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Systematic screening of reference genes and expression analysis of genes involved
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SU Huijun!, SHI Yasen!, TIAN Fang', MAO Jiajing!, LUO Ming?, MIAO Yuhuan'-2, LI Xiaohua' 2, LIU Dahui' 2,
SU Weil:2

1. School of Pharmacy, Hubei University of Chinese Medicine, Wuhan 430065, China

2. Hubei Shizhen Laboratory, Wuhan 430065, China

3. Peoples Hospital of Luotian County, Huanggang 438600, China

Abstract: Objective To screen stable reference genes in Gastrodia elata and analyze the expression patterns of key enzyme genes in
the gastrodin biosynthesis pathway, providing reliable normalization tools for molecular studies of G. elata. Methods Two
transcriptome datasets, encompassing various tissues (tubers, stems, and flowers) at the jian-ma stage and four developmental stages
post-inoculation, were integrated. Expression matrices were constructed using Transcripts Per Million (TPM) and normalized via the
TMM method. Candidate reference genes were screened based on a coefficient of variation (CV) threshold of < 0.05, and specific
primers were designed using the PrimerServer2 package. The expression levels of these candidates across different tissues and
developmental stages were validated by qRT-PCR. Stability was comprehensively evaluated using delta-Ct, geNorm, NormFinder,
BestKeeper, and RefFinder. Furthermore, the identified optimal reference gene was used to normalize the expression of six key enzyme

genes in the gastrodin biosynthesis pathway. Results Gelref] exhibited the highest stability across all samples, serving as a universal
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reference gene for various tissues and developmental stages of G. elata. Expression analysis revealed distinct patterns for the six key

enzyme genes, with most showing high expression levels during the mid-to-late stages of tuber development. Conclusion This study

establishes a systematic workflow for reference gene screening in G. elata based on RNA-Seq data, providing a reliable foundation for

further research into the molecular mechanisms and functional validation of genes in gastrodin biosynthesis.
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£ Windows 4 3 linux 1 R4 & &
PrimerServer2 T.H . FZPRIT: {HH git clone
https:/github.com/billzt/PrimerServer2.git | % JF X
i; 2% Python 3.7.1 f Samtools; i A Primer
Server2 H3k, i247 python3-m venv )& I T
FEGE; AT python3 setup.py develop 56 B %
;. JE1T primerserver-config £ AL & S Hdn i
fRE B H % BCE 52 J5I181T primerserver 2.
FIF A PrimerServer 2 W TH4E 54 12 ' e & 5
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Table 1 Primers of candidate reference genes

EHID kB A (5°-3) =K /Mbp T IBE Y%
GelC01G00930 Gelrefl RT_1F AAATTGCGGTTGCTTGCACA 114 92.32
Gelrefl RT_1R GATAGAGTCCTGTGCCAGCC
GelC10G01010 Gelref2 RT _1F CGATGCAATTCTTCTGGGCG 101 101.80
Gelref2 RT 1R TGAAAACCTTCTCCGCCTCC
GelC14G00908 Gelref3 RT 1F ACAGTCGCAGCCTTCTCTTC 90 96.42
Gelref3 RT 1R GATGTGAGGAGAGGGCACAG
GelC17G00479 Gelref4 RT_1F CAGGAGGTTCTCGGTGTTGG 143 98.24
Gelref4 RT_1R ACAGCAACTGGAGCCCATTT
GelC04G00408 Gelref5 RT_1F TCCAAATTCCGGCATCAGCT 111 103.16
Gelref5 RT_1R GATCTGAAGATGGAGGCCCG
GelC04G00837 Gelref6 RT _1F TGGTGATGTGGAGGTTCTGC 153 100.00
Gelref6 RT 1R GATGCAGCTTCATCTTGGCG
GelC04GO01115 Gelref7 RT_1F TCGTGTGCCTGGAGTTGTAC 93 105.52
Gelref7 RT 1R CCAGGTTCGCAAAGGTGTTG
R2 RRESHEXERESIFS
Table 2 Primers of genes involved in gastrodin biosynthesis pathway
FER 2R EIL/EALS s (5-3°) 7K /Nbp
FNRIRWEE (phenylalanine ammonia-lyase, PAL) GelPALI RT F TTCTCAAGCTCATGACCTCCAC 130
GelPALI RT R ACAGTGAGCGTTTTCTTGGC
GelPAL2 RT F  ATCCTTTGCAGAAGCCGAAG 147
GelPAL2 RT R AAACGTCGATGAGCGGATTG
PR FEREE (UDP-glycosyltransferases, UGT) GelUGTI_RT F  AAGGCAGTGAAGCTTCGATG 94

GelUGTI_RT_R AGAGGGAACAGATGACCCATG

GelUGT2_RT_F AAAATTGGAGTGGCCGTTGG

114

GelUGT2_RT_R CAACATTACAACCGCCTTCTCC

GelUGT3_RT_F ATTGCGGGTGGAATTCTGTG
GelUGT3_RT_R ACAACCCCAATTCTCAGCAC
GelUGT4_RT_F TCAACAACAAGCCCATCGAC

126

115

GelUGT4 RT_R AAGTTGTCGAGGAAGGAGTCG
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(ribosomal protein); Gelref4 (GelC17G00479) ¥ J 1=
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Table 3 Expression levels of candidate reference genes in transcriptome data

Bl SRR HLAID AN TRTER 93 1S5 A Rk A I AL TS AR A Rk & (%Y
Gelrefl GelC01G00930 86.40 46.72 0.03
Gelref2 GelC10G01010 161.42 153.47 0.05
Gelref3 GelC14G00908 60.96 47.99 0.04
Gelref4 GelC17G00479 103.98 137.33 0.05
Gelref5 GelC04G00408 56.86 61.32 0.02
Gelreft GelC04G00837 47.30 58.30 0.03
Gelref7 GelC04GO1115 100.47 107.72 0.04
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Fig. 1 Quality assessment of total RNA from different tissues of G. elata
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Fig.2 Melting curves of candidate reference genes
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Fig. 3 Boxplot of Ct values distribution for candidate

reference genes
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NormFinder =%, Gelrefl ] SD fHI{% (0.58),

#z4 TEELHHRSERREMEREETFEN (geNorm. NormFinder. delta-Ct. RefFinder)

Table 4 Comprehensive evaluation of reference gene stability in different tissues using geNorm, NormFinder, delta-Ct, and

RefFinder
P geNorm NormFinder delta-Ct RefFinderZi & AN
- M Herp M He SD He FRRE HiF
Gelref] 0.263 1 0.132 1 0.58 1 1.19 1
Gelref? 0.263 1 0.231 2 0.63 2 1.41 2
Gelref3 0.690 5 0.899 6 1.00 6 6.24 6
Gelref4 0.328 2 0.262 3 0.64 3 3.00 3
Gelref5 0.786 6 0.934 7 1.03 7 6.44 7
Gelref6 0.451 3 0.543 4 0.78 4 4.43 4
Gelref7 0.588 4 0.674 5 0.85 5 4.73 5
HEZ S s Gelref2 M1 Gelrefd 53 ST JE 55 2 IS 3, A B
s _ 1500 1500 ~ gRT-PCR
RefFinder Zi & PSS REIR, Gelrefl %A 000 1 000 ~ RnaSeq
FaE R B (1.19), ZE5HEAEE 15 Gelref2 IX @500 /\\ 500
Z (141, H2H 2; Gelref4 #4255 3 (3.000; 1M ® 2 2
Gelref5 HIRUEMEIREUR S (6.44), LR HEA RIS £ i
(4. GEFTE, DL 4 RSN 25 R R T N

Gelrefl TEA[FIR G B HIAUA R LB A7 R I i
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N T k2B G IE P S 5 TR O O A5 R 1 AT SE
P, R Tt — IR 1% P 2 25 R 7 & SR 1 ] 5
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FIEMAXBATIAE . LL Gelrefl FERE AN B HER
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HRAED LRGBS, SHEEHSER 86 m
UL Gelref5 B:RAE NN S H KNS, GelPALI
GelUGTI WRIEMA G HERA . W
P 2B R MHIN T Gelrefl 3R ATE AR KA
AR R E I AL B N S
3.6 RKRZAREFHEXEENTRIESH

F T UL T A SRAS B R R ZE AR [F) K B I

0
AB BFI1 SB1 SB2 AB BFI1 SB1 SB2

A-UL Gelrefl NZ; B-LL Gelref5 NZH, THEIF.

A-Gelrefl as the reference; B-Gelref5 as the reference, same as below.

El4 GelPAL1 BEEERZENRE L BIHIRIRIKKIE
Fig. 4 Expression validation of GelPALI in G. elata tubers
at different developmental stages
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GelPAL2) 1 4 NHESLEERE RN (GelUGTI~
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Fig. 6 Expression patterns of key genes involved in gastrodin biosynthesis during different developmental stages of G. elata tubers
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Fig.7 Expression patterns of key genes involved in gastrodin biosynthesis in different tissues of G. elata
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