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ABSTRACT

Studies about nuclear DNA content in the genus Genypterus are scarce, and the present study gives the first estimate of
nuclear DNA content of Genypterus chilensis, with a value of 2C= 1.0 + 0.06 pg, value close to that obtained for other

Ophidiidae species wich range between 1.2 and 1.68 pg.

RESUMEN

Los estudios sobre contenido de ADN nuclear en el género Genypterus son escasos, y el presente trabajo entrega por
primera vez la estimacion del contenido de ADN nuclear de Genypterus chilensis con un valor 2C = 1,0 + 0,06 pg, valor

cercano al descrito para otras especies de Ophidiidae que varian entre 1,2 y 1,68 pg.

Genypterus chilensis (Guichenot 1881) is an abundant fish
species distributed along the coasts of the Southeastern
Pacific Ocean. In Chile the species is distributed from
Arica (18°S) to Archipiélago de los Chonos (47°S), with a
bathymetric distribution between 20 and 150 m. At present,
the available biological studies on G. chilensis include
parasitism, population dynamics, and temporal variation
of the diet, reproductive cycle, and DNA-microsatellite
characterization (Vergara & George-Nascimento 1982; Paz
1991; George-Nascimento et al. 2004; Chong et al. 2006;
Chong & Gonzalez 2009; Canales-Aguirre et al. 2010).
However, cytogenetic data on G. chilensis are not available
and basic aspects such as nuclear DNA content remain
unknown.

In a recent survey on cytogenetic studies of Chilean fishes,
27 species were registered with data on chromosome
number, karyotype morphology and/or nuclear DNA content
(Garcia 2010). This number of studied species represents
ca. 2.7% of the fish Chilean diversity. It is remarkable, that
data on nuclear DNA content are only available for the
freshwater Trichomycterus areolatus Valenciennes 1846
(Trychomycteridae), Galaxias maculatus (Jenyns 1842)
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and Galaxias platei Steindachner, 1898 (Galaxiidae)
(Colihueque ef al. 2006; Jara-Seguel et al. 2008a, 2008b),
while for the marine fishes only Sardinops sagax (Jenyns
1842) (Clupeidae) and Genypterus blacodes (Schneider
1801) (Ophidiidae) have been examined (Hardie & Hebert
2004).

In order to increase the cytogenetic data of the Genypterus
genus, the goal of this work is to estimate for the first time
the nuclear DNA content of Genypterus chilensis that
inhabits the Chilean coast.

Individuals of Genypterus chilensis were collected from
Bahia Quintay (33°11°S; 71°1°W), Region de Valparaiso,
Chile. These specimens were maintained in hatcheries
at the Centro de Investigaciones Marinas Quintay
(CIMARQ; Universidad Andrés Bello). Measurements of
nuclear DNA content (2C-values) were done by Feulgen
microdensitometry in erythrocyte smears, using the software
Nis-Elements (Nikon, Yokohama, Japan). Blood samples
were taken from the caudal vein of three specimens, and
100 erythrocyte nuclei were analysed for each of them (300
cells in total). To estimate 2C DNA content the cytological
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and microdensitometrical method described in detail by
Jara-Seguel et al. (2008a; 2008b) in erythrocyte nuclei of
Galaxias species (Galaxiidae) was followed. In this method
the software estimates values of integrated optical density
(IOD) of each erythrocyte nuclei, and the 2C-value is
then obtained by comparison with erythrocyte smears of
Oncorhynchus mykiss (Walbaum, 1792) used as standard
(2C = 5.5 pg, 2n = 58-62 chromosomes) (Carvalho et al.
2002).

The 2C-value estimated in erythrocytes of G. chilensis was
1.0 + 0.06 pg (IOD = 19.32 + 1.24 arbitrary units) and the
coefficient of variation was of 6.4%. According to these
results, the C-value of G. chilensis is 0.5 pg. The mean
10D for the standard O. mykiss was 107.0 + 4.02 arbitrary
units (2C = 5.5 pg). G. chilensis showed a C-value near to
its sister species G. blacodes (0.6 pg) and to co-familial
members previously studied [Ophidion scrippsae (Hubbs,
1916), O. welshi (Nichols & Breder 1922), Sirembo imberbis
(Temminck & Schlegel, 1846)] (Table I). Thus, the range
of C-values described for Ophidiidae vary between 0.5 and
0.84 pg (mean 0.65 + 0.12pg) being lower to the average
1.2 pg documented for Teleost fishes. However, the C-value
of G. chilensis is within the range recorded for Teleosts (C-
value from 0.4 to 4.4 pg) (Gregory et al. 2006).

In general, in teleost fish there is little variation in basal
genome size and alterations in C-value ordinarily appear
to have resulted from the accretion and/or deletion of small
blocks of DNA (Gregory & Hebert 1999). However, although
these alterations may modify the karyotype structure (Takai
& Ueno 1997), Robertsonian traslocations are the most
important mechanisms of chromosome evolution in fishes
(Vitturi & Catalano 1988; Winkler ef al. 2004). Karyotype
studies in Genypterus species have not been carried out, and
represent a pending task for the near future.

In fishes, estimations of C-values have increased in recent
decades and this is by far the best represented group in the
current databases on the subject with ca. 1,300 examined
species (Gregory et al. 2006; Smith & Gregory 2009).
Genypterus species are important as a food resource, being
currently obtained by artisanal fishing methods. Because
of over fishing, a reduction of their population has been
observed. Consequently, aquaculture programs have begun
farm production of this species, for which genome data can
be important to its improvement and management (Martinez
2005). The present work supplies valuable data on C-value
for this teleost fish, thus increasing the framework on
cytogenetic information for Ophidiidae species inhabiting in
Southeastern Pacific Ocean and showing a wide distribution
in Chilean coasts.

TaBLE 1. Nuclear DNA content (C-Value) for Genypterus chilensis and others Ophidiidae species.

TaBLa 1. Contenido de ADN nuclear (valor C) para Genypterus chilensis y otras especies de Ophidiidae.

Species C-value (pg) Reference
Genypterus chilensis 0.5 Present work
G. blacodes 0.6 Hardie & Hebert (2004)
Ophidion scrippsae 0.68 Hinegardner (1968)
O. welshi 0.84 Hinegardner & Rosen (1972)
Sirembo imberbis 0.63 Hardie & Hebert (2004)
Teleost fishes (average) 1.2 Gregory et al. (2006)
ACKNOWLEDGEMENTS CARVALHO, M., OLIVEIRA, C., NAVARRETE, M., FroemLicH, O. &

Financed by projects FONDEF D0611024 y D0611020.

REFERENCES

CANALES-AGUIRRE, C., FERRADA, S., HERNANDEZ, C. & GALLEGUILLOS,
R. 2010. Usefulness of heterologous microsatellites
obtained from Genypterus blacodes (Schneider 1801) in
species Genypterus of Southeast Pacific. Gayana 71(1):
74-77.

Foresti, F. 2002. Nuclear DNA content determination
in Characiformes fish (Teleostei, Ostariophysi) from the
Neotropical region. Genetics and Molecular Biology
25(1): 49-55.8).

CHONG, J., SEPULVEDA, K. & IBAREZ, C. 2006. Variacion temporal
en la dieta del congrio colorado, Genypterus chilensis
(Guichenot, 1881) frente al litoral de Talcahuano,
Chile (36°32’S-36°45°S). Revista de Biologia Marina y
Oceanografia 41(2): 195-202.

CHONG, J. & GonzaLEz, P. 2009. Ciclo reproductivo y talla media
de madurez del congrio colorado, Genypterus chilensis

199



Gayana 75(2), 2011

(Guichenot, 1881) en el litoral de Talcahuano, Chile.
Revista de Biologia Marina y Oceanografia 44(1): 257-
262.

COLIHUEQUE, N., COorRRALES, O. & PARRAGUEZ, M. 2006. Karyotype
and nuclear DNA content of Trichomycterus areolatus
(Siluriformes: Trichiomycteridae). Genetics and Molecular
Biology 22(2): 278-282.

Garcia, M. 2010. Antecedentes citogenéticos sobre peces nativos
de Chile: Avances y aplicaciones. Tesis de Licenciatura en
Recursos Naturales, Universidad Catolica de Temuco. 39
pp.

GEORGE-NASCIMENTO, M., LoBos V., TorriLLOS C. &. KHaNn, R.
2004. Species composition of assemblages of Ceratomyxa
(Myxozoa), parasites of lings Genypterus (Ophidiidae)
in the Southeastern Pacific Ocean: an ecomorphometric
approach. Journal of Parasitology 90(6): 1352-1355.

GREGORY R. & HEBERT P. 1999. The modulation of DNA content:
Proximate causes and ultimate consequences. Genome
Research 9: 317-324.

GREGORY, R., Nicor, J., Ta MM, H., KuLLman, B., KuLLman, K.,
Lertch, 1., Murray, B., KaprauN, D., GREILHUBER, J. &
Bennert, M. 2006. Eukaryotic genome size databases.
Nucleic Acids Research 35: 332-338.

Harbig, D. & HEeBERT, P. 2004. Genome-size evolution in fishes.
Canadian Journal of Fisheries and Aquatic Sciences 61:
1636-1646.

HINEGARDNER, R. 1968. Evolution of cellular DNA content in
teleost fishes. American Naturalist 102: 517-523.

HINEGARDNER, R. & RoSEN, D. 1972. Cellular DNA content and the
evolution of teleostean fishes. American Naturalist 106:
621-644.

JARA-SEGUEL, P., VALDEBENITO 1., PALMA-ROIAS, C. & REBOLLEDO,
C. 2008a. Nuclear DNA content in Galaxias maculatus
(Teleostei: Osmeriformes: Galaxiidae). Latin American
Journal of Aquatic Research 36(1): 87-91.

JARA-SEGUEL, P., VALDEBENITO, I. & PaALMA-Roias, C. 2008b.
Contenido de ADN nuclear en Galaxias platei (Teleostei:
Osmeriformes: Galaxiidae). Gayana 72(2): 196-201.

MAaRTiNEZ, P. 2005. Aplicaciones de la genética para la mejora de la
acuicultura. Boletin del Instituto Espafiol de Oceanografia
21(1-4): 225-238.

Paz, C. 1991. Dinamica poblacional del recurso congrio colorado
Genypterus chilensis (Guichenot, 1848), frente a las costas
de Coquimbo. Tesis de Biologia Marina, Universidad
Catolica del Norte, Coquimbo, 76 pp.

SmitH, E. & GREGORY, R. 2009. Patterns on genome size diversity
in the ray-finned fishes. Hydrobiologia 625: 1-25.

Takal, A. & Ueno K. 1997. Karyotypes and chromosomal
distribution of constitutive heterochromatin and nucleolus
organizer regions in three kyphosid fish (Perciformes).
Cytobios 89: 141-148.

VERGARA, L. & GrorRGE-NasciMENTO, M. 1982. Contribucion
al estudio del parasitismo en el congrio colorado,
Genypterus chilensis (Guichenot, 1848). Boletin Chileno
de Parasitologia 37: 9-14.

Virtury, R. & Cararano, E. 1988. Karyotypic variability
associated with robertsonian fusion in two species of the
family Ophidiidae (Pisces, Perciformes). Italian Journal of
Zoology 55(1): 55-58.

WINKLER, F., GArRCIA-MELYS D. & PaLma-Rosas C.2004. Karyotypes
of three South East Pacific flounder species of the family
Paralichthyidae. Aquaculture Research 35: 1295-1298.

Recibido: 05.06.11
Aceptado: 24.08.11

200




<<
  /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


