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A Review on Fruit-shaping Genes Study: Reference for Fruit Pattern
Formation in Fingered Citron

LIAO Fanglei, CHEN Zeyu, XU Qiyue, YANG Li, CHEN Wenrong, and GUO Weidong"
(College of Chemistry and Life Sciences in Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract: The fruit shaping is regulated by multiple genes, and gene families such as SUN, OVATE,
FAS and their gene families play important roles during this process. This paper reviewed the progress of the
research on fruit-shaping genes in various plants, such like tomato and other horticultural plants. Fingered citron
exhibits finger-shape fruit. Part of the fruit-shaping genes were isolated and identified from fingered citron.
This review will give a clue for unraveling the mechanism of the fruit pattern formation in fingered citron.
Keywords: fingered citron; fruit shaping; SUN; OVATE; FAS

RIEREZAE R EENR, A REWIPM Mz — % 5, 2011, PLit&EpL
ARG T R (Costaetal., 2011), &54 SSR AricEk AFLP #xic (Ganopoulos et al., 2011; Sun
et al., 2012). ANy SHERIEAL EIEMAE CERG 55, 20110, 540 QTL AL HARSE, RIHER
SERLIE R R EBAFER (Cao et al., 2015; £ &5, 2016). FAEKHMIA, FEREADN, Yk
MR T E 8RR, R RIE @ nIR S8 . B Tk R AL 51 R 36 K QTL i#f%
Gy BT EAEE, B A R R R R AT, S R R R W SUN. OVATE . FAS 5582
W o315, HARAE ) I [ S DR £ SR 2 e 4y 5 B 24 (% (Monforte et al., 2014).

% (Citrus medica L), XHitig, HRE—BARBKIE (Karp & Hu, 2018). HFEHREZAE
i, RO R R ES R RERG R, 2 ATREGNIIRIREY (Ramadugu etal., 2015), fE
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W Z (BB AFfE R 2R, nFGHF. REHYE (Karp & Hu, 2018). #F (Citrus medica L. var.
sarcodactylis Swingle) & [ERHA MM GBI EY), JB THREE, HRBME:, T 25K
REFE F, 2013). HTFRELAFESKME . 4N T E (Karp & Hu, 2018). FHHJH
RS HFRREEZERER (B D, WERIEESNREFEESRA.

E1 BFNSEOREAEE
av ¢ P by d: F oo d: REMUIEE (av b BOWEFMDE, oo d BIKE Liaoetal.,, 2017),

Fig.1 Comparison of fruit shape between fingered citron and citron

a, c: Fruit of fingered citron; b, d: Fruit of citron; ¢, d: The cross section of the fruits.

e SR g R ) 22 R OB AE R RHE A h D) BE DR 51, W1 PavCNR12 ¥ E K SR (de Franceschi
etal., 2013), 5 PavCNRI12 [FZJ5 I HARLEE =) PECNRG 4% HI A4 R Y (Tian etal., 2016).
ANl At 5 B 1 SR R DR S AR AR E ) R G AR LT e (van der Knaap et al., 2014;
van der Knaap & Ostergaard, 2017). Kk, SHEEXMEY I FILIERI T, £ HLAdED T 75 55 E
[ KGR R AT Dy Re i, R AERIE Y SR R E BT B ILCAE A R, BN 2
TEVI ), SR RS KR IW etk e, 10 SUN. OVATE F7 FAS S:18 Fit J& SO (e R v (1) 4y
i CEPPE S R 402504 25K H http: //citrus.hzau. edu.cn/orange/index.php, Jiao etal., 2013; Xuetal.,
2013), N REHF R LR 2% .

ARG K E IR BAG 3 738 7 AP B, K B 2 RTE a8 5 B (van der Knaap et
al., 2014). WUS (WUSCHEL) 1 N i 2 HESE.0 R B 12 s (Galli & Gallavotti, 2016). CLV-WUS

(CLAVATA-WUSCHEL) #&%idid v e 648 B A E Rz ROV & ud 18, 0@ = S5y b -+
SR (Galli & Gallavotti, 2016). F i CLV [FJIEKA FAB (FASCIATED AND BRANCHED) . FIN

(FASCIATED INFLORESCENCE). SICLV3 %%, SICLV3 5 CLVI 4560 i wUS %Kik (Xuetal.,
2015). AG (AGAMOUS) Wn] EEANH| wUS [3Ri& (Liu et al., 2011). &A#iH TAGI (TOMATO
AGAMOUS) 7& AG WIFEYEIER, RNAi #1f] TAGI 7] S0 K B 7% (Gimenez et al., 2016).
KR NIKF ETT (ETTIN) 5 IND (INDEHISCENT) (J&7F bHLH, HJ basic helix-loop-helix %
FDEE A DU st 77 2ok vk e S A Sk R B 5 IND 7T 5 55— bHLH 25 [ ——SPT(SPATULA)
BAE, AR RFRS A FRYE (Deb etal., 2018).

SUN. OVATE. FAS. LC. CNR (Cell Number Regulator) 1 SLKLUH %5/ ITER R L K E W
AE MBS R @K (van der Knaap et al., 2014). HWMESEILEEN 5, OVATE #iFIGERIE K
B RIEDRE (Livetal,, 2002). SUNE&EHHES) (Wuetal,, 2011). fas RAEE lc RAA]
&R A O 2 2 % (van der Knaap et al., 2014); le 87480 7 503 2 % fas /b (Lippman & Tanksley,
2001). WFFRINA, T WUSCHEL (SIWUS) Tl Re @Al T le 3L (Li et al., 2017);
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KLUH/PLASTOCHRONI TJRERAT N fw3.2 QTL 2 FHIEJRIER, 1%3E KA 5200 J5 5 51 s K/
(Zhang et al., 2012); Zjii CSR (Cell Size Regulator) fE4%¥y )5 5d Kk, fEFH)E 25 ~33 d 1A%
B TE S CAHT RO ™ B, CSR AT AR IlCo B A0 LR /0N, AT O3 SR K/ (M et al., 2017)
GiodmmEEAEMNREM RS R, REKEIETFER DN 3 DB, BIJFIE RO R R 5
TR MESSE . M EREKE (van der Knaap & Ostergaard, 2017), ASSCHVE 55 IR ME LS 2 A%
J& SUN. OVATE. FAS 553 R J O i J8 R0 AE 2 Aol J oAt el 25 VP (R e i e

1 SUN #:[K K 1QD Z w7t it g

IQD AR YEFA M — R RS EA. SUN #KJET IQD (1Q67-domain) 3 [F Kk,
X 2RI R R ERL R I AR FE R B (Abel et al., 2005). 1Q67 45 FyIS it SUN S (KR IE 45 1) 12k
(Abel etal., 2005). i AHEPIZH/K1-1) 1QD ZKREL R 73 A, HEAR 7 1QD R % CAEL FE I
(Abel et al., 2005). 7KF&% (Abel et al., 2005). /i (Rodriguez etal., 2011). £>K (Cai et al.,
2016). K& (Fengetal., 2014). EAT (Wuetal., 2016). —FHHWNE (Filizetal., 2013). B}
¥ (Maetal., 2014) SEMFEHEA P 2TEM, HEGLLUNRRE: BREERDTE 40 110D, Hih
YiFh— A5 21 30 4~ 1QD & ;5 1QD Al #4344 NS 1QD {EMR 4l 545183 (calmodulin) £
H4si 6 1QD WRe S5 iM% .

oAl SUN R /& 1QD FgRIE R rhME— Az T 7 5 BL (44 () 5= K (van der Knaap & Tanksley,2001) .
ZHERTET LR R, BRI E TR T IEE, oL B IR fa 40 i 43 R0 A% 1 R 5t
PP (Wuetal., 2011, 2015). sun FEARREFE A 10 T 42tk I 4 HE T Rider 75 1) — Bt 24 kb
FIHEN, SESUNTE 7 S YA EE (Xiao etal., 2008; Jiang etal., 2009). 7£ [ FHH;FH
i HIE SUN 2 FEURLH A, EXRLRERAHEIER (Wu et al,, 2011, FIHHFFTHEN SUN
I A BN R) o B UEL L DD R A R ORI SR (Levy etal., 2005: Yanetal., 2008;
Wu et al., 2011). Ffif5HFF0KIM SUN & FEE, ol IMHEMESREALE, R THREEE
ANE g ERRe, MmIEHlE R (Abel et al.,, 2013; Biirstenbinder et al., 2013). @id %
AR SUN #BRIE T ah B sL M sk L Bs Lh e, IEB SUN WIE B SE S A0 4 24 i it B A
KA R (Clevenger etal., 2015). AUQDI2 Z&FH SUN FIYFIER, @A THE, %45 Rk 7
1IQD K iG] 591ME 220454 (Biirstenbinder et al., 2017a, 2017b).

1QD A A R R Dh e HABAEY), WnE K (Caietal., 2016). K& (Fengetal., 2014).
E (Wuetal, 2016) 1, #BS5IEEYIMHEREA K. MKETK WI7238 #5257 1) CsSUN &
Zh SUN WIRIJEFER (Pan et al., 2017). CsSUN {EZAF & WI17239 b (HLRAUCNREEE N Fik
B, HANETFHEL 161 bp, %45 BILR CsSUN MIThEES SISUN 250, AT RES Raeih K I
A% (Pan et al., 2017). 1QD £ K& CIFSI 2 [F & MWV K [ Citrullus lanatus (Thunb.) Matsum. &
Nakail $173 B, CIFSI b—Bt 159 bp Mshk k2 5 & 75 MR R MFK (Douetal., 2018) .

TEE R0 SUN (IOD1) 11 1Q67 5 I & 1 7 IAE A RS S R ZH B0 R &R, RIS
i 37 AN SUN FRHIFEEE (R 1. B EE (2016) fEH T 50k T CmsSUN20, #F-i) CmsSUN20
SRS ARRIE R = CRTF 95%), HHER 4T KRBT CmsSUN20 S5 &, BEIT 155
GRFZANFE: CmsSUN20 EMFMMESE P rRE s THMERAL, HEESTEE, BRizER
RS TR A .
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Table 1 Fruit-shaping genes in sweet orange and related genes fingered citron

R RS R TN FE (K] Predicted genes in sweet orange T o i ‘3{]55
Related genes in

Gene family  FLE% Number — :[H %55 Accession number fingered citron
SUN 37 Cs6g04880.4, Cs6g04880.3, Cs6g04880.2, Cs6g04880.1, Cs7g27510.2, CmsSUN20
Cs7g27510.5, Cs7g27510.3, Cs7g27510.4, Cs7g27510.1, Cs8g14390.5,
Cs8g14390.4, Cs8g14390.2, Cs8g14390.3, Cs4g18290.1, Cs8g14390.1,
orangel.1t03542.1, orangel.1t03542.2, Cs2g05140.1, Cs2g05140.2, Cs7g25470.1,
Cs1g18050.1, orangel.1t00560.1, Cs7g02420.1, Cs2g20270.1, Cs2g20270.2,
orangel.1t02739.3 , orangel.1t00650.2 , orangel.1t00650.1 , Cs5g01370.2 ,
Cs5g01370.1, orange1.1t02739.1, orange1.1t02739.2, Cs2g20270.3, Cs9g07570.1,
orangel.1t05189.1, Cs6g07940.1, Cs7g04200.1

OVATE 14 Cs3g24650.1 , Cs1g23880.1 , Cs4gl15790.1 , Cs6g13930.1 , Cs6g12500.1 , CmsOVATE, CmsOFP7,
Orangel.1t03918.1, Cs6g09800.1, Cs6g13940.1, Cs5g31090.1, Cs9g07000.1, CmsOFPI12
Cs7g23170.1, Cs2g02530.1, Cs6g12490.1, Cslgl4460.1

YABBY 14 Cs4g18050.2, Cs4g18050.1, Cs8g14260.2, Cs8g14260.1, Cs4gl8050.3, CmsYABBY5, CmsCRC,
orangel.1t00208.1, Cs5g09240.2, Cs4g18050.4, Cs5g09240.1, Cs7gl11750.1, CmsINO, CmsYAB2,
orangel.1t00208.2, Cs7g08890.1, Cs5g09240.3, Cs8g15820.1 CmsYABI

2 OVATE #:[X ). OFP W50t g

OVATE H:R 1 IRIEF AP S, AL TN 2 S5k b, ZBEEE C mgmid 1 A~ 70
MEIERMEE (Liu et al., 2002), XNRAERTFIVIEED T RIS, #F N OVATE 45ik935,
LB IXANEE MR B I B FR O OVATE FK & 1 (OVATE Family Proteins, OFP).

OFP 7E#& 7t~ M FE7+ (Liuetal., 2014). HEE. AT TEYERGRAEDHEEE, Hhgl
THAH OFP v] LA4r 2R 11 ANEAH, {H/KFE. oK OFP KIEMIEF KL LN & F (Livetal., 2014).
OFP K% BA fiA & AIhRe, XHEMEFEK . IR A RELEESRA R ERH (Wang
etal., 2010; Liu & Douglas, 2015; Zhangetal., 2016; Yangetal., 2018),

EFAH, WHRE OVATE [ C s ar H Bl 1 ANK RSB %3 R i 555, AN AT DL 2 51
SR AR, IR RRE DGR S FE R AR, T OB RS RIS OVATE 4551
EEAE S B A B TR/ (Liu et al., 2002). OVATE TEER B IR ARLITIE RIS, ERM 2K
JE M R SETEAR (Monforte et al., 2014). FAiHAFESNS] OVATE Rk LA, BIFE 10 S 4Lt fhm)
sovl Al 11 54tk sov2(Rodriguez et al., 2013). OVATE W] 5 /e #H 5 & A A AR, K57~ OVATE
T S5 S Y BRI A M 7y 2 )3 A2 (van der Knaap et al., 2014).

FERT B FESHEYY, OFP /2 LR n i R & . SmOVATE %1%
SR E B MIEEER, HAEK AN BRI e, (HIE R Rk R Bk (FhvksR, 2014),
ovate FAFAG I ANREIE R TE AL, (H e Rl 5 H AR PR 1A ELVE B RO R . W BT
CaOVATE AT UTER AL HE (virus induced gene silencing, VIGS), W] i i[5 2 5 S2AR AR IR TE
X T CaOVATE i35 I8 2= 6 S F IR IE ) (Tsaballa et al., 2011). CaOVATE 5K
Ml FE R AR, ARG AL B 5 SOk HI B Z A (Tsaballa etal., 2013). fE&FFEF 5B H T OFP
FIEH] MaOFP1, 1%3:K Y5 MuMADST — i R L (Liu & Douglas, 2015); TEZ I ovate
RAEHFILRIE MuMADS] 5 MaOFP1, 0] LLyR%h ovate RAZE IR EAZ R (Liuetal., 2017b). fE
HitFd, wwEs GEH 25, 2016). JRZME (TLEL, 2014) %5, OFP SXF: R AT 78 8 b 76 2L A
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(1% 8 SRR S5 R RIS RV TR b, (e S 510K 8 SR 8 ) B E
FIERA W Ko BRBILHIRT) QTL KIL U RILMHEF B LA OFP £F K%, H#: OFP 783 K
tf kS 5 B B (Monforte et al., 2014) . T 1, BF 7t A 53 MIE R4 /K 7 435 R TG MdOFP
FER, MARKNHESRIEMRR (il 55, 2018),
PL OVATE Ry 25 s e SRS S R A B0 b U R, R 14 > OFP FERE (R 1),

M T e R T CmsOVATE. CmsOFP7 F1 CmsOFP12, . CmsOFP12 (£ 16 & ik K
i T HAMALR, CmsOFP7 TEAL R FRIAK P &, XN ERERIAEY & TR (BE5E
2, 2016). CmsOVATE. CmsOFP7 1 CmsOFP12 Y76 W&, H C 4n#lH OVATE Z5fyld. &A1
S5EMOACERAC (BEHE 2, 20160, #FH CmsOFP7 fl CmsOFP12 150 RIS & T
TN R e, HESS DU RMEERS  CmsOFP MRIE K FHE T &%, HihF5HF%
A BRI EZES, Fik CmsOFP 1EMFMThEE M — B0 5t (BN E %, 2016),

3 FAS ®:[A )% YABBY ZFJjGEHF9CHE

FAS FER )51 KE, AT fas BT M OEFE NS 15 AL, RS mEn T
50% (Lippman & Tanksley, 2001). Zjii FAS 1,2 YABBY-like #3&[A-¥ (Cong et al., 2008),
YABBY FKiFR—RSEMESEBRARMFEFFF (Bowman, 2000). FFHEYHSH YABBY
FIRMIFER, THREOR ST, BE AT LA 58 iy 3zt il 40 i () AR A, 1 ) 428 30 b —e il 9 28 K 5 7] (Husbandss
etal., 2009). #RFHY YABBY KGR 54 1Y) 2 F B0, W 5| —3Z (Finet et al.,
2016) . YABBY FJERKIH &4 YABBY 45#44% (Huang et al., 2013). HHI CAEF M (E 7575, 2014).
I (Bowman, 2000). ¥if¥. /N2, /KHE (Toriba et al., 2007; E 04k, 2016). 4% (Bonaccorso
etal., 2012). A CERytaR, 2014), HERF4 (AT, 2013), 3ER (B4 45, 2017). £2K (Juarez
etal., 2004; H52, 2014). L7 (Z=0%2F, 2011). K& (Zhao etal., 2017) ZE#Flisi 4041 T YABBY
KIGEEF T

Tt HAT D %€ H 9 4~ YABBY ZKIEMZER, ilhi T 7 &4tk b (Huang etal., 2013) .
MR 7T —BOAN fas RASKTTRE R Yabby2 FER ARG A, (HI2 )G RAI fas [HIHENRAZ 00
7 SICLV3 )53+ (Huang & van der Knaap, 2011). 7E5 fas SRR BRI AL 22 00 B2 SRR A H 4
N CLV3 W3 30T, W] DAFRRZ 0 (9 8 (Xu et al., 2015), B fas ZRASA KRR A] BE /& SICLV3
R . R fas FAKEIHE R AFAES Y (van der Knaap & Ostergaard, 2017), {H YABBY #t
DR SR i 1 LAt R 3 FE B i b IE DR s i de . . ROk E, A ENF RS EMEA R
EAEH (Hanetal., 2015). TR LN LeYAB2 FE R 7EK IR PR 1S T vl RE R M R m fm4i iR R &
AR T 208 1 7 s ) RS2 sl #h (Bartley & Ishida, 2007). SIYABBYS Al RELLS £ 0o % ) H
ffE @iz 5 7 &M A ARERKRE (E7575, 2014, 2015) .

MERSIESERME S T RIEKERIE D, Hmiea s MRS R M@ . PRIT
YABBY J:[HF ) INO thE AN ER#E K E (Simon etal., 2017) ; CRC "JIHIAEI LR R E

(Yamaguchi et al., 2017) . fE/KFEFGHTH, YABBY ZKGEF N HIESERAEHEIERH (Jang
etal., 2004; Yamaguchi et al., 2004; Toriba et al., 2007; Tanaka et al., 2012) . #iFHJ 5 1~ YABBY
FEK AT T YAB1/3+ YAB2. CRC l YABS %5 4 N33, YAB2 5y X5 SmFAS 1 SmYAB2 W/~ 5&
(Ehkag, 2014). DUR R FIEFGTER 7 L0 il 7 YABBY SCHE 5N B 53 43 ) 34T ZE R BR, 45
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REZH SmFAS F1 SmYABS % 0o 3 HUF S BLAR B2 B K FLikoN SmCRC, mIf S SEARFE ARAE (o
HE5R, 2014). BN CaYAB2 5%t SIYAB2 A FETT YAB2 [WIRIVRVE S, 122 K w2 1 7 or
TaHMut%, CaYAB2 WIEeAE RS EHBAERAR L KB MIAE (BE T, 2013),

UL YABBY [FR5F &5 HIRE RIS IL R &R, RILETE A 14 4~ YABBY ZKIEMS R (R D).
SANERFREFGF T T 2 4 YABBY 3£ (YABBYS, CRC) K] gDNA F1 ¢cDNA 4K F5.
CmsYABBY5 F1 CmsCRC 5 35 it [F1R 5= K I AH AL FE #L o Cms YABBYS fEM  AIAEH#i G ik, H
FEME, HES PR RA B S T (BEF5E 25, 2016). CmsCRC fEJTERT IR L BRm (BN E &,
20160, IR AN EEPRDG BT R R Bk TR ie F i — P A

4 oAl BP d ple R AE e Z AR RO HTE 7T

b B 2 R IR R I, HoAhsgmm [ ZAED R P B R AR R I (3R 2D

A Slelfl AR FI R LK (Chusreeacom et al., 2014). T it Rk SIEBF2-like thA] i 5L
Pk, ZIEFET F-box K% (Guoetal, 2018). Hili f58.1 7L/ A LIS FERIN K (Sun et
al., 2015; Wuetal., 2015).

®2 EMARBRBEXERFRES

Table 2 Recent fruit-shaping related genes or mutants in horticultural crops

1E™ R RAL RILAA EE BN
Species Gene Mutant Fruit phenotype References
it Solanum lycopersicum Slelfl Hi K Elongation Chusreeacom et al., 2014
8.1 K [T Rectangular Sunetal., 2015; Wuetal., 2015
SIEBF2-like Hi K Elongation Guo etal., 2018
# )R Cucumis sativus CsACS2 Hi K Elongation Tanetal., 2015
sf1 A5 Short-fruit Wang et al., 2017b
CsERF025 Z ¥t Bending Wang et al., 2017a
Bk Prunus persica PRUPE.6G281100 Ji*F- Flat shape Lopez-Girona et al., 2017
Y%} Fragaria vesca sf A% Shortened fruit Wang etal., 2017¢

N BRI T 2405 OIRARNER, AT RIE: CsACS2 EWifA —B 14 bp K6k, BEAT
PUE IR K, 0] DUE AP AE AR NI TEAE , CsACS2 25 244 B (Tan et al., 2015); CsERF025
J& T LI R R F AP2/ERF [R5t , Hod RI& FEENE Hh, JEHGIN 205742 (Wang et al., 2017a).
BN — N BREE R LRI R of 1, A BoR T RE R R KRR ER
A EAER S K THR (Wangetal.,, 2017b).

BRI T R R sf, SRR AT RIBHEIERZ (Wangetal.,, 2017¢).

AR 5 R R R EFEFT T, @dk PRUPE.6G281100 W] fg A& i 1 S S5 i - 1) 522
(Lopez-Girona et al., 2017).

WA UL AR (A 177 ORI SRR (Gallusci etal., 2016). miRNA
ALGE R R B BT B R B R R @ K, (Ferreira e Silva et al., 2014), i miR160 £
& A ovate RAZ W A R SLABK A WAL S (Damodharan et al., 2016). T miRNA A1
T 2K, XL BL IR R H 2 AN R, FTEL miRNA 4% F% 2 B B AR B AN
BT -
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5 EERIBE ST 18]9S =X R 2

S 5T R RN IR S, SUN AOSRIEEER, Hase 2 HAhf6 28 5 5 20 5 e
A (Wuetal., 2015). OVATE R+ j5, X HAWES BAEFREFHRAIEN (Wuetal., 2015),
YABBY FRFER 5 M A il A 9% (Bowman, 20000, 5 H635E K1 45 5L € 28 B AT B3 1
A% (Eckardt, 2010; Simon et al., 2017) . sun. ovate. f58.1 FT{EFE K] & 8 76 5 K 25 0] fEAF
TEE W FEA, BRI B DA 7 O R, BEEEZ XM A (Wuetal., 2015). H
o, BT SUN W RSFKERRHE, AR amEEeaT. SRS EENNZMETIES
R, HEN SUN 7ERIEE g2 A7 1E T R B . OVATE FiJ& 1) OFP FIGAE N — MERAA I
P F (Wang etal., 2016), {E#LFdSF (Pagnussatetal., 2007; Lietal., 2011; Liu & Douglas,
2015; Zhangetal., 2016). FiifF (Gongetal., 2014). /KF4 (Schmitz etal., 2015). &F# (Liuet
al., 2015) ) —Lepl SRS T HAEM & H, XS HAER A BN KNOX Fl BELL % % 7Kk
FIFRIJEIER, L[R2 5 T R4 B R 2 % (Li et al., 2011; Gong et al., 2014; Liu & Douglas, 2015).
BUV/FIE A Hofh OFP R 5 R A BEARE A —RIEH TRIEEMK. 1QD 5 OFP K #H B &I nT 5 s
HH% 4 (van der Knaap et al., 2014; Biirstenbinder et al., 2017a), Ut BAAHAE LRI RN | R
AL

RV BGE LG TR GO R R . MIERIR AR RES, MR (WEKE. AEER.
AR EHEGER) T REEHA Muetal, 2017). FERLHFHKITFES, sun 5 ovate HIZEAR T
S Z MR R, EANEE FIRBWEFER SERBUAAEEE LR (Wuetal, 2015).
SUN 278 5| Rk 4 sz 54 KR A5 (Xiao et al.,, 2008; Wu et al., 2011). SUN FERH ] IQD12
SERIR T IE EKF (Levy et al.,, 2005; Abel et al., 2013; Biirstenbinder et al., 2013). fL\F§
I¥ 1QD F ] feZ F4E KR A (Biirstenbinder et al., 2017a). K, SUN 5EKERIK RN
e, (HPEAINLHITISA AR AN, 7E3U R TF AR . OFP AT fRgIEI /R 2R T R (Wang et al.,
2007; BEA 55, 2012). KAG OsOFP2 i ik ik 2 ] LAkl 2] 7555 =AY & R R GA 20-oxidase7
R R AR RIS, W] OsOFP2 Wil /R & & 55 (Schmitz et al., 2015). /KF& OsOFPI.
OsOFP8. OsOFP19 W Re 5 = KBEAIESH X (Yang et al., 2016, 2018), HHEH MaOFPI
5 &M% (Liu & Douglas, 2015),

B AT %01 OFP 72 nf LAsiZme 2 P i@ A2 e s R, HAR AR W] g A2 45 6 AN A 1 A s R 1ok
SZHLA (Schmitz et al., 2015; Wang etal., 2016). [&3s FIL (YABBYI1) J2& 7 Hi B8 fty wig 5 F K] 4
(Boter etal., 2015) , HAth YABBY KM F @S wmEKEAEMN . £t iafm, 250 ik
PEFE AL (Sarojam etal., 2010) . YABBY FEVHTEA K 2R SR I B EUEHE K B FFIT CRC,
RN B YR EEA KRS BN RS, MWREEA S 2SR T 1L (Yamaguchi et al.,
2017),

6 R REE T T X T ROE K B B E R

B AU RSN RS, 5 RS f . sz i Fi 2 % UM 9% (Lippman & Tanksley,
2001; Liu et al., 2017a), HFFRIEAIERA A RSCERIE . FE 5 RS2 i A =EE L. B o
SUN. OVATE. FAS FER K HFTEFEEEYAEK KR E R FREN, KBRS 2 R T
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R F2HEB R R, R VIX IR 2 MR R, AR ELESERTT TSR
—o FAN, NSRS RS A RS FE A (Liao et al., 2017), {HHEAERBE KA HI17EH
H—HEEWM. LSRG ZWRZMNZEER, MIRSREERERNRR, HREAK
[IRIE T4

CRR AP R R L R AT, v DA T RIE R B L AR St S . AEE
FAER B B IAR A28 B s oA e, RI T S5t 2% 2 [ 4 (Jiao et al., 2013; Xu et al., 2013)
() LT RECRAE 68.60% ~ 74.28% 2 18] (KU A KK, RN A CLEHFEJE R A 24 (http: //citrus.hzau.
edu.cn/orange/index.php) JFEA, TEM T FEAI > B R ITL R R, 0T H D) RE T & W4T .
B S (20160 FETEIPG RN RN &4, EHF ot T CmsSUN20. CmsOFP7 .
CmsOFPI12 1 CmsYABBY5 %5 4 > RICAHKEE, X 4 DNEEH 5 E T SUN. OVATE. FAS FEH i
TEMIFEF G0 . AR IR 5 B 0 D7 V25 b T R 20 B B8 22 SR e K], 7R FH 35 0 0 08 e 5 ol A 1 P 2
Rk R AL RIE, SMERGTE B IAR, BEIRATTFRRER BN ki, &
AT BN JE R RIS R, N SRR AR A T L R (BEOSRE %, 2016). DLRREZERHIE
SAEMEFP R FONRIRE, AT U SR AH R, 12885 R E AR, R AR AR Y
A RSCATL A1) (10 R B o i 5 0t o ] O 4 A 5 BRIk 8 T SR T P T 28 gl A X A R LT (Jiiang et al., 2015)
WD F 5 FG R LA ARG G HEFE IR, TG R R B R A A, T g
TR R BRI B, BRG] .
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