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Advances in the regulation mechanism of sugar and acid metabolism in

peach fruit
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Abstract: Peach (Prunus persica L.) is an economically important fruit crop in global commerce, and
its special ‘peach flavor’ attracts many consumers. The soluble sugars and organic acids together deter-
mine the flavor quality of peach fruits and they are the main attributes that affect consumer satisfaction
with the fruits. Therefore, the improvement of the flavor quality represents a crucial aspect for promot-
ing consumption. In this paper, we firstly reviewed the accumulation characteristics of sugar-acid com-
ponents in the fruits, their synthesis and catabolism, as well as the mechanism of transport. The main
soluble sugars in the fruit include sucrose, fructose, glucose and sorbitol, and most of peach varieties
are the type of sucrose-accumulating. During the development of fruit, the total sugar content of pulp in-
creases continuously, and the sucrose content firstly shows an increasing trend, and then decreases in
the late ripening period. The content of fructose and glucose shows a decreasing trend with fruit devel-
opment. The content of sorbitol in the fruit is low, it increases firstly and then decreases with fruit devel-
opment. The organic acids in the fruit mainly include malic acid, quinic acid and citric acid. Most variet-
ies are the type of malic acid accumulation pattern. The organic acid content shows a decreasing trend
during the development of the fruit. There are two trends of malic acid with the development of the
fruits among different varieties, and they overall showed downward trend and slow accumulation trend,
while the quinic acid and citric acid show overall downward trend. Secondly, the factors affecting the
accumulation of sugar-acid in the fruit and their potential molecular regulatory mechanisms were sum-
marized. Several enzyme-related genes encoding sugar synthesis, catabolism and transportation have
been identified, such as the PpSUSs, PpSPSs, PpINVs, PvHXKs, PpHKLs, PpS6PDHs, PpSDH, PpSU-
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15, PpTSTs, PpSWEETs, PpSOTs and PpERDLI6. With peach fruit development, only the expression
level of the PpSUS4 is significantly correlated with the sugar content. Researchers have found that the
PpNAINV?2 regulates the sucrose metabolism in the postharvest fruit and its function is regulated by the
invertase inhibitor gene Pp/NHI. Several enzyme-related genes encoding organic acid synthesis, catabo-
lism and transport have been identified, such as the PpPEPCs, PpMDHs, PpPEPCKs, PpCSs, PpACLs,
PpACOs, PpALMTs and PpVPs. The expression level of the PpCS2 is significantly correlated with the
citric acid content. The expression level of the PpALMT1/4/6 is significantly correlated with the malic
acid content. Interestingly, the PpTST! is not only involved in the transport of sugar molecules, but is
closely related to the accumulation of the organic acids in the fruit. In addition to structural genes, some
transcription factors including the PnWRKYs, PpNACs, PpMYBs, PpMADSs, PpbZIPs, PpABREs and
PpGRASs have been identified to involve in the metabolism of sugar and acid. The PpNAC!I and Pp-
NACS activate the transcription of the PpGAD3 for the degradation of organic acid. The overexpression
of the PpNACO050 significantly increases the content of fructose and glucose in the fruit. And it acts as a
transcriptional suppressor to inhibit the expression of the vacuolar membrane monosaccharide exotrans-
porter gene PpERDLI16. The PpABRE! binds directly to the promoter of the PpTST?2 to activate its tran-
scription. Morever, studies have found that the genetic background is internal factor affecting the fruit
flavor. On chromosome 5, loci controlling the fruit sugar and acid trait have been identified. In adddi-
tion, the regulatory role of external factors has been not able to ignore. For example, spraying 150
umol - L' melatonin on the leaves could significantly increase the contents of total soluble sugar and su-
crose, increase the contents of glucose and sorbitol, and significantly decrease the contents of total or-
ganic acid, malic acid and citric acid in the fruits. 1-MCP could delay the expression of malic acid and
citric acid degrading genes in the fruit. The mechanism of sugar metabolism in the fruit under low tem-
perature storage has been further studied, including those low temperature response genes, the
PpZATI10, PpCBF6, PpRAP2.12, PpBZRI and PpPGIPI1, which change the sugar metabolism process
by regulating the PpVAINV?2 in the low temperature environment. The fruit thinning could affect the
content of sugar components in the fruits by regulating the transcription levels of the PpSUTI and
PpSUTH4 in the leaves.
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Table 1 Key genes involved in the sugar metabolism of peach fruit
it BN 44 B B K o fitg B[R 44 B B i
Enzyme Gene name Gene ID Enzyme Gene name Gene ID
TERE B PpSUSI Prupe.7G192300 TR M LB VAINV PpVAINVI Prupe.2G277900
SUS PpSUS?2 Prupe.1G131700 PpVAINV2 Prupe.5G075600
PpSUS3 Prupe.2G242300 R HXK PpHXKI Prupe.7G218800
PpSUS4 Prupe.8G264300 PpHXK2 Prupe.3G057800
PpSUSS Prupe.3G014100 PpHXK3 Prupe.4G256200
PpSUS6 Prupe.5G241700 PpHKLI1 Prupe.1G366000
B R A P PpSPSI Prupe.1G159700 PpHKL?2 Prupe.6G212100
SPS PpSPS2 Prupe.1G483200 SR FRK PpFRKI Prupe.1G196700
PpSPS3 Prupe.7G249900 PpFRK2 Prupe.1G289300
PpSPS4 Prupe.8G003700 PpFRK3 Prupe.2G151100
2T 0 B R A A PpCWINVI Prupe.3G009500 PpFRK4 Prupe.2G287100
CWINV PpCWINV2 Prupe.3G048300 PpFRKS Prupe.3G160500
PpCWINV3 Prupe.7G103300 PpFRK6 Prupe.6G268800
PpCWINV4 Prupe.7G103400 PpFRK7 Prupe.8G000700
PpCWINV5 Prupe.7G103100 PpFRKS Prupe.8G229800
PpCWINVE Prupe.7G103200 EEAL B0 77 INH PpINH1 Prupe.5G112600
AL B PpNINV1 Prupe.6G309800 PpINH3 Prupe.1G114500
NINV PpNINV2 Prupe.1G111800 PpINHa Prupe.4G001200
PpNINV3 Prupe.2G083900 L A4 -6~ 1 % it 22U S6PDH PpS6PDH1 Prupe8G083500
PpNINV4 Prupe.6G 122600 PpS6PDH?2 Prupe2G061100
PpNINV5 Prupe.6G229900 WL AL i 0B SDH PpSDH1 Prupe.1G057900
PpNINV6 Prupe.1G365400 PpSDH?2 Prupe2G288800
PpNINV7 Prupe.8G 159800 PpSDH3 Prupe.4G240300
PpNINVS Prupe.2G075000
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Table 2 Key genes involved in the organic acid metabolism of peach fruit

fity LR A4 FR B 5 fify BEDH A4 FR EE R
Enzyme Gene name Gene ID Enzyme Gene name Gene ID
T IR A7 e PR T R PpPEPCI Prupe.1G302700 Frigm &1 CS PpCS1 Prupe.2G002900
FALH PEPC PpPEPC2 Prupe.3G118300 PpCS2 Prupe.3G169400
PpPEPC3 Prupe.4G166400 PpCS3 Prupe.6G110400
PpPEPC4 Prupe.6G210900 g2 Sk g g ACO PpACO1 Prupe.3G217300
R AU MDH PpMDH1 Prupe.6G212400 PpACO2 Prupe.7G174800
PpMDH?2 Prupe.8G157400 ATP 745 R 24 i ACL PpACLI Prupe.8G219400
PpMDH3 Prupe.8G157300 PpACL2 Prupe.1G250100
PpMDH4 Prupe.4G058400 B AR MIREE GAD PpGADI Prupe.3G015900
PpMDHS5 Prupe.4G170500 PpGAD? Prupe.2G269800
PpMDH6 Prupe.3G194400 PpGAD3 Prupe.3G016000
PpMDH?7 Prupe.5G194200 B AW A i GS PpGS1 Prupe.3G166500
PpMDHS Prupe.4G050600 PpGS?2 Prupe.5G236300
PpMDH9 Prupe.2G091600 SRR ME PpME] Prupe.2G160000
PpMDHI10 Prupe.4G127500 PpME?2 Prupe.2G114100
PpMDHI11 Prupe.1G039300 PpME3 Prupe.3G059400
i Jlii S ADH PpADHI Prupe.8G018400 PpME4 Prupe.3G059400
NER A BB PDK PpPDK Prupe.1G105800 TR AR B NN B R PR AL BB PEPCK. PpPEPCK Prupe.1G541200
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Wi 7 % SR DK - PpABRE 1 W80T » 1428 m] 0 1 F 5
o B BT BRI E EH (ERD6L) /v F i
AT 250 R THLT ) () 1 i DA SRR S S O 1 2 A
§#k. PpERDLI16 J& T . §% ¥ iz & | ERD6-like V.
FRHL R, 1 2235 PpERDLIG6 FA% T k5 P v 26 %5
PEAN R PE & B, SWEET R A& — 2K 2 HHE
TR R B AZ 20 AR ) v S AR A DL K Bh vk
s EHE . A EERIER A FILEES 19
A~ PpSWEETs, 53 N 4 /1> 73 3, Fo vt Clade I 1 ()
PpSWEETI11 A PpSWEETI2 B A5 i ¥ #5 15 & (A%
Mo FEMKSRSCR Bk fEd , PpSWEET4/6/8/7/15/16/19
RKiLES RSB EFEMRY, WURFZET £
Bz iy, 3 i L RLEE 08 B (SO Bl 58 B
R = AR S R % e 2 9 A PpSOTs.
PpSOTI. PpSOT4 Al PpSOTY #£ F A h £ ik &
e, ] B TR 4R L AL ) s T AR
42 BRpFEEE

SRR AN B R 2 AR A A B 5 5
RIR B VMG SRR £ B A7 TEH,
NG B ot B0 1) R A B WA A — =W
H R 142 V-ATPase F1 V-PPase JX 5l H'iE N\ Ui 4
FRRRPEIAEE, ot T R, A FLOR KR Ak 2 350 1
T SRR B ; —RAE IR IZE A (DT) A
BB FIE N RR L EE A ALMDER FiEA
TR R™I(FE3) ., Etienne Z W 5T & W, PpVp2
EMRERE SRR REE LS HIRIA R —
#H, 2 5RLFEHIRR RIS Xu S 7Rk
PRI 40 7 % 5 31 12 > PpALMTs . PpALMT4 K3k
5 RS LR A BB — Y, Zheng T
FLR A ARER K Rl SR S PpALMT6 Rk & N5
SRR bR PR T 1R TR AR S D 0% . Yu SR
KIE PpALMTI #1517k R AR RS &

AN, TSR B, PpTSTI B 5 55 18 Wi 43 1 LA
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Table 3 Key genes involved in the sugar and organic acid transportation of peach fruit

i BRI &K B R o B[R 44 R B b
Enzyme Gene name Gene ID Enzyme Gene name Gene ID
WP E & SUT PpSUTI Prupe.8G052700 PpALMTI?2 Prupe.6G144000
PpSUT2 Prupe.1G542000 IR A B HZ EE VGT PpVGTI Prupe.2G325500
PpSUT3 Prupe.1G271500 PpVGT2 Prupe.2G 100000
SIS R (I TST  PpTSTI Prupe.5G006300 PpVGT3 Prupe.6G070700
PpTST2 Prupe.8G180600 SWEET PpSWEET1 Prupe.1G133300
PpTST3 Prupe.7G186000 PpSWEET3 Prupe.2G118600
PpTST4 Prupe.7G185700 PpSWEET4 Prupe.2G245600
IEN2 S PpSOTI Prupe.8G100700 PpSWEETS Prupe.2G307700
&1 SOT PpSOT? Prupe.8G100900 PpSWEETG6 Prupe.2G307800
PpSOT3 Prupe.8G101000 PpSWEET7 Prupe.3G034900
PpSOT4 Prupe.8G101200 PpSWEETS Prupe.3G283400
PpSOT5 Prupe.8G105300 PpSWEETY Prupe.4G072300
PpSOT6 Prupe.8G105400 PpSWEETI0 Prupe.4G155700
PpSOT7 Prupe.8G105500 PpSWEETI1 Prupe.5G 146500
PpSOTS Prupe.8G105600 PpSWEETI2 Prupe.1G220700
PpSOT9 Prupe.8G101500 PpSWEETI3 Prupe.5G 146400
B FIRUEISERR  PpALMTI Prupe.6G144200 PpSWEETI4 Prupe.5G125100
Feiz i ALMT PpALMT? Prupe.2G192500 PpSWEETIS Prupe.5G175500
PpALMTS3 Prupe.8G242400 PpSWEETI6 Prupe.6G355900
PpALMT4 Prupe.1G308100 PpSWEETI7 Prupe.8G017400
PpALMT5 Prupe.5G220200 PpSWEETIS Prupe.8G017500
PpALMT6 Prupe.1G308300 PpSWEETI9 Prupe.8G076100
PpALMT7 Prupe.5G110600 AT 7 BRI V-PPase PpVpl Prupe.3G091900
PpALMTS Prupe.5G040200 PpVp2 Prupe.6G313800
PpALMT9 Prupe.8G253500 CIREREISE A TDT PpTDT Prupe.4G009400
PpALMTI0  Prupe.7G094400 L g m S B 2888 1 ERDL PpERDLI6 Prupe.1G378500
PpALMTII Prupe.5G127200

S, 38 SR SEAHRR AR R B VIR . PpTSTI™ it
RIBPD T BAIIR CERIR AT E e iR & &
FOR BT T 2RAH G R IR R IA T R 3 5 (H I T 2
SN H N I RIE KT, W I SRR s &
F 3 K| PpTDT 1 3 A~ PpALMTs (Prupe.5G110600,
Prupe.5G127200 1 Prupe.6G144100)"

5 sk SR STPERR & 1 A S L
FEHLHI
5.1 EfEERE

BoFP R B8 24, AR 2 M BHE TS RIE AL T 3
& BRI SR YR o AR BE G SE 0T 6 AR A
B 118 43 Bk 3t 7 &t ol kil R 4L 20 1) 43 AT 2R W, B R 201
4y 2 T IR A R AR 7 X B S B s A ) o =
o ANFIZRAEIBk 2 [ WEBR A7 AE 22 57, WE Ak ] ¥ 1

T & A 11.20% 10018 A% 38 2800k, gl pkon) v
PR T F5 FE A 27.64% M I A5 4 2 PEY . Wu 2689
BRI IS R B, B8 A% 0] S S BB R MR 5
WA 3 5, W S AR REREFLLSRE S Em TE
R ERR BB AR E SRV LR E
IR . KUK B G357 FRL (S 55 SRR I
REVIM . FEFEMER @ AL ERR I R4 5 5 Y i fk
(LGS b, oo PpTSTI W% BERE & &, 2 AL N 5 =
AT EER X G/T A8 57 5] T 2H 2 R B A Bk
Jf& , G/T B T/T ik DR Bk SR S F) RE B RSB 5 B 3
1T G/G TR BY R Bkt ot ) AEL AL 7 A5 — 20
7~ . Wang %55 Fif GWAS Fll RNA-Seq ¥ 13 HL B2
TR EMAR BB AL AE LGS b, PpTSTI 2 55k % T i 5
B SE SRR AT R & . Yu ZEME T 564 473 Bk b
R (1 S 0 &5 SRR RE R A DG QTL & 7 7E LGS L,
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PpTSTI AL T Z A7 i B 3T 5 5 %0 0 140K 08 AL 7E LG
LG3.LG4 F1 LG8 b R¥EMARE A ELGL b, Hrp
PpERDLI6 % 4% A HE R ;LGS LM QTLAZ fi 5
AL A8 R S R R AT R R TR A O o ZE 45 Il R 1
R EILGS b, g5 — Fl i € /N B B 5 3 % A
PpRPH [ ik 5 R B ig & 28— ™. Her-
nandez-Mora %5 "'}t 5T £ B, LG1 ) PpPDK %
5 bk ol e BRI IR .

52 MFREZR

W2 YA RS E R R AT AR 4
HEEEMM, 1.25mmol L' GA.. ik PpSPS2 Fik,
I 2 R G B R S R R RE 2 &5 0.5 mmol - L
NAA Ab PR 2 PRI 7 R SCRERE & &, 1 pmol - L'
I R 2. 2 AR 3k 83 PpSPS4 (1) R34, #1 i) Pp-
SUS2 F1 PpNINV3 (1) 215 , M TT £ 5 5 52 RE BE
B0, kT T it 150 pmol - L 4 M &K B R
SUS.SPS.NINV Fl1 VAINV &£, FE{% SOX 3 14 , #&
e T PR R R B B, B0 S B A 2 B R L
B S R UhAh, BB B R 1T DL E R K PpCS3 AN
PpPEPC4 1) 335 KV, i i3t PpME3 1 PpMDH11 [1)
B3, PRACM SR S R B DUR S R R AT A TR
HES, S-EHE BN (ALA) T2 (3 bk 51 524)
TREIHVE Ry R BN RS A P ey BB B AR AR 5 it
L A o) R S 2 23 B B IR T AN B3  E
4 53 TA) (%) LU AE 2 35 B AIK, B AX T il 55 X PpSDH
PpHXK2. PpSUSI/4. PpNINV2 H1 ¥ #: iz *
PpSOT1/9+ PpSWEETY/15 5 il % B 40 4y BL R ™,
p-AIET TR (BABA) SR AR H R (MeJA) Bl 2K Ff 18
W (BTH) 5 5 PpWRKY40 32k , 18 5if i R A iR 25 1k
Wi sV R RERE 00 A s 3 Ah, 5 SRR S L AL i
43 @A 4t S6PDH . NAD-SDH H1 NADP-SDH 5 14
i, I 1 1L A I e A R R R SRR
W, 485 A 1-MCP J& Bk 5L sz v 32 IR IR & 2k ] Pp-
PEPC2.PpPEPC3 1 PpMDH11 ()3 15T 5.3 451k,
RN T SRR BF AL N PpME4 (IR IE  SELE T 3
TR MR . LA, 1-MCP Ab P2 th 438 7 B 5 sz
PpCSI WIS 3 BESE N, 25 7 R e 268 & 3
f10.5 547,

T A M SR ) A R 1. i 2
FUR I AR IS B IR S G i V43 3 JE )
VA HEA T EERE . Chen Z5“IHF 78 & B, (R IG5 5 %
T4 45 2 (1 [ FE X PpZAT10 33K 3 5 PpVAINY2

JAEN T HEBEG A, PpZATI0 B K 5 E 520 PpVAINY 2
(18 e K SPAR BRAR T VIN W&, V428 7 e p A it ik
. Cao 5@ ARY, MIRFEFC-ERLERT
(CBF) #&[X| PpCBF6 )31k , PpCBF6 5 PpVAINV2
JA BT 45 A U 4 Rk, T 4 2% R ) PR
fite o RIS Sk S5 M e B e S R F- PpRAP2.12
[1RI%, 35 PpVAINV2 HAE, NI H2 = VIN i 4,
BEAIG T RERE KPS SR A RS Sl 2 51K
I A B fr) BES/BZR #% 5% Kl - PpBZR1 i@ it 4171 i
PpVAINV2 IFRIEFI VIN 514, 3 = i & 2. 2
B P FUPE RS IR0 1) 22 1 PpPGIP1 5 PpVAINV2 &
1 AH LA FH I ) 3 75 Bk SR S v e AL Bl A L 3
O TR AR AR Ao AR R 57 30 3 R SR S R W
fRFEDR PpVAINY2 , 2078 T b 5 S B MR R 85 1 A
7o

EEEREXHEFUKRAE =2 K EE, HHMkb
ATCLATTENAE KR E A ER DAL RS
WIRB R , H R A K 7 /. Wang S8 73R
81,144 kJ-m?-d"' UV-B 58 1 M o jupl 5 s 1
Lhiee , 5 B0 ) HSC IS B, A5 58 2 TR K
SRS TR AR B A BB N . UV-C RE i 2 0
T PpVAINVI 323K, R 13 T RERE & Bk K] PpSPS2
IR AR 5 4H 5% 3 K| PpACL2 F1 PpMDH11 H) %1k
VA, Ak R SERERE AT R R R R Y B W Y
TSy % S 25 (1 3 Ak SR SIT r S SR AR R T AR
jgi[w]0
53 FIZETE

e R P Rk i A B X 2 e Ak S S e XA 11
HEANA BRIk R RS R KR R
%%, Font i forcada ZF™ LU AR T I HL1E 6 FiAG AR (Ada-
fuel. Adarcias. Felinem.Garnem.GF677 fll Cadaman)
B SR S R B, AR R AE G OK Adarcias |
bk SR S FURE LSS & B s o Nufiez 570 78 3R
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(1 8 5% 7K P 5 DT 5% 10 SR SE B 2H 43 & & . Toumi
SR FAR I, 5 70 REBAR LG, 7 BRIEEAR R 4
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TR 23%M121.5% . 78 EIE N Bk SR S AT
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