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Abstract

During the ripening process of citrus fruits, the orange color is caused by the
accumulation of carotenoid pigments. Through differentially expressed gene(s)
screening, the carotenoid cleavage dioxygenase (CCD) gene was isolated as a
pigment-related gene with higher expression than the control group through
gene analysis in the citrus eggplant mutant red fruit gene and in the citrus
control group. CCD, which decomposes carotenoid metabolites, is an enzyme
that catalyzes the reaction of bonding two oxygen atoms to a substrate by
cleaving the double bond of C40 carotenoid. Four types have been reported
in plants so far. CCD1 and CCD4 have broad substrate specificities ranging
from phytoene to neoxanthin, CCD7 and CCD8 are involved in the synthesis
of stringolactone from pB-carotene, and 9-cis-epoxycarotenoid dioxygenases
NCED2, NCED3, NCED5, NCED6, and NCED9 produce abscisic acid.

In this study, the expression changes of carotenoid biosynthesis genes were
analyzed in transgenic Micro-Tom tomatoes isolated from citrus fruits
introduced with CCD1A gene, total carotenoid content, flavonoid content, and
phenolic compound content were analyzed, and antioxidant activity was

analyzed to analyze CCDA1 The influence by genes was investigate.
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1. Introduction

Citrus fruits are one of the plants growing worldwide, including Brazil, the United
States, China, Mexico, Spain, India, and Asia. About 150 million tons of citrus fruits
were cultivated in the 2000s, playing an important role in the diet (Liu, Heying et
al. 2012).

Citrus fruits are composed of many compounds, such as vitamins A, C, E, carotenoids,
and pectins, which have antioxidant properties. The reactive oxygen species is partially
reduced as one electron e- is transferred to the oxygen molecule O2 to form a
superoxide radical, and the superoxide radical thus formed can generate different
reactive oxygen species, hydrogen peroxide and hydroxyl radical, respectively
(Halliwell 1991). Free radicals accumulate in the body, causing cancer, (Liou and
Storz 2010), inflammation and tissue damage (Mittal, Siddiqui et al. 2014), Aging
(Stadtman 2004). According to the results of a recent study, it has been reported
that antioxidant activity in citrus varieties depending on the degree of coloration
of the fruit (Zacarfas-Garcia, Rey et al. 2021).

In the methylerythritol phosphate (MEP) pathway among carotenoid biosynthesis
pathways, 1-deoxy-D-xylulose 5-phosphate synthase (DXS) utilizes isoprenoids
formed through the reaction of DA3P with pyruvate to form isopentenyl
pyrophosphate (IPP) and allylic isomer dimethylallyl pyrophosphate (DMAPP) and
mak- 1 -e other plastids as well as substrates for carotenoid biosynthesis
(Hermanns, Zhou et al. 2020).

In the first step of carotenoid biosynthesis, phytoene synthase (PSY) produces
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phytoene, a C40 carotene, and lycopene is produced through several desaturation and
isomerization steps catalyzed by phytoene desaturase (PDS) and Z-carotene desaturase
(ZDS) (Yuan, Zhang et al. 2015).

In All-trans-lycopene, it is divided into LCYE and LCYB. In LCYE, Lutein is formed
through a-carotene and &-carotene, and in LCYB, y-carotene and B-carotene are
produced. B-Cryptoxanthin and zeaxanthin are catalyzed by B-carotene hydroxylase
(CHYB), zeaxanthin epoxidase (ZEP) acts on zeaxanthin and antheraxanthin to produce
violaxanthin, and in the case of violaxanthin de-epoxydase (VDE), it acts in the
reverse direction.(Yuan, Zhang et al. 2015, Hermanns, Zhou et al. 2020). Violaxanthin
to Neoxanthin conversion occurs by Neoxanthin synthase (NXS), and Violaxanthin and
Neoxanthin form abscisic acid (ABA) by 9-cis-epoxycarotenoid dioxygenase (Fraser,

Enfissi et al. 2009).
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Fig 3. carotenoid biosynthesis pathway.

MEP, methylerythritol phosphate; GA3P, Glyceraldehyde 3-phosphate; IPP, isopentenyl diphosphate;



DMAPP, dimethylallyl diphosphate; GGPP, geranylgeranyl diphosphate; DXS, 1-deoxy- D -xylulose 5-
phosphate synthase; DXR, 1-deoxy- D -xylulose 5-phosphate reductoisomerase; GGPPS, GGPP
synthase; PSY, phytoene synthase; PDS, phytoene desaturase; Z-ISO, ¢ - carotene isomerase; ZDS,
¢ -carotene desaturase; CrtISO, carotenoid isomerase; LCYE, lycopene e -cyclase; LCYB, lycopene
B -cyclase; BCH, p-carotene hydroxylase; CYP97A, cytochrome P450 carotene A -hydroxylase;
CYP97C, cytochrome P450 carotene e -hydroxylase; ZEP, zeaxanthin epoxidase; VDE, violaxanthin
de-epoxidase; NXS, neoxanthin synthase; CCD, carotenoid cleavage dioxygenase; NCED, 9- cis -
epoxycarotenoid dioxygenase; ABA, abscisic acid.

CCD (carotenoid cleavage dioxygenase) family CCD1 and CCD4 have broad

substrate specificities ranging from phytoene to neoxanthin, and in the case of

CCD7 and CCDS8, they are involved in the synthesis of stringolactone from B-

carotene. 9-cis-epoxycarotenoid dioxygenase NCED2, NCED3, NCED5, NCED6, and
NCED9 are involved in the production of the plant hormone Abscisic acid. As a
result of isolating only the pigment-related genes with high expression in the
control group through gene analysis of the red fruit gene from citrus eggplant
mutation and the citrus control group, ZDS (Zeta-carotene desaturase), CCDI1A
(carotenoid cleavage dioxygenase), F3M (flavonoid 3) ’-monooxygenase), MDDX
(mevalonate diphosphate decarboxylase), and C4H2 (trans-cinnamate 4-
monooxygenase) were selected. In this study, the expression changes of carotenoid
biosynthesis genes in transgenic Micro-Tom tomatoes into which the CCD1A gene
isolated from citrus was introduced. was analyzed, the total carotenoid content,
flavonoid content, and phenolic compound content were analyzed, and the effect

of CCDA1 gene was investigated by analyzing antioxidant activity.



2. Materials and Methods

2-1. plant materials

Plant selection genes in the pCAMBIA2300 vector are driven by a double-enhancer
version of the CaMV35S promoter and terminated by the CaMV35S polyA signal. This
vector contains minimal heterologous sequences for plant transformation and selection

of transformants(Fig 2).

CaMv 3 H LB ‘ 358:CCDAT
UTR -
(sense / antisense)

Cahy 355 Nos Cahy
RB promoter CCDAT ‘ ‘ term. ‘ ‘ 3552 > nptll ‘

Fig 4. Transformation vector pCAMBIA 2300
CaMV35S : cauliflower mosaic virus(CaMV) 355 promoter

nptll : Neomycin phosphotransferase
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Fig 3. Sampling and color difference measurement by leaf, flower and fruit development.

For each line, flowers, leaves, and fruits were sampled in the order of immature green, mature

green, turning, orange, orange-red, and red according to the development process.

The results of color difference by fruit development analyzed by Konica minolta’s

color difference machine are as follows (Fig. 3). Control-immature green showed

the values of L(65.13+1.25), A(-12.08+1.58), and B(20.74+2.19), and mature green

showed L(65.23+2.13), A(-9.03+1.85), It showed a value of B (18.59+2.67). In the
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case of turning, the values of L(61.81+4.42), A(-5.90+2.9), and B(24.73+3.03) were

shown, and Orange was L[(49.08+1.91), A(14.41+1.86), B(26.18+1.26) was shown.

Orange-red showed color differences of 1.(40.81+1.88), A(24.77+5.41), and

B(20.90+£1.68), and in case of red, L(37.96+0.48), A(30.34+1.16), B(18.31+ 0.34)

was shown. As a result of showing the average color difference values of three

lines 3-5-12, 6-13-29, and 20-9-20 for the sense line, the sense line-Immmature

green is 1.(64.52+0.29), A(-11.58+ 0.93) and B(20.12+0.24), mature green showed

1(63.52+1.23), A(-10.48+0.23), and B(18.89+0.56) color differences. Turning showed

[(58.79+2.19), A(-6.09+1.16), B(24.67+2.45) color difference, and for Orange,

L(47.71+£0.58), A(11.32+1.98), B(25.31+0.29) seemed. For Orange-red, 1.(40.46+2.20),

A(18.31+0.66), B(20.17+£1.84), for Red, L(35.86+1.31), A(22.28+1.06), B(16.61+1.26)

value was indicated. In the case of anti-sense, as a result of obtaining the

average color difference values of 3 lines 9-6-8, 13-2-17, 5A-6-7, anti-sense-

immature green is L(65.42+0.71), A(-11.89+ 0.14) and B(20.11+0.12), and for

mature green, L(64.97+1.77), A(-9.51+0.17), and B(24.96+0.69) values were shown.

Turning showed color differences of 1(59.99+1.91), A(-5.27+£0.99), and

B(24.96+0.69), and Orange showed L(46.56+1.34), A(11.34+2.74), B(24.00+0.77). For

orange-red, 1.(40.6+1.96), A(18.14+1.79), B(19.98+1.72), for red, L(36.31+1.59),



A(22.83+1.82), B(17.05+1.28) value was indicated.

2-2. Genomic DNA extraction from seed.

DNA extraction from seeds was performed using the method of DiaStar™ Direct
Multiplex/Fast PCR for plant (Solgent company). Lysis buffer is composed with a
60% PEG8000 and 20mM NaOH (pH 13.3). The seeds of the T2 generation are
put into a new tube and the seeds are crushed so that the seeds are broken
well. Then, 200 «L of lysis buffer is added to the tubes and vortexed for about
5 seconds. Samples are precipitated by spin down and incubate at room
temperature for 3 to 5 minutes, followed by centrifugation at 13000 rpm for 2

minutes. Transfer 100 L of the supernatant into a fresh tube.

2-3. Genomic DNA extraction from leaves.

DNA extraction from leaves was used by modifying the method of DNeasy plant
mini kit (QIAGENE company). Place the leaves into a 1.5mL fresh tube with 1-2
stainless steel beads, and than added 400 L DNA extraction buffer, AP1
buffer(aka Lysis buffer) : ImM EDTA (ethylene diamine tetraacetic acid, pH 8.0),
0.1% SDS solution (Sodium Dodecyl Sulfate, Ci2HzsSOsNa), 0.IM NaCl and 10mM
Tris-HCl (pH 8.0) are required. After vortexing, incubate mixture for 10min at
65C. Mix 2~3 times during incubation by inverting tube. Add 130 «L of buffer
AP2(aka Protein precipitation buffer) ; 3M potassium/5Macetate made by adding

60mL of 5M potassium acetate (98.14g in 200mL D.W.), 11.5mL of glacial acetic

-8-



acid, 28.0mL D.W. to the lysate, mix and incubate for 10min on ice. Centrifuge
for 6min at 13000rpm and then, trans fer flow-through fraction to a fresh tube,
without disturbing the pellet(About 300 «L of lysate is typically recovered). Add
1.5x  volumes of Buffer AP3/E(aka binding buffer) ; 1M Guanidine
Hydrochloride(4.78g in 50mL 100%EtOH), apply 700 xL of the mixture including
any precipitate to the spin column sitting in a 2mL collection tube. Centrifuge
for 1min at 8000rpm. Discard flow-through and reuse the collection tube. Add
500 xL Buffer AW ; 70% EtOH to the spin column and centrifuge 1min at
8000rpm, discard flow through and reuse the collection tube. Add 500 L 100%
EtOH to spin column and centrifuge for 2min at 13000rpm, discard flow through
and centrifuge again at 13000rpm for 1min to dry. Carefully remove the spin
column from the collection tube and transfer to 1.5mL tube and 50 «L of TE
buffer directly onto the membrane. Incubate for 5min at room temperature and

then centrifuge 6000rpm for 1lmin.

2-4. Total RNA extraction and DNase treatment

2-4-1 RNA extraction

The sample was stored at -80°C, and 0.2 g of powder was used by grinding the
sample with a mortar. RNAFZ< Sabzevari, A. G.,, & RNA extraction was
performed by Hosseini, R.(Sabzevari and Hosseini 2014) RNA extraction was
modified from the method of Sabzevari, A. G. et al. Put 0.2g of sample powder

into 2mL fresh tube, RNA Extraction Buffer; 100mM Tris-HCI pH 8.0, 10mM EDTA
-9-



(ethylene diamine tetraacetic acid, pH 8.0), 0.IM LiCl, 1% (w = v) SDS (Sodium
Dodecyl Sulfate, C12H25SO4Na) 600uL. was injected and vortexed. 600 «L of PCI
(Phenole; Chlorofom; Isoamylalcohol/25:24:1) was added to the mixed solution and vortexed,
followed by centrifugation at 14,620 rpm (20,000 g for 10 minutes. The supernatant was
transferred to a 1.5mL fresh tube, mixed with 500 «L of CI (Chloroform: Isoamylalcohol/24:1),
vortexed, and centrifuged at 14,620rpm (20,000g) for 10 minutes. The supernatant was
transferred to a 1.5mL fresh tube, and 270 «L of Ice-Cold 8M LiCl was added, inverted, and
stored at -80°C for 30 minutes, and then centrifuged at 14,620rpm (20,000g) for 30 minutes.
After removing all of the centrifuged solution, 200 L of DEPC, 0.1 volume of 3M sodium
acetate (pH 5.2), and 2 volume of ice-cold absolute ethanol were mixed and stored at -80° C
for 30 minutes after inverting. To collect RNA pellets, after centrifugation at 14,620

rpm (20,000 g) for 30 minutes, they were washed with ice-cold 70% ethanol, dried

to evaporate ethanol, and dissolved in 30 uL of DEPC (Diethyl pyrocarbonate).

2-4-2. DNase treatment

For DNase treatment, Invitrogen TURBO DNA free™ Kit (Thermo Fisher company)
was used. Dilute the sample to 10 #g nucleic acid/50 «L of total sample if possible. After
Add 0.1volume 10X DNase™Buffer to the RNA, then mix gently that TURBO DNase™ Enzyme
1uxL to the RNA. Incubate samples at 37C for 30min and then, resuspend the DNase
Inactivation Reagent by flicking or vortexing the tube before use. Add 0.2 volumes of
resuspended DNase Inactivation reagent then mix well. Inactivate the sample for bminutes at

room temperature. Flick the tube 2~3times during the incubation period to redisperse the DNase

-10 -



Inactivation Reagent. Centrifuge the samples, then carefully transfer the supernatant containing

the RNA to a fresh tube, But do not disturb the pellet of DNase Inactivation Reagent.

2-5. PCR (Polymerase Chain Reaction) & Electrophoresis

2-5-1. Genotyping of T3 S-CuCCDAI1 | T3 AS-CCDAI lines from
single seed
Genomic DNA was isolated from single seed of T2 3-CuCCDAI lines (3-5-12, 6-13-29 and 20-
9-20) and carried out PCR to obtain T3 homo lines.
To perform PCR, 2xL of genomic DNA from each lines, 0.5 L of forward primer CCDA1
23582F(5 * -GCAAACACTTGGTATGCTTG-3" ), 0.5xL of reverse primer t-NOSRG’ -
AATTCCCGATCTAGTAACATAGA-3" ), 5 1L of Prime Star(Dia star“Direct Mutiplex/Fast PCR,

Solgent company), and 2 «L of deionized water (D.W.) were added in a 0.2 mL PCR tube.

The PCR conditions were as follows. Initial denaturation at 95C for 5 min,
additional denaturation at 95C for 20 sec, annealing at 58-60C for 30 sec,
extension at 72°C for 30 sec, and final extension at 72°C for 5 min. Repeat 35
cycles from denaturation to extension(Table 1). After the PCR reaction, 8 #L of
PCR product and 2 #L of 6 X dye were mixed and electrophoresed at 100 V for
25 minutes on 1.2% agarose gel. The conditions of electrophoresis was
electrophoresis on 1.2% agarose gel.

Genomic DNA was isolated from single seed of T3 AS-CuCCDAI lines (9-6-8, 13-2-17 and bHA-
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6-7) and carried out PCR to obtain T3 homo lines and carried out PCR to obtain T3 homo
lines, To perform the PCR, 2uL of genomic DNA from each lines, 0.5«L of forward
primer CCDA1 2358R(’ -TCTTCCAGAACTTTGACGGC-3’ ), 0.5xL of reverse primer t-
NOSR(G* -AATTCCCGATCTAGTAACATAGA-3" ), 5uL of Prime Star, and 2 L of deionized

water(D.W.) were added in a 0.2 mL PCR tube.

The PCR conditions were as follows. Initial denaturation at 95C for 5 min,
additional denaturation at 95C for 20 sec, annealing at 60°C for 30 sec, extension
at 72°C for 30 sec, and final extension at 72°C for 5 min. Repeat 35 cycles from
denaturation to extension (Table 2). After the PCR reaction, 8 «L of PCR product

and 2L of 6 X dye were mixed and electrophoresed at 100 V for 25 minutes.

Table 6. PCR condition of 73-S-CuCCDAI seed.

DNA 2uL 95T Smin
CCDA1 2382F 0.5xL 95T 20sec
tNOSR 0.5uL 58~60C 30sec 35cycles
Prime Star SuLl 72C 30sec
D.W. 2uL 95C S5min
10 « L 8C o

Table 7. PCR condition of 73-AS-CuCCDAlI seed.

DNA 2uL 95T S5min

CCDA1 23+85R 0.5uL 95C 20sec
35cycles

tNOSR 0.5uL 60C 30sec
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Prime Star 5uL 72C 30sec

D.W. 2uL 72C 5min

10 L 8C 0

2-5-2. Genotyping of T3-S-CuCCDA1l / T3-AS-CuCCDA1l lines from leaf
The seeds of T3 homo lines obtained from above genotyping PCR were sown on soil and
cultivated in the green house. After 50~60 days from sowing, the leaf from each lines were
sampled and isolated genomic DNA to reconfirm the genotype by PCR.

2 1L of genomic DNA from each lines, 0.5 «L of forward primer (CCDA1 23582F, 0.5 xL of
reverse primer (t-NOSR), and 17 ¢L of deionized water(D.W.) were added in a 0.2 mL PCR

tube of AccuPower® PCR PreMix(Top simple™ DryMix-nTag, enzynomics company).

The T3-S-CuCCDAI PCR conditions were as follows. Initial denaturation at 95C
for 5 min, additional denaturation at 95C for 20 sec, annealing at 60°C for 30
sec, extension at 72°C for 30 sec, and final extension at 72°C for 5 min. Repeat
35 cycles from denaturation to extension (Table 3). After the PCR reaction, 10 x

L of PCR product electrophoresed at 100 V for 25 minutes.

To perform PCR in the case of T2-AS-CCDAI, 2 ;L of genomic DNA from each lines,
0.5 1L of forward primer (CCDA1 2358R, 0.5 L of reverse primer (t-NOSR), and 17 xL of
deionized water (D.W.) were added in a 0.2 mL PCR tube of AccuPower® PCR PreMix (Table
4). After the PCR reaction, 8 #L of PCR product and 2L of 6 X dye are mixed

and electrophoresed at 100 V for 25 minutes.
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Table 8. PCR condition of 73-S-CuCCDAI leaf

DNA 2uL 94cC Smin
CCDA1 2382F 0.5uL 94cC 20sec
tNOSR 0.5uL 60C 30sec 35cycles
72°C 30sec
D.W. 17 4L
72°C 5min
20 u L 8C o

Table 9. PCR condition of T3-AS-CuCCDAl leaf

DNA 2ul 95T 5min
CCDA1 2358R 0.5uL 95T 20sec
tNOSR 0.5uL 60C 30sec 35cycle
72°C 30sec
D.W. 17 4L
72C 5min
20 uL 8C oo

2-5-3. RT-PCR(Reverse Transcriptase Polymerase Chain Reaction)

After cDNA synthesis, microtomato CCD family genes were found in NCBI (National
Center for Biotechnology Information) to perform RT-PCR. As a result, SLCCDIA,
SLCCD1B, SLCCD4, SLCCD4-1, SLCCD (9'10°). SLCCD(9'10)-1 like and SLCCD('10")-
2 like were searched, and primer information is in Table 5. PCR condition of CuCCDI1A;
Denaturation at 94°C for 30 seconds, annealing at 60°C for 30 seconds, and elongation
at 72°C for 30 seconds were amplified in 28 cycles, and PCR conditions for SLCCD1A

and SLCCD4; Denaturation at 94°C for 30 seconds, annealing at 52°C for 30 seconds,
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and elongation at 72°C for 30 seconds were amplified for 30 cycles. PCR condition
of SLCCD1B; Denaturation at 94°C for 30 seconds, annealing at 58°C for 30 seconds,
and elongation at 72°C for 30 seconds were amplified in 30 cycles, SLCCD4-1,
SLCCD7, CCDY’ 10’ like, CCD9’10’-1 like2, SLLCYBI, SLCHYBI1, SLVDE PCR condition;
Denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds and elongation
at 72°C for 30 seconds were amplified for 30 cycles. Also, SLCCD8-2 PCR condition;
Denaturation at 94°C for 30 seconds, annealing at 59°C for 30 seconds, and elongation
at 72°C for 30 seconds were amplified as 30 cycles. SLLCYB2 PCR condition;
Denaturation at 94°C for 30 seconds, annealing at 56°C for 30 seconds, and elongation
at 72°C for 30 seconds were amplified for 30 cycles. SLCHYB2 PCR condition;
Denaturation at 94°C for 30 seconds, annealing at 57°C for 30 seconds, and elongation
at 72°C for 30 seconds were amplified as 30 cycles. SLZEP PCR condition; RT-PCR
was performed with 30 cycles of denaturation at 94°C for 30 seconds, annealing at

51°C for 30 seconds, and elongation at 72°C for 30 seconds (Table. 6).
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Table 10. RT-PCR Primer

RT-PCR primer

Gene Sequence(5' -> 3"
CuCCbD1lAa Fl4 AAAAGCTGGAGAACGACGTC
CuCCDlA R196 GAGTCTCGTCAGGAACTGGA

SLCCD1A F909

SLCCD1A R1297

SLCCD1B F911

SLCCD1B R1136

SLCCD4 F136

SLCCD4 R260

SLCCD4-1 F793
SLCCD4-1 R1036

SLCCD7 F98

SLCCD7 R200

SLCCD8-2 F1165
SLCCD8-2 R1400
CCD9’10’F731
CCD9’10’"R972
CCD9’10’ -1 like F848
CCD9’10’ -1 1like R1083
CCD9’10’ -1 1like2 F544
CCD9’10’ -1 1like2 R817
SLLCYB1l F297

SLLCYB1 R519

SLLCYB2 F651

SLLCYB2 R919

SLCHYB1l F81

SLCHYB1 R374

SLCHYB2 F477

SLCHYB2 R697

SLZEP F121

SLZEP R402

SLVDE F435

SLVDE R730

GCTAGCTTTTACCTTTGATGC
TTACCTTAGCAATGCTGTTC
CATACAGCTTTGACCCCACA
GTGAAACCGTCACGCTGTTC
GAAAGACCACAAACAACCAC
GAGGGAAATGATGGTTCAAT
GTCTGGGGCATGACAGCTCA
CGAGTATGAACTTGATCGGG
TCTTGCCACCGGCTAAACTG
GTTGGGGACGTGGTGATCGT
ACCATCCTTGACAAGCTCCG
CAAGGCCTCTTAGCACCACA
ATGAAGTAGGGTACGAGGTT
ATGGGCTGTGAATGATCGAG

AAAATACCAGATACGGGTGAACTT
CCAAGCTCGTCTACTATAATATCT

CCTGGTTTTCTTCCCGCTAT
TAACAAGTTCGCTTGCTCCA
ACAGCAAGTTTCTGAAGCAG
CGATTTCAGCTGTTTCCGGT
TGATGCGACGGGATTCTCTA
ATCCAGGACGAGCTACAAGG
ACCTACTTCGACAACCTCAC
ACAGCCATAACAGCCATAGA
TCCTTCAGGTAGGAATGGAG
CAATCCAGCGCCGAAACAGA
AGGAGCTTGGAAAATGGGCA
CTGTATCTGTATTGGACCTC
GAAAGAGTGCAGGATAGAGC
TCAAACCGCGAGTGATGTAC
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Table 6. RT-PCR condition

RT-PCR condition

Denaturation time Anealing [time Elongation|time cycles
CuCCD1A 94°C 30 60°C 30 72°C 30 28
SLCCDIA 94°C 30 52°C 30 72°C 30 30
SLCCD4
SLCCD1B 94°C 30 58°C 30 72°C 30 28
SLCCD4-1
SLCCD7
CCD(9'10) like
CCD(9'10)-1like 2 94°C 30 55°C 30 72 30 30
SLLCYB1
SLCHYB1
SLVDE
SLCCD8-2 94°C 30 59°C 30 72°C 30 30
SLLCYB2 94°C 30 56°C 30 72°C 30 30
SLCHYB2 94°C 30 57°C 30 72°C 30 30
SLZEP 94°C 30 51°C 30 72°C 30 30

2-6. Anti-oxidant activity analysis

2-6-1. Total Carotenoid content

Mix 1 mL of ACN:MeOH:THF (50:45:5, by volume) with 5 mg of lyophilized powder,
and shaken at 150 rpm for 2 hours. Centrifuge at 15000 rpm for 5 min at -5 ° C
and supernatant was filtered through 0.45-mm. using a microplate reader (Thermo)

at 450 nm wavelength read the plates. Carotenoid extraction was performed

according to the method of DOKA, Otté.(Doka, Ficzek et al. 2013).

2-6-2. Total Flavonoid content

Total flavonoid content was performed by modifying of Chang et al(Chang, Yang
et al. 2002). To 20 xL of sample and standard, 10 «L of 50g/L NaNO; was added
and stored at room temperature for 6 minutes. After add 15 «L of 100g/L AlCls

and incubate for 6min, add 75 x#L of 1M NaOH. And then incubate in dark for
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30 minutes, using a microplate reader (Thermo) at 510 nm wavelength read the
plates. Quercetin was used as a standard at 0, 25, 50, 100, 200, 300 «g/mL to

generate a calibration curve.

2-6-3. Total Phenolic content

Total phenolic content was performed by modifying the Folin-Denis analysis
protocol by Rosa M et al(Lamuela-Raventds 2018). Mix 100 L of 10% folin-
ciocalteu reagent with 20 L of sample and incubate for 5 mins. Add then 80 x
L of 10% sodium carbonate anhydrous saturated solution. After incubated in the
dark at 25°C for 60min, using a microplate reader (Thermo) at 750 nm wavelength
read the plates. The total phenolic content was expressed as gallic acid

equivalent(GAE) through a calibration curve 0, 25, 50, 100, 200, 400 x. g/mL.

2-6-4. DPPH radical scavenging

DPPH radical scavenging activity assay was performed with a modification of the
protocol of AOSHIMA et al. (Aoshima, Tsunoue et al. 2004). 160 L of 0.2 mM
DPPH solution dissolved in methanol and sample 40 L were added and incubated
in dark for 30 minutes. The plates were then read on a Microplate reader(Thermo)

at 517nm wavelength. Used ascorbic acid as positive control.

2-7. HPLC(High Performance Liquid Chromatography)

For HPLC measurement, carotenoid was extracted according to the method of P
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Gupta, and HPLC  measurement was performed. Add 1.2 mL

chloroform:dichloromethane (2:1, v/v) to the lyophilized plant sample and mix for

20 min at 1000 rpm at 4°C using a thermal mixer. 0.4 mL of 1M sodium chloride

solution was added, mixed by inversion, and centrifuged at 5000 g for 10 minutes
to collect the organic phase. The remaining aqueous phase was re-extracted, and
after mixing for 20 minutes at 1000 rpm at 4° C. using a thermal mixer, 0.2 mL
of IM sodium chloride solution was added and mixed by inversion.

After centrifugation at 5000 g for 10 minutes, the organic phase was collected

and dried by centrifugal evaporation. It was also dissolved in 0.5 mL of methanol.

3. Result

3-1. Genotyping analysis of T3-S/AS-CuCCDAl transformant lines using

genomic DNA from single seed

To obtain S-CuCCDAI homo lines, I performed genotyping PCR using genomic DNA
extracted from single seed (1~28 seeds) of each lines. The S-CuCCD1A®] 7§ 3-5-
12, 6-13-29, 20-9-20 lines was only showed as homo lines because amplified the
expected PCR product in all the tested PCR and the remained lines were not amplified
the expected PCR product in the some of genotyping PCR from each lines(Fig. 2A).
To obtain AS-CuCCDA1 homo lines, I performed genotyping PCR using genomic
DNA extracted from single seed (1~28 seeds) of each lines. In the lines AS-
CuCCDA transformant, the 9-6-8, 13-2-17, and 5A-6-7 line was only showed as

homo lines because amplified the expected PCR product in all the tested PCR
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and the remained lines were not amplified the expected PCR product in the some

of genotyping PCR from each lines (Fig. 2B).
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Fig 4. Genomic DNA extraction from Seed. A. Sense lines 3-5-12, 6-13-29 and 20-9-20, B. Anti-
Sense lines 9-6-8, 13-2-17, 5A-6-7

3-2. Genotyping analysis of T3-5/AS-CuCCDA1 transformant lines using

genomic DNA from single Leaf

As a result of genotyping of the T2-S/AS-CuCCDA1 transformant using

genomic DNA from a single seed, three homo lines (3-5-12, 6-1329, 20-9-

20) of the T2-S-CuCCDA1 transformant was obtained. and four homo lines
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of the T2-AS-CuCCDA1 transformant (9-6-8, 13-

2—

17 and 5A-6-7).
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Fig 5. Genomic DNA extraction from Leaf. A. Sense lines 3-5-12, 6-13-29 and 20-9-20, B. Anti-

Sense lines 9-6-8,

13-2-17, 5A-6-7
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3-3. Total RNA extraction and DNase treatment

Total RNA was extracted from all samples, treated with DNase and electrophoresed
(Fig. 4). In addition, the average values of nucleic acid, A260/280, and A260/230
of 3 lines of MT and 3 sense lines were obtained (Tables 7 and 8). Nucleic acid
concentration of MT-Leaf was 296.9ng/ul, A260/280 showed a value of 1.98,
A260/230 showed a value of 1.7, and MT-Flow’s Nucleic acid concentration was

137.8ng/ul, A260/280 showed a value of 1.99, and A260/230 showed a value of

1.71. Nucleic acid concentration in Sense Leaf was 141.43+15.77 ng/uL, A260/280

was 1.97+0.03, A260/230 was 1.69+0.02, and Nucleic acid concentration in Sense

Flower was 125.6+3.44 ng/uL and A260/280 was 1.95. A value of +0.03 was shown,

and A260/230 showed a value of 1.56+0.99. The nucleic acid concentration of

anti-sense flower was 149.7+8.05 ng/uL, A260/280 1.95+0.05, and A260/230

1.65+0.1, and the nucleic acid concentration of anti-sense flower was 139.43+2.51,

A260/ 280 showed a value of 1.95+0.01, and A260/230 showed a value of 1.71+0.03.

Nucleic acid concentrations, A260/280 and A260/230 values for each fruit

development were measured.

The concentration of MT-Immature green nucleic acid was 296.9 ng/uL, A260/280

showed a value of 1.93, and A260/230 showed a value of 1.82, and the nucleic

acid concentration of mature green was 427.2 ng/uL, A260/280 showed a value
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of 1.95 and A260/230 showed a value of 1.91. The nucleic acid concentration of

Turning showed a value of 5354 ng/uL, A260/280 showed a value of 1.99,

A260/230 showed a value of 1.7, and the nucleic acid concentration of Orange

showed a value of 225.9 ng/uL, A260/280 showed a value of 1.8 and A260/230

showed a value of 1.55. The concentration of nucleic acid in orange red was

275.4 ng/uL, A260/280 showed a value of 1.92, and A260/230 showed a value of

1.26, and the concentration of nucleic acid in red was 107.9 ng/uL, A260/ 280

showed 1.83 and A260/230 showed 1.62. Sense-Immature green Nucleic acid

concentration was 104.1+34.66ng/uL, A260/280 showed a value of 1.9+0.14,

A260/230 showed a wvalue of 1.55+0.16. Nucleic acid concentration of mature

green was 167.07+155.74ng/uL, 1.9+0.03 for A260/280, and 1.54+0.28 for A260/230.

The nucleic acid concentration of Turning was 187.93+184.4ng/uL, A260/280

showed a value of 1.88+0.05, A260/230 showed a value of 1.49+0.28, and the

nucleic acid concentration of Orange was 254.8+254.8+ 283.71ng/uL, A260/280

showed a value of 1.72+0.07, and A260/230 showed a value of 1.50+0.27. The

concentration of nucleic acid in orange-red was 219.37+244.79ng/uL, A260/280

showed a value of 1.78+0.12, A260/230 showed a value of 1.51+0.31, and the

concentration of nucleic acid in red was 264.47. £207.51 ng/uL, A260/280 showed
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1.79+0.13, and A260/230 showed 1.62+0.24.

Anti sense-Immature green Nucleic acid concentration was 143.33+7.23ng/uL,

A260/280 showed

a value of 1.96+0.07, A260/230 showed a value of 1.71+0.08.

The mature green Nucleic acid concentration was 138.23+4.51ng/pL, 1.92+0.02

for A260/280, and 1.61+0.09 for A260/230. The nucleic acid concentration of

Turning showed a

A260/230 showed

value of 133.4+36.57ng/uL, A260/280 showed a value of 1.9+0.06,

a value of 1.47+0.08, and the nucleic acid concentration of

Orange was 122.93+ 60.181ng/uL, A260/280 showed a value of 1.79+0.08, and

A260/230 showed

orange-red was

A260/230 showed

a value of 1.45+0.26. The concentration of nucleic acid in

140.13+£33.89ng/pL, A260/280 showed a value of 1.79+0.08,

a value of 1.51+0.10, and the concentration of nucleic acid in

red was 101.00. £63.34 ng/uL, A260/280 showed 1.78+0.11, and A260/230 showed

1.28+0.28.
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Fig 6. RNA extraction and DNase treatment.
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(A) Electrophoresis of DNase-treated RNA by MT fruit development, (B) Electrophoresis of DNase-
treated RNA by S 3-5-12 fruit development, (C) Electrophoresis of DNase-treated RNA by S 6-13-29
and 20-9-20 fruit development, (D) Electrophoresis of DNase-treated RNA by AS 9-6-8 fruit
development, (E) Electrophoresis of DNase-treated RNA by AS 13-2-17, 5A-6-7 fruit development, (F)
Electrophoresis of DNase-treated RNA by MT, Sense and Anti sense Leaf, (G) Electrophoresis of
DNase-treated RNA by MT, Sense and Anti sense Flower.

Table 7. Nucleic acid concentration of MT and Sense.

MT $3-5-12 (S 6-13-29 (S 20-9-20 |AVER STD
Nucelic Acid 142.9 137.8 127.8 158.7 141.43 15.77
Leaf 260/280 1.98 2 1.95 1.97 1.97 0.03
260/230 1.7 1.7 1.66 1.7 1.69 0.02
Nucelic Acid 137.8 126.9 128.2 121.7 125.60 3.44
Flower 260/280 1.99 1.97 1.96 1.91 1.95 0.03
260/230 1.71 1.62 1.61 1.46 1.56 0.09
Nucelic Acid 296.9 143.8 79.9 88.6 104.10 34.66
Immature Green (260/280 1.93 2.01 1.98 1.76 1.92 0.14
260/230 1.82 1.73 1.46 1.45 1.55 0.16
Nucelic Acid 427.2 355.9 86 86.3 176.07 155.74
Mature Green (260/280 1.95 1.87 1.91 1.93 1.90 0.03
260/230 1.91 1.86 1.44 1.32 1.54 0.28
Nucelic Acid 535.4 400.6 72.4 90.8 187.93 184.40
Turning 260/280 1.66 1.93 1.86 1.84 1.88 0.05
260/230 1.59 1.8 1.26 1.42 1.49 0.28
Nucelic Acid 225.9 582.4 90.4 91.6 254.80 283.71
Orange 260/280 1.8 1.71 1.79 1.65 1.72 0.07
260/230 1.55 1.81 1.32 1.36 1.50 0.27
Nucelic Acid 275.4 502 75.5 80.6 219.37 244.78
Orange Red |260/280 1.92 1.89 1.78 1.66 1.78 0.12
260/230 1.26 1.86 1.27 14 1.51 0.31
Nucelic Acid 107.9 504 139.3 150.1 264.47 207.51
Red 260/280 1.83 1.91 1.66 1.8 1.79 0.13
260/230 1.62 1.9 1.49 1.47 1.62 0.24
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Table 8. Nucleic acid concentration of Anti-sense

AS 9-6-8 AS 13-2-17|AS 5A-6-7|AVER STD
Nucelic Acid 150.7 141.2 157.2 149.70 8.05
Leaf 260/280 1.97 1.99 1.89 1.95 0.05
260/230 1.71 1.71 1.54 1.65 0.10
Nucelic Acid 1423 1384 137.6 13943 2.51
Flower 260/280 1.96 1.95 1.94 1.95 0.01
260/230 1.75 1.69 1.7 1.71 0.03
Nucelic Acid 149.3 145.4 135.3 143.33 7.23
Immature Green (260/280 2 1.88 1.99 1.96 0.07
260/230 1.78 1.63 1.72 1.71 0.08
Nucelic Acid 143.4 136.2 135.1 138.23 4.51
Mature Green (260/280 1.94 1.91 1.91 1.92 0.02
260/230 1.51 1.69 1.64 1.61 0.09
Nucelic Acid 147.9 91.8 160.5 133.40 36.57
Turning 260/280 1.93 1.95 1.83 1.90 0.06
260/230 1.54 1.49 1.38 1.47 0.08
Nucelic Acid 155.3 53.5 160 122.93 60.18
Orange 260/280 1.83 1.84 1.69 1.79 0.08
260/230 1.62 1.15 1.58 1.45 0.26
Nucelic Acid 170 103.3 1471 140.13 33.89
Orange Red (260/280 1.71 1.79 1.87 1.79 0.08
260/230 1.51 1.4 1.6 1.51 0.10
Nucelic Acid 36.4 103.6 163 101.00 63.34
Red 260/280 1.88 1.66 1.79 1.78 0.11
260/230 1.03 1.22 1.58 1.28 0.28

3-4. RT-PCR(Reverse Transcriptase Polymerase Chain Reaction)

As a result of searching for CuCCDI1A gene and SLCCDI1A homology, 79% homology

was found (fig. 4), and 3 pyL of cDNA in 1.5 mL tube, 0.5 yL of CuCCDI1A F14 0.5

uL-R196 0.5 pL, D.W. 16 pyL mixing RT-PCR was performed. As a result of

electrophoresis of 5 uL of the PCR product with 2% gel, in the case of MT, it was

confirmed that the gene was not amplified as a control in which the CuCCDIA gene

was not introduced. It was confirmed that the gene was amplified in plants into

which was introduced (Fig. 5).

For SLCCD1A, 3 uL of cDNA, 0.5 uL of SLCCDIA F909-R1297 0.5 pL, D.W. After
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RT-PCR was performed by mixing 16 pL, 5 uyL of the PCR product was loaded on

2% gel and electrophorese. In the case of MT, since only CCD1A of tomato itself

was present, it was confirmed that its own gene was amplified properly, and in the

case of 3 sense lines and 3 anti-sense lines, electrophoresis was performed and

similar patterns were shown (Fig. 6). .

1521
CUCCDAT mmmp
SLCCOAT mmmp

Query
sbjct
Query
sbjet
Query
sbjet
Query
abjct
Query
skjet
Query
sbjct
Query
sbjet
Query
Sbjct
Query
sbjet
Query
abjet
Query
Sbjct
Query

sbjet

NW Score

179
176
239
233
299
293
EL]
353
413
413
479
473
535
533
599
583
659

Sequence ID: Query_10669 Length: 1638 Number of Matches: 1

Range 1: 1 to 1638 Graphics
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Fig 7. Homology of CuCCDIA and SLCCDIA

Homology was searched through NCBIL. The upper part marked in red is the sequence position for

CuCCDI1A F14-R196, and the lower part marked in red is the sequence position for SLCCD1A F909-

R1297.

- 27 -



MT-CuCCD1A F14-R196

T3-5-CCDA1 3-5-12 CuCCD1A F14-R196

MT-cONA

T3.5.CCDA1 3.5-12 cDNA

T3.AS-CCDA1 9.6-8

™ Leaf Flow IM MA TUR O OR R M M Leaf Flow IM MA TUR O OR R M M Leof Flow IM MA TUR © OR R ™M
= = |8 " E |z =
= e — e e — - —
CUCCD1A F14.CuUCCD1A R106 = b & & howd o doh -4 =
e oooni Cls - i e
T3-S-CCDA1 6-13-29CuCCD1A F14-R196 T3-AS-CCDA1 13-2-17 CuCCD1A F14-R196
- - — T3B.CCOAY 613 200cONA- - . &, Tl oA .o SR CoBA e o - = —
e LAGEHStovr 1 MARSAMAS PLRUS O OFRIEE R M M Leaf Flow IM MA TUR O OR R )
- — | =
= B = =
= — — ——— - ——— = —— =
o SRR A i co i s e ==
CUCCDA F14 - CUCCD1A R196 —— CuCCODA F14 - CUCCDIA R196 -
T3-S-CCDA1 20-9-20 CuCCD1A F14-R196 T3-AS-CCDA1 5A-6-7 CuCCD1A F14-R196

T3-5-CCDA1 20-9-20 cONA. = +
Loaf Fiow IM M, R © OR R

CuCCDA F14 - CUCCD1A R196

il TTE

T3.AS.CCDA1 5A-6.7 cONA
Leaf Flow IM MA TUR © OR R

N =

CUCCDA F14 - CuCCD1A R196

Fig 8. Electrophoresis of CuCCDIA

Gene expression analysis of CuCCD1A F14-R196. Left
20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7

is MT,
3 Anti

middle is 3-5-12, 6-13-29,

-sense line.
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Fig 9. Electrophoresis of SLCCDIA.

Gene expression analysis of SLCCD1A F14-R196. Left is MT, middle is 3-5-12, 6-13-29,

20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line.

As a result of confirming the homology of CuCCDI1A and SLCCDIB, 77% of

homology was shown (Fig. 7). 3 uL of cDNA, 0.5 uL of SLCCD1B F911-0.5 uL of

SLCCD1B R1297, D.W. 16 yL was mixed and RT-PCR was performed. In addition,
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5 pL of the PCR product was loaded on a 2%

gel and electrophoresed (Fig. 8).
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Fig 10. Homology of CuCCDIA and SLCCDIB

Homology was searched through NCBI. The lower part marked in red is the sequence position for

SLCCD1B F911-R1136.
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Fig 11. Electrophoresis of SLCCDIB.

Gene expression analysis of SLCCD1B F911-R1136. Left is

20-9-20 3

sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti
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As a result of checking the homology of CuCCDI1A, SLCCD4, and SLCCD4-1, the

homology was about 50%, and 3 pL of cDNA, 0.5 pL of SLCCD4 F136, 0.5 uL

of SLCCD4 R260, D.W. After RT-PCR by mixing 16 pL, 5 pyL of PCR product

was loaded on 2% gel and electrophoresis was performed (Fig. 10A). Homology

of LCCD4 and 4-1 was 82% (Fig. 9B). cDNA 3 pL, SLCCD4-1 F793 0.5 pL, SLCCD4-1

R1036 0.5 pL, D.W. After RT-PCR was performed by mixing 16 upL, 5 yL of the PCR

product was loaded on 2% gel and electrophoresed (Fig. 10B).

In the case of SLCCD4 and SLCCD4-1, it was confirmed that they were amplified in
flowers and leaves. This shows that CCD4 is a gene acting on flowers and leaves. In
the experiment of HAI, Nguyen Thi Lam, Ziium brownii var. Colchesteri’s flower color

changed from white to yellow during the flowering period. (Hai, Masuda et al. 2012).
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Fig 12. Homology of CuCCDIA, SLCCD4, SLCCD4-1

Homology was searched through NCBL (A)The lower part marked in red is the sequence position

for SLCCD4 F136-R260, and the lower part marked in red is the sequence position for SLCCD1A

F793-R1036.
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Fig 13. Electrophoresis of SLCCD4 and SLCCD4-1.

(A) Gene expression analysis of SLCCD4 F136-R260. Left is MT,

middle is 3-5-12, 6-13-

29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (B) Gene

expression analysis of SLCCD4 F793-R1036. Left is MT, middle is 3-5-12, 6-13-29, 20-9-

20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line.
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As a result of searching for the homology of CuCCD1A, SLCCD7, and SLCCD8-

2, the homology of CuCCD1A and SLCCD7 was 49% (Fig. 11A). In a 1.5 mL tube,

3 pL of cDNA, 0.5 pL of SLCCD7 F98, 0.5 pL of SLCCD7 R200, DW After RT-

PCR was performed by mixing 16 uL, 5 uL of the PCR product was loaded on a

2% gel and electrophoresed (Fig. 12A).

As a result of searching for homology of CuCCDI1A and SLCCD8-2, the homology

was 50% (Fig. 11B), and 3 pL of cDNA, 0.5 pL of SLCCD8-2 F1165, 0.5 pL of

SLCCD8-2 R1400, D.W. After mixing 16 pL and performing RT-PCR, 5 uL of the

PCR product was loaded on a 2% gel and electrophoresed (Fig. 12B).
It was confirmed that amplification was not performed in SLCCD7 and SLCCD8-
2, and in the study of jUNWEI Liu, CCD7 and 8 genes appear to affect the root

and stem growth of plants (Liu, Novero et al. 2013).
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Fig 14. Homology of CuCCDIA, SLCCD7, SLCCD8

Homology was searched through NCBL (A)The lower part marked in red is the sequence position
for SLCCD7 F98-R200, and the lower part marked in red is the sequence position for SLCCD8-2

F1165-R1400.
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Fig 15. Electrophoresis of SLCCD7 and SLCCDS-Z.

(A) Gene expression analysis of SLCCD7 F98-R200. Left is MT, middle is 3-5-12, 6-13-
29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (B) Gene
expression analysis of SLCCD8-2 F1165-R1400. Left is MT, middle is 3-5-12, 6-13-29, 20-

9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line.
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Homology of CuCCDIA, SLCCD(9'10") Like, SLCCD(9'10)-1 Like, SLCCD(9'10")-1

Like2 was searched. CuCCDIA and SLCCD (9°10°) Like confirmed 49% homology

(Fig. 13A). In a 1.5mL tube, 3 pL of cDNA, 0.5 uL of SLCCD(9'10") Like F731,

0.5L of SLCCD(9’10") Like R972, D.W. After mixing 16L and performing RT-PCR,

5 uL of the PCR product was loaded on a 2% gel and electrophoresed (Fig. 14A).

SLCCD(9'10)-1 Like Homology showed 51% Homology(Fig 13B), 3 uL of cDNA in

1.5mL tube, 0.5 pL of SLCCD(9°'10)-1 Like F913, SLCCD(9'10") -1 Like R1083 0.5

puL, DW After mixing 16 pL and performing RT-PCR, 5 uL of the PCR product

was loaded on a 2% gel and electrophoresed(Fig 14B). SLCCD(9'107)-1 Like2

Homology showed 52% Homology(Fig. 13C), 3 upL of cDNA in 1.5mL tube,

SLCCD(9'10")-1 Like2 F544 0.5 L, SLCCD(9'10") -1 Like2 R817 0.5 pL, DW After

mixing 16 yL and performing RT-PCR, 5 uL of the PCR product was loaded on

a 2% gel and electrophoresed(Fig. 14C).
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Fig 16. Homology of CuCCDI1A, SLCCD(9’ 10’ )like, SLCCD(9’ 10° )-1 like, SLCCD(9”* 10’ )-1 like2

Homology was searched through NCBL (A)The lower part marked in red is the sequence position

for SLCCD(9'10") like F731-R972, (B) The lower part marked in red is the sequence position for

SLCCD(9'10)-1 like F913-R1083, (C) The lower part marked in red is the sequence position for

SLCCD(9'10)-1 like2 F544-R817.
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Fig 17. Electrophoresis of SLCCD®'10") Like, SLCCDO'10)-1 Like and , SLCCDO'10")-1 Like2.

(A) Gene expression analysis of SLCCD(9'10") Like F731-R972. Left is MT, middle is 3-5-
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12, 6-13-29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line.
(B) Gene expression analysis of SLCCD(9'10)-1 Like F913-R1083. Left is MT, middle is 3-
5-12, 6-13-29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line.
(C) Gene expression analysis of SLCCD(9'10)-1 Like2 F544-R817. Left is MT, middle is

3-5-12, 6-13-29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense

line.

As a result of confirming the homology of SLLCYB1 and SLLCYBZ2, 85% of

homology was shown (Fig. 15A). 3 uL of cDNA, 0.5 yL of SLLCYBI1 F297, 0.5 uL

of SLLCYB1 R519, D.W. 16 pyL / ¢cDNA 3 pL, SLLCYB1 F651 0.5 pL, SLLCYB2

R919 0.5 uL, D.W. After mixing 16 pyL and performing RT-PCR, 5 pyL of the PCR

product was loaded on 2% gel and electrophoresed (Fig. 16A,B). As a result of

confirming the homology of SLCHYB1 and SLCHYBZ2, the homology was 75% (Fig.

15B). In a 1.5 mL tube, 3 pL of cDNA, 0.5 pL of SLCHYBI1 F81, 0.5 pL of

SLLCYB1 R374, D.W. 16 uL / cDNA 3 pL, SLCHYB2 F477 0.5 pL, SLLCYB2 R697

0.5 pL, D.W. After mixing 16 pyL and performing RT-PCR, 5 pL of the PCR

product was loaded on a 2% gel and electrophoresed (Fig. 16C,D). SLZEP primer

was synthesized as follows (Fig. 15C). 3 uL of cDNA, 0.5 uL of SLLCYB1 F297,

0.5 pL of SLLCYBI1 R519, D.W. After mixing 16 pL and performing RT-PCR, 5

uL of the PCR product was loaded on a 2% gel and electrophoresed (Fig. 16E).
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SLVDE primer was synthesized as follows (Fig. 15D). 3 uyL of cDNA, 0.5 uL of

SLLCYBI1 F297, 0.5 pL of SLLCYB1 R519, D.W. After mixing 16 uL and performing

RT-PCR, 5 uL of the PCR product was loaded on 2% gel and electrophoresed

(Fig. 16F).
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C zeaxanthin epoxidase, chloroplastic (ZEP) D Viclaxanthin de-epoxidase (VDE)
NCBI Reference Sequence: NC_015439.3 NCBI Reference Sequence: NC_015441.3

. LOCUS NC_015441 3552 bp DNA linear CON 08-AUG-2018DEFINITION
LOCUS NC_015439 5523 bp DNA linear CON 08-AUG-2018 -

DEFINITION Solanum lycopersicum cultivar Heinz 1706 chromoscme 2, Solanum lycopersicum cultivar Heinz 1706 chreamoscme 4,

5L3.0, whole genome shotgun sequence. SL3.0, whole gencmé shotgun sequenca.

cDs CDS

TGTATTCAACTGTTTTTTACACTTCAGT TCCTTCCACTTY TTTTATCAAGAAAGCAGCTACCTTTATT

GRTTTCCARGGACTTTTCTGCAGRGTTATATCATTC T T TACCT T TABGAGCTTGEARART TATCRACK | ATGGCGCTTGCCCCTCATTCARACATTCTGTGCARTCATGAGGCCATCARATGTCARGTTGGATCAAGGC
AGGTTARAGGAGT ARAAGTARRAGCARCART TGCTGAAGCTCCASTTACTCCTACAGAGARGACTGACTCTGSS | PTCAGAGTCATACARGAT TTAGC TGGGGTAGAGCAGATTACTT TGGTAGTATAGTCCTAGIGARRATTTG
T T e | TTCCAGARGACAGATACCTACATACTTGCAGARATCTTCTAGAATATGTTGTGGTTTGGAT TCTAGAAGT

GGGAC! TTGGCTGCTTTAGAAGCAATTGATTTGEATGTT | CTGCAACTATCATCACGGGGGARACARAATCTTTCTTCTGCACATAGAAT TARCCAGAATGTACCTAAGG
GCTGAAGACATTATGART GCTGGCTGCATCACTEGTCARAGGAT TAATGGCTTGGTTGATGGTATTTCTGECAR | GAARTACAATATGGARAT TTCCAGAAGATGTAGCTTTGATGGTCT TGAAGAAAT GGGGCCAATTGGCCAA

b ““‘;’TTTS“TT TICACTCCARCAGTGEAN e ouch | ARCAGCAATTGTAACTATATTTATTTTGTCAGTTGCTICAARGGC TGATGCCGT TGATGCTCTCARARCT
TGCTGT T
o P RCTOT T IO T CAC AN AC ARCOATTTACACLTGATCTTCTGCTTaoTeeTe | TETACTTGCT TACT GAARGAGTGCAGGATAGAGC TTGCGAAGT GCATCTCAAACCCTGCATGTGCAGCTA
ATGGC CGGACTARTT CAGTGRAGCTACTTACTCTGECTAC | ATGTTGCCTGTCTCCARACATGCAACAATAGACCTGATGARACGGAATGTCAGATARARTGTGGTGATTT
ACTTGTTATACTGGARTTGCAGATTTOGT TCCAGCTGATATTGATACAGTTGGETACCGOGTCTTTITGSGCCA | GTTTGAARACAGTGTTGTAGACGAGTICARTGAGTGTGCAGTC TCCCGGARGAARTGTGTACCTCGTARR
ey ey | TCTGRATGTTGGTEACT TTCCTGTGCCTGATCCCAGTGTTCTCGTCCARARGT TTGACATGARTGATTTTA
GACCTATTAGTTGCCACAGAT GAAGATGCAATTOTT T CRTEACATCT accaceacerttactte | TTGGAAARTGGTACATCACTCGCGGTTTGAATCCCACAT TTGATGTTTTTGATIGTCARTTGCATGAGTT
GGGAAGAGETCGTGTTACAT TGCTTCTATGARASTGCTAGRARAC TTCGAGTTGGAGTCRTCCRTEGACTEECT | COATACAGAAGGAARCAAACT TGTGGGAAGTCTGACTTGGAGAAT AGGGACACCTGATGGAGGATTTTTC
éiféé‘:ééé';;‘ééiéé‘c‘;’;‘“ CTTACAAGECTTATCT (S ;f_;ﬁ;c_’;mmﬂgg ACTCGATCCGCAGTGCAARAATTCGTGCAAGATCCARAGTATCCCGGGATACTCTACAATCATGATAATG
T T

RO T CAA A RGO AT OOA T CEA AT OCACATOTOEARGECO T CEATATOATCTCATC T TAAGaAGeTar | AGTATCT TCACTACCAAGATGACTGGT ATATTTTGTCATCCARAGTTGAAAACAGTCCAGATGAT TACAT
GARAGTGCTAGAARACTTCGAGTTGGAGTCATCCATGGAC rGecreeanTcaTGacaTcTACTTA | ATTTGTGTACTATAAGGGCAGAAATGATGCATGGGATGGATAT GGTGGTTCTGTACTT TATACTAGAAGC
CARGGCTTATCTTGGCGTCGGACTTGGTCCACTATCATTTTTGACGCAGTATAGARTACCACATCCTGGARGAG | TCCBTTTTGCCTGARACGATTATACCTGAGTTGCARATTGCAGCTCAAAAAGTTGGTCGTGATTTCAACA
TTGGTCEAAGAGTTTTTATTGACTTGEGARTGCCT TAGGAGE ARG

CTTTCATAAARACAGACARTACTTGTGGCCCTGAGCCACCCCTTGTTGARCGGT TAGAGAAGRAAGTGGA
CTTGAAGGCAGAATAAAACAT TGCAGGCTATCTGAGAAAGCARATGACCAATTGAGAAAAT GGTTTGAAGATGA
TGATGCTT T AGAGCGTGCTACTGATGCAGAGTGTTACT T T TACC TG CGORAATOECTCTTCTGETTTAGAAG | AGAAGGAGAGCGGACAATCATARAAGAAGT CGAGGARAT AGAAGAAGAAGTCGAGAAGGTGAAGGAAARA
CTATTGTTT' TGTCCCTTECACT TCTCACATAC] TecTeGAAAA | GRAGTCAGCTTATTCAGTAGACTGTTCGAAGGTTTCARAGAGC TGCAACAAGATGARGAAARCTTTATAA

gxziﬁ;:zgm;xg:::gﬂg g;gzﬁ::g";giﬁiﬁggﬁ;‘g‘;émmi‘éz‘:g‘z:gzﬂm: GAGAGCTCAGCAAAGAAGARATGGATATTT TGGATGGACTTARAATGGAAGCARCTGAAGT AGAARAACT
. CTTTGGARATGCAT TACCAATAAGGAAATTARGGTAA

TCCCTACACGTTTTCATCCATCAGATETTATCGAAT TTGETTCTGATAAGGCAGCATTTCETGTTARAGCAATG

ARATTTCCACTAARRACTTCTGARR ARGAGCGOGARGEAGT AR

ZEP F121 5'-AGGAGCTTGGAAMATGGGCA- 3 (58.2/50) VDE F435 5'-GAAMGAGTGCAGGATAGAGC- 3'(53.7/50)
ZEP R402 5'-CTGTATCTGTATTGGACCTC- 3'(43.9/45) VDE R730 5'-TCAAACCGCGAGTGATGTAC- 37 (56/50)

Fig 18. Gene expression analysis from LCYB1 to VDE in carotenoid biosynthesis.

Homology was searched through NCBIL (A) Homology was searched through NCBI. The upper part
marked in red is the sequence position for SLLCYB1 F297-R519, and the lower part marked in red

is the sequence position for SLLCYB2 F651-R919, (B) Homology was searched through NCBI. The
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upper part marked in red is the sequence position for SLCHYB1 F81-R374, and the lower part
marked in red is the sequence position for SLCHYB2 F477-R697, (C)The yellow part marked is the
sequence position for SLZEP F121-R402, (D)The yellow part marked is the sequence position for

SLVDE F435-R730.

Fig 19. Electrophoresis results from SLLCYB1 to SLVDE.

(A) Gene expression analysis of SLLCYB1 F297-R519. Left is MT, middle is 3-5-12, 6-13-
29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (B) Gene
expression analysis of SLLCYB2 F651-R519. Left is MT, middle is 3-5-12, 6-13-29, 20-9-
20 3 sense lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (C) Gene expression
analysis of SLCHYB1 F81-R374. Left is MT, middle is 3-5-12, 6-13-29, 20-9-20 3 sense
lines, right is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (D) Gene expression analysis of
SLCHYB2 F477-R697. Left is MT, middle is 3-5-12, 6-13-29, 20-9-20 3 sense lines, right

is 9-6-8, 13-2-17, 5A-6-7 3 Anti -sense line. (E) Gene expression analysis of SLZEP
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F121-R402. Left is MT, middle is 3-5-12, 6-13-29, 20-9-20 3 sense lines, right is 9-6-8,
13-2-17, 5A-6-7 3 Anti -sense line. (F) Gene expression analysis of SLVDE F435-R730.
Left is MT, middle is 3-5-12, 6-13-29, 20-9-20 3 sense lines, right is 9-6-8, 13-2-17, 5A-

6-7 3 Anti -sense line.

3-5. Anti oxidant activity analysis

3-5-1. Total carotenoid content

The results of measuring the total carotenoid content by flower, leaf and fruit
development are as follows (Fig. 5). MT leaf showed values of 4.18+0.17 and flowers,
1.4+0.07, Sense leaves 3.18+0.2, flowers 1.26+0.06, Anti sense, leaves 3.52+0.22,

flowers 1.04+0.08 value of (Fig. 5a).

MT-Immature green showed a value of 0.19+0.009, and mature green showed a
value of 0.07+0.004. Turning showed a value of 0.1+0.006, and Orange showed
a value of 0.11+0.004. Orange red showed a value of 0.22+0.11, and red showed
a value of 0.22+0.29. Sense immature green showed a value of 0.13%0.008, and
mature green showed a value of 0.0740.005. Turning showed a value of 0.11%
0.006, and Orange showed a value of 0.09+0.006. Orange red showed a value of
0.17+0.01, and Red showed a value of 0.26%+0.017. Anti sense immature green
showed a value of 0.14+0.009, and mature green showed a value of 0.07%0.004.
Turning showed a value of 0.07+0.005, and orange showed a value of 0.11+
0.007. Orange red showed a value of 0.2+0.014, and red showed a value of 0.24

+0.018 (fig 5b).
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(a) Total carotenoid content in flowers and leaves, (b) Total carotenoid content by fruit development
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Fig 20. Total carotenoid content of control MT, Sense line, Anti sense line.

in sense, anti-sense, and control

3-5-2 Total flavonoid content.

The flavonoid content of three control and sense lines and the flavonoid content
value of three anti sense lines were confirmed (Fig. 6). As a result of obtaining the
average value of the total flavonoid content of the three Sense lines and the total
flavonoid content of the three Anti Sense lines, Control leaves showed values of
23.15+0.73 and flowers of 41.36+0.55, while leaves of sense showed values of 22.31
+1.08 and flowers of 44.5+£14.56. In the case of anti sense, the leaf showed a value

of 20.72+2.73 and the flower showed a value of 44.97+4.49.

As a result of checking the total flavonoid content in the fruit, control immature
green showed a value of 17.40+1.21, and mature green showed a value of 13.57+
0.73. In addition, Turning showed a value of 11.01%0.73, and Orange showed a

content of 14.21+1.00. Orange red showed a value of 12.61+1.00, and red showed
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a value of 9.73+1.54. Sense Immature green showed a value of 13.43+1.09, and
mature green showed a value of 11.79+1.33. Turning showed a value of 8.51+1.14
and Orange showed a value of 9.79+0.92. Orange Red showed a value of 10.1+
0.84, and Red showed a value of 9.52+1.13. Anti Sense Immature green showed a
value of 9.68+1.78, and mature green showed a value of 6.71+2.69. Turning showed
a value of 8.47%2.6, and Orange showed a value of 10.28+1.04. Orange red showed

a value of 9.53%2, and red showed a value of 8.7+1.28.
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Fig 21. Total flavonoid content of control MT, Sense line, Anti sense line.

(A) Total flavonoid content of MT, (B) Total flavonoid content of Sense line, (C) Totlal flavonoid content

of Anti-Sense

3-5-3 Total phenolic content

The total polyphenol content of the three control and sense lines and the total
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polyphenol content of the three anti sense lines were checked (Fig. 7). As a result
of obtaining the average of the total polyphenol content of the three sense lines
and the total polyphenol content of the three anti sense lines, the control leaf showed
a value of 9.32+0.04, and the flower showed a value of 15.43+0.008. The value of
Sense leaves was 7.67+0.63 and that of flowers was 15.00+2.95. Anti Sense leaves

showed a value of 9.16%+0.91, and flowers showed a value of 19.76+1.47.

As a result of measuring the total polyphenol content in the fruit, control immature
green showed a value of 6.71+0.002, and mature green showed a value of 5.13+
0.003. Also, Turning showed a value of 5.94+0.0006, and Orange showed a value of
7.07x0.004. Orange Red showed a value of 8.05+0.002, and Red showed a value of
6.92+0.004. Sense immature green showed a value of 6.83+0.93, and mature green
showed a value of 6.40+0.41. Turning showed a value of 5.99+0.57, and orange
showed a value of 7.63%0.35. In the case of orange red, a value of 11.21+1.54 was

shown, and in the case of red, a value of 11.74+1.75 was shown.
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Fig 22. Total Phenolic content of control MT, Sense line, Anti sense line.
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3-5-4. DPPH radical scavenging activity

The DPPH radical scavenging ability of three control and sense lines and the DPPH
radical scavenging ability of three anti sense lines were confirmed (Fig. 8). As a
result of obtaining the average value of the DPPH radical scavenging activity of the
dog sense lines and the DPPH radical scavenging activity of the three anti sense
lines, the control leaves showed a scavenging activity of 35.940.33, and the flowers
showed a scavenging activity of 70.75%0.16. Sense leaves exhibited a scavenging
activity of 31.75%7.32, and flowers exhibited a scavenging activity of 67.77+7.68.
Anti sense leaves exhibited a scavenging activity of 26.81+3.43 and flowers of 75.56

+2.25.

As a result of measuring DPPH radical scavenging activity in fruits, control immature
green showed a scavenging activity of 25.29+0.17 and mature green showed a
scavenging activity of 13.19+0.08. Turning showed a scavenging ability of 19.84+0.2
and 23.76£0.31 for orange, 25.59+0.18 for orange and 24.01+1.45 for red. Sense
immature green showed a scavenging ability of 23.16+10.87 and mature green showed
a scavenging ability of 19.97+7.28. Turning showed a scavenging ability of 21+4.75,
orange showed a value of 29.06+6.50, orange red showed a scavenging ability of
32.3£6.79 and red showed a scavenging ability of 30.91+5.08. Anti-sense immature
green showed a scavenging ability of 21.36+3.77, and mature green showed a
scavenging ability of 21.66+3.67. Turning showed a scavenging ability of 27.44 +3.75,
orange showed a scavenging ability of 24.54+3.14, orange red showed a scavenging

ability of 32.02+3.35, and red showed a scavenging ability of 38.44+3.57.
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Fig 23. DPPH radical scavenging activity of control MT, Sense line, Anti sense line.

(A) DPPH radical scavenging activity of MT, (B) DPPH radical scavenging activity of Sense line, (C)

DPPH radical scavenging activity of Anti-Sense
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3-5. HPLC(High Performance Liquid Chromatography)

As a result of HPLC on leaves in the MT, Sense, and Anti-sense lines (Fig. 22), the
peaks were high at 3.5 min and 15 min in the case of MT. S3-5-12 had a high peak
at about 12.5 minutes, and in the case of S 6-13-29, the peak was high at 14
minutes. In addition, in S 20-9-20, the peaks were high at 10.5 and 13.5 minutes,
and in the case of AS 9-6-8, high peaks were shown at about 14 minutes. AS 13-
2-17 showed a high peak at 14 min, and AS 5A-6-7 showed a high peak between

about 10 min, 10.5 min, and 13 min to 13.5 min.

Table 9. HPLC condition.

Time A B
MeOH:Water MTBE
(95:5)
0.01 80 20
2.00 70 30
13.00 50 50
18.00 45 55
23.00 0 100
28.00 80 20
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Fig 24. HPLC on leaves among MT, Sense, and Anti sense lines.

(AMT Leaf, (B)S 3-5-12 Leaf, (C)S 6-13-29 Leaf, (D)S 20-9-20 Leaf, (E)AS 9-6-8 Leaf, (F)AS 13-2-17

Leaf, (G)AS 5A-6-7 Leaf

As a result of HPLC for flowers in the MT, Sense, and Anti-sense lines (Fig. 23),
the peaks were high at 3 min and 12.5 min in the case of MT. S3-5-12 had a high
peak at about 12.5 min, and in the case of S 6-13-29, the peak was high at 9 min.
In addition, in S 20-9-20, the peaks were high at 15 min and min, and in the case

of AS 9-6-8, a high peak was shown at about 12.5 min. AS 13-2-17 showed a high

peak at 13.5 min, and AS 5A-6-7 showed a high peak at about 3.5 min.
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Fig 25. HPLC on Flower among MT, Sense, and Anti sense lines.

(A)MT Flower, (B)S 3-5-12 Flower, (C)S 6-13-29 Flower, (D)S 20-9-20 Flower, (E)AS 9-6-8 Flower,
(F)AS 13-2-17 Flower, (G)AS 5A-6-7 Flower

As a result of HPLC for immature green in MT, Sense, and Anti-sense lines (Fig.
24), MT peaks were high at 11 and 11.5 minutes. S3-5-12 had a high peak at about
13 to 13.5 minutes, and in the case of S 6-13-29, the peak was high at 13 to 14
minutes. In addition, in S 20-9-20, the peak was high at 12.5 min and min, and in
the case of AS 9-6-8, a high peak was shown at about 14.5 min. AS 13-2-17 showed

a high peak at 12.5 min, and AS 5A-6-7 showed a high peak at about 11 min.

- 53 -



i‘so!‘n.‘_l"

1 0
“A 1 MT-IMMATURE

m'“:‘;ﬂllll,!lll {1.00)
| :|‘ oA E r AS 9-6-8 IMMATURE
1S ) "
] o 10.
. - h o h fy I3 ‘
I e—— o A A Jlk\ —
“B “ S 3-5-12-IMMATURE f % R
Y ""-".\,n.\,-‘\l”, - eSO g .00
I T “F AS 13-2-17 IMMATURE
" (09
“C h S 6-13-29-IMMATURE ’ " | |!|
‘l ,lulif S
i WM B S —
i o 4SO 1005
o i G AS 5A-6-7 IMMATURE
Elih,‘mf{ﬂl‘ ‘
|| S 20-9-20 IMMATURE A A
IR
\, e
1 ,,H|_ AN | o

Fig 26. HPLC on Immature green among MT, Sense, and Anti sense lines.

(A)MT Immature green, (B)S 3-5-12 Immature green, (C)S 6-13-29 Immature green, (D)S 20-9-20
Immature green, (E)AS 9-6-8 Immature green, (F)AS 13-2-17 Immature green, (G)AS 5A-6-7

Immature green

As a result of HPLC for mature green in MT, Sense, and Anti-sense lines (Fig. 25),
the peak at 11.5 min for MT was high. S3-5-12 had a high peak at about 3.5 min,
and in the case of S 6-13-29, the peak was high at 3.5 min and 11~11.5 min. In
addition, in S 20-9-20, the peaks were high at 3.5 and 12 minutes, and in the case
of AS 9-6-8, high peaks were shown at about 12 to 12.5 minutes.. AS 13-2-17

showed high peaks at 7 and 9 min, and AS 5A-6-7 showed low peaks.
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Fig 27. HPLC on Mature green among MT, Sense, and Anti sense lines.

(A)MT mature green, (B)S 3-5-12 mature green, (C)S 6-13-29 mature green, (D)S 20-9-20 mature
green, (E)AS 9-6-8 mature green, (F)AS 13-2-17 mature green, (G)AS 5A-6-7 mature green

As a result of HPLC for turning in MT, Sense, and Anti-sense lines (Fig. 26), in the
case of MT, the peak was high at 11.5 to 12. S3-5-12 had a high peak at about
11.5 to 12.5 minutes, and in the case of S6-13-29, the peak was high at 13 minutes.
In addition, in S 20-9-20, the peak was high at 12.5~13 min and min, and in the
case of AS 9-6-8, a high peak was shown at about 13 min. AS 13-2-17 had a high

peak at 12.5-13 min, and AS 5A-6-7 had a low peak.
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Fig 28. HPLC on Turning among MT, Sense, and Anti sense lines.

(A)MT Turning, (B)S 3-5-12 Turning, (C)S 6-13-29 Turning, (D)S 20-9-20 Turning, (E)AS 9-6-8 Turning,
(F)AS 13-2-17 Turning, (G)AS 5A-6-7 Turning

MT, Sense, Anti-sensez}l 42| Orangeollth$+ HPLC ZA3}Z(Fig. 27), MTY 7%
3.5%3} The peak was high between 11 and 11.5 minutes. S3-5-12 had a high peak
at about 13 minutes, and in the case of S 6-13-29, the peak was high at 10-12
minutes. In addition, in S 20-9-20, the peaks were high at 9 and 13 minutes, and in
the case of AS 9-6-8, high peaks were shown at about 12.5 minutes. AS 13-2-17

showed a high peak at 11-12 min, and AS 5A-6-7 showed a high peak at about 17

min.
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Fig 29. HPLC on Orange among MT, Sense, and Anti sense lines.

(A)MT Orange, (B)S 3-5-12 Orange, (C)S 6-13-29 Orange, (D)S 20-9-20 Orange, (E)AS 9-6-8 Orange,
(F)AS 13-2-17 Orange, (G)AS 5A-6-7 Orange

As a result of HPLC for Orange-red in MT, Sense, and Anti-sense lines (Fig. 28),
the peak at 16.5 min for MT was high. S3-5-12 showed a low peak, and in the case
of S 6-13-29, the peak was high at 17.5 min. In addition, in S 20-9-20, the peak
was high at 17.5 min and min, and in the case of AS 9-6-8, the peak was high at
about 17 min. AS 13-2-17 showed a high peak at 17.5 min, and AS 5A-6-7 showed

a high peak at about 17.5 min.

- 57 -



{45t (1809

A \ MT-ORANGE RED

j Wj“?ﬂmlnmﬂﬂﬂj

X ‘ || k AS 9-6-8 OR-R
o 1M o ‘ll

1 s s 1. » *TJ} . -.JI‘-I"JI."‘.J‘. A \|'I S S
"W weA T T M i

g $3-5-120RR v

I lu | Y -
T hn S iy

] s ., #50nm A [1.00]

R A i AS 13-2-17 ORR
;\innmlr;n.(inoj : “ r‘ }
S 6-13-29 OR-R \
o] C I \ } i F_ﬂ',. L’f B I, Ay ‘ o

] A“ i | LU PN -

|r STLN S . T g ' ; >
§ ‘:’Tgummlnm(mﬂj

o R o] G } AS 5A-6-7 OR-R
7‘§UnmlMIi|00). 1

‘D ( $20-9-200RR | | |

i ! ol . - _ L, L ‘ _7,_,5,./‘.U.,.,.,-,,.,'\f.,.wd\ 0 \\I o L
] ' M

Fig 30. HPLC on Orange-Red among MT, Sense, and Anti sense lines.

(A)MT Orange-red, (B)S 3-5-12 Orange-red, (C)S 6-13-29 Orange-red, (D)S 20-9-20 Orange-red,
(E)AS 9-6-8 Orange-red, (F)AS 13-2-17 Orange-red, (G)AS 5A-6-7 Orange-red

As a result of HPLC for Red in the MT, Sense, and Anti-sense lines (Fig. 29), the
peaks were high at 3 min and 16.5 min for MT. S3-5-12 had a high peak at about
17 minutes, and in the case of S 6-13-29, the peak was high at 17 minutes. In
addition, in S 20-9-20, the peak was high at 17.5 min and min, and in the case of
AS 9-6-8, a high peak was shown at about 17.5 min. AS 13-2-17 showed a high

peak at 17.5 min, and AS 5A-6-7 showed a high peak at about 17.5 min.
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Fig 31. HPLC on Red among MT, Sense, and Anti sense lines.

(AMT Red, (B)S 3-5-12 Red, (C)S 6-13-29 Red, (D)S 20-9-20 Red, (E)AS 9-6-8 Red, (F)AS 13-2-17

Red, (G)AS 5A-6-7 Red

-59 .-




4. Summary and Conclusions

Homo line was found from transgenic tomatoes introduced with CuCCDI1A carotenoid
gene from citrus fruits, and gene expression analysis, activity analysis, and HPLC
analysis were performed. As a result, the transformed microtomato was compared
with the general control group in the gene expression analysis, but in the experimental

group and the control group did not feel any difference.

Also, in the activity assays Total Carotenoid Content, Total Phenolic Content and
Total Flavonoid Content, and DPPH radical scavenging, no significant difference was

found between the control group and the experimental group.

Therefore, it is necessary to additionally conduct experiments on gene expression
analysis and activity analysis, and it is also necessary to perform additional analysis
of changes in the composition of substances by performing HPLC measurement

several times.

In the case of gene activity analysis, when the genes of the overexpressed Sense
line and the suppressed Anti Sense line function normally, the difference in DNA
band and the difference between the overexpressed Sense line and the suppressed
Anti sense line in the case of activity analysis should be shown. Through this
experiment, the change in carotenoid biosynthesis can be observed when the CCDIA
gene isolated from citrus is transformed into tomato, and it has great academic and

commercial value through activity analysis and material analysis.

- 60 -



A 2

W A4 A OE Qe FU A & o] ok APA &% o4
BE} FRPEL ASH FA ARDFYA BAY AAHE Seln
g B3 4YYA RRo} FFE Hol Y& ) Aol 7
23 72 494 AR A A4S SYuh

T et Gae] AL A3 9 A FAE A 2P

SAAE ZAE) AAE EFE BT

-61 -



Referense

Zou, Z, Xi, W,, Hu, Y., Nie, C,, & Zhou, Z. (2016). Antioxidant activity of Citrus fruits. Food
chemistry, 796, 885-896.

Aoshima, H., et al. (2004). "Aging of whiskey increases 1, 1-diphenyl-2-picrylhydrazyl radical
scavenging activity." Journal of agricultural and food chemistry 52(16): 5240-5244.

Chang, C.-C,, et al. (2002). "Estimation of total flavonoid content in propolis by two

complementary colometric methods." Journal of food and drug analysis 10(3): 3.

Dodka, O., et al. (2013). "Simple and rapid quantification of total carotenoids in lyophilized
apricots (Prunus armeniaca L) by means of reflectance colorimetry and photoacoustic

spectroscopy.” Food Technology and Biotechnology 51(4): 453-459.

Fraser, P. D, et al. (2009). "Genetic engineering of carotenoid formation in tomato fruit and
the potential application of systems and synthetic biology approaches." Archives of
Biochemistry and Biophysics 483(2): 196-204.

Hai, N. T. L, et al. (2012). "Involvement of carotenoid cleavage dioxygenase 4 gene in tepal
color change in Lilium brownii var. colchesteri." Journal of the Japanese Society for
Horticultural Science 81(4): 366-373.

Halliwell, B. (1991). "Reactive oxygen species in living systems: source, biochemistry, and

role in human disease." The American journal of medicine 91(3): S14-S22.

Hermanns, A. S., et al. (2020). "Carotenoid Pigment Accumulation in Horticultural Plants."

Horticultural Plant Journal.

Lamuela-Raventds, R. M. (2018). "Folin—Ciocalteu method for the measurement of total

phenolic content and antioxidant capacity." Measurement of Antioxidant Activity & Capacity

Recent Trends and Applications: 107-117.

- 62 -



Liou, G.-Y. and P. Storz (2010). "Reactive oxygen species in cancer." Free radical research
44(5): 479-496.

Liu, J, et al. (2013). "Carotenoid cleavage dioxygenase 7 modulates plant growth,
reproduction, senescence, and determinate nodulation in the model legume Lotus

japonicus." Journal of Experimental Botany 64(7): 1967-1981.

Liu, Y, et al. (2012). "History, Global Distribution, and Nutritional Importance of Citrus
Fruits." Comprehensive Reviews in Food Science and Food Safety 11(6): 530-545.

Mittal, M., et al. (2014). "Reactive oxygen species in inflammation and tissue injury."
Antioxidants & redox signaling 20(7): 1126-1167.

Sabzevari, A. G. and R. Hosseini (2014). "A quick, efficient, and cost-effective method for
isolating high-quality total rna from tomato fruits, suitable for molecular biology studies.”

Preparative Biochemistry and Biotechnology 44(4): 418-431.

Stadtman, E. R. (2004). "Role of oxidant species in aging." Current medicinal chemistry 11(9):
1105-1112.

Yuan, H. et al. (2015). "Carotenoid metabolism and regulation in horticultural crops."

Horticulture research 2(1): 1-11.

Zacarias-Garcia, J,, et al. (2021). "Antioxidant capacity in fruit of Citrus cultivars with marked
differences in pulp coloration: Contribution of carotenoids and vitamin C." Food Science

and Technology International 27(3): 210-222.

- 63 -



	1. Introduction
	2. Materials and Methods  
	2-1. Plant
	2-2. Genomic DNA extraction from
	2-3. Genomic DNA extraction from
	2-4. Total RNA extraction and DNase
	2-4-1. RNA
	2-4-2. DNase

	2-5. PCR (Polymerase Chain Reaction) &
	2-5-1. Genotyping of T3 S-CuCCDA1 / T3 AS-CCDA1 lines from single
	2-5-2. Genotyping of T3-S-CuCCDA1 / T3-AS-CuCCDA1 lines from
	2-5-3. cDNA

	2-6. Anti-oxidant activity
	2-6-1. Total carotenoid
	2-6-2. Total Flavonoid
	2-6-3. Total Phenolic
	2-6-4. DPPH radical

	2-7. HPLC(High Performance Liquid

	3. Result
	3-1. Genotyping analysis of T3-S/AS-CuCCDA1 transformant lines using genomic DNA from single
	3-2. Genotyping analysis of T3-S/AS-CuCCDA1 transformant lines using genomic DNA from single
	3-3. Total RNA extraction and DNase
	3-4.
	3-5. Anti-oxidant activity
	3-5-1. Total carotenoid
	3-5-1. Total Flavonoid
	3-5-2. Total Phenolic
	3-5-3. DPPH radical

	3-6. HPLC(High Performance Liquid

	4. Summary and Conclusions


<startpage>9
1. Introduction 1
2. Materials and Methods   5
 2-1. Plant materials
 2-2. Genomic DNA extraction from seed.
 2-3. Genomic DNA extraction from leaves.
 2-4. Total RNA extraction and DNase treatment
  2-4-1. RNA extraction
  2-4-2. DNase treatment
 2-5. PCR (Polymerase Chain Reaction) & Electrophoresis
  2-5-1. Genotyping of T3 S-CuCCDA1 / T3 AS-CCDA1 lines from single seed
  2-5-2. Genotyping of T3-S-CuCCDA1 / T3-AS-CuCCDA1 lines from leaf
  2-5-3. cDNA synthesis
 2-6. Anti-oxidant activity analysis
  2-6-1. Total carotenoid content
  2-6-2. Total Flavonoid content
  2-6-3. Total Phenolic Content
  2-6-4. DPPH radical scavenging
 2-7. HPLC(High Performance Liquid Chromatography)
3. Result 19
 3-1. Genotyping analysis of T3-S/AS-CuCCDA1 transformant lines using genomic DNA from single seed
 3-2. Genotyping analysis of T3-S/AS-CuCCDA1 transformant lines using genomic DNA from single seed
 3-3. Total RNA extraction and DNase treatment
 3-4. RT-PCR
 3-5. Anti-oxidant activity analysis
  3-5-1. Total carotenoid content
  3-5-1. Total Flavonoid content
  3-5-2. Total Phenolic Content
  3-5-3. DPPH radical scavenging
 3-6. HPLC(High Performance Liquid Chromatography)
4. Summary and Conclusions 60
</body>

