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Introduction

The prolactin gene is one of the genes that influence duck repro-
duction. In local ducks of Indonesia, two SNP are associated with egg 
numbers laid up to three months (Damayanti et al., 2022). In another 
study, the prolactin gene affected egg production, egg weight, dou-
ble-yolk percentage, egg number, and egg production in ducks (Li et al., 
2009; Wang et al., 2011; Chuekwon and Boonlum, 2017; Purwantini et al., 
2020; Damayanti et al., 2022). The prolactin gene in ducks is found on 
chromosome 2 with five exons (NCBI, 2024b). Based on GenBank Acc. No. 
NC_051773.1, the number of prolactin gene sequences is 6165 bp with 
the location of exon 1 until 5, 53-80, 1584-1765, 2170- 2277, 3582-3761, 
5673-5864, respectively (NCBI, 2024a). 

Several species' prolactin genes can be analyzed using bioinformatic 
tools such as alignment, gene search, genome analysis, and gene pattern 
search (Raza, 2012). BioEdit (offline) and NCBI (online) are often used in 
DNA sequence analysis. BioEdit is one of the most commonly used pro-
grams in molecular biology studies. It originated from sequence align-
ments specifically for Windows. This program contains many features for 
easy-to-use sequence alignments, separate window views, user-defined 
colors, and automatic integration with other programs such as ClustalW 
and BLAST (Hall et al., 2011). Many studies on candidate genes in ducks 
use bioinformatic tools as a genetic analysis that includes DNA sequence 
alignment, SNP detection, restriction enzyme analysis, and amino Acid 
change analysis (Purwantini et al., 2020; Sabry et al., 2020; Damayanti et 
al., 2022; Jax et al., 2022). 

DNA sequence alignment and SNP detection can also use the BLAST 
feature on NCBI. Not only that, NCBI has a database and software (anal-
ysis tool) that is often used for genetic analysis, such as DNA-RNA Tool 
which includes GenBank, BioSystem, Database of Expressed Sequence 

Tags (dbEST), Database of Genome Survey Sequences (dbGSS), and 
BLAST (Basic Local Alignment Search Tool) (Jenuth, 2000; Maglott et al., 
2005; Pruitt et al., 2007; Hall et al., 2011; Barrett et al., 2012). In the pre-
vious study, genetic analysis was performed on the MC4R gene of the 
Bligon goat and other species (Latifah et al., 2017). Then, its result used 
an association study with growth traits and feed intake in Bligon goats 
(Latifah et al., 2018; Latifah et al., 2020). The study aimed to identify SNPs, 
amino Acid changes, restriction enzyme mapping, genetic distance, and 
phylogenetic trees in the prolactin gene of ducks based on Genbank se-
quences. This preliminary study will be used for further research, namely 
the association study of Prolactin gene SNPs and reproductive traits in 
ducks.

Materials and methods

Data collection

This study used 8 Genbank sequences from NCBI. The Acc. No. of 
Genbank were AB158611.1, JQ677091.2, GU984377.1, DQ660983.1, 
DQ345782.1, LC565023.1, NM001310372 and DQ345783.1.

Restriction enzyme mapping has been performed on 5 PCR targets 
(Chuekwon and Boonlum, 2017).  

Data Analysis

The 8 Genbank were used for SNP identification, amino Acid change 
analysis, and restriction enzyme mapping using Bioedit ver.7.2 software. 
Seven Genbank (except DQ345783.1) were used to perform genetic dis-
tance and phylogenetic tree. The genetic distance and phylogenetic tree 
contracted using Mega 11 software.
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ARTICLE INFO ABstRACT

The prolactin gene is a candidate gene for egg weight, egg number, and egg production in ducks. This study 
aimed to perform genetics analysis, including single nucleotide polymorphisms, amino Acid change, restriction 
enzyme, and phylogenetic tree. A preliminary study on the prolactin gene was carried out in 8 GenBank se-
quences of ducks. Polymorphism was screened in 8 prolactin gene sequences of duck (AB158611.1; JQ677091.2; 
GU984377.1; DQ660983.1; DQ345782.1; LC565023.1; NM001310372; DQ345783.1) using alignment with Bioedit 
ver. 7.2. The results showed that 87 SNPs were detected: 10 SNPs in the 5’UTR region, 3 SNPs in exon 1, 25 SNPs 
in intron 1, 4 SNPs in exon 2, 18 SNPs in intron 2,  2 SNPs in exon 3, 8 SNPs in intron 3, 1 SNP in exon 4, 9 SNPs in 
intron 4; 5 SNPs in exon 5 and 2 SNPs in 3’UTR. There were 9 SNPs in the exon region that changed amino Acids. 
The main result of restriction enzyme mapping was discovered seven enzymes (AluI, BstKTI, DpnI, MboI, AciI, FatI, 
NlaIII) which recognized 4 SNPs regions based on restriction mapping using Bioedit. The recommendation for 
a restriction enzyme for the next step was the AluI enzyme. The results of this study provide further evidence of 
the role of the Prolactin gene as a candidate gene in duck.
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Results

SNP identification and amino Acid change

Sequences from NCBI were aligned using Bioedit ver. 7.2. Based on 
alignment analysis, 87 SNPs were detected. Ten SNPs were identified in 
the 5’UTR region, 3  SNPs in exon 1, 25 SNPs in intron 1, 4 SNPs in exon 2, 
18 SNPs in intron 2,  2 SNPs in exon 3, 8 SNPs in intron 3, 1 SNP in exon 4, 
9 SNPs in intron 4; 5 SNPs in exon 5 and 2 SNPs in 3’UTR. The 11 SNPs in 
the coding region amino were changed amino Acids (Table 1).

Restriction enzyme mapping

Based on restriction enzyme mapping using Bioedit, 7 enzymes rec-
ognized 3 SNPs consisting 1 enzyme in SNP g.1886G/A (AluI), 3 enzymes 
in SNPs g.2463C/T (BstKTI, DpnI, and MboI), 1 enzyme in SNP g.5962G/A 
(AciI), and 2 enzymes (FatI and NlaIII) in SNP g.5995A/T (Table 2). One 
enzyme performed large fragments (>100 bp) with a specific character. 
Among seven enzymes, there was one recommended enzyme cleavage 
of the PCR product in the SNP g.1886G/A. For the G base, the AluI en-
zyme recognizes 2 sites and produces 3 fragments (108, 172, and 121), 
and for the A base, AluI recognizes 1 site and performs 2 fragments (108 
and 293). In this study, the AluI enzyme may be used to genotype ducks 
using the PCR-RFLP method. The illustration recommendation restriction 
enzyme is shown in Figure 1.

Genetic distance and phylogenetic tree

The genetic distance among the seven studied prolactin gene se-
quences revealed that AB158611.1 revealed very close (0.01) with 
JQ677091.2, (0.07) with GU984377.1, and DQ345782.1, with (0,08) 
DQ660983.1 and (2.66 and 2.70) with NM001310372.1 and DQ345783.1, 
respectively (Table 3). The construction of a phylogenetic tree can use the 
partial gene observed. In this study, a phylogenetic tree was constructed 
based on the prolactin gene of several sequences of ducks. The phylo-
genetic tree was joined first on AB158611.1, JQ677091.2, GU984377.1, 
DQ660983.1, and DQ345782.1, followed by the LC565023.1 and then 
NM001310372 (Figure 2).
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Table 1. SNP identification and amino Acid change

No SNP* Location Amino Acid 
change

1 g.86G/A 5’UTR –

2 g.132AG 5’UTR –

3 g.135T/C/A 5’UTR –

4 g.137C/G 5’UTR –

5 g.178A/G 5’UTR –

6 g.187A/G 5’UTR –

7 g.189G/A 5’UTR –

8 g.213C/T 5’UTR –

9 g.214A/G 5’UTR –

10 g.234G/A 5’UTR –

11 g.259A/C Exon 1 D/A

12 g.263C/A Exon 1 S/S

13 g.267G/A Exon 1 E/K

14 g.295C/G/T Intron 1 –

15 g.301G/T Intron 1 –

16 g.314G/T Intron 1 –

17 g.358T/C Intron 1 –

18 g.326G/T Intron 1 –

19 g.343G/A Intron 1 –

20 g.395C/T Intron 1 –

21 g.312T/G/C Intron 1 –

22 g.412A/G Intron 1 –

23 g.419G/A Intron 1 –

24 g.434T/C Intron 1 –

25 g.437A/T Intron 1 –

26 g.1619T/C Intron 1 –

27 g.1620A/G Intron 1 –

28 g.1626G/C Intron 1 –

29 g.1654C/A Intron 1 –

30 g.1659G/A Intron 1 –

31 g.1681T/C Intron 1 –

32 g.1686A/T Intron 1 –

33 g.1697A/T Intron 1 –

34 g.1698C/A Intron 1 –

35 g.1702T/G Intron 1 –

36 g.1712C/T Intron 1 –

37 g.1715C/T Intron 1 –

38 g.1740T/C Intron 1 –

39 g.1766C/G Intron 1 –

40 g.1796A/G Exon 2 L/L

41 g.1818A/G Exon 2 K/E

42 g.1886G/A Exon 2 E/E

43 g.1925T/C Exon 2 H/H

44 g.2114T/A Intron 2 –

45 g.2130T/C Intron 2 –

46 g.2170T/C Intron 2 –

47 g.2176C/T Intron 2 –

48 g.2194A/G Intron 2 –

49 g.2202C/T Intron 2 –

50 g.2240A/C Intron 2 –

51 g.2248C/T Intron 2 –

52 g.2264T/C Intron 2 –
Note: The SNP numbering is based on Genbank Acc. No. AB158611.1

Fig 1. The recommendation of restriction enzyme.

Fig 2. Phylogenetic tree



Discussion

A total of 87 SNPs were detected in ducks based on Genbank se-
quences in this study using the Bioedit program. According to research 
by Chuekwon and Boonlum (2017), 5 SNPs were identified and compared 
with the Genbank sequence Acc. No. AB158611 (55G/A, 191G/T, 255G/A, 
287T/G, and 359C/A). An SNP was identified at position c.164G/A and 
has changed amino guanine (G) to adenine (A), indicating the nucleotide 
variation in the region (Purwantini et al., 2020).  SNPs of the prolactin 
gene were reported to be associated with reproduction and production 
traits in ducks (Alsudany et al., 2023; Astuti, 2019; Susanti and Yuniastu-
ti, 2020). The association study of the prolactin gene with reproduction 
traits in the Khaki Campbell population described that the SNP 359A/C 
in intron influences egg production at 300 days of age (Chuekwon and 
Boonlum, 2017). An SNP was identified at position c.164G/A) with three 
different genotypes  (AA, GA, and GG) that have significant associations 
with egg production in Tegal and Magelang (F0) ducks (Purwantini et al., 

2020). In other studies, the prolactin gene SNP SNP 5796C/A and 5817T/C 
were found to be associated with egg numbers laid up to three months in 
Alabio and Mojosari Ducks (Damayanti et al., 2022). The different results 
in the association study prolactin gene SNP and production trait were re-
ported by Alsudany et al. (2023) that SNP and haplotypes of the prolactin 
gene exon 1 did not have a significant effect on the average weights of 
Iraqi ducks. Based on previous research, many of the prolactin genes have 
the potential to make a candidate gene for reproduction and production 
traits in ducks.

This study found that 7 enzymes recognize SNP areas. The study of 
restriction enzyme mapping was done in the MC4R gene in the previ-
ous study (Latifah et al., 2017; Perdana and Hartatik, 2022). Restriction 
enzymes are essential tools in in vivo and diverse functions of biological 
molecules (Loenen et al., 2014). Various studies have used restriction en-
zymes to identify the SNP of the prolactin gene in ducks. Previous re-
search used restriction enzymes for genotyping ducks based on the pro-
lactin gene (Chuekwon and Boonlum, 2017; Sabry et al., 2020; Susanti and 
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No SNP* Location Amino Acid 
change

53 g.2268T/G Intron 2 –

54 g.2279A/G Intron 2 –

55 g.2281A/G Intron 2 –

56 g.2296T/A Intron 2 –

57 g.2299A/G Intron 2 –

58 g.2311T/G Intron 2 –

59 g.2312A/G Intron 2 –

60 g.2318C/T Intron 2 –

61 g.2336C/T Intron 2 –

62 g.2463C/T Exon 3 S/F

63 g.2466T/C Exon 3 M/F

64 g.2473T/C Intron 3 –

65 g.2480T/C Intron 3 –

66 g.2482G/A Intron 3 –

67 g.2505C/A Intron 3 –

68 g.2507G/A Intron 3 –

69 g.3712C/T Intron 3 –

70 g.3729A/C Intron 3 –

71 g.3738C/A Intron 3 –

72 g.3862T/C Exon 4 S/P

73 g.3974C/A Intron 4 –

74 g.3983T/A Intron 4 –

75 g.3987T/C Intron 4 –

76 g.4000T/C Intron 4 –

77 g.4009T/C Intron 4 –

78 g.4042G/C Intron 4 –

79 g.4050C/A Intron 4 –

80 g.5719A/C Intron 4 –

81 g.5751G/A Intron 4 –

82 g.5861T/C Exon 5 I/I

83 g.5871A/T Exon 5 I/F

84 g.5912C/T Exon 5 A/A

85 g.5962G/A Exon 5 R/H

86 g.5995A/T Exon 5 K/M

87 g.6068T/C 3’UTR –

88 g.6079G/A 3’UTR –

Table 1 (Continue). SNP identification and amino Acid change

Note: The SNP numbering is based on Genbank Acc. No. AB158611.1

SNP Enzyme recognition Frequency Fragment

g.1886G/A AluI AG’CT

G 2 108, 172, 121

A 1 108, 293

g.2463C/T BstKTI G_AT’C

C 3 27, 216, 110, 49

T 2 27, 216, 159

DpnI GA’TC

C 3 26, 217, 110, 49

T 2 26, 217, 159

MboI ‘GATC_

C 3 24, 219, 110, 49

T 2 24, 219, 159

g.5962G/A AciI C’CG_C

G 2 303, 48, 97

A 1 303, 97

g.5995A/T FatI ‘CATG_

A 2 312, 55, 33

T 3 287, 25, 55, 33

NlaIII _CATG’

A 2 316, 55, 29

T 3 291, 25, 55, 29 

Table 2. Restriction enzyme map of SNP in coding region.

1 2 3 4 5 6 7

AB158611.1

JQ677091.2 0.01

GU984377.1 0.07 0.07

DQ345782.1 0.07 0.07 0

DQ660983.1 0.08 0.08 0.02 0.02

NM001310372.1 2.66 2.63 2.55 2.55 2.56

DQ345783.1 2.7 2.66 2.52 2.52 2.53 0.02

Table 3. Genetic distance of prolactin gene based on GenBank data



Yuniastuti, 2020). The 566 bp PCR product was digested using the DraI 
enzyme in Central Javanese local ducks (Susanti and Yuniastuti, 2020). 
The other study used Xba1 and Pst1 enzymes for genotyping prolactin in 
intron 1 and exon 5 regions in Shanma, Shaoxing, Jingjiang, Youma, and 
Jingyun ducks (Mazurowski et al., 2016).

The genetic distance and phylogenetic tree in this study were con-
tracted using the Mega 11 program. In a previous study, a phylogenetic 
study explored egyptian duck breeds prolactin gene exon 1 with the oth-
er sequences of avian prolactin gene species in the genbank database 
(Sabry et al., 2020).

Conclusion

This study identified 87 SNPs in ducks, emphasizing the significance 
of the prolactin gene in reproductive and production traits, with various 
SNPs showing associations with egg production across different duck 
breeds, while also utilizing restriction enzymes and phylogenetic analysis 
to enhance understanding of genetic relationships.
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