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A Cryptic RRY(i)
Microsatellite From Atlantic
Salmon (Salmo salar):
Characterization and
Chromosomal Location

J. L. Martinez, P. Moran, and
E. Garcia-Vazquez

In this article we describe the isolation and
characterization of a cryptic RRY(i) micro-

satellite from an Atlantic salmon genomic
cosmid library. The chromosomal location
of the microsatellite-containing cosmid
was performed by fluorescent in situ hy-
bridization (FISH) showing a single-locus
signal located on an interstitial position of
an acrocentric pair. The suitability of this
type of microsatellite marker for population
genetic analysis and for the development
of a genetic map in this species is dis-
cussed. In addition, the usefulness of cos-
mid libraries for physical mapping of mi-
crosatellite markers and therefore for the
integration of physical and genetic maps
is pointed out.

Most eukaryotic genomes contain a con-
siderable number of repetitive noncoding
sequences that exist as both dispersed
copies and tandem arrays. Microsatellites
(tandemly repeated motifs of 1–5 bp) be-
long to this second category.

Microsatellite loci can be defined by
their specific flanking sequences showing
a high degree of length polymorphism
(Weber 1990), which can be analyzed by
the polymerase chain reaction (PCR) fol-
lowed by sizing on polyacrylamide gels
(Weber and May 1989). This polymor-
phism, joined with their even and appar-
ently random distribution in the genome,
makes microsatellite loci very useful as
markers for genetic mapping and identity
control and they have been used for the
development of high-resolution genetic
maps of species such as human and
mouse (Chapman and Nadeau 1992; Weis-
senbach et al. 1992). Low-resolution ge-
netic marker maps, also based on micro-
satellite markers, are being developed in a
wide variety of commercially important
species, such as pig, chicken, cattle, rain-
bow trout, tilapia, and flat oyster (Buchan-
an et al. 1993; Kocher et al. 1998; Moran
1993; Naciri et al. 1995; Rohrer et al. 1994;
Young et al. 1998).

Genetic linkage maps are complemented
with physical mapping, which enables the
assignment of linkage groups to specific
chromosomes (Ellegren et al. 1994; Toldo
et al. 1993). The development of fluores-
cent in situ hybridization (FISH) using mi-
crosatellite-containing cosmids as probes
has been an important advance and has
been used in different map projects (Dick-
ens et al. 1999; Fischer et al. 1996; Toldo
et al. 1993). This method is of particular
importance in species, like fishes, whose
karyotypes are not standardized, since
FISH can simultaneously allow chromo-
some identification and genetic data inte-
gration.
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Figure 1. Segregation of microsatellite locus SS10 in an Atlantic salmon half-sib family. M, male parent; F, female
parent.

In this work we describe the isolation
and characterization of a single trinucleo-
tide locus microsatellite from an Atlantic
salmon (Salmo salar) cosmid library. We
also report the chromosomal location of
the microsatellite-containing cosmid clone
on the Atlantic salmon chromosome com-
plement.

Materials and Methods

Isolation and Characterization of the
Locus Microsatellite
A cosmid genomic library has been con-
structed in superCosI according to manu-
facturer’s instructions (Stratagene, La Jol-
la, CA). A (GAC)6 oligonucleotide was
kinased with (�32P). Positive clones were
isolated and DNA extracted by the stan-
dard alkali lysis. Cosmid DNA was digest-
ed with several restriction enzymes and
analyzed by Southern blotting. Positive re-
striction fragments smaller than 1.3 kb
were subcloned into pUC and sequenced
with the Sequenase 2.0 sequencing kit
(Amersham, Sweden). Clone SS10 was cho-
sen for microsatellite analysis after being
mapped by FISH. Two primers flanking the
trinucleotide repeat were designed for
PCR amplification of this microsatellite
(submitted to the EMBL, accession num-
ber AJ012206).

FISH
Chromosome obtention. Metaphase chro-
mosomes were obtained from lymphocyte
cultures. Two to 3 ml of venous blood was
extracted from the dorsal vein of several
Atlantic salmon adults and stored in hep-
arinized tubes. Lymphocytes were purified
and cultured according to standard pro-
cedures. Cultures were incubated at 19�C
for 5 days. Six hours before harvesting,

colchicine was added to a final concentra-
tion of 0.01 �g/ml. Cells were treated with
0.5% KCl and fixed in methanol:acetic acid
(3:1). Slides were prepared according to
standard procedures.

Probes
The chromosomal location of locus SS10,
characterized in this study, was estab-
lished using as probe the whole microsa-
tellite-containing cosmid clone labeled
with biotin 16-dUTP by nick translation ac-
cording to the manufacturer’s recommen-
dations (Roche Diagnostics).

Chromosome slides were pretreated
with RNase and pepsin as described by
Wiegant et al. (1991). Repetitive sequenc-
es were suppressed by prehybridizing 100
ng of the labeled probe with 100 �g of son-
icated salmon testes DNA. After overnight
hybridization at 37�C, the slides were
washed for 10 min at 42�C in 50% formam-
ide 2� SSC and then washed twice for 5
min in 0.1� SSC at 50�C. Detection of sig-
nals was performed according to Pendás
et al. (1993). Images were obtained using
a Zeiss axioscope epifluorescent micro-
scope equipped with a CCD camera (Pho-
tometrics).

Microsatellite Analyses
PCR amplifications were carried out using
the GeneAmp PCR System 2400 from Per-
kin-Elmer Cetus, with samples containing
approximately 50 ng Atlantic salmon DNA,
10 mM Tris-HCl pH 8.8, 1.5 mM MgCl2, 50
mM KCl, 0.1% Triton X-100, 20 pmol of
each primer, 1 U Dynazyme II DNA poly-
merase (Finnzymes Oy), and 250 �M
dNTP in a final volume of 20 �l. PCRs were
performed with an initial denaturing step
(5 min at 95�C) followed by 35 cycles con-
sisting of denaturation at 95�C for 20 s, an-

nealing at 57�C for 20 s, and extension at
72�C for 20 s. The final extension was at
72�C for 5 min. PCR products were run on
5.6% acrylamide, 5.6 M urea denaturing
gels, and detected by silver staining using
the DNA Silver Staining System (Promega).
The sizes of allele products were estimat-
ed by comparison with pUC sequence re-
actions.

Mendelian inheritance of this microsa-
tellite locus was tested in two half-sib fam-
ilies. To obtain a first estimate of its vari-
ability, 30 wild adults caught in the Esva
River (Spain) were analyzed.

Results and Discussion

The detailed sequence analysis of the pos-
itive clone SS10 showed that the repeat
motif present in this clone was composed
of two different interspersed trinucleotide
sequences (AAC and GAC), the longest
single triple array being seven GAC re-
peats. According to Jacobson et al. (1993),
this sequence can be considered a ‘‘cryp-
tic repeat’’ because the nature of the long
tandem repeat is only appreciated when
the sequence is categorized into purines
and pyrimidines. When this transforma-
tion was done to our sequence, we ob-
tained a cryptic repeat consisting of 82
triplets (cRRY(82)). In human, mouse, and
yeast sequences, cryptic RRY are abun-
dant and, like simple RRY, are nonrandomly
distributed with respect to both sequence
and location, being the trinucleotides GGC
or AGC predominant within human
cRRY(i) (Gostout et al. 1993) and prefer-
entially located in coding and 5� untrans-
lated regions (Ricke et al. 1995). Whether
these cryptically simple regions within
genes are important for the function of the
gene product or represent relatively weak-
ly selected parts of the gene remains un-
clear.

When the two half-sib Atlantic salmon
were analyzed using this cRRY microsatel-
lite, we observed a perfect codominant
single-locus Mendelian inheritance (Figure
1). In the sample from the Esva River, sev-
en alleles were detected, ranging from 380
to 456 bp in length. The 434 bp allele
showed the highest frequency (0.55), far
from the others which showed frequen-
cies of 0.21 (425 bp allele), 0.1 (380 bp al-
lele), 0.06 (413 bp allele), 0.03 (391 and 456
bp alleles), and 0.02 (409 bp allele). The
heterozygosity observed for this popula-
tion was 0.63. In all cases only one or two
alleles per individual were observed.

Most of the Atlantic salmon microsatel-
lites characterized in other works are
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Figure 2. Chromosomal location of the Atlantic salmon SS10 microsatellite locus (arrows).

comprised of two base pair repeat units,
usually (GT)n or (GA)n motives. A disad-
vantage of dinucleotide repeat polymor-
phisms is that in acrylamide gels, each al-
lele is revealed as several shadow bands
that sometimes obscure the position of
other allelic fragments, which makes gen-
otyping difficult or impossible: for exam-
ple, it is difficult to differentiate heterozy-
gotes from homozygotes for alleles
differing in length by only two nucleo-
tides.

In this work, and despite the size of the
repeat segment in this polymorphic locus
( longer than 380 bp), all the alleles at the
cRRY microsatellite locus could be identi-
fied unambiguously and no stutter bands
were observed (Figure 1). This could be
due to the complexity of the sequence,
which can prevent the substantial poly-
merase stuttering that is commonly seen
when more monotonous tandem repeats
[e.g., (GT)n] are amplified by PCR (Gos-
tout et al. 1993). Similar results have been
observed by other authors in different
species (Edwards et al. 1992; Francisco et
al. 1996; Naish 1998; O’Reilly et al. 1996).
The unambiguous allele sizing of trinucle-
otide and tetranucleotide core motives in
comparison with dinucleotide core se-
quences leads us to consider these types
of microsatellite loci to be more suitable
genetic markers for population analyses.

As expected from the Mendelian mono-
genic inheritance detected in the two
studied families, the FISH of the whole
microsatellite-containing cosmid clone
shows a single-locus signal in most of the
cells analyzed. The signals were located
on an interstitial position of an acrocen-
tric chromosome pair (Figure 2). Accord-
ingly we believe that this microsatellite
can be used for anchoring the developing
genetic and physical map in Atlantic salm-
on. As previously reported by Lundin et al.
(1999) and Martinez et al. (1999), the use
of cosmid libraries in Atlantic salmon for
isolation and characterization of molecu-
lar markers allows the integration of phys-
ical and genetic maps and also the iden-
tification of the different chromosome
pairs.

Looking at the results obtained in this
work, we conclude that the isolation of mi-
crosatellite markers from cosmid clones is
a useful tool for the development of the
genetic and physical map in species like
fish, with poorly standardized karyotypes.
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A QTL Study of Cattle
Behavioral Traits in Embryo
Transfer Families

S. M. Schmutz, J. M. Stookey,
D. C. Winkelman-Sim, C. S. Waltz,
Y. Plante, and F. C. Buchanan

Two behavioral traits, temperament and
habituation, were measured in 130 calves
from 17 full-sib families which comprise
the Canadian Beef Cattle Reference Herd.
Using variance components, heritability
was calculated as 0.36 for temperament
and 0.46 for habituation. Genotyping of
162 microsatellites at approximately 20 cM
intervals allowed the detection of six quan-
titative trait loci (QTL) for behavior traits on
cattle chromosomes 1, 5, 9, 11, 14, 15.

The inheritance of behaviors in domestic
animals is of considerable interest to live-
stock producers, but it has been the focus
of relatively few studies. In part, this may
be because of the difficulty of assessing or
quantifying a behavior for statistical anal-
yses. For example, most studies with cat-
tle rely on a subjective scoring scale to
assess temperament during some han-
dling procedure (Dickson et al. 1970;
Hearnshaw and Morris 1984; Tulloh 1961;
Voisinet et al. 1997). Temperament of an
animal can be defined as ‘‘an animal’s be-
havioral responses to handling by hu-
mans’’ (Burrow et al. 1997), including its
excitatory or inhibitory reactions, level of
motor activity, persistent habits, emotion-
ality, alertness, etc. (Hurnik et al. 1995),
and as such is not easily quantified. How-
ever, certain aspects of temperament such

as excitability and the level of motor ac-
tivity during handling have been quanti-
fied (Burrow and Dillon 1997; Stookey et
al. 1994) and proven to be persistent over
time (Grandin 1993). In addition, these ob-
jective measurements have been correlat-
ed to at least one physiological re-
sponse—heart rate (Piller et al. 1999;
Waynert et al. 1999). Because selection for
certain behaviors is considered to be use-
ful to humans and/or to the animal
(Schmutz and Schmutz 1998) it would be
beneficial to establish that such behaviors
are inherited and therefore could poten-
tially be mapped.

Some studies in humans have been con-
ducted to evaluate relationships between
behavior and specific candidate genes, of-
ten chosen on the basis of neurochemical
properties. Polymorphisms in type 4 do-
pamine receptor (DRD4) (Ekelund et al.
1999) and in dopamine receptor type 2
(Noble et al. 1998) have been associated
with novelty seeking as assessed by the
temperament and character inventory
(Ekelund et al. 1999). This same assess-
ment was used by Kumarkiri et al. (1999)
to conclude that alleles in the serotonin
transporter transcriptional control region
were associated with cooperativeness. An
intronic polymorphism in tryptophan hy-
droxylase was used as a marker to show
it appears to be associated with antago-
nistic behavior (Manuck et al. 1999).

Quantitative trait loci (QTL) mapping is
being used in humans and mice for com-
plex traits, and some of these include be-
haviors. We report here on a study that
attempts to map two behavioral traits us-
ing a QTL approach in beef cattle: the re-
sponse to isolation during handling
(which we believe to be a reflection of
temperament) and habituation to the han-
dling procedure.

Methods

Animals
A herd of 17 families composed of 130 em-
bryo transfer calves was used in this
study. The calves were raised by surrogate
mothers or recipient dams, as opposed to
their biological mothers. As is typical of
cow herds, the sires were not in contact
with their calves either. The calves were
weaned from their recipient dams at 6
months of age and trucked for approxi-
mately 2 h from the ranch where they
were born to the University of Saskatche-
wan Beef Research Station. The newly
weaned calves arrived in six groups of a
few families each over a period of 4

months. The calves were unloaded from
the trucks and group penned until each
was individually weighed and measured
within the next hour.

Behavior Measurements
Each group was assessed upon arrival at
the feedlot and again on a single day when
they ranged in age from 8 to 12 months.
The difference between the initial score at
weaning and this later measurement, we
call ‘‘habituation,’’ since the animals had
been weighed in this same building, and
therefore held briefly in this same device,
every other week since weaning.

During the behavioral assessment, cat-
tle were moved single file through an in-
door handling facility and held individu-
ally on an electronic platform scale for 1
min. Solid sliding doors and sides pre-
vented the animal from seeing other cat-
tle. The amount of movement made by the
animal during the 1-min test was quanti-
fied by an electronic movement measuring
device (MMD) attached to the load cells
of the weight scale (Stookey et al. 1994).
The MMD samples the analogue voltage
signal at 122 discrete time intervals per
second. Any movement by the animal on
the scale causes the signal to fluctuate. A
peak is recorded whenever a trend of in-
creasing or decreasing voltage is reversed.
The number of peaks recorded is correlat-
ed to the amount of movement that can
be detected by video analysis (Stookey et
al. 1994). We call this response to isolation
‘‘temperament,’’ in the sense that agitation
and movement during handling can be
thought of as a reflection of an animal’s
temperament.

Heritability Calculation
Heritability was calculated from variance
components obtained from analysis of
variance (ANOVA) using a nested design
with biological dams nested within sires,
since each sire was mated to more than
one dam and hence had more than one
full-sib family.

Genotyping
One hundred and sixty-two microsatellites
were selected at approximately 20 cM in-
tervals throughout the genome. We chose
microsatellites that had six or more alleles
whenever these were available, at approx-
imately 20 cM intervals. Polymerase chain
reaction (PCR) was used to genotype all
parents and calves from DNA extracted
from blood (Buchanan et al. 1994). Geno-
types were scored twice independently
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