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Analysis of sugar metabolism and expression of related genes
of longan fruit during the postharvest storage

SHUAI Liang"* , PANG Jiwei>” ,HU Meihua',LIAO Lingyan',
YIN Feilong”, LIU Yunfen®, LI Xiaojie’, HE Meiying”"
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Bioengineering/Guangxi Key Laboratory of Health Care Food Science and Technology , Hezhou University , Hezhou 542899, China;
3.College of Biological and Chemical Engineering, Guangxi University of Science and Technology , Liuzhou 545006, China)

Abstract ;[ Objectives ] The purpose of this paper was to investigate the changes in sugar content and metabolism-related enzyme
activities and gene expression of longan fruits during postharvest storage at room temperature( RT) and low temperature (LT) ,and to
provide a reference basis for postharvest storage and preservation of longan fruits. [ Methods ] Taking ‘ Chuliang’ longan as the test
material ,4 C and 25 °C treatments were set to investigate the changes of total soluble solids( TSS) , sucrose, glucose and fructose
contents, and the change rules of related sugar metabolism enzyme activities and related gene expressions. [ Results] Sugar content of
longan fruit varied differentially at different storage temperatures. Sucrose content decreased , glucose and fructose content increased
during RT storage ,while LT storage maintained high sucrose content, glucose and fructose content decreased rapidly. Compared with
RT storage , sucrose phosphate synthase ( SPS) activity increased , neutral invertase ( NI) ,acid invertase( Al) ,sucrose synthase(SS),
fructokinase ( FRK) and hexokinase ( HXK) activities were inhibited and the expression of DINI, DIAI, DISPS,DIFRK , DIHXK genes
was inhibited at LT storage. Correlation analysis showed that the relationship about sucrose content,sugar metabolism-related enzyme
activities and gene expression were altered in longan fruits at LT storage. In addition, principal component analysis also indicated that
LT storage delayed the onset of sucrose metabolism in longan fruit and maintained better fruit quality. [ Conclusions ] By regulating
the expression of genes related to sugar metabolism in longan fruits,low temperature storage affected the activity of related enzymes
and then changed the sugar components,so that longan fruits maintained high sucrose content and delayed the quality deterioration of
longan fruits.
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TR ( Dimocarpus longan Lour.) JE TR IR & | 2 g E B BT R e KR Wz NITHY
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JE BRI 52 0, Sy e R SR SR I 3 O e R AR AT A B 2 B A
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1.1 #RE5NEE

Je R ARy < i BRI TR T P AR AT, PR IR E & T R T i R 52 S
Ve BT ] PE PR EEIE S IR R T 02, BT 40 4>, 20 WilHE 4 °C (LT) F125 °C (RT)
FITEIRAS IV R, 4 CIVRCAYEE 7 d BURE 1 Uk, 25 CIVHAE 2 d BURE 1k, SRR AR A7 T-80 C
IR VK AR F T 5 S48 hnill 2

TEWE AR A0 (Sl 405 =99% ) W T L i A YR A PR Fl s Hepes 1T L g YR A
VIR AT R & s AR R BERE (DTT) 25 I35 25 11 ( BSA) Fl Triton-100 1 TIb R KR RHE AR A A, T
FRTE LH-B55 1 G gh B AR AT BRA 7 5 5250 0] W73 5656 B UV -1600PC W T+ I iff 36 % ik
IXESA PR F]; LC-2030C 3D iy B0 AH (3540 T 5 A A B (R D) A FR A A
1.2 REHE
1.2.1 "AMERY(TSS) E=ME  FEYLE 10 R, L L&, HRRET, & 4 22 HmdiE, HF
FEUTOCA B E Rt TSS & (%) .
1.2.2 WAMHESENE S AT S I R St S R A& i ik
1.2.3  FEEELEE(ND EYE  BEAIRBCRA Zhe 520 07k O A S, MEFIRRE | g BRI, I
A 1.5 mL E‘Jﬁi(éi‘;%ﬁlé}}(ﬁh@(w mmol - L, Hepes-NaOH, 5 mmol « 17! MgCl,, 1 mmol-LflEDTA,Z.S mmol « L™
DTT,0.05% Triton-100,0.5 mg-mL™" BSA,10% H i), A 2 mL B0 H1,4 °C 13 000 r-min~' B0
10 min, B 1 mL &R PD-10 JBEERAT i85 € A5 2 mL, OB T8 TP VR B B2 OB 57 1

Fif P 0 52 2R ) Loweell 2521 (05 2%, IS A N, B 0.2 mL BEHEBINA 0.8 mL (SR [ 10 g- L7
B, 100 mmol - L' B FR - B BR 4 (pH7.5) ,5 mmol-L™' MgCl,,1 mmol-L™" EDTA ], 7£ 34 C/K¥ 1 h J&, ¥k
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&5 min LAZE IRV, SRA 3,5 A HKAZ IR 15 0 2 3 OB 25 £ 5 53 B 0.2 mL B E2 IR /KA 5 min 1E N
X R FH O 0 25 (B T35 SR = A R SRR e AL ) 16 1
1.2.4 BERMHEHNEE(ADFEME  SRA Lowell P B LMIE AL TEYE, IR0 A ok sh, BER AR 1.2.3
A, MSEJT S NIAHE, SO 100 mmol - L™ pHS5.5 Fi R —BE R AN ZE M (& 10 g- L7 REWE) |
1.2.5 FEHEAREE(SS)EM  RA Lowell 4 AYJ5 B2 SS 11, W AR, B AYHEHIR] 1.2.3
5, B 100 pL BEEEBINA 100 WL KW [ 80 mmol - L™ MES & i ( pHS5.5) ,5 mmol -L™" NaF, 100 mmol - L™
TERE 5 mmol - L™ PR 82 (UDP) ] F 30 °C S 30 min, #i/KIE 5 min DL RSN, KA 3,5- " fi3kK
W o I 320 SO 2 5 U9 M 0.1 mL BRI /K 8 10 min VEJgxd R W2 4 22 80 11480 340 SR b 7 2 ol
R ORI SS G, X R R &R HRORF UDP
1.2.6 TFEHERSERA AEE(SPS) &M R Komatsu %1% Fl Hubbard %51 (907 vE I & SPS 64, I8 AEE
M, BEWRAOERIRE 1.2.3 95, B 100 pL BEW A 100 wL 9 50 [ 10 mmol » L7 R 1 — T 2 4 25 4
(UDPG) ,5 mmol - L™ Wl -6 - R (F-6-P ) , 15 mmol - L™ % %5 % - 6 - W R ( G-6-P) , 15 mmol - L™" MgCl,,
1 mmol-L™" EDTA , 100 mmol - L' BIFRZZ #hif ( pH8.0) 1, JZ W BsF 1] Ay 30 min , HiAY 55 TR ol B 4 00 2 A
A, XF B N iR R AR F-6-P Fil G-6-P
1.2.7 BR¥EHE(FRK) FCHERE(HXK) &M R Huber %57 A9 75 2600 % FRK Al HXK 15 1, 0%
YEMBM, B PR 1.2.3 19, 7€ 0.4 mL /N K R 14275 30 mmol - L' Hepes-NaOH ( pH7.5)
1 mmol-L™" MgCl, 0.6 mmol-L™" Na,EDTA .1 mmol-L™" KCI.1 mmol - L ™" 4t iz I HE 04 — 4% 15 B2 (NAD) |
1 mmol-L™" ATP .1 U #H %W 6-B B2 I S0 ( G-6-PDH ) , BB 0.08 mL, & & WM B ( HXK) in A
2 mmol - L™ 4SS 3 O o T 5E MR (FRK) |, 500 AR 45 B BE R S M (PGI) 1 U, SR IE A
2 mmol - L™ SWHIF BN N, JWAE 37 C N HEAT  ARHE— @ BHE] N AL, AT EAE A5 4K, 7158 FRK 5 HXK
b,
1.2.8 WERIFHEXBEERNEENH M OCE P SET 26 6 2 7 PCR(RT-qPCR) B 51915751 th L
ETAY TRERATGR, I WHEgE R L 1, RT-gPCR 76448 4 SYBR Green I Master( Roche) ,
1% #%} Roche Lightcycler® 480 i i 384 FLAF . 10 pL ¥ HIA R ;. cDNA Bk 1 wL,5 wmol - L' H | F 51
Y4 0.5 uL, SYBR Green I Master 5 wL ( Roche ), ddH,0 3 WL d ] DiAcin 3 AR N 2 ik 4T
RT-qPCR 4387, JUSFEF:95 °C 10 min;95 °C 10 5,60 °C 20 5,72 °C 20 s,40 MEH; i h 2k (95 C
55,65 C 1 min,97 °C),40 CEH 10 ' X FEEITE R 272405
#£1 RT-qPCR 3|17
Table 1 The primer sequence of RT-qPCR

H:H Gene 5% %) Primer sequence(5'—3") F%ﬁ)}%/bp Product length
DIAI TCCAATACAGACAACAACTACGC/ACCCACATAAGGCAACCAAG 100
DINI CGTTTCCTGTGAATGGTCTG/AATAAGTCCCACGCTTCGTC 139
DISS GACCCGTCTCACTGGGATAAG/ATTTCATAAACCCTCCACTCG 279
DISPS GTTTTGGCATCCCGTTCCC/GTCCTTCATAATCTGTGTCCCC 112
DIFRK TATTCAAGGACGAGGAGCGG/GCAGCCACAAGTTTTACGAGTT 139
DIHXK TTACTGGGAGAGGAAGTGGCT/AACAAAACTAAAAATCGTTATGGC 112
DlActin TGCTATCCTTCGGTTGGACC/CGGACGATTTCCCGTTCAG 93

1 DIAL, Jo BRER P54 AL BE L IR Dimocarpus longan acid invertase gene; DINI; Jg AR W P54 AL BEILIA D. longan neutral invertase gene; DISS: 1t
R PR & BT L (X D, longan sucrose synthase gene; DISPS . o MR 7EE B AR & B 3L 4 D. longan sucrose phosphate synthase gene;
DIFRK . Jo IR SR EE 3L D. longan fructokinase gene ; DIHXK ; J¢ IR C WM EG 3 A D. longan hexokinase gene; DiActin ; J¢ IR L 8h &5 111 3
[ D. longan actin gene. T I5] The same as follows.

1.3 #HBELESER

DI FERIN e e 3 MR, A5 R UL BIME bR ME2E (SD) 32, {8 Origin 2021 322 1K, 2k
H Office 2013 F1 SPSS v.26.0 # 4 #EA7 5G40 B SGE 1170#7 , H:0d FH Adobe Tllustrator CS6 AR 347 EIIE 25
AL 2%

2 ZER545H
2.1 WREHAE AR B LR AA MBI (TSS) EHE EAEI RS BT

P 1T IR« S B SE SB WRL I 1) TSS 2 A R AR IR IR P ] TSS i R st %
LI TR 307 1 SR S P TR o e B A L R I AE 6 o IR 28 SR TG U T D3 S0 1] s RS 52 4
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Fig. 1 Changes in total soluble solids( TSS) ,sucrose,glucose and fructose contents of longan fruit

during postharvest storage at room temperature and low temperature
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M7 4 ~8 d AL JGPERGE T, MR IR I R ] R SR S0 AL I PR IR 3 FRK 3G PEARfb ka3
VRS AT TR — B0 RN TR ] R R ) e IR SR ST AT AT FRK 3% M iR 28 T8 IR K, 2%
MRIRAME] T AL A FRK 361, £l AT A1 FRK 36 M Z4E 576 BROK

BRI (B e IR SRS NI 3G e NG LR H . R 2 d B NI 36 0 R B 21 i /MEL(32.5
wmol-h™") | 7E 2~4 d i NI ihPEZSAL A BH B 7E 4~8 d B NI 3P ETHF7E 8 d BFiA3)] 40.2 wmol -h ™',
RGP 1) e IR AR S N 36 PR AR Al SR S TR 3 7E 35 d BHUh 0 d 119 0.97 %, BRI AT LUSE 2%
NI PR BTt

BRI (] IR AR S SS RN HXK 16 P34 5 #3726 8 d B 435115 5] 22.8 F136.4 wmol -h™", Alt”
FECU P SR B, IR SEU ) IR SR 52 SS TR R Ae T Ja R BRI, SS IGPETE 14 d Bk B K(E
(18.2 pmol-h™") , B WAL ] A AL | SS 16 P WA, IF A4 Ae g . HXK WG 2 E A& H LA
FEAREGENS AR TR R, ALY T A IR SRS SS A HXK 16 MR AR KT, 2R BAAIGIR T
SIEZE T SS A HXK G PEM Tt

W RSN (B g R SRS SPS 1 MRS T RS, JRE 8 d B TR B/ IME (26.9 pmol -h™')  AIRTEIY A
1911E] Jp IR SRS SPS JE RS e T e PR3, 7E 0~28 d SPS P2 sl T e 28 d T R KMl
(37.7 pumol+h™") ,7F 28 ~35 d SPS FEMEIVH N, 78BN 5BU (1], AR I 80 Y e IR AR 52 SPS T P R ¢
i TR TR R, 2 WAL SR T LASE R SPS TR, R HE RERE A AR
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Fig.2 Changes in the activities of sugar metabolism-related enzymes of longan fruit

oo

during postharvest storage at room temperature and low temperature
Al': Acid invertase ; NI ; Neutral invertase ; SS: Sucrose synthase ; SPS:Sucrose phosphate synthase ; FRK; Fructokinase ;

HXK ; Hexokinase. The same as follows.
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Fig. 3 Changes in the expression level of sugar metabolism-related genes of longan fruit

during postharvest storage at room temperature and low temperature
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HRIEEYIE] DISPS B i 235 i iR 2 N3 I 0~ 2 d, DISPS A i) 2 3k fit /NI B2 T 15
2~8 d 2 N, IETE 8 d IR S/ ME, H i DISPS FE By B0 0 d 1Y 0.50 £, A5 I 5k 5 )
DISPS JE[H (1) 22 15 MR S R ka3 I8 0~ 14 d, DISPS JEH s A T, 14~28 d T IHZE It
1F 28 d B T RS/ ML, 28 ~35 d /MR EE TR, 35 d B DISPS SR 3Rk 8 0 d 19 0.29 £%,

HRIC I R] DIFRK JEH 1) 3k 8 R TR LT3 WK 0~4 d, DIFRK 3R 1) 635 5 s
TF,4~6 d %18 ITFt,6~8 d 2 T, JFAE 8 d B IA kBl KME, RN H] DIFRK 3£ (3%
IR AR R R {0 R MR B A N 2818 35 d I DIFRK BP9 2 k4 0 d 19 0.50 1%,

2.4 i ERRRLERSHEXIERRERRIEEXEST

H Pl 4 T UL« R ) R IR SRS TSS 15 it S MR AR A DG HE b RN 35k PR 35 TG S 38 R Gk, T TGI8 114
JeMRSFSE TSS &4 5 80 #5005  FRK 16 P | DINT ik 1 5 1 35 1EAH G (P<0.05) , 5 340 &% 1 LA & DISS .
DISPS . DIFRK 355 50 i 35 IFAHE (P<0.01) , 5 SPS HXK T P45 B & ARG . RUMEIRI B 1
TSS 12 S AR SCHE b i AH DG LTI 78 %) i HIR R S AR 5 2 -5 0 AR 0 P S i 1% 1 G {8 3 A 56
PE 5 R i 5 O S i NL UG PR 0 3 TR AR OC R0 5 S AR A JC A DG AR T Y e IR
SRS RERE O i SRR AR O DG s A A B i S B & FRK TR B IEA G, 5 HXK MR R
FHROC RS i 5 AL FRK IS PR 25 EAH DG 5 SPS HXK i M2 i 38 il B 25 A OC , X R
AR AR 3 ), 6 26 R SR B I B R L (R A S | R et o v 7 2 AR SR 5 ot 5 B 1 il
B DA SC  APIRIE RT Ao A 2 AR A A S 8 T35 2 (5 R R SR Sl 4 5 it e A A8 Ak H TRIE R R R SPS
TPES DISPS 335 5 5 1 35 1E A 56, Ath i -5 6 107 35k PRI 24 16 48 38 AH 5GP T AEC 30 V2388 1 i HIR SR 512 SPS i
YE5 DISPS #ik 5 B # UM SE  FRK 6155 DIFRK 63555 W2 1EAH 6 Hofth il 55 %k i 56 R 1 6 . 2%
FHOCPE DAL 25 SR B AR TRLIY 80 mT LA R 1 0 A A DG it 35 81 R 05 2 3 T 552 ) O HR SR S0 1) 5 1t
Moy,

A £t TSS content 00000000 ) 10 B rssrit TSS content 020 0000000000 10
A Sucrosecontent 014 @ 0 @ 0 QO 00 O0OOO © 08 $ERE 7 hE Sucrose content [-0.05 08
i Glucosc content 129056 O O OO O @ 00000 fit Glucose content %061 @ @ ¢ 0 O OO0DD0 0D
i Fructose content [0.050-033 092 [ ) [ J ( JC N J 06 ik Fructose content |09 089 (-] 000200000 06
ALEHE Alactivity [oe-0n0m 0y @ Q@O 00000 OO 04 AT HE Al activity [076 0.8 069 052 20000000 04
NI Nl activity [063-0350 0m01c @ @@ - © @ - 0O @ NIk NI activity | 022 028 00640054 °
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FRKG1E FRK activity [073-062 0.2 054 091 088 093 -092 000000 FRKFEHE FRK activity |08 017 090 057 091 011 -025 097 022000 i
HXK#E HXK activity [035-081 034 0.10 066 0.19 076 070 0.63 0000 ([ ] -0.2 HXKIEHE HXK activity [035-0.10-081-094-085-0035069 035 -084 020000 02
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