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ABSTRACT: 

Reverse transcription quantitative real-time polymerase chain reaction (RT- 

qPCR) is widely used in gene expression studies, with the proper selection of 

reference genes being essential to ensure result reliability. This study analyzed 

the available literature to identify the most commonly studied, selected, and 

validated reference genes in gene expression research in cassava (Manihot 

esculenta Crantz). Through a bibliographic survey, five publications on the 

selection and validation of reference genes in cassava were analyzed. A total of 55 

gene evaluations were conducted across the analyzed studies, considering that 

some genes were investigated more than once. The results indicated that PP2A, 

UBQ10, GTPb, EF1, TUB, TBP, NAC, HisD, 26S, and ZFP are among the most 

stable genes in the selected studies. Among them, PP2A and GTPb stood out as 

the most stable genes of three and two studies, respectively. In contrast, widely 

used genes such as ACT and GAPDH were not validated in any of the analyzed 

studies when considering all samples from each experiment. The geNorm and 

NormFinder were the most frequently used algorithms to assess the stability of 

reference genes, while RefFinder was employed in only one study. This review 

highlights the importance of experimental validation specific to cassava and 

suggests that adopting multiple analysis tools may enhance the accuracy and 

reliability of gene expression studies. 

KEYWORDS:RT-qPCR; Normalization; Gene Expression. 
 

 

RESUMO: 

A técnica de reação em cadeia da polimerase em tempo real quantitativa, com transcrição reversa (RT- 

qPCR), é amplamente utilizada em estudos de expressão gênica, sendo essencial a seleção adequada de 

genes de referência para garantir a confiabilidade dos resultados. Este estudo analisou a literatura 

disponível para identificar os genes de referência mais comumente estudados, selecionados e validados 

em pesquisas de expressão gênica em mandioca (Manihot esculenta Crantz). Por meio de um 

levantamento bibliográfico, foram analisadas cinco publicações sobre seleção e validação de genes de 

referência em mandioca. Um total de 55 avaliações de genes foram realizadas nos estudos analisados, 

considerando que alguns genes foram investigados mais de uma vez. Os resultados indicaram que os 

genes PP2A, UBQ10, GTPb, EF1, TUB, TBP, NAC, HisD, 26S e ZFP estão entre os mais estáveis nos 

estudos realizados. Dentre eles, destacam-se os genes PP2A e GTPb, que estão entre os mais estáveis em 

três e dois estudos, respectivamente. Em contraste, genes amplamente utilizados, como ACT e GAPDH, 

não foram validados em nenhum dos estudos analisados, ao analisar todas as amostras de cada 

experimento. Os algoritmos geNorm e NormFinder foram os mais utilizados para avaliar a estabilidade 

dos genes de referência, enquanto o RefFinder foi empregado em apenas um dos estudos. Esta revisão 
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destaca a importância da validação experimental específica para a cultura da mandioca, além de sugerir 

que a adoção de múltiplas ferramentas de análise pode aumentar a precisão e a confiabilidade dos 

estudos de expressão gênica. 

Palavras-chave: 

 

PALAVRAS CHAVE: RT-qPCR; Normalização; Expressão Gênica. 

 

RESUMEN: 

La reacción en cadena de la polimerasa cuantitativa en tiempo real con transcripción inversa (RT-qPCR) 

se utiliza ampliamente en estudios de expresión génica, siendo esencial la selección adecuada de genes 

de referencia para garantizar la fiabilidad de los resultados. Este estudio analizó la literatura disponible 

con el fin de identificar los genes de referencia más comúnmente estudiados, seleccionados y validados 

en investigaciones de expresión génica en yuca (Manihot esculenta Crantz). A través de una revisión 

bibliográfica, se analizaron cinco publicaciones centradas en la selección y validación de genes de 

referencia en yuca. En total, se realizaron 55 evaluaciones de genes en los estudios analizados, 

considerando que algunos genes fueron investigados más de una vez. Los resultados indicaron que los 

genes PP2A, UBQ10, GTPb, EF1, TUB, TBP, NAC, HisD, 26S y ZFP se encuentran entre los más 

estables en los estudios seleccionados. Entre ellos, los genes PP2A y GTPb se destacaron como los más 

estables en tres y dos estudios, respectivamente. En contraste, genes ampliamente utilizados como ACT y 

GAPDH no fueron validados en ninguno de los estudios analizados al considerar todas las muestras de 

cada experimento. Los algoritmos geNorm y NormFinder fueron los más empleados para evaluar la 

estabilidad de los genes de referencia, mientras que RefFinder fue empleado en un solo estudio. Esta 

revisión resalta la importancia de la validación experimental específica para la yuca y sugiere que la 

adopción de múltiples herramientas de análisis puede mejorar la precisión y fiabilidad de los estudios de 

expresión génica. 

 

PALABRAS CLAVE: RT-qPCR, Normalización, Expresión Génica. 

 

 
 

 

 

 
 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 
 

 

 

 
 

 249 

 



 

 

 

V.12, n.7, dez/2025. ISSN n° 2359-3652 
 
 
 
 
 

 

INTRODUCTION 

 

Quantitative real-time polymerase chain reaction with reverse transcription (RT- 

qPCR) is widely used to study gene expression in various organisms (ROCHA et al., 

2015). Due to its high sensitivity, specificity, and reproducibility, this technique has 

been extensively employed in the field of molecular biology (WANG et al., 2024a; 

ZHANG et al., 2024). The accuracy and reliability of this method can be affected by 

several factors, including RNA quality, amplification efficiency, and sample-to- 

sample variation (SHI et al., 2024; ZHANG et al., 2024). In addition, data analysis can 

influence result interpretation, making normalization essential to compensate for 

uncontrollable experimental variations (COELHO et al., 2022). 

Effective normalization relies on the selection of appropriate reference genes 

(DAUDE et al., 2024). These genes should exhibit moderate and stable expression 

levels across different developmental stages, experimental treatments, and organs, 

ensuring the precision and reliability of RT-qPCR results (GUO et al., 2024). Several 

reference genes, such as Clathrin adaptor protein medium subunit (AP47), Ubiquitin 

(UBQ) (FERNANDES-BRUM et al., 2017), Ribosomal protein 24S (24S), Protein 

phosphatase 2A (PP2A) (FREITAS et al., 2017), and Tubulin (TUB) (ZHANG et al., 

2024), have been recommended for gene expression analysis in plants. However, even 

the most commonly used reference genes may vary depending on species and specific 

conditions. 

In gene expression studies involving cassava (Manihot esculenta Crantz), RT-qPCR 

has proven essential for understanding gene regulation in response to various 

environmental and stress conditions, such as drought (HU et al., 2016; MORGANTE 

et al., 2020), cold (LI et al., 2020), salinity (SANTA BRÍGIDA et al., 2014), and 

pathogen infection (CALLEGARI et al., 2021; HERRERA et al., 2018). Several 

studies have investigated and validated reference genes in this crop, aiming to identify 

genes with stable expression and thus ensure the accuracy of RT-qPCR experiments 

(HU et al., 2016; MORENO et al., 2011; SALCEDO et al., 2014; SANTOS-SILVA et 

al., 2021; WHANKAEW et al., 2015). These studies typically analyze genes such as 

Actin (ACT), Serine-threonine phosphatase (PP2A), Elongation factor 1-alpha (EF1α), 

and Tubulin (TUB), among others, across different tissues and conditions. The 

validation of reference genes is crucial to ensure that the observed variations in target 

genes are associated with experimental treatments, rather than fluctuations in 

reference gene expression levels (COELHO et al., 2022). 
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In the present study, a literature review was performed to identify the most commonly 

used and validated reference genes in gene expression research on cassava using the 

RT-qPCR technique. We compiled a list of genes that can serve as a starting point for 

selecting reference genes in future gene expression studies for this crop. 

 

 

MATERIAL AND METHODS 

LITERATURE REVIEW 

A systematic review was conducted using the Web of Science, Scopus and Google 

Scholar databases to identify studies comprizing the selection and validation of 

reference genes in Manihot esculenta for gene expression analyses via RT-qPCR. The 

search included all available studies in these databases, with no time restrictions, 

aiming to provide a comprehensive and up-to-date overview of the application of 

specific cassava reference genes, following the best methodological practices in the 

field. The keyword search were structured using Boolean operators to optimize data 

retrieval, and the following terms were applied: (i) reference genes; (ii) housekeeping 

genes; (iii) endogenous genes; (iv) constitutive genes; (v) Real-time PCR; (vi) RT- 

qPCR; (vii) Manihot esculenta. 

 

EXPERIMENTAL CONDITIONS AND VALIDATED REFERENCE GENES 

The most significant results were compiled to form a final list of tested and validated 

cassava reference genes, based on the selected studies. From each study, information 

regarding the selected genes, including gene name, description, identifier, 

experimental conditions, and the algorithms used for reference gene validation were 

gathered. 

For the assessment of experimental conditions, factors such as the tissue type, plant 

developmental stage and stress conditions, were considered. These details were 

meticulously extracted to ensure that the context in which each gene was validated 

could be compared and properly categorized, providing a comprehensive overview of 

the adopted experimental conditions. 

Regarding validation algorithms, specific tools and methodologies employed for 

reference gene stability analysis were evaluated, including the geNorm, NormFinder, 

BestKeeper, Delta-CT, and RefFinder algorithms. Each study was evaluated 

concerning the algorithm used and the stability criteria adopted, enabling an accurate 

comparison among the studies. 
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CITATION ANALYSIS OF STUDIES 

In order to quantify the relevance of each study related to reference genes in cassava, 

citation data were collected for each identified article. Citations were retrieved from 

Google Scholar and Web of Science, which provide comprehensive coverage of 

scientific journals and literature. 

The data collection was conducted on October 12, 2024, ensuring temporal uniformity 

across all analyzed citations. In Google Scholar, each article was searched using its 

full title to avoid ambiguity in the results and ensure accurate citation counts for the 

intended study. The same search strategy was applied in the Web of Science database 

to verify consistency in citation numbers between the two platforms. 

Discrepancies in citation counts were recorded and compared to assess variations 

between sources and evaluate the stability of citation metrics, thereby providing an 

overview of the relevance and impact of the studies included in the review. 

 

TRENDS IN GENE EXPRESSION STUDIES 

To identify the most frequently used reference genes in gene expression studies, a new 

literature search of scientific articles was conducted. The adopted methodology 

included a detailed search on the Web of Science platform to locate recent studies 

addressing gene expression in cassava. 

To maximize the comprehensiveness and accuracy of the results, the keywords 

“PCR”, “gene expression”, “Cassava”, and "Manihot esculenta" were used, combined 

with Boolean operators as follows: “PCR” AND “gene expression” AND (“Cassava” 

OR “Manihot esculenta”). The search was temporally restricted to include only 

publications from the years of 2023 and 2024, ensuring the analysis of the most recent 

studies on the subject. 

The inclusion criteria focused on studies addressing the gene expression of target 

genes, aiming to identify which reference genes were used for RT-qPCR data 

normalization in these studies. This step was essential for understanding recent trends 

in the selection of reference genes for gene expression studies in this crop. 

The selected articles were organized and documented for subsequent comparative 

analysis, providing a solid basis for discussing the evolution of normalization practices 

in gene expression experiments involving cassava. 
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RESULTS AND DISCUSSION 

LITERATURE SURVEY 

A total of five publications related to the selection and validation of reference genes in 

cassava were identified after screening the articles retrieved from the three databases 

used (Web of Science, Scopus, and Google Scholar). The first study, published by 

Moreno et al. (2011), marked an initial milestone in the identification of reference 

genes for this crop. 

In comparison with other agriculturally important species, such as coffee, there were 

already three publications on reference gene selection by 2011 (FERNANDES-BRUM 

et al., 2017), highlighting that gene expression studies in cassava are relatively recent. 

The data presented in Figure 1 show the number of candidate reference genes 

investigated in each publication, revealing considerable variation in the scope of the 

studies. The study developed by Hu et al. (2016) stands out for evaluating 26 genes, 

demonstrating a broader and more systematic approach for identifying suitable 

reference genes. In contrast, the pioneering study by Moreno et al. (2011) assessed 

only five genes, reflecting the initial limitations of research in this species. 

 

Figure 1. Candidate reference genes evaluated per publication in cassava studies. 
 

 

 

Other studies evaluated from 6 to 10 genes, adopting an intermediate approach 

(SALCEDO et al., 2014; SANTOS-SILVA et al., 2021; WHANKAEW et al., 2015). 

These findings suggest that, as knowledge regarding reference genes in cassava 

 

 

 253 

 



 

 

 

V.12, n.7, dez/2025. ISSN n° 2359-3652 
 
 
 
 
 

 

advanced, the number of candidate genes tested increased, likely contributing to a 

more accurate and reliable selection of internal controls for RT-qPCR gene expression 

studies. 

The variation in the number of genes investigated reflects the evolution of research 

and the increasing sophistication of the methodologies over time. The study by Hu et 

al. (2016), which tested a larger number of genes, highlights a significant effort to 

ensure accuracy in reference gene selection. 

Differences in the number of genes analyzed can also be attributed to the adaptation of 

studies to specific experimental demands, such as environmental conditions, tissue 

types analyzed and physiological responses of interest. 

The increase in the number of genes tested in more recent studies indicates a more 

rigorous and robust selection of reference genes, leading to greater accuracy in RT- 

qPCR studies. This is consistent with the MIQE (Minimum Information for 

Publication of Quantitative Real-Time PCR Experiments) guidelines (BUSTIN et al., 

2009, 2025), which emphasize the importance of proper validation of reference genes 

to ensure the accuracy and reproducibility of data. 

 

EXPERIMENTAL CONDITIONS AND RECOMMENDED REFERENCE 

GENES 

The results presented in Table 1 highlight the diversity of tissues analyzed, 

experimental conditions applied and reference genes validated in cassava. The study 

conducted by Moreno et al. (2011) investigated cassava plants infected and non- 

infected by Potyvirus, providing initial insights into the stability of reference genes 

under biotic stress, which is a relevant condition in plant research. In contrast, Salcedo 

et al. (2014) and Whankaew et al. (2015) examined gene expression throughout the 

plant growth cycle in the absence of adverse conditions, thereby exploring gene 

expression patterns across different physiological stages. This approach contributes to 

the standardization of developmental studies. 

The inclusion of abiotic (HU et al., 2016), biotic and mechanical stresses 

(SANTOS-SILVA et al., 2021) represents progress in understanding gene stability 

under multiple environmental and physical challenges. This is crucial for the proper 

validation of reference genes under conditions that simulate field-related stresses. 

The variability in the conditions present among the different studies highlights 

the necessity of selecting reference genes with demonstrated stability across diverse 
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scenarios, ensuring that RT-qPCR results remain accurate and relevant to the wide 

range of conditions encountered in cassava research. 

 

Table 1. Tissues, experimental conditions and validated reference genes in cassava 

studies, considering all samples from each study. 

Reference Tissues Conditions/Treatments Validated genes 

 

MORENO et al. 

(2011) 

 

 

Leaves, stems, and 

roots 

 

 

Plants infected and non-infected by 

Potyvirus from cassava varieties 

 

PP2A, UBQ10 and 

GTPb 

 

 

SALCEDO et al. 

(2014) 

 

 

 

Leaves, stems, and 

roots 

 

 

150, 210, 270 and 330 days after 

planting 

 

 

 

EF1 and TUB 

 

 

WHANKAEW et 

al. (2015) 

  

Two varieties at different 

developmental stages. 6, 9 and 12 

 

 

 
TBP 

Leaves and roots 
months after planting 

 

 

 

HU et al. 

(2016) 

 

 

Leaves, stems, and 

roots 

 

Varieties subjected to different 

environmental conditions (drought 

stress) 

 

NAC and HisD 

(geNorm*), 26S, PP2A, 

and ZFP (NormFinder*) 

 

 

SANTOS-SILVA 

et al. (2021) 

 

 

Leaves, stems, and 

roots 

 

Biotic (Macrophomina 

pseudophaseolina) and abiotic 

stress (mechanical injury) 

 

 

 

GTPb and PP2A 

 
* Algorithm used to select the most stable genes 

 

 

The diversity of experimental conditions applied in reference gene validation studies 

in cassava highlights how gene stability responses can be highly context-dependent. In 

light of this, it is suggested that future studies focus on tissues not yet investigated, 

such as embryogenic and non-embryogenic calluses, since development and 

differentiation in these tissues may generate distinct gene expression patterns. 
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Analyzing the stability of reference genes in embryogenic tissues will also allow the 

identification of robust candidates genes for expression studies, especially in tissue 

culture experiments. This could significantly contribute to advances in in vitro culture 

research, including areas such as regeneration and genetic improvement through 

genome editing. 

Regarding the validated genes (Table 1), the results indicated that the following genes 

are among the most stable genes in the selected studies: Serine-threonine phosphatase 

(PP2A), Ubiquitin 10 (UBQ10), GTP binding (GTPb), Elongation factor 1-alpha 

(EF1), Tubulin 1 β (TUB), TATA box binding protein (TBP), Nascent polypeptide- 

associated complex subunit beta (NAC), Histidinol dehydrogenase (HisD), 26S 

proteasome regulatory complex, subunit N10 (26S) and Zinc finger C-x8-C-x5-C-x3-H 

type family protein (ZFP). Among them, PP2A and GTPb stood out, since PP2A is 

among the most stable genes in three different studies (HU et al., 2016; MORENO et 

al., 2011; SANTOS-SILVA et al., 2021) , while GTPb was found to be among the 

most stable genes in two of them (MORENO et al., 2011; SANTOS-SILVA et al., 

2021). This suggests that these genes exhibit high stability levels across the different 

conditions and/or treatments studied. 

However, genes widely used in other organisms, such as Actin (ACT) and 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), were not among the most 

stable genes when analyzing all samples from each experiment. This reinforces the 

need for experimental validation for each species. 

The frequent use of GAPDH and ACT as reference genes is linked to the fact that they 

were widely used as standards during the peak of the Northern blotting technique in 

the  1980s  and  early  1990s   (BUSTIN;  NOLAN,  2004;  CHAPMAN; 

WALDENSTRÖM, 2015). These genes are known to be activated by various 

biological factors. Furthermore, both contain many pseudogenes in several species, 

which can introduce errors in RT-qPCR experiments, especially if primers are not 

carefully evaluated to prevent the amplification of these pseudogenes in species where 

they are present (SUN et al., 2012). 

These results highlight the importance of carefully selecting reference genes specific 

to each experimental condition and indicate that genes commonly used in other plants 

may not be suitable for studies in cassava. 
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ALGORITHMS USED 

The appropriate choice of tools for evaluating the stability of reference genes in RT- 

qPCR studies is not only a matter of preference, but also depends on the experimental 

context and the specific characteristics of the genes being studied. Among the main 

algorithms used for this purpose are geNorm, which calculates the geometric mean of 

gene expression to identify the most stable genes through an M value that decreases as 

stability increases (VANDESOMPELE et al., 2002); NormFinder, which uses a 

variance model to estimate stability more robustly, considering intragroup and 

intergroup variations (ANDERSEN et al., 2004); BestKeeper, which is based on 

correlations between Cq values to determine the most consistent genes (PFAFFL et 

al., 2004); and Delta-CT, which directly compares the Cq values of gene pairs across 

different samples to assess stability (SILVER et al., 2006). These algorithms, when 

used in combination, as observed in the RefFinder tool (XIE et al., 2012; XIE et al., 

2023), allow for a more comprehensive and reliable analysis by integrating 

complementary approaches to ensure the selection of the most stable reference genes. 

Additionally, the combined use of these tools, as proposed by RefFinder, can provide 

a more robust and reliable analysis, integrating distinct methodologies to minimize 

biases and optimize the selection of the most stable genes. Therefore, the adoption of 

multiple analysis tools not only increases the reliability of the results but also provides 

greater flexibility in adapting the analyses to different experimental and biological 

conditions. 

Figure 2 highlights the usage frequency of the main reference gene stability evaluation 

algorithms in the selected studies, highlighting the great use of geNorm and 

NormFinder, both mentioned in four articles. On the other hand, RefFinder was 

mentioned in only one of the five selected studies here. These data reflect the 

preference and reliability of these algorithms in the context of stability evaluation, as 

well as the common practice of combining approaches to ensure greater robustness in 

selecting the most stable genes. 
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Figure 2: Algorithms used in different studies to analyze the stability of candidate 

reference gene expression. 
 

 

 

Currently, there is a database called RGeasy (Reference Genes Easy), which allows 

for both the deposition of reference gene experiment data, that is, Cq values, and the 

analysis of this data using any of the five algorithms mentioned through RefFinder. 

This analysis can be performed on combinations of conditions and/or treatments that 

have not been explored in publications, facilitating researchers' access to the best 

reference genes for their conditions and/or treatments of interest (DE SOUZA et al., 

2024). 

 

CITATIONS OF THE STUDIES 

The number of citations of the articles on the selection and validation of reference 

genes in cassava (Figure 3) reflects the impact and relevance of each study in this 

field. The five evaluated articles have, to date*, received 167 and 112 citations in the 

Google Scholar and Web of Science databases, respectively, highlighting the 

significance of the conducted research. 
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Figure 3: Number of citations for each article found in the bibliographic search, 

according to the Google Scholar and Web of Science databases. 

 

* Search performed on April 7, 2025. 

 

 

The study by Moreno et al. (2011), for instance, is the most cited one, with 87 and 52 

citations in the Google Scholar and Web of Science databases, respectively. This study 

stands out as one of the pioneering investigations in the field. The article by Hu et al. 

(2016) is the second one in number of citations, with 35 and 29 citations in the same 

databases, highlighting its importance in the development of gene expression studies 

via RT-qPCR. 

In contrast, the most recent study by Santos-Silva et al. (2021), with 12 (Google 

Scholar) and 7 (Web of Science) citations, is beginning to gain visibility in the field. 

These data suggest that interest in the validation of reference genes in cassava it is 

increasing, with these studies serving as a foundation for future works. In addition, the 

number of citations may also indicate the applicability of the analyzed reference genes 

in other crops and experimental contexts, broadening the perspectives for further 

investigations. 
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TRENDS IN GENE EXPRESSION STUDIES 

Based on the bibliographic search conducted on the Web of Science platform, it was 

possible to identify the most frequently used reference genes in recent gene expression 

studies in cassava. Figure 4 presents the number of studies that employed each 

analyzed reference gene. 

 

Figure 4: Reference genes used in gene expression studies in cassava in the years of 

2023 and 2024. Genes: Elongation Factor 1-alpha (EF1α), Tubulin (TUB), Actin 

(ACT), 18S RNA ribosomal (18S), Ubiquitin 10 (UBQ10) and TATA-binding protein- 

associated factor 15 (TAF15b). 

 

 

 

The EF1α gene (Elongation Factor 1-alpha) stood out as the most used reference 

genes, being cited in 8 studies. This result reinforces the relevance of EF1α as one of 

the most robust reference gene in RT-qPCR studies due to its stable expression under 

different experimental conditions (SALCEDO et al., 2014). However, considering the 

results from the first bibliographic search, EF1α was tested in three studies 

(SALCEDO et al., 2014; SANTOS-SILVA et al., 2021; WHANKAEW et al., 2015), 

being validated in only one study (SALCEDO et al., 2014). This predominance 

reflects the search for genes that ensure the accuracy and reproducibility of gene 
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expression data, as recommended by the MIQE guidelines (BUSTIN et al., 2009, 

2025). It is important to highlight that the MIQE guidelines also suggest the use of two 

or more reference genes for data normalization, in order to increase the reliability of 

the results (BUSTIN et al., 2009, 2025). This was observed in only 18.75% of the 

studies. 

Following EF1α, TUB and ACT were the second most frequent used reference genes, 

being used in 4 studies each. ACT, in particular, is commonly used as a reference gene 

in gene expression studies. However, this study shows that although ACT was 

frequently tested as a candidate reference gene, it was not validated in any recent 

study when all the samples of each experiment were taken into account. This suggests 

that, despite being commonly used, the stability of this gene may be questioned 

depending on the experimental conditions, reinforcing the need for specific validation 

for each context. 

 

CONCLUSION 

The five cassava reference gene studies analyzed here enabled the observation that the 

genes PP2A, UBQ10, GTPb, EF1, TUB, TBP, NAC, HisD, 26S, and ZFP are among 

the most stable ones when analyzing all samples from each study. Among them, PP2A 

and GTPb stood out, being among the most stable in three and two studies, 

respectively. In contrast, widely used reference genes, such as ACT and GAPDH, were 

not validated in any of the studies analyzed here when all the samples from each study 

were considered. The use of multiple algorithms enhances the reliability of the results 

by integrating different validation approaches. These methodological advances are 

essential for ensuring that future gene expression studies in cassava are based on more 

robust and reliable data. 
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