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Among Croatian islands, there are several which are known for
unusual autochthonous diseases and specific medical conditions
that result from the reproductive isolation and specific popula-
tion genetic structure. These populations are characterized by
high degree of genetic isolation, consanguinity, and inbreeding,
The reported diseases include Mal de Meleda on Mljet island,
hereditary dwarfism on Krk island, familial learning disability
on Susak island, familial ovarian cancer on Lastovo island, and
several other rare discases and conditions inherited in Mende-
lian fashion. We present a historical perspective on how these
conditions were first described, interpreted, and assessed. We
reviewed the information obtained through genetic research in
the past several years, when the genetic etiology of some of these
conditions was explained. The disease gene causing Mal de Me-
leda was first localized at 8q chromosome, and mutations in the
ARS (component B) gene encoding SLURP-1 (secreted mam-
malian Ly-6/uPAR-related protein 1) protein were identified
subsequently. The genetic etiology of dwarfism on the island of
Krk is explained by a mutation in the PROP1 gene, responsible
for the short stature. The search for mutations underlying other

monogenic diseases in Croatian islands is under way.
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Unusual autochthonous diseases and  specif-
ic medical conditions on Croatian islands result
from the reproductive isolation and specific
genetic structure of their populations, charac-
terized by high degree of genetic isolation, con-
sanguinity, and inbreeding, In this review, we
present historical perspective on how these con-
ditions were first described, interpreted, and as-
sessed.

Mal de Meleda — Mljet Disease (Island of
Mijet)

It was named after Croatian island of Mljet, pre-
viously called Meleda, where the first cases were
reported by Stulli (1-4). According to Schnyder
et al (5,6), the discase originated on the island of
Mljet between 1397 and 1808, when the island
was used by the Dubrovnik Republic for quaran-
tining people suffering from plague and leprosy
(7). This resulted in reproductive isolation and
high consanguinity, which increased the frequen-
cy of homozygous genotypes on the island and
thus increased the incidence of Mal de Meleda
(8). Among the island population, it was histori-
cally thought that Mal de Meleda arises as.a con-
tact dermatitis with an unknown endemic plant

on the island (6):

History and genetic epidemiology of Mal de
Meleda

It was recently revealed that the disease is not ex-
clusively found on Mljet island. In the past two
decades, several sporadic cases have also been re-
ported in Italy (9), Tunisia (10), western region
of Saudi-Arabia (11), and United Arab Emirates
(12). A recent analysis showed that Croatian and
Algerian families with the disease share the com-
mon haplotype that presents the same mutation
in both populations (13). This is consistent with
a genetic epidemiological view that a causal mu-
tation originated on Mljet at least 800 years ago,
and was then spread by sailors through trade
routes of the medieval Dubrovnik Republic.

The trading routes of the Dubrovnik Repub-
lic went toward the Middle East and North-
ern Africa, as the Republic of Venice ruled the
Northern Adriatic Sea. This explains the spo-
radic cases of the disease in the Middle East and
northern Africa (14).

An alternative hypothesis is that the mu-
tation responsible for Mal de Meleda could be
much older and more widespread. However,
other sporadic cases of recessive palmoplantar
keratoderma were reported in Sweden (15,16),
Japan (17), and a Chinese family in Taiwan (18),
but their clinical presentation was milder than
in original Mal de Meleda and some of the usu-
al signs were absent. This implies possible found-
er mutations in other genes inyolved in the same
genetic pathway. Recently, two new mutations
and four ancestral haplotypes were observed in
69 patients from the countries of the Mediterra-
nean basin, whereas an additional haplotype was
found in the German and Scottish patients (19),
which supports the view that the disease could
have a possible etiological complexity and allelic
heterogeneity.

Features of disease

The first changes in keratinization of the skin
become clinically manifest several months after
birth, typically affecting palms and soles, with the
characteristic skin thickening (Table 1). A dif-
fuse palmoplantar keratosis is the most promi-
nent feature, which at first presents as yellow-
ish, smooth skin on palms and soles. Eventually,
painful fissures develop, which do not necessari-

Table 1. Features of the Mal de Meleda*

Autosomal recessive inheritance

Onset at birth or in early infancy

Characteristic glove-like and sock-like hyperkeratosis with sharp
margination

Occasional hyperkeratotic plaques on elbows, knees. or corner of the
mouth

Marked hyperhidrosis, maceration, and malodor

Slow progression without remissions

Ortohyperkeratosis, hypergranulosis, and acanthosis on histological
examination, with no signs of epidermal or spongiotic atypia

Increased amount of tonofibrils and keratohyalin granules on electron
microscopy

*Source: references 8 and 11.




ly correspond to creases of the skin. Hyperkera-
tosis extends to the sides and the dorsa of the feet
and hands, and interdigital spaces are macerated,
with a sharp delineation from healthy skin. An
intense hyperhidrosis produces unpleasant fetid
smell which is present only in the affected areas
of the skin (8).

Contractures of variable severity due to hy-
perkeratosis are usually present on the fifth
finger, and they are associated with bilater-
al brachytelephalangia in the majority of cases.
Other symptoms and signs are less common and
they may involve papulous keratoses, hyperkera-
totic changes similar to lichenification, perioral
erythema, and a cystic osteolysis and acroosteol-
ysis of the wrist and tarsal bones and phalanges
(20). Typically, orthohyperkeratosis, hypergran-
ulosis, and acanthosis are observed on histologi-
cal examination, with no signs of epidermal or
spongiotic atypia (5,20). Electron microscopy
shows increased amount of tonofibrils and kera-
tohyalin granules (20). Symptoms progress very
slowly and there are no indications that life ex-
pectancy among the affected is reduced (21,22).

New insights into genetic etiology

The first attempt to understand the possible ge-
netic etiology of the discase was undertaken by
Salamon et al (23), who analyzed MN, Ss;and
Kk erythrocyte antigen polymorphisms in 9 pa-
tients with Mal de Meleda on the island of Mljet.
They merely attempted to demonstrate the in-
creased homozygosity in the patients in compar-
ison with control population, to show that the
disease may be caused in some way by increased
consanguinity. However, their results were in-
conclusive due to a very small sample and a small
number of analyzed genetic markers.

An analysis of the pedigrees of 12 cases living
on the island of Mljet showed that the disease
had an autosomal recessive inheritance pattern
(8). Based on the knowledge of pedigree struc-
ture, an analysis of two large consanguineous
families from Algeria, which included 10 affect-

ed individuals, localized a disease gene to chro-
mosome 8qter (24). The maximum two-point
lod score for D8S1751 was found in this study,
and it amounted to 8.21, which was the first po-
sitional cloning of the gene region. An analysis of
5 affected individuals originating from the island
of Mljet confirmed the segment of homozygosi-
ty in the same region, implying a founder effect
(25). A subsequent study on 12 individuals from
Miljet further confirmed the findings (8).

Subsequent pooled genetic analysis of 12 Al-
gerian kindred and 7 Croatian families with a
denser set of genetic markers identified the mu-
tations in the ARS-(component B) gene encod-
ing-a protein SLURP-1 (secreted mammalian
Ly-6/uPAR-related protein 1) (26). SLURP-1
belongs to the Ly-6/uPAR receptor superfamily
and secreted proteins, which are known to par-
ticipate in signal transduction, immune cell acti-
vation, and cellular adhesion. SLURP-1 shows a
high degree of structural similarity with the three
fingers motif of snake neurotoxins, which sug-
gests its interaction with the neuronal acetylcho-
line receptors. SLURP-1 potentiates human al-
pha 7 nicotinic acetylcholine receptors present in
keratinocytes (27). Therefore, SLURP-1 is likely
to be a secreted epidermal neuromodulator that
influences both epidermal homeostasis and in-
hibition of tumor necrosis factor (TNF)-alpha
release by macrophages during wound healing,
Such roles would explain hyperproliferative and
inflammatory clinical phenotype in Mal de Me-
leda (27).

There is a number of clinically similar pheno-
types, which can now all be easily distinguished
from Mal de Meleda based on genetic muta-
tions involved. Papillon-Lefevre syndrom, also
recessive palmoplantar keratosis, has a candi-
date genetic region on the chromosome 11q14,
and subsequent genetic analyses identified the
mutations in the gene encoding cathepsin C
(8,28-30). Another recessive palmoplantar ker-
atoderma, characterized by additional cardiac
symptoms such as cardiomegaly and ventricu-
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lar tachycardia, and found in 4 families from the
island of Naxos, Greece, is due to a mutation in
plakoglobin (31,32). Vohwinkel’s syndrome dif-
fers from Mal de Meleda by an autosomal domi-
nant inheritance and mutations identified on the
GJB2 gene, which encodes the gap junction con-
nexin26 (Cx26) (33,34).

Hereditary dwarfism (island of Krk)

History and genetic epidemiology of “Hanhart’s

Dwarfs” from Krk island

The first report on hereditary dwarfism on the Is-
land of Krk was written by Jauregg in 1906 (35).
He termed the condition “coastal maritime cre-
tinism”, implying iodine deficiency as the pos-
sible cause. It was soon realized, however, that
dwarfs originate only from two adjacent villages,
Bas¢anska Draga and Jurandvor, while no cases
were seen anywhere else on the island. The first
cases of dwarfism, two brothers born in 1864
and 1869, were detected in Bas¢anska Draga.
Two more cases were born in 1877 and 1880 in
Jurandvor. Since then, 23 dwarfs have descend-
ed from the two villages (36,37). This-pattern
attracted Swiss geneticist Hanhart (38), who
termed the condition “heredodegenerative gen-
itodystrophic nanism”.The systematic study of
the condition was then performed by Vojska in
1938 (39). A group from the Rijeka School of
Medicine, Croatia, reinitiated the studies of the
cases in the 1970s and published their results re-
cently (37,40,41).

The two villages where the condition oc-
curred, Bas¢anska Draga and Jurandvor, have a
small, highly inbred population. The total pop-
ulation of the villages in 1973 amounted to 459
and 164 inhabitants, respectively, and the share
of autochthonous inhabitants was 95.4% and
89.0%, respectively (40). Twice removed pa-
rental consanguinity was 11.9% and 22.0%, re-
spectively (41). Consanguineous marriages were
pronouncedly common in the past. The mo-

tivation for this phenomenon was preserva-
tion of the land within a family (40,41). A to-
tal of 53 children lived in the two villages at the
time of 1991 Census, totaling only 11.4% in the
population (37). The percentage of people old-
er than 65 years was 40.6% (compared to 12%-
14% in the general Croatian population), which
makes this population markedly old and regres-
sive. The average number of members of a house-
hold was extremely low, 1.6 in Jurandvor and
2.1 in Bas¢anska Draga. Most men were laborers
and agriculture workers, and most women were
housewives. Illiteracy was very rare and found at
the prevalence of less than 5% and only in the
oldest age group (37,40).

Features of the condition

The population of both villages seems to have a
large share of relatively short people in compar-
ison with the other 9 villages from the islands
of Rab, Vis, Lastovo, and Mljet (Figure 1) (42).
More than two thirds (68%) of women were
shorter than 159 cm, and. 14% of women were
shorter than 150 cm. Most women (54%) were
between 150 and 159 cm. Most men were be-
tween 170 and 179 cm (49%). Eight percent of
men were-shorter than 159 cm. An increase in
height could be noted in younger age groups, cor-
responding to the general trend (40).
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Figure 1. Effect of PROP-1 mutation on height in Jurandvor/Ba$¢anska Draga
(V11) population isolate in comparison to other investigated population isolates:
Rab, Banjol, Barbat, Supetarska Draga, Lopar, Mljet, Lastovo, Vis, Komiza, and
Susak (V1-V10; ref. 42). Dotted line — men from V11, full line — men from other
villages, dashed line — women from V11, dashed-dotted line — women from other

villages.




In the 1970s, when the research was con-
ducted, there were 8 dwarfs in the population of
the two villages. Dwarfs were found in six differ-
ent families, three of which had a positive fami-
ly history of nanism. The youngest dwarf was 17
years old and the oldest was 82. It seems that the
condition does not influence the life expectan-
cy of the affected. Socio-economic conditions in
which the dwarfs lived differed greatly. Research-
ers found a brother and sister from Bas¢anska
Draga living in very poor conditions, suffering
from mental retardation, and arthritic changes
that impaired their mobility (41).

In 1974, all 73 children from both villag-
es underwent auxological examination, with
the purpose of exploring hereditary dwarfism.
Height below the 10th percentile was found in
13 children, 4 of which showed growth retarda-
tion (3rd percentile or lower). Of those 13 chil-
dren, 10 were revisited 2 years later. The retar-
dation of growth was still present in 4 of these
children (41). After this, the growth hormone
curve was established, and a lack of somatotropin
was determined to be the cause of retardation of
growth in two of the four children. One of these
children came from a family with known history
of hereditary dwarfism (40,41). All other clini-
cal and biochemical tests were hormal for their

age (40).
New insights into genetic etiology

The genetic etiology of the condition was re-
vealed in 1999, when it was shown that a muta-
tion in a candidate gene PROPI is responsible
for the short stature of the dwarfs from the Krk
island (43). Similarly, familial dwarfism in a high-
ly consanguineous family, where PROP1 was
also responsible for the condition, was recently
observed in Tunisia (44). Generally, dwarfism
can be caused by isolated growth hormone defi-
ciency or multiple pituitary hormone deficiency
(MPHD) (43). When found in more than one
member of the same family, it can show autoso-
mal dominant, autosomal recessive, or X-linked

modes of inheritance. Studies also suggested that
familial MPHD dwarfism constituted a geneti-
cally and pathogenetically highly heterogenous
group (45).

Genetic studies carried out in recent years
showed that multiple pituitary hormone de-
ficiency can be caused by mutations in at least
three pituitary transcription factors: POU1F1
(formerly called PIT1), PROPI, or HESX1 (46).
Mutations in POU1F]1 result in a total deficien-
cy of growth hormone and prolactin, and a vari-
able deficiency of thyroid stimulating hormone.
Mutations in PROP1 lead to the aforemen-
tioned deficiencies-coupled with additional de-
ficiencies of gonadotrophins and variable defi-
ciency of ACTH (47). Gene PROP1 (termed
“Prophet of Pit-17) is necessary for POU1F1
expression (47,48). The most common mu-
tational hot spot in PROP1 mutations is the
2-bp ' deletion, 296delGA  (A301G302del)
(48,49).

Learning Disability (Island of Susak)

History and genetic epidemiology of learning

disability on Susak

The small island of Susak is a unique example
of extreme isolation and inbreeding. Founded
by only two families of settlers, the island’s pop-
ulation rose to 300 in the year of 1771, then to
1111 in 1880, 1427 in 1900, and 1876 in 1945
(50). After the World War II, a most of the pop-
ulation emigrated, and the current population is
estimated to be less than 300 inhabitants. How-
ever, almost entire emigration from the island
moved to Hoboken, New Jersey, USA, where
they still live in a “closed” community, marry-
ing each other (51). Therefore, the population of
Susak and its emigration in Hoboken represent
an outstanding example of genetically very ho-
mogenous group, separated some half a century
ago and living in different environmental setting
which, although limited in size, could be a suit-
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able model for studies of genetic vs environmen-

tal impacts on human health (52).

While studying consanguinity, the research-
ers were able to reconstruct 374 genealogies,
which covered the entire island population, most
of the emigration, and usually four (in some cas-
es up to six) generations of ancestors. The family
trees showed many cases of consanguinity, indi-
cating that the island population is extremely in-
bred. There were only seven different surnames
among almost 1400 inhabitants, with a couple of
“dominant” surnames present in the vast majori-
ty of population (50,52). A basic analysis of blood
polymorphisms was performed through analysis
of frequency distribution of blood groups. In-a
sample of 200 inhabitants, the frequencies were
the following: 0.—46%; A — 49%; B — 4%; AB
— 1%; In a subsample of 50 inhabitants, the fre-
quency of positive Rhesus factor was 86%, and
negative 14% (50). These data are significantly
different from those found in the surrounding
populations, with a low proportion of blood
group B and high proportion of blood group A
in comparison with neighboring Croatian, Slo-
venian, and Italian populations (14).

A systematic medical check-up was per-
formed on the entire island population (50,51).
Among 346 children examined in 1957, multi-
ple congenital anomalies'were present in 25 cas-
es, clustering in 12 families, and a detailed de-
scription of each particular case, along with the
results of examination in siblings was presented
(50). Special attention was also given to psychiat-
ric disorders, presumably common on the island.
Among the entire population (some 1400 at the
time), there were 129 persons fulfilling the crite-
ria for some psychiatric diagnosis: 57 cases of oli-
gophrenia, 33 cases of senile dementia, 21 cases of
psychoses, 16 cases of schizophrenia, and 2 oth-
er undefined cases (50). In many of those cases,
there had been striking evidence of familial clus-
tering of the diseases, with learning disability be-
ing a common feature in most of them (14,50).

Features of the condition

The prevalence of learning disability was deter-
mined in Susak and 9 other isolate villages on
5 different Croatian islands as control popula-
tions: Gornji Humac (Bra¢ island), Gdinj and
Svir¢e (Hvar island), and Pupnat, Cara, Ratiice,
Lumbarda, and Smokvica (Kor¢ula island) (53).
Learning disability was defined as the inabili-
ty to attend the public school system. As the el-
ementary schools (grade 1-8) in the place of the
study are both public and compulsory, the assess-
ment of child’s ability to attend the school is per-
formed at theage of six, based on a combination
of IQ score measurement and behavioral assess-
ment. The assessment is based on standard set
of tests, as required by Croatian Ministry of Sci-
ence, Education, and Sports (54). These tests in-
clude: perception test, test of point linkage, gen-
eral knowledge test, drawing test, and numerical
test; intelligence test based on drawing a human
image; Bender Gestalt test; and Raven’s progres-
sive colored matrices (54). Data on the individ-
uals unable to attend school were retrieved from
local general practitioners and were considered to
be complete. The prevalence of learning disabili-
ty was calculated as the proportion of individuals
unable to attend school in the total population
of each village (as of January 2001). Ethical ap-
proval for this study was obtained from the Eth-
ics Committee of the Zagreb University School
of Medicine, Zagreb, Croatia (54). It was shown
that the prevalence of learning disability in Susak
was 2.5%, ie, at least 5 times higher than expected
in the general Croatian population, with familial
clustering of the cases (54).

New insights into genetic etiology

One of the most frequently documented and
repeated findings in human biology is the asso-
ciation between consanguinity and cognitive
dysfunction and learning disability (54). The ge-
netics of human cognition is still in its early de-
velopment, but it is likely to be a highly com-




plex and multifactorially determined polygenic
human trait. In some way, increased individu-
al genome-wide homozygosity reduces the bio-
logical potential of cognition in all human pop-
ulations, and the specific mechanisms are still to
be revealed. The investigations of genetic diversi-
ty on Susak based on microsatellite DNA mark-
ers, as compared to the same markers in smaller
samples of other populations, revealed that the
average heterozygosity and allelic diversity in Su-
sak are considerably smaller (54), and that Su-
sak island represents an extreme example of re-
duced genetic diversity in global terms (Table 2).
In some way, this places its population at a great-
er risk of cognitive dysfunction in comparison to
general Croatian population.

Table 2. Comparison of Susak gene diversity based on autoso-
mal microsatellite markers, with corresponding published gene
diversities from isolates or outbred populations

Diversity (N alleles)*

Susak Yakut Danes Japanese
Marker 2N=142 2N=102 2N=118 2N=100
D7S484 0.809 (7) 0.819 (8) 0.684 (6) 0.781(7)
D8S260 0.79(8) 0.829 (9) 0.803 (9) 0.807 (9)
D7S517 0.79(9) 0.801(7) 0.833 (10) 0.763 (7)
D8S258 0.57 (4) 0.676 (4) 0.746 (7) 0.657 (5)
D75669 0.78 (8) 0.778 (8) 0.771 (10) 0.798 (9)
D8S272 0.474 (8) 0.807 (9) 0.757 (10) 0.819 (8)
D7S8510 0.74 (6) 0.668 (7) 0.778 (10) 0.802 (8)
D7S640 0.842 (15) 0.869 (16) 0.872 (17) 0.889 (20)
D78513 0.82 (13) 0.815(13) 0.836 (14) 0.899 (15)
D8S514 0.703 (6) 0.762(6) 0.656 (7) 0.712 (8)

D7S516 0.785 (5) 0.697 (7) 0.704 (6) 0.695 (6)
*Source: references 51 and 52. The data for Yakut, Danes, and Japanese populations

are from EttZ)://info,med. yale,edu/genetics/kkidd/cantents.htm|.

Familial Ovarian Cancer (Island of
Lastovo)

History and genetic epidemiology of ovarian

cancer on Lastovo island

Rudan (55) investigated the incidence of cancer
in isolate island populations of the Eastern Adri-
atic. The number of cancer cases on five islands
(Bra¢, Hvar, Korcula, Vis, and Lastovo) over
the 20-year period (1971 to 1990) has been ex-
tracted from the Croatian Cancer Registry. The
population of coastal Dalmatia, characterized by

similar environmental factors but quite differ-
ent population genetic structure, represented a
control population of over 800000. The leading
hypothesis was that, if there were genes or gene
complexes (especially with recessive inheritance)
responsible for genetic susceptibility to certain
types of cancer, the incidence of those cancer
types should be greater in reproductively isolat-
ed island populations than in the control popu-
lation, due to increased manifestation of such
genes/gene complexes caused by founder effect
and inbreeding (14,55).

The most striking finding in_these analyses
was a 7-fold increase in the incidence of ovarian
cancer in Lastovo in comparison to the gcneral
population (42.4 vs 6.3 per 100000, P<0.001).
Further analysis showed a strong familial cluster-
ing, represented as dramatically greater average
kinship between the ancestors of the diseased in
comparison to the average kinship of the entire

island’s population (Figure 2).

0.07
0.06 4
0.05 A
0.04 4
0.03
0.02 4
0.01

Kinship estimates

Parental generation

Figure 2. Kinship estimates of ovarian cancer cases (closed circles)
and of the remaining population of the island of Lastovo (open circles)
and in five generation of their ancestors; all differences were statisti-
cally significant at the level P<0.05 (56).

Features of disease

The disease affects mainly younger women on
the island (up to 45 years of age), and shows fa-
milial clustering, which further supports the pri-
marily genetic etiology. Histologically, the discase
does not differ from the ovarian cancer cases seen

in the general population (55,56).
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New insights into genetic etiology

As the prognosis of the disease is rather poor, and
epidemiological analysis covered the period from
1971-1990, there were no cases or specimens left
for further studies. However, it is highly likely
that a mutation in a gene similar to BRCAL is
present in the island, possibly a novel and unique
variant, with a very high lifetime penetrance. A
genetic screening program of the candidate genes
is planned among the women in the island to de-
tect early those at increased lifetime risk of ovar-

ian cancer (55,56).

Other Mendelian diseases and conditions
(Islands of Krk, Pag, Silba, and Lastovo)

A number-of other monogenic diseases and con-
ditions have been described on Croatian islands.
Table 3 lists the evidence for those conditions,
and also for extremely rare mutations that were
observed in unusually high frequencies in spe-
cific Croatian island isolates. Prevalence of al-
binism and progressive spastic quadriplegia is
much higher in the island of Krk than in the gen-
eral Croatian population (36). Familial congeni-
tal hip dislocation was present in unusually high
frequencies at the island of Lastovo (57), while
increased incidence of glucose-6-phosphate de-
hydrogenase deficiency was encountered on Vis
island (58).

Apart from disease-causing mutations, there
are many examples in the literature on very un-

Table 3. Overview of the evidence of extremely rare mutations
present in unusually high frequencies in specific Croatian island
isolates

Type of research

Island  Reference

Reports on Mendelian diseases:

albinism Krk 36
progressive spastic quadriplegia Krk 36
familial congenital hip dislocation Lastovo 57
G6PD deficiency Vis 58

Reports of high population frequencies of extremely
rare genetic variants:

deleted/triplicated alpha-globin gene Silba 59
PGM1*W3 phosphoglucomutase-1 variant Olib 60
mtDNA haplogroup F Hvar 61
Y-chromosome haplogroup P* Hvar 62

usual and extremely rare genetic variants present
in Croatian island populations. Those include
deleted/triplicated alpha-globin gene in a mas-
sive pedigree from a genetically isolated commu-
nity on the island of Silba (59), and PGM1*W3
phosphoglucomutase-1 variant on the island of
Olib (60). Other extremely unusual findings in-
clude a reported high frequency of mtDNA hap-
logroup F (61) and Y-chromosome haplogroup
P* in some small and isolated settlements of
Hvar island, which are typical of far East and al-
most absent in Europe (62).

Conclusion

This review highlighted the fact that in high-
ly structured population (“metapopulation”)
in which its small components remain isolated,
there is a very high chance that through found-
er effect, genetic drift, and subsequent inbreed-
ing, there will be many extremely rare genetic
variants brought to unusually high frequencies
and revealing its phenotypic effect at the level of
specific subpopulations. Although these muta-
tions are extremely rare in outbred, general pop-
ulation; and therefore have no effect on the total
disease burden, the understanding of their effect
on the phenotype could be of great general inter-
est. These extremely rare mutations of large effect
can reveal entirely new and unknown molecular
and metabolic pathways from genes via expres-
sion profiles to proteomics, metabolomics, and
eventually phenotype (63). Such understanding
could provide new targets for development of
drugs and novel therapeutic approaches, which
are currently in short supply (64). Therefore, iso-
lated human populations can be of great value in
finding such new and unusual genetic variants,
which would not be possible in general popula-
tion (65).
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