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Abstract

This study was conducted to evaluate the effect of different rootstocks on the organic acid content
of ‘Minihyang’ mandarin at different developmental stages. The titratable acidity of ‘Minihyang’
fruit was the highest in the early stage and decreased rapidly during maturity. The level of acidity in
the Flying Dragon rootstock was significantly higher than that in the trifoliate orange rootstock at
the early stage of growth, but the difference between them was insignificant during maturity. The
content of organic acid showed a similar trend to that of titratable acidity, but the difference between
rootstocks was very small. In the early stages of fruit development of ‘Minihyang’ mandarin, most of
the organic acids were citric acid, but during maturation and ripening, malic acid was slightly more
than citric acid. Unlike the decrease in citric acid, citrate synthase (CS) activity was maintained at
a high level throughout the growing period. On the other hand, with the increase in malic acid, the
activities of NAD-malic dehydrogenase (MDH) and NADP-malic enzyme (ME) gradually increased.
The expression of CS genes related to citric acid synthesis increased gradually with fruit growth,
while the expression of aconitase genes related to decomposition increased gradually. MDH and
ME genes related to malic acid and oxalic acid synthesis in mitochondria increased with fruit
ripening, while cytoplasmic MDH decreased. In addition, in the expression of phosphoenolpyruvate
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carboxylase (PEPC), PEPC] was maintained high throughout the fruit growth period, while PEPC2 showed a gradual
increase. The organic acid content and composition of ‘Minihyang’ fruit were regulated by the degree of citric acid
synthesis and decomposition and malic acid synthesis. In terms of accumulation of organic acids in vacuole, ATPase
genes were expressed at a constant level, while PPase genes were not expressed consistently. The results of this study
showed that the organic acid content and composition of ‘Minihyang’ fruit were regulated by the degree of citric acid
synthesis and decomposition and malic acid synthesis.

Additional key words: citrus, enzyme activity, flying dragon, fruit quality, gene expression

Ao A 7 A gt 242 a9 F-a sk BHA O] 714t otk T ol whE SIS AAste] Frlet Edol 99
4 Hat ol 2k(Etienne et al., 2013; Lin et al., 2015) adenosine triphosphate(ATP) 337 A3 HE 24 o stz AE
# A HES T 5617 285K Batista-Silva et al., 2018). PH12] {74t gk ARt 0 2 8371 71 =10
1 A<z} olEo] Hat f4she AdS B It Zhou et al., 2018; Liao et al., 2019; Moing et al., 2000). 7H19]
F7WAE 288 T B EBol weh Eebd 4 e, R 1A Sl whe ok, &F 2 Al] Fof] akehs 22} thabE S o
Halo]| GaFoh= Ao delA Qrk(Alam et al., 2022).
7He/d B iR YollA] e Ele] IMI R HFE| o] S = §HH, {714 IHolA] @R 1 2 HE T Guo et al,
2016). 77140 A2 Tkt I aAE0] A0 = 2 HE =7 0 8 A A Itk Qo =R H = AR o
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Fig. 1. Schematic representation of the major organic acid metabolic pathways in fruit cells. Diagrams are compiled and
modified from Jiang et al. (2020) and Guo et al. (2016). PEP, phosphoenolpyruvate; PEPC, phosphoenolpyruvate
carboxylase; OAA, oxaloacetate; NAD-MDH, NAD-malate dehydrogenase; NADP-ME, NADP-malic enzyme; CS, citrate
synthase; ACO, aconitase; NADP-IDH, NADP-isocitrate dehydrogenase; VHA, vacuolar H+-ATPase; VHP, vacuolar
H+-PPase; TCA-cycle, tricarboxylic acid cycle.

Horticultural Science and Technology 519



‘OlUr 2ok AbHoA SFTAIR TS0 ThE 2K 77| CHALR] 23 £

gof o]-8d 4= 911, T FEARZ n|EZE 2jol2 S017HA oA E-CoA R HRHE] 1 ALt 3|2 o] 4] HeAito = 0] §Ho
o]-2=Itk(Hirai, 1982; Chen et al., 2009a, 2009b; Zhou et al., 2018; Zhang et al., 2021; He et al., 2023). T-34t 3|2 0]l A
2~

A} obAE-CoA AEH] 14 o= Citrate synthase(CS)7F £1i511, 7|22 AR ER= 44t tiafiAl= Al o]
PEPE PEP carboxylase(PEPC) £l 2 4410 2 Hgtsto] 214 gL A Z4 2] 1] FEARS NADP-malic enzyme
(ME) 1|2 E= A Z 2 0] £~4k& NAD-malate dehydrogenase(MDH) 0l 2 AfbALO 2 Z3tslo] 1934t 5] 2 0] 519] o
AlellA 74 B-gsH Het. vHA f7]4ke] 42 LAMS o] A7 A0 2 ¥3Esl= aconitase(ACO) E o] ATAAS
Ao EZFEIZAIC 2 HAls= NADP-siocitrate dehydrogenase(IDH)S] 4 749} Hxz o] felof] Hofsh=
vacuolar H-ATPase(VHA) U vacuolar H'-PPase(VHP)©] &4 Z7]12 o] 20| Ztk(Fig. 1). T&o] wh2 Al = el
AP 5 F8 F71F AR AAolle friE @ 9 Eall] diaRe] thEA 2457 wizo|thMiiller et al., 1996;
Mufioz-Robredo et al., 2011; Batista-Silva et al., 2018; Zhang et al., 2021). °|& QA= 25, S, EYE 5 A6l
27go] FaFotod, f714ke] At oteto] Eebd 4= Qli= A 0 2 AP A Sltk(Violeta et al., 2010). 12, 9] 74844
=2 714k 2/ o jistol] ] 2= o] Q159 ABeteld x HAMSESH Ao tishA=dtid o= wol o
HA UA] UTHGuo et al., 2018).

a2 e v A AR A 4 A 0 & 71 F-ajt dhA o] shuRld, o=, 714t obr|ieAl, 7h= B0 E, St
Hiro|lt 9l B7]dR7 5 okt 14 71578 Adiss tFd Aokl Sl A3 TAETHGuo et al., 2016; Sheng et al.,
2017; Sadka, 2019). = Ujoll A= ARt R A aHA TR A =S o) 7] flof TRt 19 H 754 F5E0] T
o] Hg |1 Qlrk. U 52 et fhE Aol A 5/ g1l Q= mURF W Citrus reticulata Blanco)
£ 30-40g9] 22 7 7)ok 761 13°Brix Wele] 1EE F8 E4S 7HA 1 Qo] Al )7t e A olck
(Yun et al., 2019; Hong et al., 2022). Q4F2.0 2 7+a-2 ©2k(Poncirus trifoliata(L.) Raf.)S =0 2 AFE3}Y Q)]
‘U Tkl 0] 739 A7} U R Zdste] 2 o] FEotal FaRt 2k ShH 7T of o) 7] ok A o|tt. ofof whef, B
2t iRt dfabdo] o =2 ISR P. trifoliata var. monstrosa Swing.)7} TiQFC 2 AA =11 QLo LY, o}2]71x] o] & T
ol mhg muRk gtk ahA o] et 9l 24 EAJof| tisiAl = A7t - BE537t Aot Hong et al., 2022; Kim et al.,
2003).

o:
il
il

.

N

a5 Aol 55 D AMIEAL 2 tiEE Y 7MY &, f7 1A R EEAoPd 5 FA T AR ool 9%
e 5Q5 291 59] sPLto|th(Continella et al., 2018; Sarkhosh et al., 2021). 724 7HAd o] Sk tiAls a4
257 249 Do AEo] §lom, v 48591 &2 U that 24} Fhsto] o el JRfele A o=
A2 11 Itk (Hong et al., 2022). f1714+9] 79 ot Ml F AR a2 24 vl DHsHA| PA =2 o=

H 5 91 0H(Guo et al., 2016; Alam et al., 2022), 52 471412 SR B2 XA o ol F=Z02 B E T
SIth(Legua et al., 2014; Feng et al., 2018).
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27} ol gato] 13 & Y HE A E ek A7, T, AlH] 2 HolkE 1] 52 ket Ak Afaftel e ok
22 A of] =ste] a-gkdet.

VAT 27191 8E 13 E1 35711129 79742 5 42| 7h3F 2 1002 (I BT 27]), 1502 (HTH) =7]), 185%Y(%
%71), 2209(5727))] A Ea= Bl E AR A5 cm|uep vkl 790 YR 2R E U o/ ot SR Bel=
B Pt 3719 7o) EHoH F29)1 = st Hong et al., 2022). ©] 53719 JHS At Z7400, 37 7 1A
A0, 22| e 2] 3702 T2 G Ao Zhzf o] Botolth R A R, A S 9 SR R 28 A=

< iz Ao A Ao} R uls Helgt & AR AR SA] ARKS FAAR] v w4 7] -80°Cell Al A

4)4 mlm

TP O] G QAT = A2 2150 & g A e A SA7](GMK-707R, G-won Hitech Ltd., Daegu, Korea)E 0|86
of ZA=]|3ITHHong et al., 2022). 714t g 2415 9ol 54 F40te] 242 Waalol Bt 30 AFE21S sl A1X]
, 29 AZE A A5 TG 3mLE Fohl SRS 6mLE 7Hste] S]Aetoltt 015 15,000xgolA] 1087 LAl R st
FANS Ft & Sep-Pak C18 cartridge(Waters Co., Milford, MA, USA)$}t 0.45um syringe filter(Cytiva, Co.,
Maidstone, UK)Z 75t 1’4—~ AR 2 o] 85tk 57140l B2 CapeellPac C18(4.6 x 250mm, Sum, Agilent,
USA) Z&7H UV-Visible 4E7](SPD-20A, Shimadzu, Japan)7} 428 HPLC(LC-20AT, Shimadzu, Japan) & ©]-8-5}¢]

o] =4} 0.01M HaSO4(pH 2.3), A= 10pL, 5% ImL-min’', ZH-L% 30°C2] 2704 4335151t}

71 dIAT B B4 552 Chen et al. o] {H(2009b)& 47 A5t =otglet. B4 52 AR A= 2g& 10mL 5
Z 8H[50mM Tris-HCI(pH 7.5), SmM Mgcl,, 2mM EDTA, 0.5mM PMSF, 0.1%(v/v) BSA, 1%(v/v) Triton X, 10%(v/v)
Glycerol, 2%(v/v) PVPP]} 22tote] 54 9 5-8.0 2 wifokal 20,000xg, 4°CollA 1027 22|51tk Desalting
buffer [1M Hepes-KOH(pH 7.2), 0.2M MgCl,, 4.8mM B-mercaptoethanol, 10%(v/v) glycerol| & ©]-85t% Sephadex
PD-10 column(Amersham Pharmacia Biotech, Inc., Piscataway, NJ, USA)E A 2|3 & AR A5H 2. 5mLE
loading%t ¥ 3.5mLE 356311, o5 284N 0 2 A}go9Tt

S 4 =L Chen et al.2] HH(2009b)2 L5 HF5Io] 861901, 1mL ¥-SH[50mM Tris-HCI(pH 7.8),
0.1mM 5,5'-DTNB, 0.2mM acetyl-CoA, 0.5mM oxaloacetic acid(OAA) ¥ 2§ 4H]-& o]-gs}od 25°Cof|A] HE-g-& 715)

2h 3 412nm absorbance(A412)°IA sttt NAD-MDH 2 24 5742 Merlo et al.©] HH(1993)& 45 HFs}o]
ImL HFH[50mM Tris-HCI(pH 7.8), 2mM MgCl,, 0.5mM EDTA, 0.2mM f-NADH, 2mM OAA 2 28 4-9], 25°C9]|
A BES-E Z1sgsto] Asyoll A ottt PEPCE] B4 242 Lane et al.9] ®HH(1969)= 4% #Fsto] 1mL gt %0
[40mM Tris-HCI(pH 8.5), 10mM KHCOs, 2mM MgCl,, 2mM PEP, 0.5mM glutathione, 0.24mM NADH % 8 4-9H],
25°C, AsoOllA 438520tk NADP-MES] 42 Hirai and Ueno2] HH(1977)& U+ H35le] ImL H¥H-SR[80mM
Tris-HCI(pH 7.5), 0.4mM MnSOs, 0.1mM EDTA, ImM 1,4-DTT, 0.2mM NADP, 3mM malic acid & Z&4NH], 25°C,
Asi®IA S78= 3T

a4 G A= St & Tl k2 Bradford?] H'H(1976).2.2 Bio-Rad protein assay kit(Bio-Rad 500-0001,
Bio-Rad Laboratories, Inc., Hercules, CA, USA)2 0|85} 595nmof|A] B4 3= it
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Table 1. Sequence of primers used in this experiment (Guo et al., 2016)

Gene Forward (5° to 3”) Reverse (5’ to 3”)
Phosphoenolpyruvate carboxylasel (PEPCI) GTGCGATCCCGTCTATCTGT AAGGCTCAAGGCCACTTTTT
PEPC2 GGCATGCAAAACACTGGTTA CATGTTCATTACGGCTTGGA
NAD-malate dehydrogenase (MDH) ATTCGTGGCGGAAGTTTTG GCGGTTCGTCAGGTATTCAGT
Malate dehydrogenasel (MDHI) GCCATTCACATTGTTAGCGTCC CACCAAGTAGCGGCGGAAT
MDH?2 TGCCCCATCGCATCTTCT CCCAACCAAAGCCTAAAACCT
NAD-malic enzyme (ME) GGGGAGAAAGTCCTCATACAGT CTCCAGCACCCAGGAACAA
Citrate synthasel (CS1) GGTGCCCCCAATATTAACAA AGAGCTCGGTCCCATATCAA
Cs2 ACTGGTGTATGGATGCGACA TCTTCGTCTTGTGGCATTTG
Aconitasel (ACOI) ACAGCCTATGAGCATGGTCTTG TTGGCAATGGTAGCACGGT
ACO2 GGCAATGATGAAGTGATGGCT GTTGGAACATGGACCGTCTTT
ACO3 TGCAGCAATGAGGTACAAGGC TCACACCCAGAAGCATTGGAC
NADP-isocitrate dehydrogenasel (IDHI) GAAAATTGGGGATTGGGATT CAACAGAGGTGCAGCTCAAA
IDH? CAGCGGACATGTGAACAATC CCGTCCATTTCAACGATAGG
IDH3 TACCGGGTTCATCAGAAAGG AGGCTGCTTCCAGTTTCTCA
Vacuolar H+-ATPase-c3 (VHA-c3) GTATGGGACGGCGAAGAGTG CAAGCGAGACCCGAAGACAA
VHA-D ATTCTTCCTTTGCCCTGATTG TTTCACATAAGCAGCACGACA
Vacuolar H+-PPasel (VHPI) CGAGCAGCAACAGCGACAAGA CCACAGACCCCAGGAAAACGA
VHP3 CCCTGCACATACAACACAG TGCTGACTCCTTTCCTTGCT

Quantitative Real-Time (qRT)-PCR 241
ARF 2 A O] RNA 52 345 5 AT ARF A RS A GAREPVPPE &7 YAtAbof| Yo & A A AE 7ol 8-S

o]g45}o] BukS mkE o}, Biomedic® RNAxzol™ Reagent(Biomedic Co., Ltd., Bucheon, Korea) & A8t A|ZA]

2| -of| whet P Qint =239 F RNAS] A= 9 A4 242 v A|(DeNovix DS-11+, DeNovix, Inc., Wilmington,
DE, USA)2} 1.2%(v/v) o7 t= @A 0] 7] 945-0 2 4=3=] 31T}, cDNA+ PrimeScript™ RT reagent kit(TaKaRa, Inc.,
Kusatsu, Japan)S ©]-85t9] &A= ck. CitPEPCI, CitPEPC2, CitCS1, CitCS2, CitACOI, CitACO2, CitACO3,
CitcytNAD-MDH, CitMDH1, CitMDH?2, CitNAD-ME, CitNADP-IDH1, CitNADP-IDH2, CitNADP-IDH3, CitVHA-c3,
CitVHA-D, CitVHP1, CitVHP3 °f| tigt Zeto|HE Guo et al.(2016)7F AIARE A EHHE o865t Al&tot T Table 1).
Z20uL2] FH-SAH[4uL ¢cDNA, 0.8uL forward and reverse gene-specific primers(Z}f 10pmol/uL), 10uL ToPreal gPCR 2x
premix(Enzynomics, Inc., Dagjeon, Korea), 5.2uL Ba=]ol thall LightCycler” 480 II real-time PCR system(Roche
Diagnostics GmbH, Ltd., Mannheim, Germany)-2 0185} 95°Cof| 4] 55 #A4] B 95°CoflA] 15%, 60°COlA] 20%, 72°C
oA 30%6] £ 0= F 453] HHEste] qRT-PCRES 53T qRT-PCR 32]0] AJ2014] HhEw} 22]0] 7]&2] vt
202 FPE| T, 2 HAZS comparative Cr H(Schmittgen and Livak, 2008)°] 2J5l| 2-(Ct target gene-Ct

housekeeping gene, p-actin) &f.0.2 &0} TY.

424

SAA F94 HA-2 SigmaStat 3.0 software(Systat Software Inc., Palo Alto, CA, USA)E ©]-851 p = 0.05 S0l A]
T-test® 5-9¥513ith.
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V0] A5 Bt Fof whE m|u P viohd M O] Yo it of| u] )= Gk Table 200 R it 3Hd Ad-eof whE
e B At o] Hoh= sl A Bl gAY LEe] et vl A oW, Wies 1.0°Brix Bk #3L, Ate=
0.3% A= -2 HFo]dthKim et al., 2012). tiEo ThE
U= B, A= B[] 2715 A 9lobi A 9] 2tol7} glglet. Biew 7 HT) 27]9] 2jo]7} 87| 7EA] =g 50
2 41591 0.5-0.9°Brix He]2] 2tolE Btk §HH 4t 344 v 271 0.6%2] 3= 2folE B o, A%7olk=
0.1% o'l = jafet Zfo] 5 Uetiltt. o= HIBRALE o817t L&z of 2B ol A Hare A A v} o AT
(Noda et al., 2001; Mademba-Sy et al., 2012; Andersen and Brodbeck, 2015; Domingues et al., 2021). @5+4 0 2 ZH=
oA thE-2 I 0] FEoF At of] B 37| o= A0 2 I3 A Q1 =H|(Bassal, 2009; Yildiz et al., 2013; Legua et
al., 2014; Raddatz-Mota et al., 2019; Caruso et al., 2020), = AATe}= Z}o] 7} Qi) Rt = whct o] 739 744 2]
Mes %71 718 2789 F3e ol 2ot ok loH, thaof whet 11 A7t theA| Bard HE Qltk(Caruso et al.,
2020). T3 LF-0] = of| wh2 I} A o] 43RS HH ‘Gunda Gunda® 2.312]9] ¢ 27712 G714t Sego] A4 5
7FsF. o, ‘Kinnow” RHH ] -9 18 WA 71A] F715HeY, o] § ZAsh= 3ol H Al 3{th(Khalid et al., 2012; Aregay
etal,, 2021). “12{ 2 & MM AP of 0] 2] = ti50] FF A =E Aeto] B7Fel7| floiile F W Al 5= st 5
7H o2 FA71A A7t Easial W QITh(Kim et al., 2012).

w3k Mo thE 9 s Ao mhE 74T s 2418 A3h= Table 33+ 2k, IHd BT 2710 FAME AL
O] 108 9] 9] &2 E UEifl oL, o] % A3} Fasto] A< 7] 9 87 ol s AR e ok ot Wolz] =
= HE ATt A4 AR o] Qo] o AT AT 4=F M AGE 2t Fo] A AEE Lo, ftFe] Wk njnjst
o, 8] of AT BARS A Q5 frof b= QI3Iet. 2 A Aviehs gl 2587, QHIA] 5 HiF-E A=l o] fr1hk
TFALT] 60-90% W AFA]5t] ARkite] 1.5 - 108 A= =7 ghioka glow, oz 2533070 3¢ %719
FAAEE 5.50mg g, AFHE2.34mg g ! O] 50 2 B 11E]o] Shrh(Yamaki, 1989; Kim et al., 2012; Wang et al., 2014;
Ordofiez-Diaz et al., 2020). g BILg o] i1 7] 571 9 7] o] 714 ZAOIA T - A1 ke ol
QItHChen et al., 2012; Ornelas-Paz et al., 2017). 18|22 ‘0|y3P Tt o] =2 ALpAL §h EALS T2 Z55710] 2
‘de Tl 4 Qe B4 o= w1154 el dishie 5714l A7 B stk whd A 270k g A
71 171 e e M eSS SIRt vkt A St Tist O 71 2 A o] o] Gtk A EITh(Seymour
etal., 2013). Z12{ut m]uURp ol o] FALE olRFe] FERT vt 957 = A 9 o] gofl ofet AR = HEHA] gt

7

Table 2. Changes of soluble solids and acidity at days after anthesis (DAA) in the fruit of ‘Minihyang’ mandarin grafted on
trifoliate orange (TO) and Flying Dragon (FD) rootstocks

DAA Soluble solids (°Brix) Titratable acidity (%)
TO FD Significance” TO FD Significance
100 7.1+0.08" 7.8+0.09 * 3.22+0.22 3.82+0.06 *
150 82+0.11 9.1+0.30 * 0.73+0.03 0.83 £0.06 ns
185 11.0+£0.23 11.5+0.18 ns 0.65+0.04 0.70 +0.06 ns
220 126 +0.15 13.5+0.10 * 0.67+0.02 0.74+0.04 ns

“All values represent mean + SE. (n=9).
¥* and ns indicate significant and non-significant by T-test at 5% level, respectively.
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o

(Batista-Silva et al., 2018). ©]71 9] Lo 4 H]EEHX} Bt el =7 ‘rlUp B 27|15 57 1F=0(Hong et al.,
2022), 47 14te] ko] Hislel= dvbio] Lhe 71 0 2 HolHtt, Raddatz-Mota et al.(2019)= 225 57119] tiZollA] &=
T O] {714k QRS v WSS o, E7F el vl g RAL the] 789 the v =l Hsl 34k okl S7st ot of
2 {74 g Ro] Haloli= GaFelA] kil 51Tt T3t Aguilar-Herndndez et al.(2020) 2] Aol A= &t #5-2] of
2] 2ol A AL AR 2015 O]Z] o2 B, op AT HAI 4240 2 2107 QIITtAl SHGiH:. 2P e 2
Aol ] mU P wiohl A O] f7 )4t gl mI A= the] ok e of] Hloh uj¢- w|m|gt <o, o]= 434 Egat
e #5 7Fe] 29 HEgol| &gt Ao & THeEh

ol

rot s

7|4 CHARREE 24 Ehdo| Hs)

‘aURp IO AASTA At ol WE -Fr At 34 B2 Fig. 29 AT A4 M O] ATA| = o7l 4
7N0] G4 FoA=NAD-MDH7} 18.8 - 65.7nmol-min” mg ' protein U$|2 7F4 =11, 0]o]A] CS 24.3 —36.1nmol-min™-
mg' protein 412}, NADP-ME 0.2 — 1.5nmol-min™-mg" protein Y], PEPC 0.12 - 0.36nmol min” -mg'1 protein W] =0
2 Vet PEPC O] 842 114 A7)0 sfjdsl=2H1 3 18547F4] 0.12 —0.14nmol ‘min -mg’ protein T}-$- RS 5=
02 GAE} oS A9 Bl 5 22020] 0.21 —0.36nmol-min”mg”' protein $57H] 2 F71519.01, E5] H|E
oA 24 57}—4 Zo| thA: A WFEI{TE NAD-MDH+= M H]d] Z7]°] sdsh= 1 £ 1004l 18.8 — 19.3nmol-
min"'mg” protein £ 02 thAh Yo LZolgl o H|t)7] E7]0] sidsh= T 150Y o] 3 RE 4o 55.2-57.5

Table 3. Organic acid contents (mg-g'FW) at different days after anthesis (DAA) in the fruits of ‘Minihyang’ mandarin
grafted on trifoliate orange (TO) and Flying Dragon (FD) rootstocks

DAA Rootstock Citric acid Malicacid  Ascorbicacid Oxalicacid  Succinicacid  Lactic acid Total
TO 37.56+£0.90° 3.52+0.17 0.52+0.03 0.10+0.01 0.04+0 x 41.73£1.06
(90.0)" 84 (1.2) 0.2) 0.1 (100)
100 D 37.78+0.69 3.12+0.19  046+0.06  0.09+0.01 0.04+0 ) 41.50+0.80
(91.0) (7.5) (1.1) 02) 0.1) (100)
Significance” ns ns ns ns ns ns
TO 7.79+027  3.50+0.16  0.78+0.08 0.06+0 0.03+0 ) 12.17+£0.27
(64.0) (28.8) 64) (0.5) (0.3) (100)
150 D 10.11£0.19  3.19+0.10 0.78 £0.04 0.06+0 0.04+0 i 14.18 £0.13
(71.3) (22.5) (5.5 0.5) (0.3) (100)
Significance * ns ns ns ns *
O 4934082  649+049  0.54+0.03  0.08£0.01 0.04+0 0.02+£0.01 12.11+1.34
(40.7) (53.6) 4.5) ©.7) 0.3) 0.2) (100)
185 D 5.13+0.31 5.68+0.21 044+0.04  0.06+0.00 0.04+0 0.01£0 11.36£0.46
45.2) (50.0) 3.9 (0.5) 0.3) 0.1 (100)
Significance ns ns ns ns ns ns ns
TO 5524017  6.62+025  0.51+0.02 0.07+0 0.04+0 0.04+0 12.80+0.13
“43.1) (51.7) (4.0 (0.6) (0.3) (0.3) (100)
220 D 592+0.03  7.07+£033  041+0.02 0.07+0 0.05+£0 003+0(02) 13.54+£0.32
“43.7) (52.2) 3.0 0.5) (0.3) (100)
Significance ns ns * ns ns ns ns

“All values represent mean + SE (n = 3).

¥ All values in parentheses indicate percentage.

*Represents not detectable

“* and ns indicate significant and non-significant by T-test at 5% level, respectively.
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Fig. 2. Organic acid metabolic enzyme activities at different days after anthesis in the fruit of ‘Minihyang’ mandarin grafted
on trifoliate orange (TO) and Flying Dragon (FD) rootstocks. (A) PEPC activity; (B) NAD-MDH activity; (C) NADP-ME
activity; (D) CS activity. Vertical bars represent mean + SE (n = 3).
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Fig. 3. Real-time fluorescence quantitative PCR analysis for the relative expression of organic acid metabolism-related genes
at different days after anthesis in the fruits of ‘Minihyang’ grafted on trifoliate orange (TO) and Flying Dragon (FD)
rootstocks. (A) Gitrus phosphoenolpyruvate carboxylasel (GtPEPCT), B) GtPEPC2; (C) Citrus cytosolic NAD malate
dehyarogenase (GitcytNAD-MDH); (D) GtMDHT; (E) GIMDHZ; (F) Gitrus malic enzyme (GtNAD-ME); (G) Citrus citric
acidsynthase1 (GtCS7); (H) GtCs2; (1) Gitrus aconitase (GitAcoT); (G) GitAcoZ; (K) GitAco3; (L) Gitrus NADP-isocitrate
adehyadrogenase 1 (GINADP-IDHT); (M) GtNADP-IDH2; (N) GENADP-IDHS3; (O) Gitrus vacuolar H+-ATPase-c3 (GitVHA-C3);
(P) GitVHA-D; (Q) Citrus vacuolar H+-PPase 1 (CitVHPT); (R) GitVHP3, Vertical bars represent mean + SE (n = 3).
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Fig. 3. Real-time fluorescence quantitative PCR analysis for the relative expression of organic acid metabolism-related genes
at different days after anthesis in the fruits of ‘Minihyang’ grafted on trifoliate orange (TO) and Flying Dragon (FD)

rootstocks (Continued).
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Fig. 3. Real-time fluorescence quantitative PCR analysis for the relative expression of organic acid metabolism-related genes
at different days after anthesis in the fruits of ‘Minihyang’ grafted on trifoliate orange (TO) and Flying Dragon (FD)
rootstocks (Continued).
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