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Construction of a Network Model to Reveal Genes Related to Salt Tolerance in
Chinese Cabbage

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

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

Abstract: Abiotic stress conditions such as cold, drought, and salinity trigger physiological and morphological changes and yield
loss in plants. Hence, plants adapt to adverse environments by developing tolerance through complex regulation of genes related
to various metabolic processes. This study was conducted to construct a coexpression network for multidirectional analysis of
salt-stress response genes in Brassica rapa (Chinese cabbage). To construct the coexpression network, we collected KBGP-24K
microarray data from the B. rapa EST and microarray database (BrEMD) and performed time-based expression analyses of B.
rapa plants. The constructed coexpression network model showed 1,853 nodes, 5,740 edges, and 142 connected components
(correlation coefficient > 0.85). On the basis of the significantly expressed genes in the network, we concluded that the development
of salt tolerance is closely related to the activation of Na* transport by reactive oxygen species signaling and the accumulation
of proline in Chinese cabbage.

Additional key words: abiotic stress, microarray, jasmonic acid, reactive oxygen species
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34 (DRI WA AT Aake )
3 =& v §AA HE ZH|o|X|(Brassica rapa EST and
Microarray Database, http://www.brassica-rapa.org/BrEMD;
A A FSHY RANE, http:/nabic.rda.go kr/)o| A =
Saigick o Yt ASeo] AR ARAGAEE
25°C, 57 16411 BAHYBAIZE 2], B 290uE-m ™5,
G 40-70%)0ll A 37 ASE FuAlE =<l ‘Chiifu’
2 gatod 05, 3, 12, 24, 4847} 7F29] ¢4(250mM NaCl)
2] & 7z} A7FEE total RNAS He)s}al, Wasks v
A A= NimbleGen System-2- ©]-8-5F KBGP-24K microarray
chip B4 Au}2 4 2HHE- 0 & XY= A cH(Lee et al., 2008).

d 2EF 2o ozt uiS W I R S B &
X2 1433]9] Brassica 300K microarray dataS 7|Hto.2 z}
AR 7 ARAdS B4 9 A|5-5k= PlantArrayNet
(GreenGene BioTech Inc.; http:/bioinfo.mju.ac.kr/arraynet/)-<
ol &3ttt ¥ AEH A A w2 KBGP-24K microarray
chip {4 Ao A A2] tj2H0ARDS 7IEo=2 24l o4
o] Halsh= 14+ 5 PlantArrayNet 24]0]| 4] Pearson
correlations value gk > 0.85(cutoff p-value < 0.05)= U}
i SAAES et 248 o Asds B

SAA WE Y EYT RES Cytoscape program(version
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2.8.3, Cytoscape Consortium; Smoot et al., 2011)-& ©|-&3]
o FLE31 o, YER|A L] FL2+= spring embedded layout
2 o]gslo] 7FX A o 2 HAISISISI T Barnes and Hut, 1986).
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encyclopedia of genes and genomes, http://www.genome.jp/
kege) S ©lg3lo] BSSIgon, WE SHA 7l Bi 2
= &1t Wi 4 A4 7l 5= DAVID(The database
for annotation, visualization and integrated discovery, http://
david.abce.nciferf.gov/)E AFE-3}o] 43851 tH(Huang et
al., 2009; Kanehisa et al., 2012). ©]% gene ontology 41>
Cytoscape plug-in program ClueGOE ©o]-8-3}o] A|ZrHo =
4 9 133 tHBindea et al., 2009).
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92 mee Tasier o AEdae) B uE U $4
2} e A3 IAE correlations value > 0.852 AWsk 2
T} & 23,9377119] probe Fof| A 1,8537]9] probe7} & AE
gl 27AolH Golao R walshe Aow BAHg) B
A FA2E HE HEYA 715 755171 $15te] DAVID
bioinformatics resourcesS ©]-85}9 functional annotation
clustering= AAISHITE 41 193719] 7|54 S22H
2 enrichment score7} =& $AZ 5719 SHAHE At
SHth(Table 1). 21 23 7|54 S22H F 7MY &
enrichment scoreE 7} [cluster 1]9] AL~ -8 AEFH A
z271 stofl ¥k fAto] ARE|$l e H, [response to
abiotic stimulus], [response to osmotic stress], [response to
salt stress]oll TEIE A7} ha WHEo] Aick ol
o 2Eu0] oo AR o e RFFOE 4B ol
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Table 1. Functional annotation clustering of genes related salt stress in Chinese cabbage.

ﬁhﬁt&; Clusterss(r:;iechment GO code” Functional category Count P-value Beg;?::ni
Cluster 1 19.86 G0:0009628 response to abiotic stimulus 167 2.19E-30 2.97E-27
G0:0006970 response to osmotic stress 68 1.34E-16 1.51E-13
G0:0009651 response to salt stress 62 9.26E-15 1.25E-11
Cluster 2 7.67 G0:0010033 response to organic substance 119 8.29E-11 1.41E-08
G0:0009719 response to endogenous stimulus 99 3.77E-09 3.65E-07
G0:0009737  response to abscisic acid stimulus 42 1.72E-08 1.30E-06
G0:0009725 response to hormone stimulus 80 3.75E-05 0.001375
Cluster 3 7.40 G0:0010035 response to inorganic substance 67 9.19E-10 9.60E-08
G0:0046686 response to cadmium ion 44 1.10E-07 7.09E-06
G0:0010038 response to metal ion 47 6.26E-07 3.40E-05
Cluster 4 6.41 G0:0006979 response to oxidative stress 45 6.74E-10 7.63E-08
G0:0042542 response to hydrogen peroxide 23 3.84E-07 2.37E-05
G0:0009644 response to high light intensity 14 4.36E-07 2.57E-05
GO:0000302 response to reactive oxygen species 23 8.57E-06 3.75E-04
G0:0009642 response to light intensity 16 8.80E-06 3.73E-04
Cluster 5 5.59 G0:0030312 external encapsulating structure 67 5.15E-08 4.53E-06
G0:0005618 cell wall 66 6.67E-08 4.41E-06
G0:0009505 plant-type cell wall 26 0.005179 0.117165
“Gene ontology code number.
W7tk ol ke W Ao Ak ti(Bray, 1997). AEPA L|EQT ZHS 0[S X2|A|2HE 2tS 7=t

=
%, AIE probe TR @ AEHA 2 A FoHoR
s AoR FA R, ¢ 2B Aof uE W U
Efa Wyl o] At Ao §A4 =l ojef Zo]
HE A% dataE spring embedded layoutZ ©]-835}o] 7}A|3)5}H

HI 0f

q
=

TET YESIAE ueko R HldolA ¢ AEUAR50mM
NaCl) 2P A] A|7b o] o2 it $a2se] $o04
ul e e BAS AT % 185370] G FollA 054]

ATkFig. 1). T8 $474 Wd YEgas 77te) )
2 UERE nodes} 7t faikcbe] frol wdl Ale A
edge™ H3F oM, YEYT ElS 1= T multi-edge
node pair®} self-loop nodeE £4 & A|75lo] % 1,8537}
node, 5,7407}] edge, ¥ 1427} connected component = ==
=ik E3] o]& 3¢ connected component % -5-2]% 21
A ATA MEQ A7 7P 3A AAekAL Qe T
0] 1,3987l node(75.44%)%} 5,3757] edge(93.64%) S 3E3H5}
T 9lo] EYD BUo] o A AR 7R Ao

4 = A

Zrolli= 27570(14.84%), 3A17F A} A] 38371(20.67%), 124]
7V ATE A] 53471(28.82%), 24 A]7F AT} A] 4567H(24.61%),
48A1ZF A3t Alofl= 2057(11.06%) A7 212191 A
T WAE 7= Aer2 A ESIHFig. D).

o 27 308(0.5h) & W83t AR [response to
heat], [response to wounding], %! [toxin metabolic process]
2 o] o AEdA Wk SRR} 02 wgEY &
Eda0] A5 A BA G0 fAs) s
(Fig. 2A). AR F-HARES 0|83 KEGG pathway
A8 AAJgE A, ‘Phosphatidylinositol signaling system’ 2}
‘alpha-Linolenic acid metabolism pathway’of] @2 o] Aich
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Fig. 1. Properties and topologies of gene coexpression networks related salt stress in Chinese cabbage. The analyzed experiment
data in the coexpression network indicates that the average correlation coefficient is above 0.85. The network is displayed
Cytoscape spring embedded layout. Nodes represent genes and edges represent significant expressional interactions between
the genes. Colored dots indicated the significant expressed genes during 0.5 h (275 nodes; green, @), 3 h (383 nodes; yellow-green,
@), 12 h (534 nodes; orange-yellow, @), 24 h (456 nodes; red, @), and 48 h (205 nodes; turquoise blue, @) after 250

mM NaCl treatment.

oA17H9] Aol Gol ABA| iz £2I5H ROS 5
o Slg A8HE AEE A S B AT R
endosome®| ROS 48 30} E4& 71407 Hof 7]
8 T AOR iAW, AT AT T2 A8

Ujol| 4] phosphatidylinositol signaling system X NADPH
oxidaseol| 2J5f F/dE ROS= Al=AolA | A3 714
= ZAgekE H Al aam HuET glow(Kaye
et al.,, 2011; Leshem et al., 2007), Hj3=E tjAto =2 3 &
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Fig. 2. Properties and topologies of gene coexpression networks related salt stress in Chinese cabbage. Coexpression networks

show gene interactions with correlation coefficient above

brightness values that represent expression ratios in log 2.

0.85. The color scale bar indicates the maximum and minimum
Bright gray color indicates higher transcript levels than observed

in the controls, whereas black means lower transcript levels. Networks are displayed by Cytoscape spring embedded layout.

Aol A= ROS7F & AR 712 E4d3tol] =8 Atz
ZF85l= Ao 7 =t Linolenic acid?] 7-$- Noreen
and Ashraf(2010) oA & AE# A ZANA dlulelr]
22}9] linolenic acid 3+=Fo| G-o]A O 2 ZFAS)QIthar Hal
slglom, s qatez o B Aol AR 3087k 9
#2] 7} linolenic acid tAR ] 7 2Q1 Jaha 7k 1o
2 eEch

& A2] 3A17H3h) & WSl 1A RES =2 [response
to jasmonic acid stimulus], [response to water deprivation],
[cellular response to extracellular stimulus], [response to toxin]
9 [tryptophan metabolic process]ol] THE FHAARE0]|AcH
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ALS AA5HA dchal B arslkgich wabA] [cellular response
to extracellular stimulus] ZZFol|A] QAP) AAN)Q =
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AEe Ho] Fth ®3F o] G- A Lo| [short-chain fatty
acid metabolic process]ol| 2J3jA [glutamine family amino
acid metabolic process] 2 Hol7H= Y|EQ =9} 71UsHA A
=)o, v 5ol A] ‘hyperosmotic salinity response’ ¥} ‘proline
FARO Q)3 2|F2 S 2 [response to
desiccation] ¥H-go =2 047:@4041:} Z, ROS9] Alzof 293
A= AF7]14 0] & A A E5-2 [glutamine family amino
Ao w HhEh
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3.0

oo ¢ Ae) 244704 F g RAATE
[sodium ion transport], [response to wounding], [polysaccharide
biosynthetic process], [response to osmotic stress], 2 [senescence]
o] 57)9] JFo g EAE|UckFig. 2D). oA A7t v
of oo 241 HEGoA = F SEF o) ofs) WAYst
+ jasmonic acid signal ¥H3-2=2 ROS 214 & o]o] u}&
A 714 vkgo] = EAE I ER AR i AE
g|2~0f 2]3}o] [response to osmotic stress] 1501 A] [response
to abscisic acid stimulus]2} [response to gibberellin stimulus]
GrAo] uHlsISrt. oleldt ulele] AFE PA= [response
GrAo) of3t ABAY AF F1Ze] 2
1} 37 [polysaccharide biosynthetic process] -F-AA0]
urgsto] A PG 2heks Aoz RN, of

to wounding]
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ZA¥}= Singh and Prasad(2009)2] &I5tof|A W13t vje} Z+
o] ¥ AEFAVF Ao EAsh= A=Y TR A
(cell wall hydrolase)®] &4 A5t A|ZH-E Tas}A|
TS0 Alazo) A7), A% S 9 AT s, o
of thet A& d5she At o= Rk A o
o] gl AR TaETh B3 A 3AIXF wiFE 55t
7] AARREJA Ao o8l o AEd A A3y dld
Na'/H" EXCHANGER(NHX1)7} 2] 24X7t wf 2H43}e]
7] AIZFsEiel NHX19) 739 2 nEFEEg|ohd ALy
of| A WrEE|o] o] 2 9 pHO| +3& £Hsl= S shH,
d 2EdE 24 A AlES] A FAIE Sldll PR
= Ao 2 ®H 15 tHRodriguez-Rosales et al., 2009). £73|
FYot w3l FHBrassica juncea)} 8- (Brassica napus)
oA NHXI $77e] TS E3 @ ARAo) H5S
115k tH(Rajagopal et al., 2007; Zhang et al., 2001). B3-S
o] 83t 2 A7 Adol A oA F-U%E Na'& NHXI
o SRz WAL dTe sk Aow BekEr
vhuros of 2] 48X17kash) F WHEIHE SRS

[peptidyl-proline modification], [sucrose biosynthetic process],

[nitrate assimilation], [starch biosynthetic process], [pollen
tube growth], 2! [protein secretion] &2 EAE|Qch A1EX|
7F Weko] A AEHAE WA =W Al W A (sucrose)
57} Z7sto] 5 Eu(fed-back) -8 o] A 5

o] Ztagol whek L] oA 5 (Gilbert ot al, 1997;
Krapp and Stitt, 1995; Krapp et al., 1991; Pattanagul and
Thitisaksakul, 2008), nitrate transporters(NRT)2] &4 # 3l
2 A% A5l B4xel A4bel(nitraie)o] F45 et
(Yao et al., 2008). o]e}+= T4 oz Fo2HE A3E|=
AR (starch)©] FHE 250l ¢ AT EMe G A
E ) AR FEE Wiko| Tt Balago] wsu) 2
2 oot aTrE Hojste] o A~ ofat el
T3S HAel= Aoz HilE|o] ¢t Balibrea et al., 2000;
Pattanagul and Thitisaksakul, 2008). 3t ‘peptidyl-proline
modification’ 7|53} TeE SAAEC oz AEZ U
o prolinesr S4|5to] o AEHAE S5 7]4to] A
&0 AoR EAE Q) Proline> A|EZo] AHEG 2,
AES QP Hol 0 o A Ac B o) AEdA
2R AEAE BEoHs 4TS 57 uhol(Turan et al,
2009), proline2] &%|o| ZKB. juncea)d} T (B. napus)ol| Al
A AFS Folshe =8 aax¢lo] HiElchFarhoudi
and Sharifzadeh, 2006; Jain et al., 1991). =, proline <%

v 7

7159 BAS} WSl @ AFA 715l DHE o]
ol R0 WEEth AUAOR AT Foke @ A
B F 244K Hel e et Az 7pgis) fa
24 o4 W AIEH 5to] ololA, A5 7} U prolinee]
o] wet i Fo 24 A2 HAH Ao o
A A AT TS FA 9 ARHS 25
she Aol Yoluh Aoz B4 =k

AEHOR ¢ AEHL WA A] oA Yo Fa
EEPARE

4 Aol whet Agelshd, WA o A2l 27](0.5h)
o= H AEH 2o 93 &/J2}E ‘Phosphatidylinositol
signaling system’ 22 ROS A&7} AAJE 11, 0]3(3h) A
W EUE Na'R 2Asfel JA BAIS 9 AlEo] iy
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= ROS signaling activation
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Fig. 3. A simplified hypothetical model depicting gene expression
related salt stress during 0.5 h, 3 h, 12 h, 24 h, and 48
h after 250 mM NaCl treatment in Chinese cabbage.
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