Aslian Journal of
Plant Sciences

ISSN 1682-3974

science ﬁﬁuaée!%fg

alert http://ansinet.com




Asian Journal of Plant Sciences 8 (4): 285-292, 2009
ISSN 1682-3974
© 2009 Asian Network for Scientific Information

Expression Pattern of G353 During Panicle Development in Rice under Drought Stress:
Quantification Normalized Against Selected Houselkeeping Genes in Real-Time PCR

!Jia-Liang Zhang, 'Dong-Hua Liu, 'Zhi-Hua Wang, 'Can Yu, 'Jin-Hua Cao, *Chun-Tai Wang and 'De-Ming Jin

'College of Plant Science and Technology, Huazhong Agricultural University, Wuhan, 430070, China
‘Biotechnological Laboratory of National Commission for Nationalities,
South-Central University for Nationalities, Wuhan, 430074, China

Abstract: Many studies on mechanisms under drought stress have been based on gene expression.
Quantitative Real-Time PCR (QRT-PCR) is the most sensitive method to detect the transcript of interest gene.
To avoid bias, expression of the target gene is usually normalized relative to one or multiple reference genes
which should not fluctuate in all samples. The most widely used reference genes are those which belong to
actin family, however, many researchers make use of paralogous genes for actin without proper validation of
their presumed stability of expression. If an unstable housekeeping gene (HKG) is selected to normalize the
target, the results obtained may be spurious. So, we evaluated the gene expression of 10 HKGs, mcluding
8 paralogous genes for actin, together with 5-fub and eZF-Ia in rice. For the entire sample pools analyzed,
ACT(X16280)1 and eEF-1la were the most stable genes in the different stages of rice panicle development. In
this study, we used ACT(X16280)1, eEF-Ia and the geometric mean of ACT(X16280)1 and eEF-Ia as internal
controls to study the relative expression of gene GS3, controlling grain length and weight, during different
stages of panicle development under drought stress. A sharp increase of GS3 expression (up to 4.8 fold) at
spikelet primordium differentiation stage was observed under drought stress. The shrinking of grain size under
drought stress could be attributed to the over expression of (GS3 which is a negative regulator for grain size.

Key words: Drought stress, expression of gene (GS3, Paralogous gene for actin, quantitative real-time PCR.

INTRODUCTION

Abiotic stresses, mcluding drought, cold and high
salimty, greatly reduce average yields for most major crop
plants by more than 50%. Drought is perhaps the major
factor limiting crop production worldwide. The mcreasing
scarcity of water for irrigation is also a major concern in
China. For instance, about 45% of the world agricultural
lands are subject to continuous or frequent drought.

Grain weight, number of grains per panicle and
number of panicles per plant are the most wnportant
components of grain yield. GS3, a major Quantitative Trait
Loci (QTL) for grain length and weight and also a minor
QTL for grain width and thickness has been mapped in a
recent study of Fan et al. (2006). This gene consists of
five exons and encodes 232 amino acids with a nonsense
mutation; this mutation causes a 1 78-aa truncation in the
C-terminus of the predicted protein, suggesting that GS3
may function as a negative regulator for grain size. Rice 1s
particularly sensitive to drought stress during
reproductive growth, when even moderate stress can
result in drastic reduction in grain yield. The decrease of

seeds setting percentage and grain weight contribute a lot
to the reduction in grain yield, the change in GS3 gene
expression may be related to the decrease of grain weight
under drought stress. Thus, the study on the expression
of related gene(s) under stress will provide a key to the
molecular understanding on the mechamsms of the yield
loss resulting from drought.

Quantitative Real-Time PCR (QRT-PCR) 1s at present
the most sensitive method for the analysis of gene
expression compared with band densitometry and
probe hybridization (Schmittgen et af, 2000). This
technique combines accuracy, sensitivity, dynamic
range and reproducibility with speed and potential for
high throughput (Bustin, 2000). To avoid bias
expression of the interest gene 1s usually normalized
relative to that a reference gene which should have
constant expression in all samples. If the internal
control gene has a large variability or is altered by the
conditions of experiment, the results obtained may be
spurious. To increase the reliability, the use of multiple
reference genes is adopted by Tricarico et al. (2002) and
Vandesompele et al. (2002). A number of housekeeping
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genes (HKGs), such as actin, tubulin, 185 rRNA, eEF-1a,
GAPDH, expressed protein, have been used as reference
genes m QRT-PCR analysis (Caldana efal, 2007,
Jammet al., 2006a; Kim etal, 2003). After searching in
7 different databases (SCIE, Science Direct, Springer,
Nature, Oxford journals, Blackwell Synergy, Science
Online), 64 related studies in rice were found from January
1994 to August 2008, the most widely used reference
genes belong to actin family (Table 1). Most of these
studies make wuse of paralogous genes for actin
without validation of their presumed stability of
expression. However, the M values analyzed by geNorm
show remarkable difference between paralogous genes
UBQS5 and UBQI10 (Jain et al, 2006a). Significant
differences were also found between GAPDHI] and
GAPDH?2 and between ACTBland ACTB2 (Infante ef ai.,
2008). To screen the most stable gene(s) for mternal
control 1s crucial to obtain reliable result in QRT-PCR
analysis.

In this study, the expression of 10 genes including
8 paralogous genes for actin (most widely used), b-tub
and eEF-la were evaluated to screen the most stable
gene(s) for internal control and ACT(X16280)1, eEF-1a
and the geometric mean of ACT(X16280)1 and eEF-Ia
was selected as appropriate internal controls to determine
the expression levels of the gene GS3 under drought
stress.

MATERIALS AND METHODS

Biological The
experimental materials were grown under a rain-out shelter
of State Key Laboratory of Crop Genetic Improvement of
Huazhong Agricultural Umversity i 2008. Rice
(Chuanxian955, 9311) seeds were germinated on wet filter
paper in plastic plates for 3 days at 25°C in May 2008.
When the radicle reached a length of 2-3 cm, the
germinated seeds were then transplanted to a nursery box
filled with so1l. After 3 weeks, seedlings were transferred
to PVC tubes (1 m in depth and 20 cm in diameter), two
plants per tube in June 2008. A randomized complete
block design of three replications was performed. All
tubes were placed under a movable ramn-shelter.

The experiment consisted of two treatments: a
well-watered control and a drought stressed treatment.
For the well-watered control, water was added to the
tubes daily until maturity. For drought stressed treatment,
tubes were irrigated as the control did before panicle
differentiation and were then left for 18 days without

materials and stress treatment:

wrigation until young panicles were sampled m early
developmental stages.
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RNA extraction and quantification: The molecular
experiment was conducted in central laboratory of
Huazhong Agricultural University in 2008, RNA was
extracted from 100 mg of rice young panicle using Trizol
regent (invitrogen) according to the manufacturer’s
instructions. Total RNA (20 ug) was incubated with 10 17
of RNase-free DNase I (Takara) to digest contaminating
genomic DNA. Purity of the total RNA extracted was
determined as the 260/280 nm ratio and the integrity was
checked by electrophoresis in 0.8% agarose gel.

Reverse transcription: One microgram of RNA was
reverse transcribed using the Rever Tra Ace® kit
{ToYoBo, Shanghai, China) in a 20 pL total volume
containing 4 ul. 5xRT buffer, 4 ul. Rnase nhibitor
(10 U pL. ™", 2 pL. ANTP mixture (10 mM), 1 ul. ReverTra
Ace, Oligo(dt),, primer. The reaction was incubated at
42°C for 20 min and then for 5 min at 99°C to inactivate the
ReverTra Ace and was then cooled to 4°C. The cDNAs
were then stored at -20°C until used in QRT-PCR..

Real-time gquantitative PCR: QRT-PCR was performed
with a Rotor Gene 2000 Real-Tiune PCR detection system
(Corbett, Australia), by using SYBR green dye bound to
double strand DNA at the end of each elongation cycle
(SYBR Green Real-time PCR Master Mix; TOYOBO,
Osaka, Tapan). Each 20 pl. reaction mixture contained
10 ulL of 2xSYBR Green PCR Master Mix, 0.4 ul. of each
primer (10 pM), 2 pl of sample cDNA and 7.2 pL sterilized
ultra pure H,O. PCR conditions were 95°C for 200 sec,
followed by 40 cycles of 95°C for 15 sec, 60°C for 15 sec
and 72°C for 15 sec. No-template controls were also
included to detect any spurious signals arising from
amplification of any DNA contamination or primer dimer
formed during the reaction (Iskandar et al, 2004). A
negative control sample was considered to be negative if
the threshold cycle (Ct) for amplification was >5 cycles
greater than the corresponding test sample (Fleige ef af.,
2006).

After amplification, a melting curve was created at
55-99°C to verify the specificity of the PCR reactions and
each reaction mixture were analyzed by 2% agarose gel
electrophoresis to evaluate amplification of nonspecific
products. Standard curves were generated to determine
reaction efficiency using serial dilution series of a cDNA
pool of all samples (Hoogewijs et al., 2008). The Rotor-
Gene 2000 Version 4.6 software was employed to obtain
the threshold cycle (Ct) for best fit (least squares method)
of the standard curve.

Data analysis: Ct values from the Rotor-Gene 2000
Detection System were exported to ¢Base Version 1.3.5,
a free program (Hellemans ef al., 2007) to obtamn relative
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quantities. These data from qBase was analyzed by
geNorm 3.4 software (Vandesompele ef al., 2002). The
relative expression ratios were calculated using the
expression 27**°" as described by Caldana et af. (2007).

RESULTS

The selection of housekeeping genes: We performed a
search of studies in 7 different databases from January
1994 to August 2008. There are 64 related studies using
QRT-PCR in rice and the HKGs are shown in Table 1. It
was remarkable that actin (27 times; 42.2%) was used as
internal control genes in nearly half of the studies.

Some actin genes, however, showed instability under
special expermmental conditions in plants and were
unsuitable as reference genes (Caldana et af, 2007,
Tain et al., 2006a; Nicot et al., 2005, Tu et al., 2007).
Caldana et al. (2007) found that actinl was one of the
most stable gene m all tested conditions by comparing
the expression of 7 HKGs in rice, whereas, actil only
ranked sixth out of 11 HKGs in all 25 cDNA samples
(Jain et al., 2006b).

Considering the significant difference of stability
among actin family, we selected 10 HKGs: 8 paralogous
genes for actin, together with eFF-1a and b-tub to screen
the best internal control for present study (Table 2).

PCR efficiency and amplification specificity: Reaction
efficiency estimates are derived from standard curve

Table 2: Reference genes evaluated and target gene used in real-time PCR assay

that are generated using a serial dilutions (1, 1: 10, 1: 100
and 1:1000) of all samples (Jain ef al, 2006b;
Tsuchiya et al., 2004). The efficiency values of the ten
HKGs and the gene of interest, GS3, were in the range
1.94 to 2.01. Amplification of the specific transcript was
confirmed by the appearance of a single peak i the
melting cwrve analysis following completion of the
amplification reaction. The amplified products were further
analyzed by 2% agarose gel electrophoresis and ethidium
bromide staimng. Only a sngle band with the expected
size was detected in each experiment, indicating good
specificity of all the primer sets in QRT-PCR.

Expression profile and expression stability of the
housekeeping genes: To analyze the transcription level
of each HKG durmg different stages of panicle
development, total RNA was isolated from a variety of
samples under drought treatment. With the same
threshold setting, the 10 candidate reference genes

Table 1: Reference genes used as intemal control for gene expression studies
in rice

Publications using that gene as reference gene

Gene The number of articles %%

Actin 27 42.2
UBQ 20 31.3
Tubulin 11 17.2
SRNA 6 9.4

Results of a search of studies fiom January 1994 to August 2008 with 64
studies in 7 different databases (SCIFE, Science Direct, 8pringer, Nature,
Oxford journals, Blackwell Synergy, Science Online)

Primer name Accession No. Primer sequence PCR. (bp) Source

ACTYXI6280)1F X16280 CTTCATAGGAATGGAAGCTGCGGGTA 196 (Tovota et ai., 2006)

ACTIXI16280) IR CGACCACCTTGATCTTCATGCTGCTA

ACTIXI6280)2F X16280 GAAGATCACTGCCTTGCTCC 249 (Kim et al., 2003)

ACTYXI6280)2R CGATAACAGCTCCTCTTGGC

ACTYX15865)1F X15865 TGCGATAATGGAACTGGTATGG 147 (Imin et cf., 2006)

ACTIX15865) IR ACAGCCCTGGGCGCAT

ACTYX15865)2F 15865 CTTCATAGGAATGGAAGCTGCGGGTA (Wasaki et ai., 2003)

ACTIX15865)2R CGACCACCTTGATCTTCATGCTGCTA

ACTYNAL 197297) NM 197297 TTATGGTTGGGATGGGACA 204 (Dan et af., 2007)
AGCACGGCTTGAATAGCG

ACTVXM, 469569) XM 469569 CTTCATAGGAATGGAAGCTGCGGGTA 199 (Zhao et daf., 2006)
CGACCACCTTGATCTTCATGCTGCTA

ACTVAKIN0267) AK100267 CAGCCACACTGTCCCCATCTA 67 (Jain et af., 2006a)
AGCAAGGTCGAGACGAAGGA

ACTYPI3362) P13362 CTCCCCCATGCTATCCTTCG 91 (Caldana et al., 2007)
TGAATGAGTAACCACGCTCCG

ACTYXP 475316.1) XP 475316.1 ATCCTTGTATGCTAGCGGTCGA 188 (Caldana et al., 2007)
ATCCAACCGGAGGATAGCATG

ACTYAY212324) AY212324 CTTCCTCATGCCATCCTGC 142 (Yuet al., 2007)
GCAAGCTTCTCCITGATGTCC

b-TUB AKO072502 GCTGACCACACCTAGCTTTGG 82 (Jain et af., 2006a)
AGGGAACCTTAGGCAGCATGT

eEF-la AKO61464 TTTCACTCTTGGTGTGAAGCAGAT 103 (Jain et af., 2006a)
GACTTCCTTCACGATTTCATCGTAA

GS3 DQ355996 TTGAAGAAGTTTCGCTGTTITGTG 175 (Fan et af., 2006)

AGGAGGAGGAGCAGCAGTIG
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Fig. 1: Raw Ct values of the 10 reference genes for
drought treatment. Black bars spread from the
minimum to the maximum Ct and boxes represent
mean Ct-values

used for the data analysis displayed a relatively wide
range of expression level (Fig. 1), from the lowest mean
Ct-value (21.20) in ACT(AK100267) to the highest (26.84)
m ACT(XP 475316.1). There might be a difference in
Ct-values resulted from different primer pairs for the same
HKG. ACT(X15865)2 gave a lower mean Ct (21.59) than
that of the ACT (X15865)1 (24.63), whereas the priuners of
ACT(X16280)1 and ACT(X16280)2 show similar mean Ct
values (21.36 and 21.38). Ct values give a direct indication
of the sensitivity of detecion of a cDNA template.

The transcriptional stability of the 10 HKGs was
subsequently assessed with the geNorm program.
Vandesompele et al. (2002) defined two parameters to
quantify the HKG stability: M (average expression
stability) and V (pairwise variation). Genes with the lowest
M wvalues have the most stable expression. V-value of
0.15 was proposed as the default cut-off value, below
which the melusion of an additional reference gene 1s not
required. For drought stress, the most stable genes were
ACT(X16280)1 and eEF-1a. The M value obtaned for
these two genes was 0.384 (Fig. 2a) and the V,, value was
0.118 (Fig. 2b), so there was no need to add a third gene
as an mternal control according to the standard proposed
by Vandesompele et al. (2002).

Normalization analysis of GS3 gene expression: Under
drought stress, the most stable HKGs were ACT(X16280)1
and eEF-1a assessed by geNorm. The expression pattemn
of the gene of interest, GS3 was quantified with each
reference gene (ACT(X16280)1 or eEF-la) and two
together (ACT(X16280)1 + eEF-1a) as internal control
during different stages of rice pamcle according to
geNorm instructions (Vandesompele et al., 2002). For the
rice variety Chuanxian®55 (Fig. 3a). The expression
levels of gene GS3 under drought stress were slightly
lower than that of the control m early stages of panicle
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Fig. 2: Average expression stability values of HKGs (a)
and determination of the optimal number of HKGs
for normalization (b) by geNorm analysis

development (3-6 day after panicle initiation). At 11 day
after panicle mtiation (spikelet pnimordium differentiation
stage), however, there was a sharp mcrease of GS3
expression under drought stress, the maximum expression
level increased up to 4.8 fold compared with the control.
The GS3 expression under drought stress leveled up in
later stage but remained higher than that of the control at
18 day after panicle initiation. For the variety 9311
(Fig. 3b), the gene expression of GS3 during different
stages showed a similar pattern though the differences
between the drought stressed materials and the control
were smaller as compared with Chuanxian935.

To show the impact of using the unsuitable
paralogous gene for actin (the most widely used HKG) as
an internal control gene, three different stable HKG:
ACT(X16280)1 (the most stable HKG), ACT(AY212324)
(the medium stable HKG) and ACT(XP_475316.1) (the
least stable HKG) were selected as an internal control for
analysis of GS3 expression. For variety 9311, when using
the least stable HKG: ACT(XP_475316.1) as a unique
internal control, the expression level at 11 or 18 day of
treatment 1s down-regulated, mstead of up-regulated
relative to the most stable HKG: ACT(X16280)1 (Fig. 3d),
moreover, the expression level of GS3 at 11 day of
treatment was so lower and decreased 32 fold compared
with the control. When normalized only to the medium
stable HKG: ACT(AY212324), the expression level of GS3
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Fig. 3: Relative expression of GS3 using different reference genes determined by gelNorm as mternal controls in different
developmental stages of rice panicle under drought stress. The most stable HKG: (a) ACT(X16280)1, eEF-Ia and
the geometric average of ACT(X16280)1 and eFEF-/a were used as internal control for variety Chunxian955, (b)
9311, (c) the most stable HKG: ACT(X16280)1, the medium stable HKG: ACT(XP 475316.1) and the least stable
HKG: ACT(XP_475316.1) were used as internal control for variety Chunxian955 and (d) 9311, CK: Control; DS:

Drought stress

Table 3: A comparison of the rice grain shape and grain weight under drought stress and control

Length (crm) Width (cm) Length/width 1000-grain weight ()
Variety Control Stress Control Stress Control Stress Control Stress
Chuanxian 955 8213 TT2THE 3.183 2.993 *# 2.580 2.581 24.473 19.582#+
9311 9.513 2.317* 2.933 2.783 3.243 3.347 26.644 25.763

# ##Significant at p = 0.05 and 0.01, respectively

at 18 day of treatment is significantly down-regulated,
instead of up-regulated relative to the most stable HKG
(ACT(X16280)1) (Fig. 3d). For variety Chuanxian955, the
implication of using an unstable reference gene also lead
to greatly erroneous results (Fig. 3c¢).

The change of rice grain shape and grain weight caused
by drought stress: The values of grain length, width and
1000 gramn weight decreased significantly (p<0.01) under
drought stress in Chuanxian 955. The length-width ratio,
however, remained unchanged. The shrinking of grain size
under drought stress could be attributed to the over
expression (starting from the stage spikelet primordium
differentiation) of GS3 which is a negative regulator for
grain size (Table 3).

Except for a decrease in grain length (significant at
p = 0.05), there was no other trait under drought stress
that differed significantly from those of control condition
in 9311. This is consistent with the relative lower increase

289

of GS3 expression under drought stress (Fig. 3b). These
results suggests that 9311 might be a more tolerant variety
to drought stress than Chuanxian 955.

DISCUSSION

QRT-PCR has become a popular method to study the
expression of interested genes by normalized to an
appropriate internal control in a variety of tissues and
different treatments (Tanovick-Guretzky et al, 2007).
A reliable endogenous reference gene should be
stable, whereas the expression of mterested gene may
change greatly over the course of an experiment
(Dean et al, 2002). Thus, the selection of appropriate
HKG 1s very important to obtain consistent and reliable
results. The majority of studies in the study employ a
single gene as internal control and the most widely
used reference genes are those belong to actin family
(Table 1).
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In an earlier study, ACT(X55749) was suggested to
be an inappropriate mternal control gene among the 7
reference genes during bictic and abiotic stresses in
potato (Nicot et al., 2005). Another study 1n cotton also
suggested that ACT (AY305733) was not a suitable
mtermnal control m a diverse set of 21 cotton samples
(Tu et al., 2007). However, ACT (EC969944) was found to
be the most stable HKG i a set of samples of berry
(Reid et al., 2006). The above reported results suggest
that the stability of othologous genes for actin varied
greatly in different plant species under a given set of
conditions. Therefore, the suitability of a given gene need
to be tested even if its orthologue gene in another species
1s an adequate reference gene.

In order to verify the stability of paralogous genes
for actin and select the most stable HKGs m rice. In
present study, the variability of expression of &
paralogous genes for actin, together with b-tub and eEF-
1a were studied under drought stressed condition. And
geNorm was used to determine the expression stability of
HKGs. For all the samples analyzed, ACT(X16280)1,
selected as mternal control by Toyota et al. (2006), was
one of the most stable HKG. This was consistent with the
earlier result of a relatively stable expression of the
ACT(X16280)1 under several conditions (McElroy et al.,
1990). ACT(X15865)2, used to normalize the expression of
OsPllgene inrice by Wasaki et al. (2003), was also found
to be an appropriate internal control in this experiment.
Other paralogous genes for actin were once used to
normalized the expression of interested genes m rice
by Duan et al. (2007), Imin et al. (2006), Wasaki et al.
(2003), Yu et al. (2007), Zhao et al. (2006), however, the
suitability of these actin genes as internal control had
not  been verified beforehand. The present study
indicated that these genes were not stably expressed
and might not be suitable to be used as mternal
control.

Numerous studies suggested that the expression
of some HKGs can vary under given conditions
(Thellin et al., 1999). Most studies on HKGs selection
were made using human or animal tissues. Only a few
was focused on plants such as rice (Kim et af., 2003;
Tain et al, 2006a; Caldana et of., 2007). Caldana et al.
(2007) compared the expression of seven HKGs in rice
under salt stress. ACT (P13362) was more stably
expressed than ACT (XP_475316.1) in root and shoot. But
ACT (XP_475316.1) was a more stable gene than ACT
(P13362) under salt stressed condition. However, we
found that ACT(XP_475316.1) was the least stably
expressed gene and ACT(P13362) ranked second out of
8 paralogous gene for actin in panicle under drought
stress. Different experimental conditions may contribute
a lot to the variation of stabilily of HKGs. The change of

290

experimental materials (organism or tissue) may be also
affecting the stability of the expression of the same
reference gene. Singh and Green (1993) and Jain et al.
(2006a) pomted out that no one gene has a stable
expression under every experimental condition and they
thought this may partly be explained by the fact that HKG
are not only implicated in the cell metabolism but also
participate m other cellular functions m different plant
species and tissues. For example, the paralogous gene for
actin with stable expression in one orgamsm may be
unstable in another organism. And a HKG which is stably
expressed in a given condition may not be a stable
reference gene in another experiment condition. In
addition, eEF-Ila was found to be one of the two most
stably expressed gene (ACTXI16280)1, eEF-la) for
drought stress. Expression of eEF-la was previously
reported very stable and used as an internal control in
ammal tissues (Czechowski ef al ., 2004; Reid ef al., 2006).
And eEF-la was also reported to be a stable reference
gene 1n rice under hormone treatments and osmotic stress
(Jain et al., 2006a), which was consistent with present
study.

Selected reference genes were used to evaluate the
gene expression of GS3 under drought stress m this
study. The expression level normalized with
ACTX16280)1 was smmilar to those obtamed with
eFF-la or the geometric mean of ACTX16280)] and
eEF-1a. ACT(X16280)1 has been used as a reference
gene to study the expression of starch metabolism-related
plastidic translocator genes in rice (Toyota et al., 2006).
ACTX16280)1, eEF-la, or the geometric mean of
ACTX16280)1 and eEF-la could be reliable internal
control for studying the expression of other target genes
controlling grain yield and quality traits, such as GW?2
(Song et al., 2007), Ghd7 (Xue et al., 2008), under drought
stress mrice.

CONCLUSIONS

The stability of different housekeeping genes vary
greatly in rice under drought stress. ACT(X16280)1,
eEF-1a were found to be the most reliable reference genes
for q PCR studies in rice panicle under drought stress,
whereas b-Tub, ACT(XP 475316.1) were less stable genes
among the tested HK Gs. Appropriate selection of internal
control 1s crucial for analyzing the expression of target
gene under drought stress by real-time PCR. The use of
unstable HKG may lead to false results. For example, in
variety 9311, the GS3 expression level at 11 or 18 days of
treatment appeared to be down-regulated when
normalized by the least stable HKG: ACT(XP_475316.1);
while 1t showed to be up-regulated when the most stable
HKG: ACT(X16280)1 was used as an internal control. To
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increase the stability of internal control, the geometric
mean of two HKGs, ACT (¥16280)1 and eEF-1a, could be
used in data analysis of real-time PCR experiment.
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