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Abstract
Objective
Gene expression studies by Real-Time PCR constitute a powerful tool to analyze the
mechanisms underlying plant biotic-stress tolerance. One of the crucial steps of this
technique is the selection and validation of reference genes to normalize target gene
expression under different stress conditions. In this study, the expresion of candidate gene

in oryza sativa was investigated under biotic stress at different developmental stages.

Materials and methods

Eight internal control genes consists of elF-4A, UBQ5, UBC, Actinl, Actinll, GAPDH,
Cyclophilin and 18SrRNA which are commonly used as housekeeping genes in plants, were
selected and their expression stability were examined in present of Rhizoctonia solani
RBL1 strain, potasium silicat as tolerance inducer and different growth stages in three time
periods (6 h, 24 h and 72 h) using BestKeeper and NormFinder softwares.
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Results and Conclusions

Based on the results gained through Best Keeper, the UBC has the higher expression than
the other genes under biotic stress in rice leaf and also the UBC and Actin1l genes poses
the highest correlations with the BestKeeper index (0.97). Additionally, it was shown that
the UBC and Actin has the lowest coefficient variation. Also, the evaluation of the reference
genes expression using geometric mean of the UBC and Actinll compared to the Actinl
gene indicated the necessity of appropriate selection of the reference gene. Taken together,
it was evidently demonstrated that the UBC and Actinll genes are the proper reference
gene to be employed for the normalization of expression data in the Oryza sativa L. using
by Real-Time PCR.
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Table 1. Applied treatments on Rice seedlings in greenhouse condition.

Treatments L, Loy Code o5

g o Jole B L (jule 8 ol FA 5 VF (boppl 5 5 guili ot CanigSTaT (6351
Sl Jole @B L aalS Sjale \D 1S
Seed inoculation with antagonist bacteria and spraying 24 and 48 hours before Code 15

inoculation with pathogenic fungus and seedling inoculation with pathogenic
fungus

5 oo Jole @B b (iale 5| U caslos ¥A 5 VF (L3bigppml 5 5 el & oty ST (6551,
Silos Jols 8L 4LS jaule 5 (mamliy lSelow) oSSl o3ke b (g ol W s
Seed inoculation with antagonist bacteria and spraying 24 and 48 hours before Code 17
inoculation with pathogenic fungus and spraying with inducer (potassium silicate)
and seedling inoculation with pathogenic fungus
oo lo3 (y9) ol g gl (68l pgmeilpgs (3505 WBLSL 5 5 il ©)god 0aiSH W 6 S
Sobowr Jole @B b jale 5| S 59y & 5 99 ds)lor Jols 5B b 555 V4 S
Seed inoculation with Inducer bacteria and soil drench with bacterial suspension Code 19
(without direct contact with the pathogenic fungus), two and five days before
inoculation with the pathogenic fungus
S 7S e (poloS (1) ol &g sl Sl pgmilimg (550 9 )d gl g0k oaSHWl 6 S
oS eldll oslo b (8l el 9 S)low Jole @B L (Sjaule 51 8 o) &t 9 99 (olow Jolo )8 L
Solow Jole 3B b azalS Jjeule g (mamolty SlSbis) Y\ S
Seed inoculation with inducer bacteria and soil drench with bacterial suspension Code 21
(without direct contact with the pathogenic fungus), two and five days before

inoculation with the pathogenic fungus and spraying with inducer (potassium
silicate) and seedling inoculation with pathogenic fungus

Solew Jole )8 L osd Sjarle aoxals A
Seedling inoculated with the pathogenic fungus Code 22
OB L iale | U8 5oy 4w low Jole B b (Siarle g (ol k) Sl oolo b (o8 g pe!
L5)L‘"‘J J‘°L° V¥ JS
Spraying with inducer (potassium silicate) and inoculating with the pathogenic Code 24
fungus

three days before inoculation with pathogenic fungus

Sl oslel g low Jole ) 8L L (Siale (98 axlS \Lg's
Seedling non-inoculated with bacteria / pathogenic fungus / inducer Code 26
Yo
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Figure 1. Electrophoresis of PCR products with Real-Time PCR primers on a 3% agarose

gel with 50 bp marker, left to right: ladder-Actinl11-Actinl-UBQ5-18SrRNA-UBC-elF4a-

GAPDH-Cyclophilin-ladder.
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Table 2. Rice reference genes and the primer information.

R 5 ylows
axkd Jgb ] ]
by Sl JIg o Skl et
bp
. Accession 5’-Primer sequence-3’ Gene Primer
Ampligon
number
CTCCCCCATGCTATCCTTCG . ]

110 0s03g50890 Actinl Actinl
TGAATGAGTAACCACGCTCCG
CAGCCACACTGTCCCCATCTA ) ]

67 AK100267 Actin 11 Actinll
AGCAAGGTCGAGACGAAGGA
ACCACTTCGACCGCCACTACT o

69 AKO061988 Ubiquitin 5 UBQ5

ACGCCTAAGCCTGCTGGTT
Glyceraldehyde-

AAGCCAGCATCCTATGATCAGATT
79 AK064960 3-phosphate GAPDH
CGTAACCCAGAATACCCTTGAGTTT

dehydrogenase
CCACCATCACAGATCGGATCTT - -
65 0s089g19610 Cyclophilin Cyclophilin
GCGGTCAGAGCGAAAGTAGCTA
TTGTGCTGGATGAAGCTGATG Eukaryotic
76 AK073620 GGAAGGAGCTGGAAGATATCATAG initiation factor elF-4a
A da
CTACGTCCCTGCCCTTTGTACA 18S ribosomal
65 AKO059783 18S rRNA
ACACTTCACCGGACCATTCAA RNA
Ubiquitin-

CCGTTTGTAGAGCCATAATTGCA ) )
76 AK059694 conjugating UBC
AGGTTGCCTGAGTCACAGTTAAGTG
enzyme E2

PCR (515 aisge bl ccrebio ashad Jsbo ool S50 ags el 335 5 cowd 0 ol e oSl (ol

sl 05 Ol 2 QLS ) i g (18> o )lSgjlo &y bgyje Slalllas I (g5l adb o oY aslio I S Qo]
NICOt 6t al. ) lo3 S <SaS b8 5 csliginly J 6 yite S 3> ) & (pgins Sl 3) Cabgiay lllas dinaj el 55 1l oo
Pl JUE! wiansns )3 S £ p2 &S 0945 ol el B 2)h g je slayi b o5 plejpn Giomis 4 5l (o5 ol (2005
ialojl sBdiges () 395 05 by pe kgl RNA clale s 4 g 0l oo o 698 (e 3y )l B
‘L',i}l.éi Sgo CutsS g ade 10 ol Sow diges o 95 &S > iy o ity (6y908 (50l iged oy s ]S s RNA
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(¥ JSi5) 15 osliia (el YF loj 910 S8 (5less

40
—o— 18srRNA
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—— GAPDH
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5 ElF4a
0 T T T T r : . . : . . . . . . . i i . Cyclophilin
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
axdllae 390 S slow
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Figure 2. Ct mean values for the eight candidate reference genes in the 18 treatments.

lay ] Ct sla 5] slue p @opo o35 50 slp Sl oy g 5 kil Gl sl yolie BestKeeper 16l o5 5
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Table 3. Standard deviation and coefficient of variation of housekeeping genes in rice.

Cyclophilin elF4a UBQ5 UBC GAPDH Actinl Actinll 18SrRNA o3
Gene
24.69 2157 19.27 22.68 19.41 2249 22.16 18.12 Min. sl
3434  30.40 26.84 2854 27.77 33.31 3046 24.66 Max. yshe
161 158 147 117 156 176 147 124 S.E. "V jbes Sl

5.39 5.84 6.44 442 647 6.04 524 590 C.V."(10)) &l cups

Ol 568 £45 y Y Ol (o s eSS polde Y Ll 5 Gl 0 meST (gl eniad lis iig (edas polde N

Actinll 9 UBC sly; ol dallae (0 )l g oy i (oolul g YD Olpus Ccops 09 ol

slag; ols BestKeeper jlbls 5 g o 41 awog oyle] 8539 Ol i o pd oy yieS > O/YF ¢ F/FY b ol e
cosly gye oF Ol 2l Ghilejl plsl byl cogllas el o (F Jgaz) asily oo (+/AY 30 ) BestKeeper jasli
Cglsio (g)lend Loyl b g calises (slaplusl o 1) ylo Slpass (e oy yieS &S 29 Gl (glaigS a4y Wb & po 5 a0 Hl,8 ).ub
Nicot et al. 2005; ) .\:.;5@ 55 6oL ‘_’)I)’fp & ‘uz-.’.h’)'] Ja’l).w JE R R Ky P LY ‘_’JI)’.,,c c\fulb 5y oyl
Silwdity 4 oo @ pe 05 S Lolel g Jgeme (s5lwdings L9, 45 16,8 &5l)] camlgs o b i (Qi et al. 2010
Ol ok duslie o (05 99 JBhs) @0 o cpix 3l edlil e 9 (Vandesompele et al. 2002) o5 ol
slagy; BestKeeper acly 5l Jols zols (wlol gyl 51 (Thellin et al. 1999) cul ouis avog ldllas ;> o
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Table 4. Correlation of reference genes and BestKeeper index in rice.

Reference genes >0 s o

Cyclophilin elF4a UBQ5 UBC GAPDH Actinl Actinll 18SrRNA

0.92 097 094 097 0.95 0.94 0.97 0.87 BestKeeper
0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 p-value
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Table 5. Expression stability and ranking of reference genes analyzed by NormFinder
software.

Cyclophilin elF4a UBQ5 UBC GAPDH Actinl Actinll Gene j

Sl ke

0.926 0.567 0.713 0.659  0.612 1.019 0.356
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Figure 3. Comparession of reference genes expression: A column) Using Actinl. B column)

using geometeric mean of Actinll and UBC.
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