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Abstract

Since lots of researches using qPCR technique have addressed gene expres
groupers, the suitable housekeeping genes are needed to obtain reliable and pr
results. In this study, by using different mathematical algorithms (Genor
Y2NYCAYRSNE . SadGYSSLISNI FyR O2YLI NI
ranking software (RefFinder), the stability of seventeen housekeeping genes
assessed in eleven tissues of the hybriduger Epinephelus fuscoguttatus a PE.

lanceolatus d). Results showed that the stability of housekeeping genes were var
in different tissues and the newly identified housekeeping genes were likely n
stable than that of commonly used. In conclusidhg expression stability of
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Keywords housekeeping genes showed a tissgecific manner, and theonserved oligomeric
Hybrid grouper Golgi complex subunit 5 (cog5) andperoxisomal biogenesis factor 14 (pex14) could be
gPCR universally used as appropriate housekeeping genes acrdssedif tissues in hybrid
Reference genes grouper. The present study provides the foundation for more accurate results of c
Sability assay in hybrid grouper and other groupers

Introduction

Gene expression analysis reveals the k
information about the moleculamechanisms regarding
physiological process and pathways in organisms (W
et al, 2018). Quantitative redime reverse
transcription polymerase chain reaction (qPCR)
become a popular technique for gene expressi
research on account of its accuracgpecificity and
sensitivity (Ma et al.,, 2019; Wang et al., 201
Therefore, it is crucial to evaluate suitable referen
genes to choose the best performing candidate in all t
experimental settings to prevent the misinterpretatio
of gPCR output and tget an accurate gene expressic
profile. In relative quantification, the normalizes

expression of target genes of each treatment group v
be compared to control group for obtaining the fol
change in transcriptional level as the consequence
treatment. Due TOthe ease operation and consister
results, relative quantification is much popular the
absolute (Kamran et al., 2017). The reference genes
usually structure genes that indispensable to sustain i
basic function of cell, and should be hightstiy under

a series of different biological or experimenti
conditions (including organs, developmental stage, et
in theory (Kamran et al., 2017). But researches h
revealed that given housekeeping genes could vi
significantly and present differ¢expression patterns in
differ experimental conditions, which could serious
influence the interpretation of qPCR results (Lu et ¢
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HAMYy O® C2NJ SEI YL Sattin @cking
glyceraldehyde3-phosphate dehydrogenasegdpdh),
h-tubulin (tuba), elongation factorl-" efta) and 18S
ribosomal RNA 18s), were showed considerable
variations of expression across different cellul
conditions, and ignored this phenomenon may result
the wrong normalization in qPCR assay (Wang et
2017; Zheng Sun, 2011). Furthermore, the expressic
stability of housekeeping genes exhibited a tisst
specific way in rainbow trout (Kamran et al., 201"
Pelteobagrus fulvidraco (Ye et al., 2019), a freshwate
silverside fish (Rojadernandez et al., 2019) andhar
St S2aid UakSa o[ A SiG I
appropriate housekeeping genes in specific tissues is
essential procedure for the study of gene expression
fish.

The hybrid grouperEpinephelus fuscoguttatus a P
E. lanceolatus d) is a kindof popular economic marine
Ush in Asia, and has a great potential in aquacultt
industry due to its rapid growth and delicate taste (Y
et al., 2018). Recently, in order to promote th
researches of nutrition, development, endocrine, etc.
grouper, moe and more studies have used qP(
technique to explore the functional genes referred 1
these aspects (Shapawi et al., 2019). Nearly all of gl
researches on groupers currently have seleciéd or
actin as the housekeeping genes (Wang et al., 201
However, one research in groupek.(akaara) revealed
the instability of a few commonly used housekeepi
genes (such aactin and gapdh), and indicated that
some newly identified housekeeping genes were mc
stable, such as conserved oligomefBolgi complex
subunit 5 ¢og5) and ADP ribosylation factor guanin
nucleotide exchange factor arfl) (Wang et al., 2017).
So, the selection of appropriate housekeeping ger
from either commonly used and newly identified
necessary for accurately styithg gene expression ir
hybrid grouper.

In this study, the gene expression datasets frc
seventeen reference genes in eleven organs of hyk
grouper were analyzed by four mathematical algorithr
(including the Genorm, normFinder, BestKeeper a
comparatld n/ G4 YSOGK2R0O I yR
ranking software (RefFinder) (Wang et al., 2017). 7
purpose of this research was to assess and determ
the stability of candidate housekeeping genes, a
explore whether the most suitable reference gent
showed a tisue specific manner. So far, this study w
the first verification and evaluation of the expressic
stability of housekeeping genes in hybrid grouper. T
work would be helpful in improving the precise of gP(
assay for studying gene expression in hylgiduper
and other groupers.

Materials and methods

This study was carried out following th
recommendations for the Care and Use of Laboratc
Animals in China, Animal Ethical and Welfare Commit

of China Experimental Animal Society. The protocol v
approved by the Animal Ethical and Welfare Committ:
of Guangdong Ocean University (Guangdong, Chi
processing ID: GDGAEWE20180063.

Fish culture and sample collection

The juveniles (before sex differentiation, boc
$SAIKGE HMDPoM pgroupdr NEpingphelus?
fuscoguttatus a P E. lanceolatus d) were purchased
from a local fish farm (Zhanjiang, China) a
acclimatized as described before (Yin et al., 2018). A
the period of acclimation and fasting for 24h, all fi
were euthanized with M&22 (100 mg/L). Eleven orgar
including brain, gill, head kidney, spleen, heart, liv
trunk kidney, white muscle and proximal, mid, dist
intestine from six fish (pool of two fish in eac
replication, three replications in all) were collectel
frozen n liquid nitrogen and storeday n ¢/ ¥ 2
assay. All animals experimental process stric
conformed to the guidelines for the care and use
animals for scientific purposes set by the Ministry
Science and Technology, Beijing, China (No.Z35).

Total RNA extraction and cDNA synthesis

The total RNA of the sampled tissues was extrac
by conventional method (TRI Reagent solutic
Invitrogen, Carlsbad, CA, USA). The RNA quality
quantity were evaluated by electrophoresis in 1.5
agarase gel and NanoDrop 2000 spectrometer (Thert
Scientific, Delaware, USA). The cDNA sample
extracted total RNA (amount of substance for ea
sample = 800 ng) was synthesized using the method
PrimeScriptRT reagent Kit with gDNA Eraser (TaKa
51 fAlYyZ /| KAYLl 0 I 002 NRA
instructions.

Primers of housekeeping genes

The candidate housekeeping genes were selec
from publications on gene expression in groupers frc
PubMed (K. Anderson et al., 2018; K. C. Anderson el
2018 Wang et al., 2017), including eight commonly us
reference genes:actin, efla, gapdh, hypoxanthine
phosphoribosyltransferase hfrtl), ribosomal protein
L8 (pl8), 18s= -2imicroglobulin H2m), tuba, and nine
newly identified reference genesng5, putative ATP
dependent RNA helicase dhx30dhX30), neuron
navigator 3 ifav3), homeodomairnteracting protein
kinase 3 lfipk3), probable E3 ubiquitiprotein ligase
MYCBP2 nfyc2), E3 ubiquitirprotein ligase MGRN1
(mgrl), TATA binding protein thp), peroxisonal
biogenesis factor 14péx14) andarfl. Primers of these
genes were shown in Table 1 and synthesized by
Shanghai Sheng gong Co. The products length
reaction efficiency value of gPCR were shown in Tabl
The specificities of all the primers wedemonstrated
by the single bands of expected size in agarose
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electrophoresis and by the singteak melting curves of
the qPCR products. The standard curves eve
determined for each primer set by generating standa
curves of Ct values from serial dilutiofis, 10x, 100x
and 1000x)of the cDNA samples and plotting th
observed Ct values against the log transform
template concentration. After determining the gle of
the standard curve, the homologous gPCR react
efficiency (E) value were calculated according to t
equdion: E = (10f/s°P® mb  PanduBvaluein this
study were between 2%6-1024

gPCR analysis

The expression level of reference genesampled
tissues were analyzed by gPCR on LightCyderll
(Roche Diagnostics GmbH, USA) usingvad4 plates.
The gPCR mixture reaction contained the SYBR Pr

LINKA YSNE 06 n ®f) and EFONAI Y LI Y 2
nn Y3 EaeH sample was repeated in triplicate al

0KS LINPOSRdAzNBa 2F it/ w
oeotSa 2F mn a +Fid dopc/ =z

Gene expression stability analysis

The appropriateness of the all housekéggpgenes
were determined by Genorm (Vandesompele et ¢
2002), normFinder (Andersen et al., 2004), BestKee
Ot FHFFE SG E®XT wnnnox
et al.,, 2006), and ranked them with a comprehensi
tool RefFinder (Xie et al., 201Zhe geometric means o
the comprehensive ranking order of commonly used a
newly identified reference genes were calculated |
comparing to each other. The generm progra
calculates the M value, which is the average pairw
variations of one housekeegingene against to other

9E ¢lljn &p &dodE RRISZ F2 genes, and the lower M value indicates the high
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Figure 1 Expression levels of the reference genes. The expression of eight commonly used referencé\gandsine newly
identified reference genes] across different tissues are showed by hadlin plot (comprising with half of the box, beeswari
and violin plot). Values are Ct values. In box plot, a line across the box depicts the median; the box indicates the ZZ&th
percentiles; upper/lower whisker represents the upper/lower extremdéueathe longer boxes and whiskers mean the greal
variations. In beeswarm plot, the values that difference below 0.24 are shown as plots that arranged one line.
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stability. In addition, when the value of Vn/n+1 i
Genorm below the cutoff value (0.15), thn is the optim
number of housekeeping genes required. TI
normFinder analysis the variahs of intragroup and
inter-group, and the lower variations indicates th
higher stability. The Best Keeper calculates the stand
deviation (SD) of variations of each housekeeping ge
and the lower SD indicates the higher stability. T
O 2 Y LJ NJCii heth8d calculates the average S
6!' {50 2F GINARIGAZ2Yya 27
and the lower ASD indicates the higher stability (Kami
etal., 2017). According to the ranking orders from abc
four methods, the RefFinder assigns a properghieio
each housekeeping gene and-aelculates the finally
comprehensive ranking (Xie et al., 2012).

Results

Expression stability of housekeeping genes acro
different tissues

As shown in Fige 1, the CT values of al
housekeeping genes across different tissues wi
ranged between 6.42 and 27.03. Meanwhil&s and
tbp had least variation (interquartile range), wheres
gapdh had largest variations. Theg5 and pex14 had
the least M value in Gemm (Figire 2A), the least
variable value in normFinder (kirg 2B) and the least
{5 Ay O2YLI NI} (wedS), thelBsiandY
rpl8 had the least SD in BestKeeper (Fég2D). The
generm analysis displayed that the value e ¥cross
and in diferent tissues were less than 0.15 (g 3A

and Fiaure SJ), thereforg two reference genes were
required in hybrid grouper. According to RefFindie
comprehensive rankings of housekeeping genes (unl
if stated otherwise, all rankings are showed from tt
most to the least stable) were as followeig5, pex14,
tbp, rpl8, arfl, 18s, hipk3, myc2, efla, hprtl, dhx30,
tuba, actin, mgrl, b2m, nav3, gapdh (Figure 3B). The
geometric mean of the ranking order of commonly usi
housekeeping genes was higher than that of nev
identified (9.8vs. 5.4, data not shown). We next showe
the results of expression stability in each tissu
according to their relave distance in body, such as bra
and gill, head kidney and spleen, heart and liver, tru
kidney and white muscle, proximal, mid, distal intestin
Actually, the way of group not affect our results ar
conclusions.

Expression stability of housekeepimgenes in brain and
gill

In the brain, thecog5 and pex14 had the least M
value in Genorm; thetbp and rpl8 had the least
variations value in normFinder; thmg5 and actin had
the least SD in BestKeeper; thgha and 18s had the
least ASD in comparative/ (i Y SAinke2SR. Tide
RefFinder ranked genes followstuba, 18s, thp, cogbs,
actin, rpl8, pex14, mgrl, efla, nav3, hprtl, myc2, hipk3,
arfl, dhx30, b2m, gapdh (Figure 4A). In gill, theav3 and
gapdh had the least M value, the least variable value a
the least ASD; theog5 andnav3 had the least SD-(cure
S3. The RefFinder ranked genes as follovas3, gapdh,
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Figure 2 Determination of the expression stability of reference genes across different tissues according to Genorm (A), norr
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cogb, actin, b2m, tuba, tbp, rpl8, arfl, hipk3, 18s, pex14,
efla, myc2, dhx30, mgrl, hprtl (Figure 4B).

Expression stability of housekeeping genes in he:
kidney and spleen

In head kidney, th&2m andtuba had the least M
value and the least SD; thbp and cog5 had the least
variable value and the least ASBidire S9. The
RefFinder ranked genes as follow8m, cog5, tuba, thp,
arfl, rpl8, efla, 18s, myc2, nav3, pex14, hprtl, actin,
hipk3, dhx30, mgrl, gapdh (Figure 4C). In spleen, the
b2m andtuba had the least M value; thactin and myc2
had the least variable value and the least ASD ntlie2
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and tuba had the least SDF{are S5. The RefFinder
ranked genes as followsayc2, b2m, tuba, actin, rpl8,
pex14, cogb, tbp, dhx30, hprtl, arfl, nav3, efla, 18s,
mgrl, hipk3, gapdh (Figire 4D).

Expression stability ofhousekeeping genes in
heart and liver

At heart, thedhx30 and gapdh had the least M
value, the least varblens value and the least ASD;
rpl8 and dhx30 had the least SDF{wre S§. The
RefFinder ranked genes as followlbx30, gapdh, rpl8,
thp, arfl, 18s, hprtl, pex14, b2m, nav3, cog5, myc2,
actin, tuba, efla, hipk3, mgrl (Figure 5A). In liver, the
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Figure3. Determination of the optimal number of reference genes by GenoXjraid the comprehensively ranking order of th
stability of reference genes by RefFindBf &cross different tissues. Pairwise variations (V) of the candidate reference gene
calculted and the broken line indicates the Genorm-offtvalue of 0.15 iA panel. The lower value means the higher stability
Bpanel.
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Figure 4The comprehensively ranking order of the stability of reference genes in brain (A), gill (B), head®)caray ¢pleen (D)
by RefFinder. The lower value means the higher stability.
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actin andb2m had the least M value; th&8s and actin
had the least variable value and the least ASD;rphe
and gapdh had the least SDF{aqure S7). The RefFinder
ranked genes as follow48s, actin, rpl8, b2m, pex14,
thp, arfl, gapdh, cog5, hipk3, tuba, nav3, hprtl, mgrl,
efla, myc2, dhx30 (Figure 5B).

Expression stability of housekeeping genes in trur
kidney and white muscle

In the trunk kidney, theactin and nav3 had the
least M value, th&2m andactin had the least variations
value; thepex14 andtuba had the least SD; the&2m and
arfl had the least ASDr{qure S§. The RefFinder ranket
genes as followsb2m, actin, nav3, arfl, hipk3, rpl8,
pex14, tuba, cog5, tbp, hprtl, myc2, gapdh, dhx30,
mgrl, efla, 18s (Figire 5C). In white muscle, theng5
and tbp had the least M value, the least variable vall
and the least ASD; thgapdh and tbp had the least SD
(Figure S9. The RefFinder ranked genes as follmogs,
thp, arfl, 18s, gapdh, actin, tuba, rpl8, nav3, pexl4,
efla, mgrl, dhx30, b2m, hprtl, hipk3, myc2 (Figire 5D).

Expression stability of housekeeping genes in proxim:
mid, distalintestine

In proximal intestine, thectin and b2m had the
least M value, the least variable value and the least A
the gapdh and actin had the least SD={wre S10. The
RefFinderanked genes as followsctin, b2m, gapdh,
cogb, 18s, rpl8, efla, arfl, pex14, myc2, tuba, tbp, mgrl,
hprtl, nav3, hipk3, dhx30 (Figure 6A). In the mid
intestine, themyc2 andmgrl had the least M value, the
actin andhprtl had the least variations value;glyapdh
and nav3 had the least SD; thactin and hprtl had the
least ASDHiaure S1). The RefFinder ranked genes .
follows: actin, myc2, mgrl, hprtl, gapdh, tbp, nav3,
efla, pex14, cog5, 18s, b2m, rpl8, hipk3, arfl, tuba,

Table 1 Primers for g°PCR

dhx30 (Figure 6B). In distal intestine, theiba anddhx30
had the least M value, thgapdh andnav3 had the least
variation value; thegapdh and hprtl had the least SD;
the gapdh andefla had the least ASD-{oure S19). The
RefFinder ranked genes as followapdh, hprtl, efla,
nav3, pex14, actin, dhx30, tuba, rpl8, hipk3, cog5, tbp,
myc2, mgrl, b2m, arfl, 18s (Figure 6C).

Discussions

As an essential part of gPCR technique, referel
gene is easily ignored by takirgtin and 18s for the
G3I20R YRI NRé O6[A SG fox
researches usedctin as the only housekeeping gene
while 30% and 10% of researches udé&d and efla,
respectively (De Santis et al., 2011). Yet, these refere
genes, even any single reference gene, had not bt
found to constantly and stably express in various fi
species and tissues (Kamran et al., 2017; Mahanty et
2017). For instance, it was recommended to ek,
18s and b2m as housekeeping genes in the gonad
zebrafish (McCurley & Callard, 2008), wherga® was
most suitable in the gonad dfledaka (Zhang &lu,
2007) In addition, efla showed highest stability in
ovary, whileb2m in testis ofPuntius sophore (Mahanty
et al.,, 2017). However, less than 40% of stud
experimentally validated reference genes stability, a
using of unAvalidated genes could intduce artefactual
variances (Volland et al., 2017). For example, the gf
results that generating from stability reference gent
(actin or efla) and nonstability reference genegépdh
or 18s) presented significant differences3phizothorax
prenanti (Li et al., 2020). Accordingly, it is indispensal
to assess and determine the appropriate housekeepi
genes in focus tissues of the given fish.

The most popularly used mathematical algorith
software (Genorm, normFinder, BestKeeper al
O2 Y LI NI ( me@h®d) and (the comprehensive

Primer

Target Sequences Forward Sequences Reverse Fragment efficiency References

length (bp) (%)
actin TACGAGCTGCCTGACGGA GGCTGTGATCTCCTTCT( 239 96.28 Andersoret al., 2018a
efla TCCCACAGAAGCCCATGC CCGACGGCTACGGTCTG 94 94.62 Andersoret al., 201&
gapdh CACGAAGGGCATTCTGGG. CATCAGGTCGCAGACACG 175 98.83 Andersoret al., 201&
hprtl GCGTGCTCAAAGGGGGTT TCATTGGGATGGAACGGT 90 102.05 Andersoret al., 201&
rpl8 CGTCAGGAAACTACGCCA TTTCTTGGAGCCTGAGGC 83 98.22 Andersoret al., 2018a
18s AGCAACTTTAGTATACGCT/ CCTGAGAAACGGCTACCA( 221 94.69 Andersoret al., 2018a
b2m GGACAGTATGGCAAAGAC/ GCTTGGTCAGATGGAAG 156 99.25 Andersoret al., 2018a
tuba TACGATATCTGCCGCAGG, ACGAAGGGACGCAGTGA 102 102.53 Andersoret al., 2018a
cog5 ATGGAGATGGCAGTGGCT GTCTGAAACAGCAGCGG( 243 101.81 Andersoret al., 201&
dhx30 CAGCACGGCTCTAATGA. CCTCGTCTGGGCAAAG’ 192 95.39 Wanget al., 2017
nav3 AGGGAAGGAGTGGTTGAG GGCTCAGCAGGTTGGAGT 127 92.89 Andersoret al., 2018a
hipk3 CGTTACAGTGCCGAGTT ACAGGCGGTAATAGAGTA! 130 97.96 Wanget al., 2017
myc2 CAGAGGTGCGTCCAAGA AGGTGACAGGGTAAGGG 115 99.71 Wanget al., 2017
mgrl TCGGCAACCTTTGATTC CAAGTGGTGGATGGAGT 86 92.44 Wanget al., 2017
thp ACGTGGACGCAGACGACt CGGGAGGGGAGTCTGGT 122 95.04 Andersoret al., 201&
pex14 TGTAGGGCCTCCTACGGT GTGGCAGCCCTCGTTGT( 88 100.85 Andersoret al., 201&
arfl CAGCACTTTACCGCCAAT( TGTAAACAGTCGAGCGAC 124 93.63 Andersoret al., 2018a
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ranking software (RefFinder), were performed
determine the stability of housekeeping genes. Same
other researches (Wang et al., 2018; Wang et al., 20:
the stability ranking order calculated by these softwar
were sinilar in this study, and there were sligh
differences due to different algorithms. In addition,
single reference gene was largely performed in stud
of gPCR normalization, but it was insufficient in sor
experimental conditions (Volland et al., 2017aNg et
al., 2018). For example, comparing to the research us
two or more housekeeping genes, 25% of the resea
using one housekeeping gene could produce-f8l@
errors in qPCR assay, while 10% producdddierrors
(Mo et al., 2014). As reported lmgher studies (Wang et
al., 2017), the genorm could analysis the V value
determine the appropriate amount of housekeepin
genes. In this study, the value of3/in and across all
different tissues were below the threshold (0.15), whic
meant that two housekeeping genes were required t
improve the accuracy of normalization in qPCR assa
hybrid grouper.

Among seventeen of testing, reference genes, t
gene 18s had the highest expression TCt rang®)7
while the restdisplayed the lower expressidt larger
than 13). This difference (about-64 Ct values) was
corresponds to a difference of 100 folds in
expression level and it might be caused by the mt
higher richness of rRNA (8®% in cell) than mRNA (5¢
in cell), becaus&8s belongs to the comonent of rRNA
(Wang et al., 2018; Ye et al., 2010). The results of
highest expression level and least variatiorl 8f meant
it could be a suitable housekeeping gene for qPCR a:

across different tissues. But in rainbow trout, a massi
difference epression (1610° fold) of 18s would shield

the minor variations of target genes expression, anc
indicated 18s as a housekeeping gene would reduc
resolution of the gPCR experiment (Kamran et al., 201
This discrepancy might be caused by the différe
activity of RNA polymerases 1/2 that controlled tt
synthesis of rRNA/mRNA, respectively, in each spe
(Kamran et al., 2017; Liman et al., 2013). Furthermore
was unclear whether the difference of methodoloc
were similar between quantification @/RNA and mRNA
(Kamran et al., 2017), more research was needed
explore the feasibility of rRNA genk8¢) as a reference
gene in the MRNA expression assay.

{IFYS a& WFHLIyYySaS b2dzy
and other groupers (Krishnan et al., 2019; Wanglet
2017), the expression pattern of reference genes exis
the tissuespecific manner in hybrid grouper. Fc
example, the results showed thdBs had the highest
stability in brain (2 ranked from the most to the leas
stable) and liver @), but ranked medium (&) across all
tissues. Differently]8s was most stable across tissues
spotted sea bass (Wang et al., 2018), Nile tilapia (Y
et al.,, 2013) and zebrafish (Tang et al., 2007). (
findings partly agreed thatl8s performed as the
housekeepig gene for liver inAnguilla australis
(Setiawan & Lokman, 2010), and indicated tH&s
expression was quite different among tissues of hyb
grouper. Owing to the most of housekeeping gen
belong to structure genes (described in the secti
ALY O MRPRdEOG ' yR SyO2RS GK!
basal physiology function and metabolism, the differe
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organ had shown different level of gene expression
their special performance (Jaramillo et al., 2017). T
also confirmed that it is indispensable fassess and
determine the appropriate housekeeping genes in foc
tissue.

The expression ofctin was very stable acros:
tissues of rainbow trout (Kamran et al., 2017), Asi
seabass (Paria et al., 2016) &cHizothorax prenanti (Li
et al., 2020). Incontrast, same as other grouper
(Krishnan et al.,, 2019; Wang et al., 2017), this ge
(ranked 1%) was not the suitable choice across :
tissues in hybrid grouper. Partly agreed with the findil
AY W LI ySas b2dzy RSNJ 0o
Macrobrachium olfersii (Jaramillo et al., 2017) anc
crucian carp (Mo et al., 2014) thattin was performed
as a suitable housekeeping gene in liver (Jaramillo et
2017; Mo et al., 2014; Zheng & Sun, 2011), it showed
high stability in liver (Z), trunk kidney () and
proximal (£), mid intestine (1) in the present study.
The different expression pattern aftin might be due
to its different profiles of transcription and translatiol
existed in different tissues, as it is the structur
O2YLRYSy(d 2 Tts and 6ypaEkéldtoh Wrk
involves in multiple biological processes (Wang et .
2017).

The gapdh is ubiquitously and constitutively
expressed in all tissue/cell types (Xu et al., 2016). St
as the Japanese flounder, spotted sea bass and ol
groupers (Kshnan et al., 2019; Wang et al., 2018; Wa
etal., 2017; Zheng & Sun, 2011), the instabilitgapdh
had been found across different tissues {17and in
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most of the tissues of hybrid grouper. But it was tt
most stable reference genes in distal irtiae on this

study, just like thePelteobagrus fulvidraco (Ye et al.,
2019). As thegapdh involves the export of RNA ani
replication and repair of DNA, its expression

susceptible to a lot of perturbations of cellule
homeostasis and show the high insiiitly. Besides, the
highly variable expression attin and gapdh might be

causedbycross YLX AUOI GA2Y 2F

gene because of the higher instability gdpdhl and

actinl compared togapdh2 andactin2. (Altmann et al.,
2015; Infante etal., 2008).

Ly 1 SobRdt shawéd the highest stability
among the tested housekeeping genes in all tisst
(McCurley & Callard, 2008). Althoulg?m (ranked 15"
was regarded as the unstable one across all tissue:
showed the high stability in the hdidney (1), spleen
(29, liver (4), trunk kidney (T) and proximal intestine
(2™ in the present study. These organs, mainly belor
to immune organs, showed stability 62m might be
caused by its role in against bacterial infection. Becat
the expression instability di2m is induced by infection,
andb2m involves in the process of antigen binding ai
presentation via the major histocompatibility comple:
It also explained the limitation di2m as a reference
gene in all tested tissues Bfakaara (Wang et al., 2017)
turbot (Dang & Sun, 2011) and flounder (Zheng & S
2011) after bacterial infection.

Through various functions in transduction of ce
signaling and formation of cytoskeleton, etc., thla
was involved in the cell growth angroliferation. The
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efla presented high stability across tissues of seve
band grouper (Krishnan et al., 20189|mo salar (Olsvik

et al., 2005), Asian seabass (Paria et al., 2016)

Macrobrachium rosenbergii (Krishna et al., 2015). Bu
we found thatefla, as the medial or least stable gene
in zebrafish (Xu et al., 2016), was medial stable acr
different tissues (9) and in most of the tissues of hybri
grouper. The HPRT1, as a key enzyme in pu
nucleotides metabolism, is the basic structure of ARl
and DNA (Kamran et al., 2017). Different with Atlan
salmon that thehprtl showed the high stability (Kortne:
et al., 2011), this gene showed the medial or lec
stability across different tissues and in most of tissues
hybrid grouper. Although thuba had been regarded as
a housekeeping gene in amount of studies as its stab
at various of experimental conditions (Purohit et a
2016), we found it was unstable across different tisst
(12" and in most of tissues of hybrid grouper.

The rpl8, belongs to the ribosomal proteins
ubiquitously expresses in all kinds of cells and tissi
(Altmann et al., 2015). Actually, the ribosome is
complex piece of molecular machinery, the oldest o
to have evolved in biological systems. The level
expresgon ofrpl8 genes showed considerable variatior
in most of tissues on this study and others (Pani
2016). Bur as the only stable and commonly us
reference gene M) across different tissues in preser
study, it also expressed steady across all tissoé
Basilichthys microlepidotus (RojasHernandez et al.,
2019), zebrafish (Xu et al., 2016) amdacrobrachium
olfersii (Jaramillo et al., 2017).

As a novel identified housekeeping gene
groupers, thecog5 also showed the high stability acros
all tisstes in Pacific oyster (Dheilly et al., 2011), gic
grouper (K. C. Anderson et al., 20B)ykaara (Wang et
al., 2017) and hybrid grouperstithis study). In addition,
previous studies used theog5 as a reference gene ir
gonadal tissue of browaarbled grouper and
hypothalamus tissue of. akaara (Palma et al., 2019;
Qiu et al., 2018). The highly stable expressiomogb
might be on account of its character of the conserw
oligomeric Golgi complex subunit (Oka et al., 2005). -
PEX14 promotes the imdduction and movement of
peroxisomal proteins by working as the membrar
anchor for microtubules to achieve its multifunctio
(Bharti et al., 2011). In addition, it was a suitable interr
reference antibody for the assay of immunoblottin
immunohistoch A 8 G NE | YR A YYdzy
most kinds of cell, organs and species (Grant et
2013). In fish, different with the giant grouper aid
akaara (K. C. Anderson et al., 2018; Wang et al., 20!
the pex14 was a suitable reference gene'{Racross all
tissues in hybrid grouper. Because of the litt
application ofpex14 as a reference gene in literature
more researches are needed to explore its feasibility.

The other researchers revealed that thdl was a
high stability housekeeping gerscross all tissues ir
orangespotted grouper and. akaara (K. Anderson et
Ff®X wnanmyT 2Fy3a SiG |t oz

housekeeping gene {9 in the present study. The TAT/
box binding protein TAP is known to be a gene
transcription initiaton factor. In poultry, the reference
genetbp showed the high stability in pig (Xianghong
al., 2011), and was the recommended reference ge
for analyzing thenuscleand liver of chicken (Bages ¢
al., 2015). In fishtbp was an appropriate housekeepin
in gPCR studies on the effects of estrogens in fathe
minnow (Filby & Tyler, 2007), the effects c
temperature and reproductive development in Atlanti
salmon (Anderson & Elizur, 2012). Same as the g
grouper (K. C. Anderson et al., 2018), tihneshowed the

comparatively high stability @ across all tissues o
hybrid grouper. Butbp was the most unstable across a
tissues in zebrafish (McCurley & Callard, 2008). -
discrepancy might be caused by the differe
experimental conditions or speciesThe stable
expression oftbp (2% in muscle was consistent witl
that it showed the high stability in gonad of minno
(Mahanty et al., 2017) and in muscle Rdlteobagrus

fulvidraco (Ye et al., 2019). In addition, thbp showed

the highest stability in te adult Atlantic salmon for
normalization of target genes, but the it showed tr
relatively lower stability (8) in juvenile (Anderson &
Elizur, 2012). This phenomenon confirmed that tl
given housekeeping genes might vary significantly
different expeimental conditions and it was necessal
to assess and determine the appropriate housekeep
genes according to the actual experimental situation.

The stability ranking order of housekeeping gen
from the most to the least across tissues from previo
researches were:efla> actin> gapdh in sevenband
grouper (Krishnan et al., 201%fla> hprtl> actin in
PGEFYGAO KIFf AOdzi  éctin® B2NA
gapdh in turbot (Robledo et al., 2014)8s>efla>actin>
gapdh>tuba>b2m in halfsmooth tongue sole (Liu et al.
2014),18s>efla>actin in Anguilla australis (Setiawan &
Lokman, 2010)tbp> efla> hprtl> tuba in Atlantic
salmon (Anderson & Elizur, 2012p|8> 18s> actin>
gapdh in tench (Panicz, 2016). These comprehens
orders were roughly same as the ranking results of t
present study,cog5> pex14> tbp> rpl8> arfl> 18s>
hipk3>myc2>efla> hprt1> dhx30> tuba> actin>mgr1>
b2m>nav3>gapdh. A lot of genes were expressed stab
in the present study, but we suggested that ttog5 and
pexl4 were used as housekeeping genes across
tissues of hybrid grouper.

Some of the previous studies showed that tf
commonly used housekeeping geneact{n, efla,
gapdh, hprtl, 18s, b2m andtuba) were ranked lower in
the stability rankingorder than the newly identified
reference genes (Manoli et al., 2012; Migocka
Papierniak, 2010; Wang et al., 2017; Xu et al., 2016).
instability of commonly used reference genes und
different experimental conditions might be caused
the strong ifluence of oestrogen in fish on the
expression of these genes (Filby & Tyler, 2007; Xu el
2016). We also found some of the newly identifie
reference genes were more stable than that
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commonly used across different tissues. These res
confrmed that some of the newly identified
housekeeping genes were generally stable in kinds
experimental conditions, and should be assessed ¢
determined together with the that of commonly use:
(Migocka & Papierniak, 2010).

There were some limitations and futidirections.
First, after using the mathematical algorithm softwar
many of housekeeping genes showing the instability
expression were eliminated, and the genes with top
stability were suggested for the next analysis. But t
most stable genes caRl y 20 0SS a3A22F
genes for quantification of target genes if the absolu
effects of the contaminants from samples or operatiol
were major (Kamran et al., 2017). So, any referer
gene that showed the highest stability from softwai
analyseslsould also be applied carefully in actual. The
the newly identified reference genes must be teste
more before its usage in trial because of the litt
application of these genes in literatures. Last, as 1
expression stability of housekeeping genes Idobe
significantly  different in differing experimenta
conditions, the results of this study from norm:
condition of health hybrid grouper juveniles limited i
extensive application.

Conclusions

To date, this study was the first work to verify ar
evaluate the expression stability of housekeeping ger
from samples of different tissues in this commercia
important fish, hybrid grouper. The results indicate
that: 1) the most stable housekeeping genes we
tuba/18s in the brain,nav3/gapdh in gill, b2m/cog5 in
head kidney,myc2/b2m in spleen, dhx30/gapdh in
heart, 18s/actin in the liver,b2m/actin in trunk kidney,
cogb/tbp in white muscle, actin/b2m in proximal
intestine, actin/myc2 in mid intestine,gapdh/hprtl in
distal intestine. All of the tested housekeeping gen
exhibited a tissuespecific manner in transcriptiona
level; 2) thecogb and pex14 were the most stable
housekeeping genes across all tissues, whilegtpalh
was the worst one; 3) some of the negwldentified
housekeeping genes might be more stable than that
commonly used. Hence, same as the proposition
previous studies, we suggest that the appropria
housekeeping genes need to be assessed
determined in experimental conditions before th
actual qPCR assay.
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