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Summary

Sequence information was obtained on the variation of
the ELA-DRB upstream regulatory region (URR) after
polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) cloning and sequencing of
≈ 220 bp upstream of the first exon of horse DRB genes.
The sequence of the proximal URR of equine DRB is com-
posed of highly conserved sequence motifs, showing the
presence of the W, X, Y, CAAT and TATA conserved
boxes of major histocompatibility complex (MHC) class
II promoters. Five different polymorphic horse DRB pro-
moter sequences were detected in five horse breeds. The
results demonstrate the existence of polymorphism in the
nucleotide sequences of the ELA-DRB URR, located in
the functionally important conserved consensus sequences,
the X2 box, the Y box and the TATA box, while conser-
vation were observed in X1 and CAAT boxes. The nucle-
otide diversity among horse URRs was intermediate
between that seen within human and mouse DRB promot-
ers, suggesting the existence of another important source
of variability in ELA-DRB genes. In addition, phyloge-
netic comparisons, identity analysis and sequence organi-
zation suggested that the reported sequences would
correspond to an expressed ELA-DRB locus. However,
further information about the functional significance of
these promoter polymorphisms will probably be acquired
through expression studies on the different sequences.

Introduction

Major histocompatibility complex (MHC) class II molecules
are polymorphic heterodimeric surface glycoproteins that

are involved in the presentation of antigens to T-helper
lymphocytes (Kappes & Strominger, 1988). The expres-
sion of these antigens at the surface of antigen-presenting
cells (APCs) is essential for the recognition of foreign anti-
gens by the T-cell receptor, and is regulated in a cell-specific
manner and controlled via cis-acting elements in the
upstream regulatory region (URR) located in the 5′-flanking
regions of HLA class II genes (Benoist & Mathis, 1990;
Peterlin et al., 1990; Glimcher & Kara, 1992; Ting &
Trowsdale, 2002).

The promoter elements of the class II genes are remark-
ably conserved. All classical and non-classical class II
promoters contain elements that are necessary for optimal
constitutive and cytokine-induced gene expression (Ting
& Baldwin, 1993; Ting & Trowsdale, 2002; Hake et al.,
2003). In addition to sequence conservation, the orienta-
tion and spacing of the elements are proposed to be criti-
cal for an accurate transcription (Harton & Ting, 2000).
The URRs encompass approximately 200 base pairs (bp)
upstream from the transcription start and consist of highly
conserved sequences, i.e. TATA, CAAT and X1 (the RFX-
binding site), Y [the reversed CAAT site (rCAAT)], X2
[the cAMP response element (CRE)] and W boxes (Auffray
et al., 1987; Reith et al., 1995; Mitchinson & Roes, 2002).
Their sequences represent sites of interaction with nuclear
regulatory proteins — transcription factors such as NF-YB,
NF-YC, RFX5, RFXANK and CREB-1 (Ting & Trowsdale,
2002) — which form a ‘transcriptosome’ by interacting
with the Class II transactivator (CIITA) and mediate
transcriptional control (Ting & Trowsdales, 2002). Despite
the highly conserved sequences of the cis-acting elements,
polymorphism has been found in the URRs of HLA-D
genes, namely in DRA (Pinet et al., 1991), DQB1 (Andersen
et al., 1991; Reichstetter et al., 1994), DQA1 (Del Pozzo
et al., 1992), DRB1 (Perfetto et al., 1993; Singal et al.,
1993; Louis et al., 1993; Singal & Qiu, 1994; Louis et al.,
1994) and DOB (Hake et al., 2003). It has also been
shown that the nucleotide polymorphism of the proximal
promoter region of DRB genes has certain functional con-
sequences on their transcriptional activities (Louis et al.,
1993; Louis et al., 1994; Singal et al., 1993; Singal & Qiu,
1994; Janitz et al., 1997; Sindwani & Singal, 2001).

The MHC of the horse, also called the equine leukocyte
antigen (ELA) system, is located on chromosome 20
(20q14–22), as determined by in situ hybridization (Ansari
et al., 1988; Måkinen et al., 1989). As in other species, the
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number of expressed DRB genes appears to be variable,
with two or three DRB genes reported in domestic horses
and two in Przewalski horses (Fraser & Bailey, 1996;
Hedrick et al., 1999; Díaz et al., 2001).

To date, no sequence information exists regarding
the URRs of class II genes in horses, and relatively little
is known about the genetic control of ELA-DRB gene
expression. The purpose of the current study is to analyse
the equine DRB-URR by means of polymerase chain
reaction-single strand conformation polymorphism (PCR-
SSCP) and DNA sequencing. This analysis would allow us
to address the following: first, whether the equine URR
exhibits the common organization observed in other
mammals and, second, whether polymorphism is present
in their promoter region.

Materials and methods

Animals

To screen ELA-DRB promoter variation, a total of 90
peripheral blood samples from different horse breeds
were used in order to maximize the chances of detecting
polymorphism. These samples included Argentine Creole
horses (AC; n = 33), Peruvian Paso (PP; n = 20), Thor-
oughbred (TB; n = 15), Spanish Pure Breed (SP; n = 10)
and Spanish native breeds (SN; n = 12) horses. The
Spanish native breeds group was represented by only 12
unrelated animals belonging to different, but related,
breeds (Losino, n = 3; Asturcón, n = 2; Mallorquín, n = 3;
Menorquín, n = 2 and Potoka, n = 2).

Genomic and plasmid DNA isolation

Purification of genomic DNA from blood lymphocytes
was performed by using the DNAzol® method (Invitro-
gen, Carlsbald, CA, USA) and isolation of recombinant
plasmid DNA was carried out by using the S.N.A.P. Plasmid
Purification System (Invitrogen), respectively.

PCR amplification

Promoter regions associated with DRB genes were ampli-
fied from genomic DNA by PCR amplification using a 5′
primer (5′-GAGAAATACAGACACACCATGC-3′), cor-
responding to the consensus W box sequence, located
220 bp upstream of the start of transcription (Turco et al.,
1990), and a 3′ primer (5′-TGTTTCAGAAAAGGAC-
CTTC-3′), annealing to a sequence located just after the
initiation start of transcription (Ripoli et al., 2002). The
expected amplification fragment size is ≈ 240 bp.

The PCR was carried out in a total volume of 25 µL
comprising 2.5 mm MgCl, 20 mm Tris-HCl, 50 mm KCl,
100 µm each dNTP, 0.2 µm each primer, 0.5 U of Taq
polymerase (Invitrogen) and 2 µL of purified horse tem-
plate DNA (50–100 ng). The amplification profile con-
sists of 2 min at 94 °C, followed by 5 cycles of 30 s at
94 °C, 45 s at 45 °C and 30 s at 72 °C, and 30 cycles of
30 s at 94 °C, 30 s at 50 °C and 30 s at 72 °C, and an

extension of 10 min at 72 °C. Purified plasmid DNA was
screened for the presence of the inserts by PCR using
the same oligonucleotide primers and an amplification
reaction consisting of: 2 min at 94 °C, 30 cycles of 45 s at
94 °C, 45 s at 58 °C and 45 s at 72 °C, and a final extension
of 10 min at 72 °C.

SSCP analysis

By using SSCP gels, amplification products were screened
for pattern variation. Typing gels consisted of 10% (w/v)
acrylamide:bis-acrylamide (38 : 1), 0.5× tris-borate EDTA
(TBE), 0.093% (w/v) ammonium persulfate and 0.08%
(v/v) TEMED. Samples plus loading dye [95% (v/v) for-
mamide, 20 mm EDTA, 0.05% (w/v) bromophenol blue,
0.05% (w/v) xylene cyanol FF] were heated to 96 °C for
10 min and placed on ice until loaded. Gels were run in
0.5× TBE at 200 V for 16 h at 4 °C. SSCP patterns were
visualized by silver staining (Bidler et al., 1982) and photo-
graphed by using the Kodak Digital Science Kds 1D Image
Analysis Software (Eastman Kodak Company, Rochester,
NY, 1994–96). The designations of the different SSCP band
patterns was carried out by using URR as a prefix to the
name of the pattern, which was identified with capital letters.

Cloning and sequencing

PCR products from individual samples that presented
the most common SSCP band patterns were ligated into
TopoTA cloning vectors, according to the manufacturer’s
instructions (Invitrogen). Inserts from ≈ 20 positive clones
for each animal were confirmed by PCR using the URR
primers mentioned above. SSCP variations were deter-
mined in each positive clone, and PCR products corre-
sponding to different URR SSCP band patterns were
chosen for DNA sequencing. The DNA isolated from
multiple clones was separately sequenced on an Applied
Biosystems 377 automated sequencer (BioResource Center,
Cornell University, Ithaca, NY, USA), using the T7 universal
primer (Invitrogen).

Sequence analysis

The multiple alignment of the nucleotide sequences of the
ELA-DRB URR was carried out using clustal w, version
1.7 (Thompson et al., 1994). The similarity for DNA
sequences was estimated by pairwise sequence alignment.
Phylogenetic analysis of the equine URR sequences was
performed by neighbour-joining trees constructed from
Jukes-Cantor distance ( Jukes & Cantor, 1969) and Kimura’s
two-parameter estimates (Kimura, 1980). To test the
topology of the tree, the bootstrap statistical test was
used. All the parameters were estimated by using the
mega program Version, 2.1 (Kumar et al., 1994). Nucle-
otide diversity was estimated by means of Kimura’s
two-parameter method included in the arlequin analysis
software (Schneider et al., 1997).

Nucleotide sequences were screened for the presence
of transcriptional regulatory target sequences by using the
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nsite program (Shahmuridov et al., 1986; Solovyev y
Kolchanov, 1994; Heinemeyer et al., 1999; Solovyev,
2002), which uses the Transfac Database (http://transfac.
gbf.de). Sequence data from some other class II genes
were retrieved from the literature: HLA-DQB (Andersen
et al., 1991), HLA-DRB1, -DRB2, -DRB3, -DRB4, -DRB5
and -DRB7 (Louis et al., 1993), BoLA-DRB3 (Ripoli et al.,
2002, 2004) and H2-Eb (Janitz et al., 1997; Mitchinson
& Roes, 2002).

Results

ELA-DRB URR organization

In this work we described the organization of the equine DRB
upstream regulatory region (URR), and we analysed the pro-
moter polymorphism by PCR-SSCP and DNA sequencing.

DNA sequencing of the 240-bp PCR products showed
that the proximal promoter region of horse DRB genes
encompasses ≈ 220 bp upstream to the initiation of tran-
scription. As in humans and mice, the equine DRB promoter
sequence showed the same organization of the conserved
regulatory elements (Singal et al., 1993; Singal & Qiu,
1996; Louis et al., 1993; Louis et al., 1994; Mitchinson &
Roes, 2002). Location and length of the conserved motifs
were determined by comparison of the sequence alignment
data together with the HLA-DRB promoter sequences.
Thus, horse URR contains the three classical DRB regu-
latory elements known as Y, X and W boxes, as well as the
CAAT and TATA motifs (Fig. 1).

The Y consensus sequence of horse DRB is 12-bp long
and is located between nucleotides −143 and −154. The X

region is located between nucleotides −168 and −187
upstream of the transcription initiation site. This con-
served box contains two overlapping regulatory elements:
first, a 12-bp motif (called X1), located at a conserved
distance of 20 bp (nucleotides −176 to −187) from the
sequence of the Y box; and second, an 8-bp motif (the X2
box) located between nucleotides −168 and −175. The W
region is located between nucleotides −219 and −199
upstream of the transcription initiation site. As in the
human regulatory regions, it overlaps the sequence of the
S box (nucleotides −206 to −209). The TATA conserved
element was detected at nucleotides −84 to −91 upstream
of the transcription initiation site, with high homology to
all functional DRB TATA boxes studied to date. In addition,
a CCAAT sequence was observed between nucleotide
positions −123 and −128 upstream of the start transcrip-
tion site. Nevertheless, the nucleotide sequences of the
ELA-DRB URR did not show the presence of the classical
CCAAT sequence in these genes at an alternate position.

Computational search for the consensus transcriptional
regulatory targets in the ELA-DRB promoter sequences
revealed the presence of the recognition sites of the regu-
latory specific proteins of DRB Class II genes (Ting &
Trowsdale, 2002), i.e. NF-Y, NF-YB, χ2 bp, RFX5.

ELA-DRB URR polymorphism

ELA-DRB URR polymorphism was examined by using
two different approaches: PCR-SSCP and DNA sequenc-
ing. PCR-SSCP analysis of the promoter amplified from
the 90 analysed animals identified five different URR
SSCP band patterns. All individual horses produced only

Figure 1. Comparison of nucleotide sequences of the upstream regulatory regions (URR) of ELA-DRB, HLA-DRB, BoLA-DRB and H2-Eb genes. 
GenBank accession numbers are indicated in parentheses. The A of ATG is designated as +1. Boxed sequences represent the conserved consensus 
boxes (X, Y, CAAT and TATA). Dashes represent nucleotide identity to the ELA-DRB URR sequence (AF344426). Sequences from human, murine and 
bovine class II DRB promoters were retrieved from the literature as described in the Materials and methods.

http://transfac
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two or four SSCP bands (Fig. 2a), suggesting that the oli-
gonucleotide primers employed amplified only a single
polymorphic DRB locus or various loci with a high degree
of sequence identity. Family studies documented Mendelian
inheritance for URR SSCP patterns (Fig. 2b). Different
SSCP pattern combinations were observed in the breeds
studied (Fig. 2b). Thus, the URR-A and URR-D alleles
were observed in all breeds, URR-C in all breeds except
TB, while the URR-B and URR-E were found only in PP
and Spanish breeds (SP and SN).

Nucleotide polymorphism

Figure 1 shows nucleotide sequences for the ELA-DRB
URR. Sequence information was obtained after PCR-
SSCP, cloning and sequencing of 240 bp upstream of the

first exon of ELA-DRB genes for the five most common
SSCP patterns. Each selected SSCP band pattern corre-
sponded to a unique DNA sequence (GenBank accession
number AF344426, AY354918, AY354919, AY354920
and AY572852).

The alleles of the promoter region of DRB genes
showed a total of 20 variable sites located in the conserved
consensus boxes and also in spacers between various con-
sensus sequences. Variations in the W box were not con-
sidered because the 5′ primer was complementary to its
sequence. Polymorphic sites identified among ELA-DRB
URR sequences resulted in an average nucleotide diversity
of 4.6%, with a mean number of pairwise differences of
10.41 (Table 1). However, URR-D and URR-E differed
only in one base change, at position −77. No deletions were
detected among the horse URR sequences.

Figure 2. (a) Upstream regulatory region single-
strand conformation polymorphism (URR SSCP) 
band patterns from cloned DNA polymerase 
chain reaction (PCR) amplifications; (b) URR 
SSCP band patterns from genomic DNA 
amplifications showing the Mendelian 
inheritance. The alleles are indicated at the 
bottom of the figure. Family relationships were as 
follows. Lanes 1–3, Argentine Creole horses: 
lane 1, dam; lane 2, offspring; and lane 3, sire. 
Lanes 4–6, Thoroughbred horses: lane 4, dam; 
lane 5, offspring; lane 6, sire.

Table 1. Average nucleotide diversity in the upstream regulatory region (URR) of ELA-DRB, HLA-DRB and H2-Eb promoter regions, estimated by 
using the Kimura two-parameter method; nucleotide compositions are also indicated
 

Nucleotide composition (%)
Mean number of 
pairwise differences

Average nucleotide 
diversityC T A G

ELA-DRB 23.12 30.09 23.48 23.30 10.41 ± 5.73 0.046 ± 0.029
HLA-DRB 26.43 27.04 22.77 23.76 32.17 ± 14.48 0.085 ± 0.042b

HLA-DRB1 26.88 27.27 21.04 24.81 31.97 ± 14.86a 0.085 ± 0.044c

H2-Eb 26.42 27.63 24.73 21.23 4.48 ± 2.51 0.021 ± 0.013

a Includes the different HLA-DRB1 gene specificities; b includes comparisons between loci; and c includes comparisons within loci.
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Sequences of X1 and CAAT boxes were completely
conserved among the five ELA-DRB promoter alleles
identified. Likewise, sequences between X and Y boxes,
and between Y and CAAT conserved boxes, showed
no base substitutions. Nevertheless, polymorphism was
observed in the remaining consensus boxes. Polymorphism
in the X2 box was observed at position −168, where an A
is present instead of a G in allele URR-C (GenBank acces-
sion no.: AF354918). The Y box showed two polymorphic
sites in alleles URR-D (GenBank accession no.: AF354919)
and URR-E (GenBank accession no.: AF354920): at posi-
tion −151, A was substituted by G, and at position −152,
G was substituted by A, respectively. These base substitu-
tions are unique for horse promoter sequences and involve
the loss of the CCAAT reverse sequence of the Y con-
served element. The TATA box presented a specific poly-
morphism at position −86, where a T occurred instead of
a C in URR-C (Fig. 1).

Phylogenetic relationships among URR sequences

The overall identity was found to be 99.1–96.6% among
ELA-DRB URR sequences. The degree of identity for this
region of ELA-DRB in comparison to other class II genes
extended from 82 to 71%. BoLA-DRB (87–80%) and
the functional HLA-DRB genes (82–71%) showed higher
identities to the ELA-DRB promoter. In addition, com-
parison with H2-Eb revealed identity values from 71 to
68%. As expected, the lowest similarity was observed when
compared to HLA-DQB and murine DQB homologous
(H2-Ab) genes (≈ 37–25% and 20–7%, respectively).

Figure 3 shows the neighbour-joining tree for the five
ELA-DRB URR nucleotide sequences and the HLA-DRB,
BoLA-DRB, and H2-Eb published sequences. In addi-
tion, the paralogous DQB and H2-Ab promoter sequences
were included. In general, the evolution of DRB genes, as
deduced from the polymorphism comparative analysis of
the regulatory regions, appears to reflect true ancestral
relationships. The phylogenetic tree showed two main
clusters of sequences supported by high bootstrap values
(bootstrap = 99). The first cluster consists of all the DRB
promoter sequences, and the second cluster included the
HLA-DQB and orthologous H2-Ab promoter sequences.
Within the DRB group, upstream regulatory sequences of
the same species are clustered together. Consequently,
horse DRB promoter sequences clustered together but
separately from these same promoter sequences from
HLA, BoLA and H2 genes (bootstrap > 88). Similar results
were observed within the DQB cluster. As expected, the
topology of the tree is in accordance with the identity
estimated values.

Discussion

The results obtained in this study allowed us to perform
the first characterization of the URR of the DRB genes in
domestic horses. The PCR fragment size obtained corre-
sponds to previously published human, murine and bovine
data (Turco et al., 1990; Singal et al., 1993; Louis et al.,

1993; Louis et al., 1994; Mitchinson & Roes, 2002; Ripoli
et al., 2004), comprising the proximal 220 bp between
the transcription start site and the W box.

Nucleotide sequences obtained from horse DRB
promoters account for the presence of the boxes W, X, Y,
CCAAT and TATA in the 5′–3′ direction (Fig. 1) at con-
served distances. Thus, the horse upstream regulatory
region exhibited the typical organization of DRB gene
promoters.

To explore promoter variation, polymorphism within
different horse breeds was screened by means of PCR-
SSCP. Five SSCP band patterns of the promoter region
of DRB genes were identified in the present study. These
results demonstrated the potential utility of the SSCP
method as a rapid screen of the URR DRB variability in
domestic horses. Although each SSCP band pattern corre-
sponded to a unique DNA sequence, further studies are
necessary to confirm the existence of additional promoter
sequences corresponding to the same SSCP band pattern.

The analysis of the detected alleles within each breed
showed the presence of different allele combinations in
each one. These results evidenced the genetic differentia-
tion among them, and probably differences in the number
and extent of expressed DRB genes. However, additional
studies are needed to assign allelic relationships in order
to make it possible to investigate the populational dis-
tribution of URR polymorphism.

Nucleotide sequences of the different URR alleles from
domestic horses, as defined by SSCP, are shown in Fig. 1.
Comparative analysis of the different horse URR nucle-
otide sequences revealed four nucleotide changes within
the conserved elements X2, Y and TATA boxes, and 16
nucleotide changes in the interconsensus regions, e.g.
between the W and the X box, CCAAT and TATA boxes,
and downstream of the TATA box. On the contrary, X1
and CAATT boxes remained invariable in all horse URRs,
as well as in the interconsensus regions X–Y and Y–
CAAT. Interestingly, base changes unique for horse URRs
in Y and TATA boxes were detected (Fig. 1).

The nucleotide diversity estimated within ELA-DRB
promoter sequences was, on average, 4.6%. In interspe-
cies comparisons, horse URR sequences showed diversity
values that were intermediate between mouse and human
promoter sequences (Table 1), exhibiting a higher genetic
diversity than H2-Eb and a lower nucleotide variability
than HLA-DRB promoters. Observation of our DNA
sequences showed that both the identity comparisons
and phylogenetic analyses support the idea that these
sequences corresponded to a DRB gene. ELA-DRB URR
sequences exhibited a higher identity with human, murine
and bovine DRB genes than with their paralogous DQB
genes, and they clustered together with orthologous DRB
genes instead of with DQB sequences. Furthermore,
phylogenetic tree topology data supported that the URR
polymorphisms within each species probably occurred
after the origin of these orders.

The horse DR region contains at least three transcrip-
tionally active beta chain genes (Fraser & Bailey, 1996). For
this reason, it is difficult to assign the polymorphic sequences
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in the URR detected here to a particular DRB gene and,
consequently, to discriminate whether the variations iden-
tified belong to a single (but very polymorphic) promoter,
or to different and less variable DRB promoters.

We could hypothesize that the observed polymorphism
in conserved boxes in horse affects the level and/or pat-
tern of ELA-DRB gene expression. Such polymorphism
may play a role in the level of expression of the DRB genes

Figure 3. Neighbour joining tree for the five 
horse URR sequences and HLA-DRB, BoLA-
DRB, SLA-DRB and H2-Eb gene URR sequences. 
The numbers indicate bootstrap values for the 
internal nodes.
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and, perhaps, in the susceptibility to ELA-associated and
autoimmune diseases.

Consequently, it is necessary to study the effect of these
polymorphisms in the conserved boxes on constitutive
and cytokine-mediated transcription of ELA-DRB genes.
Moreover, it would be necessary to investigate the effects
of the base changes involving the inverted CAAT sequence
in the Y box in induced expression of ELA-DRB genes,
for better understanding of the mechanisms of DRB
expression in horses.

In conclusion, we have shown that the equine URR of
DRB genes is highly conserved and is composed of the
conserved motifs observed on the MHC class II gene pro-
moters. In addition, we reported the existence, in some
critical consensus boxes, of nucleotide polymorphism that
is crucial for the coordinate control of DRB gene expres-
sion in horses and, thus, in the regulation of the levels
of expression of the different DRB genes. In addition,
phylogenetic comparisons, identity analysis and sequence
organization supported that the reported sequences would
correspond to an expressed ELA-DRB loci. As additional
horse DRB URR sequences become available, it may be
possible to identify locus-specific sequences that will aid in
assigning URR alleles to specific loci.

Variability in the promoters would probably enhance
the diversity of the coding region, having the potential
for differential expression of class II proteins. Further
studies are needed to determine the molecular mecha-
nisms influencing DRB gene expression in horses. Such
investigations would allow us to achieve a better under-
standing of the regulation of the immune response in
normal as well as in pathological conditions, giving addi-
tional tools for the complete knowledge of the mecha-
nisms underlying the complexity of the ELA class II
region genes.
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