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TheDEFB103 gene is amember of the β-defensin gene family. In this study, we appliedmultiple sets of primers to
characterize theDEFB103 transcript. RT-PCRwasused todetermine the cDNAboundaries and it indicated that the
cDNA start point is at least 514 bpbefore the start codon and not further than 678 bp. In addition, the length of the
3′UTR was determined to be at least 53 bp after the stop codon. Seven SNPs were located in the 5′UTR, and com-
prised 4 different haplotypes in genomic DNA. Using these haplotype data, it could be proven that at least two
complete copies of DEFB103with an ATG start codon are present in cDNA in most cattle. Additionally haplotype
data indicated that there are also multiple incomplete copies in most cattle. A non-coding exon 1a, and a 261 bp
intron 1awere identified in cattle, and subsequently predicted in sheep and goats.DEFB103 sequence assemblies
and partial cloning sequences revealed two types of deletion (4 bp and 8 bp) in the 5′UTR. These observations
could prove that these copies are not assembly artifact.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Defensins are members of a cationic protein family (3–4 kDa) with
six conserved cysteine residues that create three cysteine–disulfide
bonds (Ganz and Lehrer, 1994). These conserved cysteines provide
three different patterns for the disulfide bonds, that divide the defen-
sin family into three subfamilies called α, β (Lehrer and Ganz, 1999),
and θ-defensins (Tang et al., 1999). β-Defensins are in a single gene
cluster in cattle and they were mapped to chromosome 27 (Gallagher
et al., 1995). β-Defensin 103 (DEFB103) is a multi-functional gene
influencing innate immunity (Bevins, 2006), coat color (Candille et al.,
2007), and feeding behavior (Candille et al., 2007). All members of the
β-defensin gene family in humans have two exons and one intron,
with the exception of DEFB105 (GenBank NM_152250.2) which has
three coding exons and two introns (Pazgier et al., 2006).

Data from mRNA-seq showed that alternative splicing occurs in
more than 90% of human genes (Pan et al., 2008; Wang et al., 2008).
Genes with alternative promoter regions tend to generate alternative
splicing (Xin et al., 2008).Microphthalmia-associated transcription factor
(MITF) with nine exons (Tassabehji et al., 1994) and insulin-like growth

factor 2 (IGF2) with 10 exons (Goodall and Schmutz, 2007) are such
genes. In most genes with alternative splicing, some of the exons
(Goodall and Schmutz, 2007) or part of the exons (Udono et al., 2000)
are non-coding.

β-Defensins are variable in their copy number (Hollox et al., 2003).
DEFB103 copy number variation has been reported in humans (2–12
copies per diploid genome) (Hollox et al., 2003) and dogs (2–4 copies
per diploid genome) (Leonard et al., 2012). Cattle DEFB103 occurs
in multiple copies in at least some individuals, based on sequence re-
sults from a cloning experiment (GenBank KM347983, KM347984,
KM347985, and KM347986). Five SNPs were reported in the 5′UTR of
the DEFB103 by Dreger and Schmutz (2009) (c.−319ANG, c.−264CNT,
c.−69ANG, c.−42ANG, and c.−34GNA), and two additional SNPs
(c.−383ANG, c.−241GNA) were identified in the 5′UTR of the
DEFB103 (Mirabzadeh-Ardakani et al., in press). The current research
was conducted to investigate gene structure and haplotype variation
of DEFB103 in different tissues collected from dairy and beef cattle.

2. Materials and methods

2.1. Sample collection

Animals used for this study were humanely killed according to
Canadian Council of Animal Care guidelines and protocols approved
by the University of Saskatchewan Animal Care Committee. Tissue
samples were collected from seven neonatal Holstein calves and five
6–8 month old Angus-cross beef calves. The tongue, buccal epithelium,
conjunctiva, rumen, skin, trachea, and liver from neonatal calves and
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tongue, buccal epithelium, trachea, and hard-palate from Angus-cross
calves were collected immediately after euthanasia and stored in
RNAlater® (Applied Biosystem-Ambion) in −80 °C. Whole blood sam-
ples (5ml) were collected from the jugular vein for each animal in a BD
Vacutainers® with EDTA as an anticoagulant.

2.2. DNA and total RNA extraction

DNA was extracted from the buffy coat using a SQ blood DNA kit
(OMEGA Bio-Tek). Total RNAwas extracted from collected tissues stabi-
lized by RNAlater® using the TRIzol method (Invitrogen). After the first
step of extraction, the extracted RNA was treated with DNase-I (RNase
free) (Invitrogen) to exclude anyDNA contamination. The RNA quantity
and quality were determined using a NanoDrop 2000 (NanoDrop, Tech-
nologies, DE, USA) spectrophotometer after the first extraction, and
using an Agilent 2100 Bioanalyzer (G2938B, Agilent Technologies, Mis-
sissauga, Ontario) after the second RNA extraction. RNAwith an integri-
ty number higher than 7 was considered acceptable as intact RNA for
cDNA preparation.

2.3. Reverse transcription and cDNA synthesis

Total RNA (250 ng) was reverse-transcribed using qScript™ cDNA
SuperMix (Quanta Biosciences™), following the manufacturer's proto-
col. The cDNA was diluted to 1:10 as a template for the reverse
transcription-polymerase chain reaction (RT-PCR).

2.4. Semi nested-PCR and RT-PCR amplification and genotyping

A step wise walking procedure was used to design a 5′ forward
primer approximately every 100 bp. The furthest one that could amplify
a fragment was selected for the experiment. Primers (Table 1) were de-
signed using Primer3web (http://bioinfo.ut.ee/primer3/) with the ex-
ception of KNEST1-F and KNEST1-R primers (Dreger and Schmutz,
2009). Since beta-defensin genes have multiple copies in cattle (Elsik
et al., 2009), a semi nested-PCR was used for genomic DNA (gDNA) in
an attempt to exclude multiple products or possible pseudogenes. In
the primary PCR reaction, KNEST1-F forward and KNEST1-R reverse
primers (Table 1) were used to amplify a 1925 bp fragment of genomic
DEFB103 that includes the 5′UTR, both previously reported exons, the
intron, and the 3′UTR. The primary PCR product was used as a template
for the semi-nested PCR. In the semi-nested amplification reaction, the
same forward (KNEST1-F) and the KDEFEX1-R reverse primers
(Table 1) were used to amplify the 5′UTR, and exon 1 (786 bp).

In the RT-PCR, three primer pairs (Table 1)were used to characterize
the cDNA of the DEFB103 gene. All the PCR products were separated
using 1% agarose gels, and then amplified products were extracted
using a Gel-Extraction kit (OMEGA Bio-Tek). The extracted purified
PCR products were sequenced (NRC-PBI, Saskatoon), and then analyzed
using Sequencher software (version 4.8) to determine genotype and
then haplotype for the seven SNPs in the 5′UTR of the DEFB103 gene.

2.5. Haplotype determination

The 5 reported SNPs byDreger and Schmutz (2009) formed two spe-
cific haplotypes. Two new SNPs in the 5′UTR increased the number of
haplotypes from 2 to 4 (Mirabzadeh-Ardakani et al., in press). About
205 animals were genotyped for the seven SNPs in the 5′UTR of
DEFB103 (Mirabzadeh-Ardakani et al., in press). Haplotypes were ini-
tially identified in homozygous cattle. No animal presented a specific
genotype that could not be explained by these 4 haplotypes (Supple-
mentary Table 1).

3. Results

3.1. SNP haplotypes in genomic DNA

All cattle in this study were first genotyped for the seven known
SNPs in the 5′UTR of DEFB103. Four haploid haplotypes were deter-
mined for these seven SNPs (c.−383ANG, c.−319ANG, c.−264CNT,
c.−241GNA, c.−69ANG, c.−42ANG, and c.−34GNA) in Holstein cattle
(Mirabzadeh-Ardakani et al., in press) (Table 2). Among the four hap-
loid haplotypes that were identified, the haploid haplotypes 2, 3, and
4 were present in the Holstein calves, and the haploid haplotypes 2,
and 4 were present in beef calves genotyped.

3.2. Characterization of cDNA start and end positions

Two primer pairs (KNEST1-F and DEFB103Ex2-R2; DEFB103-5′UTR-
3 and DEFEX1-R) (Table 1, Fig. 1) were used to determine the start (in
the 5′UTR) and the end (in the 3′UTR) of the DEFB103 cDNA transcript
in a tongue cDNA sample. A RT-PCR product (511 bp) was obtained
using theKNEST1-F and theDEFB103Ex2-R2primers. However, no frag-
ment was obtained using the DEFB103-5′UTR-3 and the DEFEX1-R
primers. The DEFEX1-R reverse primer had been designed in exon 1
and itmust have a complementary site in the cDNA transcript. Therefore
the DEFB103-5′UTR-3 forward primer in the 5′UTR did not have a com-
plementary site in the cDNA transcript. As a result, the start of the
DEFB103 transcript was determined to be at least 514 bp before the
start codon (−514, Fig. 1), and not further than 678 bp. The length of
the 3′UTR was determined to be at least 53 bp after the stop codon
(*53, Fig. 1).

3.3. SNP haplotypes in cDNA

At the beginning of this study, KNEST1-F and DEFEX1-R primers
(Table 1) were used to amplify a 573 bp fragment of DEFB103 and geno-
type the seven SNPs in the 5′UTR. However, two PCR products (573 bp
and 312 bp) were amplified by using cDNA from the oral cavity tissues
(tongue, buccal, hard palate), conjunctiva, rumen, bladder, trachea and
liver as a template (Figs. 2a and b), but only one product was amplified
(573 bp) from the skin and lung cDNA (Fig. 2a). Both PCR products were
sequenced and were aligned to genomic DNA. This allowed us to

Table 1
Primers used in this study.

Primer name Starting bpa Primer sequence 5′- … -3′ Template and product size (bp) Temp (°C)

KNEST1-F −514 GCGTATCCATGCAGGTTCAG Genomic, 1925 63
KNEST1-R *545 AGGCCTGAGGTCAGTCAGAACA
KNEST1-F −514 GCGTATCCATGCAGGTTCAG Genomic, 786 60
KDEFEX1-R 58+188 GATTAGTCTCTTAAGAGTGAATCAGAA
KNEST1-F −514 GCGTATCCATGCAGGTTCAG cDNA, 573 or 312 63
DEFEX1-R 38 CCTGGAACAGGCAGCAAGAACA
DEFB103-5′UTR-3 −687 AGACACCTTCCTGACTCACG cDNA, 746 60
DEFEX1-R 38 CCTGGAACAGGCAGCAAGAACA
KNEST1-F −514 GCGTATCCATGCAGGTTCAG cDNA, 511 60
DEFB103Ex2-R2 *53 CTGGAGGAGGCATTTTCACG

a Based on coding DNA reference sequence.
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