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Abstract: Dendrobium sinense is a tropical plant endemic to Hainan Island with great ornamental and medicinal values.
However, unascertained reference genes restrict the quantitative analysis of gene expression in the species. In this study,
using our previous transcriptome data of D. sinense, the 164 candidate genes were identified with low variance (CV<
0.2) and moderate expressions (TPM between 10-300). By GO clustering, 24 candidate genes were selected from dif-
ferent functional groups to avoid the effect of co-expression on further stability analysis. In order to avoid the false
positive of genomic DNA that may remain in the template during RT-qPCR amplification, primers across introns were
designed in this study, and amplification primers that met the requirements of 15 candidate reference genes were
screened by electrophoresis. To ensure the specificity of RT-qPCR amplification, LightCycler 96 was used for melting
curve analysis. According to the RT-qPCR data of 15 candidate genes, four tools were used to evaluate the expression
stability. The results of multiple algorithm analysis showed that CLP1 & SEC23, SEC23 & CPY71, CLP1 & SEC23 and
RNGI1L & PECT were the best reference genes under drought stress. After comprehensive sorting, SEC23 and CLP1
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were selected as the most stable reference genes under drought stress. In different tissues of D.sinense, ADF11 & IBR5,
PRP19 & CLP1, ADF11 & CLP1, ACBP2 & IBRS were identified as the best reference genes, respectively. After com-
prehensive analysis, ADF11 and ACBP2 were identified as the most stable reference genes in different tissues. Com-
bined with the above drought stress and different tissue analysis data, IBR5 and CPY71 were finally determined as stable
reference genes under comprehensive conditions. The validation of internal reference genes showed that compared with
the traditional Actin internal reference, the internal reference genes screened in this study could obtain more accurate
RT-qPCR calibration results, indicating that the generated internal reference genes had extremely high stability. In
summary, this study provides ideas for identifying stable reference genes using transcriptome data. For the first time,
stable reference genes were identified in the whole genome of D.sinense, which laid a foundation for further study of

gene expression and function.
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Fig. 1  Functional clustering of 164 candidate reference genes
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Tab. 1 Candidates reference genes and their primer sequences
i 53" 5'=3' K — -
I g EFSIIGTSO RESHES) . KRE  gaagge em g
Gene name Abbr Forward primer Reverse primer Amplicon Homologous locus®  E-value  Loc.”
' (5'-3") (5'-3") size/bp ‘
Ras-related protein RHN1 RHN1 GTGCTAGAGCTG CCTCCAATGTCAC 97 NW_021320048.1 5.0E-88  4/5-6
CAGAAACA CTTCCTTT
Actin-depolymerizing ADF11 TTGACTTCGTCAC CCATCTAAGTCTC 133 NW_021318832.1 2.0E-131 2/3
factor 11 CCAAGAAA GCCTGAATC
Mitochondrial GrpE MGE2 GGACAAAGCGTG AAGTTCTCTTTGA 115 NW_021319432.1 0 2/3
homolog 2 AGGTAGAA CTGCACTAGA
Suppressor of gene SGS3 GAGGGTTTGGGT AATGGCCTTCCTT 94 NW_021319151.1 0 2/3
silencing 3 AACAAAGAGA CCCATATAC
RING finger RNG1L AGTGGGAATGAT GTACAAAGAGTTG 106 NW_021318693.1 0 1/2
protein 1-like GAAACTTCGG GGCTCGTT
Acyl-CoA binding ACBP2 GTAGATCGTGGCC CGAAGGCTTCTCT 124 NW_021318608.1 0 5/6
protein 2 ACCTAAAG CTCACAAA
RNA polymerases I RPAC1 GGATATTCCACAA CAAACCCTATCGC 128 NW_021318864.1 6.0E-104 12
and III subunit AC1 CGTCAGCTC CGCATAA
Indole-3 butyric IBRS ATCTAGAGGTTGG AATCAACTGCTCA 94 NW_021319178.1 0 4/5
acid response 5 CGGTTTC CGGACAA
268 protease PRS7TA  GGAAGTGAGCTC CACCTATCGCATC 121 NW _021319370.1 2.0E-178 8/8-9
regulatory subunit 7A GTTCAGAAATA CACTTCATC
Phosphate-ethanolamine PECT CTGATCCGAATGC GCTTTAGCAAGCC 88 NW_021319309.1 0 4/5
cytidylyltransferase CCGAATAA GCAATATC
Inositol phosphorylceramide 1PUT1 ~ CTGCAGATGTGA GGCCCAAGTGTAT 145 NW_021318711.1 2.0E-165  4/5
glucuronosyltransferase 1 GGAAGAGTAG AGTGGATAA
Transcription initiation TFIIA1 CCAGAATCCAGA CAACCACAGACAT 139 NW _021319178.1 7.0E-139  7/8
factor IIA subunit 1 AGGGTCTTATC CCGACTG
Cleavage factor CLP1 GTGAACGTACAC GCATCCTGCACAG 102 NW_021319342.1 4.0E-135 3/4
polyribonucleotide GCGATACT ACTACTT
kinase subunit 1
Voltage-dependent VDAC1 GGTTACAGTCAC CAGGAGTCCCAA 105 NW _021318595.1 1.0E-164 1/2
anion channel protein 1 AGCTGAAGAG GTTCATCAAT
General transcription GTF2H2 CCAGAATCCAGA CAACCACAGACAT 102 NW_021318614.1 0 172
factor IIH subunit 2 AGGGTCTTATC CCGACTG
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Tab. 1 Candidates reference genes and their primer sequences (continued)
e 5'-3’ 5'-3' K s o
S 5B g EROIGTI) RESIAGS) KR gamgs e
Gene name Abbr Forward primer Reverse primer Amplicon Homologous locus'  E-value  Loc.”
‘ (5'-3") (5'-3") size/bp '
Signal recognition particle ~ SR542 GAACTGGAGAGCA TCCATGAAGCCAG 94 NW_021319083.1 0 4/5
54 kDa protein 2 TATGGATGAA ACCAATC
Ubiquitin carboxyl-terminal UBP25 CTCCAGTGCTTAA GAAGGGACACTC 108 NW_021319800.1 0 1/2
hydrolase 25 CCTACACT CTTCTTCTTATT
Mediator of RNA MED17 GGTTGATCTTCCT AGTCCCTGCTCAC 101 NW_021394673.1 0 8/9
polymerase II transcription GTGGCTATT CTTCATA
subunit 17
Organellar oligopeptidase A OOPA  ACTTCGATTTCCC TCCACACTCCTCT 112 NW_021318492.1  7.0E-166  1/2
GCCTTT CCAGTT
Pre-mRNA-processing PRP19 AGGAAAGGGATG TTCCCGTCAGGAC 139 NW_021319460.1  4.0E-142  1/2
factor 19 AAGCAAGG CAAATTC
Cyclophilin 71 CPY71 CCTAAGCGCCCTC GACACTGCAACAT 110 NW_021553810.1  2.0E-121  1/2
TCAAAT GTGTAACC
Arginine ANM1 AGCATGTGTATGC TCCACATGAGTGA 135 NW_021318883.1 0 2/4
N-methyltransferase 1 GGTTGAG CTGGTAGAT
Syndetin-like isoform X1 SLX1  GGTGAAGCATTCT TCCAATTCTCCCT 133 NW_021319127.1 0 12/13
GTGGATTAC CTCCAATAC
Protein transport SEC23 CGACCGCTGTCAT GAAGCATGTGCCT 122 NW_021319945.1 0 1/2
protein SEC23 TAGGTTT CAGATGATA

T AT A PR A B A TR R A 5

Note: *

location of forward and reverse primer in exon, respectively.
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Fig. 3 Stability analysis of candidate reference genes in D. sinense
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