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ABSTRACT 

Dry pea (Pisum sativum L.) is grown as human and animal feed throughout the world. Large yield losses in pea due to 
biotic and abiotic stresses compel an improved understanding of mechanisms of stress tolerance and genetic determi-
nants conditioning these tolerances. The availability of stably expressed reference genes is a prerequisite for examining 
differential gene expression. The objective of this study was to examine the expression profile of several candidate ref-
erence genes across a broad range of commercial pea cultivars. Expression profiles of five candidate reference genes; 
18s rRNA, actin, TIF, β tubulin-2 and β tubulin-3 were examined. Relative quantifications of candidate reference genes 
were estimated from control plants, plants after 48 h of cold treatment, and plants 24 and 48 h after inoculation with 
Sclerotinia sclerotiorum, the causal agent of white mold disease of pea. RT-qPCR was performed on cDNA synthesized 
from three food grade spring peas, Ariel, Aragorn, and Sterling, and two spring yellow peas, Delta and Universal, which 
are used as animal feed. Analysis of variance (ANOVA) of CT values demonstrated significant variation between varie- 
ties and treatments under cold and disease conditions. The most abundant transcripts among tested reference genes were 
for 18s rRNA. Stability analysis indicated that TIF and β tubulin-3 genes were the most stably expressed candidate 
genes under both cold and disease stress and could serve as reference genes across a wide range of pea cultivars. 
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1. Introduction 

Dry pea (Pisum sativum L.; 2N = 2X = 14) is a highly 
nutritious cool season food legume grown throughout the 
temperate regions of the world, often as a rotational crop 
in small grain-legume production systems. During 2007- 
2009, global dry pea production averaged nearly 10 mil- 
lion MT/yr on over 6 million Ha [8]. Of all nations, Can- 
ada annually has the highest production value of dry pea, 
followed by India, US, and France [8].  

Although the inheritance of traits in pea has been ex- 
amined since the emergence of the field of transmission 
genetics, the genetic control of many important traits, 
including resistance to various diseases and abiotic stresses, 
is not well understood. Traits that continue to be the fo-
cus of breeding efforts in dry pea include resistance to 
numerous diseases caused by viruses and fungi, tolerance 
to cold and drought stress, seed characteristics and proc- 
essing qualities.  

The development of improved pea varieties will be 
accelerated by a greater understanding of the genetic 

factors conditioning trait expression. Associating the dif- 
ferential expression of specific genes with distinct phe- 
notypic states may suggest involvement of the genes in 
the expression of a trait in differential levels. Differences 
in gene expression are usually detected by quantitative 
analysis of the production of specific mRNA transcripts. 
Advances in plant molecular biology have allowed for a 
continual technical evolution in gene expression studies 
in pea. Bai et al. (2005; 2006) [1,2] examined the ex- 
pression of PsPK2, a kinase involved in auxin transport 
in pea, in response to treatment with several different 
plant hormones. Northern blots were simultaneously hy- 
bridized to a probe specific for PsPK2 and a probe for 
the control DEAD box (RNA helicase) gene. The inten- 
sity of hybridization signals on Northern blots was quan- 
tified by densitometry and differences in gene expression 
among treatments were observed as the ratio of the signal 
intensities of PsPk2/DEAD box. However, numerous 
technical challenges associated with this method, includ- 
ing the requirement for large quantities of RNA and 
standardization of blotting, probe labeling, hybridization 
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and blot washing conditions limits its application for 
gene expression analysis in terms of both sensitivity and 
sample size.  

Fondevilla et al. (2011) [9] used microarrays to exam- 
ine differential gene expression in pea in response to inf- 
ection by Mycosphaerella pinodes. Unlike Northern Blot 
analysis, which allows for at best the examination of only 
a few transcripts at a time, microarray analysis allows for 
the simultaneous examination of thousands of genes in a 
single reaction. A total of 346 transcripts were different- 
tially expressed between the partially resistant line P665 
and the susceptible cultivar Messire. Reverse transcript- 
tase quantitative real time PCR (RT-qPCR) was used to 
validate the expression profile of 10 selected genes that 
were determined to be differentially regulated by mic- 
roarray analysis. Genes corresponding to peroxidase, dis- 
ease resistance response protein 39 (DRR230-b), and gl- 
utathione S-transferase were found to be up-regulated in 
the resistant line P665. Down-regulated genes in P665 in 
response to inoculation with M. pinodes included 12-ox- 
ophytodienoate reductase, ferredoxin-NADP+ reductase, 
and chlorophyll a/b binding protein. 

RT-qPCR is considered the most precise method for 
quantifying gene expression and verifying differential 
transcription profiles identified by microarray analysis 
[19]. Variation in results of gene expression analysis may 
arise from biological variation in gene expression among 
samples and also from technical variation encountered 
during processes of RNA extraction, cDNA synthesis, 
real time PCR and sample loading. Researchers typically 
attempt to account for this variation by normalizing ex- 
pression levels relative to levels observed for “reference” 
genes [18]. Broadly applicable reference genes should 
be equally expressed in a wide range of genetic back- 
grounds, tissue types, and treatments.  

Reference genes used to examine gene expression in 
plants have been primarily “housekeeping” genes, which 
code for proteins or ribosomal RNAs that function in 
basic cellular processes such as cytoskeleton formation, 
glycolysis, transcription, and translation. These reference 
genes, which include actin, ubiquitin, 18s rRNA, tubulin, 
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
were initially chosen based on their historical usage as 
reference genes for northern blot analysis [11]. However, 
several studies have shown that expression profiles of 
housekeeping genes vary across tissues and experimental 
conditions in several plant species, including Arabidopis 
[4,17], potato (Solanum tuberosum L.) [13], ryegrass 
(Lolium temulentum L.) [7,12] and maritime pine (Pinus 
pinaster L.) [10]. Inappropriate use of reference genes to 
normalize RT-qPCR data can adversely impact results 
and conclusions [5].  

The use of RT-qPCR to examine gene expression in 

pea is limited. Panda and Matsumoto (2010) [14] used 
the 18s rRNA gene as a reference gene to examine dif- 
ferential gene expression in roots and leaves of the green 
pea cultivar Alaska in response to aluminum stress. Die 
et al. (2010) [6] examined several reference genes for 
stable expression in the yellow pea cultivar Athos in re- 
sponse to osmotic stress, exposure to the auxin 2,4-D, 
and colonization by the parasitic plant Orobanche cre-
nata Forssk. Over all treatments, β tubulin and phospho-
protein phosphatase 2A (PP2A) were the most stable 
reference genes, while the least stable were genes coding 
for 18s rRNA and GAPDH. It was recommended that 
GAPDH not be used for analysis of leaf samples while 
elongation factor-1α (ef-1α) only should be used for the 
examination of leaf tissue. Subsequently, Fondevilla et al. 
(2011) [9] subsequently used β tubulin, histone H3 and 
GAPDH as reference genes to examine gene expression 
in response to infection by M. pinodes in the winter pea 
cultivar Messire and P665, a wild P. sativum spp. syria-
cum.  

Yellow pea cultivars, such as Athos, are primarily in- 
tended for use as animal feed. The focus of the pea 
breeding efforts by the USDA-ARS in both spring and 
winter green peas is to develop food grade cultivars suit- 
able for human consumption. The objectives of this study 
were to evaluate several different candidate reference 
genes among three food grade spring green cultivars and 
two animal feed spring yellow cultivars. The reference 
genes were validated in replicated experiments using leaf 
tissue obtained from three treatments: 1) non-treated con- 
trol; 2) after 48 h of cold stress (4˚C); and 3) 24 and 48 h 
after inoculation with Sclerotinia sclerotiorum.  

2. Materials and Methods 

2.1. Plant Materials and Stress Conditions 

Two experiments were set up in sixty 8 × 8 cm2 pots in 
perlite soil with five pea varieties, which included three 
food grade spring green peas, Ariel, Aragorn, and Ster- 
ling, and two spring yellow peas, Delta and Universal, 
which are used as animal feed. In the first experiment, 
each cultivar was grown in three replicated pots with four 
plants/pot for both control and cold treatments. Plants 
were grown under normal growing conditions (14 h day 
length, 20˚C - 24˚C) for two weeks. Plants were then 
placed in a dark cold room (4˚C) for 48 h, while control 
plants were maintained under normal growing conditions.  

The second experiment consisted of two sets of plants 
with each set including three replicated pots for each 
cultivar with four plants/pot. Plants were grown for two 
weeks (14 h day length, 20˚C - 24˚C). An isolate of S. 
sclerotiorum obtained from pea was grown in the dark at 
25˚C on potato dextrose agar (PDA). 14 day old plants 
were inoculated with S. sclerotiorum by placing a myce- 
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lial plug of the pathogen, taken from the margin of an 
actively growing culture, on the 4th node. The mycelial 
plug was attached to the stem with parafilm at the at-
tachment point where the leaf branches from the main 
stem [15]. One set of plants (SWM 24) was harvested 24 
h after inoculation and the other set (SWM 48) was har- 
vested 48 h after inoculation. 

2.2. RNA Extraction 

Total RNA was extracted from the entire leaf and stem 
tissues above the 4th node collected from two randomly 
selected plants from each of the treated and control pots 
using the RNA Fast Kit (MP Biomedicals; Solon, OH) 
according to manufacturer’s instruction. Briefly, 250 mg - 
300 mg tissue samples were processed using the “Fast 
prep” instrument for 120 s at a setting of 6.0., and were 
centrifuged at 12,000 × g for 5 min at 4˚C. The super- 
natant was transferred to a new tube and extracted with 
an equal volume of chloroform. The upper (aqueous) 
phase was transferred to a new tube and RNA was pre- 
cipitated with absolute ethanol. Samples were centri- 
fuged at 12,000 × g for 15 min at 4˚C, RNAs were 
washed with 75% cold ethanol, dissolved in DEPC-H2O 
and stored at –80˚C. RNA was quantified by spectropho- 
tometry and diluted in DEPC-H2O to a final concentra- 
tion of 200 ng/μl. 

2.3. cDNA Synthesis 

cDNA was synthesized using the “iScript cDNA synthe- 
sis kit” (Bio-Rad, Hercules, CA) according to manufact- 
urer’s instructions. Briefly, cDNA was synthesized in 20 
μl reactions containing 4 μl of 5× iScript reaction mix, 1 
μl iScript reverse transcriptase, 10 μl of nuclease free wa-
ter and 1 μg RNA. The following thermocycling profile 
was used for cDNA synthesis: 25 min at 25˚C, 30 min at 
42˚C and 5 min at 85˚C. cDNAs were quantified by spec- 
trophotometry and diluted in ddH2O to 100 ng/μl. 

2.4. Design of Primers for Amplifying 
Candidate Reference Genes 

Partial or total mRNA sequences from P. sativum for 18s 
rRNA, actin, translation initiation factor (TIF), β tubu- 
lin-2, and β tubulin-3 were obtained from the NCBI data- 
base. Forward and reverse primers were designed by analy- 
zing each sequence with Primer Express® Software v3.0 
(Table 1). Primer pairs produced amplicons ranging in 
size from 58 - 65 bp with a Tm value ranging from 58˚C 
to 60˚C. Tm value was calculated based on nearest 
neighbor method where thermodynamic relationship be- 
tween entropy, enthalpy, free energy and temperature 
were considered. 

2.5. Relative Quantification and Analysis 

Relative quantification was performed using the “CFX 
96 Real Time PCR system” (Bio-Rad). Preliminary ex- 
periments were conducted for normalization using tem- 
perature gradients with different primer and template 
concentrations. PCR efficiency was also calculated for 
each gene by10 fold dilution of cDNA (five dilution se- 
ries for 18s rRNA and four series for all other genes) in 3 
replicate reactions per dilution. The PCR efficiency of 
each primer pair was calculated based on the following 
formula: % Efficiency = (10–1/slope – 1)100 [16]. 

cDNA samples from six individual plants of each cul- 
tivar were examined for each treatment (control, cold 
stress, 24 h and 48 h after inoculation with S. sclero- 
tiorum). Each cDNA sample was amplified in two sepa- 
rate qPCR reactions for each candidate reference gene. 
qPCR was performed in 20 μl reactions containing 10 μl 
sso fast evagreen supermix (Bio-Rad). For 18s rRNA and 
β tubulin-2, final PCR conditions included 18.75 nM 
forward and reverse primer (Table 1), while reactions to 
amplify actin, TIF and β tubulin-3 contained 37.5 nM 
forward and reverse primers. 25 ng cDNA was used as 

 
Table 1. Gene ID and primer sequences of housekeeping genes in peas. 

Gene ID (NCBI) Gene name Orientation Primer sequence 
Primer binding sites 

(base pair) 

Forward Primer GGATCGCACGGCCTTTG 3596 - 3612 
GenBank: X52575.1 18s partial rRNAs 

Reverse Primer CGAAAGTTGATAGGGCAGAAATTT 3655 - 3632 

Forward Primer CCAAATCATGTTTGAGGCTTTTAA 502 - 525 
GenBank: U81049.1 Actin 

Reverse Primer GTGAAAGAACGGCCTGAATAGC 566 - 545 

Forward Primer CCGTTGCGCCTATCATTCA 267 - 285 
GenBank: Y17186.1 

Translation initiation 
factor (TIF) Reverse Primer ACGTCTTTCCGGTTCCAGATT 332 - 312 

Forward Primer GGAAGGCTTTCTTGCATTGG 1168 - 1187 
GenBank: X54845.1 β tubulin-2 

Reverse Primer GGCTTCGGTGAATTCCATCTC 1229 - 1209 

Forward Primer TTGGGCGAAAGGACACTATACTG 275 - 297 
GenBank: X54846.1 β tubulin-3 

Reverse Primer CAACATCGAGGACCGAGTCA 333 - 314 
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template in PCR to amplify 18s rRNA, while 250 ng 
cDNA was used as template to amplify actin, TIF, β tu-
bulin-2 and β tubulin-3. PCR thermocycling conditions 
consisted of a single step at 95˚C for 60 s for enzyme 
activation, followed by 39 cycles consisting of 95˚C for 5 
s followed by 60˚C for 20 s for annealing and extension. 
At the end of the final extension step, a melting curve 
analysis was conducted within a temperature range from 
65˚C to 95˚C at an incremental increase of 0.5˚C for 5 s, 
where melting temperature (Tm) of PCR product were 
calculated to discriminate between specific product, pri- 
mer-dimer and any other artifacts (Table 2). CT values 
(the cycle at which fluorescence crosses the threshold) 
were transformed to relative quantities using the compara- 
tive CT method described by Vandesompele et al. (2002) 
[18]. The expression stability (M) of each reference gene 
was determined using geNorm 3.5 software [18].  

3. Results 

We examined expression profiles of five different genes: 
18s rRNA, actin, β tubulin-2, β tubulin-3 and translation 
initiation factor (TIF) (Table 1) across five different pea 
cultivars. The pea cultivars included three food grade 
green peas, Ariel, Aragorn, and Sterling, and two yellow 
peas used as animal feed, Delta and Universal. Melting 
curve analysis indicated that all five primer pairs (Table 
1) amplified a single product (data not shown). The five 
primer pairs amplified their respective targets at efficien- 
cies ranging from 96.6% (β tubulin-2) to 115.6% (TIF) 
(Table 2). Correlation coefficients between fluorescence 
and DNA quantity varied between primer pairs from 
0.971 (Actin) to 0.999 (18s rRNA). Melting temperatures 
of amplicons ranged between 75.5 (Actin) to 84.5˚C (18s 
rRNA) (Table 2).  

3.1. Analysis of Variance of CT 

The combined analysis of variance of CT of control ver- 

sus cold and control versus SWM (S. sclerotiorum treated 
pea plants) was calculated from data obtained for 12 RT- 
qPCR reactions for each cultivar for each reference gene 
(6 plants/cultivar; 2 RT-qPCR/plant). ANOVA showed sig-
nificant variation in CT value between varieties and treat-
ments (control versus cold and control versus SWM) for 
all reference genes examined (Table 3). The mean CT 
values for all the transcripts except 18s rRNA ranged 
from 23.81 to 30.28 in cold versus SWM (Table 4). 
Across all varieties there were significant differences in 
CT values between cold and SWM for TIF, β tubulin-2 
and β tubulin-3 (Table 4), but significant differences in 
CT values were observed only for TIF and β tubulin-3 
genes after 24 and 48 h of inoculation with S. sclero- 
tiorum (Table 5). Among the genes examined, actin had 
the highest average CT values, suggesting that it is the 
least abundant of the targeted transcripts. The mean CT 
values for 18s rRNA were approximately 12.5, even 
though only 10% of the amount of cDNA was used as 
template compared to the amount of template used for all 
other putative reference genes. These results suggest that 
18s rRNA template was far more abundant than any 
other templates. 

3.2. Stability of Candidate Reference Genes 
during Cold Stress 

The cold stress consisted of placing 2 wk old plants in a 
 
Table 2. PCR efficiency, correlation coefficient and melting 
temperature of housekeeping genes in peas. 

Gene Ea R2b Tmc 

18s rRNA 107.2 0.999 84.5 

Actin 100.0 0.971 75.5 

TIF 115.6 0.996 78.0 

β tubulin-2 96.6 0.995 77.0 

β tubulin-3 105.6 0.990 78.0 

Ea = PCR efficiency; R2b = Correlation coefficient; Tmc = Melting temperature 
(˚C). 

 
Table 3. Combined ANOVA of CT: control versus cold and control versus SWM. 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Source of variation DF 

Mean SS F value Mean SS f value Mean SS F value Mean SS F value Mean SS F value

Control versus Cold 

Cultivar 4 0.368 3.99*** 5.457 6.34*** 2.936 15.41*** 8.006 43.04*** 1.290 3.82*** 

Treatment 
(Control versus cold) 

1 6.431 69.82*** 6.665 7.75*** 14.721 77.25*** 31.611 169.96*** 40.13 118.83***

Error 108 0.092  0.860  0.191  0.186  0.338  

Control versus SWM 

Cultivar 4 0.412 4.210*** 12.710 21.390*** 3.826 21.870*** 6.729 32.040*** 3.539 8.34*** 

Treatment 
(Control versus SWM) 

2 4.447 45.49*** 14.922 25.12*** 8.746 50.00*** 0.919 4.380* 44.484 104.78***

Error 167 0.098  0.594  0.175  0.210  0.425  

*Denotes p < 0.05; ***denotes p < 0.001. 
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Table 4. Combined CT and paired t-test between cold versus SWM. 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Cultivar 

Cold SWM Cold SWM Cold SWM Cold SWM Cold SWM 

Sterling 12.62 12.50 30.93 31.01 26.75 26.42 24.55 25.03 29.37 29.07 

Delta 12.59 12.54 29.70 29.59 26.25 25.88 24.07 24.95 28.99 28.87 

Universal 12.42 12.26 30.54 29.83 26.38 25.89 23.99 24.65 29.33 28.44 

Aragorn 12.32 12.47 30.25 30.00 25.97 25.83 23.23 24.38 28.90 28.59 

Ariel 12.45 12.45 29.98 29.56 25.87 25.52 23.21 23.98 28.92 28.30 

Mean CT 12.48 12.45 30.28 30.00 26.25 25.91 23.81 24.60 29.10 28.65 

SD 0.12 0.11 0.48 0.59 0.35 0.33 0.58 0.43 0.23 0.31 

t values at 4 df 0.650 2.079 5.948** 7.017** 3.285* 

*Denotes p < 0.05; **denotes p < 0.01. 

 
Table 5. Combined CT and paired t-test between SWM24 versus SWM48. 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Cultivar 

SWM24 SWM48 SWM24 SWM48 SWM24 SWM48 SWM24 SWM48 SWM24 SWM48

Sterling 12.51 12.29 31.08 29.63 26.46 25.64 25.33 25.09 28.2 30.38 

Delta 12.63 12.05 29.73 28.99 25.86 25.33 24.68 24.79 27.41 29.81 

Universal 12.48 11.76 29.85 29.65 25.94 25.78 24.76 25.14 28.12 29.19 

Aragorn 12.48 12.36 29.95 29.8 25.94 25.61 24.36 24.54 27.89 29.36 

Ariel 12.30 12.35 29.88 29.23 25.55 25.2 23.92 24.04 27.29 28.96 

Mean 12.48 12.16 30.10 29.46 25.95 25.51 24.61 24.72 27.78 29.54 

SD 0.118 0.257 0.555 0.337 0.327 0.239 0.521 0.451 0.413 0.563 

t value at 4df 2.209 2.721 3.909* 1.099 4.942** 

*Denotes p < 0.05; **denotes p < 0.01. 

 
dark cold room (4˚C) for 48 h. Plants were only be 
mildly affected by this stress, exhibiting slight stunting 
compared to control plants but no other symptoms. The 
most stable genes were identified by the step wise exclu-
sion of highest M values. In the control versus cold study, 
TIF and β tubulin-3 were the most stable genes (M = 
0.312; Table 6) and the third most stable gene was 18s 
rRNA (M = 0.396). Only β tubulin-2 had M > 1.0, which 
suggests it is not a suitable reference gene for this appli-
cation [18]. 

The minimum number of reference genes needed for 
normalization was determined by calculation of pairwise 
variations (Vn/n +1). A value of Vn/n +1 ≥ 0.15 suggests that 
there will be a significant effect on normalization due to 
the inclusion of an additional reference gene [18]. In the 
comparison between control and cold treated plants the 
variations between (v2/3): β tubulin-3/18s rRNA, (v3/4): 
18s rRNA/actin, and (v4/5): actin/β tubulin-2 were 0.124, 
0.136, and 0.198 respectively (Figure 1). These results 
suggest that only two reference genes, TIF and β tubu-
lin-3, are necessary for accurate normalization of RT- 
qPCR data obtained from both yellow and green control 
peas and peas subjected to cold stress for 48 h. 

3.3. Stability of Candidate Reference Genes 
during Infection by S. sclerotiorum 

Compared to cold stress, inoculation of plants with a 
mycelial plug of S. sclerotiorum resulted in severe sym- 
ptoms on all plants. Within 48 h all plants had a necrotic 
lesion at the point of infection that grew down the stem. 
In a comparison between expression in control plants and 
plants 24 h after inoculation with S. sclerotiorum (SW- 
M24), similar to results observed for control versus cold 
treated plants, the two most stable reference genes were 
TIF and β tubulin-3 (M = 0.380) and the third most stable 
gene was 18s rRNA (Table 6). Actin was the least stable 
gene (M = 0.642). However, the stability values (M) for 
both β tubulin-2 and actin were less than 1.0, suggesting 
that they also could be used as reference genes for this 
application. 

In control versus SWM24 conditions, the variations 
between (v2/3): β tubulin-3/18s rRNA, (v3/4): 18s 
rRNA/β tubulin-2 and (v4/5): β tubulin-2/actin were 
0.138, 0.118 and 0.117 respectively (Figure 2) These 
results suggest that only two reference genes, TIF and β 
tubulin-3, are necessary for accurate normalization of 
RT-qPCR data obtained from both yellow and green pea 
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Table 6. Stability (M) values and average M value after step wise elimination of least stable values. 

Control versus cold (M Values) 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Average M values 

(after excluding least stable gene) 
0.597 0.691 0.522 1.030 0.644 0.697 

0.489 0.581 0.379  0.450 0.475 

0.396  0.318  0.391 0.368 

  0.312  0.312 0.312 

Control versus SWM24 (M Values) 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Average M values 

(after excluding least stable gene) 
0.577 0.642 0.396 0.536 0.555 0.541 

0.493  0.375 0.519 0.508 0.474 

0.453  0.393  0.440 0.429 

  0.380  0.380 0.380 

Control versus SWM48 (M Values) 

18s rRNA Actin TIF β Tubulin-2 β Tubulin-3 
Average M values 

(after excluding least stable gene) 
0.707 0.823 0.590 0.654 0.816 0.718 

0.670  0.613 0.588 0.721 0.648 

0.574  0.489 0.662  0.575 

0.402  0.402   0.402 

 

 

Figure 1. Pairwise variations to determine the optimal num- 
ber of reference genes for normalization in control versus 
cold conditions. 
 

 

Figure 2. Pairwise variations to determine the optimal num- 
ber of reference genes for normalization in control versus 
SWM24 conditions. 

controls and peas 24 h after inoculation with S. sclero- 
tiorum. 

In a comparison between expression in control plants 
with expression in plants 48 h after inoculation with S. 
sclerotiorum (SWM48), the two most stable reference 
genes were TIF and 18s rRNA (M = 0.402), followed by 
β tubulin-2 (Table 6). β tubulin-3 and actin were the least 
stable genes, but both had stability values less than 1.0, 
suggesting they could also be used as reference genes for 
this application. The variations (v2/3): 18s rRNA/pea 
tubulin-2, (v3/4): pea tubulin-2/β tubulin-3, and (v4/5): 
β-tubulin-3/actin were 0.212, 0.166 and 0.148 respecti- 
vely in control versus SWM48 (Figure 3). These results 
suggest that a minimum of four reference genes (TIF; 18s 
rRNA; β tubulin-2, and β tubulin-3) are required for ac-
curate normalization of data obtained from both yellow 
and green pea controls and peas 48 h after inoculation 
with S. sclerotiorum. 

4. Discussion 

RT-qPCR is a very useful technique for gene expression 
studies because of its specificity and precision. Stably 
expressed internal reference genes are considered critical 
for estimating small expression differences between trea- 
tment effects [18]. However, in most plant species refer- 
ence genes have only been validated for a single cultivar. 
Cruz et al. (2009) [3] examined using potential reference 
genes with leaves of three different coffee (Coffea ara- 
bica) cultivars. The stability ranking of candidate refer- 
ence genes based on results obtained using multiple cul- 
tivars was very different than rankings observed based on 

Copyright © 2012 SciRes.                                                                                 AJPS 



Evaluation of Expression Stability of Candidate References Genes among Green and Yellow Pea Cultivars 
(Pisum sativum L.) Subjected to Abiotic and Biotic Stress 

241

 

Figure 3. Pairwise variations to determine the optimal num- 
ber of reference genes for normalization in control versus 
SWM 48 conditions. 
 
an examination of different organs of a single cultivar or 
stressed leaves or roots of a single cultivar. These results 
suggested that reference genes validated for a single ge- 
notype may not be the most appropriate reference gene 
for use when comparing gene expression across diverse 
cultivars. Multiple candidate reference genes for use with 
pea have only been validated against a single yellow 
animal feed cultivar, Athos [6], although the 18s rRNA 
gene has also been used as a reference gene to examine 
the yellow animal feed pea cultivar Alaska [14]. In this 
study, we examined several different candidate reference 
genes among three food grade spring green cultivars and 
two animal feed spring yellow cultivars. The validation 
of reference genes using genetically distinct pea cultivars 
may promote confident usage of these genes for studying 
differential gene expression across a broad range of pea 
genotypes. 

Expression profiles of five candidate reference genes; 
18s rRNA, actin, TIF, β tubulin-2 and β tubulin-3 were 
examined from control plants, plants after 48 h of cold 
treatment, and plants 24 and 48 h after inoculation with S. 
sclerotiorum, the causal agent of white mold of pea and 
other legumes. Significant cultivar and treatment affects 
were observed for all genes in the cases of both cold and 
disease treatments (Table 3). These results suggest that 
ideally reference genes should be validated for use in 
specific genetic backgrounds and treatments, and that 
multiple reference genes be used for realizing accurate 
normalization of real time PCR data. 

Stability values (M) were calculated to identify the 
best reference genes, with lower M values indicating more 
stable gene expression [18]. Pairwise variation analysis 
was conducted to determine the optimal number of ref- 
erence genes required to examine differential gene ex- 
pression in pea in response to cold stress or disease. 
Consistent results were observed between the cold treat- 
ment and after 24 h of inoculation with S. sclerotiorum. 

In both experiments the most stable reference genes were 
TIF and β tubulin-3, followed by 18s rRNA. In addition, 
in both experiments the pairwise variation (v) at (v2/3) 
was less than 0.15 (Figures 1 and 2). This indicates that 
TIF and β tubulin-3 were the most suitable reference 
genes for normalizing data obtained after cold stress and 
24 h after inoculation with S. sclerotiorum, and the in-
clusion of a third additional reference gene would not 
enhance the normalization of real time PCR data. 

A comparison of control plants and plants 48 h after 
inoculation with S. sclerotiorum produced results that in- 
dicated four reference genes were required for accurate 
normalization, these genes being TIF, 18s rRNA, β tubu- 
lin-2, and β tubulin-3 (Figure 3). Paired t-test between 
SWM24 and SWM48 detected significant variation be- 
tween the two time points in the expression of β tubu- 
lin-3, which was ranked the most stable gene at SWM 24 
but was the second least stably expressed gene at SWM 
48 (Tables 5 and 6). Significant variation between the 
two time points was also detected for expression of TIF, 
but it maintained its position as one of the two most sta-
ble genes, although its stability was lower at 48 h than at 
24 h. It should be noted that 48 h after inoculation with S. 
sclerotiorum all of the plants were effectively deceased, 
exhibiting complete collapse of the stem at the site of 
inoculation. The extreme disease reaction may be re-
sponsible for variance in gene expression observed at 48 
h. In the future, inoculation techniques will need to be 
modified, perhaps by using less rich media than 1× Po-
tato Dextrose Agar to produce mycelial plugs for inocu-
lation, or waiting until the plants are older to inoculate. 

The ability to detect differential gene expression pat- 
terns associated with specific phenotypic states affords a 
greater understanding of genetic factors conditioning trait 
expression. Although preliminary evidence of differential 
gene expression can be detected through microarrays and 
whole transcriptome sequencing, more precise quantita- 
tion of differences in expression levels of specific tran- 
scripts are typically realized using RT-qPCR. The results 
presented in this report suggest that the primers we de- 
veloped to amplify fragments of the pea TIF and β tubu- 
lin-3 genes should be considered for use as reference 
genes for the examination of differential gene expres- 
sionin response to abiotic or biotic stress among a broad 
range of food and feed grade pea genotypes.  
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