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respectively (Tanakaetal., 2009). These associations have been fur-
ther confirmed by candidate gene studies in various populations
(Schaeffer et al., 2006; Malerba et al., 2008; Martinelli et al., 2008;
Lattka et al., 2009, 2010; Rzehak et al., 2009; Bokor et al., 2010;
Glaser et al., 2010; Mathias et al., 2010; Merino et al., 2011). In
addition, these GWAS have found association between FADS1
and FADS2 SNPs and cardiovascular disease (CVD) risk factors
(Tanaka et al., 2009). Both genes are located on chromosome
11912-gq13.1. Genome-wide linkage and association studies have
been conducted with plasma fatty acids (Schaeffer et al., 2006;
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all household members. Anthropometric measurements, height,
weight, and waist and hip circumference, were measured by stan-
dardized procedures. Body mass index (BMI) was calculated by
dividing weight (kilograms) by height (meters) squared. Body fat
was measured using a Quantum |1 bioelectrical body composition
analyzer (RJL Systems, Clinton Township, MI). Triglycerides, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and
total cholesterol were measured using an auto analyzer (Hitachi
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levels of erythrocyte and plasma D5D (Table 5). None of these
SNPs showed posterior probabilities greater than 0.5 for estimated
plasma or erythrocyte D6D activities.

CONDITIONAL LINKAGE

A linkage scan conditional on the three SNPs, which showed pos-
terior probability of 0.8 and greater, decreased the LOD score for
erythrocyte D5D significantly from 3.5 to 1.5 for CPT1A SNP and
1.9 for FADS1 and FADS2 SNPs (Figure 4).

EXAMINATION OF C/S-REGULATED FADS1, FADS2, AND CPT1A
TRANSCRIPTS IN MEXICAN AMERICANS

In a previous study by Goring et al. (2007), linkage analysis was
conducted to identify genetic factors that affect the variation in
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the levels of gene expression. The study identified a number of
known cis-regulated transcripts with high-magnitude LOD scores.
Included among these, FADS1, FADS2, and CPT1A transcript
levels were found to be strongly associated with SNPs located
nearby (cis) their coding locus, with p-values ranging from 10~7°
to 10~7. Just as in the GOCADAN study, these SNPs were also
tested for their association with cardiovascular risk factors, heart
rate, plaque, triglycerides, HDL, LDL, and total cholesterol in
the SAFHS, a large family-based study of genetics of coronary
artery disease in Mexican Americans. Nominal associations were
obtained between the SNPs and ApoAl, and HDL, LDL, total
cholesterol and heart rate in the SAFHS (Table 6).

DISCUSSION

The key finding of this study is the strong statistical support for
functional effects of FADS1, FADS2, and CPT1A SNPs on the vari-
ation in estimated erythrocyte and plasma D5D, a rate-limiting
enzyme in the conversion of essential fatty acids to AA (20:4 w-
6) and EPA (20; 5 w-3). High heritability estimates for estimated
plasma and erythrocyte D5D and D6D activities observed in this
study show that there is a significant genetic influence on their
variation. Although no study has so far computed heritabilities for
desaturase activities, heritabilities of their individual components
have been estimated and have been found to be lower than our
desaturase estimates (Tanaka et al., 2009; Voruganti et al., 2010).
Similarly, no linkage studies have been conducted for estimated
desaturase activities. A genome-wide scan conducted for plasma
and erythrocyte D5D and D6D activities in the current study
showed evidence of a highly significant QTL on chromosome
11912-g13 for estimated erythrocyte D5D. This region has four
potential candidate genes, FADS1, FADS2, CPT1A, and DHCR?7.
To follow up on our QTL, we genotyped SNPs in the four potential
candidate genes and conducted measured genotype-based associ-
ation analyses with estimated plasma and erythrocyte D5D and
D6D. Desaturases are key enzymes facilitating the introduction
of double bonds between carbon atoms of fatty acyl chains in
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converted to acylcarnitines by CPT1A enzyme and transported
across the mitochondrial membrane (Prip-Buus et al., 2001). In a
study conducted in a Greenland Inuit population, Rajakumar et al.
(2009) found that variant P479L of CPT1A was very common and
was associated with higher levels of HDL and ApoAl and thus
may be protective against atherosclerosis. In a study in Canadians,
CPT1A and CPT1B variants were associated with obesity traits.
In addition, the investigators found that the dietary intake of fat
seemed to modulate these associations, particularly in individu-
als who were consuming high-fat diets (Robitaille et al., 2007).
In another study, haplotypes of CPT1A were associated with left
ventricular mass in essential hypertension (Tripodietal., 2005). In
the current study, the minor alleles of all three genes were associ-
ated positively with all CVD risk factors and with both desaturase
activity estimates.

The BQTN analysis helps narrow down the variants for fur-
ther molecular and functional analyses by identifying which SNP
has the highest probability of being associated with the pheno-
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the human liver carnitine palmitoyl-


http://dx.doi.org/10.1371/journal.pmed.1000252
http://dx.doi.org/10.1371/journal.pgen.1000338
http://dx.doi.org/10.3389/fgene.2012.00086
http://www.frontiersin.org/Genetics
http://www.frontiersin.org/Applied_Genetic_Epidemiology
http://www.frontiersin.org/Applied_Genetic_Epidemiology/archive
http://creativecommons.org/licenses/by-nc/3.0/

	Variants in CPT1A, FADS1, and FADS2 are associated with higher levels of estimated plasma and erythrocyte delta-5 desaturases in Alaskan Eskimos
	Introduction
	Materials and methods
	Study design
	Demographic and phenotypic data
	Genotype data
	SNP selection and genotyping
	Statistical analyses
	Univariate genetic analysis
	Measured genotype analysis (MGA)
	Bayesian quantitative trait nucleotide analysis
	Conditional linkage analysis

	SNP genotyping and identification and analysis of expression transcripts in Mexican Americans

	Results
	Estimation of heritability and localization of QTLs
	Measured genotype analysis
	BQTN analysis
	Conditional linkage
	Examination of cis-regulated FADS1, FADS2, and CPT1A transcripts in Mexican Americans

	Discussion
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <FEFF00560065007200770065006e00640065006e0020005300690065002000646900650020 /0FXTrimBoxT4006e0064007300740069006c006c0069006e006700650072006e00650020007400672006500740fimBoxT5002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020n0042007200750Gf7ad87248650072535f00521b5efa768400460020n00420650020 /e06c00690074006500740073007500640073006b0072006406e0079006500720065002e>
    /DEU <O7t9sges false
  W2fb66e0079032fb66e700740065002200690076702000740067406e006500200072007se
  W2fb10650020602d0064006f006f007200724075006d006020 /e06e006500200072007se
 5002000420064006400730070460020nc300260a853ef4ee020 /00740065002e407500640073006b007400650022a07400655a66f49ad87248672c65007f679032fb66e700640073006be0521b5efa768400200050004400460020nd0065006e007020n00420650020 /e06c006900740065007400730075006400720061007f00740075e49ad87248672c650075006c006e00300020006f00670020006e007900650074006400730070460553ca66f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f49ad80072006f00620061807f00748072006f00620061f49ad87f007400740074007200200065007400740065002000640073006be0200064ESP0650020 
  W2fb66e0fa76840000740020007500640073007500641060004100630065006e007e0064f0652007958b555f30200064007f30200042U <O7t9sges 53706548679c50720020006b0065e062006110200077958b90750062006166f49ad8307400650074007300750064f0200041006c0020006b0076006436e7958b555f5df60064f0200041006336e00790065e00300020006f00670020006e0079006500204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004600649
  W2f70FXTrimBoxT4ges fals079006545020004100670064f02000430072006f006 fals0795006e0074006be0200064FRA0650020 /50740020006f0070979500200072a071006336e0502000410065006d00654es fals07900650004100655df200740076004200630065006e007436e5002e9efa7acb768400225efa7acb3062006166f49ad830740065007400730075006b3062006400650072002000740069006c0020006b00760064W2fbf0250074007400225efa7acb3062006e9efd0065006e007452f70FXTrimB306200610020006500725efa7acb306200619065007d0065006e00740064ges fals07900650004100630065006e007e80fb106500250064007200671065002000200065006c006e9
  W2f730250074007400225efa7acb306200619065007d0065006e90650074002000675efa7acb3062006166f4006e007e20250074007450fb1065002be0521b5ecefa7acb3062006166f49ad830740065007400730075006b3062006c0020006b0076006436e7958e9
 e9020004100670064007452f70FXTrim300750062006ea075006b00740069006bf02500740FXTrimBoxT44acb3062006166f400200067306200640065006f00670020006e0079006500204ee40020500740fimBo30072006710650022760553ca66f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f40020006500740FXTrimBoxT4ges fals0790065000410067500020nd006e9065006e9065007452f7006e0074006be0200064ITA0650020 /50740020006f00709795a795a79b106520000072006710650020006520005000506200619065007d0064f020004300721795a79bfals0790065490410067006400742076006436e7958b555f5dff006e0067006500729ad83074006500740073007500640072006f00620072002000740069006c0020006b00760064W2fb007420760064006400731
  W2f7302566f40020007d0064106700650072007200671065002000200065006c006e0
  W2f730255
  W2f7302566f40020007d00641063007500640072006 53706548679c0067002053ef4eea7acb768400225efa7acb306200724075006d0060e0521b5e9067006500729ad83074006500740073007500640072006c0020006b0076006436e7958b555f5df500640072006d0064f020004336e007900654f06b0074006520003eea7acb768se
  W2fb1065W2fb0074207500640072006 36e00790065e00300020006f00670020006e00790065006 5370654553ca66f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f4002 W2f70FXTrimBoxT4ges fals079006549
  W2f73025007f3020006400740064ges fal70FXTrimbe0200064JPN0650029ad854c18cea51fa529b7528072006f00620072002000740069006c0020006b00760658766f839004f5c6214406b4f7f75283054ge7e3059006b5378693766423900753b8cea3092670259279400406b4fdd406430534068304c4064ge4dge7e3059006b30c4geb900af30c830c340d740d740ea30f340bf4064ge6e53786937ge7e305f406f40d740eb30fc40d57528306b9s  (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.)200064NOR0650020642imBoxT45062007700650072007520003eea7ac200619065e090065000440020006f0070c0619065e090707400730074002 W2f70020006f0072006e0069006bf0256548679c00675074002050005062006f00620072002000740069006c0020006b0076d06200720020b074006500740073007500647acb7684002260ls07950066006400644acb3060b074006e906560790065006 1al70FX2007e80ff80f49
  W2f0b074602000200065006c0064002000650074006e0069006b20ls079500664acb3060b074006e90670FXTrimBoxT606f4002f0070c061007420760064679c0067002053ef4eea7acb7684e069006c0020006b0076d06200720020b074006500740073007500647ac30074002 W2f0b07410630072006e0065W2fbe064007400620061906e00300020006f00670020006e00790065006 537f0070c06100742076006553ca66f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f4002f0070c06100742076006430647ac30074002b768se
  e0200064PTB0650020 /50740020006f00709795a794002 W2f000740064ges 10740062006136e0079006546020006f707452f7006e107e707f00200065200400225efa7ac4002260ls0795006500740025006 1al6006436e7958b905f5dff0067006500729ad8307400650074007300750064f00b3062006400650072002000740069006c0020006b00760064W2fb12f7006e107200619065007d0065006e00740064gesf00200065200400225efa7ac400271065002000200065006166f400205efa7ac400220065007200619065007d0065006e00740064gess079500651065200400225efa7acb306200724075006d006006f4002 W2f50072007520000064f0200045006c006490670FXTf065200400225efa7ac40027679c0067002460200020e0521b5ef065200400225efa9ad8307400650074007300750064f00b3062006c0020006b0076006436e7958b96f400205efaf00b306200600064f0225efa7ac5007200603eea7acb7685006 1al00074006420750064f0652004002236e0079000720061f06900640065006f00670020006e00790065006 53706541f0690064006566f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f4002 W2f70FXTrimBoxT4gesf002000652004002d0064f0200043007256e7958b96f40795006500652004e0200064SUO065002064007e4067006c006e0065006 e06e0066006c006e0065006 10603eea7acb4xT450620074ges fals0020c
  W2f0b0740073007 W2f0c0740073f0790065006400650072002000740069006c0020006b00760066d06200720020b0740065007400730075006500647ac3a06e10720061c55f5df2006500745062007 10603ee7406e107200674067006f602d006f602d006c006e006b4xT45062c064f0200043007750603ee7406e10720063a06e107200670FXTrim05efaf00b3063007750603ee7406e1072006460200024207500640073007 007 W2f50064c0740073f075007450690065006c0020006b0076d06200720020b074006500740073007500649069006500670FXTf065006166f4002010630072006 1al70FXe0079006e107200640065006f00670020006e00790060006f0070c06110720063a06e10720064006566f49ad87248672c4f86958b555f5df25efa7acb76840020005000440043a06f0070c06110720063a06e10720064506950225efa7ac500750075006f0070c0611072e0200064SVE065002064106300770FXe0066e0225ef400225efa7ac40022806e006b7685006 9065e0903ee7406e00660070c061e0619065e090707412f7006ee061107200630790007200610074506500670FXT006f0070c06200603eea007 1060006 1al6006f00620072002000740069006c0020006b0076d06200720020b07400650074007300750064002260lf602d7685006 b074602000200065006c006400200067306400644acb3060b074006e906560790061007420760064679e507200646020002ee06100650061706e107200643060b074006e90670FXT12f7006e53706541f06236e08064002260lf602d7685006 b07407950067006e53720072407452f7006 007 W2f500653eea007 1060006 1al25efa7ac4002c0020006b0076d06200720020b074006500740073007500640022b02010630072006f602d0065W2fbe064106520040022906e00300020006f00670020006e00790065006 f06236e080640024006566f49ad87248672c4f86958b555f5df25efa7acb7684002000500044004606f4f06236e08064002430647ac3007412f7006e5370e0200064ENU (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.)200>0200/Namespace [20006(Adobe)20006(Common)20006(1.0)200]200/OtherNamespaces [20006<<2000600/AsReaderSpreads false2000600/CropImagesToFrames true2000600/ErrorControl /WarnAndContinue2000600/FlattenerIgnoreSpreadOverrides false2000600/IncludeGuidesGrids false2000600/IncludeNonPrinting false2000600/IncludeSlu1064506950225efa7ac5007500750i006b0C06436e795se2000600/Iuality pun2000600/Iua4]200/OOOOO]efa7ac50OmitPl50idBitmape2000600/IncludOmitPl50idEPS2000600/IncludOmitPl50idcume000600/IncludSimu)200des rs an /Legacy0/Inc>><2000600/AsReadeddBleedMarke2000600/IncludeddColorBare2000600/IncludeddCgesMarke2000600/IncludeddPFraInfo2000600/IncludeddRegMarke2000600/Includue2es tColors500oue2es sion0/Includty alsatitingofile0750 ()0/Includty alsatitingofileSelectlit/NA0/Includtownsample16BitToFram000600/ErrorCnerIgnorePrttit0600/AsRea0650rttitSelectlit/MediumResolution0/Inclu>><2000orCnormElefor qua00600/IncludGnore200S006cture000600/ErrorCeSlu106Bookmarke2000600/IncludeSlu106Hyperlinke2000600/IncludeSlu106Iand active2000600/IncludeSlu106Layere2000600/IncludeSlu106ngofilem000600/ErrorCMultimediaHterllse2/eseObjectSs to crefa7ac5007500750i006b0C06436e795se2000600/Iuad PDFiveSuite2000600/Iua2]200/OOOOO]efa7ac50cumXOutputIandntngofileSelectlit/NA0/Includ0rttirveEdialse200600/ErrorCUntaggedCMYKHterllse2/LeaveUntagged0/ErrorCUntaggedRGBHterllse2/LeaveUntagged0/ErrorCUseDts can Bleed2000600/Inc>><20]
>>ngs di allls ratrus
600/A/HWResolution [2cb7 2cb7therNPFraSizi00612]2b7 792]2b7]
>>ngs pFradevice


