
Introduction

Complex vertebral malformation (CVM) syndrome

is a hereditary lethal disorder, determined by a re-

cessive gene. It was discovered in the Danish popu-

lation of Holstein cattle in 1999 (Agerholm et al.

2001) and confirmed in several countries (Table 1).

CVM causes embryo death, leading to frequent

abortion or stillbirth (Agerholm et al. 2001; Nielsen

et al. 2003). Calves affected by this defect have nu-

merous anatomic deformations, mainly within the

cervical and thoracic parts of the vertebral column,

but also exhibit a reduced number of ribs and joint

contractures in the front and hind legs (Revell 2001;

Agerholm et al. 2004b). Heterozygotes lack symp-

toms. The molecular cause of CVM is a substitution

of guanine by thymine (G�T) in a solute carrier

family 35 member 3 gene (SLC35A3), encoding

a UDP-N-acetylglucosamine transporter (located

on bovine chromosome BTA3) (Thomsen et al.

2006b). This transversion results in the substitution

of valine by phenylalanine (V180F) at position 180.

Danish researchers found Carlin-M Ivanhoe Bell,

an elite breeding bull of Holstein-Friesian (HF)

breed born in 1974, to be the main ancestor of cattle

carrying this mutation (Agerholm et al. 2001;

Agerholm et al. 2004a).

The objective of this study was to analyze the

genetic structure of the populations in respect of the

frequency of G/G and T/G genotypes as well as

the frequencies of the alleles determining them in

a population of Polish Holstein-Friesian bulls.

Moreover, we presented here an alternative method

for screening of CVM carriers.
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Materials and methods

This study included 202 Polish Holstein- Friesian

bulls used in 2001–2005 for artificial insemination

(AI) by 4 domestic insemination companies.

The second experimental group included 403 un-

proven bulls (under evaluation for breeding value)

born in 1996–2003. International notation was

used in the study: TV for tested animals free from

CVM (i.e. G/G homozygotes), and CV for carriers

of CVM (i.e. T/G heterozygotes).

Genomic DNA was isolated from 100 �L of

frozen semen (from commercial semen straw) by

the Genomic DNA Purification Kit (Promega).

The single-nucleotide mutation site in the gene re-

sponsible for the occurrence of CVM in cattle was

assumed on the basis of the information retrieved

from patent no. HU0302661, belonging to the

Danish Institute of Agricultural Sciences in Tjele.

The analysis of sequences available in the

GenBank database for the SLC35A3 gene of cattle

indicated the full genome sequence (Thomsen et

al. 2006a). PCR primers that flank a selected frag-

ment of the analyzed gene were designed with

PRIMER3 software (Rozen and Skaletsky 2006).

Detection of the mutation within the analyzed

fragment of the SLC35A3 gene was carried out by

using the single-stranded conformation polymor-

phism (PCR-SSCP) (Orita et al. 1989). This tech-

nique is based on the fact that electrophoretic

mobility of a single DNA strand depends not only

on its length and molecular weight, but also on its

conformation. Changes in the nucleotide sequence

modify the secondary structure of DNA and, as

a result, its electrophoretic mobility. Observation

of separate maps of bands of single-stranded

DNA, i.e. SSCP patterns, suggests the existence of

a variable nucleotide sequence within the ana-

lyzed fragment of DNA (amplicon).

The alignment of primers with sequences de-

posited in the GenBank was checked with the Ba-

sic Local Alignment Search Tool (BLAST)

(Altschul et al. 1990).

Finally, a pair of primers with the following se-

quences were selected: CVM forward: 5’ TCA

GTG GCC CTC AGA TTC TC 3’, CVM reverse:

5’ CCA AGT TGA ATG TTT CTT ATC CA 3’,

and synthesized chemically (TIB MOLBIOL Ltd.,

Poland).

To obtain a 177-bp fragment of the SLC35A3

gene, the following PCR mix was used: 1.5 µL of

20 × PCR buffer, 1.5 µL of 10 × dNTP mix (2 mM

of dATP, dCTP, dTTP, dGTP), 0.8 µL of CVM

forward primer and 0.8 µL of CVM reverse primer

(40 pmol each), 2.0 µL of 10 × PCR enhancer,

1.5 µL of 25 mM MgCl2, 0.8 U of Tfl polymerase

(Epicentre), 100–150 ng of DNA, and H2O up to

25 µL. The following thermal profile was used:

predenaturation for 3 min at 95oC, followed by

35 cycles of: 30 s at 94oC, 30 s at 61oC, 30 s

at 72oC, and finished by 5 min at 72oC. Specificity

and efficiency of PCR reaction products was ana-

lyzed by electrophoresis in 1.5% agarose gel with

ethidium bromide (EtBr, Promega). Electrophore-

sis was performed in 1 × TBE buffer (0.45 M Tris,

0.44 M H3BO3, 0.5 M EDTA) and run for 25 min

at 100 V.

Depending on the efficiency of the PCR reac-

tion, from 0.8 to 1.5 µL of PCR product was col-

lected for SSCP analysis and mixed with 4.5 µL of

denaturation solution (50 mM NaOH, 1 mM

EDTA) and 1 µL of loading buffer (30% glycol,

0.25% bromophenol blue, 0.25% xylene cyanol,

Promega). The prepared samples were denatured

for 14 min at 85oC in a thermoblock (JW Elec-

tronic, Poland), rapidly chilled on ice, and then

loaded into sample wells of the gel. Electrophore-

sis was run on precast 15% polyacrylamide gels

prepared for separation according to manufac-

turer’s instructions (ETC Electrophorese-Technik,

Germany). Electrophoretic separations were car-

ried out with the use of a system for horizontal elec-

trophoresis Multiphor/MultiTemp III (Amersham

Biosciences) at 12oC according to the following

programs: initial electrophoresis: 200 V, 20 mA,

10 min; electrophoresis: 375 V, 30 mA, 145 min.

Gels were silver-stained (Promega).
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Table 1. Numbers and frequency of CVM carriers among Holstein bulls in other countries

Country No. of bulls
tested

CV carriers bulls References

no. %

USA 11868 2108 17.76 Holstein Association USA (2006)

Germany 957 126 13.20 Konersmann et al. (2003)

Sweden 228 53 23.00 Berglund et al. (2004)

Japan 40 13 32.50 Nagahata et al. (2002)

Denmark no data no data 31.00 Thomsen et al. (2006)



Templates for sequencing were obtained by

carrying out a PCR reaction in a volume of 50 µL

and proportionally increasing doses of particular

components of the reaction mixture. Four PCR

products forming different patterns in the SSCP

reaction were sequenced with an automatic DNA

sequencer and a commercial reagent kit (Applied

Biosystems, USA). The results were analyzed

with software: Chromas version 1.45 (available

from www.technelysium.com.au) and BLAST

(Altschul et al. 1990).

To confirm the reliability of our PCR-SSCP

test, an allele-specific PCR assay (AS-PCR) was

carried out according to the procedure developed

by scientists from the Danish Institute of Agricul-

tural Sciences (DIAS) and described in patent no.

HU0302661. Normal animals and CVM carriers

were distinguished by the presence or lack of spe-

cific PCR products.

Results

The change in nucleotide sequence (i.e. substitu-

tion of G by T) of the amplified SLC35A3 gene

fragment was identified by the SSCP method.

A total of 605 bulls were examined.

Denaturation of PCR products in a solution of

sodium hydroxide at 85oC resulted in single-

stranded DNA chains with a specified

3-dimensional conformation, migrating with a dif-

ferent mobility during electrophoresis. SSCP as-

say reagents (gel, buffers) and the temperature of

electrophoresis were adjusted experimentally.

For the electrophoretic separation of denatured

amplicons, a 15% polyacrylamide gel (resolution

range 50–200 bp) was used, in which (at a temper-

ature of 6oC) 2 patterns of DNA bands were de-

tected that were clearly different in terms of their

number. Increasing the electrophoresis tempera-

ture to 12oC enabled us to eliminate weak, over-

lapping DNA bands and to obtain a more

informative picture of conformers. A representa-

tive gel pattern is shown in Figure 1. There were

2 repeatable patterns of DNA bands observed –

corresponding to the analyzed DNA samples orig-

inating from carriers of the mutated SLC35A3

gene (CV) or homozygous animals (TV).

They were as follows: 2 bands in G/G homozy-

gotes, and 3 bands in T/G heterozygotes (includ-

ing 2 migrating with a velocity identical to that of

G/G homozygotes).

As a result of sequencing, full conformity was

obtained for sequences of the amplified 177-bp

fragment of the SLC35A3 gene and a sequence

registered in the GenBank database under acces-

sion no. AY160683. In addition, the occurrence of

the single G to T mutation was confirmed.

In a sample originating from a bull with an SSCP

G/G pattern, a guanine on the forward strand

(5’�3’) and cytosine on the reverse strand

(3’�5’) occurred at the substitution site. In con-

trast, in a sample with an SSCP T/G pattern (corre-

sponding to a heterozygote), T and G nucleotides

were found to occur on one strand and A and C nu-

cleotides on a complementary strand (data not

shown).

Allele-specific PCR amplifications (carried out

on 35 samples) also enabled the detection of poly-

morphism in the examined fragment of the

SLC35A3 gene. Either the presence or lack of spe-

cific PCR reaction products allowed us to distin-

guish normal animals from carriers (data not

shown).

Table 2 summarizes frequencies of genotypes

and alleles estimated from the analyzed groups of
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Figure 1. Example of CVM genotyping by the SSCP method. From the left side: T/G, GG, T/G, G/G, G/G, G/G, G/G.

T/G = CVM carrier; G/G = normal animal.



animals. The population of proven bulls in Poland

in 2001–2005 covered a total of 202 bulls born in

1990–2000. Among them, 28 appeared to be CVM

carriers, which constituted 13.86% of the repro-

ducer group examined, whereas 174 were geno-

typed as free from CVM. The frequency of the

mutated T allele amounted to 0.07. The pedigree

analysis demonstrated that only 18 CV bulls were

sons of known sire carriers of the CVM defect (Ta-

ble 3), and dams of 10 CV bulls had ancestors

marked with CV in their pedigrees.

The origin of the animals examined, considering

2–3 generations of ancestors, was determined on

the basis of the available score cards and bull pedi-

grees. Data on foreign ancestors – including their

CVM genotype – were retrieved from databases of

the Canadian Dairy Network (CDN 2006) and the

Australian Dairy Herd Improvement Scheme

(ADHIS 2006).

The group of unproven bulls examined (under

evaluation for breeding value) included 403 ani-

mals. Among them, 122 bulls (30.27% of the pop-

ulation) were found to have the undesirable

T allele in their genome. As many as 100 carriers

were the progeny of 8 carrier bulls (Table 3).

The frequency of the allele responsible for the oc-

currence of the CVM defect was higher among un-

proven bulls than among proven bulls,

and reached 0.15 (Table 2).

Out of the 605 Polish Holstein-Friesian bulls

examined, a total of 150 (24.79%) T/G heterozy-

gotes were diagnosed, including 118 sons of

known sire CVM carriers (Table 3).

Discussion

In current livestock breeding (especially of cattle),

the exchange of genetic material proceeds very

rapidly by means of AI, import of semen, and

transfer of embryos. The intensity and universality

of these treatments necessitate the constant moni-

toring of the active population (especially of

proven bulls) in terms of potential defects and ge-

netic diseases as well as pathways of their dissemi-

nation, since the use of a small number of bulls in

breeding programs results in an increased number

of closely related animals in the entire population

of Holstein cattle. Serious economic conse-

quences of using a carrier animal for breeding pur-

poses made it necessary to develop an explicit,

reliable and inexpensive method for genotyping,

especially in the case of asymptomatic carriers

of deleterious mutations. Danish researchers from

DIAS have patented their own AS-PCR method

as effective for CVM diagnosis. Obtaining a PCR

product depends on the last nucleotide at the end

of the 3’ starter, which requires the application

of highly specific and thermostable DNA poly-

merase and strict control of reaction conditions to

yield reliable results.

For these reasons, Kanae et al. (2005) sug-

gested primer-introduced restriction analysis

(PCR-PIRA) as an alternative method. It consists

in the introduction of a restriction site containing

a nucleotide subject to mutation into a PCR prod-

uct by means of a specially designed primer.

This method can be applied when a restriction en-

zyme recognizing the mutation site of interest is

not available on a commercial scale.

In this study, a different technique was demon-

strated, i.e. SSCP, which is especially useful in the

diagnosis of known point mutations in large popu-

lations of animals. To this end, a gene fragment

with a length approximating the optimal size was
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Table 2. Frequency of genotypes and alleles in the SLC35A3 locus in studied Polish Holstein-Friesian bulls

Group of animals No. of animals No. and frequency of genotypes Allele frequency

G/G T/G G T

Proven bulls 202 174 0.86 28 0.14 0.93 0.07

Unproven bulls 403 281 0.70 122 0.30 0.85 0.15

All bulls 605 455 0.75 150 0.25 0.88 0.12

Table 3. Frequency of CVM carriers among Polish

Holstein-Friesian bulls with regard to sire genotype

Group
of animals

No. of bulls Carrier bulls

no. %

Proven bulls 202 28 13.86

TV sire 81 8 9.88

CV sire 33 18 54.55

non-tested sire 88 2 2.27

Unproven
bulls

403 122 30.27

TV sire 120 8 6.67

CV sire 179 100 55.87

non-tested sire 104 14 13.46

All bulls 605 150 24.79

TV = free from CVM; CV = carrier of CVM



amplified (Hayashi and Yandell 1993). A regular

map of SSCP patterns was obtained for respective

G/G and T/G genotypes. In the examined cDNA

sequence of the SLC35A3 gene, no other muta-

tions have been detected so far (Thomsen et al.

2006b). Optimization of the SSCP method carried

out in the present study, referred mainly to thermal

conditions of electrophoresis. This novel

PCR-SSCP method elaborated appeared to be

simple, repeatable and relatively inexpensive for

CVM diagnostics.

Thomsen et al. (2006) indicates that in many

countries the number of heterozygous bulls (CV)

may reach an alarming level of 20–30%. The fre-

quency of CVM carrier occurrence calculated in

the domestic population of Polish Holstein-

Friesian cattle is consistent with data published so

far on the incidence of this defect among Holstein

cattle worldwide (Table 1).

The pedigree analysis carried out in the present

study enabled determination of the number

of CVM mutation carriers in the examined popula-

tion of bulls divided into subgroups according to

sire genotype (Table 3). Results obtained revealed

that slightly more than half of the proven bulls

(54.55%) and unproven bulls (55.87%) whose

sires were known carriers, were also carriers of the

mutated T allele. The percentage of identified car-

riers after a TV sire in both groups of bulls (9.88%

and 6.67%, respectively) indicated an alternative

pathway of T allele transfer, i.e. through the bull’s

dam.

The numerous group of carriers among un-

proven bulls (30.27%) enabled the assumption

that some of them would be positively proven and

admitted for reproduction. Therefore, it would be

more economical to diagnose young animals for

possible carrier status of undesirable genes before

they are purchased by an AI station and subjected

to the evaluation of their breeding value.
In addition, the increasing average inbreeding

level is also alarming (Young and Seykora 1996;
Kania-Gierdziewicz 2005; Funk 2006). Therefore,
a number of AI companies (e.g. in the USA) have
invested funds in the development of joint pro-
grams based on assays of genetic markers ad-
dressed to identify deleterious recessive and lethal
genes (Funk 2006). Owing to such activities,
the American AI companies voluntarily resigned
from assessing the breeding value of young bulls
with a confirmed carrier state of CVM and bovine
leukocyte adhesion deficiency (BLAD) (Funk
2006). In France, this applies to all heterozygous

bulls born after January 1, 2003 (Malher et al.
2006). In countries keeping detailed records of
cases of congenital defects and reducing their oc-
currence, their frequency is generally low. Recent
studies of VanRaden and Miller (2006) have
shown that, in the USA, the frequency of CVM
carriers among bulls born after 2002 decreased to
1% after implementation of testing.

The use of carriers in reproduction results in

economic losses in the management of dairy cattle

herds. In addition, the observed elongation of the

calving interval by 33 days (Nielsen et al. 2003) in

in-calf cows and those carrying embryos affected

with the CVM defect leads to a considerable de-

cline in milk yield, the number of calves born, and

may be the cause of earlier culling of cows.

The occurrence of the CVM defect may result in

increased costs of veterinary care linked directly

with the treatment of aborting cows and their po-

tential slaughter or re-insemination. Assuming

that 50% of carrier cows are culled and 50% sur-

vive in the herd, the average cost of a CVM case

would be £419, as previously described (Kearney

et al. 2005). Thus, a reduction is recommended in

mating with CVM carrier bulls (less than 20% of

matings) if the frequency of carrier cows in the

herd is low (Kearney et al. 2005). The number

of dead calves will increase to a considerable ex-

tent if the number of utilized carriers of the CVM

defect is increased.

Breeding practice, i.e. intensive selection and

reduction of the number of reproducers, will trig-

ger an increasing risk of dissemination of heredi-

tary defects and diseases in livestock populations.

Therefore, it is crucial to elaborate and implement

novel diagnostic methods to enable detection of

carriers of undesirable genes resulting in their effi-

cient elimination from breeding schemes.

The technique described in this report may be used

as an alternative method in world-wide screening

of CVM carriers because of its simplicity, reliabil-

ity and low cost.

It is noteworthy that closer international inte-

gration of national associations of Holstein cattle

breeders and coordination of screening for genetic

defects is necessary to decrease the number of car-

riers and affected animals at a faster rate.
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