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Abstract

Different proteins in the cell perform their furaniin a unified way, interacting with the other fgias involved
in completion of the particular metabolic pathwaje information about a single protein estimatexinfran
organism subjected to a particular treatment wvéiteal only part of the process. To understand toegss
completely it is very essential to have an assessme the different proteins linked together infeient
pathways and also the level of expression of diffelgenes under different conditions. The coexpresggnes
reveal the part of the genome which is intricatelyolved in carrying the process being studied.

The network of coexpressed genes with DREB2A wadyaad. DREB2A is involved in different processes
related to drought and salt stress. Out of the g@oexpressed with it, Atlg16030 is Hsp70b/ Heaickh
Protein 70B, and is reported to be involved in sirattack and in protective processes under heassstr
Similarly At2g26150 was also observed to be closelyvorked with DREB2A, and is a member of heatsstr
transcription factor. The information from the cpeassed network of DREB2A shows that the intergctin
proteins play important role in protection of pkrftom pathogen attack and also in protecting trodem
repertoire of the plant from denaturation whers isubjected to salt and heat stress.
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1. Introduction

DNA microarray analysis produces information onatieke expression levels for thousands of genes
simultaneously. Microarray data contain informatiabout concerted changes in transcript levels @séh
datasets beyond the original purpose of each dat8seh microarray data have been collected inrakve
general repositories like ArrayExpress (Parkinsioal.e 2005), Gene Expression Omnibus (GEO) (Baetedl.,
2005) and the Center for Information Biology Geneiession Database (CIBEX) (lkeo et al., 2003). The
Arabidopsis Information Resource (TAIR) (Rhee et 2D03) and the Nottingham Arabidopsis Stock Gentr
Arrays (NASC Arrays) (Craigon et al., 2004) are @ps-specific repositories for microarray data.rfrihese
information resources it is possible to collectomfiation about individual genes or samples. However
knowledge about the expression of genes at theithdil scale tells only part of the story, findiirderaction
partners for the particular gene can reveal itgtion in greater detail. The importance of sucloinfation can

be best judged by the report (Venkatesan et aQ9RGuggesting that at any time a human cell nuatain
about 130,000 binary interactions between prote8ws.far, a mere 33,943 unique human protein—protein
interactions have been listed (http://thebiogrig)or

Realizing the importance of such information, sel/eiatabases have been created as secondary @afabas
microarray data. The comprehensive systems-bioltsppbase (CSB.DB) (Steinhauser et al., 2004), Botan
Array Resource (BAR) (Toufighi et al., 2005), Ardbpsis Co-expression Tool (ACT) (Manfield et alD0B)
and Genevestigator (Zimmermann et al., 2005), gewvo-expressed gene relationships calculated frem
array data stored in TAIR and/or the NASC ArraysctSgene relationship information is valuable fogdicting
gene function, because co-expressed genes areinfigued in the same or related pathways. ATTEDsIA
valuable addition to this list. It stands for Alihaa trans-factor and cis-element prediction dasael{ ATTED-II)
for retrieving gene-to-gene relationships like otldatabases for co-expressed genes. Besides thabial
attributes of the earlier listed databases, ATTEDals some advancements like visualization of netwed co-
expressed gene relationships, facilitating undedstey of the structural basis of gene co-expressjme
calculated results for cis- element prediction didkto every gene and functional category and geaphi
representation of the gene expression patterns.

Present study utilizes the resources available BIE®-II, to understand the molecular interactiond an
coexpressed genes with DREB2A (Dehydration-Resperisiement Binding Protein2A) coded by At5g05410.
Transcription factor DREB2A interacts with a cigiag dehydration-responsive element (DRE) sequeace
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activate the expression of downstream genes thatirarolved in drought- and salt-stress response in
Arabidopsis thaliana. In its intact form DREB2A esgsion does not activate downstream genes underaho
growth conditions. However, a negative regulatooyndin that exists in the central region of DREB2/en
deleted transforms DREB2A to a constitutive activen (DREB2A CA). Overexpression of DREB2A CA
induces not only drought- and salt-responsive gdm#salso heat-shock (HS)-related genes. Besides th
transient induction of the DREB2A occurs rapidly 8 stress, and the sGFP-DREB2A protein accumuilates
nuclei of HS-stressed cells (Sakuma et al., 2006).

2. Methodology

ATTED-II database (Obayashi et al., 2009) was usecdetrieve the significant inforamation about thene
interactions and coregulated gene network of DREBPWe detailed information and graphical detailgeve
obtained from ATTED-II and the other online datassuch as TAIR (The Arabidopsis Information Reseur
Lamesch et al., 2011) and KEGG (Kyoto Encyclopedi@enes and Genomes, Kanehisa et al., 2011).

3. Resaults and discussion

DREB2A has extensive gene interaction network @Figrhe list of top 50 coexpressed gees is givemlitel.
Some of them like At5g10695, At3g27880, At5g032Tahle 1), do not have estabished proven annotations
However, the other genes coexpressed with it hawerse and important roles during the developmérnihe
plant and/or response to certain kind of stresdes.important functions of some of them are givelot;

At1g01720 belongs to a large family of putativenseriptional activators with NAC domain. Their tsanipt
levels increases in response to wounding and absaiéd. ATAF1 attentuates ABA signaling and sythes
(Collinge and Boller, 2001), and is one of the difeconnected gene on the network.

At1g71000 is involved in protein folding and iteiified locations are cytoplasm and nucleus. &xpressed
in different plant organs like carpel, flower, pegli plant sperm cell, pollen, root and stamen (8dhet al.,
2005, Inzé et al., 2011).

At4g15420 is Ubiquitin fusion degradation UFD1 fhnprotein. It has peptidase activity and also imred in
proteolysis, ubiquitin-dependent protein catabgiocess and zinc ion binding (Schmid et al., 20&&d
InterPro to GO annotation (AnalysisReference:505889.

At4g12410 is involved in response to auxin stimwdnog is expressed in carpel, collective leaf stmagtflower,
pedicel, petal, plant embryo, pollen, sepal, staf@emmid et al., 2005).

At1g16030 is Hsp70b/ HEAT SHOCK PROTEIN 70B. ltinsolved in processes related to response to virus
attack and heat stress (Sung et al., 2001, Apagicad., 2005).

At2g26150 is also directly connected on the netweitk DREB2A. It is member of Heat Stress Transioip
Factor (Hsf) family. It is involved in response rosfolded protein accumulation in the cytosol.slitrégulated
by alternative splicing and non-sense-mediated ydeltais involved in regulatoin of transcription drits
annotated location is endomembrane system andusufRiechmann et al., 2000, Sugio et al., 2009tiRdral.,
2010).

Predicted cis elements for At5g05410 and the sesgriormation are given in fig. 2 and table 2 exgjvely.
The correlation of expression between At59g05410 thedfour directly connected genes on the coexpmess
network during different development stages isaliptl in fig. 3 and detailed in table 3, As it isail from the
figure that the epression profiles of these grougedes fluctuates with the stage of developmentuantbbr
specific conditions to which the plant is subject&tley can have all variations in correlations faggrom
strong negative to strong positive.

The study of the interaction between the differggtes in an organism is an evolving science andtilty is
undisputed. The knowledge about the groups of gehésh are always expressed together give an itidicaf
the response of the organism to the specific camdit As it has been seen in case of DREB2A, dtrisngly
coexpressed with genes involved in responses fouskinds of stresses and has protective rolgdalp such
as the expression of HSPs which assist the dengtprioteins during heat stress in folding and alsy the
role. Since each of the coexpressed genes hasvitscoexpressed gene network, this network invofres
hundreds to thousands of genes together. Any e in the expression of genes forming the nétwshifts
the balance in favour to the network portion whiahh be most useful under the new condition emegdirom
the disturbance from the previous condition to hillp plant (or any other organism) in maintainimg t
equilibrium.
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network during development, (a) At5g10695, (b) At1g20, (c) At2g26150 and (d) At3g27880.

Table 1. List of coexpressed genes with At5g05410.

S.No. Locus Alias Mutual | S.No. Locus Alias Mutual
Rank Rank

1 | At5g10695 - 1.4 26 | At5g12030 HSP17.6A 28.3
2 | At1g01720 ATAF1 4.5 27 | 255155_at - 28.4
3 | At2g26150 HSFA2 8.5 28 | At4g11660 HSFB2B 32.9
4 | At3g11020 DREB2B 9.4 29 | At3g09350 armadillo/beta-catenin repeat 329
5 | At3g27880 - 9.6 30 | At5g37670 HSP15.7-Cl 34
6 | At2g46240 BAG6 10.7 31 | At3g23170 - 34.1
7 | At5g62020 HSFB2A 11 32 | At4gl12410 auxin-responsive 34.7
8 | Atl1gl4200 zinc finger 13 33 | At2g29500 HSP17.6B-Cl 35.3
9 | At3g62260 PP2C 13.4 34 | At3g10020 - 36.7
10 | At2g20560 DNAJ 14.3 35 | 256356_s_at | - 37.1
11 | At5g59820 RHL41 15.2 36 | Atlg53540 HSP17.6C-Cl 404
12 | At5g03210 - 16.3 37 | At1g55530 zinc finger 41.1
13 | Atlg74310 HSP101 16.8 38 | At3g08970 ERDJ3A 42.5
14 | At4g15420 PRLI-interacting factor K 19 39 | At4g27657 - 43.4
15 | At4g25380 SAP10 20.9 40 | Atlgl16030 Hsp70b 44.2
16 | 262911 _s_at - 21.2 41 | At3g63350 HSFA7B 44.3
17 | At3g14200 N-terminal 22.1 42 | At2g32120 HSP70T-2 45.5
18 | At1g26800 zinc finger 22.4 43 | At4g26080 ABI1 46
19 | At3g46230 HSP17.4 22.8 44 | At3g48070 protein binding 46.5
20 | At5g04340 ZAT6 23.8 45 | Atlg60190 U-box 46.7
21 | 263823_s_at - 24.4 46 | At5g12020 HSP17.6l1 47.3
22 | Atlg71000 heat shock binding 25.4 47 | At1g52560 HSP26.5-P 48.7
23 | At3g24500 MBF1C 26.5 48 | At5g11680 - 49.5
24 | At5g35320 - 27.9 49 | At3gl7611 RBL14 50.7
25 | At3g17110 - 28 50 | At3g12580 HSP70 51.4
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Table 2. Cis element with high CEG (correlationvesn expression and a defined group
of genes) value

Position Ciseement CEG
25 ATAAATA 0.08
26 TATAAAT 0.10
27 CTATAAA 0.09
87 GACACGT 0.08

Table 3. Genes directly connected with At5g0541thenetwork

Mutual Rank Correlation | Locus Function

14 0.69 | At5g10695 unknown protein

4.5 0.67 | At1g01720 ATAF1; transcription activator/ transcription factor
8.5 0.69 | At2g26150 ATHSFA2; DNA binding / transcription factor

9.6 0.49 | At3g27880 unknown protein
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