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Abstract

Previously, we found that transferring 6.1 Mb of SS chromosome 12 (13.4-19.5 Mb) onto the

consomic SS-12BN background significantly elevated mean arterial pressure in response to an 8%

NaCl diet (178±7 vs. 144±2 mmHg; P<0.001). Using congenic mapping, we have now narrowed

the blood pressure locus by 86% from a 6.1 Mb region containing 133 genes to an 830 kb region

(chr12:14.36-15.19 Mb) with 14 genes. Compared with the SS-12BN consomic, the 830 kb blood

pressure locus was associated with a Δ+15 mmHg (P<0.01) increase in blood pressure, which

coincided with elevated albuminuria (Δ+32 mg/day; P<0.001), proteinuria (Δ+48 mg/day;

P<0.01), protein casting (Δ+154%; P<0.05), and renal fibrosis (Δ+79%; P<0.05). Of the 14 genes

residing in the 830 kb locus, 8 were differentially expressed and among these, Chst12

(carbohydrate chondroitin 4 sulfotransferase 12) was the most consistently down-regulated by 2.6

to 4.5-fold (P<0.05) in both the renal medulla and cortex under normotensive and hypertensive

conditions. Moreover, whole genome sequence analysis of overlapping blood pressure loci

revealed an ∼86 kb region (chr12:14,541,567-14,627,442 bp) containing single nucleotide

variants near Chst12 that are unique to the hypertensive SS strain when compared to the

normotensive BN, SR, and WKY strains. Finally, the 830 kb interval is syntenic to a region on

human chromosome 7 that has been genetically linked to blood pressure, suggesting that insight

gained from our SS-12BN congenic strain may be translated to a better understanding of human

hypertension.
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Introduction

Hypertension is a major risk factor for multiple cardiovascular diseases (e.g., stroke,

atherosclerosis, renal failure, and heart failure) and contributed to 362,895 U.S. deaths in

2010.1 Multiple genetic and environmental factors contribute to hypertension risk,2 posing a

significant challenge to identifying the individual risk variants that underlie human

hypertension. One method to identify hypertension risk genes is by congenic mapping to

narrow genomic regions that modify blood pressure (BP) and renal damage. We previously

used congenic mapping to isolate a 6.1 Mb region of SS/Mcwi (Dahl salt-sensitive) rat

chromosome 12 (13.4-19.5 Mb) that was associated with elevated BP (Δ+34 mmHg;

P<0.001) and proteinuria (Δ+152 mg/day; P<0.001) compared with the SS-12BN consomic

strain.3 This 6.1 Mb congenic interval on chromosome 12 (13.4-19.5 Mb) contained 133

candidate genes and 12,673 single nucleotide variants, of which 5 were predicted to damage

to protein function according to PolyPhen.3, 4 Syntenic regions of human chromosome 7

were also linked with BP5-10 and renal diseases,11-13 suggesting that the pathogenic

elements in this region might be shared across species. However, due to the large number of

candidate genes in the original 6.1 Mb congenic interval, the causative gene(s) underlying

these disease phenotypes within the rat and human loci are presently unknown.

In the present study, we generated and phenotyped three new congenic strains that narrowed

the 6.1 Mb (chr12:13.4-19.5 Mb) candidate region by 86% to ∼830 kb

(chr12:14,365,649-15,194,843 bp), which reduced the list of candidate genes to 14 and the

number of single nucleotide variants to 1,585. The 830 kb candidate region

(chr12:14,365,649-15,194,843 bp) has significantly increased BP and urinary protein and

albumin excretion that approximates the levels observed in the larger 6.1 Mb

(chr12:13.4-19.5 Mb) congenic interval.3 Expression analysis of renal medulla and cortex

identified Chst12 (carbohydrate chondroitin 4 sulfotransferase 12) as a differentially

expressed candidate that co-segregated in hypertensive rat strains and was suggestively

linked to BP by human GWAS. Seven other genes were also differentially expressed, but

lacked additional co-segregation and comparative genetic evidence. Collectively, this study

has physically reduced the list of candidate genes to 14 and provides rationale for functional

testing of Chst12, a novel candidate gene for BP regulation, in future studies.

Materials and Methods

Generation of SS-12BN Congenic Rats

All protocols were approved by the Institutional Animal Care and Use Committee at the

Medical College of Wisconsin. Congenic strains were generated by backcrossing line C3 to

SS-12BN/Mcwi. Genomic boundaries for the 3 new congenic strains are shown in Figure 1.

BP Measurements

Male rats were born to mothers on 0.3% NaCl diet (7034 Teklad, Harlan, Indianapolis, IN),

weaned onto 1% NaCl diet (5001 Purina, LabDiet, St. Louis, MO) at 21 days of age, and

switched to an 8% NaCl (Dyets) diet at 11 weeks-of-age for phenotyping (Figure 1A). Mean
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arterial pressure (MAP) was measured by telemetry transmitter implantation with a catheter

inserted into the abdominal aorta of 9-10 week old rats, as described previously.3

Protein and Albumin Excretion Measurements

Total protein and albumin was quantified using Weichselbaum biuret reagent (Henry

Schein, Melville, NY) and Albumin Blue 580 (Sigma-Aldrich, St. Louis, MO),

respectively.3, 14

Renal Histology

Renal histological analysis was described previously.15 Briefly, kidneys were isolated after

21 days on 8% NaCl diet (AIN-76, Dyets, Bethlehem, PA) and fixed in 10% buffered

formalin, sectioned at 4 μm thickness, and stained with Masson's trichrome and H&E.

Genomic Sequence Analysis

Whole genome sequence was accessed from the Rat Genome Database (http://rgd.mcw.edu).

Functional consequences of single nucleotide variants and insertions/deletions were

predicted using PolyPhen-216 and Ensembl's Variant Effect Predictor17 v2.6 based on the

Ensembl v68 transcripts. Protein models were generated using either YASARA homology

modeling18 or I-TASSER hybrid modeling.19 Multiple species protein sequences were

obtained from UniProt, aligned with ClustalW,20 and sequence conservation was mapped

onto the protein model using ConSurf.21 Protein structures for human, rat, and mouse were

structurally aligned with the MUSTANG algorithm.22

RT-qPCR

Transcript expression in the renal cortex and medulla of 9-10 week old SS-12BN and Ca

strains on 1% NaCl diets and 14-15 week old rats after being on 8% NaCl diets for 21 days

were analyzed by RT-qPCR as described previously.23

Statistical Analysis

Statistical analyses were performed using SigmaPlot 12.0 software. All data are presented as

mean ± standard error of the mean (SEM). Since the MAP data failed the normality test,

these data were analyzed by Kruskal-Wallis 1-way ANOVA on ranks followed by Dunn's

multiple comparison test vs. the SS-12BN control group. Proteinuria, albuminuria, and

histology data were analyzed by 1-way ANOVA followed by the Holm-Sidak test for

multiple comparisons. Gene expression data were analyzed by Student's t-test. Since protein

casting measurements were not normally distributed, the data were log-transformed prior to

analysis by t-test.

Results

Blood Pressure

In our previous BP mapping study,3 rats were maintained on a 1% NaCl (Purina) diet before

switching to 8% NaCl diet at ∼10 weeks-of-age. However, elevated BP (Δ+19 mmHg) in

the 6.1 Mb (chr12:13.4-19.5 Mb) line C congenic on 1% NaCl diet complicated further
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congenic mapping due to the shortened lifespan of the breeders (Supplementary Figure S1).

Consequently, we modified our protocol for the current study by maintaining breeders on

0.3% NaCl (Teklad) diet. As described below, this minor change in diet (0.3% NaCl vs. 1%

NaCl), during gestation and 21 days after birth, blunted the increase in BP levels, but still

enabled congenic mapping on 8% NaCl diets.

To narrow the 6.1 Mb region on chromosome 12 (line C), we generated 3 overlapping

SS-12BN congenic rat strains as depicted in Figure 1B. On 1% NaCl diets, lines C (110±2;

n=14), Ca (118±3 mmHg; n=14), Cb (110±1; n=6), and Cc (107±2; n=5) had no differences

in MAP compared to the SS-12BN consomic (109±1 mmHg; n=25) (Figure 1). After 21 days

on 8% NaCl diet, the MAP of line C (160±3 mmHg; P<0.05; n=14) and line Ca (163±5

mmHg; P<0.01; n=14) were significantly elevated compared to SS-12BN (148±2 mmHg;

n=25). However, lines Cb (150±2 mmHg; n=6) and Cc (141±2 mmHg; n=5) were not

significantly different compared with SS-12BN (Figure 1). Since MAP was elevated in lines

C and Ca compared with SS-12BN, but not in the flanking lines Cb or Cc regions, these data

suggest that the causative genetic variant(s) reside within the 830 kb (chr12:14.36-15.19

Mb) congenic interval of line Ca (Figure 1).

Renal Damage and Histology

Renal damage was assessed by urinary albumin and protein measurements from 9-10 week

old SS-12BN consomic and congenic rats on 1% NaCl diets. Compared with urinary albumin

excretion in the SS-12BN consomic (43±4 mg/day), albuminuria was significantly elevated

in line C (65±4 mg/day; P<0.01) and line Ca (74±7 mg/day; P<0.001) (Figure 2A).

Likewise, urinary protein excretion was significantly elevated in line C (144±8; P<0.05) and

line Ca (154±13 mg/day; P<0.01) compared with the SS-12BN consomic (105±7 mg/day)

(Figure 2B). Lines Cb and Cc had no differences in albumin and protein excretion compared

with the SS-12BN consomic. We also evaluated renal damage after 21 days of 8% NaCl diet

using H&E and trichrome staining of SS-12BN, line Ca, and line Cc kidneys. Compared with

SS-12BN and Cc kidneys, line Ca had significantly increased protein casting (Figure 2C, F),

tubulointerstitial fibrosis (Figure 2D, G), and glomerular sclerosis (Figure 2E, H). Line Cc

kidneys had significantly lower protein casting (1.98±0.30 vs. 3.54±0.30%; P<0.05; n=5),

and no difference in tubulointerstitial fibrosis and glomerular sclerosis compared to SS-12BN

kidneys. Collectively, these data confirm that the causative variant(s) driving elevated BP

(Figure 1) reside within the 830 kb (chr12:14.36-15.19 Mb) region of line Ca.

Candidate Gene Expression

We used RT-qPCR to examine expression of the 14 genes within the 830 kb region in the

renal cortex and medulla of SS-12BN consomic and line Ca rats on 1% and 8% NaCl diets

(Tables 1, 2, and S2). Compared with SS-12BN, Chst12 expression was significantly down-

regulated in line Ca rats in all conditions tested: renal cortex on 1% NaCl diet (-4.4±1.0-

fold; P<0.01), renal cortex on 8% NaCl diet (-2.6±0.4-fold; P<0.001), renal medulla on 1%

NaCl diet (-4.5±0.7-fold; P<0.01), and renal medulla on 8% NaCl diet (-2.7±0.2-fold;

P<0.001) (Table 1).In comparison, the only other expression changes were 6 genes in the

renal medulla on either 1% or 8% NaCl diets: Brat1 (BRCA1-associated ATM activator 1),

Ttyh3 (tweety family member 3), Lfng (LFNG O-fucosylpeptide 3-beta-N-
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acetylglucosaminyltransferase), LOC679924, Mad1l1 (MAD1 mitotic arrest deficient-like 1

[yeast]), and Elfn1 (extracellular leucine-rich repeat and fibronectin type III domain

containing 1). Iqce (IQ motif/domain containing E) differed in the renal medulla on both 1%

and 8% NaCl diets, but in opposite directions (Table 2). Collectively, these data prioritize

Chst12 as a more likely positional candidate, but do not preclude the potential role(s) of the

other differentially expressed genes.

Sequence Analysis

Our data suggest that causative variant(s) reside in the 830 kb BP QTL (Figures 1 and 2),

prompting us to prioritize candidate(s) within this region that were most likely causative.

Sequence analysis of the SS/JrHsDMcwi and BN/NHsdMcwi genomes in the line C region

(chr12:13.4-19.5 Mb) was previously performed by Flister et al.3 Consequently, we focused

our analysis on detailed annotation of the variants predicted to cause non-synonymous

changes (Table 3) or alter transcriptional regulatory regions of the differentially expressed

candidate genes (Tables 1 and 2). In total, the 830 kb interval (chr12:14,365,649-15,194,843

bp) contains 1,585 single nucleotide variants (SNVs) between SS/JrHsDMcwi and BN/

NHsdMcwi, of which 17 reside in coding regions and 3 result in non-synonymous changes.

In addition, 398 insertions/deletions (indels) reside within the 830 kb candidate region

(Table S4), none of which were within coding regions.

Analysis of Non-synonymous SNVs—We used PolyPhen-216 and a protein modeling

approach to predict whether non-synonymous changes in Brat1, Ttyh3, and Elfn1 were

likely to damage protein function. Polyphen-2 predicted all 3 non-synonymous variants to be

benign (Table 3). Likewise, protein modeling showed that the variants in Brat1 and Elfn1

are located in non-conserved disordered loops and are unlikely to alter protein packing

(Supplementary Figure S2). The variant in Ttyh3 is in a conserved site; however,

conservation of the surface exposed hydroxyl group in both Asn (N) and Thr (T) likely

maintain protein function (Supplementary Figure S2). Based on these analyses, we predict

that the 3 non-synonymous variants within the 830 kb region are most likely not causative.

Analysis of Sequence Segregation—BP QTLs overlapping the 830 kb interval have

been reported for SS×WKY24 and SS×SR25 linkage analyses, in addition to SS×BN,26

enabling us to use co-segregating analysis to further narrow the list of potentially causative

variants. To do so, we plotted the total unique and common variants per 50 kb bin in SS/

JrHsdMcwi versus BN/NHsdMcwi, SR/JrHsd, and WKY/NHsd. Across the 830 kb interval,

only one 86 kb region (chr12: chr12:14,541,567-14,627,442 bp) had alleles that were unique

to SS, and not seen in BN, SR, and WKY (Figure 3), suggesting that SS-derived variant(s)

within this region are most likely to be causative. Of note, Chst12 and Grifin are the only

two genes residing in the 86 kb region.

Analysis of Variants and Indels within Transcriptional Regulatory Motifs—We

used in silico analysis (TRANSFAC27) to predict whether variants that segregated when

comparing SS/JrHsdMcwi to BN/NHsdMcwi, SR/JrHsd, and WKY/NHsd altered potential

regulatory motifs in close proximity (<5 kb) to differentially expressed candidate genes

(Chst12, Brat1, Iqce, Ttyh3, Lfng, LOC679924, Mad1l1, and/or Elfn1). This analysis
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revealed 6 variants and 2 indels, all of which were located near Chst12, that were predicted

to alter a total of 10 transcription factor (TF) binding motifs residing in the 5 kb regulatory

regions of the differentially candidate genes (either gain or loss of TF binding) (Table 4). Of

note, the 5 variants predicted to alter binding sites for ER, TBP, NF-κB, Sp1, C/EBP alpha,

Olf-1, MBP-2, and c-Rel reside in the 5 kb regulatory regions of Chst12, suggesting that

these variants may play a role in the differences of Chst12 expression observed between the

Ca congenic and SS-12BN consomic strains.

Discussion

We previously demonstrated that genetic elements within the line C congenic (6.1 Mb)

region on rat chromosome 12 increased BP, proteinuria, and albuminuria.3 The goal of the

present study was to further narrow the candidate region on chromosome 12 to a

manageable number of genes, which are now prioritized for future mechanistic analyses.

Using a series of overlapping congenic rat strains, we reduced the candidate region by

∼86% from the 6.1 Mb region previously described3 to an 830 kb region

(chr12:14,365,649-15,194,843 bp) containing 14 genes. We also analyzed candidate gene

expression (Tables 1 and 2) and sequence variants (Figures 3 and S2, Tables 3, 4, S3, and

S4), all of which point to Chst12 as a likely candidate gene for hypertension. Finally, since

this region overlaps with a syntenic human hypertension and kidney disease

locus,9, 10, 13discovering the causative gene(s) may provide insights into human disease

pathophysiology.

Genetic Modifier(s) of Hypertension on Rat Chromosome 12

We found that significantly increased proteinuria and albuminuria in line C and Ca rats on

1% NaCl diet (Figure 2A and B) preceded elevation of BP, which was not apparent until rats

were placed on 8% NaCl diet (Figure 1). These data suggest that functional element(s) in the

830 kb locus (chr12:14,365,649-15,194,843 bp) potentially increase hypertension risk by

elevating susceptibility to renal damage. This fits with prior evidence that renal damage

precedes elevated BP in the SS rat28 and that the genetic risk of hypertension is transferrable

by transplantation of SS kidneys into normotensive SR rats.29 It is also possible that

multiple causative variants co-segregate at the 830 kb locus, as we have demonstrated

previously for other hypertension loci.15, 23, 30 However, future studies targeting specific

genes or further reducing the congenic interval will be necessary to localize the causative

variant(s).

The 830 kb BP locus contains 3 non-synonymous variants (Table 3) and 8 differentially

expressed genes (Tables 1 and 2). Of the non-synonymous variants, none were predicted to

damage protein function (Table 3), and only Elfn1 was differentially expressed, specifically

in the renal medulla on 8% NaCl diet (Table 2). Brat1, Iqce, Ttyh3, Lfng, LOC679924, and

Mad1l1 were differentially expressed, but only in one renal tissue (i.e., medulla or cortex) or

under only one condition (i.e., 1% or 8% NaCl diet). In comparison, Chst12 was consistently

down-regulated by 53-71% in renal medulla and cortex of line Ca rats on both 1% and 8%

NaCl diets (Tables 1 and 2). Grifin was the only gene in the 830 kb region that was not

detectable in the kidney, suggesting that it is unlikely to affect renal-dependent BP

Prisco et al. Page 6

Hypertension. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



regulation. Chst12 and Grifin reside in an 86 kb region (chr12:

chr12:14,541,567-14,627,442 bp) that was unique to the hypertensive SS strain compared to

normotensive BN, SR, and WKY strains (Figure 3). Within this region, 4 variants unique to

the SS altered binding sites in the proximal Chst12 regulatory regions for multiple TF have

been previously implicated in the pathogenesis of hypertension (e.g., NF-KB, 31, 32 Sp1,33-35

and TBP36).

Candidate Genes

Chst12 was the only gene that was differentially expressed in the renal cortex and/or

medulla on 1% and 8% NaCl diets (Tables 1 and 2) and co-segregated in the 86 kb

chromosome 12 region that was unique to SS (Figure 3), suggesting that Chst12 is the most

likely positional candidate gene for hypertension and renal disease in the SS rat. Despite

this, a role for Chst12 in the pathogenesis of hypertension was not previously reported.

Chst12 (also known as C4ST-2 in humans) is a ubiquitously expressed37 member of the

sulfotransferase 2 family that mediates synthesis of the extracellular matrix proteoglycan,

chondroitin sulfate.38 The role of chondroitin sulfate in systemic hypertension is also

unclear, but the contribution of chondroitin sulfate to disease-associated fibrosis has been

suggested in the literature. For example, (1) systemic injection of chondroitin sulfate

attenuated renal fibrosis in mice undergoing unilateral ureteral obstruction;39 (2) injection of

chondroitin sulfate into the eye elevated intraocular BP;40 and (3) chondroitin sulfate levels

were elevated by 70% in the aortas of hypertensive SS rats compared with normotensive

WKY rats.41 Additionally, multiple GWAS suggestively linked an intergenic variant

(rs2969070 [G]) in close proximity to CHST12 with hypertension (P<10-6 for MAP and

pulse pressure).42, 43 Collectively, these data suggest that Chst12 might indirectly influence

hypertension risk via chondroitin sulfate synthesis. Future studies will be necessary to

directly test the role of Chst12 in the pathogenesis of hypertension and determine whether

this Chst12-dependent susceptibility is conveyed by chondroitin sulfate or mediated by

another substrate of Chst12.

Multiple other candidates in the 830 kb interval were differentially expressed (Tables 1 and

2), precluding us from definitively claiming Chst12 as the causative gene. Rather, these

genes (including Chst12) will need to be validated in future studies by protein expression,

gene manipulation, and/or further congenic mapping. Of the other genes, Elfn1 and Brat1

are the next likeliest candidates based on prior evidence. Elfn1 (PPP1R28) inhibits the

phosphatase activity of protein phosphatase 1 (PP1),44 which was implicated in

hypertension45 and heart failure.46 BRAT1 regulates cell-cycle checkpoints by interacting

with BRCA1, which was implicated in hypertension risk.47 Of the remaining candidates

(Ttyh3, Lfng, LOC679924, Mad1l1, Iqce), none were directly or indirectly implicated in

hypertension or renal failure.

Perspectives

By generating overlapping congenic strains and exclusion mapping, we reduced the

candidate region for hypertension on chromosome 12 by ∼86% (from a 6.1 Mb region with

133 genes that we previously published to an 830 kb candidate region with 14 genes). With

the use of whole genome sequencing, expression analyses, protein modeling, and
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bioinformatics approaches, we have prioritized Chst12 as a likely candidate for hypertension

risk, followed by Elfn1 and Brat1 as the next best candidates. Narrowing the congenic

interval or functional testing by gene targeting approaches will be necessary to exclude/

include these candidates. Additionally, future studies will be needed to determine which of

these candidates are causative and which are secondary to renal damage.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance: 1) What is New, 2) What is Relevant, 3) Summary

1. What is New?

• We reduced the candidate region for hypertension and renal disease on

rat chromosome 12 by ∼86% with the development of overlapping

congenic strains, which reduces the number of candidate genes from

133 to 14.

• This is the first study to utilize the recently published rat whole genome

sequencing data to help accelerate the nomination of candidate genes

for complex diseases in rat.

• By sequence and expression analyses, we have nominated Chst12 as a

novel gene involved in blood pressure regulation.

2. What is Relevant?

• Since several human and mouse studies have implicated regions

homologous to rat chromosome 12 in cardiovascular disease and

related traits, dissecting the genetic basis of hypertension and renal

disease on rat chromosome 12 may provide insights into the genetic

components that increase susceptibility to cardiovascular disease in

humans.

Summary

• By combining data from overlapping congenic rat models and sequence and

expression studies, we have prioritized Chst12 as a gene that may be involved in

BP regulation and renal disease, which can be tested in the future.
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Figure 1.
Experimental timeline for diet switches, urine collection, blood pressure measurements, and

tissue collections (A). D0, day of transmitter implants; D#, number of days post-implant. B,

Schematic representation of the overlapping salt-sensitive (SS)-12BN congenic strains that

were generated by introgressing segments of the SS chromosome 12 (black) into the genetic

background of the SS-12BN consomic rat (white) by marker-assisted breeding. Mean arterial

pressure (MAP) of the congenic strains while on 1% NaCl diets and stressed for 3 weeks on

8% NaCl diets. Data were analyzed by 1-way ANOVA on ranks followed by Dunn's

multiple comparison test. The sample size for each group is shown in the figure. The dashed

lines indicate the boundaries (markers D12Hmgc13 to D12Hmgc14) of the narrowed

candidate region after excluding the Cb and Cc genetic regions. The thin black bars

represent chromosomal regions that could be either BN or SS. There were no statistical

differences between the strains on 1% NaCl.*P<0.05 vs. SS-12BN on 8% salt diet.
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Figure 2.
Urinary albumin (A) and protein (B) excretion on a 1% NaCl diet (n=26 SS-12BN, 20 C, 14

Ca, 6 Cb, and 5 Cc animals). H&E-stained (C) SS-12BN (BN12), Ca, and Cc kidneys for

examining protein casting after an 8% salt load. Trichrome-stained SS-12BN (BN12), Ca,

and Cc kidneys for examining tubulointerstitial fibrosis (D) and glomerular sclerosis (E). F,

Quantification of percent area of protein casting in the outer medulla (n=5 per group). G,

Quantification of percent area of tubulointerstitial fibrosis (n=5 per group). H,

Quantification of glomerular sclerosis scores (n=5 per group). Data are presented as mean ±

SEM. *P<0.05, †P<0.01, and ‡P<0.001 vs. BN12. §P<0.05, ‖P<0.01, and ¶P<0.001 vs. Cc.
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Figure 3.
Comparison of Dahl salt-sensitive (SS/JrHsdMcwi), Dahl salt-resistant (SR/JrHsd), Brown

Norway (BN/NHsdMcwi), and Wistar-Kyoto (WKY/NHsd) sequences over the 830 kb

interval that is uniquely SS in the Ca congenic strain. Data are presented as number of single

nucleotide variants per 0.05 Mb bin where SS has a different allele than SR, BN, and WKY.

The locations of the 14 genes within this region are also shown.
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Table 1

Candidate Gene Expression in the Renal Cortex of Ca and SS-12BN Rats on 1% and 8% NaCl Diets.

1% NaCl 8% NaCl

Gene SS-12BN Ca SS-12BN Ca

Amz1 1.00±0.14 1.08±0.18 1.00±0.36 1.06±0.19

Brat1 1.00±0.24 0.78±0.06 1.00±0.10 0.95±0.08

Iqce 1.00±0.10 0.88±0.10 1.00±0.15 0.95±0.08

Ttyh3 1.00±0.11 0.84±0.09 1.00±0.07 0.96±0.11

Lfng 1.00±0.26 0.81±0.22 1.00±0.32 1.06±0.17

Grifin - - - -

Chst12 1.00±0.15 0.32±0.09* 1.00±0.10 0.47±0.07†

LOC679924 1.00±0.31 1.09±0.41 1.00±0.17 0.94±0.12

Eif3b 1.00±0.12 0.88±0.10 1.00±0.08 1.01±0.05

Snx8 1.00±0.13 0.95±0.12 1.00±0.12 0.86±0.06

Nudt1 1.00±0.29 1.14±0.42 1.00±0.14 1.14±0.18

Ftsj2 1.00±0.22 1.06±0.38 1.00±0.13 0.96±0.17

Mad1l1 1.00±0.13 0.85±0.06 1.00±0.11 1.05±0.07

Elfn1 1.00±0.13 0.91±0.07 1.00±0.13 0.75±0.11

Data are presented as mean fold-expression ± SEM. Statistical significance was determined by t-test. n=5-6 Ca and 6 SS-12BN on 1% NaCl and

8-9 Ca and 7-8 SS-12BN on 8% NaCl diets. (-) below detection.

*
P<0.01 and

†
P<0.001 vs. SS-12BN.
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Table 2

Candidate Gene Expression in the Renal Medulla of Ca and SS-12BN Rats on 1% and 8% NaCl Diets.

1% NaCl 8% NaCl

Gene SS-12BN Ca SS-12BN Ca

Amz1 1.00±0.12 0.99±0.22 1.00±0.16 0.89±0.07

Brat1 1.00±0.08 0.60±0.11* 1.00±0.05 1.15±0.06

Iqce 1.00±0.06 0.61±0.09† 1.00±0.06 1.21±0.04*

Ttyh3 1.00±0.16 0.49±0.09† 1.00±0.07 1.09±0.07

Lfng 1.00±0.17 0.61±0.09* 1.00±0.20 0.75±0.05

Grifin - - - -

Chst12 1.00±0.19 0.29±0.05† 1.00±0.13 0.39±0.03†

LOC679924 1.00±0.36 2.20±1.28 1.00±0.08 0.70±0.05†

Eif3b 1.00±0.06 0.86±0.14 1.00±0.10 0.82±0.05

Snx8 1.00±0.08 1.66±0.48 1.00±0.17 0.66±0.05

Nudt1 1.00±0.46 1.85±1.26 1.00±0.04 0.88±0.07

Ftsj2 1.00±0.26 0.97±0.33 1.00±0.08 1.00±0.05

Mad1l1 1.00±0.05 0.72±0.09* 1.00±0.05 1.01±0.04

Elfn1 1.00±0.20 0.68±0.16 1.00±0.17 0.43±0.06*

Data are presented as mean fold-expression ± SEM. Statistical significance was determined by t-test. n=10-11 Ca and 7 SS-12BN on 1% NaCl and

9 Ca and 8 SS-12BN on 8% NaCl diets. (-) below detection.

*
P<0.05 and

†
P<0.01 vs. SS-12BN.
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