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1. Introduction 

Quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) is one of the extensively used molecular techniques 
for quantifying gene expression levels because of its high sensitiv-
ity, specificity, accuracy, and capability for high-throughput analy-
sis. Reliable and reproducible gene expression profiling results 
depend on the quantity and quality of the starting material 
(RNA), sampling procedures, enzyme efficiencies, presence of inhi-
bitors, and basal transcription rate of the genes [1]. An important 
factor that controls the variations in the transcript activity is using 
one or two reference genes for data normalization to minimize 
technical variability among samples and accurately measure target 
gene expression levels [2,3]. Absolute and accurate quantitation of 
the reference gene among the constitutively expressing house-
keeping genes is essential. Furthermore, the accuracy of qRT-PCR 
results depends on multiple factors, such as the quality of the com-
plementary DNA (cDNA), the efficiency of the polymerase enzyme, 
the effectiveness of PCR amplification, and the stability of reference 
genes across different experimental conditions (treatments or 
developmental conditions/ stages), time (temporal) and tissues 
(spatial) [4,5,6]. 

The normalization process accounts for differences in the mag-
nitude of gene expression in each sample, ensuring that results are 
comparable across different samples. In different crop plants, dif-
ferent scientific groups have identified reference genes for their 
data normalization and relative quantification of gene expression 
profiling. Zhang et al. [7] have demonstrated Ribosomal protein 
L2 (L2) and Tubulin (TUB) genes with the highest stability for gene 
expression studies in banana Guangfen No. 1 (ABB) while a combi-
nation of ACT1 and TUB optimal for Cavendish cv. Brazilian (AAA). 
Zhu et al. [8] introduced MaSPS1 as a novel banana reference gene. 
Nocum et al. [9] identified the L2 gene as an ideal reference gene 
for characterizing gene expression in Banana bunchy top virus-
resistant and susceptible varieties. In apples, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), ribosomal protein L2 (RPL2), 
and protein phosphatase 2A (PP2A) were reported as most suitable 
reference genes across various tissue types and under different bio-
tic stress conditions [10]. Zhu et al. [11] reported that WD40, ACT, 
and GAPDH as the most stable reference genes in apples for expres-
sion analysis of peel samples while EF-1a, CKL, and WD40 were for 
flesh samples. However, Song et al. [12] identified seven novel ref-
erence genes (CYSP, NDUFS8, YLS8, EIF5A2, Gluc, GDT1, and EF-
Hand) in apples with stable expression across different tissue 
types, developmental stages, and biotic stress conditions. In grape-
vine, different combinations of VvEF1-c, PPR2, RRM1, EF1-a, and 
Actin were reported as stable reference genes for expression anal-
ysis in different tissue types [13,14]. Similarly, in mango, the most 
commonly used reference genes are Actin, Tubulin, and Elongation 
Factor 1 [15,16,17,18]. However, there are reports on GAPDH, 25S 
ribosomal RNA, and TUB-B as stable reference genes under various 
experimental conditions [19,20,21]. 

From the above facts, it is evident that the most commonly 
reported reference genes for expression analysis include genes 
encoding Actin (ACT), a and b-tubulin (TUA and TUB), 18S riboso-
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mal  RNA  (18S  rRNA)  and  28S  rRNA,  Histone  B  (H2B), elongation 
factor-1-alpha (EF1-a), glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH), suppressor of K+ transport growth defect (SKD1), 
Thioredoxin-like protein (YLS8), Actin-depolymerizing factor 2 
(ADF2), and Cytochrome B5 (CYB5) [4,22,23,24]. Notably, no uni-
versally stable reference gene consistently exhibits stable 
expression across all time points, tissues, and experimental con-
ditions that can be invariably used in all crop plants. Moreover, 
the gene expression stability can vary due to species-specific or 
even tissue-specific traits in different plant species [25]. For 
instance, in tomatoes, the expression of some housekeeping 
genes was not stable, even at different leaf stages and bud sizes 
[26]. This poses issues of overestimating or underestimating the 
relative quantitation of gene expression levels if such genes are 
used as reference genes. The stability of reference genes is cru-
cial in gene expression studies, as inconsistent expression can 
lead to inaccurate normalization and skewed qRT-PCR results 
[5,6]. Therefore, it is highly essential to identify the ideal refer-
ence gene specific to a crop with good stability that produces 
consistent results in the expression analysis. With the view of 
accomplishing this objective, the present study was undertaken 
to utilize a few housekeeping genes of guava for the selection 
of the best stable reference gene. 

2. Material and methods 

2.1. Plant materials 

Guava (Psidium guajava L.) cultivar (cv.) Allahabad Safeda being 
popular cv. grown in many parts of the country was used in this 
study. Different tissues were collected from cv. Allahabad Safeda 
at the ICAR-Central Institute for Subtropical Horticulture (CISH), 
Lucknow, (latitude 26.90°N, longitude 80.76°E), Uttar Pradesh, 
India. Tissues representing different developmental stages such 
as juvenile, young, and mature leaves, flower buds, whole flowers, 
fruit pulp, fruit peel, whole fruits, and roots were harvested, imme-
diately frozen in liquid nitrogen, and stored at −80°C until further 
processing. 

2.2. RNA Extraction, quality control, quantitation, and cDNA synthesis 

Total RNA was extracted from all the collected tissues using the 
TRIzol reagent (Invitrogen Bioservices India Pvt Ltd, Gurgaon, 
India) following the manufacturer’s protocol, with minor modifica-
tions to enhance RNA yield and purity. RNA quality and quantity 
were assessed using a nanodrop spectrophotometer (Thermo 
Fisher Scientific, USA). RNA samples with an A260/A280 ratio 
between 1.8 and 2.0, and sharp ribosomal RNA bands (18S and 
28S) on 1% agarose gel, were used for complementary DNA (cDNA) 
synthesis. The cDNA synthesis was carried out using the maxima 
first strand cDNA kit (ThermoFisher Scientific Pvt Ltd, India), with 
2 lg of total RNA as the template, 5X Reaction Mix (4 lL), Maxima 
Enzyme Mix (2 lL), template RNA 2 lg, and rest of the volume 
made up with nuclease-free water to the reaction volume set up 
at 20 lL; as per instruction manual. All the components were

https://doi.org/10.1016/j.ejbt.2025.01.006
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gently mixed, centrifuged, and reaction programmed at 1 cycle 
each of 10 min at 25°C, 30 min at 50°C, termination by heating 
at 85°C for 5 min and holding at 4°C for 20 min in the Prima96 
PCR machine (HiMedia Laboratories India Pvt. Ltd., Mumbai). The 
cDNA concentration was checked using the QIAexpert nano-
spectrophotometer (Qiagen India Pvt Ltd., New Delhi). The cDNA 
was diluted five-fold with nuclease-free water to achieve a concen-
tration of 100 ng/ll before use in quantitative real−time poly-
merase chain reaction (qRT-PCR) assays. 

2.3. Mining of housekeeping genes from the guava genome and 
designing qRT-PCR primers 

Ten housekeeping genes were selected randomly based on liter-
ature, and the genomic sequences were mined from publicly avail-
able guava genome data (GCA_016432845.1). These candidate 
genes include actin (PgACT), elongation factor 1G (PgEF1G), elonga-
tion factor 2 (PgEF2), tubulin (PgTUB1), elongation factor 1a 
(PgEF1a), monensin sensitivity 1 (PgMON1), histone H3 (PgH3), 
RNA- binding protein 47 (PgRBP47), and two polyubiquitin genes 
(PgPOLX1 and PgPOLX2). Primers for qRT-PCR were designed using 
Primer3Plus software [27], with parameters set with product size 
(90–250 bp), melting temperature (60–65°C), higher GC content, 
and minimal secondary structure formation. The designed primers 
(Table 1) were synthesized and obtained from Xcelris Laboratories 
India Pvt Ltd., Gujarat, India which was used for further 
experiments. 

2.4. Gene expression analysis using qRT-PCR 

The qRT-PCR assay was conducted using the Applied Biosys-
temsTM 7500 system with the reaction set up involving 10 ng of 
cDNA, 5 picomoles each of forward and reverse primers, and then 
amplified using a SYBR® Green master mix. The reaction was per-
formed by following a two-step program: Pre-PCR Read: 60°C for 
30 s followed by holding stage at 95°C for 10 min for complete 
denaturation and enzyme activation and cycling stage at 95°C for 
15 s (denaturation) followed by 60°C for 1 min (annealing and 
extension), repeated for data acquisition. To minimize biological 
and technical errors, each sample was evaluated in triplicate tech-
nical replicates and three biological replicates. Serially diluted 
cDNA samples (5−1 ,  5−2 ,  5−3 ,  5−4 , and 5−5 ) were used to construct
Table 1 
Description of list of qRT-PCR primers for candidate housekeeping genes. 

Gene Function (Protein) Primer sequen

PgACT Actin F: CTGAGCGT
R: GGAGTTGT

PgEF1G Elongation factor 1 gamma F: CAAAAGAG
R: CAGAACCA

PgEF1a Elongation factor 1 alpha F: CCCTCTGGA
R: TTCAGATC

PgEF2 Elongation Factor2 F: AAATTCTCC
R: ACTTCACA

PgTUB1 Tubulin F: CAAGAACT
R: AGGTCGTT

PgMON1 Monensin sensitivity1 F: TCTCCGCCA
R: CGTTTTCCA

PgH3 Histone 3 F: CTCTCCGCA
R: CACACTCG

PgRBP47 RNA-binding protein 47 F: TGCCTAATA
R: CATCGCCA

PgPOLX1 Polyubiquitin_X1 F: GGTTCCCCA
R: TCACGCAC

PgPOLX2 Polyubiquitin_X2 F: AACTCTACA
R: ATCTTCCAG

Note: Tm refers to melting temperature and the actual annealing temperature (Ta) was
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standard curves, which were then used to calculate the efficiency 
of gene amplification (E) using the following formula; 

E 10 1 slope 1 100 
2.5. Statistical analysis and selection of ideal reference gene for 
expression analysis in guava 

The expression stability of ten candidate housekeeping genes in 
guava cv. Allahabad Safeda was assessed using four methods viz., 
GeNorm [28], NormFinder [29], BestKeeper [30], and Comparative 
delta-Ct [31]. Ct values were transformed and used in three meth-
ods GeNorm, Comparative delta-Ct, and NormFinder, while the raw 
Ct values were used in the Excel-based tool, BestKeeper. RefFinder 
[32], an online platform, integrates results from these four meth-
ods and provides a comprehensive ranking of candidate gene 
expression stability. For gene stability assay [33], the mean cycling 
time (Ct) values of replicate samples of different tissues of guava 
for all 10 housekeeping genes were obtained from the Applied 
BiosystemsTM 7500 system. Data were processed through Microsoft 
Excel Analysis ToolPak and analyzed using SPSS software version 
V.1.6. The Ct value, which is inversely proportional to the amount 
of template nucleic acid, was used to determine the overall mean 
Ct, standard deviation (SD), and coefficient of variation (CV) for 
each gene. The tissue level variations in Ct value were also assessed 
using a box whiskers plot (SPSS V.1.6), providing an early measure 
of the stability of the reference gene. Gene stability was measured 
across different tissues representing different developmental 
stages using the stability index based on linear regression analysis. 
The stability index was calculated as the product of the CV and the 
slope of linear regression. Genes with a lower stability index were 
considered more efficient reference genes for data normalization in 
the gene expression studies. 

3. Results 

3.1. PCR optimization and assessment of primer efficiency 

Ten housekeeping genes were amplified using cDNA from the 
leaf tissue of guava cv. Allahabad Safeda for initial standard PCR 
optimization. Agarose gel electrophoresis of the PCR products
) Tm (ce (5′-3′ °C) Product size (bp) 

GAAATTGTGAGAG 61.1 310 
AAGTGGTCTCATGG 62.2 
CCCAAAGCAGAAG 62.0 300 
CAGTGAGTATCCC 61.7 
TTGACAACTGAAG 62.5 320 

CTTTACAGCCACG 62.1 
GTGTCTCCAGTC 61.8 300 
ATCTCAGCTCCAC 62.1 
CGTCCTACTTCGTG 62.2 306 
CATGTTGCTCTC 62.0 
TTCAACACTC 61.8 312 
CATCTTTCACCC 61.6 
TCTCCAATCTC 61.5 265 
TACCACTTGCTC 62.3 
CTGAACAGCCG 61.9 300 
AACCTCACAAATC 62.0 
TCCCAAAGATC 62.2 300 

CATGTACCAAAG 62.6 
TCTCGTGCTTCG 61.7 300 
TTGCTTCCCG 61.9 

 2°C lesser than the Tm. 
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revealed that each primer amplified a single fragment (approxi-
mately 300 bp) for the ten selected reference genes (Fig. 1a) in con-
cordance with the expected product size (Table 1). Subsequent 
qRT-PCR analysis in the same sample demonstrated that the ampli-
fication plot showed a clear undisturbed trend and similarly, the 
melt curve analysis showed a single peak for all the ten candidate 
genes, clearly indicating that there was no non-specific amplifica-
tion of stutters (Fig. 1b, Fig. S1). The amplification efficiency of the 
10 housekeeping genes was evaluated using specific primer pairs. 
All the primer pairs demonstrated high reliability, achieving corre-
lation coefficients exceeding 0.98. This indicates strong linearity in 
their amplification performance, ensuring accurate and consistent 
results in quantitative analysis (standard curve Fig. S2). The ampli-
fication efficiency (E) ranged between 74.353% and 124.9% 
(Table 2). These findings confirm the primers’ efficiency in amplifi-
cation of the target genes. 

3.2. Expression levels of candidate housekeeping genes across different 
tissues 

The qRT-PCR analyses using cDNA from different tissues were 
carried out to assess the consistency of the expression of target 
genes to determine the optimum basal level of transcription, a cru-
cial factor in selecting the ideal reference gene. The expression 
levels were quantified in terms of threshold cycle values (Cq, or 
Ct) which ranged from 19.32 to 35.19. PgACT exhibited the highest 
expression levels, while PgPOLX1 had the lowest. The line graph of 
Ct values across different tissues (Fig. 2a) revealed that PgTUB and 
PgEF1G had reasonably steady Ct values across all tissue types, 
indicating consistent expression commonly desired for reference 
genes in qRT-PCR. While PgRBP47 and PgPOLX1 genes exhibited 
more varied results across tissues, implying that their expression 
is tissue-specific in nature. The box plot of Ct values of genes across 
different tissues (Fig. 2b) revealed that genes PgTUB1, PgACT, and 
PgEF1G have narrow interquartile ranges (IQRs) and low variability, 
Fig. 1. Amplification of ten housekeeping genes in leaf tissue of guava (Psidium guaja
of ten house-keeping genes. 1: PgACT,  2:  PgEF1G,  3:  PgEF1a,  4:  PgEF2,  5:  PgTUB1,  6:  Pg
Amplification plot and melt curve plots of qRT-PCR analysis of the target genes.
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indicating their eligibility as reference genes. Genes with a larger 
IQR and higher median Ct values, such as PgPOLX2, PgRBP47, and 
PgPOLX1, may be unsuitable as reference genes for normalization 
due to fluctuating expression. However, these results give only a 
basic idea about the basal transcription levels (expression pat-
terns) of the housekeeping genes and could not be directly used 
to select an ideal reference gene before assessing the gene expres-
sion stability across tissues. 

3.3. Assessment of stability in gene expression across tissues for 
selection of ideal reference gene 

Four different methods were used for expression stability anal-
ysis which revealed variations in the stability pattern of the house-
keeping genes. In GeNorm method employs the estimation of the 
M value as a key metric with an inverse relationship to the stability 
of the reference genes. In the present study, PgACT and PgTUB1 
exhibited the lowest M value of 0.304, indicating the highest sta-
bility. PgEF2 followed closely with an M value of 0.373. In contrast, 
PgEF1G was identified as the least stable gene, with an M value of 
0.944 (Fig. 3a). NormFinder evaluates the stability of each candi-
date gene based on stability value (SV) which is indirectly related 
to consistency of expression across samples. In this present study, 
PgTUB1 showed the lowest SV (0.108), showing the highest stabil-
ity. Conversely, PgEF1G had the highest SV (1.191) proving it to be 
the least stable (Fig. 3b). The BestKeeper method assesses gene 
expression stability by combining the coefficient of variation (CV) 
and standard deviation (SD) into a single stability value (S), where 
a lower S indicates greater stability. The results from BestKeeper 
differed from those of GeNorm and NormFinder. BestKeeper iden-
tified PgEF2 (S = 0.237) as the most stable gene, while PgRBP47 was 
the least stable. PgTUB1 and PgACT were ranked third and fifth in 
stability, respectively (Fig. 3c). The Delta Ct method evaluates gene 
stability using the standard deviation (SD) of Ct values, with higher 
SDs indicating greater variability and less stability. The results
va L.) cv Allahabad Safeda. (a) Agarose gel electrophoresis profile of the amplicons 
MON1,  7:  PgEF1,  8:  PgRBP47,  9:  PgPOLX1, 10: PgPOLX2. M: 100 bp DNA ladder. (b) 
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Table 2 
Assessment of amplification efficiency and power of reference genes for reliable gene expression analysis. Efficiency % defines the amplification efficiency, r2 : Correlation 
coefficient, Mean Ct: average of Ct value among all tested tissue samples, SD: Standard Deviation among all the tissue samples tested. Slope: Slope of regression of gene means. 
CV: Coefficient of variation = ((SD/Meant Ct)*100), and Stability index = CV*slope. 

Reference 
gene 

Efficiency 
% 

r2 Mean Ct SD Slope CV% Stability 
index 

PgACT 105.35 0.99 18.71 0.54 3.2 2.87 9.18 
PgEF1G 80.47 0.98 25.23 0.75 3.942 2.97 11.71 
PgEF1a 103.09 0.99 22.50 0.32 3.258 1.42 4.63 
PgEF2 105.35 0.99 19.69 0.31 3.22 1.57 5.06 
PgTUB1 124.9 0.98 28.33 0.55 2.481 1.95 4.84 
PgMON1 83.29 0.99 30.79 1.36 3.8 4.44 16.87 
PgH3 97.04 0.99 20.65 0.48 3.395 2.33 7.91 
PgRBP47L 74.35 0.98 26.1 1.60 4.142 6.12 25.35 
PgPOLX1 100.92 0.99 33.45 1.04 3.3 3.11 10.26 
PgPOLX2 89.41 0.99 32.48 1.21 3.605 3.73 13.45 

Fig. 2. Variations and uniformity in the gene amplification patterns among different tissues of guava (Psidium guajava L.) cv Allahabad Safeda. (a) Pattern of Ct values 
obtained in the different tissues for the 10 housekeeping genes represented in line graph. (b) Box and whiskers plots showing the tissue level variations and stability of Ct 
values of the candidate genes. 

Fig. 3. Identification of stably expressed reference gene among the different housekeeping genes based on stability analysis using different methods. Histogram 
showing pattern of stability of gene expression assessed using different methods viz., (a) GeNorm, (b) Normfinder, (c) BestKeeper, (d) DCt, (e) RefFinder, and (f) stability index 
assay for the ten candidate genes. 
from the Delta Ct method were consistent with those from GeN-
orm and NormFinder, with PgTUB1 showing the lowest SD (0.72), 
indicating high stability, while PgEF1G had the highest SD (1.3), 
indicating lower stability (Fig. 3d). 

RefFinder integrates the above four methods in which 
PgTUB1 (stability score 1.5) and PgACT (stability score 1.86) 
were identified as the most stable reference genes. On the other 
hand, PgRBP47, with a stability score of 9.24, was found to be 
the least stable reference gene (Fig. 3e). The order of gene sta-
53
bility obtained in this assay could be ordered in the pattern as 
follows: 

PgTUB1 PgACT PgEF2 PgEF1a PgPOLX1 PgH3 

PgPOLX2 PgMON1 PgEF1G PgRBP47 

Another method stability index (SI) incorporates the Ct values, 
and regression analysis to assess the stability of the candidate 
genes. In this study, the PgEF1a (SI: 4.63), PgTUB1(SI; 4.84), and



S. Kumar, M. Muthukumar, A. Bajpai et al. Electronic Journal of Biotechnology 75 (2025) 49–56
PgEF2 (SI: 5.06) were the most stable across all the different tis-
sues. PgRBP47 was found to be the least stable (Fig. 3f). The order 
of gene stability obtained in this assay is as follows: 

PgEF1a PgTUB1 PgEF2 PgH3 PgACT PgPOLX1 PgEF1G 

PgPOLX2 PgMON1 PgRBP47 

In comparison of all the six methods in gene stability and con-
sistency, it is observed that PgTUB1, PgEF1a, and PgEF2 were iden-
tified as the best reference genes occupying the first three ranks in 
different methods. Contrarily, PgRBP47 could not be used for refer-
ence gene being least stable in all the methods evaluated for gene 
stability. PgPOLX1 and PgACT could also be used as reference genes 
though their efficiency in qRT-PCR results would be moderate. 
Thus, it is clear from the results of the present study that PgTUB1, 
PgEF1a, and PgEF2 are ideal reference genes for data normalization 
in gene expression studies of guava. 
4. Discussion 

Gene expression profiling and independent transcript-based 
reduced represented transcriptome analysis rely on the accuracy 
of relative quantification of expression levels, which depends on 
precise PCR conditions with optimum enzymes, initial RNA tem-
plates used in cDNA synthesis, cDNA concentration, inhibitors, 
and appropriate internal control, i.e., a stably, consistently and con-
stitutively expressing housekeeping gene, often called as reference 
gene. A reliable internal control or reference gene should exhibit 
minimal fluctuations to the experimental conditions and external 
factors, in contrast to the potential significant variations in the 
gene being studied throughout the experiment [34]. 

The selection of an appropriate internal control is, therefore, 
crucial for accurately measuring gene expression levels. The most 
common housekeeping genes involved in fundamental cellular 
processes critical for plant cytoskeleton framework, metabolism, 
growth, and survival include Actin (ACT), tubulin (TUB), Polyubiq-
uitin (UBQ), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 
translation elongation factor (TEF), ribosomal RNA (18S rRNA), 
eukaryotic initiation factor (EIF4a), cyclophilin (CYP2), protein 
phosphatase 2A (PP2A), and 25S ribosomal RNA (25S rRNA) [25]. 
Thus, these genes are expected to maintain stable expression levels 
across various conditions, such as different tissue types, develop-
mental stages, and be less perturbed by environmental influences 
[7]. Unfortunately, all housekeeping genes are not universally 
stable and vary due to species-specific or even tissue-specific traits 
in different plant species [26,35]. 

The stability assay is also crucial because it assures that the ref-
erence gene used to normalize the data is dependable, resulting in 
more accurate and consistent results in the quantitation of mRNA 
expression. Various gene stability analysis-based algorithms use 
different principles for the estimation of gene stability across dif-
ferent tissues. Six methods of gene stability analysis viz., GeNorm, 
NormFinder, and BestKeeper, comparative delta cycle threshold 
(DCt) method, RefFinder, and stability index were examined to 
assess the stability of the 10 housekeeping genes in different tis-
sues of guava. 

PgRBP47 was detected to be least stable in all the methods eval-
uated indicating that this gene is unsuitable as a reference gene. 
RBP47 is a heterogeneous nuclear ribonucleoprotein (hnRNP)-
protein binding the poly(A) tail of mRNA and is associated with 
pre-mRNA maturation in plant cell nuclei [36]. This protein con-
tains three RBD-type RNA-binding domains and a glutamine-rich 
N-terminus. It is highly conserved but diverse in its ability to inter-
act with RNAs to regulate post-transcriptional events [37]. It was 
reported to be a key modulator in the stress granule formation 
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and abiotic stress response in plants, especially with respect to 
heat, drought, and salinity stress [38]. From the above facts, it is 
evident that this housekeeping gene is expected to have variable 
gene expression patterns and is an inducible gene upon stress. 
The variation in the gene stability for PgRBP47 could be attributed 
to these reasons and thus, has proved to be less stable, indicating 
that this gene is not suitable to be used as a reference gene. 

Several studies have indicated ACT gene encoding actin 
cytoskeleton protein as a housekeeping gene to quantify gene 
expression [4,15,17]. In the present study, we have identified 
PgACT with moderate gene stability, which could only 
provide moderate efficiency in the relative gene expression 
quantification. 

Beta-tubulin and tubulin genes have emerged as robust choices 
due to their stable expression profiles across different plant tissues, 
developmental stages, and experimental conditions in different 
crop plants such as Arabidopsis [39], tomato [26], Petunia hybrida 
[40], cucumber [41], and Oenanthe javanica [42]. Tubulins are 
structural proteins that form the building blocks of microtubules, 
fundamental components of the plant cytoskeleton, and contribute 
to essential cellular processes such as cell division, intracellular 
transport, and cell shape maintenance. The stability of beta-
tubulin and tubulin gene expression is attributed to their con-
served sequences and crucial roles in cellular functions. As a result, 
they are widely used as reference genes in qRT-PCR for normalizing 
gene expression data. PgTUB1 was identified to be the most stable 
in all the methods tested with the least M value = 0.304 (GeNorm), 
lowest SD = 0.72 (Delta Ct), least SV = 0.108 (NormFinder), rank 3 
(RefFinder), and least SS = 1.5 (stability index assay). The GeNorm 
algorithm has the advantage that the expression intensity of the 
candidate genes minimally affects the stability [43]. RefFinder is 
an online platform that integrates GeNorm, NormFinder, Best-
Keeper, and the DCt method, providing a comprehensive and 
robust ranking system to help researchers select the most suitable 
reference genes for their experiments. 

Eukaryotic elongation factors such as EF1a and EF2 or eEF2 are 
two important cellular translation machinery which is critical 
facilitators for the movement of the mRNA codons through the 
ribosomes during protein synthesis. EF-2 has five domains with 
an amino-terminal G, a twisted b-barrel, and three two-layer a-b 
sandwich domains [44]. During translation, EF2 mediates the 
translocation of the mRNA relative to the ribosome and allows 
codon shift from the aminoacyl (A) site to the peptidyl (P) site 
and finally the exit (E) site in a GTP-dependent reaction [45], while 
EF1a is responsible for the enzymatic delivery of aminoacyl tRNAs 
to the ribosome’s acceptor A site [46]. In addition, eEF1A has also 
chaperone-like activity [47] and has also been reported to show 
antiviral response by interaction with a multifunctional protein 
Sgt1 [48] and is also a novel target for cancer drugs [49]. The abun-
dant lysine methylations of eEF1A and the existence of multiple 
corresponding methyltransferases in various eukaryotes empha-
size its physiological significance in vital functions [46]. Being con-
stitutively expressed, they are considered to be the primary 
category of housekeeping genes which are involved in the protein 
synthesis of all kinds of genes. Their expression is expected to be 
stable across tissues and similar results have been obtained in 
our study. PgEF2 has been found to be the most stable housekeep-
ing gene and was identified in the top ranks in all 6 methods of sta-
bility assessment. For instance, BestKeeper identified PgEF2 as the 
most stable with S = 0.237. 

5. Conclusions 

A stable reference gene is expected to show minimal variation 
across different tissues, thereby indicating that its expression is
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consistent and reliable for normalization and quantification of rel-
ative mRNA/ transcript expression. Based on the present study, we 
report that three housekeeping genes viz., PgTUB1, PgEF1a, and 
PgEF2 are potential candidates as reference genes for data normal-
ization in gene expression studies of guava. The study also explains 
the power of different gene stability analysis tools in the selection 
of ideal reference genes. 
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