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INTRODUCTION
Overbreeding of dairy cattle from a narrow genetic base has 
led to undesirable effects and genetic anomalies. Animals are 
chosen for breeding based on potential yield without taking 
into account reproductive and health criteria (Cole  et  al. 
2016). Among the most well-known recessive genetic defects 
in Holstein cattle are complex vertebral malformation (CVM), 
bovine leukocyte adhesion deficiency (BLAD), factor  XI 
deficiency (FXID), and bovine citrullinemia (BC). These 

conditions have led to significant drops in production and 
economic losses (Gholap et al. 2014, Cole et al. 2016).

CVM, which is caused by a missense mutation, a single‑base 
transversion of guanine to thymine at position 559 in the gene 
SLC35A3 on bovine chromosome 3, is characterized by delayed 
growth, vertebral malformation, and bilateral arthrogryposis 
leading to premature death in calves (Agerholm et al. 2001, 
2004). BLAD is characterized by impaired migration of 
leukocytes to infection sites and tissue lesions during immune 
responses (Nasreen et al. 2009). The molecular basis of BLAD is 
a missense mutation (A to G) at position 383 of the CD18 gene 
located bovine chromosome 1 (Nagahata 2004). FXID, which 
is caused by a mutation of FXI gene on bovine chromosome 27, 
is an insertion of a 76-bp adenine-rich fragment in exon 12. 
This insertion, composed of an imperfect poly-adenine tract 
followed by a duplicated region of the normal coding sequence, 
introduces a premature stop codon, which impairs the synthesis 
of functional protein (Marron et al. 2004), is associated with 
excessive bleeding and reproductive problems in Holstein 
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cattle (Korkmaz Ağaoğlu et al. 2015). BC, which is caused by 
a single-base substitution (C to T) at codon 86, converting it 
to a nonsense codon of the gene coding of argininosuccinate 
synthetase ASS gene, on bovine chromosome 11 (Dennis et al. 
1989), is characterized by hyperammonemia due to urea 
cycle interruption, which leads to neurological problems 
resulting ultimately in coma and death in the first week of 
life (Harper et al. 1986, Dennis et al. 1989).

In Mexico there are no studies on the prevalence of carriers 
for BC, FXID and CVM, and there is only one study on BLAD 
carrier frequency in the northeast region of the country 
(Riojas Valdés et al. 2009). Given the scarcity of information 
on frequency of these mutations in Holstein dairy herds 
in Mexico, the objective of our study was to determine the 
carrier frequency of genes associated with these recessive 
hereditary disorders in the Altos Norte region of the state 
of Jalisco, Mexico.

MATERIALS AND METHODS
Ethics statement. Laboratory analysis was done at the Institute 

of Animal Biotechnology of the University of Guadalajara, Mexico. 
The study was approved by Internal Bioethics Regulations of the 
University Center for Biological and Agricultural Sciences, University 
of Guadalajara, Mexico (Approval No. CC/NN11-12/00/2012).

Sample collection and DNA extraction. To calculate the size of 
the necessary sample, the methodology described by Fosgate (2009) 
was used, a total of 408 random samples were obtained from adult 
Holstein cows, aged between 3 and 6 years, with different physical 
condition and physiological state, in dairy herds of the Altos Norte 
region of the state of Jalisco. From each animal we collected 3ml 
of peripheral blood by caudal vein puncture into a Vacutainer® 
tube with EDTA. We extracted DNA from each blood sample using 
a Quick‑DNA™ Universal Kit (Zymo Research, Orange/CA, USA).

Amplification. For PCR, we used Thermo Scientific™ PCR kits 
(Takara Bio Inc., Kusatsu/Shiga, Japan) with a 20µl reaction mix 
containing ~100ng blood lysate, 2µl PCR 1× buffer with 20mM MgCl2, 
1µl mix of 10mM dNTP, 0.5µl DreamTaq® DNA Polymerase, 5pmol 
of both primers, and the remaining volume double-distilled water 
(ddH2O). We carried out PCRs on a Techne® TC-5000 Thermal Cycler 
(Techne Inc., Burlington/NJ, USA) using the primers and conditioners 
described above and shown in Table 1, to amplify the regions of 
interest in SLC35A3, CD18, FXI and ASS. For the verification of the 
PCR-RFLP analysis, we used as a control samples, commercial semen 
of straws from bulls that were genotyped for these genetic diseases. 
We analyzed the amplification products by electrophoresis in 4% 

agarose gel stained with GelRed™ (Biotium, Hayward/CA, USA) and 
visualized the results under ultraviolet light.

Estimation of genotype and allele frequencies for each gene. 
To estimate genotype and allele frequencies, we applied the direct 
counting method described by Nei (1987).

RESULTS
In the case of CVM, we identified 42 (10.3%) carrier cows 
(N/CVM) and 366 (89.7%) cows free of the mutation (N/N). 
The homozygous mutant (CVM/CVM) was absent due to 
the lethal nature of the disorder and the sample type (only 
adult cows). Allele frequencies for CVM were 5% with 95% 
wild-type allele. We found no carrier cows for BLAD, FXID, 
or BC; that is, 100% of the 408 animals were homozygous 
for the wild-type alleles of genes related to these disorders.

DISCUSSION
Since early in the 21st century, high frequencies of CVM carrier 
animals have been reported in countries such as Japan, at 
32.5% (Nagahata et al. 2002), Sweden, at 23% (Berglund et al. 
2004), and Poland, at 24.8% (Ruść & Kamiński 2007), leading 
several countries to develop programs aimed at reducing 
CVM carrier prevalence (Ghanem  et  al. 2008, Ruść  et  al. 
2013). The prevalence of carrier animals in this study was 
estimated at 10%, was similar to that reported for Japan, 
at 13% (Ghanem et al. 2008), lower than that reported for 
Poland, at 16.6% (Ruść et al. 2013), and higher than in Brazil’s 
Girolando cattle, at 1.5% (Paiva et al. 2013).

In the 1990s, different carrier frequencies for the 
BLAD‑associated mutation were reported in a number of 
countries, including USA at 14.1% (Shuster  et  al. 1992), 
Denmark at 21.5% (Jørgensen  et  al. 1993), and Japan at 
13.4% (Nagahata et al. 1997). Since 2000, there has been 
a marked decrease in the carrier rates, such as in Iran with 
3.33% (Norouzy et al. 2005), China with 1.36% (Schifferli et al. 
2000), and Turkey with 2% (Korkmaz Ağaoğlu et al. 2015). 
The non-incidence of BLAD carriers in our study is in agreement 
with reports from the Czech Republic (Citek et al. 2006) and 
Turkey (Oner et al. 2010).

FXID carrier frequency data have been reported in various 
parts of the world. In the USA, the reported frequency was 
1.19% (Marron et al. 2004), in Japan 2.5% (Ghanem et al. 2005), 
in the Czech Republic 0.36% (Citek et al. 2008). In Turkey, 
FXID carrier frequency studies have been conducted in 
diverse regions. In the Bursa region (Oner et al. 2010), carrier 

Table 1. Primers used for genotyping SLC35A3, CD18, FXI and ASS mutations

Gene Genetic 
disorder

Primers
(5’-3’)

Tm
(°C)

PCR 
product 

(bp)

GenBank 
access No. RE Reference

SLC35A3 CVM F: 5’-CACAATTTGTAGGTCTCATGGCA-3’
R: 5’-CGATGAAAAAGGAACCAAAAGGG-3’

54°C 233bp AY160683 Pst I Kanae et al. 
(2005)

CD18 BLAD F: 5’-AGGCAGTTGCGTTCAACGTGA-3’
R: 5’-CCGACTCGGTGATGCCATTGA-3’

53°C 159bp M81233 Taq I Schifferli et al. 
(2000)

FXI FXID F: 5’-CCCACTGGCTAGGAATCGTT-3’
R: 5’-CAAGGCAATGTCATATCCAC-3’

54°C 244bp AH013749 N/A Marron et al. 
(2004)

ASS BC F: 5’-GGCCAGGGACCGTGTTCATTGAGGACATC-3’
R: 5’-TTCCTGGGACCCCGTGAGACACATACTTG-3’

51°C 185bp AC000168 Ava II Dennis et al. 
(1989)

CVM = Complex vertebral malformation, BLAD = bovine leukocyte adhesion deficiency, FXID = factor XI deficiency, BC = bovine citrullinemia, F = forward, 
R = reverse, Tm = melting temperature, PCR = polymerase chain ​​restriction, bp = base pairs, RE = restriction enzyme, N/A = not applicable.
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frequency of 1.17% was found, in the Burdur region it was 
1.8% (Korkmaz Ağaoğlu et al. 2015), and in the Thrace region 
no FXID carriers were found (Avanus & Ahmet 2016), as in 
the present study. However, for FXID, besides the number of 
animals sampled, the choice of random or deliberate selection 
criteria may also be related to the variability in FXID prevalence 
rates between different countries. None of these previous 
studies considered repeat breeding syndrome in cows as 
important to the selection of animals for genotyping. Thus, 
as suggested by Avanus & Ahmet (2016), if future studies 
sample animals with this syndrome preferentially, the FXID 
allele frequency might increase.

The BC condition was reported for the first time by 
Healy et al. (1990) after importing semen from the US progenitor 
Linmack Kriss King for the Holstein population in Australia. 
There were subsequent reports of BC carrier prevalence in 
various countries. Whereas the reported carrier frequency 
in the USA was 0.3% (Robinson et al. 1993), it was 13% in 
Australia, the highest reported prevalence (Healy 1996). 
Generally, carrier frequencies are very low, as in the case of 
China with 0.16% (Li et al. 2011), or null as we found here, 
which was also reported in Germany (Grupe  et  al. 1996), 
Czech Republic (Citek et al. 2006), India (Patel et al. 2006), 
and Turkey (Korkmaz Ağaoğlu et al. 2015). While the FXID, BC, 
BLAD, and CVM related alleles have been reported in various 
countries, in Mexico there are no previous studies of these 
mutations, except a single study for BLAD (Riojas Valdés et al. 
2009). In our study of 408 Holstein cows in the Altos Norte 
region of Jalisco for all these recessive disorders (BC, BLAD, 
FXID and CVM), we confirmed only the presence of CVM 
carriers (10.3%). A considerable prevalence of a recessive 
lethal defect such as CVM could be caused by a high level of 
inbreeding in livestock populations, by the lack of knowledge 
of the possible existence of CVM by the livestock producers 
in cases of neonatal mortality (Ghanem & Nishibori 2008), 
and by the absence of marker-assisted programs that could 
substantially reduce the frequency of a mutation within a little 
period. The different selection strategies against the lethal 
recessive allele in CVM are reflected in the different reduction 
rates of the specific allele frequencies (Schütz, et al. 2008). 
The absence of the mutant alleles for the genetic disorders 
BLAD, FXID, and BC may be due to the fact that most Holstein 
cattle germoplasm in Mexico is imported from the USA and 
Canada, where companies in charge of bovine genetics have in 
place selection programs to combat these hereditary diseases 
(Nagahata 2004) with positive effects for the cattle industry 
in Mexico. Despite the efforts of other countries to counteract 
the impact of these harmful mutations, the presence of the 
CVM-causing allele in our study points to insufficient planning 
and genetic selection of reproductive animals in Mexico.

CONCLUSIONS
In this study, we found no evidence of mutant alleles for 

the recessive hereditary disorders BC, BLAD, and FXID in 
Holstein cows in the Altos Norte region of the state of Jalisco.

For the SLC35A3 mutation associated with the hereditary 
CVM disorder, we calculated a mutant allele frequency at 5% 
and a carrier frequency at 10%.

This study seems to be the first to report the allele 
frequency of FXID, CVM, BLAD and BC in Holstein cattle 
located in Jalisco, Mexico.
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