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Abstract: This study is a first attempt to find different types of RNA in lactating buffalo's milk 

somatic cells. The molecular factors that regulate lactation need to be identified and understood in 

order to help milk production. By using data mining techniques, patterns and information hidden 

within a dataset can be identified. In order to detect the RNA, data of 12 samples of buffalo milk 

somatic cells were analyzed. For extraction of diverse RNAs COMPSRA (COMprehensive Platform 

for Small RNA Analysis) pipeline was used. We were able to identify several miRNAs, piRNAs, 

snRNAs, snoRNAs, circRNAs and tRNAs in buffalo milk somatic cells. circRNAs ranked highest 

among all the samples in our dataset, followed by piRNAs and then miRNAs. Understanding the 

RNA regulators of lactation will improve and facilitate management of buffalo milk production. 

Furthermore, our study contributes towards a complete annotation of the buffalo genome.. 
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1. Introduction 

To understand the genome, it is important to understand its functional elements. It is the 

transcriptome, a set of various types of RNA like miRNA [1], piRNA [2], tRNA [3], snRNA [4], 

snoRNA [5], circRNA [6] and some non-coding sequences, that determine the function of the 

genome. Additionally, non coding RNAs that are not translated to proteins play critical roles. For 

example, snoRNAs regulate rRNA splicing, snRNAs participate in mRNA splicing, tRNA plays an 

important role in translation, miRNA is involved in translational repression, piRNAs control gene 

expression during transcription and post-transcriptional processes, while circRNA performs a 

significant role in gene regulation expression and biological development. To decipher the 

information about all these RNAs, data mining techniques play an important role. Thus, the present 

study aimed to discover different types of RNAs from milk somatic cells of lactating buffaloes using 

RNA sequencing data.  

In order to extract different RNAs COMPSRA [7] pipeline was used in our study. The platform 

provides a comprehensive method for detecting and evaluating small RNAs from RNAseq data. It 

allows the analysis of small RNA sequences by integrating sequence processing tools and prebuilt 

RNA databases. It is a free software that allows noncommercial users to access various tailored RNA 

databases and RNA sequence processing tools. 
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2. Materials and Methods 

The steps performed for mining diverse RNAs (Fig. 1) are:- 

 

Figure 1. Steps Performed for Data Mining 

2.1. Data Selection 

This work adopted a real data set that is available at the GenBank under BioProject PRJNA453843 

with accession number GGRC00000000.1. A total of 12 fastq files containing the sequences of 

buffalo milk somatic cells were examined for the study. 

2.2. Data cleaning 

First, the quality of all the samples was checked using FastQC tool [8]. The results of FastQC gave 

the information like number of reads, GC content, quality of samples, presence or absence of 

adapters, overrepresented sequences, average length of the sequences, sequence duplication level 

etc. Based on this information the data was cleaned. First the adpater sequences were trimmed. The 

sequences of low quality (average phred score<=30) were removed. The minimum length of the 

reads were taken as 20bp for further analysis. 

2.3. Data Reduction 

By using the filters as discussed above the data was reduced by using the data mining tool Cutadapt 

[9]. The output of the Cutadapt again was used for quality check with FastQC tool to ensure accuracy 

of the samples for further processing. 

2.4. Data transformation 

It is a process of changing the structure, format or values of the data. For transformation, an 

alignment of qualified reads with the reference genome was performed using  STAR (Spliced 

Transcripts Alignment to a Reference) aligner [10]. 
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2.5. Data Mining and Pattern Evaluation 

Different databases like miRBase [11] for the extraction of miRNAs; GENCODE [12] for mining 

snoRNA and snRNA;GtRNAdb [13] for mining tRNA;piRNAcluster [14], piRNABank [15] and 

piRBase [16] to extract piRNAs;circBase [17] for mining circRNAs were used. The mapped reads 

were annotated against these databases for pattern evaluation which resulted the number of miRNAs, 

piRNAs, tRNAs, snRNAs, snoRNAs and circRNAs as mined data. 

2.6. Data Visualization 

The distribution of mined RNAs is visualized using graph (Fig. 2). 
 

 

Figure 2. Distribution of mined RNAs across all the samples of buffalo milk somatic cells 

3. Results and Discussions 

The raw reads for all samples had a read length ranging from 1nt to 101nt. In this study major focus 

was on mining of miRNA, piRNA, tRNA, snRNA, snoRNA and circRNA. Since all of these RNAs 

are of length greater than 20nt, all reads having a length lesser than 20nt were removed. Each sample 

had an average of more than 47 million raw reads. More than 45 million reads were obtained for 

each sample after trimming and filtering. Approximately 32 million reads were trimmed for reasons 

such as poor quality, adapter content or short length.  

Human reference genome was chosen for alignment of the reads as it is better annotated than 

buffalo genome. The mapping percentage of the samples with respect to the reference genome is 

given in Fig. 3. It was observed that all the samples aligned to the reference genome with a high 

mapping percent ranging from 85.87 to 99.70 (Fig. 3). The mapped reads were further evaluated 

against the different databases like miRBase, piRNABank, piRBase, piRNAcluster, GtRNAdb, 

GENCODE and circBase for mining different types of RNAs . The average number of circRNA, 

miRNA, piRNA, snoRNA, snRNA and tRNA discovered was 68642, 56, 254, 8, 42 and 16 

respectively. Maximum number of circRNAs were identified in our dataset followed by piRNAs and 

then miRNAs. 
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Figure 3. Alignment of processed reads of milk somatic cells with Human reference genome. 

It is necessary to identify and understand the molecular factors that regulate lactation, since lactation 

is a complex process regulated by multiple molecular RNA drivers. The understanding of RNA 

regulatory mechanisms in lactation will aid in improving and managing milk production in buffaloes. 

Several studies have also identified different types of RNA in plants as well as animal species. 

Among samples of human serum [7], circRNA was identified with the highest number, while 1182 

miRNA [18] was detected in samples of human milk. There have been 249 miRNAs observed in 

bovine milk somatic cells [19] and approximately 400 miRNAs found in cattle milk infected with 

mastitis [20]. In this study, different RNAs like miRNA, piRNA, tRNA, circRNA, snRNA, snoRNA 

were discovered from RNAseq data of lactating buffalo’s milk somatic cells using COMPSRA, a 

data mining pipeline. The highest count of RNA detected in the samples was circRNA followed by 

piRNA. 

4. Conclusion 

In addition to observing the distribution of RNAs in the human genome, our results reflect their 

availability or annotation. By discovering more RNA molecules of different types in other livestock 

species, the databases will be further enriched. Studying distinct RNA molecules like miRNA, 

piRNA, snRNA, snoRNA, circRNA and tRNA in buffalo milk somatic cells is a major step towards 

annotation of the buffalo genome. 
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