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Improving Cadmium Stress Tolerance in Arabidopsis thaliana L.
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Abstract: Cadmium (Cd) stress severely limits plant growth. It is particularly important to identify genes improving the cadmium
stress tolerance in plants. Based on the transcriptome datasets, we identified the tomato UDP-glycosyltransferase gene (SIUDP), which
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responded to cadmium stress. In this study, we cloned the full-length coding region of SIUDP gene. SIUDP was highly expressed in
leaves and fruits, and its expression was up-regulated by cadmium stress treatment. Transgenic yeast strains containing the transformed
construct INVScl-pYES2-SIUDP showed certain tolerance under different concentrations of cadmium stress. We conducted the stable
transformation of SIUDP in Arabidopsis Thaliana and obtained the overexpressing Arabidopsis lines. Under cadmium stress (40, 60,
80 uM) treatment conditions, the transgenic plants showed the survival rate over 50%, while the survival rate of wild type was less
than 10%. Under 60 uM CdCl, stress treatment conditions, the malondialdehyde content in SIUDP transgenic plants decreased by ca.
1.4 times if compared with wild-type plants, and the soluble sugar content, while superoxide dismutase activity and peroxidase activity
increased by about 1.8, 2, 1.25 times. These results indicated that overexpressing SIUDP modified the antioxidant enzyme system,
increased the ability of plant to remove reactive oxygen species, reduced the degree of membrane lipid peroxidation, ultimately
improving the cadmium stress tolerance in plants. In addition, the expression levels of metal ion transport-related genes (ZIP1, IRT1,
COPT2 and CSD1) in overexpressing plants were 3.1, 1.5, 1.6, 2.1 times than those in wild type plants. These results suggested that
tomato SIUDP gene might enhance plant tolerance to cadmium stress through active oxygen scavenging system and metal ion
transport pathway. This study provided a theoretical basis for deciphering the glycosyltransferase gene in plant tolerance to cadmium
stress, and provided candidate genes in molecular breeding of horticultural plants with abiotic resistance.
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Table 1 Summary of primer sequences

Gl BN Gkl &
Primer name Primer sequence Use
TR A
SIUDP-F AATGGAGGGAGTGAC
T RAB A
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pUE Ly kN e
SIUDP-D-F GGGGTACCAAGTTGCTGTGGTTATGGTG
(Kpn 1)
T RAB A
SIUDP-D-R AACTGCAGAAAGGGGTGCCAGTAGG
(Pst D
ey s e Bk T 20 ks
SIUDP-MF GGGGTACCATGGCATCAACAACAAACCATGT
AAAT (KpnD)
ey e Bk 520 ks
SIUDP-MR GCTCTAGACTATCTAGTGATGTGGGCAACAA
AAGAT (Xbal)
Gene expression
SlActinl1-gF AAGATCCCATTCGTCCCCAT SEEIL]
SlActin11-gR CAAGAGCCTCAAGGAGAGTTGG SEEIL]
SIUDP -gF GAGCAACAGTAATGGAGGGAGTGAC S SE & PCR 434t
SIUDP -gR TTCTCCGTAAAGTGTTTCCAGGTC S SE & PCR 434t



AtActin7-gF TCGTTTCGCTTTCCTTAG K a1
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@ XP 004249229 2 Solanum lycopersicum
69 XP 00635 1249.1 Solanum tuberosum

«~— 15000bp ) XP 047253403.1 Capsicum annwm

UHH90505.1 Nicotiana berthamiana

«—— 5000bp
«—— 2500bp

XP 0228535791 Olea ewropaea var. syhvestris

ARU08116 1 Gardenia psminoides

2000bp

XP 027070019.1 Coffea arabica

750bp

KAG5252899.1 Salix suche

XP 009363193.1 Pyrus x bretschneideri

KAH7854353 1 Vaccinium darrowii
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A: SIUDP gene cloning recombinant plasmid identification; B: SIUDP evolutionary tree analysis; C:Amino acid sequence alignment of SIUDP protein
(M1:2000 labeling; M2:15000 marks; 1: SIUDP gene clone recombinant plasmid. The red dots in the evolutionary tree represent the proteins encoded by the
cloned genes in this study)
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Fig 1. Double digestion identification of recombinant plasmid and bioinformatics analysis of SIUDP protein
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Fig. 2 Analysis of SIUDP gene expression patterns in tomato seedlings under heavy metal Cd stress
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Fig.3 Phenotype analysis of yeast with SIUDP gene after different stress
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Fig. 4 Survival rate of SIUDP transgenic yeast under Cd stress
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control groups (* P <0.05)
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Fig 5. Identification and germination rate analysis of transgenic Arabidopsis thaliana
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Fig. 6 Leaf greening, root length and phenotypic analysis of Arabidopsis mustard under different concentrations of CdCl, stress
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Fig.7 Determination of MDA, soluble sugar, SOD and POD contents in Arabidopsis Thaliana under CdCl, stress
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Fig. 8 Expressions of ZIP1, IRT1, COPT2, GSH1 and CSD1 genes in SIUDP-OE1 and SIUDP-OE?2 treated by CdCl,
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