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Abstract

Aconitum vilmorinianum Kom. is one of the most important traditional Chinese medicine. However, there are few
reports on the molecular biology Af vilmorinianum. Fluorescence quantitativeattime polymerase chain reaction (RT
gPCR) is widely used detection method for target gepeession analysis, but the selection of the best reference gene is
very important for the accuracy of the method. In this study, based on transcriptome data six candidate internal reference
genes were selected for the first time and their expressionitgtabitoot, stem, leaf and flower @&. vilmorinianum was
systematically evaluated by geNorm, Normfinder and BestKeeper. The results showddithaBAPDH and 185 RNA
could be used as reference genes in Md@tH andl8S RNA can be used as reference geinestem;MDH, GAPDH andg-

TUB could be used as reference genes in leaf G&RDH, 18S RNA andACT could be used as reference genes in flower.

In addition, the applicability of the selected reference genes was verified by detecting two functional lgéesgtgore
alkaloid metabolism, namely hydroxymethylglutaG®A reductaseHMGCR) and phosphomevalonate kinaBdK). The
expression profiles of thelMGCR and PMK genes were similar after standardization to the stably expressed reference
genesMDH, GADPH, 18S RNA andACT. However, wherUBQ was used as the reference gene, the expression profiles of
HMGCR and PMK genes were different. These results provide useful information for obtaining reliabtd® GR
standardized data in genetic researclorilmorinianum.

Key words: Gene expressioconitum vilmorinianum Kom., Reference gene, RJPCRAbbreviations

Introduction Fluorescence quantitative raéthe polymease chain
reaction (RTgQPCR) is a method to monitor the whole
Aconitum vilmorinianum belongs to the family reaction process by adding fluorescent dye or fluorescent
Ranunculaceae. There are many spedie the genus probe into the PCR reaction system for the accumulation
Aconitum, and about 200 species in China (Li & Kadota,of fluorescent signals. The target genes were
2001). The Hengduan Mountains and Jinsha Jiang Rivaquantitatively analyzed by a stiard curve. The
Valley regions in Yunnan Province are the center otechnique has high sensitivity, specificity and accuracy.
abundance, differentiation and preservation of primitiveBecause of its high detection efficiency and wide range, It
groups ofAconitum in modern distribution, where there has been widely used in plant gene expression analysis.
are 66 species, 25 varieties and 4 form@afnitum. A. (Huggett et al., 2005; Dussault& Poullot, 2006).
vilmorinianum is concentrated as mountain shrubs foundHowever, sincehe actual expression of genes is affected
at 2,1003,000 m above sea level in central and westerby the quality of the extracted RNA, the efficiency of
Yunnan, as well as Western Guizhou. A&. transcription and other factors, so it is necessary to
vilmorinianum contains diterpenoid alkaloids, such asintroduce internal reference genes to correct and
Yunnan aconitine, Huangcao aconitine A, andstandardize the expression results (Bustin, 2002;
bulleyaconitine A, it has antirheumatic activity, improvesVanGuilder et al., 2008). The ideal reference gene should
human meridians, relieves swelling and pain, dispels coldye stably expressed in all tissues and all developmental
activates blood circulation, and inhibits tumor groith  stages. However, plethora of studies have shown that the
et al., 2016). As an important traditional Chinese expression of many classical reference genes varies in
medicine, the roobf A. vilmorinianum is the main raw different species, tissues andndaions (Bustinet al.,
material of Yunnan Baiyao, Bulleyaconitine A Tablets 2005; Nolanet al., 2006; Guéniret al., 2009; Articoet

and other welknown Chinese medicineshe reports on al., 2010;Ali et al. , 2018) . As &CTrefer e

A. vilmorinianum research are mainly focused on ( {actin) can be used for functional gene analysis of
chemical constituents and pharmacological effectsPanax ginseng (Hou et al., 2014). EF-i§ (elongation
Molecular biology research started relatively late. So farfactorl 3 and ACT-2 (actin2) are more stable in
there is no report on the selection of reference genas of Anoectochilus roxburghii (Lin et al., 2018). In RFgPCR
vilmorinianum. With the development of the molecular analysis of Dendrobium officinale, EF-la and18S
biology of A. vilmorinianum, the screening of selecting ribosomal RNA {8S RNA) are better reference genes
stable reference genes suitabletfis speciess of great  (Zhanget al., 2013).ACT (actin), EF (elongation factor)
significance for the genes expression analysis andnd 185 RNA are more stable in root and leaf of
functional characterization of target genes. Helianthus tuberosus (Songet al., 2018). The expression
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of TIP41 (tonoplast intrinsic protein 41) andBQ10 supernatant was taken to new

(ubiquitin 10) was stably expressed in the floral organs ofrichloromethane was absorbt&ml the supernatant. Shake

Rehmannia glutinosa, while the expressionfd’IP41 and  the sample vigorously, place it on ice for 5 minutes, and

UBQ5 (ubiquitin 5) was stably expressed in the root, stencentrifuge at 4 and 12000rpm for 15 minutes. Transfer

and leaf (Houet al., 2011).ACT (actin) showed good about 400 ml of supernatant to a new centrifuge tube, add

stability in the fruit development stage dfycium 400 p | i sopropanol, shake we

barbarum (Zenget al., 2014). Thus, different species and the refrigerator for 30 minutes, then centrifuge at @nd

tissues have, differenteference genes. Therefore, it is 12000 rpm for 30 minutes. Take out the liquid in the tube,

very important to select the suitable reference geneadd 500 pl 75% et hamaid,750& nd c

according to the different experimental materials whenpm for 15 minutes. Repeat this step and wash three

using RFgPCR for the anlaysis of the gene expression inimes. Pour out the liquid in theibe, dry the centrifuge

different species and tissues. tube and add 20 pL DEPC (diet
Recently, we uses highroughput sequencing into the tube. Total RNA was extracted, and the purity

technology to determine the transcriptome profiles of rootind integrity of RNA were detected by agarose gel

formation of genes i. vilmorinianum. The sequences are electrophoresis of 1.2%. According to the operation

uploaded to NCBI (Submission number: PRINA667080)method of the revees transcription Kit TransScript I

The transcriptome data provide abundant information fobneStep gDNA Removal and cDNA Synthesis SuperMix,

selecting réable reference genes. By integrating the reportedrakaRa, Dalian, China, the reverse transcription system

RT-gPCR reference genesGAPDH (glyceraldehyde was 20 pL. The first strand

phosphate  dehydrogenase), ACT, MDH (malate reverse transcription, and the cDNA products were

dehydrogenase)UBQ, A-TUB ( {fubulin) and 185 RNA  directly ugd or stored in refrigerator 803 .

" 18S ribosomal RNA were selected as appropriate

reference genes. The expression stability of the six candidateimer design of candidate reference genes and PCR

reference genes in root, stem, leaf and flowerAof conditions: According to the transcriptome sequencing

vilmorinianum ~was analyzed by RPCR, using data of root development ofconitum vilmorinianum

Bestkeeper, GeNorm and  NormFinder  softwareynpyblished), GAPDH, MDH, $-TUB, ACT, 18S RNA

(Vandesompelet al., 2002; Andersert al., 2004; Pfafflet ~ anq UBQ geneswere selected as candidate reference

al.,, 2004). The expression of two functional genes, ”ameléenes. The primers were designed by Primer Premier 5.0

HMGCR (hydroxymethyl.glutaryCoA' reductase) anBMK (Udvardi et al., 2008) software (Table 1) and were
(phosphomevalonate kinase), which are key genes f%rynthesized by Suogin Biotechnology Co., Ltd.
alkaloid metabolic pathways . vilmorinianum, was ued RT-qPCR were performed using CI,:X96TM Real
to verify the reliability of the reference genes for-§HCR . . .

analysis of root, stem, leaf and flowetated genes. The Time System (BieRad Laboatories, CA, USA)Each 20

results lay a foundation for research of gene expressidh! P CR reacti on SYBRRremixTaq cons |

analysis in the alkaloid metabolic pathways and moleculaf * O wpl), cDNA (1 pl), forward
biology characteration of their components in plant, and 'esPectively) and ddi® (7. 4 pl ) . Cyclin
also provide a reference for the selection of reference genbs" VOl ved 10 s at 94" C foll owe
in Aconitum species. 15 s, fox3°'3%4 s and 72°C for 30

performed in triplicate.

Material and Methods Stability analysis of reference gene: The cDNAs of roots,

Plant materials: Plants of Aconitum vilmorinianum stems, leaves ar_1d floyvers were diluted.by S gradients, 5
cultivated in the town of Malutang, Luqua@ounty, times each grac12|ent, € the cgncentraﬂon of the cDNAs
Yunnan Province, China were transplanted in theVas L, 1(5’ s, 1/5. and 1/ times of the initial
reenhouse at the University of Science and Technolo oncentration, respectively. Each_candldate reference_gene
9 ) 'y . as amplified by RIgPCR according to the concentration
in_Kunming, Yunnan, China. The plants with good , o yont of cDNA dilution (Bustin, 2002). Using template
growth condition at the flowering stage were SE|eCtedconcentration as abscissa and Ct valueominate, the
Roots, stems, Ie_aves, flowers Wwere seqmracoll_ected, standard curve was drawn, and the slope K and correlation
along with roots in the early, middle and formative stagegyefficient R were obtained. The primer amplification
of development. All sa_mples were washed with PUr&sfficiency (E) was calculated by formula E = T -
water, cut into small pieces after water was absorbed,x1009% (Sinheet al., 2015). The stability of reference
wrapped in tin foil paper, labeled, and put in liquid gene expression waanalyzed according to the results of
nitrogen immediately,and stored for subsequent RNA three software programs: Bestkeeper, Genorm and
extraction at803 . Normfinder. For the evaluation of expression stability, the
BestKeeper program uses an index to be calculated
RNA isolation and reverse transcription: RNA was according to standard deviation (SD) and percentage
extracted using the Trizol method. The experimentakovariance (CV) values. The GeNorm program was
materials were ground in liquid nitrogen, mixed with 1 ml characterized with lower expression stability value (M) for
Trizol reagent and 2200ml py IStable éxpression genes iaset! dnahe Eairwise(&ilaky
centrifuge tube. After vigorous shaking and mixing, the2006). The NormFinder program can assess degrees of
sample was placed on ice for 5 minutes, and centrifugedariance within and between groups, arg gene with the
at48 and 12 000 rpm for 1 5 lowest value okstability exfrassion is ranked as {nd best.
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Table 1. Primer sequences for real-time qPCR.

Primer Sequence (5'-3) Annealing temperature (3 ) Product length (bp)

F-GCTATCAAGGAGGAATCT 50.3

GAPDH R-AATATGCTGGACCTACTG 50.3 139

ACT F-CTGTATGTCGTGGTCTTC 52.6 148
R-CAATGGAACTGGAATGGT 50.3

MDH F-CCAGCCTGTAATTCTTCA 50.3 187
R-CTATCAACTCCATCTTCACT 51.3

UBQ F-TGTTGCTGAAGATATGTT 48.1 195
R-CTACCATTGCTGTTGATA 45.8

B-TUB F-TTCTTCTCATTAGTTCTTG 45.8 173
R-ACACCTATATTGACGAAT 46.5
F-AGTTGGCTTCTTCGTTGT 54.2

185 rRNA R-CATCTTGGTAAACCTTGGTATAG 50.3 186

Validation of candidate reference gene: In order to amplification efficiency at E=90.884% {R 0.988); s-
verify the stability of reference genes, according to theflUB and UBQ had the lower amplification efficiency at
analysis results of Bestkeeper, GeNorm and Nbmaer, E=75.296% (B= 0.9999) and E=78.595% {R 0.9995),
expression level of two functional genes related tarespectively. In leaf, the amplification efficiency Gf
alkaloid metabolismHMGCR and PMK, in roots, stems, TUB was the highest at E=80.376% %R); the
leafs and flowers, werdetected by 2 2 Tethod (Manuka amplification efficiency oMDH and18S RNA was lower
et al., 2018). In addition, correlation coefficients betweenat E=53.982% (& 0.9972) and E=66.74% {R 0.9936),
the relative expression patterns WMGCR and PMK in respectively. In flower, the ampldation efficiency of
root development andfPKM of transcriptome in root 18S RNA was the highest at E=94.281%0.9969); the
were analyzed to further verify the stability of the sidd  amplification efficiency of3-TUB andGAPDH was lower
reference genes in root. The primersHMGCR were 5 at E=73.361% (R 0.9983) and E=78.836% {R0.9998)
ATGGTGATGGTGATGGTG  (forward) and 5' respectively (Table 2). All of these reference genes can
ATTCCTCCTCCTGTCTCT (reverse), and the primers ofmeet the requiment of RFqPCR analysis for primer
PMK were 5*CCGATTGAGCCAGAACTAC (forward) amplification efficiency.

and 5*AACTCCTGCCACAAGAAC (reverse).

Results

RNA quality and primer specificity detection: After
extraction of total RNA from root, stem, leaf and flower
of A. vilmorinianum, the integrity and purity of RNA
were assessed by 1.2% agarose gel electrophores28SRNA
analysis. The results clearly showed the expected RN, 1gspnA
electrophords bands for intact total RNA and no visible
contaminant was observed (Fig. 1). This shows that th 5SRNA
purity is high, and these RNA samples can be used i
subsequent experiments. The PCR products obtained wi

all the six primers used in the experiment piatlonly

png band when checked by.electrophoreSIS, .\.Nh'c ig. 1. Agarose gel electrophoresis analysis of total RNA
indicated that each of these primers could SpecnC'C""”)(extracted from different tissues of A. vilmorinianum.

amplify the corresponding reference gene, and there was
no primer dimer formation (Fig. 2). The gRPCR
melting curves showed that the six dafate reference
genes had a single main peak, and repeatability betwes
the same samples was good (Fig. 3). 1000

Root stem leaf flower

Primer amplification efficiency analysis: The
amplification efficiency (E), correlation coefficient jR
and standard curve slope ®APDH, ACT, MDH, 4-TUB, 0
18S RNA andUBQ were determined by RGPCR using a
5-fold concentration gradient dilution of cDNA from root,
stem, leaf and flower. In rootMDH had the highest
amplification efficiency at E=97.911% iﬁn), ACT and ACT B-TUB  MDH 18SrRNA  UBI  GAPDH
p-TUB had the lower amplifidion efficiency at

E=79.493% (R=1) and E=88.414% (420-999), Fig. 2. Amplified products of the six candidate reference genes
respectively. In stem,18S RNA had the highest detected by agarose gel electrophoresis.
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Fig. 3. Melting curves of the six candidate reference genes.

Table 2. Description of candidate reference genes and RT-gPCR efficiency.

Tissue Index of Amplification GAPDH ACT MDH B-TUB 18S rRNA UBQ
Amplification efficiency (%) 95.824  79.493 97.911 88.414 91.441 94.869
Root  Correlation coefficient (B 0.9998 1 1 0.999 0.8989 1
Slope (k) -1.0727  -1.402 -0.5827 -1.057 -0.9837 -1.3087
Amplification efficiency (%) 80.754  83.754 83.715 75.296 90.884 78.595
Stem Correlation coefficient (B 0.8973  0.9965 0.9996 0.9999 0.988 0.9995
Slope (k) -1.3973  -1.267 -1.2677  -1.6773 -0.928 -1.231
Amplification efficiency (%) 72.246  78.493 53.982 80.376 66.74 79.948
Leaf Correlation coefficient (B 0.9999 0.992 0.9972 1 0.9936 0.9995
Slope (k) -1.7483  -1.159 -2.2683  -1.4073 -1.5167 -1.2393
Amplification efficiency (%) 78.836  83.817 88.086 73.361 94.281 88.323
Flower Correlation coefficient (B 0.9998 1 0.9979 0.9983 0.9969 0.9979
Slope (k) -1.4407 -1.2333  -1.082 -1.5477 -0.8247 -1.208

Analysis of expression level of candidate reference 9
genes: The higher the threshold cycle (Ct) value, the .
lower the expression of target genes. The Ct values ¢
the six candidate reference genes in various tissue »
namely root, stem, leaf and flower (Fig. 4), showed
their expression levels. The Ct values of the si *
candidate reference genes expressed in root, stem, le
and flower tissues were between 19 and 35. AG&
expression level was the highest in root, and that o s
GADPH was the lowest. In stem, the expression level
of ACT was the highest and that daiBQ was the *
lowest. In leaf and flower, the expression levell86
RNA was the highest and that 6fBQ was the lowest.
There is no constant expression level of the six o
candidate reference genes in root, stem, leaf anu

flower. Therefore, it is necessary to seélesuitable  Fig. 4. Ct value of the six candidate reference genes in root,
reference genes using statistical methods. stem, leaf and flower.

—stem leaf —flower ~=root

5

GADPH ACT MADH usQ p-TUB 18sRNA
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Stability of candidate internal reference gene expression  requirements of reference genes without introducing the
n+1 gene. The results showed that the values.gf;\&
Best keeper software analysis: The BestKeepesoftware  0.15, Va3 ooty V213 (stemy V213 eay@Nd Voyz (ioweny WETE 0.062,
is directly used to analyze the Ct value of gene0.031, 0.041 and 0.10€espectively, all of which were less
expression. The stability of gene expression is judged bthan 0.15 (Fig. 5). This indicates that the six reference
the standard deviation (SD) and coefficient of variationgenes in root, stem, leaf and flower samples meet the
(CV) of the Ct value of the reference gene. The smallerequirements of standardization. Selecting a combination of
the SD value, the more sta the expression is (Zhat  two of the most stable reference genes caturately
al., 2018). The default threshold of the program is lcorrect the expression of the target gene without
When the SD value is greater than 1, then the geniatroducing a third gene for correctiolDH and GADPH
expression is considered to be unstable, the lower the Siere combined in root,8S RNA and MDH in stem,ACT
value and CV value, the more stable the gene expressi@mndl8S RNA in leaf, andGADPH andMDH in flower.
is. The results showed that the SD values of the six
candidate reference genes were all less than 1, and all tNermFinder software analysis: NormFindercalculates
candidate reference genes met the criteria for referencae stability of gene expression based on ighaup and
genes (Table 3)MDH (CV+SD=0.08%+0.03) had the intergroup variations. The Ct value of gene expression
most stable expression in root, followed ®DPH. The  also needs to be transformed by the Ct method before it
order of stability of the six candidate reference genes wagan pe used for analysis. The larger the stability value
MDH> GADPH>18SRNA> ACT>UBQ>A-TUB. MDH (sv), the worselte stability of gene expression avide
(CV+SD=0.52%+0.11) showed the most stableyg sy (Wei et al., 2013). The results showed tHdDH
expression in stem, followed b§-TUB. The order of (gy=0.03) andGADPH (SV=0.03) were the most stably
stability of the six candidate reference genes wa xpressed genes in root, whiteTUB (SV=0.38) was the
MDH>/-TUB>UBQ>18S RNA_> GADPH>ACT. The most unstably expresseblDH (SV=0.02) andl8S RNA
expression oMDH (CV+SD = 0.21%+0.05) was more _ .
stably expressed than the other reference genes followégv_ 0.04) were the most stably expressed genes in stem,
' and ACT (SV=0.32) was the most unstably expressed.

by GADPH. The order of stability of the six candidate N N
reference genes wasMDH>GADPH>18S RNA>f- MDH (SV=0.01) andl8S RNA (SV=0.02) were the most

TUB>ACT>UBQ. In flower, expression ofGADPH stably expressed genes in leaf, a8Q (SV=0.17) was
(CV+SD=0.52%+0.12) was the most stably expressed’® most unstably expressed ge@ADPH (SV=0.06)
gene, followed by-TUB. The order of stability of the six and MDH (SV=0.08) were the most stably expressed
candidate reference genes WaSGADPH>ﬂ- genes in ﬂOWer, whild8S RNA (SV:036) was the most

TUB>UBQ>MDH>ACT>18S RNA. unstably expressed (Table 4).

GeNorm software analysis: GeNorm is based on the Validation of the stability _of internal reference genes:
average expression stability, M, to determine the stability N results of the analysis by Bestkeeper, GeNorm and
of candidate reference genes. The Ct values obtained HPrmFinder reveal thaMDH, GADPH, 185 RNA and
RT-gPCR experiments need t oACh&e relgively stable (Tahlesd). [nyprder fp yalidtg ¢
method before they can be used for analysis. Itis generalfyn € stabil ity of “the referen
acceptedhat the M value equal to 1.5 is the limit of stableMethod, the expression levels of two functional genes,
gene expression. Genes with an M value greater than 1%mMely HMGCR and PMK, related to alkaloid

are not suitable as reference genes. The higher the M valjgetabolism were detected using different reference genes
the lower the stability of the reference gene expression; tHDH, GADPH, 185 RNA, ACT and UBQ). MDH was
smaller the M value, th more stable the reference geneused as reference gene to detect the expression levels of
expression (Vandesompelet al., 2002). The results HMGCR and _PMK durlng the root development process,
showed that the M values of the six candidate referenc@d correlation analysis was conducted Dbetween the
genes were all less than 1.5, indicating that they all met tHg'ative expression levels #fMGCR and PMK and the
requirements for use as reference gene. In ro@H expression levels of the two genes (FPKM) of the ro_ot
(M=0.317) andGADPH (M=0.317) were the most stably transcriptome. The results showed that the expression
expressed genes, whileTUB (M=0.595) was the most levelsof HMG_CR andPMK genes in root, stem, leaf ano_l
unstably expressed gene. In stem, the most stably expresé@f"er were similar under the standardlze.d treatment with
genes werd8S RNA (M=0.238) andVDH (M=0.244), and MDH, GADPH, 185 RNA and ACT (Fig. 6A, B).

ACT (M=0.504) was the most unstably esgsed gene. In Howeve_r, whenUBQ was used as reference gene, the
leaf, MDH (M=0.142) and18S RNA (M=0.147) were the €XPression levels of thlMGCR and PMK genes were
most stably expressed genes, &I (M=0.256) was the Significantly different (Fig. 6A, B). _
most unstably expressed genes. In flow&ADPH The correlation coefficient between the expression
(M=0.326) andMDH (M=0.360) were the most stably Patterns oHMGCR and PMK genes usindDH as the
expressed genes, whil8SIRNA (M=0.585) was the most reference gene and the expression pattern of the two
unstably expressed gene (Fig. 5). GeNorm can also analygénes FPKM (Reads Per Kilobase of transcript per
the optimal number of reference genes by calculating th¥lillion mapped reads) ofhe root transcriptome were 1
paired variation value )., of candidate reference genes. and 0.997, respectively, which indicates that the
By default, the critical value of M. is 0.15. When Y¥,.;  expression trends of tHedMGCR and PMK genes in the

is less than 0.15, n reference genes can meet thevo modes were consistent (Fig. 6C).
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Table 3. The stability of candidate reference genes based on best keeper analysis.
Tissue Stability rank 1 2 3 4 5 6
gene name MDH GADPH 18s RNA ACT UBQ B-TUB
geo Mean 31.93 34.25 29.69 27.45 25.46 33.42
ar Mean 31.93 34.25 29.69 27.45 25.47 33.42
Root min 31.89 34.19 29.45 27.14 25.19 33.11
max 31.96 34.31 29.83 27.83 25.98 33.97
std dev 0.03 0.04 0.16 0.26 0.34 0.37
CV (%) 0.08 0.12 0.53 0.93 1.02 1.10
gene name MDH B-TUB UBQ 18s RNA GADPH ACT
geo Mean 21.65 25.75 32.89 21.79 23.95 21.18
ar Mean 21.65 25.75 32.89 21.79 23.95 21.19
Stem min 21.48 25.54 32.68 21.59 23.80 20.81
max 21.75 25.96 33.18 21.94 24.23 21.59
std dev 0.11 0.14 0.19 0.14 0.19 0.27
CV (%) 0.52 0.55 0.58 0.62 0.79 1.27
gene name MDH GADPH 18s RNA 3-TuB ACT UBQ
geo Mean 24.28 23.48 22.39 29.02 24.51 33.91
arMean 24.28 23.48 22.39 29.02 24.51 33.91
Leaf min 24.21 23.41 22.31 28.88 24.31 33.59
max 24.36 23.57 22.48 29.21 24.62 34.15
std dev 0.05 0.06 0.06 0.13 0.13 0.21
CV (%) 0.21 0.25 0.28 0.44 0.54 0.62
gene name GADPH -TUuB UBQ MDH 18s RNA ACT
geo Mean 21.31 24.61 28.48 22.38 19.42 20.47
ar Mean 21.31 24.61 28.48 22.38 19.42 20.47
Flower min 21.13 24.37 28.04 22.05 19.08 20.18
max 21.45 24.94 28.95 22.61 19.66 21.03
std dev 0.12 0.22 0.31 0.22 0.23 0.37
CV (%) 0.55 0.90 0.96 0.98 1.17 1.81

Table 4. The stability expression of the six candidate reference genes in different tissues calculated by NormFind

Tissue Stability rank 1 2 3 4 5 6
Root gene name MDH GADPH 18s RNA ACT UBQ B-TuB
Stability value 0.03 0.03 0.18 0.25 0.32 0.38
Stem gene name MDH 18s RNA -TUB GADPH UBQ ACT
Stability value 0.02 0.04 0.09 0.16 0.26 0.32
Leaf gene name MDH 18s RNA ACT 3-TUB GADPH UBQ
Stability value 0.01 0.02 0.04 0.13 0.13 0.17
Flower gene name GADPH MDH -TUB UBQ ACT 18s RNA
Stability value 0.06 0.08 0.18 0.29 0.31 0.36

Table 5. Comprehensive ranking of the expression stability of candidate internal reference genes in different tissur

Tissue Stability rank 1 2 3 4 5 6
Root Gene name MDH GADPH 18s RNA ACT UBQ 3-TUuB
Stem Gene name MDH 18s RNA -TuB GADPH UBQ ACT
Leaf Gene name MDH 18s RNA ACT B-TUB GADPH UBQ

Flower Gene name GADPH 3-TUB MDH UBQ ACT 18s RNA
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Fig 5. Average expression stability and pairwise variation analysis of the six candidate reference gene according to GeNorm.
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16 - flower mstem wleaf ©root presented as the mean+ SD (standard deviation)
A calculated from three tenftal replicates. C: The
14 I expression levels of thedAMGCR and PMK genes
obtained from the transcriptome data of root formation at
125 I the early (rootl), middle (root2) and formative stages
10 - (root3); the expression levels BMGCR andPMK genes
at the early, mid@l and formative stages of root formation
8 were calculated by redime quantitative PCR using
MDH as reference gene. Error bars show the standard
61 - L I T I I error calculated from three biological replicates.
I
N * - = Discussion
2 = =
-= - - - - RT-gPCRhas become an important method for gene
0 T T T T expression analysis due to its high sensitivity, rapidity,
MDH GADPH  18sRNA  ACT UBQ specificity and reliability (Gachost al., 2004; Sinhaet
al., 2015). However, the accuracy of the target gene
16 - flower =stem =leaf = root expression analysis mainly depends on skkection of
B reference genes. Unstable reference genes can lead to
1.4 - inaccurate gene expression measurement of target genes.
I Therefore, for accurate and reliable results, before using
124 reference genes to standardize the expression of target
14 & I I I I I genes, it is parntularly important to s_elect _reference genes
I I that are stably expressed in different tissues
0.8 1 II (Vandesompelet al., 2002; Konget al., 2014). Based on
I the experimental data, the expression stability of the six
0.6 1 T I . : . .
I I candidate reference genes in different tissuesAof
0.4 A L vilmorinianum wa s evaluated usi ng
= BestKeeper, GeNorm and NormFinder. The average Ct
0.2 1 = = values of the six reference genes varied from 19182 (
0 i i i i X RNA) to 34.25 GAPDH), and the standard deviation of
MDH  GADPH 18sRNA  ACT UBQ the Ct values ranged from 0.0BIRH) to 037 (5-TUB
and ACT) (Table 3). The different rankings of the
reference genes according to the stability obtained by
70 footl =rootz %003 each methgd may be attrib%ted to the different algorithms
C used in the four prograngbliu et al., 2003.
60 1 I In root ofA. vilmorinianum, accordig to the results of
50 | ACt calcul ation, Best Keeper,
analyses,MDH, GAPDH and 185 RNA were relatively
40 - stable reference genes. Related studies have found that
GAPDH can be stably expressed in root. For example,
30 - GAPDH can be stably expreskén root of Andrographis
paniculata (Li et al., 2013). In additonGAPDH can be
20 1 E— used as a reference gene in rooDifsacus asperides due
_ - to its stable expression (Bhal., 2018). The expression of
10 1 _ GAPDH is also relatively stable iBergenia purascens root
0 — e (Yin et al.,, 2017). When selecting reference genes in
FPKMof  HMGCR FPKMofPMK  PMK different tissues ofHippeastrum vittatum, GAPDH was
HMGCR found to be a suitable reference gene in root. However, in
root of Helianthus tuberosus and Anoectochilus roxburghii,
Fig. 6. Relative expression tiMGCR andPMK. the expression fo GAPDH was not stable, while the

expression oACT was stable (Sonet al., 2018; Linet al.,
A: Using MDH, GADPH, 18S RNA, ACT andUBQ  2018). Other studies have found théBQ can be stably
as reference genes, the relative expressioflMGCR  expressed as a reference gene in root. For instdBegijs
gene in root, stem, leaf and flower tissues was calculateghore stable in root oRehmannia glutinosa (Hou et al.,
by reatime quantitative PCR. The relative expression2011). Due to the stable expressionfeACT in root of
levels are presented as the mean+ SD (standard deviatidPgnax ginseng (Hou et al., 2014) andPsammosilene
calculated from three technical replicates. B: US¥igH,  tunicoides (Li et al., 2016), f-ACT is regarded as a
GADPH, 18S RNA, ACT andUBQ as reference genes, the reference gene. The most stable expressioh88fRNA
relative expression of thEMK gene in root, stem, leaf was found in root oAsarum sieboldii (Zhaoet al., 2017),
and flower tissues was calculated by +#@e  Lonicera macranthoides (Cai et al., 2016) andSaussurea
quantitative PCR. The relative expression levels arenedusa (Yin, 2017). In addition, it has also been found that
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25S RNA was more stable in young roots ldélianthus  stably expressed in leaf 8&ussurea medusa (Yin, 2017),
tuberosus (Song et al., 2018). The stability ofTUB Dendrobium officinale (Zhang et al., 2013), Asarum
expressin was the best in root &olygonatum sibiricum  sieboldii (zhaoet al., 2017)and Lonicera macranthoides
(Wanget al., 2017). In root oBupleurum chinense, the  (Caiet al., 2016) as reference gene, whHitACT gene was
expression of-TUB was stable but the expression188  stably expressed in leaf BBammosilene tunides (Li et al.,
RNA was unstable (Dong, 2008). Als&CT was the most 2016), andACT was stably expressed ifinoectochilus
stable gene in root dDactylis glomerata under drought roxburghi (Lin et al., 2018) andDioscorea opposite (Gong
stress and salt stress (Jiangl., 2014), andF-/a was the et al., 2016). The expression level &fBQ in leaf of
most stable gene in root d@ioscorea composita under  Rehmannia glutinosa was relatively stable (Hoet al.,
drought stress (Zergg al., 2018). 2011). In addition25S RNA was found to be more stable in

In stem ofAconitum vilmorinianum, according to the leaves oHelianthus tuberosus (Songet al., 2018), and EF
resul ts of t 18% RNA @nid ACmeverdr o i 0 was mor e sDiaacbréaeompositauhderaves
relatively stable;MDH and -TUB were relatively stable drought stress (Zerg al., 2018).
according to analysis by BestKeep&#S RNA ands-TUB In flower of A. vilmorinianum, according to
were relatively stable according to analysis by GeNormmethod, expression d8S RNA and UBQ was relatively
MDH and 185 RNA were relatively stable according to stable; according to BestKeepanalysis, expression of
analysis by Norm FinderThe comprehensive results GAPDH and f-TUB was relatively stable; according to
showed thatMDH, 185 RNA and-TUB could be used as GeNorm analysis, expression &CT and S-TUB was
reference genes in stem. Similar results showed1B®@t relatively stable; according to NormFinder analysis,
RNA could be used as reference gene in stefausfsurea  expression ofGAPDH and MDH was relatively stable.
medusa (Yin, 2017), Asarum sieboldii (zhaoet al., 2017),  The comprehensive resulshowed thaGAPDH, 5-TUB
Dendrobium officinale (Zhang et al., 2013), Bergenia  andMDH can be used as reference genes. Similar studies
purascens  (Yin et al, 2017) and Lonicera  haye found thatGAPDH is more stably expressed in
macthoranthoides (Cai et al., 2016) However, stable fower of Andrographis paniculata (Li et al., 2013). The
expression patterns @APDH and UBQ were found in  oynression pattern oBAPDH is also stable in flower
stem ofAndrographis panlculata_(u et al., 2013).ﬁ—_ACT organs of Hippeastrum vittatum and can be used as
gene was stably expressed in stem Bsammosilene  oforence gene (Liet al., 2018). It was also found that

tunicoide_-s and used as reference genedlal., 20.16)' The 185 RNA was stably expressed in flowers and other
expression oEF-14 and ACT was more stable in stem of tissues by selecting reference genes lainicera

Anoectochilus roxburghi (Lin et al., 2018). As theACT macranthoides (Cai et al., 2016) andSaussurea medusa

expression in the root dioscorea opposite was relatively . .
stable,ACT could be used as reference gene (Geirgl., ]El\g Ivr\],érz?;?)énécgf& "’:ﬁc;?:n.i tc?nif:): ;;acjbh\//vae;(plrgsezeism
2016). TheTUB gene is stably expressed in root and stem 9 jap

tissues oPolygonatum sibiricum andDioscorea composita reference gene (Liet al., 20|17)' Add|t|onally,Gﬁ\PDH f
(Wang et al.,, 2017; Zenget al., 2018). In selecting and ACT were more stably expressed in ower o
referencegenes irBupleurum chinense, it was found thaf- Herbaceous peony (LI et. al., 2017.)' The expression of
TUB could be stably expressed in stem and other tissue8CT Was more stable in floral tissue @hoectochilus

and 185 RNA gene expression was the most unstabIJOXburgh' (Lin et gl.,_2018). However, the screening of
(Dong, 2008). Th&5S RNA gene was stably expressed in reference genes iHelianthus tuberpsus showed thafZSS.
young stem and root ddelianthus tuberosus (Songet al., RNA was more stably expressed in petals and other tissues
2018).EF-/a andGAPDH?2 can be used as reference genetd could be used as a reference d&umget al., 2018).

in stem ofHippeastrum vittatum (Liu et al., 2018).UuBQ  Other studies have found th@#TUB can be stably
expression is relatively stable in stem Réhmannia expressed in flower dupleurum chinense, while thel8S
glutinosa (Hou et al., 2011).UBQ2 and EF-/« are stable RNA gene is more unstably expressed (Dong, 2008). The
under normal growth calitions ofAtractylodes lancea, but ~ expression stability of th&@UB reference gene is the best
EF-/a expression is the most stable under drought streds flower of Polygonatum sibiricum and it is a reference
(Sanget al., 2017). gene (Wangt al., 2017).

In leaf of Aconitum vilmorinianum, According to the By using different reference genddH, GADPH,
calcul ati on meTUR amd UBQf werd C 185 RNA, ACT, UBQ) of A. vilmorinianum, the
relatively stable; according to Bestkeeperlgsis, MDH  expression levels of thEMGCR and PMK target genes
and GAPDH were relatively stable; according to GeNorm showed that stably expressed reference genes can be used
analysis, GAPDH and 18S RNA were relatively stable; for standardization of target genes. However, in different
according to NormFinder analysis)DH and 185 RNA  tissues, the results of standardization of the expression
were relatively stable. The comprehensive results showddvel of target genes by selecting reference genes are
that MDH, 18S RNA andACT could be used as reference different. In the same tissue, many stably expressed
genes.Similarly, the expression pattern @APDH was  reference genes can be used as reference genes. Overall,
stable in leaf ofAndrographis paniculata (Li et al., 2013), these results indicate that the expression level of reference
stable in young and mature leafBdrgenia purpurascens  genes varies in different species and tissues, and usually
(Yin et al., 2017), and stable iRolygonatum sibiricum  the expression level varies greatlyh@@maret al., 2015).
(Wanget al., 2017). In leaf oBupleurum chinense, TUB  Therefore, with the change of experimental materials, it is
expression was stable while the expressiori8% RNA  very important to select appropriate reference genes to
gene was unstable (Dong, 2008). However, 18 S RNA wagnalyze the expression level of target genes.
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Conclusion Dussault, A.A. and M. Poullot. 2006. Rapid and simple

comparison of messenger RNA levels using-tieaé PCR.
As far as we know, this is the first systematic study  Biol. Proced., 8(1): 1-10.

on theidentification of the reference genes Adonitum  Gachon, C., A. Mingam and B. Charrier.(20 Reaftime PCR:

vilmorinianum in root, stem, leaf and flower tissues by \iv‘:]‘?ésrzlevance to plant studies? Exp. Bot., 55 (402):

RT-gPCR analysis. The evaluation of six candldateGong’ M.X., Y.Y. Zhou, AQ. Wang, H.L. Lou and LF. He. 2016.

reference genes showed theDH, GAP_DH and18S RNA Cloning and expression analysis of actin gene fragment from

could be used as reference genes in rbti?H and18S Dioscorea opposite. Biotech. Bull., 32(7): 7380.

RNA could be used as reference genes in stéiDH,  Guénin, S., M. Mauriat, J. Pelloux, O.V. Wuytswinkel, C.
GAPDH and $-TUB could be used as reference genes in  Bellini and L. Gutierrez. 2009. Normalization of RIPCR

leaf, andGAPDH, 18S RNA and ACT could be used as data: thenecessity of adopting a systematic, experimental
reference genes in flower. In addition, the applicability of ~ conditionsspecific, validation of referencek. Exp. Bot,,
the reference genes selected in 8tisly was verified by 60(2): 487493.

ou, SL., M. Han, C.J. Liu and..M. Yang. 2014. Deveopment
of reattime fluorescence quantitatve FFICR as s-ay f or
atctin gene ofPanax ginseng. Chin. Trad. Herb. Drugs,

the analyzing the expression profiles of the target gene'él,
HMGCR and PMK. The results showed that the

expression profiles oHMGCR and PMK genes were 45(17): 25362533,

similar after standardization to stably expres$éBH, oy wW.H., P. Sun, Q.J. Chen and X.E. Li. 2011. Selection of
GADPH, 185 RNA and ACT refererte genes. However, the refeence genes for gene expression studies in
when UBQ was used as reference gene, the expression Rehmannia glutinosa by reattime quantitative PCRChin.
profiles of HMGCR and PMK were different. These Agri. Sci. Bull., 27(17): 7682

results will be helpful to obtain reliable standardized RT Huggett, J., K. Dheda, S. Bustin and A. Zumla. 2005. Real
gPCR data in the study of gene expression Ain RT-PCR normalization; strategies and considerations.

Genes Imm, 6(4): 279284.

Jiang, X.M., H.D. Yan, X.Q. Zhang,. Zhang and L.K. Huang.
2014. Condidate reference gene selection for quantitative
RT-PCR normalization in orchardgra$3attylis glomerata

. . . L.) root tissueActa Agres. Sin., 22(4): 847853.
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