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Abstract  Citrus is an economically important fruit crop
widely growing worldwide. However, citrus production largely
depends on natural hybrid selection and bud sport mutation.
Unique botanical features including long juvenility, poly-
embryony, and QTL that controls major agronomic traits can
hinder the development of superior variety by conventional
breeding. Diverse factors including drastic changes of citrus
production environment due to global warming and changes
in market trends require systematic molecular breeding pro-
gram for early selection of elite candidates with target traits,
sustainable production of high quality fruits, cultivar diversification,
and cost-effective breeding. Since the construction of the first
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genetic linkage map using isozymes, citrus scientists have
constructed linkage maps using various DNA-based markers
and developed molecular markers related to biotic and abiotic
stresses, polyembryony, fruit coloration, seedlessness, male
sterility, acidless, morphology, fruit quality, seed number,
yield, early fruit setting traits, and QTL mapping on genetic
maps. Genes closely related to CTV resistance and flesh
color have been cloned. SSR markers for identifying zygotic
and nucellar individuals will contribute to cost-effective
breeding. The two high quality citrus reference genomes recently
released are being efficiently used for genomics-based mo-
lecular breeding such as construction of reference linkage/
physical maps and comparative genome mapping. In the
near future, the development of DNA molecular markers
tightly linked to various agronomic traits and the cloning of
useful and/or variant genes will be accelerated through com-
parative genome analysis using citrus core collection and
genome-wide approaches such as genotyping-by-sequencing
and genome wide association study.

Keywords Citrus, Genomics, Genetic Map, Molecular
Breeding, Molecular Markers, Traits
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2 049 Zehuico| = 5 uEste] ket A% /)%
N AES TR G F8 AE 270]7| = Stk
Aﬂﬁlﬂ" 4#&%@‘194 AAA S8 skl
o A FEE2 AAE
l R R =y =11 e Ea—HH QA= o] ofu gl Ao
Z A oL} = = ¥ o|(bud sport mutation) 2 F- AF
%] o] 0] 851 9J&= Al A o|tH(Talon and Gmitter 2008). 7+
o outA oz 3~7d o]0 Z& wo T IAujS Wo} 2
o et A 1004 LA 204l 2 vy

& *J(nucellar

|=J

nh
=7
==

embryony) 2]
ofuich. 41 55 A et
of AAHH| S F| AP L= A
Yol melt. what 71§
3 ohal g 53k 2L 7 E L9
gt 2 A AT A
o 181 A 520 ol

N
|o
it

ez oft A °
e,
_0|L'

o oo
L ooXx
ofr
—-

>,
i
o
2L
At
Ho N ox 4N Hi

O wX ox ¥ o fo HE =

é
|m$

o
iy
-
jus)
:l:’r’

_|>i

N

N

e

£y

ol

o)"

n=)

off i & = >
b du © 1o

il

o
&lr
lo
—z
I

N

N

[l lo o
ik}
e
flo
=
o

_>i
2
JPI
Zi
i
401
rE
ﬂ
1 ==
L
r
oo ooy &
o o,
i o
oz 2
o 2
2K
= 2
oy Mo 3o flo g
w2
lo o

7:' AEH /\(tﬂ OH? 7ha, 4
o]-z% 14 AH A} xﬂ 75” 7]. _r]'&l
= A o3P o] HHI} 5

o] ]—;Ld\_—a] Z] 34.51 7].&/\%
58 $A] At 9
4.8 wok ol 7] %
1o 2] B0 B
ol MR} Q41 WStR —’t%ﬁ
2% A AA ] Aato] 27T 9]
A IFA OES Y8 AEG A o
X717 g e 8% meawe )
1 9l th(Kim et al. 2015). ﬂﬁoﬂ/ﬂ IAHAEY
Fﬂ:% %%___!‘__—- ] 1‘4—01:‘6]-‘63]%
QTL (quantitative trait loci)ol] ]3] z=
ol WS ES Bo) HE P2

5

Sk

ol f T ERE A %Xﬂ EULTr a4,
Ql

:oé

oln
Lo

:oé

jus
T,
kd

= o)

NI 2

o
Ol
o=

=

>
e

u H

oRO;‘:“;I
o
EOZE‘OE

B U .
X oy

o

3 s
>

1o

fr &

_I_s.. O{N' O, HU ﬂllO
o

o aEL
rlo
%
I
_r:l o

_11->
1
ro,
o
)
iy
r \
o

d
=)

[‘

ﬂ—'oﬂ:zr

H1
Jo
il
ok
4
»or

=
N

ofi
;
2
5
2 e
pa
44 oy & o Ip- HE oo e S

o Mo -
o

+

N
-

© ol r
o
I ox

w2
>
ol

>
=
o
ot
L

l_

O

i
k)
~
=
=]
<
ac
(€]
=
N

=
M
2

f

oXx mH i
i o

o flo
A 4

o
oZ
R J{O r-?ﬁ oX oX

o
.ai
T

N

(& B o N o2 fob )
og O S B [‘10
i)

i)
=)
X ©
o
=
rﬂ
r:i
i, of

Sha
D)

=8|

N =
i

fo
olp
o L g

BN Ao
>

N

f
I
©
1o
H1
o
lo
f
H
ofl
N
tlo
¥
Ir
o g
Ho m ofN i rlo St of

= 1o

)
Mz ofN

_?_‘
I

Al AR 72 9 Al g4
o AR A 2 8 AR 9| W
oo = 2| BgH W ek 3@l 4

o
o
]

(M fo 2
fo oN ©

B Z|(C. sinensis cv. Valencia) 2} S| W EFQT Tt} A(C. clementina
cv. Clemenules)o]] tf3t 25 F-AA| 3 50] o]FojFH o
(Wuetal. 2014; Xuetal. 2013), A A A ¥ 7)48te] B} # A
[single nucleotide polymorphism (SNP), simple sequence repeat
(SSR), insertion-deletion (InDel)] W= W o] & & 83 ¥ &

B0 BN E 24, 6L A A A, AR 22y
Sof g5 QthBiswas et al. 2014; Cuenca et al. 2013;
Ollitraultetal. 2012). whet A Ao A = G2 A &4 7]WH9]
St EEEE FEENEE L ERREET
AAHol 8290 B0 42 4055 2220
S AstE Ao 2 Ay = AJ- o] th(Kim et al. 2015). &
TollA= A7 S A2 FAAT TR &
& 4Usa fHA ARE 28T FF PAYFL 1

S} A} stk

of| A= vt 2] o} B & ol o3t 351 (citrus greening disease,
Candidatus liberibacter spp.), F| %FH (citrus canker, Xanthomonas
citripv. citri), 250]o)| 2]5} & W o] H(citrus scab, Elsinoe fawcettii),
5.7 ®(melanose, Diaprothe citri), 24917 B[ Alternaria brown
spot (ABS), Alternaria alternata f. sp. Citri), v} o] 2} 2 0f] &] 3}t 72+
A Z L] Q ZFH(CTV, citrus tristeza virus), 2 Z5 0| AH(CTLV,
citrus tatter leaf virus), 259 (SDV, satusma dwarf virus),
2 2}o] Zupo] 2] 2(CiMV, citrus mosaic virus) 2 af| &<l 7=
) 5o <la) g
ol 5 Al &Y oA ABS, CTV, CiLV
e As Aol gt A &4

A1 Z=(citrus nematode, Tylenchulus semipenetrans)
SR ERERIES
(citrus leprosis virus), 7

A 7F 7= e

Altemaria brown spot (ABS)

ABSE: 744 @ F/EF N4 343 o7l 9o 34
il U, 941t 58 F =5 (Akimitsu et al. 2003). < E-d
W EFQI(C. clementina Hort. Ex Tan), ‘Willowleaf” (C. deliciosa
Ten), 25U 7H(C. unshu Mark) 52 ABSo|| A& 2t=
(Cuencaetal. 2013). -4 8-2] ¢ AT} += ABS A g4 o]
U 7 219 (genetic locus) o]l 2] 8l 24 & o], g/ 3} 2
3& A7 A (aaM1) 3} -3 tH - AH(daM)of| o]l 2
AE L H o] th(Cuenca et al. 2013; Dalkilic et al. 2005;
Gulsen et al. 2010; Kohmoto et al. 1991). Gulsen 5-(2010)2 ‘&
dulelel viohelal LB %’ eFAR(C. paradisi Macf. cv.
A o o i

Duncan x C. reticulata Blanco cv. Dancy) @] Fy 1L H]}
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Hho = Wy E ofqf i SNP upA S0 s FAA A7
(genome scan)2 -85 BSA (bulked segregant analysis)2}
SSR, SNP o} & o] &3 44 £ 5430 A o] 5
Y A (centromere) FL 3.3 Mb & & o] ABS A &}A] 1} o 5
of loml, o] Qolo 1 A4 Tl §HAG ] W
A EARE Hasklth 77k Al el ABS A3Hd A
B AL SR H0 9ARE 1 5 8 T
7150l gl Ao w Aiert

Citrus tristeza virus (CTV)
CTVE HAAH R A% F03 12 dolgamn 7
7HA] A zbet Ay FAF = FA) 4] 2F(quick decline) 2 127
(stem -pitting)-2 oF7| Stct, HRF= AF-0 QA A|(C. aurantium
L) th=ofl A1 2 A 4=9f A = (graft union) o2 of]
A A AL ?—-_1011%/‘1 W7 A ey 324 = o=
of TA glo] U2l g, ;pd A7) 2 F4, Y4 & E o
& Y h(Gmitter et al. 2007). B R} 5-(Poncirus trifoliata) S B
23 A citrus FAFE0] CTVO| Aol Sle= A=
&2 % © m(Garnsey et al. 1987; Mestre et al. 1997a), Citrus <5
A e dF EAC. maxima (Burm.) Merrill]o] #]3}4-S- ZF
+THGarnsey etal. 1997). CTV AFA F-A4A =Y 4 7
A7} 8H8] 2 3(Yoshida 1985, 1993), Crviz =] 1T Gmitter
etal. 1996). Fang¥} Roose (1999)+= o 2 HE T A1 o
2 fAEH, Cvebs YA AR Cn2e 25 K
5T Crv 574 &) t) 8t map-based cloning (MBC)& €]
3to] B RS o] 831 Wl = of W ufj(backcross) & ¢k
5ol i3 BSAE 4=3f5}0] A3+ A RAPD (random amplified
polymorphic DNA), ISSR (inter simpe sequence repeat), RAPD-
SCAR (sequence characterized amplified regions), RAPD-RFLP
(restriction fragment length polymorphism) v} 7| 5-& Q=3 1L,
o] 55 o]-&-5to] A G ol thgt AehA] = Ad A marker-
assisted selection (MAS)S ¢]3t =& £0] 0| F 0] % th(Deng et
al. 1997; Fang et al. 1998; Gmitter et al. 1996; Mestre et al. 1997b).
B A 22 MBCE §]3}o] BAC (bacterial artificial chromosome)
glo] B & 2] 7} 2HAd =] ¢} © (Deng et al. 2001a; Yang etal. 2001),
Ctv} WA 51HA A3 EAFE A S 2-8-3F chromosome walking
1 RGC (resistance gene candidate) o} 7] & o] 83t BAC &
S 53] Crv S EFob= BAC 71 E| L Wlo] 2]
&1 tH(Deng et al. 2001b; Yang et al. 2001). Yang 5-(2003)-2 Ctv
oj oS 3151282 Kbo] BAC 7 E| Lo] T3t A7) A &L
AASI AR} =S 485t A3t 7719 CC-NBS-LRR
(coiled-coil-nucleotide-binding site-leucine-rich repeat) -5 =}
5 A R gt £, o1 o] 11912 4

L wofeh Cn AT ENT 5 U A

t}. ‘Thong Dee’ =t} B AFLp- Ao] o) <71 Wb of A
A3t CTV A3 A5 (USDA 17-74)0f| tj gt BAC 2o H 2
2| 2 EE 22 g S A et A e A 9
& 2-=2711 9 BAC HE 1& S Estal o] 5o tf ek 7]

A EE v AT A, ] A E Lol AR ¢
= 27}19] CC-NBS-LRR 3 2H(R2, R3)7} 27 3+ A tHUSDA
patent No. 7126044). &= 5 ARE CTV A2 Ao =
S A1 R2 = AHg @A ASA o A CTV 2 of] A4
< 2 tHRai 2006). ©]Ae] A1}= R2 E—% R37} Ctvo‘g
738 s] s stn, CC-NBS-LRR& ¢ & 3}5h= R2/R3
A= MASE 913+ “PUME@’ —’F%%Zi =g
Asins 5(2012)& CTV A A4S Fodl= F 2 QTLY 914

7b &, ARS-o] 2.7 A, AU Apo]off HEE o glo
AL dbof| YA Harskqih

Citrus leprosis virus (CiLV)

RE AQE QHX|(C. sinensis L. Osb.) =F-& CiLV ] tff 3}
=2 7H4AS Hol b, ghoh=(C. reticulata Blanco)x}
AHE 7 wF 222 A3HA S ZH=r}(Bastianel et al. 2006;
Rodrigues et al. 2003). Bastianel 5-(2009)2 ‘Péra’ A1 E @ &
A 2} “Murcott’ BZ(C. reticulata Blanco x C. sinensis L. Osb.)
7He) At wuf A Eof et A/ £S5
3f] AFLP (amplified fragment length polymorphism)2} RAPD ©}
AR AE FARA = A 15 Mo CLVe| A<
sojal s 5tLko] QTLO| ZAITHS BHelshg o v], 27 QTL
o £Ae % 98- AN AT,

g 4lF(citrus nematode)

P AES Bmelo) H7he £ARE QoA A4
Seli 20 29 502N AEAYA 48
UF KES U 28 BE 29 Supold, o rie
Poncirus+= %‘% AZoll Aol olom, AT 2 9
Q% 47 WA 4 A E| A2 2 oA 9LeGmitter
ctal. 2007). A1 744 Q1 2l ek ol” whe el ot g4 <)
Swingle citrumelo (C. paradisi x P. trifoliata) 7+ 2] o] 2L v} &7t
2ol Al frafiet wuf Aol tit A Y A A, AT
ol &2l xlo] Hofgho] AAE Gt} E3 BSAE 3
g AF AR ol 50% o] 4= 7] o sh= st o] =2 QTL
(TyrD)o] gl =] )l om, o] = $A A=A 27 S22
A BAYFERY of wul] ooz 45 o] el Ut
(Ling et al. 2000). B A Ao Hojsl= §AA oA
NBS-LRR “135©]| %38}=RGC upA 7}k Tyrl QTL G < of] 43
%) 9 th(Deng et al. 2000; Gmitter et al. 2007).
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(zyzotic embryo)7} wrerghh. el w2 412 55
A}A| of 3£ 1) A] 2 (sporophytic apomixis) & A+of| o] 3 2
o] 4117} sfLte] 7 kol Aol o} ¢l ol Wk
FAE EE 9 wFulE ekl Sl Hlid(embryo
sac) S ST QY= A S 9 FA Z A (nucellar tissue)
of| Al sk A Al 32 vl (somatic embryo) o] TF. whEhA], =4
W mAsl FAG GHYS 2 SRR e 5
=, F A 7F aghulol] vl EA o A SHA g
sho] wAHlE E|3kA] 71 th(Barcaccia and Albertini 2013; Kepiro
and Roose 2007; Koltunow et al. 1996). o} 3L 2] A A & A}of| 9]
g ohuj A W g FFolA A= A FHolH,
AEA el SFof ot A AEF S0l Avkst 29
2 2gahn ok

At upet o] W fha FF ol A o2 U A 20 9
aff shito] F Ak qkell of 2 7| O] w7} Sl vl A A4
o] mEH 0 WATTh 7|0 chi o] vt 4]
of oJaf FH =™, st A FHZ o s A==
A0 72 AdH A S U (Iwamasa et al. 1967; Parlevliet and Cameron
1959), SA4 vl o] 4=7} ZHg ol A ulf-$- Tkt AR
22 ch g U] E ohE 94 7120l 2AE 4 98
o] A A = ¢ th(Ueno et al. 1967). Hong 5-(2001)-2 Thulj A 7}
chaf g 7he] w235 2 R E thel A A9 fefn| E4
=2 &3 Citrus2} Poncirus 0| A OF EUA| A S 2 A S1=
2709 A E ARl A FAATF EA T A A8 T

Garcia 5-(1999)> of 29 A| A9} Tl of] 3t F-4 &
A AifzEE of2HA[ Ao} A 67] 9] QTL (dpol ~ Apob)
F=5k3l em, o] Fof| Al 27] QTL-Z thuf A 2= g
Sl ol et A= of Al Aof thuj A& £
o) 471 Sle] A0 e T HE EAY S
Al RETh Raga 5-(2012)%= thuf A A2k 371 9] QTL
uf =5kl Gareia 5(1999)0 23 =4 v Sl
Apo27} 8 QTL & H st it T3 H=3k37] 9] A
7} C. reshni, C. auriantium, C. volkameriana®l| 4 S} 3t S-ojf
2R g B e 7] NS g EARAR 48
SR EERNET TS

Kang 5(2008)-& Thafj 4d 2 chuf 4] Al-5-9f 27] Alrdkof] F
Q3 EA A S 7N Est] 9] sko] Tl 4d ol A (Kiyomi)
[F- A ZAY(C. unshu Marcow) x ‘Trovita’ orange (C. sinensis (L.)
Osbeck)] 2 ohulj 43 @1 “ %12 (C. sunki) 2] AL ufAAY WA=
o] tfstof PCR-RAPDE >3 5lo] th o & Kol
F30bA) S AR T, Tl AE T g A AT
o] 43 BSA-RAPDE 53] Shi 4 % So] % 2] RAPD-SCAR
vl A & b8} 94 o). E 3k Nakano 5(2008)2 ‘& A 1} <-4
% (Miyagawa wase)’” vl £ 3ol A -2 3 Fy 4 o] o 3f
EST (expressed sequence tag) 7|53} RAPD u}AE o]-&3t
BSAE 5=3)3}o] 13 SCAR npA & L5}, ATHA| Lo
et Al W8S eyl ek 2 I ool A o
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0% of

T

84 A 291 ol Hiet haplotyping& =2 sko] “H 4 o] tf
WA G910k TR A ) ©4] uhA Abolo A 2] A%
ghofl o et A 23 haplotype& 71 & A A 3% -
Kepiro®} Roose (2010)+= C. maxima (ZF¥llAd) x P. trifoliata
(CHeR ) w22 J ol A ko] whuf A o) ohul A 9 A
= 2ol o] thalf AFLP n}# & o] 83 BSAE 534 5}
o P. trifoliata©|| A Thuf A (oF= Al &) 2 B 5HA A
BAEA S Wel ek 5 32 0] ool 23] 4] 12 scaregation
distortion) o] T =W, Fy 4 Abo]ofl A thull 4 F21¢] H|
gof thaf wo o] Zo| Atk AR o] UL 24
She E O SAAE 98 AN ol iAol
QTLoJ| &J 3} A7 ¥l thi= Garcia 5(1999) 9] A}k A 2| g}
A FAR A 242 S oA FEE50lA 5ol
Mo wREE $HA50] BAlE Rt msg-2 $77)
£ 710l 7150l ¥ A KAt A FEdE HolA
2 A TH(Nakano etal. 2013). vl 5= 2 51 2 A 22 wjj gt 247
o A o] AR E A4 &, A A& msg-27F A A =
of 27] | E HHL AAletE 715 T AR 25
AR 5ol A
msg-22) ) 5 W A Wo] B4 5 Bl 444 v}
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ok
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o,
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o,
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4,
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o2,
o
Jo

He 74E B0 obmu A 2o o5ty A4bol B
HA 0z wsty), o) ol ee BEG A4 AR}
4 B4 A L) §5o) % BF G40l Artat A
U5 28505 otk AFE R oE fAg e
2 A BEL FAAYIEE, B2 $HT o] A5
A E Ao] Ao Hrf A% HE JHAE S F
L3tk A $ o 22 A2 0B Ao HE3HE A
o T& A Q) 30| U % EEL vhuj ol h whehA,

[e)
A7l Aoz Az,

ARl el AN E Rtk ] fisho] 384 W (Pieringer
and Edwards 1967), & €] 4 EA] £ 4](Cameron 1979), ¢ &
Z~(isozyme) 24 7] H(Soost et al. 1980), Z 2o} & 18] 1] H
(Weinbaum et al. 1982), RAPD 4] 7] ¥ (Bastianel et al. 1998;
Yun etal. 2007) o] 7= Lo, A, AHE Y, a&/d
Y FA7E A7) = ATk SSR vFA = A% O] T 4 (poly-
morphism), 3--$-4J(co-dominance), A A U A & 34H ¢
Sl B RE FOR A FF & TS HET TS
gk ool -85l Q= DNA FA}upA o]t}

Ruiz -5-(2000) #47] =2 Hetat S7F el Hete] 59
B A SSR FA A E A g5t W] HE 2 s
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2 24T A3, FATLY 8 RAuAS} B}
P sz uHEHES U E EO%—ZF“
t}. De Oliveira $(2002)-& gF2-5 21 ‘Murcott’ I} /\HEiﬁﬂ
A9l Pér Apole] MR TN A AT FABRIE B
el E 27 flske] o AR FE ?:’ﬁu(%*%ﬂ])ﬂ
SSR o £ W atato] ALBL AT AAES F WS
$510] AFE T 59, ] ATES £ 5 98 Bt of
ok A2 EASE] ALl 485 K88 B 4
ATk A AlBH AT 2 B ok fo WAl thet A%
$2 2ATO LM el 4t U4 Sl 27 I
54, o)

o o
=3
e
Mg o
5
_?_‘
i
=
i
o
10
LU
N G
4

[o ot
oX,
i)
>
el
Euﬁ

o Ho TV 55 401 3. HeF A ro
7] 1Tt Rao 51(2008)-> Ap--0] @ &l 2] 5 th A 3 A 28 tf
2 Z25 sty Yste] Btk 4 AL (‘Nakon’, ‘Pink
Java’, ‘Thong Dee’)¥} qichl o] G432 AE ZE(‘Page’,
‘Minneola’)7+2] wHf 23t Ao 2 HE S0 JJEES A
4F5}al RAPDS} EST-SSR vhA & A &5l 2| FHo=w
NHH Qo AT E YEINS A,jﬂgowu} Yildiz 5(2013)

o xpupzlo R mikel £, szl o2 Wl Ao} oA
QPX}% FEZ ol &3t w4 dE FAEERREH
g ekg A7) §)8ho] SSR vhA S 285}l e} whet
PR PP R DESE ETE, X
BAEA R BHEE 5 USE ANl £,

A2 ol 9lo] g G 9] Bu] Ei= TpGof MZE Ko
e F 8 Ald 7R E o Eoh Eehi e o] 5/TE Ao}
dojth oA 7R E o] & b= b, 2124,
AE QAAM, HFAL Holshizd], 53 gho]aHe o
B AR oA A AEe BEYLS Rojgith tEA
obd & 45 o A o Ak el o] A 7% ghE o Wt

(Chen et al. 2015; Ladaniya 2008).

Phytoene synthase (PSY)+&= 7} 2 E| o] = S HAZ %2
7] @A oA T B9 geranylgeranyl diphosphate (GGPP)&
71 & Cy 7F2 E] 0] =4I phytoeneg FHJ k=t o3}

= 5otk L AN &g 2t AE YA o= F
7§ 9] v~ 5-AFEt PSY 5 ZH(CsPsyla, CsPsylb)7} &2}
l, B s A A ol AR B o A= = A9 A
7hHSet o2 B HU, RS0 A= Psyla F- AR 7}

D kA AR RN WS B E
S48 =A3H Aak, CsPsyla?} CsPsylbol v]& FA a4
40| Tht Ao Shelsglc A T e 2L B

‘Gaophuang’ F-F-0f| A Psylb fr A A= & = Psyla 771
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A wrE e ) otk Q. AK|of Bk Abo]e] 7 e teo]
= AR SR I B ek SR e o) %
o] 9} 7h 2 ¥ 0] = A of A ] Zfo] Ao o]t WA T Ak
o glgol BRItk Pylat Pylh 97 A AS vl we
A7 3-bp §F(AAT)S] SSR 33 T9] A 4=0] xpo] & B
o, SSR B 0] T g EAMO|AES o)A &

573 AT, SSR 9 40} H b B4 Aol
of WAgek A7 QlSo] ¥ e Sl th(Zeng etal. 2013). w
2hA] 2k PSY -3 Ako] Qloj A ©f SSR ¥ o] & R AFuA =
Aarsto] ke o] £ ghepo] & A o) Ao B8
S ole Ao Aasrt

A& LAl A= g StEAotH O = QlI3f gHita) &
AJ o] ul] & =t}(Jayaprakasha and Patl 2007). S < 1X] e
0] Atk BRjo A AFSFA AEFH AR 7 A
(Boninaetal. 2002), At} 4 AE G AZEE DNAE B EE}I’.
(Risoetal. 2005), 483 48 919 9142 442 4 93
(de Pascual-Teresa et al. 2010), V] THA| 32 Wk o} 2| & 2712
Aot o = vigke] tf gt A g & Fofst= Ao RE ©
& F CH(Titta et al. 2010). 25 A x| | A] T}L-9] ZE 3} 2}
Holi= 3ol A7) o] ARATE F R, FLA] AL
2o oA = 2HG G =3 4= 9l thButelli et al. 2012;
Latado et al. 2008). 215 @ @ X|of| A StEA|o}] AHAS
Z A5t Ruby SAAZ W= MYB AALR A QI AFo]
Z X E F 9o Copia--Al 8| E 2 E 2 A 3 Z(retrotransposon)
o] 4F¢) % 91:30] Bl 9k Ruby A Arf Sol4
o2 Wl En, A2 AE Lo O3 JERENALE
O] A 3tof oo FAA A o] Z2H o2 FEAobd
gt o] Gt AbAlo] vhe] & th(Butelli et al. 2012). A
A2t Tk, dRE @A), AS e /A, AS o
Ao} Ukl Bl 458 AR Ad 1A 9 BAyE
4 248 53] 6712 NP RHAR -1, r-2, R™-1, R-2,
R"-3)7} Ztz‘ﬂ-Q_ Bt -2 3HA ddo| AT E
= 7 A E274 9 Ruby @A & o 3tsH, 2= AW
A, FHA AEa 5 AFFA G 2 “(delehon)ol ZA 5=
$249) HggRAoIT R 949 g gazole,
Ruby F4A AR JEZEHAELZE F= LTR (long
terminal repeat) & ZH=t}. RP-1 7} RP-2%= o] &hg] o} 7| Y o] A
%Eﬁﬂzl 7} 74A = g A A el ], R -2 Sk o] LR

= 7HAH, 22 54 ol A Aol os 2T A2
2 24a}oleh B35 53 7190 MEd|A fegon,
HEREMAEE ALY BEFat A dofl lofA] ojge|ot
719 EH5T} 70| 2 BT Ruby 7 H o] £A) 5}
o) & YR AR 23 Fofl SAHAR Y FAAES
7V 4%, A% 3@ o] Lehd-& 445 cHButellietal.
& AR Ataof| Al = o) 5 Ruby A A

£ 42T 4 9% DNA BAEAS Atsta g,

o, ml
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A A2 Ao A, AR, A A 52 Al gtst
L2087 adlolt p2 R AL, ¢, ouA, o
| o> wl7Faiut ‘Rangpur 2+ (Citrus
hybrid)Z} ‘Cleopatra® WA (C. reshni) 52 733t W98
ZE=th(Maas 1993). YA A& HolAM= Na "I} Cre) &3
HE ) o] & BAG of 7|8 5= Qo1 o BAE o] 5 o] 2
o FHE AT RS AUFORA H25H 5 9)
CHMaas 1993). @& 2~E¢ | WA A2t &
FEol M Atet :@i Z7d A 71w, 9ol Na'2} CI &
ZAst 444 B33 J EFe W) 27
Sh}(Balal et al. 2012). 2o YgHL =

q— a o1 =2
Zlof o3 A == F A th(Maas 1993). w}a}A]
EA17 0] WS z%%

% CAANA
of ek WA

AEA S B8 Aol 7t
Astol A 7] AL}
gt o i (BC)) A= I 7} CIe) %2, Cl/Na'
H &, g 2k Ao 44 2 {ﬁ(dry mass) Akt &1
TE QTL o] A4 &= YA th(Tozlu et al. 1999a, 1999b). Raga 5
(2014)2 LAZF°] o f-SHreverse genetics) HA 53l
SOS1/2 (salt overly sensitive), NHX1 (Na"/H" exchanger), CCC
(cation-chloride cotransporter), Ethrec (ethylene receptor) & & &
ket W T A0l WA e e g
B2 722 89 59128 A A 8- th Raga S5(2016)2
o m F2 G EEFEFF S, WA o] A2t Cleopatra’
Shoh 2t W 4 o] oF et ' AL O sl kol A -2 gt
FAH 2 AEAE Ar2 et FAEAE Sl U
A AvE 60714 FA(FE A B, A e 011*1 Ky
T ol 4 Tk, 4o & HEAd, df e 5
ek =)o R Eo] S -dHo] Q&S AA A L, mterval
mapping ¥} Tk QTL 743 -2 -3 Cleopatra’ T I} Poncirus
o] AR = Abof 987) QTL Y YA & A A5t T
ol A S et g o 7| o FA 29 7F 235 of 2
83h= QTLO|| o8 2 == A o= A Qth(Weber et
al. 2003). Zh=oll A Wehd A zel et RA A & T=ast
7] 93t 2|2 0] A= E Cai 5(1994)S FEctha} e zpup2 7¢
O &7t alufofl Al -2 3 o wEf(BC) ] & A & = RAPD
AT =5 A5t 37} COR (cold-acclimation-response)
S 7po] T3k RELP 9% S %3] A = Aol 4 2] $1%]
£ 25 Weber 5(2003)2 A Lo 2744¢l B8
3 23+ 9 A 740] FI A} 774 ) pseudo-testeross)
S A & & v}ofsk B2 # X|[RAPD, CAPS (cleaved amplified
polymorphic sequences), SCAR, STS (sequence-tagged site)] &
o]-g-to] mE2 i} FEof tf g A =& A 5haL, interval
mapping & 8] 733} o] A o] UIgH4 Tt ol QTL
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& A%tk uhA o 2ot E ol 1, Y4 A QTL
W3 2 2]5}o] Hong 5-(2015)2 EST2F BAC gt A & of| A]
et A5t SSR uhA S W= ste] 7]1& 0 nhA o o] F 3t
A EE AR o, A2 2 A 15 1A 5t=4
7He] Wt ¢ QTLY] & W53t

JIEF @E ot EXIEA

T3l (seedlessness)> AH| RS0 o3 vhAl A F o] #
7bs Hol A O SHolA Y e SF 5
trolth 73 A7HESHA, 64 &2 ZP%‘ =9,
ulj Wbk o] 2 7] A X, GAA| o] 4 5k 22 o] 8.4l
o)&f 2HAI3cH(Ollitrault et al. 2007; Yamasaki et al. 2007).
Chavez®} Chaparro (2011)+= A R4S Z5 T3 g 2o
A A ARkl o A4 E o 5= Al Al 5FSI T Ponkan
Ot (C. reticulata Blanco.)o| A] T8 A B} E 2| & @

=617] 9]5}ko] Xiao 5(2009)2 AFLP uh#] &4 2 27 9] A
T SCAR v} A E 7|23 o). T Chavez @} Chaparro (2011)
+ RAPD HH% £ o]-&3BSAE 3 sto] 7 A A E
Akt & B2 AWAE oA 25 ZAsHAT
Kinnow Troh &l o A & 27]1 9] & &3 RAPD ulA 7} H11
=) Qi tH(Altaf et al. 2014).

373 & Y(male sterility) o] 2} sff 3] 24 o] Fh5 o] Ao,
Ao A Azd &4 5227 o9 =8 FH- A e 9
=A% 2 &4 A ¢l th(Nakano etal. 2001). Chae 5
(2011)& A Bl A A x A= (C. sunki) nLvl] Z3o]
A el gt Fl wul) X chofl dj sl SRAP (sequence-related am-
plification polymorphism) u}#-5 ©]-8-3 BSA-E 53| male fertility
%13 SCAR vhA & 7t Qe 2z ol A -3 & Aol o gt
ol 29 3}itel v A A}7}E3F3HA (gametophytic self-
incompatibility)2 S -4 A} &} FHE I} 3= 5= (pistil) Alo] o] A
S 289 o3l 24 % tHOllitrault et al. 2007; Pok et al. 2015).
Kim 50132 #2)u] B4S Fo) A7hRolag e o4
§A70] o) ARHL AN GO, AolA 72
SF-41 T} QA9 3 RAPD o) & 25}l 4 914
o F445 @ 20) T3 QTL W A7} o] 2ol Al v} ol
(Garcia et al. 2000).

242 Qv ol b BEG B 29| St B AT
(juice sac cell)&] H o] tfFo] f7]4ha 523tk A 0]
T}, - Ab(citric a01d)0] g drfjo] 24 E = FQ {74
o, B2 A= FFolA L5 1-5%E 4 f&E}(Fang et
al. 1997). AlHko] Zii(amdless Zo] od A, B, 2
g2 5o A AukE of gH=d], “Siamese sweet” F5F2] -,
-5 9] A A Abglek(titratable acid content)©] 0.1 ~ 0.2%9]] &
}5}chk(Cameron and Soost 1977). B E W vl ) H-& o] &3F &
HEA A3} AlF A L(acidless) H A2 & A AR}

A T1eE =T a2 2

(acitric, ac)®]) Q)3 AAE 4= 9)-8-0] A A = I THCanel et al.

& =4

l
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1995; Cameron and Soost 1977). Fang 5-(1997)-> RAPD u}A &
0]-§-3t BSAE 4351 acitric A& vpAE Adstal, A
AT Aol A &) 91X & A5t 2 n, AT RAPD uHAE
A& (Ac/Ac, Ac/ac, ac/ac) B o] 7}53F 394 9] SCARS}H
RFLP u}# 2 A8k}t Asins 5(2015)2 QTL I L =
A5 ABLFY A2 OFE 92 o EAet= 7)ol 2o
Ae QTLE shelstsith. olele Aaks ol UY 47
(Aclac)& 2= WA 7 57 B2 0] AHE S Zreth Aatol
B o] A9t 46 BAL 9 94 B 2o] obo(Fanget
al. 1997), o] of Froshiz 27} S AT A1 4 8L A
A,

g & ol e A4, A, FH 55 236t Ad 9]
ohergh 2R 2] Wol 7} Tkt A o] Y Sk heterostyly),
G2, AESEA ) FE(H 9, F, G, A
2N F), FAG, SEA, 271
20} 5o FAof el theFet wuf TS e AEA
o gk QTL W g o] of | At LFof ol == it
(Asins etal. 2015; Garcia et al. 2000; Gulsen et al. 2011; Sahin-Cevik
and Moore 2012).

[e:

SSR, SCAR, SRAP, RGC, ISSR 5)& o] &3t AUA =, 2
A B2 vl A (RAPD, SCAR, AFLP, RGC &) &=, BAC 2}
olmeje] 24 % QIL W Fol o] 2oi4 ek AA7A
ARA 44 F2o] o[ Rolh AL CTV ATA F
HAHC) 2} 2 S B Ruby 1424 Bhsteh. A 37
g AR AR EATAS) AL WEA, A

Sol A5 ojof 3 202 Feret. upetA

BAEA S BEU R EALEL 0P ZRAY 2]

do
(m

QA of Sl el vhokelof Tt A
2o #& SHAA 7 G E A THWu et al. 2014; Xu et al.
2013). = Afef 2 FAA AEE LTINS EAEA]
(SNP, SSR, InDel) &= % o] & &-&3F & Aot 9 &4
&= 2, Wl A A

S

)

, gene annotation, ¥ % 5% A
2 Aok FE A E
A o] AUE P4, B A S F2 o 743
S HER FAA 7 e Aol 24 H o AJZ)
Qo7 AYEE Aol B3 42 4 A4 W A4
< B (core collection)of] thal T A A 7]k 44 4
£ upek0 2 H] i A7) 4, GBS (genotyping-by-sequencing),
GWAS (genome wide association study) & =3l 74= 2] t}oF
3§ AnE f8/M0 A 22Y, FAAY B
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-r'_{_>|4_‘
ox, Ml
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opA g 9 5ol Bt A7 HEEE Ao R A
Sy
AT AE A5 A D gt wd B2 A ol
ZFN (zinc-finger nuclease), TALEN (transcription activator-like
effector nuclease), Cas9/single guide RNA (sgRNA)SF Z+2 3
& A A 1A (targeted genome editing) 7] & 0] AFEE 3L Q)
TH(Gajetal. 2013; Woo etal. 2015). ZFg o A = 2 E 2 %
£ AR A4 5L 93 A2} o] 2ol A 7t
(Jia and Wang 2014). 7+ 9] 7 ¢, 704 g2 913 24
7129 2H et W B AR 7| &o] M RH & 725 o
1= AF3o]th(Han et al. 2005; Donmez et al. 2013). & 2 A 3t
o 9 2 31| 9= VIGS (virus-induced gene silencing) 7] &
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et R ol k. VIGS H E &) A2} 5l grufj o}
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annotation, A AFA]| A -5-o] 3] o] £of 2| 1L Qltt. T
AL D Yol tha) F2 A 7 ] w G
A B4, GBS (genotyping-by-sequencing), GWAS (genome
wide association study) 5= &3l #=2] ofoFst F A9 A3t
Ao W 0, S 8/0) S AR 2Ry Sof 2
gt A7 7HE ke Ao r AEny B3 24 A4 1
A d VIGS (virus-induced gene silencing) 7] & &= 34 A} v}
of 422 ul£e 7 BARE 22180 23| o] §

2 ot

i

A A}
B QTE BUSMER AP 2T A
Golden Seed T2 A E ALY (YA ZAAA S, TAHS: 213003-

04-4-SBS30, A - Z 2 A E W)=} 7] SHh)o] o3 o] &
2 AY.
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