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Genetic Susceptibility to Essential Hypertension
Insight From Angiotensinogen

Jean-Marc Lalouel, Andreas Rohrwasser

Abstract—Although progress in the genetics of essential hypertension may seem disappointing, it has considerable potential in
defining research directions that will ultimately translate into clinical practice. The hypothesis that genetic variation at the
angiotensinogen locus impacts on individual susceptibility to develop essential hypertension has motivated a substantial body
of research by us and many others. We examine how analyses of the mechanisms by which variation in angiotensinogen
expression may contribute to disease susceptibility and may have arisen in human populations have progressed in recent years.
Although the objective of personalized medicine is still in the future, a genetic hypothesis based on human variation can
uniquely empower functional genomics approaches to reach such an ultimate goal. (Hypertension. 2007;49[part 2]:597-603.)
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By modeling physiological systems controlling blood pres-
sure (BP) through rigorous application of the theory of

feedback control systems, Guyton1 has established that sustained
elevation of arterial pressure could be achieved by only 1 of 2
possible mechanisms: (1) general vasoconstriction including the
renal arteries or (2) excess sodium retention through the kidney.

The dominant role of the kidney in BP control was re-
markably confirmed by the discovery that, in all mendelian
forms of hypertension or hypotension, the mutated gene
products affect net renal sodium reabsorption.2 By contrast,
progress in the genetics of essential hypertension (EH) may
seem disappointing. In EH, molecular variation at a number
of loci increases susceptibility to disease in the context of
environmental exposures through a variety of physiological
mechanisms, thereby creating a complex, multivariate puzzle
that presents a considerable analytical challenge.3

We will outline our collective experience with the angio-
tensinogen (AGT) hypothesis. Similar progress has been
made for other genetic hypotheses, such as �-adducin or
G-protein �3 subunit gene.4,5 It follows that this article is not
a review; rather, it subsumes the experience and the contri-
bution of a group as it relates to a field of inquiry. Reference
to literature in the field is far from exhaustive; to all those
who have made meaningful contributions to the subject that
we have failed to cite, we extend our sincere apologies.

Linkage and Association Between AGT and EH:
The Development of a Genetic Hypothesis

In collaboration with Roger Williams and Pierre Corvol, we
performed a genetic study focusing on the renin–angiotensin
system (RAS). We chose to rely on the simple but robust
approach of testing genetic linkage in affected sibling pairs,

particularly attractive for diseases with complex etiology. We
examined the only 3 genes of the RAS that had been cloned
at the time and for which multiallelic markers were at hand.
Although no linkage support was obtained for either the renin
or angiotensin-converting enzyme, significant linkage was
obtained in 2 independent samples of hypertensive siblings
ascertained in Utah and France, respectively.6 After the
identification of common variants in the gene, significant
association between the M/T (235) polymorphism and both
hypertension and plasma AGT concentration was found in
both samples.6 The observation was thereafter extended to a
Japanese population.7 Increased plasma AGT in estrogenic
states led us to test whether the association may extend to
preeclampsia, and our data indeed supported the hypothesis.8

The work stimulated many attempts at replication in samples
where cases were defined following diverse criteria, with few
bearing on familial cases of hypertension as did our studies. We
have addressed elsewhere the potential pitfalls of such replica-
tion studies.9 Although it would seem of little relevance to
estimate an attributable risk in the aggregate for a condi-
tion as heterogeneous as EH, it is reassuring that subsequent
meta-analyses of this extensive literature support the conclusion
of a significant statistical association between this common AGT
variant and EH,10,11 particularly when data are stratified accord-
ing to family history. Evidently, significance of a genetic test did
not provide functional clues about the underlying molecular
mechanisms involved.

Implications of Genetic Hypotheses
Multiple organs and hundreds of regulatory pathways in-
volving thousands of genes are likely to be involved in BP
regulation. Pharmacological or genetic manipulation of any 1
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gene can provide clues on the function of its product in a
complex regulatory pathway and attendant consequences for BP.

Given the heterogeneity of EH and the well-documented
heritability of BP, the rationale to pursue a genetic hypothe-
sis, namely that variation at a given locus contributes to
individual susceptibility to EH, is that, by addressing actual
causal determinants of these inherited tendencies, it will usher
diagnostic and therapeutic means that afford targeting of
individual disease mechanisms. Such causal, as opposed to
symptomatic, therapy is the legitimate goal of personalized
medicine. The analogy that, whereas antipyretic agents can
control fever and pain caused by a bacterial infection,
targeted antibiotics actually treat the cause of the disease can
be extended to EH. The limitation of common antihyperten-
sive agents is that, lacking knowledge of disease mechanism
in any given individual, they may leave such factors un-
checked, whether or not they do control BP.

Proceeding from detection of a gene at which individual
variation predisposes to EH to identification of the underlying
mechanism remains a daunting task, because proof must
develop through molecular, cellular, organ, and whole-body
levels to ultimately establish the link between individual
genetic diversity and disease.12 Furthermore, identifying the
evolutionary mechanisms that account for such genetic diver-
sity in present-day populations of the world remains a matter
of considerable interest.

As we trace progress made along the AGT hypothesis, we
must acknowledge the fact that, where multiple genes are likely
to be involved, practical applications will ultimately require
biological integration before delineation of specific interven-
tions. Although we are years away from such integration, the
resolution of individual factors remains a necessary prerequisite.

Searching for Differences in AGT Expression
in Cellular Models and in Tissues

On the Physiological Significance of Plasma
AGT Concentration
Linkage and association have elevated the candidate gene
status of AGT.13,14 Whereas acute and marked changes in
renin expression are essential for short-term regulation of BP,
the slower, smaller, but sustained changes in AGT expression
may be relevant in long-term regulation of baseline BP. A
plasma concentration close to the Michaelis constant of the
reaction15 indicates that moderate changes in its plasma
concentration, as observed in our genetic study,6 could affect
steady-state angiotensin formation in the circulation.

A Promoter Variant, G/A (�6), in Quasicomplete
Disequilibrium With M/T (235) May Be
Functionally Relevant
Our initial study could not settle whether T235 was causally
involved or only served as a marker for yet �1 variant in
linkage disequilibrium. In subsequent experiments, we could
find no evidence for a functional effect when the M/T (235)
transcripts and proteins were examined in vitro.16 A possible
functional role was suggested in a separate study by
Gimenez-Roqueplo et al17 through differential interaction of
the M/T (235) polymorphism with Cys (232), a residue that

could be important in protein folding and complex formation
with other plasma proteins.

In further genetic analyses, we noted that a common var-
iant at nucleotide �6, located between the TATA box and the
transcription initiation site of AGT, was in quasicomplete
disequilibrium with the M/T (235) polymorphism, with A
(�6) occurring with T235, whereas G (�6) was found with
M235.16 The potential functional role of this proximal pro-
moter variant was examined through DNA binding and in
vitro transcription studies in cultured cells. These studies
supported a possible impact of the variant on baseline AGT
transcription, with an estimated effect of the A allele 40% to
70% higher than observed for the G allele. Although these
observations supported a differential expression hypothesis,
we cautioned that, “it is clearly not possible to directly extend
the results of transfection experiments done with truncated
AGT promoters in cultured cells to the function of the intact
gene at the level of the whole organism.” Another poly-
morphism, T/C (67); denoted “68” in Reference 18 in
complete association with polymorphisms at �6 and codon
235, was present in the constructs used in our in vitro tests
and, therefore, could also account in part for our observations.

Allelic Differences in AGT Expression at the Level
of the Tissues
The quasicomplete linkage disequilibrium between these 2
polymorphisms suggested that the hypothesis of differential
mRNA expression could be directly addressed using the M/T
(235) polymorphism to tag transcripts. Although this could be
pursued in human liver tissues, we had no access to such
samples. Pursuing our hypothesis of a relationship between
AGT polymorphism and preeclampsia with Morgan et al,19

however, we inspected placental samples obtained from first-
trimester elective abortions. First, we established that AGT
was expressed in decidual tissues, where it was restricted to
smooth muscle cells of spiral arteries. Maternal decidua from
39 individuals heterozygous for the M/T (235) polymorphism
were used to quantitate mRNA carrying the M235 and the
T235 alleles by each of 2 distinct methods, an allele-specific
ligation assay and a single nucleotide primer extension assay.
In either assay, the T235 transcript was significantly higher
than its M235 counterpart. The difference observed was
�2-fold, but the quantitative aspect of this ratio cannot be
interpreted directly in view of the nonlinearity of the reac-
tions involved. Whether similar differences can be observed
in other AGT-expressing tissues remains unknown.

Direct Demonstrations in Animal Models
In early transgenic experiments, overexpression of rat AGT in
the mouse led to fulminant hypertension.20,21 In subsequent
work, the well-documented species specificity of the renin–
AGT reaction was exploited by overexpressing both human
renin and human AGT in mouse.22,23 Again, in all instances,
very severe hypertension was observed.

In all of these models, clamping both human renin and
human AGT at high, unregulated levels produced a form of
hypertension somewhat akin to that produced by chronic
angiotension II (Ang II) infusion at marked pressor levels.
Indeed, in mice doubly transgenic for human renin and
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human AGT, plasma renin activity was increased 10-fold,
whereas plasma human AGT was 150-fold higher than in
human plasma.24 These studies provided remarkable proof of
principle of the significance of the RAS in BP regulation.

The generation of animals with graded, modest changes in
AGT expression in the physiological range postulated in humans
was made possible by the original development of the gene
titration approach.25,26 Through the combination of classical and
a special form of gap repair gene targeting, Smithies and Kim25

generated and characterized animals with mouse AGT copy
number varying from 1 to 4. Three-copy animals exhibited a
24% increase in plasma AGT concentration and an 8-mm Hg
increase in mean arterial pressure as measured directly by
indwelling catheters26 when compared with 2-copy animals.

Systemic Versus Tissue Systems: The Possible
Participation of a Tubular RAS

The overlap of systemic and tissue RAS through filtration,
transport, or diffusion of soluble components to extracellular
space and tissues renders challenging any apportioning of
their relative contributions to BP regulation. The well-
recognized role of intrarenally derived Ang II in BP regula-
tion and renal function27,28 suggested that AGT differential
expression in the proximal tubule (PT) may contribute to an
AGT-mediated susceptibility to hypertension. To address this
issue, Ding et al29 and Davisson et al30 generated doubly
transgenic mice overexpressing human renin under its own
promoter and human AGT under the testosterone-dependent
kidney androgen-regulated protein promoter, restricting hu-
man AGT expression to PT. In this model, mean arterial
pressure was increased 30 to 40 mm Hg in male mice, and a
similar increase was induced in female mice upon testosterone
administration. No human AGT could be detected in the circu-
lation, and circulating mouse AGT and Ang II were in the
reference range, whereas human AGT was easily detected in
urine. This model suggested that increased expression of AGT in
PT could lead to enhanced local production of Ang II and that
this mechanism could lead to hypertension without direct par-
ticipation of the systemic RAS. Taken together, these various
animal models were consistent with the long-held view that
systemic and intrarenal RAS could contribute to chronic eleva-
tion in arterial pressure through distinct mechanisms.

Delineation of a Tubular RAS Along the
Entire Nephron

Intrarenal RAS and Tubular RAS
A variety of experiments document the participation of an
intrarenal RAS in sodium reabsorption and BP regulation.28,31

The presence of angiotensin-converting enzyme and angio-
tensin type I receptors along the nephron has been well
established,32,33 and AGT was long known to be expressed in
PT.34 The leading evidence for an active tubular RAS in PT
was the observation of Ang II at a concentration �50-fold
higher in luminal fluid than in plasma35,36 and that Ang II in
this segment enhances sodium reabsorption through stimula-
tion of the sodium/hydrogen exchanger.37

Less evident is the actual mechanism of formation of
Ang II in PT, as well as in distal segments of the nephron.31

Ang I or Ang II could be formed intracellularly and secreted
in tubular lumen, or alternately AGT could be secreted and
cleaved in tubular fluid. The former would require the action
of intracellular renin or another enzyme capable of releasing
angiotensins. The latter would require the presence of renin in
the lumen of PT, whether locally generated or of filtered
origin.

AGT Expression in PT Cells and Secretion in
Tubular Fluid
AGT expression in PT has long been recognized.34 Wang et
al,38 finding an androgen-dependent correlation between renal
AGT mRNA and excretion of the protein in urine with no
parallel change in plasma AGT, provided initial support for
the intrarenal origin of urinary AGT. We confirmed urinary
AGT excretion and provided evidence of its apical secretion by
PT monolayers in culture.39Appearance in urine but not in
plasma of human AGT overexpressed in mouse PT provided
further evidence of luminal secretion of AGT in PT.30 Kobori et
al40–42 have demonstrated significant increases of both intrarenal
AGT mRNA and protein on sustained infusion of Ang II. They
also demonstrated AGT excretion in urine in this model.42,43

The Origin of Renin in PT
Some experimental data suggest renin expression in PT.44,45

A more evident source of renin in PT lumen is filtration of
circulating renin, because the kidney accounts for the rapid
clearance of renin from the circulation. Most filtered renin is
reabsorbed along the PT.46,47 Although local production of
renin may serve local intracrine or autocrine functions,
filtered renin may be a more abundant source of the protein in
PT lumen under most physiological conditions. Rather than
just catabolism, glomerular filtration of renin may represent
active delivery to act on PT AGT in tubular fluid.39

Expression of Renin in the Connecting Tubule and
Collecting Duct
Transit of some intact AGT through the nephron led us to search
for renin expression at a distal tubular site. Sodium restriction
induced renin immunostaining in cells of open tubular segments
identified as connecting tubule (CNT) cells based on topograph-
ical and morphological arguments, mutual exclusion from H�-
ATPase,39 and colocalization with tissue kallikrein expression.48

Renin immunostaining, occasionally reported in tubular seg-
ments of mouse kidney,49,50 was either dismissed as an artifact or
interpreted as nonspecific reuptake of filtered renin. We have
provided conclusive evidence of CNT synthesis through detec-
tion of renin mRNA by both in situ RT-PCR and by RT-PCR
from microdissected nephron segments.39

Renin expression in distal segments of the nephron under
physiological conditions received further support when similar
observations were reported in pathological51,52 and pharmaco-
logical models.53 Although renin activation may be restricted to
CNT under physiological conditions,39 recruitment of collecting
duct occurs in response to more extreme stimuli, such as
sustained Ang II infusion.53 A similar observation has been
noted for epithelial sodium channel expression, when Hoxb7-
directed knockout of epithelial sodium channel in collecting duct
revealed that CNT was sufficient to handle distal sodium
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reabsorption in response to dietary sodium changes.54,55 Renin-
driven Cre recombinase activation of a reporter gene during
development did reveal that renin was transiently expressed in
the renal collecting duct during kidney development.56

Proposal: A Paracrine Tubular RAS Integrating
Proximal and Distal Functions
Overlap between systemic and intrarenal RAS has long been
recognized and is often described in terms of the ensuing
compartmentalization of Ang II in the kidney and its impli-
cation for renal sodium handling, BP regulation, and treat-
ment of hypertension.57 Our work led us to propose that a
paracrine tubular RAS that includes as soluble precursors
filtered renin of systemic origin, PT AGT, and renin in CNT
could play a significant role in the coordinated regulation of
sodium reabsorption between proximal and distal sites along
the nephron39 (Figure 1). The role of the proximal component
of this system in bulk sodium transport is well recog-
nized.28,37 CNT renin expression and its action on AGT of PT
origin could prove critical in volume-depleted states or in
situations of relative or absolute sodium deficit.

A role for Ang II in the regulation of sodium reabsorption
at distal sites of the nephron has long been argued.27,58

Evidence supporting luminal effects of A-II in epithelial
sodium channel function in distal nephron segments59 has
now received considerable support.60,61

Plasma and Urinary AGT: Origin,
Physiological Significance, and Potential

Clinical Use
The increased focus borne onto plasma and intrarenal AGT
raises the issues described here. What is the origin of plasma
AGT? Is it primarily of hepatic origin? Does its correlation with
BP, long noted by Walker et al,62 supported by the joint
association with EH and the M/T (235) polymorphism, and
again observed in the gene titration model described previ-
ously,25,26 reflect a direct, causal effect? Does urinary AGT
(U-AGT) derive from plasma or from PT? Does urinary
excretion of AGT reflect its tubular production? What is its
potential clinical use?

Although transgenic overexpression of AGT in adipose tissue
leads to increased plasma AGT and increased BP,63 evidence
indicates that, under normal physiological conditions, plasma
AGT is primarily of hepatic origin.64 The correlation between

increased adiposity and plasma AGT warrants further analysis of
this issue. Increased AGT expression with AGT gene copy
number leading to both increased plasma AGT and BP25,26 does
not imply causal dependency between these 2 phenotypes.

AGT in urine can be of systemic origin in pathological
models that affect the integrity of the glomerular membrane.
There is substantial evidence, however, that in most physio-
logical states, U-AGT is primarily of PT origin. This was
suggested by the work of Wang et al.38 In the Ang II–infused
model of hypertension in rat, Kobori et al42,65 found that both
renal AGT mRNA and protein, as well as U-AGT, were
markedly increased, with no parallel effect on plasma AGT.
When human AGT was infused intravenously, it was not
detected in urine.65 In transgenic mice with human AGT
expression restricted to PT,30 the protein was detected in
urine. Lastly, U-AGT excretion did not parallel plasma AGT
in response to step changes in dietary sodium in mice.66

Although U-AGT excretion does reflect intrarenal produc-
tion in the Ang II infusion model of hypertension,40 under
physiological conditions, this relationship may be obscured
by the extent of tubular reabsorption of AGT so that U-AGT
excretion may reflect net water and sodium reabsorption in
this segment and, therefore, PT function and dietary sodium
more than its PT production rate.66

To evaluate the potential clinical use of U-AGT in EH, we
analyzed this parameter in a sample of consecutively ascer-
tained French patients.67 To define more homogeneous sub-
sets, patients were classified on the basis of their renin and
aldosterone status under their usual sodium intake. We
partitioned patients simply on the basis of medians of upright
plasma active renin concentration and plasma aldosterone.
Two groups were delineated: patients with renin and aldoste-
rone below medians and other patients. The most striking
feature was the observation of a strong (�0.50) correlation
between U-AGT and both systolic and diastolic BP obtained
by 24-hour monitoring in female patients with renin and
aldosterone below medians but in no other groups. Although
these data must be considered preliminary, they suggest that
there is merit to consider the potential use of U-AGT in
further studies where dietary sodium would be controlled.

Evolutionary Implications
If common genetic variants account for susceptibility to
common disease, the reason for their high frequency in some

Figure 1. Participation of renin and AGT to a
paracrine tubular RAS along the entire
nephron.
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populations remains a “first-class mystery.”68 The issue can
be discussed without knowing which of the many AGT
common variants account for increased or reduced suscepti-
bility to EH. This is because, on resequencing 736 entire
AGT genes in multiple samples from Africa, Asia, and
Europe, we not only confirmed the quasiabsolute association
between variants at �6 and at codon 235 but also found that
a unique G(�6)-M235 haplotype differed from multiple
A(�6)-T235 haplotypes at 13 nucleotide positions (including
nucleotide 67).69 The presence of A and T at �6 and 235 in
all of the primates resequenced16 strongly suggests that
A(�6)-T235 represents ancestral haplotypes, whereas
G(�6)-M235 tags a more recently derived haplotype or
neomorph. Restricted distribution of alleles at a multiallelic
microsatellite70 supports that inference. We will use codon
235 to refer to the derived M235 haplotype and the ancestral
T235 haplotypes.

The M235-derived haplotype exhibited marked variation in
frequency among world populations.16,69 Rare in Central
Africa (0.02), it is low in Asia (0.15 to 0.25), intermediate in
the Middle East and Eastern Europe (�0.50), and highest in
populations of Northern European descent sampled in Utah
(0.70). A number of evolutionary tests were applied to
estimate the emergence time of the M235 haplotype, leading
to an estimate as recent as 22 000 to 44 000 years.69

The rapid increase in frequency of this derived haplotype
could have resulted either from a marked bottleneck effect or
from natural selection. Evolutionary analyses do suggest that
this increase in frequency in Asian and European populations
may have indeed resulted from a selective sweep,69 support-
ing the hypothesis that M235 may have increased recently in
populations of Asia and Europe in response to selective
forces favoring this haplotype over ancestral T235 haplo-
types. This would fit the thrifty genotype hypothesis proposed
by Neel in 196268 His hypothesis postulates that ancestral
haplotype(s) (tagged here by T235 at AGT), advantageous
when faced with scarcity for a substance essential for life,
could become deleterious when cultural change renders that
substance abundant enough to allow excess consumption
(Figure 2). For an AGT-mediated susceptibility to hyperten-
sion, the likely substance would be sodium. There is much
evidence of long-standing primate and human evolution in
Africa under conditions of extreme sodium scarcity, with
greater abundance and excess consumption as humans spread
out of Africa.71

Under Neel’s68 hypothesis, the genetics of common disease
would represent the lag of genetic over cultural change. One
may wonder how the selective forces at play may have

operated, given that EH became manifest and affected lifes-
pan after the reproductive period for much of the evolutionary
history of humans. In follow-up to the report of a significant
association between the M/T (235) and preeclampsia in primi-
gravida,8 we have shown that AGT was expressed in spiral
arteries in first-trimester placenta, with T235 expressed at a
higher level than M235 in heterozygous specimens.19 Conse-
quently, susceptibility to preeclampsia mediated by T235 may
have and continues to provide the selective force for the rise of
M235 and the fall of T235 in human populations, in quantitative
terms consistent with mathematical expectations.72

If the homogeneous M235-derived haplotype favored so-
dium tolerance, it remains conceivable that the multiple
ancestral T235 (and -A[�6]) haplotypes differ in their ten-
dency to promote sodium sensitivity and, therefore, AGT-
mediated susceptibility to hypertension. This issue has been
addressed and reviewed by Kumar et al.73 Perhaps not too
surprisingly, these reports strongly suggest that variability at
the AGT locus mediates susceptibility to disease in a more
complex manner than initially anticipated.

Perspectives
The hypothesis of AGT variation as a genetic susceptibility to
EH has motivated considerable research to further our under-
standing of the evolutionary history and the mechanism by
which genetic variation at this locus can affect sodium
handling and BP regulation. This work and similar efforts
directed toward the genetics of EH highlight future perspec-
tives to reach the goals of understanding individual suscep-
tibility to disease so that it translates into clinical practice.
Past and current experience, combined with emerging tech-
nologies, may ultimately usher personalized medicine and
individual therapy.

At the level of the individual, the hypertension phenotype has
proven much too vague for genetic investigations, a limitation
not alleviated by the substitution of BP. This is very well
summarized by Ferrari and Bianchi,74 who emphasize the
complexity introduced by variation attributable not only to
underlying mechanisms but also to stages of disease, treatment,
and other confounders. What are needed are careful investiga-
tions of physiological systemic and renal responses to controlled
stimuli (such as step changes in sodium intake, plasma volume,
or response to specific antihypertensive agents) in select subjects
at genetic risk of disease, exploiting the time dependence and the
multivariate aspects of such responses.

Likewise, animal models are needed to investigate organ- and
tissue-specific responses to genetic perturbations in the physio-
logical range, because the deviations and the return to equilib-
rium of complex systems after modest versus drastic perturba-
tions are not likely to be the same. Indeed, functional analysis of
equilibrium in systems involving multiple parameters by apply-
ing discrete changes in �1 parameter may shift to new equilibria
in a complex universe that contains many peaks and valleys. Not
only should the stimuli considered to probe the response of the
system be physiologically relevant in scale and in direction, but
responses to any stimulus need to be investigated at the level of
an entire system. This “systems biology” approach is now
receiving considerable attention, and functional genomic tools
are allowing the investigator to develop this broader analytical

Figure 2.The lag of genetic over cultural change.
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perspective. Some investigators have taken a head start in this
direction, as did Cowley75 in a global genomics and homeostasis
approach, who pointed out the analogy with Guyton’s models in
integrative physiology. On the smaller scale of investigating
response to a single, modest genetic perturbation, Smithies76

again was 1 of the earlier advocates of a systems approach with
2 distinct but complementary contributions. First, he attempted
to model the response of the RAS to genetic perturbations of its
individual components in mathematical terms, providing a
unique outlook, as well as specific and testable predictions. In
another seminal contribution, he investigated the response, at the
transcriptional level, not only of components of the RAS, but
also of key components of regulatory systems likely to be
affected by specific alterations in AGT copy number.77

Given the obvious complexity of physiological regulation
at the molecular level and the relevance of homeostatic
regulation for common disease, we can no longer simply
probe pairwise relationships in complex networks involving
hundreds of components. Phenotypic characterization using
functional genomics tools becomes an inescapable necessity.78

Such investigations are best justified when the perturbation
applied to a system rests in genetic observations initially made in
humans. We think that great advances will be achieved in the
field of hypertension research when such tools are applied with
a sound hypothesis and a clear rationale.
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