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REFERENCE GENE SELECTION CRITERIA 

 

GAPDH and ACTB are two of the most used single control genes reported in more than 90% of the cases in 

high impact journals [1]. Further these two genes are commonly included in the commercially available 

cancer pathway kits like those from Qiagen, Life technologies and are also included in Oncotype DX test 

arrays. Life technologies kit also includes genes like RNA18S and PGK1 along with several others [2]. 

RNA18S-ACTB has also been identified as an appropriate gene pair across all breast cancer cell lines [3]. 

RPL13A was described by De Jonge et al., as a novel candidate reference gene with enhanced stability 

among a magnitude of different cell types across varying experimental conditions [4]. HSPCB has been 

reported previously to be one of the most stable reference gene for ER+ breast cancer cells [3,5], thereby 

influencing its selection in the present study.   

 

PUM 1 and CCSER2 were identified by Tilli et al., using transcriptomic analysis across breast cancer cell 

lines as less variable and more accurate for research in breast cancer cell lines and tissue samples in 

comparison to the traditional housekeeping genes [2]. Previously, HNRNPL and PCBP1 have been reported 

to be among the most highly expressed genes across breast cancer samples and performed better than both 

ACTB and GAPDH as supported by TCGA transcriptomic validation reported by Jo et al. [6]. ATCB and 

SF3A1 were identified by using high throughput analysis of micro-assay datasets with subsequent 

validation by RT-qPCR as reported by Maltseva et al. [7]. They further reported these genes as more 

efficient for analysis of breast cancer samples when compared with the reference gene panel provided by 

Oncotype DX assay. Finally. RNA28S was added to the selected genes as an experimental in-house 

suggestion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



GENES OF INTEREST SELECTION CRITERIA 

 

AURKA (Aurora Kinase A) has been known to be associated with playing a key role in centrosome 

duplication and chromosome segregation during mitosis [8]. Further, it has been reported at many 

instances to be amplified/mutated in several human cancers [9,10,11,12,13,14]. In breast cancer, mixed 

evidence has been reported with some reporting its association with basal like phenotype [15-16] whilst 

others suggesting it to be a marker for progression and outcome of luminal like subtype [17]. Keeping this 

in mind AURKA made a perfect candidate as gene of interest. Although when reference genes were taken 

in pairs of two, only GAPDH-CCSER2 normalized AURKA expression in culture A2, it was adequately 

normalized by GAPDH-CCSER2-PCBP1 triplet in both the cultures A1 and A2. 

 

The other gene of interest selected was KRT19 (Keratin 19). It belongs to the KRT (keratin) family which 

serves as important markers in RT-qPCR mediated detection of tumors in lymph nodes, peripheral blood 

and bone marrows of breast cancer patients [18]. KRT19 is one of the smallest intermediate filament KRT 

protein [19] and has been shown to regulate breast cancer properties [20]. Using Oncomine database and 

RT-PCR, Saha et al. [21] evaluated expression of KRT19 in MCF-7 and other breast cancer cell lines. They 

reported that KRT19 was significantly overexpressed in MCF-7, MDA-MB-231 and SKBR3, ergo validating 

its choice in the present study. None of the reference gene pairs in two cultures could normalize KRT19 

when they were employed in groups of 2. However, in both the cultures, only GAPDH-PCBP1-CCSER2 

yielded successful normalization thereby proving the ability of the triplet pair to handle genes of interest. 

 

 

 

 

 

 

 

 

 

 

 

 



Additional Table 1. Description of the selected candidate Reference genes and Genes of Interest for the 

study 

Gene 

Symbol 
Gene Name Molecular Function 

Accession 

Number 

Chromosomal 

Localisation 

ACTB β – Actin 
Cytoskeleton  

(Contractile apparatus) 
NM_001101 7p22 – p12 

GAPDH 
Glyceraldehyde 3- 

phosphate dehydrogenase 
Glycolytic enzyme NM_002046 12p13.31 

RPL13A Ribosomal protein L13a Ribosome subunit, translation NM_012423 19q13.33 

PGK1 Phosphoglycerate kinase 1 Glycolytic enzyme NM_000291 Xp21.1 

HSPCB 
Heat Shock protein 90kDa 

beta 
Signal transduction, Protein folding NM_007355 6p21.1 

RNA28S 28S ribosomal RNA Ribosome subunit, translation NR_003287 Unknown 

RNA18S 18S ribosomal RNA Ribosome subunit, translation NR_003286 Unknown 

PUM1 
Pumilio RNA binding 

family member 1 
RNA binding protein encoding NM_001020658 1p35.2 

CCSER2 
Coiled Coil Serine Rich 

protein 2 
Microtubule binding protein encoding NM_018999 10q23.1 

HNRNPL 
Heterogenous Nuclear 

Ribonucleoprotein L  

Formation, processing & packaging of 

mRNA 
NM_001005335 19q13.2 

PCBP1 Poly (rC) Binding Protein 1 RNA binding protein encoding NM_006196 2p13.3 

SF3A1 Splicing Factor 3a Subunit 1 
Spliceosome assembly & pre-mRNA 

splicing 
NM_005877 22q12.2 

AURKA* Aurora Kinase A 

Mitotic centrosomal protein kinase 

(controls chromosome segregation 

during mitosis) 

NM_003600 20q13.2 

KRT19* Keratin 19 
Structural molecule and constituent of 

cytoskeleton 
NM_002276 17q21.2 

*Genes that were used as gene of interest for normalization by candidate reference genes. 

 

 

 

 



Additional Table 2. Primers for the selected candidate genes and Genes of Interest 

Gene 

Symbol 

Primer Pair  

(F - Forward; R – Reverse) 

Amplicon 

Length 

(bp) 

Annealing 

Temperature 

(0C) 

Primer 

Reference 

ACTB 
F: 5`- CACCATTGGCAATGAGCGGTTC - 3’ 

R: 3`- AGGTCTTTGCGGATGTCCACGT – 5`  
135 58 [3] 

GAPDH 
F: 5`- GACAGTCAGCCGCATCTTCT - 3` 

R: 3`- TTAAAAGCAGCCCTGGTGAC - 5`  
127 58 [3] 

RPL13A 
F: 5`- CTATGACCAATAGGAAGAGCAACC - 3` 

R: 3`- GCAGAGTATATGACCAGGTGGAA – 5`  
121 58 [22] 

PGK1 
F: 5`- CTTAAGGTGCTCAACAACATGG - 3` 

R: 3`- ACAGGCAAGGTAATCTTCACAC - 5` 
119 58 Present 

Study 

HSPCB 
F: 5`- CTCTGTCAGAGTATGTTTCTCGC - 3` 

R: 3`- GTTTCCGCACTCGCTCCACAAA - 5`  

114 58 [3] 

RNA28S 
  F: 5`- CAGGGGAATCCGACTGTTTA - 3` 

R: 3`- ATGACGAGGCATTTGGCTAC - 5` 
174 58 Present 

Study 

RNA18S 
F: 5`- CGGCTACCACATCCAAGGAA - 3` 

R: 3`- GCTGGAATTACCGCGGCT – 5` 
187 58 [23] 

PUM1 F: 5`- AGTGGGGGACTAGGCGTTAG - 3` 

 

R: 3`- GTTTTCATCACTGTCTGCATCC -5` 

111 58 [24] 

CCSER2 F: 5`- GACAGGAGCATTACCACCTCAG - 3` 

R: 3`- CTTCTGAGCCTGGAAAAAGGGC – 5` 

143 58 [2] 

HNRNPL F: 5`- ACAAACCCCAATCTCAGTGG - 3` 

R: 3`- CCCTCATCATGGTAATGGCT – 5` 

140 58 [6] 



PCBP1 F: 5`- TGATCATCGACAAGCTGGAG - 3` 

R: 3`- TCTTTGATCTTACACCCGCC – 5` 

145 58 [6] 

SF3A1 F: 5`- AAGGGTCCAGTGTCCATCAAAGT – 3` 

R: 3`- GCCATGTTGTAGTAAGCCAGTGAG – 5` 

224 58 [7] 

AURKA* F: 5’- GGAGCCTTGGAGTTCTTTGC – 3’ 

R: 3'- CCTGGCTCCCTCTGTTACAA – 5’ 

134 58 Present 

Study 

KRT19* F: 5’- GAGCATGAAAGCTGCCTTGG – 3’ 

R: 3’ – CTGGGCTTCAATACCGCTGA – 5’  

103 58 Present 

Study 

* Genes that were used as Gene of Interest for validation of Candidate Reference genes.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Additional Figure P1. Single, amplicon from ACTB reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P2. Single, amplicon from GAPDH reveals a single peak following melting curve analysis. 



 

Additional Figure P3. Single, amplicon from RPL13A reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P4. Single, amplicon from PGK1 reveals a single peak following melting curve analysis. 



 

Additional Figure P5. Single, amplicon from HSPCB reveals a single peak following melting curve analysis. 

 

 

Additional Figure P6. Single, amplicon from RNA28S reveals a single peak following melting curve analysis. 

 



 

Additional Figure P7. Single, amplicon from RNA18S reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P8. Single, amplicon from PUM1 reveals a single peak following melting curve analysis. 



 

Additional Figure P9. Single, amplicon from CCSER2 reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P10. Single, amplicon from HNRNPL reveals a single peak following melting curve analysis. 



 

Additional Figure P11. Single, amplicon from PCBP1 reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P12. Single, amplicon from SF3A1 reveals a single peak following melting curve analysis. 



 

Additional Figure P13. Single, amplicon from AURKA reveals a single peak following melting curve analysis. 

 

 

 

Additional Figure P14. Single, amplicon from KRT19 reveals a single peak following melting curve analysis. 
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