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Abstract This study targeted the identification of muta-
tions of melanocortin-4 receptor gene (MC4R) in obese
children. Fifty-one unrelated probands with early onset
severe obesity (body mass index (BMI) >99th percentile;
21 girls, mean age 10.6 &+ 3.6 years) were analyzed for
nucleotide variations in the MC4R coding region, by the
polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP) method followed by direct
DNA sequencing. MC4R variants were detected in three
patients: the known I169S variant was found in heterozy-
gote state in two patients and a novel heterozygous Y302F
mutation was detected in one 12-year-old girl
(BMI = 34 kg/mz, BMI z-score 2.7) who has been over-
weight since the second year of life and suffered from
hyperinsulinemia (at the age of 12: fasting insulin 45 mU/
ml, after oral glucose load max. 300 mU/ml). The mutation
also appears in the father, although both parents are obese
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(BMI father: 30.2 kg/m?; mother: 31.9 kg/m?). This novel
mutation is located in the functionally important NPXXY
motif of the seventh transmembrane domain of the recep-
tor. Functional characterization revealed reduction in cell
surface expression and an alteration in signal transduction
properties. These results add to the growing list of loss-of-
function MC4R mutations in early onset obese patients and
suggest an orexigenic effect of novel Y302F mutation.
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Introduction

The control of body weight is a complex process involving
interactions between genetics and environment. In early-
onset obesity, the nature side of this nurture against nature
paradigm weighs heavily and calls for investigations of
genetic components of obesity [1]. As mutations of the
melanocortin-4 receptor gene (MC4R) are considered the
most common monogenic form of obesity [2, 3], they are
the focus of this investigation. Both rodent and human
studies reveal the importance of the central melanocortin
pathway in controlling energy homeostasis and the pivotal
role of the MC4R protein [4]. MC4R is a 332-amino acid
protein of the G protein-coupled receptor (GPCR) super-
family that is highly expressed in the hypothalamic
paraventricular nucleus, a region of the brain involved in
appetite regulation, energy balance, and body weight con-
trol [5]. The MC4R is a seven-transmembrane GPCR and is
a critical satiety signal in the leptin/melanocortin axis
stimulated by a-melanocyte stimulating hormone («-MSH)
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[6]. Hypothalamic proopiomelanocortin (POMC) neurons
are stimulated by leptin and represent an evident link
between leptin signaling and the melanocortin system [7].

MCA4R activates adenylyl cyclase via the stimulatory G
protein Gs to elevate intracellular adenosine 3’,5'-cyclic
monophosphate (cAMP) levels. The endogenous ligands
for the MC4R include the agonists «- and f-MSH (derived
from the posttranslational processing of POMC) and the
antagonist/inverse agonist agouti-related protein (AgRP).
Pharmacological and mouse genetic studies establish the
MCA4R as one of the critical factors involved in regulating
energy homeostasis [8—11]. Disruption of the MC4R sig-
naling pathway by deletion of MC4R or POMC or
overexpression of AgRP leads to hyperphagia and obesity.
In humans, frameshift mutations of the MC4R were first
reported to be associated with early onset severe obesity
[12, 13]. The importance of MC4R in the regulation of
body weight has been highlighted in these reports in single
families, where heterozygous frameshift or nonsense
mutations causing truncated proteins seemingly cosegre-
gate with dominantly inherited early-onset obesity.
Detailed functional studies of the variant MC4Rs reveal
that intracellular retention of the mutant receptor is the
predominant cause of its loss-of-function [14-18].

In this study we investigated MC4R variations in a small
study group of obese children in Germany, all of whom can
be described as suffering from early onset severe obesity
with a mean onset age of 4.75 years, resulting in the
characterization of a novel MC4R mutation.

Subjects and methods

Fifty-one unrelated obese children and adolescents (21
girls) from Germany (body mass index (BMI) in all patients
>99th percentile, mean age 10.6 & 3.6 years; range 3.3—
17.4 years) who were consecutively treated for obesity in
2003 at the Department of Pediatrics, University of Bonn,
Germany, were investigated for mutations in the MC4R
coding region as a part of their metabolic characterization.
Obesity was defined according to the International Task
Force of Obesity using population-specific data [19, 20].
The mean BMI was 31.1 & 5.18, their BMI z-score was
291 £ 0.30, and the average age at obesity onset was
4.75 £ 2.4 years. Obesity onset was defined when BMI,
retrospectively evaluated, exceeded the 97th percentile for
sex and age according to the reference values [20]. As BMI
is not normally distributed in childhood, we used the least
mean square method to calculate SDS-BMI as a measure-
ment for the degree of overweight [21]. Written and
informed consent was obtained from both parents. The
study was approved by the local ethics committee of the

University of Bonn, Germany, and was conducted in
accordance with the guidelines of The Declaration of
Helsinki. Procedures were conducted by qualified scientists
adhering to the rules of respect for the individual, every
patient was assured the best proven diagnostic and thera-
peutic method, and no one was studied without their free
consent.

Anthropometrical markers and blood samples were
obtained from the study group population described above.
Insulin was measured by immunoassay (Immulite 2000
Analyzer; Pharmacia & Upjohn Diagnostics AB, Uppsala,
Sweden), with the lowest detection at 2.0 mU/l. Blood
glucose was determined by a colorimetric test (Vitros GLU-
Analyseplittchen, Ortho-Clinical Diagnostics, Rochester,
NY). Intra- and interassay coefficients of variation were
<5%. Homeostasis model assessment (HOMA) was cal-
culated by the following formula: resistance (HOMA-
IR) = (insulin [mU/] x glucose [mmol/1])/22.5. The
median HOMA-IR of the study group was 3.3 (interquartile
range 2.2-4.5). Genomic DNA was collected from nucle-
ated white blood cells. Amplification of the MC4R coding
region was performed using four primer pairs to generate
four individual overlapping segments of 254, 260, 449, and
448 bp, Hot Taq enzyme, and an annealing temperature of
55°C for each reaction. Polymerase chain reaction (PCR)
products were screened using the single-strand conforma-
tion polymorphism (SSCP) analysis (see the following
section) after cutting the two larger fragments by restriction
enzymes (Ddel for 449 bp and Tagl for 448 bp, both Roche,
Germany). Subsequently, MC4R amplification was repeated
using the same primer pairs in a buffer containing 20 mM
N2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES) titrated to pH 7.5 with Tris) (Tris—HEPES),
10 mM KCl, 10 mM ammonium sulfate, 2 mM MgCl,, and
the Amplitaq Gold DNA polymerase (Perkin Elmer, USA).

SSCP analysis and sequencing

In all patients, genomic DNA was isolated from peripheral
blood leukocytes by standard procedures [22]. Following
PCR amplification, each fragment was screened for varia-
tions employing PCR-SSCP as previously described [23,
24]. Briefly, PCR products were heat-denatured and elec-
trophoresed on non-denaturing polyacrylamide gels. PCR
products that showed aberrant migration compared to
normal controls were further analyzed by direct sequencing
using the Amersham-Pharmacia ALF Express automated
sequencer (Pharmacia, Freiburg). Bi-directional sequenc-
ing of PCR products of all three individuals showing an
aberrant SSCP pattern was performed with an automatic
sequencer (ABI PRISM 310, Perkin Elmer, USA).
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In vitro mutagenesis of MC4R variants

Wild-type (WT) MC4R with a myc epitope tag at the N
terminus (after the initiating Met) has been described pre-
viously [17]. Mutant MC4Rs were generated using this
construct by QuikChange site-directed mutagenesis kit
(Stratagene, La Jolla, CA) as detailed previously [17, 25].
Briefly, primers incorporating the desired mutations were
synthesized (Invitrogen, Carlsbad, CA) and used to replace
the WT sequence by PCR using myc-MC4R in pBlueScript
as the template and pfu Turbo DNA polymerase (the
sequences of the primers are available on request from the
corresponding author). The PCR cycles consisted of dena-
turation at 95°C for 30 s and then 12 cycles of 95°C for 30 s,
55°C for 30 s, and 68°C for 12 min. Dpnl was used to digest
the parental methylated DNA in pBlueScript in the reaction
product (37°C for 1 h), and the digested reaction product
was transformed into the supercompetent XL1-Blue Esch-
erichia coli cells (which repaired the nicked mutated
plasmids). Individual colonies were grown and sequenced
by automated DNA sequencing (performed by the DNA
Core Facility at the University of Chicago Cancer Center).
The plasmids with the correct mutation and without any
spurious mutation introduced during PCR were ligated back
into pcDNA3.1. The final constructs in pcDNA3.1 were
prepared with a Maxiprep kit (Qiagen, Valencia, CA), and
were sequenced again prior to transfections.

Cells and transfections

Human embryonic kidney (HEK) 293 cells were main-
tained at 5% CO, in Dulbecco’s-modified Eagle’s medium
containing 50 pg/ml gentamicin, 10 mM HEPES, and 10%
newborn calf serum. Cells were plated on the gelatin-
coated 35-mm six-well clusters (Corning, Corning, NY).
Calcium precipitation was used to transfect HEK293 cells,
with 4 pg plasmid added to each 35-mm dish [26]. In co-
transfection experiments, equal amounts (2 pg each) of the
WT and mutant MC4Rs were added. Empty vector
pcDNA3.1 was added to the singly transfected cells so the
total amount of DNA added to each well was 4 ng. Cells
were used 48 h after transfection to measure ligand binding
and hormone stimulation of cAMP generation. Nonclonal
cells stably expressing MC4R were established by selecting
cells in growth media containing 200 pg/ml geneticin for
2 weeks after transfection. The cells were thereafter
maintained in media containing geneticin. These cells were
used for flow cytometry experiments.

Investigations of cell surface expression

In order to measure the levels of cell surface expression,
flow cytometry of HEK293 cells stably expressing WT or
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mutant MC4Rs [27] were used. Cells were incubated for
1 h with fluorescein-labeled anti-myc monoclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA) diluted 1:200
to detect the myc epitope at the N terminus of the MC4Rs
and assayed with a MoFlo7-color flow cytometer & high-
performance sorter (Dakocytomation, Fort Collins, CO).
The expression level of the mutant was calculated as a
percentage of WT expression using the formula:
[mutant — pcDNA3]/[WT — pcDNA3] x 100%.

[Nle*, D-Phe’]-a-MSH (NDP-MSH) binding to intact
cells

The binding assay has been described in detail previously
[17]. Briefly, 48 h after transfection, cells were washed
twice with warm Waymouth’s MB752/1 media modified to
contain | mg/ml bovine serum albumin (BSA) and 50 pg/ml
gentamicin (hereafter referred to as Waymouth/BSA). Fresh
Waymouth/BSA was added to each well, together with
100,000 cpm of ['*’TIINDP-MSH (Peptide Radioiodination
Service Center, The University of Mississippi, University,
MS) in 50 pl, with or without different concentrations of
unlabeled NDP-MSH or ¢-MSH (Phoenix Pharmaceuticals,
Belmont, CA), and incubated at 37°C for 1 h. Then cells
were placed on ice and washed twice with cold Hank’s
balanced salt solution containing 1 mg/ml BSA. The cells
were then dissolved in 100 pl 0.5 N NaOH, collected using
cotton swabs, and counted in a y-counter. The concentra-
tions that caused 50% inhibition (ICsy) were calculated
using Prism 4.0 (GraphPad, San Diego, CA) software.

Signaling properties of the mutant MC4Rs

Signaling properties of the MC4Rs were assessed by
measuring intracellular cAMP levels in response to NDP-
MSH or o-MSH stimulation [17]. Forty-eight hours after
transfection, cells were washed twice with warm Way-
mouth/BSA, and 1 ml of fresh Waymouth/BSA containing
0.5 mM isobutyl methylxanthine was added to each well.
After 15 min incubation, either buffer alone or different
concentrations of NDP-MSH or «-MSH were added, and
the cells were incubated for an additional 1 h at 37°C.
Intracellular cAMP was extracted with 0.5 N perchloric
acid containing 180 pg/ml theophylline, and was measured
by radioimmunoassay (RIA). All determinations were done
in triplicate. ECso values and maximal responses were
calculated using Prism 4.0.

Statistical analyses
Statistical calculations were performed with SAS Edition

9.1 (one sample r-test) or Microsoft Excel 2003 (unpaired
t-test). For comparisons on maximal signaling, one sample
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t-test was used. For comparisons of median effective
concentrations inducing 50% effect (ECsp) and ICso, an
unpaired ¢-test was used.

Results

In this study, we screened for MC4R variants in 51 study
group members. We found a known heterozygous 1169S
variant in two patients and a novel Y302F mutation in one
12-year-old female patient. The novel Y302F mutation was
detected by SSCP and subsequent sequencing (Fig. 1) in
this female patient with early-onset obesity at the second
year of life. This severely obese 12-year-old girl
(BMI = 31.6 kg/m2, >99.5th percentile, BMI z-score 2.7,
height 160.5 cm, 75th percentile) showed acanthosis
nigricans on her neck and had elevated blood pressure
(150/100) measured at several time points. At the age of
12, she had marked hyperinsulinemia (insulin basal
45 mU/I, after oral glucose load max. 300 mU/1), elevated
HOMA-IR (8.66), but normal glucose (fasting 78 mg/dl,
max. 125 mg/dl 30 min after oral glucose load). She was
heterozygous for the Y302F mutation (A905T exchange) as
the mutation was also found in her father and therefore
assumed to be inherited from the father (BMI father:
30.2 kg/m?, height: 182 cm). His onset of obesity was at
10 years and he later developed hyperuricemia and high
blood pressure. Her mother did not show an MC4R variant
although she was obese (BMI mother 31.9 kg/m?, height:
166 cm). She did not have any ancillary complications and
her onset of obesity was 10 years. There were no other

Fig. 1 Identification of the novel MC4R mutation Y302F. SSCP gel
analysis shows abnormal pattern in lane 3 (obese girl with MC4R
mutation) and lane 4 (her father). Lanes 1, 2 show unaffected controls
and lane 5 her mother (a). Heterozygous A > T exchange in position
905 (b)

children in this Caucasian female patient’s family. The
paternal grandmother had elevated blood pressure and type
2 diabetes mellitus, and maternal and paternal grandparents
were not overweight.

As mentioned above, functional studies of human
MC4R polymorphisms show that 1169S has normal func-
tions compared with WT MC4R [28]. In characterizing the
functional impact of the novel Y302F mutation, we rea-
soned that if a loss-of-function were found, it would imply
that the variant was pathogenic for her early-onset obesity.
Our in vitro characterization of the mutant MC4R showed
that the ICsq in ligand binding experiments was similar to
those for the WT MC4R (Table 1, Fig. 2). Using both
NDP-MSH and «-MSH as ligands, we showed that the
maximal signaling of the mutant was similar to the WT
MCA4R (Table 1, Fig. 2). The ECs, was increased for NDP-
MSH by 6.8- and 2.4-fold for a-MSH. In co-transfection
experiments, no dominant negative activity was detected
when the superpotent analogue NDP-MSH was used as the
ligand (Fig. 2). However, when the endogenous o-MSH
was used as the ligand, a significant decrease in maximal
signaling was observed, suggesting a dominant negative
effect (Fig. 2). In flow cytometry experiments, the mutant
had 53% of WT receptor expression, indicating decreased
cell surface expression of the mutant receptor by half
(Fig. 3a) and classifying this novel MC4R variant as a
Class II mutation [29]. No difference in the constitutive
activity between the WT receptor and the mutant variant
was observed in the cell system and no dominant negative
activity was detected in basal activity (Fig. 3b).

Discussion

As a part of the metabolic characterization of severely
obese pediatric patients at the University of Bonn Pediatric
Department in Bonn, Germany, we screened the entire
MC4R coding region in 51 severely obese children and
were able to identify a novel missense mutation (Y302F) as
well as a known variant (I169S). The current trend indi-
cated by several recent studies is to test any identified
MC4R mutation for loss-of-function, although loss-of-
function mutations in the MC4R do not necessarily lead to

Table 1 Ligand binding and agonist-stimulated cAMP generation of WT and Y302F MC4Rs

n NDP-MSH binding

NDP-MSH-stimulated cAMP

o-MSH binding o-MSH-stimulated cAMP

ICs (nM) ECso (nM) Emax (% WT)  ICso (nM) ECso (nM) Enmax (% WT)
WT 3 5.64 £+ 0.54 0.85 £+ 0.09 33.45 + 6.00 2.46 £+ 0.96 100
Y302F 3 5.17 £ 0.78 5.73 + 1.35% 119 + 3¢ 53.82 + 11.00 591 £ 1.55 87 £ 11
WT/Y302F 3 496 £+ 0.10 0.94 £+ 0.15 99 + 4 24.13 + 2.72 1.23 £ 0.11 67 + 6°

 Significantly different from WT receptor, P < 0.05
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Fig. 2 Ligand binding and signaling properties of Y302F MC4R.
HEK?293 cells were transiently transfected with WT and/or Y302F
MC4Rs and binding assays were performed as described in section
“Subjects and methods.” Different concentrations of unlabeled NDP-
MSH (upper left) or «-MSH (upper right) were used to displace the
binding of ['>’IINDP-MSH to WT or mutant MC4Rs on intact cells.
Results shown are expressed as the mean =+ range of duplicate
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Fig. 3 Cell surface expression and constitutive activities of Y302F
MCH4R. Cell surface expression of MC4Rs in HEK293 cells stably
expressing WT or mutant MC4Rs were measured by flow cytometry.
The mutant Y302F MC4R had 53% of WT receptor expression on the
cell surface (a). b The basal activities were assessed by measuring

obesity as the penetrance of MC4R mutations in causing
obesity is not 100% [30].

Nevertheless, it has been established that MSHs, sig-
naling through Gs protein/adenylyl cyclase, activate
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determinations within one experiment (upper panels). Different
concentrations of NDP-MSH (lower left) or «-MSH (lower right)
were used to stimulate cells expressing WT or mutant MC4Rs. Cyclic
AMP levels were measured by RIA. Results shown are expressed as
mean = SEM of triplicate determinations within one experiment
(lower panels). All experiments were performed thrice and similar
results were obtained

150 =

Y302F
N

B
%100_ VT —|—
E 7/ / 7/
N 7
E
S

cAMP levels in cells expressing the MC4Rs in the absence of any
ligand. The results are expressed as percentage of WT basal cAMP
level. Shown are mean & SEM of three or more experiments. The
basal cAMP level in WT MC4R was 24.24 4+ 2.56 pmol/lO6 cells
(mean £ SEM of seven experiments)

MCA4R, a critical component of the hypothalamic melano-
cortin system involved in energy homeostasis, leading
investigators to deduce that mutations in MC4R could be
responsible for monogenic obesity in humans [12, 13] and
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mice [8, 31]. MC4R loss-of-function can be characterized
as decreased cell surface expression, decreased ligand
binding, and/or disturbed receptor signaling. As mentioned
earlier, even though loss-of-function mutations in the
MC4R do not necessarily cause obesity, functionally rele-
vant mutations have been reported in numerous cases of
extreme obesity [32]. Furthermore, the functional impair-
ment(s) characterizing the MC4R mutation result in a
distinct obesity syndrome and a complete loss-of-function
is associated with a more severe phenotype [33]. Interest-
ingly, when the quantitative effect of MC4R mutant alleles
on BMI was investigated in a family-based study design,
results revealed that the allelic effect was nearly twice as
strong in females [34].

It bears mentioning that not all early-onset obese
patients display loss-of-function mutations. Even in our
small study group, only 3 of the 51 severely obese patients
we investigated revealed MC4R mutations and 2 of them
displayed the previously reported 1169S variant which does
not lead to disturbed receptor signaling, decreased cell
surface expression, nor decreased ligand binding [28].

In contrast to the known variant (I1169S) having no loss-
of-function as described above, the novel heterozygous
Y302F mutation we found in one 12-year-old girl and her
father revealed a 47% reduced cell surface expression
(53% compared to WT receptor expression). In signaling
experiments, the ECs for both NDP-MSH and o-MSH was
increased (Fig. 2), suggesting that the mutant is less sen-
sitive to the agonists. As one of a family of seven
transmembrane GPCRs activating adenylyl cyclase, MC4R
is functionally involved in the hypothalamic regulation of
food intake, implying that any loss-of-function mutation
would disturb the delicate mechanism regulating homeo-
stasis [35], an implication confirmed by a plethora of
studies, several of which are cited in this report [3, 4, 8—12,
14-18, 29-34, 36-38]. It seems that the reported novel
mutation (Y302F) is not a known or common MC4R var-
iant as it was not found among 2,257 obese individuals and
2,677 nonobese control subjects of European origin as
published by Stutzmann et al. [39] recently.

Amino acid Y302 lies in the highly conserved NPXXY
motif in family A GPCRs (it is DPLIY in human MC4R).
Although initially shown to be important for internalization
in f,-adrenergic receptor [40], later studies in other
receptors showed that it is not important for internalization.
Rather, it is important for receptor-G protein interaction
and signaling. The receptors investigated include type 1
angiotensin II receptor [41, 42], o g-adrenergic receptor
[43], gonadotropin-releasing hormone receptor [44], and
B2 bradykinin receptor [45]. Saturation mutagenesis was
done in serotonin SHT2C receptor at the tyrosine residue
[46]. The data obtained suggested that the tyrosine affects
the isomerization of SHT2C receptor among the myriad

active and inactive conformations. Mutations of the tyro-
sine residue in some receptors result in no ligand binding
[47, 48], whereas in some other receptors, such as gastrin-
releasing peptide receptor, mutation of the conserved
tyrosine to alanine does not result in any changes in ligand
binding, G protein coupling or internalization [49]. In
human MC4R, we showed that mutation of Y302 to alanine
resulted in a defect in signaling [50]. The mutant receptor
Y302A had increased affinity for NDP-MSH, but dimin-
ished signaling in response to NDP-MSH stimulation with
increased ECsgs. The basal signaling is also decreased [50].
Therefore this mutant is in a “locked-off” state. In this
study, we showed that Y302F had reduced cell surface
expression but retained signaling, suggesting that the defect
in Y302F is less severe than that in Y302A. In the gona-
dotropin-releasing hormone receptor [44], mutation of the
conserved tyrosine to alanine results in loss of signaling,
but mutation into phenylalanine results in a WT phenotype.
Together, these results suggest that the conserved tyrosine
is important for GPCR functions. The exact functions
depends on the receptor.

Based on these findings it is reasonable to suppose that
the phenylalanine substitution we identified results in a
mutant receptor that is defective in exiting from endo-
plasmic reticulum. In co-transfection experiments, we
showed that the mutant decreases the response of the WT
receptor to the stimulation of the endogenous ligand, o-
MSH, suggesting that it exerts a dominant negative effect
on WT MC4R. Previously, most studies failed to show any
dominant negative effect in mutant MC4Rs, even for the
mutants that are retained intracellularly [29]. These find-
ings are in sharp contrast to studies in other GPCRs that
demonstrate mutant GPCRs retained intracellularly are
found to retain the WT receptor in the endoplasmic retic-
ulum by heterodimerization, therefore exerting a dominant
negative effect [51]. For the MC4R, only two clear
examples of dominant negative effect were found [36, 52].
We suggest that one reason might be the use of the su-
perpotent analog NDP-MSH in many of these studies. In
this study, no dominant negative activity was observed
when NDP-MSH was used as the ligand. We suggest that
in our female patient with the novel Y302F mutation, the
obese phenotype may be a result of a mutant receptor
partially retained intracellularly that has a dominant neg-
ative effect on the WT MC4R. We emphasize that
regulation of homeostasis is an extremely complex system
involving several organs of the body with functions often
duplicated throughout these various domains.

As a correlation has been observed between the severity
of the defect and of obesity [37], investigating the func-
tional ramifications of the variants is of clinical
importance. In this study, we identified a novel mutation
that leads to decreased cell surface expression in a girl with
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early-onset obesity that was also presented in her obese
father. We are aware that this study does have some lim-
itations. The number of examined patients is not high and
potentially we did not detect all gene variants using the
SSCP as the metabolic screening method we used at the
time we screened this study group. But it was not our aim
to calculate the prevalence of all MC4R variants in this area
of Germany, as this had already been done by other
investigators [18, 32, 34, 53]. Nevertheless, we think the
functional data regarding this novel mutation contributes to
an understanding of how different variants of this gene
affect the receptor cell surface expression and consequently
lead to a dominant negative effect.

In summary, the novel Y302F MC4R mutation identified
in this severely obese girl with early-onset obesity and
pubertal-onset diabetes is an example for dysfunctional
MC4R functioning due to markedly decreased receptor
expression on the cell surface. As some variants identified
from obese patients have normal receptor functions, we
conclude that it is important to perform in vitro functional
studies of identified MC4R variants to decide if MC4R
variants have a functional impact. It is also helpful to
gather as much ancestral and sibling data as possible to
identify hereditary patterns.
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