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Abstract 

In India the awareness about genetic disorders is too less among famers at field level, reproductive 

efficiency is a critical component of growing dairy, but reproductive insufficiency is highly economic 

problems today. Among that all reproductive problems, anoestrous and repeat breeding are major seen 

at field by many veterinarians, so it is important and needful to research and resolve the issues 

regarding to avoid farmers economic loss. There is possibility of mutant genes that are directly affect to 

livestock reproductive performance. With that concerned it is essential to screen the animals to avoid 

the increase disease prevalence. Present investigation undertaken, cows with anoestrous and repeat 

breeding to identify Complex Vertebral Malformation (CVM) and Uridine -5 Monophosphate Synthase 

(UMPS) molecular genetic disorders by Polymerase Chain Reaction (PCR) - Restriction Fragment 

Length Polymorphism (RFLP). For this study, Blood of 50 Anoestrous and 52 Repeat Breeding cows 

(102) were collected from Maharashtra state, India. The de-oxy ribose nucleic acid (DNA) has 

extracted, and PCR amplification was performed for SLC35A3 and UMPS genes at respective 

annealing temperature, shown 287 and 108 bp bands respectively. PCR product digested with 

restriction enzymes PST I and Ava I at 37 °C for 4 hours for CVM and DUMPS respectively. The 

results of CVM and DUMPS shown 264 & 23 bp bands and 53, 36 and 19 bp bands, respectively. But 

due to modest size, 19 bp has not visible in RFLP which is seen in wild animals. All selected animals 

had shown normal results for CVM and DUMPS. 

 
Keywords: PCR-RFLP, DUMPS, repeat breeding 

 

Introduction 

As per 20th livestock census (2019) cattle population in India is 193.46 million (20th 

Livestock census- 2019, All India Report). Crossbred females account for 47 percent of the 

overall cattle population, while Indigenous or non-descript females account for 98 percent. 

Milking animals account for 20 million of the total crossbred or exotic females, while dry 

animals account for only 5 million. However, in indigenous females, milking animals are 31 

million while dry animals are 16 million. The milk production produced by crossbred cattle 

is more than that of indigenous cattle. Its 27 and 21 percent in crossbred and indigenous 

cattle respectively (Basic Animal Husbandry Statistics, Government of India, 2017). In 

comparison to indigenous cattle breeds, Holstein Friesian crossbreds contribute more to milk 

production. The percentage of dry cows is only 2 percent in Crossbreed and 15 percent in 

Indigenous or nondescript cows. So, it is more important to keep the crossbred animals 

healthy and fit and it gives support for the rural economy (Ramesha et al., 2017) [41]. Milk is 

good source of Minerals, protein and Vitamin and fulfils the human health requirement. In 

Indian dairy sector today, reproductive efficiency is a critical component of a successful 

dairy operation, whereas reproductive insufficiency is one of the costliest concerns. Lactating 

animals are more susceptible to reproductive issues, which can have a substantial impact on 

the reproductive efficiency of a dairy herd (Ghavi, 2013) [42]. The most frequently occurring 

reproductive problems are Repeat breeding, anoestrous, extended calving intervals, early 

embryonic loss, ovarian cysts, and retained placenta. 
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There are certain monogenic disorders which affecting to 

reproductive efficiency in cattle. In exotic cattle breeds 

more than 50 genetic disorders have been identified 

(Debnath et al., 2016) [4]. Autosomal recessive genes, which 

impair bovine fertility, are responsible for most inherited 

problems in cattle. It involves Factor XI Deficiency 

syndrome (FXID), Complex Vertebral Malformation 

(CVM), Deficiency of Uridine Monophosphate Synthase 

syndrome (DUMPS).  

CVM is a congenital autosomal recessive disorder that 

affects predominantly to the Holstein cattle. It is 

characterised by stillbirth, abortions, and preterm births. 

(Khade et al., 2014) [13]. Malformations of the spinal 

column's cervical and thoracic segments cause minor 

scoliosis, symmetric bilateral carpal joint contractions, neck, 

and shortening of the anterior limbs with medial rotation of 

the latter. Malformation of multiple vertebrae, mainly 

involving those at the cervico-thoracic junction, is a 

common feature (Agreholm et al., 2001) [37]. The causative 

mutation is on chromosome 3 in the bovine solute carrier 

family 35-member 3 (SLC35A3) gene (Thomson et al., 

2006) [34]. There is G to T substitution at location 559 of the 

gene SLC35A3 on chromosome 3. CVM causes intrauterine 

mortality throughout pregnancy, resulting in repeated 

breeding and involuntary culling of cows, both of which 

result in economic losses (Berglund et al. 2004) [3]. 

DUMPS refers to deficiency of uridine 5 monophosphate 

enzyme in cattle. It is an inherited disease caused by single 

point mutation (CT) at codon 405 within exon 5. DUMPS 

is a genetic disorder of cattle that causes early embryonic 

death upon uterine implantation. DUMPS is characterised 

by lowered blood activity of UMPS enzyme in the Holstein 

cattle (Schwenger et al., 1993) [32]. DUMPS homozygous 

embryos do not sustain to term and die early in pregnancy. 

Approximately 40 days following conception, the embryos 

aborted or reabsorbed, resulting in recurring breeding issues. 

During the first trimester of gestation, the embryos are often 

reabsorbed which causes to form more services and longer 

calving intervals than normal animal and that makes 

additional problems in dairy herds. It is seen that the 

heterozygous carrier shows a decrease of almost 50% 

UMPS activity in kidney, spleen, muscle, and mammary 

glands. This leads to producing five to ten times higher 

concentrations of orotic acid in cow milk which is at high 

risk in human consumption (Robinson, 1980) [28] and might 

lead to threshold for fatty liver development. These, in 

analogy with a comparable human condition, would be 

expected to exhibit high perinatal morbidity and mortality 

(Robinson et al., 1983) [27]. 

These genetic disorders primarily affect the Holstein 

Friesian breed. These conditions have been linked to 

embryonic deaths, abortions, and stillbirths, all of which 

have a negative impact on reproductive efficiency.  

In India, breeding bulls are commonly used for breeding 

without being screened for monogenic autosomal disorders. 

With the widespread application of artificial insemination 

(AI), semen trading at National or International level and 

breeding bulls, genetic diseases can spread to a vast 

population in short time. The development of simple and 

fast procedures for accurately diagnosing mutations that 

cause genetic problems would help breeders in identifying 

carriers and carrying out breeding programmes to reduce 

genetic defects from the dairy population. 

As a result, considering the financial losses and deadly 

effects of various illnesses in dairy cows, the carried 

investigation was undertaken to analyse animals with the 

reproductive disorders for these disorders. The objective is 

to investigate CVM and DUMPS monogenic disorders with 

repeat breeding and anoestrous cattle by using PCR-RFLP 

in cattle. 

 

Materials and Methods  

Animal selection 

In the carried study, initially selected cows were not 

showing Oestrous or not conceiving even after proper 

nutrition and management practices despite all normal 

anatomical structure of animals. Total one hundred and two 

(102) animals were included with Holstein Friesian (HF) 

crossbred, Dangi, Gaolao and Nondescript breeds. Among 

all the animals selected, fifty-two (52) animals were under 

repeat breeding and fifty (50) animals were anoestrous. 

Almost of the animals were from well-established dairy 

farm, veterinary clinics, and farmers’ fields from 

Maharashtra State.  

 

Blood sample collection 

The selected animals’ blood was collected with proper 

hygiene and precautions to avoid any contamination. It was 

collected in the vacutainers (Make: BD Vacutainer®) 

containing ethylene diamine tetra acetate (EDTA) as blood 

anticoagulant. Firstly, gently shake the blood vacutainer to 

mix blood with EDTA properly and store in the cold chain-

maintained transportation box. After collection, it carried 

out to the cytogenetic investigation laboratory then clean the 

vacutainers externally with ethanol (70%) and store the 

samples in refrigerator at 14 °C till the extraction of de-oxy 

ribose nucleic acid (DNA)  

 

DNA extraction and Evaluation 

Phenol Chloroform (PCI) method was applied and DNA 

extracted as described by Sambrook and Russel, 2001. DNA 

quality by spectrophotometry and quantity by agarose gel 

electrophoresis was checked for effective outcome. DNA 

was stored in the refrigerator for further requirements for 

Polymerase Chain Reaction - Restriction Fragment Length 

Polymorphism (PCR-RFLP).  

 

a) Spectrophotometry 

The DNA were checked for its quantification and purity by 

ultraviolet (UV) spectrophotometry. For the PCR-RFLP 

analysis, used DNA samples with an (Optical density-OD) 

OD260/OD280 ratio of 1.7 to 2.0.  

 

b) Agarose gel electrophoresis of extracted DNA 

For gel electrophoresis Agarose (1%) and 1X TAE buffer 

(pH 8.0) was used. Boiled the Agarose and ethidium 

bromide (1 percent) @ 5 μl /100 ml of agarose gel was 

added. Subsequently, 5.0 μl DNA and 1.0 µl gel loading dye 

(6X) were filled in the wells. At 90 V Electrophoresis was 

carried out for 45 minutes. The quality and purity of the 

DNA (UVP, UK) was checked by observing the gel under 

UV light.  
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 Table 1: Chemicals used for Agarose Gel Electrophoresis 

 

Chemical Composition 

10X TAE, pH 8 

48.4 gm Tris base 

11.4 ml Glacial acetic acid (17.4 M) 

20 ml EDTA (0.5 M) 

Gel loading dye (6X) 

10 Mm Tris -HCL (Ph 7.6) 

0.03 percent bromophenol blue 

60 percent glycerol 

60 Mm EDTA 

Ethidium bromide (1 percent) 
10 mg ethidium bromide 

1.0 ml distilled water 

 

Assessment of annealing temperature: The OD ratio 

between 1.7 to 2.0 (OD 260: 280) DNA samples were used 

for PCR. The annealing temperature was tested in 55-65 °C 

range in the Master cycler gradient for the PCR 

amplification of SLC35A3 and UMPS genes with respective 

primer sequence (Table 2). For the SLC35A3 and UMPS 

genes, consistent findings were observed at 59.7 °C and 58.4 

°C, respectively.  

 
Table 2: Primers used for Polymerase Chain Reaction 

 

Gene Primer sequence (5’-3’) Reference 

SLC35A3 Gene 
Forward: 5’CACAATTTGTAGGTCTCACTGCA 3’ 

(Yathish et al., 2011) [35] 
Reverse: 5’CGATGAAAAAGGAACCAAAAGGG 3’ 

UMP Gene 
Forward: 5’GCA AAT GGC TGA AGA ACA TTC TG 3’ 

(Schwenger et al., 1993) [32] 
Reverse: 5’GCT TCT AAC TGA ACT CCT CGA GT 3’ 

 

PCR amplification of SLC35A3 and UMPS: The PCR 

reactions were performed in 0.2 ml thin-walled PCR tubes 

with a final volume of 25 μl (Table 3). A composition for 

PCR were master mix constituted PCR super mix, forward 

primer, reverse primer, and distilled water and each PCR 

tube was then filled with ~100 ng/μl DNA, resulting to a 

final volume 25 μl. And the PCR tubes shifted in a pre-

programmed thermal cycler (Master cycler Epigradient, 

Eppendorf, Germany) as per PCR protocol (Table 4) for 

different genetic disorders. 

Table 3: PCR reaction component details 
 

PCR Component Volume Concentration 

PCR Super mix 22.5 μl 1X 

Nuclease free water 0.5 μl - 

Forward primer 0.5 μl 10 pmole 

Reverse primer 0.5 μl 10 pmole 

Template DNA 1.0 μl ~100 ng 

Total 25.0 μl - 

 
Table 4: PCR protocol for SLC35A3 and UMPS gene 

 

Cycles Step 
SLC35A3 Gene UMPS gene 

Temperature Time Temperature Time 

1 Initial Denaturation 94 °C 02 min 95 °C 05 min 

 

2 

Denaturation 94 °C 45 sec 95 °C 01 min 

Annealing 59.7 °C 45 sec 58.4 °C 90 sec 

Extension 72 °C 45 sec 72 °C 90 sec 

  Repeat cycle 2 for 40 times Repeat cycle 2 for 35 times 

3 Final Extension 72 °C 10 min 72 °C 10 min 

 

Gel electrophoresis of PCR product: After DNA 

amplification, 5 μl PCR product and 1 μl 6X gel loading dye 

from each amplified tube was mixed. Agarose gel (1.7%) 

and Ethidium bromide (1%) was incorporated in 1X TAE 

buffer. Then the mixed PCR sample was loaded properly in 

gel and electrophoresed at 90 V for 45 min in 1X TAE 

buffer. Then, the result was visualized under UV light and 

analysed it with molecular sized markers. The consistent 

findings were obtained at respective annealing temperature 

and the rest PCR samples were properly stored for further 

RFLP process.  

 

Restriction digestion of amplified PCR product: The 

PCR products of the SLC35A3 gene were digested for 4 

hours, UMPS gene for 6 hours in 37 °C water bath with 

concerned restriction enzymes. (Table 5).  

 
Table 5: Restriction enzyme 

 

Gene Restriction enzyme Recognition Site 

SLC35A3 gene Pst I 
5’-CTGCA^G---3’ 

3’--G^GACGTC--5’ 

UMPS Ava I 
5' - C^YCGRG-3' 

3' - GRGCY^C-5' 

 

Gel electrophoresis of digested PCR product: The 

digested PCR products was visualized in 2.5% and 5% 

agarose for SLC35A3 and UMPS genes respectively. In 

agarose gel, ethidium bromide @ 5 µl/100 ml was added. 

The 6X gel loading dye was used @ 1.5 ml/15 ml of RFLP 

product and electrophoresed at 90V for 60 minutes in 1X 
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TAE buffer. For SLC35A3 Step DNA Ladder (Range 50-

3000 bp) and Ultra Low range (ULR) for UMPS was used 

as a molecular marker and visualized bands under UV light. 

By comparing the band size to a molecular size marker, the 

band size was determined.  

 
Table 6: Components used in digestion of PCR product 

 

Reagent Quantity (ml) 

Restriction enzyme 1.0 

Restriction enzyme buffer 1.5 

PCR product 10.0 

Nuclease free water 2.5 

Total Reaction volume 15.0 

 

Results and discussion:  

The aim of this study was to observe for monogenic 

disorders such as CVM and DUMPS in animals with 

reproductive disorders such as repeat breeding and 

anoestrous, which obstruct production and reproduction and 

result in financial losses. It has already been observed that a 

repeat breeder cow results in a $324 economic loss over a 

fertile cow. The occurrence of factor XI deficiency (FXID) 

carriers in generally fertile and repeat breeder cows, as well 

as possible economic losses from 'longer calving intervals' 

and 'additional service (Akyuz et al., 2012) [2]. CVM and 

DUMPS were created primarily to investigate the link 

between these disorders and reproductive problems with the 

help of molecular techniques and results were discussed in 

detail as under. 

 

Genomic DNA extraction and Analysis: 

Gel electrophoresis was carried out for genomic DNA 

examination (Plate 1). Nanodrop was used to check the 

DNA quantity. The DNA with (Optical density-OD) 

OD260/OD280 ratio ranging between 1.7 to 2.0 were 

subjected for further use. 

 

 
 

Plate 1: Extracted DNA samples 

 

Amplification of SLC35A3 gene: 

The PCR products were analysed in 1.7 percent agarose gel 

and revealed 287 bp single band (Plate 2) band size in UV 

Spectrophotometer. The same results were observed by 

Yathish et al. (2011) [35] and Khade et al. (2014) [13].  

 

 
 

Plate 2: PCR Amplification of SLC35A3 Gene (100 bp ladder) 

 

RFLP analysis of SLC35A3 gene 

The PCR products were digested with Pst I restriction 

enzyme (RE) for 4 hours at 37 °C and visualised under UV 

spectrophotometer light. It revealed 264 bp and 23 bp sizes 

two bands (Plate 3). But the size of 23 bp was too small so it 

is not apparent. The result shown that selected animals were 

found to be normal, with no carriers or affected for 

SLC35A3 gene. 

 

 
 

Plate 3: RFLP of SLC35A3 Gene (100 bp ladder) 
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The digested PCR products of SLC35A3 gene produces 264 

bp and 23 bp size bands in wild animal, 287, 264 and 23 bp 

size in carrier animals, and only one fragment of size 287 bp 

in homozygous recessive animals. The findings for CVM 

were wild type genotype and that agreed with Yathish et al. 

(2011) [35] with no CVM carriers in 55 Karan Fries bull 

calves. The same results have reported Khade et al. (2014) 
[13] in 50 HF crossbred cattle maintained at Maharashtra, 

India as well as Eydivandi et al. (2011) [5].  

Mahdi (2008) [15] found two CVM carrier bulls with 20.35 

percent frequency. Kumar (2009) [14] reported 76.36 percent 

animal’s carrier as well as Mahdipour et al. (2010) [16] found 

12 animal’s carriers in 52 Karan fries bull for CVM. CVM 

carriers were found in 17.76% of top sires in the United 

States, according to various studies (Holstein Association 

USA 2006), Germany 13.20%, Japan 32.50% (Nagahata et 

al. 2002) [19], Sweden 23.00% (Berglund et al. 2004) [3], and 

Poland 25.00 percent (Rusc and Kaminski, 2007) [30]. 

In Slovakia, Gabor et al. (2012) [6] discovered four CVM 

carriers among 47 Holstein bulls. Zhang et al. (2012) [36] 

discovered 56 CVM carrier bulls, equating to a heterozygote 

carrier frequency of 9.54 percent. Paiva et al. (2013) [22] 

discovered that out of 783 Girolando bull samples, 1.53% 

were CVM carrier animals. According to Meydan et al. 

(2013) [18], observed that selected animals carried normal 

genes. According to Hemati et al. (2015) [10], observed some 

dominant homozygote (AA) and heterozygote (Aa) for 

CVM in Holstein cows. Abraham et al. (2019) [38] identified 

42 carrier cows for CVM, Neziha and Hasret (2019) [39] 

found all animals with wild type of gene for CVM. 

 

Amplification of UMPS gene 

The PCR findings of UMPS gene revealed 108 bp size 

(Plate 4). These findings were observed by Grzybowski et 

al. (1998) [9], Ghanem et al. (2006) [8], Patel et al. (2006) [23], 

Meydan et al. (2010) [17] and Khade et al. (2016) [12]. 

 

 
 

Plate 4: PCR Amplification of UMPS Gene (100 bp ladder) 

 

RFLP analysis of UMPS gene  

Following that, the PCR products were digested with the 

Ava I restriction enzyme at 37 °C for 6 hours, revealing the 

normal genotype with three bands of 53, 36, and 19 bp for 

all the animals. (Plate 5). But 19 bp band is too short so it is 

not visible in RFLP. In carrier animal, four bands viz., 89, 

53, 36 and 19 bp will show in RFLP product. First time 

DUMPS was recorded in North America and Europe by 

Shanks and Robinson, (1990) [33]. The results shown that all 

animals were wild type allele for DUMPS.  

 

 
 

Plate 5: RFLP of UMPS Gene (Ultra low range ladder) (53 and 36 bp size and 19 bp is not visible) 

 

The findings are in accordance with Kaminski et al. (2005) 
[11], with no DUMPS occurrence. In a study of 642 HF 

animals, Patel et al. (2006) [23] found no DUMPS. In Iranian 

HF bulls, Rahimi et al. (2006) [25], Rezaee et al. (2009) [26], 

and Eydivandi et al. (2011) [5] found no carriers for 

DUMPS. In Turkish HF cattle, Meydan et al. (2010) [17] and 

Oner et al. (2010) [20] found no carriers for DUMPS. Karsli 

et al. (2011) found no carriers for DUMPS. Gaur et al. 

(2012) [7], reported one HF carrier bull for DUMPS in India. 

Paiva et al. (2013) [22], Meydan et al. (2013) [18], Khade et 

al. (2016) [12], and Debnath et al. (2016) [4], Magotra et al. 

(2020) [40] all have screened the animals for the UMPS gene 

and found no carriers. 

 

Conclusion 

Genetic disorders are one of the most important part and it 

play a significant role in the dairy industry. Now as days 

there is vast use of assisted reproductive techniques such as 

artificial insemination, embryo transfer, and in-vitro 

fertilisation for livestock development through selective 

breeding. Genetic diseases in cattle are having a significant 

influence on the national livestock economy by affecting to 
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the production and reproduction. There are a variety of 

monogenic recessive disorders that are peculiar to the 

Holstein Friesian cattle breed and have been documented to 

cause significant economic losses. The primary cause of 

these problems in the population is the breeding bulls 

utilised. Increased numbers of undiscovered carriers of 

cytogenetic abnormalities and recessive disorders might 

result in significant financial losses for the livestock 

business. Other potential sources of disease are superior 

germplasm bull mothers and other breeding cows. Hence, 

the study carried out in 102 cows with reproductive 

disorders to screen out animals for genetic disorders, if any. 

The carried work can be concluded as under. 

 All animals found normal CVM and DUMPS 

monogenic disorders. As a result, it's possible that 

these diseases aren't directly linked to reproductive 

issues in the population investigated. 

 These genetic diseases in the affected animal were 

directly or indirectly linked to reproductive disorders 

in cattle, resulting in diminished or subfertility in 

cattle. 

 Screening of animals is important to avoid the transfer 

of disease to normal animals, reduce risk to human 

health and to avoid loss to the farmers. 
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