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Abstract

The presence of blood pressure (BP) quantitative trait loci (QTL) on rat chromosome (RNO) 10 has
been clearly demonstrated by linkage analysis and substitution mapping. Using congenic strains
containing the LEW rat chromosomal segments on the Dahl salt-sensitive (S) rat background, further
iterations of congenic substrains were constructed and characterized to fine map a chromosome 10
region (QTL1) linked to blood pressure. Comparison of 7 congenic substrains refined QTL1to a
1.17 Mb segment flanked by D10Mco88 and D10Mco089, which are located at 71,513,116 bp and
72,684,774 bp, respectively. The newly defined QTL1, containing 18 genes, is captured in its entirety
within a single congenic substrain. A thorough transcript analysis revealed that three out of these 18
genes, Ccl5, Ddx52 and RGD1559577, had nonsynonymous allelic variations between the S rat and
the LEW rat. None of the detected transcripts within the newly defined QTL1 are directly implicated
in BP control in humans or model organisms. Therefore, the present work defines a novel blood
pressure QTL with three potential quantitative trait nucleotides.
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Introduction

Human essential hypertension is a classic example of a complex trait with documented genetic
influence. However, the underlying disease causative genetic components remain unknown.
Genetic studies using selectively bred hypertensive rat models provide some advantages over
genetic studies of hypertension in humans, one of which is the ability to conduct substitution
mapping using consomic/congenic strains [1-3]. Such efforts have not only accumulated
evidence for the presence of multiple quantitative trait loci (QTLS) that regulate blood pressure
(BP), but also mapped several of these QTLs on the rat genome with high resolution. One such
previous study from our laboratory resulted in the identification of the QTL on rat chromosome

Corresponding Author: Bina Joe, Ph.D., Physiological Genomics Laboratory, Department of Physiology, Pharmacology, Metabolism
and Cardiovascular Sciences, University of Toledo Health Science Campus, 3035 Arlington Avenue, Toledo, Ohio 43614-5804,
Telephone: (419) 383-4415, Fax: (419) 383-6168, E-mail: bina.joe@utoledo.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Saad et al.

Results

Page 2

(RNO) 7 as 11B-hydroxylase [4;5]. Causative genetic variants within all other BP QTL regions
remain unidentified.

The present report is on the genetic analysis of RNO10. Multiple studies, involving ten different
rat strains have provided evidence for the existence of multiple loci on this chromosome linked
to BP [6-26]. The Dahl salt-sensitive (S) versus LEW and S versus Milan Normotensive Strain
(MNS) are the two strain comparisons studied in our laboratory using substitution mapping.
A BP QTL was previously located within 12 cM (D10Mco58 to D10Rat24) using S.LEW
congenic strains, whereas a BP QTL was located within 2.6 cM (D10Rat27 to D10Rat24) using
S.MNS congenic strains [15]. The objective of the present work was to further dissect the 12
cM QTL1 region identified using the S and LEW comparison. For this purpose, new iterations
of congenic substrains were developed and studied, which resulted in an 18-fold improved
localization of BP QTL1 from the previous localization. The refined region is 1.17 Mb
containing 18 annotated genes, none of which are known to play a role in rodent or human BP
control. Therefore, BP QTL1 represents a potentially novel underlying genetic factor
controlling BP.

The final step from fine-mapping to identifying the underlying genetic determinant by the
substitution mapping approach is one of the most difficult steps of QTL mapping for two
reasons: (1) the larger the introgressed segment, the greater the number of positional candidates
to evaluate, each of which may or may not influence blood pressure; and (2) the smaller the
congenic interval, the greater the difficulty in finding animals with informative recombinations
to construct congenic substrains with shorter introgressed segments. At this stage, multiple
complimentary techniques become necessary to link the observed QTL effect to any locus
within the fine-mapped QTL interval. Because nonsynonymous polymorphisms may result in
altered protein function, genes with such variants are primary suspects for correlated QTL
effects. Therefore, in addition to fine-mapping the BP QTL1, we sought to prioritize gene
identification of BP QTL1 based on the presence or absence of nonsynonymous variants within
the expressed transcripts of positional candidate genes. Data obtained, which indicate that
multiple genes within QTL1 possess potential coding sequence quantitative trait nucleotides
(QTNs), will be presented.

RNO10 BP QTL1 region of S.LEWx12

S.LEWx12 was the congenic strain previously used to define QTL1 on the genetic linkage map
of RNO10. By defining the ends of the introgressed region of S.LEWx12, a more current and
accurate localization of QTL1 on the physical map of RNO10 was determined. The QTL1
region contained within the S.LEWx12 congenic strain was located between D10Got79
(63,481,418 bp) and D10Rat269 (79,137,099 bp) of RNO10, respectively
(www.ensembl.org) (Figure 1). This 15,655,681 bp interval of RNO10 encompasses 221 genes
(www.ncbi.nlm.nih.gov/genome/guide/rat).

Congenic substrains of S.LEWx12

Figure 1 shows the tiling array of congenic substrains that were developed to span the 15.66
Mb BP QTL1 region trapped within the S.LEWx12 congenic strain. The lack of an effect on
BP (Figure 1, Table 1) between the S rat strain and the congenic substrains shown with black
color bars (S.LEWx12x6, S.LEWx12x2x1, S.LEWx12x3, and S.LEWx12x4) pointto a 1.17
Mb region flanked by markers D10Mco88 and D10Mco89 as the newly refined location of
QTLL1. In support of this observation, congenic substrains S.LEWx12x1 and S.LEWx12x2
(green color bars), both spanning this region, demonstrated a significant (p<0.0001) decrease
in BP compared to the S rat (35 and 22 mmHg, respectively) (Figure 1, Table 1). These data
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were further corroborated using the congenic substrain S.LEWx12x2x3, which contained the
fine-mapped QTL1 within a shorter introgressed segment. The BP of S.LEWx12x2x3 was
significantly lower by 17 mm Hg (p<0.0001) compared to the S rat (Figure 1, Table 1). The
significant heart weight effects observed with S.LEWx12, S.LEWx12x1, S.LEWx12x2, and
S.LEWx12x2x3 correlated with the BP effects that were observed for these congenic
substrains.

Tail-cuff versus telemetry comparison

Figure 2a shows that tail-cuff BP measurements correlated highly with the telemetry BP
measurements. The group averages of the S rat BP was not significantly different between the
two BP measurement approaches (tail-cuff versus telemetry, Figure 2b). Similarly, no
significant difference was observed between the group averages of S.LEWx12x2. However,
the S versus S.LEWx12x2 comparison was significantly different (p<0.0001) for both tail-cuff
and telemetry measurements. The 8-day telemetry BP measurements for S and S.LEWx12x2
are shown in Figure 2c. Throughout the 8 day period, the S.LEWx12x2 congenic strain, which
contains the QTL1 region, showed a significant (p<0.0001) systolic BP lowering effect when
compared to the S rat BP.

Genetic compaosition and comparative mapping of the QTL1 region

The fine-mapped QTL1 region flanked by D10Mco88 to D10Mco89, which are located at
71,513,116 bp and 72,684,774 bp, respectively, corresponds to 1,171,658 bp (Figure 3). This
region of RNO10 represents 0.042% of the rat genome with 18 gene annotations. Eleven of
these are known genes and seven are predicted genes. Conserved synteny of QTL1 on mouse
chromosome 11 and human chromosome 17 (www.ncbi.nlm.nih.gov) is presented in Figure
3. Comparative mapping suggested that 13 out of the 18 gene annotations within QTL1 are
orthologous to genes on mouse chromosome 11, whereas only 11 rat gene annotations are
orthologous to genes on human chromosome 17. Based on sequence similarity, there is no
information currently available for human orthologs of the remaining 7 rat genes that exist
anywhere else on the human genome.

Features of the S.LEW BP QTL1 gene transcripts

The authenticity of all 18 gene annotations (including both known genes and predicted genes)
within QTL1 was assessed by reverse transcription of S and LEW total RNA followed by
sequencing of the resultant cDNA. A total of 15 out of the 18 transcripts were confirmed as
expressed transcripts. Product sizes of 12 out of the 15 cDNA preparations in both S and LEW
rats were as expected based on the annotations by the NCBI database
(www.ncbi.nlm.nih.gov). The 12 genes are Mmp28, Ccl5, LOC497971, Ccl6, Ccl3, Ccl4,
Expi, LOC360228, RGD1566204, Ddx52, Tada2l, and Acaca (Table 2). cDNA products for
the other three genes (Tcf2, Aplgbpl, and Duspl4) were the same in both S and LEW rats, but
the product sizes were not consistent with the predictions by the NCBI database (Table 2).

Toensure that the list of candidate transcripts was comprehensive, we also compared our results
with the annotations at the Ensembl rat database (www.ensembl.org), which has annotated the
rat genome independent of the annotations by NCBI [27]. Our results are in agreement with
the Ensembl and NCBI transcript predictions for most of the genes, but with some exceptions.
First, the NCBI prediction for the Tcf2 transcript was shorter by three nucleotides compared
to the transcript prediction by Ensembl. Tcf2 transcripts from both S and LEW rats were in
agreement with the Ensembl prediction indicating that the translated product would result in
an additional amino acid, Q403, of Tcf2. Second, NCBI prediction of the Dusp14 transcript is
longer than what is predicted by the Ensembl database. Our results are in agreement with that
of the Ensembl database. We were not able to reverse transcribe the first 396 bp of the
Dusp14 NCBI annotated sequence. Therefore, for completeness that sequence was confirmed

Genomics. Author manuscript; available in PMC 2007 March 2.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Saad et al.

Page 4

by sequencing the genomic DNA of S and LEW. Third, the Aplgbpl transcript sequence of
both S and LEW mostly resembled that of the sequence annotated by Ensembl, which is
different from that of NCBI. Lastly, the Mmp28 transcript size and sequence was the same as
given by NCBI, but shorter by 21 nucleotides representing seven amino acids at the c-terminal
protein prediction by Ensembl.

Note that out of the 18 genes annotated within the QTL interval, 7 genes are predicted, with
no previous evidence for rat transcripts. Amplification of transcripts within the QTL region
allowed us to test the authenticity of some of the predicted genes. Regardless of the product
sizes, we observed cDNA products from 4 (Mmp28, LOC497971, RGD1566204, and
Dusp14) out of these 7 predictions, thus providing evidence that they are indeed true rat
transcripts. There are three gene predictions (RGD1559577, Taf15, and RGD1559875) for
which we did not detect any transcribed products either in the S or in the LEW rat. This does
not necessarily imply that these predicted transcripts do not exist in the rat. Based on the
genomic sequence analysis of these predicted transcripts we are able to conclude that there are
no allelic variations between these predicted transcripts of S and LEW.

Genetic variants within positional transcripts of the QTL1 region

Table 2 shows the three nonsynonymous variants that were identified between the S and LEW
genes located within the QTL1 region. Out of the 18 genes found within the QTL1 region, only
three potentially informative nonsynonymous S and LEW allelic variants were detected. The
three variants belonged to the chemokine (C-C motif) ligand 5 (Ccl5) , ATP-dependent RNA
helicase (Ddx52), and the predicted RGD1559577 genes, respectively. Testing of other inbred
strains (i.e., SHRSP, WKY, MHS and MNS) revealed that all four strains carried the LEW
variant for all three nonsynonymous polymorphic nucleotides identified in the S.LEW
comparison (data not shown). Furthermore, the only other BP QTL that overlaps our QTL
region and is corroborated using a congenic strain is the SHRSP.WKY comparison (Figure 4).
Since SHRSP and WKY were not polymorphic at any of the three candidate variants that were
found between S and LEW, these sites are not QTNs for the BP QTL located using

WKY .SHRSP.

Discussion

This study describes the fine-mapping of a BP QTL to a relatively small 1.17 Mb region on
RNO10 with only 18 genes. Improved resolution of this magnitude allowed for a
comprehensive scanning of all the genes for nucleotide variants or QTNs. This was
accomplished systematically, first by collecting all known bioinformatic data for the existence
of each of the known/predicted transcripts in S and LEW rats, sequencing all exons and finally
confirming each of the variants using genomic DNA from S and LEW rats. Based on the results
described here, further analysis of three genes could be prioritized. Thus at this stage of
mapping, the possibility for multiple QTNs that contribute to the overall QTL effect of S.LEW
QTL1 cannot be ruled out.

Confidence in the current improved localization of QTL1 is supported by two lines of evidence.
First, support is provided by the collective BP data for all the congenic substrains that were
tested. The congenic substrains that we tested were carefully chosen and constructed in a way
as to provide redundancy. The iterations of congenic substrains used in this study allowed for
a two- to five-fold redundancy for any given chromosomal segment being tested for its BP
effect. Second, the BP lowering effect observed in the S.LEWx12x2x3 congenic substrain,
which spans the deduced QTL region of interest with minimal flanking introgressed region.
Moreover, relative heart weight has served as a good surrogate indicator of blood pressure.
Unlike other reports of heart weight or left ventricular mass QTLs that are under independent
control of blood pressure [28-33], the heart weight effects of our study are likely due to the
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fact that the hypertrophy of the heart develops as a result of increase in blood pressure and
peripheral resistance. In any case, the S.LEWx12x2x3 congenic substrain serves as the primary
tool for further substitution mapping of the BP QTL.

There are many rat strain comparisons used to locate and identify BP QTLs on RNO10. Among
these, a relatively greater degree of fine-mapping has been achieved using the S versus LEW
comparison. Independent studies, including the current study, have provided evidence for at
least 5 different BP QTLs on RNO10 (Figure 4). The novel BP QTL that we have localized in
the S and LEW comparison within 71,513,116 and 72,684,774 bp on RNO10 is designated as
S.LEW QTLL1. This QTL is flanked by two other mean arterial pressure QTL regions
(C10QTL1 and C10QTL4) that do not overlap our current localization [18]. Based on our
studies, we cannot replicate the data of Charron et al, who have reported the localization of
two BP QTLs, labeled as C10QTL4 within 70.57 Mb and 71.39 Mb of RNO10 and C10QTL1
within 74.86 Mb and 76.03 Mb of RNO10. The exact reasons for this discrepancy are not
known. However, the lengths of the introgressed segments within congenic strains used for
substitution mapping in the study by Charron et al [18] are different from those used in our
study. Complex inter-allelic interactions or closely-linked modifiers of the QTL effect may be
present in one congenic strain and not the other, accounting for these differences. Alternately,
differences in experimental approaches could be contributing to the observed discrepancies.
More importantly however, we would like to point out that coupled with the fact that a minimal
congenic strain encompassing our BP QTL region from 71,513,116 bp to 72,684,774 bp, was
not tested in the study by Charron et al [18], support for the localization of our BP QTL is also
provided by three of the congenic strains (S.LC10, S.L4 and S.L10) used in the study by
Charron et al [18].

Our newly defined S.LEW QTL1 region contains 1,171,658 bp. Theoretically, each one of
these nucleotides, unless proven otherwise, is a candidate quantitative trait nucleotide (QTN)
for S.LEW QTL1. Therefore, an exhaustive search for positional QTNs would include
sequencing the S and LEW genome across their 1.17 Mb QTL interval. This approach has the
advantage of generating a catalog of sequence variants within genes and also within inter- and
intra-genic regions. However, we prioritized the identification of nonsynonymous variants
because these variants can potentially directly affect protein structure and function. Therefore,
the logical first step for us was to rule out, as comprehensively as possible, any coding sequence
variations within candidate transcripts that result in altered primary amino acid sequences.

Out of the 34,005 bp that represent predicted and known transcripts within the QTL region
only three exist as nonsynonymous variants between S and LEW. A single nonsynonymous
variant was identified within each of three equally prioritized potential BP candidate genes
located within QTL1. One of these variants is within Ddx52 gene, which is a member of the
DEAD hox (Asp-Glu-Ala-Asp/His) protein family of RNA helicases. Mutations within this
gene may alter cellular functions related to transcription and translation (MRNA splicing/
stability, ribosome assembly, and translation initiation) [34]. A high degree of homology
between the rat, mouse, and human Ddx52 proteins (95% rat versus mouse and 88% rat versus
human) implies an important evolutionally conserved function for this gene. As a result of the
transcript variant detected, the predicted Ddx52 S rat protein had lysine (K) at amino acid
position 73. Interestingly, the K at position 73 observed in the S rat is conserved across species,
in both mouse and human, the relevance of which to the context of BP QTL effect is not
immediately discernable.

There is a cluster of proinflammatory chemokines present as positional candidates within
QTL1. Out of these, only one variant was identified within the proinflammatory chemokine
Ccl5 gene. Rat Ccl5 protein has 94% and 79% homology to that of the mouse and human,
respectively. However, the amino acid position 14, where the valine (V) was substituted with
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an isoleucine () in S rats, was not conserved among species. The V14-114 variant is within the
signal peptide sequence of the Ccl5 protein, which is excised during protein transport. Even
single amino acid changes can influence the functionality of the signal peptide of a protein
[35]. Whether the detected variant influences any functional aspects of Ccl5 in S compared to
the LEW remains to be tested.

The importance of the nonsynonymous variant found within RGD1559577 is difficult to
hypothesize because of the anonymity of the gene. Therefore, further studies of this positional
candidate remain a challenge. Furthermore, it is not known whether the three genes with
nonsynonymous variants operate independent of each other or with other yet undetected genetic
factors to exert the observed QTL effect. It is not uncommon for QTL effects to be exerted by
a complex concerted action of many underlying genetic factors [36].

Clearly, further substitution mapping is required to assign causation to any/all of these
candidate QTNSs. Further substitution mapping is possible, but takes considerable amount of
time and resources, provided enough hot spots for recombination are available within the 1.17
Mb S.LEW QTL1 region. At this stage of mapping, candidate gene approach based on
previously inferred function or differential gene expression analysis are two commonly used
approaches to expedite QTL identification [37-44]. Each approach has its advantages and
disadvantages. The candidate gene approach is not a comprehensive approach. For example,
it is feasible that more than one closely positioned genetic factors may both be quantitative
trait loci for the same phenotype [45]. Custom QTL-chips are used to comprehensively enlist
differentially expressed positional candidate genes [42], but lack the ability to pin-point
candidate QTNs. The comprehensive transcript sequence analysis described in our study
certainly has limitations due to the fact that candidate QTNs outside of the coding regions are
not detected. Our results do, however, demonstrate that multiple closely positioned genes
contain potential QTNs for S.LEW QTL1.

Although large regions of rat chromosome 10 are homologous to human chromosome 17
wherein BP QTLs are reported, homology mapping indicates that the 1.17 Mb S.LEW QTL1
is not within regions of interest for regulating human BP. Therefore, it is conceivable that
genetic factors underlying S.LEW QTL1 constitute novel, yet undiscovered mechanisms of
BP control in humans.

Materials and Methods

Strains

The inbred Dahl salt-sensitive (SS/Jr) rat strain, designated as S, was from our colony. The
LEW/NCrIBR rat strain was originally obtained from Charles River Laboratories (Wilmington,
MA) and is referred to as LEW. The congenic substrains used in this study namely
S.LEWx12x1, S.LEWx12x2, S.LEWx12x3, S.LEWx12x4, and S.LEWx12x6 were derived
from the congenic strain S.LEWx12, previously developed by our group [15]. The congenic
substrains S.LEWx12x2x1 and S.LEWx12x2x3 were derived from S.LEWx12x2. All
congenic strains/substrains had the LEW chromosomal region of interest introgressed onto the
genetic background of the S rat strain. To obtain these congenic substrains, the S.LEWx12
congenic was crossed to the S strain to yield F4 rats that were heterozygous for the original
introgressed chromosomal segment. F4 rats were intercrossed to obtain F, rats that were
genotyped for markers in the congenic segment to look for recombinants. Rats with appropriate
recombinant chromosomes were crossed to S again to duplicate the recombinant chromosome.
The offspring were genotyped to select rats retaining the desired recombinant region. Two rats
with the same recombinant chromosomal segment were crossed and the litters were genotyped
to obtain rats that were homozygous throughout the recombinant region of interest. The
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homozygous rats were crossed to fix the recombinant chromosomal segment in a new congenic
substrain.

The markers with D10Mco as the prefix were developed at the University of Toledo Health
Science Campus (former Medical College of Ohio) using rat genomic DNA sequence obtained
from the ensemble website (www.ensembl.org). These can be accessed on our web site
(http://hsc.utoledo.edu/depts/physiology/research/rat/marker.html). The D10Rat marker
sequences were obtained from the Whitehead Institute/MIT Center for Genome Research
(www.broad.mit.edu/rat/public), Rat Genomic Mapping Project. The D10Arb marker
sequences were obtained from the National Institute of Arthritis and Musculoskeletal and Skin
Diseases (www.nih.gov/niams/scientific/ratgbase/index.htm). The D10Got marker sequences
were obtained from the Wellcome Trust Center for Human Genetics
(www.well.ox.ac.uk/rat_mapping_resources). The D10Uia marker sequences were obtained
from the University of lowa [46] and the primer sequences are available at the Rat genome
database (http://rgd.mcw.edu/).

DNA was extracted from a tail biopsy using the QlAamp Tissue Kit (Qiagen Inc., Valencia,
CA). Polymerase chain reaction (PCR) genotyping with microsatellite markers was done as
described earlier [8].

Blood pressure measurement

We employed an experimental design in which the BP of a congenic strain was compared only
to its own separate group of control S rats that were bred, housed and studied concomitantly.
Rats were weaned at 30 days of age to low-salt (0.3% NaCl) Harlan Teklad diet 7034 (Madison,
WI). Twenty male congenic substrain rats were matched by age and weight with twenty male
S control rats and were caged in 10 cages each cage containing 2 congenics and 2 S rats. At
40-42 days old, the rats were fed a 2% NaCl Harlan Teklad diet, TD94217 for 24 days. Systolic
blood pressure was measured using the tail cuff method on conscious restrained rats warmed
to 28°C. The operator did not know the identity of the rat during these measurements. BP was
measured on each rat once a day for four consecutive days. The BP value of each day was the
average of 3—4 consistent readings. The final BP value used was the averaged BP value of the
four days. Rats were killed with CO, and body and heart weights were measured. Statistical
analysis was done using programs the SPSS software (SPSS, Chicago, IL).

Corroboration of tail-cuff BP measurements by telemetry

Sequencing

Forthe S.LEWx12x2 congenic substrain, BP was also collected using a telemetry system (Data
Sciences International, St. Paul, MN). Briefly, after the tail-cuff measurements were
completed, eight S and eight congenic rats were randomly selected from the whole group. At
70-73 days of age a transmitter was surgically implanted into the left flank of each rat and the
probe was inserted through the femoral artery and advanced to the lower abdominal aorta. The
rats continued on the 2% NaCl diet for the duration of the experiment. The animals were
allowed to recover for 1 week before BP data was collected for a period of eight days.

mRNA from S and LEW kidney, liver, heart, lung, thyroid, pancreas, and spleen was extracted
using TRIzol Reagent (Life Technologies), according to the manufacturer’s recommendation.
S and LEW full-length cDNA of the genes within the QTL region was obtained by reverse

transcription using the SuperScript 111 First-Strand Synthesis System for RT-PCR (Invitrogen),
according to the provided protocol. Standard polymerase chain reaction, using Platinum Taq
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DNA Polymerase High Fidelity (Invitrogen) and gene-specific primers, was used to amplify
the cDNA. S and LEW gene amplicons were cloned into the Topo-TA-Cloning System
(Invitrogen), according to the manufacturer’s recommendation. Plasmid DNA was purified
using the QIAprep-miniprep (Qiagen), according to the provided protocol. The full-length S
and LEW alleles for each gene within the QTL region were sequenced by MWG (High Point,
NC), using vector based and gene-specific primers. cDNA variants were confirmed by
sequencing PCR amplicons of their respective exons found on genomic DNA. The three
nonsynonymous variants were confirmed in multiple S and LEW rats as well as genomic DNA
obtained from MNS, MHS, SHRSP, WKY, and the NGFRx12x2 congenic substrain. We also
sequenced PCR amplicons of genomic DNA exons for the few genes that we were not able to
obtain cDNA. Intronic gene-specific primers, flanking each exon, were used to PCR amplify
and sequence all the exons for those genes. Only the coding regions for all 18 genes were
sequenced.
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Figure 1. Congenic substrains derived from S.LEWx12 and their BP effects
Bars illustrate the LEW segment introgressed onto the background of S. The open bars at the
end of each introgressed segment represent the region of recombination. Green colored bars
represent the LEW introgressed segment in congenic substrains with a BP lowering effect,
whereas the black colored bars represent the LEW introgressed segment in congenic subtrains
without a BP lowering effect. Dashed lines point to the markers used to genotype the ends of
the congenic substrains. The base pair chromosomal location for the start of each marker was
given in parenthesis. The lower portion of the figure illustrates the BP effect observed for each
congenic substrain compared to that of the S rat BP (effect = Congenic substrain BP— S rat
BP). Also illustrated is the previous (yellow colored bar) and current (orange colored bar)
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S.LEW RNO10 BP QTL localizations as it relates to the cytogenetic map and the Mb scale of
RNO10.
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Figure 2. Corroboration of tail-cuff measurements by telemetry
A) Correlation between the blood measurement values obtained by tail-cuff and telemetry on
the same group of S and S.LEWx12x2 rats; B) Comparison of the mean values of S rats and
S.LEWx12x2 rats measured by tail-cuff and telemetry; C) Daily average systolic blood
pressure (SBP) telemetry measurements of S versus S.LEWx12x2.
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Figure 3. Comparative mapping of the newly defined S.LEW RNO10 BP QTL1
The LEW introgressed segment of the minimal congenic substrain S.LEWx12x2x3 is
represented by the green bar. The open segments at the ends of the green bar represent the
regions of recombination. The region spanning the 1.17 Mb from 71513116 bp to 72684774
bp is the newly refined S.LEW QTL1 region. Also illustrated are the 18 NCBI
(www.ncbi.nlm.nih.gov) annotated genes for the S.LEW QTL1 region. NCBI annotations of
the mouse chromosome 11 and human chromosome 17 syntenic regions are also illustrated.
The base pair location from the start to end for each gene is given in parentheses.
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Figure 4. A summary of BP QTL mapping on RNO10

Illustrated to the left of the cytogenetic map are the flank and peak LOD markers previously
obtained for the F, (S X LEW) population [12]. To the right of the cytogenetic map represented
in yellow is our previous S.LEW QTL1 localization as it relates to our current (orange) S.LEW
QTL1 localization. A collection of other RNO10 substitution mapping (green), linkage
analyses with defined flanking markers (red), and linkage analyses with poorly defined
flanking markers (blue) are given for comparison. Numbers underneath the mapping locations
are citation numbers. Rat strain nomenclature: S = Dahl Salt-sensitive rat, LEW= Lewis, MNS=
Milan normotensive strain, SHRSP= Spontaneously hypertensive stroke-prone, WKY = Wistar
Kyoto, SHR= Spontaneously hypertensive rat, BN= Brown Norway, MHS= Milan
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hypertensive strain, BB= Bio-breeding, ISIAH= Inherited stress-induced arterial hypertension,
WAG= Wistar Albino Glaxo, GH= Genetically Hypertensive.
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