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2.1 BRNLVRAEBTIZEITARIMREDTY /—R

BLERIU CEDAIE

~=h (Solanum lycopersicum : i F& Micro-Tom) DA
Mo AGLER, HEALER X (o he— L) REAFEEL CH
Wz, TR METE 0.5% K RS CRE%, R”
KCHEFL, AR EICHRREL 7, 3%, WEERBAHIC
KR 6 fHAE 5x5x5ecm PARXDEY I — /Ll
L, 7T7AF w7 A% AWK 21T 72, A
BERA%, ZNOOMEMIAEEXIZEE (EC) 1.5 dS m'!
(A LTZRE A UG ESRIICBL, 2 A BEIThH®
R BOBE M ETCEREIT 72, EF &M
16 WEfEIEAH (27°C), 8 WEMIMEH (22°C) L L7, HEARL
AT, B EEBH AR, R HKIZ NaCl ZNA T
15.0 dS m' (9 16 mM NaCl (ZAH %) [ZFHFE T 52 L TIT
o7z, AR RALERBRAGRE L, W IROIREEZBIZZ L7228
5EC%2 HPEIZ1.5dSm 75 5.0dSm, 8.0 dSm’!,
120dSm’, 15.0dS m™! Lk & 1Z BT T, 8 HERED
J S To, REORER AT —V %L FITRT
4 BT C, REDY TV E4T -T2, M:Mature
green (30 day post anthesis (DPA) ), B:Breaker (35 DPA),
T:Turning (37 DPA), R:Red ripe (45 DPA), F7-45EtpED
I, R EB)—RF IO —F 27 —125
YTV 7 EAT o7 (Fig 1)
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4°C, 15000 rpm T 5 syim L, EiEZ S HORERMK (>
Lo 77 halBRAE Ascorbic acid Test Merck) (ZTESL,
15 1% RQ 7127 A (RQflex plus 10 Merck) % Fiv CH
FEL, EX C(TARAILEUEE) &L LT,
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Fig 1. Preparation for tissue-specific analysis.
The fruit ripening stages of cv. Micro Tom. The four stages
included mature green (M), breaker (B), turning (T), and red ripe

R).

AMRREED R R, FEMBICONWT, AEE
100 mg D& WHREL, FEREFLIEE FHWVTHAEL , 80%
EtOH 1.5 ml Z/1%.7=, 15000 rpm T 1 /imDL, EiE%
Bz, Zhiuczoms/b s MeOH = 101 % 1 ml Iz T
RIVT w7 AL, 15000 rpm T 1 3 0%, EiGERROE,
ZOEEE 3 BIEVIRUTC, 2T B (FOGFRHE,
Wako) 1 ml Z /12 CTHR/VT 7 A%, 15000 rpm “C 1 573
DU EHFERW, o7 Ve, EEEHEL,
AR EE S U7z, R L 7= Ml BE A 2a U 1 3B (ST-
13M B BHALIE T)IZBL, SRV — L~y e T
2M @ TFA 250 ul 21z, 121°C T 2 KEf Nk (EYELA
MG-2200) 52 & TR REAT T2, D%, V71
=L 300 ul A, Sl CTREFIT =R L — 42—
\CCHEIRESE 72, DW % 100 pl 2 CTRAT Y7 AL, i
DL7eDG, BifF% TFA Al sy LT, TFA RIEHE Sy
I F L AR —ARNEENBTD, v ) — A
BEORENATREL 72D,

HAI < NTT7 4 — L DANAREDRERHE /38T : TFA
AIYAE YT 30 ul A BRERS E2 L, 250 ul @
HCUMeOH %Nz, LomnEED T, 80°CT 15 I
MR L7z (EYELA MG-2200), =212 100 ul D t -7 F
AT Na—NENZ, BIETRE T R —F— (2
THEIREHET-, 100 ul OBV, 100 pl DO~FHAF L
DRIV, 50 ul ORI AF Lranas T E Nz CEE
Wi=t%, 80°CT 20 43 A (EYELA MG-2200) L7-, Z#l
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B — X0 RS, 5 ul ONF I AAENL, TDHH
D 1yl ZHAZa~r7Z7 44— (GC-2010 Plus series,
SHIMADZU, Kyoto, Japan) % FWCHATL 72, 7T A%
DB-1 &Mz, BEO®EDOWEIL, FHEREEORIEILT
VARCIRERIE T, YRR EOWEIX, A — Vi
FeiEA AW,
2.2 BRAMNVRAEBTIZEHAMNINEEDIVFUE
BRERELFLEIIY C EREBFRELFORE
g

BRAAT — O RENDMEET L2 100 mg T0%
BWAEL, FLeklFLEEAE O TR L 72, RNeasy® Plant
Mini Kit (QIAGEN) % F\ T ###2>5 total RNA %l
1L, QuantiTect Reverse Transcription Kit (QITAGEN) %
FAUWT c¢DNA % & % L7z (Gene Amp® PCR System
9700) , FEHUMEHTIZ Go-Taq qPCR Master Mix ZF| L
72, Gotag® 5 pl, DNase Free Water 4 ul, 10 uM Forward
10 uM Reverse primer 0.2 pl, CXR
Reference Dye 0.1 pl, template 0.5 pl Z{E &L, 95°C
2min — (95°C 5sec, 63°C 10sec, 72°C 31 sec)
x 50 cycles — dissociation stage DZ{f:C PCR Z{T-7=
(Applied Biosystems 7300 Fast Real-Time PCR System) ,
PN B A Y38 {1~ & L C Elongation factor 1o &\ 7=,
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LT B-HIZMAA—ERMENTNELY | h= M RFET
1%, REARFOTEMEIZD TN THDLDY, sl EEHITTE M
L, RUHTZ7YaF—8 (PG) L LEBITRITF
COMEEETIEREIL, Mg ORI bL L
SNTND, F-?MD&/AEP X, 720 B-HIFIRH—
ERGFEELTWDL Y ZdH5H TBG4 (tomato B-
galactosidase4) D ¥ Bl 2l L 72 R 32 TD A58 2Tk
DINHIESA, AR FECITEF AT & HEi L T 40% 2 LA
{poleZEBNHESI TS Y, ZDZEMD, TBGS 1FR:
FEHALOHIENZAEBFEMRAIZE L TWDEIR - ThD
EEBEZBLIVTNWDTZ®D, AR TIIZOBInFICEB LT,

primer 0.2 pl,

Real-time PCR Z MW CTHNIREZIZEITD TBGY DF
BSENT 24T > 755 5, :I/}\Dv—/l/*ﬁ:& HE AR R 51

Tl TBG4 DR Z— AN D BN, TBG4 D
FEBLRIL, 2 b — LR TIIR TR I L 72—
F7C, AN AL TIE T AT = TR RERD, R AT
— T L= (Fig. 2A), F7-, HEARV RS0 R AT
—UTiEarhE— L&D R A7 —V LR TR
3K 3% A BEICHD LTV, SBIg, avbe— 4t
LA AGRNMFIZ BT DI RFEBLEELZNZ S

5HE, HEZEITRWVSODIEARN AT 64%IEH,

B IIL T,

3.2 Yoty rSURTYaALS—E/ERRS—EEE
F D FEIREET

~ Ty NI RT ) av T —E/kRaT—8 (MTH) I%
MK fRERESR ChH~ T — ’mkbf”ﬁéhfb\é
BETHHN, XTH O ATV )UiEMELRIC LS,
2T U EFEEO O, v RO DA
VIPRICRE N2 o~ 0Ty MU ART ) av X —FBELT
DHEREZA L CWDIEN RSN, DFEY MTH 1%, XTH
DI~ T R E K S ﬁﬁpﬁ“é{é@&?—%%ﬁ%
TEMED 2 SOMREA A THZET, v~ T O fEIET
724, BROBREICHLEIRTHEB 2O TNDY,

Real-time PCR #H W CTHRNREEZIZEITA MTH 0%
BURHTZAT TSR, B BRI HOLIRD2T2b DD,
ay b L T AR ASAETIIRBLEY B
BN THI36%, T AT —IZB W THI 257%1H
L 7= (Fig. 2B)
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Fig 2. Mannan and Vitamin C biosynthesis-related gene
expression patterns during fruit ripening.

QRT-PCR analyzed gene expression in tomato preicarp.
TBG4 (tomato f3-galactosidase 4),

mannan tarns glucosidase/hydrolase (MTH) expression levels
were compared to rRNA in the same assay.

Ripening stages were as follows: M, mature green; B, breaker; T,
turning; R, red ripe.

Values are means + SD (n = 25).
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Fig 3. Vitamin C (AsA: ascorbic acid) content per 1 g fresh
weight of tomato fruit grown under control, and mannose
(1 mM) with saline conditions (160 mM).

Vitamin C were extracted from tomato fruit skin and
mesocarp/endocarp. Ripening stage: mature green, red ripe.
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BETTHY, EEMHYE TR &EEICRFESNTY
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Fig 4. Vitamin C biosynthesis-related gene expression
patterns during fruit ripening.

Gene expression was analyzed by qRT-PCR in tomato.
GDP-Mannose Epimerase (GME) -1 and 2 are involved in
Vitamin C biosynthesis.

(A), (B): Skin, (C), (D): mesocarp/endocarp.
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Fig 5. Vitamin C content per 1 g fresh weight of tomato fruit
grown under control, and mannose (1 mM) with saline
conditions (160 mM).

Vitamin C were extracted from tomato fruit skin and
mesocarp/endocarp. Ripening stage: mature green, red ripe.
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Fig 6. Mannose content per 1 g fresh weight of tomato fruit
grown under control, and mannose (1 mM) with saline
conditions (160 mM).

Mannose were detected from tomato fruit skin and
mesocarp/endocarp. Ripening stage: mature green, red ripe.
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Summary

Fruit constituents play a significant role in determining the taste and consumer appeal of major horticultural crops.
Salt stress induces osmotic stress and ion toxicity, often hindering plant growth and metabolism. However, tomatoes
cultivated in saline environments under salt-stressed conditions have been observed to accumulate sugars like glucose
and fructose, along with proline and y-amino acids such as aminobutyric acid and vitamin C, resulting in commercially
valuable fruits. Despite this, limited research has focused on the accumulation of highly functional compounds such as
vitamin C. During the ripening stages of tomato fruit, vitamin C accumulates during saline cultivation, correlating with
a decrease in the amount of mannan in the pericarp and seeds. Vitamin C shares a common biosynthetic pathway with
mannan, suggesting a potential trade-off between the two for the substrate mannose. It is hypothesized that cultivation
in seawater leads to a deficiency in both vitamin C and mannose, the precursor for mannan synthesis. In this study, we
established a cultivation system involving mannose supplementation alongside saltwater irrigation. We analyzed the
expression of the vitamin C synthase gene and found that its expression increased at the early ripening stage under salt
stress conditions. Mannose also increased, and the expression of mannan synthase genes, which are involved in the
synthesis and degradation of mannan, also increased significantly at the mid-ripening stage. Our results show that the
immature green fruit pericarp contained nearly the same amount of vitamin C as the red, almost ripe fruit, indicating that
vitamin C synthesis reaches its peak during the early ripening stage. Tomatoes are shipped in an unripe state, so a
cultivation system that combines salt water and mannan is an effective method that can be transferred to agricultural

technology, as unripe fruit can yield tomatoes with the same level of vitamin C content as ripe fruit.



