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Abstract Bovines present contrasting, heritable pheno-
types of infestations with the cattle tick, Rhipicephalus
(Boophilus) microplus. Tick salivary glands produce IgG-
binding proteins (IGBPs) as a mechanism for escaping from
host antibodies that these ectoparasites ingest during blood
meals. Allotypes that occur in the constant region of IgG
may differ in their capacity to bind with tick IGBPs; this
may be reflected by the distribution of distinct allotypes

according to phenotypes of tick infestations. In order to test
this hypothesis, we investigated the frequency of haplo-
types of bovine IgG2 among tick-resistant and tick-
susceptible breeds of bovines. Sequencing of the gene
coding for the heavy chain of IgG2 from 114 tick-resistant
(Bos taurus indicus, Nelore breed) and tick-susceptible
(B. t. taurus, Holstein breed) bovines revealed SNPs that
generated 13 different haplotypes, of which 11 were novel
and 5 were exclusive of Holstein and 3 of Nelore breeds.
Alignment and modeling of coded haplotypes for hinge
regions of the bovine IgG2 showed that they differ in the
distribution of polar and hydrophobic amino acids and in
shape according to the distribution of these amino acids.
We also found that there was an association between
genotypes of the constant region of the IgG2 heavy chain
with phenotypes of tick infestations. These findings open
the possibility of investigating if certain IgG allotypes
hinder the function of tick IGBPs. If so, they may be
markers for breeding for resistance against tick infestations.
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Introduction

Allotypic markers of IgG constant heavy chains are
encoded by Mendelian co-dominant alleles and have
important immunological functions (Grubb 1994). Accord-
ingly, IgG allotypes have been associated with resistance to
infections with different microbes (Kacskovics, Wittum,
Butler et al. 1995; Corbeil, Gogolewski, Kacskovics et al.
1997; Jönsson, Oxelius, Truedsson et al. 2006; Skattum,
Gullstrand, Holmström et al. 2008; Pandey, Namboodiri,
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Luo et al. 2008; Giha, Nasr, Iriemenam et al. 2009). There
is only one study that documents associations between IgG
allotypes and the outcome of infestations with a metazoan
parasite, Onchocerca volvulus, (Pandey, Elson, Sutherland
et al. 1995). Associations between IgG allotypes and
outcomes of infestations with hematophagous ectoparasites
have never been examined. Hematophagy is an ancient
selective pressure on the immune system having evolved
when animals with a closed circulatory system appeared
(Ribeiro 1995). Immunoglobulins are ingested by blood-
feeders in abundant quantities during infestations
(Gudderra, Sonenshine, Apperson et al. 2002). Indeed, as
an escape mechanism whereby they assist feeding females,
male Ixodidae ticks secrete an IgG-binding protein in their
immunomodulatory saliva (Wang and Nuttall 1995). Bos
taurus indicus cattle are significantly more resistant than
B. t. taurus to infestations with the cattle tick, Rhipicepha-
lus (Boophilus) microplus, and crosses between these
groups show varying levels of resistance (Blankenship,
May and Hedgecock 2002) indicating a polygenic, heritable
basis for the trait. Furthermore, different bovine breeds
develop quantitatively different antibody responses against
tick saliva (Kashino, Resende, Sacco et al. 2005). This
suggests that among the genes involved in conferring
resistance are those encoding immunoglobulins. A prelim-
inary study showed that the distribution of serologically
defined IgG2 allotypes (Butler, Navarro, and Heyermann
1994) differed significantly among taurine and indicine
breeds (data not shown). In the present work, we describe
new haplotypes of the bovine IgG2 heavy chain that were
genotyped by resequencing a region between the CH1 and
CH3 domains since it contains most of the variability
resulting in different allotypes. This region was PCR-
amplified from individuals from indicine and taurine
breeds. We examined if the frequencies of allo-haplotypes
differ among two commercial cattle breeds that show
contrasting phenotypes regarding tick infestations. We
modeled the hinge regions of IgG2 molecules resulting
from the different haplotypes. Finally, we looked for
associations between genotypes of the constant region of
the IgG2 heavy chain and infestation phenotypes.

This study was approved by the local ethics committee.
Genomic DNA was isolated with Puregene kit (Gentra
Systems Inc., Minneapolis, MN) from blood samples from
tick-resistant (n=47; B. t. indicus, Nelore breed) and tick-
susceptible (n=67; B. t. taurus, Holstein breed) cattle. A
fragment from a region between the CH3 domain and the
hinge region of IgG2 heavy chain gene was amplified by
PCR w i t h s p e c i f i c p r ime r s ( 5 ′CGGGGTGC
TGTGAACCA3′ and 5′GTTCCCTCACGCCTAATGG3′),
treated with ExoSAP-IT (Amershan, Piscataway, NJ) and
sequenced with BigDye terminator chemistry (Applied
Biosystems, Carlsbad, CA). DNA sequences were analyzed

using Phred/Phrap/Consed (Ewing, Hillier, Wendl et al.
1998; Ewing and Green 1998) and PolyPhred (Nickerson,
Tobe, and Taylor 1997) tools and nineteen single nucleotide
polymorphisms (SNPs) were identified (Table 1). Individ-
ual SNP frequencies, estimated by Microsatellite Toolkit
(Park 2001), demonstrated that ten SNPs showed breed-
specific alleles (P<0.001, Supplemental Table). Haplotypic
frequencies of the IgG2 exon fragment, calculated using
Arlequin (ELB algorithm; Excoffier, Laval and Schneider
2005), revealed 13 different IgG2 haplotypes, of which
8 were exclusive of taurines, and 2 of indicines (Table 1).
RXC software (Miller 1997) demonstrated a highly
significant difference in the distribution of haplotypes
between taurines and indicines (P=0.000010±0.000001,
Metropolis algorithm). The IgGγ2a allotype was signifi-
cantly more frequent in taurine animals (P<0.0001), while
IgGγ2b was significantly more frequent in indicine animals
(P<0.0001; Table 1).

IgG-binding proteins (IGBPs) are a common escape
mechanism among pathogens against which antibodies
constitute the main effector mechanisms (De Miranda-
Santos and Campos-Neto 1981). Certain IgG allotypes are
bound less efficiently by IGBPs secreted by Staphylococcus
aureus (Van Loghem, Frangione, Recht, and Franklin EC
1982), Haemophilus somnus (Corbeil, Gogolewski,
Kacskovics et al. 1997; Bastida-Corcuera, Nielsen, and
Corbeil 1999a), and hepatitis C virus Namboodiri,
Budkowska, Nietert, and Pandey 2007 and are associated
with a more favorable outcome to infection with the latter
pathogens. We show herein that tick IGBPs are abundantly
expressed in tick salivary glands. Annotation of a non-
normalized cDNA library of R. microplus male salivary
glands using BLAST results showed that two contigs
contained more transcripts and sequences coding for
proteins similar to IGBPs than expected from a random
distribution, as evaluated with the χ2 test (Table 2). Tick
IGBPs may differ in their ability to bind to IgG allotypes
compromising the tick’s capacity to modulate host–antibody
responses. In order to begin testing these hypotheses, we
aligned coded haplotypes of the bovine IgG2 hinge region.
Figure 1a shows that haplotypes of the bovine IgG2 hinge
region differ in the distribution of polar and hydrophobic
amino acids.

We then modeled coded hinge regions of the haplotypes.
In silico models were built with Swiss-model repository
software (Swiss Institute of Bioinformatics & the Biozentrum,
University of Basel, Switzerland) based on an X-ray diffrac-
tion of a human IgG1 (1HZH, Protein Data Bank). PyMOL
Molecular Graphics System (Schrödinger Corporation, NY,
USA) was employed to overlay human IgG1 with the coded
haplotypes for bovine IgG2 hinge region obtained with the
modeling (Fig. 1b, c). This resulted in five groups of
molecules that differed in shape in the hinge region
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according to the presence of polar or hydrophobic amino
acids (Figs. 1d–h). Figure 1d shows the template overlaid
with the first group (G1) of allo-haplotypes that consists of
allotype IgGγ2a (grey), coding residues S, P, N, and H, and a
haplotype (green) coding residues S, C, H, and H at positions
219, 224, 225, and 228, respectively. These two haplotypes
do not contain hydrophobic amino acids at positions 219 and
228 and are significantly more frequent or found only in

taurine animals, respectively (Table 1). Figure 1e shows the
template overlaid with the second group of haplotypes,
which like those in group G1 do not contain hydrophobic
amino acids at positions 219 and 228, but contain a
positively charged arginine residue at position 224. It
contained one (yellow) coding residues S, R, N, and H and
another (pink) coding S, R, H, and H at positions 219, 224,
225, and 228, respectively. These haplotypes were found

Table 2 Distribution of differentially expressed transcripts coding for IgG-binding proteins in a non-normalized cDNA librarya of male salivary
glands of Rhipicephalus microplus ticks. The χ2 test was calculated using the average number of ESTs per contig (2.65=3)

Library Total number of ESTs Total number of contigs Average no. ESTs/contig

MSGRmb 2,163 817 2.65

Contig Best match to NR protein database E-value Number of ESTs Expected P value χ2 test

# 76 Immunoglobulin G binding protein C
[Rhipicephalus appendiculatus] gi|2352274|

9e-084 27 15 <0.001

# 190 Immunoglobulin G binding protein B
[Rhipicephalus appendiculatus] gi|2352272|

6e-081 25 14 <0.001

EST expressed sequence tag, NR non-redundant
a Details of library construction, sequencing, bioinformatic treatment, and contig annotation can be found in Maruyama et al. (2010)
bMale salivary glands of Rhipicephalus microplus

Table 1 IgG2 haplotype frequencies in genetically tick-resistant (Nelore, Bos taurus indicus) and tick-susceptible (Holstein, Bos taurus taurus)
breeds of cattle

Gene Haplotypea Amino acid residues in hinge regionb % Haplotype frequency P value

Nelore Holstein Fisher exact test

IGHG2 [G;?;?;?;?]c – 0 1.5 0.656

[T;?;?;?;?]c – 2.1 3.0 0.674

[G;C;C;A;A] [S;P;N;H]d 14.9 59.8 <0.0001*

[G;T;G;C;A] [S;C;H;H] 0 0.8 0.855

[G;C;G;A;A] [S;R;N;H] 0 9.8 0.009*

[G;C;G;C;A] [S;R;H;H] 0 0.8 0.855

[G;C;G;A;C] [S;R;N;P] 0 3 0.250

[T;T;G;C;C] [I;C;H;P]e 78.7 15.1 <0.001*

[G;T;G;C;C] [S;C;H;P] 0 1.5 0.674

[T;C;C;A;C] [I;P;N;P] 0 0.8 0.855

[T;C;G;A;C] [I;R;N;P] 0 0.8 0.855

[T;C;G;C;C] [I;R;H;P] 2.1 2.3 0.686

[G;C;G;C;C] [S;R;H;P] 1.1 0 0.862

[T;C;C;A;A] [I;P;N;H] 1.1 0 0.862

[T;C;G;A;A] [I;R;N;H] 0 0.8 0.855

*Indicates that the P-value is significant after a Bonferroni correction, which was performed considering the number of haplotypes for the IGHG2
gene
a Reference haplotype: bovine IgG2 exon B (X16702.1:g. [753G/T; 767C/T; 768C/G; 770A/C]
b Amino acid residues at positions 219, 224, 225 and 228 resulting from SNPs identified at nucleotide positions 753, 767, 768, 770 and 780, respectively
c Sample could not be genotyped at nucleotide positions 768, 770 and 780
d Haplotype corresponds to serologically defined allotype IgGγ2a

e Haplotype corresponds to serologically defined allotype IgGγ2b
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only in taurines at low frequencies (Table 1). Groups 3–5
contained a hydrophobic amino acid at position 219 or 228
or at both positions. The third group, shown in Fig. 1f,
contained a single haplotype (pink) coding residues S, R, N,
and P at positions 219, 224, 225, and 228, respectively. This
haplotype was found only in taurines at low frequencies. The
fourth group, shown in Fig. 1g, contained six haplotypes, the
allo-haplotype IgG2b (orange), more frequent in indicines
and which codes residues I, C, H, and P, and haplotypes
coding residues S, C, H, and P (light blue), residues I, P, N,
and P (green), residues I, R, N, and P (yellow), residues I, R,
H, and P (magenta), and residues S, R, H, and P (red) at

positions 219, 224, 225, and 228, respectively. All of these
haplotypes were found in both breeds of cattle (Table 1).
Figure 1h shows the template overlaid with the fifth group of
haplotypes (G5), which contained one (green) coding
residues I, P, N, and H and another (magenta) coding I, R,
N, and H at positions 219, 224, 225, and 228, respectively.
These haplotypes were found in both breeds (Table 1). There
are several potential consequences for the structural variations
within the hinge regions of IgG2 allotypes. Although the role
of the hinge region in complement activation and signaling
through Fc receptors is disputed (Brekke, Michaelsen, and
Sandlie 1995), it has an essential role in antigen binding (Oi,

Fig. 1 Alignment and modeling of coded haplotypes of bovine IgG2
hinge region. a Alignment showing distribution of polar (dark grey
boxes) and hydrophobic (light grey boxes) amino acids of coded
haplotypes of the bovine IgG2 hinge region from positions 217 to 228.
b Template (X-ray diffraction of a human IgG1 [1HZH, Protein Data
Bank]; blue in all figures) for modeling haplotypes of bovine IgG2

hinge region of heavy chain. White rectangle shows the hinge region
amplified in Fig. 1c with the overlays. c Overlay of the hinge regions
of all in silico models for bovine IgG2 haplotypes. d–h Template
overlaid with the five groups of haplotypes, G1–G5, and the
respective amino acid residues coded at positions 219, 224, 225, and
228 by each haplotype
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Vuong, Hardy et al. 1984; Michaelsen, Garred, and Aase
1991; Brekke, Michaelsen, and Sandlie 1995). While human
IgG2 is a poor activator of complement, bovine IgG2, the
subclass examined in this work and with which human IgG2
is not homologous, has a very small hinge region, but is a
good complement activator depending on the allotype:
bovine IgG2b has more than double complement activity
than bovine IgG2a (Bastida-Corcuera, Butler, Yahiro, and
Corbeil 1999b). The role of structural modifications in the
hinge region and IgG effector functions has not been
examined by the few studies on associations between IgG
allotypes and complement activity (Skattum, Gullstrand,
Holmström et al. 2008; Jönsson, Oxelius, Truedsson et al.
2006) or Fc receptor dependent-effector mechanisms
(Kumpel, Wiener, Urbaniak, and Bradley 1989), although
one study did examine hinge flexibility of IgG2 allotypes
with molecular plots (Bastida-Corcuera, Butler, Yahiro, and
Corbeil 1999b).

We next examined if there was an association between
genotypes of the constant region of the IgG2 heavy chain
with phenotypes of tick infestations. Randomly selected
bovines (Nelore=9; Holstein=8) were genotyped and
managed together in a tick-infested pasture for 12 months;
the numbers of female ticks larger than 4 mm were counted
on one side of each animal 13 times at monthly intervals
and the average number of ticks/year for each breed and
group of genotypes was obtained. Interestingly, we found
that taurine animals containing at least one allo-haplotype
for IgGγ2a presented significantly (P=0.044) more feeding
female ticks than the single taurine host homozygous for
the IgGγ2b allo-haplotype (40.62±35.04 and 24.15±24.01
ticks/animal, respectively; Table 3). While indicine animals
always presented significantly (P<0,001) less feeding
female ticks than taurine animals (an average of 3.45±
5.22 versus 38.56±34.20 ticks/animal, respectively;
Table 3), the two heterozygous indicine animals also
presented significantly (P<0.001) more feeding ticks than
individual homozygous for the IgGγ2b allo-haplotype

(6.73±6.60 and 2.91±4.67 feeding ticks/animal, respec-
tively; Table 3). Due to allelic exclusion, both heavy chains
of half of the antibodies produced by animals that are
heterozygous for the IgGγ2a allo-haplotype will bear this
marker. Admitting that tick IGBPs bind this allo-haplotype
more efficiently, our data suggests that a threshold of 50%
IGBP-bound antibodies is still sufficient to allow ticks to
complete a blood meal. It is also reasonable to suggest that
this haplotype could constitute a marker for susceptibility to
tick infestations.

In summary, we have described a PCR-based genotyping
method and new haplotypes of the bovine IgG2 heavy chain.
We observed differences in the polarity of amino acids of the
hinge region of distinct haplotypes that may affect interactions
of bovine IgG2 with host neonatal Fc receptors (FcRns) and
tick IGBPs. Our results indicate that certain bovine allo-
haplotypes are associated with phenotypes of infestations
with R. microplus. Interestingly, we have shown that after
heavy exposure to R. microplus, the levels of anti-tick saliva
IgG2 antibodies remain the same in indicine cattle and
decrease in taurines even though these latter animals receive
larger quantities of potentially antigenic tick saliva (Kashino,
Resende, Sacco et al. 2005). This phenomenon may result
from differing biological properties of IgG2 allotypes and
merits further investigation. Levels of IgG2 are highly
heritable in cattle (Mazengera, Kennedy, Burnside et al.
1985) and are also heritable in humans according to allotypes
(Oxelius 1993). This may explain in part our previous
findings. Additionally, FcRn which protect endocytosed IgG
from degradation and prolong its half-life in the circulation
of cattle (Cervenak and Kacskovics 2009) differ in their
capacity to bind to allotypes of IgG (West and Bjorkman
2000). Indeed, the levels and catabolic rates of IgG2 differ
according to their allotypes (Oxelius and Eibl 1996). FcRns
may also differ in their capacity to bind to IgG coated with
an IGBP. Taken together, our findings suggest that antibodies
are crucial to control tick infestations and that allotypic
variation may have important consequences for the host.

Table 3 Association of allo-haplotypes of the constant region of IgG2 heavy chain with phenotypes of tick infestations

Allo-haplotype No. allo-haplotypes/breed No.±SD of female ticks

Nelore Holstein Nelore Holstein

SPNH/SPNH (IgGγ2a homozygous) 0 3 – 43.46±39.34

SPNH/G4 haplotypes (IgGγ2a heterozygous) 2 4 6.73±6.60 38.48±31.65

Total allo-haplotypes containing IgGγ2a 2 7 6.73±6.60 40.62±35.04

ICHP/ICHP (IgGγ2b homozygous) 7 1 2.91±4.67 24.15±24.01

P value 0.015a <0.001b 0.044b

a Comparison of the proportion of allo-haplotypes containing IgGγ2a in two bovine breeds, Fisher Exact Test
b Comparison of the median numbers of ticks between animals bearing allo-haplotypes containing IgGγ2a and animals homozygous for IgGγ2b allo-
haplotypes, Mann–Whitney Rank Sum Test

Immunogenetics (2011) 63:319–324 323



Acknowledgments We thank Dr. John Butler for furnishing allotyp-
ing sera and Celso T. Mendes Jr. for assistance in analyses. This work
was supported by the Conselho Nacional de Desenvolvimento
Científico e Tecnológico (grant no. 471388/); W.A.C. and S.R.M.
received scholarships (no. 06/55825-0 and 2007/5937-4) from the
Fundação de Amparo à Pesquisa do Estado de São Paulo.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

Bastida-Corcuera FD, Nielsen KH, Corbeil LB (1999a) Binding of
bovine IgG2a and IgG2b allotypes to protein A, protein G, and
Haemophilus somnus IgBPs. Vet Immunol Immunopathol
18:143–149

Bastida-Corcuera FD, Butler JE, Yahiro S, Corbeil LB (1999b)
Differential complement activation by bovine IgG2 allotypes.
Vet Immunol Immunopathol 71:115–123

Blankenship SM, May B, Hedgecock D (2002) Evolution of a perfect
simple sequence repeat locus in the context of its flanking
sequence. Mol Biol Evol 19:1943–1951

Brekke OH, Michaelsen TE, Sandlie I (1995) The structural require-
ments for complement activation by IgG: does it hinge on the
hinge? Immunol Today 16:85–90

Butler JE, Navarro P, Heyermann H (1994) Heterogeneity of bovine
IgG2: comparative specificity of monoclonal and polyclonal
capture antibodies for IgG2a (A1) and IgG2a (A2). Vet Immunol
Immunopathol 40:119–133

Cervenak J, Kacskovics I (2009) The neonatal Fc receptor plays a
crucial role in the metabolism of IgG in livestock animals. Vet
Immunol Immunopathol 128:171–177

Corbeil LB, Gogolewski RP, Kacskovics I et al (1997) Bovine IgG2a
antibodies to Haemophilus somnus and allotype expression. Can
J Vet Res 61:207–213

De Miranda-Santos IKF, Campos-Neto A (1981) Receptor for
immunoglobulin Fc on pathogenic but not on nonpathogenic
protozoa of the Trypanosomatidae. J Exp Med 154:1732–
1742

Ewing B, Green P (1998) Base-calling of automated sequencer traces
using phred. II. error probabilities. Genome Res 8:186–194

Ewing B, Hillier L, Wendl MC et al (1998) Base-calling of automated
sequencer traces using phred. I. accuracy assessment. Genome
Res 8:175–185

Excoffier L, Laval G, Schneider S (2005) Arlequin (version 3.0): an
integrated software package for population genetics data analysis.
Evol Bioinform Online 1:47–50

Giha HA, Nasr A, Iriemenam NC et al (2009) Antigen-specific
influence of GM/KM allotypes on IgG isotypes and association
of GM allotypes with susceptibility to Plasmodium falciparum
malaria. Malar J 8:306

Grubb RE (1994) Human immunoglobulin allotypes and Mendelian
polymorphism of the human immunoglobulin genes. In: Oss CJ
Jr, Regenmortel MHV Jr (eds) Immunochemistry. Marcel
Dekker, New York, pp 47–68

Gudderra NP, Sonenshine DE, Apperson CS et al (2002) Hemolymph
proteins in ticks. J Insect Physiol 48:269–278

Jönsson G, Oxelius VA, Truedsson L et al (2006) Homozygosity
for the IgG2 subclass allotype G2M(n) protects against severe
infection in hereditary C2 deficiency. J Immunol 177:722–
728

Kacskovics I, Wittum TE, Butler JE et al (1995) The heterogeneity of
bovine IgG2. VII. the phenotypic distribution of the A1 and A2
allotypes of IgG2a among beef cows with known clinical history.
Vet Immunol Immunopathol 48:89–96

Kashino SS, Resende J, Sacco AM et al (2005) Boophilus microplus:
the pattern of bovine immunoglobulin isotype responses to high
and low tick infestations. Exp Parasitol 110:12–21

Kumpel BM, Wiener E, Urbaniak SJ, Bradley BA (1989) Human
monoclonal anti-D antibodies. II. the relationship between IgG
subclass, Gm allotype and Fc mediated function. Br J Haematol
71:415–420

Maruyama SR, Anatriello E, Anderson JM et al (2010) The expression
of genes coding for distinct types of glycine-rich proteins varies
according to the biology of three metastriate ticks, Rhipicephalus
(Boophilus) microplus, Rhipicephalus sanguineus and
Amblyomma cajennense. BMC Genomics 11:363

Mazengera KE, Kennedy BW, Burnside EB et al (1985) Genetic
parameters of bovine serum immunoglobulins. J Dairy Sci
68:2309–2314

Michaelsen TE, Garred P, Aase A (1991) Human IgG subclass pattern of
inducing complement-mediated cytolysis depends on antigen
concentration and to a lesser extent on epitope patchiness, antibody
affinity and complement concentration. Eur J Immunol 21:11–16

Miller MP (1997) R x C: A program for the analysis of contingency tables
via the metropolis algorithm. http://www.marksgeneticsoftware.net/
rxc.htm. Accessed on 10 July 2010

Namboodiri AM, Budkowska A, Nietert PJ, Pandey JP (2007) Fcγ
receptor-like hepatitis C virus core protein binds differentially to
IgG of discordant Fc (GM) genotypes. Mol Immunol 4:3805–
3808

Nickerson DA, Tobe VO, Taylor SL (1997) PolyPhred: automating
the detection and genotyping of single nucleotide substitutions
using fluorescence-based resequencing. Nucleic Acids Res
15:2745–2751

Oi VT, Vuong TM, Hardy R et al (1984) Correlation between
segmental flexibility and effector function of antibodies. Nature
307:136–140

Oxelius VA (1993) Serum IgG and IgG subclass contents in different
Gm phenotypes. Scand J Immunol 37:149–153

Oxelius VA, Eibl MM (1996) Different Gm allotype amounts in
human intravenous immunoglobulin (IVIG) preparations; survival
of foreign Gm allotypes in immunodeficient patients. Clin Exp
Immunol 106:203–207

Pandey JP, Elson LH, Sutherland SE et al (1995) Immunoglobulin к chain
allotypes (Km) in onchocerciasis. J Clin Invest 96:2732–2734

Pandey JP, Namboodiri AM, Luo Y et al (2008) Genetic markers of
IgG influence the outcome of infection with hepatitis C virus. J
Infect Dis 198:1334–1336

Park SDE (2001) Trypanotolerance in West African cattle and the
population genetic effects of selection. Ph.D. thesis, University of
Dublin

Ribeiro JM (1995) Blood-feeding arthropods: live syringes or
invertebrate pharmacologists? Infect Agents Dis 4:143–152

Skattum L, Gullstrand B, Holmström E et al (2008) Serum bactericidal
activity against Neisseria meningitidis in patients with C3
nephritic factors is dependent on IgG allotypes. Clin Immunol
129:123–131

Van Loghem E, Recht FB, Franklin EC B (1982) Staphylococcal
protein A and human IgG subclasses and allotypes. Scand J
Immunol 15:275–278

Wang H, Nuttall PA (1995) Immunoglobulin-G binding proteins in the
ixodid ticks, Rhipicephalus appendiculatus, Amblyomma varie-
gatum and Ixodes hexagonus. Parasitol 111:161–165

West AP Jr, Bjorkman PJ (2000) Crystal structure and immunoglob-
ulin G binding properties of the human major histocompatibility
complex-related Fc receptor. Biochemistry 39(32):9698–9708

324 Immunogenetics (2011) 63:319–324

http://www.marksgeneticsoftware.net/rxc.htm
http://www.marksgeneticsoftware.net/rxc.htm

	Haplotypes of the bovine IgG2 heavy gamma chain in tick-resistant and tick-susceptible breeds of cattle
	Abstract
	Introduction
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


