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Eye regression in blind Astyanax cavefish may
facilitate the evolution of an adaptive behavior
and its sensory receptors
Richard Borowsky
Abstract

The forces driving the evolutionary loss or simplification of traits such as vision and pigmentation in cave animals
are still debated. Three alternative hypotheses are direct selection against the trait, genetic drift, and indirect
selection due to antagonistic pleiotropy. Recent work establishes that Astyanax cavefish exhibit vibration attraction
behavior (VAB), a presumed behavioral adaptation to finding food in the dark not exhibited by surface fish. Genetic
analysis revealed two regions in the genome with quantitative trait loci (QTL) for both VAB and eye size. These
observations were interpreted as genetic evidence that selection for VAB indirectly drove eye regression through
antagonistic pleiotropy and, further, that this is a general mechanism to account for regressive evolution. These
conclusions are unsupported by the data; the analysis fails to establish pleiotropy and ignores the numerous other
QTL that map to, and potentially interact, in the same regions. It is likely that all three forces drive evolutionary
change. We will be able to distinguish among them in individual cases only when we have identified the causative
alleles and characterized their effects.
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Cave Astyanax are attracted to a vibrating needle at the
water’s surface while eyed surface individuals are not [1].
This “vibration attraction behavior” (VAB) likely facilitates
the detection of food in the dark cave and may be an
important behavioral adaptation to cave life. Jeffery and
colleagues recently reported the mapping of two unlinked
quantitative trait loci (QTL) for VAB in a hybrid cross
between surface fish and cave fish from the Pachón popula-
tion. They showed that VAB is mediated by a small number
of superficial neuromasts (“SN EO” or “SN” herein) in the
eyeless orbit of the cave fish which are absent from the or-
bits of surface fish [2]. They demonstrated the existence of
two QTL controlling proliferation of SN, each co-mapping
with one of the VAB QTL. Presumably, the VAB and SN
QTL in each cluster are manifestations of single underlying
genes or features, detectable through their effects on both
structure and function.
The authors also demonstrated QTL for eye size differ-

ences in the same two clusters and found that the Bayesian
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reproduction in any medium, provided the or
credible intervals for all three QTL in each cluster over-
lapped. The authors interpreted the close linkage of the
VAB/SN and eye size QTL as evidence that the traits are
functionally and evolutionarily related. In both clusters,
cave alleles for VAB/SN cause increases in sensitivity
and greater numbers of neuromasts, presumably adaptive
changes, while cave alleles for eye size cause smaller eyes.
The authors concluded 1) that all three traits reflect the
pleiotropic effects of single genes or closely clustered genes,
2) that positive selection for VAB most likely drove the
regression of eye size by antagonistic pleiotropy or through
hitchhiking, and 3) that this may be a general mechanism
to account for eye regression in cave animals.
Unfortunately, the conclusions are unsupported by the

data and may be incorrect for several reasons. First, while
the three QTL are presented as if they were the only traits
in each cluster, in fact, both clusters are in genomic regions
already known to be crowded with QTL. The cluster on
linkage group (LG)2 aligns with a well-documented hotspot
for cave adaptation (Figure 1A), which contains QTL for
eye size, condition factor, rate of weight loss on fasting,
number of melanophores, number of branched anal fin
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Figure 1 QTL mapped in a cross between surface and Pachón cave fish cluster in the genome. Vibration attraction behavior (VAB)2 and VAB17
are redrawn from Figure Three of Yoshizawa et al. [2]. These are aligned with the homologous linkage groups LgP07 and LgP17 from Protas et al. [3].
The black bars show the locations of QTL mapped in the crosses. QTL traits are as follow: C, condition factor; D, depth of the caudal peduncle; Eye or
E, eye size; M, number of melanophores; R, number of branched anal fin rays; S, number of SO3 bones; SN EO, superficial neuromasts in the eyeless
orbit; T, number of maxillary teeth; VAB, vibration attraction behavior; W, rate of weight loss on fast. QTL mapped on LgP07 and LgP17 are from [3]
and [6]. Methods for mapping QTL and for detection of multi-trait QTL are given in [3]. EMRDS is a multi-trait QTL with significant correlation to
variability in Eye size, numbers of Melanophores, number of anal fin Rays, Depth of the caudal peduncle, and number of So3 bones. Similarly, EMT is a
multitrait QTL with significant contributions for Eye size, numbers of Melanophores and numbers of maxillary Teeth.
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rays, depth of the caudal peduncle, number of SO3 bones
in the skull, and number of maxillary teeth [3]. The allelic
substitution data for the QTL (Table 1) show that cave al-
leles for some of the traits are adaptive and for others are
maladaptive. Thus, there are numerous potential interac-
tions in this region, none of which is individually strongly
supported on the sole basis of the proximity of QTL. The
hypothesis may or may not be true, but we will not know
until the genes are identified and characterized.
The other cluster on LG17 also aligns with a region

previously identified as having QTL for eye size, number
of maxillary teeth, number of melanophores and number
of ribs (Figure 1B). Thus, as with LG2, there is no
evidence that the associations of VAB, SN and eye size
QTL reflect any exclusive interactions among them.
Interestingly, the eye QTL previously identified in this
region has the opposite polarity of almost all known eye
QTL [4], including the one identified by Jeffery and col-
leagues [2], because the cave fish homozygotes have lar-
ger eyes than the surface fish homozygotes (Table 1).
The differences in polarity suggest that the two eye QTL
are caused by different alleles at the same or closely
linked loci, which is not surprising because they were
discovered in different mapping progenies. Nevertheless,
the contrasting polarities highlight the dangers in mak-
ing sweeping generalizations based on few observations.



Table 1 Trait values for the QTL on LgP07 and LgP17
(Figure 1)

Evolutionary

Trait Genotypic classes significance

CC CS SS

LgP07

Eye size 0.82 0.98 1.03 Adaptive (?)

Melanophore # 50.2 32.9 23.4 Neutral

Maxillary teeth 2.50 2.60 2.68 Maladaptive

Condition factor 1.05 0.98 0.96 Adaptive

Weight loss −0.42 −0.34 −0.33 Maladaptive

Anal fin rays 22.2 22.2 21.8 Neutral (?)

Depth caudal ped. 0.102 0.102 0.098 Maladaptive (?)

Suborbital (SO3) width 0.67 0.63 0.59 Neutral (?)

LgP17

Eye size (ET) 0.96 0.90 0.81 Maladaptive (?)

Eye size (EMT) 1.16 1.11 0.98 Maladaptive (?)

Melanophore # (EMT) 40.36 26.74 25.3 Neutral

Maxillary teeth 3.07 2.44 2.11 Adaptive

Maxillary teeth (ET) 3.99 3.29 3.08 Adaptive

Maxillary teeth (EMT) 3.12 2.23 1.90 Adaptive

Thoracic ribs 11.8 12.3 13.1 Neutral (?)

CC cave allele homozygote, CS heterozygote, SS surface allele homozygote
Trait values for LgP07 were taken from [3]. Trait values for multi-trait QTL were
calculated from allelic substitution values in [3] or computed from the original
files used for QTL detection [6].
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Second, the argument that selection for VAB drove eye
regression hinges on there being significant alignment of
QTL for the two traits. But in LG2, LOD the (logarithm of
the odds) score profiles of the QTL for VAB and eye size
do not coincide. The peaks for the two QTL are over 20
cM apart (Figure Three B in [2]), and it is highly
unlikely that the two traits reflect pleiotropic effects of
the same gene, a point already commented upon [5], or
even that linkage is tight enough for effective hitchhik-
ing. Overlap of Bayesian credible intervals provides lit-
tle information about the probability that the positions
of two QTL coincide; the less well defined the QTL,
the greater the overlap.
Third, most QTL for eye size in Astyanax have negative

polarity, with the cave homozygote classes [6]. This obser-
vation is consistent with direct selection against eyes. It is
inconsistent, however, with genetic drift or indirect selec-
tion through pleiotropy, both of which predict QTL with
mixed polarities. Finally, and importantly, it is difficult to
envision any evolutionary series consistent with the hy-
pothesis that selection for VAB drove eye regression. VAB
is mediated by superficial neuromasts in the eyeless orbit,
which structure did not exist in the ancestral state.
In summary, there is no genetic support for the asser-

tion [2] that selection for VAB drove the loss of eyes in
Astyanax cavefish, much less the suggestion that it is a
general mechanism. Based on all the current evidence,
the most parsimonious explanation is that eye regression
provided a clear field for the proliferation of superficial
neuromasts and perhaps passively facilitated the evolu-
tion of VAB.

Abbreviations
LG: linkage group; QTL: quantitative trait loci; SN EO: superficial neuromasts
in the eyeless orbit; VAB: vibration attraction behavior.

Competing interests
The author declare that he has no competing interests.

Acknowledgements
This work was supported by NSF grant IOS- 0821982.

Received: 23 April 2013 Accepted: 20 May 2013
Published: 11 July 2013

References
1. Yoshizawa M, Goricki S, Soares D, Jeffery WR: Evolution of a behavioral

shift mediated by superficial neuromasts helps cavefish find food in
darkness. Curr Biol 2010, 20:1631–1636.

2. Yoshizawa M, Yamamoto Y, O’Quin KE, Jeffery WR: Evolution of an
adaptive behavior and its sensory receptors promotes eye regression in
blind cavefish. BMC Biol 2012, 10:108.

3. Protas M, Tabansky I, Conrad M, Gross JB, Vidal O, Tabin CJ, Borowsky R:
Multi-trait evolution in a cave fish, Astyanax mexicanus. Evol Dev 2008,
10:196–209.

4. Protas M, Conrad M, Gross JB, Tabin C, Borowsky R: Regressive evolution in
the Mexican cave tetra, Astyanax mexicanus. Curr Biol 2007, 17:452–454.

5. Gunter H, Meyer A: Trade-offs in cavefish sensory capacity. BMC Biol 2013, 11:5.
6. Trajano E, Bichuette ME, Kapoor BG: Biology of Subterranean Fishes. Enfield,

New Hampshire: Science Publishers; 2010.

doi:10.1186/1741-7007-11-81
Cite this article as: Borowsky: Eye regression in blind Astyanax cavefish
may facilitate the evolution of an adaptive behavior and its sensory
receptors. BMC Biology 2013 11:81.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Abbreviations
	Competing interests
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


