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ABSTRACT

The present revicw 18 a concise

mmary of findings on onc of the most important recessive hereditary
summn

: ion (CVM) in cattle. It is a disease of Holstein calves cham@crizcd by
disorders, the Complex Vertebral Malformation ( imbs in aborted fetuses and in prematurely born, stillborn ang
complex anomalics of the vertebral column fmtll llmll "4“::] ;mcc carrier animals have viability, CVM frcqucncy
mt"ﬂ‘ﬂ‘*‘: h: ::\:1‘1‘";:‘:'3‘ eventually identified within the alleles ch(?diqg bovine SL‘C35A.3] IIZV:;I ;)Csft{e-lsnz:;\lf
:;‘:\’:c: \‘\nnh (‘\."\-1. This mutation causes valine to phenylalanine substitution a_t the an;]lyn(}: :Zluld . u.wd " scree,;
PC -SSCP. AS-PCR and Tetra-primer ARMS-PCR are certain PCR based tec.:hnlques Vs ol thei‘r cullingand
{“;}iim callﬂc. The use of these molecular technologies promises qm(.:k detection of carriers, enables g
consequently controls and prevents the spread of CVM in the population.
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INTRODUCTION

Complex vertebral malformation (CVM) is a recessively
mherited disorder leading to frequent abortion of fetuses or
vertebral anomalies and prenatal death (Agerholm et al., 2001,
2004 Niclsen er al., 2003). The syndrome was discovered in the
Damsh Holstein population in 1999, but shortly thereafter, its
occurrence was reported between 12 to 20% in Netherlands
(Wouda e7 al., 2000), United States (Duncan et al., 2001), United
Kmgdom (Revell, 2001) and Japan (Nagahata et al., 2002).
Genealogical records revealed that the calves suffering from CVM
were penctically related to the US Holstein sire Penstate Ivanhoe
Star (US1441440, born in 1963) and his son Carlin-M Ivanhoe Bell
(US1667366) which had been used in dairy cattle breeding
worldwide for two decades due to the superior lactation
performance of their daughters. Consequently, the number of
ammals penetically related to the carrier bulls was very high and
the disease-causing mutation was widespread among Holstein
cattle throughout the world (Thomsen ¢t al., 2006). In stillborn,
#boried and pre-term calves, CVM has been characterized by
shortened cervical and thoracic regions of the vertebral column and
symmetnic arthrogryphosis (Agerholm eral., 2001 y Duncan et al.,

2001). Muluple hemivertebrae, scoliosis and synostosis, fused and

mis-shaped vertebral column has also been described.

Molecular basis of CVAL: CVM s caused by a point mutation
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causes valine 1o phenylalanine substitution at the amino
2005) depicted in Figure 1. The
encodes a Golgiresident LDp

acid level
SLC3543 gene
-N-acetyl glucosamine transporter
“N-acetyl glucosamine transporter
from eytosol 1o Golg

of proten, lipid
1998). Bovine S1( '35
development of the gxial skele

(Kanae ¢r of

{Thomsen er ol | 2006). Unp
tansports nucleotide sugars
substrate for glycosylation
(Gullen er uf |

ibody to use as a
and proteoglycans
Al plays a great role in the
{on, dcmnnslluling that some of (he

Carvesponding Authar- Email:

ashwani, sharmayahoo. co, in

molecular mechanisms that operate during formation of vertebrge
and ribs depend on carbohydrate modification in the Golg
apparatus (Thomsen et al., 2006).

awom_ OLC35A3 gene Exond ...

Wild-type aflele i
tagctcacaatttgtaggtctcatggeagtict ageatgtittice
CVM aliele e

M
—aaclttcag ,,gucacaalltg!aggt:tcalggcalttclcacagcalglltltcca
Figure 1: Schematic presentation of exon 4, depicted by a solid

box, partial exon 4 sequences of wild-type and CVM SLC3543
gene (Kanae et al., 2005).

The data demonstrates that the gene responsible for
CVM encodes a member of the solute carrier family SLC35, which
are enzymes transporting nucleotide-sugars from the cytosol into
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Luhnetal , 2000) Recently, arclated glycosylation disorder CDG
type N was <hown to result from mactivation of the Golgi CMP-
qalic acid transporter (Martinez-Duncker ef al. 2005). Bovine
Sl C38A Vs the firstnucleotide- sugar transporter shown to play a
role in the development of the axial skeleton, demonstrating that
come of the molecular mechanisms that operate during formation
of vertebrac and nibs depend on carbohydrate modification in the
Golgi apparatus. The present disease model may be exploited to
predict the human chimeal phenotype as well as to provide further
insight into the disease mechanism,

Chinical. pathological and radiographic features of CVM: In
come studies protrusion of the tongue was often found and in some
cases the cars were symmetrically displaced caudo-ventrally. In

stillborn, aborted and pre-term calves, CVM has been
chatacterized by shortened cervical and thoracic regions of the
vertebral  column,  bilateral  symmetric contraction of the
metacarpo-phalangeal and  metatarso-phalangeal joints  and
symmetric arthrogryphosis (Agerholm ef al. 2001, Duncan et al.
2001). Multiple hemivertebrae, scoliosis and synostosis, fused
and mis-shaped vertebral column (Nagahataef al ., 2002y have also
been described (Figure 2). The heads of affected calves were of
normal size except when dystocia-related subcutaneous edema
was present (Agerholm et al., 2001). Secondary palatoschisis,
unilateral dermoid attached to the conjunctiva and slight
brachygnathia superior has been reported (Agerholm et al., 2001,
Thomsenetal., 2006).

Figure 2:

A: Radiograph of ventral thoracic and lumbar vertebrae of the affected Calf. Scoliosis of vertebral column.

L: lumbar vertebrae (Nagahata et al., 2002) ; B : Radiograph of lateral cervical and thoracic vertebrae of the affected calf.
Fused and malshaped vertebrae. Cl: First cervical vertebrae, Atlas. C2: Second cervical vertebrae, Axis. Hemivertebrae.

C6, 7: Sixth and seventh cervical vertebra (Nagahata et al., 2002).

The proximal and occasionally middle parts of the ribs
were fused, as were spinous processes in arcas with vertebral
malformations. The intercostal spaces were nonparallel, with the
ribs radiating from the malformed vertebral region. The abdomen
was protruding in some cases and herniation of the abomasum is
also reported with symmetrical arthrogryposis of the anterior
limbs (Nagahata er al., 2002). Generally vertebral malformation
occurred from the first cervical vertebra to the second lumbar
vertebra. in lumbar vertebra No. 5 and in caudal vertebra Nos. 13,
1¥,19and 20 (Agerholmeral.,2001).

CVAM and its relationship with other traits:  Studies of Danish
Holstein showed that the extent of foetal mortality was
approximately 77% prior to gestation day 260 (Nielsen ef al.,
2003). This 1s reflected in a significantly reduced ratio of CVM
affected calves in breeding studies. The symptoms of the defect
have not been observed in carriers of CVM (Agreholm et al.,
2001).  No productive and reproductive difference between
carnier and non- carrier animals has been reported. The only
difference, which is very important, was increase in the rate of
intra-uterine mortality. The risk of return to service was higher in
carrieramimals (Berglund eral., 2004).

Prevalence of CVM: The syndrome was first discovered in the
Danish Holstein population in 1999, but shortly thereafier reports
documented the presence of CVM in United States (Duncan et al.,

2001), United Kingdom (Revell, 2001), Netherlands (Wouda et al,

2000 & 2001), Japan (Nagahata et al. 2002), Sweden (Berglund et

al. 2004), Czech Republic (Citek e al. 2006) China and Belgium

(Mateusen et al. 2004). Berglund et al. (2004) estimated that 2,200

affected fetuses were produced annually between 1995 and 1999

in Holstein population in Sweden, while the annual loss in
Germany was estimated to be more than 8,000 fetuses between
1997 and 2000 (Konersmann et al.,2003). The defective allele for
CVM had spread in Holstein populations worldwide though
extensive exploitation of sires that later turned out to be carriers of
the defect. Konersmann et al. (2003) reported that 13.2% of 957
sires used for insemination in Germany were diagnosed as carriers
of CVM, while a prevalence of 31% and 32.5% was found in
Denmark and Japan, respectively (Thomsen ez al, 2006, Nagahata
etal,2002). Out of the 605 bulls examined, 150 T/G heterozygotes
were diagnosed, including 118 that were sons of known CVM
carriers (Rusc and Kaminski 2007). Qin Chu er al. (2008) using
the polymerase chain reaction-single-stranded contormational
polymorphism (PCR-SSCP) technique, tound 10 CVM carriers
among 68 at-risk Chinese Holstein bulls and 282 carriers were
found among 602 cows at-risk. Ghanem ez al. (2008) examined
200 Holstein crossbred cows and tound 26 (13%0) cows were CVM
carrier. Mahdi (2008) examined 32 HFE crossbred bulls and tound
that frequency of carriers was 20.35% in India.
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Table: Preguency of CUM carriers among, Holstein bulls in different countries

Country | No. of Bulls tested | CVM Carrier % Reference

Japan 40 12.20 Nagahata et al. (2002)

(1£lnnmn\ 057 13.20 Konersmann ef al. (2003) il
Swaden 228 23.00 Berglund et al (2004)

USA 11R68 17.76 Holstein Association USA (2006)
'f‘x‘*;land' 605 2479 Rmc and Kaminski (7!)07) o
Tran 144 o Remcc etal, (2008) o
China 68 14.71 Qin Chu et al (2008)

India 52 2035 Mahdi (2008)

DN & yesting forwdentifving different genotypes of CVM: Different
methads have been used for identification of single nucleotide
polymorphism in SLC35A3 gene. Rusc and Kaminski (2007) used
a new POR-SSCP method (polymerase chain reaction-single
stranded conformation polymorphism) and concluded that their
method was highly reliable and could be applied for widespread

screeming program aimed at reducing the incidence of the CVM
defect.

Kanac er al. (2005) introduced “Polymerase chain
reaction-primer introduced restriction analysis™ (PCR-PIRA) for
detecting a single nucleotide mutation in any gene without a
restniction site around the mutation site. In this study, primers were
designed to mtroduce Pstl or EcoT22 sites into PCR products from
the wild type and CVM alleles, respectively. The wild-type allele,
heterozygotes and homozygotes of the CVM allele could be
discriminated by restnction fragment length  polymorphism
analysis. Specific introduction of restriction sites into PCR
products depending on the change in a single nucleotide of

template was shown using a variety of DNA polymerases and PCR
machines

Agreholm er al, (2004) performed genotyping of the
CVM locus in a template-directed single-basc extension assay,
using the AcycloPrime-FP SNP detection kit (Perkin-Elmer Life
Sciences). This genotyping method is based on an initial PCR
amplification of the locus containing the single-base mutation
followed by a specific template-directed single-base extension at
the mutation site. Fluorescent signals revealing the nature of the
base u1 the mutation site was detected by fluorescence polarization
1 a Victor,

Ghanem ¢f @/ (2008) introduced DNA typing of CVM
with allele specific PCR reaction (AS-PCR) and they found this as
# reliable method for detection of Single nucleotide
polymorphism. Tetra-primer ARMS-PCR  (amplification
refractory mutation system- Polymerase Chain Reaction) is a
relatively new method. It employs two pnimer pairs to amplify,
respectively, the two different alleles of a SNP in a single PCR
feaction. A computer program for designing primers was
developed. Teua-priumer ARMS-PCR was combined with micro-
plate array diagonal gel electrophoresis, gaining the advantage of
high throughput for gel-based resolution of tetra-primer ARMS-
PCR products. The technique was applied o analyze a number of
SNPs and the results were completely consistent with those from
an independent method, restriction fragment length
polymorphism analysis. It is a rapid, simple, low cost and high
throughput methodology for SNP genotyping (Shueral., 2001).

Checklist for managing CVMin a herd

1) A system should be set up for accurate recording of Sire ang
maternal grandsire ID forall cows in the herd.

2) List or spreadsheet file should be made showing the Cvim

Statug
of'the sire and maternal grandsire of each cow in the herd.

3) Selection index should be used such as Lifetime Net Merit, 1,
identify the group of Al sires likely to be used in the herd during
the next three months.

4) CVM carrier bulls should be avoided for using on any cow
whose sire or maternal grandsire is a carrier.

5) Modern genetic tools help us to identify undesirable genes like
CVM and to eliminate them in a rapid and efficient manner and
should be utilized.
CONCLUSION
The massive spread of genetic disorder in cattle like
CVM in recent years is caused by the extensive use of elite sires
and latent heterozygous carriers. Artificial insemination
accelerates the spread of undesirable recessives worldwide.
However, the new methods of molecular genetics enable us to find
the cause at gene level. They make it possible to detect
heterozygous animals, to control the genetic health of the
population and in a way, to anticipate the accumulation of
recessive alleles. The first step in controlling genetic defects like
CVM is to establish pedigree records for the animals in a herd.
Once thisis done, it's relatively easy to avoid mating known carrier
bulls to cows whose sire or maternal grandsire is also a carrier,
because virtually all Al sires will be tested. One can do this by
visually inspecting pedigrees, by developing a simple spreadsheet
program, or by using a computerized mating program. s
probably unwise to “panic” and exclude all CVM carrier bulls
from a breeding program. Many bulls that carry the undesirable
CVM gene may also carry numerous other genes with posiine
effects on milk production, milk component percentage, udder
shape and size, somatic cell count and other key traits. 1f one
discards all of these bulls, one may end up using a somewhat
mediocre group of bulls instead, just to avoid CVM. Avoid usiog
CVM carrier bulls on cows whose sire or maternal grandsire ar¢
CVM carriers.,
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