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Summary 19 

Prolactin is an anterior pituitary peptide hormone involved in many different endocrine activities and 20 

is essential for reproductive performance. This action is mediated by its receptor, the prolactin 21 

receptor, encoded by the PRLR gene. In this study, we sequenced and characterized the Mediterranean 22 

river buffalo PRLR gene (from the exon 3 to 10) and a remarkable genetic diversity was found. In 23 

particular, we found 24 intronic polymorphisms and 13 exonic SNPs, 7 of which  were non-24 

synonymous. Furthermore, the polymorphisms identified in the 3’UTR were investigated to establish 25 

their possible influence on microRNA binding sites. Considering all the amino acid changes and the 26 

observed allelic combinations, it is possible to deduce at least 6 different translations of the buffalo 27 

prolactin receptor and, consequently, the presence at the PRLR gene of at least 6 alleles. Furthermore, 28 

we identified a deletion of a CACTACC heptamer between the nucleotides 1102-1103 of exon 10 29 

(3'UTR) and we developed an allele specific PCR to identify the carriers of this genetic marker. 30 

Finally, the SNP g.11188A>G, detected in exon 10 and responsible for the amino acid 31 

replacement p.His328Arg, was genotyped in 308 Italian Mediterranean river buffaloes and an 32 

association study with milk fat traits was carried out. The statistical analysis showed a trend that 33 

approached the significance for the AA genotype with higher contents of odd branched-chain fatty 34 

acids (OBCFA). Thus, our results suggest that PRLR gene is a good candidate for gene association 35 

studies with qualitative traits related to buffalo milk production. 36 

 37 

Keywords: Mediterranean river buffalo, PRLR, alleles, association, milk, OBCFA 38 

39 
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Introduction 40 

Prolactin (encoded by PRL gene) is peptide hormone produced by anterior pituitary and it plays a role 41 

in many different endocrine activities and is essential for reproductive performance. These actions 42 

are mediated by the prolactin receptor, which has been detected in various tissues including brain, 43 

ovary, placenta and uterus of several mammalian species. The prolactin receptor, encoded by PRLR 44 

gene, belongs to the growth hormone/prolactin receptor gene family sharing  high homology sequence 45 

regions. 46 

In cattle, PRLR gene is mapped on chromosome 20 (20q17) (Hayes et al., 1996). It is made 47 

by 10 exons and 3 of them can be alternative spliced with at least 2 different known isoforms, long 48 

and short (Lü et al., 2011). Both the isoforms are differentially expressed and regulated during estrous 49 

cycle and pregnancy, indicating a role in different metabolic pathways (Buck et al., 1992; Clarke et 50 

al., 1993, Clarke & Linzer 1993). In particular, the long isoform of PRLR binds PRL and contributes 51 

to activation of the transcription factor JAK2 (janus kinase 2) and subsequent phosphorylation of 52 

STAT5 (signal transducer and activator of transcription 5), which recognize sequences located in 53 

promoters of milk protein genes (Bole-Feysot et al. 1998). In ruminants, the long and short isoforms 54 

encode for a protein of 581 and 296 amino acids, respectively. The short protein is originated by an 55 

alternative splicing of 39 bp (in the exon 10) that generate 2 close stop codons (Bignon et al. 1997; 56 

Lü et al., 2011).  57 

Several studies have highlighted the influence of PRLR on the reproductive performance in 58 

sheep and pig (Tomás et al. 2006; Chu et al., 2007), the induction of maternal behavior in sheep 59 

(Wang et al., 2015) and the litter size in goat (Hou et al., 2015). Moreover, PRLR expression is 60 

important during mouse mammary gland development (Bole-Feysot et al. 1998).  61 

In cattle, quantitative trait locus (QTL) on chromosome 20 and PRLR gene polymorphisms 62 

have been associated with milk production traits (Zhang et al. 2008; Iso-Touru et al. 2009, Lü et al., 63 

2011), as well as in pig (Skrzypczak et al., 2015) and sheep (Hou et al., 2013, 2014). Based on these 64 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Skrzypczak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26255464
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studies, PRLR gene is considered as a strong candidate for gene association studies with quantitative 65 

and qualitative traits related to milk production.  66 

Recently, different studies have shown that the PRLR gene is polymorphic also in Bubalus 67 

bubalis (mainly Murrah river buffalo) (Javed et al., 2011a,b; Shi et al., 2012), but to date none of the 68 

polymorphisms identified have been investigated for association with milk production traits. 69 

Therefore, the aim of the present research was to identify and analyse the variability of the 70 

PRLR locus in Mediterranean river buffalo reared in Italy and test the possible associations between 71 

polymorphisms and milk fat traits in order to contribute to the improvement of the productive 72 

efficiency of the breed. 73 

 74 

Materials and Methods 75 

Sample collection DNA isolation and PCR amplification conditions 76 

Individual blood samples were collected from 308 female Mediterranean river buffaloes belonging 77 

to 14 farms, located in Salerno and Caserta province (Southern Italy) plus 150 samples collected from 78 

Romanian Murrah (100) and Thai Mehsana (50). Sampling of Italian river buffaloes was carried out 79 

in collaboration with the Italian National Association of Buffalo Breeders (ANASB). 80 

DNA was isolated from leukocytes, using the procedure described by Goossens & Kan (1981). 81 

DNA concentration and OD260/280 ratio of the samples were measured by the Nanodrop ND-2000C 82 

Spectrophotometer (Thermo Scientific).  83 

Using primers designed on bovine (GenBank acc. no. AF426315.1), bubaline genome 84 

sequence (NW_005785465) and bubaline mRNA sequence (GenBank acc. no. GQ339914.1), we 85 

amplified the DNA region of the PRLR gene spanning from the exon 3 to the exon 10 in ten individual 86 

Mediterranean river buffaloes reared in 10 different farms. Additional primers, designed on newly 87 

determined sequences, were also used for sequencing. PCR products were sequenced on both strands 88 

at CEINGE - Biotecnologie Avanzate (Naples, Italy).  89 

https://www.ncbi.nlm.nih.gov/nucleotide/253509230?report=genbank&log$=nuclalign&blast_rank=1&RID=R0W7HMTU013
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The estimation of SNPs frequency at exon 10 and the determination of possible haplotypes 90 

was accomplished by the re-sequencing of additional 48 and 10 samples of Mediterranean and 91 

Mehsana breeds, respectively. All sequenced samples were randomly selected. 92 

PCR Reaction mix and thermal condition are reported in supplementary materials. 93 

The entire panel of 308 Mediterranean river buffalo DNA samples was genotyped in 94 

outsourcing (KBiosciences, Herts, UK, http://www.kbioscience.co.uk) for the SNP g.11188A>G 95 

(Nuova Tabella)  96 

 97 

Allele Specific-Polymerase Chain Reaction (AS-PCR) for the heptamer detection  98 

An allele-specific PCR (AS-PCR) was developed to identify carriers of the CACTACC heptamer 99 

between nucleotides 1102 and 1103 of exon 10 (3'UTR) of PRLR gene in river buffalo. The two 100 

allele-specific reverse primers differ for absence (5’-AACTGGGAGTTGTCATTCTAA-3’) or 101 

presence (5’-AACTGGGAGTTGGGTAGTG-3’) of the sequence corresponding to the insertion 102 

(herein underlined). The allele-specific reverse primers and the forward common primer sequence 103 

(5’-CTCTGCTAAACCCTTGGAAT-3’) are part of the exon 10. Primers were designed according 104 

to the newly determined sequences and by the comparison with the corresponding goat 105 

(XM_018065467.1), sheep (KC734660.1) and bovine (AJ966356.4) sequences. Reaction mix and 106 

thermal condition were performed as reported above. 107 

Genotyping was carried out on buffaloes belonging to the Italian Mediterranean (300), Murrah 108 

(100) and Mehsana (50) buffalo breeds, as well as cattle (50), sheep (50) and goats (50) belonging to 109 

different breeds/genetic types randomly chosen (Nuova Tabella). 110 

 111 

Bioinformatic and statistical analysis 112 

Allelic frequencies and Hardy-Weinberg equilibrium (χ2 test) were calculated. Homology searches, 113 

comparison among nucleotide and amino acid sequences, multiple alignments for polymorphism 114 

discovery were accomplished using DNAsis-Pro (Hitachi Software Engineering Co., Japan).  115 

http://www.kbioscience.co.uk/
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Measures of linkage disequilibrium (D’ and r2) were estimated using Haploview software ver. 116 

4.2 (http://www.broadinstitute.org/haploview/haploview). Haplotype structure was defined 117 

according to Gabriel et al. (2002). 118 

Associations between PRLR genotype, fatty acid composition traits, fatty acid classes and fat 119 

percentage were tested using a mixed linear model (Supplementary materials). 120 

MicroRNAs screening was performed using TargetScan (Lewis et al., 2005) based on 121 

homology between our sequence and the bovine 3’UTR of PRLR gene.  122 

 123 

Results and Discussion 124 

Structure and analysis of Mediterranean river buffalo PRLR gene 125 

Using genomic DNA from 10 Mediterranean river buffaloes reared in Campania, we sequenced the 126 

coding region of prolactin receptor gene (GeneBank accession number MF461277). 127 

The sequenced region (over 11900 bp, including 1138 bp of exonic regions) spans from the 128 

exon 3 to the exon 10 (excluding mostly of intron 5, about 12000 bp).  The sequenced PRLR exons 129 

and introns have different length: from 70-100 bp for the exons 9 and 8 to over 1180 bp for the exon 130 

10, while introns start from 693 bp (intron 8) to 2756 bp (intron 3). Splicing acceptor and donor sites 131 

followed the rule 5’ GT/ 3’AG (Figure S1). The homology with the bovine counterpart is 95% with 132 

a G/C content of 45%.  133 

Signal peptide is 24 amino acid long (MKENAASRVVFILLLFLNFSLLNG) and it is 134 

encoded by the last 70 nt of exon 3 and the first 2 nt of exon 4. The stop codon (TGA) is localized 135 

between the nt 873-875 of the exon 10, which encodes for the majority of intracellular domain. This 136 

structure is highly conserved among mammals and, depending on the size of cytoplasmic domain, 137 

two mRNAs named short and long have been described (Bignon et al., 1997; Zhang et al., 2008). The 138 

only difference between short and long coding sequences was the presence or absence, respectively, 139 

of an insert 39 bp long at the beginning of the cytoplasmic domain. The insertion creates two 140 

contiguous in frame stop codons at its 3’ end. As described by Bignon et al. (1997), this insertion, 141 

http://www.broadinstitute.org/haploview/haploview
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present also in Mediterranean river buffalo (Figure S1), is an alternative splicing strategy generated 142 

by the use of a splice donor site at 40–41 bp upstream the exon 10. As consequence, the short and 143 

long form are 296 aa and 581 aa, respectively. 144 

 145 

Intronic regions analysis and polymorphisms detection in Mediterranean river buffalo 146 

Alignments of the intron sequences among the 10 subjects showed 24 polymorphisms (6 147 

transversions, 15 transitions and 3 deletions/insertions) (Table 1) and several microsatellites that were 148 

not polymorphic in these samples. However, none of these polymorphisms would seems to affect 149 

expression regulation sequences (splicing sites, enhancers/silencers). 150 

As it was already demonstrated for several ruminant (Ramunno et al., 2004) and non-ruminant 151 

species (Pauciullo et al., 2013; Pauciullo et al., 2014), also the buffalo PRLR gene is characterized 152 

by the presence of several retroposons located in the introns and representing about 13% of the entire 153 

gene. 154 

According to Lenstra et al. (1993), three different types of artiodactyla retroposons have been 155 

described. In particular, we have identified 6 retroposon sequences: A, B, C, D, E and F in buffalo 156 

PRLR gene (Figure S1). The elements A and B are localized in the intron 4. In particular, sequence 157 

A (between nt 1338 and 1600, taking as reference the first nucleotide of the corresponding intron) is 158 

a Bov-A2 element-like, while the sequence B (from nt 1648 to nt 1880) shows high homology with 159 

the retroposon Bov-tA2. The element C is located in the intron 6 (Bov-tA2 like, from 457 to 678), 160 

while the sequence D is in the intron 7 from nt 388 to nt 725 (Bov-B like). The last elements E (Bov-161 

tA2, from 317 to 496) and F (Bov-A2, between nt 241 and 522) are located in the introns 8 and 9 162 

respectively. The elements A, B, C and F are flanked by imperfect direct repeats, underlined in Figure 163 

S1. All the aforementioned retroposons are well conserved among ruminants for which genomic 164 

sequences are available (homology higher than 94%). 165 

 166 

Exon polymorphism analysis in Mediterranean and Mehsana 167 
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The alignment of PRLR exons from the 10 investigated subjects of Mediterranean river buffalo 168 

identified 13 polymorphisms, 7 of which were non-synonymous SNP. In particular, the first two of 169 

the 13 polymorphisms identified, are located at the exon 3 and 7 respectively, while the remaining at 170 

10th exon (Table 1). Two of these mutations (g.114T>G and g.11188A>G, responsible for the aa 171 

changes p.Phe19Val and p.His328Arg, respectively) have already been reported in Indian water 172 

buffalo breeds by Javed et al. (2011a). 173 

Moreover, the comparison between the sequences available in GenBank for the Mediterranean 174 

river buffalo (GenBank NW_005785465, XR_328736.1, XM_006071901.1, XM_006071900.1) 175 

pointed out other two polymorphic sites in exon 10: g.11465T>C and g.11563C>T, the latter 176 

responsabile for the amino acid change p.Ser453Leu. All the buffaloes investigated were 177 

monomorphic for the last two loci, 178 

Beside the polymorphisms observed for the Mediterranean buffalo, the sequencing of the exon 179 

10 in ten Mehsana samples showed a new non-synonymous SNP: g.11206C>T responsible for the 180 

amino acid change p.Thr334Met (Table SX).  181 

Another non-synonymous mutation at the exon 10 of the PRLR gene has been described by 182 

Javed et al. (2011b) for Indian water buffalo breeds (Murrah and Mehsana): the transition 183 

g.11488A>G responsible for the amino acid replacement p.Ser428Gly. However, this polymorphism 184 

was not observed in any of the subjects examined  in the present study. 185 

Based on the comparison with the sequences available in GenBank for the main species 186 

belonging to the order Cetartiodactyla and Perissodactyla (Table Sx), at least 7 polymorphisms 187 

(g.114T>G, g.11188A>G, g.11206C>T, g.11563C>T, g.11687A>G, g.11882G>A, g.12100A>G) 188 

showed particular variability among the different mammalian species, so that haplotypes specific of 189 

specie/order/suborder can be identified . 190 

Furthermore, comparing our sequences with those reported in Table Sx, two polymorphisms 191 

at the buffalo PRLR locus also characterize other species of ruminants and, therefore they may 192 

represent possible examples of trans-specific polymorphisms (TSPs). 193 
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The first of these mutations (g.11188A>G responsible for the change p.His328Arg) also 194 

characterizes the PRLR locus in goat: CGCArg328 (GenBank HQ667935, NM_001285669); CACHis3288 195 

(GenBank KC906265, JX087440). The second polymorphism (g.11936G>A, p.Pro577) was also 196 

reported in cattle (FJ901289; Iso-Touru et al., 2009). 197 

Moreover, the comparison with the sequences available in GenBank shows a further possible 198 

TSP for the PRLR locus which, however, affects only the ovine and caprine species. This is a silent 199 

transition A>G in position 276 of 10th exon (Pro377): goat A276 (GenBank EU662222, EU662223), 200 

goat G276 (GenBank NM_001285669, JX087440), sheep A276 (GenBank FJ901301, AF041979), 201 

sheep G276 (GenBank HM437209, HM437208). 202 

TSPs are ancient genetic variants whose origin predates speciation events, resulting in shared 203 

alleles between evolutionarily related species (Klein et al., 1987). TSPs can be explained by three 204 

main reasons: 1) SNP survival due to random chance, 2) coincidental mutations occurred after 205 

speciation and 3) balancing selection. TSPs as striking signature of persistent balancing selection are 206 

not very common (Hedrick, 2006). Examples of trans-specific polymorphisms have been reported in 207 

different species, including humans. To date, putative TSPs between humans and other primate 208 

species have been identified for the highly polymorphic major histocompatibility complex (MHC), 209 

the histo-blood ABO group, two antiviral genes (ZC3HAV1 and TRIM5), an autoimmunity-related 210 

gene LAD1 and several non-coding genomic segments with a putative regulatory role (Azevedo et 211 

al., 2015). On contrary, there are very few documented examples of TSPs in ruminants. Only recently, 212 

Cosenza et al. (2017a) detected a first possible example of TSPs in the oxytocin-neurophysin I 213 

hormone encoding gene (OXT) in goat and sheep. Therefore, the identification of the detected 214 

polymorphisms could represent a new report of TSPs at DNA-level in ruminants and the first in 215 

Mediterranean river buffalo.   216 

Moreover, the further comparison of the obtained sequences and the sequences available in database 217 

for the main ruminant species shows for the Mediterranean and Mehsana breeds the deletion of the 218 

CACTACC heptamer between the nucleotides 1102 and 1103 of 10th exon (3'UTR).  219 
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The presence of the heptamer might represent the ancestral condition of the gene, because it 220 

has also been found in the main non-ruminant species belonging to order Cetartiodactyla and in 221 

Perissodactyla (Figure S2). In particular, the members of suborder Tylopoda and Suiformes are 222 

characterized by a similar molecular event: CACTACCA and CACTACCC insertions, respectively, 223 

while members of suborder Hippomorpha and Ceratomorpha (order Perissodactyla) are  characterized 224 

by CACTACTA (Figure S2). 225 

In order to verify the specificity of this genetic marker, an allele specific PCR method was 226 

developed. By means of this method, the PRLR homozygote samples for the insertion showed 227 

successful PCR amplification (462 bp) only using the reverse primer for the “insertion”. Conversely, 228 

the homozygote samples for “non-insertion” allele (455 bp) are successfully amplified only by reverse 229 

primer with no insertion. 230 

The genotyping of buffaloes from Mediterranean (300), Murrah (100) and Mehsana (50) 231 

breeds (all belonging to the river type) in comparison to cattle (50), sheep (50) and goats (50) 232 

belonging to different breeds/genetic types randomly chosen, confirmed that only our buffaloes 233 

samples (450) are characterized by the absence of the heptamer (Figure 1). However, our results from 234 

Murrah and Mehsana breeds conflict with a PRLR genomic sequence deposited in GenBank 235 

(GQ339914.1) by Javed et al. (2011) for Indian buffalo breeds (Murrah, Bhadawari, Tarai, 236 

Pandharpuri, Marathwada and Mehsana). Considering the conflicting information, we can not claim 237 

that the eptamer deletion is peculiar also of Murrah and Mehsana breeds, but we can surely state that 238 

it is specific for the Mediterranean breed. 239 

 240 

Observed haplotypes at the river buffalo PRLR locus 241 

In order to estimate the frequency of the 11 polymorphic sites identified at the exon 10 of the 242 

Mediterranean river buffalo PRLR gene and to determine the possible haplotypes, the entire exon was 243 

sequenced a total of 68 samples (58 Mediterranean subjects reared in Southern Italy and 10 Mehsana 244 

buffaloes reared in Thailand) (Nuova tabella). 245 

https://it.wikipedia.org/wiki/Hippomorpha
https://it.wikipedia.org/wiki/Ceratomorpha
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Three different allelic combinations were observed: haplotype 1, 2 and 3. Of these, the 246 

haplotype 1 is the most represented with a frequency of 0.62, followed by the haplotype 2 (0.25) and 247 

3 (0.13) (Figure 2). 248 

According to Gabriel et al. (2002), the first 9 SNPs of the exon 10 (position 11188, 11434, 249 

11577, 11580, 11683, 11687, 11768, 11882, 11936) can be considered as belonging to one haplotype 250 

block, whereas the loci 12014 and 12100 constitute a second haplotype block (Figure 2). 251 

To these haplotypes it is possible to add the three haplotypes inferred from sequences available 252 

in the GenBank for the same breed (haplotype 4, GenBank XR_328736, XM_006071901, 253 

NW_005785465 and XM_006071900) and for the buffalo reared in India (haplotypes 5 and 6, 254 

GenBank HQ236497, GQ339914) (Table S2). 255 

Therefore, taking into consideration all the 7 amino acid changes (exons 3, 7 and 10) and the 256 

observed allelic combinations, it is possible to deduce at least 6 different possible translations of the 257 

buffalo prolactin receptor and, consequently, the presence at this locus of at least 6 alleles (PRLR A, 258 

B, C, D, E and F, Figure 3). 259 

The SNPs in position 11465 and 11563 were excluded from this analysis because they were 260 

identified only by the comparison of the sequences available in GenBank for Mediterranean 261 

(GenBank XR_328736, XM_006071901, NW_005785465 and XM_006071900) and Mehsana 262 

breeds (present work) (Table S1). 263 

The high level of variability found at the exon 10 of the PRLR buffalo gene, which represents 264 

most of the intracellular domain, is probably related primarily to the alternative splicing of the 265 

primary transcript relative to this exon (Trott et al., 2003; Tomás et al., 2006), suggesting that this 266 

particular DNA region (coding) can accumulate a significant amount of polymorphisms, similar to 267 

that observed in other species. 268 

The analysis of polymorphisms at the PRLR locus in European cattle (Bos taurus), African 269 

(Bos indicus), yak (Bos grunniens), and bison (Bison bison) has, in fact, revealed a comparable degree 270 
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of variability and the existence of several (at least 20) haplotypes (Iso-Touru et al., 2009). A similar 271 

level of genetic diversity was described also at PRLR locus in pig (Sus scrofa) (Tomás et al., 2006). 272 

 273 

Fatty acids composition profile, genotyping and association of PRLR polymorphism with milk FA 274 

composition traits  275 

Fatty acid composition, fatty acid classes and fat percentage of milk samples have been assessed and 276 

previously reported by Cosenza et al. (2017b). The same phenotypes were also used in the present 277 

work to assess possible associations with the genetic diversity found at the PRLR. Since the haplotype 278 

analysis evidenced that most of SNP found at the exon 10 belong to one haplotype block, only one 279 

SNP (g.11188A>G) was genotyped and considered in running model. 280 

The genotyping of 308 buffalo showed that major allele (adenine) had a relative frequency of 281 

0.9 and the χ2 value showed that there was no evidence of departure from the Hardy-Weinberg 282 

equilibrium (P≤0.05). Genotype distribution of buffalo cows for the SNP g.11188A>G is reported in 283 

Table 2. 284 

Results of the model (Supplementary materials) showed a tendency that approached a 285 

significance effects (P0.06) of the SNP g.11188A>G (AA genotype) at the PRLR locus on the milk 286 

FA composition traits with higher contents of odd branched-chain fatty acids (OBCFA), belonging 287 

to polyunsaturated FA class (Table S3). OBCFA acids are an emerging class of bioactive FA that 288 

reduce the incidence of necrotizing enterocolitis in newborns, have anti-tumor effects on lymphomas, 289 

and improve pancreatic β-cell function. However, the interest in OBCFA arises from their 290 

anticarcinogenic effects on cancer cells comparable to that of conjugated linoleic acid (Bainbridge et 291 

al., 2016). OBCFA acids are typically of exogenous origin, deriving from forages or supplements 292 

given to the animal and from metabolism of bacteria living in the rumen, respectively. Because 293 

OBCFA are constituents of rumen bacterial membranes (Kaneda, 1991; Mackie et al., 1991), dairy 294 

and meat products from ruminants are a unique source of these FA. This allows for OBCFA to be 295 
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used as biomarkers of dairy intake in humans and also as biomarkers of rumen function in cattle 296 

(Stefanov et al., 2010). 297 

It is possible to hypothesize that the SNP g.11188A>G may be in linkage disequilibrium with 298 

another mutation in PRLR gene affecting a greater extent yield traits rather than being causal. For 299 

example, interrogating the software targetscan (Lewis et al., 2005) looking for microRNA targeting 300 

the bovine PRLR (ENST00000310101.5) and based on the high homology between Bos taurus and 301 

Bubalus bubalis, we found that g.12100A>G influences binding of miR-125b (Figure S3) and, 302 

potentially, affect PRLR expression. 303 

The studies carried out to date in bovine, caprine and porcine species have already detected 304 

different polymorphisms at PRLR locus and many of these were significantly associated with 305 

phenotypic traits related to milk production, in particular, milk yield and fat content (Zhang et al. 306 

2008; Iso-Touru et al. 2009, Lü et al., 2011; Hou et al., 2013, 2014; Skrzypczak et al., 2015). 307 

Our results confirm the influence of PRLR gene on buffalo milk acidic composition and, 308 

consequently, milk quality, particularly the mutations that fall into the exon 10 of the gene. In fact, it 309 

was suggested that the PRLR long form plays a more important role in the regulation of the lactation 310 

(Zi et al., 2012). In particular, the up-regulation or down-regulation of goat PRLR long form causes 311 

the change of expression of different genes involved in fatty acids synthesis, and finally controls the 312 

content of lipid droplets in culture of goat mammary epithelial cells. In contrast, none of these roles 313 

have been ascribed to the PRLR short form (Shi et al., 2016). 314 

 315 

 316 

Conclusions 317 

In this study, we provided the first contribution to the characterization of the genomic sequence of 318 

the prolactin receptor encoding gene (PRLR) in the Mediterranean river buffalo. Based on the detected 319 

high degree of genetic variability, we defined at least 6 alleles at this locus each codifying for a 320 

different predicted amino acid sequences, four of which specific of the Mediterranean breed (Figure 321 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Skrzypczak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26255464
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3). All the detected mutations represent the first examples of markers found at the PRLR in this breed. 322 

The deletion of a CACTACC heptamer at exon 10 (3'UTR) can be considered as a good molecular 323 

markers to distinguish between the milk of different origins  (e.g. from Mediterranean buffalo vs all 324 

others mammalian) This finding would be useful for the dairy industry. In fact, the buffalo dairy 325 

sector is one of the most affected by frauds. One of the main goal of the Consortium for the 326 

“Mozzarella di bufala Campana” PDO (Protected Designation of Origin) is to prevent the deception 327 

of consumers with similar cheese products made of less-expensive ingredients (milk of other species, 328 

curd imported from other countries, etc.). Conversely, the authentic buffalo mozzarella must be 329 

prepared only with fresh milk of Italian Mediterranean breed reared in specific geographical areas of 330 

Southern Italy, and following well definite guidelines. Finally, our data revealed that SNPs detected 331 

in PRLR gene could influence OBCFA  content and, consequently, milk fat composition. Therefore, 332 

the use of these polymorphisms can be a useful tool for the improvement of buffalo milk quality by 333 

marker assisted selection. 334 
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 480 
 481 

Fig. 1 Identification by AS-PCR of carriers of the heptamer CACTACC at the exon 10 of the PRLR 482 

gene in Mediterranean (a), Murrah (b) and Mehsana (c) river buffaloes, goat (d), sheep (e) and cattle 483 

(f).  484 

AA, homozygous for the “non CACTACC insertion”; BB, homozygous for the “CACTACC  485 

insertion“;  486 

1, “non CACTACC insertion” primer; 2, “CACTACC insertion” primer, M, Marker (2-Long DNA 487 

Ladder (0.1-10 kb) (Biolabs). 488 

489 

(a)        (b)          (c)          (d)           (e)           (f) 

          AA        AA         AA          BB          BB          BB   

M     1    2     1     2      1      2     1     2      1     2       1    2 

         ← 455/462 bp 
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Fig. 2. Linkage disequilibrium analysis, observed haplotypes (H1, H2 and H3) and their relative 490 

frequencies at the Mediterranean river buffalo PRLR locus (exon 10). 491 

 492 

 493 
 494 
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Exon 3                       Exon 4                                  Exon 5 
MKENAASRVVFILLLFLNFSLLNGQSPPEKPKLVKCRSPGKETFTCWWEPGADGGLTTNYTLTYHKEGETLIHECPDYKTGGPNSCYFSKKHTSIWKMYI 

------------------V--------------------------------------------------------------------------------- 

------------------F--------------------------------------------------------------------------------- 

------------------V--------------------------------------------------------------------------------- 

------------------V--------------------------------------------------------------------------------- 

------------------F--------------------------------------------------------------------------------- 

 

                               Exon 6                               Exon 7 
ITVNAINQMGISSSDPLYVDVTYIVEPEPPANLTLELKHPEDRKPYLWIKWSPPTMTDVKSGWFIIQYEIRLKPEKATDWETHFTPKQTQLKIFNLYPGQ 

-------------------------------------------------------------------------------------------------P-- 

-------------------------------------------------------------------------------------------------P-- 

-------------------------------------------------------------------------------------------------A-- 

-------------------------------------------------------------------------------------------------P-- 

-------------------------------------------------------------------------------------------------P— 

 

                            Exon 8                     Exon 9           Exon 10 
KYLVQIRCKPDHGYWSEWSPESSIQIPNDFPVKDTSMWIFVAVLSAVICLIMVWAVALKGYSMVTCILPPVPGPKIKGFDVHLLEKGKSEELLRALESQD 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------- 

 

 

FPPTSDCEDLLMEFIEVDDCEDQQLMPHPSKEHTEQGMKPMHLDLDNDSGRGSCDSPSLLSEKCDEPQAHPSKFHTPEGPEKLENPETNLTCLQAPQSMS 

---------------------------H------------------------------------------------------------------------ 

---------------------------H------------------------------------------------------------------------ 

---------------------------R------------------------------------------------------------------------ 

---------------------------R------------------------------------------------------------------------ 

---------------------------H------------------------------------------------------------------------ 

 

        410                                       453  458 459                             493 

GEGKIPYFLANGPKSSTWPFPQPPSLYSPRYSYHNIADVCELVLGMAGTTATSLDQTDKHALKASKTIETGREGKATKQSESEGYSSKPDQDTAWPLPQD 

---------A-----------------------------------------------DK---------------------------------T------- 

---------A-----------------------------------------------DQ---------------------------------T------- 

---------V------------------------------------------L----NQ---------------------------------M------- 

---------V-----------------------------------------------NQ---------------------------------M------- 

---------A-----------------------------------------------DK---------------------------------T------- 

 

KTPLISAKPLEYVEIHKVSQDGVLALFPKQNEKVGAPETSKEYSKVSQVTDSNILVLVPDPQAQNLTLLEEPAKKAPPALP  H1 (PI: 5.23 MW:65120.78) A allele 

---------------------------------------------------------------------------------  H2 (PI: 5.23 MW:65120.74) B allele 

---------------------------------------------------------------------------------  H3 (PI: 5.17 MW:65120.74) C allele 

---------------------------------------------------------------------------------  H4 (PI: 5.23 MW:65122.87) D allele 

---------------------------------------------------------------------------------  H5 (PI: 5.23 MW:65148.91) E allele 

---------------------------------------------------------------------------------  H6 (PI: 5.23 MW:65120.78) F allele 

 

Fig. 3. Amino acid comparison (deduced mRNA) of different haplotypes (H1 to H6) observed at the buffalo PRLR locus. Dashes represent nt identical 

to those in upper lines. PI: Isoelectric Point; MW: Molecular Weight. 
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Description Mutation aa change 

Exon 3 g.114T>G p.Phe19Val 

Intron 3 

 

g.216T>C  

g.689A>G  

g.947A>G  

g.1046C>A  

g.1119_1121insA  

g.1999G>A  

g.2100A>G  

g.2550T>G  

Intron 4 

 

g.3266C>T  

g.3720G>A  

g.3777C>T  

g.3835G>A  

Intron 6 g.7011G>T  

g.7333C>T  

Exon 7 g.7401C>G p.Pro198Ala 

Intron 7 g.7953T>A  

g.8948_8951delG  

Intron 8 g.9504G>T  

Intron 9 

 

 

 

 

 

 

g.10240G>A  

g.10254C>T  

g.10276C>T  

g.10352A>T  

g.10494C>T  

g.10558_10561delAGTC  

g.11007C>T  

Exon 10 

 

 

 

 

 

 

 

 

g.11188A>G p.His328Arg 

g.11434C>T p.Ala410Val 

g.11577G>A p.Asp458Asn 

g.11580A>C p.Lys459Gln 

g.11683C>T p.Thr493Met 

g.11687A>G p.Ala494 

g.11768T>C p.Asp521 

g.11882G>A p.Pro559 

g.11936G>A p.Pro577 

Exon 10 3’UT 

 

g.12014C>G  

g.12100A>G  

  

Tab. 1. Polymorphisms detected at Mediterranean river buffalo PRLR locus 
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Tab. 2. Genotyping data, allele frequency, relative frequencies of buffalo cows of the SNP g.11188A>G at the exon 10 of the PRLR gene in 

Mediterranean river buffalo population. 

 

 

 

Position  Genotype distribution Allele freq Relative frequencies used in the model 

g.11188A>G 

 AA AG GG TOT 
A G Genotype n. of cows n. of farms 

Obs. 
253 49 6 

308 
0.9 0.1 

AA 82.14 

14 
Exp. 

250.02 54.96 3.02 AG 15.91 

1 degree of freedom  

P value  <0.05; χ2=  3.84 

 GG 1.95 

Total 100 


