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REEEMHS SERIEM RN G =448
SESH
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TEX G ke, LR K OEL T OF

CIER AR BRI R AR 22, B3 1022065 2 AL AR BB AT L, AL FA b X & 2/ 4

B ROR A 0w, LSRR R S R, b 1000975 C By mad . 3 v o A4 AR BRI
WK 14476 R ARG FREDEARBIT DL, GOIFIE 2R 4000)

B E. R RO G —BETEE (UHPLC - MS/MS) FAXI U 5 4 HATARE M IR gL sz
BEATAU =) 047, AEdbBEGl EREBOGRIE G N ai AR ©97103” FNEF AL U AR A L ‘P12963417, I H
AR (GC - MS) 7kt AR = PIEAT & 5 AT o MBI S vh s S8 58 AR
Wy, Forp 22 iR 971037 R “PI296341° [MIAFAE 3 25 57 o 31 B2 35032 i X RGURF BECE SF A ARB A Rl SR s v
R, TAERE: SRR PR AR R . 25 28 AR A S TARMR AR T R B, sbliA L 971037
RS IR RRRF Bl S5 A 7= D AR A A RE R R AR R AR L AR P B R A s AR A R

‘PI296341°, MIFEZIERACH . AHLRICHNETE L 6 - BRI AR Cha 2 L Bl . Xt
I BT A 1 TR B R R Al SR S B A Q= A SR A P AR A T AR, AR T O B i 7 I R
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Abstract: Five representative watermelon accessions were analyzed using UHPLC - MS/MS, and the
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were quantified using Gas Chromatography - Mass Spectrometery (GC - MS) . A total of 58 metabolites
were identified, among which 27 compounds were significantly different. Raffinose content was much
higher in the wild accession PI296341 than that in the cultivar 97103 fruits, and very few raffinose
remained in the cultivar 97103 fruits. Analysis of differential metabolites and metabolic pathways revealed
that cultivar 97103 fruits accumulated more metabolites from photosynthate unloading (raffinose and
stachyose) and sucrose accumulating pathways, while the metabolites from the metabolism pathways of
amino acids and organic acids and glucose-6-phosphate were the majority in P1296341 fruits. These
findings provide important insights into the metabolic evolution from wild to cultivated species. The
identification of metabolic properties can provide technical guidance for future improvement of
watermelon quality.

Keywords: watermelon; metabolomics; photosynthate unloading; sucrose accumulation; sugar

metabolism pathway

AR 72— T A DA S AR 5] 2R 40 T R 4 1 B AR 246 2% R (Nicholson et al., 1999
Fiehn et al., 2000; Dixon & Strack, 2003), HFFTX} % FE AR 70T FE /N 1000 [N
T (YFEEE %%, 2007). WEFCARUIMIAL I Tk 34 GC - MS HiR (Fiehn, 2003). UPLC-Q-TOF
FAR GBEZ, 2012). DIMS K (McDougall et al., 2008) .

FEd A, A DG TORE A A 9T 32 A R B K P AR AR AR LA S 5 BEHE G 1At 2K 1)
B (Yativetal., 2010; Liuetal., 2013). TM/K%E (Louetal., 2011). #jii (Schauer etal., 2006)
SR OO0 ARSI AR

AR AT TR RGN S U TR AR AL R A, T8 R A RIZE AR B opE 2 . = IR
HUERAEE IR AR, DRI T Je 0 IR S AR AL T 9 LA L R4 = Y. Lucksanaporn 55

(2008) #EAZ T AT NMR BRIV IR SAC A T 7, A8 T AR, ARG HIRLE
W11 A EEAAEY . Hu 58 (2016) WsE T V4, 2TCR g I T 25 . Pl 22 MR 2R 45 G AL 1)
I B I AR AL s s, BB oo 1 3 AN IRTEEAEAEAR R A, X% BLAT
FEMUR AR AR 8207 1), 31X 3 AN AEAR 2SI R B il b, S RE KA B RERE . 7K 308

REFERE A BEEAERE, M0 70 I B S5 TR A7 el B ) 6 — TR A 2 B 562K . o - MR R BThAn
BERR . WA mRER . HiRER . WIMEEIUREE . MIARER. (LALmeRl . ACBEAACHE Y . 2L .

I P D IR S R As,  IX LB JIN) B 8 v i Az i ) 5, T Rk VG TR SR 23 AR 3 £ REp
AR S . CATWTTTRY], R 2 H Y LURERE 4 2L i R, A HG R
IR 5% IR ) LA AT R 28 510 2 1 =0 B8 DU 45 SRRV M Ak i i) £ 22 E 20 (Hendrix,

1968).

AWET R LEE AT 78 TR A I 25 05 TR (Citrullus colocynthis) il & 75 KR (C. amarus) -
FFFVERIEFRE (C. lanatus ssp. mucosospermus) FVEJNFN (C. lanatus) 115 NG PG TR SEAR G
M 2. WA HARH = 22 5, WA ARS8 I B A P TIN5 7 1 0 280 55 AR 28 A
WA R ST, B AT I 25 0 TR S ST A AR AL R AT s SR (A s, e R
VIR B 4R T
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QY ViR SRS DARES

1.1 A RFRIR

AARIGVEHL 5 A ME PG RATRL, C1F% ‘P1386019° (Z5V4 AN Citrullus colocynthis, F-SGH) .

‘P1296341” (P& PH)NM C. amarus, RIALHE). ‘PI595203” (Fikf i /RIA C. lanatus ssp.

mucosospermus, FIAHE ) ‘P1482271” (PG JKFh C. lanatus, RS = HE) F1 97103 (FHJRF C. lanatus,
BSEED, DL S AR SR R AR R, (2015) IUFRIE. 971037 k¢ H AL 5T AR MRl B ik
ST, AR 5 T 5 B R 0T 2 U5 P

K5 AAPRHERNTIb5 T AR RRL A BE g S 9 O S PRI M ] —Hbdke . 2015 4F 6 H #2005 LR
SRR H I, 34 d JEEUR— R AL, BEAMRIE S 4 DURE . K7 B L SERE i AR VR
TR IR T - 80 °C, FRiE— b . 3 OMIRHEA R E R R A B IR, R EY 42d
JrRER SRR 971037 A ‘PI482271° #%K) 34 d A, (HEFERIN G 34 d Bz,
B LN RIEE S 42 d EHI 225 (Guoetal., 2015), KIS 28} 34 d (1K) B S2HURE .

FWT R R T A TR DI#1 S, A54F 1 min, Fr R0 00 /KR, H 200 pL
WKW R T 2 mL B rh, JBCEK b, I T - 80 CRtifE&H .

a2l £ A K H Honeywell (NJ, USAD, thifkali oK H J.T.Baker (PA, USA), {#iH]
Milli-Q 4lifk &4 (Millipore, MA, USA) #Hil#iB4liK.

1.2 FNREREHAT UHPLC - MS/MS E 4947
12,1 Rt

K ve URRE S AR IS AR o X 200 mg KoK, AR 1 mL G547 0.1% IR, AL,
NIRD AR AR o KSR A TR S E 5 B A0 FE 30 min, LA 5 000 r- min™ 5.0 15
min. HCEIER, @i 0.22 pm i LM (PVDF) JERELEE, £ UHPLC - MS/MS 4347
1.2.2 UHPLC - MS/MS 44+

{§ F§ DIONEX Ultimate 3000 UHPLC %%t (Thermo Scientific, Germering, Germany) BT AH
%532 . Hypersil Gold 434 (100 mm x 2.1 mm, 1.9 pm), #AH [FEREMEY 4 (10 mm x 2.1 mmD.
WA N ST 0.05% F IR LK (A KD RIEAT 0.05%FIRINZNE (B D, ik 300 uL - min™,
LA LU LB B AR IS BB FELEBE: 0 ~ 2 min, 5%; 2 ~3.5min, 5% ~20%; 3.5 ~ 8 min,
20% ~35%; 8~ 11 min, 35% ~ 100%. HEFEEN 3 ul, AR 30 C.

JRE 9 M1 7E Q Exactive Quadrupole-Orbitrap Jiii{X ( Thermo Fisher Scientific, Bremen, Germany)
AT, AR BRSO R, AR MS 24 Wi R 3 kV, 9035 au, f
B4R 10 au, BANEIRE 320 C, AEEIE 350 C. SFHH N TR m/z 75 ~ 900,
Sy 70 000,

123 BIBAIEF Z LG AT

7£ UHPLC - MS/MS RAEHHE 2 J5, 181 SIEVE 2.2 % (Thermo Scientific, Waltham, MA,
USA) X G a6 B EAT TRAL BE o 380 O 15 W) AR 0 Jo 40 5 A B 28080 e P iz A5 ) B R
FUEH (PUEAmZE /N T 0.0003%) , S5a ORI A7 3 F 8 LU RS RERE S &)
HEAT 2 M, 22 5 ds FEALHE mzCloudChttps: //www.mzcloud.org/) , ChemspiderChttp: /www.chemspider.
com/) , KEGG (http: //www.kegg.jp/) Fl PlantCyc Chttp: //www.plantcyc.org/) . K1 MetaboAnalyst
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3.0 (http: //www.metaboanalyst.ca) (Xiaetal., 2015) XJAN[R] VA ] K20 73 75 5 10 2 5 25 R AT
R Z 0N (ANOVA) , BEMKY P <0.05. ] SIMCA Version 13.0.3 #ff (Umetrics,
Umed, Sweden) BEAT ER 08T (PCA), LASKAF LA 8] A4 22 S (045 6
1.3 FO/NREKEH GC - MS X EE S

I 25 mg A URTEEFE AL, N 1 mL I EESREURE &, 70 °C 42X 15 min, ZRJ5 M0 500 pL /K,
TRATREHAT B, B RIS 200 pL BL2S T, ZERRE TN 60 uL 30 mg - mL™ AR AR R AR AL i
16 37 CHUE 120 min BEATRTAEAL, BHJS 0 120 uL MSTFA (methyl-trimethyl-silyl-trifluoroacetamide )
1E 37 C FAb#E 30 min. GC - MS K GC - TOF - MS #4%; (Pegasus HT Leco, USA), % HahikFE
s WA, R, W 2 mL - s DB-35 (30 m x 0.32 mm, 0.25 pm) (AL,
HEFELIELRE 230 °C, ARHAE RIS TR E YN 250 °C, ARBAGTHERRY: YIaGEE 85 'C, L
15 °C - min" FF 4 360 C; WAILEIR 180 s, it 135 F m/z 70 ~ 600. {f ] Chroma TOF 4.5 (Leco)
A1 Tag Finder 4.2 %} (Schauer etal., 2005; Lisecetal., 2006) HE47%dE 047

H GC - MS & AR B AR & i, BIRE S H bR & i #L 5 AR PR (ribitol)
WA Z L G, KP4 . H Excel THEEZ (97103 F P1296341 AHXT 5 L (1)
EEAlD, HI SPSS HAFRIARE R 971037 AUILHEET AEAEL ‘PI296341° AW AT ¢+l %0 .
14 ARRRGRAEMRIRGEVSENBFEILEINE

PRI 2 iR A A RE S (P TCRARGG I R AR) 2 100 mL 2554, i 20 mL
IKFEATEMRRE S, MK E R ZIE ;s e AT, S0 S e TR RS Wik A, K
CH 10 mL FEE, 15 mL K& AGA0AT G408 5 5 Dionex OnGuard 11 RP Cartridges, 2.5-cc, Pkg.
of 48), JHUE 0.5 h; RFFARAKUGELL 0.45 wm KAHPEMERIALA:, 7 R0 3 AR ARRINE L,
WA I THT PR IO B A

Thermo ICS-3000 & 74143, it AL~ HMI % ; Thermo DIONEX CarboPac™ PA1 £, 4 mm x
250 mm; i 30 C: #i 1 mL-min”s EREURRL 25 pL: RPN NaOH /K  BREEVEBRL T
IR AR IA 2> B8 04 154 214 320 32 F140 min, £ IHAIRHY NaOH #5205l J& 204 20, 150+
150, 20 120 mmol - L.

1.5 o- #FEEEEENE

o - FFLPEEF B PRI 5E 2% Gao M Schaffer (1999) FRIE, FHVEREN. BUA VS TR S ke
A3, NN 4 AT R I ZE MK (50 mmol - L Hepes-NaOH (pH 7.5) , 2 mmol - L' EDTA
15 mmol - L™ DTTIAIZbE8 A7 SRM UK FHTEE. 18 000 xg 4 “C &0 20 min, B35 VR T A il FE 1y
oyt o - S  EEE E

2 HiIR5 0

2.1 S AARHRER LRI A EFE

i3 UHPLC - MS/MS JHiktit gt 5 AN MR S 4L s Ik, X I an Bt b AT Ab B, JF
WL E BT (PCA) FRAFFES /AN . PCA 1357 (8 1D WTB R X 53 5 N HARE MR
SRS EE, IS EER RS 3 AMICHER EHE PCA 1353 EYRE Ry 2 IXop ke PN Sk ke
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‘97103” F ‘P1482271° ZILHAHBIFIA B WAL AL, AT T PCA 340 B 158, BERE. w2
PR LW S R T IREEREL ‘PI2963417 . ‘PI595203° A1 ‘PI386019° 443 AifE PCA 15
BRI, BAEREEEMERR . ZRAFTER . 3 MR 85> 1 351X 58, ‘P1296341°
P F sy 1 IER, ‘P1595203” A1 ‘PI386019° AT sy 1 fkdh. MCHEM KRl ‘P1296341° 5
HoARPIAMCEEM BHH L, SHRFERZR. & SRACERER; M ‘P1595203” F1 ‘PI386019° Hff
FEEIR  FEA SR AR & S o I XS 5 ASAPRN AR AL BURFIE () PCA AT mT L, bl ek
EHRBE AL ) o g = 0 2 S AR = kBl R ML

4 @ 97103 (F¥# High sugar)
2 R P1482271 (%4 High sugar)
S PI595203 8
({4 Low sugar)

2 PI296341 ({{tHl Low sugar)
. PI386019
) ({4 Low sugar)
-6
-8

25 20 -1.0 1.0 20 25

0
t[1]
E1 UHPLC - MS/MS 1 5 MBS E 5 5 B E
Fig. 1 The score plot of principal component analysis (PCA) for five watermelon materials for UHPLC - MS/MS

2.2 FIEAEL ‘97103 FEFAERN ‘PI1296341° RENBILEES

S AIPEMCIE AL ) PCA &5 0] WL, KRR B RE 20 ) A AL AR = ) A SRR AE
DRI HE— 25 S B AR A B P1296341° Rkt Bl <971037, ifid GC - MS J5 ke &l &
S0 S8 MUY, CIERER AT AY) . IR S AT DL A WL S5 1

76 58 FACE T, A5 27 FhAE 971037 A ‘PI296341° 'R EAFAERF ER (R D, Hif 10
FRAESHEA R 971037 S SR [RAR T & TP AR A R ‘P12963417 11 2 5 LA L, 43 ) Jy 1REHE |
HEERE . JREEREEE . FTIEIR. AEIR. AT, p- WA . HAMR. R 5 - BRI, b
17 FIAEBFAARE PI2963417 "Iy Fhi 971037 ) 3 LA L, T EAUEHARESSE =0, W2
PESEWE . 6 - BRI A AR SEVE PERE . H M IR IR A LR . R H H RS2 R . i)
B i AR R 0 B AR AR AR P12963417 AFEAE K& fE, HATG & g b kL 971037 1)
5%, MR ACHEARL PI296341° WERFFFHEEI L AE )8 mokER R 97103 59
23 ANRIREGY. BERRFEENEES S

T B A IS 2, AR SN 971037 SRR B ST IR P RRRT R S e AR AR
PEL “P12963417 1) 3 fit/idy, 11 A SE AR B T S 2 R AR A A, B SO B A A AR

‘PI2963417 ) 1/7 (F2), FWIHRE =R R 971037 LSt WkEbE 1 E18 hE it & T B9 A (i hk
‘P1296341° HESZHRFF B A BN A8 BE 7 o A0 o AR I AT A4 R € P129634 17 Rk 1% b 76 I 971037
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sl o - EFUBEEERAIETE (2 2), KIL 971037 SEEFAEMEL ‘PI296341° [ 3 5 A4 .
PERT L, RS SRV 971037 A abE o - - FURHTF G 0 15 PR T BE 0 445 SR A s A e kT B K A
I EGEE FEAEH

£1 ‘97103’ 1 ‘PI296341° AMRLRBHMENSE
Table 1 Relative content of ‘97103’ and ‘PI296341° watermelon fruit metabolites

432 Category X414 Metabolote 97103 P1296341 Lt Ratio
BN HERE Sucrose 234219 973.7 24.054
Sugar #3550 Trehalose 6.1° 2.6 2.346
FREEPERE Erythritol 306.7" 68.1 4.504
U8 Fructose 15 449.5 19 057.2 0.811
2 FLBERE Galactitol 151.1 168.5 0.897
1 — AR LEZ Inositol-1-phosphate 2.1 3.2 0.656
JULE Inositol 660.9 810.4 0.816
Ki¥rE Raffinose 73.1 405.2" 0.180
Bl Z=# Rhamnose 2.3 64.4" 0.036
6 — W% %% Glucose-6-phosphate 73 39.9" 0.183
LB Galactose 235 141.8" 0.166
HIZTHE Glucose 8002.3 17 137.6 0.467
2 2B Maltose 6.4 6.8 0.941
B Xylose 5.0 11.5 0.435
R Fucose 175.8 164.9 1.066
HHE ¥4 Citric acid 120.4° 34.1 3.531
Organic acid H 78 Glyceric acid 2.5 186.8" 0.013
MM Pyruvic acid 0.5 47" 0.106
3k 1% Maleic acid 13.8 417" 0.289
JRBER Threonic acid 403 241.9° 0.167
H F % Bbenzoic acid 49 2.0 2.450
&R LER Dehydroascorbic acid 1.7 1.9 0.895
‘& 1% Fumaric acid 109.3 146.4 0.747
1 =4 - WS HEER 1-4-lacton gulonic acid 9.5 21.1 0.450
3 L% Malic acid 1 400.9 3648.1 0.384
JHER Nicotinic acid 17.4 15.2 1.145
FE/Y AR Pyroglutamic acid 2119.1 5342.5 0.397
BEIFR Succinic acid 7.3 13.9 0.525
AR ¥R T Gaba 23.0 131.6° 0.175
Amino acid A R Glutamic acid 662.4" 214.4 3.090
TR MR Leucin 299.0 1011.3" 0.296
H4%# Glycine 131.3 618.2" 0.212
B EWME Glutamine 37.5 189.6 0.198
Ji% %2 Tyrosine 3.6 325" 0.111
R Alanine 413.0 491.4 0.840
B N4 % Beta alanine 253" 10.5 2410
KA R Arginine 11483 604.5 1.900
KAZ IR Aspartic acid 12332 680.3 1.813
Z1& 1% Histidine 268.2 166.0 1.616
225 R Isoleucine 1154.1 1710.0 0.675
MR IR Lysine 37.4 93.4 0.400
H% % Methionine 228.2" 85.2 2.678
KA Asparagine 82.2 157.1 0.523
1954 Ornithine 927.0 484.4 1.914
IR Phenylalanine 852.6 442.9 1.925
4 - I Z R Prolin-4-hydroxy 10.8 9.1 1.187
JH& & Proline 589.3 965.3 0.610
225 R Serine 625.8 619.6 1.010
J1% 8 Threonine 83.3 146.0 0.571
{65412 Tryptophan 926.9° 4193 2211
HE MR valine 679.6 1352.4 0.503
HiAth Other Ji& i Putrescine 38 36.9" 0.103
JK % Urea 8.5 527.0° 0.016
2 — Wi H i Glycerol-2-phosphate 0.9 6.4" 0.141
T Phosphoric acid 939.4 2208.1 0.425
HH Glycerol 214.8 175.3 1.225
L = AW H Bk L-glutathione 69.7 569.6" 0.122
5 - WEFR IR Adenosine-5-monophosphate 0.9° 0.3 3.000

* P<0.05.
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F2 S 971037 FEE ‘PI296341° TINIRIFHE. AHHE. EREENWEIE « - FABEHEHEM

Table 2 The content of raffinose, starchyose, sucrose and the activity of alkaline alpha-galactosidase
in high sugar ‘97103’ and low sugar ‘PI1296341°

BRE o - LB H

S g ¥FRE/ KR/ e/ N -
W R e *ff*’ N frﬁ " N ﬁ(ﬂl Ly T Gmol- g FW)
Measure part Material €5 £°5 £'8 Activity of alkaline
Raffinose Stachyose Sucrose .
alpha-galactosidase
HWRL5 K Phloem sap 97103 (E5#i High sugar) 6.63" 10.80" 5.10" —
of fruit pedicel P1296341 (fI&Hf Low sugar) 2.36 1.28 3.38 —
B2 Fruit 97103 (ff# High sugar) 0.26 0.21 32.00° 0.60"
P1296341 (fikH} Low sugar) 1.82° 0.41" 0.25 0.23

*P<0.05, **P<0.001.

3 e

AT FL 7K J5B A2 RS 7 ICZE 0 4 3 i 1) 32 2288 23 (Zhang et al., 2010), 755 24E 75 )R (Citrullus
amarus) ‘P1296341° " & =N FAE L o - 2EFUMEE K ARV FH N . ARFFRERYE o - 23LREET
tE 7K A AR D o0 - - FLBE (Carmi et al., 2003), Bl G IR o - 21 FURHE I 408 8 (A bl A8 2 R 51
A (Williams et al., 2000). HE¥FHERIKAE Y o - FFHE (o-galactose) s UDP - i 4 Hf

(UDP-glucose) (145 i4, UDP - %8 e 55 FWE 70 RERBE IR 5 OREAE T R & oReml e a0, Bl
PE o - - FURHFT B ANH LB AR WS A SRR, Rt T sORERE J50RE UDP - 145 B 1) A a4
o - IR b, AREEEREVEN 971037 RSZEEMESKRIE T 3 AN (1D P (20
PR IS S RRRFRE . K IR o - 2P FURE T R K AR BORERE s (3D UDP - 71 25 i R S0 76 REE B IR
B R A e . e SRR 971037 FUEFAE(THE P12963417 JLS MR IR 5 i 15 1
ZESAN 2 ~3 f5 (Liuetal., 2013), #EWZE (1) F1 (2) &4 0THEE PG TR S MR 1) 2k te .

AT R IUEFAARHE P12963417 VG IS S 6 — filf I 381 46 B 1 AFDOS 25 o A2 o B PG I ©971037
(195 £ 2050 HT 6 - BERR T A5 0E 00 N URARIR R R I, 6 - WERR T A B T H 2 IR A R IR
e G R (B 200 FHRN ML, HER AT ‘P1296341° J S (R AHX 7 52 bl g R

‘97103" NI 3 ~ 10 5. MBI 971037 SRSz rp g bl AR & 2 (0B ‘P1296341° sz
(1) 2.3 £%, DIUEHEDN 6 - BERRAIATRIAE 97103 SSEHriin T EEEmi & g te. AR 97103
R REREAE YT ‘PL12963417 4.5 {5 M) /R e bl i, MACHE ‘P12963417 FLSEREFEAH YT 197103’
29 30 F5 1 B0 o bR T BB R SR Rl e 380 2 SR B R AR, PR HEN 971037 Rl ‘PI296341°
FE SRR R R B AP R 1) 25 57 o AR P TV 1) T 75 iR R e, 1 B A P T 5 B v
TR (K20, IR ToR2, (HiliT 6 - BERRHE 22 0 R)G I U ANIE (Phosph-
oenol-pyruvic acid, PEP) HIA MR & B I 5 21444 (Schauer et al., 2006), A5 45 R & W

‘P1296341” S5 6 — WEIR I ZTHE 5 BT R PG I 97103 (1) 5 4%, AFXGH R R A RIR & & AE ‘P12963417
Wl 971037 (1910 fi5, [RIBFRLIIZ] ‘P12963417 HHANTER FUFAHCI BoRIRE A 971037 %
B3 ~ 5%, 197103 PR S8 ‘PI2963417 [ 3.5 1%, HukHEM skERT R <971037 iR
i B 1T e £ EHEN T TAC TR B T AT B IR I AN 2

RS Tl Y IR A P SR RE DR 2 5 41 LA RO A AV AR BRRFAE BRI B 21 22 5% (Guo et al.,
2013), ARIMAEARHH SR 27050, SRR 8 RO SR BRI m, sz b
FRESEREVE R 971037 FIEFAEACHEA L ‘P12963417 [H 4RI 4] 2 % F 5 5 3 MR e a o,
PEACH . SRR I MR AU o AT A AR SR V4 JTCRI B AR P8 I A AR AN [F] B AR T AR 3R
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Fig.2 Metabolic profiles of phloem transported stachyose and raffinose in cultivar ‘97103’ and wild accession ‘P1296341” watermelon fruits
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Red arrows indicate the main metabolic pathway of cultivar watermelon fruits,

while the grey arrows show the main metabolic pathway of wild watermelon fruits.

References

Carmi N, Zhang G, Petreikov M, Gao Z, Eyal Y, Granot D, Schaffer A A. 2003. Cloning and functional expression of alkaline alpha-galactosidase
from melon fruit: similarity to plant SIP proteins uncovers a novel family of plant glycosyl hydrolases. Plant Journal, 33: 97 - 106.

Dixon R A, Strack D. 2003. Phytochemistry meets genome analysis and beyond. Phytochemistry, 62: 815 - 816.

Fiehn O. 2003. Metabolic netwoks of cucurbita maxima phloem. Phytochemistry, 62 (6): 875 - 886.

Fiehn O, Kopka J, Dormann P, Atmann T, Trethewey R N, Willmitzer L. 2000. Metabolite profiling for plant functional genomics. Nature
Biotechnology, 18 (11): 1157 - 1161.

Gao Z, Schaffer A A. 1999. A novel alkaline alpha-galactosidase from melon fruit with a substrate preference for raffinose. Plant Physiology, 119:
979 - 988.

GuoS G, SunHH, ZhangHY, LiuJ, RenY, Gong GY, Jiao C, Zheng Y, Yang W, Fei ZJ, XuY. 2015. Comparative transcriptome analysis
of cultivated and wild watermelon during fruit development. PLoS ONE, 10 (6): e0130267.

Guo S G, ZhangJ, Sun HH, SalseJ, Lucas WJ, ZhangHY, ZhengY, MaoL, RenY, WangZ, MinJ, Guo X, Murat F, Ham B K,

Zhang Z, Gao S, HuangM, XuY, ZhongS, Bombarely A, Mueller LA, Zhao H, He H, ZhangY, HuangS, TanT, PangE, LinK,



MR, TWAK, 1T 3%, Alisdair R Fernie, Saleh Alseekh, ik, B, skigde, 2L, sk %, W 5.
AR Y A o b vap AR P 7 AR S A = 493 22 5 0
[l Z244), 2018, 45 (4): 775 - 783. 783

Hu Q, Kuang H, NiP, Wang B, LiuJ, KouQ, HouW, Zou X, JiangJ, Gong G, Klee K, Schoff H, Huang Y, Hu X, Dong S, Liang
D, WangJ, WuK, XiaY, Zhao X, Zheng Z, Xing M, Liang X, HuangB, LvT, YinY, YiH, LiR, WuM, LeviA, Zhang X,
Giovannoni J J, LiY, Fei Z. 2013. The draft genome of watermelon (Citrullus lanatus) and resequencing of 20 diverse accessions. Nature
Genetics, 5(1): 51 -58.

Hendrix J E. 1968. Labeling pattern of translocated stachyose in squash. Plant Physiology, 43: 1631 - 1636.

HuC, Ham BK, El-shabrawi HM, lexander D, Zhang D, RyalsJ, Lucas W J. 2016. Proteomics and metabolomics analyses reveal the cucurbit
sieve tube system as a complex metabolic space. Plant Journal for Cell & Molecular Biology, 87 (5): 442 - 454.

Lin De-pei. 2015. A study of systematics for Citrullus Schrad. Zhongguo Guacai, 28 (5): 1 - 4. (in Chinese)

MRAEAR. 2015, VG)R)E (Citrullus Schrad.) WK RGEHIF. T ERSE, 28 (5): 1-4.

Lisec J, Schauer N, KopkaJ, Willmitzer L, Fernie A R.2006. Gas chromatography mass spectrometry-based metabolite profiling in plants. Nature
Protocols, 1: 387 - 396.

LiuJ A. 2013. Analyses of physiological and biochemical mechanism and gene expression profile of fruit quality development in watermelon [Ph. D.
Dissertation]. Beijing: Chinese Academy of Agricultural Sciences. (in Chinese)

HFE2. 2013, VYIRS b TR B A BLAE AL 5 B DA T ST [ 183 deat: AP EARD R B

LiuJA, GuoS G, HeHJ, Zhang HY, Gong GY, Ren Y, Xu Y. 2013. Dynamic characteristics of sugar accumulation and related enzyme activities
in sweet and non-sweet watermelon fruits. Acta Physiologiae Plantarum, 35: 3213 - 3222.

LouQlJ, MaCF, WenW W, ZhoulJ, ChenL, FengFJ, XuXY, LuX, LuoLJ, Mei HW, Xu G W. 2011. Profiling and association mapping
of grain metabolites in a subset of the core collection of chinese rice germ plasm(Oryza sativa L.). Journal of Agricultural and Food Chemistry,
59: 9257 - 9264.

Lucksanaporn T, Osawa M, Eiichiro F. 2008. Quality evaluation and prediction of Citrullus lanatus by H-1 NMR-based metabolomics and
multivariate analysis. Journal of Agricultural and Food Chemistry, 56: 5827 - 5835.

McDougall G, Martinussen I, Stewart D. 2008. Towards fruitful metabolomics: high throughput analyses of polyphenol composition in berries using
direct infusion mass spectrometry. Journal of Chromatography. B. Analytical Technologies in the Biomedical and Life Sciences, 871 (2): 362 - 369.

Nicholson J K, Lindon J C, Holmes E. 1999. ‘Metabonomics’ : understanding the metabolic responses of lving systems to pathophysiological stimuli
via multivariate statistical analysis of biological NMR spectroscopic data. Xenobiotica, 29 (11): 1181 - 1189.

Schauer N, Semel Y, Roessner U, Gur A, Balbol, Carrari F, Pleban T, Perez-melis A, Bruedigam C, KopkaJ, Willmitzer L, Zamir D,
Fernie A R. 2006. Comprehensive metabolic profiling and phenotyping of interspecific introgression lines for tomato improvement. Nature
Biotechnology, 24: 447 - 454.

Schauer N, Steinhauser D, Strelkov S, Schomburg D, Allison G, Moritz T, Lundgren K, Roessner-Tunali U, Forbes M G, Willmitzer L, Fernie
AR, Kopka J. 2005. GC — MS libraries for the rapid identification of metabolites in complex biological samples. FEBS Letters, 579: 1332 - 1337.

Williams L E, Lemoine R, Sauer N. 2000. Sugar transporters in higher plants—a diversity of roles and complex regulation. Trends in Plant Science,
5: 283 -290.

XiaJ, SinelnikovIV, Han B, Wishart D S. 2015. MetaboAnalyst 3.0—making metabolomics more meaningful. Nucleic Acids Research, 43:
W251 - W257.

Xu Guo-weng, Lu Xin, Yang Sheng-li. 2007. Recent advances in metabonomics. Acta Academiae Medicinae Sinicae, (6): 701 - 711. (in Chinese)
VFERE, B 5%, BIERL 2007, G20, B EESARRABEAAR, (6): 701 - 711,

Yativ M, Harary I, Wolf S. 2010. Sucrose accumulation in watermelon fruits: genetic variation and biochemical analysis. Journal of Plant
Physiology, 167: 589 - 596.

Zhang B, Tolstikov V, Tumbull C, Hicks L M, Fiehn O. 2010. Divergent metabolome and proteome suggest functional independence of dual phloem
transport systems in cucurbits. Proceedings of the National Academy of Sciences of the United States of America, 107: 13532 - 13537.

Zhao Hong-zhi. 2012. Study of plant metabolomics on Arabidopsis thaliana and anti-inflammatory activity on metabolites of Flos Lonicerae
Japonica [Ph. D. Dissertation]. Tianjin: Nankai University. (in Chinese)

B, 2012, SRR AL R R TR TG AT ST [ 8] R FITF R



