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Abstract – The term arthrogryposis refers to a symptom complex that is characterised by
congenital limb contractures. Arthrogryposis has been reported in man, in farm animals and
in pets. Several forms have been reported to have a genetic origin in man. In Brown Swiss
and Holstein Friesian cattle, congenital contractures have been recorded and classified as spinal
muscular atrophy (SMA). The survival motor neuron gene (SMN) has been suggested as a
candidate gene for SMA. In the last 20 years, the National Association of Piedmont Cattle
have recorded arthrogryposis cases. We cloned and sequenced SMN cDNA extracted from
the spinal cord samples of two animals: one Piedmont calf showing a severe clinical form
of arthrogryposis and one normal Piedmont calf. In the affected calf, more than 50% of the
5′end clones showed a ATG> TTG single nucleotide polymorphism (SNP) in exon 1 that
should determine a Met> Leu aminoacid change (single point mutation M3L). This mutation
is associated with a 9 bp increase length of 5′UTR and to a TTC→ TTT silent mutation in
exon 1. No single point mutation or 5′end polymorphism was shown in healthy animals and in
the remaining 50% of the clones from the affected calf. We hypothesise a possible pathogenic
effect of the 5′end-exon 1 polymorphism.
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1. INTRODUCTION

In farm animals, the candidate gene approach can be a useful tool to identify
disease genes, which afterwards can be included in a selection programme
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analysis. The term arthrogryposis refers to a symptom complex characterised
by congenital contractures. It consists of different degrees of flexion rigidity of
the phalangeal, metacarpophalangeal, carpal and metatarsophalangeal joints.
Arthrogryposis has been reported in man and in animals, having different
origins.

Several forms have been reported to have a genetic origin in man
[OMIM: http://bioinformatics.weizmann.ac.il/cards/], in farm animals and
in pets [1,14], [OMIA: http://morgan.angis.su.oz.au/Databases/BIRX/omia/].
Recently, in a pedigree study, an autosomal recessive condition with congenital
arthrogryposis was found in Suffolk lambs [3]. Inherited arthrogryposis has
also been reported in cattle [7,13].

In Italian Brown and in Holstein Friesian cattle, congenital contractures have
been recorded and classified as spinal muscular atrophy (SMA) [20,21]. SMA
is a subtype of inheritable human arthrogryposis named AMCN (arthrogryposis
multiplex congenital, neurogenic). SMA and AMCN are caused in a wide
number of cases by a gene namedSMN. Several exon or gene duplications
and deletions or point mutations of this gene have been recorded associated
to arthrogryposis [8,11,23]. SMN protein plays the key role of shuttle in
distributing, regenerating and assembling the spliceosome complex [2,12].
Moreover it is involved in transcription regulation, in mRNA axonal carrying
and it shows an antiapoptotic role [15,16].

In German Brown, SMN cDNA has been sequenced (GenBank#AF035323)
and mapped on chr. 20 [4,18]. An AluI PCR-RFLP polymorphism in exon 8
has been found [19] and sequence differences between SMA affected and
control animals in exon 7 have been recorded [5]. Nevertheless, following
linkage analysis of chromosome 20 by microsatellites, Eggen and co-workers
excluded the entire chromosome 20 as the candidate region for SMA in
cattle [5].

In Italy, the National Association of Piedmont Cattle – Piemontese (A. N.
A. Bo. Ra. Pi) is committed to monitoring arthrogryposis cases and has been
recording them since 1980. In a previous study on a 20 years old database, out
of 438 638 new-borns, 7912 individuals were affected (1.8%). The incidence
in females (0.6%) and in males (3.3%), and a higher presence of the defect in
related animals suggests the hypothesis of a genetic disorder with incomplete
penetrance in females [6]. By linkage analysis, using four microsatellites
mapping close to the SMN locus on a family group showing the disorder, a Lod
Score of 1.33 was recorded, suggesting the presence in the region of a gene
affecting the character (data not shown).

In the present study, to identify the differences which could confirm theSMN
gene as possibly being involved in arthrogryposis of Piemontese, we cloned
and sequenced the SMN cDNA of one arthrogryposis affected calf and one
healthy Piemontese calf.
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Figure 1. Healthy (left) and arthrogryposis affected (right) Piemontese calves.

2. MATERIALS AND METHODS

The animals were two unrelated Piedmont male calves, one showing a severe
clinical form of arthrogryposis and one healthy (Fig. 1). The affected animal
showed severe hyperflexion of both carpal joints and slight flexion of both
metacarpal joints. Anamnesis did not report infections, toxic substances or
lacks in the diet nor dystocia during delivery.

Total RNA from the spinal cord samples of the two animals were extracted
with TRIzolTM (Gibco Life Technologies), according to the manufacturer’s
instructions. Total RNA was reverse transcribed by three different reactions,
each corresponding to three different gene regions: 5′UTR-exon 2, exons 1-6
and the exon 6-3′end. All the reactions were performed with commer-
cial kits according to the manufacturer’s instructions, using adapter/abridged
primers and/or specific primers designed on the GenBank available sequence
(#AF035323). Thermalcycling was performed on a 9600 thermalcycler
(Applied Biosystems): cDNA synthesis and amplification of the 5′UTR-exon 2
region was performed with the “5′RACE System for rapid amplification of
cDNA endsTM” (Gibco Life Technologies), using three specific nested primers:
SMNα: 5′CAC ACC TAA GAG AAA ATC TGC TAA3′ (on exon 3); SMNβ:
5′GGT GCA TTT ACC CAG CTA CTA TCG C3′ (on exon 3); SMNSγ: 5′AGC
TAC TAT CGC TTC AAT TGA TTT T3′ (on exon 2) at a 55◦C annealing
temperature. cDNA synthesis and amplification of the exon 1-exon 6 region
was performed with a ONE STEP RT/PCR System (Gibco Life Technologies),
using the specific primers SMN1: 5′GGA GCC AGA GGA CTC GGT ACT
GTT 3′; SMN4: 5′CCA GTA TGA TAA CCA CTC ATG TAC CAA GAG3′ at a
63◦C annealing temperature. cDNA synthesis and amplification of the exon 6-
3′end region was performed with the “3’RACE System for rapid amplification
of cDNA endsTM”(Gibco Life Technologies), using two specific nested primers:
SMNσ: 5′TCA GGT CTA AAC TTC AGT GGC CCA3′ (on exon 5); SMNϕ:
5′CTC TTG GTA CAT GAG TGG TTA TCA TA3′ (on exon 6) at a 60◦C
annealing temperature.
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PCR products were controlled on agarose gels, and the bands were eluted by
GFXTM PCR DNA and the Gel Band Purification Kit (Amersham Pharmacia
Biotec). Purified products were then ligated to the pMOSBlue plasmid and
cloned inEscherichia coliMOSBlue cells using the pMOSBlue blunt ended
cloning kit (Amersham Pharmacia Biotec). Plasmids were extracted from pos-
itive colonies and both strands were sequenced using the ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) and
the ABI Prism377 sequencer (Applied Biosystems).

One final control was performed by directly sequencing both strands of the
5’RACE PCR products before cloning. All sequence analyses were carried
out using the BLAST® and NavigatorTM sequence analysis packages (Applied
Biosystems).

3. RESULTS

We cloned and sequenced 5′UTR-exon 6 SMN cDNA starting from mRNA
extracted from spinal cord samples of one Piedmont calf showing a severe
clinical form of arthrogryposis and of a normal Piedmont calf.

3.1. Characterisation of the exon 1-exon 6 region

RT-PCR were performed with a specific primer pair. The amplification
generated one 780 bp and one 650 bp approximate length fragment on an
affected and one 780 bp length fragment on a healthy animal, respectively.
Elution from agarose failed for the 650 bp fragment, while both 780 bp
fragments were successfully purified and cloned into a plasmid. Both strands
from 34 positive clones of the affected calf and seven positive clones of the
healthy calf were sequenced.

A unique sequence was obtained, both in the healthy and affected calves,
which showed only a silent C> A substitution at the 5th codon in exon 6
(Proline) when compared to the GenBank available sequence (#AF035323).

3.2. Characterisation of the 5′UTR-exon 2 region

Three primers were designed to be used, coupled with commercial adapter
primers, in a 5′RACE. Amplifications generated a single fragment both on the
affected and healthy animals. The products were purified and cloned inE. coli
with a plasmid vector.

Thirteen positive clones from the affected calf and fourteen positive clones
from the healthy calf were sequenced for both strands, revealing high identity
with the GenBank#AF035323 sequence by BLASTTM.

All healthy animal clones and seven out of the thirteen affected calf clones
had an identical sequence (GenBank#AF466193) (Fig. 2), with a 5′UTR end
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Figure 2. 5′UTR and partial exon 1 of theSMN gene. Alignment of consensus
sequence of cDNA clones from a healthy calf (SANO) and Genbank#AF035323. In
the box: differences at 5′UTR. By NavigatorTM software (Applied Biosystems).

Figure 3. 5′UTR and partial exon1 of theSMN gene. Alignment of 2 different
consensus sequences of cDNA clones (cav1 and 2) from the affected calf and Gen-
bank#AF035323. In the boxes: differences at 5′UTR and exon 1. By NavigatorTM

software (Applied Biosystems).

Figure 4. SMNgene. Alignment of the direct sequence from the amplified cDNA of
the affected calf(cavdir) and Genbank#AF035323. In the boxes: differences at 5′UTR
and exon 1. Electropherograms visualise the co-presence of both the “healthy” and
the “affected” sequence in the PCR product before cloning.

showing 19 bp not aligning to the Pietrowskyet al. [18] available sequence
(Fig. 3).

In the six other clones of the affected calf, a unique 243 bp sequence
(GenBank#AF466194) was recorded, showing a ATG> TTG Single Nucle-
otide Polymorphism (SNP) in exon 1, that determines a Met> Leu aminoacid
change (single point mutation M3L), a TTC> TTT silent mutation in exon 1
and a 9 bp increased length at the 5′UTR end (Fig. 3).

To verify the co-presence in the same PCR product of the two different
sequences in the affected animal, the previously cloned 5′RACE products
were directly sequenced. Direct sequencing confirmed that both patterns were
present in the cDNA (Fig. 4).
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3.3. Characterisation of the exon 6-3′end region

Two primers were designed to be used, coupled with commercial adapter
primers, in a 3′RACE. Amplifications generated six different fragments (of
200, 500, 600, 700, 900 bp approximate length), both from the affected and
healthy animals. In agarose gel, the 200 bp band appeared more intense in the
affected animal, while the 600 bp band appeared more intense in the healthy
animal.

4. DISCUSSION

The Piemontese is an autochthonous Italian breed. It produces carcasses of
considerable value, which, thanks to the meat potential and the low fat rates,
rank in the highest categories of the International classification. In Piemontese,
arthrogryposis is a quite high incidence defect, which determines economic
losses in terms of management, reduction of productive life of the animal and
loss in carcass weight at slaughter. Since a major incidence in males and in
related animals is recorded [6], it is assumed to be a hereditary defect. Several
arthrogryposis forms of genetic origin have been recorded in many vertebrates
and in cattle. We identified theSMN gene as being possibly involved in the
defect of the Piemontese, since it has been demonstrated in a similar form of
human arthrogryposis (SMA).

By cloning and sequencing SMN cDNA of one arthrogryposis affected and
one normal calf, we recorded some differences in the gene sequences obtained.

The presence in agarose gel of one and two fragments in the healthy and
affected animal respectively was shown by amplifying the exon 1-exon 6 SMN
cDNA region. Unfortunately, the lighter fragment was not sequenced, but it
is possible to presume the presence of SMN alternative spliced molecules, as
previously described in man [9] and cattle [6], associated or not to a gene
duplication, as in man [2].

The RACE of the 5′UTR-exon 2 region amplified a single band in both
animals, but two different sequences were recorded.

The first sequence was identical in the healthy animal and in half the clones
from the affected animal, with 19 bp not aligning to the Pietrowskyet al.
available sequence [18] (GenBank#AF466193). In this motif, it is possible
to presume a two codon shift towards the 5’end of the starting atg codon in
comparison to the Pietrowskyet al. sequence which could, in turn, create a
protein sequence starting MAM instead of M, as in other species (man Gen-
Bank#XM017073; mice GenBank#U77714; Zebrafish GenBank#AF083557).
The 9 bp increased length could be due to the polymorphism of the same gene
or to a gene duplication. A larger 5′end could destabilise the mRNA in the
region, which drives the ribosomal units assembly.
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The second sequence from the affected animal clones showed three differ-
ences from the healthy animal sequence all linked in exon 1: a ATG> TTG
single nucleotide polymorphism (SNP) in exon 1, a 5′extended end and a
TTC> TTT silent mutation (GenBank#AF466194).

The SNP ATG> TTG determines a Met> Leu aminoacid change (single
point mutation M3L). Similarly, an exon 1-A2G mutation has been described
as being associated to a 5′UTR polymorphism in children affected by arth-
rogryposis ([17], http://www.faseb.org/genetics/ashg99/fl663.htm). Exon 1 is
the anchor target for the protein SIP1 (SMN interacting protein 1) that creates
a complex with SMN necessary for the splicing process [22]. Therefore, it
is possible to assume a pathogenic effect of exon 1 mutations in both man
and cattle, since they are located in the SMN region where SP1 interacts to
form the spliceosoma, a fundamental complex for the cell splicing mechanism.
Difficulties in SIP1-SMN binding could be an obstacle to mRNA maturing.

The RACE of the exon 6-3′end generated different fragments both from
affected and healthy animals which could confirm the variability of the 7-3′end
region of the exon, already partly described in cattle [18]. In man, the variab-
ility in this region is recorded as being associated to the pathogenesis of the
disorder [10].

Some evidence on the genetic origin of arthrogryposis in Piemontese has
been stated in previous breeding association data analysis, but several aspects
still have to be clarified, such as the anatomo-histopathological and clinical
description.

Our results onSMN as a gene affecting the disorder are preliminary since
we analysed only two unrelated animals, not fully informative on the SMN
polymorphism in the population. Still, in a previous study, we demonstrated
the presence in several Piedmont calves of SMN mRNA showing a different
length, produced by alternative splicing or gene duplication [24]. The presence
of a polymorphic sequence in 5′end cDNA should be analysed also in related
animals with different phenotypes and in different breeds to better clarify if
discrepancies between present and previously reported data on the association
of SMN with arthrogryposis [5] are due to differences between breeds in the
pathogenic path of the symptom complex.

Nevertheless, the present study shows some promising indication on the
genetic basis of bovine arthrogryposis and indicates some polymorphisms that
could compromise the efficiency of the SMN molecule.
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