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Source/description: Ticks serious losses in animal
productivity. Bovine hosts express heritable, contrasting
phenotypes when exposed to Rhipicephalus microplus. Bos indicus
breeds are significantly more resistant to infestations than Bos
taurus breeds. Animals in populations derived from crosses
between these groups show varying levels of resistance,! indi-
cating a polygenic basis for the trait. Different breeds also develop
qualitatively distinct immune responses against ticks! and their
tick-infested skin expresses significantly different levels of mRNA
for the immune response genes studied herein. We examined
genomic sequences of the genes TGFB1, CXCL10 (also known as
IP-10), TNF, IFNG, CCL3 (also known as MIP-1x), IGF1 and
CCL2 (also known as MCP-1) for the presence of breed-specific
SNPs by comparing PCR-amplified genomic sequences from
tick-resistant and tick-susceptible bovine breeds.

cause

Methods: Genomic DNA was extracted from animals [Nelore,
B. indicus (n = 16); Holstein, B. taurus (n = 16)] with the
PureGene kit (Gentra Systems, Inc.) and 25 ng of DNA from
each animal was PCR-amplified with specific primers designed
to generate amplicons anchored on two exons and spanning at
least one intron (Table S1). The amplicons varied between 900

and 1500 bp in length. PCR fragments were purified with the
ExoSapit™ kit (GE Healthcare) and sequenced (ABI 3100 DNA
Analyser). Sequences were processed with parep?/PHRAP (http://
www.phrap.org/phredphrapconsed.html) and coxsep®  and
SNPs were identified with porypHreD. Allele frequencies were
estimated with cenaLex6.* Given the high levels of linkage dis-
equilibrium between SNPs from the same gene, haplotypes of
each individual were reconstructed by means of the EM algo-
rithm® as implemented in the seLixTreE 6.0.1 program (Golden
Helix Inc.). Differences in the distribution of allele and haplo-
type frequencies between the two breeds were analysed with
Fisher’s exact test. Adherences of genotypic proportions to
expectations under Hardy—Weinberg equilibrium were tested by
the complete enumeration method employing ceneror 3.4
software.®

Comments: Table 1 shows the positions and allelic frequencies
of SNPs in the genes tested. These genes code for proteins
involved in the recruitment and/or activation of basophils and
Th1 lymphocytes, cells which participate in resistance to ticks
in experimental animals.” Some SNPs were located in coding
regions, but resulted in silent substitutions. Tables S2 & S3
show complete data for the SNPs and the constructed haplo-
types respectively. A  single, statistically significant
(P =0.0323) deviation from Hardy—Weinberg equilibrium,
which may be expected by chance, was observed for the IGF1
AF404761:2.1388C>T SNP in Nelore. The SNPs will be useful
in association studies of composite/segregating populations
resulting from crosses of B. taurus and B. indicus breeds to
ascertain if these markers are associated with causal mutations
that confer cattle with resistance to R. microplus.
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Table 1 Positions and allelic frequencies of SNPs in genes that code for molecules of the immune system and that have exhibited significant
differences between tick-resistant (Nelore, Bos indicus) and tick-susceptible (Holstein, Bos taurus) breeds.

dbSNP Sequence variant/
Gene accession no. SNP position
CXCL10 $582716009 NW_931725:8.1077G>A
CcCcL2 5582716026 132659:8.2057G>A
5582716046 L32659:2.2420C>T
CCL3 5582716097 NW_929444:g.379T>C
IGF1 5582716076 AF404761:8.1388C>T
TNF 5582716148 AF011926:8.2439A>G
5582716154 AF011926:8.2659G>A
IFNG 5582716164 754144:2.2781G>T
5582716176 754144:8.2896GC>T
5582716188 754144:8.3024T>G
5582716193 754144:8.3028T>G

Frequency of minor allele

P-value
Minor (Fisher’s exact
allele Nelore Holstein test)
A 0.4667 0.0313 0.0001
A 0.3438 0.0000 0.0003
T 0.4333 0.0000 0.0001
C 0.4667 0.0357 0.0002
T 0.0625 0.3750 0.0052
G 0.5714 0.0000 0.0001
A 0.1071 0.4375 0.0086
T 0.5417 0.0333 0.0001
T 0.3125 0.0000 0.0009
G 0.5625 0.0000 0.0001
G 0.5313 0.0000 0.0001
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Table S1 Primer sequences employed for amplifying candidate
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Source/description: Haliotis midae is the only commercial
abalone species in South Africa and is threatened by over-
exploitation. Thus aquaculture enterprises are depending on
genetic management to increase production. SNP markers are
gaining popularity for use in genetic analyses. Previous studies
have revealed the polymorphic nature of the flanking regions of
microsatellite markers.'* Investigated here is the viability of
these sequences as a SNP source in H. midae.

SNP identification: Four microsatellite markers were selected
based on flanking region size and low null allele frequency.’
Primers were designed to amplify microsatellites and flanking
sequences (Appendix S1 and Table S1) in 45 animals that
represented three sampling populations from the south, east
and west coast of South Africa (15 each). PCR products were
sequenced and aligned, and SNPs were identified by investi-
gating sequence variation amongst individuals. Twelve novel
SNPs were identified amongst the flanking regions of the four
microsatellite loci investigated (Table S2).

SNP analysis: Allele frequencies and heterozygosities were cal-
culated, and tests for Hardy—Weinberg equilibrium (HWE) were
performed (Table S2). The 12 SNPs demonstrated a minor allele
frequency >0.05 and an average heterozygosity of 0.2837,
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qualifying these SNPs for use in genetic analyses.* Six SNPs
deviated from HWE, and SNP heterozygosities were lower
compared to microsatellites.” However, the SNP heterozygosi-
ties for H. midae correlated with SNP heterozygosities found for
the scallop.®

SNP density was one for every 113 bp. This is higher than
the estimated average genome-wide distribution of SNPs,”
indicating the viability of microsatellite flanking sequences as a
future SNP source. The transition-to-transversion ratio, equal
to one, is different than what was found for birds and mam-
mals, which demonstrated higher ratios.* This deviation from
the expected is probably due to the lack of characterized SNPs
in the H. midae genome. A ratio of 1.3 was recently found in the
oyster (Crassostrea virginica).®

Comments: The development of molecular markers, especially
SNPs, will be of significant value in genome characterization
and population management of H. midae. Microsatellite flank-
ing SNPs in particular can play an important role in resolving
population structure and phylogeny, because utilising micro-
satellite/SNP haplotypes will increase resolving power by
negating the effects of microsatellite size homoplasy.! The
domestication and conservation of the vulnerable yet eco-
nomically important Haliotis midae will be fast-tracked by the
implementation of genetic management practices that utilise
molecular marker technology.
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