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Detection of replication competent circular DNA from 

cattle serum 
 

MV Chinnu, R Uma, K Roshna and Ammu Ramakrishnan 
 
Abstract 

Recently the discovery of novel infectious agents in dairy and meat products from cattle of European 

origin (Bos Taurus) has been reported. These pathogens called as “Bovine Meat and Milk Factors 

(BMMFs)” are small single stranded circular DNA molecules that have sequence similarity to plasmids 

of Acinetobacter baumanni and some viral agents. Four groups of BMMFs have been so far reported to 

be isolated from serum, milk and meat of large and small ruminants. The present study was carried out to 

standardise a PCR for the detection of circular DNA in the serum of cattle. Serum samples were collected 

from apparently healthy purebred Holstein Friesian cattle and DNA was isolated. The DNA was then 

subjected to rolling circle amplification (RCA) and PCR was carried out with specific primers for 

BMMF. The annealing temperature was standardised at 58ºC. The amplified products were sent for 

sequencing. Sequencing of the amplicons revealed a product of about 2kb with 99% sequence similarity 

to previously isolated BMMF2. 
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1. Introduction  

Red meat and dairy products have often been accused as risk factors for cancer, chronic 

neurodegenerative diseases, autoimmune and cardiovascular disorders. High incidence of 

colon and breast cancer has been reported in countries where large quantities of products of 

European cattle are consumed in contrast to their low incidence in Asian countries which 

mainly consume products of zebus. Investigations for the presence of new infectious agents in 

dairy and meat products sourced from European-origin cattle (Bos Taurus) leads to the 

discovery of “Bovine Meat and Milk Factors (BMMFs)”, which are small single stranded 

circular DNA molecules that have sequence similarity to plasmids of Acinetobacter baumanni 

and viral agents like transmissible spongiform encephalopathy (TSE) - associated circular 

DNA isolates. Genetic analysis of the BMMF reveals that it carries a gene that encodes “Rep” 

protein (replication initiator protein). The Rep gene has a very high sequence identity to 

bacterial replication initiation genes (De Villiers et al., 2019) [6]. The sequence also contains a 

putative origin of replication which makes them similar to circular rep-encoding single-strand 

DNA (CRESS) viruses. So the present study aims to standardize a PCR reaction for the 

isolation of circular DNA from cattle serum and is reported to be the first work of this kind in 

India. 

 

2. Materials and Methods 

Sample collection 
To standardise the procedure for the isolation of circular DNA, serum samples were collected 

from purebred Holstein Friesian cattle maintained at Kerala Livestock Development Board, 

Mattupetty. The collected serum and milk samples were subjected to lyophilisation before 

DNA isolation in a lyophiliser (Operon FDU7003, Korea) at Central Instruments Laboratory, 

College of Veterinary and Animal Sciences, Mannuthy in order to concentrate the samples for 

maximum recovery of circular DNA present in them. 

 

Isolation of circular DNA 

DNA from all the samples were extracted using QIAamp DNA Mini Kit (Qiagen, Hilden,  
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Germany) according to the manufacturer’s instructions and 

subjected to rolling circle amplification using exo-resistant 

random primers. Template DNA (50 ng) was incubated in a 

total volume of 10μL (1x phi29 DNA polymerase buffer) with 

25μM exo-resistant random primer (Thermo Fisher Scientific) 

at 95°C for 3 min. followed by cooling on ice for DNA 

denaturation. This denatured sample was then diluted to 20μL 

by adding 10 mM dNTPs (Takara) each and 10U phi29 DNA 

polymerase (New England Biolabs) in 1X phi29 DNA 

polymerase buffer. The mixture was then incubated 

sequentially at 30°C for 18 h. and at 65°C for 10 min. The 

RCA products were amplified for the BMMF sequence using 

the primer  

(Forward primer-5´AAGGCAGATCAACACAGG3´, 

Reverseprimer-5´AGCAGATTGCAAAGCCTG 3´). 

The PCR conditions were standardised to minimise 

nonspecific amplification and to get maximum amplification 

of the desired product. The PCR was performed in a total 

volume of 20μL with 10 μM each of forward and reverse 

primers. The thermal cycling profile consisted of denaturation 

at 94°C for 30 sec, annealing at 58°C for 1 min and extension 

at 58°C for 2 min for 34 cycles followed by final extension at 

72°C for 10 min. The amplicons were electrophoresed in 0.6 

percent agarose gel for 40 min.  

 

Sequence Analysis 

The amplicons were purified and sequenced at the DNA 

sequencing facility of Gene Spec Labs Private Limited, 

Kochi, Kerala using the primer (Forward primer 

5´AAGGCAGATCAACACAGG3´,Reverseprimer-

5´AGCAGATTGCAAAGCCTG 3´). The sequence similarity 

search was performed using Basic Local Alignment Search 

Tool (BLASTn) provided by the National Centre for 

Biotechnological Information (NCBI). NCBI ORF finder tool 

was used to identify the Open reading Frame of the sequence. 

BLASTp analysis was carried out to find out the similarity of 

proteins encoded by the ORF region. 
 

3. Results and Discussion 
Serum samples collected were lyophilised in order to 

concentrate their contents for recovery of maximum amount 

of circular DNA present in them, if any. Isolated DNA was 

further subjected for RCA. Rolling circle amplification is an 

isothermal amplification process in which circular DNA 

template will be converted to linear DNA using the enzyme 

phi 29 DNA polymerase and exo-resistant random primers. 

During RCA the concentration of DNA will get increased by 

many folds. Figure 1 shows the electrophoretogram of RCA 

product. After RCA, the circular DNA obtained was amplified 

using back to back primers. Initially, gradient PCR was done 

using RCA product as template to standardise the annealing 

temperature which was standardised at 58°C for 1 min. 

Further amplification resulted in amplicons of size 2100-

2500bp. 
 

 
 

Fig 1: Electrophoretogram of RCA product 

 
Lane M: 500 bp ladder, 

Lane L: Amplicons of BMMF 

 

Fig 2: Amplicons of BMMF 

 

The amplicons were sequenced and the sequences were 

analysed using NCBI BLASTn  

(www.ncbi.hlm.nih.gov/BLASTn). The isolates obtained 

from pure bred HF serum displayed 99.18 percent identity and 

100 percent query coverage with Sphinx/BMMF group2 DNA 

sequence as reported by Whitley et al., 2014 [13] and Zur 

Hausen et al., 2017 [15]. These isolates also shared sequence 

similarity with the plasmids of bacterium Acinetobacter 

baumanni. 

The obtained sequences from the study were analysed for the 

presence of putative proteins by finding the ORF present in 

them using NCBI ORF finder. The parameters were set to 

find ATG as initiation codon by setting standard genetic code 

as reference and 75 nucleotides as minimal ORF length. The 

BLASTp analysis of protein encoding ORF sequences 

revealed that the identified single stranded circular DNA 

potentially encodes at least one replication initiation protein, 

which shared similarity with the rep protein of a bacterium 

Acinetobacter and early detected SPHINX/BMMF group.  

 

4. Conclusion 

The present study was conducted to standardise a PCR 

protocol for detection of circular DNA from cattle serum and 

annealing temperature was standardised at 58ºC for one 

minute. Analysis of the sequences revealed their similarity to 

the previously isolated BMMF. The study reports for the first 

time the presence of BMMF in India. 
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