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Abstract. The first hybrid generation (F1) individuals of grass carp (Ctenopharyngodon idellus, @) x
barbel chub (Squaliobarbus cunrriculus, 3) commonly show obvious growth diversity, even though they
are from the same parents and cultured in the same environment. To characterize the molecular
mechanism of the growth diversity, the present study compared the expressions of growth-related genes
of the fast-growth population (FGP) and slow-growth population (SGP). The expression of
growth-inhibiting SRIF gene was significantly higher in the SGP hypophysis than in the FGP. The
expressions of growth-promoting GHR and IGF-1 genes in blood, GHR, IGF-1 and IGF-II genes in liver,
and IGF-1 and IGF-I1 genes in muscle of the FGP were significantly higher than those of the SGP in liver.
The results implied that hypernomic-expression of SRIF gene in hypophysis caused the expressions of
GHR and IGF-I genes in blood, GHR, IGF-I and IGF-II genes in liver, and IGF-1 and IGF-II genes in
muscle of the SGP to be significantly lower than those in the FGP, which caused the lower growth of the
SGP. These results provided valuable reference for studying the relationship between growth-related
genes and fish growth, and the molecular mechanism of fish growth.

Keywords: fish, growth axis, quantitative reverse transcriptional PCR, growth-inhibiting gene, GHR
gene, expression analysis

Introduction

Grass carp (Ctenopharyngodon idellus) is already the largest freshwater aquaculture
product worldwide (Ni and Yu, 2013; Ni et al., 2014) and it is an important aquaculture
species in Asia. Approximately 5.90 million tons of grass carp was produced ever year
only in China (Department of Fisheries of Ministry of Agriculture of China, 2017).
However, frequent occurrence of diseases in grass carp culture has caused serious loss
and severely restricts sustained development of grass carp culture (Nie and Pan, 1985;
Chen et al., 2012). Hybridization between different fish species is extensively used as
their offspring exhibit growth and disease-resistant superiority compared to their parents.
For instance, the first hybrid generation (F1) of Kaluga sturgeon (Huso dauricus, 9) x
sterlet (Acipenser ruthenus, &) exhibits fast-growth and disease-resistant superiority (Yin
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et al., 2004). The hybrid offspring of rainbow trout (Oncorhynchus mykiss, ¢) x speckled
trout (Salvelinus fontinalis, &) exhibit disease-resistant superiority (Wu et al., 2014). The
F1 of grass carp (9) x topmouth culter (Erythroculter ilishaeFormis, ') also exhibits
disease-resistant superiority (Aquaculture Research Group of Jianhu County of Jiangsu
Province, 1974).

Barbel chub (Squaliobarbus curriculus) as well as grass carp belongs to the
Leuciscinae subfamily of fish. The shape of barbel chub is similar to grass carp, and
barbel chub exhibits strong adaptability and disease-resistant superiority (Liu et al., 2012).
In addition, a previous study has showed that disease resistance of the F1 of grass carp ()
x barbel chub (J) was significantly higher than that of grass carp (He et al., 2015).
However, the F1 individuals of grass carp () x barbel chub (J) commonly emerge
obvious individual difference in size during culture process, even though they are from
the same parents and cultured in the same environment (Zhou et al., 2017).

Fish growth is influenced by various internal (such as incretion) and external factors
(such as environment and nutrition) (Su et al., 2012; Valente et al., 2013). The incretion
factors regulate fish growth through GH/IGF-I axis, which involves the hypothalamus,
the hypophysis, and the liver (Lin, 1996; Peng and Peter, 1997). Hypothalamus secretes
stimulators and inhibitors. The stimulators, such as growth hormone releasing factor
(GRF), gonadotropin-releasing hormone (GnRH), pituitary adenylate cyclase activating
polypeptide (PACAP), dopamine (DA) and neuropeptide Y (NPY), stimulate the release of
growth hormone (GH) in the hypophysis (Parker et al., 1997; Montero et al., 1998), while
the inhibitors, such as somatostatin (SRIF or SS), 5-serotonin (5-HT), norepinephrine (NE)
and glutamate (Glu), inhibit the release of GH that induces the secretion of GRF, GnRH,
PACAP, and NPY (Peter and Marchant, 1995; Peng and Peter, 1997). Secretion of
stimulators and inhibitors regulates the secretion of GH, and GH is transmitted to the
surface of liver cell membrane through the circulation system and then it binds to growth
hormone receptor (GHR) to trigger the transduction of insulin-like growth factors (IGFs).
Then IGFs are transmitted to each tissue through the circulation system to promote fish
growth.

Considering the F1 individuals of grass carp () x barbel chub (&) commonly emerge
obvious individual difference in size during culture process, to characterize the molecular
mechanism of the growth diversity of the F1 populations, the present study compared the
expressions of growth-related genes of the fast-growth population (FGP) and slow-growth
population (SGP) using fluorescence quantitative reverse transcriptional PCR (QRT-PCR).
The results provided valuable reference for studying the relationship between
growth-related genes and fish growth, and the molecular mechanism of fish growth.

Materials and Methods

Sample collection

The F1 samples were collected from Wulong Fishing Ground located at Beisheng
Town, Liuyang City of China (28.295 N, 113.436 E). The F1 fish were cultured 150 days
from 1" years of F1 offspring with the same parents. They were fed with commercial
puffed compound feed-8110 (Dabeinong, China), which contains equal more than 36.0%
of crude protein, equal more than 4.0% of crude fat, and equal more than 15.0% of crude
ash. The F1 samples were distinguished to two populations, i.e. the FGP (their body
weights were more than 500 g) and the SGP (their body weights were equal or less than
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500 g), according to their body weight. Each population was collected 7 healthy samples,
and the samples were anaesthetized using an overdose of neutralized MS222 (ethyl
3-aminobenzoate methane-sulfonic acid). Then the samples were dissected as
approximately 80 mg of their hypothalamus, hypophysis, liver and muscle, and 2 ml of
blood was collected and stored in liquid nitrogen.

RNA extraction and synthesis of cDNA

The tissues stored in liquid nitrogen were put in homogenizing pipe with 1 ml TRK lysis
buffer and homogenized three times (15 s per time with 6000 rpm/min, 5 s of interval
between homogenizing). Subsequently, RNAs were extracted from the homogenates using
an E.Z.N.A. total RNA kit | (OMEGA, USA) according to the manufacturer instructions.
The RNAs were used to synthesize the first strand of cDNA by a RevertAid first strand
cDNA synthesis kit (Thermo, USA), with Oligo(dT).s and random primers.

gRT-PCR

To design the primers for qRT-PCR, fragments of GH, GHR, IGF-I, IGF-1I, PACAP,
SRIF, MSTN-1 and MYOG genes of the F1 were cloned and sequenced. To clone these
gene fragments, the primers (Appendix 1) were designed using primer 6.0 referenced
cDNA sequences of these genes from Cyprinidae in GenBank. The fragments were
amplified using the first strand of cDNA of the F1 as templet. Each 50 pl of the PCR
reaction mixture contained 1xEx Taq Buffer (TaKaRa, China), 1.25 U of Ex Taq
polymerase (TaKaRa, China), 10 nmol of each primer, 40 nmol of each NTP, and 2 ul of
cDNA. The PCR amplified procedure was carried out at 94°C for 5 min; at 94°C for 30 s,
at 52~56°C (B-actin: 54°C; EF-1a: 54°C; GH: 56°C; GHR: 54°C; IGF-I: 55°C; IGF-II:
55°C; PACAP: 52°C; SRIF: 52°C) for 30 s, at 72°C for 90 s, in 30 cycles; and finalized at
72°C for 5 min. Then the fragments were sequenced using AB3730 sequencer at Beijing
Aokedingsheng Bio-Science Ltd., China (Appendix 2). Finally, the primers that used to
gRT-PCR were designed based on these fragments using primer 6.0 (Table 1).

Table 1. Primers for gene expression of growth-related genes

Length of target| Amplification

Gene name| Primer name Primer sequence (5'-3") L
sequence (bp) efficiency
B-actin B-actin-RT-F GCTATGTGGCTCTTGACTTCG 124 95-97
B-actin -RT-R GGGCACCTGAACCTCTCATT
EE-1 EF-1a-RT-F GCTATGTGGCTCTTGACTTCG 124 96~99
@ EF-1a-RT-R GGGCACCTGAACCTCTCATT
GH GH-RT-F ACAGTTTGACCGTCGGGAACCC 131 95-99.8
GH-RT-R CAGCGGCAGGGAGTCGTTATCA '
GHR-RT-F TGTGTGGAAACGGACTGGTGTCTG
GHR | GHRRTR CAGCAACGGAAGGTCTCCTGTTCT 15 101~105
IGE-I IGF-I-RT-F ACATTGCCCGCATCTCATCCTCT 114 95-97 7
IGF-I-RT-R CCCTGGAAGAAATGACCGCTAGAC '
IGE-II IGF-1I-RT-F GTTTCAGCCACATCCCTACAGGTCA 108 97-99.6
IGF-11-RT-R CCGTTGCCACACGTCATATTTGGA '
PACAP-RT-F AGCCTTGAGGGACATCCTGGTTCA
PACAP PACAP-RT-R CCGATTCGTCTTCCTCGCTGCTT 101 96~98.6
SRIF-RT-F TGCTTGGACGAGGTCTGTGAGC
SRIF SRIF-RT-R ACGCCAAACTCCGCCAACTTCT 108 95~97.1
MSTN-1-RT-F AGGACTTCGGCTGGGACTGGATTA
MSTN-1 MSTN-1-RT-R GCGGATTGGCCTTGTTCACCAGAT 126 95965
MYOG-RT-F AAGCCGCCACATTGAGGGAGAAG
MYOG MYOG-RT-R GGCAGCCTCTGGTTGGGATTCAT 100 98-1015
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The expressions of PACAP and SRIF genes in the hypothalamus, PACAP, SRIF and GH
genes in the hypophysis, GH, GHR, IGF-I and IGF-II genes in the blood, GHR, IGF-I and
IGF-I11 in the liver, and IGF-I, IGF-1l, MYOG and MSTN-1 genes in the muscle were tested
through qRT-PCR using a SYBR Premix Ex Taq™ II kit (TaKaRa, China). The first strand
cDNA from the tissues was used as templet. The p-actin and EF-1a genes were used as
internal controls. The gqRT-PCR was conducted using a CFX96Touch TM real-time PCR
detection system (Bio-Red, USA). Each 10 pl of the qRT-PCR reaction mixture contained 5
ul of SYBR Green PCR master mix (CWBIO, China), 0.4 ul of each primer (10 uM), 1 ul
of cDNA, and 3.2 ul of ddH20. The PCR amplified procedure was carried out at 94°C for
10 min, followed by 35 cycles of 95°C for 10 s, 60°C for 10 s, and 72°C for 15 s. The
solubility curve was obtained by raising 0.5°C per 5 s from 65°C to 95°C. Seven samples in
each group and triplicate of each sample were analyzed. Data were collected and analyzed
using CFX manager software 3.1 (Bio-Rad, USA).

Data analysis

The results are presented as the mean + standard error (S.E.) for each group.
One-way ANOVA and t-test was conducted using R 3.5.1 (R Core Term, 2014).
Differences for which P values were < 0.05 were considered statistically significant.

Results and Discussion

The body lengths of the FGP and the SGP were 38.043 + 0.44 and 26.243 + 0.48 cm,
respectively (Fig. 1A). The body weights of the FGP and the SGP were 932.86 + 50.41
and 312.43 £ 22.70 g, respectively (Fig. 1B). The average body length and body weight
of the FGP were significantly higher than those of the SGP, respectively (independent
t-test, p < 0.001).

Expressions of PACAP (Welch two sample t-test, t = 1.393, P = 0.230) and SRIF
(Welch two sample t-test, t = 0.448, P = 0.670) genes in the hypothalamus of the FGP
were not detected significantly different to the SGP (Fig. 2A). However, the relative
expression of the SRIF gene in the hypophysis was significantly increased in the SGP
than those in the FGP (Welch two sample t-test, t = -13.818, P < 0.001; Fig. 2B). The
results implied that the high expression of SRIF gene in the SGP hypophysis was
probably the major reason that caused the slow growth of the SGP, as SRIF is
considered as an inhibitor that inhibits secretion of GH in the hypophysis (Peter and
Marchant, 1995; Peng and Peter, 1997; Lin and Peter, 2001). Meanwhile, SRIF also
reduces the combination of GHR to GH and transcriptional level of IGF-I gene in the
liver (Tanaka et al., 1995; Masini et al., 1999). The GH gene was rarely expressed in the
hypophysis and in the blood, and its expressions were not detected significantly
different between the hypophysis of FGP and SGP (Welch two sample t-test, t = 1.266,
P = 0.250; Fig. 2B) and in the blood (Welch two sample t-test, t = -0.576, P = 0.605;
Fig. 2C). However, the expressions of GHR (Welch two sample t-test, t = 3.162, P =
0.014) and IFG-I genes (Welch two sample t-test, t = 5.663, P =0.002) in the FGP
blood were significantly higher than those in the SGP (Fig. 2C).

The expressions of GHR (Welch two sample t-test, t = 3.334, P = 0.039), IGF-I
(Welch two sample t-test, t = 5.157, P < 0.001) and IGF-I1 (Welch two sample t-test,
t =5.995, P = 0.004) genes in the FGP liver were significantly higher than those in the
SGP liver (Fig. 2D). In addition, the expressions of IGF-I (Welch two sample t-test,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):1151-1159.
http:/Awww.aloki.hu e ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1801_11511159
© 2020, ALOKI Kft., Budapest, Hungary



Lv et al.: Molecular mechanism of growth diversity for the first hybrid generation individuals of grass carp x barbel chub
- 1155 -

t=7.744, P < 0.001) and IGF-II (Welch two sample t-test, t = 3.594, P = 0.012) genes
in the FGP muscle were significantly higher than those in the SGP muscle. IGF-I and
IGF-11 genes are mainly expressed in the liver. Therefore, these genes were higher
expressed in the liver than in the muscle (Fig. 2E). Fish growth mainly shows as fast
growth of muscle. The growth of muscle was regulated by GH-IGF axis. GH regulates
expression of genes that promote muscle growth, such as myostatin and muscular
atrophy genes. IGFs mainly regulate expression of genes that regulate muscle form
(Fuentes et al., 2013). In addition, the external factors, such as environment and
nutrition, also influence fish growth through the GH/IGF-I axis (Reinecke, 2010; Su et
al., 2012). However, the expressions of MYOG and MSTN-1 genes in the muscle were
not significantly different between the FGP and the SGP (Welch two sample t-test, t =
0.569, P = 0.589 for MYOG gene, and t = -2.006, P = 0.090 for MSTN-1 gene).
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GH is synthetized in the hypophysis and transported to target tissues through the
circulatory system. The growth-promoting performance of GH is vitally needed to
mediate GHR and IGFs. Therefore, fish growth could not be expressed only by the
expression of GH gene, but the expressions of GHR and IGF genes are also vital. In the
present study, the expressions of GHR, IGF-I and IGF-11 genes in the FGP liver were
significantly higher than those in the SGP, consistent with previous studies in goldfish
(Carassius auratus) (Zhong et al., 2012), Japanese pufferfish (Takifugu rubripes)
(Kaneko et al., 2011), mud carp (Cirrhinus molitorella) (Zhang et al., 2006), Nile tilapia
(Oreochromis niloticus) (Cruz et al., 2006), European eel (Anguilla anguilla) and
half-smooth tongue sole (Cynoglossus semilaevis) (Degani et al., 2003; Ma et al., 2012).
In addition, GH also regulates muscle growth through regulating the expressions of
myogenic factors. For instance, expressions of MYOG, MYOD2, MYF5V and MEF2A
genes in the muscle of the fast-growth transgenic fish were significantly higher than
those of wildtype fish (Devlin et al., 2013). However, we did not detect significant
difference between the expression of MYOG and MSTN-1 genes in the muscle of the
FGP and the SGP.

Conclusion

The significantly higher expression of SRIF gene in the SGP hypophysis than in the
FGP hypophysis caused the expressions of GHR and IGF-1 genes in the blood, GHR,
IGF-1 and IGF-II genes in the liver, and IGF-I and IGF-II genes in the muscle of the
SGP to be significantly lower than those in the FGP, which caused the lower growth of
the SGP than the FGP. However, whether increasing the expression of SRIF gene in the
hypophysis could increase growth in other fishes still needs further study.
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APPENDIX

Appendix 1. Primers used for partial fragment cloning of growth-related genes

Primers Sequences (5'-3")
GH-F GGATGGGAGTTGGAGGAGAAA
GH-R GGCTGACCGTCTGACACAA
GHR-F GCCATTCAGGACGAGGAGATA
GHR-R TGGTTGGGATTACAGGGAGATG
IGF-1-F TCTCACTTCTCCACAACGA
IGF-I-R CTTCTGATGAACCTCCTTACA
IGF-II-F GTCGAACAGTCGGCGTCCTCAA
IGF-II-R CTGTGGTGGTGCAGTTGCTCCT
PACAP-F AGAATGGCTRYRCAAACCYTGG
SRIF-F GTCCGAGCAAAGAGAACT
SRIF-R GGTTAGGATGGAGAATGTGA
MSTN-1-F GTGTTGCTTTTTCTCCTTCAGTC
MSTN-1-R CACAGCGGTCTACTACCATCG
MYOG-F AGGCGGCGATAACTTCTTCCA
MYOG-R CTTGCTCATGTTCCTGCTGGTT
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Appendix 2. Partial target fragment used for cloning

Gene name

Sequences (5'-3")

IGF-1

CCACAACGAGCCTGCGCAATGGAACAAAGTCGGAATATTGAGATGTGACATTGCCCGCATCTCATCCTC
TTTCTCGCTTTTTAATGACTTCAAACAAGTTCATTTTTGCTGGGCTTTTGCTGGAGACCCAAGGGGATGT
CTAGCGGTCATTTCTTCCAGGGGCAYTGGTGTGATGTCTTTAAGTGTACCATGCGCTGTCTCTCGTGCAC
CCACACCCTCTCACTGGTGCTGTGCGTCCTCGCGTTGACTCCCGCGACACTGGAGGCRGGGCCGGAGA
CGCTGTGCGGGGCGGAGCTTGTAGACACGCTGCAGTTTGTGTGTGGAGACAGGGGCTTTTATTTCAGCA
AACCAACAGGATATGGGCCTAGTTCGAGRCGGTCGCACAACCGCGGCATTGTGGACGAATGCTGCTTTC
AGAGCTGCGAACTGCGGCGCCTCGAGATGTACTGTGCACCCGTGAAAACCGGCAAAWCTCCACGATCC
CTACGAGCGCAACGGCACACAGATATCACCAGGACAGCAAAGAA

IGF-11

GACGCGCTACAGTTTGTGTGCGAAGACAGAGGCTTCTATTTCAGTCGACCAACTAGTAGGTCGAACAGT
CGGCGTCCTCAAAATCGTGGGATTGTGGAAGAGTGTTGTTTTAGCAGTTGTAACCTAGCTCTACTAGAAC
AATACTGCGCTAAACCTGCCAAGTCAGAGAGGGACGTTTCAGCCACATCCCTACAGGTCATCCCGGTGA
TGCCCGCATTAAAACAGGAGGTCCCAAGAAAACATGTGACCGTGAAATATTCCAAATATGACGTGTGGC
AACGGAAGGCCGCACAGAGGCTACGAAGGGGCGTCCCTGCCATCCTGCGGGCCAAGAAGTTTAGGCG
GCAGGCGGAGAGAATCAAGGCCCAGGAGCAACTGCACCACCACAGGCCTCTCATCACGCTTCCCAGCA
A

PACAP

GCAGGGCAAGGTCTAGTAGAGCGACTTTAGCGTTGCTCATCTACGGAATCATGATGCATTACAGCGCCTA
CTGCACGCCTATTGGGATGGCTTTTCCTAAGATGAGACTAGACAACGATGTATTTGACGAAGACGGAAA
CTCGTTAAGCGACCTGGCTTTTGGCACGGATCAAATTGCTATACGAAGTCCTCCTTCTCTTACGGATGAC
CTATACACGCTATACTATCCTCCAGAGAAAAGAACGGAAAGGCATGCAGATGGATTATTAGATAGAGCCT
TGAGGGACATCCTGGTTCAGTTATCAGCACGAAAATATCTGCATTCTCTGATGGCAGTTCGCGTAGGCGG
AGGAAGCAGCGAGGAAGACGAATCGGAACCATTATCAAAAAGGCATTCGGATGGGATCTTCACCGACA
TTTACAGTCGCTACCGAAAACAGATGGCCGTCAAGAAGTATTTAGCAGCCGTCCTGGGAAGAAGGTACA
GACAGAGAATTAAAAACAAAGGACG

SRIF

GACGTAACGGTAAGTTTCAGAGAGTTCTTGCATCCGGCTTTGCGCTCGCGAGGTGCCAGCATGGGACCG

GCGGCGCGCTCGAGCTCCAAACGAACGTCATCTTTCTCCACAGCGCGAGACAGATCCTCGGGCTCCAG

CACCTCGTTTTCTGCTTGGACGAGGTCTGTGAGCAAATCTGCAAGTGTGTATCTTGCGAGTTCCTGTTTT
CCAGCCGGGTTGAGGAGAGATCTCTGCAGAAGTTGGCGGAGTTTGGCGTA

MSTN-1

GTGTTGCTTTTTCTCCTTCAGTCCGAAAATCCAAGCGAACCGGATCGTAAGAGCGCAGCTCTGGGTTCA
TCTGAGACCGGCGGAAGAAGCGACCACCGTCTTCTTACAGATATCACGGCTGATGCCCGTTACGGACGG
AGGAAGACACATACGAATACGATCCCTGAAGATCGATGTGAACGCAGGAGTCACGTCTTGGCAGAGTAT
AGACGTAAAGCAGGTGCTCTCGGTGTGGTTAAGACAACCGGAGACCAACTGGGGCATCGAGATAAACG
CGTATGACGCGAAGGGAAACGACTTGGCCGTCACCTCAGCTGAGGCTGGAGAGGATGGACTGCTCCCC
TTTATGGAGGTGAAAATCTCAGAGGGCCCAAAGCGAATCCGGAGGGACTCCGGACTGGACTGCGACGA
GAATTCCTCAGAGTCTCGATGCTGCAGATACCCTCTCACTGTGGACTTCGAGGACTTCGGC

MYOG

IAGGATATCAGGACAGAAGCTCCATGATGGGCTTGTGTGGAGACGGACGGCTGCTGTCTAATGGAGTGGG
GTTGGAGGACAAACCGTCTCCATCATCTAGCCTCGGTCTGTCCATGTCTCCTCACCAGGAGCAGCAGCA
CTGTCCGGGTCAGTGTCTGCCTTGGGCCTGCAAGGTGTGTAAGCGCAAGTCGGTGACCATGGACCGAC
GGAAAGCCGCCACATTGAGGGAGAAGAGGAGGTTGAAGAAGGTCAACGAGGCCTTTGAGGCTCTTAA

GAGGAG
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