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Abstract — Today, there is a shift towards a positional candidate approach in the
molecular identification of genes. This study reports on an Expressed Sequence Tags
(ESTs) mapping initiative in goats, based on sequence information gathered from a
previous mammary gland ¢cDNA systematic sequencing project. A total of 25 novel
genes was localised cytogenetically on 16 goat chromosomes. Six of these ESTs were
found to map to cattle milk QTL regions. These results made it possible to assess
the use of ESTs as a shortcut to the molecular identification of some QTLs and as a
valuable tool for comparative mapping.

cytogenetic localisation / mammary gland ¢cDNA / comparative mapping /
goat

Résumé — Localisation cytogénétique de 25 ESTs caprins issus de glande
mammaire. L’identification moléculaire des génes s’oriente actuellement vers une
stratégie de candidats positionnels. Cette étude, réalisée chez la chévre, décrit la loca-
lisation cytogénétique d’étiquettes (ESTs) obtenues précédemment par séquengage
d’ADNc de glande mammaire. Au total, 25 nouveaux génes ont ainsi été localisés sur
16 chromosomes caprins. Six de ces génes ont été cartographiés dans des régions de
QTL laitiers hovins. Ces résultats ont permis d’évaluer les possibilités d’utilisation des
ESTs, d’une part, pour Pidentification moléculaire des QTL et d’autre part, comme
outil de cartographie comparée.

localisation cytogénétique / ADNc de glande mammaire / carte compa-
rée / chévre
1. INTRODUCTION

A major objective in livestock genome research is to construct comprehensive
maps which make it possible to identify loci affecting economically important
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traits. Detection of these regions is expected to lead to more efficient breeding
schemes, particularly marker-assisted selection (MAS), and should improve the
accuracy and intensity of selection. Genetic maps constructed in livestock
species may be sufficient for detecting genes and QTLs in 5-10 cM intervals
and subsequently for starting MAS projects. However, it appears that their
efficient use in breeding in most cases should require the identification and
cloning of the underlying genes. This could be achieved by standard positional
cloning, taking advantage of YAC and BAC libraries. This first step should
however be combined with the search for transcribed sequences in these regions
using for instance cDNA fishing and exon trapping. In humans, a systematic
Expressed Sequence Tags (ESTs) mapping strategy [1,16] has been developed
to efficiently address this crucial step of finding candidate genes for the trait
of interest. Thus, there is a rapid shift towards positional candidate cloning,
which relies on the availability of a pool of expressed sequences mapped to the
same chromosomal region as the disease gene.

In livestock, the use of high resolution comparative mapping {14, 18] makes
it possible to take advantage of the spectacular progress achieved in the human
and mouse genome projects. In fact, since a virtually complete human tran-
script map can be expected in the near future [3], the most efficient strategy for
positional cloning in livestock could be the comparative positional candidate
gene approach [17].

Since the human gene map is already under construction, it would be of
great interest to develop limited ESTs project for livestock species, in order
to establish tissue-specific expression maps which could provide a shortcut to
the molecular identification of some genes or QTLs. In view of the economic
importance of milk production traits in ruminants, the mammary gland, which
is involved in the synthesis and secretion of specific milk components, was used
to generate ESTs in goats [8]. ESTs could provide candidates for known milk
QTLs in cattle. We now report on an EST mapping initiative in goats based
on sequence information gathered from the cDNA project mentioned above. In
our study, 25 novel genes were localised by FISH.

2. MATERIALS AND METHODS

Oligonucleotide primers were designed for a subset of 42 mammary gland
ESTs described previously [8]. Our primer pairs were selected in the 3’ region
to produce 115-410 bp amplified fragments (Tab. I). Clones were isolated from
a goat BAC library using PCR, and DNA was prepared as described previ-
ously [15]. FISH mapping experiments were achieved after random priming in
the presence of biotin 11 dUTP as described by Bahri-Darwich et al. [2]. Goat
metaphase spreads were obtained from a 59 XY rob (6;15) primary cell line [5],
cultured in the presence of 5’ bromodeoxyuridine during the S phase of the cell
cycle [6]. R-banded chromosomes were identified and classified according to
the recommendations of the Texas meeting [12].

Human homologues of goat ESTs were searched in the Genbank database
using both FASTA (GCG package) and BLAST!. Human gene localisations

! http://www.ncbi.nlm.nih.gov



Cytogenetic mapping of goat ESTs 313

were obtained either directly from the FASTA/BLAST output, from the
Human Gene Map 982, or from the UniGene database3.

3. RESULTS AND DISCUSSION

3.1. Isolation of BAC clones and cytogenetic localisation

Forty-two primer pairs were designed from goat mammary gland 3’ ESTs
obtained previously by random sequencing of oligo-dT primed ¢cDNA [8]. An
identical PCR. product size was observed between ¢cDNA and genomic DNA in
33 cases, suggesting that it is most probably the last exon which was amplified.
No genomic DNA amplification or a different PCR product size was obtained for
9 (21%) primer pairs. Although this percentage appears to be high, contrasting
with only 8% when using primers defined in a single exon of goat genes, it is
lower than with human ESTs (67%) [7,14]. This could either be the result
of primers designed in two consecutive exons (with an intron too large to be
amplified in our PCR, conditions) or of primers encompassing an exon/intron
junction.

A goat BAC library was screened with the remaining 33 primer pairs amplify-
ing genomic DNA, two of which were shown to amplify a repeated sequence. We
attempted to map the 31 BAC clones thus isolated by using FISH. This gave rise
to 25 cytogenetic localisations on goat chromosomes. For the seven remaining
BAGCs, no specific double spot was detected among a high background noise
level, probably because of an excess of repeated sequences in these BACs. The
chromosomal locations of the 25 goat mammary gland ESTs are displayed in
Table I and Figure 1.

3.2. QTL region targeting using mammary gland ESTs

Six of the 25 ESTs (3-29revR, 2-21revR, 5-17revR, 6-37rev, 4-43 and 17—
48) were localised within the 21 previously identified QTL regions affecting milk
yield, fat yield or length of productive life [4,13,19]. A statistical analysis based
on the hypothesis that these QTL regions covered 57 out of 300 chromosome
bands showed however that this distribution could arise randomly. Therefore,
using random ESTs generated from a given tissue may not be an efficient way
of finding candidates for particular functions. QTL region targeting should be
improved when considering only ESTs expressed specifically in the tissue of
interest. Nevertheless, caution should be taken with such an approach; indeed
“non-specific’” expressed genes are involved in mammary gland development and
differentiation (STATS5 [9] and prolactin receptor [11]) and may thus influence
milk production traits.

2 http://www.ncbi.nlm nih.gov/genemap98
® http://www.ncbinlm nih.gov/UmGene
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3.3. Comparative mapping between humans and goats

Sequence alignments between goat ESTs and nucleotide sequences in human
databases made it possible to identify putative homologues of 19 goat ESTs,
with identities ranging between 65 and 98% (Tab. I). The six remaining ESTs
displayed no match in public databases and may thus represent novel sequences.
Eighteen of the putative homologues have previously been localised in humans:
12 by either FISH or RH, whereas the six remaining localisations were deduced
from other ESTs belonging to the same UniGene cluster. Surprisingly, these
human gene localisations were consistent with previous comparative mapping
results in only seven cases, two of which more accurately delineate conserved
segments between humans and goats. Indeed, EST 4-43 confirms the homology
of Chir 10g22-23 and Hsap 15 previously obtained using Zoo FISH. Moreover,
EST 6-23 made it possible to define a new conserved segment (from LAMB1
to 6-23) between Chir 4922-q23 and Hsap 7q21.1-q31 (Fig. 2).

In the other cases, localisations were inconsistent with both somatic hybrids
and Zoo FISH results. This could be accounted for either by new human-
goat chromosomal homologies, erroneous goat localisations, or identification of
human paralogues rather than orthologues. The discovery of new conserved
synteny seems to be unlikely, given the resolution level of the ruminant-human
comparative map [14]. In addition, this study has shown that only 10% of goat
BAGCs isolated with ruminant microsatellites or genes led to inconsistent local-
isations either with genetic or comparative maps, probably due to chimerism,
pseudogenes or gene families. Thus, our study may comprise at most four incor-
rect goat gene localisations. Conversely, certain human localisations should be
considered with circumspection because UniGene clusters may contain some
paralogues, as illustrated by the three human locations corresponding to the
cytochrome C1 gene?. In this study, six putative human homologue localisa-
tions were deduced from those of other ESTs belonging to the same UniGene
cluster. Likewise, EST 8—41rev showed homologies with human ESTs belonging
to the same UniGene cluster and localised on three chromosomes (Tab. I).
Therefore, some of the data listed in the Table 1 are likely to be erroneous
due to the difficulty to identify paralogues on the basis of short sequences
(200-500 bp). Since ESTs are generated in a cDNA 3’ untranslated region,
they may be less conserved during the course of evolution. Consequently, two
orthologous genes may exhibit a low percentage of sequence similarity (e.g. less
than 70% between mice and humans [10], making it difficult to discriminate
between the homologous locus (orthologues) and other genes of the same family
(paralogues). Therefore, although human ESTs have been shown to be useful in
comparative mapping when used in an interspecific way [7], our results suggest
that the use of species-specific ESTs in comparative mapping is presently more
hagardous. The human genome project will soon lead to completing the entire
sequence, which should make it possible to accurately identify gene families
and thus improve the detection of gene homologies.

4 http://www.ncbi.nlm.nih.gov/UniGene
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