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Isolation and Identification of a New Gene Related
to Salt Tolerance in Chinese Cabbage

Jae-Gyeong Yu and Young-Doo Park’

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

Abstract. This study was conducted to find a salt tolerance gene in Brassica rapa. In order to meet this
objective, we analyzed data from a KBGP-24K oligo chip [BrEMD (Brassica rapa EST and microarray database)]
of the B. rapa ssp. pekinensis ‘Chiifu’ under salt stress (250 mM NaCl). From the B. rapa KBGP-24K
microarray chip analysis, 202 salt-responsive unigenes were primarily selected under salt stress. Of these,
a gene with unknown function but known full-length sequence was chosen to closely investigate the gene
function. The selected gene was named BrSSR (B. rapa salt stress resistance). BrSSR contains a 285 bp
open reading frame encoding a putative 94-amino acid protein, and a DUF581 domain. The pSL94 vector
was designed to over-express BrSSR, and was used to transform tobacco plants for salt tolerance analysis.
T, transgenic tobacco plants that over-expressed BrSSR were selected by PCR and DNA blot analyses.
Quantitative real-time RT PCR revealed that the expression of BrSSR in transgenic tobacco plants increased
by approximately 3.8-fold. Similar results were obtained by RNA blot analysis. Phenotypic characteristics
analysis showed that transgenic tobacco plants with over-expressed BrSSR were more salt-tolerant than the
wild type control under 250 mM NaCl for 5 days. Based on these results, we hypothesized that the over-expression
of BrSSR may be closely related to the enhancement of salt tolerance.

Additional key words: microarray, gene over-expression, transgenic tobacco
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Hol 20uL7} E =5 5}lrh. PCREZI 94°Cofl 4] 58711
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BrSSR 285 bp T-35S RB

Fig. 1. Diagram of BrSSR over-expressing vector for tobacco transformation. LB, left border; T-35S, Cauliflower mosaic virus 35S
terminator; hpt, hygromycin resistance gene; P-35S : Cauliflower mosaic virus 35S promoter; RB, right border.
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A S-S gHolsl3l th(National Agricultural Biotechnology

Information Center, nabic.rda.go.kr).

In Silico &M
BrSSR®| 7]5& 5571 $13l WA BrEMD to|HZ 7|
HEo 2 BrSSRY} 4 A3/ T AR geR salt overly
sensitive 1(SOS1), 2(SOS2), 3(SOS3) 3-HAFE(Flowers, 2004;
Wang et al., 2003; Yang et al., 2009)2] @& H3}E vjws}
At A 48AZTAX O] Alzkpd e wstE R4
3 d

& SOS FAAE =r ol o F79 =Hels 714
I ek BrSSR Yol & 94719 ofu] At F 3-59 7}
2] 9] ofu| Al A oA “Domain of unknown function(DUF)
5817 = ¢lo] EAeE 216+ tHwww.ncbi.nlm.nih.gov).
DUFE 99 =HelEe 3,0007] ojito] 231 glo
1, o] & “dicer endonuclease(DUF283)”2} ZHo] 7]%o0] &

A AEE AA Y 20% Aol AUhA] gh=THBateman et
al., 2010; Dlaki¢, 2006; Marchler-Bauer et al., 2011). BrSSR
o] 7}A| 2L 9l+= DUF581(PF04570) w=H| Q12 Pfam database
(pfam.sanger.ac.uk)o| 4] A3t A7} 1 75 HEs| 3
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PF13824, PF01753) =W QlET} THo| Q= Ao 2 YEt
o} Fol& % ATPase = elo] ZFE = ol %
ATPase(YHS) =H[¢> F5A|9] 2E=2n} 7|A 2 F]0]
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A DUF581 domain
M A S Y Y S A F F G E E P H F L E S C 20
ATGGCTTCGTATTACTCTGCGTTTTTCGGCAGTGAAGAGCCACACTTTCTGGAATCATGC 60
S L €C 8 K H L G P N D I F Mm Y R G D T 40

TCTCTTTGCAGTAAACACCTTGGTCCTAACTCCGACATCTTCATGTACAGAGGAGACACG 120

A F C 8 N E C R E E I E S D E A K E R 60
GCGTTTTGTAGCAATGAGTGTAGAGAAGAACAGATTGAATCTGATGAAGCCAAGGAGAGA 180
R w K L S8 A R S§S L R K 8§ 8 E A A K D S 80

CGCTGGAAACTGTCTGCTAGATCTCTCCGTAAAAAATCTTCTGAAGCTGCAAAAGATTCG 240

A A G K NV R T G T V V A * 94
GCCGCCGGAAAAAACGTACGGACAGGAACACTCGTGGTCGCGTAG 285
B Fragaria vesca EPHFLDACFLCRKSLGNNSDIFMYRGNTPFCSKDCRQEQIEFDEAKE

Camelina sativa EPHFLESCSLCRKHLGLNSDIFMYRGDKAFCSKECREEQIESDEAKE
Arabidopsis thaliana EPHFLESCSLCRKHLGLNSDIFMYRGDKAFCSNECREEQIESDEAKE
Brassica rapa EPHFLESCSLCSKHLGPNSDIFMYRGDTAFCSNECREEQIESDEAKE

Glycine max EPHFLQACFLCRKPLGQNRDIFMYRGNTPFCSKECRQEQIEIDEAKE

Cucumis sativus EPHFLEACSLCRKALGRNSDIFMYRGNTPFCSKECRQEQIEIDEAKE

DUF581 domain

Fig. 2. Identification and phylogenic tree of B. rapa salt stress resistance gene (BrSSR). (A) The deduced amino acid sequence
of BrSSR gene. (B) Comparison of DUF domains of B. rapa and orthologs from five other organisms using CLC free workbench

3.2.3 program.
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Fig. 3. Characterization of B. rapa salt stress resistance gene
(BrSSR). (A) Time course expression levels of BrSSR and
three salt-respond genes after treatment with 250 mM NaCl.
BrSSR expression was similar to but higher than salt overly
sensitive 1 (SOST), 2 (SOS2), and 3 (SOS3). The expression
level of 0 h treatment was used as a normalization control.
(B) The relationships between members of TRASH clan.
Members are deemed to be closely related if their E-value
is less than 107, PF04570, DUF581; PF12156, ATPase-cat
bd; PF04945, YHS; PF10013, DUF2256; PF03884, DUF329;
PF01753, z-MYND; PF04438, zf-HIT; PF13824, zf-Mss51;
PF06467, zf-FCS. (C) Tissue specific expression of BrSSR
deduced from A. thaliana database. The maximum expression
level (expression potential) was shown in the “Root” data
source.
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18] “Arabidopsis eFP Browser(www.bar.utoronto.ca)”
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time RT PCR¥} RNA blot Y o= $35}qict A3 9
AE) & Fofstr] flaf W dix FHAEA actin 4
Zpo] ke BAS S 4359t} Quantitative real-time
RT PCRZ} RNA blot #4]ofl4] 7HAME = AR Hd el
< Beloy o7l FAXNSAE BF d2t o] HHg

A PCMNC 1 2 3 4 5 6 7 8

o] oF 1.9-3.84) 7}eF 275t A0 2 Lpehdth(Figs. 4C and 4D).
33, BIEMDO|| A|AJE “Chiifu’ #$E 0]-8-3F KBGP-24K
microarray #4104 %= HA 2] 12417045 E WEo] AA
S7Fsto] 2o 3.5uj7kA] WAe] Frkehe 5SS B

(@]
IS

3.61

Relative expression

TS ST

Line

thFig. 3A). o] Z1}52 BrSSRO] ypita o] ghiff P24
M 1 2 3 4 5 6 7
D
Noaoos b o A
¥ O » W » Y
S & & o2 o o
€ & EFEFEES

BrSSR . e |
gene | ! -
Actin | - p——
gene .m’ e |

Seven transgenic tovaccos

Fig. 4. Molecular biological analyses of BrSSR over-expressed tobaccos. (A) PCR analysis of eight transgenic tobacco plants
with pSL94 vector. Seven transgenic plants were confirmed to be inserted T-DNA of pSL94 vector. PC, hygromycm resistance
gene; M, 1 Kb size marker; NC, wild type control; lane 1-8, transgenic plants. (B) DNA blot analysis using [ 2Pl-labeled 960
bp fragment of the hygromycin resistance gene. M, \Hindlll size marker, lane 1-7, pSL94-1 to pSL94-7 transgenic plants. (C)
Expression levels of six transgenic plants except pSL94-5 compared with wild type using quantitative real-time RT PCR. (D)
RNA blot analysis of six transgenic plants except pSL94-5 using [*P}-labeled 267 bp fragment (from start codon to 267 downstream)
of BrSSR. CON, wild type control; pSL94, BrSSR over-expressed lines. (E) Phenotype characterization of BrSSR over-expressed
T4 tobacco plants. For salt stress, seven transgenic plants (pSL94-1 to pSL94-7) and a non-transgenic tobacco (CON) were
placed for 5 days under 250 mM NaCl condition. CON showed plant drooping, light green leaves, and growth inhibition, on
the other hand, the transgenic plants exhibited normal growth and development.
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