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Identification of complex vertebral malformation 
carriers in Holstein cattle in south China
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ABSTRACT. Complex vertebral malformation (CVM) is a recently 
described monogenic autosomal recessive hereditary defect of Holstein 
dairy cattle that causes premature birth, aborted fetuses and stillborn 
calves. Guanine is substituted by thymine (G>T) in the solute carrier 
family 35 member A3 gene (SLC35A3). A valine is changed to a 
phenylalanine at position 180 of uridine 5’-diphosphate-N-acetyl-
glucosamine transporter protein. CVM is expected to occur in many 
countries due to the widespread use of sire semen. We developed a 
created restriction site PCR (CRS-PCR) method to diagnose CVM 
in dairy cows. This was tested on 217 cows and 125 bulls selected 
randomly from a Holstein cattle population in south China. Five Holstein 
cows and five Holstein bulls were identified to be CVM carriers; the 
percentages of CVM carriers were estimated to be 2.3, 4.0 and 2.9% in 
the cows, bulls and entire Holstein cattle sample, respectively.
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INTRODUCTION

Complex vertebral malformation (CVM), first reported by Agerholm in 2001, is a 
lethal autosomal recessive hereditary defect in Holstein breed, which is caused by a point 
mutation from G to T at nucleotide position 559 in the bovine solute carrier family 35 member 
A3 gene (SLC35A3), which changes the amino acid sequence from a valine to a phenylalanine 
at position 180 of uridine 5’-diphosphate-N-acetyl-glucosamine transporter protein (Thomsen 
et al., 2006). The CVM gene exists in the Chinese Holstein population (Chu et al., 2008). 
If the proportion of CVM carriers in the nucleus breeding group of Holstein is high, it will 
cause a decrease in milk production and great economic losses in the dairy industry (Kearney 
et al., 2005). It is difficult to report the distribution status of CVM, because there is no detec- distribution status of CVM, because there is no detec- status of CVM, because there is no detec-
tion technology with independent property rights in our country, so it is impossible to draw 
conclusions as to the route of transmission of CVM on the basis of parentage. The objectives 
of this study were to develop a technique for detection of CVM and to investigate the carrier 
frequency of CVM in a population randomly collected from Holstein cattle in south China.

MATERIAL AND METHODS

Collection of samples

A total of 217 blood samples from Holstein cows and 125 frozen Holstein semen sam- samples from Holstein cows and 125 frozen Holstein semen sam-Holstein cows and 125 frozen Holstein semen sam- frozen Holstein semen sam-frozen Holstein semen sam- sam-
ples were randomly collected in south China for DNA extraction using a standard procedure.

Primer design and polymerase chain reaction (PCR)

A pair of primers was designed to amplify 225 bp of the SLC35A3 gene, based on the ge-gene, based on the ge-, based on the ge- based on the ge-on the ge-
nomic DNA sequence of Holstein cattle (GenBank accession No. NC_007301.3) using the Primer 3 
software (http://frodo.wi.mit.edu/primer3) and dCAPS Finder 2.0 (available at http://helix.wustl.
edu/dcaps/dcaps.html). The forward primer for PCR was 5ꞌ-GCTCTCCTCTGTAATCCCCA-3ꞌ. 
The reverse primer was 5ꞌ-CCACTGGAAAAACTAGCTGTGAGTA-3ꞌ, which was engineered 
to introduce a point mutation at position 24 (italic) resulting in PCR products of CVM non-
carriers containing an RsaI restriction site and products from carriers lacking this site. PCR was 
performed in a 20-µL reaction mixture containing 1.5 mM MgCl2, 200 µM each of dATP, dGTP, 
dTTP, and dCTP, 0.2 µM of each primer described above, 1 U Taq DNA polymerase, 1 µL ge-
nomic DNA and 1X PCR buffer was prepared according to the instruction manual for Taq DNA 
polymerase. Each reaction mixture in a 200-µL Eppendorf tube was inserted into PCR apparatus 
at 94°C, and held at 94°C for 10 min before the cycling reactions. Conditions of reactions were 
30 s at 94°C, 30 s at 60°C, and 30 s at 72°C per cycle, and 34 cycles were applied, followed by 
single reaction at 72°C for 10 min and cooling at 15°C for 10 min. PCR products were analyzed 
on a 1.2% agarose gel with ethidium bromide.

DNA sequencing

The PCR products of cows and bulls were obtained from electrophoretic gels, and pu- cows and bulls were obtained from electrophoretic gels, and pu-were obtained from electrophoretic gels, and pu-obtained from electrophoretic gels, and pu-ed from electrophoretic gels, and pu-from electrophoretic gels, and pu- electrophoretic gels, and pu-, and pu- and pu-and pu-pu-
rified with the TIANgel Midi Purification kit (Tiangen Biotech, Beijing), and then sequenced 
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bidirectionally using ABI PRISM 3730 to identify the accuracy of the products.

Genotyping by created restriction site (CRS)-PCR

In a 10-μL reaction mixture, 4 μL PCR products was digested with 4 U RsaI at 37°C 
overnight and genotyped by 8% acrylamide gel electrophoresis.

RESULTS

CRS-PCR amplicon

A 225-bp PCR product was obtained (Figure 1).

Figure 1. The 225-bp CRS-PCR amplicons of the SLC35A3 gene. Lane M = 100-bp ladder marker. Lane 1 to 5 = 
PCR product.

The genotyping of CRS-PCR

The 225-bp PCR products were digested with RsaI and discriminated by restriction 
fragment length polymorphism (RFLP). The PCR products obtained from CVM-carrier cattle 
DNA samples were digested into three fragments (225, 201 and 24 bp), which was the hetero- (225, 201 and 24 bp), which was the hetero-225, 201 and 24 bp), which was the hetero-), which was the hetero-he hetero- hetero-hetero-etero-
zygote genotype GT; the CVM homozygote only had a 225-bp fragment with the TT geno- genotype GT; the CVM homozygote only had a 225-bp fragment with the TT geno-type GT; the CVM homozygote only had a 225-bp fragment with the TT geno- GT; the CVM homozygote only had a 225-bp fragment with the TT geno-; the CVM homozygote only had a 225-bp fragment with the TT geno-a 225-bp fragment with the TT geno- 225-bp fragment with the TT geno- with the TT geno-he TT geno-TT geno-
type, and the healthy cattle showed two fragments (201 and 24 bp) with the GG genotype. 
The 24-bp DNA fragment was too small to be seen on the 8% polyacrylamide gel (Figure 2).

Figure 2. Genotyping by the CRS-PCR technique. Lanes 1, 2, 3, 6, 9, 10 = GG; lanes 4, 5, 7, 8 = GT; lane M = 
100-bp ladder marker. The 24-bp DNA fragment was too small to be seen on the gel.
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Confirmation of the results of CRS-PCR by sequencing

The PCR products from CVM carriers and healthy individuals identified by CRS-PCR 
method were sequenced by ABI PRISM 3730. There existed two alleles (G, T) in the nucleotide 
position 559 of SLC35A3 gene in CVM carrier cattle (Figure 3) and only allele G in healthy 
individuals (Figure 4). This indicated that this CRS-PCR technique was reliable and useful.

Figure 4. DNA sequencing of the SLC35A3 gene of healthy cattle.

Figure 3. DNA sequencing of the SLC35A3 gene of CVM-carrier cattle. 

Genotypic frequencies

A total of 342 Holstein cows were genotyped by CRS-PCR and sequencing; 10 het-
erozygous (GT) and 332 homozygous (GG) were discriminated, which 5 cow carriers were 
from 217 cows and 5 bull carriers from 125 bulls. The allelic frequency of the CVM mutation 
allele T in the population was 1.5%, and the percentages of CVM carriers were estimated to 
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be 2.3, 4.0 and 2.92% in the Holstein cows, Holstein bulls and whole Holstein cattle sample, 
respectively (Table 1).

Genotype Number Genotype frequency                                                   Allele frequency

   G T

GT   10 0.0292 98.5% 1.5%
GG 332 0.9708  
Total 342   1.0  

Table 1. Allele and genotype frequencies of polymorphisms of the SLC35A3 gene.

DISCUSSION

Several methods used to detect CVM have been reported

For instance, PCR-single-stranded conformational polymorphism (PCR-SSCP) (Rusc 
and Kaminski, 2007; Chu et al., 2008), allele-specific PCR (AS-PCR) (Bendixen et al., 2002; 
Ghanem et al., 2008), microsatellite symbol method (Berglund et al., 2004) and PCR primer-
introduced restriction analysis (PCR-PIRA) (Kanae et al., 2005). However, CRS-PCR, applied 
in this study, is a simple and efficient technique to identify single nucleotide polymorphism 
(SNP) genotypes, in which one or more mismatch bases are introduced in a primer to create a re-, in which one or more mismatch bases are introduced in a primer to create a re-ne or more mismatch bases are introduced in a primer to create a re-introduced in a primer to create a re-ed in a primer to create a re-
striction site by combining the SNP site after PCR. If there is no restriction site or the restriction 
enzyme is too expensive to use, CRS-PCR can be used to substitute PCR-RFLP, so CRS-PCR 
has been used extensively and effectively at present (Hosseini et al., 2006; Shayan et al., 2007; 
Batiz et al., 2009). In our study, RsaI restriction site was created to genotype healthy cattle (GG), 
CVM carriers (GT), and CVM homozygotes (TT), because there is no restriction site for G/T in 
the SLC35A3 gene. All CVM carriers and healthy individuals determined by CRS-PCR were 
confirmed by DNA sequencing (Figures 3 and 4). The results indicate that the CRS-PCR method 
developed in this study can be another potential technique for the reliable detection of CVM.

The use of CVM carriers will inevitably result in economic losses in the
management of dairy cattle herds

Thus, many countries have carry out the detection of CVM and report the distribu-
tion of CVM carriers (Berglund et al., 2004; Thomsen et al., 2006; Rusc and Kaminski, 2007; 
Ghanem et al., 2008; Chu et al., 2008). The frozen semen and embryos of our country are 
imported from the United States and Denmark and other countries. Therefore, there may be 
some potential CVM carriers in China. The frequency of the CVM carriers was 2.92% in our 
study. Chu et al. (2008) reported that the percentage of CVM carriers in China was 43.6%, 
much higher than our finding, because the Holstein cattle sample in their study comprised 68 
frozen semen samples from at-risk Chinese Holstein bulls and 602 cows whose sires included 
10 confirmed at-risk bulls; these bulls were selected according to the list of CVM carrier sires 
published by the United States and Canada, as well as the Chinese Holstein sire pedigrees, and 
probably were potential CVM carriers. In our study, 217 cows and 125 bulls were randomly 
collected from a Holstein cattle population in south China, whose pedigree and CVM carrier 
status were not clear, and this may be the reason that the percentage of CVM carriers in our 
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study is different from that reported by Chu et al. (2008). Anyhow, the CVM gene exists in 
China, and it is essential to detect CVM and report the distribution of CVM carriers in the 
population of Holstein cattle in south China.
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