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Abstract

WNIN/Obese (WNIN/Ob) rat a new mutant model of metabolic syndrome was identified in 1996 from an inbred
Wistar rat strain, WNIN. So far several papers are published on this model highlighting its physical, biochemical and
metabolic traits. WNIN/Ob is leptin resistant with unaltered leptin or its receptor coding sequences - the two well-
known candidate genes for obesity. Genotyping analysis of F2 progeny (raised from WNIN/Ob × Fisher - 344) in the
present study localized the mutation to a recombinant region of 14.15cM on chromosome 5. This was further
corroborated by QTL analysis for body weight, which narrowed this region to 4.43 cM with flanking markers
D5Rat256 & D5Wox37. Interval mapping of body weight QTL shows that the LOD score peak maps upstream of
leptin receptor and shows an additive effect suggesting this as a novel mutation and signifying the model as a
valuable resource for studies on obesity and metabolic syndrome.
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Introduction

Obesity, referred to as overweight due to excess fat
accumulation has assumed epidemiological proportion in the
last decade [1,2] along with its associated disorders [3-6].
Medical world is now grappling with this modern malady and
strategies are being evolved to tackle this problem.
Development of several animal models over the years in
different parts of the world has advanced our knowledge on
obesity [7-14], yet the quest to overcome the syndrome X has
been elusive demanding for novel natural mutant models.

National Centre for Laboratory Animal Science (NCLAS) at
National Institute of Nutrition (NIN), India is maintaining one of
the oldest Wistar rat stocks (since 1920), designated as WNIN.
During 1990’s, a ‘Fat’ rat with about 47% of its body weight
representing fat was identified from this stock, and later by
pedigree and back cross analysis, a mutant strain was
established as a uni-locus model for obesity trait, designated
as WNIN/Ob. The pattern of inheritance was found to be
autosomal incomplete dominance and the strain exhibited three
phenotypes viz., lean, carrier (heterozygote) and obese,
inherited in a Mendelian fashion, identifiable by morphology,
body weight as well as by a kinky tail association (only in
carriers and homozygous obese). Incomplete dominance and

co-segregation of kinky tail are unique characteristics shown by
this model in comparison to the existing rodent models of
obesity [15]. It is the biggest rat (1.4Kg) of its genre ever
recorded in the world [16,17]. With features like hyperphagia,
hypertriglyceridemia, hypercholesterolemia and
hyperleptinemia, it turned out to be a worthwhile model for
metabolic syndrome, with accelerated ageing and degenerative
disorders like impaired immunity, tumours, infertility, polycystic
ovaries, cataract and retinal degeneration [18-21]. Coding DNA
sequences of the known genes of obesity like leptin and leptin
receptor seems to be unaltered in this animal model [22]. Our
preliminary genome scan performed in the F2 progeny of a
cross between WNIN/Ob x Fisher 344, using microsatellite
markers, spanning an average genetic distance of 20cM
interval , led to the identification of a marker- D5Wox256 - on
chromosome No.5 showing association with obese trait. The
present analysis reported here is our attempt to fine map this
region further with an objective to narrow down the obese locus
in question.
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Materials and Methods

Animal Experiments
Ethical consent.  Animal experiments in the study were

conducted after obtaining consent from Institutional Animal
Ethical committee (IEAC), NCLAS, NIN.

Genetic Resource.  Rat strains employed for the study were
bred and maintained at NCLAS, NIN. Food restricted male
obese rats (competent for reproduction) from WNIN/Ob (n= 5)
and female rats from Fischer-344(n=13) representing F0

generation were crossed to raise F1 progeny. F1 progeny rats
(20 males x 40 females) were inter-crossed to raise F2

progeny.
Maintenance of Rats.  Rats were housed in clean

polypropylene cages with sterilized paddy husk as bedding
material. Room temperature was maintained at 22±2°C with
14-16 air changes per hour and 55±5% relative humidity. Rats
were maintained with 12 hour light-dark cycles and the animals
had free access to food and water.

Analysis
Test for Mendelian inheritance.  Chi-square (χ2) test was

conducted in F2 progeny to test for the expected 1:2:1 ratio of
lean, carrier and obese phenotypes respectively. Observed
ratios were considered significant for χ2 value < 5.99 (df=2; p-
value > 0.05). Phenotypes were identified based on
morphological characteristics, body weights and kinky tail
association.

Body weight measurements and statistics.  Body weights
of the rats were recorded at 3 months age using standard
electronic balance with a precision of 1gm (Sartorius,
Germany). Descriptive statistics like range, inter-quartile range
and Median values were used to describe body weights of the
observed phenotypes. Kruskal-Wallis (χ2) and Wilcoxon rank
sum tests (W) were performed to infer body weight differences.
Test statistics with p-value ≤ 0.05 were considered significant.
Analyses were carried out on ‘R’ software through ‘R
Commander’ [23].

Genomic DNA isolation.  Tails were clipped from F0 and F2

rats and genomic DNA was isolated from them using Qiagen
genomic DNA isolation kit.

Genetic Markers.  Five microsatellite DNA markers
polymorphic between WNIN/Ob and Fischer-344(F-344)
spanning genetic distance of 31cM (as per SHRSPXBN genetic
map, Rat Genome Database [24]) and flanking D5Rat256 were
selected for the study. Upstream flanks were D5Rat98,
D5Got131 and downstream flanks were D5Wox37, D5Rat235,
and D5Rat69. Primer sequences for the above markers were
obtained from Rat Genome Database [25].

Genotyping.  Genotyping was performed on ABI-377
machine at Rockefeller University. A total of 68 F2 progeny (66
obese+2carriers) were genotyped. Genotypes were
constructed by scoring for alleles of WNIN/Ob and F-344. Rats
showing alleles of WNIN/Ob were coded as ‘A’, Rats showing
alleles of F-344 were coded as ‘B’ and Rats showing alleles of
both WNIN/Ob and F-344 were coded as ‘H’.

Tests for association of markers with obese trait.  The
genotyped F2 obese rats at each marker comprised about

63-66 (126 to 132 meioses). Recombination fractions (θ) were
calculated as: number of meiotic recombinations detected /
number of meioses scored. χ2 tests were conducted for each
marker to determine deviation of the observed number of
meiotic recombinations (1*H, 2*B) from the expected 50% . χ2

value > 10.83 (df=1; p<0.001) were considered significant.
Logarithm of Odds (LOD) scores were calculated to determine
linkage using the formula, Z = (((1-θ)^NR)*( θ^R))/(0.5^NR+R),
where NR is the number of non-recombinants and R is the
number of recombinants [26]. F2 obese rats showing ‘A’
genotype at a marker were scored as non-recombinants and
‘H’ or ‘B’ genotype as recombinants. LOD scores ≥ 3 were
considered significant. As LOD scores cannot be calculated for
‘θ’ = 0, the value was set to 0.001 for the respective marker
assuming less than 0.01% recombination fraction. Estimates of
linkage disequilibrium (Dꞌ) and its correlation coefficient (r2)
were obtained through ‘Gentics’ package for ‘R’ software [27].
As calculations could not be performed for marker loci with
single allele, a rare allele was introduced to one of the
individuals at the respective marker loci. Dꞌ > 0.6 suggest for
linkage disequilibrium. r2 = 1 suggest for perfect linkage
disequilibrium.

Estimation of Genetic map distances.  ONEMAP package
for ‘R’software [28] was used for the analysis. F2 inter-cross
data was prepared as per format and piped for the following
estimations. Recombination fractions were estimated between
all pairs of markers using two point tests with threshold LOD
score of 4 and maximum recombination fraction of 3.5. Markers
were assigned to linkage groups using the same above
thresholds. Kosambi mapping function was used to display the
genetic map. Markers of the linkage group were ordered by
two-point based algorithm (Seriation). A framework of ordered
markers was derived by comparing all possible orders using
‘Compare’ function. ‘Ripple’ function was used to permute
sequentially with 4 markers per subset to check for any
plausible alternative orders.

QTL analysis
Test for Association of marker with Phenotype

(bodyweight).  To determine association between the marker
and bodyweight phenotype, single factor analysis of variance
was conducted on body weights of F2 progeny rats with ‘A’
genotype versus ‘H’ genotype. Microsoft Excel-2007 was used
for the above analysis. Association was considered significant
for p< 0.001.

Interval mapping.  R/QTL package was used for the
analysis [29]. Markers with genotype, phenotype, and map
distance data (estimated using ONEMAP package) were
imported into R/QTL. Genotype probabilities were calculated
every 0.2cM interval to represent the interval map. QTL
mapping was carried under normal model using EM algorithm.
One thousand permutations were conducted to determine LOD
significance thresholds and p-value for the peak LOD score.
Confidence intervals for the QTL were generated by conducting
1000 bootstrap replicates. Additive and dominant effects of the
QTL were estimated. Proportion of phenotypic variance (R2) for
the linked markers was determined using QTL cartographer
[30].

Obese Locus of WNIN/Obese Rat Model

PLOS ONE | www.plosone.org 2 October 2013 | Volume 8 | Issue 10 | e77679



Results and Discussion

The mutation reported in WNIN/Ob is uni-locus with three
differentiating phenotypes, i.e., lean(+/+), carrier(+/-) and obese(-/-)

[15]. The F2 progeny in the present study represented a total of
305 rats among which lean were 77, carriers were 151 and
obese were 77. Test for Mendelian inheritance of obese trait
suggested that F2 progeny follows 1:2:1 ratio (χ2=0.052). The
probability of occurrence of Mendelian ratio calculated from the
present study is more than 95% (p>0.95; df=2). The mutation
causing obesity in WNIN/Ob was reported as incomplete
dominant where, rats of carrier phenotype were comparatively
heavier than their lean counterparts [15]. F2 progeny in the
present analysis showed a similar trend. Body weights (gms) of
F2 progeny ranged from 156 - 432 in lean rats, 150 - 480 in
carrier rats, and 330 - 650 in obese rats. The likely range of
variation i.e., Inter Quartile Range was 214 - 314 in lean, 232 -
361 in carriers and 440 - 546 in obese rats. Median values
were 238, 289, and 501 for lean, carrier and obese rats
respectively (Figure 1). Kruskal-Wallis test suggested a
significant difference (χ2=165.134, df = 2, p-value < 2.2e-16)
between the phenotypes. Pairwise comparison by Wilcoxon
Rank Sum test showed significant differences for lean versus
obese (W=46.5, p-value<2.2E-16), lean versus carrier
(W=7485, p-value=4.8E-04) and carrier versus obese
(W=331.5, p-value<2.2E-16). These results re-confirm or
previous findings on Mendelian inheritance and incomplete
dominant nature of obese mutation identified in WNIN/Ob.

Preliminary analysis on genome wide scan in F2 progeny,
identified a genetic marker (D5Rat256) associated with obese
phenotype. With the objective to narrow down towards
mutation causing obesity, five additional markers were
genotyped in the vicinity in F2 progeny. All the six markers,
D5Rat98, D5Got131, D5Rat256, D5Wox37, D5Rat235,
D5Rat69 showed less than 50% recombination with obese
locus as indicated by their recombination fractions (θ)
suggesting for an association. Chi-square test conducted for
the above, showed a significant association for five markers
D5Rat98, D5Got131, D5Rat256, D5Wox37, and D5Rat235.
Linkage analysis revealed a significant linkage of the markers,
D5Got131, D5Rat256, D5Wox37, and D5Rat235 with obese
locus as indicated by their LOD scores. Highest LOD score
was observed for D5Wox37 suggesting for a tight linkage. All
the markers showed linkage disequilibrium with obese locus
where as only one marker, D5Wox37 showed perfect
disequilibrium as explained by the r2 value (Table 1)

To estimate genetic map distances between the six markers,
the genotype data of F2 progeny (Table S1) was subjected to
linkage analysis. Recombination fractions estimated between
all the marker pairs were less than 0.24. Assignment of
markers to linkage groups resulted in formation of a single
linkage group. Ordering of markers resulted in the following
sequence: D5Rat98 - D5Got131 - D5Rat256 - D5Wox37 -
D5Rat235 - D5Rat69. Log-likelihood ratio observed for the
above sequence was -217.5473. No plausible alternative order
of markers was detected from permutation tests. The order of
markers obtained from the above analysis is in agreement with

Figure 1.  Boxplot showing distribution of body weights in the three phenotypes of F2 progeny rats, Lean(n=77),
Carrier(n=151) and Obese(n=71).  
doi: 10.1371/journal.pone.0077679.g001

Obese Locus of WNIN/Obese Rat Model
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their physical map positions [31]. Genetic distance of 18.76cM
was observed between the markers D5Rat98 and D5Rat235 in
the present analysis, against known distance of 14.5cM
(SHRSP X BN cross [24]) and a genetic distance of 16.66cM

Table 1. Association test scores for obese trait vs markers.

Paired loci θ χ2 LOD score D' r2

Ob-D5Rat98 0.13 14.06* 1.36 0.94* -0.03
Ob-D5Got131 0.08 28.45* 5.55* 0.91* -0.02
Ob-D5Rat256 0.05 42.25* 10.17* 0.83* -0.02
Ob-D5Wox37 0.001 66.00* 19.84* 0.99* 0.99*
Ob-D5Rat235 0.06 36.94* 8.26* 0.87* -0.02
Ob-D5Rat69 0.21 1.29 -3.02 0.96* -0.04

Recombination fraction (θ) is the number of meiotic recombinations detected/
number of meioses scored. χ2 value with * suggest that the observed number of
meiotic recombinations differ significantly from 50% with p<0.001. LOD score > 3
suggest for a significant linkage. D' values with * suggest that the paired loci
showed linkage disequilibrium. r2 value with * explains the perfect disequilibrium.
doi: 10.1371/journal.pone.0077679.t001

was observed between D5Rat235 and D5Rat69, against
known distance of 17cM (SHRSP X BN cross [24]). The
increase in genetic distance between D5Rat98 and D5Rat235
observed in the present analysis could be mainly due to
increase in the markers density. This study reports for the first
time the genetic distances for the markers D5Got131,
D5Rat256, D5Wox37 with known mapped markers, D5Rat98,
D5Rat235, D5Rat69 (Figure 2). The markers showing
significant linkage with obese locus spanned a genetic distance
of 14.15cM (D5Got131- D5Rat235).

To further analyze the genomic region that is associated with
obese trait, quantitative trait locus (QTL) mapping of the
incomplete dominant phenotype (body weight) was carried out.
As discussed earlier, rats with ‘Obese’ phenotype showed
significantly higher body weights compared to their ‘Carrier’ or
‘Lean’ counter parts and ‘Carriers’ were comparatively heavier
than their ‘Lean’ counterparts. To determine whether a
quantitative trait locus for the excess body weight exist in the
currently analyzed genomic region, association tests were
conducted between the genotyped markers and the phenotype
(Body weight). Two markers D5Rat256 and D5Wox37 showed
a significant association with excess bodyweight as shown by

Figure 2.  Genetic map distances (cM) were estimated between the markers using F2 progeny genotype data (n=68).  
doi: 10.1371/journal.pone.0077679.g002
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the ‘F’ ratios (Table 2) suggesting for the presence of QTL.
Genetic distance estimated between the two markers was
4.43cM (Figure 2). Interval mapping conducted in this genomic
region resulted with LOD scores of 4.07 and 4.82 respectively
for the two markers D5Rat256 and D5Wox37. The estimated
LOD significance threshold (LOD = 1.92, for p=0.01) has
confirmed the suggestive nature of the QTL. Confidence
intervals (CI) generated from bootstrap analysis resulted with
LOD scores 3.0 and 3.88 respectively at the two markers,
D5Rat256 and D5Wox37. The proportion of phenotypic
variance (R2) explained by the two markers was 10.35% and
27.48% respectively. Rat genome database shows 42 QTLs
[32] for various disorders which overlap with the genomic
region flanked by the two markers D5Rat256 and D5Wox37
and among them, many QTLs were found to be associated with
metabolic syndrome [33-36]. Further, Rat Genome Database
shows 61 genes between the two linked markers (Table S2).
Leptin Receptor, the well known candidate gene for obesity is
also present between the two linked markers. Multiple
polymorphisms have been reported at Leptin receptor causing
obesity phenotype in various rodent strains [7] and mutations in
most of them were recessive in nature. While in others the
mutation was on leptin receptor, it doesn’t seem to be so in
WNIN/Ob as evidenced from the interval mapping. The most
likely or the putative QTL position showed a peak LOD score of
4.87( p=0 ) and was distanced 0.76 cM upstream of D5Wox37
(Location of leptin receptor). Further the estimated effects of
the putative QTL was found to be additive in nature (a±se=

44.8±38.4) and the additive effect of the phenotype was
noticed towards substituting obese allele for the normal allele
(Figure 3). Since, coding sequence for Leptin receptor seems
to be unaltered in this mutant model, mapping of the putative
QTL upstream of this gene suggests that the mutation in
WNIN/Ob is novel and hitherto not reported. Mapping of the
many QTLs for metabolic syndrome in different rodent models
in this specific genomic region makes it a ‘hot spot’. Further
analysis of this genomic region in WNIN/Ob should reveal
novel mutation associated with development of obesity in this
strain.

Table 2. Association test between marker and body weight.

Marker F P-value
D5Rat98 1.77 0.19
D5Got131 4.97 0.03
D5Rat256* 20.24 2.9E-05
D5Wox37* 25.00 4.4E-06
D5Rat235 0.36 0.55
D5Rat69 0.08 0.77

*. Markers showed significant ‘F’ ratios for their association with body weight
doi: 10.1371/journal.pone.0077679.t002

Figure 3.  Effect scan at 0.2cM interval between the markers D5Rat256 and D5Wox37 explains the additive effect of the
putative QTL.  
doi: 10.1371/journal.pone.0077679.g003
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Supporting Information

Table S1.  F2 progeny genotype data and corresponding
animal body weights (g). A= WNIN/Ob alleles; H= WNIN/Ob
alleles & Fisher -344 alleles; - missing data.
(DOCX)

Table S2.  Gene annotation - physical versus genetic
distance. Physical position of the genes was mined from Rat
Genome Database. Physical position is indicated in Million
bases (Mb) and represent the centre position of gene ((start
position + stop position) /2). Genetic distance (cM) was

obtained by fitting linear regression for Physical vs Genetic
distance of five markers D5Rat98, D5Got131, D5Rat256,
D5Wox37, D5Rat235. Equation obtained from trend line, y =
0.3356(x)-49.378. R2=0.9899.
(DOCX)

Author Contributions

Conceived and designed the experiments: RRK GN JMF.
Performed the experiments: RRK VK KKB. Analyzed the data:
RRK KKB. Contributed reagents/materials/analysis tools: RRK
GN JMF. Wrote the manuscript: RRK KKB. Edited: GN JMF.

References

1. Flegal KM, Carroll MD, Ogden CL, Curtin LR (2010) Prevalence and
Trends in Obesity Among US Adults, 1999-2008. JAMA.303: 235-241.
doi:10.1001/jama.2009.2014. PubMed: 20071471.

2. Ogden CL, Carroll MD, Kit BK, Flegal KM (2012) Prevalence of Obesity
and Trends in Body Mass Index Among US Children and Adolescents,
1999-2010. JAMA 307: 483-490. doi:10.1001/jama.2012.40. PubMed:
22253364.

3. Lavie CJ, Milani RV, Ventura HO (2009) Obesity and cardiovascular
disease: risk factor, paradox, and impact of weight loss. J Am Coll
Cardiol 53: 1925-1932. doi:10.1016/j.jacc.2008.12.068. PubMed:
19460605.

4. Dixon JB (2010) The effect of obesity on health outcomes. Mol Cell
Endocrinol 316: 104-108. doi:10.1016/j.mce.2009.07.008. PubMed:
19628019.

5. Doherty GH (2011) Obesity and aging brain: Could leptin play a role in
neurodegenaration? Curr Gerontol Geriatr Res: 2011: 708154

6. Amann K (2013) Benz K. Structural renal changes in obesity and
diabetes. Semin Nephrol 33(1): 23-33. doi:10.1016/j.semnephrol.
2012.12.003. PubMed: 23374891.

7. Leibel RL, Chung WK, Chua SC Jr (1997) The molecular genetics of
rodent single gene obesities. J Biol Chem 272: 31937-31940. doi:
10.1074/jbc.272.51.31937. PubMed: 9405382.

8. Giridharan NV (1998) Animal models of obesity & their usefulness in
molecular approach to obesity. Indian J Med Res 108: 225-242.
PubMed: 9863278.

9. Tschöp M, Heiman ML (2001) Rodent obesity models: an overview.
Exp Clin Endocrinol Diabetes 109: 307-319. doi:10.1055/s-2001-17297.
PubMed: 11571668.

10. Speakman J, Hambly C, Mitchell S, Król E (2007) Animal models of
obesity. Obes Rev 8(s1): 55–61

11. Speakman J, Hambly C, Mitchell S, Król E (2008) The contribution of
animal models to the study of obesity. Lab Anim 42: 413-432. doi:
10.1258/la.2007.006067. PubMed: 18782824.

12. Casper RC, Sullivan EL, Tecott L (2008) Relevance of animal models
to human eating disorders and obesity. Psychopharmacology (Berl)
199: 313-329. doi:10.1007/s00213-008-1102-2. PubMed: 18317734.

13. Artiñano A, Miguel CM (2009) Experimental rat models to study the
metabolic syndrome. Br J Nutr 102: 1246-1253. doi:10.1017/
S0007114509990729. PubMed: 19631025.

14. Lutz TA, Woods SC (2012) Overview of animal models of obesity. Curr
Protoc Pharmacol. Chapter 5.

15. Giridharan N, Harishankar N, Satyavani M (1996) A new rat model for
the study of Obesity. Scand_J_Lab_Anim_Sci 23: 131-137.

16. Jayaraman KS (1997) Super rat prepares to take on obesity research.
Nat Med 3: 823. doi:10.1038/nm0897-823a.

17. Jayaraman KS (2005) 'Sumo' rats set researchers on hunt for obesity
genes. Nat Med 11: 108. doi:10.1038/nm0205-108a.

18. Harishankar N, Kumar PU, Sesikeran B, Giridharan N (2011) Obesity
associated pathophysiological & histological changes in WNIN obese
mutant rats. Indian J Med Res 134: 330-340. PubMed: 21985816.

19. Harishankar N, Ravinder P, Nair KM, Giridharan N (2011) Infertility in
WNIN Obese Mutant Rats-Causes? ISRN. Endocrinologist: 2011:
863403

20. Bandaru P, Rajkumar H, Nappanveettil G (2011) Altered or impaired
immune response upon vaccination in WNIN/Ob rats. Vaccine 29:
3038-3042. doi:10.1016/j.vaccine.2011.01.107. PubMed: 21320543.

21. Reddy GB, Vasireddy V, Mandal MN, Tiruvalluru M, Wang XF et al.
(2009) A novel rat model with obesity-associated retinal degeneration.
Invest Ophthalmol Vis Sci 50: 3456-3463. doi:10.1167/iovs.08-2498.
PubMed: 19369235.

22. National Institute of Nutrition Annual report 2003-2004
23. Fox J (2005) The R Commander: A Basic Statistics Graphical User

Interface to R. J Stat Softw, 14(9): 1–42.
24. Rat Genome Database (2013, Sept17) website (Search criteria: marker

name=D5Rat235; Bin interval=20). Available: http://rgd.mcw.edu/tools/
maps/maps_view.cgi?id=1001&chr=5.

25. Rat Genome Database (2013, Sept17) website. Available: http://
rgd.mcw.edu/rgdweb/search/markers.html.

26. Strachan T, Read AP (1999) Human Molecular Genetics. 2nd edition.
NY.: Wiley-Liss.

27. Genetics: Population genetics website. Available: http://cran.r-
project.org/web/packages/genetics/ Accessed: (2013, Sept17).

28. Margarido GRA, Souza AP, Garcia AAF (2007) OneMap: software for
genetic mapping in outcrossing species. Hereditas 144: 78-79. doi:
10.1111/j.2007.0018-0661.02000.x. PubMed: 17663699.

29. Broman KW, Wu H, Sen S (2003) Churchill, G.A. R/qtl: QTL mapping in
experimental crosses. Bioinformatics 19: 889-890. doi:10.1093/
bioinformatics/btg112. PubMed: 12724300.

30. Statistical Genetics and Bioinformatics website. Available: http://
statgen.ncsu.edu/qtlcart/WQTLCart.htm Accessed: (2013, Sept17).

31. Rat Genome Database (2013, Sept17) website. Available: http://
rgd.mcw.edu/plf/plfRGD/?
chromosome=5&start_pos=100017060&stop_pos=154262844&submit
Btn=Search+by
+Position&hiddenXYZ123=&module=searchByPosition&func=form.

32. Rat Genome Database (2013, Sept17) website. Available: http://
rgd.mcw.edu/plf/plfRGD/?
chromosome=5&start_pos=114362878&stop_pos=122384169&submit
Btn=Search&hiddenXYZ123=&module=searchByPosition&func=form.

33. Ueno T, Tremblay J, Kunes J, Zicha J, Dobesova Z et al. (2004) Rat
model of familial combined hyperlipidemia as a result of comparative
mapping. Physiol Genomics. 17: 38-47. doi:10.1152/physiolgenomics.
00043.2003. PubMed: 14709677.

34. Asahina M, Sato M, Imaizumi K (2005) Genetic analysis of diet-induced
hypercholesterolemia in exogenously hypercholesterolemic rats. J Lipid
Res 46: 2289-2294. doi:10.1194/jlr.M500257-JLR200. PubMed:
16061941.

35. Herrera VL, Ponce LR, Ruiz-Opazo N (2007) Genome-wide scan for
interacting loci affecting human cholesteryl ester transfer protein-
induced hypercholesterolemia in transgenic human cholesteryl ester
transfer protein F2-intercross rats. J Hypertens 25: 1608-1612. doi:
10.1097/HJH.0b013e328182df1a. PubMed: 17620956.

36. Nobrega MA, Solberg W, [!(surname)!], Fleming S, Jacob HJ (2009)
Distinct genetic regulation of progression of diabetes and renal disease
in the Goto-Kakizaki rat. Physiol Genomics 39: 38-46. doi:10.1152/
physiolgenomics.90389.2008. PubMed: 19584172.

Obese Locus of WNIN/Obese Rat Model

PLOS ONE | www.plosone.org 6 October 2013 | Volume 8 | Issue 10 | e77679

http://dx.doi.org/10.1001/jama.2009.2014
http://www.ncbi.nlm.nih.gov/pubmed/20071471
http://dx.doi.org/10.1001/jama.2012.40
http://www.ncbi.nlm.nih.gov/pubmed/22253364
http://dx.doi.org/10.1016/j.jacc.2008.12.068
http://www.ncbi.nlm.nih.gov/pubmed/19460605
http://dx.doi.org/10.1016/j.mce.2009.07.008
http://www.ncbi.nlm.nih.gov/pubmed/19628019
http://dx.doi.org/10.1016/j.semnephrol.2012.12.003
http://dx.doi.org/10.1016/j.semnephrol.2012.12.003
http://www.ncbi.nlm.nih.gov/pubmed/23374891
http://dx.doi.org/10.1074/jbc.272.51.31937
http://www.ncbi.nlm.nih.gov/pubmed/9405382
http://www.ncbi.nlm.nih.gov/pubmed/9863278
http://dx.doi.org/10.1055/s-2001-17297
http://www.ncbi.nlm.nih.gov/pubmed/11571668
http://dx.doi.org/10.1258/la.2007.006067
http://www.ncbi.nlm.nih.gov/pubmed/18782824
http://dx.doi.org/10.1007/s00213-008-1102-2
http://www.ncbi.nlm.nih.gov/pubmed/18317734
http://dx.doi.org/10.1017/S0007114509990729
http://dx.doi.org/10.1017/S0007114509990729
http://www.ncbi.nlm.nih.gov/pubmed/19631025
http://dx.doi.org/10.1038/nm0897-823a
http://dx.doi.org/10.1038/nm0205-108a
http://www.ncbi.nlm.nih.gov/pubmed/21985816
http://dx.doi.org/10.1016/j.vaccine.2011.01.107
http://www.ncbi.nlm.nih.gov/pubmed/21320543
http://dx.doi.org/10.1167/iovs.08-2498
http://www.ncbi.nlm.nih.gov/pubmed/19369235
http://rgd.mcw.edu/tools/maps/maps_view.cgi?id=1001&chr=5
http://rgd.mcw.edu/tools/maps/maps_view.cgi?id=1001&chr=5
http://rgd.mcw.edu/rgdweb/search/markers.html
http://rgd.mcw.edu/rgdweb/search/markers.html
http://cran.r-project.org/web/packages/genetics/
http://cran.r-project.org/web/packages/genetics/
http://dx.doi.org/10.1111/j.2007.0018-0661.02000.x
http://www.ncbi.nlm.nih.gov/pubmed/17663699
http://dx.doi.org/10.1093/bioinformatics/btg112
http://dx.doi.org/10.1093/bioinformatics/btg112
http://www.ncbi.nlm.nih.gov/pubmed/12724300
http://statgen.ncsu.edu/qtlcart/wqtlcart.htm
http://statgen.ncsu.edu/qtlcart/wqtlcart.htm
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=100017060&stop_pos=154262844&submitbtn=search+by+position&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=100017060&stop_pos=154262844&submitbtn=search+by+position&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=100017060&stop_pos=154262844&submitbtn=search+by+position&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=100017060&stop_pos=154262844&submitbtn=search+by+position&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=100017060&stop_pos=154262844&submitbtn=search+by+position&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=114362878&stop_pos=122384169&submitbtn=search&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=114362878&stop_pos=122384169&submitbtn=search&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=114362878&stop_pos=122384169&submitbtn=search&hiddenxyz123=&module=searchbyposition&func=form
http://rgd.mcw.edu/plf/plfrgd/?chromosome=5&start_pos=114362878&stop_pos=122384169&submitbtn=search&hiddenxyz123=&module=searchbyposition&func=form
http://dx.doi.org/10.1152/physiolgenomics.00043.2003
http://dx.doi.org/10.1152/physiolgenomics.00043.2003
http://www.ncbi.nlm.nih.gov/pubmed/14709677
http://dx.doi.org/10.1194/jlr.M500257-JLR200
http://www.ncbi.nlm.nih.gov/pubmed/16061941
http://dx.doi.org/10.1097/HJH.0b013e328182df1a
http://www.ncbi.nlm.nih.gov/pubmed/17620956
http://dx.doi.org/10.1152/physiolgenomics.90389.2008
http://dx.doi.org/10.1152/physiolgenomics.90389.2008
http://www.ncbi.nlm.nih.gov/pubmed/19584172

	Obese Locus in WNIN/Obese Rat Maps on Chromosome 5 Upstream of Leptin Receptor
	Introduction
	Materials and Methods
	Animal Experiments
	Analysis
	QTL analysis

	Results and Discussion
	Supporting Information
	Author Contributions
	References


