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Characterization of a Cold Tolerance-related Gene, BrCSR, Derived
from Brassica rapa

Jae-Gyeong Yu and Young-Doo Park’

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

Abstract: The objective of this study is to identify cold-tolerance genes in Brassica rapa. In order to acheive this goal, we analyzed
a KBGP-24K oligo chip data [BrEMD (B. rapa EST and Microarray Database)] using B. rapa ssp. pekinensis inbred line ‘Chiifu’
under cold stress condition (4°C). Among 23,929 unigenes of B. rapa, 417 genes (1.7%) were primarily identified as cold responsive
genes that were expressed over 5-fold higher than those of wild type control, and then a gene which has unknown function
and has full length sequence was selected. It was named BrCSR (B. rapa Cold Stress Resistance). BrCSR was transformed using
expression vector pSL101 to confirm whether BrCSR can enhance cold tolerance in tobacco plants. T; transgenic tobacco plants
expressing BrCSR were selected by PCR and Southern hybridization analyses, and the function of BrCSR was characterized by
expression level analysis and phenotype observation under cold stress condition. The expression level of BrCSR in transgenic
tobacco plants increased up to about two folds in quantitative real-time RT-PCR assay and this was very similar to Northern
blot hybridization analysis. Analysis of phenotypic characteristics clearly elucidated that transgenic tobaccos expressing BrCSR
were more cold tolerant than wild type control under 4°C treatment. Based on these results, we conclude that the over-expression
of BrCSR might be closely related to the enhancement of cold tolerance.

Additional key words: microarray, Northern blot hybridization, over-express, transgenic tobacco
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Fig. 1. Construction of BrCSR over-expressed 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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Populus trichocarpa VVSNPNFLGVRSRTSHI IETESLQVAPS-QEQLD--DGSADEFEPTDSGSDLEEDDLKSA
Arabidopsis thafiana VISNPNLLGIRARTDHMIQDDSLNVPPPVEPPTD--DPIAKEFEPIDSGSELEEDDLKTA
BrCSR VISNPNLLGIRSRTDHMIQDDSLNVPPPPOPPTD-~DPVAKEFEPTDSGSELEEDDLKTA

Vitis vinifera VVSNPNLLGVRSRTPQI IETDSLOVPQPPPPPSDSTDAAVSEFEPLDSGSDOEEDDLKSA

Ridinus communis VVSNPNLLGVRSRTSHIVQTESLOVPPS-PPP-——-EGPIDEFEPTDSGSDLEEDDLKSA
Consensus VVSNPNLIGVRSRTDHI IQTYDSLQVPPPPPPTD--DGAADEFEPIDSGSDLEEDDLKSA

Populus trichocarpa LGKKRRDGERAPLOPLTKMORVHIGOLVEKYGDDYRRMEMDTKLNAMOHSVATLEKLCG
Arabidopsis thaliana 1.GKORKDGKSAPLQPLTTMORTHIRRLVEKHGDDI EGMYRDRKLNSMOHSVATLRKLCT
BrCSR  LGKORKDGKSAPLQPLTTMORTHIRRLVEKHGDDI ESMYRDRKLNSMOHSVATLOKLCT

Vitis vinifera 1.GKKRRDGKNAALKPLTTIQRLHVLKLVEKYGDDYQSMEMDTKLNSMOHSVGTLEKLCK

Ricinus communis TGKKRRDGKSAPLOPLTTMORTHIGRLIEKYGDNYQAMEMDSKLNVMOHSTATLEKFCK
Consensus LGKKRRDGKSAPLQOPLTTMORTHIGRLVEKYGDDYESMFMDRKLNSMOHSVATLEKI CK

Populus trichocarpa SRRKYKNSRPKVRVGLPKKNPHVEKPAFNLPPKLRSLAGADI -SKWDDKASVIONYKSEG
Arabidopsis thaliana SRRKYRNSRAKVRVALPKKNPNIFKPAFNFPPKLRALMGDDV-PEWDDQASVIONYKSEG
BrCSR  SRRKYKNSRAKVRVALPKKNPNI FKPSENFPPKLRALMADDV-PEWDDQASVIONYKSFG
Vitis vinifera SRRKYKRSKSKVQVALPRKNPRI FKPAFSVPPKLRALIGDSSDPKWDDQGTVIRNYKSYG
Riginus communis SRRKYRESRAKVSVGLPKRNPNVEKAAFNEPPKLRSLVDADR-SKWDDKASVIONYKSEG

Consensus SRRKYKNSRAKVRVALPKKNPNIFKPAFNFPPKLRAIMEDDV- PKWDDQASVIQNYKSFG
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Fig. 2. Characterization of Brassica rapa cold-stress resistance gene (BrCSR). (A) Time-based expression levels of BrCSR and
six cold-respond genes. BrCSR expression was similar to GDSL-like lipase (AT3G48460). (B) A NOP16 domain (3-182 amino
acid) which is involved in ribosome biogenesis existing on the full sequence of BrSCR. (C) Conserved region (179 amino
acids) and phylogenic analyses of BrCSR protein. The deduced amino acid sequences of BrCSR was compared with other
organisms using CLC free workbench 3.2.3 program. (D) BrCSR location in Chinese cabbage chromosome A10. The gray

background indicates localization of BrCSR.
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Table 1. Twenty genes linked with BrCSR in A. thaliana using GENEMANIA. Ten genes, marked with an asterisk, were confirmed

to be involved with ribosome biogenesis metabolism.

Rank TAIR ID Description EMBL” accession No.
1 AT2G20490* H/ACA ribonucleoprotein complex subunit 3-like protein AEC07016
2 AT3G56070 Peptidyl-prolyl cis-trans isomerase CYP19-3 AEE79474
3 AT2G44860* Large subunit ribosomal protein L24e AEC10477
4 AT3G06790 Putative protein DAG AEE74459
5 AT5G11630 Uncharacterized protein AED91703
6 AT3G03920* H/ACA ribonucleoprotein complex subunit 1 AEE74012
7 AT3G13230 RNA-binding protein PNO1 AEE75322
8 AT1G25260* Ribosomal protein L10 family protein AEE30594
9 AT2G20940 Uncharacterized protein AEC07100
10 AT5G04600* RNA recognition motif-containing protein AED90763
11 AT5G06360* Ribosomal protein S8e family protein AED91006
12 AT4G13850 Glycine-rich RNA-binding protein 2 AEE83336
13 AT5G13850 Nascent polypeptide-associated complex subunit alpha-like protein 3 AED91950
14 AT4G15770* RNA binding protein AEE83650
15 AT1G71260 Protein WHIRLY 2 AEE35181
16 AT4G12600* Ribosomal protein L7Ae/L30e/S12e/Gadd45 family protein AEE83153
17 AT1G63780* Ribosomal RNA processing Brix domain protein AEE34148
18 AT4G39300 Uncharacterized protein AEE87053
19 AT5G15750 S4/Hsp/ tRNA synthetase RNA-binding domain-containing protein AED92201
20 AT1G18850* Uncharacterized protein AEE29771

“EMBL-EBI, European Molecular Biology Laboratory - European Bioinformatics Institute (www.ebi.ac.uk).
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2010), oFFst 2 EE ol Hofdt= FE &7 (nucleolin)
olehz RNA g whalde] 94 st 28] Ak 2
2] Aol M9 S8 aadhe AFAYE BAEgl
TH(Petricka and Nelson, 2007). gHH o7 ] Jof djo|gu]o] A
= Jjulo @ BrCSRI} TaE SARSS B

197]19] {027} BrCSRE] e Hste]] g3k e AR
AL, o] T 107]9] FAAP) =g e a ded

Ao Z FRIE|ITHGENEMANIA, www.genemania.org)(Table
D). 53] BrCSRI} W Aol Y= Ao BAE A
£ A3 W §GHAQ] Arabidopsis glycine-rich RNA-
binding protein 2(ATGRP2, AT4G13850)+= o7&t A+

of| 5] ATGRP22] B 3FAo] A& AEH|A 3o A] abscisic
acid(ABA) 221} A|§lo] £} drole} ofg Ao A
S 2Rt A2 e R EQITHKim et al., 2007).
E3} “Arabidopsis eFP Browser(www.bar.utoronto.ca)”’(Winter

PC M NC

(9]

Relative concentration

pSL101-2 pSL101-5

Line

et al,, 2007)Z o] 83+ A4 BrCSRS T2 4 H|w
o 4] ABA, zeatin, indole-acetic acid(IAA), methyl jasmonate,
gibberellic acid 3(GAj;), brassinosteroids©] 2| o]l
714t e 22 oflA AEe 9 ATt 3'*741"*01 A
Ul Ee mylow), 2A Wl udHE ARk
A<

Aol A, Alm e GAME v 2447 St

B3t 2ol A] AR oz 7sH v Ee gl 4= g)
oith. o]0 ulgl BrCSRE: A& S 2Ryl Zgoz A

HEEeZ] 9 dof 27]9] FAo| A EE T F2 7]
S AT o] lom, AL AEHA 27 stofAe
A=) AR B 22 FE Ao st AR A=
Fofsh= 715S ste Aoz 4T 5= AUtk

FA7HA et 71so] AR dgteu, A3 A
Aoz wEe] A AP B GARR 2P BOSR
SARLO] 7152 ol y] 5] Bl A&l YN, tabacum

1 2 3 5 6

D

20 | CON 2 5 6
BrCSR| . |

L5 gene | - ‘

1.0 CON 2 5 6

0.5 Actin "lllli'lll'.llll'ﬂ.lll'
gene | .

0.0

pSL101-6
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wild type control; lanes 1-3, pSL101 transgenic plants.



‘SR1’)of| BrCSRQ] &S S-%=35}9ict BrCSR IHe
pSL101 vectorE Agrobacterium= ©]-83F X3} W
2 gfjol] =43t A, F 671A|9] 4 |l FE A
Akl et of Z- 1704l hygromycin A@d 32 Hhpr)
£ 2= 3 PCR 53 Al hpt 74ke] A7} Q1] A]
oot o] 7S AlQlskar 25 s7HA|S] el FAHLAIE A
BFLATHEA Y& pSL101-1, -2, -3, -5, -6.0.2 HHEh(Fig.
3A). 3 57§A)¢] PCR product®] G714 E B0 =Z hpr &
AR BRI51e] pSLI01 vector7} /g2 02 =9l F2
AEA A 3} o232 Southern hybridization #-4
S22 0|59 T-DNA ¢ =& &elIst A}, 37jA|(pSL101-2,
-5, -6)°ll4] 1 copy®] T-DNAZ} =QIE S-S & = ASITh
(Fig. 3B). Ade FAHA S5 e AL 2Egn
37 A U5 BrCSR AR i S 2] 919
4CoH 5 Bt Helsteiek. AL el pSLIol g
FUATAES Yo BOSR aAe) T £22
quantitative real-time RT-PCRX} Northern blot hybridization
w02 Selskgon], LR thE SR action £A1%4)
AP WAL B3l AP AL SeIshgirkFigs. 3C
and 3D). Quantitative real-time RT-PCRX} Northern blot
hybridization 24| A thzatol Al oFstA fdAke] o]
RIE= A =A7E BrCSRY}F FARE 9714 Ee 71 &
A7 ol e EAsh 1700 UE o 5ok
Quantitative real-time RT-PCR¥} Northern blot hybridization
BAolH BAT ATE 3749 FAHIAE BE 2T
du] W] oF 28] A= F7H3 Ao Lhehgek
BrCSR $7347 =)5) A8 T, Al e} o

U o o

CON 2 5 6

Fig. 4. Phenotype characterization of BrCSR over-expressed
T: tobacco plants. For cold stress, three transgenic tobaccos (2,
5, and 6) and a non-transgenic tobacco (CON) were placed for
5 days under 4°C. Although CON showed abnormal phenotypes
(plant drooping, light green leaves, and growth inhibition),
the transgenic plants exhibited normal growth and development.

QA HFAAEA o] AL Az A 2EFS vlagt 2y} 1
1-

1
Mol e FRATASL AL A2 sAAL HYS o)
ol gxgat e REPL Bk el vEy
siAle] whifs 23} 27)9) Bhele 9w Fglo] ARe

COx9 & 24 ol A7) 33t
A AR 52 oJAske] B aeS 943 AstA7IH
(Foyer et al., 2002; Savitch et al., 2009), FA|of| ZA4AAF
(reactive oxygen species, ROS)S HHA|A 33140 A Q] T
#]3l|(photoinhibition) 282 §-25}0{(Greer, 1990; Savitch
et al, 2011) 22| S A AFAIHE BS0] 9]
t}). BrCSR¥} o] Sl 2SS A AIE Table 10]4]
elnd AT D5 AT Ao sl 10749 §7)
£ A3t 107l §AA} =0 AT3G06790(Takenaka et al.,
2012)92} AT1G71260(Desveaux et al., 2005)2 =5 &
hlzlo]m, AT5G11630(Vellosillo et al., 2007), AT2G20940
(Jen et al,, 2006) 2 AT4G13850(Kim et al., 2007)& AEg]|
2o gk W72k B fHAEe ok AAR A2 A
¥ Hj2=9] BrEMD B4 AT o A% ATIG71260, AT5G11630
2 AT2G209409] BHo| 1.7-3.18f714] Z715F Ao 2 ek
L}, o]50] AL AEF Xof AT wARt ol Sl
Ao g A= tHDesveaux et al., 2005; Jen et al., 2006;
Vellosillo et al., 2007).

A0 R YEAUNChiif)o] A& A= 4] sHj o]
Apo] Wl 271 W A4S AEdL B GAASY
& "] EA(BrEMDE] KBGP-24K microarray +-4), NOP16
domain 24, of7]7ehell A o] Akt 7k Tl AtE
I B AR gl FEAEA| O AL Al Al 2EY BlaE
Aot & w, BrCSR A= A& AEE A WA A] v

A Z7HE B3 AR Y W WL fEste] 4L
3

Jo

2 A= HiFolA o] AL A FAAE sk
Zo] glom o= 95 WA A2(4°C) AEH AV A
g A& diido = gk KBGP-24K oligo chip2] 2}
[BrEMD(Brassica rapa EST and Microarray Database)] &



98 Kor. J. Hort. Sci. Technol. 32(1), February 2014

i
4%
ol
—~
_\1

. 71 A3} 23,9297] 2] v unigene & A& # 7]
A EH}_—_‘LL u] suf oAl HHalo] Zrtak= 4177H(1.7%)2]

2 B RS 12 Adstal, o]E & 7)Eo] AEE]
X

A7) giskort RS 25T ol BCSRE W
§AA2 el o] §Ae] AL APE B
QJ5te] A AEE 1S vector?] pSL101 binary vector
= Alzrsto] dljoll FAASAIZATE BrCSRo| IIAE T,

Al gl F2AASA S PCRY} Southern hybridization
2o ofa) AT, BCSRE 7)5-E A Az A &
WA W S B3 BAY AHS T s
Quantitative real-time RT-PCRZ} Northern blot hybridization
w4 A 9 QU3 el BrCSRe) Wlo] thxtick
of 2v] Y= A WO AR 4°C A7 & WY
EAHA BrCSRo] WA FAARA S| fhRPrTt
045k e AR Mol Folth ¢ AukEol 273}l
BrCSR S-AA7} A& 317 shof|A] 21&2] AT} #{ 84
gArol| =8t 98-S ksl o slolal 2~ 99tk

=22

)]
M

: upo]A R0l o], ke TS
= il

27} 2900 , P, A

|- |
A=A

Agarwal, M., Y. Hao, A. Kapoor, C.H. Dong, H. Fujii, X. Zheng,
and J.K. Zhu. 2006. A R2R3 type MYB transcription factor
is involved in the cold regulation of CBF genes and in acquired
freezing tolerance. J. Biol. Chem. 281:37636-37645.

Butt, AJ., CM. Sergio, C.K. Inman, L.R. Anderson, C.M. McNeil,
A.J. Russell, M. Nousch, T. Preiss, A.V. Biankin, R.L. Sutherland,
and E.A. Musgrove. 2008. The estrogen and c-Myc target
gene HSPCI11 is over-expressed in breast cancer and associated
with poor patient outcome. Breast Cancer Res. 10:R28.

Desveaux, D., A. Marechal, and N. Brisson. 2005. Whirly tran-
scription factors: Defense gene regulation and beyond. Trends
Plant Sci. 10:95-102.

Dubouzet, J.G., Y. Sakuma, Y. Ito, M. Kasuga, E.G. Dubouzet,
S. Miura, M. Seki, K. Shinozaki, and K. Yamaguchi-Shinozaki.
2003. OsDREB genes in rice, Oryza sativa L., encode transcription
activators that function in drought-, high-salt- and cold-responsive
gene expression. Plant J. 33:751-763.

Fowler, S. and M.F. Thomashow. 2002. Arabidopsis transcriptome
profiling indicates that multiple regulatory pathways are activated
during cold acclimation in addition to the CBF cold response
pathway. Plant Cell 14:1675-1690.

Foyer, C.H., H. Vanacker, L.D. Gomez, and J. Harbinson. 2002.
Regulation of photosynthesis and antioxidant metabolism in
maize leaves at optimal and chilling temperatures: Review.
Plant Physiol. Biochem. 40:659-668.

Ge, L.F, D.Y. Chao, M. Shi, M.Z. Zhu, J.P. Gao, and H.X. Lin.
2008. Overexpression of the trehalose-6-phosphate phosphatase
gene OsTPP1 confers stress tolerance in rice and results in
the activation of stress responsive genes. Planta 228:191-201.

Godmez-Merino, F.C., C.A. Brearley, M. Ornatowska, M.E. Abdel-
Haliem, M.I. Zanor, and B. Mueller-Roeber. 2004. AtDGK2,
a novel diacylglycerol kinase from Arabidopsis thaliana,
phosphorylates 1-stearoyl-2-arachidonoyl-sn-glycerol and 1,2-
dioleoyl-sn-glycerol and exhibits cold-inducible gene expression.
J. Biol. Chem. 279:8230-8241.

Greer, D.H. 1990. The combined effects of chilling and light
stress on photoinhibition of photosynthesis and its subsequent
recovery. Plant Physiol. Biochem. 28:447-455.

Guy, C., F. Kaplan, J. Kopka, J. Selbig, and D.K. Hincha. 2008.
Metabolomics of temperature stress. Physiol. Plant 132:220-235.

Ito, Y., K. Katsura, K. Maruyama, T. Taji, M. Kobayashi, M. Seki,
K. Shinozaki, and K. Yamaquchi-Shinozaki. 2006. Functional
analysis of rice DREB1/CBF-type transcription factors involved
in cold-responsive gene expression in transgenic rice. Plant
Cell Physiol. 47:141-153.

Jaglo, K.R., S. Kleff, K.L. Amundsen, X. Zhang, V. Haake, J.Z.
Zhang, T. Deits, and M.F. Thomashow. 2001. Components
of the Arabidopsis C-repeat/dehydrationresponsive element
binding factor cold-response pathway are conserved in Brassica
napus and other plant species. Plant Physiol. 127:910-917.

Jen, C.H., L W. Manfield, 1. Michalopoulos, J.W. Pinney, W.G.
Willats, P.M. Gilmartin, and D.R. Westhead. 2006. The
Arabidopsis co-expression tool (ACT): A WWW-based tool
and database for microarray-based gene expression analysis.
Plant J. 46:336-348.

Jiang, Y.Y., RJ. Chen, J.L. Dong, Z.J. Xu, and X.L.. Gao. 2012.
Analysis of GDSL lipase (GLIP) family genes in rice (Oryza
sativa). Plant Omics 5:351-358.

Kim, J.Y., S.J. Park, B. Jang, C.H. Jung, S.J. Ahn, C.H. Goh,
K. Cho, O. Han, and H. Kang. 2007. Functional characterization
of a glycine-rich RNA-binding protein 2 in Arabidopsis
thaliana under abiotic stress conditions. Plant J. 50:439-451.

Kundel, D.W., E. Stromquist, A.L. Greene, O. Zhdankin, R.R.
Regal, and T.A. Rose-Hellekant. 2012. Molecular characterizations
of Nopl6 in murine mammary tumors with varying levels
of c-Myc. Transgenic Res. 21:393-406.

Lee, B.H., D.A. Henderson, and J.K. Zhu. 2005. The Arabidopsis
cold-responsive transcriptome and its control by ICEI1. Plant



Cell 17:3155-3175.

Lee, M.K., H.S. Kim, S.H. Kim, and Y.D. Park. 2004. Analysis
of T-DNA integration patterns in transgenic tobacco plants.
J. Plant Biol. 47:179-186.

Lee, S.C., M.H. Lim, J.A. Kim, S.I. Lee, J.S. Kim, M. Jin, S.J.
Kwon, J.H. Mun, Y.K. Kim, H.U. Kim, Y. Hur, and B.S.
Park. 2008. Transcriptome analysis in Brassica rapa under
the abiotic stresses using Brassica 24K oligo microarray. Mol.
Cells 26:595-605.

Lee, S.C., M.H. Lim, J.G. Yu, B.S. Park, and T.J. Yang. 2012.
Genome-wide characterization of the CBF/DREBI gene family
in Brassica rapa. Plant Physiol. Biochem. 61:142-152.

Oh, S.J., CW. Kwon, D.W. Choi, S.I. Song, and J.K. Kim, 2007.
Expression of barley HVCBF4 enhances tolerance to abiotic
stress in transgenic rice. Plant Biotechnol. J. 5:646-656.

Petricka, J.J. and T.M. Nelson. 2007. Arabidopsis nucleolin affects
plant development and patterning. Plant Physiol. 144:173-186.

Purugganan, M.M,, J. Braam, and S.C. Fry. 1997. The Arabidopsis
TCH4 xyloglucan endotransglycosylase. Substrate specificity,
pH optimum, and cold tolerance. Plant Physiol. 115:181-190.

Qin, F. Y. Sakuma, J. Li, Q. Liu, Y.Q. Li, K. Shinozaki, and
K. Yamaguchi-Shinozaki. 2004. Cloning and functional analysis
of a novel DREBI/CBF transcription factor involved in cold-
responsive gene expression in Zea mays L. Plant Cell. Physiol.
45:1042-1052.

Rosado, A., EJ. Sohn, G. Drakakaki, S. Pan, A. Swidergal, Y. Xiong,
B.H. Kang, R.A. Bressan, and N.V. Raikhel. 2010. Auxin-
mediated ribosomal biogenesis regulates vacuolar trafficking
in Arabidopsis. Plant Cell 22:143-158.

Saijo, Y., S. Hata, J. Kyozuka, K. Shimamoto, and K. Izui. 2000.
Over-expression of a single Ca’"-dependent protein kinase
confers both cold and salt/drought tolerance on rice plants.
Plant J. 23:319-327.

Savitch, L.V., A.G. Ivanov, L. Gudynaite-Savitch, N.P.A. Huner,
and J. Simmonds. 2009. Effects of low temperature stress
on excitation energy partitioning and photoprotection in Zea
mays. Funct. Plant Biol. 36:37-49.

Savitch, L.V., A.G. Ivanov, L. Gudynaite-Savitch, N.P.A. Huner,
and J. Simmonds. 2011. Cold stress effects on PSI photochemistry
in Zea mays: Differential increase of FQR-dependent cyclic
electron flow and functional implications. Plant Cell Physiol.
52:1042-1054.

Seki, M., M. Narusaka, J. Ishida, T. Nanjo, M. Fujita, Y. Oono,
A. Kamiya, M. Nakajima, A. Enju, T. Sakurai, M. Satou,
K. Akiyama, T. Taji, K. Yamaguchi-Shinozaki, P. Carninci,

ks 99

J. Kawai, Y. Hayashizaki, and K. Shinozaki. 2002. Monitoring
the expression profiles of 7000 Arabidopsis genes under drought,
cold and high salinity stresses using a full-length cDNA
microarray. Plant J. 31:279-292.

Shou, H., P. Bordallo, and K. Wang. 2004. Expression of the
nicotiana protein kinase (NPK/) enhanced drought tolerance
in transgenic maize. J. Exp. Bot. 55:1013-1019.

Takenaka, M., A. Zehrmann, D. Verbitskiy, M. Kugelmann, B.
Hartel, and A. Brennicke. 2012. Multiple organellar RNA
editing factor (MORF) family proteins are required for RNA
editing in mitochondria and plastids of plants. Proc. Natl.
Acad. Sci. USA 109:5104-51009.

Vellosillo, T., M. Martinez, M.A. Ldpez, J. Vicente, T. Cascon,
L. Dolan, M. Hamberg, and C. Castresana. 2007. Oxylipins
produced by the 9-lipoxygenase pathway in Arabidopsis regulate
lateral root development and defense responses through a
specific signaling cascade. Plant Cell 19:831-846.

Wang, W., B. Vinocur, and A. Altman. 2003. Plant responses to
drought, salinity and extreme temperatures: Towards genetic
engineering for stress tolerance. Planta 218:1-14.

Wang, W., B. Vinocur, O. Shoseyov, and A. Altman. 2001. Bio-
technology of plant osmotic stress tolerance: Physiological
and molecular considerations. Acta Hort. 560:285-292.

Winter, D., B. Vinegar, H. Nahal, R. Ammar, G.V. Wilson, and
N.J. Provart. 2007. An “electronic fluorescent pictograph”
browser for exploring and analyzing large-scale biological
data sets. PLoS ONE 2:e718.

Xiang, Y., Y. Huang, and L. Xiong. 2007. Characterization of
stress-responsive CIPK genes in rice for stress tolerance
improvement. Plant Physiol. 144:1416-1428.

Yang, K.A., CJ. Lim, J.K. Hong, Z.L. Jin, J.C. Hong, D.J. Yun, W.S.
Chung, S.Y. Lee, M.J. Cho, and C.O. Lim. 2005. Identification
of Chinese cabbage genes upregulated by prolonged cold by
using microarray analysis. Plant Sci. 168:959-966.

Yokoi, S., S.I. Higashi, S. Kishitani, N. Murata, and K. Toriyama.
1998. Introduction of the cDNA for shape Arabidopsis glycerol-
3-phosphate acyltransferase (GPAT) confers unsaturation of
fatty acids and chilling tolerance of photosynthesis on rice.
Mol. Breed. 4:269-275.

Zhang, Y., T.W. Yang, L.J. Zhang, T.G. Zhang, C.X. Di, S.J.
Xu, and L.Z. An. 2006. Isolation and expression analysis of
two cold-inducible genes encoding putative CBF transcription
factors from Chinese cabbage (Brassica pekinensis Rupr.).
J. Integr. Plant Biol. 48:848-856.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


