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Characterization and Gene Co-expression Network Analysis of a Salt
Tolerance-related Gene, BrSSR, in Brassica rapa

Jae-Gyeong Yu', Gi-Ho Lee’, Ji-Hyun Park, and Young-Doo Park

Department of Horticultural Biotechnology, Kyunghee University, Yongin 446-701, Korea

Abstract: Among various abiotic stress factors, soil salinity decreases the photosynthetic rate, growth, and yield of plants. Recently,
many genes have been reported to enhance salt tolerance. The objective of this study was to characterize the Brassica rapa
Salt Stress Resistance (BrSSR) gene, of which the function was unclear, although the full-length sequence was known. To characterize
the role of BrSSR, a B. rapa Chinese cabbage inbred line (‘CT001’) was transformed with pSL94 vector containing the full length
BrSSR cDNA. Quantitative real-time polymerase chain reaction (QRT-PCR) analysis showed that the expression of BrSSR in the
transgenic line was 2.59-fold higher than that in the wild type. Analysis of phenotypic characteristics showed that plants
overexpressing BrSSR were resistant to salinity stress and showed normal growth. Microarray analysis of BrSSR over-expressing
plants confirmed that BrSSR was strongly associated with ERD15 (AT2G41430), a gene encoding a protein containing a PAM2
motif (AT4G14270), and GABA-T (AT3G22200), all of which have been associated with salt tolerance, in the co-expression network
of genes related to salt stress. The results of this study indicate that BrSSR plays an important role in plant growth and tolerance

to salinity.

Additional key words: cDNA chip, gene expression network, microarray, over-expression
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Table 1. List of primers used in semi-quantitative RT-PCR
analysis.

Primer name Sequence

ERD15-F 5-ATGGCGATGGTATCAGGAAG-3’
ERD15-R 5-TCAGCGAGGCTGGTGGAT-3'
PAM2-F 5’-ATGACGGCGACGATAGATCG-3’
PAM2-R 5’-TCACCGTGGCTGATAGATAT-3'
GABA-F 5’-ATGCCAACAATTGTAAATAA-3’
GABA-R 5-AGCTTGACCTGGGTATCGTT-3’
BrSSR-F 5'-ATGGCTTCGTATTACTCTGCGT-3’
BrSSR-R 5'-CTACGCGACCACGAGTGTT-3’
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Line

Fig. 1. Characterization of BrSSR over-expressing Chinese cabbages. (A) DNA blot analysis of T, transgenic plant with pSL94
vector. M, 1Kb size marker; NC, wild type; lane 1, transgenic plant. (B) PCR analysis of T; transgenic lines. PC, hygromycin
resistance gene; M, 1Kb size marker; NC, wild type; lane 1-6, transgenic plants. (C) Expression levels of transgenic plants
compared with wild type using quantitative real-time RT-PCR. CON, non-transgenic line; S1-S6, transgenic plants confirmed
to PCR analysis. (D) Phenotype characterization of BrSSR over-expressed plants. For salt stress, six transgenic plants (S1-S6)
and an wild type controls (CON) were placed for 15 days under 250 mM NaCl condition.

Chromosome A03

31,393,310 bp

31,409,477 bp 31,410,511 bp

31,418,048 bp

Intergenic region

| Bra017895

L BrSSR R

B B Intergenic region

Bra017896 \

Fig. 2. Mapping position of integrated T-DNA on B. rapa genome (E-value cutoff: 1e-5). Flanking DNA was confirmed at intergenic
region (Bra017895 upstream) of chromosome A03. Bra017895 and Bra017896 are “gene id” on Brassica rapa cDNA chip.

LB, left border; RB, right border.
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Table 2. List of significantly changed genes related to salt stress from the microarray data.

Expression level comparison

Pathway Gene name (locus tag) with wild type

Phytohormone pathway
Abscisic acid ABA 8-hydroxylase activity (AT4G19230) 2.87"
Ethylene 1-aminocyclopropane-1-carboxylate synthase (AT4G08040) 2.73
Jasmonic acid Lipoxygenase (AT1G72520) 2.51
Gibberellin Gibberellin 2-beta-dioxygenase (AT1G02400) 2.04
Salicylic acid UDP-glucoronosyl/UDP-glucosyl transferase family protein (AT1G05680) 1.99
Auxin Auxin-responsive family protein (AT3G09870) 1.88
Cytokinin UDP-glucosyl transferase (AT5G05870) 1.87

Abiotic stress pathway
Salt Calmodulin binding protein of 25kDa (AT2G41010) 2.80
Salt/drought Dehydration-responsive family protein (AT2G45750) 2.34
Salt/drought Drought-induced 21 (AT4G15910) 2.31
Cold Low-temperature-induced 78 (AT2G15970) 0.79

“Log2 scale.
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Fig. 3. Topology of gene co-expression networks related salt stress and BrSSR network. By the construction of the gene network,
it was found that BrSSR was related to three genes [ERD15 (AT2G41430), Protein containing PAM2 (AT4G14270), GABA-T
(AT3G22200)] previously known to increase salinity tolerance in plants. ERD15, PAM2, and GABA-T also showed a greater
expression in transgenic plant (pSL94) than wild type control (CON).
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