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TV FE R K o PREEAR S H Hh < SR R AR 7 A
VB MBS, SR R X A 35 K T A R AR
WAL IK o 3% 2 BB A — i 1Y A= B SCHE
(] 3 2 A ECEAR BLAFAE P &, 3 S B T R A A 7K
X R E RO E AR W4 R, Huang
AL B Y A e 2 B IR B 4 A
FOZRFLIF A 7K AR, SR A I8 25 3L 10 40 ffd B
Py IR S S U O PR ) SR I A K 2% 1
Ul g R AR Al 7K B 5 BIL AR AT 5 e AL T AR S v
Rl AN T A KA LR ( £ B LS A ET
BEIR ) 1 LR T FE B Dy W3, R A R AR T IR 9
BT R A SR ST L R R MR A A 2 A
FERBE—C TR A & RIEEF GABA 3%,
551 SRR AEM K I 3R L AR K A
HOBE IR TS AE ML RIS 5 B AR R AL R T v iR 1 7
FR X ZE 4 B DG T A

B ﬂ’ml%( Citrus sinensis cv. Tarocco) VATER?
] 3 R T ke ) X (T A b ) | 2 M A A
EE AN, 7R T AR S 2 A A s, o B A
PREFHORIER 2 3 ~5 A BT, 764 T i A% 1L 1Y
Ay By R A R AR KT A T B R R
B 50 T I A6 R 2K IR T 2 3 AR A o i R ) 3
A5 RN K o T RIS 7 A T 5 A AU A K gk
P, SRR AR5 2 LA A T 3R B B A ST 2
R K B8 32 5 AL, g AR F 58 o0 BT T A A 1 T
FEMLHI 2E 58 T FERE T AW 5T LIS B R i
RS R, R T S AR A S HOR R G )
Fr it A K 0 2 A B A2 A, i — P 2R
iE JHAE B 2R A5 0 A% R0 R DR A AR X A K e
FrE R T FE RO AL HEAT T o

1 MREAE

1.1 #E5iRH

BRI (C. sinensis cv. Tarocco) FSERK T
2021 4F 4 J rha) E PR =R X A AR SR, Y Kz
({3 DRTT P4 e R 2 1) S 6 =, B R IR R
INB RS (2 200 AS) HITSE8 I T URIAY
JRAT R3S B0 T AR 7K A SRS TR R R
J&, - 80C %M.

UCATREN, 73 B 4l , R i Bk B Ak 2 A R 2
Al EE O, a2l 55 5 Merck 23 H] 5 B 3 /K 4%

2, bl , Jb st R T A WRHE A 7 PBS W (1
PR R 28 M) , o e, 5 RERFR AL T4 PR )

BC0915 7 & Ik W% A 1 ( glutamine synthetase,
GLN) W PERE I ) &, Jb i RS AR MR A A
BS - E1878802 1 ¥ 7+ 2 Ik e JIit JR 13 ( glutamine de-
carboxylase , GAD ) ELISA i85 & , VLI5 FHERAE W BH
ABRAF L,
1.2 (UFEHiEE

Scientz —100F B4R THL, 77 BB 2 A W RHE I
A BR A 7] ; MM400 ZU AT 5 43, 78 [ Retsch 23 A ;
TGL-18MS B R EL.OHL, b = WIACELO LA AR
H R T ; Nexera X2 1 22 518 =5 SOR AR €A 354X, H
AR HN A SB - C18 R AH (5%, 32 [ Agilent 24
Fl ;4500 QTRAP %I ERER B354 , 3¢ & Applied Biosys-
tems A 7] ; L.—8900 # 4> [ s & FEM ML, H A H
SES ) SYNERGY HI B 2 D BE R AR A, 55 EA11 1#
IERABRA A,
1.3 ZBAH*E
1.3.1 RHMAFH AR &R SRR E# $ IR

TR 5T

Z:2% Zhu %05 B EAT AR AL 25 R 5 1 A
Kol e AW AH £ 3% HR B BT 3 (ultra performance
liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS) 731, 1t M FEA R T ALV VR T+
M A IS A 52 20 BF B8 (30 Hz, 1.5 min) RS K ;
FREL 100 mg M3 A, i A% TURFR 5340 70 % HYRESIBOR
H PR 30 s, 5 30 min 4295 1 IR, R 6 A
BT 4 CH®HER, 12000 r/min B> 10 min f5, A
FA2 0. 22 pm WAL IE RS U8 IR, SR )5 A7 T ik
R, BRI HIREAE R N 4L, Ak T R AR I
HVC A, REFEARIE N mix 4,3 AR E
3AEYES T UPLC-MS/MS 43#Tr .

WA A% . AR AR O 4 L, Wik
0. 35 mL/min, B S HTES TE] 29°4 15 min, #AH
R 2.1 mm x 100 mm x 1. 8 wm, KE3 40 °C ;7 3h
AH A A RIK (BRSO, 1% W R) ,B Mk 2 G
(TR EL 0. 19% WR ) 5 Ve EAE B 0 min I B
FHAFR AR 5% ,7E 9 min N B AH{ACER L (5 26 M 34
T2 95% ,H7F 95% 4EFF 1 min, #RJ57E 1. 1 min P
B ML BIRE E 5% , FEAE 5% 4EHF 3 min,

TR A 55 B T IRIRLEE A 550 °C ;%?ﬂﬁ
Z5HLE 320 5500 V (IE & FH) F1 4 500 V(i
BT s BT URAUR T 18 344,75 kPa B T
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AR 18 413. 69 kPa S 7R (curtain gas)
J1709172. 37 kPa; RS AL B S HOCE iy =
DU FT ( triple quadrupole ) 41 4 fiff JH 22 d I 1y s )
( multiple reaction monitoring, MRM ) 5K |
1.3.2 Rt matts 225

W HIRTEE B 5 MWDB 8 122 5 B Hx) %
SEARHIY BT ) MRM AT A ) B B 43 #T
AR Analyst 1. 6. 3 4bF IR A9 FEA BT 43 By
Kl , X Wy o B e A 0 T AR AR, % H e ] —
R TEA I REAS b i I e AT AR E . AR
HAHRE ] MetaX HEAT 1E 22 fi f5c /)y — 3 H1 51 73 B
(partial least squares-discriminant analysis) , VIP ( var-
iable important in projection) =1 fold change =2 (1
<0.5) 1 P <0.05 & R ACHY) o & & B AT B35 1k
22 5 I H WbR e
1.3.3 RABE 0

FILPRE RIS % Wang %50 1005 I AT
BEM, FRIO.5 g iU A A 1.5 mL R34
N 6% T HIK 7R , 40 kHz 8 75 H2 8L 30 min;4 C,
12 000 r/min B.0> 15 min W8 F WU AL IEE
(FLA2 0. 22 wm) 08, JH4 A hZ BB 53 B (3G &
R (ng-g™") KB 4 MEYF¥EE,
L.3.4  ApARER A ARAR X B 7 P

GLN H1 GAD i 14 73 51l FHARH 07 376 e A ) 45
ME KBRS BILE 540 nm F1 450 nm b0 5 W
G 28N U/mg, GLN G PRI E 3 MY &
5, GAD WIS 4 DMEY)FEE
1.3.5 JeRiftia kA B e 2915 & oA

KA EE B ¥ %58 5% Wang 57 7
%, M TAIR11 %04k % ( Arabidopsis Information Re-
source ) T 2 AU g IT i A£G 3L P 5 7 91, FH AR Hb
Blast #K{F FEXT RIS FE R4 ( €. sinensis V1) BUHEE
R FN M HE R T4 Plam 43 87 5611k 8 B2 S AA 7
PRAF SR I, e 2 8 5 AR O AH DGR PR I B 5%

KRS AR A 5L PR 2015 77 51 ] TBtools A4
AT G DR 0 A 7 G € A A, AR AR 2 2 S 4D
R IT AR & K 44 FR i 44 26 N, Expasy T H 07
L PR 20 i 2 1RO BE | 20 o A A i A B A
P, R 4548 78 T H (gene structure display
server, GSDS) 43 17 & & i) 41t LN & F S5 M 1%
B, Plam PS8 5E e s 8 1 BTas A
1.3.6 & F#FAKFHH

BN FB TS % Wang 550 (074, HRBUM

P LA RNA JEH9EE ¢cDNA SCZE, i Tllumina Hiseq
-, FH TopHat v2. 0. 12 44K Iy 504 1
X EHRE LR (C. sinensis) , ] FPKM ( fragments per
kilobase per million mapped reads ) %7~ 3 [K 3¢ ik /K
Vo 2RI ] DESeq2 R package 3 A53# (P <
0.05),BLHE 4 MEYFER,
1.4 HHEAbIE

R A S5 R PR SRk SR | LAt S 36 B Bl 1
H Graphpad Prism 9.0 ( 3€ [ GraphPad Software 7
a)) FEATGETE AT H 0 K (P < 0. 05) F ] B 2 1
253 A Adobe NMustrator 2021 44 ( 22 E Adobe 2%
GRS

2 FHRE5HMH

2.1 RiESMmEHKEXERNE

R A SR T TS B ) A T 2 2 T SR S & Jo )
BHZE DA PR DX F B 0 R ], =0 R X
IR SR B 1 AU A8 A R SR S A 7K SR AL LI 1
RIRRASAE 12 A ZWAE 2 A BB S Em RS
T oC[E1(a)], 7 2020 4E4 2 J5 M il 75
el i B — B E] -8 ~ 0 °C A ZE], AR 32 I B
TR KRG . ABIFGE XAl A SR S A TR A SR J
R, MK M2 22 4 b a2 Y, g BRI ) T B 22 40
BIKK[ B 1(b) 1,
2.2 [ERIKETAERTZERRBEAFESTER
2.2.1 HRIEZRSHSHBENRMY REZTER

R T W AL TR R AR A 22 S Rl P R A AR S
J& XA A 2A B A T 3 B4 4 FT (principal com-
ponent analysis, PCA) , WLIE 2 2 — F mi4r PC1
% F LA PC2 WY R ol o 62.73% FI
9. 53% , He7N 1EH FIRG 7K A8 4 AR A A 76 B g 25 57
[El2(a) ], HNEARRERGHERBH KT
0.95, #& /8 & & HE A 0] A7 ¢ PE R, A8 7D
[E2(b) ], ik SEHE 2 WA 20 2 0 B8 08 mI {5 B
=, AT TR 2T,

Jz I ) AR A A A I A T e S #
480 P AR Y . X LRI BT 4ol 11 3K,
FLHE 110 2 5L S AT AW 93 FhA LR |76
ok S B2 60 Bl 25 B8 W IR 55 A A% T R M L
A 29 Fhigs i BEAR WEARGR 21 FhdE A= 2 23 Fp
TR AE E £ M 9 A H Il Eg .3 FhES AR S 1 Fp
4 Bl gt L
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Fig. 1 Temperature variation of blood orange preharvest in Three Gorges Reservoir area and

phenotype of fruit affected by segment drying
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Fig.2  Principal component analysis of normal and segment drying samples of blood orange
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R T 1) R S o T A SR UL 3. )z )
PR 2 U5 T 193 Bl A 5 75 i RS Al 7K i
2 BRI 3 (a) ], Hop, 165 i E3H,28 Ff T
I, 22 AR R A5 R Won | IR S & Ak
R4 2 W) ot & s AE A K I BRI [ 181 3 (b) ],
ZFRIYI S KEGG (kyoto encyclopedia of genes
and genomes) ¥% 45 & b XF, H KOBAS ( KEGG or-
thology based annotation system ) 43 ¥ 22 5 X i} &
o SRR B AR A B M — B
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- .
VCl1 05
- [
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i e
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AR AU 39 Pl BRI R 11 A L w0 1 A
B .9 ﬁ?ﬁlﬂl@'&ﬂ%@iﬁ&@%ﬂiﬁﬁ b R A1 b
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Fig.3 Differential metabolite analysis in juice vesicles of blood orange during segment drying
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R FRGE T ik M RE A K S A AGE TR 1Y) T RE ML AR, AR
TS XA 2 2% 8 7 AT I o e R A R 4 o g
T TIRASZHE RS T HOAS 7K A R B i A A
KA B A f LI 4 I RE A K B R ASER
WM T 53.1% (P <0.05) [ K 4(a) ], Z B4
A B BIRAR SR R A5 TR RS AR I L R A
256 BN IR | 2 50 Rk AR T, Ak
IF, IR S ARSI  & a  E EE (P <0.05)
[Fab) ], 2A MRS EEFH LM (P <0.05)
(B 4(c) ] AR ORI A A & A2 2 i AE
7K SRR 1) E B3 A%

SR RE R ool IR TR R BE IR A = B
(TCA) FEFR A A4 0 2E A 7K B 2 30 R — 2
AR IR, Hd BRI ERSE TR T 61%
(P<0.05)[E4(d) ], o~ R & 5 AT b 3578

B(P>0.05) [ Kl 4 (e) ], BEFATR & & W 1Y fm T
120% (P <0.05) [ & 4 ()], XEL58 K, TCA
PEERALE MRS A K I & 26 T A8 Ak, A8 LI T A 2 7
AIBEIN I 2R - IR R — 7 1 T 3 i AR A &
PR, E— 20 B s E e T AN EAE 3 5 5 — 7 THT
Al @ A B y-2 5 TR (GABA) ,#E A GABA %
H, MAEHKI, 2R A GABA &304 57481k
(P>0.05)[4(g) ZF 4(h) ], i GABA 37 &%
A P
2.3 mEFHKHEEBRNTH

Ry TS R R A A AR K R AR A
FEREIR 0 R FR s A2, AR 0T 1 16 Pl DL 2 3 1R
FiKE AL, WL 5, Horb 15 R 2R R (R oe
M R o2 IR R ERR H 2R R A
R RN IR R N 2R | AR 225
R A ETR  RAE R ) 76 MG R 7K B 55 8 f 2 15
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Fig.4 Changes of metabolites relating to citric acid degradation in juice vesicles of blood orange during segment drying
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Fig.5 Amino acid mass ratio in juice vesicles of blood orange during segment drying
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AR, A AR A B E (P >0.05) 2 0o, Hay  #F—2DA Ui 2, W) B B Bk 2 8 WT DL Ak & AR
4 Pl g LR E R K B A O T 101.3% . HER R 22 E R, X e IR 1Y 2 AR A
66.2% 229.7% 1 634.3% ., RAQRAI LB /KB BERIN, it — SIS O Bl A &
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2.4 MK IRERPE AR S B ERE T L

SRR AR A 7K B A7 TR 4 i A 8 2 15 T B
IR Z I AR ST AT T AP A R R A 1) 2 A Gt
iy (#F R A B GLN FIAS Z BE R R | GAD) 1
PE, WK 6, Hd, GLN b4 & B AL A & ke
s M AE RS K B3SO T 75.3% (P < 0.05)
[ 6(a) ] FWIAF 20 Mt e 5 1 385 728 7 i 3% 1 7K1
PG . GAD AL 2R MR A B GABA , L3 P
TEAS KA S E (P >0.05) [ B 6(b) 1, il
GABA S 1% il 175 7K P75 Al K I A B0, 5 A
Yy AR —

05

°
S
T

=3
W
T
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Fig.6  Key enzymes activities of citric acid degradation in

juice vesicles of blood orange during segment drying

2.5 [MEHKEHTRERME RIS R X ERRIE S
ZRA I 2% E B 2 7 53 S GLN  GAD
it 5 A5, C TRAH G A B BLA AR R IR A 7K B A
i R it 1) R AR AR
2.5.1 MERMAAXEREME PO ENEEFE
RUR

HEACHH AT Ul A48 78 B RS 7K s A 56 32

B RRUHER , RATERRE T LW A & R
R fmIn R E L m, LA A 75 ZBEHTEE A
AL (acetyl-CoA carboxylase , ACCase ) 1 H T4k
AN RS A A IS EE- ACP LM FIE ( stearyl-
ACP desaturase, FAB) ffEAL A A5 2 A= BIM R , 2K J5 T
PR WY B T R 2= 10 I (fatty acid desaturase, FAD) f#
A S R A -SRI , i H I 48045 T (lipoxyge-
nase , LOX) 4k 5 B 13-200 AW RRR . SRS A
ARSI ARG B e S W 7, &
VBT IENIMERENAEET 2 M
ACCaseMJF:H (fv 44 N CsaccA F1 CsaccC) .6 i
FAB 3L (fiv% M CsFAB 1 ~6) 8 P4l FAD 14
B (fr 44 CsFAD 1 ~8) 1 12 N4 LOX ()%
K (firfa CsLOX 1 ~12) , XEEEER MG TE 8 4R ¢
ik b f3E chrl 3.4.6.7.8.9 & Un [ 7(a) ],
XoF JIE AR i 35 P i ) S S R P 9 R A T 40T, LR 1
& 1 50,6 4~ CsFAB 4af% (%) 2 H i & 322 ~
396 MNEILRR |8 > CsFAD Jmit A (B 40 306 ~
447 DNE TR, 12 A CsLOX i 15 1 75 (A0
603 ~932 IR,

FHFE AR AR CHE R (W BE R 2548 RN R 1 SR 25440 53
PrEsRILE 7(b) 8 7 (), BERKBR, Al —IE N Kk
IR TR AR B i A 8 F 8 A B 22 5 [’ 7(b) ],
CsaccA F1 CsaccC 43 5 A 16 4~ F1 10 4~ 7h i F; B
CsFAB4 T 2 MMM F-4h , HAY CsFABs Y94 3 45k
F;CsFAD 1 ~2 F1 CsFAD 6 ~8 Y& H N T, CsFAD3
TH T AYMNET, CsFAD4 H 10 DNHMNE T, CsFADS
8 MM F 5 X T CsLOX K, CsLOXS A 5 1N4h i
T, HAR R N A 8 ~9 NMNETF [ 7(b) ], &

AL PR S i 1) B 11 R 4 A 3 e A d s, [ —
FIG R RS RS [ 7 (e) T
2.5.2  PEARGHT IR B R A A AR B 64 A FLAE AT

A% T e A K S R AR AH DG 3 B 2 56 L
K8, 28 MR I SE IR B9 19 AN A% B3 76 i 4 3 i v
AL (FPKM > 1), 45 2 4~ CsACCase 5 1> Cs-
LOX 7> CsFAD F1'5 4> CsFAB, HiH | CsaccA TEH
KRR R W E FH (P <0.05) [ K 8(a) ]; CsLOX
FIGA 4 AR 2 5 3258, Rk it AR iR iR
K CsLOX2 , FEAK KBS B9/ T 206. 4% , 73 4b, CsLOX1
TEAG K F I T 179% (P < 0.05)
[E18(b) |;CsFAB Fgerh A 3 MK 22 ¢ 3Rk
FP |, Hrh CsFAB2 1 CsFAB6 TEAL /K IS 283k 8 1 3%
FH(P<0.05) [ 8(c) ] ;A 7 4 CsFAD FIEI
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Tab.1 Basic characteristics of protein encoded by lipid metabolism genes
FEF £ R HEPF 1D FHR M /kDa SR FEH 44 P JEF 1D FHR  M/kDa SEH
CsACCaseA Cs6207610 773 85.90 8.88 CsFAD7 orangel. 1102024 379 43.83 8. 68
CsACCaseC Cs404540 537 58.37 7.16 CsFADS orangel. 1102241 383 44. 02 8.01
CsFABI Cs306370 388 44.39 6.58 CsLOX1 Cs1g17380 932 104. 61 8. 11
CsFAB2 Cs3g15530 387 44.25 8.34 CsLOX2 Cs7g10360 921 103.75 7.02
CsFAB3 Cs3g15540 393 44.99 6.12 CsLOX3 orangel. 1103769 894 103. 18 5.88
CsFAB4 Cs3220840 322 36.42 10. 03 CsLOX4 orangel. 1103770 894 101. 17 5.76
CsFABS Cs7g16060 389 44.52 7.71 CsLOX5 orangel. 1103772 603 70. 34 5.31
CsFAB6 orangel. 1103533 396 45.39 6. 05 CsLOX6 orangel. 1103773 896 101. 52 6. 00
CsFADI Cs4g10710 306 33.81 8.85 CsLOX7 orangel. 1103774 890 100. 28 5.68
CsFAD2 Cs4g18420 447 51.35 8.85 CsLOXS orangel. 1103775 897 101. 86 6.03
CsFAD3 Cs6208600 354 40. 15 8. 68 CsLOX9 orangel. 1104376 900 102. 27 5.88
CsFAD4 Cs8g17450 441 50.76 9.27 CsLOX10 orangel. 1103774 890 100. 28 5.68
CsFADS Cs8220310 383 44. 45 8. 69 CsLOX11 orangel. 1103775 897 101. 86 6.03
CsFAD6 orangel. 1100436 447 51.52 8.38 CsLOX12 orangel. 1104376 900 102. 27 5.88
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Fig. 8 Expression of genes related to lipid metabolism in juice vesicles of blood orange during segment drying
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Study on Citric Acid Degradation Pathways of Blood Orange During
Segment Drying Based on Widely Targeted Metabolomics
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Abstract: Segment drying is the major physiological disorder that deteriorates fruit quality and results in
loss of flavor and edible value of fruits, including mainly granulation-type segment drying and collapse-
type segment drying. Few research had been focused on the latter. Using Tarocco blood orange upon
collapse-type segment drying as study material, widely targeted metabolomics was used to analysis
primary metabolite and metabolic pathway changes of collapse-type segment drying, amino acid content
analysis, enzyme activity assay, and gene expression analysis were utilized to elucidate the mechanism
underlying the rapid deterioration of citric acid during segment drying. The results showed that a total of
193 differentially primary metabolites were identified in juice vesicles upon segment drying, citric acid
content significantly decreased by 53. 1% , the metabolites relative to the acetyl-CoA synthesis pathway
(such as serine, linoleic acid and other lipids) increased significantly, the gene expression of lipid
metabolism was up-regulated upon segment drying, while the expression of gene CsACLs encoding ATP-
citrate lyase remained unchanged. Glutamine synthetase activity increased by 75.3% in vesicles upon
segment drying. <y-Aminobutyric acid content remained unchanged, glutamine decarboxylase activity was
not changed, the expression of gene CsGADs encoding glutamine decarboxylase was down-regulated upon
segment drying. In conclusion, the acetyl coenzyme A synthesis pathway was the main pathway for the
rapid degradation of citric acid in vesicles of blood orange during collapse-type segment drying. The
results aimed to provide a reference for clarifying the mechanism of collapse-type segment drying in citrus

fruit.

Keywords: Ciirus sinensis cv. Tarocco; segment drying; citric acid degradation; acetyl-CoA synthesis
pathway; GABA shunt
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