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Abstract

Potassium uptake and transport is facilitated by KT/HAK/KUP transporters. In this study, we identified 16 putative
K'-uptake transporter genes in peach (Prunus persica). To investigate the role of PpeKUP in maintaing K" uptake,
transport, and homeostasis, we applied abiotic stresses to peach seedlings and analysed physiological reactions and
transcriptional responses of PpeKUP genes. The peach seedlings were sensitive to polyethylene glycol (PEG), Pb, and
Cd, as evidenced by impaired growth, K" nutrition, and photosynthetic performance. However, the peach seedlings were
tolerant to aluminum. K deficiency mainly increased, whereas K excess reduced the PpeKUP gene expression in
roots. The Al treatments enhanced the PpeKUP transcription in shoots, whereas PEG, Pd, and Cd enhanced the
PpeKUP transcription in all tissues. Our findings provided molecular basis for K” uptake, transport, and homeostasis in
the peach seedlings, and revealed potential candidate genes for further functional determination or breeding of peaches.

Additional key words: aluminum, cadmium, gene expression, lead, osmotic stress, polyethylene glycol, Prunus persica.

Introduction

As one of the most abundant cations in plant cells, members of the largest K' transporter family,
potassium (K") contributes to many physiological and K’ transporter/high-affinity K' transporter/K™ uptake

metabolic processes, such as neutralization of anions,
maintenance of cellular osmolarity, and control of
stomata opening (Véry and Sentenac 2003, Grabov
2007). K" deficiency negatively affects plant growth,
photosynthesis, chlorophyll content, and chloroplast
ultrastructure (Zhao et al. 2001, Ashley et al. 2006).

To meet growth demands, an optimal amount of K"
must be absorbed effectively from soil via plant roots. In
particular, K™ transporters are famous for acquiring K",
catalyzing K" uptake across a wide spectrum of external
concentrations, mediating K™ movement within the plant,
as well as its efflux into the environment, and possibly
maintaining K" homeostasis in plants (Véry and Sentenac
2003, Ashley et al. 2006, Grabov 2007). Individual

permease (KT/HAK/KUP), have been found in many
plants, e.g., Arabidopsis (Rubio et al. 2000, Méser et al.
2001), rice (Banuelos et al. 2002, Gupta et al. 2008),
barley (Vallejo et al. 2005), tomato (Wang et al. 2002,
Nieves-Cordones et al. 2007), alligator weed (Song and
Su 2013), efc. Several members of the KT/HAK/KUP
family have been characterised in plants, either by
overexpression in Arabidopsis (Fu and Luan 1998, Song
et al. 2014a) or by analysis of T-DNA insertion mutants
(Rigas et al. 2001, Mian et al. 2011). The ubiquitous
presence of these KT/HAK/KUP genes in plants implies
that they play an important role in improving plant
tolerance to drought (Li ef al. 2011, Song and Su 2013,
Song et al. 2014b), salinity (Mian ef al. 2011, Upadhyay
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et al. 2012, Bose et al. 2014, Song et al. 2014a), and cold
(Rai et al. 2008, Ramalho et al. 2013).

Notably, K" is also closely related to flower
formation, fruit quality, and fruit yield (Demiral and
Koseoglu 2005, Hartz et al. 2005, Yurtseven et al. 2005,
Davies et al. 2006, Nava et al. 2007, Leser et al. 2009).
However, a molecular basis towards K" uptake and
transport in fruit trees is largely rare. In particular,
K" deficiency (Demiral and Késeoglu 2005, Hartz et al.
2005, Yurtseven et al. 2005), drought (Ozturk et al.
2002), and heavy metal stress (Worthington 2001,
Lombardi and Sebastiani 2005) in orchards are

Materials and methods

Peach [Prunus persica (L.) Batsch cv. Xiahui6] stones
obtained from the National Peach Germplasm Repository
in Nanjing, China were washed and germinated in soil in
a greenhouse. Seedlings with similar height were
transferred to aerated plastic containers with a half
strength Murashige and Skoog (1962; MS) solution
containing 1 mM K'. A temperature was 26 + 2 °C, a
relative humidity 60 %, a photoperiod 12 h, and an
irradiance 1 000 pmol m™? s”'. The nutrient solution was
changed every other day.

For K" deficiency treatments, K" was omitted from
the MS medium. For K" excess treatments, germinated
seedlings were grown in the 1/2 MS solution containing
20 mM K" (KCl, pH 5.8). In drought treatments,
seedlings were grown in the 1/2 MS nutrient medium
supplied with 10 % (m/v) polyethylene glycol (PEG
6 000, pH 5.8). In metal treatments, seedlings were grown
in the 1/2 MS nutrient solution containing 200 pM Cd**
(CdCl,, pH 5.8), 500 uM Pb*" [Pb(NO;),, pH 5.8], or
200 uM AP** (AICl,, pH 4.5), respectively. The seedlings
were exposed to the treatments for 72 h (for RT-qPCR
determination) or 21 d (for physiological analysis), and
then photographed.

The seedlings were collected and rinsed with distilled
water and then weighed to obtain the fresh mass. Roots
were scanned with an Epson Rhizo scanner (Long Beach,
CA, USA), and the total root length and surface area were
acquired with the Epson WinRHIZO software. For
K" determination, samples were dried and digested using
the HNO;-HCLO,4 method and subjected to inductively
coupled plasma - atomic emission spectrometry
(ICP-AES; IRIS Advantage, Thermo Electron, Waltham,
MA, USA).

Stomatal conductance (g;) and net photosynthetic rate
(Pn) at the terminal leaflet of the fully expanded second
leaf were measured with a portable photosynthetic system
LI-6400 (Li-COR, Lincoln, NE, USA) according to
Kumar ef al. (2006). An irradiance was 1 000 pmol m™s™,
a CO, concentration 400 pmol mol™”, a temperature
25 °C, and a relative humidity 60 %.

Chlorophyll (Chl) was extracted as described by Song
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increasingly the major challenges to fruit productivity and
quality. How the K" uptake and transport genes respond
to such abiotic stresses in fruit trees seems to be
interesting and significant to set about.

As one of the most economically important fruit trees,
peach (Prunus persica) has been genetically well-
characterized (Jung et al. 2008, Layne and Bassi 2008)
and Xiahui6 belongs to prominent Chinese cultivars (Yu
et al. 2005). In this study, we identified 16 KUP family
genes, analysed the expression of KUP genes and the
physiological response of seedlings to K' deficiency,
drought, and heavy metal stresses.

et al. (2014a). Fresh peach leaves were kept in 95 % (v/v)
ethanol at 4 °C in darkness for 12 h, and then centrifuged
at 1 000 g and 4 °C for 10 min. The supernatant was used
to determine the absorbances of Chl a at 665 and Chl b at
649 nm in a BioRad SmartSpec 3000 spectrophotometer
(Wadsworth, IL, USA).

Free proline content was determined spectrophoto-
metrically according to a previously described method
(Song et al. 2014b). Fresh leaf tissue (0.5 g) was
homogenised in 5 cm® of 3 % (m/v) sulphosalicylic acid
at 95 °C for 15 min. After centrifugation, 2 cm’ of the
supernatant was transferred into a new tube containing
2 cm’ of acetic acid and 2 cm’ of an acidified ninhydrin
reagent and incubated at 95 °C for 30 min. Then, 5 cm® of
toluene was added to the tube. The absorbance of red
products in the toluene layer was determined at 532 nm in
the BioRad SmartSpec 3000 spectrophotometer.

Total RNA was extracted from leaves, stems, or roots
using a plant RNA kit (BioTeKe, Beijing, China).
Extracted RNA was treated with a genomic DNA eraser
to remove gDNA contamination and was reverse
transcribed into cDNA using a PrimeScript'™ RT reagent
kit (TaKaRa, Kyoto, Japan). Specific primers for KUP
transporter genes and a control gene ubiquitin of peach
were designed using a NCBI/Primer-BLAST on-line
server (Table 1). Real-time quantitative PCR (RT-qPCR)
was carried out in a 7500 Real Time PCR system
(Applied Biosystems, New York, USA). PCR conditions
for thermal cycling were as follows: 95 °C for 30 s,
40 cycles of 95 °C for 5 s, and 60 °C for 34 s. The
relative expressions of the target genes were presented
after normalization to the internal control from three
independent biological repeats.

The amino acid sequences of the Arabidopsis
KT/HAK/KUP family were obtained from the TAIR
database (http://www.arabidopsis.org/browse/genefamily/
index.jsp). These sequences were used as query to the
BLAST peach genome to identify peach orthologues.
Coding sequences (CDS) of the identified putative
KT/HAK/KUP family genes in peach were obtained in
the genome database for Rosaceae. Protein domains were



verified by using the InterProScan 4.8 web server
(http://www.ebi.ac.uk/Tools/pfa/iprscan/). A  multiple
alignment analysis between peach and Arabidopsis KUP
proteins was carried out using the Clustal W program
built in the MEGA 4.0 software. A phylogenetic tree was
constructed by using the MEGA 4.0 software between
candidate KUP proteins in peach and Arabidopsis. The
peach KUP orthologues were named by taking

Table 1. Specific primers used for quantitative RT-PCR.
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corresponding Arabidopsis KUP proteins as reference,
based on the phylogenetic tree results.

For all experiments, data were statistically analysed
using the independent samples #-test in the SPSS 13.0
software (SPSS, Chicago, IL, USA). Data were compared
between plants under the control and stress treatments.
Details are described in the figure legends. The graphs
were produced using the Origin 8.0 software.

Gene Acc. No. Primers (5’ to 3°) forward Primers (5’ to 3°) reverse Amplicon
size [bp]
PpeKUPI KJ585786 AGGCGTTGAAGGATGGGTTT GGCCAAAACACAGCTTCTGG 234
PpeKUP2 KIJ585787 TAGAGGAGACTCAACCGGCA CGAGTATAAACGCCGTCCCA 213
PpeKUP3 KJ585788 GTGCATCGTCAGGTATGGGT GATGGAGTCGCTCACACCAA 235
PpeKUP4 KJ585789 AACTCCTGAAGGTGCTGTGG TAGGTGGCCTGCAAGTTCTG 182
PpeKUPS5 KJ585790 AGCGGAGGAAGGAGGTTAGT GTGATACCCCACTTGCCACA 165
PpeKUP6 KJ585791 CCGACCCAACGAAGGAAGAA TACGCTGAGTGCATAGCTGG 240
PpeKUP7 KJ585792 GACAATCAGAGCACCGGGAA GACACGCCGGAAAAGAAACC 181
PpeKUPS KJ585793 TGGGTCCCCATTGCTCTTTC CGGACCCTAACAATCCCCAG 152
PpeKUP9 KJ585794 GTCAATCAAGGTGGGTGGGT GGCGGGAAGGTTGGTGATAA 246
PpeKUP10 KJ585795 AATTGGCAATGCCTCTGGGA GCGATCACAAGAGGAACCCA 204
PpeKUPI1 KJ585796 TGCCTGCGATCCATTCTGTT CATCCGAGTCTGAACACCCC 249
PpeKUP12 KJ585797 TTGTCCAAGGCATCCCATCC CGGGCTATACAGCGGAACAT 178
sPpeKUPI3  KJ585798 AGTCTGTGAGCTTGGTGAGC AAGTACGCTGTGCCACTCTC 196
PpeKUPI14 KJ585799 CGGAAAGATTGGCAACGCAT AGAGGAAGGAAACCGCCTTG 201
PpeKUPI5 KJ585800 CATACCTTCCGTCCACTCCG TCAACCCTGTCGTTGTAGCC 159
PpeKUPI6 KJ585801 GGCATACACTGGACAAGCCT CCTGGCCGATGTGTGCACGA 226
Ubiquitin KJ598788 AGGCTAAGATCCAAGACAAAGAG CCACGAAGACGAAGCACTAAG 145
Results
Taking 13 Arabidopsis KT/HAK/KUP member  expressed in leaves, stems, and roots. In particular,

sequences as references, 16 putative KT/HAK/KUP
genes in peach (entitled as PpeKUP) were identified in
the peach genome of the genome database for Rosaceae
(Fig. 1). Protein domain verification shows that all peach
KUP proteins possessed a K transmembrane transporter
activity. Names and Genebank acc. Nos. of the 16
PpeKUP genes are shown in Table 1. Notably, the peach
genome encodes more KT/HAK/KUP family members
than the Arabidopsis genome suggesting that trees
probably depend more on K uptake and transport. The
phylogenetic analysis indicates that the KT/HAK/KUP
family in peach can be classified into three groups
(Fig. 1). In particular, peach PpeKUPI, PpeKUP2,
PpeKUP3, PpeKUP4, PpeKUP6, PpeKUP7, PpeKUPS,
PpeKUP11, and PpeKUP12 were closely clustered with
corresponding Arabidopsis orthologues (Fig. 1) indi-
cating that the KT/HAK/KUP family genes are highly
conserved across higher plants.

To verify the expression profiles of putative PpeKUP
genes in peach, we performed RT-qPCR determination.
The results show that 16 PpeKUP genes were unevenly

PpeKUP6 was highly expressed in leaves, more than in
roots and stems, whereas PpeKUP4 and PpeKUP16 were
expressed more in stems, and the expressions of
PpeKUPI1, PpeKUP5, PpeKUP7, PpeKUP7, and
PpeKUPS8 were higher in roots. The remaining eight
genes were evenly expressed throughout entire peach
plants (Fig. 2). Notably, the PpeKUP5 and PpeKUPS§
genes had the highest expression in roots indicating that
these genes encode dominant K" transporters in peach
roots.

To investigate PpeKUP gene expression profiles in
peach seedlings under stresses, we applied a PEG-
induced drought stress, and an excess of Pb, Cd, or Al
All these stresses significantly affected the peach
seedlings (Fig. 1 Suppl.). RT-qPCR indicates that the
PpeKUP genes were differentially regulated by these
abiotic stresses (Table 1 Suppl.).

K" is an indispensible in plant nutrition, and K"
deficiency inhibits plant growth (Ashley et al. 2006).
However, the K* deficiency caused mild changes in the
phenotype of the peach seedling (Fig. 14 Suppl.).
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Fig. 1. The phylogenetic tree of KT/HAK/KUP family proteins from peach and Arabidopsis. The tree was created by the bootstrap
option of the CLUSTAL W multiple alignment packages and the neighbour-joining method using 16 members of peach and
13 members of Arabidopsis KT/HAK/KUP amino acid sequences. The scale indicates the genetic distance. Acc. Nos. of
13 KUP/KT/HAK family members in Arabidopsis are: AtKUP1, NP_180568.1, AtKUP2, NP_565936.1, AtKUP3, NP_186854.1,
AtKUP4, NP 194095.2, AtKUPS5, NP 195079.2, AtKUP6, NP 177187.2, AtKUP7, NP 568213.2, AtKUP8, NP 196992.1,
AtKUP9, NP 193729.1, AtKUP10, NP _174397.1, AtKUPI11, NP_181051.1, AtKUP12, NP _176222.2, and AtHAKS, and
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Fig. 2. The expression profiles of PpeKUP genes. Seedlings were grown in a 1/2 MS solution (1 mM K", control conditions) for 3 d
before RT-qPCR examination. Expression values are given as ratio relative to the values of actin. Data are means of values obtained

from three independent replicates.
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Compared to the controls, the shoot fresh mass was not
significantly changed under the K" deficiency, whereas
the root fresh mass was reduced by approximately 28 %,
and the seedlings had more chlorotic leaves (Fig. 34).
However, there were no significant differences in either
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Fig. 3. The analysis of plant fresh mass. 4 - K treatment;
B - PEG treatment; C - Pb treatment; D - Cd treatment; E - Al
treatment. Seedlings were exposed to the treatments for 21 d
before examination. -K, +K, +PEG, +Pd, +Cd, and +Al indicate
K" deficiency, K" excess, 10 % PEG (pH 5.8), 500 uM
Pb(NO;), (pH 5.8), 200 uM CdCl, (pH 5.8), and 200 uM AICl;
(pH 4.5), respectively. Means + SE, n =18. The asterisks
indicate significant differences between the control and the
stress treatment (P < 0.01, the independent-samples z-test).
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the total root length or the root surface area (Fig. 44). In
particular, K" accumulated more in shoots than in roots,
and the K" deficiency definitely decreased the tissue K"
concentration throughout the whole plant (Fig. 54).
Correspondingly, Py and g; were significantly reduced
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Fig. 4. Root length and surface area assays. 4 - K" treatment;
B - PEG treatment; C - Pb treatment; D - Cd treatment; E - Al
treatment. Seedlings were exposed to the treatments for 21 d
before examination. -K, +K, +PEG, +Pd, +Cd, and +Al indicate
K" deficiency, K" excess, 10 % PEG (pH 5.8), 500 uM
Pb(NO3), (pH 5.8), 200 uM CdCl, (pH 5.8), and 200 pM AICl;
(pH 4.5), respectively. Means + SE, n =18. The asterisks
indicate significant differences between the control and the
stress treatment (P < 0.01, the independent-samples z-test).
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Fig. 5. Tissue K" content determination. 4 - K treatment;
B - PEG treatment; C - Pb treatment; D - Cd treatment; E - Al
treatment. Seedlings were exposed to the treatments for 21 d
before examination. -K, +K, +PEG, +Pd, +Cd, and +Al indicate
K" deficiency, K excess, 10 % PEG (pH 5.8), 500 uM
Pb(NOs), (pH 5.8), 200 uM CdCl, (pH 5.8), and 200 uM AICl;
(pH 4.5), respectively. Means + SE, n =18. The asterisks
indicate significant differences between the control and the
stress treatment (* - P < 0.05, ** - P < 0.01, the independent-
samples #-test).

(Table 2). Simultaneously, the total leaf Chl content was
reduced (Table 2) which explained the chlorotic leaves.
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The K" deficiency caused little change in the leaf proline
content (Table 2). In addition, the expressions of 10 out
of 16 PpeKUP genes were affected by the K deficiency
(Fig. 64). In particular, the K" deficiency enhanced the
expression of eight genes in roots, whereas The
expression of PpeKUP6 was dramatically reduced in all
the tested tissues (Fig. 64). The K' excess remarkably
inhibited shoot and root growth (Fig. 14 Suppl.). The
fresh masses of leaves, stems, and roots were reduced
approximately by 28, 40, and 56 %, respectively
(Fig. 34). The total root length, root surface area, Py, g,
and Chl content were also significantly reduced (Fig. 44,
Table 2), but there was no significant difference in the
leaf proline accumulation (Table 2). The K' excess
largely decreased the expression of nine PpeKUP genes
in roots, but significantly enhanced the PpeKUPI and
PpeKUP?2 expressions (Fig. 6B). Notably, PpeKUP6 and
PpeKUPS were most sensitive to excess K', their
expressions were obviously reduced in all the tested
organs (Fig. 6B). Even so, the tissue K accumulation
significantly increased, especially in shoots (Fig. 54).

The PEG treatment caused the highest stress (Fig. 1B
Suppl.). The total fresh mass decreased by nearly 64 %
(Fig. 3B), and also the root length, root surface area, Py,
gs, and Chl content were greatly reduced (Fig. 4B, Table
2). In particular, the PEG treatment significantly
enhanced the K content especially in aboveground parts
(Fig. 5B) and also the proline content (Table 2). The
expressions of PpeKUP genes mostly increased, except
for PpeKUP3 and PpeKUPI12 that decreased (Fig. 6C).
Six genes (PpeKUPI, PpeKUP4, PpeKUPS5, PpeKUPG,
PpeKUPI3, and PpeKUPI16) had the highest expression
in all the tested organs (Fig. 6C). In particular, PpeKUP5
was up-regulated 3-, 7- and 6-fold in leaves, stems, and
roots, respectively (Fig. 6C).

The toxic heavy metals, Pb and Cd, caused severe
stress (Fig. 1C Suppl.). Under 500 uM Pb*', the fresh
masses of leaves, stems, and roots were reduced by
approximately 39, 42, and 66 %, respectively (Fig. 3C).
They were also reduced under 200 puM Cd** by
approximately 60, 51, and 59 %, respectively, (Fig. 3D).
Also the total root length, root surface area, Py, g;, Chl
content, and K' accumulation were greatly reduced,
whereas the proline content was enhanced at the Pb*" or
Cd** stress (Fig. 4C, Table 2). The excess of Pb largely
enhanced the expression of nine PpeKUP genes
throughout the whole plant but significantly reduced the
PpeKUP6 and PpeKUPI0 expressions (Fig. 6D). In
particular, PpeKUP2 was greatly up-regulated 6-, 10-,
and 7-fold in leaves, stems, and roots, respectively. In
contrast, PpeKUP6 was down-regulated almost 6-fold in
roots and 3-fold in shoots (Fig. 6D). Totally, 13 genes
were responsive to the Cd treatment; their expressions
were mainly induced with the exception of PpeKUP5 and
PpeKUP7 whose expressions decreased (Fig. 6F).
Particularly, the expressions of PpeKUP3, PpeKUP6, and
PpeKUPI0 significantly enhanced in all the tested



tissues, whereas the PpeKUP?7 expression was obviously
reduced throughout the whole plant (Fig. 6F).
Interestingly, 200 pM AI*" was not very toxic to the
peach seedlings (Fig. 1C Suppl.). The fresh masses of
leaves and stems were not changed, whereas the fresh
mass, length, and surface area of roots decreased
(Fig. 3E, 4E). It is worth mentioning that Py, g;, and Chl
and proline content were not significantly changed
compared to the control conditions (Table 2). Moreover,

PEACH K" HOMEOSTASIS AND ABIOTIC STRESSES

the shoot K content was obviously reduced under the Al
treatment (Fig. 5E). Notably, nine genes were responsive
to the Al treatment and their expressions increased
(especially in above-ground parts) except those for
PpeKUP6 in shoots and PpeKUPI3 in leaves that
decreased (Fig. 6F). Particularly, the expression of
PpeKUP3 significantly enhanced in all the tested tissues,
whereas the expression of PpeKUP6 was reduced in
shoots but increased in roots (Fig. 6F).

Table 2. The effects of different treatments [K" deficiency, K" excess, 10 % PEG, 500 uM Pb(NOs),, 200 uM CdCl,, and 200 uM
AICI;] lasting 21 d on net photosynthetic rate, stomatal conductance, chlorophyll content, and proline content in peach seedlings.
Means + SE, n = 36. The asterisks indicate significant differences between the control and the stress treatment (¥ - P < 0.05,

** . P<0.01, the independent samples z-test).

Treatments Py [pmol m? s g, [mmol m? s™'] Chl [g kg'(fm.)] Proline [g kg™ (f.m.)]
Control 9.45+0.31 0.24 £0.02 1.32+0.12 13.72+1.22
-K 7.82 £0.25* 0.19 £0.02%** 091 £0.10* 11.61+1.24
+K 7.67 £0.25* 0.17 £0.01** 0.94+£0.11* 15.83£1.71
+PEG 2.35+0.13** 0.07 £0.01** 0.33 £0.04** 23.83 + 3.04**
+Pb 454 £0.17%* 0.09 £0.01** 0.70 £ 0.06** 19.66 + 1.86**
+Cd 3.93 £0.12%* 0.11 £0.02%** 0.51 £0.04** 2431 £2.67**
+Al 8.54£0.36 0.21 +£0.02 1.19+0.14 15.66 + 1.46
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Fig. 6. Expression changes of PpeKUP genes under different treatments.

A - K" deficiency; B - K" excess; C - PEG treatment;

D - Pb treatment; E - Cd treatment; ' - Al treatment;. Seedlings were exposed to the treatments for 72 h before qRT-PCR
determination. —K, +K, +PEG, +Pd, +Cd, and +Al indicate K" deficiency, K" excess, 10 % PEG (pH 5.8), 500 uM Pb(NOs), (pH
5.8), 200 pM CdCl, (pH 5.8), and 200 uM AICl; (pH 4.5), respectively. The relative expressions of genes were presented after
normalization to the internal control from three independent biological repeats.
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Discussion

Among plant mineral nutrients, K* stands out as cation
having the strongest influence on fruit quality attributes
(Leser et al. 2009). In agriculture, the application of K"
fertilizers efficiently promotes fruit yield and improves
fruit quality. However, many plant, soil, and
environmental factors often limit adequate K uptake
from soil to satisfy the requirements during plant
development. To strengthen K uptake and transport is
urgent for plants under adverse environments.

In the present study, we identified 16 K'-uptake
transporters in peach. The RT-qPCR results show that the
PpeKUP genes were differentially regulated by the
abiotic stresses, e.g., the K* depletion mainly enhanced,
whereas the K’ excess reduced the expressions of
PpeKUP genes in roots; the excess of Al enhanced the
expressions of PpeKUP genes in aboveground parts,
whereas the PEG, Pb, and Cd stresses mostly enhanced
the PpeKUPs transcriptions with no tissue specificity
(Fig. 6). Interestingly, most of the PpeKUP genes
responded to at least one treatment (Table 1 Suppl.). In
particular, PpeKUPI, PpeKUP2, PpeKUP3, PpeKUPO,
and PpeKUPI4 genes, whose expressions were affected
by all the treatments (Fig. 6, Table 1 Suppl.), were more
likely involved in maintaining K™ homeostasis under the
adverse conditions. Notably, PpeKUP6 was the most
sensitive gene throughout the whole plant which
responded to all the treatments . In contrast, PpeKUP11
remained unaffected after all the treatments. Possibly, this
gene persistently contributed to the peach root absorption
and transport of K, at least during seedling stages.
Moreover, the highly-expressed gene was PpeKUPS5 in
roots (Fig. 2), implying that this gene is probably driven
by a stronger promoter.

K" deficiency negatively affects plant growth and
activates the expression of high affinity transporters
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