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SUMMARY 

 Insulin-like growth factor binding protein-3 (IGFBP-3) has an important role on the 

growth of teleost fish. The association between genetic variations of IGFBP-3 gene and the 

growth of striped catfish, Pangasianodon hypophthalmus, was investigated in this study. To 

discover SNPs, fragments of IGFBP-3 gene from 10 fast-growing fish and 10 slow-growing 

fish were directly sequenced. Among 10 putative SNPs, a non-synonymous SNP 704 C>G 

(p.Leu8Val) located at coding region of exon 1 was filtered and subjected to validate in 70 

fast-growing fish and 70 slow–growing fish by individual genotyping. Our statistical 

analysis showed the significant association between SNP 704 C>G (p.Leu8Val) and growth 

traits of striped catfish (p < 0.01). The genetic diversity of the SNP was evaluated by 

polymorphism content (PIC) and minor allele frequency (MAF). These values indicated that 

this SNP was common variant with moderate genetic diversity. The non-synonymous SNP 

704 C>G (p.Leu8Val) in IGFBP-3 gene is a potential candidate for subsequent development 

of molecular marker for growth traits in breeding of the striped catfish. 

Keywords: genetic variations, growth, IGFBP-3, MAS, Pangasianodon hypophthalmus, 

SNP, striped catfish 

INTRODUCTION 

Identification of association between 

polymorphism in candidate genes and the 

traits of interest is an effective approach to 

discover gene markers which can be 

potential for marker-assisted selection. 

Genes belong to Insulin-like Growth Factor 

(IGF) system are reported as interesting 

candidates because the proteins play a 

central role in the neuroendocrine 

regulation of the growth of all vertebrates 
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(Allard, Duan, 2018; Tran et al., 2021). 

Insulin-like growth factor binding protein 3 

(IGFBP-3) is one of six ancestral subtypes 

of IGFBPs (IGFBP-1, -2, -3, -4, -5, -6) 

which binds to insulin-like growth factor 

(IGF) with high affinity (delaSerrana, 

Macqueen, 2018). IGFBP-3 carriers IGF in 

the circulation through ternary complexes 

with the acid-labile subunit (ALS) (Hossner 

et al., 1997; Winston et al., 2006). The 

ternary complex stabilizes mature IGFs and 

increases IGF half-life, so that regulates 

IGF bioavailability (Winston et al., 2006; 

Kannian, Ryan, 2019).  

In teleost fish as well as other 

vertebrates, IGF system plays essential role 

in muscle growth. IGFBP-3 expression in 

teleost fish has been examined, that 

elucidates the function of the protein in 

muscle growth. As the growth contributing 

factor, IGFBP-3 gene in muscle of salmon 

increased the expression during growth-

supporting condition as post-fasting 

refeeding (Macqueen et al., 2013), and 

growth hormone (GH) transgenic (Alzaid et 

al., 2018). Moreover, the down regulation of 

IGFBP-3 in skeletal muscle of fine flounder 

(Paralichthys adspersus) as response to 

crowding chronic stress also indicated the 

directly effect on the growth of this gene 

(Valenzuela et al., 2018). In flounder and 

yellowtail, significant increase of the 

expression of IGFBP-3 genes in liver and/or 

muscle in response to food deprivation 

elucidated the function nutritional regulation 

of IGFBP-3 (Pedroso et al., 2009; Safian et 

al., 2012). Although the significant 

association between the expression level of 

IGFBP-3 gene and the growth of teleost fish 

was well illustrated, there has a few studies 

investigating the association between the 

genetic variations in this gene and the growth 

traits. 

The striped catfish, Pangasianodon 

hypophthalmus Sauvage, 1878, is classified 

into the Asian catfish family Pangasiidae 

(Roberts, Vidthayanon, 1991). In total of the 

world production of air-breathing fish in 

inland, the production of striped catfish took 

approximate a half, with 2520.4 thousand 

tons of live weight (FAO, 2022). The striped 

catfish is majorly cultured in the Mekong 

river delta in Vietnam and its production in 

Vietnam is the biggest over the world (Phan 

et al., 2009; Kim et al., 2018; Fletcher, 

2020). To improve the economically 

important traits of striped catfish such as 

growth rate, fillet yield and disease 

resistance, the breeding program based on 

traditional genetic selection has been 

conducted in Vietnam from 2001 (Nguyen et 

al., 2012; Vu et al., 2019) and in Indonesia 

from 2009 (Irwan et al., 2019). Recently, 

maker assisted selection (MAS) breeding 

program for striped catfish has been paid 

attention. The associations between genetic 

variations in candidate genes and the related 

economically important traits have been 

investigated to develop molecular markers 

for MAS (Le et al., 2021; Tran et al., 2021; 

Jiang et al., 2022). Based on available 

genome sequence of P. hypophthalmus (Kim 

et al., 2018), this study aimed to discover 

SNPs in IGFBP-3 gene and characterize the 

association between these SNPs and the 

growth traits of striped catfish, suggesting 

potential MAS for pangasius growth 

selection.  

MATERIALS AND METHODS 

Sampling strategy 

Striped catfish (P. hypophthalmus) were 

sampled from the phenotypic selected 

populations which had been produced by a 

breeding program to improve growth traits at 
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Research Institute of Aquaculture No.2 

(RIA2), Vietnam since 2001. Individual 

samples in this study were described in our 

own previous study (Tran et al., 2021). 

Briefly, growth-selected line was selected 

through three generations G1, G2, G3 since 

2001, and for this study, 226 full-sib family 

of G3-merged population were produced in 

May, 2014. Average 88 individuals per 

family were randomly marked by Passive 

Integrated Transponder tags (PIT-tags, 

Sokymat, Switzerlands) to have total 20,027 

fish stocked in separate pond. These fish 

were nursed for 192 days then were 

measured the average body weight, survival 

rate and feed conversion ratio to calculate the 

heritability and estimated breeding values 

(EBV) for body weight based on the animal 

linear mixed model and ASReml software 

version 2.0 (VSN International Ltd) (Nguyen 

et al., 2012). Our sampling strategy was 

performing the discovery sample set with 

small size to discover SNPs in IGFBP-3 gene 

and the validation set with larger size to 

validate the association of these SNPs with 

the growth traits (Figure 1). The discovery 

sample set included 10 fastest-growing fish 

from 9 highest EBV families and 10 slowest-

growing fish with lowest EBV individuals 

from 9 lowest EBV families. The validation 

sample set included 70 fast-growing fish 

having highest ranking EBV from 24 highest 

EBV families and 70 slow-growing fish 

having lowest ranking EBV from 31 lowest 

EBV families (Tran et al., 2021). Fin clips 

cut from these 160 individuals were 

preserved in 95% ethanol at −20°C until 

processing for DNA extraction.  

 

 

Figure 1. Workflow to discover and validate SNPs in IGFBP-3 gene. 
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DNA extraction 

 Fin clips were powdered in liquid 

nitrogen and homogenized in lysis solution 

(0.01 M EDTA, 0.01 M Tris-HCl pH 7.5, 0.1 

M NaCl, 2.1% SDS and 100 µL/mL 

proteinase K) for 3 hours at 56oC. DNA 

extraction was performed using the standard 

phenol/chloroform method (Sambrook, 

Russell, 2001). The quantity and quality of 

the extracted DNA were checked by 

NanoDrop One spectrophotometer (Thermo 

Fisher Scientific) and electrophoresis on 1% 

agarose gel. 

Fragments of IGFBP-3 gene amplification 

 Based on the sequence of IGFBP-3 gene 

in scaffold VN_pangasius sc0000042 

(NW_020824237.1) at position from 

1921250 to 1939687 (Kim et al., 2018), 5 

primer pairs were designed by using Primer3 

(v.0.4.0) software (Untergasser et al., 2012) to 

amplify exons and their adjacent intronic 

regions (Figure 2), (Table 1).  

 

Figure 2. Positions of 5 primer pairs used to amplify fragments of IGFBP-3 gene. The nucleotide of 
gene was numbered based on the annotation for the gene in NCBI (Gene ID 1939687). Exons and 
introns were denoted by E and I, respectively and numbered in ascending order. 

 

Table 1. Primer pairs used to amplify fragments of IGFBP-3 gene. 

 

Primer name Sequence (5’-3’) Ta (oC) 
Predicted size of fragment 
(bp) 

Fw267 GGGCAGTTGTATAGCTCGTG 
54 1021 

Rv1287 TCCTGTAGAAGTTTCGTTCGATT 

Fw4511 ACTGTTGAGTGTTGATCGGT 

51 876 
Rv5386 

TCCTTCTCTTTCCTGACTCCTAAT
A 

Fw4925 CGGTATGCAGAAAACAGAGCTG 
51 1154 

Rv6078 CTTCAAAACGCTTTCCATCTCTC 

Fw5734 AGAGAGGTGTGTTCAAGTGGTAT 
53 996 

Rv6729 TGAGTGAGAGCATTTACAAGCAG 

Fw16252 GCTTCTCCAACTGTCATATTTCCT 
51 1051 

Rv17302 GCCAACCACATACTTTCAGTCA 

 

PCR mixture contained 1 µL of diluted 

DNA template extracted from each 

individual, 1 µL of each primer (10 

pmol/µL), 12.5 µL of Taq 2X Master Mix 

(NEB) and H2O up to final volume of 25 µL. 

The reaction was conducted including the 
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initial denaturation at 95oC for 5 minutes, 30 

cycles of denaturation at 95oC for 30 

seconds, annealing at the temperature shown 

in Table 1 for 30 seconds, extending at 68oC 

for 1 minute, and the final elongation at 68oC 

for 7 minutes. The PCR products were 

checked the quality by electrophoresis on 1% 

agarose gel then purified by Thermo 

Scientific GeneJET PCR Purification Kit 

(Thermo Fisher). 

SNPs discovery 

The purified PCR products then were 

directly sequenced by Sanger method using 

ABI®3500 Genetic Analyzer (Applied 

Biosystems). The sequencing data was 

analyzed by BioEdit software (Hall, 1999) 

and the peaks were checked by eyes. To 

identify putative SNPs, the corresponding 

fragment from 20 individuals of discovery 

sample set were aligned to reference 

sequence using MUSCLE (Edgar, 2004).  

The putative SNPs were filtered to the 

next step of SNP validation if they met at 

least one of two criteria. The first criterion 

was non-synonymous SNPs because the 

substitution of amino acid sequence may 

lead to the changing of structure or function 

of protein (Diopere et al., 2013), (Suárez-

Salgado et al., 2020). The second criterion 

was that the ratio between alternative 

nucleotide and reference nucleotide 

(Alt/Ref) in at least one group was higher 

than 0.3 and the corresponding genotypic 

and/or allelic composition between fast- and 

slow-growing group significantly differed. 

In case the Ref is minor allele, the ratio 

would be calculated by Ref/Alt (minor allele/ 

major allele). The significant difference of 

genotypic composition and/or allelic 

composition between two groups was 

assessed by using p-value from Fisher’s 

exact test (p-value <0.05), which was 

calculated by SHEsis software (Shi, He, 

2005). 

SNP validation by genotyping in multi-

individuals 

The filtered SNP in IGFBP-3 was then 

individually genotyped in the validation 

sample set by Single Base Extension (SBE) 

method (Syvanen, 1999). To be used as 

templates for SBE reaction, fragments with 

average size of 500 bp containing the filtered 

SNP in 70 fast- growing fish and 70 slow- 

growing fish were amplified by PCR using 

primer pair Fw446 and Rv998 (Table 2). 

Then, the PCR products were purified by 

Thermo Scientific GeneJET PCR 

Purification Kit (Thermo Fisher). SBE 

primer was designed with 25 bases in core, 

which bound specifically to the adjacent 

regions of the filtered SNP (Table 2).  

Table 2. Primers used for SNP genotyping. 

 

Primer 
name 

Sequence (5’-3’) Purpose 
Predicted size 
of fragments 
(bp) 

Fw446 CTTGTTGCCCGTGCCTTTTC Amplifying fragment 
containing the filtered SNP 

553 
Rv998 GCAGCGGTTTGCTCTCAC 

SBE 
GAACATGAAGCCCATATTCCGC
TCT 

Genotyping the filtered 
SNP by SBE reaction 

26 

SBE: Single base extension. 
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 SBE reactions were performed using 

an ABI SNaPshot Multiplex PCR Kit 

(Applied Biosystems) according to the 

manufacturer's instructions. SBE products 

were purified by 1 U of Shrimp Alkaline 

Phosphatase - SAP (Thermo Fisher) at 

37°C for 30 minutes to prevent the co-

migrating of unincorporated terminators, 

which could generate the high background 

signal in mini-sequencing, then SAP was 

inactivated by incubation at 65°C for 15 

minutes. Total volume of 10 μL 

containing 0.5 μL purified SBE product, 

0.5 μL GeneScan-120 LIZ Size Standard 

(Applied Biosystems) and 9 μL 

formamide was denatured at 95°C for 5 

minutes before loading onto the 

ABI®3500 Genetic Analyzer (Applied 

Biosystems) to determine the fluorescence 

and size of the extended products. The 

SNP data was analyzed using 

GeneMapper 4.1 software. 

Data analysis 

The total SNP data from discovery and 

validation sample sets (80 individuals of 

fast-growing fish and 80 individuals of 

slow-growing fish) was analyzed to 

characterize the association with growth 

traits and validate SNP marker candidates 

for growth trait in P. hypophthalmus. The 

significant difference of genotypic 

composition/ allelic composition between 

fast- and slow-growing groups was 

assessed by p-value from Fisher’s exact 

test (p-value <0.05), which was calculated 

by SHEsis software (Shi, He, 2005). 

Parameters of genetic diversity of 160 

individuals including polymorphism 

information content (PIC) and minor 

allele frequency (MAF) were calculated 

by Gene-Calc software 

(https://www.gene-calc.pl).  

RESULTS AND DISCUSSION 

SNPs discovery 

Fragments of IGFBP-3 gene from 10 

fast-growing fish and 10 slow-growing fish 

were amplified, then sequenced by Sanger 

sequencing, and aligned to reference 

sequence to discover SNPs (Figure 3). 

A total of 10 putative SNPs were 

discovered in IGFBP-3 gene, including a 

non-synonymous SNP and 9 SNPs located in 

non-coding sequence (Table 3). Non-

synonymous SNP was rarely occurred in the 

examined fragments of IGFBP3 gene, which 

was consistent with previous SNP 

discoveries in teleost fish, such as salmon 

(Ferchaud et al., 2018), channel catfish 

(Suárez-Salgado et al., 2020), sole (Diopere 

et al., 2013), and turbot (Vera et al., 2013; 

Robledo et al., 2017). The explanation for 

this phenomenon is that SNPs in intron 

regions may accumulate more easily than in 

exon regions because of the differences in 

selective pressures (Mu et al., 2011; Zhang 

et al., 2019). Non-synonymous variations are 

usually associated with deleterious 

mutations, hence, they should be 

preferentially eliminated by evolutionary 

constraints (Hubert et al., 2010).  

Based on the criteria of SNP filtration, 

non-synonymous SNP 704 C>G causing the 

substitution of amino acid Leucine to Valine 

at position 8 of protein (p.Leu8Val) was 

filtered for the next step of SNP validation. 

Among 9 SNPs located in non-coding 

region, two SNPs, 1123 G>T in intron 1 and 

17119 A>G in 3’-UTR, had the ratio Alt/Ref 

> 0.3 in at least one group (Table 3), but they 

did not show the significant difference in 

genotypic as well as allelic composition 

between fast- and slow-growing groups (p > 

0.05). Thus, these two SNPs were not filtered 

to be validated in the next procedure.   

https://www.gene-calc.pl/pic
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Figure 3. Illustration of a discovered SNP 704 C>G in IGFBP-3 gene by Sanger sequencing in 10 
fast- growing fish and 10 slow- growing fish. REF, FG and SG denotes sequence of reference, fast-
growing fish and slow-growing fish, respectively. Red borders and red arrows denote positions of this 
SNP. Heterozygous genotype is illustrated by degenerate nucleotides, S for C and G. 

 
SNPs validation in bigger population and 

association analysis with growth traits of 

the striped catfish 

The filtered non-synonymous SNP 704 

C>G (p.Leu8Val) was individually 

genotyped in 70 fast- growing fish and 70 

slow-growing fish by SBE method. SNP 

data collected in both discovery and 

genotyping panels, totally 80 fast- growing 

fish and 80 slow- growing fish, were used to 

validate the association between the SNPs 

and growth traits of striped catfish (Table 

4). The non-identified (NN) genotyped 

individual was caused by technical errors of 

SBE method. In our study, the error rate was 

only 1.25% (Table 4) which was acceptable 

for statistical analysis (Bonin et al., 2004). 

Two genotypes, CG and GG, presented in 

both fast- and slow-growing groups. 

However, genotype CG appeared more 

frequently in fast-growing group while 

genotype GG made up the majority in slow-

growing group. The difference between the 

genotypic compositions of these two groups 

was statistically significant with p-value < 
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0.01. Moreover, the allelic composition at 

this locus showed significant difference 

between the fast- and slow-growing groups 

(p<0.05) (Table 4). The result proved that 

the non-synonymous SNP 704 C>G 

(p.Leu8Val) is significantly associated with 

the growth traits. In previous studies, the 

associations between SNPs in IGFBP-3 

gene and the growth of human (van der 

Kaay et al., 2009), swine (Wu et al., 2016), 

common carp (Mehrabi et al., 2015) and 

chicken (Ou et al., 2009) were found at loci 

in non-coding region such as promoter, 

intron and 5’-UTR. In this study, we firstly 

reported a non-synonymous SNP of IGFBP-

3 gene in P. hypophthalmus, which was 

associated with growth traits of this fish. By 

in silico analysis, the position of substituted 

amino acid (Leu8Val) in IGFBP-3, which 

was caused by non-synonymous SNP 704 

C>G, was located in N-terminal signal 

peptide of proteins (data not shown). 

Because the signal peptide is crucial for the 

transport and secretion of IGFBP-3 (Varma 

Shrivastav et al., 2020), this non-

synonymous SNP might effect on 

downstream response. The function of the 

SNP needs to be further clarified. 

Table 3. Characteristics of discovered SNPs in IGFBP-3. 
 

N
o 

Positions of 
SNPs in gene 

Ref Alt 

Genotypic composition Allelic composition 

Fast- growing 
group 

(Alt/Ref)3 

Slow- growing 
group 

(Alt/Ref)3 

Fast- 
growing 
group 

Slow- 
growing 
group 

1 
Exon 1_ 

5’-UTR_647 
T A* 

8TT:2AA 

(0.25) 

8TT:1TA:1AA 

(0.22) 
16T:4A 17T:3A 

2 
Exon 1_ 

CDS_704(1) C* G 1CG:9GG 2CG:8GG 1C:19G 2C:18G 

3 Intron 1_1115 G T* 
9GG:1TT 

(0.11) 

9GG:1TT 

(0.11) 
18G:2T 18G:2T 

4 
Intron 
1_1123(2) G* T 

2GG:8TT 

(0.20) 

3GG:7TT 

(0.43) 
4G:16T 6G:14T 

5 Intron 1_4638 C G* 
8CC:2CG 

(0.20) 

10CC 

(0.00) 
18C:2G 20C 

6 Intron 1_4695 C A* 
9CC:1CA 

(0.01) 

8CC:2CA 

(0.20) 
19C:1A 18C:2A 

7 Intron 2_5187 G A* 
10GG 

(0.00) 

9GG:1GA 

(0.10) 
20G 19G:1A 

8 Intron 2_5375 G A* 6GG:2GA:2NN 8GG:1GA:1NN 14G:4A 17G:1A 

9 

Exon 4_ 

3’-
UTR_17119(2) 

A* G 
3AA:7GG 

(0.43) 

2AA:8GG 

(0.25) 
6A:14G 4A:16G 

1
0 

Exon 4_ 

3’-UTR_17128 
C G* 

8CC:2GG 

(0.25) 

10CC 

(0.00) 
16C:4G 20C 

NN presents non-identified individuals. (1) denotes for nonsynonymous SNP. (2) denotes for SNP with 
the ratio Alt/Ref > 0.3 in at least one group. 3the ratio was defined as minor allele/ major allele. * 
denotes for minor allele, which took smaller proportion in total individuals of both fast- growing group 
and slow- growing group.  
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Table 4. Characterization of the SNP 704 C>G (p.Leu8Val) and association analysis with growth trait. 

 

 Fast-growing group Slow-growing group p 

Genotypic 

composition 

CG (45) 

GG (35) 

 

CG (26) 

GG (53) 

NN (01) 

0.003** 

Allelic 

composition 

C (45) 

G (115) 

C (26) 

G (132) 
0.013* 

PIC 0.347  

MAF 0.223  

Note: The number of individuals carrying genotype and the number of each allele in each group is 
shown in parentheses. NN: Non-identified genotype individual. p‐values for the difference between 
genotypic composition/allelic composition of the fast- growing group and that of slow- growing group 
are from Fisher's exact test: *p<0.05, **p < 0.01. 

Furthermore, the genetic diversity of SNP 

704 C>G in 160 individuals were evaluated 

by PIC and MAF values shown in Table 4. 

With PIC value was 0.347, this non-

synonymous SNP presented the moderate 

genetic diversity (0.25 < PIC < 0.5), 

suggesting the reasonable potential for 

breeding selection (Vaiman et al., 1994; 

Chesnokov, Artem’eva, 2015). The 

moderate MAF value 0.223 (>20%) 

determined this SNP as a common variant, 

contributing to the genetic variance (Park et 

al., 2011). 

CONCLUSION 

Putative SNPs were discovered in 

IGFBP-3 gene of striped catfish, among 

which a non-synonymous SNP 704 C>G 

(p.Leu8Val) showed the significant 

association with the growth of this fish. 

Therefore, this non-synonymous SNP in 

IGFBP-3 might be a potential molecular 

marker for growth traits in breeding of the 

striped catfish.  

Acknowledgments: This work is funded by 

Vietnam National Foundation for Science 

and Technology Development (NAFOSTED) 

under grant number 106.05-2017.29 to Oanh 

Thi Phuong Kim. 

REFERENCES 

Allard JB, Duan C (2018) IGF-Binding Proteins: 

Why do they exist and why are there so many? 

Front Endocrinol 9:117. 

http://doi.org/10.3389/fendo.2018.00117  

Alzaid A, Kim J-H, Devlin RH, Martin SAM, 

Macqueen DJ (2018) Growth hormone 

transgenesis in coho salmon disrupts muscle 

immune function impacting cross-talk with 

growth systems. J Exp Biol 221:13. 

http://doi.org/10.1242/jeb.173146  

Bonin A, Bellemain E, Bronken Eidesen P, 

Pompanon F, Brochmann C, Taberlet P (2004) 

How to track and assess genotyping errors in 

population genetics studies. Mol Ecol 13:3261-

3273. http://doi.org/10.1111/j.1365-

294X.2004.02346.x 

Chesnokov Y, Artem’eva A (2015) Evaluation of 

the measure of polymorphism. 

Sel'skokhozyaistvennaya Biologiya 50:571-578. 

http://doi.org/10.15389/agrobiology.2015.5.571

eng 

delaSerrana DG, Macqueen DJ (2018) Insulin-

Like Growth Factor-Binding Proteins of teleost 

fishes. Front Endocrinol 9:80. http://doi.org/

http://doi.org/10.3389/fendo.2018.00117
http://doi.org/10.1242/jeb.173146
http://doi.org/10.1111/j.1365-294X.2004.02346.x
http://doi.org/10.1111/j.1365-294X.2004.02346.x
http://doi.org/10.15389/agrobiology.2015.5.571eng
http://doi.org/10.15389/agrobiology.2015.5.571eng


Trang Thi Huyen Tran et al. 

302 

10.3389/fendo.2018.00080  

Diopere E, Hellemans B, Volckaert FA, Maes 

GE (2013) Identification and validation of single 

nucleotide polymorphisms in growth- and 

maturation-related candidate genes in sole (Solea 

solea L.). Mar Genom 9:33-38. 

http://doi.org/10.1016/j.margen.2012.09.001 

Edgar RC (2004) MUSCLE: multiple sequence 

alignment with high accuracy and high 

throughput. Nucleic Acids Res 32:1792-1797. 

http://doi.org/10.1093/nar/gkh340  

FAO (2022) The State of World Fisheries and 

Aquaculture 2022. Towards Blue 

Transformation. Rome, FAO, 

10.4060/cc0461enhttp://doi.org/10.4060/cc0461

en 

Ferchaud A-L, Laporte M, Perrier C, Bernatchez 

L (2018) Impact of supplementation on 

deleterious mutation distribution in an exploited 

salmonid. Evol Appl 11:1053-1065. 

http://doi.org/https://doi.org/10.1111/eva.12660 

Fletcher R (2020) Catfish can be key drivers of 

global aquaculture growth. The Fish site. 

https://thefishsite.com/articles/catfish-can-be-

key-drivers-of-global-aquaculture-growth. 

Accessed 8 October 2020  

Hall TA (1999) BioEdit: A user-friendly 

biological sequence alignment editor and 

analysis program for Windows 95/98/NT. 

Nucleic Acids Symp Ser 41:95-98.   

Hossner KL, McCusker RH, Dodson MV (1997) 

Insulin-like growth factors and their binding 

proteins in domestic animals. Anim Sci 64:1-15. 

http://doi.org/10.1017/S1357729800015502 

Hubert S, Higgins B, Borza T, Bowman S (2010) 

Development of a SNP resource and a genetic 

linkage map for Atlantic cod (Gadus morhua). 

BMC Genom 11:191. 

http://doi.org/10.1186/1471-2164-11-191 

Irwan I, Soelistyowati DT, Carman O, Noor RR 

(2019) Performance of the third generation 

striped catfish, Pangasianodon hypophthalmus 

Sauvage, 1878 as results of the selection for 

bodyweight character in Freshwater Aquaculture 

Fisheries Center, Sungai Gelam, Jambi. Jurnal 

Iktiologi Indonesia 19:411-423. 

http://doi.org/10.32491/jii.v19i3.469 

Jiang L-S, Ruan Z-H, Lu Z-Q, Li Y-F, Luo Y-Y, 

Zhang X-Q, Liu W-S (2022) Novel SNPs in the 

3'UTR region of GHRb gene associated with 

growth traits in striped catfish (Pangasianodon 

hypophthalmus), a valuable aquaculture species. 

Fishes 7:230. 

http://doi.org/10.3390/fishes7050230 

Kannian VG, Ryan FJ (2019) Physiology of 

Growth Hormone in Fetus and Child, in: I. 

Huhtaniemi , L. Martini (Eds), Encyclopedia of 

Endocrine Diseases (Second Edition), Academic 

Press, Oxford: 10-18. 

Kim OTP, Nguyen PT, Shoguchi E, Hisata K, Vo 

TTB, Inoue J, Shinzato C, Le BTN, Nishitsuji K, 

Kanda M, Nguyen VH, Nong HV, Satoh N 

(2018) A draft genome of the striped catfish, 

Pangasianodon hypophthalmus, for comparative 

analysis of genes relevant to development and a 

resource for aquaculture improvement. BMC 

Genom 19:733. http://doi.org/10.1186/s12864-

018-5079-x  

Le TNB, Tran SH, Tran THT, Nguyen TH, Kim 

TPO (2021) Classification of the multigene 

family of fatty acid binding proteins (FABPs) 

and transcription profile of the genes in striped 

catfish (Pangasianodon hypophthalmus). 

Vietnam J Sci Technol 19:259–270. 

http://doi.org/10.15625/1811-4989/16128 

Macqueen DJ, Garcia de la Serrana D, Johnston 

IA (2013) Evolution of ancient functions in the 

vertebrate insulin-like growth factor system 

uncovered by study of duplicated salmonid fish 

genomes. Mol Biol Evol 30:1060-1076. 

http://doi.org/10.1093/molbev/mst017 

Mehrabi F, Khalesi M, Farhadi A (2015) 

Polymorphism of insulin-like growth factor 

binding protein-3 (IGFBP-3) gene associated 

with growth traits in Cyprinus carpio L. Iran J 

Ichthyol 2:172-176.  

Mu XJ, Lu ZJ, Kong Y, Lam HYK, Gerstein MB 

http://doi.org/10.1016/j.margen.2012.09.001
http://doi.org/10.1093/nar/gkh340
http://doi.org/10.4060/cc0461en
http://doi.org/10.4060/cc0461en
http://doi.org/https:/doi.org/10.1111/eva.12660
http://doi.org/10.1017/S1357729800015502
http://doi.org/10.1186/1471-2164-11-191
http://doi.org/10.32491/jii.v19i3.469
http://doi.org/10.3390/fishes7050230
http://doi.org/10.1186/s12864-018-5079-x
http://doi.org/10.1186/s12864-018-5079-x
http://doi.org/10.15625/1811-4989/16128
http://doi.org/10.1093/molbev/mst017


Vietnam Journal of Biotechnology 21(2): 293-304, 2023 

303 

(2011) Analysis of genomic variation in non-

coding elements using population-scale 

sequencing data from the 1000 Genomes Project. 

Nucleic Acids Res 39:7058-7076. 

http://doi.org/10.1093/nar/gkr342 

Nguyen SV, Klemetsdal G, Ødegård J, Gjøen 

HM (2012) Genetic parameters of economically 

important traits recorded at a given age in striped 

catfish (Pangasianodon hypophthalmus). Aquac 

344-349:82-89. http://doi.org/10.1016/ 

j.aquaculture.2012.03.013 

Ou JT, Tang SQ, Sun DX, Zhang Y (2009) 

Polymorphisms of three neuroendocrine-

correlated genes associated with growth and 

reproductive traits in the chicken. Poult Sci 

88:722-727. http://doi.org/https://doi.org/ 

10.3382/ps.2008-00497 

Park JH, Gail MH, Weinberg CR, Carroll RJ, 

Chung CC, Wang Z, Chanock SJ, Fraumeni JF, 

Jr., Chatterjee N (2011) Distribution of allele 

frequencies and effect sizes and their 

interrelationships for common genetic 

susceptibility variants. Proc Natl Acad Sci USA 

108:18026-18031. 

http://doi.org/10.1073/pnas.1114759108  

Pedroso FL, Fukada H, Masumoto T (2009) 

Molecular characterization, tissue distribution 

patterns and nutritional regulation of IGFBP-1, -

2, -3 and -5 in yellowtail, Seriola quinqueradiata. 

Gen Comp Endocrinol 161:344-353. 

http://doi.org/10.1016/j.ygcen.2009.01.010 

Phan L, Bui M, Nguyen T, Gooley G, Ingram B, 

Nguyen H, Nguyen P, De Silva S (2009) Current 

status of farming practices of striped catfish, 

Pangasianodon Hypophthalmus in the Mekong 

Delta, Vietnam. Aquac 296:227-236. 

http://doi.org/10.1016/j.aquaculture.2009.08.017 

Roberts T, Vidthayanon C. 1991. Systematic 

revision of the asian catfish family pangasiidae 

with biological observations and descriptions of 

three new species. Proc Acad Nat Sci Phila. 143: 

97-143 

Robledo D, Rubiolo JA, Cabaleiro S, Martínez P, 

Bouza C (2017) Differential gene expression and 

SNP association between fast- and slow-growing 

turbot (Scophthalmus maximus). Sci Rep 

7:12105. http://doi.org/10.1038/s41598-017-

12459-4  

Safian D, Fuentes EN, Valdés JA, Molina A 

(2012) Dynamic transcriptional regulation of 

autocrine/paracrine igfbp1, 2, 3, 4, 5, and 6 in the 

skeletal muscle of the fine flounder during 

different nutritional statuses. J Endocrinol 

214:95-108. http://doi.org/10.1530/joe-12-0057 

Sambrook J, Russell DW (2001) Molecular 

Cloning, Third Edition, Cold Spring Harbour 

Laboratory Press, Cold Spring Harbour, New 

York. 

Shi YY, He L (2005) SHEsis, a powerful 

software platform for analyses of linkage 

disequilibrium, haplotype construction, and 

genetic association at polymorphism loci. Cell 

Res 15:97-98. http://doi.org/10.1038/ 

sj.cr.7290272  

Suárez-Salgado D, Parra-Bracamonte M, 

Benavides-González F, Alfaro I, Rincón A, 

Moreno-Medina V, Rosa-Reyna X (2020) Non-

synonymous polymorphisms in candidate gene 

associated with growth traits in Channel catfish 

(Ictalurus punctatus, Rafinesque, 1818). Mol 

Biol Rep 47 87-95. 

http://doi.org/10.1007/s11033-019-05110-0 

Syvanen AC (1999) From gels to chips: 

"minisequencing" primer extension for analysis 

of point mutations and single nucleotide 

polymorphisms. Hum Mutat 13:1-10. 

http://doi.org/10.1002/(sici)1098-

1004(1999)13:1<1::aid-humu1>3.0.co;2-i 

Tran TTH, Nguyen HT, Le BTN, Tran PH, 

Nguyen SV, Kim OTP (2021) Characterization 

of single nucleotide polymorphism in IGF1 and 

IGF1R genes associated with growth traits in 

striped catfish (Pangasianodon hypophthalmus 

Sauvage, 1878). Aquac 538:736542. 

http://doi.org/10.1016/j.aquaculture.2021.736542 

Untergasser A, Cutcutache I, Koressaar T, Ye J, 

Faircloth BC, Remm M, Rozen SG (2012) 

Primer3--new capabilities and interfaces. 

http://doi.org/10.1093/nar/gkr342
http://doi.org/https:/doi.org/10.3382/ps.2008-00497
http://doi.org/https:/doi.org/10.3382/ps.2008-00497
http://doi.org/10.1073/pnas.1114759108
http://doi.org/10.1016/j.ygcen.2009.01.010
http://doi.org/10.1016/j.aquaculture.2009.08.017
http://doi.org/10.1038/s41598-017-12459-4
http://doi.org/10.1038/s41598-017-12459-4
http://doi.org/10.1530/joe-12-0057
http://doi.org/10.1007/s11033-019-05110-0
http://doi.org/10.1002/(sici)1098-1004(1999)13:1%3c1::aid-humu1%3e3.0.co;2-i
http://doi.org/10.1002/(sici)1098-1004(1999)13:1%3c1::aid-humu1%3e3.0.co;2-i
http://doi.org/10.1016/j.aquaculture.2021.736542


Trang Thi Huyen Tran et al. 

304 

Nucleic Acids Res 40:e115. 

http://doi.org/10.1093/nar/gks596  

Vaiman D, Mercier D, Moazami-Goudarzi K, 

Eggen A, Ciampolini R, Lépingle A, Velmala R, 

Kaukinen J, Varvio SL, Martin P (1994) A set of 

99 cattle microsatellites: characterization, 

synteny mapping, and polymorphism. Mamm 

Genome 5:288-297. 

http://doi.org/10.1007/bf00389543  

Valenzuela CA, Zuloaga R, Mercado L, 

Einarsdottir IE, Björnsson BT, Valdés JA, 

Molina A (2018) Chronic stress inhibits growth 

and induces proteolytic mechanisms through two 

different nonoverlapping pathways in the 

skeletal muscle of a teleost fish. Am J Physiol 

Regul Integr Comp Physiol 314:102-113. 

http://doi.org/10.1152/ajpregu.00009.2017 

van der Kaay DC, Hendriks AE, Ester WA, 

Leunissen RW, Willemsen RH, de Kort SW, 

Paquette JR, Hokken-Koelega AC, Deal CL 

(2009) Genetic and epigenetic variability in the 

gene for IGFBP-3 (IGFBP3): correlation with 

serum IGFBP-3 levels and growth in short 

children born small for gestational age. Growth 

Horm IGF Res 19:198-205. 

http://doi.org/10.1016/j.ghir.2008.08.010 

Varma Shrivastav S, Bhardwaj A, Pathak KA, 

Shrivastav A (2020) Insulin-Like Growth Factor 

Binding Protein-3 (IGFBP-3): Unraveling the 

Role in Mediating IGF-Independent Effects 

Within the Cell. Front Cell Dev Biol 8:286. 

http://doi.org/10.3389/fcell.2020.00286  

Vera M, Alvarez-Dios J-A, Fernandez C, Bouza 

C, Vilas R, Martinez P (2013) Development and 

validation of single nucleotide polymorphisms 

(SNPs) markers from two transcriptome 454-

runs of turbot (Scophthalmus maximus) using 

high-throughput genotyping. Int J Mol Sci 

14:5694-5711. http://doi.org/10.3390/ 

ijms14035694  

Vu NT, Van Sang N, Phuc TH, Vuong NT, 

Nguyen NH (2019) Genetic evaluation of a 15-

year selection program for high growth in striped 

catfish Pangasianodon hypophthalmus. Aquac 

509:221–226.  

Winston BW, Ni A, Arora RC (2006) Insulin-

like growth factors, in: GJ Laurent, SD Shapiro 

(Eds), Encyclopedia of Respiratory Medicine, 

Academic Press, Oxford: 339-346.  

Wu Q, Yu H, Fang X, Cheng Y, Dong L, Wei W, 

Wang G, Fu H, Liu S, Hao L (2016) The 

association of haplotypes in IGFBP-3 gene 

promoter region and tissue expressions in three 

pig breeds. Anim Cells Syst 20:384-393. 

http://doi.org/10.1080/19768354.2016.1253614 

Zhang S, Li X, Chen X, Pan J, Wang M, Zhong 

L, Qin Q, Bian W (2019) Significant associations 

between prolactin gene polymorphisms and 

growth traits in the channel catfish (Ictalurus 

punctatus Rafinesque, 1818) core breeding 

population. Meta Gene 19:32-36. 

http://doi.org/https://doi.org/10.1016/j.mgene.20

18.10.006  

 

http://doi.org/10.1093/nar/gks596
http://doi.org/10.1007/bf00389543
http://doi.org/10.1152/ajpregu.00009.2017
http://doi.org/10.1016/j.ghir.2008.08.010
http://doi.org/10.3389/fcell.2020.00286
http://doi.org/10.1080/19768354.2016.1253614
http://doi.org/https:/doi.org/10.1016/j.mgene.2018.10.006
http://doi.org/https:/doi.org/10.1016/j.mgene.2018.10.006

