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Molecular responses of Rhus chinensis to lead stress revealed by RNA-Seq

XIA Li-dan'*’, ZHANG Hong'**, HU Hua-ying"*’, CAO Sheng'**, ZHOU Chui—fan'**

(1.College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, China; 2.Collaborative Innovation Center for Soil and
Water Conservation Across the Taiwan Straits, Fuzhou 350002, China;3.National Positioning Observation and Research Station of Red Soil
Hill Ecosystem in Changting, Fujian, Fuzhou 350002, China)

Abstract: Rhus chinensis is one of the pioneer plants for ecological restoration of heavy—metal—polluted areas. Since this species shows
good tolerance to heavy metals such as lead and chromium, exploring its molecular response mechanism to heavy metal stress can provide a
reference for the ecological restoration of heavy—metal pollution. In this study, we exposed R. chinensis to three concentrations of lead, cor-
responding to no, mild, and severe lead stress, respectively (0, 250, 1000 mg-kg '), and performed transcriptome sequencing of the roots on
the Illumina HiSeq™ 2000 system. Significant enrichment analysis was performed for Gene Ontology (GO) and Pathway functions, and the
differentially expressed genes in response to the different lead concentrations were analyzed. Four types of hydrolases and two types of phos-
phatase —related genes were found to be differentially expressed in the mild lead—stress condition, which indicated that R. chinensis was
mainly regulated by intracellular hydrolase and phosphatase-related genes. Under severe lead stress, six types of oxidoreductase-related
genes were significantly enriched and played a major regulatory role. The cells were damaged under lead stress, and 24 and 16 cell-related
genes were significantly enriched under mild and severe lead stress, respectively. However, R. chinensis could cope with this adversity by
regulating cellular movements such as the movement of organelles and cytoplasm in cells. The ribosomal metabolic pathway was found to be
the main metabolic pathway for salt tolerance and adaptation to lead stress, and ribosome—associated genes appeared to be the major regula-
tory genes induced in response to lead stress in R. chinensis.
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Table 1 Soil background value
JLZ Element Ca Cu Fe Mg Na K Zn
i Content/g - kg™ 3.107 0.048 21.289 25.478 0.838 2.141 0.133
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Table 2 Sampling quality statistics of each sample

5 H Items CK Pb250 Ph1000
JEHA reads Mg 34 973 468 37 186 104 38974742
Total number of original reads
FLUE T reads B (5 LR B 5L ) 34 640 182(99.05%) 36 755 622(98.84%) 38 499 584(98.78%)

Number of reads after filtering(Proportion of the original total )

T B IE Q20 i IE 5 BlHE L))
Filtered after Q20(Proportion of filtered bases )

5 116 666 943(98.80% )

5419306 882(98.66%) 5311 848 700(96.70%)

PESRIK S5 SR (DEPLA) 34590 872(85.69%) 36 699 612(84.58%) 38 460 468(84.56%)
Number of reference genes expressed in the sample (Matching rate )
®3 HELERGT
Table 3 Assembly result statistics
BE DK £ NSO BN RAKE 200~299 nt I R I B
Number of genes Minimum length/nt Maximum length/nt Average length/nt  Total length of assembly sequence/nt
70 459 1566 201 15581 23 486 826 58202114
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Figure 1 Four big database annotations Venn diagram

2 10000¢ 2
£ 3509
g 50
2 1563 1421 1352
563 1421 1352 1169 1096 1014
< 1000k 109 1096 1014 775 759
5
=}
g
Z 100}
ik
;g
2 o
5}
=1
&
2
5 !

A B C D E F G H 1 J
Wy Fh Species

AT s B AT G BRI s D2 3% s - 547 5 F - BRI 5 G2 LA
He: HE AN L g R 4 5 ) My
A: Citrus sinensis ; B: Theobroma cacao; C: Jatropha curcas; D : Vitis
vinifera; E: Populus euphratica; ¥ : Gossypium arboreum ; G : Gossypium
raimondii; H : Brassica napus ;1 : Medicago truncatula ;) : Prunus mume

2 MM HEItE

Figure 2 Species distribution chart
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Figure 3 Quantitative statistics of differential genes

between samples
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1: Structural molecule activity; 2: RNA binding; 3: Translation factor activity, RNA binding; 4: Trialkylsulfonium hydrolase activity; 5: Hydrolase

activity, acting on ether bonds; 6: Nucleoside — triphosphatase activity; 7: Pyrophosphatase activity; 8: Hydrolase activity, acting on acid anhydrides, in
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phosphorus—containing anhydrides; 9: Transcription factor activity, core RNA polymerase binding; 10: Core DNA-dependent RNA polymerase binding
promoter specificity activity; 11: Sigma factor activity; 12: Hydrolase activity, acting on acid anhydrides; 13: Gene expression; 14: Generation of precursor
metabolites and energy ; 15 : Pyridine nucleotide metabolic process ; 16 : Nicotinamide nucleotide metabolic process ; 17 : NADP metabolic process ;
18: Oxidoreduction coenzyme metabolic process; 19: Pyridine—containing compound metabolic process; 20: Metabolic process; 21: Nucleotide metabolic
process ; 22 : Photosynthesis , light reaction ; 23 : Nucleoside phosphate metabolic process ; 24 : Tetraterpenoid biosynthetic process ; 25 : Photosynthesis ;
26: Tetraterpenoid metabolic process ;27 : Terpenoid biosynthetic process;28: Electron transport chain;29: Nucleobase—containing small molecule metabolic
process; 30: Isoprenoid biosynthetic process;31: Oxidation—reduction process; 32: Inositol phosphate metabolic process; 33: Inositol phosphate biosynthetic
process; 34: Polyol biosynthetic process; 35 : Polyol metabolic process; 36 : Organophosphate metabolic process; 37 : Photosynthetic electron transport chain;
38: RNA modification; 39: Coenzyme metabolic process; 40: Organic substance metabolic process; 41: Starch metabolic process; 42: Cellular ion
homeostasis; 43: Intracellular ribonucleoprotein complex; 44: Ribonucleoprotein complex; 45: Macromolecular complex; 46: Ribosome; 47: Ribosomal
subunit ; 48 : Non—membrane—bounded organelle ; 49 : Intracellular non—membrane—bounded organelle ; 50 : Cell part; 51 : Cell 5 52 : Intracellular ;
53: Thylakoid part; 54: Photosystem; 55 : Photosynthetic membrane ; 56: Intracellular part; 57: Thylakoid; 58 : Large ribosomal subunit; 59: Small ribosomal
subunit; 60: Plastid thylakoid; 61: Cytoplasm; 62: Chloroplast; 63: Intracellular organelle part; 64: Chloroplast part; 65 : Thylakoid lumen; 66: Cytoplasmic
part; 67 : Plastid thylakoid lumen; 68 : Membrane protein complex;69: Plastid; 70 : Organelle part

B4 CK-VS-Ph250 £ FEE COTNREER
Figure 4 CK-VS-Pb250 differential gene GO function annotation
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1: Structural molecule activity ;2 : Tetrapyrrole binding; 3 : Oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular
oxygen ;4 : Oxidoreductase activity, acting on paired donors, with incorporation or reduction of molecular oxygen, NAD(P)H as one donor, and incorporation
of one atom of oxygen; 5: Monooxygenase activity; 6: Oxidoreductase activity; 7: TRNA binding; 8: Oxidoreductase activity, acting on the CH-CH group of
donors , quinone or related compound as acceptor; 9 : Oxidoreductase activity , acting on diphenols and related substances as donors , oxygen as acceptor;
10: Oxidoreductase activity, acting on diphenols and related substances as donors; 11: Lipase activator activity; 12: Gene expression; 13: Carbohydrate
derivative catabolic process; 14 : Intracellular ribonucleoprotein complex; 15: Ribonucleoprotein complex; 16 : Macromolecular complex; 17 : Ribosome ;
18 : Ribosomal subunit ; 19 : Non—membrane—bounded organelle ; 20 : Intracellular non—-membrane—bounded organelle ; 21 : Large ribosomal subunit ;
22: Photosystem; 23 : Photosynthetic membrane; 24 : Small ribosomal subunit; 25: Thylakoid part; 26: External encapsulating structure ; 27 : Cell periphery;
28 :Intracellular;29: Cell
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5 CK-VS-Ph1000 = REE GO e ER
Figure 5 CK-VS-Pb1000 differential gene GO function annotation

F4 ERREEFEKECCRBHEZE S
Table 4 Analysis of KEGG metabolic pathways of differentially expressed genes

FESRIEDNBCE (L 22 5 BE 0 e ) BE 2 P o ) ik TR

SRR A SERIAIEIN % ¥ ; ¥
LR R B BORAOH ) Number of (4 I B 1 1) Number
i bl ¢ (i‘ff P ‘l‘ I 1351 B Pathway differential genes(Pr()porti()n of genes annotated to a metabolic p—value g-value
nun:lxez qu; er;r; I;l Y of the number of pathway ( Proportion of
pressed genes differential genes) total gene count)
CK-VS-Ph250 & 4= iy {C it WA Ribosome 1211(34.59%) 2906(22.82%) 0 0
bl et RELFE 11 Photosynthesis—
CK-VS-Pbh250 Pathway antenna proteins 18(0.51%) 21(0.16%) 0 0-000 003
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