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[solation and Functional Identification of BrDSR, a New Gene Related to
Drought Tolerance Derived from Brassica rapa

Jae-Gyeong Yu and Young-Doo Park’

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

Abstract: Drought stress is a crucial environmental factor determining crop survival and productivity. The goal of this study was
to clearly identify a new drought stress-tolerance gene in Brassica rapa. From KBGP-24K microarray data with the B. rapa ssp.
pekinensis inbred line ‘Chiifu’ under drought stress treatment, a gene which was named BrDSR (B. rapa Drought Stress Resistance)
was chosen among 738 drought-responsive unigenes. BrDSR function has yet to be determined, but its expression was induced
over 6-fold by drought. To characterize BrDSR, the gene was isolated from B. rapa inbred line ‘CT001" and found to contain a
438-bp open reading frame encoding a 145 amino acid protein. The full-length cDNA of BrDSR was used to construct an over-expression
vector, ‘pSL100’. Tobacco transformation was then conducted to analyze whether the BrDSR gene can increase drought tolerance
in plants. The BrDSR expression level in Ty transgenic tobacco plants selected via PCR and DNA blot analyses was up to 2.6-fold
higher than non-transgenic tobacco. Analysis of phenotype clearly showed that BrDSR-expressing tobacco plants exhibited more
tolerance than wild type under 10 d drought stress. Taking all of these findings together, we expect that BrDSR functions effectively
in plant growth and survival of drought stress conditions.

Additional key words: oligonucleotide chip, over-expression, tobacco transformation
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Fig. 1. BrDSR over-expression vector for 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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9] KBGP-24K oligo chip seqID+= “BRAS0001S00002943”
o]al, 5° end EST clone o]=-& “KBCD-040F11”¢], TAIR
ID= “AT1G16850”0|th. ChipAtoll 371% 791bp2] ¢cDNA

M T L QV FHLL S 1 S L VI F F V F S 20
ATGACTTTGCAAGTTTTCCACTTGCTAAGCATATCTTTAGTCATCTTCTTTGTATTCTCT 60

V NV VS EEDY QRAVPPEUDIKTT 40
GTGAATGTTGTCAGTGAGGAGGATTACCAGAGAGCGGTGCCTCCGGAAGATAAAACGACT 120

T VWFSRI KQSGNDY WG KL KE 60
ACGGTTTGGTTCTCTAGGATCAAACAGTCTGGTAATGATTACTGGGGGAAACTCAAAGAG 180

S L GR GHARFF®PUPNIEGIKTDDP 80
AGTTTAGGTCGTGGTCACGCCCGCTTTTTTCCTCCAAACATAGAAGGAAAGGATGATCCA 240

S M G A G GKMIKEAV TR S FEH S K 100
TCAATGGGAGCAGGAGGAAAGATGAAAGAGGCGGTCACAAGGAGCTTCGAGCACAGTAAA 300

DSV EEAARSAAEV ACDAATEA 120
GATTCGGTGGAGGAAGCTGCCAGATCAGCAGCGGAGGTGGCGTGTGATGCGGCGGAAGCA 360

vV K E KV KRS F S G S ETTQQQQQ@ S Y 140
GTTAAAGAAAAGGTGAAGAGGAGCTTTTCCGGCAGCGAGACGACTCAGCAGCAGTCATAT 420

G T E E L * 145
GGTACTGAGGAGCTCTAA 438

BrDSR MTLQVFHLLSISLVIFFVFSVNVVSEEDYQ-RAVPPEDKTTTVWFSRIKQSGNDYWGKLK
Brassicanapus MTLQVFHLLSISLVIFFVFSVNVVSEEDYQ-RAVPPEDKTTTVWFSRIKQSGNDYWAKLK
————— SDVDYQ-RAVPPEDKTTTVLLSKIKQSGNSYWAKLK

NVSADVDSE-RAVPSEDKTTTVWLTKIKRSGKNYWAKVR

-------- DSHMRGVPSEDKTTTVWLTKIRSTGKNYWAKLR
-------- DYQ-RAVPAEAKTTTVWLSRMKQSGNDYWAKLK

NV-SDEDYQ-RAVPPEDKTTTVWLSKIKQSGNDYWAKLK

BrDSR ESLGRGHARFFPPNIE--GKDDPSMGAGGKMKEAVTRSFEHSKDSVEEAARSAAEVACDA
Brassicanapus ESLGRGHARFFPPNIDFRGKDDASMGAGGKMKEAVTRSFEHSKDSVEEAARSAAEVACDA
Eutrema salsugineum ETLGRGHSRLFPPNIDFRGKDDASMGAGEKMKEAVTRSFENSKDTVEGAARSAAEVACDA
Arabidopsis thaliana ETLDRGQSHFFPPNTYFTGKNDAPMGAGENMKEAATRSFEHSKATVEEAARSAAEVVSDT
Camelina sativa ETLDRGQSHFFPPNTYFTGKNDAPMGAGENMKEAATRSFENSKATVEEAARSAAEVVSDS
Arabis alpina  ETLGRGHSRFFPPNIDFRGKDDPAMGTGEKMKEAVTRSFGHSK - - - - - - - - - - - - - - - - -
Consensus ETLGRGHSRFFPPNIDFRGKDDASMGAGEKMKEAVTRSFEHSKDTVEEAARSAAEVACDA

BrDSR AEAVKEKVKRSFSGSETT-QQQSYGTEEL
Brassicanapus AEAVKEKVKRSFSGSETT-QQQSYGTEEL
Eutrema salsugineum AESVKEKVKRSVSGRDTTTQQKSEGTEEL
Arabidopsis thaliana AEAVKEKVKRSVSGGVT---QPSEGSEEL
Camelina sativa AEAVKEKVKRSFSGGAT---PHPTGSEEL

Arabisalpina - ----------------

Consensus AEAVKEKVKRSFSGGETT-QQQSEGTEEL

Fig. 2. Characterization of B. rapa drought stress resistance (BrDSR) gene. (A) Time-based expression levels of BrDSR and four
drought-responsive genes after drought treatment in KBGP-24K oligo chip data. (B) The cDNA and deduced amino acid sequences
of BrDSR. (C) Phylogenic analysis of BrDSR and orthologs from five other plants using CLC workbench 4.0 program.
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Fig. 3. Molecular biological analyses of BrDSR-expressing tobacco plants. (A) PCR analysis of five transgenic tobacco lines with
pSL100 vector. Each PCR band was confirmed based on 454 bp products of hpt gene on T-DNA. PC, hygromycin resistance
gene (hpt); M, 1Kb size marker; NC, non-transgenic tobacco; lane 1-5, transgenic tobaccos. (B) Expression levels of BrDSR
in five transgenic tobacco lines compared with wild type using quantitative real-time RT PCR. The BrDSR expression level
in Ty transgenic tobacco plants was up to 2.6-fold higher than non-transgenic tobacco (CON). (C) DNA blot analysis using
[**P]-labeled 454 bp fragment of the hpt gene. M, A Hindlll size marker, lane 1-3, pSL100-1, -2, and -4 transgenic tobacco
lines. (D) Phenotype characterization of BrDSR-expressing T; tobacco plants (pSL100-2 line when developed 6-7 true leaves)
before and after 10 d air-dry conditions. Wild type (CON) exhibited plant drooping and leaf senescence, whereas, the transgenic

tobacco plants merely had lightened green color in leaves.
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Table 1. Twenty genes genetically linked to the A thaliana homolog using GeneMANIA. Five genes, marked with an asterisk,
were confirmed to be involved in the “response to water deprivation” category.

Rank TAIR 1D Description EMBL-EBI
(Common name) p coding ID
AT2G47770
1 (ATTSPO) TSPO (OUTER MEMBRANE TRYPTOPHAN-RICH SENSORY PROTEIN)-RELATED AAL16286
AT5G59720
2 (HSP18.2) HEAT SHOCH PROTEIN 18.2 ABL09842
AT1G01470%* .
3 (ATLEA14) LATE EMBRYOGENESIS ABUNDANT (LEA) protein AAT71983
AT5G06760*
4 (ATLEA4-5) LATE EMBRYOGENESIS ABUNDANT (LEA) 4-5 AED91062
AT3G45970
5 (ATEXLAD) EXPANSIN-LIKE A1l AAL25558
6 AT1G51090 Heavy metal transport/detoxification superfamily protein AEE32621
AT3G50830
7 (ATCOR413-PM2) COLD-REGULATED 413-PLASMA MEMBRANE 2 AEE78715
AT5G01300 PEBP (PHOSPHATIDYLETHANOLAMINE-BINDING PROTEIN) family protein AED90325
AT3G02480* LATE EMBRYOGENESIS ABUNDANT (LEA) family protein AAK59844
AT1G69260
10 (AFP1) ABI FIVE BINDING PROTEIN AAN15518
11 AT3G50120 Plant protein of unknown function (DUF247) AAU44487
12 AT(lL(ElZg% LATE EMBRYOGENESIS ABUNDANT (LEA) family protein AAK60322
AT1G23020
13 (FRO3) FERRIC REDUCTION OXIDASE 3 AEE30322
14 AT1G67300 Major facilitator superfamily protein AEE34624
15 AT1G80960 F-box and Leucine Rich Repeat domain containing protein AEE36474
16 AT3G17520 LATE EMBRYOGENESIS ABUNDANT (LEA) family protein AAW28553
AT1G70410
17 (ATBCA4) BETA CARBONIC ANHYDRASE 4 AEE35057
AT5G66400* . . .
18 (ATDIS) Dehydrin family protein AED98209
19 AT1G20070 Unknown protein AAP0O4116
AT1G20440*
20 (ATCOR47) COLD-REGYLATED 47 AEE29972
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