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Introduction
Colour mutations are a common in vertebrates, espe-

cially in fish. Additionally, albino, blue, brown, red and skin
transparency mutations are reported in many fish species.
In rainbow trout the following colour variants are known:
albino, golden, yellow, palomino, blue and green, with gold-
en and yellow probably representing the some colour phe-
notype. Kohlmann and Fredrich [1] reported highly signif-
icant lower survival in albino fry. Also the growth of albino
fish was lower than in wild coloured fish from fry till sex-
ual maturity. Clark [2] found yellow coloration to be con-
trolled by a recessive allele and observed that the yellow
fish were less active, slower growing and more sensitive to
the light than the wild coloured ones. Yellow and wild-
coloured rainbow trout were used in crossbreeding experi-
ments to determine the pattern of yellow colour inheritance.
The observed colour phenotypes and their relative frequen-
cy in different progeny groups can be explained by a sys-
tem of two gene loci with two alleles each. Yellow colour
(allele a) is caused by absence of the dominant allele A con-

trolling colour. Among the yellow fish (aa) the second gene
locus allele B controls palomino and black eye colour. Albi-
no and red eye colour (allele b) is caused by the absence of
the dominant allele B controlling colour development. Many
authors have shown that albinism in rainbow trout is due to
an autosomal recessive allele [3]. The inheritance of gold-
en and normally pigmented phenotypes is a single-locus trait
with two alleles that act with additive effects – the homozy-
gous genotypes GG and G’G’ being normally pigmented
and golden, respectively, while GG’ shows the intermedi-
ate palomino phenotype.

The innate immune defence in fish consists of a large
number of humoral and cellular factors, which play an
important role as the first line of defence against a wide
range of infective agents such as bacteria, viruses and par-
asites [4-7]. 

The aim of the present study was to investigate possi-
ble pleiotropic effects of the genotypes controlling the
palomino and albino coloration on the innate immunity in
rainbow trout (Oncorhynchus mykiss).
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Materials and methods

Animals and experimental design

For this study healthy rainbow trout from three proge-
ny families of known genotypes, originating from crossing
designed to investigate the yellow colour inheritance: Wild
(genotype Aabb), Palomino (genotype aaBb) and Albino
(genotype aabb) were used. The fish, weighing 180-200 g,
were held in plastic tanks in 14°C spring water and fed twice
daily with commercial pellets. The blood was separated
from 10 healthy fish of each group: Wild, Palomino and
Albino. A portion of blood was used for cell separation by
centrifugation in Gradisol G (Polfa) and remaining portion
was used for serum separation.

Assay procedure

The metabolic activity of blood phagocytes by their res-
piratory burst activity (RBA) stimulated by Phorbol myris-
tate acetate (PMA, Sigma) was determined with a microcol-
orimentric method presented by Siwicki and Anderson [8].

The lysozyme activity in the serum was measured in
a turbidimetric assay described by Siwicki and Anderson
[8]. The standard used was hen egg white lysozyme (Sig-
ma, USA) and a Micrococcus lysodeicticus (Sigma, USA)
suspension in phosphate buffer.

The ceruloplasmine activity in the serum was deter-
mined spectrophotometrically according to the method pre-
sented by Siwicki and Studnicka [9]. The plates were then
read in a micro-reader (MRX DYNEX Technologies, Wor-
thing, UK) at a wavelength 540 nm.

The total immunoglobulin (Ig) levels in serum were
measured by colorimetric Lowry micro methods (Sigma
Diagnostic Kits) with modification presented by Siwicki
and Anderson [8]. This technique consists at first in pre-
cipitating the total Ig from the serum with polyethylene gly-
col (10 000 kDa) and after centrifugation, removing the
supernatant and determining the amount of remaining pro-
teins by the micro reader at a wavelength 540 nm (MRX
DYNEX Technologies, Worthing, UK).

The results were statistically analyzed with STAT-ISTI-
CA PL (StatSoft, Cracow, Poland). Single-factor analysis
of variance (ANOVA) and the Tukey test (when statisti-
cally significant differences were determined among groups
p ≤ 0.05) were applied.

Results and discussion 
The colour genes controlling the palomino and albino

phenotype in the spring spawning rainbow trout strain
reared at the Department of Salmonid Research IFI in Rut-
ki were found to have strong detrimental pleiotropic effects
on growth and vitality [10]. The differences in mean body
weights between albino, palomino, and wild coloured rain-
bow trout reached after 5 and 9 months of rearing were sta-

tistically highly significant with albino showing the poor-
est, palomino an intermediate and wild coloured rainbow
trout the highest growth. An identical ranking of colour
phenotypes was observed for survival. The immunological
study showed that wild coloured rainbow trout has a high-
er blood phagocyte and lymphocyte activity compared to
the albino and palomino coloured rainbow trout [14]. 

In our study we observed statistically significant 
(p < 0.05) higher innate immunity parameters in wild
coloured rainbow trout, compared to albino and palomino
trout. The metabolic activity of blood phagocytes, lysozyme
and ceruloplasmine activities in serum and total immuno -
globulin (Ig) level in serum are presented in Table 1. The
results of our study showed that wild coloured rainbow trout
has significantly (p < 0.05) higher phagocytic activity of
blood leucocytes. But statistically different results between
albino and palomino coloured fish were not observed. The
lysozyme and ceruloplasmine activities and total Ig levels
in serum indicated a similar pattern. The results showed
that lysozyme and ceruloplasmine activity and total Ig lev-
els were statistically significantly (p < 0.05) higher in wild
colored trout, compared to albino and palomino rainbow
trout. Siwicki et al. [11] described that albino and palomi-
no colored rainbow trout has lower cell-mediated immuni-
ty compared to the wild coloured trout and suggested that
genotypes controlling coloration determined nonspecific
cellular defense mechanisms in rainbow trout. In this study,
we noted pleiotropic effects of the genotypes controlling
the palomino and albino coloration on the innate immuni-
ty presented by cellular and humoral factors which play an
important role as the first line of defense against a wide
range of infective agents. The results showed that the wild
colored fish has a higher innate immunity. The current study
strongly demonstrated that genotypes controlling coloration
determined the innate immunity in lower vertebrates.

Table 1. The metabolic activity of blood phagocytes (RBA),
lysozyme and ceruloplasmine activities in serum and total
immunoglobulin (Ig) levels in serum in wild, palomino and
albino coloured rainbow trout (n + 10; mean ± SD; * statisti-
cally significant to wild color fish p < 0.05).

Immunological Male colour (known genotype):
parameters:

Wild Palomino Albino

(Aabb) (aaBb) (aabb)

RBA (OD 620 nm) 0.47 ±0.04 0.39 ±0.05* 0.36 ±0.05*

Lysozyme activity (mg/l) 12.8 ±1.0 9.40 ±1.2* 8.70 ±1.5*

Ceruloplasmine activity (IU) 86.5 ±2.5 80.5 ±2.0* 78.0 ±3.5*

Total Ig level in serum (g/l) 9.80 ±0.4 8.50 ±0.5* 7.90 ±0.6*

Innate immunity in yellow forms inheritance of rainbow trout (Oncorhynchus mykiss)



Central European Journal of Immunology 2010; 35(4)216

References
1. Kohlmann K, Fredrich F (1986): Albinismus bei

regenbogenforellen (Salmo gairdneri). Z Binnenfischerei DDR
33: 270-272.

2. Clark FH (1990): Pleiotropic effects of the gene for golden
colour in rainbow trout. J Hered 61: 8-10.

3. Tave D (1988): Body colour in rainbow trout. Aquaculture
Mag 14: 65-66.

4. Bayne CJ, Gerwick L (2001): The acute phase response and
innate immunity of fish. Dev Comp Immunol 25: 725-743.

5. Magor BG, Magor  KE (2001): Evolution of effectors and
receptors of innate immunity. Dev Comp Immunol 25: 651-
682.

6. Ellis  AE (2001): Innate host defence mechanisms of fish
against viruses and bacteria. Dev Comp Immunol 25: 827-839.

7. Jones  SRM (2001): The occurrence and mechanisms of innate
immunity against parasites in fish.  Dev Comp Immunol 25:
841-842.

8. Siwicki AK, Anderson DP: Nonspecific defence mechanisms
assay in fish. II. Potential killing activity of neutrophils and
monocytes, lysozyme activity in serum and organs and total
immunoglobulin (Ig) level in serum. In: Fish Diseases
Diagnosis and Prevention’s Methods. Eds. Siwicki AK,
Anderson DP, Waluga J. IFI/FAO Olsztyn, Poland 1993, 105-
112.

9. Siwicki AK, Studnicka M (1986): Ceruloplasmine activity in
carp (Cyprinus carpio).  Isr J Aquacult/Bamidgeh 38:126-129.

10. Dobosz  S, Goryczko K, Kohlmann, et al. (1999): The yellow
colour inheritance in rainbow trout. J Heredity 2: 312-315.

11. Siwicki AK, Dobosz S, Goryczko K, et al. (2003): Cell-
mediated immunity in yellow forms of rainbow trout. Pol J Vet
Sci 6: 49-50.

Stefan Dobosz, et al.



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


