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Stanniocalcin-1 (STC1) is secreted by the variety of tissues having a major role in the regulation of calcium 

ions in the involuting mammary gland. The present work aimed to sequence and structural characterization as 

well as expression profiling of stanniocalcin-1 gene in buffalo. Polymorphism identified in 3'UTR was 

analysed by PCR-RFLP genotyping in riverine and swamp buffaloes. Expression profiling of STC1 

performed in different lactation stages mammary gland and PBMCs to study the impact of 3'UTR 

polymorphism on its expression. Different polymorphic sites were detected in entire coding, noncoding 

regions of riverine and swamp buffaloes, including two INDELs.  An identified polymorphic nucleotide 

locus A324G, having target sites for two miRNAs viz. bta-miR-2382 and bta-miR-1343, reported in cattle, 

was genotyped by PCR-RFLP to reveal variable allelic distribution among swamp and riverine buffaloes. 

Gene expression profiling across buffalo mammary tissues representing different lactation stages showed 
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maximum expression of STC1 gene in the involution of mammary gland.  Ruminants' specific genetic 

variations has been observed in STC1 and its implication in buffalo mammary gland involution as well as co-

regulation of gene expression through miRNA binding in 3'UTR is suggested.  

Introduction 

Stanniocalcin-1 (STC1) is a glycoprotein hormone which was first identified in holostean fish and is 

well known for its anti hypercalcemic effect in fishes (Bonga and Pang 1991). In the terrestrial animals, 

STC1 is reported to be recruited by the variety of tissues, with major effect on phosphate and calcium 

metabolism. STC1 is also implicated in activation of phosphate reabsorption in the small intestine and 

proximal tubules of the kidney in mammals (Ishibashi and Imai 2002).  Studies have been conducted and the 

evidence suggest that the STC1 gene is also up-regulated in the involuting mammary gland of the cow, 

leading to the elevated levels of this hormone in milk. Involution of the mammary gland during the drying off 

stage is a significant change in the lactation physiology of the dairy animals. Mammary gland shifts from 

active milk synthesis and secretion state, at the starting as well as the end of the dry period. These changes 

from one functional state to another even when there is no consistent milking, are considered to be the 

periods of heightened susceptibility to new intramammary infections also (Aslam and Hurley 1997).  

Increased concentration of STC1 in milk subsequent to milk stasis in mammary gland during 

involution suggests its possible implication in the cessation of milk production in cattle (Tremblay et al. 

2009; Delbecchi et al. 2005). Recently in human, STC1 gene expression has also been linked to pregnancy 

related problems and genetic variation in STC1 has been reported to be associated with placental gene 

expression and maternal hormone levels (Juhanson et al. 2016). In cattle, hypocalcemia and ketosis like pre-

parturient associated conditions are responsible for delayed involution of the uterus and metritis, wherein 

STC1 is supposed to play a major role (Roche et al. 2006; Correa et al. 1993). Such conditions are reported to 

be often predisposing factors to the secondary infections in buffalo, an important bovine species, and 

abnormalities in the resumption of ovarian cyclicity (Jadon et al. 2005). Passive immunization of lactating 

mice with antiserum against STC1 has shown a decline in systemically derived STC-1 in the blood leading to 

the reduced development of mammary gland and the transfer of serum-based triglycerides into milk (Zaidi et 

al. 2006).  

Polymorphism across candidate genes and their expression, has also been found to be associated 

with involution of the mammary gland in bovines, affecting milk composition as well as milk production 

(Raven et al. 2014; Lee et al. 2000). In animals, miRNAs have been shown to inhibit the mRNA translation 
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and to decrease mRNA stability by binding sequences in the 3’UTR and other parts, changing the target gene 

expression (Standart et al. 2007; Wu et al. 2006). Variation within miRNA binding sites have been 

associated with distinct traits (An et al. 2016; Jiang et al. 2013; Sethupathy and Collins 2008; Saunders et al. 

2007). So, the detection of polymorphism in the miRNA target sites of genes like STC1, potentially involved 

in mammary gland involution, can act as genetic biomarkers and can help to gain more knowledge about the 

physiological processes during involution of mammary gland and lactation in buffaloes. Since no reports are 

available on the structure and function of stanniocalcin gene in buffalo, the present study was undertaken 

with the objective of expression analysis, characterization and identification of polymorphism in buffalo 

STC1 gene and to analyse the allelic distribution of the identified polymorphism in different breeds of 

buffalo.  

Materials and Methods 

Characterization of Stanniocalcin -1 gene 

Buffalo mammary gland tissues were collected from abattoir and total RNA was extracted from the using the 

TRIzol reagent (Invitrogen) using the protocol of the manufacturer. RNA isolated was further purified by 

using the RNeasy mini kit as per procedure given by the supplier (Qiagen). Quantity and quality of RNA was 

checked using NanoDrop ND-1000 spectrophotometer (Thermo Scientific). One microgram of RNA purified 

was reverse transcribed using the RevertAid First-Strand cDNA synthesis kit (Fermentas). Complete ORF of 

buffalo STC1 gene was amplified using the primers set designed by PrimerSelect program of Lasergene 

software (DNASTAR), from bovine STC1 gene sequence obtained from the GenBank (accession no. 

NM_176669.3). PCR conditions used were, starting denaturation at 95°C for 2.5 min; followed by 32 cycles 

of 94°C for 30 sec, 56°C for 30 sec and 72°C for 1.5 min; with the final extension at 72°C for 5 min. 

Amplification was carried out in a 50μl reaction volume having 3μl of cDNA, 10pmol of each forward and 

reverse primers (Supplementary Table 1), 200μM of dNTPs (Fermentas), 1unit of Taq DNA polymerase 

(Bangalore Genei, India) in the presence of 5μl of 10X reaction buffer (with 1.5mM MgCl2 final 

concentration). The PCR-amplified product was checked on 1.5% agarose gel and further column purified 

utilizing QIAquick PCR purification kit (Qiagen). Cloning of purified PCR product was carried out into the 

pGEM-T Easy vector (Promega), using the manufacturer's protocol. Plasmid DNA was purified from the 

recombinant clones with the help of FastPlasmid Mini kit (Eppendorf), which was sequenced from both ends, 

using universal M13 forward and reverse primers. 
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 Buffalo STC1 nucleotide sequence obtained was assembled and translated into amino acids using the 

Lasergene software (DNASTAR, Madison, USA). Sequence alignment was carried out through online 

ClustalW2 program (http://www.ebi.ac.uk/Tools/clustalW2/), and phylogenetic relationship among different 

species was explored. ORF sequence of Sheep STC1 is reported to be 1107 nucleotides coding for 368 amino 

acid protein (Acc. no. XM_004004182).  

Detection of polymorphism and association 

Blood samples were collected from the native breeding tracts of different riverine (128), swamp (148) and 

swamp x riverine hybrid (57) buffaloes (Table 1). Further, SDS-proteinase K protocol described previously 

(Sambrook and Russell 2001) was used for genomic DNA isolation. For the detection of polymorphism in 

buffalo gene a panel of DNA from 12 animals, 6 each from riverine and swamp buffaloes was selected. 

Different sets of primers were designed so as to cover the complete exons (Supplementary Table 1) and parts 

of their flanking intronic regions using the bovine genomic sequence (ENSBTAG00000001687) and 

amplified using the protocol mentioned above with their respective annealing temperatures. Amplified PCR 

products were further sequenced and analysed using Lasergene Software (DNASTAR). In some of the 

animals having frame shift mutation within the gene, to confirm insertion and deletion, PCR products were 

cloned and 5 clones of each product were sequenced and analysed.  To explore the impact of these SNPs on 

lactation length, association analysis was accomplished using DNA of animals with below 200 days 

(truncated) and >300 days (normal) lactation length (12 animals of each) riverine buffalo.  

Genomic characterization and promoter analysis 

Genomic organization of buffalo gene was predicted by comparing buffalo and cattle mRNA sequences by 

online GenScan program. Different di- and trinucleotide repeats were analysed by online- Simple Sequence 

Repeat Identification Tool (http://archive.gramene.org/db/markers/ssrtool). miRNAs and RNA binding 

proteins, which bind into 3’UTR of buffalo STC-1 gene, were predicted using online program Target Scan 

(www.targetscan.org) and ARE motif (http://rna.tbi.univie.ac.at/cgi-bin/AREsite.cgi), respectively. Different 

transcription binding sites were identified using online software Alibaba, P-Match, and GPminer. 

Genotyping and its association with STC1 expression 

 One of the identified polymorphic sites 2589 A>G within 3’UTR having important miRNA binding site was 

selected. For the genotyping of identified polymorphism, PCR-RFLP genotyping protocol based on HinfI 

restriction enzyme was designed using online NEBcutter V2.0 program (http://tools.neb.com/NEBcutter2/). 

Amplified PCR products were digested overnight at 37°C, checked on 3% ethidium bromide stained agarose 
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gel and allelic frequencies were estimated for each breed/populations. Further to investigate the effect of this 

SNP on the level of basal expression of STC1 gene, RNA isolated from purified PBMC of three buffaloes of 

each genotype (AA and A/G) was subjected to reverse transcription followed by SYBRGreen real-time PCR 

analysis (Roche Diagnostics, India). 

Expression of STC1 in mammary gland under different lactation stages 

Mammary gland tissues were collected from 3 animals each, during different lactation stages, (lactating, non- 

lactating and heifer) and total RNA was extracted using the TRIzol and RNeasy mini kit as above, followed 

by on-column digestion with Qiagen RNase-Free DNase Set. An equal amount of RNA was reverse 

transcribed and real-time PCR based expression analysis was performed on LightCycler480 machine using 

the LightCycler480 DNA SYBRGreen I Master Mix (Roche Diagnostics, India), according to manufacturer’s 

instructions. Ten-fold dilutions of each stage cDNA was used to draw a standard curve for the housekeeping 

gene RPS15. To ascertain the specificity of the amplification dissociation curve analysis was performed. 

Using three technical replicates of each sample, expression values of the gene were calculated in terms of 

fold change for each reference gene using 2-∆∆Ct method (Livak and Schmittgen 2001). Fold changes in 

expression were calculated comparing each stage with the other. One-way ANOVA with Tukey’s multiple 

comparison test was performed using GraphPad Prism vs7.03 (GraphPad Software, La Jolla, CA).  

 Results and Discussion 

Characterization of buffalo STC1 mRNA 

Complete ORF of buffalo Stanniocalcin-1 gene was found to be 744 nucleotides long, coding for 247 amino 

acids long protein as reported in other species.  Comparison with the corresponding sequences of other 

livestock species available in GenBank showed maximum homology of buffalo STC1 with Yak (99.1%), 

followed by cattle (98.8%), goat (98.5%), sheep (98.1%), pig/horse (94.1%), human (92.1%) and mouse 

(89.8%) (Supplementary Table 2). Further phylogenetic analysis including other livestock species revealed 

bovines grouping in one clade, small ruminants separate in another sub-cluster and buffalo grouping with 

cattle, goat, sheep, pig, camel and horse (Supplementary Figure 1). Most interesting observations were the 

grouping of all livestock species together within which ruminant species sub-clustered in a separate 

subgroup. As expected avian and fish species clustered into distinct clades. Homology reflected in the 

sequences of the gene among different livestock species indicates that STC1 is highly conserved in nature and 

has similar essential functions in multiple biological processes among different livestock species. Workers 

have reported stanniocalcin homologs emerging as early as during evolution of single-celled eukaryotes and 
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also being one of the genes conserved during the process of evolution among vertebrate species (Roch and 

Sherwood 2011). In the amino acid sequence alignment, two ruminant specific amino acid changes were 

observed, out of which the variation P>V at position 29 being non-synonymous and two amino acids being 

structurally different, could be crucial for gene structure and function (Supplementary Figure 2).  

Prediction of AU-rich elements 

AU-rich elements (ARE) in the 3'-untranslated region (3’UTRs) of vertebrate mRNAs are cis-acting 

regulatory elements. There are many known ARE-binding proteins involved in RNA stabilization which are 

recruited by sequence-specific motifs. Cytokines like TNF alpha, IL6 and IL8 also have AU-rich elements 

(ARE) in 3'UTR, found to be functionally important in order to stabilize the RNA (Palanisamy et al. 2012). 

In the 3’UTR of buffalo STC1 mRNA, one ARE binding ATTTAA site (1249-1259) was observed, which 

was found to be conserved among all the species examined (Data not shown).  

Genomic characterization  

Approximately 2.7 kb buffalo Stanniocalcin-1 gene, corresponding to 4 exons and adjoining upstream and 

downstream regions were amplified, sequenced and sequence data submitted to GenBank (Acc. no. 

KJ496097). The gene structure showed four exons with conserved intron-exon boundaries (Figure 1a). 

Exonic region of the gene was more than 90% conserved among species but when the intronic sequence was 

compared with cattle, buffalo had 16nt deletion in Intron2 (Supplementary Figure 3). Within 259-273 and 

1072-1085 nucleotide regions dinucleotides AC (7) and trinucleotides CAG (5) repeats were identified 

similar to human (Chang et al. 1998). Variations within CAG repeat sequences have been reported to be 

associated with various human diseases like neurological or neuromuscular diseases, Huntington disease 

(Warren 1996; Sutherland and Richards 1995). 

Promoter analysis 

Transcription factors, which recognize a specific sequence in the promoter region, have an important role 

regulating the expression of the target gene. In-silico analysis helped in the prediction of possible 

transcription factors, which bind at buffalo STC1 promoter. When analysed, TATA box was found to be 

conserved among different species (Figure 1b). Several transcription factors binding sites were identified 

within buffalo STC1 putative promoter region, important being for NF-kappa, HSF, GATA-1 and Oct-2. 

Previous workers have reported that NF-kappa binding to promoter activates expression of STC1 gene, 

leading to inhibition of tumour growth in humans (Guo et al. 2013). Hence, the role of other transcription 

factors in regulation of STC1 is a subject of further investigations. 
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Polymorphism detection 

Sequencing of 2741 nucleotides long STC1 gene among six each riverine and swamp buffaloes identified 

eight polymorphic sites (Table 2). Out of these, only one (A>G) was found to be in the coding region (at 

nucleotide position 30 in exon 3) leading to synonymous change (K>K) at amino acid position 97. Among 

these variations, two indels 1096 G and 1765-1766 TG, in the intron 2 and 3 respectively, were detected in 

swamp buffalo unlike in riverine, which was confirmed by cloning and sequencing (Supplementary Figure 

4). Accession numbers for all the SNPs submitted to the dbSNP have been (ss974514520-27) obtained.  

A novel SNP 324 A>G at 597 position in exon 4 was observed in the 3’UTR of buffalo 

stanniocalcin-1 gene (Figure 1c). Since polymorphism in 3'UTR has been associated with miRNA binding 

and thus affecting the gene expression, a PCR-RFLP genotyping procedure was designed for this novel SNP 

and more than 300 buffaloes of different breeds/populations of swamp and riverine types were screened. 

Two alleles (A and G) were verified to be segregating in three genotypes (AA, AG and GG, Figure 1d). It 

was found that all the buffalo breeds had a considerable high frequency of the A allele compared to G allele. 

Interestingly, swamp type (2n chromosome 48) Mizoram and Manipuri buffaloes had fixed pattern of 'A’ 

allele in all the samples, similar to the results reported for some other genes, supporting the evidence that 

these two subspecies of water buffalo have unique genetic structures (Dubey et al. 2013). Swamp type 

buffaloes of Northeast are mainly reared for meat and draft and have poorly developed udder. Within 

riverine types (2n chromosome 50), comparatively allele frequencies were distinct in dual type Toda and 

Chilika buffaloes compared to dairy type Murrah buffaloes (Table 1). In hybrids (2n chromosome 49), the 

frequency of allele A was slightly lower (91%) than the pure swamp types. The results show that allele A 

may be associated with milk traits and possibly affected by animal's adaptation to different agro-climatic 

regions. Analysis of molecular variance revealed 96% of the variation to be within breeds and only 4% 

variation was seen due to the differences among the breeds. There was the predominance of ‘A’ allele (86 to 

100%) in all the breeds (Table 1). Chi-square test for the SNP A324G revealed different breeds of buffaloes 

to be in Hardy-Weinberg equilibrium (p>0.05) for the locus under consideration. So the populations tested 

were not under any selection pressure for this locus. 

TargetScan software was employed to predict the putative miRNA binding sites in the 3’UTR of 

buffalo STC1. Two binding sites for miRNAs, bta-miR-2382 and bta-miR-1343, were identified close to 

A324G polymorphism observed in different breeds of buffalo. Bta-miR-2382 miRNA has a percentile score 

of 99, whereas bta-miR-1343 has 66 percentile (Table 3). Since STC1 has an important role in calcium 



 

8 
 

metabolism, important for mammary gland development and involution (Ishibashi and Imai 2002), the 

occurrence of binding sites of two identified miRNAs is an indication about their likely involvement in the 

involution of the mammary gland through STC1 regulation. However this needs to be proved experimentally.  

In order to investigate the possible role of polymorphism observed, with lactation length, twelve 

buffaloes from each group of Nili Ravi breed, having less than 200 days (truncated) and more than 300 days 

lactation were sequenced. Truncated lactation animals were found to be having heterozygote AG at 1425 in 

Exon 3 whereas, animals with normal, more than 300 days lactation, were homozygous GG (Figure 2a). 

Though it is premature to confirm owing to small data set, nevertheless association of this polymorphism 

with lactation length, needs further investigations on large data set. 

Expression profiling of STC1  

Buffalo mRNA expression was analysed in three stages of lactation (lactating, heifer i.e. before milk 

production starts and involution after completion of lactation cycle) as well as buffaloes representing 

different A324G SNP genotypes, using quantitative RT-PCR. The Ct values of three biological replicates of 

each stage and comparison of expression level between the different lactation stages as well as genotypes 

were analysed after normalisation of data. Expression analysis in PBMCs of buffaloes exhibited higher 

expression of almost 2.3 folds of STC1 in the animals with AA genotype compared to A/G (Table 4), which 

further indicates the effect of polymorphism on the gene expression. In the mammary gland tissue also, as 

expected the expression of STC1 gene was more in involution and prior to lactation heifer stages than 

lactation stage (Figure 2b). This change in the expression through different stages was statistically 

significantly (p<0.1) higher during involution stage compared to lactation (Figure 2c). The gene expression 

results indicate that stanniocalcin is possibly involved in biochemical and physiological processes during 

transition phases of mammary gland involution in buffalo.  

This study thus has helped in revealing the sequence and structural characteristics of buffalo 

stanniocalcin-1 gene, important for milk production. Gene expression analysis along with promoter and 

3'UTR polymorphism analysis helped in identification of unique features this important gene possesses in 

buffalo, an important dairy and meat animal of Southeast Asia. However, there is need to authenticate the 

polymorphism and expression of the gene in more number of animals to corroborate the association of 

polymorphism with the milk production traits in buffalo. 
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Figure Legends 

Figure 1. (a) Genomic organization of buffalo Stanniocalcin-1 (STC-1). (b) Buffalo 5’upstream region of 

Stanniocalcin-1 and their putative transcription binding factor. (c) g.-324A>G polymorphism 

detection in 3’UTR of buffalo stanniocalcin gene by sequencing. Chromatograms indicate three 

representative genotypes.  (d) Agarose gel showing, PCR-RFLP patterns of different genotypes 

of buffalo STC-1 3’UTR polymorphism. 
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Figure 2. (a) Sequence based genotyping of 1425A>G SNP in truncated lactation showing heterozygous 

AG and normal lactation showing GG genotypes in buffaloes. (b) Basal expression profiling of 

buffalo stanniocalcin gene across different lactation stages of mammary gland tissues, showing 

∆Ct-values, after normalization. (c) Fold change of STC1 gene expression across different stages 

of lactation. 
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Table 1 Genotype and allele frequencies for the identified SNP (324A>G) in the 

3’UTR of stanniocalcin-1 gene of Indian riverine and swamp buffaloes. 
*MZ-Mizoram, MN-Manipur, ASW DB- Assamese Dibrugarh, NGL-Nagaland, ASW SL- Assamese 

Silchar, TD- Toda, CH-Chilika, MU-Murrah. 

 

 

 

 

 

Table 2 Variations identified within swamp and riverine buffalo of STC1 gene. 

 

Breed/Population* Location No. 

Genotypic 

frequency 

Allelic 

frequency 

AA AG GG A G 

MZ Mizoram 15 1.00 0.00 0.00 1.00 0.00 

MN Manipur 37 1.00 0.00 0.00 1.00 0.00 

NGL Nagaland 50 0.94 0.06 0.00 0.97 0.03 

ASW DB 
Dibrugarh 

(Assam) 
20 0.90 0.10 0.00 0.95 0.05 

ASW SL Silchar (Assam) 26 0.92 0.08 0.00 0.96 0.04 

Overall Swamp 148 0.96 0.04 0.00 0.98 0.02 

ASW (Hybrid) Assam   57 0.84 0.14 0.02 0.91 0.09 

TD Tamilnadu 64 0.88 0.13 0.00 0.94 0.06 

CH Odisha 27 0.78 0.19 0.04 0.87 0.13 

MU Haryana 37 0.78 0.16 0.05 0.86 0.14 

Overall Riverine 128 0.83 0.15 0.02 0.90 0.10 

Position Amino Acid 

position 

Mutation Region Position dbSNPs No. 

444 A>C - Transversion 5’Upstream  -38ORF ss974514520 

1096  G - INDEL Intron2 + 105 Exon1 ss974514521 
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Table 3 miRNAs identified in the region close to 324A>G polymorphism in buffalo 

stanniocalcin-1 gene 3’UTR.  

 

 

miRNA 

Predicted consequential pairing of 

target region (top) and miRNA 

(bottom) 

Seed 

match 

Context+ 

score 

Context+ 

score 

percentile 

bta-miR-2382 
5'...CAAAACAUUCACAUAACUCCCCA... 

                    |||||||  

3'    UGUCGAAGGGUCCGUGAGGGGA 
8mer -0.43 99 

 
bta-miR-1343 

5’...AAAACAUUCACAUAACUCCCCAG... 

                    ||||||   

3'   GGGCGGGCCCCCGGCGAGGGGU 
7mer-1A -0.16 66 

 

 

 

 

 

Table 4 Real-time PCR analysis showing effect of 324A>G genotypes on the 

expression of STC1 in buffalo PBMCs. 

 

1110 A>C - Transversion Intron2 +120 Exon2 ss974514522 

1210 C>T - Transition Intron2 +220 Exon2 ss974514523 

1425 A>G 97 K>K Transition Exon3     30 Exon3 ss974514524 

1765-1766 TG - INDEL Intron3 +158 Exon3 ss974514525 

1841 C>T - Transition Intron3 +234 Exon3 ss974514526 

2589 A>G - Transition 3’UTR (Exon4) 597 Exon4 ss974514527 
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Animal 

No. 

Genotype 

(324A>G) 

STC1-UTR 

Ct 

value 

STC1 

Ct 

value 

RPS15 

ΔCt 

STC 

Avg. 

ΔCt 

ΔΔCt 

(A/A-

A/G) 

Fold 

change (AA 

Vs. AG) 

478 A/G 27.93 24.25 3.68 2.94 -1.19 2.3 

5724 A/G 26.06 23.28 2.785 

5730 A/G 25.14 22.79 2.355 

5918 A/A 23.84 23.15 0.695 1.74 

431 A/A 24.8 22.76 2.04 

417 A/A 28.61 26.12 2.495 
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Supplementary Table 1. Details of primers used in the study 

 

 

 

 

 

 

Supplementary Table 2. Homology of STC1 among different livestock species. 

 

Species GenBank Accession 

number 

ORF 

Length   

(bp) 

Protein 

length 

(aa) 

Homology 

(nt) 

Homology 

(aa) 

Signal 

peptide 

Primer Sequence (5’-3’) Annealing 

Temp. 

Product 

Size (bp) 

Used for 

STC-ORF F-  TCAAGCCGGGAGAGGGAAAGA 

R-  GGAGGGGAGCTGGGAAAAGAC    

58°C 1119 ORF 

amplification 

STC-RT F-  ATCTCCCAGCCCACCTCAACC 

R-  GTCGCTCTTTCTGGCTCCTGTAA      

55°C 108 Real-Time PCR 

STC-Exon1  F- TTTCCCTTTAATTCGACCAACACAA         

 R - GCAAAAGCGAGAGGCAAATGAG    

58°C 696 Polymorphism 

detection 

STC-Exon2 F- TTCTTCATCCCCCACACCACTCTG  

R- CCGCTCATCACCCCTCCCTTAT    

58°C 589 Polymorphism 

detection 

STC-Exon3 F- TGCCCCCTTAAGTTCCACATAC 

 R-TTCCATAAACTTCATAATTCCCTTCAA    

56°C 587 Polymorphism 

detection 

STC-Exon4 F-  CAAGGCAGCGCATACACTCACAC  

 R- TCTCCCCAGCTAGGCACTCTCC        

59°C 463 Polymorphism 

detection 

STC-3’UTR F-  GGAGAAAATCGGCCCCAACAT 

R-  GGCCAGCACAGATTCATAACA 

58°C 678 Polymorphism 

detection 
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Buffalo  744 247 - - 18 

Cattle BT030558.1 744 247 98.80% 98.80% 18 

Yak XM_005899024 744 247 99.10% 98.80% 18 

Goat XM_005684015 744 247 98.50% 98.0% 18 

Sheep XM_004004182 1107 368 98.10% 98.0% 18 

Pig NM_001103212 744 247 94.10% 94.30% 17 

Horse XM_001493195.3 744 247 94.10% 94.30% 18 

Human NM_003155 744 247 92.10% 94.30% 18 

Mouse NM_009285 744 247 89.80% 91.90% 19 
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Supplementary Figure 1. Phylogenetic analysis of Buffalo Stanniocalcin-1 (STC-1) 

gene with other species. 
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Supplementary Figure 2. Amino acid sequence alignment of STC1 of different species by 

MegAlign of Lasergene software. Residues positions differing from consensus are shown 

in box. 

 

 

 

 

 

 

 

Supplementary Figure 3. Chromatogram showing 16 nucleotides deletion at 

+142Intron2 position of buffalo as compared with cattle.  
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Supplementary Figure 4. Identification of Indels among swamp and riverine 

buffaloes confirmed by cloning: Chromatogram showing 

overlapping sequences due to Indel.  

 

 

 

 

 

 

 


