLE 63} Abol
ot AF& 7 F(reciprocal translocation)”7} gt 7}X] o]t}
pae] el 54 9 74 Bgpobe mufstel
o]
Qr

o

ox M & m -y L orr o

9H, Jauregui 5-(2001)Z}F Yamamoto 5(2005)9]
PATS 8% Rusk 44 98 7 A9, of A

o

S s WS o) A4 9 H Bol ARE A
A8 GUAE AT 98-S ¢ 5 AT

250} A 2M HIX(Transcriptomics)

™

< 2 9 5o EHofo] 3l expressed sequence tag
(EST), ¢DNA 12|31 A4 97142 B4 4= 5%
of Wit A, A E W E = AR T A
£ 7FssHA shei ol =g A4te A 4, AET
& AFAERETA B vAESH), S4sE 7
(stone cell)] &/, WAFH, AL ¥hgo] Tofst= T2
& 7159 FAAES Fotl i, AESFY EAF
2 AAstal Stk F=2 fA
el

B AT AT thew et
EEE R ]

£ 3Z 35+ microarray (WPEACHILL0)E ©

S A7 BF A5710A 26709 A5 28
Aok 1097)9] H&AH 28 eA4E SHsrert o
FHAE TAIR Gene Ontology S ©]-&3[ 4 A|E
713 EAAESA 7)% 1 MBS A2 o] 37k W

oy W = ‘o==1 1 76

oo
ol
o
=
ol
o
o

ol Tofsh= AARRIARLE B avof et At7F s e
m, E2o} ETR family (Pp-ETR)2} MADS-box, AUX/IAA,
bZIP, bHLH, HD2} Myb familieso]] #odsl= 197]9] &4
S 2okt o] F B FAS XAt FAA =
MY Ao Bolst= A A}, pectin-methyl esterase, T
7Nl <] 23 A (expansin) 3 &}, isoprenoid L carotenoid
o] olels $H7 So ek Fll AL We
spotel ujwErol A8 Bgoldl EAEES] A
A A4 dAtAd7rE HaE] 9l o m(Kim et al. 2012), F &
Fol A wa Zol7h et $AELS 2R oheal
o (anthocyanin) A3 A2 BAT AR HFA
k59 quantitative PCR=Z E-A 514 o)

Sitgo F0 74 24 F ohtel 2AsE Yy
(3: lignified stone)?] EA-S EA35}7] Y3l Dardick
(2010)2 Bsoke] ahul, Z3hu), 9)2ka] 224
gt FAAEY A4 WS quantitative PCRE F-4]
3}A). 4,8067] 9 E-<=0} oligonucleotide arrayS A}-8-3f A]
stone B/ 27]¢F e @A O RNA A 2=RE el
FAAEE T A0E TFE KA oS 2ok &
Astel EFefE ot S FU A4A B =Y
o] goll = Eotal It W GA oA 2F] FojH o
2 ddEey, St ol=k: Qtulel F by oA,
13t Wataj ol A = qlek o]2jdt A2+ 2719
1S oA SetEieolE B giad A
Ho] AERR2 UF oA ol 27 Solxog =
o7 e Wity A 2d fAze B
o) ddA o] Bojsts FAAE vl 2A4%H
, 7 TOlA FASHA A EHW ol Wtu oA =
AR} £o] BalE7] o)A ZAHA}E](ancestral state)
NAFEE AAESNSS & 5 ATt Ziliotto 5(2008)>
A e A A2 &2 1-methyleyclopropene (1-MCP)
A 2lo] ofsf ofddl A =7] TAof st &
A7) whE o] A3l == AL B 15kqth Endo-PGL} 2
AR FAAEL I-MCP Ao o3 wdo] 7}
PpEXP2 E= PpEXP3 3 A= 1-MCP | g]¢f 9
go] A e ek Ziosi 5(2008)2 EHgobe] A
Al A A2 A4 Gasmonate: JA) A2 S F& o 9
F= AR o] Bt A+ 23S Egich JAS 7]
& o] 712 #uk opu et Hef A, T4 Hol,
I, 2 i 9 Ao = hof i th(Pefia-Cortés
. 2005; Wasternack 2007). E-<olof| A JA X &7} A
Aae At Aoz degon, ol x4

HostE FARE= 1-aminocyclopropane-1-carboxylic acid

@
Al
=

NI
mNior{'

NN
N

e
T

oy 2o orlo i Ji

o Bolo i

.l

dr rlo mo L
o Sﬁ[ =

fohof oo ox 2L ¥Q rlo
o

it
o

[}
—
i)
—_

oxidase (PpACOI), polygalacturonase (PG), IAA7, transcriptional
modulator 5] T} JAE pectate lyase®} expansin@} -
Alzd 3 FAAENE FFe T, WAsH: JAY
A 2EYA B fAA HdS FXg
Eoote % & A% 7|17 e 59 o] whA
HAstE o] An|7t ojxl= Aol S, HeotE
Aot ool s e AR B3 e Hilk
¢l tH(Gonzélez-Agiiero et al. 2008; Ogundiwin et al. 2008;
Vizoso et al. 2009). Gonzalez-Agiiero 5-(2008)2 AAF4] 2l
A3t BB Ao AEH R wHEE g
106705 EA15}% =4, cobra, endo-polygalacturonase, cinnamoyl-
CoA reductase, rabl13} ZHe S AXEL ER31E 1A o
Ae o] A ¢& AR Hop Hgolo E4%=
Az FA4a Zaf 2 2P Al ff o]of Befst
© FAAEY T et FFe e Ao® AT
ATk Vizoso 5:(2009)> 1A A4 et A7
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23t A2 S o83t 4719 F33] DNA libraryS 5 (2009) 8 & B0 A & Hejof ol o thAte] &

SFRUTE o] & o] &3t HAMA &4 A} 2 A|RoA A5 ke EJ——J HoS Hwet Aa, APtek =gt

Hoz WHHE $UAES BANAT Bao 43 3 o 577he] Wehol S(pepiides)7h Wol] WokE ekl

A7 F A sE 2AdES MEAY = e ¥ = T2 o] 7123 AEH 20 Hofshs T (cysteine

H ZQ3 %{Z}%% H13}% proteases, dehydrins, HSPs 5)&©] %1t} Nilo 5(2010)= 4=
s 5 YAk AT AL H S § Bao} BAo] A 437)
of gl A5l WalE 2ASALY, o5 TuEe &

S50 THEEH 24 A7 (Proteomics) 2 AEHY A RS, Al A, BestE AR AR,
SEPRLEEEL I EEr G

A #4 At %S AAAES d1 wEA &

A 4= Qe Aol SIARE AA 2 T oA £

el wrelo] Fojst=Ao] sz ool Atk & szl oim =xiolF(Molecular marker) MM L SE |

WA QT WA BY ATSE BeA R4 o me

N3 oAb AHEQl Buid g BAgoRA wo} a

AT o2 4 Gl o] Atk Bol MM A Ay AV Bk 4B §FL 5UH SHANE

T A G A2 A4, FHol HE S EoF R4 ) A7) Y8 AgE ol o, 44

oA F= YT Renaut 5(2008)2 Hgof =39 A A9 AZe BALEY A B nALE

H A AT EA4S $)8) 2-D difference gel electrophoresis A A3 & =7 EAO] ek ik ¢ WL 73]

9} mass spectrometry Y i 2 ARESHo] @A S 2EWEE 2 AFEA Hh F4% 594 A Tt o

i Oﬂfﬂ A vh3-& RAFSFTE 11 2 G A 2H(single gene) T Z&]| Z(polygene)t A IxE o]

Az A2 Aeish BA BN WA Y Aoh b BROAZ BN $RTAL 1L AAE 27

gljom, O HW=y|ol ALo| o Walel ThA
58 B39t} ole} I H 57/ Tl A 5L wrg)
E(enolase, malate dehydrogenase), oL|Z] AJAJ(ATP synthases,
lyases), ®o]7]2H(dehydrins, HSPs, PR proteins), A3 Z2Z
ZZ(tubulins, actins), AAF Ao Hg hal A Fo] tjF

solgiet.

Egotoa Hiuw & ofE dilidA A== 14
qa 713 E?l WEE = W A5k w2 (Chan et al.
2007), =2 & A7) 7F 5<te] A el A (Borsani et al.

2009; Lara et al. 2009; Nilo et al. 2010)o] &3+ 217} Q)
t}. Chan 5(2007)2 Penicillium expansum®] A A2 L&
A Q= Pichia membranefaciens} F2] A Ak(salicylic acid:
SA)Q] M A ol ot Thel AR W3to] B3t AFANRE
Rz, 257)9 w2l S o] AFaFZ A (upregulation) T}
k2 A(downregulation)of] ToJst= Ao 2 A H ) o]
WMAE 2 679 3FAFSHA| (antioxidant)} 37] 2] PR protein,
EH Ao} A A58 SAQ} Pichia membranefaciens

)3t ol 7| %ol A £R T 4TS
5]91‘3}-

Z|dof| HauE sl A A Aus Hgob da
Ao A & tfALe} Tl 2] o] W SH(Borsani et al. 2009)2} 4=
o 3 A 717w A o] o3t oA $SK(Lara et
al. 2009)0] &3+ Uj-go]c}. Borsani 5(2009)9] A5+ Ax}
L AR B J4710 B dhate wee T
Ao WIS A A5 =0, sorbitol F7F, sucrose A,
glycolytic 33 A=, ¥ra ¥4 Fo] siFErt. Lara &

_Oﬁrﬁﬁﬂ

e Aow B

F(marker-assisted selection: MAS)3}o] S-Fof 4~ Q &
*]71}4 =S EY 7 A =Hde, As7HA A4
2ol AUAEE W 20 5dd YASo] 9
Al 910 Masel S S7440713 5i5k El ol
| gl AR50l EeE Y 227 24 E ol
FA FAAA E 718k & A 2219 (map-based
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H(Podosphaera pannosa var. persica)
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Table 2 Peach major genes and quantitative traits loci (QTLs) placed on the reference map of Prunus

Characters Linkage Gene Populations References
group
Aborting fruit Go6 Af ‘Ferjalou Jalousia®’ x ‘Fantasia’ Dirlewanger et al. (2006)
Anther color G3 Ag ‘Texas’ x ‘Earlygold’ Joobeur et al. (1998)
(yellow/anthocyanic)
Blooming date Gl, G2, G4, QTL ‘Contender’ x ‘Fla.92-2C’; Fan et al. (2010); Quilot et al. (2004)
G35, G6, G7 ‘Summergrand’ x P1908
Blooming time, ripening time, G4 QTLs  ‘Ferjalou Jalousia®’ x ‘Fantasia’;  Etienne et al. (2002); Verde et al.
fruit development period (P. ferganensis x ‘IF310828’) BC;; (2002); Cantin et al. (2010);
‘Venus’ x ‘BigTop’; Quilot et al. (2004)
‘Summergrand’ x P1908
Broomy (or pillar) growth habit G2 Br Various progenies Scorza et al. (2002)
Chilling injury traits G4 QTL ‘Venus’ x ‘BigTop’ Cantin et al. (2010)
Chilling requirement Gl, G4, G5, QTLs  ‘Contender’ x ‘Fla.92-2C’ Fan et al. (2010)
Go6, G7,G8
Double flower G2 DI ‘NCI174RL” x ‘Pl Chaparro et al. (1994)
Evergrowing Gl Evg ‘Empress op op dwarf” x PI442380 Wang et al. (2002)
Flesh adhesion G4 F (P. fergamensis x ‘IF310828’) BC,; Verde et al. (2002); Dettori et al.
(clingstone/freestone) ‘Akame’ x ‘Juseitou’ (2001); Yamamoto et al. (2001)
Flesh color (blood) G5 DBF ‘Honey Blaze®’ x ‘D6090’ Shen et al. (2013)
Flesh color (white/yellow) Gl Y ‘Padre’ x ‘54P455° Warburton et al. (1996); Bliss et
al.(2002)
Flesh color around the stone  G3 Cs ‘Akame’ x ‘Jusetou’ Yamamoto et al. (2001)
Flower color Gl B ‘Garfi’ x ‘Nemared’ Jauregui (1998)
G3 Fe ‘Akame’ x ‘Jusetou’ Yamamoto et al. (2001)
Flower morphology G8 Sh ‘Contender’ x ‘Fla.92-2C’ Fan et al. (2010)
Fruit blush G3, G4, G7 QTLs  ‘Zin Dai’ x ‘Crimson Lady' F, Frett et al. (2014)
Fruit shape (flat/round) Go6 S ‘Ferjalou Jalousia®’ x ‘Fantasia’ Dirlewanger et al. (1998, 1999, 2006)
Fruit skin color G6-G8* Sc ‘Akame’ x ‘Juseitou’ Yamamoto et al. (2001)
G2, G6 QTLs  (P. ferganensis x ‘IF310828”) BC; Verde et al. (2002)
Fruit size G4 QTLs  “Venus’ x ‘BigTop’; ‘Summergrand’ Cantin et al. (2010); Quilot et al.
x P1908 (2004)
Fruit weight, fruit diameter, G3 QTLs  ‘Suncrest’ x ‘Bailey’ Abbott et al. (1998)
glucose content
Heat requirement Gl QTLs  ‘Contender’ x ‘Fla.92-2C’ Fan et al. (2010)
Internode length Gl QTL (P. fergamensis x ‘IF310828’) BC, Verde et al. (2002)
Kernel taste (bitter/sweet) G5 Sk ‘Padre’ x ‘54P455° Bliss et al. (2002)
Leaf color (red/yellow) G6-G8 Gr ‘Garfi’ x ‘Nemared’; ‘Akame’ x Jauregui (1998); Yamamoto et al.
‘Juseitou’ (2001)
Leaf curl resistance G3, G6 QTL ‘Summergrand’ x P1908 Viruel et al. (1998)
Leaf gland G7 E (P. ferganensis x ‘IF310828’) BC; Dettori et al. (2001)
(reniform/globose/eglandular)
Leaf shape (narrow/wide) G6 NI ‘Akame’ x ‘Juseitou’ Yamamoto et al. (2001)
Malate G5 QTLs  ‘Ferjalou Jalousia®’ x ‘Fantasia’;  Etienne et al. (2002); Quilot et al.
‘Summergrand’ x P1908 (2004)
Male sterility G6 Ps ‘Ferjalou Jalousia®’ x ‘Fantasia’ Dirlewanger et al. (1998, 2006)
Mildew resistance G7 QTL (P. fergamensis x ‘IF310828’) BC, Verde et al. (2002)
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Table 2 Peach major genes and quantitative traits loci (QTLs) placed on the reference map of Prunus (Continue)

Linkage

Characters Gene Populations References
group
Non-acid fruit G5 D P s e ., Dirlewanger et al. (1998, 1999);
Ferjalou Jalousia®’ x ‘Fantasia Etienne et al. (2002)
pH, titratable acidity G4 QTLs  ‘Venus’ x ‘BigTop’ Cantin et al. (2010)
G5 QTLs  ‘Ferjalou Jalousia® x ‘Fantasia’;  Etienne et al. (2002); Quilot et al.
‘Summergrand’ x P1908 (2004)
Plant height G4 QTL ‘Venus’ x ‘BigTop’ Cantin et al. (2010)
Plant height (normal/dwarf) G6 Dw ‘Akame’ x ‘Juseitou’ Yamamoto et al. (2001)
Polycarpel G3 Pcp ‘Padre’ x ‘54P455° Bliss et al. (2002)
Powdery mildew resistance G1, Go, G8 QTL ‘Summergrand’ x P1908 Foulongne et al. (2003)
G6 Vr2 ‘Rubira’ x ‘Pamirskij 5° F» Pascal et al. (2010)
PPV resistance Gl, G4, G6, QTLs  ‘Summergrand’ x P1908; Decroocq et al. (2005); Marandel et al.
G7 ‘Summergrand’ x P1908 F»; (2009); Rubio et al. (2010)
‘Rubira’ x P1908
G2 QTLs  ‘Summergrand’ x P1908; Decroocq et al. (2005); Rubio et al.
‘Rubira’ x P1908 (2010)
G5 QTLs  ‘Summergrand’ x P1908 Fa; Marandel et al. (2009); Rubio et al.
‘Rubira’ x P1908 (2010)
Quinase G8 QTL ‘Ferjalou Jalousia®’ x ‘Fantasia’ Etienne et al. (2002)
Ripening time G2, G6 QTLs  (P. ferganensis x ‘IF310828’) BC, Verde et al. (2002)
Root-knot nematode resistance G2 MP ‘P.2175> x ‘GN22’; ‘Akame’ X Claverie et al. (2004); Yamamoto et
‘Juseitou’; ‘Lowell’ x ‘Nemared’; al. (2001); Lu et al. (1998); Bliss et
‘Garfi’ x ‘Nemared’; ‘Padre’ x ‘54P455” al. (2002); Jauregui (1998)
Soluble-solid content, fructose, G4 QTLs  ‘Ferjalou Jalousia®* x ‘Fantasia’;  Etienne et al. (2002); Cantin et al.
glucose ‘Venus’ x ‘BigTop’; ‘Summergrand’ (2010); Quilot et al. (2004)
x P1908
G2, G6 QTLs  (P. ferganensis x ‘1F310828’) BC, Verde et al. (2002)
Skin hairiness (nectarine/peach) G5 G ‘Ferjalou Jalousia®’ x ‘Fantasia’;  Dirlewanger et al. (1998, 1999);

‘Padre’ x ‘54P455°

Bliss et al. (2002)

“G6-G8 genes located close to the translocation point between these two linkage groups.
"One or two genes of nematode resistance with different notations and one QTL have been described in this linkage group.
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E?ﬂ%# YA 5h= QTLY X5 &It A Asfoll= 71 A D A2 A (re-sequencing) ZRAE = Hpol &
I o3 28 AduEe Goo YAt A2 F WoAE Tk ofY g} o] 59| ofF W =YUFTE Aol
EJ—OWE‘r(EduardO et al. 2011). L2t} 2| SNPE o] of thFA o 2 B 3o it o2 JEE Als
g o]5 QTLsE 43t A3 mdgy Add 28709 & 5= ok o] et oyt GHA 2 AA A7|AE v
QTLsS WA, o]  1740) QILsE A7k Q4 & Fof 2aiso) Ask 2 Age] Fash 54, AAA%
om WHEE AL SRS 53 QL 3 67 93 W A E4 2L Aste) B W 4 Ak A7)
3k SNP_IGA_776826 t}7 &= 15, dHA =27]8f o 9 A Ad AEAS Eo dojA thF2] genome-wide SNP
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& ohiT egHoz Ted AT QAL 27 T O GARE FAste] AH GAA AR BAS
Austod 88 4 9e AolthLinge et al 2015 golali: o] $-8sith S5o] e hor 4%
QHoE Fa% Yol Bolsht QTLso] WAL Blzenoypo)) AAL HYOR A71ADS AEAstn
WAL WA Hgold MR E AR oI Bl Lol @A YR 9o pdson
QTLsol ojet MAS7} UM o R Beut ot A9 gl #88 FHFAL THs) S50 EYoE AF 44
t} o] ol FAA o tigh B FEst JuIt BEs A AW E4 A (genome wide association study)7} 3]
I ohE 2ol A Hdo e‘LEl% Alo] gelo] REat7]  AFPHIL Qlek. A4 29 22 A E Q] RosBREED (lezzoni
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