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ABSTRACT

A significant progress has been made in the expression profiling of living organism with invention of real time
PCR, because this method is one of the suitable methods for evaluating the gene expressions . In this method, it is
crucial to control the error observed between samples. Normalization with a housekeeping gene is widely utilized
to check the errors observed among samples in this method. In the current study, expression patterns of 10
housekeeping genes under salinity stresses were evaluated. eight-week old plants were evaluated under salinity
stress at concentrations of 0, 200 and 400 Mm. Leaves and roots Samples were collected from the treated plants at
0, 6, 12, 24, 48 and 72 hour post treatment. Expression analysis of the obtained data was performed via geNorm
software and it was shown that the elF-4a as well as ACT7 genes in the root tissues and GAPDH and ACT11 in the
leaf tissues was constitutively expressed. Based on the results of the analysis trough Best Keeper, the elF-4a gene
(in root) and UBQ10 and elF-4a (in leaf) showed the highest correlation with the index of BestKeeper. Thus, it
was concluded that the elF-4a, ACT7, GAPDH, UBQ10 and ACT11 genes could be considered as suitable
housekeeping genes to be used in the normalization of the derived from Rice.
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Table 1- The primer sequences of housekeeping genes used in this study

Annealing
Gene description Gene Name Sequence of primer (5°-3) temperature Length (bp)
(0
. CAGCCACACTGTCCCCATCTA 58
Actin 11 ACT11 AGCAAGGTCGAGACGAAGGA T3 67
: CTTCCCTCAGCACCTTCCAA 56
Actin 7 ACTT GGTCCAGCTTTCACACTCCAT = 110
Eukaryotic elongation factor eEF-1a TTTCACTCTTGGTGTGAAGCAGAT 57 103
1-alpha GACTTCCTTCACGATTTCATCGTAA 57
Glyceraldehyde-3-phosphate GAPDH AAGCCAGCATCCTATGATCAGATT 56 79
dehydrogenase CGTAACCCAGAATACCCTTGAGTTT 57
. GCTGACCACACCTAGCTTTGG 57
Beta-tubulin b-TUB AGGGAACCTTAGGCAGCATGT = 82
L TTGTGCTGGATGAAGCTGATG 56
Eukaryotic initiation factor 4a elF-4a GGAAGGAGCTGGAAGATATCATAGA o 76
A TGGTCAGTAATCAGCCAGTTTGG 57
Ubiquitin 10 UBQ10 GCACCACAAATACTTGACGAACAG = 81
P ACCACTTCGACCGCCACTACT 60
Ubiquitin 5 UBQS ACGCCTAAGCCTGCTGGTT - 69
. CTACGTCCCTGCCCTTTGTACA 59
18S ribosomal RNA 18S rRNA ACACTTCACCGGACCATTCAA — 65
. AAGGCCGAAGAGGAGAAAGGT 58
25S ribosomal RNA 25S rRNA CGTCCCTTAGGATCGGCTTAC = 68
8ly Olej Sl lo ey 28Ty 2=V Jgoor
Table 2- Components of master mix used in Real time PCR
Material Concentration Volume (ml)
iQ™ SYBR® Green Supermix 1X 125
Primer (Forward) 10 Pmol 1
Primer (Reverse) 10 Pmol 1
cDNA 250 ng 5
Strile Water 5.5
Total volume 25
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Figure 1- Amplification curve (left) and melting curve (right) in rice roots and leafs related to elF-4a
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Table 3- Descriptive statistics of housekeeping genes in roots and leaves of Rice

Gene UBQ10 UBQ5 elF-4a GAPDH ACT11 ré?\lsA eEF-l1a ACT7 ré?\lsA b-TUB
Minimum Root 20.57 26.50 25.35 23.05 23.75 12.20 25.26 23.53 13.75 27.4
Shoot 20.57 29.40 24.82 23.05 23.75 12.27 25.26 23.53 13.52 21.73
Maximum Root 32.99 35.20 32.38 32.16 33.16 21.10 40.70 30.09 27.97 31.94
Shoot 32.99 35.75 32.09 32.16 33.16 22.96 40.70 30.09 27.19 26.38
Standard Root 2.81 1.25 1.22 244 2.22 197 3.68 1.45 3.14 1.25
deviation Shoot 2.43 1.26 1.83 2.56 2.07 1.90 4,17 1.46 3.19 1.07
CV (%) Root 11.34 4.07 7.73 9.16 7.79 12.21 12.24 5.31 16.00 4.26
Shoot 10.18 4.08 6.56 9.85 7.42 12.16 13.37 5.39 16.57 453
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Table 4- Correlation analysis of housekeeping genes based on BrstKeeper Index in Rice

258

188

b-TUB RNA ACT7 eEF-la RNA ACT11 GAPDH elF-4a UBQ5 UBQ10
255 rRNA Root 0.017
Shoot -0.116 -
ACT7 Root 0. 100 0.103
Shoot -0.328 0.118 -
eEF-1a Root 0.003 -0.183 -0.008
Shoot -0.208 -0.024 -0.016 -
Root -0.012 0.075 0..0290 0.052
185 rRNA Shoot -0.501 0.304 0.396 0.134
ACTIL Root -0.065 0.010 0.211 -0.061 0.408
Shoot -0.251 0.216 0.107 -0.028 0.725 -
GAPDH Root 0.035 0.173 0.224 -0.096 0.271 0.755
Shoot -0.186 -0.031 0.103 -0.052 0.405 0.748 -
elF-4a Root -0.149 0.326 0.432 0.045 0.495 0.624 0.648
Shoot -0.454 0.115 0.303 0.176 0.694 0.583 0.720 -
UBQS Root -0.178 0.082 -0.006 0.403 -0.073 0.122 0.350 0.369
Shoot -0.414 0.035 0.352 0.476 0.409 0.289 0.381 0.410 -
UBQ10 Root -0.116 0.147 0.373 0.055 0.498 0.789 0.544 0.869 0.179
Shoot -0.502 0.272 0.381 0.131 0.975 0.728 0.521 0.823 0.391 -
Root 0.031 0.438 0.458 0.230 0.596 0.694 0.696 0.885 0.383 0.818
Bestkeeper
Shoot -0.422 0.473 0.402 0.347 0.087 0.074 0.583 0.886 0.578 0.891
_value Root 0.882 0.032 0.024 0.279 0.002 0.001 0.001 0.001 0.064 0.001
P Shoot 0.081 0.047 0.098 0.158 0.001 0.001 0.011 0.001 0.012 0.001
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Figure 2- Average values (M) of expression stability and ranking of housekeeping genes analyzed by
geNorm in root (above figure) and leaf (bottom figure)
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Figure 3- Determination the optimal number housekeeping genes for normalization in Rice. Using the cut-off value

V=0.15 (above and below figure is related to root and leaf respectively).
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