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Temporal Genetic Variation of Brown Trout Salmo trutta L.
from Vorobiev Creek (White Sea) Based on Allozyme Analysis
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Abstract—We performed an analysis of allozyme variation in brown trout from Vorobiev creek. Seventeen
allozyme loci encoding glycerol-3-phosphate dehydrogenase (G3PDH), aspartate aminotransferase (AAT),
malate dehydrogenase (MDH), lactate dehydrogenase (LDH), superoxide dismutase (SOD), and esterase D
(EST-D) were studied. We found statistically significant differences in allele frequencies for the AAT-1,2%,
G3PDH-2,3*, LDH-5*, and MDH-2* loci between brown trout samples collected in 1981—1982 and/or
1992—1995. We suggest that temporal changes of allele frequencies in brown trout from Vorobiev Creek are

associated with gene drift.
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INTRODUCTION

Brown trout (Sa/mo trutta L.) is a long-standing
object of intensive population genetic studies. This
interest is caused by its huge geographical range and its
high ecological and morphological plasticity. In addi-
tion, there is considerable genetic differentiation
between the populations from different sea basins as
well as between populations within basins. Since the
brown trout is a promising object of fish breeding, its
gene pool undergoes significant changes caused by
human activity. The White Sea is one of the few
regions of the brown trout geographical range where
native populations still persist, which can become an
excellent object for genetic monitoring of brown trout
populations. Long-term studies of brown trout genetic
variation are of considerable interest, because, in
addition to the information on the constant allele fre-
quencies of protein loci in natural brown trout popu-
lations [1], there is data for the White sea basin, as well
as for other basins, that there are differences in allele
frequencies between samples taken in different years
from a single water basin [2—4].

MATERIAL AND METHODS

Brown trout samples were collected in June 2006
and 2007 (41 and 39 specimens, respectively) in Voro-
biev Creek, a small creek ~5 km long located on the
Karelia shore of the White sea (Fig. 1). Fish were
caught using electrical and pole-and-lining fishing
devices. Body length (AC), weight, sex, and sex gland
maturity state were determined for all specimens;
scales were used for age determination. The studied

specimens were mostly young. Separate tissues (eyes,
muscles, liver) or whole specimens were frozen at —70°C
and delivered to the laboratory where they were stored
at —20°C. Electrophoretic protein studies were per-
formed in polyacrylamide gel using standard tech-
niques [5, 6]. Allozyme loci were denoted according to
the nomenclature accepted for salmonids [7] taking
some recommendations into account [8].

Gene loci encoding aspartate aminotransferase
(AAT), esterase D (EST-D), glycerol-3-phosphate
dehydrogenase (G3PDH), lactate dehydrogenase
(LDH), malate dehydrogenase (MDH), and superox-
ide dismutase (SOD) were studied.

Genetic interpretation of the observed variation in
the studied loci was performed according to the guide-
lines described in the literature. For the EST-D*,
LDH-5%, mSOD-I*%, sSOD-2*%, and sSOD-3* loci,
simple codominant inheritance was assumed. For the
AAT-1,2% loci, the model assuming equal allele fre-
quencies for both loci was used. Calculations were per-
formed according to [9]. For the duplicated loci
MDH-1,2%, LDH-1,2*%, and G3PDH-2,3*, the model
of inheritance assuming that only a single locus is
polymorphic was adopted [10, 11].

The consistency of the observed genotypes fre-
quencies with the Hardy-Weinberg distribution was
tested using the y? test. Significance of the differences
of allele frequencies was estimated using Fisher’s
F-criterion [12] and the y? homogeneity test in the
CHIRXC program [13].

Studies of brown trout allozyme polymorphism in
this river were performed earlier in the 1980s and 1990s
[2, 11]. In this connection, this study of brown trout
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from Vorobiev Creek is of considerable interest and
allows us to estimate temporal changes of the brown
trout populations over 20 years. Some data on the
brown trout sample collected in 2006 were published
earlier [14].

RESULTS AND DISCUSSION

The loci EST-D*, LDH-1,2*, LDH-3,4*, MDH-
I*, TO-I*, TO-2*%, and TO-3* were monomorphic in
the studied sample. For polymorphic loci, electro-
phoretic mobility of one allele was taken as 100, and
the mobilities of other alleles were: AAT-1,2%, 120,
G3PDH-2,3*, 75, LDH-5* 90, MDH-2* 142. Electro-
phoretic mobility of several alleles differed from that
reported by A.G. Osinov and L. Bernache [11] and
A.A. Makhrov et al. [2]. In addition, Osinov and Ber-
nache [11] found LDN-I* 0Q allele to be present in
brown trout populations from Vorobiev Creek with low
frequency, whereas, according to Makhrov et al. [2]
and this study, only the LDH-I* 100 allele is present.
This may be caused by different buffer systems used in
these studies.

Allele frequencies of all loci were distributed
according to the Hardy-Weinberg equation, except for
the AAT-1,2% (x> = 16.25, d.f. = 3, p < 0.001 in the
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2006 sample and y> = 8.66, d.f. = 3, p < 0.05 in the
2007 sample). Allele frequencies of polymorphic loci
in 1982—2007 are given in Table 1.

The y? test comparison of brown trout samples of
different years demonstrated that the heterogeneity of
allele frequencies is significant for all analyzed loci
(Table 1). However, the more correct and broad pair-
wise comparison using Fisher’s F-criterion found no
significant differences for many samples (Tables 2, 3).

For example, no significant differences between
brown trout samples were found in the LDH-5% locus;
only the differences between the 1992 and 1994 sam-
ples are significant for the AAT-1,2* locus; for the
MDH-2%, it is only the 2006 sample that differs from
all other samples. The main statistically significant dif-
ferences were found for the G3PDH-2,3* locus
between the 1981—1982 and 1992—1994 samples, i.e.,
within the 10 year interval. However, for the sample
collected in the other 10 years (2006—2007), no signif-
icant differences were found either with the 1980s or
with the 1990s samples.

Thus, although allele frequencies have changed for
several loci, overall genetic parameters of the brown
trout did not change during over 20 years. This sug-
gests the absence of directed temporal changes of
allele frequencies in Vorobiev Creek brown trout and
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Table 1. Allele frequencies (*100) of polymorphic loci in brown trout samples from Vorobiev Creek collected in different

years
Loci
Collection year n
AAT-1,2% G3PDH-2,3* LDH-5* MDH-2%
1981 60 — 0.908 0.328 0.857
1982 30 0.880 0.883 0.367 0.850
1992 99 0.879 0.995 0.237 -
1993 53 0.774 1.000 0.217 —
1994 99 0.673* 1.000 0.203 0.798*
1995 11 0.727 0.909 0.455 -
2006 41 0.780 0.988 0.351 0.611
2007 39 0.859 0.987 0.270 0.855
df. 6 7 7 4
x2 17.55 54.98 18.70 23.49
p <0.01 <0.001 <0.05 <0.001

Note: Data on 1981 and 1982 were taken from [11]; data on 1992—1995 were taken from [2]; * n = 25.

Table 2. Pairwise comparison of the samples for the AAT-1,2* (below diagonal) and G3PDH-2,3* (above diagonal) loci

using Fisher’s criterion

Year
Year
1981 1982 1992 1993 1994 1995 2005 2007

1992 n.d. - T~ - - - - =

1993 n.d. - - T~ - - - -

1994 n.d. - * — \ _ _ _

1995 n.d. - - = - [T~ - -

2005 nd. - - - - - T -

2007 n.d. — — - — — —

Note: n.d. is no data; “—” difference is not statistical significant; * difference is significant for p < 0.05; ** difference is significant for

p <0.01; *** difference is significant for p < 0.001.

Table 3. Pairwise comparison of the samples for the LDH-5* (below diagonal) and MDH-2* (above diagonal) loci using

Fisher’s criterion

Year

Year

1981 1982 1992 1993 1994 1995 2005 2007
1981 — n.d n.d — n.d o -
1982 - [T~ nd nd - n.d -
1992 - - |7~ nd n.d n.d n.d n.d
1993 - - o e nd n.d n.d
1994 - - - - [T~ nd - -
1995 - - - - - [T~ nd n.d
2005 - - - - - e
2007 — — — — — — —

Note: n.d.oisorllo data; “—7” difference is not statistical significant; * difference is significant for p < 0.05; ** difference is significant for
p<0.01.
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does not support the opinion of several researchers on
the existence of natural selection on certain loci for
these populations [2]. We should note that the authors
suggested natural selection on two loci: MPI, which
was not studied by us, and LDH-5%. It seems most
probable that allele frequency changes in brown trout
populations are caused by gene drift [15]. Given the
low number of sires in this small creek, highly signifi-
cant differences in allele frequencies between their
descendants may be observed even in the absence of
reproductive isolation [16]. In addition, migration from
other rivers may also contribute to this process. For
example, the *110 allele was fixed in the G3PDH-2,3*
locus in 1993—1994 but the alternative allele reap-
peared from 1995 on.

Therefore, our data demonstrate the absence of
significant changes in allele frequencies of polymor-
phic loci after a decade since previous studies and cor-
roborate the authors' opinion that allele frequency
changes are caused mainly by gene drift.

ACKNOWLEDGMENTS

We thank A.M. Shadrin for his help in collection
and processing of material.

REFERENCES

1. Ferguson, A. and Taggart, J., B. Genetic Differentia-
tion among the Sympatric Brown Trout (Salmo trutta)
Population of Lough Melvin, Ireland, Biol. J. Linn.
Soc., 1991, vol. 43, pp. 221-237.

2. Makhrov, A.A., Kuzishchin, K.V., and Novikov, G.G.,
Genetic Differentiation of Brown Trout Salmo trutta L.
from Streams Flowing into the Velikaya Salma Strait
(White Sea), Russ. J. Genet., 1999, vol. 35, no. 7,
pp. 969-975.

3. Grozier, W.W. and Ferguson, A., Electrophoretic Exam-
ination of the Population Structure of Brown Trout, Salmo
trutta, L. from the Lough Neagh Catchment, Northern
Ireland, J. Fish. Biol., 1986, vol. 28, pp. 459—477.

4. Jensen, L.E, Hansen, M.M., Carlsson, J., Loe-
schcke, V., and Mensberg, K.D., Spatial and Temporal

SPELL OK

MOSCOW UNIVERSITY BIOLOGICAL SCIENCES BULLETIN

10.

11.

12.

13.

14.

15.

16.

SEMENOVA, PONOMAREV

Genetic Differentiation and Effective Population Size of
Brown Trout (Salmo trutta L.) in Small Danish Rivers,
Conserv. Genet., 2005, vol. 6 (4), pp. 615—621.

Davis, B.J., Disc-Electrophoresis. Method and Appli-
cation to Human Serum Proteins, Ann. N.Y. Acad. Sci.,
1964, vol. 121, pp. 404—427.

. Peacock, A.C., Bunting, S.L., and Qaenn, K.G.,

Serum Protein Electrophoresis in Acrylamide Gel: Pat-
terns from Normal Human Subject, Science, 1965,
vol. 147, pp. 1451—1452.

Allendorf, EW. and Phelps, S.R., Use of Allelic Fre-
quencies to Describe Population Structure, Can.
J. Fish. Aquat. Sci., 1981, vol. 38, pp. 1507—1514.

Shaklee, J.B., Allendorf, EW., Morizot, D.C., and
Whitt, G.S., Gene Nomenclature for Protein-Coding
Loci in Fish, Trans. Am. Fish. Soc., 1990, vol. 119,
pp. 2—15.

Waples, R.S., Estimation of Allele Frequencies at Iso-
loci, Genetics, 1988, vol. 118, no. 2, pp. 371—384.

Osinov, A.G., Brown Trout (Salmo trutta L., Salmo-
nidae) of Black and Caspian Sea Basins: Population-
Genetic Analysis, Genetika, 1988, vol. 24, no. 12,
pp. 2172—-2186.

Osinov, A.G. and Bernache, L., “Atlantic” and “Danu-
bian” Phylogenetic Groupings of Brown Trout Sa/mo
trutta Complex: Genetic Divergence, Evolution, and
Conservation J. Ichthyol., 1996, vol. 36, no. 6, pp. 762—
786.

Zhivotovskii, L.A., Populyatsionnaya biometriya (Popu-
lation Biometry), Moscow: Nauka, 1991.

Zaykin, D.V. and Pudovkin, A.I., Two Programs of
Estimate Chi-Square Values using Pseudo-Probability
Test, J. Hered., 1993, vol. 84, p. 152.

Novikov, G.G., Semenova, A.V., Stroganov, A.N., and
Tagizade, V., Allozyme Variability in Populations of
Trout (Salmo trutta) from the Rivers of Iran, J. Ich-
thyol., 2008, vol. 48, no. 4, pp. 421—426.

Jorde, P.E. and Ryman, N., Demographic Genetic of
Brown Trout (Sal/mo trutta) and Estimation of Effective
Population Size from Temporal Change of Allele Fre-
quencies, Genetics, 1996, vol. 143, no. 3, pp. 1369—
1381.

Allendorf, EW. and Utter, EM., Population Genetics,
Fish Physiol., 1979, vol. 8, pp. 407—454.

Vol. 66 No.4 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




