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Abstract

Production and consumption of Nile tilapia (Oreochromis niloticus) have been growing. Insulin-like
growth factor-1 (IGF-1) is a hormone that affects animal weight. Traditional breeding combined with
molecular marker technology-assisted selective breeding has long been used to cultivate new fish strains
and produce high-quality Nile tilapia. Moreover, molecular markers or genes related to important economic
traits can be identified with the help of molecular-assisted selection breeding. A total of 152 Nile tilapia
fish fin samples were collected from Janghang fish farm and classified according to their weight and sex.
A total of 9 single nucleotide polymorphisms (SNPs) were identified in the Nile tilapia IGF-1 gene in this
study. One SNP was located in the promoter region, three in the S'untranslated regions (UTR), and five in
the 3'untranslated regions (UTR). Effective genotypic blocks (GBs) were selected by analyzing the
correlation between body weight and GBs. These molecular marker findings will facilitate the improvement
of the Nile tilapia species in the future and enable the selection of fast-growing new strains, shorten the
breeding cycle, achieve maximum economic benefits, and realize the important economic traits of tilapia.

Key words : Nile tilapia , Body weight , Principal component analysis , Insulin-like growth factors -1,
Single nucleotide polymorphism

I . Introduction an important gene involved in animal growth (Teng
et al. 2020; Aljuboory and Alkhshali, 2018;

Nile tilapia (Oreochromis niloticus) is a fish of Aljuboory and Alkhshali 2018: Breidy Lizeth

the cichlid family. Insulin-like growth factor 1 Cuevas-Rodriguez et al, 2016). IGF-1 regulates

(IGF-1) is a member of the insulin family and is animal growth, development and metabolism, and

* Corresponding author : 051-629-5864, hyunghl@pknu.ac.kr, orcid.org/0000-0003-3946-2272
# This research was funded by the Development of software for data collection and analysis of growth rate according
to environment factor of (semi) circulation filtration system (20180352).
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plays an important role in regulating cell growth
and differentiation. Researches of SNPs are also an
important species improvement method in modern
aquatic research (Liu et al., 2007; Feng, Yu, and
2014; Zhang et al, 2016).

monitoring SNPs contributes to the traceability of

Tong, In addition,
many cases of aquatic fish diseases (Feng Ying et
al., 2018; Nie et al, 2019; Gu et al, 2018).
Variations in IGF 1 gene had an important effect
on the muscle growth and body development of
tilapia (Zeng et al.,, 2021; Laible, Wei, and Wagner,
2015). We will study the relationship between the
IGF1 gene and body weight change during the

growth of tilapia cultured in Janghang fish farm.

II . Materials and Methods

1. Sample collection and extraction of gDNA

A total of 152 fish fin samples were collected
from the batches. The Nile tilapia used in this
experiment is a non-wild species collected at
Janghang fish farm. This fishery has 12 cylindrical
breeding tanks with a diameter of 6 meters and a
water depth of 1.5 meters. The fry hatched from
the same batch of fertilized eggs and was raised
for 24 months. About 5,000-6,000 fish are put into
each tank, The breeding water temperature of this
batch of samples is controlled at 24-32°C, and the
mature body whose growth cycle reaches six
months is selected as the standard. To use the
selected sample species for future breeding
experiments, this

relationship between SNPs and body weight. Their

experiment to investigates the

genomic DNA was extracted by DNeasy Blood &
Tissue Kit (QIAGEN) from the collected fish fin

samples.

2. PCR amplification and DNA sequencing
analysis

We designed tilapia-specific polymerase chain
reaction (PCR) primers for the promoter region,
5'UTR, and 3'UTR of the IGF-1 gene, shown in
table (<Table NCBI
sequence (IGF-1, GenBank accession number is
NC 031981). DNA amplification was performed by

PCR. The composition of the PCR master mix was

1>) using the database

as follows: 0.25 pl Ex Taq DNA polymerase, 5 pl
Buffer 10x, 4 pl dNTPs, 2 pl Forward Primer, 2
pul Reverse Primer, 0.5 pl genomic DNA, and
3625 ul of distilled water. The

temperature was calculated for each primer pair.

annealing

The thermal cycle program was set to 94C for 5
minutes (pre-denaturation), 94°C for 30 seconds for
denaturation, annealing temperature for 30 seconds,
and at 72C extension time depending on the
length of the PCR product. A FavorPrep GEL/PCR
Purification Mini kit was used for electrophoresis
and gel purification of the PCR products, which
were then submitted to Macrogen CO (Macrogen
Building, 238 Teheran-ro,

Gangnam-gu, Seoul,

Korea).

3. Discovery of SNP and analysis the relation
between the genotype block and body
weight

For SNP detection, the BioEdit (7.0.9.0)
alignment tool was used to align the sequences,
followed by with  ABI
technology. Clusters of SNP regions are divided

analysis sequencing

into individual blocks using a parental genotyping

assignment referred to as genotype blocks (GBs).

4. Statistical analysis

In order to investigate the link between the
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<Table 1> Primer designs for PCR in IGF-1 genes devise

Design primers for IGF-1

Region Primers Primer length Annealing Ann_ealmg
temperature time
Forward primer
Promoter and TGCAGAAAGGCAGCAAACCCT o
5’UTR Reverse primer 908bp 64°C S3sec
GTAGGCGAGGATGCTCTGTGC
Forward primer
CGGCTCACAACTAAGGACTCACC
3’UTR 1 : 626bp 64°C 38sec
Reverse primer
ACAGGTGCAGGTCTGACTCAAAGAT
Forward primer
ATGGGCACTGAAGTCAGCCACT
3’UTR I 495bp 65°C 30sec

Reverse primer

ATCTGCTGAAGCCAGTGAAGTTGT

* IGF-1 gene is divided into three parts: promoter & 5'UTR, 3'UTR Iand 3’UTR 1II.

genotype block of the SNP and the body weight
features of tilapia, one-way ANOVA was performed
using SPSS Statistical software version 22.0. Data
are provided as means £SD, with a significance
level of P=0.05. By calculating the amount of
distinct body weight characters in each SNP and
utilizing the various genotype blocks of SNPs as
factors and the body weight traits of tilapia as
dependent variables, the differences in body weight
traits different genotype blocks

across were

investigated.

5. Principal component analysis

Using the R programming language, PCA was

performed and visualized in this study The
available built-in packages were used to complete
all calculations. coded for the
various IGF-1 SNPs found in the S(k) datasets. A
k range of 0.30 to 315.00 was given to the S(k)

data set. To represent a single data point for each

Variables were

vanable in the PCA calculation, a certain set of

S(k) values were chosen. Using Factoextra reference
PCA findings

Factoextra package,

packages, the were additionally

visualized. The which also
showed a classification of the relevant factors, was
used to create the loading graphs. Using the
quality's eigenvalues, the quality of representations
was assessed. With this package, such values are
commonly represented by a color gradient and

normalized to a range of -1 to I.

III. Results

1. Analysis and classification of sample DNA
results

This study was helpful as we explored effective
techniques for discovering SNPs in the IGF-1 gene
that can regulate muscle growth traits. We found a
total of 9 SNPs in the IGF-1 gene, of which one
site (~80bp) was found at the promoter region with
a C/T change, and 3 sites were found in the
5'UTR at ~63bp (G/C), ~404bp (G/A), and ~443
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bp (G/C). In the 3'UTR, we found a total of five  base types, and the percentages of each SNPs were
SNPs at 18255bp (T/A), 18280bp (G/A), 18381 shown in <Tables 2> and <Tables 3>.
(G/A), 18425 (C/T), and 18456 (G/T). The location,

<Table 2> The location, base types and allele ratio of each SNPs in Nile tilapia male

Gene name Gene region SNP location Base type Percentage
i T 2.56%
Insulin-like growth factors -1 Promoter -80 ¢ 57 449
0,
63 C 65.38%
G 34.62%
Insulin-like growth factors -1 5'-UTR 404 G 1.28%
A 98.72%
G 6.41%
443 C 93.59%
T 63.75%
2557 A 36.25%
G 85.00%
2582 A 15.00%
- , G 86.25%
Insulin-like growth factors -1 3-UTR 2676 A 13759,
C 3.75%
2720 T 96.25%
G 86.25%
2751 T 13.75%

<Table 3> Allele ratio of each SNPs in Nile tilapia female

Gene name Gene region SNP location Base type Percentage
Insulin-like growth Promoter -80 C 100.00%
factors -1
C 84.06%
63
U . G 15.94%
nsulin-like growt 5_UTR 404 A 100.00%
factors -1
G 5.80%
443
C 94.20%
T 79.71%
2557
A 20.29%
G 95.65%
2582
A 4.35%
Insulifn-ltike giowth 3.UTR 2676 G 95.65%
actors - A 4.35%
2720 T 100.00%
G 94.20%
2751
T 5.80%
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The average value of polymorphism was higher
in exon regions than in intron and promoter

regions.

2. Summary of analysis sample results

The  relationship  between the  Genotype
distribution and average body weight of male Nile
tilapia is described in detail in <Table 4>. There
are a total of 23 genotypes, The average individual
body weight ranges from 1.33 kg to 0.61 kg.

With a total of 18 genotypes, <Table 5> details
the link between the genotype distribution and
average body weight of female Nile tilapia. The
average body weight of an individual might range

from 1.18 kg to 0.30 kg.

The results were combined according to the

above data analysis; samples with the same

genotypes were combined, and repeated similar
genes were deleted. As shown in Table 6, a total
of 32 fish samples with different genotypes were
obtained for reference, Each genotype block (GB)
with specific SNP type were showm in Table 6.
GBF1 to GBF9 ( GBF: Genotype Blocks IGF-1)
are the common genotypic blocks of male and
GBF10
genotypes for male samples, GBF24 to GBF32 are

and the

female samples. to GBF23 are unique

unique genotypes for female samples,

GBF9 genotype is the wild-type genotype.

<Table 5> Genotype blocks and its average body
weight in male Nile tilapia

<Table 4> Genotype blocks and its average body F Quantity To_tal Ave_rage
. . e weight weight
weight in male Nile tilapia
GBF-1 1 0.74 0.74
M Quantity TQtal Avgrage GBF-2 1 0.9 0.90
weight weight GBF-3 1 0.73 0.73
GBF-1 5 6.32 1.26 GBF-4 1 0.49 0.49
GBE-2 1 1.31 1.31 GBF-5 1 05 0.50
GBF-3 2 2.26 113 GBF-6 5 3.15 0.63
GBE-4 2 2.37 L.19 GBF-7 4 2.65 0.66
GBEF-5 5 5.15 1.03 GBF-8 1 03 0.30
GBE-6 8 8.59 1.07 GBF-9 4 2734 0.62
= ] = o GBF-24 1 L8 L8
GBF_9 39 38' 23 0'98 GBF-25 1 0.88 0.88
GBF_'I 0 " 133 33 GBF-26 1 0.77 0.77
GBF-11 1 1.12 1.12 ggi;; T 3‘22 g'zg
GBEF-12 1 1.03 1.03 . - -
GBF-13 1 103 103 GBF-29 1 0.51 0.51
GBEF-14 1 1.02 102 GBF-30 1 0.44 0.44
GBF-15 1 1.00 1.00 GBF-31 1 0.35 0.35
GBF-17 1 0.91 0.91
GBF-18 1 0.89 0.89 . .
GBF-19 | 084 082 3. Sample statistical analysis
GBF-20 1 0.82 0.82 The genotype of each male sample was
GBF-21 1 0.81 0.81 dered el 4 th | d
GBF-22 | 076 076 considered separately, an e average value an
GBF-23 1 0.61 0.61 the percentage of male samples overall was
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calculated according to the weight score. As shown

in Figure 1, the following excellent genotypes were

<Table 6> Genotypic block as a whole distinguishes genotype divisions according to SNP type

selected: GBF1, GBF2, GBF3, GBF4, GBFS,

GBF10.

and

Gelzll(())z(pic PS1(CC) 5S1(CC) 5S2(AA) 5S3(CC) 3SI(TT) 3S2(GG) 3S3(GG) 3S4(TT) 3S5(GG) qﬁﬁy male female
GBF-1 7~ C/G - - AT GA GA 7T @oT 6 5 1
GBF2 7 - - - AT  GA  GA - ar 2 1 1
GBF:3 CT GG - - ANA  ANA  ANA T TT 3 21
GBF4 CT C/G - - AT  GA  GA G 3 2 1
GBF-5 - G/G - - ANA  ANA ANA T T 6 5 1
GBF-6 7 - - - AT - a - 138 s
GBF-7 - C/G - - - G/A  GIA - ar 9 5 4
GBF-8 - C/G a - ANA  GA GA T ar 1 1
GBF9 - - - - - - - - -~ 83 39 44
GBF-10 C/A  GIG - - ANA  ANA  ANA T TT 1 1
GBF-11 7~ C/G - - AT  AA  GA G 1 1
GBF-12 7~ C/G - - - - - CT GT 1 1
GBF-13 7~ G/G - - - GA GA T a1 1 1
GBF-14 7~ G/G - - - A/A — - /T 1 1
GBF-15 7~ - - e -+ e -+ CT - 1 1
GBF-16 7~ G/G - G/IG AA  AA  AA - /T 1 1
GBF-17 7~ - - - AMA  GA  GA e\ 1 1
GBF-18 7~ - G/A - AT - - - - 1 1
GBF-19 7~ G/G - - AA - - - /T 1 1
GBF-20 - C/G - GG ANT GA GA 7T  orT 1 1
GBF21 TT  GIG - - ANA  AA AA - /T 1 1
GBF-22 CT - - - - - - - - 1 1
GBF-23 CT  GIG - - AT GA AA CT TT 1 1
GBF-24 QT - - - AA  GA  GA G 1 1
GBF-25 QT - - - - GA GA T a1 1 1
GBF-26 - - - AA - - - - 1 1
GBF-27 7~ - - - - GA GA T  GT 3 3
GBF-28 - - a - a - a R Vs 1
GBF29 7 C/G - - AT GA GA 7 1T 1 1
GBF-30 - G/G - - AT  AA  AA 7 TT 1 1
GBF-31 7~ - - G/G - - - - - 1 1
GBF32 CT CG - - - GA GA T a1 1 1
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Tilapia male

Weight average: 1.02

Tilapia female

Weight average: 0.63
1.5 H 1.5+
2 H H
") -
£ 1.09 e 1.0
; H - g
z - b3 H
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-z
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Genotypic block
[Fig. 1] The relationship between male tilapia
genotype block and body weight. [Fig. 2] The relationship between female tilapia
. . genotype block and body weight.
*The X-axis and Y-axis represents the genotype-

categorized male samples and their weight. The*The X-axis represents the female samples classified
dotted line represents the average value of male by genotype and the Y-axis weight. the dotted line
samples 1.02kg. Green is the coloring of high-quality represents the average weight of female samples
samples. Red is the coloring of poor-quality samples. 0.63kg. Green is to highlight high-quality samples,

Black and white are samples that are close to the red is for inferior samples, and black and white are
close to the average the sample is mediocre.

average.

Considering the genotypes of the female samples
separately, the average was calculated by weight
and data from half of the total female samples. As
shown in Figure 2, the excellent genetic samples
we identified were as follows: GBF1, GBF2, GBF3,
GBF24, GBF25, GBF26, and GBF27.

4. principal component analysis

A statistical method was used to transform a
group of potentially correlated variables into a

group of linearly uncorrelated variables through

orthogonal transformation, and this group of
variables after conversion is called the principal
component. In actual subjects, many related

variables (or factors) are often put forward to
analyze the problem comprehensively because each
variable reflects some information about the subject

to varying degrees. When using statistical analysis

methods to study multivariate topics, too many

variables will increase the complexity. People

naturally hope that fewer variables will result in
more information. In many cases, there is a certain
When

certain correlation between two variables, the two

correlation between variables. there is a
variables reflect an overlap in information about the
subject to a certain degree. A principal component
analysis removes redundant variables (closely related
a smaller number of
the

information as much as possible. This statistical

variables) and establishes

uncorrelated ones while retaining original
method, the principal component analysis, is also
used in mathematics to reduce dimensionality. It is
created by collecting the body weight of the Nile
tilapia the DNA sample was extracted from and
determining its relationship with the average value.

As shown in the PKC diagram in Figure 3 and
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Figure 4, male GBFl and female GBF2 is a
specific genotypes with an outstanding phenotype.
Measure and record the body weight of Nile
tilapia to extract sample DNA to further determine
genotype and classification.  Single nucleotide
polymorphism is the measurement point of the
genotypic variables of each sample in this study. In
Figure 4, the Y-axis represents dimension 1
(Diml), and the calculated percentage is 43.3%,
while the X-axis represents the calculated
percentage of dimension Dim2 is 43.3%. In Figure
5, the Y-axis represents dimension 1 (Diml), and
30.7%, while the

X-axis represents the dimension Dim2’s calculated

the calculated percentage is

PCA - Biplot

Groups

GBF.21 A

Dim2 (43.3%)

-
P

|
¥
I}
1}
i
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|
|
]
|
|
|
|
|
|
|
;
'
'
'
]
'
'
'
'
'
]
'
1
'

0.0
Dim1 (43.3%)

[Fig. 3] PCA analysis of male tilapia samples.

*The weight of Nile tilapia was measured and
recorded, and the sample DNA was extracted to
further determine the genotype and classification.
Single nucleotide polymorphism is the measurement
point of the genotype variable of each sample in this
study. In this figure, the Y-axis represents dimension
1 (diml), and the calculated percentage is 43.3%,
while the X-axis represents dimension DIM2, and the
calculated percentage is 43.3%.

percentage is 30.7%. The closer the Y-axis and
X-axis percentages are, the more sufficient sample

collection is and the more universal it is.

PCA - Biplot

Groups
1

Dim2 (30.7%)

2
3
| 4
5

GBl

b;mﬂ (30.7%)

[Fig. 4] PCA analysis of female tilapia samples.

*The weight of Nile tilapia was measured and
recorded, and the sample DNA was extracted to
further determine the genotype and classification.
Single nucleotide polymorphism is the measurement
point of the genotype variable of each sample in this
study. In this figure, the Y-axis represents dimension
1 (diml), and the calculated percentage is 30.7%,
while the X-axis represents dimension DIM2, and the
calculated percentage is 30.7%.

IV. Conclusion

According to the data of this study, it is
concluded that IGF-1 plays a crucial regulatory role
in the growth of Nile tilapia. According to the 9
controllable SNPs found in the IGF-1 gene, we can
select individuals with excellent genotypes and after
cultivation,

special obtain high-quality biological

products and food for humans. The use of SNP
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screening is an efficient and rapid method of

species improvement experimentation.

V. Discussion

Nile tilapia (Oreochromis niloticus) has an
increasing
(Kuebutornye et al., 2020; Marjanovic et al., 2016;
Zou et al., 2015; Kishawy et al., 2020; Richter et
al. 2021; Wardani et al., 2021). Other applications

of QTL technology in aquatic research have also

significance in aquaculture worldwide

produced extensive and far-reaching significance
(Fernandez, Villanueva, and Toro, 2021; Mohammed,
Raji, and Igwebuike, 2020; Sullivan et al., 2015).
In this study, we used individual samples from Nile
tilapia to explore the relationship between SNPs in
the IGF-1 growth.  Other

contemporary research studies on IGF-1 in other

gene and fish

animals helped our experiments (Lu et al., 2020;
Tsai et al., 2014; Wuertz et al., 2006). We found a
total of 9 SNPs. The body weight of male fish
was commonly greater than that of female fish.
The difference
growth

in growth and the the average
We classified

individual fish according to gender and weight. Due

rate varies with gender.
to the increasing demand for Nile tilapia genetic
research, food sources, and aquaculture industry,
many countries have focused on cultivating Nile
tilapia, enriching human food nutrition sources, and
high-quality biological commodity breeding industry
and quality improvement projects for other species
(Zhiyun et al., 2016; Zhou et al., 2019). The study
of genetic markers provides key information and
helps select individuals with excellent genotypes,
conduct experiments, explore optimum breeding
options, and improve species improvement (Agarwal
2014). This demonstrates  the

et al, article

connection between IGF-1 SNPs and tilapia growth.
These collected data demonstrate the importance of
genetic research and exploring the regulatory roles
of other fish growth genes. Nile tilapia performed

well for marker-assisted sample selection.
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