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Abstract: [Objective] Sorbitol, a polyol, is an important carbohydrate metabolite which plays impor-
tant roles in photoassimilate translocation and carbohydrate storage in species of Rosaceae. In peach, a
known sorbitol-synthetizing species, osmotic tolerance can be improved by synthesizing and accumulat-
ing polyols. Application of exogenous sorbitol has been shown to alter carbohydrate allocation in peach-
es. However, the metabolic changes induced by exogenous sorbitol and their physiological relevance in
peach are still poorly understood. This study aims to investigate the effects of exogenous sorbitol and
its analogs on iron transport and hormone contents in peach, and to uncover the underlying molecular
and biochemical mechanisms. [Methods] ‘MX14-1" peach trees cultivated in an orchard located in Da-
hu town, Minhou county, Fuzhou, China, were chosen for the study. The peach trees were divided into
four groups sprayed twice with 1 mmol - L' sorbitol, mannitol, isosorbide solution, or clean water (as
control). After the 2" spray, leaves and fruit were harvested and transported in dry ice to the laboratory

within one day. Sodium, potassium and calcium contents and endogenous phytohormones (ZA, ZR,
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GA, IAA and ABA) concentrations in peach leaves and fruit were determined. Based on the results, real-
time RT-PCR was performed to quantify and verify the transcriptional changes of genes involved in ion
transport and zeatin biosynthesis. [Results]Compared to the control group, the contents of sodium, po-
tassium and calcium in the fruit increased significantly. The highest sodium, potassium and calcium con-
tents were found in the fruit of isosorbide treatment group, being 53.89%, 35.17% and 46.99% higher
than in control fruit, respectively. In contrast to the accumulation of sodium, potassium and calcium in
the fruit, no significant change in sodium, potassium, or calcium contents were observed in the leaves in
various groups. Gene expression analyses using real-time RT-PCR showed that the spraying treatments
had triggered an increase in PpNHX7/SOS1 (a NHX-type Na'/H" antiporter) transcripts in the leaves and
in the fruit. On the other hand, potassium uptake- and transport- associated genes (PpKUPs and
PpKEAs) were different in the leaves and fruit. Comparing to the control, the expression of PpKUPs
and PpKEAs were upregulated in the leaves, whereas PpKUPs were upregulated and PpKEAs was
downregulated in the fruit. Notably, among PpKUPs and PpKEAs, PpKUPS5 and PpKEA2 genes had the
highest expression level and showed significant expression changes in both the leaves and the fruit in
the treatment groups, suggesting that these two genes encode dominant potassium transporters in re-
sponse to exogenous sorbitol or its analogs in peach. PpNHXs, PpKUPs and PpKEAs that responded to
sorbitol and analogs treatments were likely involved in maintaining Na /K" homeostasis to withstand
the osmotic stress. In addition, dramatic increases in zeatin contents in the fruit of the treated groups
were found. The significant upregulation of the rate-limiting enzyme genes, Pp/PT and PpCYP7354,
further confirmed the enhancement of zeatin and zeatin-nucleoside synthesis in the fruit. GA; and [AA,
also increased to different degrees. However, no similar changes were found in ABA contents. [Conclu-
sion] Sorbitol or its analog treatments enhanced sodium, potassium and calcium accumulation in the
fruit, but there were no significant changes in the leaves. The peach leaves may transport sodium and
potassium ions from the leaves to the fruit. It is suggested that some members of PpNHXs and PpKUPs
have participated in the transport and homeostasis of sodium and potassium ions and that their absorp-
tion and translocation capacity was increased. Meanwhile, the declined expression levels of PpKEAs
may limit the secretion of potassium ions accumulated in the fruit, thereby maintaining a high potassi-
um ion concentration and significant accumulation of potassium in the fruit. Additionally, we observed
a significant rise in expressions of key zeatin synthesis genes (PpIPT and PpCYP7354), coinciding with
the increased contents of zeatin and zeatin nucleoside, which is supposed to be a response of peach fruit
to osmotic stress.
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1.6 RNAWRESEERIESH

WU AR AFRE i RIS , A8 Tripure 38077l £2
Total RNA.

% 2% Phytozome %Y # /£ (https://phytozome.jgi.
doe.gov/pz/portal.html) HH ST S5 (19 Bk i PR 2H A1y 5L
A R TS AR 0 3 s A ER Y, HEBR AR 08

B, 36 B0 20 B B 1 da 1 R R NHXs B4 8 1
3Z TR KUPs 5 KEAs, Q-PCR W& iiF 3% 5 % ik
A, RIFAFEHEMESE R, ERNERER.E
K AL A A g (1) BRI B L K] PpIPT 1 PpC-
YP73541,Q-PCR ta iR [K ik . HE[H Q-PCR 5|47
FFAIAE 1.

F1 ERNERERUKFTARQ-PCR 31
Table 1 The analyzed genes and Q-PCR primers

TR ST [

EY kS E=YrN e Q-PCR 514
Genes Genes id Genes homologous to Q-PCR primer
Arabidopsis

PpNHX2 Prupe.6G335800 AT3G05030 CAGGATTCTGAAGGTGATCTGG
GGACAGTGTGTGTAGGAGTTG

PpNHX7/SOSI Prupe.1G339200 AT2G01980 GCTCCAAGCCTACTGGTATTT
CCCAAAGTACTCCCATGAGTAAA

PpKUP2 Prupe.2G263200 AT2G40540 i1E Report®™ "

PpKUP3 Prupe.3G314700 AT3G02050 ik1E Report®™ "

PpKUP4 Prupe.5G 110400 AT4G23640 i1 Report™!"

PpKUPS Prupe.4G137300 AT2G30070 38 Report™"

PpKUP6 Prupe.1G256100 AT1G70300 i1& Report™ "

PpKT2/3 Prupe.1G572200 AT4G22200 ATGGAGCAGATGTAGCCAATAC
CTGTAATACGGTGTCCAACCTC

PpKEAI Prupe.2G162700 AT4G00630 k1 Report™

PpKEA?2 Prupe.2G029000 AT3G44900 18 Report!™

PpKEA3 Prupe.8G077000 AT4G04850 i1E Report™

PpKEA4 Prupe.7G212100 AT2G19600 i1 Report™

PpKEAS Prupe.2G283800 AT5G51710 it Report™

PpKEAG Prupe.1G413300 AT5G11800 18 Report!™

PpIPT Prupe.1G151100 AT5G19040 CGAAATCGATCCAAGCTCAAAC
CTTCAGTTCTCCTGACCTCATC

PpCYP73541 Prupe.3G237800 AT5G38450 CGCCATGATGGAAGCTAAGA

AATAACGGGAGCATGACGATAA

2 AR5

2.1 SNRILEES R EH RS0 BT RS BHIS
55008 WA AR B, Ak BEZH Mk SR S b R B
OB S EAE TARBEMZRLGE 2. K

SER B AL L R R LAY A A R
SN CER LS S B MR IR R R T,
mh e Ll 2 A P AH SR S b oA B A S S
M f5e K, 43 ) e ) HE$2 7 53.89%  35.17% Fi
46.99% , H AR AL FE B A T R . R W

2 BUEREEEHRIFANAK.CagE

Table 2 Na, K and Ca contents in peach fruit sprayed with polyols
Qb3 Treatment b(Na)/(umol - g") b(K)/(pumol - g*) b(Ca)/(umol-g") Na/K
[T 54.99+10.01 a 181.04 +12.55a 42.57+6.34 a 0.30£0.04 a
Sorbitol
HEEm 54.2546.92 a 174.70£10.56 a 42.82+5.34 a 0.31£0.04 a
Mannitol
alES 62.54+7.63 a 192.68+21.51 a 46.61£6.46 a 0.32+0.04 a
Isosorbide
X FEE 40.64+6.27 b 142.55+0.62 b 31.71£2.56 b 0.28+0.04 a
Control

T BUHEARNE FRHCRACH N 5% K P 2R R %, FR.

Note: Different small letters represent significant differences among treatments at the 5% level. The same below.
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R3 BEEEEHA PR Na K. Ca B8
Table 3 Na, K and Ca contents in peach leaves sprayed with polyols

AbFE Treatment b(Na)/(umol - g™ b(KD/(umol - g") b(Ca)/(umol-g™") Na/K

1AL 33.73£598 a 259.87+19.13 a 313.94429.76 a 0.13£0.02 a
Sorbitol
H R 35.65+4.67 a 270.20421.00 a 285.12430.43 a 0.13+0.02 a
Mannitol

[ITEY 36.46+5.59 a 256.31420.12 a 289.90+30.29 a 0.14+0.02 a

Isosorblde
papict 32.73+5.66 a 259.87+20.36 a 270.12+24.58 a 0.134+0.02 a
Control

2.2 =FINEREERHIR R B A E R RIE
EAl)

S %of B 7 Ak 3 2 ) o SR S BT T as
WARRFENRIE, SR IE 1,

Q-PCR 43732 WA b 5 41 ik e S5 iz v (R 4 51
¥ 18 AR PpNHX7/SOS1 15 /K7 ¥4 B & () 18

Bt

Leaves

BEA L

Fruits

5, 1 PpNHX2 R AE R i RIEE R FH .
PpNHXs HE [ ¥ 235 A48 A 158 B 58 it 111 B 1 2 H: 2540
AR Al P N R SR AR L RIS A 2 i L, 8 T 1
BRHR 3 PRI 5, 5 B 1 1 s T R T A
ERERIE

I7 20 Ao I A 38 BB AR 2k R R AR KT, R

PpNHX7/SOS1

| PpNEHX?2
PpKUP2

PpKUPS
PpKUP6
PpKT2/3

PpKEA2
PpKEA3
PpKEA4
PpKEAS
PpKEA6

PpNHX7/SOSI

PpNHX?2 ERIA

PpKUP2 High

PpKUP3
PpKUP4
PpKUPS
PpKUP6
PpKT2/3

PpKEA2
PpKEA3
PpKEA4
PpKEAS
PpKEA6

AHX ik &
Relative expression

{IF532

Low

HREFZIE KRB G EA G2
* indicate statistical significance (Student’s t-test; p < 0.05).
1 A FEAIE T PpNHXs\PpKUPs, PpKEAs 18X &Ik 8

Fig. 1

The relative expressions of PpNHXs, PpKUPs and PpKEAs under different treatments
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HRARK S5 ) PpKUPs A BT 250 . K'/H I a5 ia
1R R PpKEAs FiE B WA BT ETH(PpKEAL 3Ri5
WK, AR E 1 RFIHD , o PpKEA2 FIEH)
PEFHTE 3 AN AR B2 22 1. (2) 5 xR L,
FEAL R Bk b, PDKUPS 5 PpKUPG6 3% B 15 .
FIRTE, BWIX A PpKUPs 5 7 Rseh 8 1
TN SI R 55— J5 T, K/H 3 [ 7 12 1 35 [
PpKEAs I TAE 3 MR A FRFEE T
B 11 35 (PpKEAT FRIE B WAL, A E 1 k5
HD X Sk b PpKEAs #ik e ETFR S A
5], ¢ 51l /& PpKEAs W 3R1K 7KV I =1 ¥ PpKEA2 7E
WEHH H RIE B E R K . RS PpKUPS 5 PpK-
UP6 FIE 5158, RN ES IR Re 8 ae i

AT PpKEAs 215514 T B PR i) SR S 4t i o
CLF R B 0 A AT PR R v 7K P 4 B8 Ik
JE & AR S R T R I B R
23 WWHREREENUISEINEEEZSEM
Al

FEAY) AR IEER B 2 AR AR I T AR 0T A S
AR IR N R e R o e ) A PR AH Bk SR S ROK R
(ZA)s R R (ZR) 775 &K (GAY 15| Wk 4, 1]
JAA FIIE TR ABA 15 &, KI5 | & N
BHERTEBGR O, K ZA SR8 &
AL CH R RE AT L AL AL A ZA B R
XTREZHSETE T 1.66~2.00 £5. ZR Z & A3 It W]
B HABPIF R GAS I TAA & EAEM N AL TR P
WA A FIFEE 3G I, (B AN R AR B [P AR 2 5 Lk
UCBAT R IAL T ABA &8 3Tt AR LAY
B AbFRL P EE A B ABA ST, %45 Bk
A [ AL PV X ABA HISEIAEEZE R (R 4.

F4 TELERENEMHEVHZESE

Table 4 Endogenous hormone contents in peach fruit under different treatments

ﬁfi -1 -1 -1 -1 -1
Treatment w(ZA)/(ug-g") w(ZR)/(ng-g" w(GAD/(ng-g") w(IAA)/(ug-g") w(ABA)/(ug-g")
24 9.67+1.62 a 1.04+0.14 be 2.70+0.36 ab 11.24£1.59 a 3.07+0.32 a
Sorbitol

H & 8.47+1.03 a 1.36£0.13 a 3.12£0.50 a 9.77+1.32 a 2.89+0.31a
Mannitol

LI 9.55+1.06 a 1.34+0.17 ab 2.75+0.31 ab 9.45+0.55 ab 1.94+0.13 b
Isosorbide

X HE 3.1840.62 b 1.02+£0.19 ¢ 2.1240.26 b 7.50+0.89 b 2.53+0.13 a
Control
24 ZHHNEREEARIT ERREHREBEEE 3 Wi

> (ot

FIKHIFZ N

TR I R K R A I B ) R R R IE L AR 4 T
7K T B 1L A R HG S AL A s vt Ak B 5 R A%
Wi T R AKRR G v M A 5 72 1 (isopentenyl-
transferase, IPT) 42 F K R AW & U BRIk B . 2
i A & B B R I8 (dimethylallyl diphosphate,
DMAPP) i 4 7£ IPT FIZH 2 (5 2 P450 2& H 735A
(Cytochrome P450 protein 735A, CYP735A) HI1E H
AR R L L EOK R Rl ab B2 R
SZ A Prupe.1G151100 (PpIPT) F1 Prupe.3G237800
(PpCYP735A 1) HE R FRIE KT, K 3 i 5 K7
bboof R 2H B 53 K E 42 = (B 2D, IR gk — 2Pk
SEAb TR AH R ST YR EOKR R AL R EKR R A
BRI 5 .

3.0 WIFREE R H LR Ak RS $8 (45
HIFR R

AR FH Q-PCR 3 HraN i B THR N F s Al %
()% 18 FE DR Rk &, R BBk i ik SR s A R
AT B 18 A A () A B8 PR e 28 50 B W it Ak 2
Bt Bk S S aE i Al BRI 2 shis i DL T
TIRFE . (HRAEFRA A Fr b R L Z0HN B
K I B SR AR 4K T SR SR R AR 2R v K
B, 1K AT RE A AR R A BT T s e A RS
iR . ok ¥E R W AL B4 Bk PpKUPs.
PpKEAs 1532 WL H 14 58 (1) 55, Ui BBk 72 3
JIR R T T RN B 52, RS
PpKUPs #1563, . PpKEAs 215 9R35 , ¥4 1515 40 55
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Fig. 2 Expression changes of IPT and CYP735A41
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2GR R  H RSN TBE YR
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Hff A FE 2 SR SR ot B S R 2R ) N ZE R
3.2 WIEERELEMNERREABRREH AR
i -y &

TEREDR P, G 73 B4 3R B DL oK 3 R HAiT
I AAEAE . MR R R (KR
CAFEATAEDD KPR S5 T 22 B 2484k, mT DA
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