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SUMMARY
(FEL )

Citrus mutants were induced by the irradiation of citrus budsticks with gamma ray
irradiation. The mutated budsticks had been grafted onto stems of mature citrus tree.
The phenotypes of fruits produced onto mutated branches were analyzed on the sugar
content, acidity, color, shape, etc. Several new citrus lines showing better phenotypes
such as red color, higher sugar content, lower acidity, different fruit maturation,
different shape compared to control citrus, Miyagawa-wase early Satsuma mandarin,
were selected and then re—grafted onto stem of mature citrus tree. Ara mandarin
shows late maturation time, late January to early February in Jeju island. Jedae
mandarin represents rough peel skin and smooth albedo layer, and higher contents of
some flavonoid components. Genetic analysis on Jedae mandarin compared Satsuma
mandarin was performed through microarray analysis.

Microscopic observation of citrus mutant fruits indicated similar patterns except for
peel of Jedae mandarin, which decreased collapse. Three mutant plants demonstrating
improved fruit quality were selected on the results of the primary screening and
compared with wild-type citrus plant for evaluation of the phenolic composition and
the antioxidant potential. The results show that irradiation induced changes in total
phenolic and flavonoid contents of the fruit peel and pulp, and leaves of -citrus
mutants, as well as in D-limonene content and antioxidant activity. HPLC analysis
demonstrated that hesperidine, narirutin and rutin were variably distributed in citrus
mutants. The DPPH, superoxide and hydrogen peroxide scavenging activities were
significant higher (p < 0.05) for the pulp, leaf and peel extracts of citrus mutants, with
ICs0 value ranges of 1.02-1.10, 2.59-2.84, 0.82-0.91 mg/mL, respectively, but lower
nitric oxide scavenging activities for the peel and pulp extracts of citrus mutants, as
compared with the corresponding values of citrus wild-type. Both citrus wild-type and
mutant fruits obtained from same citrus tree were grouped on the results of the
secondary screening and their antioxidant and anticarcinogenic activities were
investigated. Mutant peel and pulp samples contained high contents of total phenolics,
total flavonoids and pigments. Moreover, all flavonoids (naringin, hesperidine, narirutin
and rutin) detected by UPLC analysis demonstrated significant alterations in citrus
mutants. Citrus mutant fruit peels exhibited significantly higher activities on Hs0O»
scavenging and metal chelating activities compared with those of citrus wild-type.
They also inhibited the growth and induced apoptosis in various human cancer cells,
A549, HepG2, HCT116, MCF-7 and Hela cells.

The obtained results implicate that citrus mutants induced by gamma irradiation may

contribute to variations in antioxidant and anticancer activities as well phenotypes.
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Microarray: Citrus Genomic 300K ver2.0
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O ARATE Fo ABE A FobE o §3te] LARIAS B IARET B

2) @S ol&F =dHolAY =2 & AxSx W A

FAo] dAHHoE FAHL 23 AdE AWl ] A A4S
A Gz Wg . d@v](Nikon microphto type 114)S o] &-3fof A
5|

42 2% L AL FEA 3D BB

O FejdZo]| AHEs A3 A5 Fe@Eol A8 AE ARe AAFJAAA Adg A
T AWl E TAHCE AW EY (20139 6¥ AFH)F 4 (20131 129 A H)
S AHE
-3 (Fixation): 7+& E94Wo] 2 EA 9} controld] FE|E #&317] 93t FAAYHS ©] 83}
o 1A

-2 (Dehydration): 117 °] $5H =
-Paraffin embedment: &7} k5 ¥ %%
o]F0] paraffinc] AA3] =4 £o=m T =
-Section ¥ Safranin®Z} Fast Green©l| &3t 2% AA: 17‘14 sectioning= microtome= ©]-&
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O TAAE: EZE AL 33 wEste FAFd wEAAE YEhAaL, SPSS
program(12.0)¢] Mann-Whitney U test& A4 0

o §94 4R2 AU

ol
o
£
o

A\

O HPLC Al&¥-2& Waters(Milford, MA)9 600 pumpE AF&3tHem W2998 UV-VIS
detectorg ©]&3}o] 280 nme] H}FoA EZFfEHxol=E HEF. E4odl& Shimadzu
At(Japan)¥] Shim-pack VP-ODS(Cis) column(4.6X150 mm, 5 um)o] A}-& E

O Sigma(St. Louis, MO, US)olA T+ rutin, naringin, neohesperidin, hesperidin,
narirutin, naringenin, hesperetin®] 77}#] standard& A}-&3t HPLCZ A ZvlETH
< A4t 7 FEd HEAAS HdHsta, peakd £ E fd ETEEolE £
Ao A 3%3s mobile phase 271-& & &[Eluent A, acetonitrile/acetic acid(1000/5);
Eluent B, DW/acetic acid(1000/5); flow rate, 1 mL/min]. & ¥ ¥ mobile phase &1

o2 7} FFE<S 10 pl injectiond}al standard curves o] &3t 4
4) 2g #9122 g 4

g+ ¥ D-limonene® 3782 GC-MS(GCMS-QP2010 Ultra, Shimadzu,
itk A2 2= RIXSMSGB0 m % 025 mm ID, 025 pm film)
AHS, o]ed2 AFS AFEser #4521 mL/&Els. GC 222 0914 28714

50 C2 AR &, 3 C/e &%= 80 C7A] Z7HA71I 140 ColA 280 C7HA 3
T/EY £52 239 S. MS 4 24L& 45 eVﬂ- 500 quadrupole, 200 ion source <
TE AMESIA AL, YT (injector)] =& 250 TolS. FEWE GC AZvfEI#S 2}
Aste] FA3}al, standard curveE o]&3le] 1 S Tr‘f—/—‘j.%}

O DPPHE ©]&% gtz &A% 54: 100% methanol2 F&3 o2 ¥E9 A58 100 uL
of AFA | Ax3 FF2] 4 mM 1,1-diphenyl-2-picrylhydrazyl (DPPH) &4& H7} &3
stal o] Foj7tA] UEEF st 1027 A=A incubationd. 517 nmolA] microplate
reader (Spectra MR, Dynex, VA, US)E ©]&3std SFFEE 543t 2ASE tha32ol
osf =%

% inhibition = [{(C-CB) - (5SB)}/(C-CB)] x 100;
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S: absorbances of the sample SB: blank sample C: control, CB: blank control

Superoxide &z 2AF =74: Al & 50 mM Na,CO; &84 (pH 10.5) 1.2 mL,
3 mM xanthine 100 pL, 3 mM ethylenediamine tetraacetic acid (EDTA) 100 uL, 0.15%
bovine serum albumin €% 100 uL, 0.75 mM nitro blue teteazolium (NBT) 100 unL
o EF&dn AF 100 pLE ol 25 T incubatorol A 1087 W-EAIFII, 6
mU/mL xanthine oxidase (XOD) 100 pLE 7}3ted 25 T incubatoro A 20 o Hb
S A7l &, 6 mM9 CuCl, 20 mLE A 7133 560 nmol A &3S =AH3

Hydorogen peroxide &A% Z73: 96 well plate®] A& 9} blank, controlg T3t 7 &
28 A8 80 uLol 1Atk 89801 M, pH 5.0) 100 uL9} 10 mMe] H,0, 20 pLE & 33
o] 37 C incubatorolX 5 #3F ¥HSAIFHOW, Algole A3 AW A=xSE 125 mM
2,2-azinobis(3-ethylbenzthiazolin)-6-sulfonicacid (ABTS) 30 uL, blankel= &< 30 uLE 7t
7} H71sk %, peroxidase (1 U/mL) 30 uLE Al 59} blankdl 7}ste] 37 T 9 incubator®]]
A 10 ¥FSAIZl T3 microplate readerZ 405 nmol A SFH=E SHE

Nitric oxide &A% =%: AlE 50 pLol AA&EFT&A(pH 7.0)0=2 Ax FHF9 10
mM sodium nitroprussideE % 7}8td 25 T incubatorol A 3 A3t ‘ﬂ'% ] 71 %, 100
puLe] griess reagent (1% sulfanilamide and 0.1% A l-naphthylethylene diamine
dihydrochloride in 2.5% polyphosphoricacid)$} & &3t 5 &7F #8171 £ 540 nm
A FREE S

gz 50%E &2AT F v 2AFE ICs(mg/mL)E dose-response 9] F2 0=
BE ARbale] AT e ks FAL Wl

ﬂi

SAAE: e AP 33 wEso HIPY AEA(E YehldaL, SPSS
program(12. 0)9] l"ﬁ:ﬁ‘l‘v‘f"lﬂ(ANOVA)iﬂr Duncan’s multiple range testS AA|stod p <
0.05 FFAlA

2 A AFE-E HCT116 (AT LA E)= McCoy’'s 5A medium, A375 (JA7ESAF A
X), Hela (A AFEAME), MCF-7 (73 4AIE)2 Dulbecco’s modified eagle
medium (DMEM), A549 (I $4AIE)L Ham's F-12, HepG-2 (1A XE)=
minimum essential medium eagletl| ol A vj ¥t o, HAAMEST 16HBE140- (1717



A EZ), CHANG (A E)2 742 DMEM/F-12, DMEM 8 x]¢] 10% heat-inactivated
fetal bovine serum (FBS), 100 units/ml penicillin, 100 pg/ml streptomycin®} L-glutamine
S #H7Fst 37C F&3%F COsincubator(5%CO2/95%air)oll A vl 3k MZ7F w8719
80% AE FAAS W AAFY MEE FAS7] st phosphate-buffered saline
(PBS).Z A A3 & 0.25% trypsin-EDTAE A g|ste] At s FatA s v FHS 3-4Uvirh
AT

O AE AEE AL 6 well plated] AEZE 2x10°cells/wello] HE2 EF3tu g EAWH
5 20

o] FEES FERHEHE A F AxemgdF 04% trypan blu % gozw 4
hematocytometerE o] g3l A X =2 AL E B un Ao FHIE =AHLS LT A
WoolRojgon, AdeEde A7k €2 dxa AESFE 100% =2 6}04 7t AEEA ]
Aol AEES 73

(9) Cell cycle &4

O A AEZF(2x10%ells/well)ol & EWo] FE2ES 724 B X2 F AXE 3
g8t} PBSE Al H3tal 70% ANE-EE 4TColA 30% &< 18%F. 189 AE= 1200 rpm
o2 128 T AAEY vy FFAS AASAL 1% FBS7 EFE PBSE 2-33] AlH
3t FHlE MEE 500 pg/mle] PIZ @48k & 10 pg/ule] RNaseZ} 3EZ3H PBS (1%
FBS)oll o] 37CelA 30 b ¥ESA|Z7]a BD FACS caliburM flow cytometer (BD
biosciences, San Jose, CA, US)E ©]&3t] MEF7|E £43%.

(10) DNA fragmentation 4]

{(

O AZ(@2x10%ells/well)ol ZHE Edwo] F2ES Agsta] 7247 Fet wjgsln, AXES
F 3] geneluteTMmammaliangenomiCDNAmlmprepkit_E._ DNAE #3735 EZ3k DNA=
1.8% agarose geldllA 60-120%(50 V) & H7|¥E3te] EtBr2 @Mt UV
transilluminator 3} A DNA ©#H3} A4S #23)

kel

N

<

FEES AT wiFE&TIoA 100 ple] ¥iAE HBtH TS| griess
reagents 7183l o]E 10% IF Ao A ¥HSAIA oxidation products?] NO, A A=
£ 540 nm BReX FAHsA0H, ojmf NOy &0 i FE3/dE NaNOE AH8-3}o]
24 %

(12) Reverse transcription-polymerase chain (RT-PCR)o ¢J§ mRNA & #4
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4 FEES AYS AEXZE 22 b5 TRI reagents A3l total RNAE +

getRen, #2l¥ RNAT UV spectrophotometer (Ultrospec 2100 pro, GE healthcare,

US)Z A3 F TOP script'™ one-step RT PCR kit$} Zz+z}e] primer, DEPC waterE 4

3 A AE3%7](Genepro, Bioer Tech, Hangzhou, China)olA 5% %. mRNA o3& FF
|

["O [U[O o{t

2. AFUE 2 A4
AR B2 54 2 484 £42 5% SAWA AE]

7h. QW) AE §F X £

O A3ARAAL Bestel 47U e FAWol 4B /T £FL 2YFGS. AT WH

of ALANGELE 127 4@ 54 Edve] 3B G20 Ag Fol glow, A4

NG ZFe PARES o1 FF AT AT AZE AN FAN, AAZA P

ANBELE L2A A AL 28 % FAW) BE A, A BEY L
g2 A AT A=) e F

H2A2 ez HBAISES HaAsi s
[MAEOITEH) (0 = 11 B Bt (A=t ul

}. Eddel 1@ 34 24}

O 200999 3690708 =AWHo] 2x7FX| A 12880712 A&

Ay
2
ol

32
=

} , 2010d9=
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118070 7FAelA] 3331709 AL, 2011del= 1672709 7FA oA 700170 FHAL,
201230l 18537FA0llA 8419709 S 2013dol= 13877FAIZHE 5668712 AL,
2014dol= 2264709 7HAZ2REH 10064719 AAS o= B, 4%, T4, 94, #F

5 2AS9E.

O o]%F 20141 129 %o 433

ol
2 B ()

150-180
11%

2009 2010 2011 2012 2013 2014
193} 2.1% 3.6% 4.8% 3.8% 18.4% 5.8%
2 5.2% 3.7% 5.2% 6.5% 10.6% 6.8%
3 5.9% 4.9% 6.2% 5.3% 10.6% 6.4%
4933} 8.0% 5.7% 7.9% 8.0% 13.1% 7.8%
5 8.0% 7.8% 8.9% 11.6% 8.3% 8.7%
6 9.3% 9.2% 10.3% 10.6% 11.1% 8.9%
7} 18.1% 19.9% 21.5% 22.1% 13.4% 18.0%
g 7} 13.7% 21.2% 16.1% 17.7% 8.6% 14.8%
9 7} 18.2% 19.2% 14.2% 13.1% 5.1% 15.9%
1093} 11.5% 4.8% 4.9% 1.3% 0.8% 6.9%

F91 eF7@0] AT AAY @ o5 FAHE FBY 277
. AdEoydle 27)7F 2 2E Aol Beks

q

" 60|35t
1.31%

¥ 100|144, 0.35%

M 9~10,6.83%

m100|4H
m1.00/4 <

m0.9~1.0

mo~10
ms~9
m7~8
me6~7

m0.8~0.9
m0.7~0.8

mo.70/8k
60|35}
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2009 2010 2011 2012 2013 2014
8°Brix"| gt 1.5% 31.0% 0.6% 1.2% 42.7% 52.1%
8-9°Brix 14.3% 45.1% 5.1% 9.6% 32.1% 41.9%
9-10"Brix 45.4% 19.9% 27.2% 25.8% 12.6% 6.9%
10-11°Brix 30.4% 3.3% 42.7% 30.8% 7.1% 0.3%
11-12°Brix 5.6% 0.5% 21.5% 27.3% 2.5% 0.0%
12°Brixo] & 2.8% 0.2% 3.0% 5.4% 3.0% 0.0%
FA Fal "R Aol BA FUe
R IS
m1.00|4 B 7.8 63%
m0.9~1.0 =301
m0.8~0.9 ‘ o e
m0.7~0.8
0.6~0.7 O -, 153 © 9-10, 197%
m0.5~0.6 '
0.50] @t
(6) D= Gakn] Bx
2009 2010 2011 2012 2013 2014
7 5k 6.5% 41.4% 0.6% 4.6% 0.5% 3.4%
7~8 10.2% 23.4% 1.7% 8.6% 0.3% 6.3%
8~9 17.9% 18.8% 3.8% 14.8% 4.3% 11.6%
9~10 20.5% 8.8% 7.3% 16.7% 14.1% 19.7%
10~11 18.6% 4.6% 12.0% 20.0% 19.7% 21.9%
11~12 13.2% 2.4% 13.9% 16.7% 21.7% 16.9%
12~13 7.8% 0.6% 15.5% 18.6% 17.2% 12.4%
139]4 5.4% 0.1% 15.2% 0.0% 22.2% 11.5%

20143 Z3E ZEoA ]
b3+

AR wat FaH 7 =& B9 Hgo] 2013d KT B

}. a0l 729 ¥ ZAE 5% 94 AE A
(1) FH S5 AT
O 133EE AUAT: AZS 58 34 Fo AL
METER| 5 g3 s otm F = M5 SRl
1 6s4al15 4 51.66 67.74 139.04 2.66 12.28 0.89 13.8
2 658256 13 48.98 56.68 86 2.8 12.8 0.95 13.5
3 6s8a14 10 49.94 59.42 96.44 2.94 12.12 1.00 12.2
4 658265 22 53.24 65.74 126.8 2.68 13.16 0.74 17.9
5 658265 23 49.6 62.32 99.94 2.5 13.12 0.65 20.2
6 6s6b17 4 41.68 51.64 64.62 2.08 12.02 0.92 13.0
7 6s6b17 23 49.44 60.4 101.96 2.78 12.02 0.86 14.0
8 6s8a7 27 52.7 56.88 89.66 3.04 12.48 1.08 1.6
9 658292 16 48.6 59.1 98.84 2.26 15.34 1.03 14.9
10 6s6b12 7 49.8 62.48 103.98 1.78 13.92 1.04 13.4
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11 6s6b12 14 541 61.1 103.9 1.6 13.72 1.03 13.4
12 6s6b12 38 45.98 58.42 80.88 2.02 12.06 1.09 11.1
13 6s4a91 12 41.94 48.12 61.88 2.04 13.1 0.85 15.4
14 654292 10 53.94 59.06 95.22 2.76 12.1 0.78 15.6
15 6sbar2 3 43.4 56.22 76.3 2.32 12.32 0.69 18.0
16 6s6a83 12 42.6 58.5 83.68 2.5 12.38 0.70 17.7
17 6s6a85 18 49.24 58.28 85.46 2.08 12.7 0.81 15.7
18 6s6a97 6 44.7 60.6 88 1.82 12.54 0.82 15.3
19 6s6a104 19 44.04 65 95.98 2.08 12.26 0.73 16.9
20 6s8a10 10 47.34 60.48 92.7 2154 12.42 0.90 13.9

HE I PN W i RSP s ] = Tluof A = M
< (mm) (mm) (g) (mm) L a b Brix% %
SNai3-11| 61.612 82.052 184.68 2.862 60.962 28.654 | 99.552 9.50 0.636

1

2 SJc3-2 53.288 67.118 119.48 2.858 62.61 25.79 36.18 10.38 0.9625
3 | SRa3-1 51.712 62.614 107.02 2.294 52.98 30.31 35.048 9.56 0.638
4 | SCal4-5 | 52.072 67.016 125.96 1.494 61.072 29.302 35.416 9.54 0.77

5 | SBc21-4 | 53.952 71.368 115.3 3.04 60.206 29.28 35.096 9.36 0.686
6 Slc3-3 61.574 68.842 158.22 1.84 64.514 28.034 37.554 9.2 0.856
7 SJal-2 40.836 56.354 77.98 2.178 59.224 30.15 33.438 9.32 0.626
8

9

10

11

12

SRal-4 48.39 58.85667 104.3 2.136667 | 62.18667 28.73 35.58667 9.8 0.756667
SGal3-1 | 63.086 78.316 179.98 3.652 62.062 30.388 36.244 9.3 0.818
SFa1-3 46.686 57.372 79.7 2.264 66.936 26.454 38.672 10.04 0.914
SJal-4 43.86 52.442 63.1 2.358 58.386 29.586 33.178 9.24 0.686
SBal6-7 | 52.378 60.942 94.08 2.864 63.922 26.534 37.292 9.24 0.82

O 4zpd: Ak 22pddg 93l Aol A58+

SEX% 9%l 7HA

bs4b11-9, 6s6b12-25, 6s6b12-38. 6s6b16-10,25,27,28, 6s6b17-23, 6s6c3-14, 6s6c27-2, CGT1-9, CH4-1, CO6-2,8,
CQ2-9,56, CR1-7 (% 1770)

o} & o) 5 3] AJBAal-1, SFal-4, SFa7-8, SGal3-13, SHa3-12, SHc3-13, Slal-146, Sla21-6, SIc1-578, SIc3-13,4, Slal-124,
B8t AT L BJel-1,2, SKa27-4,5, SLa19-7, SLa3-1,8, SMa5-4, SMc5-6,8, SNal1-3, SPc13-10, SQc7-3,4 (& 367H)

2) AZ=H) Hel AT

O T B4 Edwo] AFo] 13 Awrdo] 231 Ak Fo] UL AF wt FEe Ax
o] EAo]l ttzy B AEdA JdErt S e EAo] Ueld. Ho Axrl &5
7+ vla) F71ste] QAR 9 FAEE EAS YERY
O 6s4d12-8 A%
oA | 3pAl 243 TS
of + = ct A} CFA}
2= =4 | gz | % gy BE HE | B a b alb
2009 63.8 | 746 | 188.6 50.86 | 60.67 | 57.97 | 1.05
2013 53.9 | 70.1 | 1455 61.4 | 411 | 59.8 | 0.69
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O 6s8a7-27 A=

%7 73 [HIA] FA #FHIAFA] B= A= DER

mm mm F g mm °Brix % L a

50.04 67.65 135 (121.15| 2.30 12.39 1.13 59.82 | 4240 | 57.21
O 6s6b7-8 A%

7 IR HFF] FA FHEFA d= E s DS

mm mm £ g mm °Brix % L a b

53.99 69.01 128 |139.36| 248 13.18 0.96 62.52 | 39.34 | 61.29
O 6s8c23-7 A%

%7 A |B¥A| FA FAFA 2= A= Ay A=

mm mm 5 g mm °Brix % L a

48.75 5492 113 | 6818 | 3.17 1343 0.98 64.68 | 36.88

O 6s8c23-3 A&

HYEZE | BHYE | BF | e Bgol ME/ ol ME 2= HE
(mm) (mm) (g9) (mm) L a b Brix% %
52.96375 60.97375 142.1625 2.26 54.36875 32.9225 30.37625 10.475 1.31
O 6s4d13-20 A%
34 27d |F"EX|| 2A [otm EH e M oM
mm mm E g mm °Brix % L a b
55.5 69.7 126 | 1448 2.8 7.7 0.5 61.84 | 36.70 | 57.88
O 6s4d14-30 A%

WMEH | oA b =) ]| M/ atu|o] M =533 M
(mm) (mm) (g9) (mm) L a b Brix% %
56.69714 70.48857  138.8143 2.835714 56.42429 36.17714 3142 1021429 1165714

O 6s6b16-27 A%
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AL niam
(mm) 24 (mm) (9) (mm) (°Brix) (Wt%) L a b
48.552 59.574 93.3 2424 12.12 1.014 61.736 40.25 59.682

IMEE | odEE s Il sy | o] Mz ge e
(mm) (mm) (g9) (mm) L a b Brix% %
493 61.235 97.375 2.0675 55.85 37.2025 31.2225 11.5 1.2625

@) T AT

g = <7 374 AF #AIFA <D= A=
MANE .
(mm) (mm) (9 | (mm) (oBrix) (%)
6s6b4 — 16 46 54 65.9 2.3 10.8 0.63
6s6b5 - 18 59.1 64.2 111.6 3.05 9.05 0.57
6s4d6 — 24 47.54 58 79.2 2.2 9.9 1.02
6s8b4-12 50 58.1 94.6 2.1 8.9 0.68
Control 40.14 545 60.88 2.14 9.9 0.97
O 6s4b5-16 A%
23 | 4 [HEX | FA [FHEFA] HE [ NE T M
mm | mm T g mm °Brix % L a b

36.25 | 44.20 122 40.55 0.94 9.20 1.01 63.88 | -6.88 | 57.20
-u) 7} vl gFo} -S3beo] WA o] YERE. A A o] Fold
Rnog oate

O W7 A B(6s8b4-12, ol LF 2 WH)e) A IE AT W
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orEIEE
iy} ni N} i Hunter color value
= s e | M =
HE | &4 24 A o | Sty . TEA|T|
mm) | mm) (@ (mm) (°Brix) | (Wt%) L(Light-ness)| a(Red-ness) B(Yellowness)
2009 50.1 62 99.5 1.7 9.4 | 0.99 9.5 71.2 -8.9 67.9 128 &
2010 514 55.6 79.3 24 8 1.21 6.6 62.4 -9.9 57 12€ =
2012 50.8 60.7 100.1 2.2 82 | 097 8.6 51.6 -10.6 415 128 =
2013 | 47.15 57.47 86.1 2.64 10 0.87 115 59.9 -97 54.2 128 =
SHZH

2009 53.8 63.8 116.3 1.6 9.3 0.92 10.1 61.56 22.47 60.84 128 5
2010 52.9 58.8 102.3 2.1 9 1.09 8.3 65.29 23.72 62.27 128 =
2012 50.1 60 94.6 24 9.6 09 10.9 61.81 26.36 60.17 128 =
2013 46.3 58.88 82.2 2.1 9.1 0.9 10 69.1 27.4 72.79 128 =

< = o . i

=x 4 g4 2 AH Xt BE | Mz = PN

mm mm g L a b °Brix Wt% mm

47.15 57.47 86.1 59.86 -9.65 54.24 10 0.87 2.64 13.12.07
ofgt=xF 49.95 56.66 94.6 62.72 15.93 67.6 9.6 0.75 2.18 14.01.03

48.07 58.7 87.2 69.4 24.37 72.62 10.8 0.77 1.85 14.01.23

46.3 58.88 82.2 69.1 27.4 72.79 9.1 09 2.1 13.12.07
=N 48.15 60.64 90.6 66.86 27.46 68.38 9.9 0.81 2.16 14.01.03

44.69 55.96 74.34 65.6 32.76 71.58 9.9 0.64 2.56 14.01.23

20140123

2013.12.07 20131221 2014.01.03 WiT

:: w0 /

70 p— s

50

s0 s

] |I |

20 2

‘: lf | o :

10 201.12.07 2014.00.03 2014.01.23

0 20151207 w20340103 =20140123 g5 E-ic
Spae] FANNNE 18 eSS R34S BEL $AHE SA6 du, HEE 07 o4e
= X]?‘):I—:ﬂ_ 9)\ /\qO] O)\O_ D:B']- :J:]-—‘—’/}‘E T&ZLQX] o]_%

(@) Dol A%

O 6s6c3-24 A%

57 [ €4 (AR | A [FHIEFEA] S | &ME
mm mm g mm °Brix % L
44.04 | 40.66 92 37.54 2.04 1250 | 1.70 |6243

AFA57E 1000] A Qo FAo] BFHG 1 54
AR S0l g B AR AN A4S
90 o] Fol AT AULE AAT B A5 AT 447

> ogt

i)



O 6s6b2-25 A%
=Z [ €24 [UH&EX | FA [#HdFA] & | 8E of
mm mm g mm "Brix % L a
42.08 | 63.22 150 93.22 2.33 10.26 | 0.68 |64.78|32.79

e

E

NHAEZE | dEFE s Ipm| FH| Jimje] ME gE M
(mm) (mm) (g) (mm) L a b Brix% %
67.19 75 176.6 4.02 61.52 30.74 35.48 8.8 0.7

ZE BARE 19| Fo| Yod AASAS FAL, B9 gaA0 TS 5, H§
3 Bozte] WA FE

O S0a5-5 A%

IMEE | ndEd s Ipu| FH| ojujo| Mg gE M
(mm) (mm) (g9) (mm) L a b Brix% %
45 49.65 48.92 3.496 59.286 27.378 33.849 7.31 0.637

el obef o] 4a30-13 AET FARE S0l Ag. Aolel R AXH A7t DL

O 6s4a30-13 AS(AHSFZ HH)

Control ‘ Mutant
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2lgR o R g HAERH ME BFOE Io] AANE EFoE AUt A Al 3
. 2y AlbedoT& il #53 L= 54| US. =& o FHoA FEsiurt
At A gfAE Aes #EL F AS
e YA 2
Hoi=2F
o Al 2pAl 2= 240l oE AT Hunter color value sl
. Fd(mm) | &Bmm) | (9 | FH(mm) | (Brix) | (wt%) L a b T
2009 62.3 78.1 156.73 4.2 10.2 0.97 6441 | 3395 | 64.66 R =
2010 54.8 66.5 1316 21 7.8 0.78 67.78 | 29.56 | 7244 128 =
2011 52.8 62.6 110.3 2.6 10.8 0.69 69.5 26.5 724 12¢ =
2013 34.9 46.3 41.1 25 11.8 0.85 66.48 | 30.69 | 68.77 12¢ =
2014 65.35 64.64 126.3 4.02 74 1.25 59.55 | 30.51 | 34.84 128 =
EEE.
2009 43.7 50.1 67.4 23 8.2 0.83 66.88 | 2696 | 73.37 128 =
2010 51.7 56.6 94.0 20 8.8 1.00 67.56 | 3113 | 7031 12¢ =
2011 50.1 60.0 94.6 24 9.6 0.9 39.36 | 2877 | 7218 12¢ =
2013 45.5 60.4 88.2 24 10.2 0.82 67.58 | 3236 | 69.57 12¢ =
2014 57.6 61.38 102 344 74 1.25 5833 | 30.74 | 3332 128 =
~ZEtR o= AR A
N _ 20104 20144
2t& (mg/100 g 1t
HzhH Hesperidin Narirutin Hesperidin Narirutin
Control
4631 £ 111 60.8 + 1.51 753 + 0.85 122 + 134
(FH=Y)
Hcjes: 546.6 + 3.38* 785 + 0.61* 1256 + 1.01* 224 + 0.29*
= HZ=Za H[Wsto {o|ojgh XH0|E EQl gfE LIEHHCL (p<0.05).
SBHE Aol ZEfHolE AES A3 ZF} Hesperidindg} Narirutin®] ZgtExo]=
Ao el Qo] A FAAM F7HF AR UEs
-Z§ : YRl A3} TtEFE(FTE T), dEE T
6 5¢32
O 6s6b4-12 Al
jl_l./él J‘I_I./él jll. _EI A_I-|I = Mutant Control
HE s BE | ME .
&Z |82 Al L a
2010 39.5 | 26.0 |56.9| 2.3 |10.2|1.02 |63.33|17.66
2013|39.2 1494 |56.2| 19 | 6.1 | 0.5 | 60.3 | 2.22




B8 AR 5 ABE, BYE 5

O NCM-1 A%

ME | E2A(3A|FA L | a | b er e 5

Cl 455|604 |88.2|67.58|32.36/69.57| 10.2|0.82| 24
C2-1 |434|54.7|76.5 (67.9530.49|70.08 11.7 | 1.11 | 1.9
C2-2 |46.9|58.6|88.8 66.70/33.19|70.30/ 114|103 | 2.1

NCM-1 | 45.6 | 56.2 | 77.4 |78.80| 0.69 |60.34| 94 | 0.82 | 1.9

o] gy, AAASE =aAs el 349w 2714719 =da e e

W 119 okl AAHOE w@AL el Ak ol Fanlsh o} Aol EL. el
=

) %3

ki

br

o
z

o

(6) 718t: 7A3}A17], BAFAY

o

—59 2F5A WA AR SHL wgor A4S FRFAoT A
WA AL 2ol EAS AFHOE Holt 14 A AFS YU ¥ FA] H%A]
7} Roln Wée] B4L Hole AT ATE AA /AL BHE Wt ge

—wAo A AwEn Y EdWe] A BAHOT FBFL A 4E 2ANA 5
oS BAGAL VEE S5 AFL ABT + QAL ol U 2 ALH AES
FHoR 3% 2 758 AWl AAE GeR dtel WalF B AR 2
sto] 4G4 Y& 7HAE At Aol BaF. olo] W AFE FF AFAANN F
S ST

AL i %] In[im A P =
A= td ja 1= = g | ag - e
=4 =i = L a b | Albedo | 15

CHE 28.53 29.54 12.9 412 7.3 1.67 |2424|-583(7.18 0.96 0.9
6b4-16 27.05 27.90 10.7 5.78 7.2 229 |2641(-742)| 837 0.94 0.84

X X
6c3-21 30.77 28.60 129 5.07 (&E (&+L& |28.28|-6.61| 8.10 0.98 0.96
2o | 291
8b4-12 28.58 28.01 116 3.89 59 196 |29.37(-7.66]| 8.35 0.92 0.88
4a330-13 31.78 34.13 17.2 3.59 6.9 215 |[2754]-6.66]| 8.13 0.85 0.86
X X
6b16-10 29.65 30.73 14.6 4.95 (&HEsE | (]’& |27.52(-6.93| 8.07 11 0.92
i 7h =7
e 3<ics eplet2 s i
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O i =dde] AT #¥2 HstE YEhAYE 6s4a30-139] A(1AER) & 5(2
= FHAE gzl SHRAY A & 457 Bl

(1) Gene selection
O d¥7|E

@ Fold change : 2 fold ©]’¢

1-1. Significantly changed Genes: AA| &5 <HFA 5 >

Up Down 2 A
Sample set regulation (fold) regulation (fold) -2 -2 2 (fold)
2 3 4 2 3 4 2 3 4

Control_a3013(&4) | 5570 | 149 | 18 | 4860 | 1070 | 339 | 10,430 | 1,219 397
Control_a3013(¢}) 1398 | 242 | 84 620 67 9 1,640 309 93

1-2. Hierarchical Clustering (log2 ratio 0|-&)

(2) Functional grouping
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2-1. GO(Gene Ontology) analysis
- 1-1.914 froeiA BFE #3AE GOR 7|5 %7 (FDR5% 28)

Sample set Up Down ikl
P regulation regulation o %@Z}—’F
Control_a3013(z}4)(4 fold) 5 69 74
(2 fold) (20) (632) (652)
Control_a3013(2)) (2 fold) 506 249 755
- GO category &+ (FDR 5% #-&)
Sample set Biological Cellular Molec.ular Total
process component function
Control_a3013(z}4!) (4 fold) 7 1 16 24
Control_a3013(2) (2 fold) 0 0 0 0
2-2. Metabolic Pathways
2-1.GO analysisoll A f+olstAl &Fd FHAES B714d Holguo]2e} AA S

KEGGZ (http://www.arabidopsis.org/biocyc/, http://www.genome.ad.jp/kegg/) &

farse.
Sample set Up Down ikl
P regulation regulation oA xS
Control_a3013(3}2)) 0 0 0
Control_a3013(%}) 0 0 0
2-3. TF(Transcription factor)
Up Down A
Sample set . . o o] .0 >~
regulation regulation 2] - 2=
Control_a3013(z}4) 5 18 23
Control_a3013(%})) 47 40 87
(3) COG analysis
3-1. Clusters of Orthologous Groups(COG) analysis (a3013-3}4)
e COG Definition 3]_/‘;:1_2_FOM up o I}ZFold dOWL;]:
INFORMATION Translation, ribosomal structure and 69 21 42 16
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biogenesis
RNA processing and modification 63 16 33 11
STORAGE AND | Transcription 73 15 58 6
PROCESSING Replhication, recombination  and 31 7 3 4
repair
Chromatin structure and dynamics 20 5 10 3
cycle contro},' 'cell division, 26 5 3 4
chromosomepartitioning
Nuclear structure 8 0 4 0
Defense mechanisms 12 4 10 3
Signal transduction mechanisms 132 24 119 20
CELLULAR Cell motility 16 10 20 3
PROCESSES AND C.ell . wall/membrane/envelope 1 0 0 0
SIGNALING biogenesis
Cytoskeleton 27 0 23 1
Extracellular structures 1 2 4 0
Intracell}llar trafficking, secretion, 9 13 75 6
and vesicular transport
Postt?anslational modification, 151 39 129 25
protein turn-over, chaperones
Energy production and conversion 67 15 71 10
Carbohy.drate transport and 100 25 109 18
metabolism
Amino . acid transport and 77 14 69 9
metabolism
Nucleotide transport and metabolism 20 5 8 1
METABOLISM -
Coenzyme transport and metabolism 22 6 26 4
Lipid transport and metabolism 67 17 94 6
Inorgani'c ion  transport and 39 6 67 2
metabolism
Secondary metabolitf.:s biosynthesis, 62 25 105 6
transport and catabolism
POORLY General function prediction only 274 102 247 35
CHARACTERIZED | Function unknown 96 5 66 8

(4) ABARENS Fol AR S Ho| Rt FA%

4-1. Aol A 4n] o] wdo] F7FE dlE FAk: trypsin and protease inhibitor
family protein / Kunitz family protein(8.56, 7.67, 6.58, 6.31, 5.56, 5.47, 5.28), NOVEL
CAP-BINDING PROTEIN(6.03), ATLOX2, LOX2|LOX2 (LIPOXYGENASE 2)(5.86), JMT
(JASMONIC ACID CARBOXYL METHYLTRANSFERASE)(5.65), TTN7 (TITAN7)(5.55),
S-adenosyl-L-methionine:carboxyl =~ methyltransferase = family = protein(5.47),  RER1
(RETICULATA-RELATED 1) (5.41), pentatricopeptide  (PPR) repeat-containing
protein(5.39), ACT domain-containing protein(5.37), |leucine-rich repeat family protein /

=

protein kinase family protein(5.22) -&

4—-2. Aol A 4u] o] HWdo] A hE Ak hydrolase(—6.66), protease
inhibitor/seed storage/lipid transfer protein (LTP) family protein(-4.76), leucine-rich
repeat family protein(-4.11), ECT6 (evolutionarily conserved C-terminal region 6)(-4.05),

Fedele A T

4-3. TdAtelE BWol Hole Akl et 7]eol W

rok
o
e
o
T
M
it
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d, H, A T8 v 71l EAEH, A= WA I} 27, F
[}

-AA7LA] 882 trypsin inhibitore] 7]e2 FE AW Wi Mg FAHF o] AT
7F A E oy, g HEAa AR ] HvE Vlee] e AerE FAHEHT
T 3 ErtEdA YA trypsin inhibitor®] - #Ao wrEA]7]o] we} thE LAY
Ao JENT Q8. AN EF0 et 2AlsE fA4Y R G2oE @

44. Real time-PCRS T3 o4& 371 <
-Flavonol reductase/cinnamoyl-CoA reductase, Actin depolymerizing factor, Ca2+-binding protein
(centrin/caltractin)0il CH&t Z2tOIHE &&0t0 Real time-PCREZ Sl microarray Z2UE 2 E&.
AR Zetoln] AE
5'-CGGAAACCCCGAAACAACAG

5-TTGTTCCGGTGGTCGGTCTT
5-GATCCTGTGGACCCCGAGAA

5'-CCGAAATGGAGCTCGTGACC
5 -AGGAGTGCCGATGTGCTGTG

5'-GCCCCCATCATCTCCTTCCT
5'-GGACCGCAAAAGGAACAACG

5'-AGCCGAAACCCTCCACACAA

ubiquitin—protein ligase

Flavonol reductase/cinnamoyl-CoA reductase

Actin depolymerizing factor

Ca2+-binding protein (centrin/caltractin)

Dye: |sBG1 |- S [5 - G 1 | B
Diata and Siandaids \\\Curve., T AiDges [ LogScde [¥ AueScal  Smocth — f——
I AllDyes ™ LogScale ¥ AutoScale  Smooth: T:IT : ]
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i~ Data and Standards
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B | /j'/ 35
B / ! -
i == .——"i—.———.———Tx | J 1 2]
& _{ 10 20 30 40 14
-1l "I : : 2 Graphs
-21o] HZENA =SM(SHHH0| 220M Z&2 X0IE EOlX 2= |&X; ubiguitin—protein
ligase)2 &} HWGIH && =II KRS &0Ist. actin depolymerization factor(Z&M)= 2561

=
20l ZAEU2LE LHHAI 22 S8 X=s 28lo SIE ey

Sau)
=
fr
S
o
il
rx

1)

s
(i
o)
»n
B
[oN
jay
N
&%

O ZAF Qo SA4S UeEAN g 22 Yy 1
39 FA4ES =+ FAH3 Expression microarray #AS FA3 A 1 A 48] o]
= A= ok FEok BUE.

il

Sample set Up Down A
regulation regulation QO|Q K=
6s4d12-8 211 346 557

O GO(Gene Ontology) analysis
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ShlA oI5 2R E

FAAE GOZ 7|5EF AL

Sample set Up Down A
regulation regulation L O|L MRt

6s4d12-8 45 90 135

- GO category &7 (FDR 5% 2]-&)
Sample set Biological Cellular Molecular Total

process component function
6s4d12-8 17 2 9 28
O Metabolic Pathways
-GO analysisoll A #F9stA /" FHAE 71 W dHolEuo]2=et AA S}

KEGGZ (http://www.arabidopsis.org/biocyc/, http://www.genome.ad.jp/kegg/)
2RAAE
Sample set Up Down A
regulation regulation SO|QF A}
6s4d12-8_Control 0 1 1
-TF(Transcription factor)
Sample set Up Down A
regulation regulation S O|S KR
6s4d12-8_Control 8 28 36

O  C(lusters Groups(COG) analysis (6s4d12-8 A& Secondary
metabolites biosynthesis, transport and catabolism & 32+ 79 FAWolA|d A &
o] 2uo] Y Fa" FHAS F7F TSR UEhy P SA AR S BAFAE. o E

Bl A2 (Ao Wt} YA Sk microarray w4 ZAIE UERH AL S0
2 Carbohydrate transport and metabolism¥t#® F 2] Wd&H] Zfol7} 714 21_71 | e}
gom, o B BAwel 289 BEd Wasl FUHYL Aoz AEHW, A 7
_I;__

£4S 59 d=U g EdWodS el

of Orthologous

SR
o
ft
>
>
i
s

-4 COG Definition Fold up (>2) Fold down (<1/2)
Translation,  ribosomal  structure and
. . 22 7
biogenesis
INFORMATION RNA processing and modification 12 9
STORAGE AND Transcription 14 30
PROCESSING
Replication, recombination and repair 9 8
Chromatin structure and dynamics 5 4
cycle control, cell division, . 3
chromosomepartitioning
CELLULAR Nuclear structure 1 1
PROCESSES AND | Defense mechanisms 5 10
SIGNALING Signal transduction mechanisms 21 41
Cell motility 4 14
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Cell wall/membrane/envelope biogenesis 0 0
Cytoskeleton 4 8
Extracellular structures 2 2
Intracellular  trafficking, secretion, and 4 1
vesicular transport
Posttranslational ~ modification,  protein 30 38
turn-over, chaperones
Energy production and conversion 15 40
Carbohydrate transport and metabolism 32 39
Amino acid transport and metabolism 25 32
Nucleotide transport and metabolism 8 5
METABOLISM Coenzyme transport and metabolism 3 11
Lipid transport and metabolism 12 39
Inorganic ion transport and metabolism 19 22
Secondary metabolites biosynthesis,
transport and catabolism 13 75
POORLY General function prediction only 72 85
CHARACTERIZED | Function unknown 15 20

[11

O iz 2o nls =AWl #
% Z

o] ZrE oA WG ol (F7} e TA)E
SAARE 27 5008 (Z 1007)) =

=
s 44592,

-

Swiss_protein_id=sp|P07052|PRR2_TOBAC : (57.38%

Citrus ES Control 103 1 match : score=75.9) Pathogenesis-related protein R
1 TC07445 minor form OS=Nicotiana tabacum PE=2 SV=1
5 Cdd_domain : (62.50matching : target=gnl|CDD|109375
6s4d12-8 7588 73.67 : score=73.
A_thaliana_homologue=AT4G11650.1
Control 39 1 Swiss_protein_id=sp|P07052|PRR2_TOBAC : (57.38%
Citrus ES match : score=75.9) Pathogenesis-related protein R
2 TC07445 minor form OS=Nicotiana tabacum PE=2 SV=1
1 6s4d12-8 | 5472 | 14031 | Cdd_domain : (62.50matching_: target=gnl|CDD|109375
) : score=73.
A_thaliana_homologue=AT4G11650.1
Citrus_ES Control 25 1
3 TC0;592 6s4d12-8 | 1358 | 54.32
Cdd_domain : (35.48matching :
Citrus_ES Control 234 1 target=gnl|CDD|48531 : score=51.2
4 TC08682 Populus_trichocarpa_match=POPTR_0009s01920.1
2 6s4d12-8 6348 27.13 Ricinus_Communis_match=28327.m000369
A_thaliana_homologue=AT5G60640.1
5 %gg%sggg Control 185 1 Cdd_domain : (30.36matching : target=gnl|CDD|115896
8 6s4d12-8 2632 14.23 . score=33.
Swiss_protein_id=sp|Q84P23|4CLL9_ARATH : (45.52%
Control 147 1 match : score=99.8) 4-coumarate--CoA ligase-like 9
Citrus ES OS=Arabidopsis thaliana GN=4CLL9 PE=1 SV=2
6 TCO7417 Cdd_domain : (23.11matching : target=gnl|CDD|111991
6 : score=115

Populus_trichocarpa_match=POPTR_0015s10430.1
6s4d12-8 | 4532 | 3083 Ricinus_Communis_match=30147.m013769
A_thaliana_homologue=AT5G63380.1

Citrus_ES Control 244 1
7 TC07390
6 6s4d12-8 3624 14.85
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8 %gg‘%—gg Control 38 1 Cdd_domain : (40.00matching : target=gnl|CDD|115493
1 6s4d12-8 | 3616 | 95.16 : score=33.
Swiss_protein_id=sp|Q39065|COPT1_ARATH : (60.78%
Citrus ES Control 77 1 match : score=67.0) Copper transporter 1
9 TC07018 OS=Arabidopsis thaliana GN=COPT1 PE=2 SV=2
0 Cdd_domain : (37.04matching : target=gnl|CDD|112937
6s4d12-8 1332 17.3 : score=60.
A_thaliana_homologue=AT5G59030.1
Citrus_ES Control 123 1
10 TC08173 6s4d12-8 | 4895 39.8
11 (Tigg%_% Control 1199 1
8 6s4d12-8 | 16202 | 1351
12 %g'&ésggg Control 30 1 Cdd_domain : (33.78matching : target=gnl|CDD|133727
8 6s4d12-8 | 2007 66.9 : score=52.
Control 181 1 Swiss_protein_id=sp|Q9SUCO|3HIDH_ARATH : (62.03%
13 match : score=92.0) Probable 3-hydroxyisobutyrate
Citrus_ES dehydrogenase, mitochondrial OS=Arabidopsis thaliana
TC09735 GN=At4g20930 PE=2 SV=3
2 6s4d12-8 | 3868 21.37 | cdd_domain : (43.24matching : target=gnl|CDD|130753
: score=80.
A_thaliana_homologue=AT4G20930.1
14 | Citrus_ES | Control 128 1
TC11645
7 6s4d12-8 | 2722 21.27
15 Citrus_ES Control 61 1
TC1(1)585 6s4d12-8 | 1256 20.59
16 Citrus_ES Control 29 1
TC1é645 6s4d12-8 | 4143 | 142.86
17 Citrus_ES Control 34 1
TC1%648 6s4d12-8 | 5223 | 153.62
18 %grlulsggg Control 33 1 Cdd_domain : (29.17matching : target=gnl|CDD|133728
4 6s4d12-8 | 4290 130 : score=33.
Citrus_ES Control 24 1
19 TC1:3L148 6s4d12-8 | 1759 73.29
20 %grlulsl—gg Control 25 1 Cdd_domain : (32.05matching : target=gnl|CDD|133689
7 6s4d12-8 | 1061 | 4244 : score=35.
Citrus_ES Control 156 1
21 TC0§871 6s4d12-8 2544 16.31
Citrus_ES Control 129 1
22 TC18333 6s4d12-8 | 2568 19.91
Citrus ES Control 118 1 Cdd_domain : (35.11matching :
23 | Tc10624 target=gnl|CDD|48531 : score=51.2
4 6s4d12-8 3163 26.81 Populus_trichocarpa_match=POPTR_0009s01920.1
A_thaliana_homologue=AT5G60640.1
Citrus_ES Control 318 1 Cdd_domain : (39.44matching : target=gnl|CDD|140175
24 TC12768 6s4d12-8 | 5076 | 15.96 . score=49.
Citrus_ES Control 35 1
25 | TC06934 654d12-8 1077 3077 A_thaliana_homologue=AT4G26410.1
4 - .
Citrus_ES Control 147 1
26 TC02919 6s4d12-8 | 4962 33.76
27 %g&%gg Control 221 L Cdd_domain : (24.68matching : target=gnl|CDD|107219
4 6s4d12-8 | 9487 42.93 . score=37.
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28

Citrus_ES
TC04075
7

Control

141

6s4d12-8

2447

17.35

COG=QR : Iron/ascorbate family oxidoreductases
Swiss_protein_id=sp|004847|DV4H_CATRO : (59.39%
match : score=209) Deacetoxyvindoline 4-hydroxylase

OS=Catharanthus roseus GN=D4H PE=1 SV=2
Gene_Ontology : [GO:0030942 "endoplasmic reticulum
signal peptide
Cdd_domain : (46.60matching : target=gnl|CDD|112006
: score=105
Populus_trichocarpa_match=POPTR_0011s15970.1
Ricinus_Communis_match=29603.m000517
A_thaliana_homologue=AT1G06620.1

29

Citrus_ES
TC05938
9

Control

87

6s4d12-8

2450

28.16

Cdd_domain : (31.51matching : target=gnl|CDD|133768
. score=34.

30

Citrus_ES
TC05983
0

Control

52

6s4d12-8

2203

42.37

Cdd_domain : (46.10matching : target=gnl|CDD|109320
: score=143

31

Citrus_ES
TC06001
9

Control

33

6s4d12-8

1855

56.21

Swiss_protein_id=sp|Q9FJK8|RP8L4_ARATH : (34.07%
match : score=64.3) Probable disease resistance
RPP8-like protein 4 OS=Arabidopsis thaliana
GN=RPP8L4 PE=2 SV=1
Cdd_domain : (15.85matching : target=gnl|CDD|133697
: score=33.
A_thaliana_homologue=AT5G48620.1

32

Citrus_ES
TC03950
5

Control

44

6s4d12-8

1489

33.84

COG=O0E : Serine carboxypeptidases (lysosomal
cathepsin A)
Swiss_protein_id=sp|Q9C7Z9|SCP18_ARATH : (48.01%
match : score=422) Serine carboxypeptidase-like 18
OS=Arabidopsis thaliana GN=SCPL18 PE=2 SV=2
Gene_Ontology : [GO:0003674 "molecular_function”
evidence=ND]

Cdd_domain : (40.22matching : target=gnl|CDD|109505
. score=463
Populus_trichocarpa_match=POPTR_0001529870.1
Ricinus_Communis_match=30099.m001722
A_thaliana_homologue=AT1G73270.1

33

Citrus_ES
TC03667
1

Control

175

6s4d12-8

2386

13.63

Swiss_protein_id=sp|Q9C554|EXPAL_ARATH : (91.51%
match : score=195) Expansin-Al OS=Arabidopsis
thaliana GN=EXPA1l PE=2 SV=1
Cdd_domain : (75.86matching : target=gnl|CDD|129070
: score=183
Populus_trichocarpa_match=POPTR_0010s17440.2
Ricinus_Communis_match=29813.m001510
A_thaliana_homologue=AT1G69530.1

34

Citrus_ES
TC00063
1

Control

17

6s4d12-8

2105

123.82

Swiss_protein_id=sp|Q9SB81|PER42_ARATH : (89.71%
match : score=262) Peroxidase 42 OS=Arabidopsis
thaliana GN=PER42 PE=1 SV=2
Cdd_domain : (39.26matching : target=gnl|CDD|29388 :
score=157)
Populus_trichocarpa_match=POPTR_0004s01510.1
Ricinus_Communis_match=29842.m003595
A_thaliana_homologue=AT4G21960.1

35

Citrus_ES
TC03134
6

Control

102

6s4d12-8

1683

16.5

Swiss_ﬁrotein_id=sp|Q9C554|EXPA1_ARATH . (83.53%
match : score=281) Expansin-Al OS=Arabidopsis
thaliana GN=EXPA1 PE=2 SV=1
Cdd_domain : (72.06matching : target=gnl|CDD|129070
. score=140
Populus_trichocarpa_match=POPTR_0010s17440.2
Ricinus_Communis_match=29813.m001510
A_thaliana_homologue=AT1G69530.1

36

Citrus_ES
TC03196
3

Control

62

6s4d12-8

1644

26.52

COG=S : Uncharacterized membrane protein
Swiss_protein_id=sp|P47818|CCC1_YEAST : (41.30%
match : score=131) Protein CCC1 OS=Saccharomyces
cerevisiae GN=CCC1 PE=1 Sv=1
Gene_Ontology : [GO:0003674 "molecular_function”
evidence=ND]

Cdd_domain : (52.89matching : target=gnl|CDD|29966 :
score=323)
Populus_trichocarpa_match=POPTR_0010s11480.1
Ricinus_Communis_match=29968.m000636
A_thaliana_homologue=AT2G01770.1
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Control 22 1 Swiss_protein_id=sp|022476|BRIL_ARATH : (34.69%
match : score=86.7) Protein BRASSINOSTEROID
INSENSITIVE 1 OS=Arabidopsis thaliana GN=BRI1
Citrus_ES ‘ PE=1 SV=1
37 TCO§>594 6s4d12-8 | 1386 63 Cdd_domain : (26.12rT:1astcc£1r|226.9.target=gnI|CDD|128515
Populus_trichocarpa_match=POPTR_0016s02970.1
Ricinus_Communis_match=29835.m000647
A_thaliana_homologue=AT3G47570.1
38 %gg%%—g; Control 203 1 Cdd_domain : (20.00matching : target=gnl|[CDD|133728
9 6s4d12-8 | 7799 3842 : score=33.
39 %6%53—58 Control 92 1 Cdd_domain : (62.50matching : target=gnl|CDD|128845
6 6s4d12-8 | 1250 | 13.59 : score=39.
20 %Ero%sigg Control 45 1 Cdd_domain : (31.82matching : target=gnl|CDD|109966
5 6s4d12-8 3095 68.78 : score=39.
a1 %EE)%SS_(EZ% Control 263 1 Cdd_domain : (23.08matching : target=gnl|CDD|32326 :
7 654d12-8 | 4826 | 1835 score=316
42 %EB%%—S% Control 243 1 Cdd_domain : (23.08matching : target=gnl|CDD|32326 :
8 6s4d12-8 | 13886 | 57.14 score=31.6
43 %gg%ss—% Control 86 ) Cdd_domain : (43.48matching : target=gnl|CDD|133726
0 6s4d12-8 | 1229 | 14.29 : score=33.
Citrus_ES Control 73 1
a4 TCO?771 6s4d12-8 | 1046 1433
Citrus_ES Control 75 1
45 TC06750 654d12-8 1660 2213 A_thaliana_homologue=AT3G54020.
1 - .
Swiss_protein_id=sp|Q9SZL8|FRS5_ARATH : (30.58%
Citrus ES Control 73 1 match : score=54.7) Protein FARL-RELATED SEQUENCE
46 | TC06547 5 OS=Arabidopsis thaliana GN=FRS5 PE=2 SV=1
0 Cdd_domain : (38.81matching : target=gnl|CDD|111941
6s4d12-8 2733 37.44 : score=68.
A_thaliana_homologue=AT3G07500.1
47 %26%5652 Control 44 1 Cdd_domain : (21.37matching : target=gnl|CDD|133727
3 6s4d12-8 | 1349 | 30.66 : score=52.
48 %EB%%—EZS Control 140 1 Cdd_domain : (22.92matching : target=gnl|CDD|133725
5 6s4d12-8 | 7875 | 56.25 : score=32.
49 %gg%sﬁl‘izs Control 46 1 Cdd_domain : (22.92matching : target=gnl|CDD|133725
6 6s4d12-8 | 4098 89.09 : score=32.
COG=R : Cellular protein (glioma tumor suppressor
candidate region gene 2)
Control 42 1 Swiss_protein_id=sp|022892|GSR2_ARATH : (58.52%
Citrus ES match : score=238) Uncharacterized protein At2g40430
50 | TC00045 OS= Arabldop5|s thaliana GN= At2940430 PE=2 SV=2
3 Cdd_domain : (22.63matching : target=gnl|CDD|116381
. score=119
6s4d12-8 2775 66.07 Populus_trichocarpa_match=POPTR_0008s07560.1
Ricinus_Communis_match= 29729.m002321
A_thaliana_homologue=AT2G40430.1
Citrus_ES Control 6357 1
>1 TCOS787 6s4d12-8 285 -2231
52 %6%53—5;‘ Control 1428 1 Cdd_domain : (26.92matching : target=gnl|CDD|133723
4 6s4d12-8 22 -64.91 . score=31.
Citrus_ES Control 1769 1
>3 TCOZO% 6s4d12-8 38 -46.55
Citrus_ES Control 11831 1
>4 TCOZO% 6s4d12-8 590 -20.05
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Citrus_ES Control 1683 1 Cdd_domain |: (19.23matching :
55 TCO07644 target=gnl|CDD|119393 : score= 50.
3 654d12-8 83 -20.28 A_thaliana Lomologue =AT1G52990.1
Control 8367 1 Swiss_protein_id=sp|P43309|PPO_MALDO : (71.58%
Citrus_ES match : score=95.5) Polyphenol oxidase, chIoropIastlc
56 | TC06373 d OS=Malus domestica PE=2 SV=1
3 6s4d12-8 331 -25.28 Populus_trichocarpa_match=POPTR_0011s04710.1
Ricinus_Communis_match=29851.m002367
57 %EB%%—&S Control 1455 1 Cdd_domain : (19.08matching : target=gnl|CDD|130701
0 6s4d12-8 93 -15.65 : score=38.
Control 1150 1 Swiss_protein_id=sp|P49098|CYB5_TOBAC : (40.54%
match : score=77.0) Cytochrome b5 OS=Nicotiana
Citrus_ES . tabacum PE=2 SV=1
58 TCOﬁJOO 654d12-8 74 15.54 Cdd_domain : (63A27r7:11tcc£1r|288b.target—gnI|CDD|1O9239
Populus_trichocarpa_match=POPTR_0014s01940.1
A_thaliana_homologue=AT5G48810.1
Citrus_ES Control 1148 1
> TCOil9OO 6s4d12-8 29 -39.59
60 %EBUSSf?E% Control 1183 1 Cdd_domain : (31.01matching : target=gnl|CDD|111297
5 6s4d12-8 46 -25.72 . score=56.
Citrus_ES | Control 3502 1 Cdd_domain : (51. 81match|ng
61 | TCO05869 tar et= gnI|hCDD|115193 score=111
4 6s4d12-8 204 -17.17 allana omologue=AT5G52390.1
Citrus_ES Control 1271 1 . .
Y Cdd_domain : (30.00matching : target=gnl|CDD|114802
62 TCO§OO6 6s4d12-8 14 -90.79 : score=33.
63 %26“852—&2 Control 1730 1 Cdd_domain : (32.00matching : target=gnl|CDD|133791
4 6s4d12-8 107 -16.73 : score=32.
Control 13246 1 Swiss_protein_id=sp|P51613|CHIB_VITVI : (86.67%
Citrus_ES match : score=63.2) Basic endochitinase OS=Vitis
64 TC11096 vinifera GN=CHIT1B PE=2 SV=1
7 6s4d12-8 | 263 | -50.37 | Cdd_domain : (86.36matching : target=gnl[CDD|109248
: score=54.
Citrus_ES Control 1134 1 )
65 TC125L096 654d12-8 75 1575 A_thaliana_homologue=AT4G24380.1
Citrus_ES Control 2495 1
66 TC1%098 6s4d12-8 94 -26.54
Citrus_ES Control 1698 1
67 TC1%217 6s4d12-8 67 -25.34
68 %Erlulsa—gf Control 2473 1 Cdd_domain : (38.46matching : target=gnl|CDD|111364
3 6s4d12-8 62 -39.89 : score=35.
Citrus_ES Control 5079 1
69 TC1842O 6s4d12-8 307 -16.54
Cdd_domain : (38. 12match|ng
Citrus s | Control | 2541 1 target=gnl|CDD[115193 : score=134
70 | TC09781 Populus_trichocarpa_match= POPTR_0015513050.1
6 6s4d12-8 121 221 Ricinus_Communis_match=30147.m013734
A_thaliana_homologue=AT5G52390.1
71 %EBL;;SE;‘ES Control 1635 1 Cdd_domain : (24.36matching : target=gnl|CDD|133727
6 6s4d12-8 24 -68.13 : score=53.
Citrus_ES Control 3896 1 )
72 TCO§953 654d12-8 51 76,39 Populus_trichocarpa_match=POPTR_0001s22450.1
Control 1009 1 Swiss_protein_id=sp|A7IZZZ|TPSZ_CANSA : (45.24%
Citrus_ES match : score=66.2) (+)-alpha-pinene synthase,
73 | TC09304 chloroplastlc OS=Cannabis sativa PE=1 SV=1
4 6s4d12-8 27 -37.37 | cdd_domain : (40. 91matching : target=gnl|CDD|29478 :

score=48 1
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Citrus_ES Control 3726 1
74 TCO%718 6s4d12-8 225 -16.56
Control 2065 1 Cdd_domain : (2784match|ng target gnl|CDD|133700
Citrus_ES : score=4
75 TC04599 Populus_trichocarpa_match= POPTR_OOO9sl6550.2
8 6s4d12-8 | 104 | -19.86 Ricinus_Communis_match=29625.m000706
A_thaliana_homologue=AT3G44450.1
Control 1852 1 Gene_Ontology : [G0O:0030325 "adrenal gland
development evidence=I
Citrus_ES Cdd_domain : (41.56matching : target=gnl|CDD|111421
76 | TC04363 © score=75.
8 6s4d12-8 112 -16.54 Populus_trichocarpa_match=POPTR_0003s06860.1
Ricinus_Communis_match=29727.m000464
A_thaliana_homologue=AT1G72430.1
Control 1461 1 Swiss_protein_id=sp|Q93X23|MYRS_QUEIL : (55.75%
match : score=282) Myrcene synthase, chIoropIastlc
Citrus ES OS=Quercus ilex PE=1 SvV=1
77 | Tco084> Cdd_domain : (51.89matching : target=gnl|CDD|29478 :
4 6s4d12-8 20 -73.05 . score=364)
Populus_trichocarpa_match=POPTR_0019s01460.1
Ricinus_Communis_match=29771.m000073
A_thaliana_homologue=AT3G25820.1
Swiss_protein_id=sp|Q6J163|5NG4_PINTA : (32.19%
match : score=93.6) Auxin-induced protein SNG4
Citrus g5 | Control | 2605 1 cad 4 OS=Pinus taeda PE=2 SV= 1||<: 109930
- _domain : (17.56matching : target=gnl|CDD
78 TCOg779 - score=54.
-144.7 Populus_trichocarpa_match=_POPTR_0001s15780.1
6s4d12-8 18 5 Ricinus_Communis_match=29916.m000515
A_thaliana_homologue=AT5G47470.1
Swiss_protein_id=sp|074913|YJ72_SCHPO : (27.06%
match : score=125) Uncharacterized protein C757.02¢
Control 8972 1 OS=Schizosaccharomyces pombe GN=SPCC757.02c
PE=2 SV=1
Citrus_ES Gene_Ontology : [GO:0005089 "Rho guanyl-nucleotide
79 | TCO0861 exchange factor
7 Cdd_domain : (19.15matching : target=gnl|CDD|30800 :
6s4d12-8 | 193 | -46.49 score=57.4
s B 0. Populus_trichocarpa_match=POPTR_0014s01970.1
Ricinus_Communis_match=30170.m013766
A_thaliana_homologue=AT4G24220.1
COG=R : Ras-related small GTPase, Rho type
Swiss_protein_id=sp|Q6EP31|RAC5_ORYS) : (99.17%
Control 3937 1 match : score=244) Rac-like GTP-binding protein 5
OS=0Oryza sativa subsp. japonica GN=RAC5 PE=2
80 %gg%sggzs Gene_Ontology : [GO:S(;/O?)27520 "myoblast fusion"
1 evidence=IMP;IDA]
Cdd_domain : (9043match|ng target=gnl|CDD|133333
: score=252
654d12-8 101 -38.98 Populus_trichocarpa_match=POPTR_0009s13700.2
Ricinus_Communis_match=29602.m000209
A_thaliana_homologue=AT1G75840.1
Control 5275 1 COG=Q : Alcohol dehydrogenase, cIass 1l
Swiss proteln id= sp|P14673|ADH1_SOLTU : (89.74%
match : score=656) Alcohol dehydrogenase 1
0S=Solanum tuberosum GN=ADH1 PE=2 SV=1
Citrus_ES Gene_OntoIogtl/D.: d.[GQ:OOSC}O82 iLIJBfolded protein
81 | TC00949 inding" evidence=
9 6s4d12-8 350 | -15.07 ) ~Cdd_do
main : (52.03matching : target=gnl|CDD|131865 :

score=478
Populus_trichocarpa_match=POPTR_0007s03890.1
Ricinus_Communis_match=28353.m000053
A_thaliana_homologue=AT1G77120.1
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82

Citrus_ES
TC00572
0

Control

14774

6s4d12-8

292

-50.6

COG=R : Predicted chitinase
Swiss_protein_id=sp|P51613|CHIB_VITVI : (70.74%
match : score=480) Basic endochitinase OS=Vitis

vinifera GN=CHIT1B PE=2 SV=1
Gene_Ontology : [GO:0004568 "chitinase activity"
evidence=IDA]

Cdd_domain : (78.02matching : target=gnl|CDD|109248
. score=474
Populus_trichocarpa_match=POPTR_0009s14380.1
Ricinus_Communis_match=29797.m000356
A_thaliana_homologue=AT3G12500.1

83

Citrus_ES
TC00465
1

Control

2436

6s4d12-8

58

-42

Gene_Ontology : [GO:0008150 "biological_process"
evidence=ND]

[

Cdd_domain : (33.33matching : target=gnl|CDD|136712
: score=33.
Ricinus_Communis_match=30027.m000827
A_thaliana_homologue=AT4G10265.1

84

Citrus_ES
TC00078
9

Control

1651

6s4d12-8

56

-29.48

COG=Q : O-methyltransferase
Swiss_protein_id=sp|Q43095|CAMT_POPTM : (73.21%
match : score=313) Caffeoyl-CoA O-methyltransferase

OS=Populus tremuloides PE=2 SV=1
Gene_Ontology : [GO:0000398 "nuclear mRNA splicing,
via spliceosom
Cdd_domain : (56.73matching : target=gnl|[CDD|110590
: score=300
Populus_trichocarpa_match=POPTR_0009s10270.1
Ricinus_Communis_match=29801.m003158
A_thaliana_homologue=AT4G34050.1

85

Citrus_ES
TC00122
6

Control

7502

6s4d12-8

358

-20.96

COG=I : Cis-prenyltransferase
Swiss_protein_id=sp|Q56Y11|DDPS2_ARATH : (59.38%
match : score=110) Dehydrodolichyl diphosphate
synthase 2 OS=Arabidopsis thaliana GN=At5g58770
PE=2 SV=2
Cdd_domain : (40.82matching : target=gnl|CDD|30370 :
score=83.2
Populus_trichocarpa_match=POPTR_0009s05010.1
Ricinus_Communis_match=29681.m001337
A_thaliana_homologue=AT5G58770.1

86

Citrus_ES
TC00122
7

Control

4664

6s4d12-8

230

-20.28

COG=I : Cis-prenyltransferase
Swiss_protein_id=sp|Q56Y11|DDPS2_ARATH : (53.57%
match : score=193) Dehydrodolichyl diphosphate
synthase 2 OS=Arabidopsis thaliana GN=At5g58770
PE=2 SV=2
Gene_Ontology : [GO:0006585 "dopamine biosynthetic
process from ty
Cdd_domain : (48.95matching : target=gnl|CDD|110269
. score=164
Populus_trichocarpa_match=POPTR_0009s05010.1
Ricinus_Communis_match=29681.m001337
A_thaliana_homologue=AT5G58770.1

87

Citrus_ES
TC00273
9

Control

3710

6s4d12-8

134

-27.69

Gene_Ontology : [GO:0007422 "peripheral nervous
system development
Cdd_domain : (25.64matching : target=gnl|CDD|118302
: score=44.
Populus_trichocarpa_match=POPTR_0016s11010.1
Ricinus_Communis_match=29815.m000502
A_thaliana_homologue=AT3G10040.1

88

Citrus_ES
TC01774
8

Control

3866

6s4d12-8

206

-18.77

COG=I : Cis-prenyltransferase
Swiss_protein_id=sp|Q56Y11|DDPS2_ARATH : (60.48%
match : score=148) Dehydrodolichyl diphosphate
synthase 2 OS=Arabidopsis thaliana GN=At5g58770
PE=2 SV=2
Gene_Ontology : [GO:0006585 "dopamine biosynthetic
process from ty
Cdd_domain : (43.22matching : target=gnl|CDD|29593 :
score=114)
Populus_trichocarpa_match=POPTR_0009s05010.1
Ricinus_Communis_match=29681.m001337
A_thaliana_homologue=AT5G58770.1
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89

Citrus_ES
TC02618
3

Control

2970

6s4d12-8

41

7244

COG=Q : O-methyltransferase
Swiss_protein_id=sp|O65862|CAMT1_POPTR : (77.88%
match : score=169) Caffeoyl-CoA O-methyltransferase 1
OS=Populus trichocarpa GN=CCOAOMT1 PE=2 SV=1
Cdd_domain : (65.66matching : target=gnl|CDD|110590
: score=162
Populus_trichocarpa_match=POPTR_0009s10270.1
Ricinus_Communis_match=29801.m003158
A_thaliana_homologue=AT4G34050.1

90

Citrus_ES
TC04106
5

Control

1508

6s4d12-8

49

-30.78

COG=MW : Fasciclin and related adhesion
glycoproteins
Swiss_protein_id=sp|Q66GRO|FLAL7_ARATH : (63.25%
match : score=335) Fasciclin-like arabinogalactan
protein 17 OS=Arabidopsis thaliana GN=FLA17 PE=2
Sv=1
Cdd_domain : (29.85matching : target=gnl|CDD|111375
. score=87.
Populus_trichocarpa_match=POPTR_0016s06680.1
Ricinus_Communis_match=29854.m001118
A_thaliana_homologue=AT5G06390.1

91

Citrus_ES
TC04179
7

Control

1502

6s4d12-8

13

-115.5
4

Swiss_protein_id=sp|Q93X23|MYRS_QUEIL : (57.70%
match : score=631) Myrcene synthase, chloroplastic
OS=Quercus ilex PE=1 Sv=1
Cdd_domain : (47.37matching : target=gnl|CDD|29478 :
score=686)
Populus_trichocarpa_match=POPTR_0019s01340.1
Ricinus_Communis_match=29771.m000073
A_thaliana_homologue=AT3G25810.1

92

Citrus_ES
TC04256
5

Control

8625

6s4d12-8

442

-19.51

Swiss_protein_id=sp|Q8S9G6|T5AT_TAXCH : (33.16%
match : score=213) Taxadien-5-alpha-ol
O-acetyltransferase OS=Taxus chinensis PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component"
evidence=ND]

Cdd_domain : (35.53matching : target=gnl|CDD|111364
. score=348
Populus_trichocarpa_match=POPTR_0019s06040.1
Ricinus_Communis_match=29822.m003503
A_thaliana_homologue=AT5G17540.1

93

Citrus_ES
TC04315
3

Control

4268

6s4d12-8

263

-16.23

COG=M : Chitinase
Swiss_protein_id=sp|P29060|CHIA_TOBAC : (73.16%
match : score=391) Acidic endochitinase OS=Nicotiana
tabacum PE=1 SV=1
Gene_Ontology : [GO:0006032 "chitin catabolic
process" evidence=NA
Cdd_domain : (57.19matching : target=gnl|CDD|119356
. score=437
Populus_trichocarpa_match=POPTR_1540s00210.1
Ricinus_Communis_match=30174.m008677
A_thaliana_homologue=AT5G24090.1

94

Citrus_ES
TC03679
9

Control

5351

6s4d12-8

115

-46.53

COG=Q : O-methyltransferase
Swiss_protein_id=sp|Q43095|CAMT_POPTM : (76.52%
match : score=389) Caffeoyl-CoA O-methyltransferase

OS=Populus tremuloides PE=2 SV=1
Gene_Ontology : [GO:0003713 "transcription
coactivator activity" e
Cdd_domain : (61.97matching : target=gnl|CDD|110590
: score=340
Populus_trichocarpa_match=POPTR_0009s10270.1
Ricinus_Communis_match=29801.m003158
A_thaliana_homologue=AT4G34050.1

95

Citrus_ES
TC03582
9

Control

5280

6s4d12-8

246

-21.46

Cdd_domain : (65.77matching : target=gnl|CDD|115193
: score=198
Populus_trichocarpa_match=POPTR_0015s13050.1
Ricinus_Communis_match=30147.m013734
A_thaliana_homologue=AT5G52390.1
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Control 1879 1 Swiss_protein_id=sp|P17801|KPRO_MAIZE : (50.31%
match : score=163) Putative receptor protein kinase
ZmPK1 OS=Zea mays GN=PK1l PE=2 SV=2

Citrus ES Gene_Ontology : [G0:0004674 "protein
9 | TC02993 _serine/threonine kinase activ
6 654d12-8 93 202 | Cdd_domain : (36.30match|nglé6target=gnI|CDD|1O9137
. score=
Populus_trichocarpa_match=POPTR_0007s03700.1
Ricinus_Communis_match=27747.m000116
A_thaliana_homologue=AT5G60900.1

Control 2707 1 Cdd_domain : (58.33matching : target=gnl|CDD|115194
Citrus_ES I " : scorﬁ:154

97 TC03192 Populus_trichocarpa_match=POPTR_0004s11630.1

5 6s4d12-8 | 46 | -5885 Ricinus_Communis_match=29847.m000248
A_thaliana_homologue=AT3G29970.1

Swiss_protein_id=sp|023693|MLO4_ARATH : (47.89%
match : score=187) MLO-like protein 4 OS=Arabidopsis
thaliana GN=MLO4 PE=2 SV=2
Gene_Ontology : [GO:0003674 "molecular_function”
evidence=ND]

Cdd_domain : (35.98matching : target=gnl|CDD|111934

I N : scorer:]=183
Populus_trichocarpa_match=POPTR_0005s11350.1
6s4d12-8 56 -46.27 pRicinus_CommFL)mis_match= 29656.m000483
A_thaliana_homologue=AT1G11000.1

Control 2591 1
Citrus_ES
98 TC03347
3

Control 6055 1 Cdd_domain : (61.86matching : target=gnl|CDD|115193
Citrus_ES I N : scorﬁ=19l

99 TC03410 Populus_trichocarpa_match=POPTR_0012513140.1

8 6s4d12-8 313 -19.35 Ricinus_Communis_match=30147.m013734
A_thaliana_homologue=AT5G52390.1

Control 8305 1 Swiss_protein_id=sp|O04887|PME2_CITSI : (96.88%
match : score=195) Pectinesterase 2 OS=Citrus sinensis
GN=PECS-2.1 PE=2 Sv=1
Gene_Ontology : [GO:0008150 "biological_process"

Citrus_ES evidence=ND]
100 | TC0O0006 [
9 6s4d12-8 296 | -28.06 | cdd_domain : (59.26matching : target=gnl|CDD|110119
. score=153
Populus_trichocarpa_match=POPTR_0002514640.1
Ricinus_Communis_match=30174.m008846
A_thaliana_homologue=AT2G45220.1
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COG=Q : Beta, beta-carotene 15,15'-dioxygenase and

related enzymes

Swiss_protein_id=sp|Q84K96|ZCD_CROSA : (50.91% match :

. score=119) Zeaxanthin cleavage dioxygenase, chromoplast

Citrus_ESTC OS=Crocus sativus GN=ZCD PE=2 SV=1

034476 654d12-8 2194 934 Cdd_domain : (39.09masté:glrzgil';arget—gnl|CDD|111897 :
Populus_trichocarpa_match= POPTR_0009s15430.1

Ricinus_Communis_match= 29827.m002661
A_thaliana_homologue=AT4G19170.1

Swiss_protein_id=sp|049901|ZDS_NARPS : (86.05% match :

" I scorhe=75.5)I Zeta-carotene desa’curasea

Cit ESTC chloroplastic/chromoplastic OS=Narcissus pseudonarcissus
itrus_ Control | 3824 1 GN=7DS1 PE=2 SV=1

114984 Cdd_domain : (76.00matching : target=gnl|CDD|131779 :

score=47.

6s4d12-8 1655 -2.31 | A_thaliana_homologue=AT3G04870.1

Control | 235 1
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COG=Q : Beta, beta-carotene 15,15'-dioxygenase and

related enzymes

Swiss_protein_id=sp|Q84KG5|CCD_CROSA : (74.77% match :
score=180) Carotenoid cleavage dioxygenase OS=Crocus

Citrus_ESTC Control | 1081 1 sativus GN=CCD PE=2 SV=1
020170 Cdd_domain : (46.04matching : target=gnl|CDD|111897 :
score=150

Populus_trichocarpa_match= POPTR_0001s27270.1
Ricinus_Communis_match= 29864.m001501
6s4d12-8 284 -3.81 | A_thaliana_homologue=AT3G63520.1

COG=Q : Amine oxidase
Swiss_protein_id=sp|Q9FV46[ZDS_TARER : (87.80% match :
score=228) Zeta-carotene desaturase,
chloroplastic/chromoplastic OS=Tagetes erecta PE=2 SV=1

Citrus ESTC Control | 4403 1 Gene_Ontology : [GO:0046148 "pigment biosynthetic
- process" evidenc
008511 Cdd_domain : (75.61matching : target=gnl|CDD|131779 :
score=238

Populus_trichocarpa_match= POPTR_0013s03470.1
Ricinus_Communis_match= 30128.m008623
6s4d12-8 2153 -2.05 | A_thaliana_homologue=AT3G04870.1

COG=Q : Beta, beta-carotene 15,15'-dioxygenase and
related enzymes
Swiss_protein_id=sp|Q84KG5|CCD_CROSA : (78.30% match :
score=332) Carotenoid cleavage dioxygenase OS=Crocus
sativus GN=CCD PE=2 SV=1
Citrus_ESTC Control | 1315 1 Gene_Ontology : [GO:0008150 "biological_process”
04183% evidence=ND]

[

Cdd_domain : (42.31matching : target=gnl|CDD|111897 :
score=239
Populus_trichocarpa_match= POPTR_0001s27260.1
Ricinus_Communis_match= 29864.m001501

6s4d12-8 449 -2.93 | A_thaliana_homologue=AT3G63520.1

COG=I : Squalene synthetase
Swiss_protein_id=sp[P37271|PSY_ARATH : (61.42% match :
score=148) Phytoene synthase, chloroplastic

Citrus_ESTC Control | 3067 1 OS=Arabidopsis thaliana GN=PSY1 PE=2 SV=2

- Cdd_domain : (36.22matching : target=gnl|CDD|29477 :

018698 score=84.7

Populus_trichocarpa_match= POPTR_0017s02080.1
Ricinus_Communis_match= 28611.m000105

6s4d12-8 1525 -2.01 | A_thaliana_homologue=AT5G17230.1

COG=Q : Beta, beta-carotene 15,15'-dioxygenase and
related enzymes
Swiss_protein_id=sp|Q84K96|ZCD_CROSA : (50.91% match :
. score=119) Zeaxanthin cleavage dioxygenase, chromoplast
Citrus_ESTC Control | 235 1 OS=Crocus sativus GN=ZCD PE=2 SV=1
034476 Cdd_domain : (39.09matching : target=gnl|CDD|111897 :
score=117
PopuIus_trichocarpa_match:h POPTR_0009s15430.1
Ricinus_Communis_match= 29827.m002661
6s4d12-8 | 2194 | 934 | A thaliana_homologue=AT4G19170.1

COG=CR : Kynurenine 3-monooxygenase and related
flavoprotein monooxygenases
Swiss_protein_id=sp|Q40412|ABA2_NICPL : (25.41% match :
score=66.2) Zeaxanthin epoxidase, chloroplastic
OS=Nicotiana plumbaginifolia  GN=ABA2 PE=1 SV=1
Citrus ESTC Control | 5088 1 Gene_Ontology : [GO:0003674 "molecular_function”
00860(; evidence=ND]

[

Cdd_domain : (27.37matching : target=gnl|CDD|30999 :
score=167)
Populus_trichocarpa_match= POPTR_0001s31500.1
Ricinus_Communis_match= 27436.m000290

6s4d12-8 619 -8.22 | A_thaliana_homologue=AT4G38540.1
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Citrus_EST
C016630

Swiss_protein_id=sp|O65333|CFI_ELAUM : (32.09% match :
score=67.8) Chalcone--flavonone isomerase OS=Elaeagnus
Control | 499 1 umbellata GN=CHI PE=2 SV=1

ontro Gene_Ontology : [GO:0005575 "cellular_component”
evidence=ND]

[
Cdd_domain : (23.48matching : target=gnl|CDD|111337 :
score=56.
6s4d12-8 1226 2.46 Populus_trichocarpa_match= POPTR_0019s08610.2
Ricinus_Communis_match= 29729.m002368
A_thaliana_homologue=AT5G05270.1

Citrus_EST
C073508

Control | 2436 1 Swiss_protein_id=sp|P51106|DFRA_HORVU : (50.00% match :
score=64.3) Dihydroflavonol-4-reductase OS=Hordeum

vulgare GN=ANT18 PE=3 SV=1
Cdd_domain : (38.89matching : target=gnl|CDD|138686 :
6s4d12-8 1152 -2.11 score=33.
A_thaliana_homologue=AT5G19440.1

Citrus_EST
C104482

Swiss_protein_id=sp|Q84KPO|DFRA_PYRCO : (40.00% match :

Control | 2084 1 score=53.1) Bifunctional dihydroflavonol 4-reductase/flavanone

4-reductase OS=Pyrus communis GN=DFR PE=1 SV=1

Cdd_domain : (32.39matching :3target=gnI|CDD|132506 :
score=43.

6s4d12-8 787 -2.65 | A_thaliana_homologue=AT2G02400.1

Citrus_EST
C028266

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|004773|C75A6_CAMME : (48.33% match :
score=119) Flavonoid 3'5'-hydroxylase OS=Campanula

Control | 1777 1 medium GN=CYP75A6 PE=2 SV=1
Cdd_domain : (37.93matching : target=gnl|CDD|109135 :
score=115
Populus_trichocarpa_match= POPTR_0331s00210.1
Ricinus_Communis_match= 30190.m011007

6s4d12-8 183 -9.71 | A_thaliana_homologue=AT4G12330.1

Citrus_EST
C030051

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQI|F3PH_PETHY : (45.88% match :
score=153) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component”
Control | 1096 1 evidence=ND]

[

Cdd_domain : (31.10matching : target=gnl|CDD|109135 :
score=87.
Populus_trichocarpa_match= POPTR_0001s16800.1
Ricinus_Communis_match= 29706.m001271

6s4d12-8 489 -2.24 | A_thaliana_homologue=AT1G13110.1

Citrus_EST
C022826

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQ9|F3PH_PETHY : (44.52% match :
score=103) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component”
Control | 1820 1 evidence=ND]

[

Cdd_domain : (34.96matching : target=gnl|[CDD|109135 :
score=82.
Populus_trichocarpa_match= POPTR_0003s06460.1
Ricinus_Communis_match= 29706.m001271

6s4d12-8 264 -6.89 | A_thaliana_homologue=AT3G26200.1
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Citrus_EST
C002534

Control

8887

654d12-8

3124

-2.84

COG=R : Sulfotransferase
Swiss_protein_id=sp|P52836|F3ST_FLACH : (45.83% match :
score=169) Flavonol 3-sulfotransferase OS=Flaveria chlorifolia
PE=1 SV=2
Gene_Ontology : [GO:0003674 "molecular_function”
evidence=ND]
Cdd_domain : (33.75matching : target=gnl|CDD|109729 :
score=144
Populus_trichocarpa_match= POPTR_0003s19290.1
Ricinus_Communis_match= 35683.m000014
A_thaliana_homologue=AT5G07010.1

Citrus_EST
C002117

Control

12374

6s4d12-8

3111

-3.98

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQI|F3PH_PETHY : (43.45% match :
score=389) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component"
evidence=ND]

[
: (33.26matching : target=gnl|CDD|109135 :
score=310
Populus_trichocarpa_match= POPTR_0001s16800.1
Ricinus_Communis_match= 29706.m001271
A_thaliana_homologue=AT5G07990.1

Cdd_domain

Citrus_EST
C002212

Control

3506

654d12-8

1659

-2.11

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQI|F3PH_PETHY : (40.45% match :
score=382) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0008150 "biological_process"
evidence=ND]
Cdd_domain : (33.33matching : target=gnl|CDD|109135 :
score=300
Populus_trichocarpa_match= POPTR_0001s16800.1
Ricinus_Communis_match= 29706.m001271
A_thaliana_homologue=AT5G07990.1

Citrus_EST
C002533

Control

14323

6s4d12-8

5078

-2.82

COG=R : Sulfotransferase
Swiss_protein_id=sp|P52839|FSTL_ARATH : (44.24% match :
score=276) Flavonol sulfotransferase-like OS=Arabidopsis

thaliana GN=At2g03760 PE=1 SV=2
Gene_Ontology : [GO:0003674 "molecular_function”
evidence=ND]
Cdd_domain : (33.58matching : target=gnl|[CDD|109729 :

score=233

Populus_trichocarpa_match= POPTR_0003s19290.1

Ricinus_Communis_match= 35683.m000014

A_thaliana_homologue=AT5G07010.1

Citrus_EST
C003462

Control

4255

654d12-8

2114

-2.01

COG=V : Flavonol reductase/cinnamoyl-CoA reductase
Swiss_protein_id=sp|P51105|DFRA_GERHY : (27.81% match :
score=111) Dihydroflavonol-4-reductase OS=Gerbera hybrida

GN=DFR PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component”
evidence=ND]

Cdd_domain : (17.53matching : target=gnl|CDD|30800 :
score=62.8
Populus_trichocarpa_match= POPTR_0018s10950.2
Ricinus_Communis_match= 27622.m000153

A_thaliana_homologue=AT4G30470.1

Citrus_EST
C001158

Control

2883

6s4d12-8

1105

-2.61

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQ9|F3PH_PETHY : (37.04% match :
score=299) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component”
evidence=ND]

[
(31.52matching : target=gnl|CDD|109135 :
score=330
Populus_trichocarpa_match= POPTR_0001s07860.1
Ricinus_Communis_match= 30190.m011008
A_thaliana_homologue=AT4G12300.1

Cdd_domain :
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Citrus_EST
C008845

Control

2504

6s4d12-8

304

-8.24

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQI|F3PH_PETHY : (41.07% match :
score=320) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0005575 "cellular_component”
evidence=ND]
[

Cdd_domain : (32.57matching : target=gnl|CDD|109135 :
score=309
Populus_trichocarpa_match= POPTR_0001s16800.1
Ricinus_Communis_match= 29706.m001271

A_thaliana_homologue=AT3G26330.1

Citrus_EST
C006234

Control

5828

6s4d12-8

468

-12.45

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|Q9SBQ9|F3PH_PETHY : (36.10% match :
score=235) Flavonoid 3'-monooxygenase OS=Petunia hybrida
GN=CYP75B2 PE=2 SV=1
Gene_Ontology : [GO:0008150 "biological_process"
evidence=ND]

Cdd_domain : (29.89matching : target=gnl|CDD|109135 :
score=205
Populus_trichocarpa_match= POPTR_0001s07850.1
Ricinus_Communis_match= 30190.m011007

A_thaliana_homologue=AT4G12300.1

Citrus_EST
C005594

Control

20329

654d12-8

5297

-3.84

Swiss_protein_id=sp|P52577|IFRH_ARATH : (74.52% match :
score=472) Isoflavone reductase homolog P3 OS=Arabidopsis
thaliana GN=Atlg75280 PE=1 SV=1
Cdd_domain : (54.47matching : target=gnl|CDD|114110 :
score=325
Populus_trichocarpa_match= POPTR_0002s03580.1
Ricinus_Communis_match= 30170.m014063

A_thaliana_homologue=AT1G75280.1

Citrus_EST
C044273

Control

2316

6s4d12-8

742

-3.12

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|004773|C75A6_CAMME : (48.15% match :
score=87.4) Flavonoid 3'5'-hydroxylase OS=Campanula
medium GN=CYP75A6 PE=2 SV=1
Cdd_domain : (33.85matching : target=gnl|CDD|109135 :
score=68.
Populus_trichocarpa_match= POPTR_0001s07860.1
Ricinus_Communis_match= 30190.m011008

A_thaliana_homologue=AT4G12320.1

Citrus_EST
C044555

Control

2717

654d12-8

367

-7.4

COG=Q : Cytochrome P450 CYP2 subfamily
Swiss_protein_id=sp|P48418|C75A1_PETHY : (58.88% match :
score=123) Flavonoid 3',5'-hydroxylase 1 OS=Petunia hybrida
GN=CYP75A1 PE=2 SV=1
Cdd_domain : (39.58matching : target=gnl|CDD|109135 :
score=104
Populus_trichocarpa_match= POPTR_0001s07850.1
Ricinus_Communis_match= 30190.m011007
A_thaliana_homologue=AT4G12330.1

Citrus_EST
C042679

Control

3150

6s4d12-8

1355

-2.32

COG=GC : UDP-glucuronosyl and UDP-glucosyl transferase
Swiss_protein_id=sp|Q9ZQ95]FOGT1_ARATH : (56.88% match :
score=557) Flavonol-3-O-glycoside-7-O-glucosyltransferase 1
OS=Arabidopsis thallana GN=UGT73C6 PE=2 SV=1
Gene_Ontology : [GO:0006816 "calcium ion transport”
evidence=ISS]<
Cdd_domain : (25.99matching : target=gnl|CDD|109266 :
score=92.
Populus_trichocarpa_match= POPTR_0012s04600.1
Ricinus_Communis_match= 29579.m000198
A_thaliana_homologue=AT2G36790.1

Citrus_EST
C039353

Control

1080

6s4d12-8

132

-8.18

COG=V : Flavonol reductase/cinnamoyl-CoA reductase
Swiss_protein_id=sp|P51108|DFRA_MAIZE : (36.81% match :
score=189) Dihydroflavonol-4-reductase OS=Zea mays
GN=Al PE=3 SV=1
Gene_Ontology : [GO:0003674 "molecular_function"
evidence=ND]
Cdd_domain : (27.38matching : target=gnl|CDD|30800 :
score=136)
Populus_trichocarpa_match= POPTR_0002s00600.1
Ricinus_Communis_match= 30170.m013804
A_thaliana_homologue=AT2G33590.1
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COG=Q : O- methyltransferase
Swiss_protein_id= sp|O65862|CAMTl POPTR : (77.88% match :
score=169) Caffeoyl-CoA O- methyltransferase 1 OS=Populus
Citrus EST Control 2970 1 trichocarpa GN=CCOAOMT1 PE=2 SV=1
026183 Cdd_domain : (65.66matching : target=gnl|CDD|110590 :
score=162
Populus_trichocarpa_match=POPTR_0009s10270.1
Ricinus_Communis_match=29801.m003158
6s4d12-8 41 -72.44 A_thaliana_homologue=AT4G34050.1
. EA¥o] AEE o€ FT-IR 29 EH 7|4t A ZSA E47]H 93 = ¢
AL
O BrEd Zolg Hole =AWl 4AFS W= 899 A9 FT-IRY =HERS
Tt o] utFoE 11€9 Frot e s dSFste Rdys 75
8g 118
s e 5 =3 Az =3 sz
("Brix) (%) (°Brix) (%)
=TI HxH) 5 6.2+0.13 2.19+0.03 8.4+0.42 0.64+0.04
8a68-12(M1) 5 6.2+0.29 1.82+0.08 10.3+1.88 0.99+0.25
4c25-1(M2) 5 6.2+0.53 1.81+0.08 8.4+0.23 0.79+0.08
SHa1-2(M3) 5 6.3+0.38 2.09+0.16 9.7+0.83 0.61+0.06
SBa3-4(M4) 5 6.3+0.26 1.75+£0.07 9.5+0.18 0.65+0.03
O FT-IR 289 E 7 iz 57
A
C
g
e " Wa“v:anglh“:m“) e - * -10 Cf.omp1 " " .
(A) "ds B ~HEH S4& A8ES o83ty 543 FT-IR ~HEH tfo]F
, SR E 44 A AlE Aol vt W) e BES, Ce CJtrus unshiu
Marc. Cv. Miyagawa—Wase<, Ml% Zadmo] g2l 1S5, M2E 94 g2 25, M3
= W0l el 35, 2Ea M4 W] el 45 YEd
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(B)= ¥53" ~"EY do]e 9 PCA(Principal component analysis, 4 &%4]) 23}
% PCA 23o& Ul adjz2, A3 HHLE& E82H9 AAE JYedH, Ce
Citrus unshiu Marc. Cv. Miyagawa—Wase, M1< o] g2l 1, M2 EdwWo] <l
2, M3& B¢l 2k¢l 3, 28]z M4E 4] g9l 42 Yehy.

(O)= #73d =" EZ doJg e PCA(Principal component analysis, F/3%#%4)
= PCA 23919 s}F% (loading values) ZFS Uee 2=z, 4 FEE & 2
ZH2EHYANA Fou|gt 9SS = FT-IR 99L, C= CCitrus unshiu Marc. Cv.

Miyagawa—Wase, M12 &dHo] 212 1, M2= sdHo] 22l 2, M3 Ed¥o] gl

3, 22]a M4+ E<dde] 2l 45 Yehd.

(D)& PLS-DA 23] %<& yUehlle 2z, 99 HidL 3 T/ A8 &
28 AAZS YetY, CE Citrus unshiu Marc. Cv. Miyagawa—Wase, M1S E ¢ o]
Zhel 1, M2& E<ddo] <l 2, M3= EdWo] &< 3, 283 Md= W] 2l 45

LHER.

_1 U

Y= 0.98x + 0,167
R*=0.99

i

Predicted of acidity (%)

84

Predicted of sugar content (Brix°}
o 3

&
iy 06 084 05
Estimated of acidity (%)

T T r v r r S 9 10 " 1z ]
0.08 0.06 0.04 0.02 o 25 20 15 10 5 [ Estimated of sugar content (Brix°)

AEx HCA W==2I¥(dendrogram) % PCA WE==EI%(dendrogram) ¥4 Z3=Z, Ce
Citrus unshiu Marc. Cv. Miyagawa—Wase, M12 &% o] g2l 1, M2& =Wl <l
2, M3= Edxo] g 3, 283 Md= Ed%o] gl 45 vEhd.

£ HCA Wi=273%(dendrogram) % PLS—DA W== 13 (dendrogram) 4 A=,
Ce Citrus unshiu Marc. Cv. Miyagawa—Wase, M1& EdHo] 242l 1, M2+ EUH ]

el 2, M3+ EdWo] 9l 3, 283 Miv= EdWe] g9 45 Yehd.

Ce AEYE &% dF PLS Rd¥ S A&t 42 = Ui odSF% 7t 272, v
ds HJAES o]&3te] RS dFaH, dsE AAS o8t AT HAA S8 AL
ole] Mg 37 B4 AAE U d(IAZBASF, R=0.99)

De /st A g5 oS PLS BdS FEste] 42 4tzo Uis d3= Hr7F 2
B2, vAds FAS o #H, Asd HAS ol&dty A AA =

O FT-IR 29E37 g EARNS B83c] 289 7154 4% 9% a23 F
F @20 Agat ANE do) 5HEY Fo e
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<A2AF-HA: EdH| A # B FERASFEA>

P} ATER AR old % AT 24
MR A AL

—AAEIE AFe] 3 V€ FITEFOE ARSI A AR H YR (AN
W5)s @B EXGCR oA I A IR U] AE AFA dde xFo

o ZEUF o4 F 705 1FE oAFAS

<AFAEF 2 A 2 BTG AA> <EUFolH(AFA dHE)>
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O =ddel &9 /A FAst] Aol &8st7] 4
 SFEZS AVIEE BY ¥ JxUd~109), A
4(249), HalsH4d~108), #EFZ(11€~124),
Alml(24, 84) &
dEld (AT FH
J B E S
=d%ol JHAl S48 2 24 ARE 2dWo] JHAIE #A t el HEst A5 F
A Qo] ¢ AT AT AAol 2o xS Avlsty =

) AAES T & 242

i3
rx

H

OFeH) -0k LH &5 €444 11 0y 510t
S-RIZFN 2HS

-
It

® A0 ~7 Y YA SAMO| LU =
(2009 ~ 20114)

@60 ~2 P9 gHAtH SAHBIQ| 2xA
82 (2012 ~ 20134)

@ E-0 ~5 39 o HEARA S 0H0
= (20144)

rx
s
bl

9. £dWol 2@ T W BA

O FF=AWo] AEQA ANLF(6s4a30—13, 238 o] Ltz B (A ANA)

loduo oy C.2

(s)eT-0802 > C 2

=AWl g oA
EdolAAN FALS (1A
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(2) T =y

EJL{ AT 30-13(s)

of el 1t
e ) Bt wEZd 5 AN, 5718
HF2ol o
ey “H% 3 S Tl BYIksiel HEH FBS

- 9]

o=

ABRI Qe AT

SHEHA=F2 AO|(EELH)

654A30-15

Sl B A= 5 0] KFOI(F A
=

Col | a0
T

Control

- o A = .8 o !
B53A14-11 40X 658A65-07 40X

658A14-11 658A65-07

BHEAZ A LS controlol] BIS|A 3F9] WolA| 7l BF A EZFZo] wton FE ol S o]

1joje 0 ZHAFR EIO H=olH SodS BT

x AL ZE 0| XEO| (BB YR HMYZH RO(EHT)
= ‘ g‘sémq-15 Control 654A30-15
m g

CRRAIA T SRR 658A14-11 6S8A65.07 658A14-11 40X 658A65-07 40X
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SRR QW] AE ol F3E Ael7t
Eo| Xto|(HHF FEE2 Xo(FHF) ES 0| Kpo|(HME

£ o8 i
_ G54A30-15 10X B ___ Contral 20X (EEIRRRD 0 Control 10X 65443

%

658A14-11 10X Y 658A65-07 10X B 653!\14 11 20% o BSEAES-D7 20X 658A14-11 10X 658A65-07 10X

AU g8, fRsel T Aolr} fe

6s8a% Control 6s8a%-17 6s8a%-18
_J._I.l"40)( EIZF 40X HIZF 40X

-—%"&Eﬂ‘ﬂ 1501 control°ﬂ Hl 0}0% FaAl 2] SA7F AdHE A% 2Y

634d12 control 6s4d12-8 6s4d11 control Gsddl1-12
HIOZE 40X HIO = 40X HIOZE 40X EI|= 40X

—HEAT QW] AT ol F3g Aol gl

&x6al control
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- F AT} 6s6a46-172] 2| HH 7L S H AL, T AWM= FIIE 2po|r} HolA
638361 control 628a61-7 5025 control 50a5-5

o= 40X HE= 40X HuZ 40X HI|E 40X

of AF 7ol TR Fol} gle

6s58a9 Control 5 6s8a9-17 5 6s8a9 Control 532 6s8a9-17 5
S 4X1.25 &Y 4X1.25 = 10X1.25 FEE10X1.25

BRAT: BQWo] AT ABRzAo] W] 9L

G656b5-19 6s6c25-7
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bs4alb-4 contral

Top 634330 13 Top 6s4al1b-4 Top 638392 5
B A% FF Aolrh wolA @e
O 27 AWEAWo] FEQ014Y 58 24, 79 8Y)e] ol U3} o] HAY Fx B
=% 58 24Y(&) 78 8Y MF (1) Hl 2

ESy T 0
6s4al5-3 ]
6s4al5-5 Ql, 1pAl2 @)
6s4a30-13(X|CH =) 2 St
6s4a3-30 Q upAll @]
6s4a3-36 Ql
6s6a3-14 el
6s6a3-17 Q, upAl2 0]
6s6a3-17 Ql
6s6a92-5 ol
6s8al4-14 o, 1pAl4 O
658a4-10 Q, b4, E2 o
6s8a65-19 Q!

BILI~S 6s8a65-23 Q!
6s8a65-25 Ql 22, A3 0
6s8a65-7 Q, ItA 2 (0]
6s8a68-12 Q!
6s8a68-21 Q
6s8a7-27 Ql 1Al 0
6s6b16-10 Q& A3 0
656b16-27 Q, 22, A3 @)
6s6b4-16 Q!
6s6b4-9 Q!
6s6b7-A Q Al B o]
6s8b4-12 Q!
6s6c3-20 Ql, 1pal2 0

orEtisy T e 2

ad- , 4 . =
SPASATE ToNa1s o 24 2
(1) &
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program(12.0) F oA FAHEA(ANOVA)S AAste] fodo] = 7% Duncan’s

multiple range testel]l <3l 7% &H(p<0.05)

o0 Wud Bae JEA del BRI i 27 BALEY shiz ok Fas 24
< 7Hth phenolic hydroxyl7| & 7FAal gl= =4 242 @9d 8 7e A=
7 Agste HAo] Jor s 53 S HYPA VvE ettt 2 B ARgae
gallic acidE& RTEEE A&t AFHE st o258 H 7 A7 =Y ()Y, (i)

Fa B (i) HS F FEEE F ZHds FEFSE 373

dried sample).

ol
-

AhH(mg gallic acid/100 g

% ZYsE TS 658914-11(7995 mg/100 g)°] control(7557 mg/100 g)¥ F
B2l AL ALstae EE AlFTAA controld HIF FUldoezr =& F &
B ATH(p<0.05): 658965-7(F4HH] )l A 7HE w& EZ2jdlE (13240

mg/100 g)= WEF A TH(Figure 1).

)

<] Ao} e & FLEY ¥ gL FYFsRE Fhstn o] A
B o} o], B AFoME #H&3} 9 F9)9t vlwsted ujie)vt o 2 ¥
=g TRt e Ao® Yelst(Figure 1). #9399 F Z8¥s 2 6a4a30-13
A FEF o] AE)S AQstale Be AlPTolA controle] HlE] &
p<0.05), 658965-7(FAHH] )l A 23787 mg/100 go] FHFS H
control(15098 mg/100 g)Xth ¢ 1.6M] FxE ¢ &L ZgdHE d3S el A th(Figure

_\7\_1‘
&
rr
o\
ol

O ¥O

At
1+

S
T

i rr

=

&J

b
o
flo
[isd
3@ ofm
o
= o

i)

o 24 Aot fAleA B F99 F FEHEs FE-2 6a4a30-13(EHo] S5 ESA
FFPHo] A8, 4825 mg/100 g)= Astiie e A FTolA control(9142 mg/100
of Bl& ¥ IFS HIYH(p<0.05): 654a30-15(21765 mg/100 g) > 6S8ald-11(21164
> 6S8a65-7(13787 mg/100 g) =°] A th(Figure 1).

rir
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(2)

O

30000

OlLeaves mPeels mPulps

D 25000 - b
8 ccC d c
=
S 20000 -
E d
7] a ™
S 15000 bl [b e
2 c
2 10000 - a
Q. a
© a
3 5000 - |—L a
-

0

6S8965-7 658914-11 6S4930-15 6a4a30-13

Control y-irradiation

Figure 1. Total phenolic composition of citrus fruits and leaves harvested from
non-irradiated and irradiated (100Gy) branches. Values are means = S.D. of three
separated experiments. *° Mean values not sharing the same letter above the bars
are significantly different at p < 0.05 by one-way analyses of variance followed by

Duncan’s multiple range tests.

[e)

il

guols FF 7

He=i FTAME 7P B2 AYUEAS JHHR e AdeE dEil EfEkol=
(flavonoids) = %0 wa}t flavones, flavanones, flavonols, isoflavons, anthocyanidins,
flavanols((:= catechins)2 F&& F ow, FFFE= ©| F isoflavonesE A9k 57)
group?] 607] °]4e] ZFelHl-ol=Eo] Y ALY, o5 ZelrolEe itd A, F4
s 24, s93ss A, ddan, d S5 e
B AoH, B ARG E ruting EFEL=E &

Al A=Y ()L, (Y R Gi)IHAs 79 FEEsd F Ede FES SASAH
(mg rutin/100 g dried sample).

_z

AR = Zetr ol ke 654930-15(4333 mg/100 g)F 6a4a30-13(11991 mg/100 g)
9] control(2441 mg/100 g)¥} vlw st H2 FFS Hl WA, 6S8a14-11(766 mg/100 g)
3} 6S8a965-7(1090 mg/100 g)i-ol A& controld] Hd) e ZglHol=FS B T (p<0.05)
(Figure 2). 654a30-157 7 6a4a30-1372 control® ot ¥ Z#s I By ofygt T &
gHxrol= o] M= o B o2 YElSTHFigures 1 and 2).

Bl F ZEtHEwolE  FHES 6atad0-137TS  AYSnE ERE AFTONA
control(6766 mg/100 g)oll HIsl AL FFS HATH 6a4a30-13(FF W ol)oll A 10460
mg/100 g9 S E control(6766 mg/100 g)Et} ¢F 158 AE © =2 T =ol=
dFe HEh o H(Figure 2), °o] FA= & = ?:%Ekoﬂ el 78%E AAEAL =
Aoz yetwth ol¢ Z4 @ F FEdsd g F FetReol= S of 30%
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O

2 control(45%)°ll Hla} & HI&S H Y th(Figures 1 and 2).

Fu7ofe Ao F FERols ARet fFAgE AFES UEH A Y, 6a4a30-13(4825
mg/100 g)o HFHFHS F & ol= 2 control(5317 mg/100 g)oll ®l3l - &7
S HPOom(p<0.05), o] FAE F ZddHE FHo sl 46%S AX3}L Je= Aoz U
Eft}  658914-11+7(41%) % control( ARl HlE&S Bt (Figures 1 and 2).
658914-11"(26%) ¥ 654930-157(27%)% 7% =< EHs IFS Bl whs) Fid o
2 92 FgtH ol F#S H A th(Figures 1 and 2).

flo

30000

OLeaves mPeels mPulps
25000 -

20000 -
15000 -
9p
10000 { a a a
a a a
a Cc
5000 1 . b
b
0

658965-7 6S8914-11 6S4930-15 6a4a30-13

Total flavonoids (mg/100 g)

Control y-irradiation

Figure 2. Total flavonoid composition of citrus fruits and leaves harvested from
non-irradiated and irradiated (120 Gy) branches. Values are means * S.D. of three
separated experiments. % ¢ Mean values not sharing the same letter above the bars
are significantly different at p<0.05 by one—way analyses of variance followed by

Duncan’s multiple range tests.

Flavonoid= A}AAld] da REIxs)

= 9 =4 =
benzopyrane AE©|H carotenoid A9} Al FQ 3 MAhFof ol 2

Zo= o
FE 2 ZAgs vigA Uz EAsH, st AdFFe] 9F 23-1000 mg FEola FA-E
o] gle Aoz A A, FEFFAE IS flavonoid7t EAEHE AoZ YA 1L

AT B AFoAE rutin, naringin, neohesperidin, hesperidin, narirutin, naringenin,
hesperetin(7&)9] flavonoidE FT4HS=Z ZF Ald+ A=Y ()Y, (()F9 % (i) 45 F9
F=EE9 flavonoid ¥&S HPLCE #4383 th. HPLC £44] 759 flavonoid ZL=Ev}
EI3 (Figure 3)& 243t 7 flavonoid®] S £4¢ A3HE Tables 1-3¢] 2.2ka}3
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Hesperetin
Naringenin

0.021 ‘

000 —Wrroo0——— S AN NN - _—

-/~ Narirutin
Naringin

|/ Hesperidin
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S [ —
15.00 20.00

Minutes

0.00

Figure 3. HPLC chromatogram of flavonoid standard.

O Table 194 H<Ql ule} Zo] ZHad YolA FE23 ZFEEFY flavonoid &S B3] H

©)

W, rutin? naringine EE Al@T A control(254.1 mg/100 g} 30.9 mg/100 g)ol Wl3|
A AEH A M (p<0.05), ©] F 6S8al4-117*(134.1 mg/100 g)ollA rutin®], 654a30-15+"
(146 mg/100 g)ollA naringino] 7Hg A2 FFS BT Hesperidin
control(829.5 mg/100 g)oll HI3] EE AlPTolA A HEHASH(p<0.05), 6a4a30-137*
(248.3 mg/100 g)ollX 7} A& S Btk Narirutin 4 2o = 6589b5-71
(22.0 mg/100 g), 6S8a14-117(26.8 mg/100 g), 6a4a30-137(23.1 mg/100 g)°] control(18.8
mg/100 g)oll Bl =2 $ES B ¥ 654a30-1574(14.6 mg/100 g)ol A 2L &S
EF) At (p<0.05). Neohesperidin g2 E& APl A control¥ Hludle] fog *}o]

o
S HolA g%k om, naringenin@} hesperetin 42 AEH A AT

L2y

Table 1. Flavonoid composition of citrus leaves harvested from non-irradiated and
irradiated (120 Gy) branches

Content

(mg/100 g RT' NG NHD HD NRT NGN HT
dry

matter)

Control 254.1 + 2.07° 309 + 3.04° 433 + 143 8295 + 1.86° 188 + 0.65° nd”~  nd
6S8a65-7 1866 + 1.76° 206 + 1.43° 420 + 166 2929 + 202> 220 + 1.16° nd nd
6S8ald-11 1341 + 2.72° 217 + 1.13° 420 + 250 2939 + 147> 268 + 091° nd nd
6S4a30-15 1583 + 098! 146 + 051° 407 = 1.32 3451 + 279° 128 + 034" nd nd
6ada30-13 1864 + 099" 174 + 048 433 + 079 2483 + 129 231 + 0.30° nd nd

* RT, Rutin hydrate; NG, Naringin; NHD, Neohesperidin; HD, Hesperidin; NRT, Narirutin; NGN,
Naringenin; HT, Hesperetin
" Not detected

a-d

Values with different superscripts in a column are significantly different (p<0.05)

o

FZE59 flavonoid % Hlxw A}, rutin® narirutin® EZE A @A

iy
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control(65.7 mg/100 g 60.8 mg/100 g)oll HI&ll FAFSEAY E=A FHE% ATHp<0.05)
(Table 2). Rutin¥} narirutin 3+ 25 654a30-157 o4 114.3 mg/100 g¥ 162.8 mg/100
g Ho] 71 =4 HEH AT Hesperidin A& 6S8a14-11-(340.3 mg/100 g)& A <9] 3
E2E A@ToNA controld Ml =L TS YERNATH(p<0.05). Naringin,

neohesperidin, naringenin ¥ hesperetin &2 HE5 A &Sth

Table 2. Flavonoid composition of citrus peels harvested from non-irradiated and
irradiated (120 Gy) branches

Content

(mg/100 g X

4 RT NG NHD HD NRT NGN HT
ry

matter)

Control 65.7 + 0.47° nd” nd 463.1 = 1.11* 60.8 + 151° nd nd
6S8a65-7 721 + 093" nd nd 5737 + 371" 937 + 061° nd nd
6S8ald-11  64.0 + 0.87° nd nd 340.3 + 594° 111.3 + 1.23° nd nd
654a30-15 114.3 + 0.68° nd nd 969.4 + 1.14° 162.8 + 1.90° nd nd
6a4a30-13  66.1 + 0.63° nd nd 5466 + 3.38° 785 + 0.61° nd nd

* RT, Rutin hydrate; NG, Naringin; NHD, Neohesperidin; HD, Hesperidin; NRT, Narirutin; NGN,
Naringenin; HT, Hesperetin
" Not detected

¢ Values with different superscripts in a column are significantly different (p<0.05)

Rutin A& 658965-7:7(54.9 mg/100 g)= A|ld RE Al@wollA control(57.7 mg/100

g)oll vlsl =4 AEE WA, Hesperidin 332 6a4a30-137(276.3 mg/100 g)S A2t Al

Aol Al control(178.8 mg/100 g) Rtk He TS YUERAATH(p<0.05) (Table 3).

narirutin 654930-15*(89.6 mg/100 g)= A|&|g 2= A @70l A control(92.4 mg/100 g)

o wsh FAEAY E=A HEEATHP<0.05) (Table 2). &3y E2Ax}e} vpirixz
7

naringin, neohesperidin, naringenin ¥ hesperetin %2 HE5% A Z3th

At 27 (6s4a30-13)2 #4 ] 3¢} HFo| A Hesperidin? narirutin®] 3HEFo] F7}
A4S A o3 A= HAFAAANN §43 AT AT 7lsAddE 3
2 75 5Y tEAFY 242 E8E TS AN

Table 3. Flavonoid composition of citrus pulps harvested from non-irradiated and
irradiated (120 Gy) branches

Content

(mg/100 g

4 RT NG NHD HD NRT NGN HT
ry

matter)

Control 57.7 + 0.93° nd” nd 1788 + 043" 924 + 0.59° nd nd
698a65-7 549 + 168" nd nd 1451 + 1.35" 934 + 0.16° nd nd
6S8al4-11 838 + 0.81° nd nd 1054 + 0.67° 1319 + 060"  nd nd
694a30-15  60.1 + 1.72¢ nd nd 152.8 + 0.86% 89.6 + 0.94° nd nd
6ada30-13 594 + 0.26™ nd nd 2763 + 2.07° 1322 + 153 nd nd

* RT, Rutin hydrate; NG, Naringin; NHD, Neohesperidin; HD, Hesperidin; NRT, Narirutin; NGN,
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Naringenin; HT, Hesperetin
* Not detected
¢ Values with different superscripts in a column are significantly different (p<0.05)
* This mean was not significantly different from a mean with “a”, and was not significantly

different from another mean with “d”. However, means with different letters were
significantly different at the level of 0.05.

O ALMEAAS} 24 TA AT ATHE Fa YA 2Ab] 8] FEH 13 A% AW

(4)

o] A e A F ALARHA ATFANE EYZ ADEES 3 (Figure 4),
%, 79 2 9 22 o dud Fuw FussS SPsAh

A2 HMEHS £3

Group 1 Control AR ZAMSER| 2f2 CHEFE

Group 2 6S8a65-7 gatd| 242

Group 3 6S8a14-11 FR2Mg U= AED (BMAHS)
Moi==

Group 4 EMO| 2SESHT H¥HO| ARZ

(6a4a30-13)

SAMPLE PREPARATION (HARVESTS Nov. 2010)

Budsticks were exposed to a cobalt (:?CO) y—irradiator at the doses of 120 Gy

Group 1:
F 4 . citrus derived from non-irradiated shoots
7 4 Group 1 Group 2 [6s8965-7]:

citrus mutants derived from irradiated
Shoots, which showed comparatively high
sugar/acid ratio

Group 3 Group 3 [6s8914-11]:
— citrus mutants derived from irradiated
Shoots, which showed the red peel color

4 Group 4 [6a4a30-13]:
arous, citrus mutants derived from irradiated
Shoots, which showed the rout k

2.5 g of different parts (Leaves, Peels and Pulps) of mutant citrus was dissolved in 250
mL of 100% MeOH, kept in the shaking incubator at 25 °C for 24 h, and then purified by
using a Sep-Pak C18 cartridge and a 0.45 ym membrane filter

7,

&

Figure 4. Citrus samples used in this study

e B9 ud g B

D-limonene¢] FA® A& HHT A=Y flavedoF 2 (oil glands)Zz 35 o
on—mﬁﬂﬂoglgL,g%*ﬂﬂé%EP§}%E% 3 7 Lﬂiwiﬂﬁﬂ,ﬂ%%ﬁf
o] oF & | A7HAZ o] o, HT F *—TLJJr ‘j% g;g»oq;q]oﬂ AEZF7E &

L 1y
g AFe FA4ER] limonenes T/H’b}ﬁli GC ELED}E:L % 24 0},1_ (Figure 5), 1

S Plustde. o F9olA limonened] WIS #A43 ZF Group 2(436.3



mg/100 g)2} Group 4(204.9 mg/100 g)olA WAMAS ZASHA] &S Group 1(W =,
126.4 mg/100 g)& Bl dte] FolstA 2 ko] =713 w, Group 3 (48.4 mg/100
g)dlld= FoetA At (Figure 6). &3] Fooxe EE WA ZAZ A
limonene o] tixatol B8] FotA Fristdon, b & &S UEhd Group
3 (23843.7 mg/100 g)& TEF (112221 mg/100 g)oll Hlal o 2 WA= Zstatdot
(Figure 6).

N

O olYd AFE 1ARAAN T
o] A= MAA, AEFFE,

g2 A2¢g Group 3718 °lA D-limonene®| i3+
sl H7HIE o]&o] 7hsd AT AHAE A

o4 o

o 9

ok
=4

D-Limonene

i $ 0 om om0 W W

Figure 5. Gas chromatogram of D—limonene standard

(1) Leaves (2) Peels
500 30000
b
150 A
25000 - c
_ 400 =
g o 8 20000
> )
2m 2 "
< %0 d 2 oo . :
5 mo 5
£ i £ 10000
£ 1504 &
a =
100
p 5000
N =
0 0

Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

Figure 6. D-limonene (mg/100 g dry weight) of citrus leaves and peels harvested
from non-irradiated and irradiated (120 Gy) branches. Mean = S.D. for n=3; Data
were statistically analyzed one-way analyses of variance followed by Duncan’s

a~d

multiple range tests; Values with different superscripts on bar graphs are

significantly different (p < 0.05)
) DPPHE o]83 2tz 27% 24

O DPPHE 34131 #20] o3te] Blsle] GAHE PP Af BOBRA FU
sk w7 29 A wol AESE Polth ARe DPPH 2752 348 Ave
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Figure 79} 2t} AR oAM= Group 1(NET)Y ICsik2 552 mg/mLEZ Group 4 (5.61
mg/mL)e #T A oW Group 2 (6.46 mg/mL)9}t Group 3 (741 mg/mL)olA 9
’3}711 kol S7HEE R gYZ &A% 0] Group 13 Group 49 HlE} W @z 4

< HESAt(Figure 7). A F-LfolH = e WA ZARTANAM tHEa ) Blalste] #9
0}71] e ICso%;E% Bl v, 5 Rool M= Haiele] At AutEA BE WA £

O o] =] 1O .
ARl A frolshAl 2 ICsats B S th(Figure 7).
(1) Leaves (2) Peels
Group 1 Group 2 Group 3 Group 4 o Croup2 Growp3 T
1Cgq (ma/mL. 5520358 £546+0333% 74120253 5610261
Lt ICqp (mg/mL)  100£0050° 1.11+£0051" 1.08+£0027" 110+ 0011
Mean + 5.D. for n=3; Data were statistical Hy \y d ewav y ¥ Duncan’s Mean + 8.0 forn: 3 D ita were statistically an: \y ed one- way y of va e followed by Duncan’ s
multiple range tests; = Values with differe 9 f Hy d“ ‘fl’ DUE) multiple range tests; = Values with different superscripts in g nificar ﬂy different (p < 0.05)
30 100

DPPH radical scavenging activity
)

0 05 1 15 2 0 05 1 15 2

Goncentration (mg/mL) Concentration (mg/mL)

(3) Pulps
Group 1 Group 2 Group 3 Group 4 . . . ..
IC4q (mgfmL) 1.13+0.0278 102+00040 1030007 1.10 + 0.004% Flgure 7' DPPH radlcal SCaVeHngg aCthlty
ORI By tare e Vo v ATbre DS eCRA T e o AN e ) of citrus leaves, peels and pulps harvested

from non-irradiated and irradiated (120Gy)
branches. Mean * S.D. for n=3; Data were
statistically analyzed one-way analyses of

variance followed by Duncan’s multiple

(%

a=—c

range tests; Values with different

DPPH radical scavenging activity
)

ol superscripts in a row are significantly

0 05 1 15 2

o () different (p < 0.05)

ofr
AN
o

(6) Superoxide |z A~A%

O AR Asl4 1Aksle] B8 F 04 - 4%+ superoxideZ A= YA H superoxidew
02 LTz HEFH A-HHoRET ANEELS Fdste AoZ dEAd Uth
superoxide= W14 &4ks} Wo 7] H (53] superoxide dismutase, SOD)= F3l wW=A I
et as ASHAT AU Asted g@o] A Agol AFsbE REH AT dojuA

r:u

Hv 2 A7 AZW AREAR EBe AP AEEdS dode Aoz A . I
FoolM e BE WA ZAREAA dE2TI Fo§ XfolE HolA Ftth(Figure 5). %3
|

F-2)ol = Group 29 Group 3°] tlZ7(0.86 mg/mL)dl Bl&] F2ldtA ¥ 1Cs%k(0.98
mg/mL¥} 1.03 mg/mL)S ®Ql ¥, Group 4014 ICsak©] 0.63 mg/mLeZ 714 H2
2712 2A84 s Yl (Figure 5). 5590l = hEzT 3 FASHAY(Group 2), S



< &43& B YAth(Figure 8)

(1) Leaves (2) Peels
Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4
+ + + +
IEhaml) SOt eseallanh | Baeniicd ] I (mg/ml)  086+00548 0S5E0017 103+0028 063400268
Mean + 8D, for n=3 WMean + 5.D_forn=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's
rultiple range tests; ¢ Values with diferent superscripts in a row are significantly different (p < 0.05)
10
100 1 e Groupt
ke GIOUR 2 m

—+—Group 3
—m— Group 4

30

20

)

Superoxide radical scavenging activity
Superoxide radical scavenging activity
)

Concentration (mg/mL) Concentration (mg/mL)

(3) Pulps

Group 1 Group 2 Group 3 Group 4
ICop(mgfml)  072+0.0072 072+£0056° 09500800 089+0.067

Figure 8. Superoxide radical scavenging

Mean + 5.0. far n=3, Data were statistically analyzed one-way analyses of variance foll owed by Duncan's
multiple tange tests; = Values with different superseripts in a row are significantly different (p < 0.05)

activity of citrus leaves, peels and pulps
harvested from non-irradiated and
irradiated (120Gy) branches. Mean * S.D.
for 7=3; Data were statistically analyzed

(%)

one—-way analyses of variance followed by

a~c

Duncan’s multiple range tests; Values

Superoxide radical scavenging activity

with different superscripts in a row are

0 05 1 15 2 Significantly different (p < 005)

Concentration (mg/mL)

(7) Hydorogen peroxide &4% 7%

A A B E hydroxyl radical 22 &4 AT =2 W34S 7HAIH, AAW Ho

Z1Ho] efelEe A Asld 2E# e MEANE YO 7] necrosis®t apoptosis 22
A E APEALSE e "ok dFE Yol = superoxide &A% Ao} VIR E U273

wste] BE WA ZARLY ICswko]l Y3 2polE HolA| % Skth(Figure 9). 3] H-9
o] Group 4, #5399 Group 2¢ 3°] HETFET S &A4S Ueld v, 39799
Group 29} 3, I}559]9] Group 47} %2 hydrogen peroxide &A% S Holv FHo=Z 4
E} 5t ok (Figure 9).

(8) Nitric oxide &A% &7

O nitric oxide(NO)= A AU o|A] NO synthase(NOS) &4l <3
He REEAo] Ag gZAolth. NO= o8 A3 Zlseol Ao
T A dSREeS do7lal 249 vy g WA A o]

aHI ok R E AP 272

-araginine . 2 &} A4

o

=
é, ﬂl[O O{N r*

¥0 e

2

o

]

2
% o

o o 5
e fradtal

HI

il
o,
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o] gk th(Figure 10). FIF oA = Group 29 Group 39 ICsake]l 2t7+ 1.11 mg/mL
7 1.02 mg/mLo.Z2, I552 9 Group 3(0.75 mg/mL)Z} Group 4(0.76 mg/mL)e} A =}
9](0.92 mg/mL)9} #5(0.66 mg/mL) FH< izl Hl&] %2 NO &AsS 7HAe 2
}E H Y oh(Figure 10).

(1) Leaves (2) Peels

Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4

ICsy (mgfml) 23140041 2231+£0083 22740160 221+£0.107 IC (mg/ml) 109+ 0013%  0820005° 091+0032° 1.18 £ 0.058¢
Mean £ 8D forn=3

Mean + 5.D. for n=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's
multiple range tests; =4 Values with different superscripts in a row are significantly different (o < 0.05)

Hydrogen peroxide s cavenging activity (%)

Hydrogen peroxide s cavenging activity

®
0 [
0 05 1 1.5 2 o 05 4 45 2
Concentration (ing/mL) Coneaiiaic (L)
(3) Pulps
Group 1 Group 2 Group 3 Group 4
ICoq (Mg/mL) 13500687 182+0137 183£0,072 117 £0.066°
Hoan 5.1 o o Dt war st hoaliy amslyeed cnmway analvoes v anca b lewel g Dneana Figure 9. Hydrogen peroxide scavenging

multiple range tests; = Values with different superseripts in & row are significantly different (o < 0.05)

activity of citrus leaves, peels and pulps
ot harvested from non-irradiated and
: irradiated (120Gy) branches. Mean * S.D.
for n=3; Data were statistically analyzed
one—-way analyses of variance followed by

Duncan’s multiple range tests; “ ¢ Values

Hydrogen peroxides cavenging activity

with different superscripts in a row are

[ —— significantly different (p < 0.05)
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(1) Leaves (2) Peels

A = S R Group 1 Group 2 Group 3 Group 4
ICq (mgml)  282£0160  308+£0057 2830374 3.00+0338 ICoo{mgfmly 09200325 11100120 1020013 090+ 0018%
Mean + 8.0, for =3 Mean + 5.0 for n=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's

multiple range tests; #* Values with different superseripts in a row are significantly different (o < 0.05)
— 40 — 10
= —e—Group 1 = +A Esimup;
&= Group2 A2
2 : —t £ gl e ;
g 30 e s —=—Gmup 4 e
s s i
> > P
£ E @ =
5 )
§ 20 g
2 2
S S w
b b
° o
2 10 =
s s @
e e
E £
z 9 e 0
o 0.5 1 15 2 0 05 1 15 2
Concentration (mg/mL} Concentration {(mg/mL)

(3) Pulps

Group 1 Group 2 Group 3 Group 4

IC (mg/mL) 0660031 085001230 07500140 0.76 = 0.062° Figure 10. NltrlC OXide SCaVenging aCtiVity

Wean + 5.0 for n=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's
multiple range tests; = Values with different superscripts in a row are significantly different (o < 0.05)

of citrus leaves, peels and pulps harvested
from non-irradiated and irradiated (120Gy)

% o branches. Mean * S.D. for n=3; Data were

% 50 statistically analyzed one-way analyses of

%w ’ variance followed by Duncan’'s multiple

§ 21 range tests; *° Values with different

: o = ; ps 5 superscripts in a row are significantly
SOTERTABOHNGTE) different (p < 0.05)

A ZAME 1A EAWe] ZRRe A ZatE
T 5ol 7o Hgud 2 AR (C)= Hlug FEEI}E Figure 119 HYeEb Ao
AL ZAREY] A FsR9foll A tizTol Hls| DPPH @tHZ &7so] Hold ez
B}t o, superoxide S Z £2A TS HIF2Y Group 404 &40 =& AS=Z Yely
o Eg H3 5919 Group 29 3, I45F2Y Group 47} =2 hydrogen peroxide &A%
HRALoY, NO 758 AR A AldTe] 28 FoolA dxzaa FAsAY o
g¢4S Bt (Figure 11).
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Figure 11.
(120Gy) branches on various antioxidant activities.
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for n=3;

Group 4

I

Group 4

IC50 of citrus leaves, peels and pulps harvested from non-irradiated and irradiated
Data were

statistically analyzed one-way analyses of variance followed by Duncan’s multiple range tests;

47¢ Values with different superscripts on ba r graphs are significantly different (p < 0.05)

o2 A EAwolgEe] R FEEY ALE 24
O WA A B3 FEE 23 AW EBAwo] At BAH FEUT] PAAo] £A
A e AL HAE Bo stel, ARE B F AVARAA ATAHE Egf2 AY
2 Hm Ba) 995 WFOR 2 AE F F EdES

o
B0l = gy

il (Figure 12), #5 %

) =Ke)
AES =4

sttt

ARz MEHS S3
Group 1-1 6s6a46-17 control AR ZASHR] f2 =
Group 1-2 656246-17 F2ME U= MRS
Group 2-1 6s6a78-17 control BEARM EAFSHX| o2 CHEZ
Group 2-2 6s6a78-17 oo, s SAHIRS ARZE
Group 3-1 6s6a1-2 control AR ZASHR] f2 =2
Group 3-2 6s6a1-2 o, ¥, RrjatR, GME XM ARZ
Group 4-1 6s6a30-13 control AR EASHR] f2 =2
Group 4-2 6s6a30-13 EHO| 2SESHT BPHO| ARZ
Group 5-1 A1E 2| control AR EASER] Of2 o=
Group 5-2 pEE| S2Mg [e= AIEQIH0| ARRZ
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SAMPLE PREPARATION (HARVESTS Nov. 201 1)
Budsticks were exposed to a cobalt (9C0O) y—irradiator at the doses of 120 Gy

[SUBJECT PAIRS: Harvests from same citrus tree]

Group 1 - 1: citrus control (non-irradiated shoots)
[BsBadE-17] = 2: citrus mutant derived from itradiated shoots, which showed the red peel color

Group 2 - 1: citrus control (non-irradiated shoots)
[Bsd4a7a17] = 21 citrus mutant derived from irradiated shoots, which showed the large-sized,
rough peel shape and comparatively high sugar/acid ratio

Group 3 - 1: citrus control (non-irradiated shoots)
[Fis4at-2] - 2: citrus mutant derived from irradiated shoots, which showed the pinnate leaves,
large-sized, rough peel shape and comparatively low sugar/acid ratio

Group4 - 1: citrus control (non-irradiated shoots)
[Bs#a30-13] = 2! citrus mutant derived from irradiated shoots, which showed the rough peel
shape

Group 5 - 1: citrus control (non-irradiated shoots)
|Shinheurigr] = 2% spontaneous citrus mutant derived from non-irradiated shoots, which showed
the red peel color

25 g of different parts (Peel and Pulp) of mutant citrus was dissolved in 500 mL of 100% MeOH, kept in the
shaking incubator at 25-°C for 72 h, and then purified by using a 045 um membrane filter

Figure 12. Citrus samples used in this study
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st Eo] FAY F&Fol v @Wol FgfEol o A o FHHEY FF =
A7 Figure 1390 AAS B9} el g woish vasel A9R907) o we ¥
e gaea e Ao vehdt Bunae £ Fehs 9
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ok
ol
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39] WAbA ZARFo]l ZF g2 HlE] f§3 AolE Hl A =
A e Uz A S A Groups 2, 4 and 5). 3559 FA] Group 4 W
AP ZARE (32223 mg/100 g)ol Tl (41774 mg/100 g) Hlal fFosHAl Had s Al
o] 8} Hxwd vt & EYus 32 UEhl Atk (Figure 13).

o 0% ﬂi[
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Figure 13. Total phenolic composition of citrus peels and pulps harvested from
non-irradiated and irradiated (120Gy) branches. Values are means = S.D. of three
separated experiments. Mean values between untreated and hydrolysis residues
were compared using Mann-Whitney U test. *Values are significantly different (p <
0.05).
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@) % Bhuwol= P} 37

O HuRLle F FRwolt FHFL BE AFTAA L dE2TrRT {FosiA S7HE
< Bt J’} FE-ANME Group 39 A% WA ZANEo] "z vl F931A
g S Bl ¥ Group 4© o]l #FrolstAl HAES B th(Figure 14).

(1) Peels (2) Pulps

& 1 I 3

g * i § 15000 «

E 15000 E

E . I E 10000 =

:E E 5000
Figure 14. Total phenolic composition of citrus peels and pulps harvested from
non-irradiated and irradiated (120 Gy) branches. Values are means * S.D. of three
separated experiments. Mean values between untreated and hydrolysis residues
were compared using Mann-Whitney U test. *Values are significantly different (p <
0.05).

O WA 2AHE B3l FEE 13 A% ol iAol Aud A4 F AATAA A
*E EUE APTs Ashal(Figure 15), 25, %3 B 9 ¥-915 tdez Ry ¢
Faese SPhe

N MEHS =2

Group 1 Control HARM ZAFSER| o2 CHEZ
Group 2 658965-7 SAH] 22

Group 3 6S8914-11 E2ME e AR

Group 4  6a4a30-13 EHO| SSESET otd@Ho| ARZ

SAMPLE PREPARATION (HARVESTS Nov. 2010)

Budsticks were exposed to a cobalt (3?CO) y—irradiator at the doses of 120 Gy

Group 1:
” . citrus derived from non-irradiated shoots
/ Group 1 Group 2 [658965-7]: o

citrus mutants derived from irradiated
Shoots, which showed comparatively high
sugar/acid ratio

. . Group 3 Group 3 [6s8914-11]:

citrus mutants derived from irradiated

Shoots, which showed the red peel color
Group 4 [6a4a30-13]:
— citrus mutants derived from irradiated
W Shoots, which showed the

2.5 g of different parts (Leaves, Peels and Pulps) of mutant citrus was dissolved in 250
mL of 100% MeOH, kept in the shaking incubator at 25 °C for 24 h, and then purified by
using a Sep-Pak C18 cartridge and a 0.45 ym membrane filter

Figure 15. Citrus samples used in this study
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ol
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D-limonene®] FA4&¢ & Afiv 23T flavedoTd T4 (oil glands)z &% o
e BFARCE, A4, 4583 2 g A=84S 7HA o] ABA, AFFE,
gHa low, HZ FEaH HETY AFAA HEHFIT &
HHo 7 é}% 2 FTERAAFY] LAz Adeide A7 ARV TREAS. B ATelA
+ g AR FA4EQ limonenes WY CE GC AZrtE1HE 2AHAJ3)al(Figure 16), 1
FFS HlustAs. 9 FolA limonene®] FHFHIE EAF A Group 2(436.3
mg/100 g)2} Group 4(204.9 mg/100 g)ollAl WAMAS ZAFSHA] 282 Group 1(W=E,
126.4 mg/100 g)3} Bl 3l {34 2 o] F7Fg ¥hdE, Group 3 (48.4 mg/100
gl = FolstAl 4= (Figure 17). 33 FH o= —F: WAL ZARE A
limonene &#Fo] thxwtol BlIs] FostA F7tstdow, 713

3 (238437 mg/100 g)& o EF (112221 mg/100 g)oll 13}
(Figure 17).

N

oz AF}E 65~66 Zo] AAH A} dxeE AHAZA Group 39 M7

dE A
SolA4 D-limonened] &o] xof o]& A2 E&F FFF Lol 7t A
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il i 10 n il 13 e

Figure 16. Gas chromatogram of D—limonene standard
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Figure 17. D-limonene (mg/100 g dry weight) of citrus leaves and peels harvested
from non-irradiated and irradiated (120Gy) branches. Mean * S.D. for 7=3; Data
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were statistically analyzed one-way analyses of variance followed by Duncan’s
multiple range tests; 9 Values with different superscripts on bar graphs are
significantly different (p < 0.05)

(4) DPPHE ©]&3 94 275 =73

O DPPHE @4Fst &4 olsto] Sdeo] S F = YT Af g zd=A 3
Farst ay =4 A 8ol AHgE= WY Al89 DPPH &7 es SAI 23+ Figure
AFNA = Group 1(HHET)Y ICs#k< 552 mg/mLOE Group 4 (5.61
mg/mL)e #F FAFSFE oYU Group 2 (6.46 mg/mL)9} Group 3 (741 mg/mL)olA <]
stAl 2 grol /1S R 2l &A% Group 13 Group 49 ®l&] w& gz A&
s H = (Figure 18). J*}JJ AolXes B WA AN dE2a3 Hlalste] -9
Al =2 ICsoft= HQ W, d5Fole Ao Aol AutHA 2E YA =

(1) Leaves (2) Peels

Group 1 Group 2 Group 3 Group 4
ICqp {mgymL) 6552+ 0358° 6£46+0333° 741+0253° 561+0267°

Group 1 Group 2 Group 3 Group 4
ICop {mg/mL)  1.00£0.050=  111£0.051" 1.08+0.027 110001148

et 0. e Dt were sttt ol naly/Zeid oile Wa o sl st P A i folliied By Quie s Mean + 5.0, for n=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's
midtiplEsafige testsr = Valuss with aifiteft aipetscdpt s T i stk slonificantly difeleft (e 0.05) multgle range tests; > Values with different supersciipts in a row are significantly diffetent (p < 0.05)

] —»— G 1 100 —s—Gou 1
E - GIOU 2 E & - Group 2
] —+—Gmw 2 %
2 _a—cmuw 8 0
5 2
£ 20 = e
§ H 0
> -
i< EE
% K &
2 10 8
g 2
T T 2
o o
o o
a a

[} (]

0 o5 1 15 2 (] 05 1 5 2
Concentration (mg/mL) Concentration (mg/mL}
(3) Pulps
Group 1 Group 2 Group 3 Group 4
IC; (mgfml) 11300272 102+0004 103+0007 110+ 0.004= Figure 18 DPPH l”adlCal ScaVeHglng aCthlty

Mean & 5.0. for i=3; Data ware statistically analyzed one-way analyses of variance fallowed by Duncan's
multiple range tests; = Yalues with different superscripts in a row are significantly different (p < 0.05)

of citrus leaves, peels and pulps harvested
from non-irradiated and irradiated (120Gy)

100 —8—Group 1
% ] oo . branches. Mean * S.D. for n=3; Data were
g:; - ] statistically analyzed one-way analyses of
gg o variance followed by Duncan’s multiple
E » range tests; “° Values with different
B al superscripts in a row are significantly

-concenlranon(mg,ml..) different (p < 0.05)
(5) Superoxide &HZ &A% 54

O Superoxide 2tHZ 2AT =74: F4A<Q 4Hs 4 Q14tste] A F 04 - 4%+ superoxide
2 A2 YD superoxide: TF2 S4iAFo g HEo] 3P Hoz ATEAS



Tiste Aoz A, superoxidew WA &4Es Wo] 71 A (53] superoxide dismutase,
SOD)= &Faf WEA AiIstriz My al A F@o] AE Bl AhstA
ZEY27E dojuAl He O A3 Axl AdEA e AHAQ] AEELS dedle A
o7 A U AFHdAME BE WAHD ZAREANA dEzTTH FY3F Zfo]lS HolA
% k= (Figure 19). 3| F-2]o A= Group 2%} Group 3°] WZ7(0.86 mg/mL)ol| Hl3l] <
SHAl E2 1C50%k(0.98 mg/mL¥} 1.03 mg/mL)= E<Ql WA, Group 4°A]  ICsogke]l 0.63
mg/mLe® 71 w2 @712 £7845 el (Figure 19). 5579 tEzadH
AFSEA W (Group 2), ®2 2745 H ¢ (Figure 19)

(1) Leaves (2) Peels

Group 1 Group 2 Group 3 Group 4
IC;p (mgiml) 3,15 £ 0450 259+0194 284+0.239 2640421

Group 1 Group 2 Group 3 Group 4

IC (mgfmL) 086 +D054° 098+0017% 1.03+0.025" 063 +0.026°

Mean + S.D. far n=3 Mean + s b for r=3; Data ware stansn:aHy ar\a\yzad one-way ana\yses of variance followed by Duncan's
multiple range tests; > Yalues with different superscripts in a row are significantly different o < 0.05)

40

30

20

(%)

Superoxide radical scavenging activity

Superoxide radical scavenging activity

Concentration (mgmL) Concentration (mg/mL)

(3) Pulps

Group 1 Group 2 Group 3 Group 4

ICq (mgfml) 0D72+0007° 072+0056* 095+0080° 089+0.067"
Mean + 5.0, far n=3; Data were statistically analyzed one-way analyses of variance foll owed by Duncan's

multiple range tests; = Valugs with different superecripts in a row are significantly different (o < 0.05) ‘ Flgure 19 Superoxide radical Scavenging

activity of citrus leaves, peels and pulps

E

harvested from non-irradiated and
irradiated (120Gy) branches. Mean * S.D.

for n=3; Data were statistically analyzed

2

2

(%)

one—way analyses of variance followed by

Superoxide radical scavenging astivity

= Duncan’s multiple range tests; ¢ Values
2 o p 8 ] with different superscripts in a row are
Gehesntratar (gL significantly different (p < 0.05)
(6) Hydorogen peroxide &A% 73
O Hydorogen peroxide 275 574: AA oA MAE hydroxyl radical 22 &4 aF
=2 "S- AS JhAH, AAY "wo]r|Ho] o EE Al Asld AEH AT A IZTANE

e f e rlo

S 71" necrosis®} apoptosis 22> AEZ APEALE {FEEHA EH. AF2AE superoxide
As At vPI7IARE dE2ad vlaste] BEE AR ZAREY ICsRke] #93F Z}o]
HolA] ¢h&(Figure 20). 37219 Group 4, #5549 Group 2% 30| ETETG 2
¢3S UEH dtd, A3 F9 Group 29 3, IF5H9Y Group 47} %2 hydrogen
peroxide &A%< Hole ZHoZ Yel(Figure 20).
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(1) Leaves

Group 1 Group 2 Group 3 Group 4
ICsq (mgiml) 231 E0.041 231£0063 22710180 2210107
Wean 5.0, for n=3
50
z
2 W
g
]
=
=
2 3
2
3
o
2
A
2
g
=
T
2
>
E-
0
o 05 1 15 2
Concentration (mg/mL)
(3) Pulps
Group 1 Group 2 Group 3 Group 4
ICsg (mg/mk) 135+t 0068% 182+0137% 183007 1.17 £ 0.066%

Mean + 5.0, far n=3, Data were statistically analyzed one-way analyses of variance fallowed by Duncan's
multiple range tests; ¢ Values with different superscripts in a raw are significantly different (o < 0.05)

—e—Group 1

(%)

Hydrogen peroxides cavenging activity

Concentration mg/mL)

(7) Nitric oxide &A% &7
O Nitric oxide £&A%F
&l L-araginine.ZF-H A== wEgAo
F27 232
doA S HE3 AHS Fuksitu

o= T
o3t x}tolE HolA ks (Figure 21).

7t 111 mg/mL¥ 1.02 mg/mLo =, =}
mg/mL)¢ 37 #3](0.92 mg/mL)%t

2ASE 7HAE AFE H < (Figure 21).

Z74: nitric oxide(NO ")&=
1

FAT FFAA A AEWES

(2) Peels

Group 1 Group 2 Group 3 Group 4

ICsq (mg/ml)  109+£0013% 0820005 091+0032% 118 £ 0.058¢

Mean + 5.0 for n=3; Data were statistically analyzed one-way analyses of variance followed by Dunican's
multiple range tests; 4 Values with different superscripts ina row are significantly different (o < 0.05)

(%)

Hydrogen peroxide s cavenging activity

Concerttration {mg/mL)

Figure 20. Hydrogen peroxide scavenging

activity of citrus leaves, peels and pulps

harvested from non-irradiated and
irradiated (120Gy) branches. Mean * S.D.
for n=3; Data were statistically analyzed
one—-way analyses of variance followed by

a~c

Duncan’s multiple range tests; Values

with different superscripts in a row are

significantly different (p < 0.05)

Al A NO*

o o
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(1) Leaves (2) Peels

aa G- i i Stsop s Group 1 Group 2 Group 3 Group 4
ICgy (MefmL) 2820160 308+£0057 283+0374 3.00+02338 Cpimgiml} 09270032 111+0012 1022001  090%0018
Mean % 5.0, for n=3 Mean + 5.D. for n=3; Data were statistically analyzed one-way analyses of variance followed by Duncan's
multiple range tests; = Values with different superscripts in a row are significantly different (p < 0.05)
~ 40 — 100
& —s—Group1 z 4—‘22:2;
A Group2
g —s Croup3 = ] E 80 —e—Group 3 /l
g 30 " s —=— Gmup 4
i z e
= 44 60 e
s £
§ 2 g
g §
g S w
s s
H s
2 i
= A
e e
E &
z 9 Z [
0 0.5 1 15 2 0 0.5 1 15 2
Concentration (mg/mL) Concentration (mg/mL)
(3) Pulps
Group 1 Group2 Group3 Group 4 Figure 21. Nitric oxide scavenging activity
ICsp tmgfml)  066E0.0318 0650 0% 075+0014 0.76 = 00620 .
N £ 5 DT B e el e S e T e DO of citrus leaves, peels and pulps harvested

muliple range tests, = Values with different superscripts in a row are significantly diffe ent (o < 0.05)

from non-irradiated and irradiated (120Gy)

100 , —+—Omuwl

& gung /; branches. Mean = S.D. for n=3; Data were
20 —8— Growp //'/”’“X

statistically analyzed one-way analyses of

60 &

Nitric axide scavenging activity (% )

. '/;_43?( variance followed by Duncan’s multiple
L range tests; °” Values with different
5 superscripts in a row are significantly
Concentrnnon(mg‘mL; different (p < 005)
8) Bz 50%E 2AT & Jv 2AFE ICsx (mg/mL) Ft vl
O AR ZASA B WETH YA 2AE 1R BAW] AN HatE 23
2 S F99 gdd AASHY(ICs) S vlug THAAE Figure 8o YUERH. AN AN
o] & HFHELolA tixol| Hls] DPPH #HZ AA%o] Hojd AL=Z Ueuton,
superoxide ZtHZ 2752 FIF 929 Group 404 &40 ¥& ALE Yyetd. E=3 4

3 5-219] Group 29} 3, #5592 Group 47} &2 hydrogen peroxide 75 H o1},
NO*® &Asge W] A AT B FHdA dxad fFAEAY we 245

B Q) (Figure 22).
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Figure 22. IC50 of citrus leaves, peels and pulps harvested from non-irradiated and
irradiated (120Gy) branches on various antioxidant activities. Mean * S.D. for n=3;
Data were statistically analyzed one—-way analyses of variance followed by Duncan’s

a~c

multiple range tests; Values with different superscripts on ba r graphs are

significantly different (p < 0.05)
o g FEE Ax 2 Fdgd =24

AEEY 22AME 23 *M%“é 23,
geojxn 53 FAS HolE 6ada30-13S AP 29
Fo Zad izt F43 vuwste] et 4, AExF7] ud 3 apoptosis

O EANel PF FEEY Y BHS Fotny] Adte] BFY $FL WFos 4
o4 E}E 2ARAS W Aol Bt F/hgel wek Az e HCT16 A, <
7§03 MCE7 AE, 13F 42735 ¢ Hela AZol td 4% Asi7t #2890

A375 A X9 % ol ZolE #FL F Atk (Figure 23).
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HCT116 A375

140 - --0--CTRL

2120 —a—MUT g

c c

8 8

5 5

z z

3 i

8 K]

2 20 2

8 o : : 3 : : : Figure 23. Growth inhibition of various

0 100 200 300 400 0 100 200 300 400 .
Concentration (pg/mL) Concentration (ug/mL) human cancer cells after treatment with
citrus fruits. The cells were treated with
Hela MCF-7 . . . . .

indicated concentration of citrus fruits for

s 3 72 hours. Each point is the mean * SD of

c c

3 3 three experiments.
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3 3 > = 5

g \ .8 — vl =AW 7E 32230 % A4

0 100 200 300 400 0 100 200 300 400 A_ﬂ Eﬂ_ 01“_] ST = A) Ok}\LHﬂﬂ- Z}\].
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O e SEdetlA AEY 199 AWeR, 1 FANE Y P AL B WE
2 3gse wd AR U@ Edt U3 AF I3 BFF FFOE F A
e, FENTAE YA 2ol P 8, A4 AE F oy Yol FUHn
QAT FAGH e fAAL AAL dE AR FA: B FAS AL
9 ABAE 21 1 A4E 10E doht A7 ARwL UL,

O Edde] g FEEo] 4T AAEY FHo vAe FFH 1 FEEEE 2435
7] 913t MIT assayE ©]&3le] AE AEE Wsls SG3AS. 9] g FE2ES
ETEHE (0400 ng/mL)E 72A17F Bt Mg Ay ¥ 23 22 FS e A=, 1zt
H <t A549 AlE9} QIZF ZFF HepG2 A2l 739 400 pg/mL A Al F 70%2] AEE=
Yeh FAlzel] tie 4 oA aE Bl wkd, Zhzhe] GAA Ee] =45

M= S
Ul A &= Zloer #FFH Hu ¢HH3 Fd aHE de F US o= Udd
16HBE140- (Flgure 24)

Cell viability (% of control)
Cell viability (% of control)
@
3

0 100 200 300 400 0 100 200 300 400
Concentration (pug/mL) Concentration (ug/mL)

Figure 24. Growth inhibition of various cells after

HepG2 CHANG

. . treatment with citrus fruits. The cells were treated
° °

8122-\'\&\\5 5 with indicated concentration of citrus fruits for 72
5 B ’ 5

T s hours. Each point is the mean * SD of three
= 40 = 40

$a S experiments.

8 o 8

—_— o+
0 100 200 300 400 0 100 200 300 400
Concentration (pug/mL) Concentration (ug/mL)
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(2) =dWo] & FE5 A 93 apoptosis &

O Apoptosis= AA Q] Aedd H4&

Aol gt apoptosis®] Hi= s BRI ZF Ao Aol HH, FAES apoptosis
71" EA43E 5% o XNEA o] 715 Wi e B AFelA EdWe] E FE
Eo ok HAE <A #eotstr] fet ke H o5

=
2 A Z-& apoptosis7} FREE]
o A ZFo A7re] HYAEE WG E sub-Gl PN E

50 - 50 -
016HBE140- @A549 BCHANG mHepG2
40 40
£ 30 | =30
5 5
<20 <20
(7] (7]
10 - 10 -
0 Ii‘% , ‘ ‘ 0 CETE
Vehicle CTRL MUT Vehicle CTRL MUT

Figure 25. Dose effect of citrus fruit induced apoptosis in various cell lines. Cells
were treated with citrus fruits for 72 hour, stained with PI, analyzed for cell cycle
using flow cytometry. Results are expressed as mean = SD from three separated

experiments.

G) EdWol ZF FZE9 nitrite BA

O Nitric oxide (NO®)= 37}A nitric oxide synthase (NOS): neuronal NOS (nNOS),
inducible NOS (iNOS), endothelial NOS (eNOS)Z #¥ #A=H+= EZAZ AA| YolA 37
e A AGASL WA FavsidAE A8 NO' = AW dshgolAAl
3l AAHAR At A" NO“ o] Fo] ibstAel os) L£AHA FS uf oprH=
nitrosative stressv= 7|5 ‘34, <9 $=, DNA @3 55 23 FHES apoptosis

E 7= Aer dHA U

=

O NO'& ¢FolA Ao wel apoptosisE: FHA7]|E 28-S 317] w&o] £ AFoA
= g ddoldl 9all F=® apoptosis®] AMEE S A 8 NO® <4e] &
HAE HESS. Figure 260 AAE nvle} o] WA FA Xl A nitrosative stress
Fridol ofg AlE E4do] HEEol A3 AT AFAE ST T, dE SRl
M olet FARRE EAdo] oF7]H A=
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O Rk AHE) 7S AT A549% HepG2 AT A 7HE Edwlo] Aeo] wel nitrite 24
o] frejFow Z7}ste] 400 pg/mlolA DMSO A @3 Hlwate] oF 22u) ZFhE L.
Nitrite 2] 24 < debs f8 F7He=2 374 NOS &% wiidd] oid
RT-PCRS A3 & Hl Figure 26ASh zo] We]dtd Ago] Fad ATS F3s4= NOS7}
aRHo R ddstEe AL AT F ANeH, I FAAE A549914 = nNOS7H HepG2
A= INOS/ A A FA3EYS

A

16HBE140- A549
Vehicle CTRL MUT Vehicle CTRL MUT
CHANG HepG2
Vehicle CTRL MUT Vehicle CTRL MUT
0.4 0.4

O016HBE140- OA549 ’ OCHANG BHepG2

o
w
o
w

Nitrite (uM/viability)

o o

o - N
Nitrite (uM/viability)

IS o

o - N

* * * *

Vehicle CTRL MUT Vehicle CTRL MUT

Figure 26. Citrus mutant fruits induced accumulation of nitrite. Alterations in the expression
of NOS isoform during citrus mutant fruits induced apoptosis (A). Actin was used as internal
control. (B) Nitric oxide (NO’) production was determined as nitrite in supernatants of human
cancer cells for 72 h in complete medium in the presence of 400 pg/ml of citrus mutant fruits.
Release of was measured using Griess reagent. Each point is the mean = SD of three

experiments. *, p < 0.05 compared with DMSO vehicle.
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O M2z FAH AtES MEF7| 93] ZAAEHM, cyclin, cyclin dependent kinase
(CDK), cyclin denpendent kinase inhibitor 53 22 AXZF7] Z2AAAbd 93t =
dE. BAMEZAAN MEZ =H3A HH AX2F7] 2HJAAE] olE A Al

:\]‘—I_
Tt ARE, A ZAME o]HT AETFV] - V5ol MR ZFd

O HAMHA MEF7] A #FAste cycdin® FH/HE F 187FA (A, B1-2, C, D1-3,
E1-2, F, G1-2, H1, K, T1-2, H)7} €& dow, o]50°] CDKe 23t AEXF7E
AZA7= Aoz gHA Ae. G1/G07]4 #H 3= cyclindl = cyclin D9} E7F &
M, o]5& G1/G07]ol A& He s7129 o]alle A, Cyclin AE S 2 G2/M7]
o] ZRk7)o] &Agts = ¥, cyclin B G2/M719 checkpoint A1 S Al oo 2 A
DNA §Ad# AxSHd Fa3 8472 28

S

O 7ttt & Ht AEZEFd gt EdAwo]l a9 MEFAFo] AMEF7 T
A gQlsl7] 98t flow cytometry®Z A XF7] WS HAIIAS. MEFV] FF
AHEE, dixd 2 Sd¥e] #gE FEEC 98 A 1Y HepG2 AlE 2 g
CHANG M XX = G2/M719 AEWE7} S 715 = mitotic arrest’} YEFG O
H g A549 M x e} F4 # M E 16HBE140-9] A $-ol= diZzFol s fdd
arrest7} o] 7d FEE Y3l siasHe dAFo] #FAHo|(Table 5), 3F
sk 71 EMo] 28% AR HAY

Table 5. Citrus induced cell cycle arrest in various cell lines.

% of control

Group G0/G1 S G2/M
Vehicle 83.72 + 1.414 3.29 + 0.263 12.99 + 1.251
16HBE140- CTRL 81.36 + 0.284 4.00 + 0.230 14.64 + 0.304
(normal)
MUT 83.67 + 1.510 3.93 + 0.713 12.41 + 0.889
Vehicle 50.01 + 6.734 25.52 + 1.850 24.46 + 5.183
A549 CTRL 37.18 + 2.393 18.09 + 0.843 44.74 + 1.654
(lung cancer)
MUT 51.66 + 1.092 22.68 + 0.713 25.67 + 1.805
Vehicle 63.51 + 0.579 18.36 + 0.958 18.13 + 0.958
CHANG CTRL 65.84 + 0.142 19.03 + 0.153 15.13 + 0.120
(normal)
MUT 66.26 + 0.488 18.78 + 0.493 14.95 + 0.790
Vehicle 74.85 + 1.120 15.29 + 0.663 9.87 + 1.074
_HepG2 CTRL 77.472 £ 1.472 10.50 + 0.713 12.36 + 0.862
(liver cancer)
MUT 77.55 + 0.842 10.15 + 0.963 12.30 + 0.122

(

() IAP family #@o] vIAE 47 FAwols] I

03
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O AAAE ] #FAste= o] e EARQIA F antagonistZ ZH-8-35h= IAP @ d -2 HAL
2421221 nuclear factor kappa Be] ZHS Wol HFZHOZ caspaset ;"Zl HHo=w A

To =M 159 apoptotic BHS AASE FOE HIEHAUS

O o9} e AMAS nigog WAL ZAXTH 7EF Edwo] Ao WE IAP familyd
Aedd Fds 24 %-‘.ﬂr A5499} HepG2 Al EoA FEHOZ survivine B4o] @4
&8 & A (Figure 27). A XIAP®} cIAP-2v= A EFol wel I3 ¢

ZHH o Zj% EdHo] A7 Al HepG2 M EANAME XIAPS} clAP-29] &4
Fa7h ube vk A549 Al2o] Feole 2 HMESE g1 5 Q%NS (Fig 3). IAP T
FLIA survivin®] HIZ4sHE ATAEE ohg AEFT] F G/M7NY ol A
A T AFE Adste A2 zAtEo] 4 TE WHEtE cell cycdedt AT O] AMH
o]

A549 HepG2
Vehicle CTRL MUT Vehicle  CTRL MUT

Figure 27. Inhibition of IAPs signaling is responsible for the antitumor activity of
citrus mutant fruits. The expression of related IAPs in human cancer cells was

measured by RT-PCR. Actin was used as internal control.

O ZAEHozr 479 A7axnE T FEdE W & d7M Brhd e =ddole
NO® 474 3 IAP &4 Asfol sl AA FAHE] apoptosisE fFrEste Aoz A
° of thgk A 71-F

U
=
, F% B A7ARE U 748 Sdwole oIE AEr|e
Aol & Aoz Bod
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O Bermejo 5(2011)9] ¢&tA Moncada mandarin® 7§ 7vpd FALe] 98k S o]
o3 FA F¥ETolYE G SV AHEE SV AL A7), 22 EgExolEe JtE2ET)
&, HEtYl C &FY F7F 59 2755 Ygdlo, B d79 HIUH S FAE G487

NdE FF<= NEd & s A2 AdH

O & A7dy g8 A4 A+ vl= UC Riverside®] Mikeal Roose nE oA Tango<}
DaisySLo] 2o FairchildLS, KinnowLS, Gold Nugget Mandarin, Shasta Gold Mandarin,
Tahoe Gold Mandarin, Yosemite Gold Mandaring WAFAS o] &3 ZdAHo] §2& E3)

At FF= NEste] SsEd F v Hdl Ea S A+

O o] =dWo] MandarinAl F3EL TAG9 ZAaMvtolUzl AsA]7|9f, A 35
A, A5 XEA S Zolrt o] B Ao HE HFHS FI 1EE 2727 39
Mol 7hssttt= A #

O 201299 119 18-23¢l &AM MAHFAJE #1123 International Citrus Congress
oA W=, ol2AE Y, T, A, FolzrtFsa, BREF, Holy], Bepd, 29Ql, 3
71228k 59 st ke AFRtEe] AES e R EdWe] SFEAES WiEst

s
ulfe

O v 2Ae 52 Eddo] AAE 2T F A3, MAE F4S 2 =2
HolE FA=E3sr] fE AYEd EAS WHIATIe BHRAH] HHOE AMEEH

((Ahloowalia and Maluszynski 2001, Bermejo et al 2011, Predieri, 2001). Zru}Xoj
3 AARE A ZS AEAEY T2 7, At H3tE doAAN AAFOE T
g ATEA] FEFS e, FPF R &3 HEE dod F AS(Kim et al., 2012;
Wi et al., 2007). B2 &3 EdWo] FFTE] A= A=A ek Z2AL

oJaf 7fE e (Ahloowalia and Maluszynski, 2001; Predieri, 2001).
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(1) Verifying the Mandarin Breeding: Lessons from Parentage Analysis of Citrus
Varieties(Tokurou shimizu, NARO Institute of Fruit Tree Science)
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(2) High Throughput Sequence—Based Screening with Keypoint Mutation Breeding
(Michiel van Eijk, KeyGene)
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. . . |profiling of miRNAs in an early
mandarin for haploid production: ] o
=% | ) . |flowering mutant of trifoliate orange
induction procedures and genetic ] ] ]
. and its wild type by genome-wide
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St A Plant Cell Reports PLoS One
Froelicher Y, Bassene ]B, Jedidi-Neji
E, Dambier D, Morillon R,|Sun LM, Ai XY, Li WY, Guo WW,
Bernardini G, Costantino G, Deng XX, Hu CG, Zhang JZ.

Ollitrault P.

oL

ry
r

Mg
o>,

i

s M
R

X

AANA= 2007 2012
HHA (%) 80 95

S | e azAe] o8 FEEAWIKE | Citrus e M)
T

RIS i b |
Aol |ol EAMSE Ade 20| HEa,

Ul

=

4 AE 2 A% B
R R
D =l AL 3 A #s

O Fl 77 YiFe AAGAYe] 3 dEgt Ash} A

=

)

o/, H 109 7H1999 ~

- 111 -



sl ¢

2} A3

s

ko] 1/4 old&

=

o

e #

o

3

KeR
T

J 2k

A

A

v A

8

A8l 0.6%l =33 =2

2008)¢]

al

o] A& 200294 A = AEH

471

o

el

T+ 3,43699o w2 A9

]

8

Y

}

A
pul

9

1999~2002+

b

S

g #e7t4o] ti=

-
T

o]
A

i
o

ARt

)

=

.

(

of ut
FA

36,590
b

36,296
35,078
33,957
31,233
30,659
30,747
31,005
31,027

o

5

=
=

Al =7t

ot ¥

361,667
316,494
470,415
610,491
600,600
660,288
431,883
631,325

370,811

7}
A F o] 88.8%(2008%)

=
563,341

646,023
788,679
645,587
595,591

661,992
631,324
747,376
592,160

o=

w5 AE A (2007)>

A

2

==

Bo]Far ot 18y 2007

%
HEAW R AR Fol>
3

°©

=
=

25,796
25,408
25,207
24,560
22,048
21,430
21,382
20,965

A o1 200834F 6,3139] 4o 2 thA] 3] &5
20,937

2002374 ¢
[e)

ke
T

2000
2001
2002
2003
2004
2005
2006
2007

FAoZ 200334 4,704
2008

AF, 19994 o]

6,006 902 3| EL = =4
2 4318907 7+

ZHd Alw WAl 80%0] S

el

w3
~NIR
N — | <
o)« | o
700 “
=l RS
=l
HO || oy
TS| S
ol —
Kk
W= o
|~
H
K1 oo
N x
EU RIS
Ml
KF
e TN
20| | &5
K —
nr
Wl
Ha || =T | O
I

- 112 -




o
Ry “ — =
E ARR $FI fA%m Q8. a2t gREe 3BT
Z

g e 4%
dES 7hE 8o R AREStal lo], AEVHEE A gl @AV S
%2 =8 N2l HE
(&9 1 E)
3 = ot

E - B =y s e 3 o &
1996 479,980 436,856 744 757 11,733 29,890
1997 693,200 613,357 3,413 9r7 13,785 61,668
1998 543,980 505,047 6,277 1,262 5,012 26,382
1999 638,740 558,868 6,524 1,649 33,142 38,557
2000 563,341 422,097 6,663 1,857 27,468 105,256
2001 646,023 518,197 7,306 1,823 47,445 71,252
2002 788,679 519,509 9,454 2,118 112,359 145,239
2003 645,587 467,567 7,928 2,028 120,333 47,731
2004 595,591 408,250 5,562 1,526 100,517 79,736
2005 661,992 491,260 3,642 158 125,343 41,589
2006 631,324 450,087 2,813 822 109,496 68,106
2007 747,376 513,746 4212 1,180 138,782 89,456
2008 592,160 427,669 1,371 463 88,664 73,993

A AFEAAGER, T GFAEADLRLA, 24 G

2) =9 AFAY R A

ok
ot

O AA &7 BAZF2007d)L 117,3828=(¢F 19 1x%E e Aihe=w 3 WA A

AbeF 5547937 = 2] oF 1/52 4 AJAkEFe] 1914).

<HAL] Fa3d AAEH(200737]5)>

=
2
uE

Al “42F | L

Hel
Hn
Rl
i)

e
ottt

B | mtelof & | ZIEt

A
o

[

=F | 554,793 | 117,382 | 85856 | 67,221 | 65971 | 33446 | 20,579 | 20,911

143,427

A& ¢ http://www.fao.org/

O sevete] 2583s sk Ao &A= F (A

f_\‘i
[-'1:1
k)
fS‘i
Ni mm
=)
=

D)
27,8657 EolH Foro] 15,185%-E, ~#|Ql 1,974 &, I 1,066%E, 2k 1,206%

- 113 -



AAFE 3H2007d 7)1 F)>

3SC Z
o =

R

s

<A A €]

wl

|

R I S

H] o <

m <t

Enj

_ll—

S0

uo B e

T ISV

o

o

[y

Bl 4|

IR -

Tol| 2| o

wl oo | N N

g =l

i

= M

w

K 13|~

ol |8

o] ©
[@)]

_ N |2

< o | 8
W | R

i3] zl mr\=
wo

- <l |
20 o

Z+5: http://www.fao.org/

=72] 88ufjol A

iy
ZFA]

o= AA 19, 3

o] 27Hl=A AAS] 17.9%

1ha(2007d 7]

Z
Tl

O =3 2o gEAMEAL 1,901

=
=)

s

e 21,056HE0 2 A7 19,

)

Q9

HE B eAldFe 15,185%E,

<AAY BAHF 77 20073 715>

o ||
_|alg
N N~
| © |«
N~ .
ol |~ | N
L s !
=) SO e
Kl | ©
—_ (@)
nmo| &S
1| —
iyl % ©
| =
ol
i S
El N
L] —
It % 0
o | oD
W
&S
T | & 5
818
Lo
A

http://www.fao.org/

25

U A7l 43 e 2 JIgay

olp
°

+

ro
Mo

Mo
ol

ojo
)A

o
Hin
o

Him

(1) & Al

& EAwE AL 80% e 2HA

~1249 S/ 9]

151, v o 2 RE o)

e

3

3o 74

0
&

- @Ael A

WA 79 2

43} 7}

-
[}

=
=

7= s3] dEAA

- 114 -



‘.lv_oﬂ \Q)o ‘mAﬂ e
~ —~
= n ERNCI. =
0O .Im_np 1LF O# 0 ,H WWL
o 5 o o Ho T B
i g ol zy © 4 Tl = [0y |y
i s H = e L - =8| =8
io 2 zwo &o ‘_ﬂojﬁ ﬁT! A o oF
i s T < oo & ﬁ
Eor PR o N
= ToH — =~
¥ T s ¥ ls|g/e|e
o " o) = 2 o < 5 e
» BoBmAe Yo
= < X < e T
= T _x T, x W =
) ‘.;O < X ! ~ S.L [\ =] N~
Mo 2 = Mo T dg K G = o
Hin X T do wt (. M# = ;Mo
T o I o= 5 hpo AW oK o o
~ Xq <~ © Io= = % -
.. N = — NN T oy )
2 HOt@ dlo ﬂoga A W &
<z & TRY LRrEE A EIEIR 3
o ° o = N = T
=wm o lwmH T Doy Tk G
Ho © o o= o = Ar
Log rh B RT S RRITIE- —
N N o X = F X W (= M X Hin
S ZH Tk A T o "
do W mﬁovmo%ﬂ JE|u|ﬂ ﬂuu,aa " ©|le|e -
= Jo o = - ° ow P HL & ]
o T EFLYETE ool T 3
— ~ IE T W Mooy R o o M)
oR oy AW tlo o] =0 7% w0 e
N Ty <0 oF 2 o W o
o T E N gl Mo %0 - B oan do B
B Wy TX ¢ g, SRR ) ® °|° I
¥ OEGEIE o S L T H
= Ho = = =% XN S o - = N i} s 0y
wo P x I B2 I U N O )
e TILEwToa RS w lm/|E|R| G = T
w® ) MO 20 Mﬂ o ‘_Horuyl Y oz 0 ‘WW o A= o e \_E pp Hr_.m —_ - ._oT |
o i RV <) oF g T T W = S KO il Ay B
CxT ma s R TP wo [P el T x noo®r
~ [ | | X W = o oo M W o ‘_ﬂ% =y 7
— = ! ! & | o | o e T
o cd R | 2 S S
~ o _
N i an iz wjr
s ® -

T
a

M]3 Aol A]

Ao
- 115 -

=ulel &R A

1

s

-3k ol A



N
NJo
o
ToR
p

el

Hjn
—

Tp

—_
fife)

Hiz
BK

0y
wjr

N

1o

AApell sra=ol A glal, A FeEdFFozd

Tp

Jo

=5 9] o]

1=}
=

=

=

=

=4

1

k)
T

ted ke 7154 Aol o

T
_Zrl
X
g
al7)
HJ

, pollination ¥4

< A haploid 3

d#et7) A ol

o

ol

Ao glomz R o Lu}A| o)A

el

el 54

%H]—

o 4

=
=

&3 23 ARt
TZA3Z Life Science Journal, Food Chemistry

o] sk=A
ES

[€)

ol 2] FAHA

Al A st

Ho

alp)
A

—_

;OL

)

TH

& A=

o] st Aol AR

=4

Gene, Molecular Breeding 5

[e)

=

_Zr!

2 g7} ol oA a glont, @A) 4%

=]

omg H A3t M=

719 "ol &

iy

"W

EEES R I e

S X
T

W

14

S
ax

=]
s

O=d] & =A%

70
Tp

i
N

2l

ToR

Hip

el

Jo

- 116 -



4
lo

1 o] BHIXNE FHSUAFT - fIFE - w2384 - bAoA Al
U

=3 [¢] vl
GSP o %X]—/\]- o] A AUt

2. o] BIA hEL MRS Weli WA FUSNAEY - YR - FEAE
A - YOI AT GPAAFANI ] AT AL WEjok ek

3. F7HHE1% 719G g Wee toHo B BE FselAE
ohJ Hyith.

- 117 -




	방사선을 이용한 고품질 감귤신품종 육성
	요약문
	목차
	제 1 장 개요 및 성과목표
	1. 연구개발의 목적 및 필요성
	2. 연구성과 목표 대비 실적

	제 2 장 국내외 기술개발 현황
	1. 국내 기술 개발 현황
	2. 국외 기술 개발 현황

	제 3 장 연구개발수행 내용 및 결과
	1. 연구 개발 이론적, 실험적 접근방법
	제1세부과제: 생리적 특성 및 유전적 분석을 통한 돌연변이체 선발
	제2세부과제: 돌연변이체의 관리 및 구조변화분석
	제3세부과제: 돌연변이체의 성분 및 효과분석

	2. 연구내용 및 연구결과
	제1세부: 생리적 특성 및 유전적 분석을 통한 돌연변이체 선발
	가. 돌연변이 감귤 육종 포장 조성
	나. 돌연변이 감귤의 형질 조사
	나. 돌연변이 감귤의 형질 조사를 통한 우수 계통 선발
	다. 우수 돌연변이 계통의 증식 후 정식(2세부과제와 공동으로 수행)
	라. 우수 돌연변이 계통의 저장성 조사
	마. 유전체 분석을 통한 유전자 소재 개발
	바. 돌연변이 감귤을 이용한 FT-IR 스펙트럼 기반 다변량통계 분석기법에 의한 당산도 예측 모델링

	제2세부과제: 돌연변이체의 관리 및 구조변화분석
	가. 연구포장 일부 이전 및 신규 조성
	나. 돌연변이 육종 포장관리
	다. 돌연변이 감귤의 구조 변화 분석

	제3세부 : 돌연변이체의 성분 및 효과분석
	가. 1차 선발 돌연변이감귤 부위별 추출물의 항산화 활성 연구
	나. 2차 선발 돌연변이감귤의 부위별 추출물의 대사산물 분석
	다. 감귤 추출물 제조 및 항암활성 조사



	제 4 장 목표달성도 및 관련분야에의 기여도
	1. 연도별 연구목표 및 달성도
	2. 관련분야의 기술발전에의 기여도

	제 5 장 연구개발 성과 및 성과활용 계획
	1. 연구개발 성과
	2. 성과활용 계획

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌
	첨부 - 특허, 논문 및 시장분석 보고서


