
Heredity 74 (1995) 286—295
Genetical Society of Great Britain

Received 1 June 1994

Application of heteroduplex analysis for
detecting variation within the growth

hormone 2 gene in Salmo trutta L. (brown
trout)
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A new method to detect variation at a single copy nuclear gene in brown trout, Sabno trutta L., is
provided. The technique entails (i) selective gene amplification by the polymerase chain reaction
(PCR), (ii) digestion of amplification products by restriction endonucleases to obtain fragments of
suitable size, (iii) hybridization with heterologous DNA followed by denaturation and reannealing
to obtain heteroduplex molecules, and (iv) screening for variation in polyacrylamide gels. Variation
was studied within a growth hormone 2 gene 1489 bp segment and polymorphism was detected in
two Hin fl-digested fragments. Formation of different heteroduplex patterns in experimental
mixtures of digested amplification products from brown trout and Atlantic salmon, Salmo salar L.,
allowed us to determine the genotype of the brown trout. Polymorphism was observed in four out of
six studied populations.

Keywords: brown trout, GH2 gene, heteroduplex analysis, interspecific priming, intraspecific
polymorphism, Salmo trutta.

Introduction

Studies in fish systematics, conservation, population,
and evolutionary genetics require information on the
genetic variation within and among populations. Allo-
zyme electrophoresis is the simplest and the cheapest
method for revealing genetic variation and has
provided enormous amounts of data for population
genetic studies (reviewed in Utter, 1991). However,
this method does not detect much of the variation and
the neutrality of variation cannot always be assumed.
DNA analysis, though more complex and more expen-
sive, has many advantages over allozyme electrophore-
sis, including greater sensitivity, potentially larger
number of loci to be screened, and the higher probabi-
lity of variation being neutral. Mitochondnal DNA
(mtDNA) has been studied extensively in numerous
fish species by restriction site analysis of the entire
mitochondrial genome (reviewed in Bihington &
Hebert, 1991) or by 'microrestriction' mapping and
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direct sequencing of the selectively amplified genes
(Beckenbach, 1991; Carr & Marshall, 1991; McVeigh
& Davidson, 1991; Bematchez et al., 1992; Whitmore
et a!., 1992; Ovenden et a!., 1993). However, mtDNA
is only maternally inherited and the entire mtDNA
genome has to be considered as one locus due to the
lack of recombination. Nuclear DNA is free from these
disadvantages and several approaches have been
applied for the study of variation in various fish
species: (i) single or multiocus probes specific for a
core sequence of highly repetitive minisatellite DNA
(Fields et a!., 1989; Taggart & Ferguson, 1990, 1991;
Turner eta!., 1991; Bentzen eta!., 1993; Stevens eta!.,
1993), (ii) electrophoretic separation of alleles at select-
ively amplified microsatellite loci (Estoup et a!., 1993;
Rico et a!., 1993), (iii) restriction mapping and
sequencing of moderately repetitive nuclear ribosomal
RNA genes (Cutler et a!., 1991; Phillips & Pleyte,
1991), (iv) random amplified polymorphic DNA
(RAPD) markers amplified with single primers of
arbitrary nucleotide sequence (Elo & Vuorinen, 1993),
and (v) randomly generated single copy, noncoding
nuclear DNA probes (Wirgin & Maceda, 1991). Also,
a wealth of information can be obtained by selective
amplification of single copy nuclear DNA (scnDNA).
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Once segments of interest have been produced, several
options can be applied to study variation: (i) identifica-
tion of diagnostic restriction sites or RFLPs by 'micro-
restriction' mapping, or (ii) direct sequencing of
PCR-generated segments, which provides the most
detailed information but is unfortunately expensive and
time-consuming. As an alternative, we outline in this
report a simple and less expensive approach for detect-
ing allelic variation in scnDNA sequences that entails:
(i) selective gene amplification by the polymerase chain
reaction (PCR), (ii) digestion of amplification products
by restriction endonucleases to obtain fragments of
suitable size, (iii) hybridization with heterologous DNA
followed by denaturation and reannealing to obtain
heteroduplex molecules, and (iv) screening for varia-
tion in polyacrylamide gels. A key idea of the hetero-
duplex analysis is that any base mismatches in
double-stranded DNA have a tendency to produce
conformational changes such as bends in the double
helix. As a consequence, incompletely base-paired
heteroduplex molecules tend to migrate more slowly
than homoduplex DNA during polyacrylamide gel
electrophoresis (Lessa & Applebaum, 1993; Ganguly
et a!., 1993). Normally, heteroduplex double-stranded
molecules can be obtained by denaturing and renatur-
ing the PCR products amplified from a single diploid
locus of a heterozygous individual. In this case, the
scoring of genotypes will be limited to the identification
of heterozygotes and homozygotes, while it is usually
impossible to distinguish homozygotes for different
alleles because of their identical electrophoretic
mobility. We have applied the technique to experi-
mental mixes of DNA from two closely related fish
species, where one species, Atlantic salmon Salmo
salar L., serves as a tester for scoring different geno-
types in another species, brown trout Salmo trutta L.
This approach allows identification of both hetero-
zygotes and homozygotes for different alleles because
of the formation of genotype-specific heteroduplex
patterns.

Variation was studied in a growth hormone (GH)
gene. GH is a polypeptide of crucial importance for
growth regulation in vertebrates. In teleosts, in addition
to its growth-promoting activity, the hormone is
involved in osmoregulation, electrolyte balance regula-
tion and many other metabolic functions. Because of
the potential of GH in aquaculture, the gene coding for
this hormone has been studied extensively and the
nucleotide sequences have been determined for many
fish species, including important farmed species like
Atlantic salmon (Johansen et a!., 1989; Male et a!.,
1992), rainbow trout Oncorhynchus mykiss W
(Agellon et al., 1988a; Rentier-Deirue eta!., 1989), and
common carp Cyprinus carpio L. (Chiou et al., 1990).
As a rule, the nucleotide sequences have been deter-

mined from a single individual only and there is no
information regarding intra- or interpopulation varia-
bility in the GH gene. In salmonids, the GH gene is
duplicated because of their tetraploid origin and as a
consequence, two forms of GH are produced (Agellon
et al., 1988a,b; Rentier-Delrue et al., 1989). In this
report we aimed at detecting variation within the GH2
gene in brown trout.

Materials and methods

Fish samples

Four nonanadromous and two anadromous popula-
tions of brown trout were sampled, 10 to 14 individ-
uals per population. Nonanadromous populations
originate from the tributaries of rivers Lögdelilven
(Mjösjöán, Karlsbäcken, and Holmsjöán Creek) and
Ljungan (Oxsjöbäcken Creek) in northern Sweden
which drain into the Baltic sea. Anadromous popula-
tions originate from the Baltic sea and were sampled in
Ongu Creek, Hiiumaa, Estonia and in the River
Skellefteälven, Sweden. Samples of Atlantic salmon
were obtained from the River Umeälven, Sweden. The
muscle or fin samples were stored at —20°C until
needed for DNA extraction.

DNA extraction

Total genomic DNA was isolated from the muscle or
fin samples according to the simplified procedure of
Laird et a!. (1991): 500 uL of lysis buffer (100 mrt
Tris-HC1 pH 8.5, 5 ms'i EDTA, 0.2 per cent SDS,
200 mrvt NaCI) and 50 4ug of proteinase K were added
to the crushed tissue sample and incubated at 37°C
overnight. The DNA was precipitated by adding one
volume of isopropanol and was dissolved in 50 to 100
1u L of TE buffer (10 mlvi Tris-HC1, 1 msi EDTA,
pH 8.0).

Primers

GH gene sequences in brown trout have not yet been
determined and therefore we designed 20-mer oligo-
nucleotide primers to match the sequences of the GH2
gene from a closely related fish species, Atlantic
salmon (Johansen et a!., 1989). The key idea was to
place the primers in very conserved regions to increase
the probability of amplification of the selected gene in
brown trout. As a control, a primer specific to the GH1
gene of Atlantic salmon was designed. Table 1 gives the
sequences of these primers which in Atlantic salmon
are expected to amplify the following GH gene regions
(Fig. 1): (i) primers a and c — a 1663 bp segment of the
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Table 1 Sequences of the primers for the amplification of Atlantic salmon GH1
(locus SSGGH under accession number X61938 in GenBank) and GH2 (locus
SMOGHSAM under accession number M21573 in GenBank) genes

Name Sequence 5'-3' Position according to GenBank

a TTGACACAGAACCACCTGCT 853 to 872
b CACGTGAAGTAATCATCCTT 633 to 652
c CTTTGAGGTCGCTGAGCTTC* 2102 to 2121
d CCCTGGAGACAGGCTCTTGC* 3773 to 3792

*Sequence corresponds to that of the complementary strand.

0.2 1UM of each primer, 5—50 ng of genomic DNA
template, and 0.625 unit of AmpliTaq® DNA poly-
merase (Perkin Elmer Cetus). Amplification was per-
formed in an MJ Research, Inc. PTC-100
Programmable Thermal Controller, using the fastest
available transitions between each temperature. After a
denaturing step of 4 mm at 95°C, samples were pro-
cessed through 35 cycles consisting of 30 sec at 95°C,
30 sec at 55°C and 1 mm at 72°C. The last elongation
step was lengthened to 10 mm. The quality of amplifi-
cation was checked on 0.8 per cent agarose gels and
the PCR products were visualized by UV irradiation
after ethidium bromide staining.

DNA endonuc/ease digestion

After DNA amplification, aliquots of the GH2 gene
1489 bp segment were subjected to restriction
endonuclease digestion by Hinfl (Kodak International
Biotechnologies) following the manufacturers' recom-
mendations. Some samples were additionally digested
by Dral (Boehringer Mannheim GmbH). The
sequence-predicted restriction map of the Atlantic
salmon GH2 gene 1489 bp segment (amplified with
primers b and c) and the expected sizes of fragments
are shown in Fig. 2.

Electrophoresis

Amplified and digested GH2 gene fragments were
separated by polyacrylamide gel electrophoresis using
a Protean II cell (Bio-Rad) and 1.0 mm thick gels with 8
per cent acrylamide (29:1 ratio of acrylamide to bis-
acrylamide) in TBE buffer (100 mfvI Tris—HC1, 83 mii
boric acid, 1 mi EDTA, pH 8.3). 3 uL of the
digested PCR product was loaded with gel-loading
buffer III (Sambrook et a!., 1989). Gels were run at
approximately 7 W until the bromophenol blue dye
front reached the end of the gel. After electrophoresis,
the DNA fragments were visualized by silver staining
according to Kiinkicht & Tautz (1992).
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Fig. 1 Structure of type I and 2 GH genes from Atlantic
salmon. Exons are labelled E1—E6, introns are labelled
11—15. Size is indicated in kilobase pairs (kb). Positions and
directions of the primers are indicated by arrows.

GH1 gene which includes exons 2 to 4, introns 2 and
3, and part of intron 1, (ii) primers a and d — a 3272
bp segment of the GH1 gene which in addition to the
previous segment includes exons 5 and 6, and introns 4
and 5, (iii) primers b and c — a 1489 bp segment of the
GH2 gene which includes exons I to 4, and introns 1
to 3, and (iv) primers b and d —a 3160 bp segment of
the GH2 gene including all six exons and the introns
between them. Thus, the primers a and b are expected
to be specific to the GH1 and GH2 genes, respectively,
while the reverse primers c and d work in both genes
and determine the size of the amplified segment. The
primers b, c and d were obtained from SYMBICOM
AB, Umeã, Sweden; the primer a was obtained from
DNA Technology ApS, Aarhus, Denmark.

DNA amplification

Amplification reactions were performed in 25 uL
containing 10 m Tris-HCI pH 8.3, 50 mt KCI, 2.3
mrvi MgCI2, 0.01 per cent gelatin, 100 M each of
dATP, dCTP, dGTP and dTTP (Perkin Elmer Cetus),



Fig. 2 Sequence-predicted restriction
sites of endonucleases Hinfl and DraI
within the 1489 bp segment of the GH2
gene from Atlantic salmon, Fragment
sizes are in base pairs.

Fig. 3 GH gene amplification products
in Atlantic salmon and brown trout:
GHI gene segment amplified by primer
pair a-c in Atlantic salmon (lane 1) and
brown trout (lane 2); GH2 gene seg-
ments amplified by primer pair b-c in
Atlantic salmon (lane 3) and brown
trout (lane 4), and by primer pair b-d in
Atlantic salmon (lane 5) and brown
trout (lane 6). Molecular weight marker
in lane 7. Fragment sizes are in base
pairs.

Heterodup/ex formation

EDTA was added to each digested PCR product in a
final concentration of 10 m and the samples were
heated to 98°C for 5 mm followed by incubation at
68°C for 1 h to generate the heteroduplexes.

Results

Comparison of the GH gene amplification products in
Atlantic salmon and brown trout

The relative electrophoretic mobilities of different OH
gene amplification products in 0.8 per cent agarose gel
are demonstrated in Fig. 3. In both Atlantic salmon
and brown trout, the sizes of PCR products, amplified
with primer pairs a-c, b-c, and b-d, correspond to those
expected from the sequence of Atlantic salmon genes:
1663 bp (GH1 gene), 1489 bp (GH2 gene), and 3160
bp (GH2 gene), respectively. However, the yield of
3160 bp PCR product was much lower than that of the
smaller segments. The primer pair a-d yielded a very
weak amplification of the 3272 bp segment of the GH1
gene only in Atlantic salmon, but not in brown trout
(not shown in the figure). These data demonstrate that
the primers a, b and c, designed from the GH gene
sequences of Atlantic salmon, also work in brown trout
and that primer a is specific to the GHJ gene and
primer b is specific to the GH2 gene.
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Variation within the 1489 bp segment of the GH2
gene in brown trout

Because of the low yield of the 3160 bp segment, varia-
tion was studied only within the 1489 bp segment of
the GH2 gene. In Atlantic salmon, digestion of this
segment by restriction endonuclease Hinfl yields 9
fragments (Fig. 4a, lane 2), which is consistent with the
expected number (see Fig. 2). The number of restric-
tion fragments in brown trout is identical to that of the
Atlantic salmon (Fig. 4a, lanes 3 to 5). However, the
largest fragment in brown trout migrates slightly faster
than the corresponding one (453 bp) in Atlantic salmon
and the electrophoretic mobilities of the second and
third largest fragments (corresponding to the 357 bp
and 193 bp fragments in Atlantic salmon) vary among
individuals. The differences are more distinguishable in
experimental mixtures of DNA from Atlantic salmon
and brown trout (prepared prior to electrophoresis by
mixing Hinfi-digested PCR products from the same
individual of Atlantic salmon and from different
individuals of brown trout). In one type of mixture, the
two slowest migrating bands (453 bp and 357 bp) show
a doubled pattern after prolonged electrophoresis
(not shown here) and denaturation/reannealing of
these mixtures leads to the formation of an additional
slower migrating heteroduplex band near the 453 bp
zone (Fig. 4b, lanes 1 and 3). We designate this as
banding pattern A. In the other types of mixtures
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(pattern B), only the slowest migrating band (453 bp)
has a doubled pattern (Fig. 6b, lane 2) and in
denatured/reannealed mixtures three different hetero-
duplex bands are observed (Fig. 4b, lane 2): the first
one migrates slower than the heteroduplex band from
pattern A, the second one migrates slightly faster than
the 453 bp fragment, and the third one is formed near
the 193 bp zone. After additional digestion of Hinfl-
digested samples with endonuclease Dral, which cuts
the 453 bp fragment into 174 bp and 279 bp fragments
(Fig. 2), it became clear that in addition to the above
mentioned heteroduplex band near the 453 bp zone

there was a second faster migrating heteroduplex band
also in pattern A (Fig. 4c, lane 3), which was initially
covered by the 453 bp fragment. Since the hetero-
duplex bands were still in the initial position, we con-
cluded that they originated from mismatched DNA
molecules of the 357 bp fragment. A third banding
pattern was also observed. This pattern was a combina-
tion of pattern A and pattern B with four heteroduplex
bands near the 453 bp zone, and one heteroduplex
band near the 193 bp zone.

These observations suggest that at least two frag-
ments of the GH2 gene in brown trout (corresponding
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Fig. 4 Banding patterns obtained after endonuclease digestion of the GH2 gene 1489 bp segment from Atlantic salmon and
brown trout, and electrophoresis of the fragments in 8 per cent nondenaturing polyacrylamide gel. Fragment sizes are in base
pairs.
(a) Hinff-digested samples from Atlantic salmon (lane 2) and brown trout (lanes 3—5). Brown trout from Oxsjöbäcken Creek in
lane 3, from Mjösjöãn Creek in lane 4, and from Karlsbäcken Creek in lane 5. Molecular weight marker in lane 1.
(b) Denatured and reannealed mixtures of Hinfi-digested samples from a single individual of Atlantic salmon and representa-
tives of brown trout from Oxsjöbäcken (lane 1), from Mjösjöãn (lane 2), and from Karlsbäcken (lane 3) Creeks. Heteroduplex
bands are indicated by arrows. Banding pattern A in lanes 1 and 3, pattern B in lane 2. Fragments shorter than 53 bp not shown.
(c) Double-digested (Hinfl + DraI) samples. Lanes: 1, Atlantic salmon; 2, brown trout from Oxsjöbäcken Creek; 3, denatured
and reannealed mixture of the samples from lanes 1 and 2; 4, brown trout from Ongu Creek; 5, denatured and reannealed
mixture of the samples from lanes 1 and 4; 6, molecular weight marker. Heteroduplex bands are indicated by arrows. Banding
pattern A in lane 3, pattern B in lane 5. Fragments shorter than 96 bp not shown.
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to 193 bp and 357 bp fragments in Atlantic salmon)
are polymorphic. Since these two fragments are located
adjacent to each other in the gene (Fig. 2) and only
three banding patterns were observed, we treated them
as one polymorphic locus with two alleles (A and B).

Screening of unmixed samples of brown trout
revealed variation of the banding patterns within and
among the populations (Fig. 5). Several individuals
from the Karlsbäcken, Mjösjöãn, Holinsjöân, and
Ongu populations had an additional slower migrating
band near the 193 bp fragment (Fig. 5, lanes 3, 6, 8, 11,
12), which had the same mobility as the heteroduplex
band in experimental mixtures of Atlantic salmon and
brown trout (pattern B). When the number of PCR
cycles was reduced from 35 to 30, the intensity of this
assumed heteroduplex band decreased significantly
(Fig. 6a, lane 2). After denaturation and reannealing,
the initial intensity of the heteroduplex band was
restored (Fig. 6a, lanes 1 and 3). The same hetero-
duplex molecules were obtained by denaturation and
reannealing of the mixed PCR products from two
individuals homozygous for different alleles (as
suggested by the mobility differences of 193 bp frag-
ments). This suggests that the additional slower migrat-
ing band is composed of heteroduplexes formed
between divergent DNA molecules of the 193 bp frag-
ment in a beterozygous individual during the last
denature/reanneal cycles of PCR, when some compo-
nent of the PCR reaction has reached its limit. As a
proof of this hypothesis, pooling of the DNA from
Atlantic salmon and brown trout prior to the PCR

Fig. 5 Banding patterns obtained after
Hinfl digestion of GH2 gene 1489 bp
segment among samples of brown trout
from different populations. Lanes: 1,
Oxsjobäcken; 2 and 3, Karlsbäcken; 4
to 6, Mjosjöãn; 7 and 8, Holmsjöãn; 9,
Skellefteälven; 10 to 12, Ongu; 13,
molecular weight marker. Hetero-
duplex band is indicated by arrows.
Fragment sizes are in base pairs and
fragments shorter than 96 bp are not
shown.

yielded the same heteroduplex bands without any
additional denaturation and reannealing as the ones in
mixtures prepared, denatured and reannealed after the
PCR (Fig. 6b, lanes 1 and 3).

Since the differences in electrophoretic mobility of
the polymorphic restriction fragments among homo-
zygous individuals are very small, scoring of homo-
zygotes for different alleles is often difficult. However, it
is easy to distinguish the different alleles and genotypes
of the Hinfi-digested GH2 gene in brown trout accord-
ing to the heteroduplex banding pattern in denatured
and reannealed experimental mixtures of DNA from
brown trout and Atlantic salmon: the patterns A and B
correspond to the homozygotes AA and BB, respect-
ively, while the mixed pattern of heteroduplex bands
AB (not shown here) corresponds to the heterozygote
AB in brown trout. The frequencies of the observed
genotypes and alleles among the brown trout popula-
tions are presented in Table 2. A migratory population
from the River Skellefteälven and a resident population
from the Oxsjöbäcken Creek were monomorphic with
the allele A fixed. All nonanadromous popula-
tions from the tributaries of the River Lögdeälven
showed polymorphism with the frequency of allele A
from 0.65 to 0.90. The anadromous population from
the Ongu Creek differed from the Swedish populations
and had a frequency of the A allele of only 0.21 and no
individuals with the genotype AA were detected. In
addition, two individuals from this population had a
doubled pattern of the slowest migrating band (Fig. 5,
lane 12), which was not observed in any other popula-
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Fig. 6 Formation of heteroduplex
bands (indicated by arrows) in Hinfl-
digested GH2 gene 1489 bp segment
during PCR. Fragment sizes are in base
pairs and fragments shorter than 96 bp
are not shown.
(a) Banding patterns in a single
individual of brown trout from
Mjösjöán Creek. Lanes: 1, DNA ampli-

—125
fled for 35 cycles; 2, DNA amplified
for 30 cycles; 3, DNA amplified for 30
cycles, denatured and reannealed.
(b) Banding patterns in experimental
mixture of Atlantic salmon and brown
trout (from Ongu Creek). Lanes: 1,
DNA mixed prior to PCR; 2, DNA
mixed after PCR; 3, DNA mixed after
PCR, denatured and reannealed.

Table 2 Distribution of the GH2 genotype and allele frequencies among
populations of brown trout, Salmo trutta

Genotype frequency Allele frequency

A BPopulation n AA BB AB
Anadromous populations, Baltic sea

Ongu Creek 14 0.00 0.57 0.43
River Skellefteälven 7 1.00 0.00 0.00

0.21
1.00

0.79
0.00

Nonanadromous population, tributary of the River Ljungan
Oxsjöbãcken 9 1.00 0.00 0.00 1.00 0.00

Nonanadromous populations, tributaries of the River Lögdeiilven
Mjösjöãn 9 0.56 0.11 0.33
Holmsjöán 10 0.80 0.00 0.20
Karlsbäcken 10 0.40 0.10 0.50

0.72
0.90
0.65

0.28
0.10
0.35

tion. We expect that these two individuals are hetero-
zygous at the 453 bp fragment, though no hetero-
duplex bands were observed.

After having pooled the results from the three tribu-
taries of River Lögdeälven we used this material to
compare observed genotype numbers with those

expected under Hardy—Weinberg equilibrium. The
observed numbers of the AA, BB and AB genotypes
were 17, 2 and 10, respectively. Corresponding
expected numbers were found to be 16.7, 1.7 and 10.6.
Consequently, the observed genotype distribution does
not indicate any departure from Mendelian inheritance.
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Discussion

This study describes a novel procedure for the detec-
tion of variation at single copy nuclear genes in brown
trout, a fish species which has been intensively studied
with allozyme (reviewed in Ferguson, 1989), mitochon-
drial (Bernatchez et a!., 1992; Ovenden et al., 1993),
and microsatellite markers (Estoup et al., 1993). We
studied variation within a GH2 gene 1489 bp segment
by amplification of the desired gene region with a
specific primer pair followed by restriction
endonuclease digestion and heteroduplex analysis.
Polymorphism was detected in two Hinfi-digested frag-
ments. As the electrophoretic mobility of double-
stranded DNA in nondenaturing polyacrylamide gels is
affected by base composition and sequence, as well as
by molecular size (Sambrook et a!., 1989), we were not
able to determine the exact size of these fragments in
brown trout and conventionally have designated them
by the sequence-predicted size of corresponding frag-
ments in Atlantic salmon: 357 bp and 193 bp. In
Atlantic salmon, these fragments are located in the
GH2 gene adjacent to each other and include part of
exons 1 and 2 together with the complete intron 1
between them (Johansen et a!., 1989). Heteroduplex
DNA molecules originating from the divergent
sequences of the 193 bp fragment were observed in
heterozygous individuals of brown trout and were
shown to be formed during the final denature/reanneal
cycles of the PCR, when further annealing and exten-
sion of the primers was impossible because of the
exhaustion of some components of the PCR reaction.
The same phenomenon was described by Delvart et a!.
(1993) who studied genetic divergence between HIV-1
surface envelope glycoprotein coding sequences.
Heteroduplex molecules were also easily obtained by
denaturation and reannealing of the mixed PCR
products from two individuals, homozygous for
different alleles. This technique can be applied for test-
ing the undetermined homozygotes against the
previously genotyped 'tester' homozygote: the
presence or absence of heteroduplex molecules after
denaturation and reannealing of the mixture will
indicate the genotype. As an alternative, formation of
different heteroduplex patterns after mixing and
denaturing the Hinfl-digested GH2 gene amplification
products from two closely related species, Atlantic
salmon and brown trout, allowed us to determine the
genotype of the brown trout at the 193 bp fragment
and, in addition, variation in the 357 bp fragment was
detected. The DNA mixture can be prepared prior to
PCR which greatly simplifies the procedure.

Polymorphism in the GH2 gene appears to be
common among the studied populations of brown

trout: only two of the six populations were mono-
morphic. The Swedish populations had a higher fre-
quency of the A allele than an anadromous population
from the Estonian coast of the Baltic sea. In addition,
trout from the Estonian population had a polymorphic
453 bp fragment that was not observed in any Swedish
population. However, the Swedish populations are
either small (Mjösjöân, Holmsjöãn, Karlsbäcken) or
represent a hatchery stock (Oxsjöãn) and variation may
easily have been lost or not detected due to the small
sample size.

The method of heteroduplex analysis has been
shown to be sensitive enough to detect even a single-
base mismatch in DNA sequence by prolonged
electrophoresis in an appropriate system of mildly
denaturing solvents (Ganguly et a!., 1993). The ease
with which we obtained heteroduplex bands on stand-
ard-sized (20 X 20 cm) nondenaturing polyacrylamide
gels suggests that the variation presented here is caused
by mismatch of more than one or a few bases. Sequen-
cing of the different genotypes will be necessary in
order to determine the exact location and type of varia-
tion. We do not know whether the observed variations
are associated with phenotypic effects or represent
strictly neutral variation, because the polymorphic
fragments include both intron and exon regions of the
GH gene. However, even if the variation is located in
introns, this cannot be taken as a proof that the varia-
tion has no phenotypic effect. Because of the important
role of the growth hormone, the study of the perform-
ance of different genotypes is warranted.

Recently, Forbes et a!. (1994) reported sex-linkage
of the GH2 gene in coho salmon (Oncorhynchus
kisutch W.). All male coho salmon had an allele not
observed in females. The presence of three GH2 geno-
types and the distribution of this variation does not
suggest a similar close linkage in brown trout. The
polymorphism reported here provides the necessary
variation to study possible linkage relationships
between the GH2 gene and sex in brown trout.

Our observations suggest that searching for varia-
tion in PCR products of single copy nuclear DNA may
be a fruitful strategy to obtain genetic markers. The
time and labour required routinely to screen popula-
tions for heteroduplexes only slightly exceeded that for
allozyme studies, making the variation described here
useful in population genetic studies. Considering that
the number of polymorphic allozyme loci in fish is
rather limited and that the interpretation of allozyme
variation in salmonids is frequently difficult because of
duplicated loci, the strategy used here shows an
important new way to obtain useful single-locus
markers, for example in population and mapping
studies. for the procedure used, information on
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nucleotide sequence of conserved sites in the target
gene of the studied species or, as in the present case, in
a closely related species is needed. So far the number
of sequenced salmonid genes is low but will with
certainty rapidly increase.
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