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Effects of exogenous sorbitol spray on gene expression networks of peach

leaves

JIN Guang', YAN Shaobin', GUO Rui', ZHANG Xiaodan’, YANG Ling', LIAO Ruyu', ZHOU Ping"*’
('Fruit Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350013, Fujian, China; *Fujian Agriculture and Forestry
University, Fuzhou 350002, Fujian, China)

Abstract: [Objective]lIn many fruit trees of the Rosaceae family, sorbitol serves as the end products of
photosynthesis and transporter carbohydrates, as well as an important signal substance in tissue develop-
ment. Some previous studies had indicated that the accumulation of sorbitol might have a positive influ-
ence on soluble carbohydrates content and growth development. To understand how exogenous sorbitol
affect metabolic pathways in source and sink leaf tissues, we investigated the transcriptional regulation
of the gene expression networks in metabolic pathways after spraying the sorbitol on mature leaves in
peach using RNAseq analysis. [Methods]The 6-month-old peach seedlings were sprayed by exogenous
sorbitol solution (100 mg - L"), and the clean water treatment was employed as a control. Before spray-
ing, the young leaves on the top of seedling were temporarily covered with a plastic bag, then removed
2 hours later. 48 hours after the spray, total RNA was extracted using Tritol reagent from at least 3 piec-
es of leaves mixture in each peach seedling groups respectively. The transcriptome sequencing library
(300-400 bp DNA insertion) was constructed using NEB approaches, then the sequencing was per-
formed on Illuminar Hiseq 2500 platform. The final sequencing reads were processed to trim off adapt-
ers sequence and low- quality bases for following analysis. Finally all the filtered clean reads were
aligned to the peach reference genome (Ppersica 298 v2.1, Phytozome) using TopHat2 and statistical
analyses for differential gene expression were performed by cufflink script to analyze the changes of

gene expression in mature leaves (with sorbitol spray) and young leaves (without sorbitol spray). [Re-
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sultsJThe reads were mapped to the peach genome. The percentages of unique reads pairs showed a per-
fect match from 74.8% to 80.7% in the young and the mature leaves under different spraying treatment.
The results of transcriptome sequencing showed that the number of DEGs(Differentially Expressed
Genes) in the mature leaves treated with sorbitol was more than that of the young leaves without sorbi-
tol spray. A total of 665 DEGs were identified in the mature leaves and control samples. Among these
DEGs, 408 (61.4%) genes were up-regulated, and 257 (38.6%) were down-regulated, while the number
of that in the young leaves without sorbitol spraying were 253 (in total), 90 (up-regulated) and 163
(down-regulated) respectively. 5 genes responding to environmental stress remarkably increased at tran-
scription level in both the mature leaves and the young leaves. These genes encode a Ribulose bisphos-
phate carboxylase(Pp.1G311400), Homeodomain- like superfamily protein (Pp.2G200400), ferretin
(Pp.6G283700), TIR-NBS-LRR(Pp.8G023900) and TIR-NBS-LRR(Pp.8G027100) respectively. Mean-
while, 3 genes related to ionic equilibrium (oligopeptide transporter, Pp.4G004600; Aldolase-type TIM
barrel protein, Pp.4G129800; natural resistance- associated macrophage protein, Pp.6G225900) and 2
genes involved in intracellular lipid metabolism (lipoxygenase, Pp.2G005500; terpene synthase,
Pp.3G222200) were inhibited. Especially in the mature leaves, more stress genes identified and related
secondary metabolites pathways were affected. Geneontology enrichment analysis showed that ATPase
family (GO:0042626, 12 genes of DEGs, coupling to transmembrane movement of substances), hydro-
lase family (GO:0016820, 12 genes of DEGs, catalyzing transmembrane movement of substances), cal-
cium ion transmembrane transporter family (GO:0015085, 7 genes of DEGs, stimulation-induced cellu-
lar transmembrane signal transduction) and primary active transmembrane transporter family (GO:
0015399, 12 genes of DEGs) were crucial for osmolytes accumulation, transmembrane transportation
and ion uptake under stress condition in the mature leaves after sorbitol spraying. Using Kyoto Encyclo-
pedia of Genes and Genomes database, we annotated 52 differentially expressed genes participated in
the biosynthesis of plant secondary metabolites regulating response to exogenous sorbitol, which result-
ed in the detected changes in gene expression of Linoleic acid metabolism, diterpenoid biosynthesis,
propanoate metabolism, phenylpropanoid biosynthesis and amino sugar and nucleotide sugar metabo-
lism. Unlike in the mature leaves, the expression of genes associated with carbohydrates metabolism
was primarily modulated in the young leaves. It was noted that hydrolase family (GO:0004553,7 genes
of DEG) which hydrolyze O-glycosyl compounds and the special transcription factor(GO:0001071, GO:
0003700, 6 genes of DEGs) played an acute role in response to endogenous stimulus from mature
leaves after sorbitol spraying. The transcriptome evidence confirmed that the spraying treatment indi-
rectly influenced carbohydrates metabolism in sink tissue, such as starch and sucrose metabolism, galac-
tose metabolism, pentose phosphate metabolism, fructose and mannose metabolism, amino sugar and
nucleotide sugar metabolism. [Conclusion]After the application of sorbitol, the stress-response mecha-
nisms in the mature leaves of peach initiated and affected secondary product metabolism. When the cor-
responding stress signals were transmitted to the young leaves, carbohydrates metabolism showed un-
blance accordingly, responding to the relevant stimulus.
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Table 1 Data quality analysis in transcriptome
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\ Clean Reads 0o o BERAL e pamisgppu - Bairreads AR
FEA K reads & 50 " . . Wz — o7 & LA
Clean Reads Rate of 57 1] pair reads X . .
Sample number Clean Reads number map- mapping/%  Unidue manpine PE reads Rate of unique mapping
ping toreference genome pping/7o q pping PE reads in clean reads/%
G f4L D 24 299 467 19 674 465 81.0 18 176 000 74.8
Young leaf (Control 1)
ik Ot I ZH 2 26568 018 22 520 694 84.8 20723 054 78.0
Young leaf (Control 2)
A Galie2H 1D 18923 862 16 134 509 85.3 14893 078 78.7
Young leaf (Treatment 1)
A G2 2) 25871 447 21 658 425 83.7 20 024 500 77.4
Young leaf (Treatment 2)
BRI CHIRZE D 23392 131 20461311 87.5 18 877 450 80.7
Mature leaf (Control 1)
I Chf R ZH 2) 22 002 680 18215411 82.8 16 700 034 75.9
Mature leaf (Control 2)
et GREEZ D 22335663 18 477 065 82.7 17019 774 76.2
Mature leaf (Treatment 1)
R GRIGL 2) 29 869 761 25317195 84.8 23507 500 78.7

Mature leaf (Treatment 2)
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Table 2 Differentially expressed genes

(DEGs) in leaf tissue
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4 CRIUIE L ALEE) 90 163 253

Young leaves (without

sorbitol praying)

Jl A (B LL ALY 408 257 665

Mature leaves (with
sorbitol spaying)
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Fig. 1 The Venn diagrams show the number of DEGs in variable samples spraying sorbitol solution
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sis; G. Biological regulation; H. Homeostasis process; 1. Polysaccharide metabolic process; J. Regulation of cellular process; K. Regulation of biologi-

cal quality; L. Cellular glucan metabolic process; M. Glucan metabolic process; N. Carbohydrate metabolic process; O. Regulation of biological pro-

cess; P. Cellular polysaccharide metabolic; Q. ATP metabolic process; R. ATP biosynthetic process; S. Carbohydrate metabolic process; T. Metabolic

process; U. Carbohydrate catabolic process.
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Fig. 2 GO classification of differentially expressed genes
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Table 3 Go enrichment analysis of DEGs

%2 5 I GO S5 F TR DI
DEG GOIb GO molecular function annotation Gene P-value g-value
number
i A Rk T R GO0:0042626  ATPase activity, coupled to transmembrane movement 12 2.1e-07  3.041e-04
Up-regulated genes in mature leaf of substances
GO:0016820  hydrolase activity, acting on acid anhydrides, 12 3.1e-07 3.041e-04
catalyzing transmembrane movement of substances
GO0:0043492  ATPase activity , coupled to movement of substances 12 4.9¢-07 3.041e-04
GO:0015085  calcium ion transmembrane transporter activity 7 7.4e-07 3.041e-04
GO:0015399  primary active transmembrane transporter activity 12 7.7e-07 3.041e-04
T i A Rk T T R GO:0016835  carbon-oxygen lyase activity 12 1.1e-07  2.607e-04
Down-regulated genes in mature leaf  G0:0016829 lyase activity 15 9.8¢-07  1.161e-03
GO:0016836  hydro-lyase activity 7 6.5¢-06 5.135e-03
GO:0005506  iron ion binding 15 7.5e-05 4.444e-02
GO0:0020037  heme binding 15 0.000 13 6.162¢-02
Tt gJy - rp ik b B A G0:0004553  hydrolase activity, hydrolyzing O-glycosyl compounds 7 0.000 16  2.054e-01
Up-regulated genes in young leaf GO0:0016161  beta-amylase activity 2 0.00025  2.054e-01
GO:0016798  hydrolase activity, acting on glycosyl bonds 7 0.00026  2.054e-01
GO:0001071  nucleic acid binding transcription factor activity 6 0.000 86 3.397¢-01
GO0:0003700 transcription factor activity, sequence-specific DNA binding 6 0.000 86 3.397e¢-01
T &)y AR s N R S R GO:0003824  catalytic activity 67 23e-06  5.451e-03
Down-regulated genes in young leaf  G0:0016835  carbon-oxygen lyase activity 6 0.000 17  2.015¢-01
GO:0016829  lyase activity 7 0.001 11 7.782¢-01
GO:0010333  terpene synthase activity 0.00222  7.782¢-01
GO:0016491  oxidoreductase activity 18 0.002 68  7.782¢-01
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P < 0.05 7K I, 78 5k 8 ZH A0 b 7 40l A 18], w] &
£ 665 72 7 FIEIER A 12 2 AHA R, 238 Kk
AR A RS AR ARSI R], T 2 R A
SR E b, v E SR B 6 AR B R, ¥ R R AN
FERE IR oK SR e A VR R
R (ES.
2.5 HKBEENERIES T

FSC S I it LUy B S 4 R SR AR I T
DR 2R T4 B AN [R5 4k, 4n DA SR T TR i 0 A i
WA A A T VT T U S R T 1R 5 T (2.4.1.15) A
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Table 5 KEGG annotation and analysis of DEGs (p <0.05)
Sample KEGG Term DEGs number Corrected p-value
PR (i L A D KA & A Biosynthesis of secondary metabolites 52 2.55e-06
Mature leaves (with -0 2 {R Alpha-Linolenic acid metabolism 7 0.000 371
sorbitol spraring) FTPAC T Metabolic pathways 62 0.005 905
Huiii £ i Monoterpenoid biosynthesis 3 0.007 363
TR A 5 Linoleic acid metabolism 3 0.011 579
HLifii £ B Diterpenoid biosynthesis 4 0.012 654
e H kAR Glutathione metabolism 7 0.025 523
IR EEAC i Propanoate metabolism 4 0.034 583
KN 5t A X Phenylpropanoid biosynthesis 9 0.038 354
RN B R R %2 B2 A A Phenylalanine, tyrosine and tryptophan biosynthesis 5 0.041 795
RIENE AL Amino sugar and nucleotide sugar metabolism 8 0.044 934
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