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ABSTRACT

Choosing the appropriate reference genes for quantitative real-time PCR (qQRT-PCR) is very important for accurately evaluating
expression of target genes. Iris germanica L. is a widely used horticultural plant with high ornamental value, which also shows
a strong ability to tolerate abiotic stresses. No comprehensive research has been carried out on optimal reference genes in Iris
germanica L. under abiotic stress. In this study, nine reference genes were selected as candidates based on the transcriptome
sequencing data of Iris germanica L. The assessment of expression stability under various abiotic stress was conducted using four
distinct methods (GeNorm, NormFinder, BestKeeper, and RefFinder). It was found that the optimal reference genes were ACT
and F3H for drought and different temperature stresses. EF1a and ACT exhibited superior performance under salt stress. The
expression of the IgP5CS gene was evaluated to provide additional validation for the accuracy of the selected optimal reference
genes, indicating that inappropriate may lead to significant deviations in the results. This research identified reliable reference
genes in I. germanica L. across various abiotic stress conditions, thereby facilitating the investigation into the molecular mecha-
nisms responsible for stress tolerance in I. germanica L.

1 | Introduction genes are frequently employed as standardized reference genes

(Jain et al. 2006; Soucek et al. 2017), nevertheless, their expres-

Quantitative real-time PCR (QRT-PCR)is a widely employed tech-
nique for revealing gene function, due to its high sensitivity and
precision (Bustin 2002; Gachon, Mingam, and Charrier 2004).
Nevertheless, the accuracy of gene expression can be signifi-
cantly influenced by various factors including the sample qual-
ity, and the amplification efficiency of qRT-PCR (Derveaux,
Vandesompele, and Hellemans 2010; Hao et al. 2014). To miti-
gate the impact of these confounding factors, internal reference
genes are commonly employed in experimental settings to en-
sure precise and biologically relevant expression measurements
(Schmidt and Delaney 2010; Zhao et al. 2022). Housekeeping

sion levels exhibit significant variations across diverse tissues
and species (Wang et al. 2021). Furthermore, several reports
have demonstrated that environmental factors such as salinity,
temperature, and hormones, along with particular experimen-
tal conditions, can also affect their expression levels (Podevin
et al. 2012; Xu et al. 2015; Silva et al. 2021). Unstable reference
genes may lead to substantial distortions and misrepresenta-
tions of the transcript data (Remans et al. 2014). To ensure the
accuracy of expression data, it is crucial to choose appropriate
reference genes according to different plant species and various
experimental conditions.
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Iris germanica L., which is a widely used perennial flower, has
high ornamental value with big and colorful flowers. It was also
applied in the cosmetics, pharmaceutics, and perfumes indus-
tries (Khatib, Faraloni, and Bouissane 2022). Furthermore, the
rhizome extract from I germanica L. exhibited a strong effect
on pesticidal and anti-cancer activities (Iranzadasl et al. 2021).
I. germanica L. also showed a higher tolerance to drought and
cold compared with the other species of the genus Iris (Zhang
et al. 2021). The regulatory mechanism responsible for the adap-
tation to abiotic stresses in I. germanica L. is currently unknown.
The impact of abiotic stresses on gene expression levels can be
complicated and diverse (Zhang et al. 2021). To date, although a
report has demonstrated that IgUBC, IgGAPDH, and IgTUB were
appropriate reference genes for I. germanica L. across different
flowering stages (Wang et al. 2021), the optimal reference genes
for various abiotic stresses have not been elucidated.

This research aimed to discover highly stable reference genes
in I. germanica L. under various abiotic stress conditions. 9
candidate reference genes, TUA, TUB, ACT, EFla, PGK, UBQ,
GAPDH, UBC, and F3H, generated from the transcriptome da-
tabase were investigated using qRT-PCR under drought, salt,
heat, and cold treatments. Four statistical algorithms (GeNorm,
NormFinder, BestKeeper, and RefFinder) have been applied to
evaluate the optimal reference genes needed for normalization.
To confirm the reliability and validity of the reference genes
screened, the expression of IgP5CS (A1-Pyrroline-5-Carboxylate
Synthetase) gene encoding the crucial regulatory enzymes in
the proline biosynthesis pathway which participates in stress
tolerance (Yang et al. 2021) was analyzed under the above con-
ditions. Our research will contribute to gene expression and
help accelerate the comprehension of abiotic stress mechanisms
in I. germanica L.

2 | Materials and Methods
2.1 | Plant Materials and Treatments

The plant materials used for the experiments were I. germanica
cultivar ‘October sunshine’, which were collected from the Iris
Resource Nursery (32°25'N; 119°23'E) at Jiangsu Lixiahe District
Institute of Agricultural Sciences, China. Seedlings (Figure 1)
were selected from tissue-cultural plantlets at the age of 6 months
and planted in an artificial climate incubator under normal con-
ditions (25°C, 16 h light/8h dark). For cold and heat treatments,
plants were moved into the artificial climate incubator at 6°C

and 40°C, respectively. For drought and salt stress treatments,
the roots of plants were watered with full-strength Murashige
and Skoog medium solution supplemented with 250mM NacCl
or 20% PEG 6000, respectively. Leaves were then collected at 0,
4,12, 24, 48, and 72h after various stress treatments, and then
placed in liquid nitrogen immediately. All samples were stored
at —80°C for subsequent experiments. Each experiment included
three biological replicates.

2.2 | Reference Gene Selection

The sequences of reference genes reported from Arabidopsis
thaliana and Oryza sativa were obtained from The Arabidopsis
Information Resource (TAIR) and Rice Genome Annotation
Project (RGAP). These sequences were used to perform a blast
search their homologues from the transcriptome assemblies in
L. germanica L. 9 candidate reference genes (EFla, TUA, TUB,
UBQ, UBC, GAPDH, PGK, ACT, F3H) and one target gene (P5CS)
were obtained from the I. germanica L. transcriptome data from
our laboratory (unpublished). Their identity to known amino
acid sequences were ranging from 54.91% to 98.94% (Table 1).
Primer designs were conducted using Primer 5.0 software.
Parameters were set as follows: melting temperatures (Tm)
55°C-65°C, primer lengths 17-25bp, and PCR product lengths
107-295bp (Table 2). All PCR products were verified by 1.5%
agarose gel electrophoresis.

2.3 | RNA Extraction and cDNA Synthesis

The total RNA of leaf samples was extracted using RNA simple
Total Kit (TakaRa Dalian, China) following the product man-
ual. The extracted RNA was assessed for quality and purity
by NanoDrop 2000 spectrophotometer (Thermo, Wilmington,
USA). RNA samples with an A260/A280 ratio of 1.9-2.1 and
A260/A230 ratio > 2.0 were used for subsequent cDNA synthe-
sis. cDNA was synthesized using 5ug of total RNA in a volume
of 20 uL with the PrimeScript RT cDNA Synthesis Kit (TaKaRa,
Dalian, China). The initial reaction containing: 5ug total RNA,
1uL oligo (dt) primers, 1 uL dNTPs, and RNase-free water. The
mixture was incubated at 65°C for 5min. The reverse transcrip-
tion reaction: 10uL RNA Mix, 4 uL 5% PrimeScript buffer, 20U
RNase inhibitor, 200U RT enzyme, and RNase-free water. The
mixture was incubated at 42°C for 30 min, followed by 70°C for
15min. The cDNA was then diluted to a final volume of 60 uL
with nuclease-free water.

FIGURE1 | The phenotype of the abiotic stress treated plants. The phenotype of the plants treated with different abiotic stresses for 72h. (A) WT,

(B) drought stress, (C) salt stress, (D) heat stress, and (E) cold stress.
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TABLE1 | Similarity to genes from Arabidopsis thaliana and Oryza sativa.
Arabidopsis Amino acid identity Amino acid identity

Gene thaliana locus with I. germanica (%) Oryza sativa locus with I. germanica (%)

IgEFIx At1G07940 95.77 0s03g08050 97.09

IgGAPDH AT3G04120 64.40 0s02g07490 85.55

IgACT At5g09810 98.94 0s01g64630 96.83

IgUBQ At4G05320 84.92 0s02g06640 85.10

IgUBC At5G53300 97.97 0s06g30970 95.95

IgPGK At1G56190 90.20 0s05g41640 87.40

IgTUA At4G14960 97.35 0s03g51600 97.35

IgTUB Atl1g75780 97.54 0s06g46000 96.89

IgF3H At3G51240 85.33 0s03g03034 54.91

IgP5CS AT2G39800 86.45 0s05g38150 87.95

TABLE 2 | Primer sequences and amplification parameters.
Product Amplification
Gene Description Primer sequences (forward/reverse) length (bp) R? efficiency (%)
IgEFIa Elongation factor 1 alpha CCCCTCCGTCTTCCTCTTC 284 0.999 97.96
TTGGCAGCCTCCTTTGC
IgGAPDH  Glyceraldehyde3-phosphate CCCGTCTTGCCTGTCATTAG 152 0.991 103.54
dehydrogenase ATCTGAACTGTTCCCGTCTCC
IgACT Actin TGGTGGTTGAGAAGACTGGG 177 0.997 99.05
TGGCACGGATTCGGGAG

IgUBQ Ubiquitin CTCCGGCTTAGAGGTGGTATG 119 0.993 91.89
TCTTTGTCCTGGATCTTTGCTT

IgUBC Ubiquitin-protein ligase GCGGCGTCTTCCTCGTTA 235 0.992 103.09

TGAGCAATCTCAGGCACCAA

IgPGK Phosphoglycerate kinase TGGACGACGCCCAGAAC 156 0.993 102.52
GCACAAGAGGAGCCAAACTAA

IgTUA Alpha-tubulin GACCTACACTAACCTCAACCGTCT 139 0.991 101.26
CATGAAGTGGATTCTCGGGTAC

IgTUB Beta-tubulin TGGATTCCCAACAATGTCAAGTC 201 0.994 96.33

CCGCCTCTGTAAACTCCATCTCA
IgF3H Flavanone 3-hydroxylase AGCAGAGGCAGCGTGTC 149 0.999 108.34
CAGGTCCTCCGCCACA
IgP5CS Pyrroline-5-carboxylate GATTCCAAGAGGCAGTAACAA 277
synthase AGGTCCACCACAAAGAGCA

2.4 | Quantitative Real-Time PCR

Green aPCR SuperMix, and RNase-free water. The amplifica-
tion program was used: an initial step of 95°C for 30s, 94°C for

The qRT-PCR assay was implemented and analyzed with CFX96 5s, and 60°C for 30s (x40). The melting curves were measured
system (Bio-Rad). Each reaction assay was prepared as follows: after cycle 40 by heating from 60°C to 95°C at a rate of 0.5°Cs™.
50ng cDNA, 0.5pL of each primer, 10puL 2XxTransStart Tip Each reaction was conducted for three replicates. The cycle
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threshold (Ct) value was collected automatically. Tenfold dilu-
tion cDNA series (10, 100, 1000, 10,000) were used to calculate
the standard curve values. The amplification efficiency (E) and
correlation coefficient (R?) values were calculated by the formula
E=[10"1/slore_1]x 100%.

2.5 | Statistical Data Analysis

Three commonly used algorithms GeNorm, NormFinder,
BestKeeper, and a web-based tool, RefFinder (http://www.ciidi
rsinaloa.com.mx/RefFinder-master/?type=refer%20ence#
tabs-1) were used to evaluate the stability of candidate refer-
ence genes under different conditions (Curis et al. 2019; Xie,
Wang, and Zhang 2023; W. Xu et al. 2020). The GeNorm mea-
sures the stability of reference gene according to the M value.
GeNorm also calculated the V,/V,, (pairwise variation) to
determine the optimal number of reference genes needed.
Reference genes are ranged with NormFinder according to
their stability value (SV). BestKeeper program measures the
expression stability of genes by assessing the coefficients of
variation (CV) and the standard deviations (SD). The lower val-
ues of CV and SD are considered that the gene is more suitable
to be used as references. Finally, the results obtained from the
above three algorithms were integrated by the web-based anal-
ysis tool RefFinder.

2.6 | Validation of Selected Reference Genes

We quantified the expression of IgP5CS in all the tested sam-
ples to confirm the stabilities of the reference genes selected.
Normalization of the gene IgP5CS was conducted using the two
most stable and one most unstable reference genes as determined
by RefFinder. The 222t method was used to analyze the relative
gene expression level. Three technical replicates were performed
for each biological sample. The bar plot was generated by the plat-
form ImageGP 2 (https://www.bic.ac.cn/BIC) (Chen et al. 2024).

3 | Results

3.1 | Assessment of Primer Specificity
of Reference Genes

Only a specific product of the expected size was observed
by 1.5% gel electrophoresis (Figure 2). The melt curves of all
primers had a single amplification peak with no primer dimer
appearing. The amplification efficiency of 9 reference genes
ranged from 91.89% (UBQ) to 108.34% (F3H), which met the
requirement of 90.00%-110.00%. The R? ranged from 0.991 to
0.999, which is consistent with R?>0.980. These results sug-
gest that the primers designed for the 9 reference genes have
successfully met the standard for qRT-PCR and are suitable
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FIGURE 2 | Primer specificity and amplicon size of 9 candidate reference genes. (A) melting curves of 9 candidate reference genes exhibiting

single peaks. (B) agarose gel electrophoresis (1.5%) showing specific amplification products of expected size using qRT-PCR. 1-9: EFla, UBQ, ACT,

TUA, PGK, F3H, GAPDH, UBC, and TUA. M: 2000 bp marker.
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FIGURE 3 | Expression levels of 9 candidate reference genes across
all experimental samples. The boxes indicate the 25/75 percentiles and
the lines across the box indicate the median values. The whisker caps
indicate the maximum and minimum Ct values. The higher boxes and
whiskers indicate the greater the variations.

for further experiments. The information regarding the can-
didate reference genes, as well as correlation coefficients, is
shown in Table 2.

3.2 | Expression Analysis of Reference Genes

Ct value is an important indicator of gene expression abun-
dance, with genes exhibiting smaller Ct values demonstrating
higher levels of expression. All Ct values ranged from 17.58 to
32.42 under different experimental treatments (Figure 3). The
mean Ct ranged from 21.45 (EF1a) to 29.77 (TUB). The box plots
illustrate the variation of Ct values, a decreased level of disper-
sion suggesting a higher degree of consistency in gene expres-
sion. ACT has the lowest variation trend, whereas PGK has the
highest variation trend.

3.3 | Expression Stability Analysis
3.3.1 | GeNorm Analysis

The default threshold of the M value was 1.5, whereas the
smaller M value means greater stability. The M values of all ref-
erence genes were found to be less than 1.5, demonstrating that
they met the fundamental criteria for serving as reference genes
(Figure 4). For the drought treatment, the most stable reference
genes were ACT and F3H, whereas the least stably expressed
gene was UBC. EFIa and ACT (M=0.50) showed the highest
stability under salt stress, ACT and F3H (M =0.19) showed the
most stable expression levels under heat treatment. For the cold
treatment, the expression levels were most stable for ACT and
F3H (M =0.18). For all samples, F3H and ACT (M =0.49) were
the most stably expressed genes.

GeNorm algorithm was employed to compute the V, ., (pair-
wise variation), and the default V,nsa value is 0.15. For the
drought stress samples, V;,, was below 0.15 (Figure 5), suggest-
ing that three reference genes are needed for normalizing gene
expression. For the heat treatment, V, , was 0.14, showing that

eight reference genes are required. For the cold treatment, V,

was 0.13, indicating that two reference genes were needed. For

the salt treatment, all the V,, ., exceeded 0.15, that indicates the
optimal number of reference genes has not been determined.
For all the samples, V; , was 0.149, showing that eight reference

genes are necessary.

3.3.2 | NormFinder Analysis

NormFinder is employed to compute the stable value for each
reference gene, as lower variation means greater gene expres-
sion stability. The results are displayed in Figure 6. For the
drought treatment, ACT (0.26) and GAPDH (0.26) exhibited the
highest stability. Regarding the salt treatment, EFla (0.07) and
ACT (0.25) exhibited the highest stability. The most stably ex-
pressed genes were ACT and F3H for the heat treatment, cold
treatment and all samples, which was consistent with the results
obtained from the GeNorm analysis.

3.3.3 | BestKeeper Analysis

The standard deviation (SD) obtained from BestKeeper are
showed in Figure 7. ACT and F3H had the most stable expres-
sion for the drought treatment, cold treatment and all samples.
ACT and EFla were the genes with the most stable expression
under salt stress. For the heat treatment, TUB and UBQ were
the most stable genes, which was discrepant with the results ob-
tained from GeNorm and NormFinder analysis.

3.3.4 | RefFinder Analysis

To avoid limitations caused by a single program, ReFinder was
employed to analyze the results of the above three algorithms.
The rankings of RefFinder are shown in Table 3. The ranking
was as follows: ACT>F3H>EFla>TUA>TUB>UBQ>UBC>
GAPDH>PGK. ACT and F3H showed the highest stability for
the drought treatment, heat treatment, cold treatment, and all
the samples. For the salt treatment, EF1a and ACT exhibited the
highest stability, whereas GAPDH exhibited the least stability.

3.4 | Reference Gene Validation

To evaluate the precision of the selected reference gene, we ex-
amined the expression of the IgP5CS gene under various stress
conditions. IgP5CS is a stress-inducible gene and plays a crucial
role in enhancing plants abiotic stress tolerance. The two most
stable reference genes (ACT and F3H) and the most unstable ref-
erence gene (PGK) were selected for normalizing gene expres-
sion data according to the RefFinder rankings.

As shown in Figure 8, the expression of IgP5CS exhibited simi-
lar expression trends, when ACT and F3H were used for normal-
ization. By comparison, the use of the unstable reference gene
PGK led to a different expression pattern of IgP5CS. Therefore,
unstable reference genes may lead to a deviation in the expres-
sion of the target gene and affect the accuracy of the experiment,
which further verifies the reliability of using ACT and F3H as
reference genes.
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4 | Discussion

qRT-PCR is a highly accurate, simple, specific, and sensitive
method for analyzing gene expression (Deng et al. 2016). The
accuracy and stability of gene expression data mainly depend
on the stability of reference genes (Xiao et al. 2014). In the case
of plants, no reference gene was universally accepted under

all test conditions or across various tissues (Hruz et al. 2011;
Razavi et al. 2019). The expression levels of commonly used
reference genes differs among different plant species, includ-
ing TUB, EFla, ACT, and GADPH (G. Wang et al. 2019; Zhang
et al. 2022). However, there have been reports indicating that
reference genes not only play a role in maintaining fundamental
cellular functions but also actively contribute to various other
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cellular processes (De Vega-Bartol et al. 2013). As a result, their
expression levels exhibit significant variation across different
experimental conditions. In Schima superba, AP-2 exhibited the
highest stability for both cold and drought stresses, and elF-5a
exhibited the highest stability for salt stress (Yao et al. 2022). In
Arabidopsis, Actin exhibited higher stability under biotic and
abiotic stress but showed relatively lower stability during de-
velopmental stages (Czechowski et al. 2005). Therefore, it is es-
sential to validate the most suitable reference genes for specific
conditions before utilizing them for normalization.

I germanica L., a highly ornamental species of the genus Iris, ex-
hibits a strong abiotic stress resistance, including drought, high
temperatures, and low temperatures (Zhang et al. 2021). The cur-
rent research on I. germanica L. primarily focused on the follow-
ing aspects: physiological and biochemical measurement (Zhao
et al. 2021), genetic diversity (Li et al. 2020), phenotypic analysis
(Fan et al. 2022), and investigation of the flowering mechanism
(Fan et al. 2020). Due to limited information on reference gene
stability, few studies have been conducted on stress-resistant
mechanisms in I. germanica L. More and more researchers have

reported the stability of gene expression across different plant
species and under different stress conditions (Renganathan
et al. 2023; Zhang et al. 2018; Zhang et al. 2017). However, to
date, no comprehensive investigation of reference genes in Iris
species across different abiotic stresses has been reported.

This research identified the suitable reference genes in I. ger-
manica L. under various abiotic stresses. 9 reference genes
were chosen from I. germanica L. to evaluate their stability in
expression under drought, salinity, heat, and cold treatment.
The ranking order calculated by different algorithms showed
slight differences, due to the different statistical methods for as-
sessing reference genes (Duan et al. 2017; Dudziak et al. 2020).
NormFinder computes the SV, whereas GeNorm calculates the
M value through pairwise variation, with both methods aiming
to achieve minimal values that indicate optimal expression sta-
bility. BestKeeper evaluates the reference genes by analyzing SD
and CV of Ct values across various samples (Pfaffl et al. 2004).
The results obtained from GeNorm and NormFinder exhibited
minimal variations, as both methods employ similar princi-
ples to evaluate reference genes. For example, EFla was the
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TABLE 3 | Stability ranking of reference genes in RefFinder.

Method 1 2 3 5 6 7 8 9

Drought stress
GeNorm ACTIF3H GAPDH EFlx TUA UBQ TUB PGK UBC
NormFinder ACT GAPDH F3H EFia TUA UBQ TUB PGK UBC
BestKeeper ACT F3H EFla GADPH UBQ TUA TUB UBC PGK
Comprehensive ACT F3H GAPDH EFlx TUA UBQ TUB PGK UBC
ranking

Salt stress
GeNorm EFI1alACT TUA UBQ F3H TUB PGK UBC GAPDH
NormFinder EFla ACT UBQ TUA F3H TUB PGK UBC GAPDH
BestKeeper ACT EFla F3H TUB TUA UBQ UBC PGK GADPH
Comprehensive EFla ACT TUA UBQ F3H TUB PGK UBC GAPDH
ranking

Heat stress
GeNorm ACTIF3H GAPDH UBQ TUB EFia UBC PGK TUA
NormFinder ACT F3H UBQ GAPDH EFla TUB UBC TUA PGK
BestKeeper TUB UBQ UBC ACT F3H EFlx GADPH TUA PGK
Comprehensive ACT F3H UBQ TUB GAPDH UBC EFla TUA PGK
ranking

Cold stress
GeNorm ACTIF3H EFla GAPDH TUA TUB PGK UBC UBQ
NormFinder ACT F3H EFla GAPDH TUA TUB PGK UBC UBQ
BestKeeper ACT F3H EFlx PGK UBQ TUA GADPH UBC TUB
Comprehensive ACT F3H EFla GAPDH TUA PGK TUB UBQ UBC
ranking

All samples
GeNorm ACTIF3H EFla TUA TUB UBQ UBC GAPDH PGK
NormFinder ACT F3H EFla TUA TUB UBQ UBC GAPDH PGK
BestKeeper ACT F3H EFlax TUB UBQ TUA UBC GADPH PGK
Comprehensive ACT F3H EFlax TUA TUB UBQ UBC GAPDH PGK
ranking

most stable reference gene for salt stress according to GeNorm
and NormFinder, whereas the best gene from BestKeeper was
ACT. RefFinder allocates suitable weights to individual genes
and computes their geometric mean to derive the conclusive
ranking (He et al. 2019). We also used RefFinder to compre-
hensively evaluate the results from these three algorithms. The
results from RefFinder exhibited a high degree of consistency
with those obtained from NormFinder and GeNorm methods.
Therefore, the most stable gene can serve as an internal refer-
ence gene for accurately correcting the expression levels of tar-
get genes under abiotic stress conditions.

To further demonstrate the reliability of the selected refer-
ence genes, we employed the two most stable genes (ACT and

F3H) and one least stable gene (PGK) to standardize the ex-
pression levels of the IgP5CS gene. The expression of IgP5CS
was significantly upregulated under drought, salt, and cold
stress, which showed similar expression patterns of PbP5CS,
AtP5CS1, and SpP5CS under abiotic stress conditions (Ma
et al. 2022; Yang et al. 2021; Yoshiba et al. 1995). The expres-
sion level of IgP5CSI was not induced under heat stress, which
is the same as the report that AtP5CSI was not responsive to
high temperatures (Yoshiba et al. 1995). However, the use of
an unstable reference gene (PGK) for normalization resulted
in a significant deviation in the expression pattern of IgP5CS.
The findings indicated that a more reliable gene can improve
the precision of the results, and unstable reference genes can
result in faulty qRT-PCR results.
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5 | Conclusion

In this research, the expression stability of 9 candidate refer-
ence genes was evaluated by four different algorithms (GeNorm,
Normfinder, BestKeeper, and RefFinder). Through the analysis of
gene stability, ACT and F3H were identified as the most reliable
reference genes under drought, heat, and cold stress. For salt stress,
EFla and ACT were the most stable reference genes. Furthermore,
the expression patterns of IgP5CS-validated ACT and F3H genes
can serve as appropriate reference genes. Our research will signifi-
cantly enhance greatly facilitate the identification of stress toler-
ance genes in I. germanica L. and other Iris plants.

Author Contributions

Yuan Yuan: data curation (lead), formal analysis (lead), visualization
(supporting), writing — original draft (lead). Chungui Liu: investi-
gation (supporting), resources (supporting). Jianzhong Bao: data
curation (supporting), formal analysis (supporting). Fengtong Li: con-
ceptualization (equal), supervision (equal), visualization (equal).

Acknowledgments

This work was supported by the Special Fund for Scientific Research
and Development of Jiangsu Lixiahe District Institute of Agricultural
Sciences (SJ(22)113), and Jiangsu Agricultural Science & Technology
Innovation and Promotion Program in 2024 (Yangnongban(2024)101).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Bustin, S. A. 2002. “Quantification of mRNA Using Real-Time Reverse
Transcription PCR (RT-PCR): Trends and Problems.” Journal of
Molecular Endocrinology 29, no. 1: 23-39.

Chen, T., Y.-X. Liu, T. Chen, et al. 2024. “ImageGP 2 for Enhanced Data
Visualization and Reproducible Analysis in Biomedical Research.”
iMeta 3, no. 5: €239.

Curis, E., C. Nepost, D. Grillault Laroche, et al. 2019. “Selecting
Reference Genes in RT-qPCR Based on Equivalence Tests: A Network
Based Approach.” Scientific Reports 9, no. 1: 16231.

Czechowski, T., M. Stitt, T. Altmann, M. K. Udvardi, and W.-R. Scheible.
2005. “Genome-Wide Identification and Testing of Superior Reference
Genes for Transcript Normalization in Arabidopsis.” Plant Physiology
139, no. 1: 5-17.

De Vega-Bartol, J. J., R. R. Santos, M. Simdes, and C. M. Miguel. 2013.
“Normalizing Gene Expression by Quantitative PCR During Somatic
Embryogenesis in Two Representative Conifer Species: Pinus Pinaster
and Picea abies.” Plant Cell Reports 32, no. 5: 715-729.

10 of 12

Food Science & Nutrition, 2025

(ny) SUORIPUOD PUe SWLB L 38U 39S *[G202/L0/0€] U0 ARIq1TBUIUO ABIIM 10V SUISIUIZIPBIN ‘UIZIPRIA JoN 5RUI011q1E eAAUBZ 3yasIned AQ 9. EUS}/Z00T OT/I0p/Wod A8 | i AReiqBu1|uo// SRy Wwo.y papeojumoq ‘T ‘G202 *LLT.870C

BYLOD A3 I A

P

FSUBD|T SUOWILLIOD A1) 3|ceal|dde ay Aq pausenob ake Sajonle YO ‘s Jo sajni Joj Akeiqi auljuQ A1 uo (suonipt



Deng, L., Y. Wu, J. Li, et al. 2016. “Screening Reliable Reference Genes
for RT-qPCR Analysis of Gene Expression in Moringa oleifera.” PLoS
One 11, no. 8: e0159458.

Derveaux, S., J. Vandesompele, and J. Hellemans. 2010. “How to Do
Successful Gene Expression Analysis Using Real-Time PCR.” Methods
50, no. 4: 227-230.

Duan, M., J. Wang, X. Zhang, et al. 2017. “Identification of Optimal
Reference Genes for Expression Analysis in Radish (Raphanus sativus
L.) and Its Relatives Based on Expression Stability.” Frontiers in Plant
Science 8:1605.

Dudziak, K., M. Sozoniuk, H. Szczerba, et al. 2020. “Identification of
Stable Reference Genes for qPCR Studies in Common Wheat (Triticum
aestivum L.) Seedlings Under Short-Term Drought Stress.” Plant
Methods 16: 58.

Fan, Z.,Y. Gao, R. Liu, S. Wang, Y. Guo, and Q. Zhang. 2022. “Variations
and Heritability of Phenotypic Characters in the Reblooming Bearded
Iris (Iris germanica L.).” Scientia Horticulturae 295: 110844.

Fan,Z.,Y. Gao, Y. Ren, C. Guan, R. Liu, and Q. Zhang. 2020. “To Bloom
Once or More Times: The Reblooming Mechanisms of Iris germanica
Revealed by Transcriptome Profiling.” BMC Genomics 21, no. 1: 553.

Gachon, C., A. Mingam, and B. Charrier. 2004. “Real-Time PCR: What
Relevance to Plant Studies?” Journal of Experimental Botany 55, no. 402:
1445-1454.

Hao, X., D. P. Horvath, W. S. Chao, Y. Yang, X. Wang, and B. Xiao.
2014. “Identification and Evaluation of Reliable Reference Genes for
Quantitative Real-Time PCR Analysis in Tea Plant (Camellia sinensis
(L.) O. Kuntze).” International Journal of Molecular Sciences 15, no. 12:
22155-22172.

He, S., T. An, A. Runa, and S. Liu. 2019. “Validation of Reliable
Reference Genes for RT-qPCR Studies of Target Gene Expression in
Colletotrichum Camelliae During Spore Germination and Mycelial
Growth and Interaction With Host Plants.” Frontiers in Microbiology
10: 2055.

Hruz, T., M. Wyss, M. Docquier, et al. 2011. “RefGenes: Identification
of Reliable and Condition Specific Reference Genes for RT-qPCR Data
Normalization.” BMC Genomics 12, no. 1: 156.

Iranzadasl, M., P. Pasalar, M. Kamalinejad, and M. J. Mousavi. 2021.
“Cytotoxic Effect of Iris germanica L. Rhizomes Extract on Human
Melanoma Cell Line.” International Journal of Cancer Management 14,
no. 6:e111319.

Jain, M., A. Nijhawan, A. K. Tyagi, and J. P. Khurana. 2006. “Validation
of Housekeeping Genes as Internal Control for Studying Gene
Expression in Rice by Quantitative Real-Time PCR.” Biochemical and
Biophysical Research Communications 345, no. 2: 646-651.

Khatib, S., C. Faraloni, and L. Bouissane. 2022. “Exploring the Use of
Iris Species: Antioxidant Properties, Phytochemistry, Medicinal and
Industrial Applications.” Antioxidants 11, no. 3: 526.

Li, F., Y. Sun, C. Liu, et al. 2020. “Genetic Diversity and Population
Structure in Bearded Iris Cultivars Derived From Iris X Germanica
L. and Its Related Species I. pumila L., I. Variegata L., I. Pallida Lam.”
Genetic Resources and Crop Evolution 67, no. 8: 2161-2172.

Ma, C., M. Wang, M. Zhao, et al. 2022. “The Al-Pyrroline-5-Carboxylate
Synthetase Family Performs Diverse Physiological Functions in Stress
Responses in Pear (Pyrus betulifolia).” Frontiers in Plant Science 13:
1066765.

Pfaffl, M. W., A. Tichopad, C. Prgomet, and T. P. Neuvians. 2004.
“Determination of Stable Housekeeping Genes, Differentially Regulated
Target Genes and Sample Integrity: BestKeeper-Excel-Based Tool Using
Pair-Wise Correlations.” Biotechnology Letters 26, no. 6: 509-515.

Podevin, N., A. Krauss, I. Henry, R. Swennen, and S. Remy. 2012.
“Selection and Validation of Reference Genes for Quantitative RT-PCR

Expression Studies of the Non-Model Crop Musa.” Molecular Breeding
30, no. 3: 1237-1252.

Razavi, S. A., M. Afsharpad, M. H. Modarressi, et al. 2019. “Validation
of Reference Genes for Normalization of Relative qRT-PCR Studies in
Papillary Thyroid Carcinoma.” Scientific Reports 9, no. 1: 15241.

Remans, T., E. Keunen, G. J. Bex, K. Smeets, J. Vangronsveld, and
A. Cuypers. 2014. “Reliable Gene Expression Analysis by Reverse
Transcription-Quantitative PCR: Reporting and Minimizing the
Uncertainty in Data Accuracy.” Plant Cell 26, no. 10: 3829-3837.

Renganathan, V. G., R. Renuka, C. Vanniarajan, M. Raveendran, and
A. Elangovan. 2023. “Selection and Validation of Reliable Reference
Genes for Quantitative Real-Time PCR in Barnyard Millet (Echinochloa
Spp.) Under Varied Abiotic Stress Conditions.” Scientific Reports 13, no.
1:15573.

Schmidt, G. W., and S. K. Delaney. 2010. “Stable Internal Reference
Genes for Normalization of Real-Time RT-PCR in Tobacco (Nicotiana
tabacum) During Development and Abiotic Stress.” Molecular Genetics
and Genomics 283, no. 3: 233-241.

Silva, F. L. B., T. B. Dos Santos, M. De Oliveira Vidotto Figueiredo, V.
Cacefo, L. G. E. Vieira, and A. F. Ribas. 2021. “Validation of Reference
Genes for Real-Time Quantitative PCR in Brachiaria Grass Under Salt
Stress.” Plant Gene 27: 100319.

Soucek, P., J. Pavll, Z. Medvedova, V. Reinohl, and B. Brzobohaty. 2017.
“Stability of Housekeeping Gene Expression in Arabidopsis thaliana
Seedlings Under Differing Macronutrient and Hormonal Conditions.”
Journal of Plant Biochemistry and Biotechnology 26, no. 4: 415-424.

Wang, G., C. Tian, Y. Wang, et al. 2019. “Selection of Reliable Reference
Genes for Quantitative RT-PCR in Garlic Under Salt Stress.” PeerJ 7:
€7319.

Wang, M., T. Ren, P. Marowa, H. Du, and Z. Xu. 2021. “Identification
and Selection of Reference Genes for Gene Expression Analysis by
Quantitative Real-Time PCR in Suaeda glauca's Response to Salinity.”
Scientific Reports 11, no. 1: 8569.

Wang, Y., Y. Zhang, Q. Liu, et al. 2021. “Selection and Validation of
Appropriate Reference Genes for RT-qPCR Analysis of Flowering
Stages and Different Genotypes of Iris germanica L.” Scientific Reports
11, no. 1: 9901.

Xiao, X., J. Ma, J. Wang, X. Wu, P. Li, and Y. Yao. 2014. “Validation of
Suitable Reference Genes for Gene Expression Analysis in the Halophyte
Salicornia europaea by Real-Time Quantitative PCR.” Frontiers in Plant
Science 5: 788.

Xie, F., J. Wang, and B. Zhang. 2023. “RefFinder: A Web-Based Tool
for Comprehensively Analyzing and Identifying Reference Genes.”
Functional & Integrative Genomics 23, no. 2: 125.

Xu, Y., H. Li, X. Li, et al. 2015. “Systematic Selection and Validation
of Appropriate Reference Genes for Gene Expression Studies by
Quantitative Real-Time PCR in Pear.” Acta Physiologiae Plantarum 37,
no. 2: 40.

Xu, W, Y. Dong, Y. Yu, et al. 2020. “Identification and evaluation of reli-
able reference genes for quantitative real-time PCR analysis in tea plants
under differential biotic stresses.” Scientific Reports 10, no. 1: 2429.

Yang, D., R. Ni, S. Yang, et al. 2021. “Functional Characterization of
the Stipa Purpurea P5CS Gene Under Drought Stress Conditions.”
International Journal of Molecular Sciences 22, no. 17: 9599.

Yang, Z., X. Zhao, W. Shang, et al. 2021. “Pyrroline-5-Carboxylate
Synthase Senses Cellular Stress and Modulates Metabolism by
Regulating Mitochondrial Respiration.” Cell Death and Differentiation
28, no. 1: 303-319.

Yao, J., G. Zhu, D. Liang, et al. 2022. “Reference Gene Selection for
qPCR Analysis in Schima Superba Under Abiotic Stress.” Genes 13, no.
10: 1887.

11 of 12

B5UBD1 SUOWILIOD dA 181D 3|t jdde 3y} Aq paueAob ae i YO 88N JO s3I 10} A1 8UIUO A1 UO (SUORIPUOD-PUR-SWLB)H 0D A 1M A1 1[I UO//SARY) SUORIPUOD PUe SWLB L 8U3 39S *[6202/0/0€] U0 ARiqiTauUluO AB|IM 10V SUISIUIZIPBI ‘UIZIPB A JoN 5RUl011q1g eAUBZ 3yasined AQ 9. EUS}/Z00T OT/I0p/Wod A8 i AReiq 1 pul|uo//Sdny Wwo.y papeojumoq ‘T ‘G202 *LLT.8702



Yoshiba, Y., T. Kiyosue, T. Katagiri, et al. 1995. “Correlation Between
the Induction of a Gene for A1-Pyrroline-5-Carboxylate Synthetase and
the Accumulation of Proline in Arabidopsis thaliana Under Osmotic
Stress.” Plant Journal 7, no. 5: 751-760.

Zhang,H.,J.Zhu, Z. Gong, and J. K. Zhu. 2021. “Abiotic Stress Responses
in Plants.” Nature Reviews Genetics 23, no. 2: 104-119.

Zhang, J., D. Huang, X. Zhao, and M. Zhang. 2021. “Evaluation of
Drought Resistance and Transcriptome Analysis for the Identification
of Drought-Responsive Genes in Iris germanica.” Scientific Reports 11,
no. 1: 16308.

Zhang,L.,Q.Zhang,Y.Jiang, Y. Li, H. Zhang, and R. Li. 2018. “Reference
Genes Identification for Normalization of qPCR Under Multiple Stresses
in Hordeum Brevisubulatum.” Plant Methods 14: 110.

Zhang, Y., X. Han, S. Chen, et al. 2017. “Selection of Suitable Reference
Genes for Quantitative Real-Time PCR Gene Expression Analysis in
Salix matsudana Under Different Abiotic Stresses.” Scientific Reports
7, no. 1: 40290.

Zhang, Y., F. Liu, H. Guo, et al. 2022. “Selection of Reference Genes
for Quantitative Real-Time PCR Analysis in Lathyrus sativus L. Under
Different Development Stages and Drought Stress.” Genetic Resources
and Crop Evolution 69, no. 7: 2319-2330.

Zhao, M., H. Fan, Z. Tu, et al. 2022. “Stable Reference Gene Selection for
Quantitative Real-Time PCR Normalization in Passion Fruit (Passiflora
edulis Sims.).” Molecular Biology Reports 49, no. 7: 5985-5995.

Zhao, Z., T. Li, Y. Cheng, F. Wang, and X. Zhao. 2021. “Morphological
and Metabolic Responses of Four Iris germanica Cultivars Under
Salinity Stress.” Scientia Horticulturae 281: 109960.

12 of 12

Food Science & Nutrition, 2025

B5UBD1 SUOWILIOD dA 181D 3|t jdde 3y} Aq paueAob ae i YO 88N JO s3I 10} A1 8UIUO A1 UO (SUORIPUOD-PUR-SWLB)H 0D A 1M A1 1[I UO//SARY) SUORIPUOD PUe SWLB L 8U3 39S *[6202/0/0€] U0 ARiqiTauUluO AB|IM 10V SUISIUIZIPBI ‘UIZIPB A JoN 5RUl011q1g eAUBZ 3yasined AQ 9. EUS}/Z00T OT/I0p/Wod A8 i AReiq 1 pul|uo//Sdny Wwo.y papeojumoq ‘T ‘G202 *LLT.8702



	Selection and Validation of Appropriate Reference Genes for qRT-PCR Analysis of Iris germanica L. Under Various Abiotic Stresses
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Plant Materials and Treatments
	2.2   |   Reference Gene Selection
	2.3   |   RNA Extraction and cDNA Synthesis
	2.4   |   Quantitative Real-Time PCR
	2.5   |   Statistical Data Analysis
	2.6   |   Validation of Selected Reference Genes

	3   |   Results
	3.1   |   Assessment of Primer Specificity of Reference Genes
	3.2   |   Expression Analysis of Reference Genes
	3.3   |   Expression Stability Analysis
	3.3.1   |   GeNorm Analysis
	3.3.2   |   NormFinder Analysis
	3.3.3   |   BestKeeper Analysis
	3.3.4   |   RefFinder Analysis

	3.4   |   Reference Gene Validation

	4   |   Discussion
	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


