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ABSTRACT 
 
Deficiency of Uridine Monophosphate Synthase and deficiency of Factor XI are 
autosomal recessive inherited genetic disorders which affect all kinds of farm 
animals. Functional and physiological defects arising from such inherited 
disorders have negative impact on health and productivity and also reduce the rate 
of genetic improvement in cattle. This study was aimed to standardize PCR based 
test and be acquainted with the incidence of mutant alleles caused by two genetic 
disorders in cattle. Blood samples were collected from 327 cattle breeds: Karan 
Friss, Holstein Friesian, Tharparker, Haryana, Jersey and Red Sindhi. Genomic DNA 
from these animals was extracted and its quality assessed prior to PCR 
amplification. Primers were designed for DUMPS and FXI genes. An allele specific 
PCR technique was applied to amplify and detect mutation on the specific DNA 
target sequences. The amplified PCR products were purified and sequenced to 
confirm the change. Allele-specific PCR-based screening methodology was 
developed for Deficiency of Uridine Monophosphate Synthase and Factor XI cattle 
genetic disorders. All the tested animals were free from the aforementioned 
genetic disorders. However, this will not provide us conclusively cattle herds 
maintained at the study area free from these disorders. Therefore, it is highly 
suggested that screening works with large sample size should continue.  
 
Key words: Autosomal, genetic disorders, genotyping, PCR optimization. 

 
Abbreviations: NDRI: National Dairy Research Institution; PCR: Polymerase Chain Reaction; DUMPS: Deficiency of Uridine 
Monophosphate Synthase; EDTA: Ethylinediamino Tetra Acetate; SNP: Single Nucleotide polymorphism; FXI: Factor XI; 
UMPS: Uridine Monophosphate Synthase; HF: Holstein Friesian; FI: Forward Inner, FR: Forward reverse; FO: Forward outer, 
RO-Reverse outer.  
 
 
INTRODUCTION 
 
To increase productivity and production in the dairy sector 
globally, animal breeding using elite animals and advanced 
technologies is vital in dairy production. International trade 
for semen from elite bulls with high genetic merit against 
other bulls for milk trait has been used between countries. 
The widespread usage of advanced reproductive 
technologies like artificial insemination and multiple 
ovulation embryo transfer gives an opportunity to 
individual bulls  to  be  quickly  sire  thousands  of  calves  in 

many countries (Windsor and Agerholm, 2009).  
Inherited genetic disorders affect all kind of farm 

animals. The rate of genetic defects from such disorders in 
cattle has been on the increase. As intensive selection 
concentrates on the genetics of selected individuals, the 
potential for emergence or recognition of heritable 
anomalies may also increase. Furthermore, inadvertent 
propagation of genetic defects in cattles can lead to 
functional and physiological defects which will have 
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detrimental economic impacts and reduce the rate of 
genetic improvement (Whitlock et al., 2008; Oner et al., 
2010).  

Most of the known inherited disorders in cattle are 
mostly caused by autosomal recessively inherited genes. 
The characteristic feature of autosomal recessive genes is 
that they are only expressed as a diseased phenotype if 
both alleles are present. Therefore, unrecognized 
dissemination of such defective genes is possible and 
autosomal recessively inherited disorders are of greater 
concern in cattle breeding than disorders with dominant 
inheritance as these are easily recognized (Agerholm, 
2007).  

Recent developments within molecular genetics have 
made it possible for efficient and rapid identification of 
heterozygous animals using genomic analysis. If the genetic 
defect is recognized at molecular level, it is possible to 
detect the carriers at genetic level which helps breeders to 
prevent unintended breeding of the targeted animal 
(Agerholm, 2007). Although there are several genetic 
disorders in dairy cattle throughout the world, Bovine 
Leukocyte Adhesion Deficiency, Deficiency of Uridine 
Monophosphate Synthase (DUMPS), Bovine Citrullinamia, 
Factor XI (FXI), and Complex Vertebral Malformation are 
the most common autosomal recessive genetic disorders 
which have significant impacts in dairy breeding 
improvement program. Increased use of artificial 
insemination based on semen trade  and worldwide use of 
service bull causes a widespread of these genetic disorders 
through carriers that seems normal (Patel et al., 2006).  

Factor XI (FXI) is a plasma protein synthesized in the 
liver that participates in an early phase of blood coagulation 
(Seligsohn and Griffin, 1995). FXI deficiency is an 
autosomal recessive hereditary disorder associated with 
excess bleeding in Holstein cattle worldwide and first 
discovered in Holstein cattle in Ohio (Kociba et al., 1969). 
Homozygous and heterozygous FXI deficient animals may 
have lower calving and calf survival rates, as well as, 
increased susceptibility to infectious diseases (Liptrap et 
al., 1995). This affects the production and reproduction rate 
of dairy animals negatively and slows the genetic 
improvement program (Patel et al., 2007). A total of 1,001 
Indian Holstein dairy bulls were screened for FXI-
deficiency but only two were found to carry the mutant FXI 
gene. One carrier was a three-year old Holstein- Friesian 
bull from a farm in southern India. The mutant gene for 
Factor XI deficiency in Indian Holstein-Friesian cattle was 
higher than Citrullinamia (Patel et al., 2006) and very much 
lower than BLAD (Patel et al., 2007). 

Uridine Monophosphate Synthase (UMPS) is an enzyme 
which has a key role on the pyrimidine nucleotide synthesis 
which is essential for normal growth and development of 
several ruminant and non-ruminant species (Healy and 
Shanks, 1987). Inactivation of this enzyme is caused by an 
autosomal recessive hereditary mutation which occurs in 
UMPS gene. Deficiency of Uridine Monophosphate Synthase  

 
 
 
(DUMPS) is a hereditary recessive disorder in Holstein 
cattle causing early embryo mortality during its 
implantation in the uterus (Ghanen et al., 2006; Robinson et 
al., 1983; Shanks et al., 1990). It is characterized by lowered 
blood activity of the enzyme Uridine Monophosphate 
Synthase (Healy and Shanks, 1987). Embryos homozygous 
for DUMPS do not survive birth and usually die early in 
gestation, hence, no homozygous recessive animal was 
detected. The embryos appear to be aborted or reabsorbed 
approximately 40 days after conception, leading to 
repeated breeding problems (Robinson et al., 1993a; Lee et 
al., 2002).  

DUMPS were found in two Holstein Friesian carrier bulls 
in Hungary (Fesus et al., 1999) and Taiwan (Lin et al., 2001) 
and no carrier animals were found among Holstein 
populations in Poland (Kaminski et al., 2005), Iran (Rahimi 
et al., 2006), India (]Patel et al., 2006) and Turkey (Meydan 
et al., 2006; Akyuz and Ertugrul, 2008). The mutant allele 
was detected in studies carried out in USA (Shanks et al., 
1987) and Argentina (Patel et al., 2006). 

India has 187.38 million cattle population (15%) of the 
world cattle population. The total number of crossbred 
cattle population from the total native population is about 
22.63 million. However, the dairy cattle contribute about 
22% of the total milk production. The present breed 
improvement policy of India using crossbred population is 
based on selective breeding, selection based on genetic 
markers and checking up of the breeding bulls for heritable 
and genetic disease. Many heritable mutations and diseases 
have been traced to autosomal chromosomes of different 
cattle breeds and most of these mutations are lethal or 
bring about deficiencies in the defence mechanism. The 
coverage of wild type allele on mutant allele in 
heterozygous carrier animals may not show any phenotypic 
abnormality but transmits the mutant alleles to the next 
generations (Sharma et al., 2009).  

Artificial insemination emerged as the preferred method 
for production of superior quality cattle for milk trait in 
India. For this purpose, it has been importing vast 
quantities of semen for domestic cross breeding program. A 
defect in a single gene in bulls can lead several numbers of 
offspring’s to die permanently or suffer life-long 
deformities (Sharma et al., 2009). Thus, it is necessary to 
give more attention to these genetic disorders in order to 
avoid the economic loss in the dairy industry in particular 
and animal industry in general.  Therefore, regular 
genotyping and testing of breeding bulls and their offspring 
(as the disorders are naturally inherited) is of paramount 
importance to control and avoid the spreading of common 
genetic disorders in cattle. Considering this, the current 
study was designed to standardize Polymerase Chain 
Reaction based test and to assess the incidence of the 
mutant alleles in different cross bred and native Indian 
cattle for two important genetic disorders: Deficiency of 
Uridine Monophosphate Synthase (DUMPS) and Factor XI 
(FXI). 
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Table 1: Components and amount of PCR reactions for UMPS and FXI genes. 
 

PCR components Final concentration Volume (25 µl) 

 

Name of genes 

DUMPS (µl) FX (µl)I 

10XPCR buffer IX 2.5 2.5 2.5 

10 Mm dNTPs 200 µM 0.5 0.5 0.5 

Forward inner primer (10 pcmol) 0.12 µM 0.3 0.3 0.3 

Reverse inner primer (10 pcmol) 0.12 µM 0.3 0.3 0.3 

Forward outer primer (10 pcmol) 0.12 µM 0.3 0.3 0.3 

Reverse outer primer (10 pcmol) 0.12 µM 0.3 0.3 0.3 

DNA polymerase (5U/ µl) 1 U 0.2 0.2 0.2 

Template DNA (5.0 ng/ µl) 2 ng/ µl 1.0 1.0 1.0 

20 Mm MgCl2 2 mM 2 2 2 

DNA ase free H2O  17.8 17.8 17.8 
 

The 1st column is the list of requirements to run the PCR. The 2nd and 3rd column is the final volume of the reaction for PCR 
processing, while the last one showed the list of genes considered in the PCR reaction.  

 
 
MATERIALS AND METHODS 
 

Animals and genetic data  
 

In this study, three hundred and twenty-seven (327) native 
Indian (Bos indicus) and exotic (Bostaurus) cattle breeds 
and their cross bred calves were used to screen the target 
animals for two genetic disorders: Deficiency of Uridine 
Monophosphate Synthase (DUMPS) and Deficiency Factor 
XI (FXI). 
 
 

Blood collection 
 

Blood samples were collected from jugular vein of Karan Friss, 
Holstein Friesian, Tharparker, Haryana, Jersey, Red Sindhi 
cattle and Karan Friss calves in Ethylinediamino Tetra Acetate 
(EDTA) containing Vacutainer tubes. The data were collected 
from Haryana, Punjab, Tamil Nadu, Karalla, U.P and Karnataka 
states of India. The samples were transported to animal 
genomics laboratory in Animal Biotechnology Center at NDRI 
and stored at -20°C until genomic DNA extraction was done. 
 

 

PCR optimization 
 

PCR reaction was performed in 25 μl reaction volume 
containing 10X PCR buffer, 20 mM MgCl2, 200 μM of dNTPs 
(Fermentas), 10 pmol of primers (UMPS and FXI genes), 0.2 μl 
units of Taq DNA polymerase (Dream Taq, Fermentas) and 50 
ng of genomic DNA as template. Negative control containing all 
the reaction components except the template DNA was used to 
check any contamination of foreign DNA in the PCR reaction 
components (Table 1). 
 
 

Primer designing 
 

Primers were designed to differentiate the wild type and 
the mutant alleles of the two genetic disorders. The primer 

for UMPS gene was designed manually in our laboratory 
and for FXI we used from literature/reported primer 
(Marron et al., 2004) (Table 2).  
 

 
DNA isolation 
 
The goal of genomic DNA isolation depends on the 
applications of the DNA after isolation. Purity, source, 
quantity and quality of DNA are all issues that need to be 
addressed prior to genomic DNA extraction. In this study, 
genomic DNA was isolated as per the procedure of salt out 
method (Miller et al., 1988). 
 

 
Determination of DNA quality and quantity 
 
Horizontal submarine Agarose gel electrophoresis was 
performed to check the quality of genomic DNA using 0.8% 
Agarose (Molecular Biology grade, Low Electro Endo 
osmosis grade, Sigma). The purity of genomic DNA was 
determined by measuring the ratio of optimal density (OD) 
at 260 and 280 nm, respectively with a UV 
spectrophotometer (Nanodrope ND-1000- USA).  
 
 
Purification of PCR products: Ethanol precipitation 
 
The PCR products were purified before the samples were 
submitted for sequencing. 200 μl of PCR product was taken 
into 1.5 ml micro centrifuge tube, 1 ml of 99.9% absolute 
ethanol (Sigma) and 20 μl 10M ammonium acetate was 
added respectively and thereafter mixed and kept in ice for 
30 min. The chilled mixture was centrifuged at 10,000 rpm 
for 30 min at 4°C. After observing DNA pellet, supernatant 
was discarded and pellet was washed with 500 μl freshly 
205 prepared chilled 70% Ethanol (700 μl of 70% alcohol 
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Table 2: List of genes, primers, PCR product size and expected allelic change. 
 

List of 
genes 

Primer sequences (5' – 3') 

 

PCR Product size 

 

Expected allele  change 
Normal Affected 

Common 
product 

FXI 
Forward primer: CCCACTGGCTAGGAATCGTT 

244 bp 320 bp - 
'G' will be changed into ‘A’ 
on disease affected animal Reverse primer: CAAGGCAATGTCATATCCAC 

   

UNMS  

Inner forward: TTTGTGATTGGTTTTATTTCTGGCTACC 

180 bp 152 bp 278 bp 
'T' will be changed into ‘C’ 
on disease affected animal 

Inner reverse: AGAAATTCTGGTTTCATGCTTACGCA 

Outer forward: AAGACAGCAGAGTTTCTTACGTTTGGTG 

Outer reverse: ACTGCAAGCTATTTTTGCACATCTAGGT 
 

The 1st and 2nd column showed that the two genes and sequence of their primers respectively, while the 3rd, 4th and 5th column showed the PCR product size 
for normal and affected animals and their common product respectively. The 6th column is for the position on which the expected mutation occurs on the 
genetically affected animal. 
 
 

Table 3: The standardized time, temperature and number of cycles for FXI and UMPS gene to  run the PCR.  
 

Steps Process 

 

 

 

 

 

Temperature and time 

FXI UMPS 

1 Initial denaturation 
94°C 94°C 

2 min 2 min 

  

2 Denaturation 
94°C 94°C 

30 s 30 s 

  

3 Annealing 
55°C 53°C 

30 s 30 s 

  

4 Extension 
72°C 72°C 

30 s 30 s 

  

5 Final extension 
72°C 72°C 

5 min 5 min 

6 Holding 4°C 4°C 
 

Step 2 to  step 4  was  r epeated for 34 cyc les for  FXI gene  and 30 cyc les for DUPS gene.  

 
 
and 300 μl distilled mili Q water), mixed well and centrifuged at 
10,000 rpm for 30 min at 4°C. The supernatant was discarded and 
the tubes kept inverted on a tissue paper to absorb excess ethanol. 
The pellet were air dried on dry path at 37°C for 5 to 10 min and, 
thereafter dissolved in 30 μl nuclease free water. The purified 
volume kept out at room temperature for 5 to 10 min and out of it 
4 μl were taken and ran on Agarose gel for checking whether the 
purification has done properly or not. Finally, properly purified 
products were sealed and stored at -20°C till sequencing was 
done. The OD was taken to know the concentration of the purified 
product. 

 
 
DNA Sequencing 
 

The PCR product of UMPS and FXI genes were sequenced to 
confirm the nucleotide change. The PCR products were amplified 

from genomic DNA using outer forward primer and outer reverse 
primer of each locus. The purified PCR products were sequenced 
using outer forward primer automated ABI 377 sequencer 
(PerkinElmer Applied Bio system, Foster city, CA, USA) by Xcelris 
Privet limited (Ahmadabad, India). 

 
 
RESULTS AND DISCUSSION 
 

In this study, Allele specific PCR-based screening methodology 
was developed for two common autosomal recessive genetic 
disorders: Factor XI and Deficiency of Uridine Monophosphate 
Synthase for bovine. This method is simple, reliable, less time 
consuming and economical compared to existing methods PCR-
SSCP and PCR-RFLP which requires enzymes for post PCR product 
manipulation (Table 3). However, the current method does not 
require any post PCR manipulation or handling technique.  
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278bp
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100 bp

A B

Figure 1 

Figure 1 (A) Agarose gel electrophoresis (2%) of UMPS allele specific polymerase chain reaction  product  to detect 

DUMPS on the experimented animals . “M”  refers  DNA marker  (100 bp DNA size),  L1 – L6 = PCR products from 

normal animals: showed 278 bp and 180 bp.  NT = negative control (PCR product without template  DNA) . (B) The 

chromatogram data showed the actual nucleotide position on which the nucleotide change could occurs in UMPS gene 

in affected animals  but  the position showed normal (nucleotide C). This is the same result with the gel 

electrophoresis photo i.e. the animals were free from DUMPS genetic disorder. 

  

 

 

 

 
 

Figure 1: (A) Agarose gel electrophoresis (2%) of UMPS allele specific polymerase chain reaction product to detect 
DUMPS on the experimented animals. ‘M’ refers to DNA marker (100 bp DNA size), LI - L6 = PCR products from 
normal animals showed 278 bp and 180 bp. NT = Negative control (PCR product without template DNA); (B) The 
chromatogram data showed the actual nucleotide position on which the nucleotide change could occur in UMPS gene 
in affected animals but the position showed normal (nucleotide C). This is the same result with the gel 
electrophoresis photo, that is, the animals were free from DUMPS genetic disorder. 

 
 

100 bp

200 bp

1                   2                 3                     M             NT

244 bp

Figure 2 Agarose gel electrophoresis (2%) of Factor XI gene allele specific PCR products to detect Deficiency

of Factor XI genetic disorder. “M” is DNA marker (100 bp DNA size), L1 – L4: is lane one to lane four PCR

products from normal animals. NT: negative control (PCR product without template DNA ). The normal

animals showed one band i.e. 244 bp in all the tested animals.

 
 

Figure 2: Agarose gel electrophoresis (2%) of Factor XI gene allele specific PCR products to detect deficiency 
of Factor XI genetic disorder. ‘M’ is DNA marker (100 bp DNA size), L1 - L4 is lane one to lane four PCR 
products from normal animal; NT: Negative control (PCR product without template DNA). The normal 
animals showed one band, that is, 278 bp in all the tested animals. 

 
 

The primers successfully amplified the DNA fragments of 
FXI and UMPS genes for the genetic disorders Factor XI and 
Deficiency of Uridine Monophosphate Synthase, 
respectively (Table 2). After PCR amplification and Agarose 
gel electrophoresis, the gel photograph showed that all the 
animals were normal, that is, unaffected (homozygous wild 
type) for DUMPS. PCR product of UMPS gene yielded two 
bands that is, 180bp (for normal animal) and 278bp for 
common product. However, none of the animals showed 

affected (152bp fragment) on the gel photo (Figure 1A). 
Similarly, the amplified PCR product for FXI gene locus 
yielded 244bp bands (normal animal) and none of the 
animals showed affected (320bp fragment) (Figure 2). The 
allele specific PCR genotyping results were confirmed by 
amplifying and sequencing the corresponding mutation 
containing region for UMPS genes. The result of the 
nucleotide sequencing on the chromatograph was similar to 
that of allele specific PCR result on gel photo (Figure 1B).  
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Identification of the genetic disorders at molecular level 

enables rapid screening of breeding cattle populations in 
order to eliminate the carriers from the population of 
breeding sires. Besides, giving due attention to the genetic 
disease screening methodology is of paramount importance 
in genetic improvement programs and this decreases the 
number of affected progeny and reduce economical loss in 
dairy industry. Several investigations were carried out in 
different countries for DUMPS using different PCR 
techniques and carrier animals were found among Holstein 
populations in Hungary (Fesus et al., 1999), Taiwan (Lin et 
al., 2001), the USA (Shanks et al., 1987) and Argentina 
(Patel et al., 2006) but no carriers were reported in Poland 
([Kaminski et al., 2005), Iran (Rahimi et al., 2006), India 
(Patel et al., 2006) and Turkey (Meydan et al., 2006; Akyuz 
and Ertugrul, 2008).  

In the present study, all the animals screened for DUMPS 
genetic disorder were free as different reports showed that 
the prevalence of this disorder is low in Indian cattle. FXI 
deficiency was first discovered in Holstein cattle in Ohio 
(Kociba et al., 1969) and was also reported in other 
countries like England (Brush et al., 1987) and Japan 
(Kunieda et al., 2005). It was also found in Indian cattle 
(Patel et al., 2007).  Out of the 1001 Indian Holstein dairy 
bulls screened for FXI-deficiency two were found to carry 
the mutant FXI gene. Although our result on the 
experimented animals were not found, it does not mean 
that the remaining animals were free from the disorder. 
The mutant gene for factor XI deficiency in Indian Holstein-
Friesian cattle is higher than Citrullinamia (Patel et al., 
2006) and very much lower than BLAD (Patel et al., 2007).  

Recent developments within molecular genetics have 
made possible efficient and rapid identification of 
heterozygous animals by genomic analysis using different 
PCR techniques such as PCR-RFLP (Changlong et al., 2013) 
and PCR-SCCP (Hongyo, 1993). These techniques required 
post PCR product manipulation. In this study, Allele specific 
PCR-based screening methodology were developed for this 
two genetic disorders which is simple, reliable, less time 
consuming and also economical. 
 
 
Conclusion 
 

The development of a healthy herd requires proper 
identification of genetic disorders at gene level. This 
enables rapid screening of breeding population in order to 
eliminate the carriers from the population of breeding sires, 
thus, decreasing the number of affected progenies. 
Screening methods for genetic disorders in bovine reported 
so far mainly PCR-SSCP, PCR-RFLP and PCR-PIRA. In this 
study, Allele-specific PCR-based screening methodology 
was developed for two autosomal recessive genetic 
disorders: Factor XI Deficiency and Deficiency of Uridine 
Monophosphate Synthase. This method is simple, accurate, 
less time consuming and economical as compared to the 
existed PCR based screening methods. This method does 

not require any post PCR manipulation or handling 
activities. All the animals screened were free from these 
genetic disorders. 
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