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Abstract

Soil moisture plays a crucial regulatory role in determining the size and quality of citrus
fruits. This study analyzed the fruit size and quality of citrus under different soil moisture
conditions, including severe drought (SD), moderate drought (MD), and control (CK).
Under drought stress, the fruit weight, longitudinal diameter, and transverse diameter of
citrus fruits were significantly lower than those of the control. The content of soluble solids
and titratable acid in fruits under drought stress was significantly higher than that of the
control. Transcriptome sequencing revealed that compared with CK, there were 1186 differ-
entially expressed genes in MD, including 414 up-regulated genes and 772 down-regulated
genes; and 2315 differentially expressed genes in SD, including 1143 up-regulated genes
and 1172 down-regulated genes. The differentially expressed genes were significantly
enriched in cellular processes, metabolic processes, and plant hormone signal transduc-
tion. The down-regulated expression of auxin and gibberellin biosynthesis genes (YUC10,
GA200x1, GA20x1, and GA20px2) and signal transduction-related genes (AUX/IAA13,
SAUR32, GH3.1, and ARRs), and the up-regulated expression of cytokinin decomposition
gene (CKX5) may be associated with reduced fruit size under drought conditions. The
up-regulated expression of citric acid synthesis genes (PEPC2 and PEPCK1) and vacuolar
transporters (PH1, PH4, PHS, and VHA-c3) may be associated with pronounced accumula-
tion of citric acid in citrus under drought stress. In conclusion, water control regulated fruit
size and acidity by modulating phytohormone metabolism and signaling, along with the
synthesis and transport of citric acid.

Keywords: citrus; drought; fruit size; citric acid; transcriptome

1. Introduction

Citrus is among the world’s most economically and nutritionally advantageous fruit
crops, cultivated extensively across 169 countries and regions. Citrus fruits and peels
are abundant in soluble sugars, organic acids, flavonoids, vitamins, mineral nutrients
(including potassium, calcium, magnesium, phosphorus), and dietary fiber, which confer
significant health benefits to humans [1]. Soil moisture serves as a key environmental factor
that significantly influences both the yield and quality of citrus fruits. The issue of water
shortage exists in most citrus-producing regions [2]. In southern China, the distribution of
precipitation in terms of both time and space is extremely uneven, and seasonal droughts
occur frequently, especially from July to September [3], a period that coincides with the
critical stage of citrus fruit expansion, during which soil drought exerts significant adverse
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effects on both fruit yield and quality. In the mature stage, moderate drought stress inhibits
the vegetative growth of fruit trees while promoting sugar accumulation in the fruits,
thereby enhancing fruit quality [4,5]. While severe drought impaired water metabolism
and photosynthetic activity in fruit trees, thereby limiting the accumulation of assimilates
and ultimately reducing both fruit yield and quality [6]. Controlling environmental factors
through the utilization of greenhouses is a crucial approach to cultivating high-quality citrus
fruits [7,8]. Facility greenhouses with integrated water and fertilizer equipment prevent
flowering frost damage, regulate diurnal temperature variation, and control soil moisture,
thus improving citrus yield and quality by creating favorable growth conditions [8].

Fruit size is a complex agronomic and commercial trait influenced by a multitude
of factors, including genetics, endogenous hormones, the environment, and cultivation
measures [9-12]. Multiple pivotal quantitative trait loci, including fw?2.2, fw3.2, FAS, LC,
YABBY, and WOX transcription factor family, regulated cell proliferation and fruit size [13].
Phytohormones, including auxin, gibberellin (GA), cytokinin (CTK), and brassinosteroid
(BR), regulate cell division and expansion. The elevated expression of auxin synthesis genes
(MATAR1 and MdYUCCA®G), which increased endogenous auxin accumulation, constitutes
the primary molecular determinant underlying the large-fruit mutant phenotype in ap-
ple [12]. Over-expression of CsMYB77 in citrus activates the expression of PIN5, thereby
promoting the reduction in free indole-3-acetic acid content and leading to a significant
decrease in fruit size [9]. Genes involved in cell division and the cell cycle, such as CYCD3,
HISTONE H4, and WEEI, regulate fruit size in tomatoes (Solanum lycopersicum) [14] and
cucumber (Cucumis sativus) [15] by controlling cell numbers. Precise water and fertilizer
management significantly increases fruit size and soluble solid content in pear [16] and
citrus [17]. Manual fruit thinning significantly increases Ponkan (Citrus reticulata) fruit size
by up-regulating the transcript levels of various auxin and gibberellin biosynthesis and
signaling genes [10].

The content of soluble sugar and organic acid in citrus fruits is an important indicator
of their intrinsic quality. Citric acid is the main organic acid in citrus fruits, accounting
for 66-99% of the total acid [18]. The accumulation of citric acid in citrus fruits follows a
pattern of first increasing during the fruit expansion stage and then decreasing during the
ripening stage [19]. During the fruit expansion stage, the content of citric acid in citrus
fruits rises rapidly, and it is degraded through the catalysis of ACO, IDH, GAD, and ACL
as the fruits mature [20-22]. The accumulation of citric acid in citrus fruits is regulated by
environmental factors such as temperature and moisture [3]. The content of citric acid in
Ponkan fruits significantly increases by 40% to 90% under low-temperature conditions [7].
Under drought stress, the citric acid content in citrus fruits significantly increases, causing
the fruits to become more acidic and their intrinsic quality to decline.

Soil moisture is closely related to the size of citrus fruits and the accumulation of
sugar and acid. Preliminary findings show that improper irrigation reduces citrus fruit
size and increases acidity. We hypothesize that soil moisture may regulate citrus fruit
development and citric acid accumulation. To clarify the optimal soil moisture level for
high-quality citrus fruits in facility greenhouses, an integrated fruit quality assessment and
transcriptome sequencing of citrus across irrigation treatments was conducted in this study.

2. Materials and Methods
2.1. Plant Material

This experiment was conducted in the facility greenhouse of Zhejiang Citrus Research
Institute (121°9/30”E, 28°38/36"N) from 2023 to 2024. The experimental material was a
5-year-old root-restricted ‘Himekoharu’ (Citrus reticulata) grafted on “Trifoliate Orange’
(Poncirus trifoliata) rootstock. The diameter of the root container was 80 cm, and the height
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was 60 cm. The cultivation substrate consisted of yellow soil, river sand, and mushroom
residue in a volume ratio of 1:1:1, with the following physicochemical properties: pH 5.7;
organic matter content 3.1% (w/w), available nitrogen, 107 mg/kg; available phosphorus,
81 mg/kg; and available potassium, 148 mg/kg.

2.2. Sample Processing and Collection

‘Himekoharu” mandarin trees with a similar size and uniform growth vigor were
selected. Three water control treatments were set up during the fruit expansion stage (July
to August), including severe drought treatment SD (soil relative water content 45% < T1 <
55%), moderate drought treatment MD (soil relative water content 55% < T2 < 65%), and
control (soil relative water content 75% < control < 85%). The soil relative water content
was measured by a soil moisture tester (ZD-1608, ZD instrument, Co., Ltd., Taizhou, China)
at 9:00 am every day. Citrus trees were irrigated via drip irrigation systems, with irrigation
frequency and volume dynamically adjusted based on real-time measurements of soil
relative water content. Each treatment contained three replicates, with three trees in each
replicate. In March 2024, fruit samples from each treatment were collected to measure
fruit quality parameters. A total of eight fruits were randomly sampled from the outer
canopy of each tree across four directions. Meanwhile, a subsample of citrus fruits was
immediately sliced into small pieces, rapidly frozen in liquid nitrogen, and stored at —80 °C
for subsequent RNA extraction.

2.3. Fruit Quality Determination

Fruit weight was measured using an electronic balance. Transverse diameter, longitu-
dinal diameter, and peel thickness were measured with an electronic vernier caliper. Fruit
color was assessed using a CR-400 colorimeter (Konica Minolta, Tokyo, Japan); total soluble
solid (TSS) content was quantified with a PAL-1 refractometer (ATAGO, Tokyo, Japan), and
titratable acidity (TA) was measured with a PLA-Easy ACID1 pH meter (ATAGO, Tokyo,
Japan). Citric acid content was quantified by high-performance liquid chromatography
(HPLC) on an LC-10A system (Shimadzu, Kyoto, Japan), and the vitamin C content was
determined by 2,6-dichlorophenolindophenol titration.

2.4. RNA Extraction and Transcriptome Analysis

The total RNA of SD, MD, and CK citrus fruits was extracted using a plant total
RNA extraction kit (Takara, Dalian, China). Each treatment contained three biological
replicates with a mixture of pulp from three fruits. The integrity and concentration of
RNA were determined by 1% agarose gel electrophoresis and NanoPhotometer® spec-
trophotometer (IMPLEN, Westlake Village, CA, USA), respectively. Sequencing was per-
formed by Gene Denovo Biotechnology Company (Guangzhou, China). After remov-
ing adapters and low-quality reads, the clean reads were mapped to the citrus genome
(http:/ /citrus.hzau.edu.cn/download.php, accessed on 28 December 2024). Gene expres-
sion levels were calculated using fragment per kilobase of transcript per million mapped
reads (FPKM) values. Differentially expressed genes (DEGs) were analyzed using DESeq
(v1.20.0) software and screened based on a |logyfold change (FC)| > 1 and a false discov-
ery rate (FDR) value < 0.05. DEGs were subsequently subjected to Gene Ontology (GO)
functional enrichment and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses. All DEGs were mapped to GO terms, and significantly enriched
terms were identified using a hypergeometric test (Qvalue > 0.05) against the genomic
background. KEGG enrichment analysis identified significantly enriched metabolic and
signaling pathways among DEGs relative to the genomic background. RNA-Seq data
analysis followed our previous study [23]. Nine differentially expressed genes related to
phytohormone signal transduction and citric acid accumulation were selected to verify the
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transcriptome data by fluorescent quantitative PCR (qRT-PCR). B-actin was used as the
internal reference gene. qRT-PCR primers were designed with Primer 5.0 and are listed in
Supplementary Table S1. qRT-PCR was performed as described previously [24].

2.5. Statistical Analysis
Data are presented as mean =+ standard error (SE). Graphs were generated using

GraphPad Prism 8. Treatment differences were analyzed by one-way ANOVA in SAS 8.1,
followed by Duncan’s multiple range test (p < 0.05).

3. Results
3.1. The Effects of Water Control Treatments on the Size and Quality of Citrus Fruits

Water control treatment significantly altered the size and quality of citrus fruits. The
L value of MD and SD was significantly higher than that of CK, and the b value of SD
was significantly lower than that of CK (Figure 1 and Table 1). The single fruit weight of
SD was 60.1 g, significantly lower than that of MD and CK. The longitudinal diameter of
SD was 51.1 mm, significantly lower than that of MD and CK. The transverse diameters

of MD and SD were 82.1 mm and 74.5 mm, respectively, both significantly lower than
that of CK. The total soluble solid (TSS) content of MD and SD was 16.6% and 20.4%,
respectively, significantly higher than that of CK. The total acid (TA) of MD and SD was
2.8 mg/100 mL and 5.3 mg/100 mL, respectively, significantly higher than that of CK.
The solid-to-acid ratios (TAR) of MD and SD were 5.9 and 5.3, respectively, which were
significantly lower than that of CK. The vitamin C (Vc) content of SD was 39.8 mg/100 mL,
which was significantly higher than that of MD and CK (Table 1).

Figure 1. The transverse section of normal (CK), moderate drought (MD), and severe drought (SD)
fruit. The white line is 2 cm.

3.2. Screening of Differentially Expressed Genes

A total of 9 cDNA libraries were constructed for the citrus fruits of CK, MD, and SD,
respectively. The sequencing obtained 42.1 GB, 39.6 GB, and 41.6 GB of clean reads, respec-
tively. After removing ribosomal RNA, the data were compared with the reference genome,
and the overall alignment rate exceeded 92%. 53% to 64% of the genes were aligned to the
reference genome, and 766 new genes were discovered during the assembly (Supplemen-
tary Table S52). Principal component analysis (PCA) revealed that the first two principal
components (PC1 and PC2) collectively account for 90.5% of the total variance (Figure 2A
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and Supplementary Table S3). Along PC1, samples from the severe drought stress (SD)
group are distinctly separated from those of the moderate drought (MD) and control (CK)
groups. DEGs were identified across all three treatment groups. Relative to the control
(CK), the MD treatment exhibited 1186 DEGs, including 414 upregulated and 772 downreg-
ulated genes; whereas the SD treatment exhibited 2315 DEGs, including 1143 upregulated
and 1172 downregulated genes. Furthermore, comparison between SD and MD revealed
1612 DEGs, including 869 upregulated and 743 downregulated genes. (Figure 2B and
Supplementary Table S4). The Venn diagram analysis of DEGs identified 268 DEGs be-
tween the MD and CK treatments, 880 DEGs between the SD and CK treatments, 575 DEGs
between the SD and MD treatments, and 188 DEGs commonly differentially expressed
across all three treatment groups (Figure 3 and Supplementary Table S5).

Table 1. The quality parameters of normal (CK), moderate drought (MD), and severe drought (SD)
fruit. L: lightness, a: red/green axis, b: yellow /blue axis, FW: fruit weight, LD: longitudinal diameter,
TD: transverse diameter, TSS: total soluble solids, TA: titratable acidity, CA: citric acid content. All
data are shown as mean =+ standard error (1 = 9). Different lowercase letters indicate significant

differences (p < 0.05).
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Figure 2. Transcriptome analysis among normal (CK), moderate drought (MD), and severe drought
(SD) fruits. (A) PCA. (B) Screening different expression genes among SD, MD, and CK fruits. (C) Venn
diagram of differently expressed genes among SD, MD, and CK fruits.

3.3. Enrichment Analysis of Differentially Expressed Genes

GO enrichment analysis was conducted on the differentially expressed genes among
three pairwise comparisons (CK-vs-MD, CK-vs-SD, MD-vs-SD). The results revealed that
DEGs were mainly enriched in biological processes such as cellular process, metabolic
process, single-organism process, response to stimulus, and biological regulation; molecular
functions such as binding, catalytic activity, transporter activity, and nucleic acid binding
transcription factor activity; and cellular components such as cell, organelle, membrane,
and macromolecular complex. Under severe drought (SD), the upregulation of stress-
responsive pathways and downregulation of growth/developmental processes become
more pronounced, while moderate drought (MD) elicits a more balanced response (Figure 3
and Supplementary Table 56). The KEGG enrichment analysis across three pairwise com-
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parisons revealed distinct metabolic reprogramming under different drought intensities.
Under moderate drought (CK-vs-MD), the most enriched pathways include “Metabolic
pathways”, “Biosynthesis of secondary metabolites”, “Alpha-Linolenic acid metabolism”,
“Ether lipid metabolism” and “Phenylpropanoid biosynthesis”. Under severe drought
(CK-vs-SD), a broader and stronger activation is observed, with “Photosynthesis” and
“Starch and sucrose metabolism” showing high gene ratios and significance, alongside
“Flavonoid biosynthesis,” “Glycolysis/Gluconeogenesis”, and “Brassinosteroid biosyn-
thesis”, reflecting a systemic shift toward energy conservation, osmotic adjustment, and
hormone-mediated stress tolerance. In the MD-vs-SD comparison, the most dramatic
changes occur in “Photosynthesis—antenna proteins” and “Photosynthesis”, along with en-
richment of “Biosynthesis of secondary metabolites”, “MAPK signaling pathway—plant”,
and “Plant hormone signal transduction”, suggesting that the transition from moderate to
severe drought sharply suppresses photosynthetic light-harvesting and triggers massive sec-
ondary metabolism and stress signaling cascades (Figure 4 and Supplementary Table S7).
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Figure 3. GO enrich analysis of different expression genes among normal (CK), moderate drought
(MD), and severe drought (SD) fruits.
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Figure 4. KEGG enrichment analysis of differentially expressed genes among normal (CK), moderate
drought (MD), and severe drought (SD) fruits. (A) CK-vs-MD, (B) CK-vs-SD, (C) MD-vs-SD.

The analysis of genes related to citric acid metabolism and transport in citrus revealed
that the expression levels of the genes encoding the citric acid synthesis-related enzymes,
phosphoenolpyruvate carboxylase 2 (Cs_ont_2g026550) and phosphoenolpyruvate car-
boxykinase 1 (Cs_ont_3g012580.1), gradually increased with the severity of drought stress.
The expression levels of three genes encoding P-type proton pumps (Cs_ont_1g017980,
Cs_ont_6g024530, and Cs_ont_6g024620) also gradually increased with the severity of
drought stress Figure 5A. KEGG enrichment analysis showed that 24 and 34 genes were
enriched in the plant signal transduction pathway under moderate drought and severe
drought stress, respectively. Among them, a gene encoding AUX/IAA13 in the auxin
signaling pathway, three genes encoding SAUR (Cs_ont_7g012810, Cs_ont_5g005060, and
Cs_ont_5g030560), and one gene encoding GH3.1 (Cs_ont_8g025760) were downregulated
in the citrus fruits under drought treatment. Four genes encoding ARR (Cs_ont_5g046500,
Cs_ont_3g009170, Cs_ont_7g003190, Cs_ont_7g025310) in the cytokinin signaling pathway
were downregulated in the citrus fruits under drought treatment Figure 5B. Meanwhile,
the expression of three gibberellin synthesis genes, including GA20px1, GA2px1, and
GA20x2 (Cs_ont_9g024810, Cs_ont_2g002160, Cs_ont_9g000810), and the auxin synthesis
gene YUC10 (Cs_ont_5g009040) was down-regulated under drought treatment, while the
expression of the abscisic acid synthesis gene NCED2 (Cs_ont_2g002030) and the cytokinin
degradation gene CKX5 (Cs_ont_3g003070) was up-regulated under drought treatment

Figure 5C.
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Figure 5. The heatmap of genes in the key pathway among normal (CK), moderate drought (MD),
and severe drought (SD) fruits. (A) Citric acid metabolism and transport, (B) Phytohormone signal
transduction, (C) Phytohormone metabolism.
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3.4. qRT-PCR Analysis of Different Expressed Genes

To verify the reliability of transcriptome data, nine differently expressed genes re-
lated to citric acid accumulation, phytohormone metabolism, and signaling (including
PEPC2, PEPCKI1, PHS8, SURA32, GH3.1, GID1B, ARR6, CKX5, and CIT) were selected
for expression analysis by qRT-PCR (Figure 6). The correlation coefficient between the
transcriptome FPKM values of 9 differentially expressed genes and the qRT-PCR results
was 0.85 (Supplementary Figure S1). Transcriptome data aligned with qRT-PCR results,
confirming their reliability.
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Figure 6. qRT-PCR validation of the different expression genes. All data are shown as mean =+ stan-
dard error (n = 3). Different lowercase letters indicate significant differences (p < 0.05).

4. Discussion

Environmental factors, including light, temperature, and water, play a significant
regulatory role in the fruit yield and quality. Fruits exhibit considerable differences in
sensitivity to water stress across different fruit developmental stages. Drought stress at
the fruit expansion stage markedly inhibited both fruit growth and final fruit size [25].
Water deficit during the citrus fruit expansion stage exerted significant impacts on fruit
quality compared to other developmental stages. For instance, drought stress occurring
in C. clementina during the fruit swelling stage (June to October) increases glucose and
fructose accumulation while significantly decreasing sucrose concentration. [26]. Controlled
irrigation applied during the citrus ripening stage significantly enhances the fruit soluble
sugar content [27]. In this study, citrus fruits subjected to drought treatment during the
fruit expansion stage exhibited significantly reduced fruit size compared to the control,
while displaying markedly higher levels of total soluble solids and titratable acids. The
SWEET gene family is an important sugar transporter involved in sugar accumulation
in fruits [28,29]. The expression level of Sweet17 (Cs_ont_3g015160) in MD fruits was
significantly higher than that in the control. GO and KEGG enrichment analysis revealed
that DEGs were significantly enriched in plant hormone synthesis and signal transduction,
cell division and cycle, citric acid metabolism, and storage. These results indicated that
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metabolic response alterations may play a critical regulatory role in mediating the effects of
drought on fruit size and acidity.

The enlargement of fruits is the result of the coordinated regulation of cell division and
cell expansion by auxin (IAA), cytokinin (CTK), and gibberellin (GA) [30]. After pollination,
endogenous auxin concentration in fruit increased significantly, accompanied by the ex-
pression of auxin signal transduction-related transcription factors such as ARF and SAUR,
which initiated cell division and differentiation and promoted fruit expansion [15,31]. In
this study, Drought treatment significantly downregulated AUX/IAA, SAUR32, and GH3.1
expression in citrus fruit, which suggests that auxin signaling may be involved in soil mois-
ture regulation of citrus fruit size. Cytokinin regulates fruit size primarily by increasing the
total cell number during early developmental stages, facilitating cell division in the pulp,
and ultimately influencing fruit size [32]. External application of substances exhibiting cy-
tokinin activity, such as benzyladenine (BA) or forchlorfenuron (CPPU), directly stimulated
cell division in young fruits, enhanced cell proliferation, and promoted fruit expansion [33].
Cytokinin dehydrogenase (CKX) catalyzed the oxidation of cytokinin and regulated the
accumulation of cytokinin in plant cells. The expression level of CjCKX5 in the large-fruit
mutant of jujube is significantly lower than that in the wild type. Heterologous overexpres-
sion of ZjCKX5 in tomato led to smaller fruits in transgenic plants [34]. Additionally, the
expression of GmCKX13 was induced by drought stress [35]. In this study, the expression of
the CKX5 gene in citrus fruit was up-regulated by factors of 2.8 and 3.0 under MD and SD
treatments, respectively. Meanwhile, the expression levels of cytokinin regulators (ARR4,
ARR6, ARRY, and ARR17) in drought-stressed citrus plants were significantly lower than
those in the control. These results suggested that drought stress may induce the expression
of CKX5, reduce the content of cytokinin in citrus fruits, and thereby inhibit the division of
pulp cells, leading to a decrease in fruit size.

Citric acid is the predominant organic acid in citrus fruits, with its concentration
serving as a critical indicator of fruit flavor. It is synthesized under the catalysis of phospho-
enolpyruvate carboxylase (PEPC) and citrate synthase (CS) [36], and subsequently stored
in vacuoles through the transport activity of vacuolar proton pumps [37-39]. Appropriate
application of potassium significantly enhanced the activity and expression of CS and
PEPC, and promoted the accumulation of citric acid [40]. In this study, the expression levels
of PEPC2 and PEPCK1 in drought-treated citrus fruits were significantly higher than those
in the control. Although this study did not measure PEPC activity, Jiang et al. reported
a significant increase under 40-day mulch-based water control [27]. Overexpression of
the GsPEPC4 gene from Gleditsia sinensis promoted organic acid accumulation and secre-
tion [41]. Proton pumps play a crucial regulatory role in the transport and accumulation of
citrate in citrus fruits. In citrus, PH8 is highly expressed in the juice sacs of fruits, and its
expression level is significantly higher in high-acid varieties than in low-acid varieties [37].
Meanwhile, reducing the expression of PH8 can significantly decrease the accumulation
of citric acid in citrus [39]. In navel oranges (C. sinensis), seasonal drought during fruit
expansion promotes abscisic acid accumulation. The ABA-responsive factor AFB3 directly
activates PH8 expression, increasing citric acid accumulation in vacuoles [3]. In this re-
search, drought stress significantly induced the expression of genes encoding proton pumps
(PH1, PH4, PHS, and VHA-c3). These results indicated that drought stress may promote
both the synthesis and translocation of citric acid in citrus fruits, consequently leading to a
marked increase in organic acid content.

5. Conclusions

Soil moisture content plays a crucial role in the formation of yield and quality of
citrus fruits. Drought down-regulated the biosynthesis genes of auxin and gibberellin
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(YUC10, GA200x1, GA2px1, and GA20px2) in fruits, up-regulated the decomposition
gene of cytokinin (CKX5), and reduced the expression levels of plant hormone signal
transduction-related genes (AUX/IAA, SAUR32, GH3.1, and ARRs), which may participate
in the response of fruit size to drought stress. Meanwhile, drought treatment up-regulated
the genes related to citric acid synthesis (PEPC2 and PEPCK1) and citric acid transport (PH1,
PH4, PHS, and VHA-c3), which may regulate the accumulation of organic acids. Moderate
water control during cultivation can enhance fruit quality, whereas severe drought may re-
sult in diminished yield and quality in citrus production. This study analyzed the effects of
water regulation on citrus fruit expansion and citric acid accumulation at the transcriptomic
level; future work will integrate metabolomics and physiological-biochemical analyses to
systematically investigate the dynamic changes in endogenous hormone metabolism and
the response patterns of key regulatory enzyme activities.
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Table S4. List of all genes identified by transcriptome analysis; Table S5. Differentially expressed
genes across water deficit treatments; Table S6. List of all genes in GO enrichment analysis; Table
S7. KEGG enrichment analysis gradient table; Table S8. Genes related to the size of citrus fruits and
the metabolism of citric acid; Figure S1. Correlation analysis between transcriptome FPKM values of
differentially expressed genes and qRT-PCR results.
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