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SUMMARY
The available drought responsive ESTs (673) sequences of Carthamus tinctorius were aligned with the genomic
sequences of two model plants Arabidopsis thaliana, Medicago truncatula, two cereal crop plants rice, sorghum and
one oil yielding crop soybean for the development of intron- flanking EST-primers. We have developed total of 50
orthologous conserved primers in our study. We have identified highest number of conserved primers from soybean
after Arabidopsis which reflects conserved evolution of drought responsive conserved sequences or primers in
safflower and soybean. There may be similar patterns of synteny across the safflower, soybean genomes at least for
drought responsive genes. We have successfully obtained 52% of e-PCR products (> 300 bp) in Arabidopsis, 85% in
rice, 80% in sorghum, 92% in soybean and 85% in Medicago. Based on our results, we recommend that for in silico
ILP markers identification in safflower, soybean genomic resources can be used rather than model crop plant. Out of
50 annotated sequences containing ILP markers, only 23 sequences were identified for expressed proteins and can
be considered as safflower stress-responsive proteins/genes. The present study highlights the importance of
investigating the genes which interact with ILP markers and suggests following the behavior of marker-related genes
at protein level. The ILP markers developed from our study will be of particular use for molecular breeding,
screening and development of drought tolerant genotype in safflower.
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INTRODUCTION
Safflower (Carthamus tinctorius L.) in India is
cultivated mainly for the high quality edible oil
extracted from the seeds. In some part of the
country it has been grown for centuries for the
orange-red dye (carthamin) extracted from its
brilliantly colored flowers (Mukta et al., 2012)
and for its oil rich in polyunsaturated fatty acids
(linoleic acid, 78%). Many types of molecular
markers have been developed since 1980, such

as restriction length polymorphism (RFLP),
(Botstein et al., 1980), random amplified
polymorphic DNA (RAPD), (Williams et al.,
1990), amplified fragment length polymorphism
(AFLP), (Vos et al., 1995), simple sequence
repeat polymorphism (SSR), (Becker and
Heun,1995), intron length polymorphism (ILP),
(Choi et al., 2004) etc. Molecular markers
obtained from the non-functional region of the
genome are mostly preferred for physical
phylogenetic analysis and inferring taxon
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sequences of rice, sorghum, soybean and
Medicago. Third, to functionally annotate EST
derived ILPs for their putative functions in
drought ESTs library.

relatedness. Particularly the introns (originally
thought of as junk DNA) that are widespread
and abundant in eukaryotic genomes (Hawkins
et al., 1988) are now-a-days commonly used as
sources of DNA polymorphism. Since introns
have no functional significance (although may
influence the level of the gene expressions), they
are common variable than coding sequences
(Wang et al., 1988). Introns between genotypes
show polymorphism due to differences in
sequences, number of repetitions of simple
sequences in length. But it is easy to detect
intron length polymorphism (ILP) between the
populations of genotypes using conventional
PCR. To amplify introns by PCR, primers are
generally designed based on the flanking exonscalled as exon-primed intron-crossing PCR
(EPIC-PCR) (Palumbi et al., 1995). The
advantage of this technique is that the primers
designed based on the genome sequences of
model plant like Arabidopsis could also be used
to amplify introns from the non-model plants.
Among the major oilseed crops
safflower is relatively more adaptable to drought
and saline conditions (Weiss et al., 2000;
Mohammad et al., 2011) however, with lower
crop yield. Moisture deficit stress is one of the
major abiotic factors for severe yield loss in
safflower. There has been only limited
information with respect to abiotic stresses and
genetic control of tolerance in safflower (Singh
et al., 2007). As for the plants with unknown
genomic sequences, developing ILP markers is
limited by lack of genomic sequences (Li and
Brutnell, 2011). For the development of ILPs we
have used our laboratory generated drought
responsive 673 Expressed Sequence Tags
(ESTs) (Thippeswamy et al., 2012). To our
knowledge, there is no published information on
the development of drought responsive ILPs
marker in safflower. Also, the number and kind
(either gene specific or sequence specific)
markers developed are less in safflower
compared to other oilseeds crop. By considering
the above facts, the primary goal of the present
study was to develop a set of ILPs markers from
our already published drought responsive EST
library generated from drought tolerant
safflower cultivar A1. Second, to study
distribution on chromosomes for the ESTs
containing ILPs by using the whole genome

MATERIALS AND METHODS
Development of intron-flanking EST-primers
We have used two model plants Arabidopsis
thaliana, Medicago truncatula, two cereal crop
plants Rice, Sorghum and one oil yielding crop
soybean for the development of intron- flanking
EST-primers. The genome sequences (with
intron and UTRs) of Arabidopsis, rice, sorghum,
soybean and Medicago were downloaded from
reference databases to find out the homolog
sequences corresponding to the drought ESTs
sequences of Carthamaus tinctorius (Safflower)
using BLASTN search. We used a high e-value
(10-10) for the BLASTN to remove prologues.
Intron–flanking EST-primers were designed
based on the “exon/exon” junction site
information, inferred from the pair-wise
alignments between the ESTs of the safflower
and their homolog exonic sequences from all the
crops. As per this pair-wise alignment strategy
the predicted “exon/exon” junctions from
safflower ESTs are essentially corresponded to
“exon/intron” junctions (splice sites) in all
genomic sequences. The forward and reverse
primers were designed using Primer3 (Rozen et
al., 2000) with default setting based on the EST
sequences that flanks at least two exon/exon
junctions. These primers were expected to span
the predicted safflower intron regions in a PCR.
Percentage of the identified primers was
calculated as total number of primers identified
to total number of sequence used for the
identification of conserved primers expressed in
percentage.
In silico PCR and mapping of ILPs markers
We tested the designed primers by electronic
PCR (e-PCR). Further, we have validated our
results
by
using
online
PCR
(http://biocompute.bmi.ac.cn/lab/MFEprimer2.0/) genomic sequences for Arabidopsis and
rice, respectively. PCR conditions used as,
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optimum annealing temperature 55 – 61oC with
60oC as the optimum, and a minimum GC
content of 30%, with 50% being the optimum.
The ILP marker containing EST sequences were
BLAST-searched against the genome sequences
at Phytozome (http://www.phytozome.net) (9.1
version) to find each ILP marker’s chromosome
position on rice, sorghum, soybean and
Medicago. The default setting parameters were
used for the entire BLAST search for each of the
ILP marker containing EST sequences.

length of the sequences containing conserved
primers was highest for Arabidopsis followed by
soybean. Details of conserved primers identified
from reference genome of Arabidopsis, rice,
sorghum, soybean, Medicago and in silico PCR
results are presented in Table 2. The product size
ranged from 228-787 bp in case of Arabidopsis,
214-926 bp for rice, 267-1664bp for sorghum,
238-1329 bp for soybean and for Medicago 3161276 bp. Another area of research to study
distribution on chromosomes for the ESTs
containing ILPs by using the whole genome
sequences of rice, sorghum, soybean and
Medicago. The ILP containing EST sequences
were BLAST-searched against the genome
sequences at Phytozome to find each ILPs
marker’s chromosome position on rice,
sorghum, soybean and Medicago (Figures 1, 2, 3
and 4). For rice seven ILPs were localized on
chromosome, 2, 3, 6, for sorghum, 1, 4 and 10,
for soybean one to eight and for Medicago 1,5
and 8. It is interesting to note that drought
responsive safflower EST containing conserved
primers are same for rice and sorghum (Table 2)
but the distributions on chromosomes of these
identified ILPs are different in Figures 1 and 2.
A total of 50 ILP markers were
identified from drought responsive ESTs in our
study which were used for similarity search to
identify their putative function. The ILP marker
containing sequences were matched to proteins
having distinct molecular functions such as
binding, catalytic, different biological processes,
and cellular and sub-cellular organization. Out
of 50 identified sequences, only 23 sequences
were identified for annotated proteins and can be
considered as safflower stress-responsive
proteins/gene are presented in Table 3. For rest
of the sequences no information is available in
non-redundant (nr) protein database and can be
considered unique to safflower.

Assessment of functional relevance of EST
sequences having ILP markers
Sequences containing ILP were physically
searched and sorted out. Each sequence from
drought responsive EST library containing ILP
were used for similarity search using
BLAST2GO (Conesa et al., 2005) to identify
their putative function and were run against the
non-redundant (nr) protein database of the NCBI
(http://www.ncbi.nlm.nih.gov/blast).
The
obtained hits were compiled (Conesa et al.,
2008). Sequences not showing any match were
considered as unique to the safflower species.

RESULTS
In current study, EST-PCR primers were
designed based on the predicted exon/intron
junction sites in drought responsive ESTs of
safflower. Using BLASTN, out of 673 droughts
responsive EST sequences of safflower, we
detected less than 1% homologs with
Arabidopsis, rice, sorghum, soybean and
Medicago, it may be due to fact that the drought
responsive ESTs were limited. We have
identified 16 conserved primers from
Arabidopsis, 13 from soybean, 7 each from rice,
sorghum and Medicago are presented in Table1.
Percentage of the identified primers was highest
for Arabidopsis followed by soybean. Base pair
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Table 1. Number of conserved primers identified and other attributes studied.

Arabidopsis
Rice
Sorghum
Soybean
Medicago

Conserved
primers
identified
16
7
7
13
7

Percentage of the
identified primers
2.75
1.04
1.04
1.93
1.04

Base pair length of the
sequences containing
conserved primers
9175
4210
4210
8478
4809

Average length of
the sequence in
base pair
573.43
601.42
601.42
652.15
687.0

Table 2. Conserved primers identified from reference genome of Arabidopsis, rice, sorghum, soybean,
Medicago and in silico PCR results.

Sequence ID

Conserved
primer
identified from
reference
genome

Sequence

Length

tm

Product
Size
(bp)

Sequence
Length
(bp)

Arabidopsis
GW584142

1(2969228 2969551)

GW584142_1

2(4820384 4820676)

GW584199

3 (10069929 10070266)

GW584053

4(1361565 1361948)

GW584053_1

5 (16871751 16872648)

GW584256

6(2818418 2819058)

GW584250

7(2824001 2824662)

GW584250_1

8 (6754088 6754919)

GT155311

9(6758937 6759333)

GT155311_1
GT155311_1

10(2937736 2938205)

EL611934

11 (1604490 1605194)

EL611934_1

12(15394753 -

F-CAGAAAGTGTGCCAGAGTTCA
R-GAATATCTCCCACGGCATGA

21
20

59.07
60.83

236

329

F-CAGAAAGTGTGCCAGAGTTCA
R-GAATATCTCCCACGGCATGA

21
20

59.07
60.83

230

323

F-ATTCTTGGATGGTGGTGTCC
R-TCGCGTAACATCTGAAGCAC

20
20

59.64
60.02

228

292

F-TTGGTGGCGGTAAATCAACT
R-CACCACGGATCTTCTTCGAT

20
20

60.37
60.07

318

337

F-TTGGTGGCGGTAAATCAACT
R-CACCACGGATCTTCTTCGAT

20
20

60.37
60.07

364

383

F-ACCAGCAAGATCCTCTCGAA
R-TTCCGGAGTCTTTCCTTTGA

20
20

59.95
59.78

787

897

F-CTTCCACGTTGCTGAGGTTT
R-GCAATCACCTCGTCAATTCC

20
20

60.29
60.47

392

640

F-CTTCCACGTTGCTGAGGTTT
R-GCAATCACCTCGTCAATTCC

20
20

60.29
60.47

413

661

F-ATCCTGGATCAAGCCCTTCT
R-TTCCCTCAAAGCAAACATCC

20
20

60.04
60.05

F-CTGGATCAAGCCCTTCTCAG
R-CTTAAGCTCGGCACCAGAAG

20
20

59.94
60.15

363

396

F-CTGAAGCCTGGTGATTTGGT
R-GGTGGACGGATCCCTAATTT
F-GAGTCAAGGCCATGGAGGT

20
20
19

60.11
60.02
60.06

324

469

575

704
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15395206)

EL611906

13(15398455 15398878)

EL611906_1

14(23920205 23920766)

EL611884

15(23246704 23247071)

EL611875

16(23246704 23247071)

GW584250

1(5920104 5920576)

GT155311

2(24564077 24564472)

GT155311_1

3(32288239 32289012)

GT155488

4(19617563 19618428)

GT155488_1

5 (3690655 3691593)

EL611934

6(35123478 35124473)

EL611934_1

7 (35123478 35124473)

GW584250

1 (7324804 7325295)

GT155311

2(51844248 51844643)

GT155311_1

3(6455264 6455836)

GT155488

4(4880272 4881207)

GT155428

5 (4509057 4510563)

EL611934

6(66073094 66074104)

R-TCTTTGGCCAGTTGAAATGC

20

61.15

F-TGACTACCTTCTCCGCAACA
R-AATCCGAATAAACGCACTCG

20
20

59.44
60.1

383

453

F-TGACTACCTTCTCCGCAACA
R-AATCCGAATAAACGCACTCG

20
20

59.44
60.1

353

423

F-ATGCACAAGAGACGTGCAAC
R-CGAACAGTCTTGTTGCTGGA

20
20

59.91
60.02

296

561

F-GCTCATCAACTGCAGGAACA
R-TGATGACTGAATCACCTCGAA
Rice

20
21

59.99
59.23

284

367

F-CTTCCACGTTGCTGAGGTTT
R-GCAATCACCTCGTCAATTCC

20
20

60.29
60.47

825

1082

F-GCTCGATGGATTTGAAGCAT
R-CTTAAGCTCGGCACCAGAAG

20
20

60.19
60.15

214

472

F-CTGGATCAAGCCCTTCTCAG
R-CTTAAGCTCGGCACCAGAAG

20
20

59.94
60.15

285

395

F-CCCTCGTCCCATAACTGTGA
R-CACTCACCACCAGGTCCTTT

20
20

60.91
60

655

773

F-CCCTCATGTCAACCGTACTGA
R-CACTCACCACCAGGTCCTTT

21
20

60.96
60

811

865

F-CTGAAGCCTGGTGATTTGGT
R-GGTGGACGGATCCCTAATTT

20
20

60.11
60.02

410

937

F-CTGAAGCCTGGTGATTTGGT
R-TCTTTGGCCAGTTGAAATGC
Sorghum

20
20

60.11
61.15

926

995

F-CTTCCACGTTGCTGAGGTTT
R-GCATTGTCCTTGGCAATCTT

20
20

60.29
60.08

1364

1597

F-CTGGATCAAGCCCTTCTCAG
R-CTTAAGCTCGGCACCAGAAG

20
20

59.94
60.15

267

490

F-CTGGATCAAGCCCTTCTCAG
R-CTTAAGCTCGGCACCAGAAG

20
20

59.94
60.15

276

395

F-CCCTCGTCCCATAACTGTGA
R-CACTCACCACCAGGTCCTTT

20
20

60.91
60

453

571

F-CACAGTGCAAGGGTGAGAAA
R-GGGCATTCCTTCATCGTTTA

20
20

59.87
59.9

762

935

F-CTGAAGCCTGGTGATTTGGT

20

60.11

413

1505

60
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EL611934_1

7(66073094 66074104)

GW584142

1(5898854 5899257)

GW584112

2(525242 525942)

GW584014

3(18271149
- 18272876)

GT155311

4 (186109 187526)

GT155311_1

5(9190334 9191026)

GT155503

6(48496994
- 48497724)

GT155503_1

7(10813685
- 10814778)

GT155488

8 (6946166 6947281)

GT155488_1

9(433555 433983)

GT155488_2

10(45558189
- 45558664)

EL611934

11(43470311
- 43470929)

EL611884

12(37092636
- 37094450)

EL611909

13(37092636
- 37094450)

GW584165

1(16217942
- 16219240)

GW584053

2 (8208607 8209844)

R-GGTGGACGGATCCCTAATTT

20

60.02

F-CTGAAGCCTGGTGATTTGGT
R-TCTTTGGCCAGTTGAAATGC
Soybean

20
20

60.11
61.15

947

1010

F-CAGAAAGTGTGCCAGAGTTCA
R-GAATATCTCCCACGGCATGA

21
20

59.07
60.83

238

331

F-TCCAGTCGCCAAACTCTTTC
R-ACAAGACGGTCTGGCAGTTT

20
20

60.38
59.77

333

403

F-GTGGCCAAAGCTTCATTGAG
R-AAACAGCTGAACCAGCAACC

20
20

60.78
60.3

654

700

F-ATCCTGGATCAAGCCCTTCT
R-TTCCCTCAAAGCAAACATCC

20
20

60.04
60.05

1329

1725

F-ATCCTGGATCAAGCCCTTCT
R-TTCCCTCAAAGCAAACATCC

20
20

60.04
60.05

1287

1416

F-AGCCGAGCCTCTTCTTCTCT
R-GAGCTCCCTTTCCTGTGATG

20
20

59.86
59.8

486

692

F-AGCCGAGCCTCTTCTTCTCT
R-GAGCTCCCTTTCCTGTGATG

20
20

59.86
59.8

526

730

F-CCCTCGTCCCATAACTGTGA
R-CACTCACCACCAGGTCCTTT

20
20

60.91
60

978

1093

F-CCCTCGTCCCATAACTGTGA
R-CACTCACCACCAGGTCCTTT

20
20

60.91
60

1000

1115

F-TTTCTGAGGATGGATTTGTGAG
R-CACTCACCACCAGGTCCTTT

22
20

59.17
60

345

428

F-CTGAAGCCTGGTGATTTGGT
R-GGTGGACGGATCCCTAATTT

20
20

60.11
60.02

337

475

F-ATGCACAAGAGACGTGCAAC
R-CGAACAGTCTTGTTGCTGGA

20
20

59.91
60.02

354

618

F-GATGGCCTCTTTGACTGAGC
R-CACAAACACCCGTTTCAACA
Medicago

20
20

59.96
60.44

1045

1813

F-TGTACAATCGCCGAAACAAG
R-TTACGCATGCATTTCTCCAA

20
20

59.73
60.22

316

411

F-TTGGTGGCGGTAAATCAACT

20

60.37

1276

1298

61
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GW584256

3 (12391891
- 12392282)

GT155399

4 (12399698
- 12400092)

GT155399_1

5 (17554171
- 17554634)

EL611934

6 (2189918 2191108)

EL611884

7(2189918 2191108)

R-CACCACGGATCTTCTTCGAT

20

60.07

F-ACCAGCAAGATCCTCTCGAA
R-CCCTACGAACCTCCTCTTCC

20
20

59.95
60.07

1218

1237

F-GTGGAGCGATGGGTATTCTG
R-ATCCATGTCAGCCTTGTTCC

20
20

60.48
59.93

371

391

F-GTGGAGCGATGGGTATTCTG
R-ATCCATGTCAGCCTTGTTCC

20
20

60.48
59.93

374

394

F-CTGAAGCCTGGTGATTTGGT
R-GGTGGACGGATCCCTAATTT

20
20

60.11
60.02

328

463

F-ATGCACAAGAGACGTGCAAC
R-GCCACTTCACATTTCCACCT

20
20

59.91
59.97

972

1190

Figure 1. Distribution pattern of seven identified ILP markers on rice chromosomes.

Figure 2. Distribution pattern of seven identified ILP markers on sorghum chromosomes.
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Figure 3. Distribution pattern of thirteen identified ILP markers on soybean chromosomes.

Figure 4. Distribution pattern of seven identified ILP markers on Medicago chromosomes.
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Table 3. Functional annotations of ESTs containing ILP markers in drought responsive ESTs.
S.
No
1

Seq.
Name/Acc.#
GW584142

Seq. Description
protein

Seq.
Length(bp)
330

Min. e
Value
2.89E-66

2

GW584142_1

protein

330

2.89E-66

3

GW584199

glycolate oxidase

521

1.70E-59

4

GW584053

40s ribosomal protein s24-2-like

569

4.20E-33

5

GW584053_1

40s ribosomal protein s24-2-like

569

4.20E-33

6

GW584256

skp1-like protein 3

656

3.95E-69

7

GW584250

atp synthase subunit mitochondrial-like

668

3.55E-94

8

GW584250_1

atp synthase subunit mitochondrial-like

668

3.55E-94

9

GT155311

26s protease regulatory subunit 8

655

5.37E-99

10

GT155311_1

26s protease regulatory subunit 8

655

EL611934

26s protease regulatory subunit 6a homolog a-like

490

EL611934_1

26s protease regulatory subunit 6a homolog a-like
ribulose- -bisphosphate carboxylase oxygenase small subunit
protein
ribulose- -bisphosphate carboxylase oxygenase small subunit
protein

490

5.37E-99
1.65E113
1.65E113

646

5.26E-81

646

5.26E-81

11
12
13
EL611906
14
EL611906_1
15

EL611884

40s ribosomal protein s8

734

7.13E-99

16

EL611875

small nuclear ribonucleoprotein d2

548

1.87E-59

17

GT155488

eukaryotic translation initiation factor 5a-like

626

1.63E-68

18

GT155488_1

eukaryotic translation initiation factor 5a-like

626

1.63E-68

19

GW584014

ribulose-phosphate 3- chloroplastic-like

785

1.89E-88

20

GT155503

photosystem ii 22 kda protein

751

EL611909

glucose-6-phosphate phosphate translocator-like protein

777

GW584165

proteasome subunit beta type-4-like

690

5.08E-99
5.32E149
5.40E100

GT155399

ras-related protein ara-3

745

2.24E-64

21
22
23

molecular
markers
development.
ESTs
sequences generated from plants are valuable
sources of information for PCR-based genespecific marker studies and gene mapping
(Kumar et al., 2012). Expressed sequence tags
(ESTs) based approach could give substantial
information not only about stress responsible
gene expression but also about novel genes.
However, as result of unavailability of genomic
DNA sequences in many non-model plants, the
potential utility of PCR-based EST markers (in
terms of their ability to generate high frequency
of band polymorphism) has not been fully

DISCUSSION
Moisture deficit stress is one of the major abiotic
factors for severe yield loss in safflower. There
has been only limited information with respect
to abiotic stresses and genetic control of
tolerance in safflower (Singh et al., 2007). Due
to generation and availability of huge genomic
information for the crop plants, the in silico
studies i.e. performed on computer or via
computer simulation are important areas of
interest for genomic researchers for comparative
genomics study (Dudhe et al., 2012) and for
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oxygenase small subunit protein in rice under
drought stress (Kuixian Ji et al., 2012). In
Arabidopsis 26S proteasome subunit, RPN1a is
required for optimal plant growth under water
and for salinity stress response (Songhu et al.,
2009).
The
ribulose-3-bis-phosphate
carboxylase/oxygenase small subunit (Rbcs), is
acute sensitive to combined light and drought
stress in Arabidopsis (Michel et al., 2007).
Eukaryotic translation initiation factor 5a-like
shows, plant growth regulation and stress
responses in plants (Takahashi et al., 1999).
Isoenzyme replacement of glucose-6-phosphate
dehydrogenase in the cytosol improves stress
tolerance in plants (Judith et al., 2009).
Annotated ESTs containing ILP markers
in drought responsive EST linked to above
candidate protein/genes can be considered as
potential candidate genes for drought tolerance.
To validate the results obtained in this study, the
wet lab studies are recommended for future. This
study highlights the importance of investigating
the genes which interact with ILP markers and
suggests following the behavior of markerrelated genes at protein level. Identification of
genes underlying drought stress will facilitate
understanding of molecular mechanisms and
will lead to genetic improvement of safflower
through marker-assisted selection (MAS). The
present study gains importance by adding the
ILP markers to the genomic resources of
safflower for future use in breeding and
safflower improvement. The ILP markers
developed from our study will be of particular
use for molecular breeding, screening and
development of drought tolerant genotype in
safflower.

exploited. It is generally believed that intron
regions are more divergent than exons (Choi et
al., 2004). Therefore, the EST-PCR primers that
are designed anneal to exons, amplify across
introns regions and resulted in relatively higher
band polymorphism.
We have developed total of 50
orthologous conserved primers in our study. We
have successfully obtained 52% of e-PCR
products (> 300 bp) in Arabidopsis, 85% in rice,
80% in sorghum, 92% in soybean and 85% in
Medicago. Further, we have validated our results
by using online PCR genomic sequences for
Arabidopsis and rice, respectively in order to test
the working nature of the primer and found to be
yielding suitable amplicon size. Recently,
(Kumar et al., 2012) successfully exploited ILP
markers for the characterization of Artemisia
annua genotypes. In our study, all the identified
ILP markers from rice, sorghum and Medicago
were distributed on three chromosomes but the
chromosome number varies as per the species.
The most varied distribution pattern was
identified for soybean, where all thirteen ILPs
which were localized on eight chromosomes or
at least one marker per chromosome. We have
identified highest number of conserved
primers/markers from soybean after Arabidopsis
which also reflects conserved evolution of
drought responsive conserved sequences or
primers in safflower and soybean. Another
reason could be safflower and soybean both are
oil yielding crop and there may be the similar
patterns of synteny across the safflower, soybean
genomes at least for drought responsive genes.
Based on our results we recommend that in
future for in silico ILP markers identification in
safflower, soybean genomic resources can be
used rather than model crop plants. In our
earlier studied carried out for identification of
conserved domains in safflower we have shown
that the conserved domains or regions identified
from safflower are common in maize, rice and
Arabidopsis (Dudhe et al., 2012) which supports
our present findings. When we searched
information on the identified proteins through
literature search, four proteins have proven role
under drought stress or for other stresses in other
crop plants. The plant protein showing the
strongest response to drought stress was
identified as ribulose- bisphosphate carboxylase
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