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Abstract: The widely targeted metabolisms of fruit pericarp was determined, the differential metabolites were screened
and the metabolic pathway was analyzed to understand the metabolomics difference of fruit pericarp at its different
growth and development stages in wax apple (Syzygium samarangense). The samples were picked at 15 d (S;), 30 d (S,),
45 d (S3) and 60 d (S4) after flower respectively. A total of 946 metabolites were detected from wax apple fruit pericarp,
including 177 amino acids and their derivatives, 140 flavonoids, 96 sugars and their derivatives, 96 organic acids and
their derivatives, 89 lipids, 65 nucleotides and their derivatives, and 283 other metabolites. There were 65, 88, 59, 88,
112, and 103 differential metabolites in S; vs S,, S, vs S;, S3vs Sy, Sy vs S;, S vs Sy, and S, vs S, respectively. There
were only 6 common differential metabolites in six groups, of which 5 metabolites belonged to amino acids and deriva-
tives and 1 belonged to flavonoid. The differential metabolites of fruit pericarp at different growth and development
stages mainly included amino acids and their derivatives, flavonoids, sugars and their derivatives, lipids. The number of
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differential metabolites of flavonoids, sugars and their derivatives decreased first and then increased, while the number
of lipid metabolites increased first and then decreased with the growth and development of fruit. Most flavonoid me-
tabolites were down-regulated, while sugars and their derivatives were up-regulated. There were more lipid differential
metabolites in S, vs S;, and only 1 in S; vs S;. The most significant enrichment pathway of differential metabolites of wax
apple fruit pericarp were biosynthesis of starch and sucrose, phenylalanine, D-amino acid, galactose, terpenoids and ster-
oids. This study would provide theoretical support and data references for the regulation of fruit quality and harvest period

of wax apple.
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Fig. 1 Principal component analysis (PCA) of metabolites
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Tab. 1 Calculated R* and Q” values of different groups
5] Group K Model REX RY Q? 5] Group K Model RX RY Q?
Sivs S, PLS-DA 0.671 1.000 0.975 Sivs S; PLS-DA 0.918 0.999 0.997
OPLS-DA 0.671 1.000 0.984 OPLS-DA 0.918 0.999 0.993
S,vs S; PLS-DA 0.879 0.999 0.993 Sivs Sy PLS-DA 0.919 0.999 0.996
OPLS-DA 0.879 0.999 0.982 OPLS-DA 0.919 0.999 0.995
S;vs Sy PLS-DA 0.673 0.998 0.923 S,vs Sy PLS-DA 0.895 0.998 0.989
OPLS-DA 0.673 0.998 0.975 OPLS-DA 0.895 0.998 0.987
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Fig. 2 Classification and quantity of metabolites detected
by widely targeted metabolomics
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Tab. 2 Total analysis of different metabolites
20 7 %R Metabolite quantity
Group S| M B3t Total
Up-regulated Down-regulated
Sivs S, 19 46 65
S,vs S 76 12 88
S;vs Sy 29 30 59
Si1vs S 67 21 88
S;vs Sy 86 26 112
S, vs Sy 86 17 103

67. 86, 86, T IAY2EFACBPIEE 0 46,
12, 30, 21, 26, 17,
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HaEm ., BaERGETE S vs So. S3 vs Sy
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Sy 3-ZIENFRH IR LI, Sy vs Sy H 3-Z LN TR
FEE T
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Tab. 3 Common differential metabolites of wax apple fruit pericarp at different growth and development stages

P R log, FC

No. Metabolite Sivs S, S, vs S S;vs Sy S| vs S;3 S;vs Sy S,vs Sy
1 DL-Z H &R -0.37 -0.79 -0.35 ~1.16 -1.52 -1.15
2 DL-N 2 Bt H 2 iR -0.45 1.51 —0.43 1.06 0.63 1.08
3 L-P9 Z Bt H 2R -0.34 1.40 -0.39 1.06 0.66 1.01
4 AR —0.35 1.41 -0.30 1.06 0.76 1.1
5 3-S5 R F R -0.25 0.52 0.51 0.27 0.78 1.03
6 it —0.41 -0.67 -0.77 -1.08 -1.84 ~1.44

TE: BRI, EHUR B,

Note: Negative represents down-regulated, positive presents up-regulated.
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Tab. 4 Classification statistics of differential metabolites
of wax apple fruit pericarp at
different growth and development stages

BRI

S] \'A SzVS S3VS Slvs S]VS SzVS

Kinds of S S Si Sy Sy S,

metabolites
IR K ILATEY) 16 45 21 39 43 45
Byl 14 10 12 11 14 11
W AT AR 12 2 10 6 15 14
Jig BT 8 9 1 9 9 4
AR K AT A= 4 5 4 5 8 7
AL E D) 3 6 3 4 6 7
B R I A=Y 2 3 2 4 5 4
[ES 2 3 3 3 3
A= ik B AT A 1 2 2 2 2
JHe 2 2 2 2 2 2
13 25 K HATEE ) 1 1 1
HeER 2 2 2 2
HHLEEY) 1 1 1
LELY € 2 1 1
R IAAT A 1
EZi3 1
aat 65 88 59 88 112 103

HoAtl 5 /> 2H b A A% H R S A A ) 22 S AXE
Y5 B Syvs Se sk, HAh 5 AL 357 A ik K
HATH Y A2 A0 5 BR Sy vs S3. S3vs Sy
Hb, HoAl 4 AR Wy K HAT AR ) 2 S A
Pr; BRSivs So. Syvs Sedb, HiAh 4 A4
AR ERE AU AVLVEAE YRR YR 55
2 S HAE S5 vs San Sivs Sa. Sy vs Sy
H, R SCHEBURATAE R 2 55 2 2822 R AN
H1E S1vs S, 2

251 RRAKZHEHHEFTRERERRE LA
A 2R 2.4 SRR, LR 22 S
YL SR S AT e 22 o 320 ik 5
T, S;vs Sa. S2vs S3. S3vs Su. S;vs Sy S;vs
Siv Savs Sy AriIA 16, 45, 21, 39, 43 145
P IR S A A 22 A, Horb, 2l
0. 44, 8. 37. 41, 43 PRt 1.

252 FRREAKRZANHEFREELTFEFAK
W HFEO6WH, S;vsS,. S;vs S;. S;vs Sy,
S1vsSs. SivsSs. Syvs Sy HIA 14, 10, 12,
11, 14 F0 11 P 2 Y, EmT i
AR B AR T, b 2 T M. Sy vs Ss.
S, vs S3. Syvs S3. S;vs Su. S,vs Sy HHERZEZFER

x5 ARAEKLZEMNHASEREENTEY
ZZKiM
Tab. 5 Differential metabolites of amino acids and its de-
rivatives of wax apple fruit pericarp at different growth and
development stages

REYIECE Metabolite quantity

20531
Group = i Bt Total
Up-regulated Down-regulated
Sivs Sy 0 16 16
Sy vs S3 44 1 45
S;vs Sy 8 13 21
Sivs S3 37 2 39
Sivs Sy 41 2 43
Sy vs Sy 43 2 45

3-O-FAHHIT . AT O- MM . REHR
O-THM . KEHERI-LILEH . KBEEK-4-0-
FRPMETT A5 5 AR . Sy vs Say Sy vs Ss.
S1vs S3.S1vs Sy RGAE . Sy vs S3.S3vs Sy
Sivs Sz, S;vs Sy, Syvs Sy HfH K 3-8 -D-Hi%
WETT RN S e i 25 S 3 HIS R, Sy vs S s
SALE, SyvsS;. S3vs Sa. S;vs Ss. Sy vs Sy
EF‘?}%Z%%E’QT%J , 318 S,.S1vs S3 EP%EKEL%O
S;vs Sy, S;vs Sy, Syvs Sy FERBE T IILKRFTT
PAZR T, SyvsSs. S3vs Sy Spvs Ss T ZEF AL
& S;vs Ss. Sy vs Su. S,vs S4 Hilil iz £ -5-0-C0
BT AR J2 R 5-O-# A BETK T8, Sivs Sa. Syvs
S3.S1vs S; HEFAEE S vs S, P AFEH R O-
BB L, Rty =g LA -7-0-
B -D-MLMiFZ 1T . KRB R 7-O- AT T
W, HArHh 2R ARE, S;vs Sy T HE
5-O-CHET . Re2kiT . BEE O-Of. &
JLAEE B, . mE T T

253 FRAKAZAHMEFRABERLATA
M EZ - Rd R 70H, SivsS,. Sy vs Ss.
S3vs Sy, S1vs Sz, Syvs Sa. Syvs Sy HAMINA 12,
2. 10, 6, 15 Fl 14 Fible K HATAE ) 22 S A i
Y, o, 2,9, 2, 12, 14 R EIH, 12,
0. 1.4, 3, 0FCEH T, S;vs S, D-#j%
WE-6-BE TR . 505 -6-BE IR . D-FTHi{rTE S-i iR e
12 PR R T M. Sy vs Sy 2RI
e, R R - AR h e B 2 Fh L 225
U Ss vs Sy MEPENE . T2 ZF RS | B SR
9 M LMY, RAMR-CH N, S vs Ss
HORRTR - L R0 BT A b A 55 2 AR i, D-
e FUBE R D-H B E-6-BE R . D-1 45 B -6-BE R
o -D-2FFUBE-1-BE IR S 4 AR T IE. S) vs Sy
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Tab. 6 Differential metabolites of flavonoids of wax apple fruit pericarp at different growth and development stages

Y log, FC

Metabolite Sivs S, S, vs S; S;vs Sy Sivs S; Sivs S, S,vs Sy
Wttt —0.41 -0.67 -0.77 -1.08 -1.84 ~1.44
REER 3-0- WA 1.73 0.67 / 2.40 2.48 0.75
¥ K O- % wE 1.85 0.68 / 2.52 2.58 0.74
KIEHE O-THM 1.85 0.80 / 2.65 2.66 0.81
RKEHER-3-LF UM 1.75 0.66 / 2.41 2.46 0.71
KR -4 -O-F AR 0.31 0.30 / 0.61 0.68 0.37
KEZEER 1.23 0.83 / 2.06 1.98 /
Hit e 2 3-B-D-H M A / -1.20 -1.29 -1.08 237 —2.49
St / -1.12 -1.29 -0.98 —2.28 —2.41
F LA / -1.09 -1.29 / —2.28 -2.38
TR ER -1.31 / / -1.35 -1.25 /
REETILER -1.09 / / -1.84 -2.07 /
R E 5-O-H A b / / -1.52 / -2.49 -2.37
Wit i & 5-0-CFH / / -0.99 / —2.23 —2.04
TR O-48 AN 1.25 / / / / /
LR -0.71 / / / / /
=g -1.09 / / / / /
LI % 13 - 7-O-B-D- N MR 7 46 1 1 -1.12 / / / / /
RERE R 7-O-F B -1.09 / / / / /
THE 5-0-C B / / 1.44 / / /
S B / / 1.20 / / /
B #E O-CUpiY / / 1.11 / / /
RILKE / / 0.70 / / /
ik e 1 / / -1.15 / / /
it & H / / —-2.40 / / /
Bt 14 10 12 11 14 11

e MRZFAMA R FOEERT M, ERR LM,

Note: / stands that the difference metabolite is not significant; Negative represents down-regulated, positive represents up-regulated.

H E A 2 T VR, R R AR b
TS 12 AR B, D-7 A5 -6- R

D- 2L R . o -D-2PFLME-1-BE R 55 3 R R
TV Syvs Sy HPRRTRAAMERE . MR . 52 2R
BEAE 14 Fh 22 A

254 FREAEKEFHNHETR LR EF KM
4 HFSTHIH, S;vsSy. Sy vsS;. S3vs Sy, Sy
vs S5 S1vs Sa. Sovs Sy A 8. 9. 1. 9. 9
4 FpRE R 22 Y, B LA E, a5
A7.9. 1. 8,8, 4FCEW LM, UXHA+
LBErR 1 MY T M. S)vs So. Sivs S3. Syvs
Sy -kl F i, LPC( 1-BE3E 18:3.16:0.18:2 ),
WRIMBEIRBEAEDR 18:3. 16:0 (2n 5#44 ) | 18:2(2n
SR AN SN-H I -3-BE R IR AR 7 A S 1

S» vs S3 1 SN-HH-3-BEER ARG . LPC ( 1-5 3
16:0, 18:1, 18:2, 18:3) | ¥ IMBEAGMEALSH 16:0
(2n 549 ) | 18:1 (2n 44 ) | 18:2 (2n FH4 )
FOFFRETR S5 O AR 8., S3vs S4. Sy vs Sy
s AR BR3P, S5 vs Sy A7 AR R FH g
1 AR, Sy vs Sy F AT 1 1L R e AF Ak
18:3, 18:2 (2n 544 ) . SN-HIli-3-mi B2 AH 5 A1 %,
TR R 4 FhE AR
26 ARAIEKZEHENEERENZERK
G149 18 B& 5 1

AN A KB B B T 55 R e ) 22 AR
W TR (I 3), S vs S A 65 k257
Uy, B R R E 5 B AR A
(' starch and sucrose metabolism ) , 7N 2 B4 15
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Tab. 7 Differential metabolite of sugars and its derivatives of wax apple fruit pericarp at different
growth and development stages

R log, FC
Metabolite Sivs S, S,vs S; S;vs S, Sivs S; S;vs Sy S,vs Sy
D-7] % i -6- 1 i ~0.54 / 0.17 —0.43 -0.26 0.27
SR - 17 / 1.54 -0.36 1.47 1.11 1.18
(g R(RR i IFS / 2.07 / 2.23 2.29 2.13
105 R -6- i iR —0.64 / 0.76 / 1.26 1.90
527 ZE b / / 1.54 / 1.98 1.75
Ty b / / 1.08 / 1.11 1.00
D-H-6- e -0.46 / / / / 0.65
D(+)-Fi =% -0.43 / 0.99 / 1.29 1.72
D- 7B R -0.39 / / -0.73 -0.72 /
o -D-2f- FLBE-1-f 2 ~0.46 / / -0.48 -0.43 /
D-H & Hk-6-B iz -0.59 / / -0.61 / /
B / / 1.38 / 1.81 1.42
2-Ji D2 3L b -0.12 / / / 0.28 0.40
5 b / / 1.58 / 2.23 1.99
D(+)- e / / / / 1.77 1.38
WUBE: ZLBE / / / / 1.69 1.22
/NSRS / / / / 1.76 1.25
D-R &% -4-1 R -0.56 / / / / /
D-Faf i AF 4 5-m 2 e —0.64 / / / / /
D- Al 4% - 51 1R -0.68 / / / / /
R 1-B R —0.63 / / / / /
HIEbE / / 0.46 / / /
D-F ZLp / / 0.42 / / /
Bt 12 2 10 6 15 14

I MR ARE; FERET I, IEBRFE LR,

Note: / stands that the difference metabolite is not significant; Negative represents down-regulated, positive represents up-regulated.

®8 AREKREWHBERERKEY

Tab. 8 Differential metabolites of lipids of wax apple fruit pericarp at different growth and development stages

R log, FC
Metabolite S vs S, S, vs Sy S;vs Su S, vs Sy S, vs Sy S, vs Sy
e -0.74 / / -0.71 -0.83 /
SN-H 71 -3 - 7 AIF s 0.69 0.84 / 1.52 1.52 0.83
LPC ( 1-Bt3E 18:2) 0.84 0.79 / 1.63 1.71 /
M BEAEMEARDE 16:0 (2n 5744 ) 1.09 1.44 / 2.53 2.72 /
LPC ( 1-PBtJE 18:3) 1.29 1.19 / 2.48 2.56 /
MBS EEAR S 18:3 1.18 / / 2.21 2.39 1.21
LPC (1-Bt3 16:0) 1.24 1.42 / 2.66 2.88 /
IR BEIES 18:2 (2n 5744) 1.09 0.99 / 2.08 2.10 1.01
A TR R g / / 0.39 / / /
% BR 2T / / / / 0.29 0.43
VS I BEAEMEANGR 18:1 (2n 44 ) / 1.67 / 1.94 / /
T e R / 0.24 / / / /
LPC ( 1-FtJE 18:1) / 1.68 / / / /
it 8 9 1 9 9 4

I MRS RE; FOERETHE, EfRER LR,

Note: / stands that the difference metabolite is not significant; Negative represents down-regulated, positive represents up-regulated.
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Fig. 3 KEGG enrichment map of differential metabolites
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