Brigham Young University

BYU ScholarsArchive

Theses and Dissertations

2006-07-18

Sequence Analysis of PMEL17 as Candidate Gene for Causing
Rat-Tail Syndrome in Cattle

Benjamin C. Hecht
Brigham Young University - Provo

Follow this and additional works at: https://scholarsarchive.byu.edu/etd

b Part of the Animal Sciences Commons

BYU ScholarsArchive Citation

Hecht, Benjamin C., "Sequence Analysis of PMEL17 as Candidate Gene for Causing Rat-Tail Syndrome in
Cattle" (2006). Theses and Dissertations. 498.

https://scholarsarchive.byu.edu/etd/498

This Thesis is brought to you for free and open access by BYU ScholarsArchive. It has been accepted for inclusion
in Theses and Dlssertatlons by an authorized administrator of BYU ScholarsArchive. For more information, please
c@ ellen_amatangelo@byu.edu.

www.manharaa.com


http://home.byu.edu/home/
http://home.byu.edu/home/
https://scholarsarchive.byu.edu/
https://scholarsarchive.byu.edu/etd
https://scholarsarchive.byu.edu/etd?utm_source=scholarsarchive.byu.edu%2Fetd%2F498&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/76?utm_source=scholarsarchive.byu.edu%2Fetd%2F498&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarsarchive.byu.edu/etd/498?utm_source=scholarsarchive.byu.edu%2Fetd%2F498&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarsarchive@byu.edu,%20ellen_amatangelo@byu.edu

SEQUENCE ANALYSIS OF PMEL17 AS CANDIDATE GENE FOR CAUSING

RAT-TAIL SYNDROME IN CATTLE.

by

Benjamin C. Hecht

A thesis submitted to the faculty of
Brigham Young University

in partial fulfillment of the degree requirements for

Master of Science

Department of Plant and Animal Sciences
Brigham Young University

August 2006

www.manharaa.com



BRIGHAM YOUNG UNIVERSITY

GRADUATE COMMITTEE APPROVAL

of a thesis submitted by

Benjamin C. Hecht

This thesis has been read by each member of the following graduate committee and by
majority vote has been found to be satisfactory.

Date Emilie M. G. Campbell, Chair
Date Eric N. Jellen
Date Roy W. Silcox

www.manharaa.com



BRIGHAM YOUNG UNIVERSITY

As chair of the candidate’s graduate committee, | have read the thesis of Benjamin C.
Hecht in its final form and have found that (1) its format, citations, and bibliographical
style are consistent and acceptable and fulfill university and departmental style
requirements; (2) its illustrative material including figures, tables, and charts are in place;
and (3) the final manuscript is satisfactory to the graduate committee and is ready for
submission to the university library.

Date Emilie M.G. Campbell
Chair, Graduate Committee

Accepted for the Department

Von D. Jolley
Graduate Coordinator

Accepted for the College

Rodney J. Brown
Dean, College of Biology and Agriculture

www.manaraa.com



ABSTRACT

SEQUENCE ANALYSIS OF PMEL17 AS CANDIDATE GENE FOR CAUSING

RAT-TAIL SYNDROME IN CATTLE

Benjamin C. Hecht
Department of Plant and Animal Sciences

Master of Science

Congenital hypotrichosis in cattle is commonly referred to as “rat-tail” syndrome and is
characterized by a dilution of black coat color and morphological changes to the hair
shaft and tail switch. Two loci are involved in the inheritance of the rat-tail phenotype,
the “extension locus” (MC1R) and an unknown locus. In order to express the rat-tail
phenotype the animal must inherit at least one black allele at MC1R and be heterozygous
at the unknown locus. The rat-tail locus was previously mapped to an 8.7 cM region of
Bos Taurus autosome (BTA) 5. Pmel17 is known to be involved in the expression of
pigmentation and maps to the same region of BTAS as the rat-tail locus. Cattle from a
population segregating for the rat-tail syndrome were sequenced at Pmel17 in order to
identify putative causative mutations. Two mutations were detected, a three base pair (bp)
deletion in exon 1 at codon 18 removing a leucine residue, and a single nucleotide

polymorphism (SNP) at codon 612 resulting in an amino acid substitution (A—E). The
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3-bp deletion in exon 1 of Pmel17 is in 100% concordance with the rat-tail phenotype in

this research population and may be causative of the rat-tail phenotype.
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Introduction

To improve the performance of British cattle, Continental cattle are often used in
cross breeding programs. When some of these Continental cattle are bred to black-hided
British breeds, such as Angus and Holstein, a congenital disorder manifested itself in the
offspring. This disease causes a dilution of the dominant black coat color as well as
negative morphological changes to the hair shaft, which affects the animal’s performance
and results in an economic loss. This disorder is a form of congenital hypotrichosis,
commonly referred to as "rat-tail" syndrome (Ayers et al. 1989).

Rat-tail syndrome is expressed as a result of an epistatic gene interaction between
the extension locus (MC1R) and an unknown locus. MC1R controls red versus black
coat coloration, with black coat color being dominant. For the rat-tail syndrome to be
expressed, an individual must inherit a dominant allele at MC1R and be heterozygous for
the rat-tail allele at the unknown locus (Schalles & Cundiff 1999).

The rat-tail locus has been mapped to Bos Taurus autosome 5, a region syntenic
to human chromosome 12 (Singrey 2002). The focus of this study is to determine
candidate genes in this region and to sequence and analyze a candidate gene for causative
mutations of the rat-tail syndrome. Once a mutation is found to be causative of the rat-
tail syndrome it may be possible to develop a molecular diagnostic test to aid in marker-

assisted selection of this syndrome.
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Literature Review
Description of the Rat-tail Syndrome. Several breeds of Continental cattle introduced
into the United States during the 1960s and 1970s allowed cattle producers to maximize
heterosis and improve the performance of British cattle by cross breeding to larger
Continental cattle. However a congenital condition results when certain Continental
breeds are crossed with black-hided cattle, such as Angus or Holstein. The disorder is a
form of hypotrichosis commonly referred to as “rat-tail syndrome” (Ayers et al. 1989).
Rat-tail syndrome in cattle is characterized by short, curly, malformed, sometimes
sparse hair and the lack of normal tail switch development. Affected animals have
enlarged, irregularly distributed, and clumped melanin granules in the hair shafts, which
are asymmetrical, short, curled, and small (Ayers et al. 1989). The syndrome results in a
dilution of black coat color yielding a charcoal grey coloration. Any white patches of
hair on an otherwise rat-tail individual are not affected and exhibit normal characteristics
within the white patch. Animals affected with the syndrome are often discriminated
against at market. Rat-tail calves have lower average daily gain during winter months
from weaning to yearling, which results in a lighter animal at slaughter (Schalles &

Cundiff 1999). Both of these characteristics result in an economic loss.

Genetic Aspects of Rat-tail Syndrome. An epistatic interaction between the extension
locus (MC1R) and an unknown locus is involved in the inheritance of the rat-tail
syndrome (Schalles & Cundiff 1999). The MCL1R locus determines the inheritance of
either black, or red, coat color. A dominant allele at MC1R (E_) will result in black coat

color, while the inheritance of two recessive alleles (ee) will result in a red coat
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(Klugland et al. 1995). For the rat-tail syndrome to be expressed, the animal must inherit
at least one dominant allele at MC1R and be heterozygous (Cc) at the unknown locus
(Fig. 1A). Animals that inherit recessive red alleles (ee) at MC1R do not show any
phenotypic variation when a rat-tail allele is inherited at the unknown locus. If the
animal is homozygous dominant (CC) at the unknown locus and carries at least one black
allele (E_) at MC1R, the animal’s coat will be diluted to a light grey color with fine hair
and no rat-tail characteristics (Fig. 1B). If the animal carries at least one black allele at
MC1R and is homozygous recessive (cc) at the unknown locus, normal black coat
coloration is expressed (Schalles & Cundiff 1999) (Fig. 1C). The combinations and

resulting phenotypes from the interaction of these two loci are illustrated in Table 1.

Genetic Linkage to the Rat-tail Syndrome. Singrey (2002) used 103 informative
microsatellite markers to map the rat-tail locus to BTAS in cattle. Two microsatellite
markers BMS1617 and BR2936 are in linkage disequilibrium with the rat-tail locus
having LOD (Log of the odds) scores of 4.93 and 4.82 respectively (Table 2). The
putative gene therefore lies in an approximately 9cM region between those two markers
(Fig. 2). Thisregion of BTA5 exhibits conservation of synteny with MMU10 and
HSA12 (represented as region Il in Fig. 3). This region of the human genome contains
SILV (Si), a gene important in mammalian pigmentation (Liu et al. 2003; Clark et al.

2006) (Fig. 3).

Pmell7 as Candidate Gene. Linkage-mapping of the rat-tail syndrome narrowed the

search for candidate genes to the region of HSA12 syntenic to BTA5. Genes important in
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pigmentation are of great interest. The SILV gene codes for the protein Pmel17, which
may promote the conversion of 5,6-dihydroxyindole-2-carboxylic acid to melanin (Kwon
1995). Melanin is further converted to eumelanin or pheomelanin to give the coat and
skin black or red-pigmented coloration respectively. Furthermore, Pmell7 is necessary
for the formation of the fibril matrix upon which melanin intermediates are deposited late
in melanosome maturation (Theos et al. 2005).

In the human the primary structure of the Pmel17 protein includes a 24-residue N-
terminal signal peptide sequence followed by an approximately 578-residue variable
lumenal domain. The C-terminal end is made first of a 25-residue transmembrane
domain and terminated with a 45-residue cytoplasmic domain (Fig. 4B). Pmell7 is
composed of 11 exons, with exon 6 being the largest and having variable splice sites in
humans. Exon 1 encodes the signal peptide sequence, while exons 2-10 comprise the
lumenal domain. The transmembrane and cytoplasmic domains are coded by exon 11
(Theos et al. 2005) (Fig.4). Pmell7 encodes a melanosomal protein important in
pigmentation which maps to HSA12q13-14 (Kubota 1995), a region syntenic to BTAS.

Kwon et al. (1995) reported that an insertion mutation in the 3’ region of Pmel17
in mice causes an extension of the protein by 12 residues resulting in a silver phenotype
against a black background. This mutation has a negative effect on melanocytes, coat
color pigment producing cells, and their viability. The silver mutation in mice primarily
affects the production of the black pigment eumelanin (Silvers 1979). A decrease in the
production of eumelanin causes a dilution of the black coat, and a silver phenotype

results.
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Mutations in Pmel17 correlate with the dominant white, dun and smoky plumage
phenotypes in chicken. The dominant white allele is a result of a synonymous
substitution at position 1836 in exon 6 and a 9-bp insertion in exon 10. The smoky allele
was identical to the dominant white allele with the exception of a unique 12-bp deletion
in exon 6. The dun allele was distinct from the dominant white allele, and possessed 13
unique single nucleotide polymorphisms (SNPs) and a 15-bp deletion in exon 10. These
mutations either block or hinder the production of black pigment but allow the production
of red pigment (Kerje et al. 2004).

An approximately 253 bp retrotransposon insertion in the 3’ carboxyl terminus of
Pmell7 is responsible for the merle coat patterning in domestic dogs. Merle patterning is
characterized by patches of diluted pigment interspersed with normal melanin
pigmentation. It is inherited in an autosomal, incompletely dominant fashion. Shetland
sheepdogs that inherit the merle allele in a heterozygous condition exhibit a blue-grey
merle phenotype, while those that inherit the merle allele in the homozygous condition
exhibit a predominately white phenotype. Shetland sheepdogs homozygous for the
normal allele exhibit a tricolor black, sable and white phenotype (Clark et al. 2006).

Mutation in Pmel17 causes dilutions of black coat coloration in mice and
domestic dog, and also affect the production of black pigment in the plumage of
chickens. Cattle that exhibit the rat-tail phenotype have a diluted black coat. This
dilution may be caused by the inhibited production of the black pigment eumelanin.
Inheritance of the rat-tail genotype does not seem to affect cattle that have a red coat.
The merle allele in domestic dog is inherited in an incomplete dominant fashion

exhibiting dilution effects of coat coloration, as observed in cattle with the rat-tail allele
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at the rat-tail locus. The similarities between the rat-tail phenotype and the phenotypes of
mutant Pmel17 mice, chicken, and domestic dog provides justification for investigating
Pmell7 for its potential role in the rat-tail phenotype.

Mutations within the coding region of Pmel17 may cause the dilution of the black
coat color as well as the other phenotypic characteristics of the rat-tail syndrome. The
focus of this study is to sequence and analyze Pmel17 from normal and rat-tail cattle to

discover mutations, which may be causative of the disorder.

Materials and Methods

Research Population. The 99 cattle used in this study were composed of three different
breeds: Simmental, Hereford, and Angus. This South Dakota State University (S.D.S.U.)
population segregated for the rat-tail syndrome. A pedigree outline of the population is
shown in Figure 5. A purebred Simmental bull (bull 211) was bred to 2/3 Hereford and
1/3 Simmental cows producing 2 bulls that were 2/3 Simmental and 1/3 Hereford
(966128 & 966130). These two bulls were bred to black, 2/3 Angus, 1/3 Hereford cows,
producing 1/3 Angus, 1/3 Hereford, and 1/3 Simmental F1 calves. There were no black
calves and 19 rat-tail F1 calves sired by 966128. Bull 966130 sired both rat-tail and
black F1 calves. Therefore, bull 966128 was assumed to be homozygous for the allele
that causes the rat-tail syndrome (CC), and bull 966130 was heterozygous (Cc). One of
the F1 offspring, bull 988042, also sired both rat-tail and black calves, and therefore was
assumed to be heterozygous (Cc) for the allele that causes rat-tail syndrome. Black and
rat-tail calves sired by two Simmental crossbred bulls, 966130 and 988042, were used in

this study. Additionally black (E_cc), rat-tail (E_Cc), and light grey (E_CC) calves out
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of rat-tail cows sired by either 966128 or 966130 were included. Red calves (eeC_ or
eecc) were not included in this study because their genotype could not be determined at

the rat-tail locus before sequencing (Singrey 2002).

DNA Extraction. Whole blood, collected from cattle of interest as described above, was
transferred to 15 mL polypropylene conical tubes and centrifuged at 3000 rpm for 30
minutes at 4°C. Buffy coat was transferred to a clean 15 mL conical tube and DNA was
extracted following a saturated salt procedure described by Miller et al. (1988). DNA
was quantified by a spectrophotometer and working stock was diluted to 50 ng/ul in Low

TE (10 mM Tris pH 8.0, 0.1 mM EDTA) and stored at 4°C.

Amplification and Sequence of Pmell17. Primers used to sequence Pmell7 were
developed by “blasting” bovine SILV mRNA (NCBI accession number M81193) against
the bovine genome sequence data available from the Baylor College of Medicine
(http://www.hgsc.bcm.tmc.edu/projects/bovine/). The software program Primer3
(http://frodo.wi.mit.edu) was used to design primers around the exons of Pmel17. A total
of 12 sets of primers were designed in order to amplify the 11 exons of Pmel17 in their
entirety (Table 3). One set of primers was developed for exons 1-5 and 7-11, while exon
6 was so large that it required two sets of primers. Primers were developed in sequences
flanking the exon of interest. Primers were amplified using a 30 pl polymerase chain
reaction (PCR) recipe consisting of 28.0 ul of reaction mix (22.3 ul sterile ddH20, 3.3 ul
Taq DNA Polymerase 10X Buffer w/ 15 mM MgCly, 0.6 ul dNTPs (5mM), 1.5 pl
forward and reverse primer (20uM), and 0.3 ul Taq Polymerase 1:1) and 2.0 ul Genomic

DNA (50 ng/ul). PCR was performed under the thermal cycling program: one cycle at
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95°C for 5 minutes, and 35 cycles at 94°C for 1 minute, 30 seconds at annealing
temperature (varied from 58°C to 70°C depending on the primer pair; Table 3), 72°C for 1
minute, followed by one cycle at 72°C for 5 minutes, and held at 4°C. Amplicons were
visualized using electrophoresis run on 2% agarose gels stained with ethidium bromide.
Amplicons were purified and eluded in preparation for sequencing using a Qiagen
QIAquick PCR Purification Kit (Qiagen Inc., Valencia, CA, U.S.A.) following the
manufacturers instructions. A 13.5 ul preparation consisting of 12 ul purified amplicon
and 1.5ul of corresponding forward or reverse primer (20 uM) was submitted to the
Brigham Young University DNA Sequencing Center (http://dnasc.byu.edu/) for cycle
sequencing.

Sequences were analyzed using Chromas Lite version 2.01
(http://www.technelysium.com.au/chromas_lite.html) to determine the genotypes of a
selection of rat-tail individuals and normal non-rat-tail individuals. If rat-tail individuals
were found to be heterozygous for a particular mutation while normal non-rat-tail
individuals were homozygous at the same locus, sequencing was continued on the

population, until all 99 animals in the population were successfully genotyped.

Results

In this study two mutations were identified in Pmell17, a 3-base pair (bp) deletion
in the coding region of exon 1, and a SNP in the coding region of exon 11. The SNP in
exon 11 causes a C-> A missense mutation in the second nucleotide of codon 612,
substituting the residue glutamic acid for alanine. Although several of the rat-tail animals

in the population were heterozygous (A/C) for the mutation in exon 11, there was not a
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100% concordant association with the phenotype (Table 4). Twelve of 65 black animals
sequenced were heterozygous (A/C) for the SNP and one rat-tail animal was homozygous
(A/A) for the mutation. This eliminated the SNP in exon 11 as being the causative
mutation for rat-tail.

The 3-bp deletion in exon 1 removes codon 18 (CTT), truncating the protein by
one leucine amino acid residue. This deletion had a 100% concordant association with
the rat-tail phenotype (Table 4). All 52 black animals sequenced were homozygous for
the non-deleted allele and all 20 rat-tail animals sequenced were heterozygous for the
deletion. Furthermore, two animals that were known to be homozygous for the rat-tail
allele were homozygous for the deletion. The correlation between the 3-base pair
deletion in exon 1 of Pmel17 and the rat-tail syndrome suggests this mutation may be
responsible for the disorder. Genotypes and phenotypes at exons 1 and 11 of all animals

sequenced can be found in Table 5.

Discussion and Conclusion

Pmell7 is the most probable positional candidate gene for causing rat-tail
syndrome in cattle. Ninety-nine animals from a population segregating for the rat-tail
syndrome were sequenced at Pmell17. Two mutations have been detected; a 3-bp deletion
in codon 18 of exon 1, which removes a leucine residue, and a SNP missense mutation
that changes the second nucleotide of codon 612 from a cytosine to an adenine base,
substituting glutamic acid for alanine in exon 11. The 3-bp deletion in exon 1 of Pmell7
has displayed 100% concordance to the rat-tail phenotype in the S.D.S.U. population. All
animals found to be heterozygous for the deleted allele (Cc) are of the rat-tail phenotype

or known to be heterozygous carriers. And all animals that were found to be

10
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homozygous for the non-deleted allele (cc) are black. Furthermore the two animals that
are homozygous for the deletion (CC) were also known to be homozygous carriers of the
rat-tail allele (Table 4). The SNP in exon 11 did not show complete concordance with
the rat-tail phenotype and was eliminated as being the causative mutation.

Mutations in Pmel17 of mouse, chicken and domestic dog that cause phenotypic
dilutions of black coat and plumage color are reported to occur in the c-terminal regions
of Pmell7. In mouse a single bp insertion in exon 11 causes a change in the cytoplasmic
domain of Pmel17 leading to a silver phenotype in an otherwise black mouse (Kwon et
al. 1995). In chicken the dominant white phenotype is caused by a 9-bp insertion in exon
10 affecting the transmembrane region of Pmell17. Similarly a five amino acid deletion
in the transmembrane region of Pmel17 causes the dun phenotype in chicken. The smoky
phenotype is caused by the same 9-bp insertion in exon 10 as the dominant white allele,
but also exhibits a 12-bp deletion in exon 6 (Kerje et al. 2004). In domestic dog an
approximately 253-bp retrotransposon insertion in the exon 10 — exon 11 boundary is
responsible for the merle phenotype (Clark et al.2006).

The 3-bp deletion in exon 1 described in this study does not correspond to
published mutations found in other species, although a personal communication between
Theos et al. (2005) and A. Oulmouden (Limoges University, Limoges, France) suggests
mutations found in the signal peptide sequence of Pmel17 is responsible for
hypopigmentation in cattle. Exon 1 in humans codes for the signal peptide sequence,
which is responsible for posttranslational transport of Pmel17 within the cell (Theos et al.
2005) (Fig.6A & 4B). The 3-bp deletion found in this study is also located in the signal

peptide sequence of Pmell7.

11
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Exon 1 is highly variable among different species, suggesting that this region is
capable of experiencing mutation events and still code for a functional protein (Fig. 6).
Current literature does not support the effects of an N-terminal mutation at Pmel17
playing a significant role in phenotypic variation, thus the mechanism for the effects of
the mutation on the black pigment eumelanin and the hair shaft in cattle are unknown.
The 3-bp deletion in exon 1 of Pmell7 in cattle may block or hinder the production of
eumelanin and have no effect on the production of pheomelanin, similar to what is
observed in mouse and chicken when mutations of Pmel17 occur. Although this study
can not conclude with 100% certainty that the 3-bp deletion in Pmel17 is the causative
mutation, the mutation has inclusive correlation with the samples from the S.D.S.U.
population. It would be necessary to screen rat-tail individuals from other populations to
determine if the 3-bp deletion segregates within these populations as well. 1f a
correlation can be established outside the S.D.S.U. population the development of a
simple diagnostic DNA test to determine if an individual is carrying a rat-tail allele (C)
may be possible. The results of this study suggest strong linkage disequilibrium between
the 3-bp deletion in exon 1 of Pmel17 and the rat-tail syndrome, however no conclusive

data has been found that can suggest causation.

12
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Appendix A:

Tables
Genotype Phenotype
EE . . . . .
cc Light to medium grey coat color with fine hair
EeCC
EECc
EeCc
EEcc Normal black coat color
Eecc
eeCC
eeCc Normal red coat color
eecc

Table 1 Genotype and phenotype of epistatic interaction between MC1R (E) and unknown rat-tail locus (C).

Marker Distance (cM) Recombination LOD score

with rat-tail with rat-tail
BM6026 6.7 0.26 0.58
BP1 18.8 0.34 0.29
RM103 28.6 0.32 0.41
BMS1617 56.3 0.09 4.93
BR2936 65.17 0.04 4.82
BMS1248 88.4 0.28 0.5
BM315 100.1 0.26 0.96

Table 2 Linkage analysis of BTA5 with cM distance assignments from U.S.D.A. MARC

(http://lwww.marc.usda.gov) and recombination and LOD scores from Singrey (2002). Significant linkage

between the rat-tail syndrome and markers BMS1617 and BR2936 was found by Singrey (2002).
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Annealing
Primer Temperature Product
Pair Primer Sequence °C Size bp
Exon 1 F | 5 - GAG GGG AGG AAG GGC TATG -3 67 293
R [ 5'- AAT CAA ATG GGT GGG AGACA -3
Exon 2 F | 5 - GCAAGC CAC AACTACCTG ACC-3 70 359
R [5'-CCCACCCATTTCCACCATA-3
Exon 3 F | 5 - TAC AGG GAG GAG AAGCCAAG-3 70 231
R [5'-TCT GGACCT TGG GAAGGAG -3
Exon 4 F |5-CCAGGGATT GAGGGAGACT-3 67 290
R [ 5 -GGG GGA AGT GAAGATTAG GG -3
Exon 5 F |5 -CCAGTAACCCCCTTCCCTAC-3 68 226
R [5'-CTTGTCCCCTCCTCAGTCC-3
Exon 6-I F |5-TGG GTT GGT TGA AAA ATATGG - 3 62 359
R [ 5'- ACA GGA GGT GAG AGG AATGG -3
Exon 6.1 F |5-GCACTC ACG GTC ACT CACAC-3 68 540
R [5'-TGC CCC ACCTCT ATG AACTC-3'
Exon 7 F | 5-AGC CTG CGG GTT CAAATAC-3 68 651
R [5'-CAG CCT GTAGGATCTCAGCA-3
Exon 8 F | 5 - AAG GCA GAATGG GAT TAG GG -3 68 241
R [5-GGACAGTAGTCACCCCAGGA-3
Exon 9 F | 5-AGT GTC CCT TCCCAGATTCC-3 58 312
R [5'-CTCCCCGTGTCTTCATCCTA-3
Exon 10 F | 5 - GAAGAC ACG GGG AGATGG TA-3 58 235
R [5-CCATGAGGAAGAGTGGTGGT -3
Exon 11 F | 5-GAG CCAGGATCAAGACCAAG-3 66 425
R [5'-CCTCCACCCCTTAAGTGACA-3

Table 3 Primer design table with primer sequence, annealing temperature and approximate product sizes.
Forward primer represented by: F, reverse primer represented by: R.

Rat-
Exon 1 Black Tail Red
TTCTG/ TTCTG 0 0 2
TTCTG/ TTCTTCTG 0 20 2
TTCTTCTG/ TTCTTCTG 52 0 0
Rat-
Exon 11 Black Tail Red
A/A 0 1 2
AlC 12 29 2
C/C 53 0 0

Table 4 Intraexonic mutations and relative frequency of occurrence within population. Exon 1 normal
allele represented by: TTCTTCTG, deleted allele represented by TTCTG. Exon 11 SNP represented by
nucleotide base at locus (A or C).
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Genotype Allele Genotype Allele
Sample exon 1 Exon 1 exon 11 | Exon 11 Phenotype
89-002 | homo ttcttct homo cC black
89-050 | homo ttcttct homo CcC black
91-161 | homo ttcttct homo CcC black
91-175 | homo ttcttct homo cC black
92-089 | homo ttcttct homo cC black
93-044 homo cC black
93-045 | homo ttcttct homo cC black
94-022 | homo ttcttct homo CcC black
95-045 | homo ttcttct homo CcC black
95-060 homo cC black
96-066 | homo ttcttct homo cC black
96-067 | homo ttcttct homo CcC black
96-095 | homo ttcttct homo cC black
96-128 | homo tct delete homo AA homozygous carrier
96-130 | het tct delete het AC heterozygous carrier
96-165 | homo ttcttct homo ccC black
97-086 | homo ttcttct homo cC black
97-092 | homo ttcttct homo cC black
97-098 | homo ttcttct homo cC black
97-114 | homo ttcttct homo cC black
98-034 | homo ttcttct homo CcC black
98-042 | het tct delete het AC heterozygous carrier
98-046 | het tct delete het AC rat-tail
98-047 | homo ttcttct homo CcC black
98-049 | homo ttcttct homo CcC black
98-051 het AC black
98-052 | homo ttcttct homo CcC black
98-060 | homo ttcttet het AC black
98-073 | homo ttcttct homo CcC black
98-074 | homo ttettet het AC black
98-096 | homo ttettct het AC black
98-111 homo cC black
98-122 | homo ttcttct homo CcC black
98-126 het AC rat-tail
98-128 | homo ttettet het AC black
98-131 | homo ttcttct homo CcC black
98-134 | homo ttcttct homo CcC black
98-148
98-151 | het tct delete het AC rat-tail
98-324 | homo ttcttct homo cC black
99-040 | homo ttcttct homo CcC black
99-043 | homo ttcttct homo CcC black
99-073 | het tct delete het AC rat-tail
99-095 | homo ttettet het AC black
99-098 | het tct delete het AC rat-tail
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99-110 | homo ttcttet het AC black
99-127 | homo ttcttet het AC black
99-139 | homo ttettct het AC black
99-147 | homo ttcttct homo CcC black
99-157 homo cC black
00-051 | homo ttcttct homo CcC black
00-056 | het tct delete het AC rat-tail
00-057 | homo ttcttct homo CcC black
00-060 | het tct delete het AC rat-tail
00-063 | het tct delete het AC rat-tail
00-071 het AC unknown
00-077 | het tct delete het AC rat-tail
00-079 | homo ttcttct homo CcC black
00-095 | het tct delete het AC rat-tail
00-104 | homo ttcttct homo cC black
00-108 | het tct delete het AC rat-tail
00-115 | het tct delete het AC rat-tail
00-120 | het tct delete het AC rat-tail
00-123 | homo ttcttct homo CcC black
00-132 homo cC black
00-135*
00-328 | het tct delete het AC rat-tail
00-356 | homo ttettct homo AC black
01-008 | homo ttcttct homo CcC black
01-010 het AC black
01-029 homo AC black
01-038 | homo tct delete homo AA homozygous carrier
01-048 homo cC black
01-058 het AC rat-tail
01-074 | homo ttcttct homo CcC black
01-090 het AC rat-tail
01-098 het AC rat-tail
01-113 homo cC black
01-121 homo cC black
01-135*
01-141 | homo ttcttct homo CcC black
01-145 het AC rat-tail
01-163 het AC rat-tail
01-169 het AC rat-tail
02-025 | homo ttettet het AC black
02-054 | het tct delete het AC rat-tail
02-096 | homo ttcttct homo cC black
02-101 | het tct delete het AC rat-tail
02-103 | het tct delete het AC rat-tail
02-108 homo cC black
02-124 het AC rat-tail
02-201 homo CcC black
02-218 het AC rat-tail
19
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03-301 | homo ttettet black
03-305 | het tct delete homo AA gray
03-306 het AC black
03-307 | homo ttcttct homo CcC black
03-308 | het tct delete homo AA rat-tail
03-310 | het tct delete het AC rat-tail
03-317 | homo ttcttct homo cC black
03-318 | het tct delete het AC gray
03-330 | homo ttcttct homo cC black
03-333 het AC rat-tail
03-338 | homo ttcttct homo cC black
03-353 | het tct delete het AC rat-tail
03-374 | het tct delete het AC rat-tail

Table 5 Genotype and phenotype of exons 1 and 11 at Pmel17 for individuals in South Dakota State
University population segregating for the rat-tail syndrome (data missing for individuals at exon 1 is due to
the loss of genetic material during the screening process). Homozygote represented by: homo,
heterozygote represented by: het. Exon 1 normal allele represented by: ttcttct, deleted allele represented
by: tct delete. Exon 11 allele represented by nucleotide bases present at SNP (AA, AC, or CC). * Samples

were confused in the storage process and could not be distinguished for screening.
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Appendix B:
Figures

Figure 1 Phenotypes of calves: A) rat-tail (E_Cc) described as charcoal grey and lacking tail switch, B)
light grey (E_CC) with normal patches of white hair, and C) normal black (E_cc).

BTAS

BM6026
BP1
RM103
BMS1617
Rat-tail
Locus
BR2936
BMS1248
BM315

Figure 2 Linkage map of BTAS including rat-tail locus and linked microsatellite markers. There was
strong linkage disequilibrium between the rat-tail locus and markers BMS1617 and BR2936, with LOD
scores of 4.93 and 4.82, respectively (Singrey 2002).
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Figure 3 Comparative map of syntenic human, mouse and cattle linkage groups. SILV (Si) locus is found
in region 111 (Liu et al. 2003).
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Figure 4 Human pre-melanosomal protein (Pmel17) gene and splice isoforms. A) Organization of human
SILV (Pmel17) gene according to Bailin et al. (1996). Exons are represented as boxes and introns by lines.
The numbers below each box represent the codon at the start of each exon. 5’ and 3’ untranslated regions
(5’UT, 3’UT) are indicated in gray. Hatched regions indicate alternatively spliced exons. B) Schematic
diagram of the products of the four known human Pmel17 splice isoforms. The intermediate (int.) form is
the most abundant, and the short forms (short-l and short-i) are the least abundant. ss, signal sequence; tm,
transmembrane domain; cyt, cytoplasmic domain. Numbers indicate the the amino acids at the borders of
the topologic domains (ss, luminal, tm and cyt.) or of the alternatively spliced regions with respect to

Pmell7-long (Theos et al. 2005).
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Figure 5 Pedigree outline of rat-tail breeding population from South Dakota State University (Singrey
2002).
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Figure 6 Domains among premelanosomal protein (Pmel17) and their identity among vertebrates. A)
Individual domains within the human Pmel17 long form are shown in different colors, with amino acid
positions for start and end of each domain indicated below. TM, transmembrane domain; Cyt, cytoplasmic
domain; CS, cleavage site. B) Amino acid sequence comparison of Pmel17 orthologs in indicated species.
The long form of human Pmel17 is shown. Red text indicates amino acid identities among all sequenced
orthologs; orange indicates amino acid homology among most orthologs. Individual domains are
represented as bars over the sequence colored as in (A) (Theos et al. 2005 (see also for higher resolution
figure)).
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