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Abstract

One of the most important issues in genetic engineering and molecular genetics is to study target gene expression
that is aimed to quantify data resulted from measuring mRNA levels. Studying amount of gene expression by Real
time PCR technique should normalize and compare the amount of mRNA in target gene to amount of mRNA in a
housekeeping gene. The level of housekeeping gene expression is stable in different tissues and in all growth
stages of an organism and it is not affected by experimental treatments. In each test of gene expression, several
housekeeping genes should be studied in order to choose the best housekeeping gene for normalization of data
resulted from the target gene expression. In the present study, stability of three housekeeping gene expressions,
including actin-beta (ACT), ubiquitin (UBC) and elongation factor 1-alpha (EF1A) has been evaluated in
germination, multi-leaf and flowering stages using real time PCR technique. Results obtained from data analysis
via geNorm and Bestkeeper-1 software tools showed that EF1A gene is expressed more stable than two other
genes and standard error (SE) is higher in the ACT and UBC genes and they are less expressed than EFi1A.
Concerning studies done on stability, uniformity and stability of EF1A gene expression in different ecotypes ofB.

persicum is recommended to normalize data of the target gene expression.
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Introduction
Kermani Caraway (Bunium persicum) is one of
important pharmaceutical plants with high economic
value in Iran and throughout the world (Sofi et al.,
2009; Jalilzadeh-Amin et al., 2011). This diploid
plant belongs to Apiaceae or Umbeliferae family and
naturally it is found in moderate and dry regions of
Iran and some countries such as Afghanistan and
north of Pakistan (Jalilzadeh-Amin et al, 2011).
Oroojalian et al. (2010) indicated that terpene
materials are the most common compounds present
in b. persicum among which gamma terpinene has
the highest amount. Today, quantitative PCR
technique is used to measure and compare RNA levels
due to its high accuracy, repeatability, specialization,
sensitivity and operational power (Infante et al,
2008; McCurley and Callard, 2008; Small et al,
2008; Zhong et al., 2008; Mitter et al., 2009). Real
time PCR method has some advantages compared to
conventional PCR methods and the most important
advantages are as follows: amount of the product can
be tracked in each cycle while the product of
traditional methods is determined at the end of
electrophoretic reaction. It is possible to study and
analyze several transcripts in one tube. Its dynamic
magnitude and sensitivity are 1000 times of
RT-PCR. By using this

quantitative valuation can be done and amount of the

traditional technique,
primary pattern can be estimated. Despite its
advantages, this technique is unable to estimate size
of proliferated product and it is expensive (Pfaffl,
2001). In this technique, amount of mRNA in the
target gene compared to that in internal
housekeeping gene with a relative stability and
uniformity can be measured to quantify data resulted
from measuring mRNA levels (Bustin, 2000).
Normalization of data resulted from quantitative PCR
is necessary to control and remove the error resulted
from application of samples in different time stages
within experimental process (Dheda et al., 2005).
Level of gene expression of internal control should be
constant and stable among different tissues of an
organism and in all growth stages and its expression

should not be affected by experimental treatments

(Bustin, 2000). Shamsifard et al. (2014) indicated
that transcript expression of GAPGH housekeeping
gene is nearly equal in tissues of root, stem, leaf,
capsule and seed of two early maturing and late
maturing genotypes of B. persicum (Shamsi-Fard et
al., 2014). During testing gene expression, stability of
several housekeeping gene expressions should be
studied and evaluated in order to choose the best
housekeeping gene for normalization of data resulted
from target gene expression (Tang et al., 2007). In
order to choose and introduce a housekeeping gene, a
comprehensive research is essential to ensure that no
adjustment is performed on them. Stability of the
housekeeping gene expression is the first condition
for internal standard of data related to the target gene
expression and many housekeeping genes with
assumed stable expression may undergo adjustment
of up or down-stream genes (Pfaffl, 2004). Software
used for studying housekeeping genes shows some
differences in results because they have no equal
calculative basis. Data can be analyzed by several
software tools and results can be compared.
Therefore, software tools such as Bestkeeper-1 (Bfaffl
et al., 2004), geNorm (Vandesompele et al., 2002),
(Andersen et al.,
(Hellemans et al., 2007) and GenEx (MultiD Analysis

NormFinder 2004), qBase
AB, Sweden, version GenEx 5 Enterprise) can be
used. It is noteworthy that no study has been done on
gene expression of B. persicum. The first step in
studying gene expression in every organism is to
identify a suitable housekeeping gene and the present
study is the first step taken for investigation of gene

expressions in B. persicum.

Methods and materials

Plant Materials

No information related to housekeeping genes of B.
persicum has been recorded yet in the gene bank.
Therefore, in order to identify genes involved in
biosynthetic pathway of secondary metabolites,
similar information related to protected regions for
other plants, especially co-family plants should be
used. First, the seed of five ecotypes of B. persicum

was gathered from provenances of four provinces.
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These five ecotypes are from Esfahan, Kermani
(Khabr), Semnan, Kerman2 (Sirch) and Hormozgan.
A sample from each ecotype was washed and
disinfected individually and after treating with
(Giberellic acid and

Tidiazuzon), they were refrigerated for three weeks in

hormonal  compounds
4 °C. By starting germination, the seeds were placed
in sterile petri dishes in 15 °C within germinator. One
week after germination, seedlings were sampled.
Weight of each sample was 100 mg and the samples
were placed in refrigerator in -80 °C until RNA
extraction. In flowering and multi-leaf stages, scrubs
cultivated in pots were sampled. Complete random
blocks with three replications have been used and the
samples were mixed with each other and used to
extract RNA.

Housekeeping Genes

Among housekeeping genes (UBC, EF1A, GAPDH1,
GAPDH?2, ACT, ACT2, PPa2), three genes so called
(UBC) (AEQ75497.1), (ATC)
(Yousefzadei ,2012) and Elongation factor: alfa
(EF1A) (JN399225.1) were selected (Table 1).

Ubiquitin Actin

These genes had better proliferation in primary PCR
that was performed for testing primers and the length
of the part proliferated by them was proper as well
and suitable primers were designed and prepared for
them regarding length and required features. Some
features of primers such as annealing, GC percentage,
hairpin, self-dimer and hetero-dimer were studied
using Integrated DNA OligoAnalyser Technologies,
Inc. extraction of total RNA from different tissues of
B. persicum was done by Ribospin RNA plant kit
(GeneAll).

Concentration of extracted RNA and ultraviolet

according to the manufacturer
absorption ratios of 260/280 nm and 260/230 were
measured using 2ul of RNA via Nanodrop system,
Model Biotec. cDNA was fabricated by RevertAid
Ferst strand cDNA synthesis kit from Fermentase
company. Housekeeping genes chosen in a common
PCR had good performance and they were

proliferated with cDNA of Bunium persicum.

Real Time PCR

In this stage, three samples were separated from five
ecotypes of fresh tissues of the plant during
germination, multi-leaf and flowering stages of B.

persicum and total RNA was extracted after mixing

three samples. Then, c¢DNA with certain
concentration was prepared from different tissues of
seedlings in different growth stages and

simultaneously primers of these three genes with
three replications were used in Real Time PCR
program. Real time PCR conditions in BioRad system
include temperature of 95 °C for 15 minutes for
denaturation or primary activation (because DNA
polymerase requires high temperature in a long time
to be activated), 40 cycles, each cycle with 95°C for 20
seconds, optimal temperature of primer annealing (57
oC) for 20 seconds and 72 °C for 30 seconds and the
final cycle with 60-95 °C for 5 minutes for obtaining
melt curve. Levels of gene expression are recorded as
CT values which mean a cycle of PCR where
fluorescent signal is beyond assumed threshold line.
The base line and assumed threshold line were
adjusted automatically using CFX software (CFX
manager, 1999). The line is drawn where the curve
related to genes is ascending and it is plotted on the
best point automatically by the software but it can be
changed. Negative control in the reaction including
application of all reactive compounds except cDNA
was prepared in order to study possibility of external
contamination. Since Real time PCR using Eva Green
(that is non-specialized fluorcent color) is able to bind
the double stranded DNA and to form dimers and the
results are overestimated, it is necessary to ensure the
least proliferation of non-specialized DNA of dimers
by CFX software. Results obtained from data related
to different growth stages of b. persicum were
analyzed to study stability of housekeeping gene
expressions and to select the best gene using
Bestkeeper-1 software (Pfaffl et al., 2004). It should
be noted that in order to analyze information via this
software, information related to specialized genes and
housekeeping genes can be studied simultaneously.
This software is able to analyze simultaneously

information related to ten specialized genes and ten
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housekeeping genes with more than 100 samples
(Pfaffl et al, 2004). The study of the best
housekeeping gene was done by geNorm software
(Vandesompele et al., 2002) and obtained results are
based on calculation of stability Eigen value of gene
expression (M-value) and the less this value, the

higher the gene expression.

Results and discussion

Housekeeping genes chosen in conventional PCR had
good performance and cDNA of B. persicum was
proliferated well and among seven housekeeping
genes (UBC, EF1A, GAPDH1, GAPDH2, ACT, ACT2
and PPa2), three genes of UBC, EF1A and ACT were

more optimal so they were selected (fig.1).

In order to measure transcript level of RNA in
housekeeping genes, Real Time PCR was done. After
testing and plotting melt curve (Melt curve analysis)
for the three housekeeping genes (ACT, EF1A, UBC),
non-specialized DNA proliferation and dimers’
proliferations should be ensured and it was
determined that melt curve has only one peak point

for each gene (fig.2).

Results of data analyzed by Bestkeeper-1 software
ranked stability of housekeeping genes based on raw
values of CT as follows: UBC > EF1A > ACT and
correlation of each gene with Bestkeeper-1 index is
0.97, 0,93 and o0.77 for UBC, EfiA and ACT
respectively (Table 2).

Table 1. Primer sequence characteristics used as Housekeeping Genes in Caraway.

Primer 5 3 —> GC% Length of fragment Tm(°C)
name Primer sequence

F-UBC CCA AAG GTT GCATTC AGG AC 50 241 54.3
R-UBC ACT TCT GGG TCCAGCTCCTT 55 58
F-EF1A CTG GTG GTT TTG AAG CTG GT 50 243 55.8
R-EF1A TGT TGT CAC CCT CGA ATC CA 50 56.2
F-ACT GCA GGG ATC CAC GAG ACC ACC 66.7 93 62.3
R-ACT CCC ACC ACT GAG CAC AAT GTT CC 56.5 60.5

Table 2. The results of analysis different stage data
by Bestkeeper-1 software for selection of the best

housekeeping gene of five Caraway (B. persicum)

ecotypes.

Correlation Analysis UBC EF1A ACT
Coefficient of Correlation 0.97 0.93 0.78
Coefficient of determination 0.95 0.87 0.6
Intercept -21.85  7.40 12.32
Slope 1.98 0.52 0.63
CT means 26.20 19.93 27.52
SE [CT] 0.80% +0.342 +0.865
SD[CT] 2.62 0.70 1.01
p-value 0.001 0.001 0.002
Power of HKG [x-fold] 3.95 1.43 1.54
CV% 9.94 3.49 3.68

geNorm software ranked value of gene stability for
each gene as follows: ACT = EF1A= 0.057 and UBC =
0.11. These results showed that primer of UBC gene

although has high correlation coefficient, is not

suitable as a housekeeping gene due to low expression
(high average of CT), high standard error. Therefore,
between primers of two genes of EF1A and ACT, EF1A
primers has been better than ACT and UBC primers
due to good correlation coefficient (0.93) with
Bestkeeper-1 index, proper explanatory coefficient,
low SE and high expression. Based on results of
geNorm software, the best housekeeping gene or
internal control in B. persicum is EF1A that its
stability Eigen value of gene expression is 0.057 that

is lower than values of other genes (fig.3).

Plotting Heatmap based on CT (threshold cycle)
values related to each gene by GenEx software
(MultiD Analyses. 2015) confirms results analyzed by
Bestkeeper-1 and geNorm software. According to this
map, EF1A is expressed higher and more uniform

than two other genes (fig. 4).
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In cucumber, gene expression of EF1A was the most
stable in biotic and abiotic stresses and in different
tissues (Wan et al., 2010). EF1A gene was the most
stable in condition of nitrogen shortage in tomato

(Lovdal and Lillo, 2009).

250bp  w—)p

Fig. 1. Investigation of PCR product by agarose gel
electrophoresis 1% for comparison of seven
housekeeping gene in Caraway: M= Fermentase 1kb,
1=UBC, 2=EF1A, 3=GAPDH1, 4=GAPDH2, 5=ACT,
6=ACT2, 7=PPa2, C*=IPI and C-

This gene is good for normalization of many tissues in
soybean and citruses or flower organs of cotton
(Libault et al., 2008; Artico, 2010; Mafra et al., 2012).
Results of previous researches indicated that among
12 genes under study, four genes of CACS, TIP41,
EF1A and F-box are the most stable housekeeping

genes expressed in most samples and subgroups of
cucumber. TIP41 and EF1A were the most stable
genes in roots whereas EF1A and CACS expressed
equally in leaves of cucumber (Warzybok and
Migocka, 2013). These results confirmed previous
studies on housekeeping genes of cucumber that
indicated genes of CACS, TIP14, F-box and EF1A have
the highest stability of transcription in heavy metals
stress, salt, oxidative, osmotic conditions and using
growth regulators (Migocka and Papierniak, 2011).
After studying 11 housekeeping genes in Jatropha
curcas, it was found that three genes of ACT, EF1A
and GAPDH were the most stable among genes under
consideration in two growth stages of the plant. In
contrast, two genes of EF1A and GAPDH were ranked
differently (Zhang et al., 2013). In vegetative and
reproductive  stages, it was determined by
NormFinder software that ACT and GAPDH genes or
EF1A and UEP genes had the most stable expressions
whereas ACT and TUBS8 genes or EF1A and GAPDH
genes were identified by qBase as the most stable
genes (Zhang et al, 2013). Previous results of
Jatropha showed that there are more than one
suitable  housekeeping gene and different
housekeeping genes should be selected based on type

of samples.
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Fig. 2. Melting Curve of three housekeeping genes in multi-leaf stage of Caraway (B. persicum), the negative

derivative plat of relative fluorescent signals per derivative temperature VEI'SUS temperature.
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Fig. 3. Diagram of M-Value calculated by geNorm
software for selection of the best housekeeping gene
of five Caraway (B. persicum) ecotypes by use

different stages data.

According to obtained results, the best housekeeping
genes for normalization of gene expression of
Jatropha are as follows: EF1A + GAPDH + ACT for all
growth stages, TUB8 + ACT for vegetative stage,
GAPDH + EF1A for reproductive stage, TUB5 +
GAPDH + ACT for treatments of drought and cold

stresses, TUB8 + TUB5 for treatment of drought
stress and ACT + GAPDH for treatment of cold stress.
These results contain precise information about gene
expression of Jatropha based on qRT-PCR (Zhang et
al., 2013). As seen in the results of housekeeping
genes in Jatropha, EF1A is one of housekeeping genes
that can be used in all growth stages of the plant.
Another point is that software used for studying
housekeeping genes shows some differences in results
because they have no equal calculative basics. Data
can be analyzed by several software tools, then the
results can be compared. Since strategy of data
normalization of the target gene expression based on
only one housekeeping gene can lead to error in data
normalization, it is recommended that one
normalization factor is used based on mean geometry
of the best housekeeping genes with highest stability
and expression in order to normalize data of target
gene expression (Strube et al., 2008; Vandesompele
et al., 2002), in order to ensure stability of the
housekeeping gene, analysis with different software
tools is suggested in order to get a final conclusion for

selection of the most suitable housekeeping gene.
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Fig. 4. Heatmap of Housekeeping genes (UBC, EF1A and ACT) by CT.

Also it is recommended that biological and functional
features of housekeeping genes are paid attention
while selecting them for data normalization of target

gene expression and housekeeping genes with

different functions in cells are used if possible (Saele
et al., 2009). Therefore, genes selected in present
research had good and various performances in the

plant and this helps easy selection of housekeeping
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gene. Totally after different analyses with several
software tools, among three housekeeping genes,
EF1A is recommended for analyses of gene expression

in Bunium persicum.

Conclusion

Housekeeping genes chosen in conventional PCR had
good performance and cDNA of B. persicum was
proliferated well and three genes of UBC, EF1A and
ACT were more optimal so they were selected. In
order to measure transcript level of RNA in
housekeeping genes, Real Time PCR was done.
Results of data analyzed by Bestkeeper-1 software
ranked stability of housekeeping genes based on raw
values of CT. Based on results of geNorm software,
the best housekeeping gene or internal control in B.
persicum is EF1A that its stability Eigen value of gene
expression is 0.057 that is lower than values of other
genes. Plotting Heatmap based on CT (threshold
cycle) values related to each gene by GenEx software
confirms results analyzed by Bestkeeper-1 and
geNorm software. According to this map, EF1A is
expressed higher and more uniform than two other

genes.
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