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Factor XI (FXI) is one of more than a dozen 
proteins involved in blood clotting. It is an 
inherited bleeding disorder that has been 
seen in humans, dogs and cattle (Gentry, 
1984). The bovine form of disease was first 
discovered in Holstein cattle in Ohio in 1969 
(Kociba et al, 1969). It was later observed in 
Holstein of other countries.  It also goes by 
the name of hemophilia C in human. FXI is 
trace protein in the blood. It is produced in 
the liver. It plays a role in the coagulation 
cascade, the chain reaction that is set in 
motion when there is injury to a blood 
vessel. It helps in the activation of Factor IX, 
another blood protein important in the 
clotting process.  

 
Prolonged oozing of blood following 
dehorning and castration may also be 
observed. Affected cows frequently have 
pink coloured colostrums. Blood in milk led 
to the identification of the condition in 
British dairy herd (Brush et al. 1987). 
Affected cows have also been difficult to 
breed. Affected animals are more susceptible 
to diseases such as pneumonia, mastitis and 
mastritis (Liptrap et al., 1995).  Affected 
cows have 50% higher frequency of being 
repeat breeders than normal mate as plasma 
progesterone concentration were slower to 
decline at the end of estrous cycle in affected 
cows. Studies revealed follicular diameter 
was smaller in affected cows. Heterozygous 
individuals show varying symptoms and 
degree of reduced FXI activity (Gentry and 
Black, 1980) but difficult to distinguish 
because of overlap in the normal and carrier 
activity ranges. 

 
Blood coagulation cascade 
Defect in coagulation of blood in farm 
animals is a serious health problem. Such 
defects are occurred due to genetic lesions 

within its genome, which interfere in blood 
clotting. Coagulation involves the formation 
of a blood clot (Thrombus) that prevents 
further blood loss from damaged tissue, 
blood vessels or organs.  The coagulation is 
very complicated process within a cellular 
system and is comprised of cells called 
platelets that circulate in the blood and serve 
to form a platelet plug over damaged tissue 
and with the actions of dozen proteins 
(Factors) they produce a fibrin clot. Disorder 
in any of these two systems can cause blood-
clotting disorder.  Platelets have three major 
functions, stick to the injured blood vessels, 
attach to other platelets forming plug and 
providing support to the coagulation 
cascade.   
When injury occurs in a blood vessel, 
substances like primarily collagen and van 
Willebrand factor, allow the platelets to 
adhere to the injured surface.  Once platelets 
attach to the surface, they release chemicals 
that attract additional platelets to the 
damaged area referred to as platelet 
aggregation.  These two processes are the 
first response to stop bleeding.  
The protein-based system (the coagulation 
cascade) serves to stabilize the clot. The aim 
of the cascade is to form fibrin.  In 
coagulation cascade, FXI activates factor IX 
and then X (Fig-1). FXI is a plasma serine 
protease involved in the easy activation of 
the intrinsic blood coagulation cascade. FXI 
along with factor VIII is mainly responsible 
for the conversion of factor X to its activated 
form. Subsequently, factor X initiates the 
conversion of prothrombin to thrombin.  
This reaction makes possible the formation 
of the insoluble fibrin lot from soluble 
fibrinogen (Brush et al., 1987).  FXI is one 
of more than a dozen proteins involved in 
blood clotting.  
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Figure-1: Blood coagulation cascade 

 
Symptoms of the FXI 
Prolonged oozing of blood following 
dehorning and castration may also be 
observed. Affected cows frequently have 
pink coloured colostrums.   Blood in milk 
led to the identification of the condition in 
British dairy herd (Brush et al., 1987).  

Affected cows have also been difficult to 
breed. Affected animals are more susceptible 
to diseases such as pneumonia, mastitis and 
mastritis (Liptrap et al., 1995). Affected 
cows have 50% higher frequencies of being 
repeat breeders than normal mate as plasma 
progesterone concentration were slower to 
decline at the end of estrous. Studies 
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revealed follicular diameter was smaller in 
affected cows. Heterozygous individuals 
show varying symptoms and degree of 
reduced FXI activity (Gentry and Black, 
1980) but difficult to distinguish because of 
overlap in the normal and carrier activity 
ranges. 
Occurrence of FXI 
It is an inherited bleeding disorder that has 
been seen in humans, dogs and cattle 
(Gentry, 1984). It is known as Hemophilia C 
in human. The bovine form of disease was 
first discovered in Holstein cattle in Ohio in 
1969 (Kociba et al, 1969). It was later 
observed in Holstein of other countries, 
Canada (Gentry and Ross, 1995) and Britain 
(Brush et al., 1987). Recently sporadic cases 
of FXI has been reported in India (Patel et 
al, 2007), Turkey (Meydan et al, 2009), 
Poland (Gurgul and Rubioe, 2009). 

 
Molecular aspect of the disease  
Genomic sequence derived from normal and 
heterozygous revealed a 76 bp segment 
[AT(A)28TAAAG(A)26GGAAATAATAA
TTCA] insertion within exon 12 (Marron et 
al., 2004).   The insertion (Fig-6) introduces 
a stop codon within the first four nucleotides 
of the insertion that results in a premature 

FXI protein lacking the functional protease 
domain. 
In normal case the PCR product would be 
244bp (both copies of gene) where as in 
heterozygous condition one copy of gene 
would normal and another copy would be of 
320bp because of 76bp insertion (mutation). 
Affected animal will exhibits both copies of 
gene with 320bp because of insertion as 
shown in figure 3. 

 
Effect of the diseases on breeding 
If a bull is carrying one copy of mutant gene 
and if a heterozygote is mated with an 
unaffected cow, they will produce 50% 
heterozygous or carrier in the population but 
will not exhibit the symptoms of the diseases 
as shown in figure-4. If two heterozygous 
carriers are mated, they will produce 25% 
affected with the diseases, 50% carriers and 
25% normal progeny in the population as 
mentioned in figure-5.  

 
 
 
 
 
 

      
Figure-2: Mutation because of insertion of 76 bp insertion 

 

 
Figure-3: PCR pattern of FXI normal, carrier and affected animals 
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Figure-4: Inheritance pattern of mutant gene during breeding carrier with normal 
 

 
Figure-5: Inheritance of mutant gene during breeding carrier with carrier 

 
CONCLUSION 
Precisely, most of autosomal recessive 
genetic disorders cause physical or 
functional anomalies with negative impact 
on viability. It is difficult to detect carrier or 
heterozygous animals in the population as 
they look normal. As molecular 
characterization of the disease has been 
appeared in recent years, it is possible to 
discover heterozygous carriers and cull them 
from the herd to avoid risk of spreading such 
disease among future bulls and bull mothers. 
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