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In silico identification of genes for combined

drought and salinity stress in rice (Oryza sativa L.)

ABSTRACT:

The salinity and water stress are the important abiotic stresses which severely affect the rice
growth, development and yield depending on degree of stress. Moreover, this stresses are
inter-related and includes many crosstalk at genetically and physiologically. The
identification of genes controlling both the stress would mean a lot in understanding
molecular mechanism of tolerance, which in turn assist in development of stress resilient
genotypes. In the present study, an in silico approach was used to identify genes commonly
expressed under combined drought and salt stress using microarray data retrieved from
NCBIGEO database. The meta-analysis of this transcriptome data revealed 35 candidate
genes expressed under combined stress with 82.8 % of the genes showing up regulation and
18.2 % genes with down regulation. The functional annotation of candidate genes showed the
expression of diverse stress responsive proteins mainly transcription factor, UDP-glucosyl
transferase, glycosyl ptransferase 8, flavanone 3-hydroxylase, plant PDR ABC transporter
associated domain and dehydrins. Among the expressed proteins, transcription factors shared
major part in gene regulation. The key gene Os05g48650.1 which present on chromosome
five at 28.8 Mb physical position encoded for HBP-1b protein. The earlier authors proved
that the over expression of this HBP-1b gene in rice plant showed improved tolerance to salt
and drought stress. Two more genes Os11g26780.1 and Os11g26790.1 co-localized on
chromosome 11 encodes for an important stress responsive dehydrin protein which is
positively correlated with the tolerance to cold, drought, and salt stress. Finally, in conclusion
the genes Os11g26780.1, Os11g26790.1, Os06g27560.1 and Os05g48650.1 were directly
related with salt and drought stress tolerance. The introgression of these genes in high

yielding stress susceptible genotypes could assist in developing stress tolerant cultivars.
Key words: Rice, Salinity Stress, Drought Stress, Microarray, Gene expression, In silico.
Introduction:

Rice (Oryza sativa L.) is a staple food supporting more than three billion people and
comprising 50% to 80% of daily calorie intake [1]. Rice production requires larger amount of
water throughout its life cycle compared to other crops for good yield. Hence, water related

stress cause severe threat to rice production across the world. Approximately 23 million
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hectares of rainfed rice cultivated across the world was affected by severe drought [2]. The
global climate change resulted in 32% of rice yield variability from year-to-year with 53% of
rice harvesting regions experiencing rapid climatic change [3]. The increased frequency of
dry spells in many regions of the world forced the farmer to use water from dam, canal and
bore well etc. The irrigation water used from these canals contains large amount of dissolved
salts. Approximately 20% of irrigated areas suffer from salinization problems by various
degrees. The drought and salinity stress are often inter-related and obstruct the water uptake

adversely, affecting plant growth and productivity.

These stress causes a wide range of genetically, physiological and biochemical
responses in plants. Understanding plant responses to abiotic stresses at the transcriptomic
level provides an essential foundation for future breeding and genetic engineering efforts. A
significant number of QTLs were discovered in rice under drought and salinity, but a QTL
would be more useful only when it contains functional candidate gene. With advancement of
molecular technology, the interest on gene expression studies increased enormously. A large
number of genes have been identified under salinity and drought stress [4,5]. Among the
available methods, DNA microarrays have been devised as standard strategy for the global
analysis of plant gene expression [4,6]. Several important traits of rice have been analyzed
using microarray which helped in monitoring the gene expression pattern under multiple
abiotic stress viz., cold, drought, and high salinity stresses at temporal and spatial level [4,7].
Taken together, previous transcriptomic studies in rice have identified various genes
regulated by different stress conditions. The meta-analysis of transcriptome data retrieved
from both salt and drought stress would helps in pointing out the common genes expressed
under both the stress situations and assist in understanding the molecular mechanism of these
complex traits in rice. The present investigation, a cumulative analysis of gene expression
data of rice genotypes evaluated under salt and drought stresses which were deposited by

various authors in NCBIGEO database was used.
Material and Method:

Data mining:

The current study is a bioinformatics approach to identify the genes that commonly expressed
under salinity and drought stress in rice. Rice is the one of the crop which had large amount
of genomic, transcriptomic and proteomic data deposited in various repositories. Likely,

NCBI GEO has large amount of microarray data deposited by various author
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[http://www.ncbi.nlm.nih.gov/geo/]. NCBI GEO is the platforms were gene expression data

generated from microarray studies was deposited, which is easily downloadable and can be
processed to find new insights using meta analysis [8]. To identify the genes commonly
expressed under different stress, it is mandatory to use uniform microarray platform which
has large number of genes spotted and having more number of series and samples [8]. To
have consistency in results, the platform GPL2025 [Affymetrix Rice Genome Array] having
51,279 probes was used in present investigation. This platform has 3096 samples and 191
series, out of which the data regarding differential gene expression [DEGs] for salinity and
drought stress belonging to six series [GSE24048, GSE6901, GSE41647, GSE3053,
GSE4438 and GSE16108] and 9 samples deposited in NCBI GEO was retrieved. The DEGs
of tolerant genotypes were used for further study. The identification of genes in tolerant

genotypes helps in understanding the molecular mechanism involved in tolerance [9, 10].

Data processing:

The raw data retrieved from NCBI GEO was subjected to GEO2R to obtain the log2

fold change [logFC] values [http://www.ncbi.nlm.nih.gov/geo/geo2r/]. The so obtained

logFC values were used to identify the DEGs in respective stress. The logFC value of +1
[two fold change] was set as threshold level to discriminate the DEGs from the total genes.
The genes which met the set criteria under each stress among multiple samples were sorted
and saved as separate files. Later, the genes expressed commonly under both the stresses
were identified using excel with various function. To view the expression of the genes
diagrammatically, a tab-delimited file was created with logFC values for salinity and drought
stress having corresponding spot IDs. Using MultiExperimental Viewer [MeV] software heat
map of gene expressed under combined stress was viewed [11]. The software is freely

downloadable from http://mev.tm4.org/. Later in progress of analysis, the gene loci

associated with spot ID were retrieved from ricechip.org [http://www.ricechip.org/]. The

retrieved gene loci were used has input in orygenesdb.cirad.fr to know the further information
regarding the gene position on different chromosome and functional annotation

[http://orygenesdb.cirad.fr/tools.html].

Results and Discussion:

Plant responses to drought and salinity are complexes and involve morphological,
physiological and molecular changes which may lead plant to adaptive advantage and/or
deleterious effects. The both salinity and drought stress has similar effect on plant growth by

obstructing the water uptake and finally decreasing the water potential [12]. The decrease in
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the water potential occurred in both abiotic stresses results in reduced cell growth, root
growth and shoot growth and also causes inhibition of cell expansion and reduction in cell
wall synthesis [13]. [4] in his study found that among multiple abiotic stresses encountered
by rice plant, there would be more cross talks between drought and salinity stress. In the
present study, the comprehensive analysis of trancriptome data of salinity and drought stress
retrieved from multiple experiments found that a total of 1261 and 849 genes were
differentially expressed at log fold change value of + 1[logFC] i,e. 2 fold change [14].
Majority of the authors used logFC *1 has a criteria to distinguish the DEGs . The further
insights into the results showed more number of up regulated genes [936] compared to down
regulation [325] under drought stress. Earlier reports proved the expression of more number
of up regulated genes in tolerant genotypes [15, 16]. These up regulated genes may contribute
to adaptive mechanism of tolerant genotypes under stress condition. Similarly, more or less
equal number of genes were expressed under salinity stress [Fig. 1]. This fact proves that
both up regulation and down regulation of genes play major role in salinity stress tolerance in
rice. The analysis for combined stress revealed 35 genes commonly expressed with more
number of genes showing up regulation. Among these, 82.8 % of the genes showed up
regulation and in contrast only 18.2 % of the genes showed down regulation. The differential
expression pattern of the common genes under both the stress can be viewed in fig.2. The
gene loci associated with affymetrix probe ID were traced out using ricechip.org web site. All
the gene loci associated with the probe ID were retrieved and further used for functional
annotation of the genes. The retrieved gene loci were used as input in orygenesdb.cirad.fr
under locus search option to map the position of the gene on to respective chromosome [Fig.
3]. The genes Os05g48650.1, 0s08g36920.1, 0s02g46030.1, 0s06g27560.1, 0s05g25920,
0s02g33380.1, Os11g26780.1, 0s06g04940.1, 0Os07g46950.1, 0Os07g48830.1,
0s10g21590.2, Os04g12960.1, Os11g26790, Os11g26790.1 and Os02g41510 showed strong
up regulation under both the stresses. Similarly among all the DEGs, the genes
Os12g12390.1, Os01g44390.1, Os01g63180.1, Os07g03870.1 and Os10g31720.1 showed
high down regulation. The integration of gene on to chromosomes revealed that chromosome
2 and 8 had more number of candidate genes under combined stress. In present analysis
chromosome 9 did not show any genes for combined drought and salinity stress. The
functional annotation of candidate genes showed that most of the genes encodes for
transcription factor [TF] followed by different stress related proteins [table.1]. Transcription
factors are early responsive genes important candidates for expression of large number of

downstream stress responsive genes by binding to the specific cis-acting elements of the
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genes to access tolerance mechanism [17]. Some of the prominent protein that expressed
under combined stress include MYB family transcription factor, ethylene-responsive
transcription factor, UDP-glucoronosy, WRKYS53, glycosyl ptransferase 8, plant PDR ABC
transporter associated domain and dehydrin. The tolerance mechanisms to drought and
salinity stress include changes at genetic, transcriptomic and metabolomic level [18]. The
gene Os05g48650.1 which present on chromosome five at 28.8 Mb physical position encodes
HBP-1b [histone gene binding protein-1b] transcription factor showed strong up regulation.
The HBP1b falls under bZIP family of TFs. These proteins are present throughout the plant
kingdom and plays important role in plant response to biotic and abiotic stresses [19, 20 and
21]. The over expression of OsHBP1b dramatically increases salinity as well as drought
tolerance of tobacco suggests that, further analysis of this gene will have the potential to
greatly improve stress tolerance in other crop species like rice [22]. through altering the
activation of ROS scavenging system and the levels of protective compounds, such as MDA,
sugars and proline. This may serve as a useful ‘candidate gene’ for improving multiple stress
tolerance in crop plant. Similary, the TF AP2 encoded by gene Os08g36920.1 which present
on chromosome 8 has multiple functions under biotic and abiotic stress [23]. These TFs
involves in regulation of CBF/DREB factors involved in abiotic stress responses. The over
expression of DREB1A TF isolatd from rice showed enhanced tolerance to drought, salt and
cold stress in transgenenic Arabidopsis [24]. The genes [Os02g41510 and Os02g46030.1]
present on chromosome 2 showed their association with MYB family transcription factor.
The MYB gene family comprises one of the richest groups of transcription factors in plants.
Plant MYB proteins are characterized by a highly conserved MYB DNA-binding domain.
MYB transcription factors are involved in plant development, secondary metabolism,
hormone signal transduction, disease resistance and abiotic stress tolerance [25]. Three
0s04g12960.1, 0s06g27560.1 and Os07g48830.1 which located on chromosome 4, 6 and 7
respectively encodes for glucosyltransferase nad glycosyltransferase enzymes. Earlier authors
reported the function of glycosyltransferase under different abiotic stress [26]. In Arabidopsis
thaliana, UDP-glucosyltransferase showed improved tolerance against drought and salinity
stress by enhancing the rooting capacity through regulating IBA and NAA concentrations
[27]. Glycosyl transferase mainly function in to the biosynthesis of plant cell walls [28]. In
our study, we identified transporters encoded by genes Os06g03700.1 and Os10g21590.2 on
chromosome 6 [1.4 Mb] and 10 [11 Mb] respectively. Different types of transporters were
reported in plant kingdom, in general many of them are required for plant growth,

development, nutrition, and response to abiotic stresses by manipulating the concentration of
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toxic ions [29]. The two genes Os11g26780.1 and Os11g26790.1 locolised on chromosome
11 encoded for dehydrin a stress responsive gene. Many studies reported that the expression
of dehydrin is positively correlated with the tolerance to cold, drought, and salt stress [30,31].
The dehyrin works as a molecular chaperone under stress situation and helps in maintaining
the structural and functional integrity of the proteins, enzyme activities, nucleic acids and
membrane structure. The over-expression of dehydrin gene [OsDhnl] improved drought and

salt stress tolerance through scavenging of reactive oxygen species in rice [32].

In conclusion, our study showed only a limited number of tolerant genes common
between drought and salinity stress. The genes Os11g26780.1, Os11g26790.1,
0s06g27560.1 and Os05g48650.1 were directly related with salt and drought stress tolerance.
The introgression of these genes in high yielding stress susceptible genotypes could assist in

developing stress tolerant cultivars.
References:

1. Khush, G.S. 2005. What it will take to feed 5.0 billion rice consumers in 2030.
Plant Mol. Biol. 59: 1-6.

2. Serraj, R., McNally, LK., Slamet-Loedin, 1., Kohli, A., Haefele, M.S., Atlin, G. and
Kumar, A. 2011. Drought resistance improvement in rice: an integrated genetic and

resources management strategy. Plant Prod. Sci. 14:1-14.

3. Ray, D.K., Gerber, J.S., Macdonald, G.K. and West, P.C. 2015. Climate variation

explains a third of global crop yield variability. Nat. Commun. 6

4. Rabbani, M.A., Maruyama, K., Abe, H., Khan, M.A., Katsura, K., Ito, Y.,
Yoshiwara, K., Seki, M., Shinozaki, K. and Yamaguchi-Shinozaki, K. 2003.
Monitoring expression profiles of rice genes under cold, drought, and high-salinity

stresses and abscisic acid application using cDNA microarray and RNA gel-blot

analyses. Plant Physiol. 133: 1755-1767.

5. Walia, H., Wilson, C., Condamine, P., Liu, X., Ismail, A.M., Zeng, L.,
Wanamaker, S.I., Mandal, J., Xu, J., Cui, X. and Close, T.J. 2005. Comparative
transcriptional profiling of two contrasting rice genotypes under salinity stress

during the vegetative growth stage. Plant Physiol. 139[2]:822-835.

6. Sasidharan, R., Mustroph, A., Boonman, A., Akman, M., Ammerlaan, A.M.H.,
Breit, T., Schranz, M.E., Voesenek, L.A.C.J. and van Tienderen, P.H. 2013. Root



196
197

198
199
200
201

202
203
204

205
206
207
208

209
210
211

212
213
214
215
216

217
218

219
220
221

222
223
224

10.

11.

12.

13.

14.

transcript profiling of two Rorippa species reveals gene clusters associated with

extreme submergence tolerance. Plant Physiol. 163: 1277-1292

Zhou, J., Wang, X, Jiao, Y., Qin, Y., Liu, X., He, K., Chen, C., Ma, L., Wang, J.,
Xiong, L., Zhang, Q., Fan, L. and Deng, X.W. 2007. Global genome expression
analysis of rice in response to drought and high-salinity stresses in shoot, flag leaf,

and panicle. Plant Mol. Biol. 63[5], 591-608.

Barozai, M.Y.K. and Wahid, H.A. 2012. In silico identification and
characterization of Cumulative abiotic stress responding genes in Potato [Solanum

tuberosum L.]. Pak. J. Bot. 44: 57-69.

Guo, P., Baum, M., Grando, S., Ceccarelli, S., Bai, G., Li, R., Korff, M.V.,
Varshney, R.K. Graner, A. and Valkoun, J. 2009. Differentially expressed genes
between drought-tolerant and drought-sensitive barley genotypes in response to

drought stress during the reproductive stage. J. Exp. Bot. 60: 3531-3544.

Cao, F., Chen, F., Sun, H., Zhang, G., Chen, Z-H. and Wu, F. 2014. Genome-wide
transcriptome and functional analysis of two contrasting genotypes reveals key

genes for cadmium tolerance in barley. BMC Genomics. 15:611

Saeed, A.l., Sharov, V., White, J., Li, J., Liang, W., Bhagabati, N., Braisted, J.,
Klapa, M., Currier, T., Thiagarajan, M., Sturn, A., Snuffin, M., Rezantsev, A.,
Popov, D., Ryltsov, A., Kostukovich, E., Borisovsky, L., Liu, Z., Vinsavich, A.,
Trush, V. and Quackenbush, J. 2003. TM4: a free, open-source system for

microarray data management and analysis. Biotechniques. 34[2]:374-378.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant, Cell and
Environ. 25[2]: 239-250.

Chaitanya, K.Y ., Sundar, D., Jutur, P.P. and Reddy, A.R. 2003. Water stress effects
on photosynthesis in different mulberry cultivars. Plant Growth Regulation. 40[1]:

75-80.

Zhang, T., Zhao, X., Wang, W., Pan, Y., Huang, L., Liu, X., Zong, Y., Zhu, L.,
Yang, D. and Fu, B. 2012. Comparative Transcriptome Profiling of Chilling Stress
Responsiveness in Two Contrasting Rice Genotypes. PLoS ONE. 7[8]: e43274.



225
226
227

228
229
230

231
232
233

234
235

236
237
238

239
240
241
242

243
244
245
246

247
248
249
250

251
252
253

254
255

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pandit, A., Rai, V., Sharma, T.R., Sharma, P.C. and Singh, N.K. 2011.
Differentially expressed genes in sensitive and tolerant rice varieties in response to

salt-stress. J. Plant Biochem. Biotechnol. 20: 149

Lenka, S.K., Katiyar, A., Chinnusamy, V. and Bansal, K.C. 2011. Comparative
analysis of drought responsive transcriptome in Indica rice genotypes with

contrasting drought tolerance. Plant Biotechnol..J. .9:315-327.

Wang, H., Shao, H. and Tang, X. 2016. Recent Advances in Utilizing
Transcription Factors to Improve Plant Abiotic Stress Tolerance by Transgenic

Technology. Frontiers in Plant Science. 7:67.

Jouyban, Z. 2012 The effects of salt stress on plant growth. Tech. J. Eng. Appl. Sci.
2: 7-10.

Alves, M.S., Dadalto, .S.P, Goncalves, A.B., De Souza, G.B., Barros, V.A. and
Fietto, L.G. 2013. Plant bZIP transcription factors responsive to pathogens: a
review. Int. J. Mol. Sci. 4:7815-7828.

Liao, Y., Zou, H.F., Wei, W., Hao, Y.J., Tian, A.G., Huang, J., Liu, Y.F., Zhang,
J.S. and Chen, S.Y. 2008. Soybean GmbZIP44, GmbZIP62 and GmbZIP78 genes
function as negative regulator of ABA signalling and confer salt and freezing

tolerance in transgenic Arabidopsis. Planta. 228:225-40.

Zhang, X., Wollenweber, B., Jiang, D., Liu, F. and Zhao, J. 2008. Water deficits
and heat shock effects on photosynthesis of a transgenic Arabidopsis thaliana

constitutively expressing ABP9, a bZIP transcription factor. J. Exp. Bot. 59: 839—
848.

Lakra, N., Nutan, K., Das, P., Anwar, K., Singla-Pareek, S.L. and Pareek, A. 2015.
A nuclear-localized histone-gene binding protein from rice [OsHBP1b] functions
in salinity and drought stress tolerance by maintaining chlorophyll content and

improving the antioxidant machinery. J. Plant Physiol. 176: 36-46.

Todaka, D., Nakashima, K., Shinozaki, K. and Shinozaki, K.Y. 2012. Toward
understanding transcriptional regulatory networks in abiotic stress responses and

tolerance in rice. Rice. 5: 6

Dubouzet, J.G., Sakuma, Y., Ito, Y., Kasuga, M., Dubouzet, E.G., Miura, S., Seki,
M., Shinozaki, K. and Yamaguchi-Shinozaki, K. 2003. OsDREB genes in rice,

8



256
257

258
259
260

261
262
263
264

265
266
267
268
269

270
271
272
273

274
275

276
277
278

279
280
281
282

283
284
285
286

25.

26.

27.

28.

29.

30.

31.

32.

Oryza sativa L., encode transcription activators that function in drought-, high-salt-

and cold-responsive gene expression. Plant J. 33: 751-763.

Katiyar, A., Smita, S., Lenka, S.K., Rajwanshi, R., Chinnusamy, V. and Bansal,
K.C. 2012. Genome-wide classification and expression analysis of MYB

transcription factor families in rice and Arabidopsis. BMC Genomics. 10: 13:544.

Lim, S.D., Hwang, J-G., Jung, C.G., Hwang, S-G., Moon, J-C. and Jang, C.S.
2013. Comprehensive Analysis of the Rice RING E3 Ligase Family Reveals Their
Functional Diversity in Response to Abiotic stress. DNA Research. 20[3]: 299-
314.

Tognetti, V.B., Van Aken, O., Morreel, K., Vandenbroucke, K., Van De Cotte, B.,
De Clercq, I, Chiwocha, S., Fenske, R., Prinsen, E. and Boerjan, W. 2010.
Perturbation of indole-3-butyric acid homeostasis by the UDP-glucosyltransferase

UGT74E2 modulates Arabidopsis architecture and water stress tolerance. The

Plant Cell Online. 22: 2660-2679

Farrokhi, N., Burton, R.A., Brownfield, L., Hrmova, M., Wilson, S.M,, Bacic, A.
and Fincher, G.B. 2006. Plant cell wall biosynthesis: genetic, biochemical and
functional genomics approaches to the identification of key genes. Plant

Biotechnol. J. 4: 145-167.

Kang, J., Park, J., Choi, H., Burla, B., Kretzschmar, T., Lee, Y. and Martinoia, E.
2011. Plant ABC Transporters. The Arabidopsis Book. 9:e0153.

Danyluk, J., Houde, M., Rassart, E. and Sarhan, F. 1994. Differential expression of
a gene encoding an acidic dehydrin in chilling sensitive and freezing tolerance

gramineae species. FEBS Lett 344:20-24.

Brini, F., Hanin, M., Lumbreras, V., Amara, 1., Khoudi, H., Hassairi, A., Pages, M.
aand Masmoudi, K. 2007. Overexpression of wheat dehydrin DHN-5 enhances
tolerance to salt and osmotic stress in Arabidopsis thaliana. Plant Cell Rep. 26:

2017-2026.

Kumar, M., Lee, S., Kim, J., Kim, S., Aye, S. and Kim, S. 2014. Over-expression
of Dehydrin Gene, OsDhnl, Improves Drought and Salt Stress Tolerance Through
Scavenging of Reactive Oxygen Species in Rice [Oryza sativa L.]. J. Plant Biol.
57: 383



UNDER

287

288

289
290

291

292

293
294

PEER REVI EW

[72]
&)
m
o
ks ®DOWN REGULATED
2‘ GENES
® UP REGULATED GENES
5 TOTAL DIFFERENTIALLY
EXPRESSED GENES

Fig. 1: differential expression of genes [DEGs] under each stress and combined stress.

0501 Os02 Os03 0504 0505 0506 0507 0508 0s09 Os10 Osi1 Os12
o il — e > = = - = = = ’

0 Mb e H

IT1

45 Mhb

Fig. 2: Physical position of candidate gene on respective chromosome [chromosomes

arranged in ascending order from 1 to 12].

10



295

296
297
298

299
300

DROUGHT STRESS

w
=]
=
E
w
e
B
=
=
=1
i
=
o

.81 _at
.81 _at
-8S1_at
.81"at
©s.6043.1.81_ at

Os.7286.2.81_s_at

FREFFFERFRRRRRORRRE- .
>
F
2
¥

©s.9067.1.81_at
OsAEEx.15154.1.81_at
OsAffx.17366.1. 81 at

Fig. 3: MEV analyses for genes commonly expressed genes for salt and drought stress

[colour gradient towards red indicates up-regulation and gradient towards green implies

down-regulated genes].

Table. 1: Functional annotation of candidate genes commonly expressed undet combined

stress.

Probe ID Locus ID Chr. | Start [bp] | End [bp] | Putative function
0s.41164.1.S1_at 0s01g63180.1 | 01 36616801 | 36621516 | laccase-6 precursor

MYB family transcription
0s.10172.1.51_at 0s01g44390.1 | 01 25461991 | 25463691 | factor

MYB family transcription
0s.51460.1.51_at 0s02g41510 02 24878775 | 24879934 | factor

pectinesterase inhibitor
0s.53660.1.S1_at 0s02g33380.1 | 02 19834281 | 19835139 | domain containing protein

ethylene-responsive
0s.8149.1.51_at 0s02g43790.1 | 02 26422182 | 26423485 | transcription factor

MYB family transcription
0s.27807.1.S1_a_at | 0s02g46030.1 | 02 28041115 | 28044149 | factor
0s.140.3.S1_x_at 0s03g01740.1 | 03 470268 471096 expressed protein

CAF1 family ribonuclease
0s.16198.1.S1_at 0s04g58810.1 | 04 34980601 | 34982203 | containing protein

UDP-glucoronosyl/UDP-
0s5.6043.1.S1_at 0s04g12960.1 | 04 7153701 7156100 | glucosyl transferase

basic helix-loop-helix family
0s.11773.1.S1_at 0s04g23550.1 | 04 13466420 | 13468869 | protein
0s.51741.1.51_at 0s05g27730 05 16150266 | 16152747 | WRKYS53, expressed
OsAffx.15154.1.51_a
t 050525920 05 15077666 | 15078358 | expressed protein
0s.7246.2.51_s_at 0s05g48650.1 | 05 27883503 | 27884410 | transcription factor HBP-1b
0s.34161.1.51_at 0s06g27560.1 | 06 15601591 | 15603932 | Glycosyl transferase protein

11




301

0s.37255.1.A1_at 0s06g03700.1 | 06 1459192 1464339 | oligopeptide transporter

early nodulin 93 ENOD93
0s.20817.1.S1_at 0s06g04940.1 | 06 2175882 2176926 | protein
0s.2677.1.51_at 0s07g03870.1 | 07 1612858 1616245 | receptor like protein kinase

glycosyl transferase 8 domain
0s5.9067.1.51_at 0s07g48830.1 | 07 29220283 | 29221843 | containing protein
0s.55221.1.51_at 0s07g44140.1 | 07 26382581 | 26385011 | cytochrome P450 72A1

Plant PDR ABC transporter
0s.12452.1.51_s_at 0s08g43120.1 | 08 27268083 | 27277540 | associated domain
0s.23207.1.S1_at 0s08g36910 08 23340676 | 23343533 | alpha-amylase precursor
OsAffx.17366.1.51_a plastocyanin-like domain
t 0s08g04340.1 | 08 2129613 2130615 | containing protein

AP2  domain  containing
0s.21894.1.51_at 0s08g36920.1 | 08 23353882 | 23355003 | protein

glycine-rich cell wall
0s.27138.1.51_at 0s10g31720.1 | 10 16625819 | 16626573 | structural protein 2 precursor

transporter family protein,
0s.28435.5.S1_x_at | Os10g21590.2 | 10 11053081 | 11055159 | putative

flavonol synthase/flavanone
0s.51718.1.S1_at 0s10g40934.1 | 10 21988523 | 21993310 | 3-hydroxylase
0s.12633.1.S1_s_at Os11g26780.1 | 11 15336034 | 15337163 | Dehydrin
0s.36558.1.S1_x_at | Os11g26790.1 | 11 15342564 | 15343857 | Dehydrin
0s.13516.1.S1_at 0s11g02290 11 651185 652057 expressed protein

Ser/Thr protein phosphatase
0s.27497.1.S1_at 0s12g05540.1 | 12 2535821 2539020 | family protein

transposon protein, putative,
0s.42421.1.S1_at 0s12g12390.1 | 12 6821234 6822471 | CACTA

Chr. : chromosome, bp: basepair
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