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This catalog is dedicated to the memory of the late Professor
Richard M Goodman whose publications and in particular
his book on genetic disorders among Jews were the
inspiration for this project.

The catalog intends to include the Mendelian disorders that have been reported among
Jews and are either relatively frequent, or in which a mutation has been reported with
an increased frequency. The catalog includes a very short list of references and mainly
refers to McKusick’s Mendelian Inheritance in Man.
http:/www.ncbi.nlm.nih.gov/Omim.
The online updated catalog is available at http://server.goldenhelix.org//israeli/

In order to keep the catalog updated and as accurate as possible I need feedback.
Please send to me any comment, correction and new data including new mutations
zlotogora@gmail.com
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Abetalipoproteinemia
Autosomal recessive (MIM 200100)
The first symptoms are early failure to thrive with diarrhea and steatorhea, often with
abdominal distention. While with time the steatorhea is less marked, other symptoms
appear, including neurological, ophthalmological, and hematological manifestations.
The neurological manifestations of the disorder are of a spinocerebellar degenerative
syndrome. The first symptoms are usually unsteadiness in walking and diminution of
the deep tendon reflexes up to areflexia. Vibratory senses and proprioception are
progressively lost and ataxia appears; untreated patients are unable to stand alone by
the third decade of life. In addition, muscle weakness is frequently observed. The
intellectual development is normal in the affected individuals. Ocular symptoms are
those of atypical retinitis pigmentosa with decreased visual acuity, night blindness and
pigmentary changes of the retina. The hematological manifestations may include
severe anemia; the most characteristic finding is an abnormal form of the erythrocytes:
acanthocytes, which represent some 50% of all red blood cells.
The gastrointestinal symptoms respond to restriction of triglycerides containing long
chain fatty acids. The supplementation of the diet with tocopherol (vitamin E) appears
to inhibit the progression of the neurological symptoms as well as the retinopathy.
The diagnosis is based on the clinical features and the findings of acanthocytes in the
blood smear. It is confirmed by the lipid profile which is characteristic for the disease.
Epidemiology
The disease is relatively frequent among Ashkenazi Jews and was reported in one
Iranian Jewish family and one North African (Tunisia/Algeria) family.
Biochemical defect
The absence of the chylomicrons and all lipoprotein particles of the VLDL cascade (all
lipoprotein, which contains apolipoprotein B,) is typically found in the affected
patients. The cholesterol levels are usually less than half of normal and the
triglycerides are markedly reduced and fail to rise after ingestion of fat.
Molecular genetics
Microsomal triglyceride-transfer protein (MTP), gene (chromosomal locus 4q22-24)
The absence of the chylomicrons and all lipoprotein particles of the VLDL cascade
Among Ashkenazi Jews, the mutation p.G865X was found in several patients with a
carrier frequency of 1:131. Several patients carried another mutation c.2212delT. In
the Iranian Jewish family the parents were consanguineous and the patient was
homozygous c.148-2A>G, the patient from Tunisia, Algeria was homozygous
p.K03X.
References
Benayoun L, Granot E, Rizel L, Allon-Shalev S, Behar DM Ben-Yosef T.
Abetalipoproteinemia in Israel: Evidence for a founder mutation in the Ashkenazi
Jewish population and a contiguous gene deletion in an Arab patient.Molecular
Genetics and Metabolism 2007 90;453-457
Narcisi TM, Shoulders CC, Chester SA, Read J, Brett DJ, Harrison GB, Grantham TT,
Fox MF, Povey S, de Bruin TW, et al. Mutations of the microsomal triglyceridetransfer-protein gene in abetalipoproteinemia. Am J Hum Genet 1995 57:1298-1310.
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Acute infantile liver failure due to mutations in TRMU gene
Autosomal recessive (MIM 610230)
Acute liver failure in infancy is a life threatng condition manifested by poor feeding,
vomiting jaundice, hemorrhagic diathesis irribilability and hypoactivity. A group of
patients presenting at the age of 2-4 months requiring intensive care because of acute
liver failure survived and the liver functions returned to normal. The survivors never
had a recurrence; the longest follow-up period was 14 years.
Epidemiology:
The disease has been reported in seven unrelated Yemenite Jewish families.
In a sample of 120 healthy Yemenite individuals three carriers for Y77H were found
(1:40)
Molecular genetics:
TRMU gene (chromosomal locus 22q13)
Five Yemenite Jewish patients were homozygous for Y77H two were heterozygous
for this mutation and c.706-1G>A in one and an unknown mutation in the other. One
Yemenite Jewish patient was compound heterozygote for c.679C>T (L233F) and
c.28G>T (A10S). An Ashkenazi patient was heterozygous for G14S and an unknown
mutation.
References
Lev D, Gilad E, Leshinsky-Silver E, Houri S, Levine A, Saada A, Lerman-Sagie T.
Reversible fulminant lactic acidosis and liver failure in an infant with hepatic
cytochrome-c oxidase deficiency. J Inherit Metab Dis. 2002;25:371-377.
Zeharia A, Shaag A, Pappo O, Mager-Heckel AM, Saada A, Beinat M, Karicheva O,
Mandel H, Ofek N, Segel R, Marom D, Rötig A, Tarassov I, Elpeleg O. Acute
Infantile Liver Failure Due to Mutations in the TRMU Gene. Am J Hum Genet. 2009
85:401-4077.
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Acyl CoA dehydrogenase deficiency, short/branched chains
Autosomal recessive (MIM 600301)
The clinical phenotype is very heterogeneous, varying from a fatal metabolic
decompensation in infancy with metabolic acidosis, failure to thrive, developmental
delay, hypotonia and seizures to a more subtle later-onset progressive myopathy or,
most commonly, a completely asymptomatic clinical course.
The biochemical phenotype includes urinary excretion of ethylmalonic (EMA) and
methylsuccinic (MSA) acids, high C4 acylcarnitine levels and an elevated C4/C2 ratio.
In the newborn screening program in NY five patients of Ashkenazi Jewish descent
were found to be homozygous for the 319C>T founder mutation. None have displayed
any symptoms of SCADD as yet, despite continuous excretion of EMA and MSA.
Epidemiology:
The disease has been reported in a Georgian and a Moroccan Jewish family as well as
10 Ashkenazi Jewish children.
In a sample of 412 healthy AJ individuals the frequency of carriers for three of the
variants, 511C>T, 625G>A and 319C>T, is high (0.058, 0.422 and 0.019,
respectively)
Molecular genetics:
ACADSB gene (chromosomal locus 10q25-q26)
The Georgian Jewish patient was homozygous 908G>C and the Moroccan Jewish
patient for 443C>T.
The Ashkenazi were either homozygous or heterozygous for c.319C>T
References
Korman SH, Andresen BS, Zeharia A, Gutman A, Boneh A, Pitt JJ. 2-ethylhydracrylic
aciduria in short/branched-chain acyl-CoA dehydrogenase deficiency: application to
diagnosis and implications for the R-pathway of isoleucine oxidation . Clin Chem.
2005 51:610-617
Pardo S, Kirmse B., Wasserstein M, Scott S., Kornreich R, Desnick RJ , Diaz GA ,
Edelmann L. A high frequency of acyl-CoA dehydrogenase, short chain (ACADS)
variant genotypes among healthy Ashkenazi Jews [abstract 1546]. Presented at the
annual meeting of The American Society of Human Genetics, October 26, 2007, San
Diego, California.
Tein I, Elpeleg O, Ben-Zeev B, Korman SH, Lossos A, Lev D, Lerman-Sagie T,
Leshinsky-Silver E, Vockley J, Berry GT, Lamhonwah AM, Matern D, Roe CR,
Gregersen N.Short-chain acyl-CoA dehydrogenase gene mutation (c.319C>T) presents
with clinical heterogeneity and is candidate founder mutation in individuals of
Ashkenazi Jewish origin. Mol Genet Metab. 2008 93:179-189.

6

Acyl-CoA dehydrogenase, very long chain deficiency
Autosomal recessive (MIM 201475)
The main clinical features are in infancy: cardiomyopathy, nonketotic hypoglycemia
and hepatic dysfunction, skeletal myopathy, or sudden death in infancy with hepatic
steatosis. Clinical recognition of VLCAD deficiency is important because it is a
treatable cause of cardiomyopathy in children.
Biochemical defect:
VLCAD is loosely bound to the mitochondrial inner membrane and requires detergent
for stabilization, while the other 3 acyl-CoA dehydrogenases are readily extractable
into the soluble fraction without detergent, indicating that they are located in the
mitochondrial matrix. Catalytically, VLCAD has a 10 times higher specific activity
toward palmitoyl-CoA than does LCAD. The enzyme was found to catalyze the major
part of mitochondrial palmitoyl-CoA dehydrogenation in liver, heart, skeletal muscle,
and skin fibroblasts.
Molecular genetics:
VLCAD gene (chromosomal locus 17p11.2-p11.1)
A Jewish patient from Buchara was homozygous for 4bp deletion at nucleotide 799802 causing a frameshift and termination at position 826. The disease was diagnosed
in 2 other families from the same origin (Elpeleg O).
In a Jewish family from Iraq with three siblings presenting with a mild late onset form
of the disease -rhabdomyolysis and myoglobunuria- a novel G637A mutation was
found in homozygosity.
References:
Watanabe H, Orii KE, FukaoT, SongXQ, Aoyama T, Ijlst L, Ruiter J, Wanders RJ A,
Kondo N. Molecular basis of very long chain acyl-CoA dehydrogenase deficiency in
three Israeli patients: identification of a complex mutant allele with P65L and K247Q
mutations, the former being an exonic mutation causing exon 3 skipping. Hum Mutat
2000 15: 430-438.
Straussberg R, Strauss A. A novel mutation of late-onset very-long-chain acyl-CoA
dehydrogenase deficiency. Pediatr Neurol 2002 27:136-137.
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Adrenal hyperplasia III (21 OH deficiency)
Autosomal recessive (MIM 201910)
Classical either salt wasting or non salt wasting and non classical. The clinical
symptomatology is variable and symptoms may appear at any age.
Epidemiology:
Non classical CAH seems to represent the most frequent autosomal recessive disorder
in human, being particularly frequent among Ashkenazi Jews, Hispanics, Italians and
Yugoslavs. The prevalence of the disease among the Ashkenazi Jews was calculated
to be 1:27 (3.7%). In a sample of 1,000 anonnymous Ashkenazi Jews the carrier
frequency of V281L was 17% (5.8% in non-Jewish Europeen control).

Molecular genetics:
CYP21B gene (chromosomal locus 6p21.3)
In a group of 310 Ashkenazi Jewish patients with CAH most were of the non classical
type. In this group most cases were either homozygote for the V281L mutation
(founder mutation) (65 patients), or compound heterozygotes of this mutation with
IVS2 AS-13 (23 patients), a large deletion (21 patients), Q318X (3 patients) or I172N
(one patient). Few of the patients with V281L were affected with the classical type of
the disease.
References:
Edelmann L, Kornreich RJ, Desnick RJ, Diaz GA. The V281L mutation in the CYP21
gene is a founder mutation that is prevalent among individuals of Ashkenazi and
Europeen origin. Am J Hum Genet 2002 71 A1159 370S.
Speiser PW, Dupont B, Rubinstein P, Piazza A, Kastelan A and New MI. High
frequency of non-classical steroid 21 ß-hydroxylase deficiency. Am J Hum Genet
1985 37:650-667.
Wilson RC, Nimkarn S, Dumic M, Obeid J, Azar M, Najmabadi H, Saffari F, New
MI. Ethnic-specific distribution of mutations in 716 patients with congenital adrenal
hyperplasia owing to 21-hydroxylase deficiency. Mol Genet Metab 2007 90:414-421.
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Adrenal hyperplasia IV (11-ß hydroxylase deficiency)
Autosomal recessive (MIM 202010)
The affected children present with symptoms related to androgen and
mineralocorticoid excess. At birth, affected females may present with virilization of
various degree from mild clitoris enlargement to extreme virilization with external
male appearance with empty scrotum, some being reared as males. Later, the androgen
excess leads to excessive body growth, advanced epiphyseal maturation, masculine
body habitus with increased muscle mass, acne, precocious pubic and axillary hair.
Pigmentation of skin and nipples is frequently observed. Many patients have
hypertension which may be severe leading to complications; there is no correlation in
females between the virilization and the hypertension. In some patients, hypokalemia
may be observed.
Epidemiology:
The incidence of the disease among Jews from Morocco was estimated to be 1:5,000
to 1:7,000 with a carrier frequency of 1:35 - 1:42. Many of the families originated
from the Atlas Mountains in Morocco and it was speculated that all the affected
individuals have a common ancestor who lived in this region.
In another survey of 236 random healthy individuals from Morocco the carrier
frequency was found to be 1:118
Biochemical defect:
The diagnosis is based on the finding of elevated urinary excretion of tetrahydro-11deoxycortisol and or plasma 11-deoxycortisol levels.
Molecular genetics:
CYP11B1 gene (chromosomal locus 8q22)
The 11 ß-hydroxylase gene CYP11B1 is located on chromosome 8q22 together with
the highly homologous gene CYP11B2 which may be a pseudogene or alternatively a
gene whose product may be required for aldosterone synthesis. The major mutation
among Jewish patients originating from Morocco is R448H another mutation that was
found in one patient was R448C.
One Iranian Jewish patient was homozygous for InsGTG464
References:
Paperna T, Gershoni-Baruch R, Badarneh K, Kasinetz L, Hochberg Z. Mutations in
CYP11B1 and Congenital Adrenal Hyperplasia in Moroccan Jews. J Clin Endocrinol
Metab. 2005 90:5463-5465.
Rösler A, Lieberman E and Cohen T. High frequency of congenital adrenal
hyperplasia (11 ß hydroxylase deficiency) among Jews from Morocco. Am J Med
Genet 1992 42:827-834.
White PC, Dupont J, New MI, Leiberman, Hochberg Z, Rösler A. A mutation in
CYP11B1 (Arg -448 -- His) associated with steroid 11 ß-hydroxylase deficiency in
Jews of Moroccan origin. J Clin Invest 1991 87:1664-1667.

9

Adrencorticotropic hormone deficiency (ACTH deficiency)
Autosomal recessive (MIM 201400)
Isolated adrenocorticotropic hormone (ACTH) deficiency (IAD) is a rare cause of
adrenocortical insufficiency, especially in children, and may be an underestimated
cause of neonatal death. Early postnatal diagnosis may prevent hypoglycemic seizures,
Addisonian crises, and death.
Epidemiology:
The disease was reported in a family of Jews from India that were first cousins
Molecular genetics:
T box 19 gene (chromosomal locus 1q23-q242)
The patient was homozygous for IVS4+1G>A
References:
Weintrob N, Drouin J, Vallette-Kasic S, Taub E, Marom D, Lebenthal Y, Klinger G,
Bron-Harlev E, Shohat M.Low estriol levels in the maternal triple-marker screen as a
predictor of isolated adrenocorticotropic hormone deficiency caused by a new
mutation in the TPIT gene. Pediatrics. 2006 e322-327.
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Adrenoleukodystrophy
X linked (MIM 300100)
X-linked adrenoleukodystrophy (ALD) is a peroxisomal disorder characterized by
impaired peroxisomal betaoxidation of very-long-chain fatty acids (VLCFAs). This is
probably due to reduced activation of the VLCFAs and results in demyelination of the
nervous system and adrenocortical insufficiency.
Epidemiology and molecular genetics:
ALD gene (gene location Xq28)
The disorder was reported in three different families from Morocco with a same
mutation [L229P] suggesting a founder effect. The other Jewish families studied had
each a different mutation. In blood samples of 7 Jewish (5 Sephardi and 2 Ashkenazi)
and 3 Arab Israeli families suffering from ALD several mutations were identified:
R104H, Y174C, R401Q, G512C, R464X, Y171 and E471.
References:
Neumann S, Topper A, Mandel H, Shapira I, Golan I, Gazit E, Loewenthal R.
Identification of new mutations in Israeli patients with X linked
adrenoleukodystrophy. Genetic Testing 2001 5:65-68.
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Afibrinogenemia congenital
Autosomal recessive (MIM 607039)
Two unrelated large sibships, including 10 cases of congenital afibrinogenemia among
27 sibs, are reported. Both sibships were the product of uncle-niece marriages. They
were not selected for any particular clinical manifestation and should provide some
information on genetic fitness. Six of the patients died in childhood, two affected boys
are adolescent and two affected patients are young women. Two of the four survivors
had spontaneous ruptures of the spleen.
Epidemiology
The disorder was described in an Iraqi Jewish sibship and in a Moroccan Jewish
kindred.
Molecular genetics
The phenotype is the result of mutations in one or another of the 3 fibrinogen genes,
alpha (FGA), beta (FGB), or gamma (FGG).
References
Fried K, Kaufman S. Congenital afibrinogenemia in 10 offspring of uncle-niece
marriages. Clin Genet 1980 17: 223-227.
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AGAT deficiency
Autosomal recessive (MIM 612718)
The presentation is characterized by nonspecificpsychomotor, especially language
developmental delay. In the Yemenite Jewish patients failure to thrive was particularly
impressive and muscle involvement manifesting as proximal muscle weakness,
fatigability and myopathic EMG.
Epidemiology and Molecular genetics
GAMT gene (chromosomal location 15q15.3)
The disorder was described in a Yemenite Jewish sibship, the patients were
homozygote for the mutation 1111_1112 insA producing a frameshift at Met371 and a
premature termination at codon 376.the mutation was not found in a sample of 57
anonymous Yemenite Jews.
References
Edvardson S, Korman SH, Livne A, ShaagA, Saada A, Nalbandian R, AlloucheArnon H, Gomori J M, Katz-Brull R. L-arginine:glycine amidinotransferase (AGAT)
deficiency: clinical presentation and response to treatment in two patients with a novel
mutation. Molecular Genetics and Metabolism 2010 101:228-232.
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Aicardi Goutieres syndrome
Autosomal recessive (MIM 225750)
Aicardi-Goutieres syndrome is phenotypically similar to in utero viral infection. It is a
genetically heterogeneous autosomal recessive encephalopathy characterized by
cerebral atrophy, leukodystrophy, intracranial calcifications, chronic cerebrospinal
fluid lymphocytosis, increased CSF alpha-interferon and negative serologic
investigations for common prenatal infections. Severe neurologic dysfunction
becomes clinically apparent in infancy, and manifests as progressive microcephaly,
spasticity, dystonic posturing, profound psychomotor retardation, and often death in
early childhood. Outside the nervous system, thrombocytopenia, hepatosplenomegaly,
and elevated hepatic transaminases along with intermittent fever may also erroneously
suggest an infective process Encephalopathy which closely mimic the sequelae of
congenital infection.
Epidemiology and molecular genetics
SAMHD1 gene (chromosomal locus 20q11)
Four mutations were identifies in several Ashkenazi Jewish families. The most
frequent mutation was a deletion in exon 1(8 out 1109 control 0.751%). Other
mutations were: c.676C>G (0.087%) and c.649_650insG (0.097%). The mutation
c.1106T>C was found in a single allele.
References
Jalas et al. Aicardi Goutieres syndrome carrier screening in Ashkenazi Jewish families
ASHG 2013
Leshinsky-Silver E, Mlinger G, Ben Sira L, Kidron D, Cohen S, Inbar S, Bezaleli T,
Levine A,Vinkler C, Lev D, Lerman-Sagie.A large homozygous deletion in the
SAMHD1 gene causes atypical Aicardi-Goutieres syndrome associated with mtDNA
deletions. Eur J Hum Genet 2011 19:287-292.
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Albinism oculocutaneous
Autosomal recessive (MIM 203100)
Epidemiology:
The disorder is relatively more frequent among Jews from Morocco with an estimated
incidence of 1:10,000.
Molecular genetics
Tyrosinase gene (gene location 11q14-q21)
The predominant allele causing albinism among Moroccan Jews is G47D (1.7% allele
frequency). The same mutation was also found to be frequent in patients from Puerto
Rico. The same mutation was also found with the same RFLP haplotype among
patients from the Canary Island Puerto Rico and the United States. The most probable
explanation of the dispersion of the mutation may be a common origin that may be
linked to the expulsion of Jews from Spain and their dispersion (Morocco, Portugal or
Canary Islands either remaining Jews or converted to Christianity). This hypothesis is
supported by the absence of the mutation in other Jewish communities form the
Mediterranean region.

References:
Gershoni-Baruch R, Rosenmann A, Droetto S, Holmes S, Tripathi RK, Spritz RA.
Mutations of the tyrosinase gene among patients with oculocutaneous albinism from
various ethnic groups in Israel. Am J Hum Genet 1994 54:586-594.
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Alport syndrome
X-linked inheritance (MIM 301050)
Autosomal recessive (MIM 203780)
The predominant clinical features are nephritis and hearing loss. The carriers are often
symptomatic.
Molecular genetics:
COL4A5 gene (gene location X q22.3)
Mutations in the basement membrane collagen gene COL4A5 cause Alport syndrome.
The mutation R1677Q was found in several non related families of Ashkenazi Jewish
COL4A3 gene (gene location 2q35-37)
The mutation c.40_63del was found in homozygosity in a family of Ashkenazi Jewish
origin.Six among 1017 Ashenazi individuals were carriers of the mutation (1:183), the
mutation was found in other populations.
References:
Barker DF, Denison JC, Atkin CL, Gregory MC. Common ancestry of three
Ashkenazi American families with Alport syndrome and COL4A5 R1677Q. Hum
Genet 1997 99:681-684.
Webb BD, Brandt T, Liu L, Jalas C, Liao J, Fedick A, Linderman MD, Diaz GA,
Kornreich R, Trachtman H, Mehta L, Edelmann L. A founder mutation in COL4A3
causes autosomal recessive Alport syndrome in the Ashkenazi Jewish population.
Clin Genet. 2014;86:155-160.
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Argininemia
Autosomal recessice inheritance (MIM 207800)
Arginase deficiency is an autosomal recessive inborn error of metabolism caused by a
defect in the final step in the urea cycle, the hydrolysis of arginine to urea and
ornithine.The disorder is characterized as the other urea cycle disorders by the triad of
hyperammonemia, encephalopathy, and respiratory alkalosis
Epidemiology and Molecular genetics:
Arginase gene (gene location 6 q23)
An exon 2 deletion was reported in an Ashkenazi patient from Ashkenazi origin.
Another mutation D128G was reported in several other patients of Ashenazi origin.
These mutations were not found in 760 Ashkenazi Jewish DNA samples.
References:
Staretz-Chacham, Goldstein N, Ben-Zeev B, Loewenthal R, Mandel H, Sigalov E,
Vielenski B, CohenY, CEderbaum SD, Aniskter Y. A novel deletion mutation in
ARG1 gene found in a neonate ASHG abstract 1519 2007
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Arthrogryposis, autism spectrum disorder and epilepsy
Autosomal recessive
The syndrome was reported in 8 patients from three related families of Ashkenazi
Jewish origin.
At birth knee and hip dislocation and contracture of the fingers were diagnosed. The
contractures did not changed with time. Other findings were micrognathia and muscle
hypotonia. All the children had retarded psychomotor development, seizure disorder
and presented with symptoms compatible with autism spectrum. Mild to moderate
mental retardation was present in all the children.
Seizures were noted at 3-11 years of age and first as localization related or atypical
absence and controlled by antiepileptic drugs.
Molecular genetics:
SLC35A3 gene (chromosomal location )
All the patients were compound heterozygous for c.514C>T and 886A>G.
Among 2045 anonymous Ashkenazi Jews 10 were carriers of 886A>G (1:205)
References:
Edvardson S, Ashikov A, Jalas C, Sturiale L, Shaag A, Fedick A, Treff NR, Garozzo
D, Gerardy-Schahn R, Elpeleg O.Mutations in SLC35A3 cause autism spectrum
disorder, epilepsy and arthrogryposis. J Med Genet. 2013;50:733-739.
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Ataxia telangiectasia
Autosomal recessive (MIM 208900)
The predominant clinical features are neurological symptoms manifested in walking
difficulties. The cerebral dysfunction is first manifested as ataxia and later by
choreoathetosis, myoclonic jerking and occulomotor abnormalities. Telangiectasias,
which are dilated blood vessels, are the second typical feature of this disorder,
typically appear by 2-7 years, first on the conjunctiva and later on exposed areas of the
skin. Other dermatological abnormalities, such as cafe au lait spots, vitiligo and loss of
subcutaneous fat may also be present. Hormonal dysfunction is common and can be
manifested by delayed or even absent secondary sexual development in females.
Variable immunodeficiency is also found in patients affected with ataxia
telangiectasia, which may lead to recurrent upper respiratory and lung diseases. The
patients have increased risk for cancer and more than 15% die from malignant
diseases. Lymphomas are common in childhood while adult patients have increased
incidence of gastric carcinoma, and T cell lymphatic leukemia. The predominant cause
of death is infections. Most patients have normal intelligence.
There are some indications that heterozygotes may have an increased risk to develop
cancer when compared to the general population. However no definite conclusion has
been drawn so far.
The diagnosis is based on cytogenetic examination, in which a high frequency of
spontaneous chromosome aberrations, mainly breaks, is demonstrated. Chromosomes
14q and 7 are predominantly involved in breaks and translocations.
Epidemiology:
Ataxia telangiectasia is found with an increased frequency among Jews from Morocco
and Tunisia. Its estimated incidence is to be 1:26500, with a carrier frequency of of
1/80 in the screening for the mutation in a random sample.
Biochemical defect:
Ataxia telangiectasia is one of the chromosome instability syndromes. There is high
in-vitro sensitivity to ionizing radiations and radiomimetic chemicals such as
bleomycin and neocarcinostatin.
Molecular genetics:
ATM gene (gene location 11q22-23)
A single mutation 103CT resulting in a stop codon at position 35 of the ATM
protein was found in 32 out of 33 alleles in Jewish families from North Africa.
In two families of Yemenite origin (in each case the parents were consanguineous) the
child was homozygous for delA368, the mutation frequency has not yet been
investigated (M Frydman)
References:
Gilad S, Bar-Shira A, Harnick R, Shkedy D, Ziv Y, Khosravi R, Brown K et al..
Ataxia telangiectasia: founder effect among North African Jews. Human Mol Genet
1996 5:2033-2037.
Levin S, Gottfried E and Cohen M. Ataxia telangiectasia: A review with observations
on 47 Israeli cases. Pediatrics 1977 6:135.
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Asparagine synthetase deficiency
Autosomal recessive (MIM 615574)
ASNS deficiency is a severe neurologic disorder characterized by microcephaly,
severely delayed psychomotor development, progressive encephalopathy, cortical
atrophy, and seizure or hyperekplexic activity. The disorder shows onset in utero or at
birth and may result in early death
Some of the patients develop early-onset seizures, including tonic, myoclonic,
generalized tonic-clonic, and partial complex seizures associated with multiple
independent spike foci or suppression burst patterns on EEG. In one family the
affected children had hypsarrhythmia and in another one they did not have overt
seizures, but showed hyperekplexia and jitteriness with disorganized background
activity on EEG. Brain imaging showed decreased cerebral volume with enlarged
lateral ventricles. Some patients had cerebellar hypoplasia, pontine hypoplasia, thin
corpus callosum, simplified gyral pattern, cortical dysgenesis, and/or delayed
myelination. Other more variable features included dysmorphism, such as
micrognathia, receding forehead, and large ears, axial hypotonia, and cortical
blindness. Most had feeding difficulties and respiratory insufficiency, and several
patients died in infancy.

Epidemiology and molecular Genetics:
Asparagine syntetase (chromosomal locus 7q21.3)
A mutation p.F361V (c.1084T>G) was found in homozygozity in two Jewish Iranian
families
References:
Ruzzo EK, Capo-Chichi JM, Ben-Zeev B, Chitayat D, Mao H, Pappas AL, Hitomi Y,
Lu YF, Yao X, Hamdan FF, Pelak K, Reznik-Wolf H, Bar-Joseph I, Oz-Levi D, Lev
D, Lerman-Sagie T, Leshinsky-Silver E, Anikster Y, Ben-Asher E, Olender T,
Colleaux L, Décarie JC, Blaser S, Banwell B, Joshi RB, He XP, Patry L, Silver RJ,
Dobrzeniecka S, Islam MS, Hasnat A, Samuels ME, Aryal DK, Rodriguiz RM, Jiang
YH, Wetsel WC, McNamara JO, Rouleau GA, Silver DL, Lancet D, Pras E, Mitchell
GA, Michaud JL, Goldstein DB. Deficiency of asparagine synthetase causes
congenital microcephaly and a progressive form of encephalopathy. Neuron.
201316;80:429-441.
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Atrichia, congenital
Autosomal recessive (MIM 203655, 209500)
Inherited universal alopecia without ectodermal defects is very rare. Patients are born
with normal hair but this is shed almost completely during the first weeks or months
of life and never regrows. In many families the development of papular lesions is
noted as an additional phenotypic feature, which defines a related phenotype
designated as atrichia with papular lesions. In this form of the disease a diffuse papular
rash over the entire skin surface is often present in a later stage.
Epidemiology and molecular Genetics:
Hairless gene, HR (chromosomal locus 8p21.2)
A mutation c.1557-1G>T was found in homozygozity in a consanguineous Jewish
Iranian child with congenital atrichia and in compound heterozygosity in the paternal
side of another patient with congenital atrichia (Iraqi Jewish orign). On the maternal
side of the patient (Moroccan Jewish origin) another mutation Q478X was
characterized.
In one consanguineous Jewish family of Libyan origin with atrichia with papular
lesions the patient was homozygous for a frameshift 11 base pair deletion in exon2.
References:
Betz RC, Indelman M, Pforr J, Schreiner F, Bauer R, Bergman R, Lentze MJ, Nothen
MM, Cichon S, Sprecher E. Identification of mutations in the human hairless gene in
two new families with congenital atrichia. Arch Dermatol Res. 2007 299:157-161.
Paller AS, Varigos G, Metzker A, Bauer RC, Opie J, Martinez-Mir A, Christiano AM,
Zlotogorski A. Compound heterozygous mutations in the hairless gene in atrichia
with papular lesions. J Invest Dermatol. 2003 121:430-422.
Zlotogorski A, Hochberg Z, Mirmirani P, Metzker A, Ben-Amitai D, Martinez-Mir A,
Panteleyev AA, Christiano AM. Clinical and pathologic correlations in genetically
distinct forms of atrichia. Arch Dermatol. 2003 139:1591-1596.
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Autoimmune Polyendocrinopathy-Candidiasis-Ectodermal
Dystrophy (APECED) Polyglandular deficiency syndrome
Autosomal recessive (MIM 240300)
Polyglandular deficiency syndrome is characterized by hypoparathyroidism (HPT),
adrenal insufficiency and chronic mucocutaneous candidiasis, but none of its
components is constant. Occasionally, symptoms of other immune disorders, like
pernicious anemia, alopecia or gonadal failure are present. Most cases present with
HPT since it occurs early before the second decade, and may remain the only
manifestation of the syndrome. It is to note that while candidiasis is usually found in
almost 100% of the affected patients, it was rarely observed among the Iranian Jewish
patients. The syndrome is variable as for the age of onset, the type of manifestation
and the severity of the symptoms, the variability is also intrafamilial.
Epidemiology:
The incidence of the disease was calculated to be 1:10,000 in the Iranian Jewish
community.
Molecular genetics:
AIRE gene (chromosomal locus 21q22.3)
All the Iranian Jewish patients examined have a unique mutation [Y85C] with a
founder haplotype.
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Autoinflamation, lipodystrophy and dermatosis syndrome
(ALDD) CANDLE syndrome
Autosomal recessive (MIM 256040)
Most patients present within the first 2-4 weeks of life with fever and repeated attacks
of erythematous and violaceous, annular cutaneous plaques, lasting for a few days or
weeks and leaving residual purpura. Later during infancy, patients develop persistent
periorbital erythema and edema, finger or toe swelling and hepatomegaly with variable
elevation of acute phase reactants. Other common clinical features that developed in
the first years of life included progressive loss of peripheral fat (lipodystrophy), failure
to thrive, lymphadenopathy and hypochromic or normocytic anemia.

Epidemiology and molecular genetics:
PSMB8 gene (chromosomal locus 6p21)
The disease has been reported in an Ashkenazi patient homozygous for c.405C>A
(p.CC135X).
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Autosomal dominant partial epilepsy with auditory features
(ADPEAF)
Autosomal dominant (MIM 600512)
Epidemiology:
The disease was reported in two Ashkenazi Jewish families
Molecular genetics:
LGI1gene (chromosomal location 10q24)
In one family the mutation [G42G] was found
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Bardet-Biedl syndrome
Autosomal recessive (MIM 209500)
The cardinal features of the disorder are retinal dystrophy, obesity, mental retardation,
polydactyly and hypogonadism. Both intra and inter familial variability has been
reported in the syndrome in particular as for the degree of retardation, the obesity, the
reproductive dysfunction and abnormalities of the renal system. It seems that almost
all the patients with BBS present with some structural and functional renal
abnormalities, when severe renal impairment is present in 15 to 50% of the patients.
Epidemiology and molecular genetics:
BBS2 gene (chromosomal locus 16q21)
Four patients from three families were diagnosed among ultraorthodox Jews two were
homozygous affected for the c.311A>C (rs121908179) mutation and two were
compound heterozygous for this mutation along with the c.1895G>C mutation.
The population carrier frequency was 0.473% (±0.0071%) for the c.311A>C mutation
and 0.261% (±0.0064%) for the c.1895G>C mutation.
Shevach et al reported four Ashkenazi families with individuals affected with non
syndromic retinitis pigmentosa in which the patietns were homozygous or compound
heterozygous for these two mutations.
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Best disease
Autosomal (MIM 153700)
Best Vitelliform macular dystrophy, is a progressive macular degeneration. Early on,
the fundus usually appears normal; a typical "egg-yolk" macular lesion may
subsequently develop, and disruption of this lesion follows, usually accompanied by a
drop in visual acuity and culminating in macular atrophy.
RPE function as measured by electro-oculography is markedly affected from very
early on. Progression of the disease leads to destruction of the RPE and overlying
photoreceptors in the macular area, often culminating in loss of central vision in late
adolescence or adulthood.
Best disease shows an autosomal dominant inheritance in the majority of cases.
Molecular genetics:
BEST1 gene (gene location 11q13))
The disease has been reported in one Ashkenazi Jewish family in which it was
inherited as an autosomal recessive trait due to an homozygous mutation c.1415delT,
pLeu472ProfX10
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Bloom syndrome
Autosomal recessive (MIM 210900)
The most prominent clinical symptom is the severe pre and post natal growth
retardation. The majority of Bloom syndrome patients are shorter than 160 cm with
normal body proportions and occasionally slight microcephaly. Other clinical features
include sun sensitive facial lesions and male infertility due to lack of spermatogenesis.
There is an unusually high rate of neoplasia so that most patients develop various
types of cancer usually in the second decade of life, including leukemia, lymphoma,
Hodgkin disease and various carcinomas.
The cytogenetic diagnosis of Bloom syndrome is the demonstration of increased
spontaneous sister chromatid exchanges (SCE).
Epidemiology:
The incidence among the Ashkenazi Jews was calculated to be 1:60,000 to 1:100,000.
In a summary of 10,009 controls 85 (1/118) were found to be carriers. In one study a
twofold increased lifetime risk for colorectal cancer was found for carriers of Bloom
syndrome among Ashkenazi Jews but was not confirmed in another study.
The mutation had been segregating in the Ashkenazi Jews for 35 (20-54) generations.
It is interesting to note that the same mutation was also found in several non-Jewish
patients of Spanish origin probably because of a common founder.
The syndrome has been reported in one Iranian Jewish patient
Molecular genetics:
BLM gene (gene location 15q26.1)
Among 63 chromosomes found among Bloom syndrome Ashkenazi Jewish patients
61 had the same 6bp deletion/7bp insertion at the nucleotide 2281 cDNA of the BLM
gene (97%) and 2 had another mutation (c.2407-2408dupT). Two Jewish patients were
compound heterozygous for the Ashkenazi Jewish founder mutation and another
private mutation: c.98+1G>T (Sepahradi) and c.3510T (unknown origin)
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Breast and ovarian cancer, predisposition
Autosomal dominant (MIM 113705, 600185)
Several mutations in BRCA1 and BRCA2 genes, responsible for breast and ovarian
cancer are relatively frequent among Jews.
Epidemiology and molecular genetics:
Based on population screening among Ashkenazi Jews the carrier frequency of the
mutations in BRCA1 was estimated to be 0.9% for 185delAG and 0.13% for
5382insC. The carrier frequency of the mutation 6174delT in BRCA2 was estimated
to be 0.9-1.5%.
The 185delAG mutation in BRCA1 was also found among Iraqi and Moroccan Jews
at rates comparable to Ashkenazi Jews.
Another mutation 8765 delAG in BRCA2 was found to be relatively frequent among
Jews from Yemen.
In patients of Sephardic origin 2 founder mutations were reported: p.A1708E in
BRCA1 and c.67 + 1G > A (IVS2 + 1G > A) in BRCA2.
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Brittle cornea syndrome
Autosomal recessive (MIM 229200)
The brittle cornea syndrome is a generalized connective tissue disorder including blue
sclera, brittle cornea and hyperextensibility of joints. All the patients have blue sclera
and corneal involvement. In all cases the cornea are thin and brittle and "spontaneous"
corneal perforations may be devastating complications and should be prevented if
possible. Joint laxity is variable, and in some cases it may lead to severe congenital
dislocation of hips and vertebral instability. Other symptoms, which are often present
in the patients, are dentinogenesis imperfecta and hearing defects. It was noted that all
the Jewish patients of Tunisian origin have also red hair as an unusual finding in the
family; in one affected child from this ethnic group the hair was of normal color.
The diagnosis is based on the clinical picture only.
Molecular genetics and epidemiology:
ZNF469 (Chromosomal locus 6q24)
The disease was reported with an increased frequency among Tunisian Jews; it seems
that the relatively high incidence in this small ethnic group is due to a founder effect.
All the Tunisian Jewish patients are homozygous for a 1bp deletion [5943 delA]. The
gene is linked to the hair color gene MCR1, linkage desiquilibrium explaining the red
hair in the Jewish Tunisian patients. In 200 random chromosomes from Tunisian Jews
the mutation was not detected
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Brugada syndrome
Autosomal dominant (MIM 601144)
Idiopathic ventricular fibrillation in patients with an electrocardiogram (ECG) pattern
of right bundle branch block and ST-segment elevation in leads V1 to V3 is associated
with a high incidence of syncopal episodes or sudden death.
Epidemiology:
The syndrome was reported in 3 Ashkenazi Jewish and Moroccan Jewish families.
Molecular genetics:
SCN5A (chromosomal locus)
In one of the families Moroccan origin G35S was identified and R104Q in another
family of Moroccan origin
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Calcinosis, tumoral normophosphatemic.
Autosomal recessive (MIM 610455)
Abnormal deposition of calcium salts within skin tissues is known as calcinosis cutis.
Inherited calcinosis cutis is known as familial tumoral calcinosis. Two forms of
familial tumoral calcinosis havebeen reported in the literature, hyperphosphatemic
familial tumoral calcinosis is caused by increased renal reabsorption of phosphate and
result in elevated circulating phosphate and formation of periarticular sub-cutaneous
calcified masses sometimes associated with bone and tooth defects. In contrast,
calcified tumor formation in normophosphatemic familial tumoral calcinosis is
generally preceded by a vasculitis-like rash and is associated with inflammatory
manifestations mostly evident in mucosal tissues.
Normophosphatemic familial tumoral calcinosis (NFTC) is an autosomal recessive
disorder characterized bycalcium deposition in skin and mucosae and associated with
unremitting pain and life-threatening skin infections.
Epidemiology:
The disease has been reported in several Jewish patients of Yemenite origin. The
carrier frequency among Yemenite Jews is 1:25 (sample of 154 individuals), 1:31 for
[K149E] and 1:154 for [R344X].
Molecular genetics:
SAMD9 (chromosomal locus 7q21-7q21.3)
The major mutation is [K149E], another mutation [R344X] was found in compound
heterozygosity in one family.
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Camurati-Engelmann disease
Autosomal dominant (MIM 131300)
Camurati-Engelmann disease, progressive diaphyseal dysplasia, or diaphyseal
dysplasia Camurati-Engelmann is a rare, autosomal dominantly inherited bone disease,
characterised by progressive cortical expansion and sclerosis mainly affecting the
diaphyses of the long bones associated with cranial hyperostosis. The main clinical
features are severe pain in the legs, muscular weakness, and a waddling gait.
Epidemiology:
The disease has been reported in a large Iraqi-Jewish family.
Biochemical defect:
Deficiency of the enzyme aspartoacylase which may be demonstrated in cultured
fibroblasts. There is an increased concentration of N-acetylaspartic acid in plasma and
excessive excretion in urine of the patients.
Molecular genetics:
Transformaing growth factor β1gene TGFβ1 (chromosomal locus 19q133)
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Canavan disease
Autosomal recessive (MIM 271900)
Canavan disease is a rare degenerative disease of the brain in which the first
symptoms appear very early in life. In most cases, the child does not control his head
or does not follow at the age of 2-3 months. The first symptoms may also be the
appearance of seizures, the presence of hypotonia or a bizarre cry. There is a definite
impairment of motor function and the tone changes to spasticity around the age of 6
months. Abnormal postures of hands and feet, as well as increased reflexes, clonus
and a positive Babinski sign may be noted at this stage. Usually, the children develop
strabismus by the age of 8 months and the progressive eye involvement results in optic
atrophy and blindness with roving movements of the eyes and nystagmus. Progressive
enlargement of the head is a common feature of the disease.
Epidemiology:
The disease has been reported with an increased frequency among Ashkenazi Jews.
Most of the Ashkenazi Jewish patients originated from Eastern Europe. The carrier
rate among the Ashkenazi Jews was estimated to be 1:59 by mutation analysis.
Biochemical defect:
Deficiency of the enzyme aspartoacylase which may be demonstrated in cultured
fibroblasts. There is an increased concentration of N-acetylaspartic acid in plasma and
excessive excretion in urine of the patients.
Molecular genetics:
Aspartoacylase gene ASPA (chromosomal locus 17pter-p13)
One major mutation is found among the Ashkenazi Jews [E285A] that accounted for
83% of the alleles in the US and all the alleles of the Israeli patients. The second
mutation found to be frequent in the US is [Y231X] that was found in 15% of the
alleles.
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Carnitine Palmitoyl transferase II deficiency
Autosomal recessive (MIM 600649)
Whereas adults with deficiency of CPT II have a disorder characterized by exercise
intolerance and myoglobinuria, the same deficiency in newborns is a generalized lethal
disease with reduced CPT II activity in multiple organs, reduced concentrations of
total and free carnitine, and increased concentrations of lipids and long-chain
acylcarnitines. A lethal neonatal form and one with prenatal onset have been
recognized. Infants with the severe infantile form of CPT II deficiency usually die
young and have cardiac abnormalities. In 2 Ashkenazi Jewish sibs with the antenatal
form of CPT II deficiency periventricular calcifications and markedly enlarged
kidneys were identified in the fifth gestational month.
Clinical manifestations of CPT II deficiency usually have their onset in adolescence or
adulthood. Patients may suffer from recurrent episodes of rhabdomyolysis after
prolonged exercise. The disease seems relatively frequent among Ashkenazi Jews,
presenting mostly with the adult form of CPT II deficiency.
Epidemiology:
No study on the frequency of the disorder of the mutations have been reported
Molecular genetics:
Carnitine palmitoyltransferase II gene CPTII (chromosomal locus 1p32)
Two mutations on a same allele were found in Ashkenazi patients: one in exon 4 of
the CPT2 gene [1237delAG] and a missense mutation [F448 L]. In addition adult
Ashkenazi Jewish patients are compound heterozygotes for this mutation and [S113L].
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Cataracts, autosomal recessive
Molecular genetics:
• CRYAA gene (chromosomal locus 21q223) (MIM 123580)
Autosomal recessive A homozygous nonsense mutation [W9X] was reported in inbred
Jewish family from Iran.
• LIM2 gene (chromosomal locus 19q134) (MIM 154045)
Autosomal recessive In an inbred Iraqi Jewish family with presenile cataract first
noticed between the ages of 20 and 51 years a homozygous T-->G change resulting in
a phenylalanine-to-valine substitution at position 105 of the protein was characterized.
•

Autosomal dominant (chromosomal locus 14q22-23). In a Moroccan Jewish
family with posterior polar cataract the locus was mapped to 14q
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Cerebral Cavernous Malformations
Autosomal dominant (MIM 116860)
Cerebral cavernous angiomas are relatively rare vascular malformations that may
involve any part of the central nervous system. Cerebral cavernous angiomas are to be
distinguished from cerebral arteriovenous malformations. CCMs are venous and not
demonstrable by arteriography. Cerebral Cavernous Malformations can lead to stroke,
seizures and focal neurological deficits.
Molecular genetics and epidemiology
CCM occurs sporadically and as an autosomal dominant trait. Three genes have been
identified for inherited CCM, and mutations in one of these three genes are identified
in the majority of CCM families
CCM2 (chromosome locus 7p13)
In 7 unrelated Ashkenazi Jewish patients the same 2-base pair change
c.30+5_6delinsTT was characterized
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Cerebrotendinous xanthomatosis
Autosomal recessive (MIM 213700)
The symptoms as well as the age of onset vary in this disease. Most patients have low
intelligence or are mentally retarded. They develop a progressive neurological disease
including progressive spasticity with ataxia and in general become incapacitated in the
fourth to fifth decade. Tendon xanthomas may be present in the second decade but
more often develop in the third and fourth decade. The most common site of
xanthomas is the Achilles tendons, tibial tuberosities, extensor tendons of the fingers
and the triceps. Juvenile cataracts are frequent and are often the presenting symptom
of the disease.
Treatment with cholic acid and chenodeoxycholic acid, pravastatin (another inhibitor
of HMG-CoA reductase), or the 2 agents in combination is promising.
Epidemiology:
The disease was found with a relatively high frequency among Jews from Morocco.
The incidence was estimated to be 1:10,000 in this community.
In a survey of 250 normal individuals the frequency of the alleles was 0.00658.
Biochemical defect:
The major symptoms of the disease are due to the generalized accumulation of
cholestanol and cholesterol in almost every tissue including the nervous system. The
diagnosis is best based on determination of urinary bile alcohols by mean of gas
chromatography. The basic defect is in sterol 27-hydroxylase, a mitochondrial
cytochrome P-450.
Molecular genetics:
CYP27 gene (chromosomal locus 2q33-ter)
2 mutations, each with a similar frequency, were demonstrated among Moroccan
Jews: a deletion of a thymidine in exon 4 and a G to A transition at the prime site
acceptor site of intron 4 ([IVS4DS, G-A, +1] and [1-BP DEL, FS]).
An Ashkenazi Jewsih patient was found to be compound heterozygous [IVS4DS, GA, +1] [R395H] (M Frydman)
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Chanarin-Dorfman syndrome
Autosomal recessive (MIM 275630)
Chanarin-Dorfman syndrome also referred as "neutral lipid storage diseases with
ichthyosis' is a non lysosomal inborn error of neutral lipid metabolism. The clinical
phenotype includes ichthyosisliver steatosis with hepatomegaly with muscle weakness
(myopathy) ataxia, hearing loss subcapsular cataractand sometimes mental retardation.
The diagnosis is suspected because of the presence of lipid droplets in granulocytes.
Epidemiology:
The disease was found in several patients of Iraqi Jewish origin.
Molecular genetics:
CGI-58 gene
Unknown among Jews
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Choreoacanthocytosis
Autosomal recessive (MIM 200150)
Choreoacanthocytosis (CHAC) is a slowly progressive multisystem disorder with
involuntary movements, cognitive decline, behavioral changes, seizures, and
polyneuropathy.
The mean age at onset is 32 years and the clinical course are usually progressive with
cognitive impairment, psychiatric features, and organic personality changes in over
half the cases. More than one-third of the cases have seizures. Orofaciolingual
involuntary movements and pseudobulbar disturbance commonly caused dysphagia
and dysarthria. Chorea was seen in almost all cases, and dystonia, tics, and akineticrigid features also occurred.
Epidemiology:
The disease was described in two unrelated patients of Ashkenazi origin and one
patient of Iraqi origin.
Molecular genetics:
VPS13A gene (chromosomal locus 9q21)
Each of the Ashkenazi patients was homozygous for [6059delC] mutation and the
Iraqi patient for [EX23del] mutation. The mutation [6059delC] was detected in at leat
3 other Ashkenazi alleles (V. Meiner personal communication)
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Chronic granulomatous disease
Inherited disorder of phagocytes in which defective production of microbicidal
oxydants lead to severe infections.The diagnosis is done by the absence of NBT
reduction by stimulated neutrophils. Severe clinical expression was found both in the
XLR and AR forms, but in general a milder disease was evident in AR-CGD,
particularly in patients with p47(phox) deficiency. Despite early and aggressive
therapy, the mortality rate is relatively high. Given that bone-marrow transplantation
was successful in five of seven patients, it is recommended to perform it as early as
possible before tissue damage is irreversible.
Epidemiology
Autosomal recessive CGDis relatively frequent among Jews from the Caucasian
montains and in Jews from Morocco.
Molecular genetics:
The syndrome is heterogenous and is caused by mutations in any of 4 genes encoding
components of nicotinamide adenine dinucleotide phosphate (reduced form NADPH)
oxidase, the multisubunit enzyme that produces the precursor of these oxidants,
superoxide
P67-phox (chromosomal locus 1q25). MIM 233710
In several families from the Caucasian mountains (Dagestan, Georgia, Azerbaijan), a
mutation was found in homozygosity: c.579G>A. One Jewish Dagestan patient was
compound heterozygote for G579A and a splice site mutation at intron 2.
CYBA, p22-phox (chromosomal locus 22q13.1). MIM 601488
In three consanguineous Morrocan Jewish families a same insertion G after G171
frameshift was characterized.
In a Yemenite consanguineous Jewish family the patient was homozygous for a
missense mutation G71A (Gly24 > Glu) also found in an Israeli Arab family.
CYBB GP91-phox (chromosomal locus X21.1). MIM 306400
Mutations have been reported in several Jewish families, with a different mutation in
each case.
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Chronic hemolysis and childhood relapsing immune mediated
polyneuropathy.
Autosomal recessive (MIM)
The patients presented with chronic Coombs' negative hemolysis and relapsing
polyneuropathy,
presenting
as
chronic
inflammatory
demyelinating
polyradiculoneuropathy (CIDP) The first episode lasted from days to weeks and
treatment with intravenous immunoglobulinsand pulse or oral corticosteroids was
associated with upper extremities regain of muscle strength. In the following months
the course was relapsing, with acute or subacute aggravation of weakness following
intercurrent infections. Between episodes, upper limb strength and function was
partially regained in a proximal to distal gradient, but there was a progressive muscle
wasting involving the feet and the hands and permanent areflexia accompanied by
persistent flaccid paralysis of the lower limbs. Few of the exacerbations were
accompanied by respiratory insufficiency requiring artificial ventilation. The central
nervous system was not involved and the patients' cognitive level was age appropriate.
During a typical episode, CRP level was high and blood hemoglobin level dropped to
6-10 Gr% with marked reticulocytosis, negative Coombs` test, increased lactate
dehydrogenase level (peak level 1306 IU/L, healthy controls< 260 IU/L ) and low
haptoglobin, consistent with acute hemolysis. Blood smear revealed polychromasia.
The hemolysis was characterized by chronic course with paroxysmal episodes.
Epidemiology:
The disease was reported in 4 North-African origin families (5 of the 8 parents were
from Lybia, 2 from Morocco and one from Egypt). The missense mutation,
p.Cys89Tyr in CD59, has a carrier rate of 1:66 among Jews of North-African origin.
Molecular genetics:
CD59 gene Chromosomal locus 11p13
A homozygous missense mutation, p.Cys89Tyr was identified in all the patients.
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Cohen syndrome
Autosomal recessive (MIM 216550)
The classical features include hypotonia, obesity, preeminent incisors and mental
retardation. In a survey thirty-nine patients of 32 families (22 families of Ashkenazi
origin) affected by the Cohen syndrome were diagnosed. Although these patients had
some general features of Cohen syndrome (e.g., developmental delay, hypotonia, and
facial characteristics), they lacked the more specific features of the condition (e.g.,
neutropenia and retinochoroidal dystrophy) and also had additional features not
associated normally with the disease (e.g., height >97th percentile and head
circumference >97th percentile).
Epidemiology:
A higher frequency of the syndrome among Ashkenazi Jews was suggested.
Molecular genetics:
COH1 gene Chromosomal locus 8q22-q23
No data on Jewish patients
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Colon cancer predisposition
Autosomal dominant (MIM 175100)
A twofold increased lifetime risk for colorectal cancer is conferred by a mutation in
the APC gene. This mutation was found to be frequent among Ashkenazi Jews. The
mutation was present in 10 - 28% of the cases among patients with familial colon
cancer of Ashkenazi origin.
A similar relative risk was found for carriers of Bloom syndrome among Ashkenazi
Jews in one study but was not confirmed in another one.
Epidemiology:
Among healthy Ashkenazi Jewish controls 5-7% carried the I1307K mutation.
Molecular genetics:
APC gene (chromosomal locus 5q21)
I1307K mutation in the APC gene creates a small hypermutable region in the gene and
indirectly leads to cancer predisposition.
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Color blindness total (achromatopsia)
Autosomal recessive (MIM 216900)
Total color blindness is sometime referred to as 'absence of cones'; In fact, cones are
present but functionally defective. Since the cones are defective, the subjects affected
with total color blindness see better at night. As infants, the patients have nystagmus,
which decreases later. Photophobia is striking. Patients squint even in light of ordinary
intensity. Vision in ordinary lighting is severely restricted; vision in dim light is
relatively better. Colors cannot be distinguished. Funduscopic examination is normal.
Epidemiology:
A relatively high incidence of total color blindness was observed among Jews from
Iran and Iraq as well as among Moroccan Jews.
Molecular genetics:
Cone photoreceptor cGMP-gated cation channel CNGA3 (chromosomal locus 2q11)
The missense mutation c.1585G>A, V529M was found in Oriental Jewish families
from Iraq, Iran, Buchara, and Afghanistan. The frequency of the mutation in those
populations is unknown
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Combined oxidative phosphorylation deficiency 3 (COXPD3)
Autosomal recessive (MIM 601538)
In a child of consanguineous Kurdish Jewish parents, the mother reported a paucity of
fetal movements throughout pregnancy. At age 36 hours, apathy, irregular breathing, and
severe muscular hypotonia were noted. Laboratory investigations revealed severe
metabolic acidosis with increased serum lactate level, blood ketone levels, and serum
ammonia levels. Echocardiographic examination disclosed severe concentric
hypertrophic cardiomyopathy with normal contractility. Death occurred at age 7 weeks
Epidemiology
The disorder was described in one consanguineous Kurdish Jewish family
Molecular genetics
TSFM gene (chromosomal locus 12q13-q14)
All the patients were homozygous for the mutation [C997T].
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Combined pituitary hormone deficiencies (CPHD)
Autosomal recessive (MIM 601538)
In a Moroccan Jewish consanguineous family CPHD was caused by an R120C mutation.
The disease was characterized by clinical phenotypic variability in terms of the severity
of hormonal deficiencies and the time of their development. The affected exhibited
complete gonadotropin deficiency with failure of spontaneous sexual maturation.
Adrenocorticotropic hormone deficiency developed in only 2 sisters in the 3rd and 4th
decades of life.
Epidemiology
The disorder was described in one Moroccan Jewish consanguineous family
Molecular genetics
PROP-1 gene (chromosomal locus 5q)
All the patients were homozygous for the mutation [R120C].
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Comèl-Netherton syndrome
Autosomal recessive (MIM 256500)
The disorder manifests at birth or soon after and is characterized by a clinical triad
which includes localized or generalized ichthyosis, hair shaft abnormalities and atopic
diathesis.
Cutaneous manifestations of the syndrome include varying phenotypes ranging from
ichthyosis linearis circumflexa, referring to migratory, serpiginous, erythematous
plaques bordered by a double-edged scale, up to life-threatening erythrodermic
ichthyosis. Pruritus and secondary skin infections are common. Hair abnormalities
include trichorrhexis invaginata (bamboo hair), which is pathognomonic for the
syndrome, as well as other hair anomalies such as trichorrhexis nodosa, pili torti and
alopecia.
Epidemiology
The disorder was described in several Jewish families
Molecular genetics
SPINK5 gene (chromosomal locus 5q32)
The syndrome was reported in three families from Georgia with the mutation c.C2557T
in homozygosity in two families and in compound heterozygosity with the mutation
c.C649T in the third family. In these families the syndrome was relatively mild with
cutaneous manifestions
The mutation c.C649T was found in homozygosity in one family of north European
origin and in coupond heterozigosity with c.691delC in another family. The syndrome
presented as post natal hypernatremic dehydration, failure to thrive, growth retardation
and enteropathy. A family of Iraq origin the patient was homozygous for c.691delC
while in a family from Azerbaijan the patient was homozygous for 2240G>81
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Complement C7 deficiency
Autosomal recessive (MIM 217070)
Individuals with complement C7 deficiency have an increased susceptibility to
meningococcal disease.
Epidemiology:
C7 deficiency appears to be relatively frequent among Moroccan Jews. In a random
sample of 365 healthy subjects the allele frequency was found to be 1.1%.
Molecular genetics:
C7 (chromosomal locus 5p13)
All the patients of Moroccan Jewish origin examined, shared the same haplotype and
had the same mutation p.G1135C
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Cone-rod dystrophy
Autosomal recessive (OMIM 601691)
Within the family of retinal dystrophy the cone-rod dystrophy phenotype is a specific
form of degeneration. The cone degeneration appears early in life with central
involvement of the retina followed by degeneration of rods several years later. The
main symptoms at the disease onset are deacrease visual accuty loss of color
discrimination and photophobia.The b wave of the photopic ERG is severely reduced
although the b wave of the scotopic ERG is still normal. As the disease progress,
nyctalopia, progressive peripheral visual field deficit and decreasing scotopic ERG are
observed.
Molecular genetics and Epidemiology:
ADAM9 gene (chromosomal locus )
In one Tunisian Jewish family, the mutation c.490C>T was found in homozygosity.
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Congenital amegakaryocytic thrombocytopenia
Autosomal recessive (MIM 604498)
Congenital amegakaryocytic thrombocytopenia (CAMT) is a rare disorder expressed
in early infancy and characterized by isolated thrombocytopenia and
megakaryocytopenia with no physical anomalies. In the severe form the patients
present with bleeding disorders in early infancy often life threatening. Untreated, many
CAMT patients develop aplastic anemia within the first decade of life; the only
effective treatment of CAMT is bone marrow transplantation.
Epidemiology and Molecular genetics:
MPL gene (gene location 1p34)
The c.79+2T>A mutation was reported in an Ashkenazi patient the carrier frequency
among Ashkenazi Jews is approximately 1:75 (2018 individuals from the
ultraorthodox community)
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Congenital disorder of glycosylation type IIk (CGD2K)
Autosomal recessive (MIM 614727)
Three patients belonging to two families presented with a psychomotor-dysmorphism
syndrome including postnatal growth deficiency and major spondylo-, epi-, and
metaphyseal skeletal involvement. Other features were muscular hypotrophy, fat
excess, partial growth hormone deficiency, and, in two of the three patients, episodes
of unexplained fever. Additional investigations showed mild to moderate increases of
serum transaminases (particularly of aspartate transaminase (AST)), creatine kinase
(CK), and lactate dehydrogenase (LDH), as well as decreased coagulation factors VIII,
IX, XI, and protein C. Diagnostic work-up revealed a type 2 serum transferrin
isoelectrofocusing (IEF) pattern and a cathodal shift on apolipoprotein C-III IEF
pointing to a combined N- and O-glycosylation defect.
Epidemiology and Molecular genetics:
TMEM165 gene (gene location 4q12)
The c.792+182G>A mutation was reported in two unrelated Jewish families from
Georgia
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Congenital insensivity to pain with anhidrosis (CIPA)
Autosomal recessive (MIM 256800)
Congenital insensivity to pain with anhidrosis (CIPA) also known as hereditary
sensory and autonomic neuropathy type IV belongs to a group of rare autosomal
recessive peripheral sensory neuropathies. It comprises loss of pain sensation that
leads to fractures, skin lacerations often evolving into deep wounds with
complications such as osteomyelitis septic arthritis, and Charcot joints. Moderate to
severe mental retardation is present and in combination with insensitivity to pain leads
to self-mutilation of the tongue and fingertips with frequent autoamputations. Lack of
sensitivity is also evident in the cornea leading to traumatic ulcerations and neuro
paralytic keratitis. Anihidrosis another prominent feature of the disorder is often
associated with recurrent episodes of unexplained fever that can be fatal
Epidemiology:
The disease has been reported in two Moroccan Jewish families from Skoura.
Molecular genetics:
Neurotropic tyrosine kinase receptor 1, NTRK1 (chromosomal locus 1q21-q22)
The mutation c.207-208 delTG was found in homozygosity in the two families but not
in a sample of 300 Moroccan Jewish controls.
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Congenital hereditary endothelial dystrophies (CHED)
Autosomal recessive (MIM 217700, 217400)
The autosomal recessive form of the congenital hereditary endothelial dystrophies
(CHED2) is usually present at birth and nystagmus often develops.
Epidemiology:
The disease has been reported in a sepharadic Jewish family.
Molecular genetics:
Borate transporter SLC4A11 A (chromosomal locus 20p13)
In the family two mutations were found p.Leu808ArgfsX110 and p.Leu843Pro
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Corticosterone methyl oxidase II (CMO II) deficiency
[congenital hypoaldosteronism]
Autosomal recessive (MIM 124080)
The patients present with a wide spectrum of severity. The most severely affected
usually present with dehydration in the first weeks of life - with signs of peripheral
vascular collapse including tachycardia, hypotension, gray skin and the clinical picture
resembles Addisonian crisis. If untreated, the patients may die in infancy. The children
with a less severe disorder tend to present as failure to thrive in the first months of life
or later because of retarded growth. The third category of patients may be diagnosed in
childhood or even in adult life by screening relatives of the propositus. In these
apparent asymptomatic patients in fact a history of postural hypotension, weakness, or
salt craving may be obtained; some of them have short stature.
Not only the disorder tends to be milder in older children or adults but also the
severity of the disease decreases with age and compensatory mechanisms appear to
come in play.
Epidemiology:
The disease was found among Jews from Iran with an incidence of 1:4,000; most of
the families originate from Isfahan.
Biochemical defect:
The disease is caused by the deficiency of the enzyme responsible for the final step of
the aldosterone biosynthetic pathway: CMO II. Normal levels of aldosterone are found
but are inadequate in relation to sodium depletion as indicated by elevated renin
activity in plasma. The diagnosis may be done comparing the secretion of aldosterone
to the secretion of 18-corticosterone as measured by its urinary metabolites. The ratio
of 18-corticosterone metabolites to aldosterone is normally less than 3 and is often
greater than 100 in the affected patients.
Molecular genetics:
CYP11B2 (chromosomal locus 8q21)
All the Iranian Jewish patients are homozygous for two linked mutations in the gene
CYP11B2: R181W and V386A. Homozygosity for each of the mutations alone does
not cause any phenotypic problem.
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Creutzfeld-Jakob disease
Autosomal dominant (MIM 123400)
In most cases the disease begins after the age of 50 years and lasts less than a year.
Prodromal symptoms including asthenia, weight loss or disorders of sleep habits
present in one third of the patients.
In approximately half of the patients the onset is manifested only by mental
deterioration while some patients present only with physical signs like vertigo, visual
or cerebellar disturbances. Other patients present with both types of manifestations at
onset. Mental deterioration of dementia, behavioral abnormalities and disorders of
high cortical function including aphasia, apraxia or agnosia is noted during the course
of the disease in all the affected patients.. Movement disorders are seen in some 90%
of the patients and myoclonus is the prominent feature in nearly all. Extrapyramidal
symptoms especially profound generalized oppositional rigidity and cerebellar,
pyramidal or visual abnormalities are frequently encountered.
Epidemiology:
The disease was found with a relatively high frequency among Jews from Libya, the
origin of the families, when known, was Djerba, an island off the coast of Tunisia. The
average annual age-adjusted incidence of CDJ among Libyan Jews is 75 cases per
million per year, as compared to 0.4 to 1.9 per million population in other ethnic
groups in Israel.
Biochemical defect:
The disease can be experimentally transmitted to animals and the infectious pathogen
has been isolated and defined as a prion which is a glycoprotein (PrP 27-30) of a
molecular weight of 27-30,000 dalton.
Molecular genetics:
PRNP gene (gene location 20 pter-p12)
A point mutation in codon 200 of the PRIP gene [E200K] was demonstrated to be
present in all the Libyan Jewish patients with CDJ. The age-specific penetrance of
CJD among Libyan-Tunisian Jews carrying the [E200K] mutation, reached 50% at age
60 years and 80% at age 80.
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Cystic fibrosis
Autosomal recessive (MIM 219700)
Epidemiology:
The frequency of cystic fibrosis as well as the distribution of the mutations is different
in each of the Jewish communities. While among Ashkenazi Jews, Jews from Libya,
Georgia, Greece and Bulgaria the frequency of the disease is in a similar range as in
most Caucasian populations (1:2,400), cystic fibrosis is rare in Jews from Yemen
(1:8,800), Morocco (1:15,000), Iraq (1:32,000) or Iran (1:39,000).
Molecular genetics:
CFTR gene (chromosomal locus 7q31.2)
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Cystinosis
Autosomal recessive (MIM 219800)
In the classical, infantile type of the disease, the age of onset is usually after 6 months
and is manifested by failure to thrive, poor eating and excessive drinking and urinating
- symptoms which result from renal Fanconi syndrome. The natural history of the
disease is dominated by failure to thrive. In addition, the child develops photophobia,
and gradually looses renal functions. Clinical rickets is evident. The intelligence is
conserved.
In the recent years, specific treatment to reduce the cystine storage, particularly
cysteamine, is being tested in addition to the symptomatic therapy to control the severe
imbalances and renal transplantation after renal failure appears.
The clinical diagnosis is based on the presence of renal Fanconi syndrome with the
presence cystine crystals in bone marrow or/ and in the cornea.
Epidemiology:
The incidence of cystinosis among Jews of North African origin was estimated to be
1:20,000.
Biochemical defect:
There is a massive lysosomal storage of cystine, formed by the oxidation of cysteine to
yield the disulfide aminoacid. The lysosomal storage of cystine results from impaired
transport of this aminoacid from the interior of the lysosome outside to the cytoplasm.
The biochemical diagnosis is based on the increased cystine content in leukocytes
which is typically 50 to 100 fold the normal content. Measurement of radioactive
cystine retention or counter transport in lysosomes in cultured cells is the basis for the
prenatal diagnosis of the disease.
Molecular genetics:
CTNS gene (chromosomal locus 17p13)
The mutation [G339R] has been found in homozygosity in five unrelated Morrocan
families. The same mutation has been also detected in patients of other ethnic origin.
A patient of Morocan Jewish origin with a juvenile form of the disease was compound
heterozygote [N177T/?]
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Cystinuria
Autosomal recessive (MIM 220100)
The disease occurs equally in both sexes but the symptoms are usually more severe in
males. The age of apparition of the first symptoms is variable. The principal clinical
manifestation is renal colic due to urinary calculi; it may be associated with urinary
tract obstruction, infections and later loss of renal function. The stones may be cystine
or uric acid stones.
Epidemiology:
The disease is common worldwide (1:15,000). Its incidence was estimated to be
1:2500 among Jews from Libya.
Biochemical defect:
Cystinuria is a disorder of amino acid transport affecting the epithelial cells of the
renal tubules and gastrointestinal tract. The cyanide-nitroprusside test may be used as
a screening for the disease and the diagnosis is confirmed by quantitative examination
of amino acids in urine.
Molecular genetics:
SLC3A1 gene (chromosomal locus 2p21)
All the patients of Ashkenazi origin had the same mutation in the SLC3A1 gene
(C808T).
SLC7A9 gene (chromosomal locus 19q)
A unique mutation was characterized [V170M] among the Jewish patients originating
from Libya.
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Darier disease
Autosomal dominant (MIM 124000)
Darier disease is a keratinization disorder characterized by loss of adhesion between
epidermal cells. Onset is at puberty and fully penetrant in adulthood. The disease is
characterized by greasy papules, plaques over seborrheic areas, face, upper trunk and
flexures of the extremities. The palms and soles show punctuate keratoses and nail
involvement includes sublingual hyperkeratosis and fragility of the edges. Heat and
sweating may exacerbate the disease.
Epidemiology:
The disease is relatively common worldwide (1:55,000). The disease was reported in
two Ashkenazi families
Molecular genetics
SERCA1-ATP2A2 (chromosomal locus 12q23-24.1)
In each of the families a different mutation was reported [R131X] and [Q177P].
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Deafness, autosomal recessive
Autosomal recessive (MIM 121011)
Among the Ashkenazi Jews it seems that most of the patients with genetic deafness
are affected because of a mutation in the GJB2 gene encoding for connexin 26.
Epidemiology:
The disease is common worldwide (1:15,000). Its incidence was estimated to be
1:2500 among Jews from Libya.
Molecular genetics:
GJB2 gene (chromosomal locus 13q11-12)
All the patients of Ashkenazi origin had the same mutation in the SLC3A1 gene
(nonsense mutation at position 808).
The frequency of the carriers of the 167delT mutation was estimated to be between
1/10 – 1/25 among Ashkenazi Jews. It was estimated that this mutation is responsible
for 70% of all patients with non-syndromic deafness in this community. The high
frequency is probably because of a founder effect with genetic drift. Screening of 1012
anonymous Ashkenazi Jewish individuals from the New York Metropolitan area
revealed carrier frequencies for 167delT and 35delG of 3.96% (95% CI: 2.75-5.15%)
and 0.69% (95% CI: 0.18-1.20%), respectively.
A mutation L205P was found in a Georgian patient with non progressive moderate to
profound hearing loss.
Other mutations reported in several cases: 51del112insA and W24X among Bucharian
Jews and L90P among Iraqi Jews (Frydman M).
Among several Ashkenazi Jews patients, a deletion mutation in GJB6 gene, coding for
connexin 30, was found to be responsible for the deafness, when cooperating with
GJB2 mutation in trans. This mutation seems to be frequent also in other populations.
LOXHD1 gene (chromosomal locus 18q12-21)
A premature stop codon (R1572X) was found in patients of Ashkenazi Jewish origin
who had severe-profound congenital non-progressive ARNSHL and benefited from
cochlear implants. Among 719 anonymous Ashkenazi-Jews four carriers were
detected, indicating a carrier rate of 1:180 Ashkenazi Jews
STRC gene (chromosomal locus 15q15.3]
The mutation c.4171C>G (p.R1391G) was found in two Ashkenazi Jewish families
with mild deafness.In one family the mutation was found in conpound heterozigosity
with a large gene deletion.
TCM1 gene (chromosomal locus 9q13-21)
A founder mutation (p.S647P) was found in patients of Moroccan Jewish origin
Among 282 anonymous Moroccan-Jews 16 carriers were detected indicating a carrier
rate of 5.7%.
SYNE41 gene (chromosomal locus19q13.11-q13.2)
A founder mutation (c.228delAT) was found in patients of Iraqi Jewish origin Among
157 anonymous Iraqi-Jews 4 carriers were detected indicating a carrier rate of 2.5%.
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Deafness, autosomal dominant

Molecular genetics and Epidemiology
POU domain class 4 transcription factor 3 gene POU4F3 (MIM 602460)
In one Jewish family originating from Italy with migration to North Africa and Middle
East.The patients were heterozygous for [8BP deletion exon 2]
WFS1 (MIM 606201)
In one Ashkenazi Jewish family the patients were heterozygous for [c.2765G>A]
(p.E864K)
TECTA (MIM 602574)
In one Turkish Jewish family the patients were heterozygous for [c.5597C>T]
(p.T1866M)
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Desmin related myopathy
Autosomal dominant (MIM 601419)
The diagnostic criteria include proximal and distal limb muscle weakness often
associated with neck, trunk, and velopharynx muscle involvement, associated with
cardiac conduction blocks, arrhythmias and restrictive heart failure, and by the presence
of numerous desmin reactive aggregates in the muscle fibers, and intrasarcoplasmic
accumulation of dense granulofilamentous material on electron microscopy.
Epidemiology
The disorder was described in one Ashkenazi Jewish family
Molecular genetics
Desmin gene (chromosomal locus 2q35)
All the patients were heterozygous for the mutation [L345P].
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Diarrhea, congenital intractable
Autosomal recessive (MIM 251850)
The diarrhea starts in the first 8 days of life, even in breast-fed infants. It is of the
secretory type without evidence for a pathogen. All the patients have a jejunal biopsy
normal to severe atrophy. All the patients need prolonged total parental nutrition and
at the time of the report some were on TNP for 7 years.
The disease is probably autosomal recessive since in one family two siblings were
affected and the parents of 3 affected children were consanguineous
Epidemiology:
The disease has been reported in 6 Jewish families all from Iraq.
The patients are homozygous for a16p13.3 deletion
It should be noted that in 1971, 3 affected with Glucose-galactose malabsorption were
reported offspring from a consanguineous marriage in an Iraqi-Babylonian Jewish
family.
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Disphosphoglycerate mutase deficiency
Autosomal recessive (MIM 222800)
BPGM gene (chromosomal location 7q22-q34)
The disorder was reported in an Iranian (Mashadi) Jewish G6PD deficient individual
who had erythrocytosis. The propositus who was the son of first cousin parents was
homozygous for c.185C>G (Arg62Gln).
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Dopa-responsive dystonia
Autosomal dominant (MIM 128230)
There is a 4:1 female predominance in dopa-responsive dystonia GTP cyclohydrolase I
activitiy is higher in males than in females, a possible explanation for the difference in
frequency of the disorder. The diurnal fluctuations that are characteristic of this
disorder may be explained by the relatively short half-life of tetrahydrobiopterin. The
family was characterized by variable expressivity and was associated with either a
'classical' DRD phenotype or various atypical phenotypes, such as subtle transitory
equinovarus postures of the feet or isolated hand tremor
Tetrahydrobiopterin is an essential cofactor for 3 aromatic amino acid
monooxygenases: phenylalanine, tyrosine, and tryptophan hydroxylases. Animals can
synthesize tetrahydrobiopterin in vivo from GTP through several enzymatic reactions.
The conversion of GTP to D-erythro-7,8-dihydroneopterin triphosphate is the first step
in tetrahydrobiopterin biosynthesis, and GTP cyclohydrolase I catalyzes this reaction.
This step is thought to be rate-limiting in the pathway.
Epidemiology:
The disorder was described in one Ashkenazi Jewish family
Molecular genetics:
GTP cyclohydrolase I gene (chromosomal locus 14q22.1-q22.2)
The patients were heterozygous for a novel point mutation T94L was characterized.
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Dubin Johnson syndrome (DJS)
Autosomal recessive (MIM 237500)
Chronic or intermittent jaundice is the most common finding in patients with Dubin
Johnson syndrome (DJS). The onset has been observed in infancy or late in adulthood
but is generally between the age of 15 to 35 years. Many factors may precipitate or
aggravate jaundice such as infection or pregnancy. Many of the patients complain of
vague abdominal pains, some with weakness, occasional nausea, vomiting and or
recurrent diarrhea. In about half the patients the liver is enlarged, and is tender in
some.
The finding of chronic idiopathic hyperbilirubinemia (conjugated, direct) with typical
pigmentary changes in liver biopsy, are the criteria for diagnosis of DJS.
Association with factor VII deficiency:
Some of the patients have bleeding symptoms. It was demonstrated that deficiency or
decreased levels of factor VII is found with a higher frequency among patients with
DJS than in the general population. There is not yet a good explanation for this
observation.
Epidemiology:
The disease has been reported to occur mostly in individuals from Iran and its
incidence was calculated to be 1:1,300 in this group; most of the families originate
from Isfahan. While the disease is rare among Ashkenazi Jews 1: 100,000, its
incidence is higher in other groups like Jews from Iraq and Morocco.
Molecular genetics:
Multidrug resistance protein 2 MRP2 (chromosomal locus 10q24)
All the Iranian Jewish patients are homozygous for the mutation I1173F with a same
founder haplotype. Heterozygosity was found in 14/243 examined (5.8%) and the
allele frequency is 2.9% (95% confidence interval 1.6 to 4.8%).
All the Moroccan Jewish patients are homozygote for a mutation [R1150H] with a
same founder haplotype. Heterozygosity was found in 1/226 examined (1.8%) and the
allele frequency is 0.9% (95% confidence interval 0.24 to 2.27%).
A founder mutation IVS8+4a>G was found among the Ashkenazi patients with a
carrier prevalence of 0-0.082% (no carriers among 450 individuals)
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Dyggve-Melchior-Clausen syndrome
Autosomal recessive (MIM 224230)
Dyggve-Melchior-Clausen syndrome (DMC) is characterized by the association of a
spondylo-epi-metaphyseal dysplasia and mental retardation. The spine showed
generalized platyspondyly. Irregularities of the iliac crest gave an appearance of a lace
border around it. There is a characteristic double hump with central constriction of the
vertebral bodies which is present at age 4 years and becomes more distinct in late
childhood. In adult patients, the vertebral bodies become more rectangular as the
appositional bone which appears during adolescence becomes fused.
Molecular genetics and epidemiology:
DYM gene (chromosomal locus 18q12-q21.1)
In a Moroccan Jewsih family six out of 10 sibling were affected. No molecular studies
have been reported.
References:
Schorr S, Legum C, Ochshorn M, Hirsch M, Moses S, Lasch EE, El-Masri M. The
Dyggve-Melchio-Clausen syndrome. AJR Am J Roentgenol. 1977; 128:107-113.

68

Dysautonomia, familial
Autosomal recessive (MIM 223900)
The disease is due to a disturbance of autonomic and peripheral sensory functions. The
main clinical manifestations are prominent in infancy. Most of the symptoms are
secondary to anomalies in the autonomic nervous system, including excessive
salivation and sweating, absence of tears and diminished corneal reflex, vasomotor
instability with labile blood pressure and skin blotching, defective temperature control
and episodic fever. Symptoms also include feeding problems in part since the
swallowing is poorly coordinated and lead to gapping, vomiting and aspirations. The
clinical manifestation of peripheral sensory dysfunction is diminished or absence of
pain leading to repeated trauma and corneal ulcerations. Deep tendon reflexes are
diminished or absent. Pulmonary infections are frequent secondary to recurrent
aspirations and excessive secretions and lead to pulmonary failure in many of the
affected children.
The diagnosis is based on clinical findings; the absence of fungiform papillae and taste
buds in tongue is pathognomonic for the disease. The histamine test, in which the pain
is reduced and there is no axon flare after intradermal injection of histamine
phosphate, is a very useful tool for diagnosis. Another diagnostic test is the response
of the pupil to metacholine which induces myosis in children affected with
dysautonomia instead of no change in non affected children.
Epidemiology:
The disease is found almost exclusively among Ashkenazi Jews, the incidence in this
community was calculated to be 1:3700. The carrier frequency is 1/36 among the
Ashkenazi Jews according to molecular studies.
Molecular genetics:
IKBKAP gene (chromosomal locus 9q31)
A splicing mutation in the IKBKAP gene resulting in skipping of exon 20 was found
in 99.5% of the patients. Another mutation R696P was found in few other patients.
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Dyserythropoietic anemia type II, Congenital
Autosomal recessive (MIM 224100)
Congenital dyserythropoietic anemias (CDA) are a rare group of red blood cell
disorders of unknown etiology characterized by ineffective erythropoeisis,
pathognomonic cytopathology of the nucleated red blood cells in the bone marrow and
secondary hemochromatosis. Three types have been delineated; type II is the most
common characterized by normocytic binuclear or multinuclear red cells, which on
electron microscopy contain double cytoplasmic membranes.
The 11 Jewish patients presented with anemia and all needed splenectomy. In three
patients a severe anemia was present in the neonatal period. None of the patients was
transfusion dependent, three needed deferoxamine treatment and two of the patients
had clinical hemochromatosis.
Epidemiology:
The disease has been diagnosed among 11 patients from 7 Moroccan Jewish families
and one Algerian/Moroccan family. The mutation c.325G>A was found in 1 out 102
Moroccan Jews.
Molecular genetics:
SEC23B gene (chromosomal locus20p11.2)
Homozygozity for the same mutation [c.325G>A; p.Glu109Lys] was found in all the
patients but one who was compound heterozygote for this mutation and
[pThr710Met].
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Dyskeratosis congenita
Autosomal dominant (MIM 300240)
TERT gene (chromosomal locus 5p15.33)
In a family of Iraqi Jewish origin clinical features compatible with a dominant form of
the disease all the affected males presented with isolated thrombocytopenia that was
followed by decreased RBC and/or WBC counts. Anticipation for aplastic anemia,
premature greying of hair, pulmonary fibrosis and hepatic fibrosis was observed. In 2
patients, cardiac abnormalities were detected: cardiac and cardiomegaly. Death was
due to respiratory failure or hepatic failure; one patient died as a result of myocardial
infarction.While all 6 males in the family were severely affected, neither of the 2
females showed overt clinical manifestations of the disease except for premature grey
hair in both and borderline RBC count in one of them. A novel heterozygous missense
mutation (c.1892 G>A; p.Arg631Gln), was detected in all the patients
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Dyskeratosis congenital autosomal recessive- HoyerallHreidarsson syndrome
Autosomal recessive (MIM 300240)
Hoyeraal-Hreidarsson syndrome is similar to autosomal recessive dyskeratosis
congenita-5 characterized by onset of bone marrow failure and immunodeficiency in
early childhood. Most patients also have growth and developmental delay and
cerebellar hypoplasia.
Molecular genetics and epidemiology:
RTEL1 gene (chromosomal locus 20q13.33)
In two Ashkenazi Jewish families the patients were homozygous for a founder
mutation R1264H. in another Ashkenazi Jewish family the patients were compound
heterozygote for c.C2920T and c.G1476T. The frequency of the mutation was not
deternimed
TERT gene (chromosomal locus 5p15.33)
In a consanguineous Iranian Jewish family a female patient was homozygous for
p.Arg901Trp (R901W).
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Dystonia primary torsion
Autosomal recessive (MIM)
Three siblings had childhood onset of limb dystonia, and slow progression to
generalized dystonia with predominant cranio-cervical involvement. There were no
other abnormal signs, apart from dystonia and jerky tremor over a 12-year follow-up.
All investigations for other causes of primary and secondary dystonia had normal
results
Epidemiology
The disorder was described in one Iranian Jewish family
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Ectodermal dysplasia ectrodactyly and macular dystrophy
Autosomal recessive (MIM 601553)
Hypotrichosis with juvenile macular dystrophy (HJMD) and ectodermal dysplasia,
ectrodactyly and macular dystrophy (EEM) are both caused by mutations in the CDH3
gene. There is a phenotypic continuum between HJMD and EEM.
Epidemiology:
The syndrome was reported in one Jewish family of Yemmenite origin
Molecular genetics:
CDH3 gene encoding P cadherin (chromosomal locus 16q22.1)
The patients were homozygous for p.G277V
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Ehlers-Danlos syndrome type VII-C
Autosomal recessive (MIM 225410)
The patients present with extreme fragility of the skin, other symptoms include blue
sclerae and soft, velvety, hyperextensible skin. Marked bruising and open wounds
following minor trauma are present, the excised skin can be torn by hand.
Epidemiology:
The disease has been diagnosed among in several Ashkenazi Jewish families In one
family in which the origin was determined the grand parents were from Belarus
Molecular genetics:
ADAMTS2 gene (chromosomal locus 5q23)
Homozygozity for the same mutation [Q225X] was found in all the Ashkenazi Jewish
patients.
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Enhanced S-cone syndrome
Autosomal recessive (MIM 268100)
Hereditary human retinal degenerative diseases usually affect the mature
photoreceptor topography by reducing the number of cells through apoptosis, resulting
in loss of visual function. Only one inherited retinal disease, the enhanced S-cone
syndrome (ESCS), manifests a gain in function of photoreceptors.
The patients have increased sensitivity to blue light; perception of blue light is
mediated by what is normally the least populous cone photoreceptor subtype, the S
(short wavelength, blue) cones. People with ESCS also suffer visual loss, with night
blindness occurring from early in life, varying degrees of L (long, red)- and M
(middle, green)-cone vision, and retinal degeneration. The pattern of retinal
dysfunction is a constant among ESCS patients, but the degree of clinically evident
retinal degeneration can vary from minimal to severe. The latter condition is known as
Goldmann-Favre syndrome that is characterized by a liquefied vitreous body with
preretinal band-shaped structures (veil), macular changes in the form of retinoschisis
or edema and pigmentary degeneration of the retina with hemeralopia and
extinguished electroretinogram. Cataract is a complication.

Epidemiology:
The disease has been diagnosed among in several Ashkenazi Jewish families
Molecular genetics:
NR2E3 gene (chromosomal locus 15q23)
A same mutation [c.923G>A] was found in several Ashkenazi Jewish patients but was
not found in 111 Ashkenazi controls. The same mutation was found in Crypto-Jews
(Marranos) from Belmonte in the Beira-Baixa province of Portugal. Those were
survivors of Spanish Jews who were persecuted in the late fifteenth century and
escaped to Portugal where they were forced to convert to save their lives. One of
Jewish patient from Morocco who was homozygous for the same mutation was
diagnosed as retinitis pigmentosa.
One Ashkenazi Jewish patient was compound heterozygous for the common mutation
and [c.747+1G>C]. One patient Tunisian/Ashkenazi was also compound heterozygous
for the Ashkenazi mutation and c.194-202 del9bp]
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Epidermolysis bullosa simplex
Autosomal dominant or recessive (MIM 131750, 131760, 131900)
EB represents a group of different skin disorders in which the most severe are present
at birth with bullous lesions and early death. EB is classified according to the level of
dermal epidermal separation at the basal membrane zone. EB simplex results from
separation of the skin above the basal membrane.
Three clinical subtypes have been clasically described: palm and palms (WeberCockayne), general distribution of blisters (Koebner) and more extensive and severe
blistering affecting often mucosae and nails (Dowling Malera).
Among the less severe forms most have been described with a dominant inheritance,
however, several cases with recessive inheritance were reported in rule with a more
severe clinical picture.
Molecular genetics:
Keratin K5
Several mutations were characterized in Ashkenazi Jewish patients [K199R] [V324D]
[E167K] [H1635delG] [L311P]
Keratin K14
Several mutations were characterized in Ashkenazi Jewish patients [A134P] [A125C]
[V270M] [Q369X] [R388H]
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Epidermolysis bullosa, generalized atrophic benign
Autosomal recessive (MIM 22665)
EB represents a group of different skin disorders; generalized atrophic benign
epidermolysis bullosa is a nonlethal form of junctional EB with an autosomal
recessive inheritance. There is generalized cutaneous blister formation at sites of
trauma, atrophic alopecia affecting scalp, eyelash and eyebrow, dystrophic nail
changes, and tooth abnormalities.
Molecular genetics:
COL7A1 (chromosomal locus 10q24.3)
Several mutations were characterized in Ashkenazi Jewish patients [6652-2A>G]
[G2079R] [628+1G>A] [G2067R] [G2031S] [2528delA]
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Epidermolysis bullosa lethalis
Autosomal recessive (MIM 226700)
EB represents a group of different skin disorders in which the most severe are present
at birth with bullous lesions and early death.
Junctional epidermolysis bullosa Herlitz type is characterized by the formation of
widespread blisters and erosions of the skin following minor trauma. The hand and
feet are relatively spared. Loss of serum, protein and electrolytes and dermal sepsis
seem to be responsible for early neonatal or childhood death.
Molecular genetics:
Epidermolysis bullosa lethalis is caused by mutations in any 1 of the 3 polypeptides of
laminin-5:
alpha-3 (LAMA3)
beta-3 (LAMB3)
Two mutations were characterized in Ashkenazi Jewish patients [2528delA] and
[R42X]
gamma-2 (LAMC2)
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Epilepsy and mental retardation limited to females (EFMR)
X linked (MIM 300088)
Epilepsy and Mental Retardation limited to Females (EFMR) was described in a single
family characterized by onset of convulsions in infancy in previously normal girls who
subsequently showed developmental regression, with mild to profound intellectual
disability (ID). The disorder has an extraordinary pattern of inheritance, regarded as Xlinked dominant with male sparing, where females are affected and males transmit the
disorder; males have been regarded as phenotypically normal.
In a new report including a Jewish family of Moroccan origin twenty-seven affected
females had a mean seizure onset of 14 months typically presenting with convulsions.
All had convulsive attacks at some stage, associated with fever in most. Multiple
seizure types occurred including tonic-clonic, tonic, partial, absence, atonic and
myoclonic. Seizures ceased at mean 12 years. Developmental progress varied from
normal, to always delayed to normal followed by regression. Intellect ranged from
normal to severe intellectual disability, with 67% of females having ID or being of
borderline intellect. Autistic, obsessive and aggressive features were prominent. EEGs
showed generalized and focal epileptiform abnormalities. Five obligate male carriers
had obsessional tendencies.
Molecular genetics:
PCDH19 (chromosomal locus Xq22)
In the Moroccan Jewish family the mutation was 2030-2031insT in all the patients.
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Erythrokeratodermia variabilis
Autosomal dominant (MIM 133200)
Erythrokeratodermia variabilis is a rare genodermatosis characterized by the
coexistence of areas of erythema usually transient and migratory and fixed keratotic
lesions.
Molecular genetics:
Connexin 30.3(chromosome location:1p34-35)
In a Jewish family, of Kurdish origin, with EKVF a heterozygous T-->C transition
leading to the missense mutation (F137L) was characterized
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Factor V and factor VIII combined deficiency
Autosomal recessive (MIM 227300)
The patients affected with this bleeding disorder are most commonly noted because of
excessive bleeding after surgical trauma and deliveries. Spontaneous bleeding is also
frequent in these patients and epistaxis, gingival bleeding, hematuria and
gastrointestinal bleeding are observed infrequently. All the women have menorrhagia.
The diagnosis is based on the finding of low levels of factors V and VIII (range 5-30%
of normal).
Epidemiology:
The disease is very rare and has been reported in very few families all over the world.
However, many of the reported families were Oriental or Sepharadic Jews; and the
incidence of the disease in non-Ashkenazi Jews was calculated to be 1:100,000 live
births. The disease has not been reported yet in Ashkenazi Jews.
Molecular genetics:
LMAN1 gene (chromosomal locus 18q21.3-22)
The gene LMAN1 is a component of the ER-Golgi intermediate compartment. All the
Jewish patients from Tunisia have a thymidine (T) to cytosine (C) transition in intron
9 at a donor splice [IVS383 DS, 5C+2] site found on the same haplotype (at least 6
cM) and in patients from Iraq, Iran and Egypt a guanine (G) insertion in exon 1 [Ibp
IN86GG] found on another haplotype (less than 1 cM).
Since all affected Tunisian families belong to the ancient Jewish community in the
island of Djerba off the coast of Tunisia, members of this community were screened
for the intron 9 T <-- C transition. Among 233 apparently unrelated individuals five
heterozygotes were detected, predicting an allele frequency of 0.0107 (95% confidence
interval, 0.0035-0.0248), while among 259 North African Jews none was found to
carry the mutation.
The G insertion in exon 1 was found in one of 245 Iraqi Jews, predicting an allele
frequency of 0.0022 (95% confidence interval, 0.0001-0.0123), but in none of 180
Iranian Jews examined.
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Factor VII deficiency
Autosomal recessive (MIM 227500)
Some of the patients have bleeding symptoms.
It was demonstrated that deficiency or decreased levels of factor VII is found with a
higher frequency among patients with Dubin Johnson syndrome than in the general
population. There is no good explanation for this observation.
Epidemiology:
The deficiency has been reported to occur mostly in individuals from Iran and from
Morocco. The incidence of the mutation A244V is 1:40 and 1:42 respectively.
Molecular genetics:
Factor VII gene (chromosomal locus 13q34)
All patients from Morocco or Iran have the same mutation [Ala244Val] that was
observed also in patients from other origins.
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Factor XI deficiency (PTA).
Autosomal recessive (MIM 264900).
The affected patients present with a general mild bleeding tendency which is often
diagnosed after trauma, a dental or a surgical procedure. Some of the patients also
present spontaneous bleeding like hemarthrosis or purpura.
It should be noted that some 25% of the patients have excessive bleeding after
circumcision. Childbirth is accompanied with relatively few problems.
Epidemiology:
Among the Ashkenazi Jews the incidence of factor XI deficiency has been estimated
to be 1:190. It is also relatively frequent in Jews from Iraq (allele frequency 0.0167).
Because of the high frequency of the disorder, it is recommended to screen for factor
XI deficiency in all Ashkenazi Jews before any major surgery.
Biochemical defect:
Deficiency of factor XI coagulant activity.
Molecular genetics:
Factor XI gene (chromosomal locus 4q35)
Two different mutations in the cDNA of the factor XI gene have been found to be
frequent among Ashkenazi Jews, each in a similar frequency:
-a nonsense mutation in exon 5: GAA coding for Glu-117 is changed to a stop
codon TAA (type II mutation) [allele frequency 0.0217].
-a missense mutation in exon 9, TCC coding for Phe-283 is changed to TCT
coding for leucine (type III mutation) [allele frequency 0.0167].
Type II mutation is also found among Iraqi Jews (similar haplotype).
Another mutation (TypeI) has been found in several Ashkenazi Jewish families
IVS14+1 G>A. It represents a relatively recent mutation that is rare among Ashkenazi
Jews.
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Factor XIII deficiency
Autosomal recessive (MIM 134570)
Factor XIII is the last enzyme generated in the blood coagulation cascade. Plasma
factor XIII is composed of 2 A subunits, which have catalytic function, and 2 B
subunits. The B subunit of plasma factor XIII do not have transglutaminase activity
and may serve as a carrier, since platelet factor XIII consists simply of A2 dimers.
Factor XIII is activated by the cleavage of a small peptide from the A subunit by
thrombin thus generating the transamidase.
The F13A1 gene maps to 6p25-p24 and is linked to the MHC region.
Homozygotes for factor XIII deficiency show umbilical stump bleeding, high
frequency of fetal wastage, soft tissue hemorrhage, and intracranial hemorrhage. Males
show oligospermia and small testes.
Because of the long half-life of infused factor XIII and the small amounts necessary
for normal hemostasis, both replacement therapy and prophylaxis are simple,
effective, and relatively inexpensive.
Epidemiology and Molecular genetics:
The gene for the A1 subunit of FXIII, F13A1 (chromosomal locus 6p25).
The disorder has been reported in one Ethiopia Jewish patient compound heterozygote
for 10bp deltion in exon 12 (1652-1661 and Ala318Val and one Jewish patient of
Indian origin homozygous for [IVS11+1]
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Familial amyloid polyneuropathy
Autosomal dominant (MIM 176300)
In a three-generation family of Jewish-Yemenite origin the affected individuals had
sensorimotor and autonomic neuropathy and cardiomyopathy accompanied by
prominent dysphagia, hearing loss and asymptomatic carpal tunnel syndrome. Brain
MRI in the proband showed multifocal white matter lesions.
Epidemiology:
The disease has been reported in one largeYemenite Jewish family.
Molecular genetics:
Transthyretin (chromosomal location 18q11.2 q12.1)
The Tyr77 was found in affected patients
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Familial cold autoinflamatory syndrome
Autosomal dominant (MIM 120100)
Familial cold autoinflamatory syndrome is a rare condition that is characterized by
recurrent episodes of cold induced urticarial wheals often associated with joint pain
and swelling, fever and chills.
Epidemiology:
The disease has been reported in one Ethiopian Jewish family.
Molecular genetics:
CIAS1 (chromosome location 1q44)
A novel mutation, F525C was identified in one Ethiopian Jewish family.
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Familial hyperekplexia
Autosomal recessive (MIM 231040)
Hyperekplexia is a rare disorder characterized by an exaggerated startle response to
noise and handling and by neonatal hypertonia. It is predominantly an autosomal
dominant disease; however, atypical cases with additional variable manifestations
have been reported. Ttwo siblings born after an uneventful pregnancy had increased
startle and tone from birth and later became hypotonic. A metabolic evaluation,
including a muscle biopsy, was normal. At the age of 18 months and 12 months,
respectively, they developed status epilepticus refractory to all treatment that
culminated in death. An autopsy in the girl did not reveal any brain pathology.
Epidemiology:
The disease has been reported in one Ashkenazi Jewish family.
Molecular genetics:
Unknown
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Familial Medullary thyroid carcinoma
Autosomal recessive (MIM 155240)
Molecular genetics:
RET proto oncogene (chromosomal locus 10q11.2)
In two Moroccan Jewish families with familial medullary thyoid carcinoma and
Hisrchsprung disease, the mutation Cys 618Arg cosegregated with the disease.
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Familial Mediterranean Fever
Autosomal recessive (MIM 249100)
The disease is characterized by short periodic attacks of fever and painful
manifestations in the abdomen, chest, joints or skin.. In most patients the first
symptoms may appear by the age of 10 and in 90% of the patients by the age of 20.
Fever is a constant feature but is rarely the sole symptom as usually it is preceded by
pain. Most attacks last for 12 to 24 hours. Some are longer, in particular when the
joints are involved. The abdominal crises are the most common and dramatic form of
the attacks, cause an acute like abdomen, and often the patients are operated on in the
first attacks. Classically the pains disappear after a day and are followed by diarrhea.
Chest attacks are mainly caused by pleural pains. When the joints are involved
generally the symptoms are monoarticular, mainly affecting the knee, the ankle or the
hip. Most attacks present with a rapidly evolving arthritis with exquisite tenderness
and immobilization of the joint. Leukocytes may be found in the synovial fluid, but
the fluid is sterile. There is no residual joint deficit after the attack. Involvement of the
skin during an attack is in the form of erysipelas like erythema.
The most significant complication of the disease is the development of amyloidosis,
which occurs among North African Jews.. Amyloid nephropathy is independent of the
severity of the other signs of the disease and may appear at early age. The
manifestations consist of protenuria, nephrotic syndrome and renal failure.
Treatment with colchicine reduces the symptoms and the frequency of the periodic
attacks and may prevent the development of amyloidosis.
The disease also exists in Ashkenazi Jews but it seems that the clinical symptoms are
milder. Several patients even present spontaneous remissions.
Epidemiology:
The disease is found with a relatively high incidence in Jews from the Mediterranean
countries. The highest frequency occurs among Jews from Libya (1:5 carriers),
Algeria, Tunisia and Morocco (1:6.5 carriers). It is also frequent among Jews from
Iraq and Turkey (1:13 carriers).
The disease has also been reported among Ashkenazi Jews but its frequency is not
clear and the carrier frequency was estimated to be 1/11-1/135 in different studies. In
a molecular analysis of 213 anonymous Ashkenazi Jews, the overall frequency of the
known mutations was 21% (E148Q = 0.104, P369S = 0.045, K695R = 0.030 and
V726A = 0.043). The high frequency of carriers opposed to the incidence of the
disease suggests a reduced penetrance in this population. Another possibility may be
that the E148Q mutation is a polymorphism. A dominant inheritance of the disease
was proposed to explain a vertical inheritance in several families among Ashkenazi
Jews. However, it was demonstrated that this observation is secondary to the high
frequency of the disease in this population.
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Molecular genetics:
MEFV gene (chromosomal locus 16p13.3)
Few mutations are responsible for the high frequency of the disease (M694V, V726A,
M680I, M694I and E148Q). There is a significant linkage disequilibrium for all the
major mutations in all the populations suggesting that they are ancient. Among the
North African Jews one mutation M694V is predominant (more than 90% of the
mutations); among the Iraqi Jews M694V and V726A are both frequent. Another
mutation E148Q is frequent in these communities as well among Ashkenazi Jews.
In rule, homozygotes for the M694V mutation and the complex V726A-E148Q allele
are the most severely affected often with renal amyloidosis. M694V homozygotes
have a severe form of the disease. Mutations E148Q and V726A have reduced
penetrance. Homozygotes for the M680I or V726A alleles and compound
heterozygotes for either the M694V or the V726A-E148Q alleles in combination with
the E148Q, the V726A or the M680I alleles are significantly less severely affected.
In a group of Iranian Jewish patients the frequent mutations were not found. In three
unrelated alleles a new mutation G632S was characterized (10% of the alleles) that is
associated with a mild phenotype. A rare mutation R653H was found in one allele.
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Familial Adenomatous Polyposis (juvenile, type2)
Autosomal recessive (MIM 608558)
Colorectal adenomatous polyposis is a disorder characterized by adult-onset of
multiple colorectal adenomas and adenomatous polyposis. Affected individuals have a
significantly increased risk of colorectal cancer

Molecular genetics:
MUTYH (chromosome 1p34)
Two mutationsY179C and G396D that are frequent in all the populations were also
found in families of Moroccan Jewish origin
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Fanconi Anemia
Autosomal recessive (MIM 227650)
The most common presentation is congenital malformations, in particular a radial
defect which may range from bilateral absent thumb and radii to relatively minor
thumb anomalies. Other malformations such as cardiac, renal or other skeletal
abnormalities are also frequent. However, in one third of the patients there are only
some minor anomalies such as skin pigmentation abnormalities, short stature or small
head circumference.
The major problem is the marrow failure that affects all the elements resulting in
anemia, thrombopenia and leukopenia
The presence of typical chromosomal breaks induced by a clastogenic agent such as di
epoxybuthane (DEB) is pathognomonic.
Molecular studies:
Fanconi anemia is heterogeneous and at least 8 complementation groups have been
delineated. Among those and seven genes have been characterized
• Among Ashkenazi Jews a single mutation in the gene FAC [FAC, IVS + 4
A to T] is found. The carrier frequency was found to be 1:89 - 1:92 in
screening of normal Ashkenazi Jews.
• Among Jews from Morocco, the disease is caused by mutations in FANCA.
Among 13 alleles found in Moroccan Jewish patients, 2172-2173insG was
found in 10 alleles (77%) and 4275delT in the other 3 (23%). The mutation
[FANCA , 2172-2173insG] was found in three out of 300 normal individuals
(carrier frequency 1:100).
• Among Indian Jews one mutation in FANCA, [S858R] was found in all the
alleles. The mutation may be frequent in this community (2 out of 53
individuals).
• Among Jewish patients from Tunisia, a single mutation in FANCA, 890893del, was found in all 4 alleles, but in none of 100 healthy individuals.
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Fechtner syndrome (autosomal dominant Alport syndrome
with leukocyte inclusions and macrothrombocytopenia)
Autosomal dominant (MIM 153640)
The disorder represents the classic Alport syndrome with hematological features and is
inherited as an autosomal dominant trait.
The affected individuals present with different combinations of nephropathy, eye
abnormalities, high tone sensory hearing loss, impaired liver functions,
macrothrombocytopenia and polymorphonuclear inclusion bodies.
Epidemiology:
The disorder was described in a large Jewish family of Iraqi origin.
Molecular genetics:
Nonmuscle myosin heavy chain MYH9 (chromosomal locus 22q11-13)
The gene was mapped to the locus in the large Jewish family of Iraqi origin, but the
mutation was not yet found.
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Fragile X syndrome
X linked dominant (MIM 309550)
Molecular genetics:
FMR1 gene (chromosomal locus Xq27)
The disorder is caused by the absence of the FMR1 product, almost always as a result
of a CGG repeat unit amplification (> 200 repeats), rarely because of a mutation in the
gene.
Epidemiology:
Among the cases of fragile X syndrome in Israel published in 1997 it was apparent
that the disorder is relatively frequent among Jews of Tunisian origin. In the 136
pedigrees surveyed at the time, 36 (26.4%) were of Tunisian Jewish origin (Figure). In
addition, in a Tunisian Jewish control group 4 were carriers of the fragile X mutation
(3 premutation, one full mutation). Studying the Tunisian Jewish chromosomes with
the mutation, there was an unusually high proportion (20%) that completely devoid
AGG interruption. The largest of these uninterrupted alleles was found on a unique
haplotypes suggesting a founder effect that may be originating from the Island of
Djerba.
In several screening programs performed among Jews in Israel the incidence of the
disorder was found to be 1:3000. The carrier frequency (more 55 repeats) was
approximately 1:150.
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Frontotemporal dementia
Autosomal dominant (MIM 600274)
Frontotemporal dementia with parkinsonism linked to chromosome 17q21-22 (FTDP17) is an autosomal dominant tauopathy manifested by a variable combination of
personality changes, cognitive decline and hypokinetic-rigid movement disorder.
In a three-generation family of Jewish-Algerian origin the family members had a fairly
stereotyped clinical course with early personality changes from their late 30s followed
within a period of 1-2 years by a progressive cognitive and motor deterioration
eventually leading to a state of akinetic mutism or death 3-5 years after the initial
symptoms. The main clinical manifestations included severe dementia and
hypokinetic-rigid movement disorder associated with supranuclear gaze impairment,
pyramidal signs and frontal release signs. Brain imaging disclosed a variable degree of
frontotemporal atrophy, ventriculomegaly and regional cerebral hypoperfusion or
glucose hypometabolism. Frontal lobe biopsy in the proband revealed weak tau
immunoreactivity in a few cortical neurons, in rare neurites and in some glial cells
with no neurofibrillary tangles.
Epidemiology
The disorder was described in one Agerian Jewish family
Molecular genetics
Microtubule associated protein tau gene (chromosomal locus 17q21.1)
The patients were heterozygous for the P301S mutation
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Galactosemia
Autosomal recessive (OMIM 230400)
Failure to thrive is the most common initial clinical symptom of galactosemia.
Vomiting or diarrhea usually begins within a few days of milk ingestion. Jaundice of
intrinsic liver disease may be accentuated by the severe hemolysis occurring in some
patients. Cataracts have been observed within a few days of birth. These may be found
only on slit-lamp examination and missed with an ophthalmoscope, since they consist
of punctate lesions in the fetal lens nucleus. There appears to be a high frequency of
neonatal death due to E. coli sepsis, with a fulminant course.
Epidemiology and molecular genetics
There is no known increase prevalence among Jews, but a same 5kb deletion was
found in several non related families of Ashkenazi Jewish origin. the carrier frequency
is 1:127 (six out 760 DNA samples)
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Gaucher disease type I
Autosomal recessive (MIM 230800)
Gaucher disease type I is also known as the adult, non neuronopathic type, even
though the first symptoms of the disease may first appear in infancy. Three forms of
presentation of Gaucher type I are distinguished. One form is asymptomatic and the
disease is discovered in an apparently healthy individual; the other form is severe with
symptoms appearing in early childhood, mainly splenomegaly, anemia
thrombocytopenia and often symptoms related to the bone involvement such as pains
or pathological fractures. The third form is the intermediate, in which the age of onset
is at the second and third decade of life and sometimes discovered in women during a
pregnancy. The severity and degree of suffering depend upon which organ is most
severely involved and is variable from one individual to the other.
A clinical association has been reported between type 1 Gaucher disease and
parkinsonism. Several data suggest that heterozygosity for a GBA mutation may
predispose Ashkenazi Jews to Parkinson's disease.
The clinical symptoms and typical Gaucher cells in the bone marrow were the basis
for the diagnosis of the disease. The biochemical diagnosis is established by the
demonstration of a deficiency of glucocerebrosidase activity in white blood cells. It
should be noted that in Gaucher type I patients the residual activity of the enzyme is
sometimes rather high up to 20% of the mean normal control values. Heterozygotes
are identified by enzymatic determinations in lymphocytes with 90% accuracy.
Epidemiology:
The disease is frequent among Ashkenazi Jews. Since the proportion of asymptomatic
patients has never been clearly elucidated, the precise frequency of the disease is not
known. With the knowledge of the mutations frequent among Ashkenazi Jews, studies
were conducted among asymptomatic adults and the percentage of carrier frequency
was found to be 6%. In a screening for the 4 mutations most frequently found in
affected patients, the mutation N370S accounted for 85% of the mutations, 84GG for
6%, L444P for 3.5% and IVS2+1A for 1%. In a recent survey it seems that the
mutation 1604A (R117H) which is rare among patients is relatively frequent (6.25%)
and the most probable explanation is that it is a mild mutation and therefore is
underrepresented among the patients.
Biochemical defect:
The deficiency of the lysosomal enzyme glucocerebrosidase is the cause of the
accumulation of glucocerebroside mainly in the reticulo-endothelial system.
Molecular genetics:
Glucocerebrosidase gene (chromosomal locus 1q21)
The most frequent mutation is N370S which is always associated with the adult type
of the disease and accounts for 77% of the mutated alleles in large series of affected
patients. Two other relatively frequent mutations 84GG (13%) and L444P (3%) are
usually associated with a more severe phenotype. The mutation IVS2+1A accounts for
2.5% of the mutated alleles in Gaucher disease patients.
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Generalized epilepsy with febrile seizures plus (GEFS+)
Autosomal recessive (MIM 604233)
Generalized epilepsy with febrile seizures plus (GEFS+) is a familial epilepsy
syndrome characterized by the presence of febrile and afebrile seizures.
Molecular genetics:
GEFS2, sodium-channel alpha1-subunit, SCN1A (chromosomal locus 2q)
A novel SCN1A mutation [V1353L] was identified in a family of Ashkenazi origin.
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German syndrome
Autosomal recessive (MIM 231040)
In three different families newborns presenting with multiple contractions and
dysmorphism were reported. All children presented with clubfeet, contracture of the
knees and the fingers and hypotonia. In the family reported by Lewin and Huges the
sibs presented lymphedema.
Epidemiology:
The disease has been reported in three Ashkenazi Jewish families.
Molecular genetics:
Unknown
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Glaucoma congenital
Autosomal recessive (MIM 231300)
The ocular globe is usually large as a result of the increased intraocular pressure dating
from intrauterine life (buphthalmos). In only about half of cases are both eyes
involved, and males are affected somewhat more often than females. The canal of
Schlemm is present and communicates normally with the veins. The defect is thought
to involve the permeability of the trabeculum to aqueous humor
Epidemiology and Molecular genetics:
cytochrome P4501B1 gene (CYP1B1).
MYOC (chromosomal locus 2p22-p21)
The disease has been diagnosed in several Jewish families in most the molecular basis
is unknwon. An Ashkenazi family had mutations in the CYP1B1 gene [Arg368His,
R48G, A119S, and L432V haplotypes]. An Ashkenazi-Sephardic family had a digenic
inheritance: one mutation on the CYP1B1 gene [1908delA, Sephardic] with a second
missense mutation on the MYOC gene [R76K, Ashkenazi]).
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Glaucoma, juvenile open angle (JOAG)
Autosomal dominant (MIM 601652)
Open angle glaucoma is a frequent for of glaucoma. Juvenile onset glaucoma is a
dominat disorder with an early age of onset between 10 and 35 years of age.
Epidemiology:
The disease has been reported in one Caucasian Jewish family.
Molecular genetics:
Myocliin MYOC (chromosomal locu 1q21-q31s)
A novel MYOC mutation [Y371D] was identified in the patients.
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Glucocorticoid deficiency, familial (FGD)
Autosomal recessive (MIM 202200)
The index patient presented at the age of 19 months with hypocortisolism, severe
psychomotor retardation, myoclonic seizures, spastic quadriparesis and microcephaly.
A female sibling succumbed during the neonatal period due to sepsis and adrenal
crisis
Epidemiology:
The disease has been reported in one Ethiopian Jewish family.
Molecular genetics:
Melanocortin-2 receptor accessory protein MRAP (chromosomal locus 18p11.2)
A novel MRPA mutation [L31X] was identified in a family of Ethiopian origin.
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Glucose-6-phosphate dehydrogenase (G6PD) Deficiency
X linked recessive (MIM 305900)
Individuals with G6PD deficiency are generally healthy. Severe hemolysis may occur
as a result of interaction with exogenous factors, mainly oxidant drugs and /or
infections. Various drugs may cause hemolysis, however, they are not always
associated with hemolysis after their ingestion by an individual with G6PD deficiency,
and it is postulated that other factors influence the susceptibility to infection.
Generally, the most common cause of hemolysis is infection. In the variant
predominant in Mediterranean countries the hemolysis may be caused by fava beans.
Favism may also occur in female heterozygotes but it is usually much milder.
Epidemiology:
G6PD deficiency is found in high incidence in Jews from the Middle East countries,
mainly from Kurdistan, Iran and Iraq. Among Kurdish Jews more than 50% of the
males are affected, 25% of the Iraqi Jews and 15% of the Iranian Jews. G6PD
deficiency is also found with an increased incidence among Jews from India (Cochin)
affecting some 10% of the males, 6% of the males from Lebanon-Syria, 5% of the
males from Yemen, and 4% of the males from Egypt.
Biochemical defect:
G6PD is the first enzyme in the conversion of glucose-6-phosphate to the pentosephosphate pathway. This step is essential for the generation of NADPH which
functions as a hydrogen donor for various cellular reactions. Thus, the deficiency of
this enzyme reduces the content of cellular NADPH, leading to the possible toxic
effects of various oxidants. G6PD functions as a dimer or tetramer of identical
subunits. Over 300 variants of G6PD deficiency have been recognized varying in the
level of residual enzyme activity and electrophoretic mobility. The variants are
classified in five groups according to the clinical severity and the level of residual
enzyme activity. The residual G6PD in Mediterranean countries is known as the B
variant, since it migrates in electrophoresis with the common enzyme B.
Molecular genetics:
G6PD gene (chromosomal locus Xq28)
The G6PD gene has been cloned and numerous mutations have been characterized.
The most common mutation in the Mediterranean variant is a C-T transition at base
position 563, substituting serine to phenylalanine.
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Glutaric acidemia I
Autosomal recessive (MIM 231670)
Glutaricacidemia type I is a metabolic disorder characterized by progressive dystonia
and athetosis due to gliosis and neuronal loss in the basal ganglia. Macrocephaly is
often seen at birth. On computerized tomography the patients have unique pattern of
as well as dilatation of the insular cisterns, regression of the temporal lobes, with 'bat
wings' dilatation of the Sylvian fissures and hypodensity of the lenticular nuclei.
Epidemiology:
The disorder seems to be rare among Jews.
Molecular genetics:
Glutaryl-CoA dehydrogenase gene (chromosomal locus 19p13.2)
In one family of Kurdish origin the patients were homozygous for the mutation
1173delG and in one family of Iraqi origin they were homozygous for G110R.
One family of mixed origin the parent from Syria was heterozygous for S119L and the
Ashkenazi Jew for M405V
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Glycogen storage disease type 1a
Autosomal recessive (MIM 232200)
The disease manifests itself usually in the first year of life by severe hypoglycemia,
hepatomegaly, growth deficiency and bleeding diathesis. Long term complications
include gout, hepatic adenomas, osteoporosis and renal disease.
Epidemiology:
The disorder is rare, it was reported in various ethnic groups at a frequency of
1/100,000 live births.
In a large survey of Ashkenazi Jews the carrier frequency of R83C was1.4%, no
carriers for the Q347X mutation were found
Biochemical defect:
Deficiency of the microsomal glucose 6 phosphatase (G6Pase) activity. The deficiency
may be demonstrated in liver biopsy.
Molecular genetics:
Glucose 6 phosphatase gene (chromosomal locus 17q21)
Two mutations in the G6Pase gene are prevalent among Caucasian: R83C and Q347X.
Most Jewish patients of Ashkenazi origin examined had the R83C mutation. Some
were found to carry Q347X.
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Glycogen storage disease type II (Pompe disease)
Autosomal recessive (MIM 232300)
The classical phenotype is characterized by early infantile onset with hepatic, skeletal
and cardiac muscular onset with rapid progression to death before the age of 2. The
presentation is usually severe hypotonia and cardiomyopathy. The biochemical basis
of the disease is the deficiency of the lysosomal enzyme alpha glucosidase (acid
maltase) which leads to the accumulation of glycogen.
Epidemiology:
The disease has been diagnosed in one Iranian Jewish family
Molecular genetics:
Acid alpha glucosidase gene GAA (chromosomal locus 17q252-q253)
In the Iranian Jewish family the mutation was [G648P]
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Glycogen storage disease type III
Autosomal recessive (MIM 232400)
The clinical symptoms are related to the accumulation of glycogen in the liver and the
muscular system. They often differ from patients to patients as well as in the same
patient within time. The symptomatology in infancy and childhood is usually similar
to GSD type I (von Gierke) - including hypoglycemic convulsions, fasting ketosis,
elevated free fatty acids hyperlipemia, growth retardation and hepatomegaly. While
the disease is severe in the first years of life, in some cases there is a spontaneous
improvement at puberty including disappearance of hepatomegaly and normal growth.
Some adults may even become clinically normal. Muscular symptoms usually appear
only in adults and are found only in some of the patients. They consist of progressive
muscular weakness with some wasting. Most of these patients have an abnormal ECG
and EMG.
Epidemiology:
The disease has been reported with an increased incidence among Jews from North
Africa, mainly from Morocco. The incidence is estimated to be 1:5,000 in this
community.
Biochemical defect:
Deficiency of the debrancher enzyme amyl-1,6-glucosidase. The deficiency may be
demonstrated in erythrocytes, muscle or liver.
Molecular genetics:
AGL gene (chromosomal locus 1p21)
A single mutation in the AGL gene (4455delT) was found in all 12 North African
Jewish patients examined.
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Glycogen storage disease type IV, adult polyglucosan body
disease
Autosomal recessive (MIM 263570)
The patients present with variable combinations of cognitive impairment, pyramidal
tetraparesis, peripheral neuropathy and neuronogenic bladder. Less common
manifestations include signs of cerebellar dysfunction, isolated dementia,
extrapyramidal signs and seizures.
Epidemiology:
The disease has been reported with an increased incidence among Ashkenazi Jews.
However, it is a rare disorder and the mutation was not found in a sample of 140
unrelated control Ashkenazi Jews. In a study from Canada the mutation was found
with a gene frequency of 1 in 34.5 (95% CI: 0.0145-0.0512),
Biochemical defect:
Deficiency of the glycogen branching enzyme.
Molecular genetics:
GBE gene (chromosomal locus 3p12)
A single mutation in the GBE gene c.1076A>C (Tyr329Ser) was found in all Jewish
patients examined.
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Glycogenosis V, myophosphorylase deficiency, McArdle
disease
Autosomal recessive (MIM 232600)
McArdle disease is a disorder of muscular glycogen metabolism characterized by
exercise intolerance, muscle pain and stiffness on exertion.
Epidemiology:
The disease was reported in three unrelated families of Jews from the Caucasus region
and Two unrelated Yemenite Jewish patients.
Molecular genetics:
PYGM gene glycogen myophosphorylase is localized to 11q13.
In the Jews from the Caucasian region a same mutation was characterized in two
unrelated Yemenite Jewish patients a nonsense mutation was found in homozygosity
[R270X]. An Ahskenazi individual mother of a patient was carrier of another mutation
[R602Q]
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Glycogenosis VII or phosphofructokinase deficiency (late
onset)
Autosomal recessive (MIM 232800)
The typical picture of phosphofructokinase deficiency (glycogenosis VII) consists of
exercise intolerance and exertional myalgia associated with laboratory evidence of
chronic mild hemolysis.
Epidemiology:
Most of the patients reported are Ashkenazi Jews or Japanese. The incidence of the
disorder in Ashkenazi Jews is unknown, however, in the screening of 250 healthy
individuals, one person was found to carry one of the three mutations detected in the
patients.
Biochemical defect:
Phosphofructokinase (PFK) catalyzes the rate-limiting step of glycolysis. There are
three isozymes which are encoded by different genes. PFK-M is predominant in
skeletal muscle, heart and brain and is found in these tissues as a tetramer of 4
identical subunits. Muscles are totally dependent of PFK-M to utilize glucose as an
energy source while other isozymes are used in blood cells.
Molecular genetics:
PFK gene (chromosomal locus 12q13.3)
PFK deficiency in Ashkenazi Jews is caused by at least 3 different mutations
[IVS5DS, G-A, +1]; [ARG39LEU], [ARG95TER] in the PFK gene. 2 mutations
[IVS5DS, G-A, +1] and the frame shift mutation in exon 22 accounts for 17 of the 18
alleles causing the disease.
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GM1 gangliosidosis
Autosomal recessive (MIM 230500)
The features are: (1) severe cerebral degeneration leading to death within the first 2
years of life; (2) accumulation of ganglioside in neurons, and in hepatic, splenic and
other histiocytes, and in renal glomerular epithelium; and (3) the presence of skeletal
deformities resembling Hurler disease. The ganglioside stored is different from that in
Tay-Sachs disease and was identified as a GM1) ganglioside. Many patients have
alteration in the lumbar vertebrae and cherry spots on the retina and angiokeratoma
corporis diffusum may be present.
Epidemiology:
The disease has been diagnosed in 3 Moroccan Jewish patients in Israel (Ze1gler M).
Molecular genetics:
beta-galactosidase-1 gene GAA (chromosomal locus 3p21.33)
The Moroccan Jewish patients were homozygous for [D144G]
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Growth hormone deficiency (isolated)
Autosomal recessive (MIM 262400)
Newborns are normal in length and weight. Some may have micropenis and/or fasting
hypoglycemia. The growth is delayed and skeletal maturation is unusually delayed in
proportion to their height retardation. Truncal obesity, facial appearance younger than
expected, delayed dentition, and high pitched voice are frequent. Puberty may be
delayed but fertility is normal.
Epidemiology:
The disease was reported in particular among Jews from Morocco, Iran and Iraq.
Biochemical defect:
The affected patients have isolated growth hormone deficiency.
Molecular genetics:
Growth hormone gene (chromosomal locus 17q22-24)
The Jewish patients from Iran, Iraq and Yemen have a same 7.5 kb deletion in the
growth hormone gene which occurs on different haplotypes, suggesting that it is a
recurrent event.
References:
Adam A, Josefsberg Z, Pertzelan A, Zadik Z, Chemke JM, Laron Z. Occurrence of
four types of growth hormone related dwarfism in Israeli communities. Eur J Pediatr
1981;137:35-39.
Laron Z, Kelijman M, Pertzelan A, Keret R, Schoffner IM, Parks JS. Human growth
hormone gene deletion without antibody formation or growth arrest during treatmenta new disease entity? Isr J Med Sci 1985;21:999-1006.

114

Hereditary mixed polyposis syndrome
Autosomal dominant (MIM 601228)
Hereditary mixed polyposis syndrome (HMPS) is characterized by the development of
a variety of different colorectal tumors, including atypical juvenile polyps, hyperplastic
polyps with areas of dysplasia (serrated adenomas), classical adenomas, and
carcinoma. In contrast to familial adenomatous polyposis, the disease appears to be
confined to the large bowel. Most older individuals present with colorectal carcinoma,
whereas younger individuals present with polyps of either the atypical juvenile or
hyperplastic type.
The phenotypes among the families are very similar, with members having developed
multiple, classical colorectal adenomas and carcinomas and some have also developed
early-onset tumors. Those tumors have features of both `classical' adenomas and
hyperplastic polyps, referred to variously as "dysplastic hyperplastic polyps," "mixed
hyperplastic/adenomatous polyps," or "serrated adenomas".
Epidemiology:
The disease has been reported in 5 Ashkenazi Jewish families.
Molecular genetics:
The disease has been mapped to 15q13 q14 in all the Ashkenazi Jewish families and a
similar haplotype was found. The shared haplotype is most probably derived from a
common founder. Two of the families originate from Lithuania.
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Hereditary non-polyposis colon cancer
Autosomal dominant (MIM 120435)
Hereditary Non-Polyposis Colorectal Cancer (HNPCC, Lynch syndrome) is an
autosomal dominant cancer predisposition syndrome associated with a high life-time
risk for colorectal cancer (up to 80%), endometrial cancer (up to 60%), and increased
risk for other malignancies, mostly ovarian and urinary system tumors.
Molecular genetics:
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Hereditary hemochromatosis
Autosomal recessive (MIM 235200)
The clinical features of hemochromatosis include cirrhosis of the liver, diabetes,
hypermelanotic pigmentation of the skin, and heart failure. Primary hepatocellular
carcinoma, complicating cirrhosis, is responsible for about one-third of deaths in
affected homozygotes.
Molecular genetics:
HFE gene (chromosomal locus 6p21.3)
Two mutations are frequent C282Y and H63D
Epidemiology:
The disease is relatively rare among Jews, it has been reported in three unrelated
Moroccan Jewish families
H63D allele frequency Ashkenazi 11.5%, Sepharadi 12.1%, North African 13.7% and
oriental 11.7%.
C282Y allele frequency Ashkenazi 1.4%, Sepharadi 0.24%, North African 1.0% and
oriental 0.24%.
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Hereditary sensory autonomic neuropathy
Autosomal recessive (MIM 201300 )
The disease was reported in a consanguineous Ahkenazi familyin which 4 cases were
reported. The three affected children had clinical features typical for familial
dysautonomia with a more severe clinical course and all had additional contractures.
The 4rth case was diagnosed during pregnancy that was terminated because of
bilateral club feet and hand contractures.
Molecular genetics:
DST gene (chromosomal locus 6p12.1)
The mutations c.14865was found in all the patients.
References
Edvardson S, Cinnamon Y, Jalas C, Shaag A, Maayan C, Axelrod FB, Elpeleg O.
Hereditary sensory autonomic neuropathy caused by a mutation in dystonin. Ann
Neurol. 2012 :569-572.

118

Hereditary spastic paraparesis, type 49
Autosomal recessive (MIM )
All affected individuals presented during the second year of life as a result of
hypotonia and developmental delay. They had short stature, mild brachycephalic
microcephaly, a round face, a low anterior hairline, dental crowding, a short broad
neck, and a chubby appearance. The neurological phenotype included motor and
cognitive delay followed by moderate to severe intellectual disability and hypotonia
that, in four out of five individuals who developed independent walking, evolved until
the end of the first decade of life into a spastic, rigid ataxic gait. Speech, when present,
was dysarthric, their faces were hypomimic (although with a friendly disposition), and
deep-tendon reflexes were absent.
All affected individuals had recurrent pulmonary infections due to gastresophagealreflux disease. Ongoing severe central-apnea episodes were characteristic of all
individuals initially during sleep and evolved with age into the wake state. Four
of the individuals had recurrent episodes of decreased alertness, aggravation of
hypotonia, and inefficient respiration requiring mechanical ventilation.
Epidemiology:
The syndrome has been reported in three Jewish Bukharian families. In 150 Jewish
Bukharian controls 4 were carriers (2.67%)
Molecular genetics:
TECPR2 gene (chromosomal locus 14q32.31)
The mutation c.3416delT (p.Leu1139Argfs*75) was found in all the patients
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Hereditary spastic paraparesis, type 11
Autosomal recessive (MIM 604360)
The patients had onset of clinical symptoms during the second decade of life, with
cognitive decline preceding gait disturbance by 2 to 5 years. Cardinal signs included
pseudobulbar dysarthria, spastic paraparesis with lower limb hyperreflexia, upper limb
hyperreflexia, extensor plantar responses, and distal amyotrophy
Epidemiology:
The syndrome has been reported in an Ahkenazi family.
Molecular genetics:
SPG11gene (chromosomal locus 15q13-q15)
The mutations c.4307_4308 delCTGT and c.5986_5987insT were found in a patient.
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Hermansky-Pudlak syndrome
Autosomal recessive (MIM 203300)
Hermansky-Pudlak syndrome is a disorder of the formation of intracellular vesicles.
Patients exhibit various degrees of occulocutaneous albinism with congenital
nystagmus, hypopigmentation of the skin, hair and irides. The platelets lack the dense
bodies, accounting for the loss of secondary aggregation and for subsequent bleeding
of mucous membranes and soft tissues. Some patients develop granulomatous colitis
and fatal pulmonary fibrosis.
The diagnosis is based on the absence of dense granules in platelets in EM.
Epidemiology:
The disease has been reported in several Ashkenazi Jewish patients with in rule a mild
form of the disorder.
Molecular genetics:
HPS3 gene (chromosomal locus 3q24)
Three different genes have been involved up to now in the pathogenesis of the disease.
A unique HPS3 mutation has been found among the Ashkenazi Jewish patients with
an increased frequency [1303+1G→A] (detected in one out of 235 random DNA
samples).
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Hoyeraall-Hreidarsson syndrome - Dyskeratosis congenita
Autosomal recessive (MIM 300240)
Hoyeraal-Hreidarsson syndrome is similar to autosomal recessive dyskeratosis
congenita-5 characterized by onset of bone marrow failure and immunodeficiency in
early childhood. Most patients also have growth and developmental delay and
cerebellar hypoplasia.
Molecular genetics and epidemiology:
RTEL1 gene (chromosomal locus 20q13.33)
In two Ashkenazi Jewish families the patients were homozygous for a founder
mutation R1264H (c.3791G>A). In another Ashkenazi Jewish family the patients were
compound heterozygote for c.C2920T and c.G1476T. The frequency of the R1264H
mutation was deternimed in a large sample of AJ from the ultraorthodox community
(carrier frequency 1%) and general AJ population (carrier frequency 0.45%) while the
two other mutations were not found in the random samples
TERT gene (chromosomal locus 5p15.33)
In a consanguineous Iranian Jewish family a female patient was homozygous for
p.Arg901Trp (R901W).
In a family of Iraqi Jewish origin clinical features compatible with a dominant form of
the disease all the affected males presented with isolated thrombocytopenia that was
followed by decreased RBC and/or WBC counts. Anticipation for aplastic anemia,
premature greying of hair, pulmonary fibrosis and hepatic fibrosis was observed. In 2
patients, cardiac abnormalities were detected: cardiac and cardiomegaly. Death was
due to respiratory failure or hepatic failure; one patient died as a result of myocardial
infarction.While all 6 males in the family were severely affected, neither of the 2
females showed overt clinical manifestations of the disease except for premature grey
hair in both and borderline RBC count in one of them. A novel heterozygous missense
mutation (c.1892 G>A; p.Arg631Gln), was detected in all the patients
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HTLV-I infection susceptibility
A high prevalence of human T-lymphotropic virus type I (HTLV-I) infection among
Israeli Jews originating from Mashhad (Iran) (infection rate of 60/306 20%).
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Hunter syndrome
X linked recessive (MIM 309900)
Hunter syndrome (mucopolysaccharidosis II) is a lysosomal storage disorder
characterized by the accumulation of dermatan and heparan sulfate. Two clinical
subtypes of the disease are delineated. In the severe form the child is mentally retarded
and there is a progressive mental regression; in the "mild" form the intellect remains
intact. In both subtypes of the disease the accumulation of mucopolysaccharides leads
to skeletal deformities including typical facial changes, short stature, severe joint
limitation and severe bone changes which may be seen on radiologic examination as
dysostosis multiplex. The patients develop progressive respiratory and cardiac
problems which lead to early death. While all the patients with the severe form die in
the first or second decade; most of the patients with the mild form have a longer
survival, a few of them reach adulthood.
Epidemiology:
The disease was found with an increased frequency among Jews in Israel primarily as
a result of a 2-3 fold increase in the incidence among the Ashkenazi Jews as compared
to the incidence of the disease in Western Europe and North America.
Biochemical defect:
Deficiency of the lysosomal enzyme iduronate sulfate sulfatase (IDS). The diagnosis is
made by determination of the enzyme activity in serum or and leukocytes.
Determination of IDS activity in serum allows identifying more than 90% of the
carriers.
Molecular studies:
IDS gene (chromosomal locus Xq28)
Among Ashkenazi Jews different mutations were found: one C1244-1305del is
recurrent and was also found in other populations.
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Huntington disease
Autosomal dominant (MIM 143100)
The classic signs of Huntington disease are progressive chorea, rigidity, and dementia,
frequently associated with seizures. A characteristic atrophy of the caudate nucleus is
seen radiographically. Typically, there is a prodromal phase of mild psychotic and
behavioral symptoms which precedes frank chorea by up to 10 years.
Epidemiology and molecular genetics:
Hungtintin gene (chromosomal locus 4p16.3)
The disease is associated with increases in the length of a CAG triplet repeat. The
disorder was found with a high prevalence among Caucasian Jews and among the
Karaites (Fried K).
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Hypercholesterolemia, familial
Autosomal dominant (MIM 143890)
In the heterozygotes, hypercholesterolemia is the earliest manifestation, and is often
present at birth. The patients are usually asymptomatic till the second decade when
arcus cornea and tendon xanthomas appear and by the end of the third decade are
present in half of the heterozygotes. The principal health problem is an early
appearance of coronary heart disease, usually in the fourth decade of life.
In the homozygotes the clinical picture is much more severe than in the heterozygotes.
Marked hypercholesterolemia is present at birth; cutaneous xanthomas are frequent at
birth and in all cases are present in the first years of life together with arcus cornea and
tendon xanthomas. Homozygotes develop symptoms of atherosclerosis in childhood.
Death occurs before the age of 30 from myocardial infarction in non treated patients.

Epidemiology:
The disorder was found with a much higher prevalence among South African Jews
(1:67) than in the general population (1:500). The South African Jewish community
originated from East Europe mainly Lithuania and settled in South Africa after the
massive emigration at the end of the 19th century. It seems that most affected
individuals have the same mutation and therefore most probably originated from a
common ancestor.
Biochemical defect:
Elevation of cholesterol bound to low density lipoprotein.
Molecular genetics:
LDL receptor gene (chromosomal locus 19p13.2)
A similar mutation in the LDL gene was demonstrated in most Jews originating from
Lithuania in South Africa and in Israel. The mutation is a 3 base pairs deletion in exon
4 of the gene; it leads to the elimination of a single amino acid (Glycine 197) from the
highly conserved binding domain of the LDL receptor. The mutation is designated FHPiscataway and is classified as a type II mutation (impaired transport and processing).
It probably leads to an improper folded binding domain of the LDL receptor, and a
block in transport of receptor precursor molecules to the cell surface. Therefore,
extremely low expression of functional receptors encoded by this mutation is
expected.
References:
Meiner V, Landsberger D, Berkman N, Reshef A, Segal P, Seftel HC, van der
Westhuyzen DR, Jeenah MS, Coetzee GA, Leitersdorf E. A common mutation
causing familial hypercholesterolemia in Ashkenazi Jews. Am J Hum Genet 1991;
49:443-449.
Seftel HC, Baker SG, Jenkins T, Mendelsohn D. Prevalence of familial
hypercholesterolemia in Johannesburg Jews. Am J Med Genet 1989;34:545-547.

126

Hyperoxaluria, type III
Autosomal recessive (MIM 613616)
The patients present in general with nephrolithiasis from infancy. The clinical
manifestations were hematuria, pain and or urinary tract infection. In many cases no
therapy is necessary and these patients preserve their renal function and there is no
recurrence of stone formation after 6 year of age.
Epidemiology and molecular genetics:
DHDPSL gene (chromosomal locus 10q24.2)
A similar mutation c.944_946delAGG (p. Glu315Del) was found in all the patients in
4 Ashkenazi families, in the 5th family, the patients were compound heterozygous for
the same mutation and c.860G>T (p.Gly287Val)
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Hypophosphatasia, infantile
Autosomal recessive (MIM 241500)
Hypophosphatasia is a rare metabolic disorder characterized by low serum and tissue
alkaline phosphatase activity, increased urinary excretion of phosphoethanolamine and
ricketslike changes in the bone. Three more or less distinct types can be identified: (1)
type 1 with onset in utero or in early postnatal life, craniostenosis, severe skeletal
abnormalities, hypercalcemia, and death in the first year or so of life; (2) type 2 with
later, more gradual development of symptoms, moderately severe 'rachitic' skeletal
changes and premature loss of teeth; (3) type 3 with no symptoms, the condition being
determined on routine studies. The clinical signs in the perinatal type of
hypophosphatasia show considerable overlap with osteogenesis imperfecta congenita
with achondrogenesis type IA. If present, spurs of the limbs are diagnostic for
hypophosphatasia.
Epidemiology:
The disease was reported in a Jewish family.
Molecular genetics:
ALPL gene (chromosomal locus 1p36.1-p34)
The patient was compound heterozygous [E274K]/ [G309R]
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Idiopathic torsion dystonia (ITD)
Autosomal dominant (MIM 128100)
Dystonia is by definition a defective control of muscle tone. In torsion dystonia the
muscle tone is increased leading to involuntary twisting movement or postures.
Among the Ashkenazi Jews affected with ITD the onset is relatively early before the
age of 20 years, the limbs are involved earlier and more severely than the axial
musculature. Clinical deterioration is usually rapid at the early stages of the disease
but the symptoms tend to stabilize later on. The degree of involvement varies from
patient to patient. Some may suffer of generalized dystonia, in particular the younger
patients, and in others the dystonia may be segmental or focal. It may be demonstrated
that the disease is usually less severe and the onset is delayed among the relatives of
the probands, indicating the variability of ITD and that there is a selection for
diagnosis of the severely affected patients.
For many years following the work of Elridge, it was considered that ITD among
Ashkenazi Jews is inherited as an autosomal recessive trait, as opposed to the classical
disease which is autosomal dominant. However, more recent analysis of the data
among Ashkenazi Jews indicated a similar mode of inheritance in this ethnic group as
in non Ashkenazi and non Jewish patients. The differences are in the clinical
presentation as well as penetrance. The penetrance of ITD is estimated to be 0.75 in
non Jews and 0.3 in Ashkenazi Jews.
Epidemiology:
The disease has been reported with an increased incidence among Ashkenazi Jews;
The estimated gene frequency in this group is 1/2,000 to 1/6,000.
Molecular genetics:
DYT1 gene (chromosomal locus 9q32-34)
A unique 3bp GAG deletion in the gene DYT1 is found in nearly all cases of the
disorder in Jews and non Jews. The majority of early onset ITD cases among the
Ashkenazi Jews have a similar haplotype and therefore it was estimated that the
mutation first appeared approximately 350 years ago.
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Ichthyosis congenita, harlequin fetus type
Autosomal recessive (MIM 242500)
Harlequin ichthyosis (HI) is the most severe form of autosomal-recessive, congenital
ichthyosis. Affected infants have markedly impaired barrier function and are more
susceptible to infection. The baby is usually of low birth weight for dates and, as a
rule, dies under 1 week of age. Plaques, measuring up to 4 or 5 cm on a side, have a
diamond-like configuration resembling the suit of a harlequin clown. Tonofibrils are
fibrillar structural proteins in keratinocytes which, although already present in dividing
basal cells, are formed in increasing amounts by the differentiating cells. They are the
morphologic equivalent of the biochemically well-characterized prekeratin and
precursors of the alpha-keratin of horn cells. Four genetic disorders of keratinization
are known to have a structural defect of tonofibrils.
Epidemiology:
The disease has been reported in two Ashkenazi Jewish families.
Molecular genetics:
ABCA12 gene (chromosomal locus 2q34)
One patient was compound heterozygous [Y377X/Q2161X], the other homozygous
[Q354X]
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Inclusion Body Myopathy
Autosomal recessive (MIM 600737)
In most of the patients muscular weakness usually appears in the second half of the
third decade as gait difficulties. The progression is gradual and most patients become
severely incapacitated a decade after the onset. The most characteristic finding of the
disease is preservation of the quadriceps. The quadriceps stay strong even in advanced
stage of the disease and allow the patients to stand and walk till late in the course of
the disease. The muscles of the shoulder girdle are severely affected in the advanced
cases with relative sparing of the deltoid, biceps and triceps although these muscles
are also weak. Ocular, pharyngeal and cardiac muscles are not involved. The CPK
levels are normal or moderately elevated. The conduction velocity is normal. The
EMG demonstrates the maximal changes in the tibialis anterior where abundant
positive sharp waves and fibrillation potentials may be recorded. Many motor units are
polyphasic and prolonged with normal amplitudes.
Atypical features found in some of the patients were marked quadriceps weakness,
proximal weakness only or facial weakness. In five individuals homozygous for the
common mutation and haplotype, there were no clinical symtpoms including two older
adults (ages 50 and 68 years).
Epidemiology:
The disease has been reported in Middle Eastern Jews and Karaites, as the result of a
founder mutation, with incomplete penetrance.Among the Iranian Jews the disease is
frequent (1/1500).
Molecular genetics:
UDP-Nacetylglucosamine 2-epimerase/N-acelylmannosamine kinase gene (GNE)
(chromosomal locus 9p12-13)
All the Iranian Jewish patients are homozygotes for the same missense mutation
[M712T] that was found in 5 out of 73 unrelated healthy Iranian Jews.
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Infantile cerebral and cerebellar atrophy
Autosomal recessive (MIM 603810)
The affected children are born with normal head circumference and at 4-9 weeks of
age swallowing difficulaties leading to failure to thrive, jitterness poor visual fixation
and lack of traking with seizures. On examination the muscle tone is increased with
clonus and exaggerated deep tendons reflexes. Later on there is no acquisition of
developmental milestones and the patients suffered from marked spasticity profound
retardation and occasional seizures and progressive microcephaly
Epidemiology:
The disease has been reported in Caucasian Jews, as the result of a founder mutation
that was found in 4 out of 79 unrelated healthy Caucasian Jews.
Molecular genetics:
MED17 gene (chromosomal locus 11)
All the Caucasian Jewish patients are homozygotes for the same mutation [p.L371P]
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Joubert syndrome 2 (JBTS2)
Autosomal recessive (OMIM 213300)
Joubert syndrome is characterized by mihindbrain malformation, hypotonia, carebellar
ataxia and developmental delay. Occulomototor apraxia and abnormalities in
breathing patterns are frequent. Associated anomalies include digital signs, retinal and
renal involvement.
The disease was reported in several Ashkenazi Jewish families. All the patients
presented with developmental delay and the cognitive functioning was in the midely to
severly retarded range. In all the patients the nystagmus and vision improved over the
first years of life. Oral motor difficulties were invariably present from birth resulting
in swallowing and chewing difficulties and failure to thrive in most cases.
Epidemiology and molecular genetics
Joubert syndrome and related disorders are a heterogenic group with at least 10 loci
TMEM21 (chromosomal locus 11p12-p13/3)
A mutation [R73Lc.35G>T which is predicted to result in the substitution of arginine
at codon 12 by leucine (R12L) was found in all Jewish Ashkenazi patients. In a survey
of 2766 anonymous Ashkenazi Jewsih samples the carrier frequency was 1:92.
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Kindler syndrome
Autosomal recessive (OMIM 173650)
Kindler syndrome is a rare autosomal recessive muco-cutaneous disorder. The
cutaneous features consist of trauma-induced skin blistering, particularly of acral sites,
skin atrophy, poikiloderma (a combination of skin atrophy, hypo- and hyperpigmentation and telangiectases) and varying degrees of photosensitivity . The extracutaneous features include colonic inflammation, gingivitis, periodontitis and mucosal
inflammation affecting the oesophagus, urethra, vagina and anus. There is also an
increased risk of muco-cutaneous cancer
Molecular genetics and epidemiology
FERMT1 gene (chromosomal locu 20p13s)
Hacham-Zadeh and Garfunkel described 2 related Kurdish Jewish sibships, each with
first-cousin parents; 1 was affected in the first sibship and 3 were affected in the
second. The proposita had had bullae on pressure areas from birth. These healed with
atrophic scars. She also had severe photosensitivity on exposed areas and developed
widespread poikiloderma. Bullae did not occur after age 17 years. Oral examination
showed limitation of mouth opening, ankyloglossia, dental overbite, and atrophy of
buccal mucosa with white spots.In one of those families an affected female was
homozygous for pTyr403X who died from a muco-cutaneous squamous cell
carcinoma (SCC).
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Laron syndrome (Pituitary dwarfism II)
Autosomal recessive (OMIM 262500)
Dysfunction of GHR is characterized by clinical hyposomatotropism manifest by short
stature, delayed bone age, and occasionally blue sclerae and hip degeneration.
Additional features include delayed bone maturation and the absence of bone
dysplasias and chronic diseases. Laron syndrome patients have low IGF1 despite
normal or increased levels of GH. The GH is functionally normal by the criteria that it
reacts normally with a variety of antisera and binds normally to GH receptors. IGF1 is
low in GHIS, and exogenous GH does not induce an IGF1 response or restore normal
growth.
Epidemiology
The disease was reported among Jews from Iran (7 families), Iraq (6 families),
Afganistan (2 families) Yemen (2 families) and Morocco (1 family).
Biochemical defect
Failure to generate insulin-like growth factor I (IGF1) in response to growth hormone.
Molecular genetics
Growth hormone receptor gene (chromosomal locus 5p13-p12)
A nonsense mutation in exon 2 [W15X] was found in three Jewish-Iraqi patients and a
mutation in exon 7 [R211H].
Among the Iran Jewish families several mutations were found [230delT], [exon5 del]
A deletion of exon 5-6 was found among Iraqi, Iranian and Afghani Jews.
The mutations were not characterized in 5 Iranian and one Iraqi Jewish pedigrees.
In the Yemente Jewish families the patients were homozygous for R271X
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Leber congenital amaurosis
Autosomal recessive (MIM 204000)
Leber congenital amaurosis is the designation for a group of autosomal recessive
retinal dystrophies that represent the most common genetic causes of congenital visual
impairment in infants and children. LCA is characterized by moderate to severe visual
impairment identified at or within a few months of birth, infantile nystagmus, sluggish
pupillary responses (and occasionally a paradoxical pupil response), and absent or
poorly recordable electroretinographic responses early in life. Additional features
include symmetric midfacial hypoplasia with enophthalmos and hypermetropic
refractive errors. While there is substantial variation between families, intrafamilial
similarities exist.
Epidemiology:
The disorder seems to be frequent among Jews from North Africa
Molecular genetics:
Leber congenital amaurosis is a heterogeneous disorder and at least 5 loci for
causative mutations have been demonstrated.
RPE65 gene (chromosomal locus 1p31)
A founder mutation c.95-2A>T (IVS2-2A>T) was found to be a prevalent cause of the
disease among North African Jews (Morocco, Tunisia and Algeria). In 179 random,
origin mached controls, 2 carriers were decteted (1.1% carrier frequency)
AIPL1 gene (chromosomal locus 17p13.1)
In four North African Jewish families (Libya and Morocco) the mutation p.Val71Phe
was characterized.
GUCY2D gene (chromosomal locus 17p13.1)
The mutation c.389delC was reported in several families from North Africa (Morocco,
Tunis and Lybia). Another mutation [620DelC] was reported in one family from
Morocco.
LCA5 gene (chromosomal locus 6q14.1)
The mutation c.835C>T (p.Q296) was reported in several Ashkenazi Jewish families
with a 1% carrier frequency in a sample of 96 controls
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Leigh syndrome
Autosomal recessive (OMIM 256000)
Leigh syndrome or subacute necrotizing encephalomyelopathy, is a devastating,
paediatric neurodegenerative disorder characterized by bilateral, symmetric lesions in
the brainstem, midbrain, pons, thalamus, basal ganglia, and cerebellum. Individuals
with Leigh syndrome present with variable clinical symptoms that include hypotonia,
psychomotor retardation or regression, respiratory difficulties, recurrent vomiting,
nystagmus, ataxia, peripheral neuropathy, external ophthalmoplegia, loss of vision,
impaired hearing, and seizures Leigh syndrome is associated with progressive
neurological dysfunction and is usually lethal within the first two years of life.
Biochemically, Leigh syndrome can result from a number of inherited defects in
mitochondrial energy metabolism.
Epidemiology and Molecular genetics:
Leigh syndrome is a heterogeneous disorder and genetically, can be autosomal
recessive, X linked, or maternally inherited, and can result from mutations in genes
encoding subunits of the pyruvate dehydrogenase complex (PDHC) or subunits
of respiratory chain complexes I, II, III, IV or V, but predominantly of complexes I and
IV
NDUFS4 (OMIM 602694) (chromosomal locus 2q33).
In an Ashkenazi Jewish family with three affected children harboured a homozygous
[c.462delA] mutation that was found in frequency of 1:1000 in 5000 random AJ
samples. In a family of Ashkenazi/sepharadi origin a compound heterozygous for
[c.462delA] and [p.Lys154fs] was reported.
C20ORF7 (OMIM 612360) (chromosomal locus 20p12.1).
In 2 Ashkenazi Jewish families with affected children a homozygous [c.749G>T]
mutation was found in a frequency of 1:290 in 869 random AJ samples.
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Limb girdle muscular dystrophy LGMD2
Autosomal recessive (MIM 253601)
Muscular weakness usually appears in the second half of the third decade as gait
difficulties.
Epidemiology:
The disease has been reported to occur with a high frequency in Libyan Jews and
among Jews of the Caucasus (Mountain Jews). A large family of Yemenite Jews has
been also reported.
Molecular genetics:
Dysferlin (chromosomal locus 2p13)
All the patients from Libya are homozygotes for a single guanine deletion in a run of 4
guanines which is predicted to produce a frameshift introducing a premature stop
codon downstream.
All the patients from the Caucasus were homozygous for a frameshift mutation of G
deletion at codon 927 (2779delG).
In the Yemenite Jewish family a frame shift mutation at nucleotide 5711 of dysferlin
was found in homozygosity.
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Lipoamide dehydrogenase deficiency
Autosomal recessive (MIM 238331)
The disease is characterized by recurrent attacks of vomiting, abdominal pain and
encephalopathy with abnormal liver function. The age of onset is variable and the
patients who presented in the neonatal period suffered thereafter of neurological
damage while those who presented in childhood suffered from exertional fatigue
between the episodes but were otherwise asymptomatic.
The LAD activity is reduced in muscle and lymphocytes in all patients.
Epidemiology:
The disease has been diagnosed in several Ashkenazi families and the carrier rate of
the major mutation G229C was 1:94 among 845 random Jewish individuals.
Molecular genetics:
LAD gene (chromosomal locus 7q31-q32)
Two mutations in the LAD gene have been found among Ashkenazi patients. The
[G229C] mutation is the most frequent while the [Y35X] is rare. The patients with the
most severe clinical picture homozygotes were while those with later onset were
compound heterozygotes for the [G229C] mutation. An additional mutation [147T]
was described in one Ashkenazi family.
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Maturity onset diabetes mellitus, MODY
Autosomal dominant (MIM 606391)
Maturity-onset diabetes of the young is a distinct type of NIDDM with clear autosomal
dominant inheritance and onset at age less than 25 years. MODY pedigrees are usually
multigenerational families with penetrance of 80 to 95%. Patients have a nonobese
body habitus and the so-called metabolic syndrome characterized by diabetes, insulin
resistance, hypertension, and hypertriglyceridemia is absent.
Molecular genetics:
MODY1; hepatocyte nuclear factor-4-alpha gene (HNF4A) (chromosomal locus 20).
MODY2; glucokinase gene (GCK; 138079) (chromosomal locus 7).
Four Jewish families were reported one family with [Met202Thr], two families
[Thr206Pro], one family with [Cyst213Arg] and the other [Thr228Met]
MODY3; hepatic transcription factor-1 gene (TCF1) (chromosomal locus 12q24.2).
In six families mutations in the gene werte reported: [Arg131Gln] (Ashkenazi),
[Arg159Trp] (Ashkenazi), [Arg159Trp] (Ashkenazi), [Arg271Gln] (Ashkenazi), and
[Ala174del11], [P447I] and [Prf291fsinsC].
MODY4; insulin promoter factor-1 gene (chromosomal locus 13q12.1).
MODY5; hepatic transcription factor-2 (chromosomal locus 17cen-q21.3).
MODY6; NEUROD1 gene (chromosomal locus 2q32).
MODY7; KLF11 gene (chromosomal locus 2p25).
MODY8; CEL gene (chromosomal locus 9q34).
MODY9; PAX4 gene (chromosomal locus 7q32)
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Machado-Joseph disease (spinocerebellar ataxia type 3;
SCA3)
Autosomal dominant (MIM 109150)
Machado Joseph disease is a multisytem degeneration in which spinocerebellar,
pyramidal, lower motor neuron, peripheral nerve, basal ganglia, extra-ocularmovement and autonomic function are impaired. The age of onset, the severity of the
symptoms and the duration of the disease vary from patient to patient with some
correlation to the size of the CAG expansion.
Several homozygotes have been reported among the Yemenite Jews because of the
late onset of the disease and the high degree of consanguinity. In general the
homozygotes were more severely affected than the heterozygotes for the same degree
of expansion.
Epidemiology:
The disease has been diagnosed in several unrelated families of Jewish Yemenite
origin.
Molecular genetics:
SCA3 (chromosomal locus 14q24.3-q31)
The gene includes a region of unstable CAG repeats. All the patients of Yemenite
origin have the same haplotype.
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Maple syrup urine disease
Autosomal recessive (MIM 248600)
The features of maple syrup urine disease (MUSD) are mental and physical
retardation, feeding problems, and a maple syrup odor to the urine. The keto acids of
leucine, isoleucine and valine are present in the urine, suggesting a block in oxidative
decarboxylation. The keto acid of isoleucine (alpha-keto-beta-methylvaleric acid) is
responsible for the characteristic odor. Five clinical phenotypes have been described
which differs by their presentation and severity. The most severe is the classical,
manifesting in the newborn period and results in severe neurologic manifestations, if
not treated may lead to death. Less common are late onset and intermediate types of
the disease.
MSUD with a defect in the E1-alpha subunit of branched-chain keto acid
dehydrogenase is referred to as type IA; the type with a defect in the E1-beta subunit
(248611) is referred to as type IB; the type with a defect in the E2 subunit (248610) is
referred to as type II; and the type with a defect in the E3 subunit is referred to as type
III. The E3-deficient MSUD presents a combined deficiency of branched-chain alphaketo acid dehydrogenase, pyruvate dehydrogenase, and alpha-keto glutarate
dehydrogenase complexes. This is the result of E3 being a common component of the
3 mitochondrial multienzymes.
Epidemiology:
The classical form disease has been diagnosed in several Ashkenazi Jewish patients in
the newborn screening in New York. In a random sample of 1014 AJ individuals from
New York the carrier frequency of [R183P] was 1:113.
Molecular genetics:
BCKDHB gene (chromosomal locus 6p22.p21)
In several patients the [R183P] mutation was characterized in homozygosity. The
mutation affects the E1b subunit in the decarboxylase (E1) component of the
branched-chain a-ketoacid dehydrogenase complex.
Among single AJ patients other mutations were characterized: [E2∆AT], [E442X],
[G278S].
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Megalencephalic leukoencephalopathy (vacuolating)
Autosomal recessive (MIM 605908)
Vacuolating megalencephalic leukoencephalopathy is characterized by accelerated
head growth beginning in the first year of life. Subsequently the affected children
develop neurologic involvement. During the first year of life the children are
macrocephalic with a relatively benign motor disability or clumsiness evolving into
ataxia and spasticity with no significant cognitive deterioration. Most develop a
seizure disorder and a severe cerebral white matter change on neuroimaging. The
progression is very slow and the cognitive functions remain almost intact.
Epidemiology:
The disease has been found to be relatively frequent among Jews originating from
Libya. Screening of 200 normal Libyan Jewish individuals for the.G59E mutation,
revealed a carrier rate of 1:40.
Molecular genetics:
MLC1 gene (chromosomal locus 22qtel)
One unique mutation [G59E] was found in all the Jewish patients in Israel from Libya
and Turkey.
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Melanoma cutaneous, malignant
Autosomal dominant (MIM 155600)
About 10% of melanoma patients come from families with another affected
individual. The majority of families with predisposition to melanoma have a germline
mutation impinging p16.

Molecular genetics:
CDKN2A gene (chromosomal locus 9p21)
In several families of Mediterannean origin the same mutation was found V59G
among those three families were of Jewish origin one from Morocco and the other two
from Tunisia.
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Metachromatic leukodystrophy, late infantile
Autosomal recessive (MIM 250100)
Metachromatic leukodystrophy is a lysosomal storage disease in which the deficiency
of the hydrolase aryl sulfatase A leads to a progressive degenerative disease of the
nervous system. In the late infantile type the affected child's psychomotor
development is normal up to the age of one year. The first symptom is a stagnation in
the motor development; many of the affected children are late to walk alone or do not
achieve this stage. Afterward, there is a progressive deterioration - first of the motor
functions and later of the mental abilities. Involvement of the peripheral nervous
system leads to the absence of the tendon reflexes as well as a prolonged nerve
conduction in the electromyogram and an elevation of the protein content of the
cerebrospinal fluid. In most cases the child gets to a vegetative stage at the age 3-5 and
dies soon afterward.
Epidemiology:
The disease has been found to be frequent among Jews originating from Yemen and in
particular from the isolate of Habban (1:75 live births in the Habbanite Jews).
Molecular genetics:
ARSA gene (chromosomal locus 22q13.31-qter)
All the Jewish patients from Habban or from Yemen are homozygotes for the same
mutation P377L which occurred on the background of the PD allele.
Problems in diagnosis
The diagnosis is based on the determination of arylsulfatase A activity in leukocytes or
fibroblasts. In heterozygotes, approximately 50% of normal activity of the enzyme
may be found in leukocytes or fibroblasts; however a potential problem in
heterozygote detection by this method is the high frequency of the pseudodeficiency
allele in the general population, which leads to low in-vitro aryl sulfatase A levels
without clinical manifestations. This problem is particularly relevant in the Yemenite
Jews in which the frequency of the PD allele is high. There is no biochemical
technique to delineate between the carriers of metachromatic leukodystrophy and
those of the pseudodeficiency allele, but molecular analyses are currently suitable for
this diagnosis. Among the Yemenite Jews with low arylsulfatase A deficiency the
demonstration of the existence of homozygosity for the PD allele is not enough to
exclude the diagnosis of an atypical form of MLD because of the existence of the
MLD mutation on the PD allele.
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3-methylcrotonyl-coenzyme A carboxylase deficiency
Autosomal recessive (MIM 210200)
Hypotonia is usually the initial symptom.
Plasma carnitine was severely deficient, and urinary organic acid analysis revealed
increased excretion of 3-hydroxyisovaleric acid and 3-methylcrotonylglycine.
3-Methylcrotonyl-coenzyme A carboxylase activity was reduced in skin fibroblasts;
pyruvate carboxylase and serum biotinidase activities.
Epidemiology:
Four siblings were reported from a nonconsanguineous Tunisian-Jewish family
Molecular genetics:
3-Methylcrotonyl-coenzyme A carboxylase gene (chromosomal locus 3q25-q27)
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3-Methyl glutaconic aciduria - type III (Costeff syndrome)
Autosomal recessive (MIM 258501)
Bilateral optic atrophy is present in all the patients and causes a visual impairment
with a decreased distance acuity that does not seem to be progressive. The
electroretinogram is normal and in many cases a prolonged latency of the visual
evoked potentials is found. All the patients present with neurological signs and most
show pathologic findings related to the extrapyramidal system. Many of the affected
children present with an early movement disorder in which chorea predominates, in
some severe enough to compromise stable ambulation. Some of the patients develop
spastic paraparesis after the age of 6 which may be progressive; most patients develop
spasticity or hypereflexia in the lower extremities. Mild, non progressive ataxia is
common sometimes with dysarthria. The intelligence may be normal but most patients
have a low borderline intelligence up to mild mental retardation.
Epidemiology:
The calculated incidence is 1:10,000 among Iraqi Jews. All the families reported
originated from Baghdad. In a screening of 85 adults 8 were carriers (1:10).
Biochemical defect:
3 methyl glutaconic aciduria was demonstrated in all the patients examined. The basic
defect leading to the increased excretion is not known. The activity of the 3-MG-CoA
hydratase was normal in cultured fibroblasts from the patients.
Molecular genetics:
OPA3 gene (chromosomal locus 19p13.3)
One unique mutation was characterized in all the Jewish patients: [OPA3, IVS1AS,GC1].
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Methylenetetrahydrofolate reductase deficiency
Autosomal recessive (OMIM 236200)
The major clinical features of Homocystinuria are mental retardation, ectopia lentis,
skeletal abnormalities and life threatening trombembolic events.
Molecular genetics:
MTHFR gene (chromosomal locus 19p13.3)
The mutation c.474A>T (p. G158G) is a common founder mutation among Jews of
Bukharian ancestry, with an estimated carrier frequency of 1:39
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Microcephaly with complex motor and sensory axonal
neuropathy
Autosomal recessive (MIM 607596)
The disease was reported in three families and includes the combination of
microcephaly peripheral neuropathy and secondary muscle atrophy. In one of the
families pontocerecerebellar hypoplasia was diagnosed on MRI and the patients had
central nervous system symptoms including ataxia and hypertonia. In the two other
families pontocerecerebellar hypoplasia was not diagnosed and they have normal
intellectual development
Epidemiology:
In a sample of 449 normal Ashkenazi Jewish controls two carriers were diagnosed and
the carrier frequency is 1:225.
Molecular genetics:
VRK1 gene (chromosomal locus 14p)
The disease was reported in two families of Jewish Ashkenazi origin in both cases the
patients were homozygous for R358X. The parents were related in one of the two
famlies and the mutation is a founder mutation.
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Microphthalmia/anophthalmia
Autosomal recessive (MIM 251600)
Microphthalmia/anophthalmia is a clinically heterogeneous disorder of eye formation
ranging from small size of a single eye to the complete absence of ocular tissues.
Several families have been reported with a recessive inheritance. The disorder is
characterized by variability among individuals, even among sibs - from uni to bilateral
and mild coloboma to anophthalmia. There are no other malformations and the
affected patients are mentally normal.
Epidemiology:
A relative high incidence of the disorder exists among Jews from Iran-Iraq.
Molecular genetics:
CHX10 gene (chromosomal locus 14q32)
A mutation in the donor-acceptor site in the first intron was found in homozygozity in
a Syrian-Jewish family, but not in the Iranian Jewish family.
STRA6 gene (chromosomal locus 15q24.1)
A child born with with anophthalmia and respiratory problems was operated because
of PDA was diagnosed as affected with pulmonary hypoplasia diaphragmatic hernia
anophthalmia cardiac defect PDCA. The child was a compound heterozygote for two
mutations [D560H/R655H].
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Mitochondrial complex I deficiency
Autosomal recessive (MIM 252010)
The patients present severe neonatal lactic academia and an isolated complex 1
deficiency
Epidemiology and molecular genetics
NDUFS6) gene (Chromosomal locus 5pter-p15.33).
The disease has been diagnosed in two Jewish families from the Caucasus. All the
patients were homozygous for the mutation c.344G>A. The founder mutation was
found in 2 out of 48 random Jews from the region.
References:
Spiegel R, Shaag A, Mandel H, Reich D, Penyakov Ma, Hujeirat Y, Saada A, Elpeleg
O, Shalev SA. Mutated NDUFS6 is the cause of fatal neonatal lactic acidemia in
Caucasus Jews. Eur J Hum Genet. 2009;17:1200-1203.

151

Mitochondrial complex I deficiency
Autosomal recessive (MIM 252010)
The patients present severe neonatal lactic academia and an solated complex 1
deficiency
Epidemiology and molecular genetics
NDUFS6) gene (Chromosomal locus 5pter-p15.33).
The disease has been diagnosed in two Jewish families from the Caucasus. All the
patients were homozygous for the mutation c.344G>A. The founder mutation was
found in 2 out of 48 random Jews from the region.
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MODY maturity onset diabetes of the young
Autosomal dominant (MIM 125851)
Glukokinase gene (Chromosomal locus 7p15-p13).
In 6 Jewish Ashkenazi Jewish families all the patients were heterozygous for the
mutation c.616A>C (p.T206P). The founder mutation was found in 2 out of 48
random Jews from the region.
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Mitochondrial Myopathy and sideroblastic anemia
Autosomal recessive (MIM 600462)
The patients present with myopathy, sideroblastic anemia, lactic acidosis and mental
retardation.
Very low levels of cytochromes a, b, and c were detected in the patients' muscle
mitochondria. Deposition of iron within the mitochondria of bone marrow
erythroblasts was observed on electron microscopy. Irregular and enlarged
mitochondria with paracrystalline inclusions were also seen on electron microscopy of
the patients' muscle specimen.
Examination of DNA showed no deletions in the mitochondrial DNA.
Epidemiology:
The disease has been diagnosed in three Iranian Jewish families
Molecular genetics:
Pseudouridine synthase 1 gene (PUS1) gene (Chromosomal locus 12q24.33).
All the patients were homozygous for the mutation C656T.
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Monilethrix
Autosomal recessive (MIM 252 200)
Expression of monilethrix is variable; in mild cases, dystrophic hair may be confined
to the occiput but more severely affected individuals have near total alopecia. In some
cases alopecia persists throughout life; in others, regrowth of apparently normal hair
may occur in adolescence or, temporarily, in pregnancy.
In rule the disorder is dominant but several families with recessive inheritance were
reported among Jews.
Epidemiology:
The disease has been diagnosed in Jewish families from Irak, Iran and Morocco
The frequency of the carriers of mutations was Iraq: P267R 1:25, Iran 763delT 1:100,
Morocco R289X 1:100.
Molecular genetics:
Desmoglein 4 (DSG4)(Chromosomal locus 18q).
The gene is responsible for autosomal recessive hypotrichosis
Iraqi patients P267R, Iranian patients 763delT and 216+1G>T, Morocco patients
R289X
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Mucolipidosis III
Autosomal recessive (MIM 252605)
The first symptom of the disorder is a mild limitation of the small articulations of the
fingers, which may allow for an early clinical diagnosis in children at risk. The disease
is progressive leading progressively to large joint limitation and physical handicap.
The facial features become progressively coarse. Usually there is no or little mental
impairment.
The lysosomal enzymes cannot reach the lysosome since they do not have the
mannose 6 phosphate necessary for them to be recognized by the receptor. While the
enzymes are absent from the lysosome they are present in huge quantities in the serum.
The disease is caused by a deficiency of the enzyme N acetylglucosaminidase 1
phosphotransferase. In the type IIIC the enzyme retains its activity on synthetic
substrates but lacks activity on lysosomal enzymes.
Epidemiology:
The disease has been diagnosed in three Tunisian Jewish families
Molecular genetics:
Gamma subunit of the phosphotransferase gene (Chromosomal locus 4q21-23).
All the patients were homozygous for the mutation [500insC].
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Mucolipidosis IV
Autosomal recessive (MIM 252650)
The disorder is characterized by psychomotor retardation and ophthalmological
abnormalities, including corneal opacities, retinal degeneration, strabismus and often
myopia. Psychomotor retardation is usually evident before the first year of life and the
maximal developmental level of the patients is around 12 to 15 months in motor
functions and language. Some patients show slight improvement during the first
decade in both mental and motor functions. Usually there is no obvious deterioration
of the clinical signs at least during the first two decades of life. Corneal opacities may
be congenital but at least 30% of the patients developed the opacities only 2-4 years
after birth. Retinal degeneration is usually demonstrated at the ages of 3-4 years and
the process is progressive so that the patients have an extinct electroretinogram by 7-8
years. There are very few data concerning late prognosis and life expectancy is not
known.
Epidemiology:
The disease is relatively frequent among Ashkenazi Jews. In Israel, the frequency of
heterozygotes was found to be 1:100 in a sample of 2000 unrelated individuals. This
corresponds to the estimation that was based on the detection rate of new ML IV
patients annually in this ethnic group. In USA, the combined carrier frequency was
0.79%, or 1 in 127 individuals (95% CI 0.40%-1.17%).
Biochemical defect:
Abnormal lysosomal storage of gangliosides, phospholipids and mucopolysaccharides
was reported in cultured fibroblasts of MLIV patients as well as in the brain biopsy of
one patient and urine excretion in another patient.
Molecular genetics:
MCOLN1 gene (chromosomal locus 19p13.2-13.3)
Two mutations were characterized in Ashkenazi Jewish patients: [IVS3-1A-G], the
major mutation (75-80%) and [del (EX1- EX7)], the minor mutation (20-25%).
References:
Amir N, Zlotogora J, Bach G. Mucolipidosis IV clinical spectrum and natural history.
Pediatrics 1987;79:953-959.
Bargal R, Avidan N, Olender Z, Ben-Asher E, Zeigler M, Raas-Rothschild A,
Frumkin A, Be-Yosef O, Friedlander Y, Lancet D, Bach G. Muculipidosis IV: Novel
mutations in Jewish and non-Jewish patients and the frequency of the disease in the
Ashkenazi Jewish population. Hum Mut 2001; 17:397-402.
Bargal R, Avidan N, Ben-Asher E, Olender Z, Zeigler M, Frumkin A, RaasRothschild A, Glusman G, Lancet D, Bach G. Identification of the gene causing
mucolipidosis IV. Nat Genet 2000;26:118-121.
Edelmann L, Dong J, Desnick RJ, Kornreich R Carrier screening for mucolipidosis
type IV in the American Ashkenazi Jewish population. Am J Hum Genet
2002;70:1023-1027.

157

Multiple cutaneous and uterine leiomyomata
Autosomal dominant (MIM 150800)
Multiple cutaneous and uterine leiomyomata syndrome (MCL) is an autosomal
dominant disease characterized by the presence of concurrent benign tumors of
smooth muscle origin (leiomyoma) in the skin and uterus of affected females, and in
the skin of affected males. MCL can also be associated with type II papillary renal cell
cancer (HLRCC).
Epidemiology:
The disease has been reported in 4 Jewish families of Iranian origin two from Tehran
and 2 from Shiraz.
Molecular genetics:
Fumarate hydratase (FH) gene (chromosomal locus 1q42.3-43)
One founder mutation was found in the 4 Jewish Iranian families 905-1G>A.
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Multiple mitochondrial deletions
Autosomal recessive
In a family of Sephardic Jews from Libya progressive external ophthalmoparesis,
skeletal muscle weakness, and Parkinsonism were observed. Autosomal recessive
inheritance was suggested by many consanguineous marriages, although a dominant
disorder could not be excluded. No linkage to known progressive external
ophthalmoparesis locus was found. The presence of cytochrome c oxidase-negative
ragged-red fibers, biochemically reduced respiratory chain complexes, and multiple
mitochondrial DNA deletions in muscle biopsies from four patients suggested a new
mitochondrial disorder of intergenomic communication.
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Myasthenia gravis, congenital Ic. Endplate acetyl
cholinesterase deficiency
Autosomal recessive (MIM 603034)
The disorder is heterogenous. Most of the patients present at birth however some
present later in childhood. The presenting symptoms include feeding difficulties,
respiratory distress, ptosis and weakness. The most common features are ptosis,
muscular weakness, restrictive ventilatory defects, dysphagia. Most of the children
have a severe kyphoscolisosis. A low pupillary reaction to light is seen in the patients.
The patients have a decremental EMG response on 3 to 3 Hz and a repetitive
compound muscle fiber action potential that disappeared after a few stimuli at 2 to 3
Hz.
Pyridostigmine therapy is not successful.
Epidemiology:
The disease was reported in one Iraqi Jewish family.
Molecular genetics:
COLQ (chromosomal locus 3p24).
The patient was homozygous for [G240X]. The same mutation was found in several
Arab patients from the region of Jerusalem.
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Myasthenia gravis, familial, congenital
Autosomal recessive (MIM 608931)
The most common features are ptosis, limited facial expression with a myopathic look
together with mandibular prognathism, malocclusion and open bite. Facial muscular
weakness is always present with bilateral ptosis but without ophthalmoplegia. Many
patients have weak masticatory muscles and easy fatigability on prolonged speech.
Limb involvement is rare and mild. The onset is very early, the severity is mild and
there is almost no progression during the years which lead to late diagnosis. All
patients have a positive Tensilon test and show improvement with pyridostigmine.
Epidemiology:
The disease was reported with an increased frequency among Jews from Iran and Iraq;
the incidence in these communities is not known.
Molecular genetics:
Receptor associated protein of the synapse gene RAPSN (chromosomal locus 11p11.2p11.1)
A same E box mutation in the RAPSN promoter was found in all the patients from
Iran/Irak: -38A-->G that changes another E-box at -40 to -35 from CAACTG to
CAGCTG. The same mutation was also reported in a Jewish patient of Yemenite
origin.
Haplotype analysis shows that -38A-->G arises from a common founder in all the
Jewish patients examined.
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Myoneurogastrointestinal encephalopathy (MNGIE)
Autosomal recessive (MIM 603041)
Myo-neuro-gastrointestinal encephalopathy (MNGIE) is characterized clinically by the
onset between the second and the fifth decade of ptosis, external ophthalmoplegia,
gastrointestinal dysmotility, thin body habitus, peripheral neuropathy, myopathy,
leukoencephalopathy and lactic acidosis.
Epidemiology:
The disease has been reported in at least two Ashkenazi families and some Iranian
Jewish families.
Molecular genetics:
Thymidine phosphorylase gene TP (chromosomal locus 22q13.32-ter)
An Ashkenazi Jewish patient was homozygous for [E289A].
The mutation [G145R] was found in Iranian patients.
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Myotonic dystrophy
Autosomal dominant (MIM 160900)
Epidemiology:
The incidence of myotonic dystrophy among Jews from Yemen is 47.3:100,000 as
compared to 15.7:100,000 in the general population. This seems secondary to a high
frequency of a founder premutation allele among the Yemenite Jews.
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Nemaline myopathy
Autosomal recessive (MIM 256030)
Both dominant and recessive forms of nemaline or rod Myopathy have been described
that cannot be distinguished on clinical or histopathologic grounds.
Epidemiology:
The disease has been reported in several Ashkenazi Jewish families. In a sample of
4090 Ashkenazi Jews (Orthodox) the carrier frequency of the mutation was 1:108.
Molecular genetics:
Nebulin gene NEB (chromosomal locus 2q22)
All the Ashkenazi Jewish patients were homozygous for a 2505 deletion including
exon 55 and parts of intron 54 and 55.
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Nephropathy and hypertension
Autosomal dominant (MIM 161900)
14 individuals in one large family were affected with an adult onset nephropathy and
hypertension. All the affected individuals had either progressive renal failure and/or
marked hypertension.
Epidemiology:
The family is of Iraqi Jewish origin.
Molecular genetics
The gene was mapped to 1q21 between D1S2696 and D1S2635.
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Neutropenia, chronic familial
Autosomal dominant (MIM 162700)
Neutropenia of less than 2000 cells/mm3 is known to occur as a benign trait without
any related disease in various ethnic groups; including Jews from Yemen and
Ethiopia.
In most groups with high incidence of the trait, the skin is relatively dark and a
relation between the two has been suggested. In individuals with benign neutropenia,
the production of neutrophils is normal in bone marrow, it was also demonstrated that
the neutropenia is not due to an excessive pooling in the marginal pool of the
circulation. In addition, neutropenic subjects have been showed to be able to release
cells from the bone marrow when challenged with exogenous corticosteroids or during
pregnancy.
Epidemiology:
Benign neutropenia is found in approximately 25% of the Yemenites Jews and 40% of
the Jews from Ethiopia.
Molecular genetics:
No studies have been reported yet
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Neutropenia, congenital severe
Autosomal recessive (MIM 610738)
Infantile agranulocytosis was first clearly delineated by Kostmann complete
agranulocytosis developed in 3 weeks after an interval during which the patient had
normal or even increased neutrophil levels, due possibly to meningitis. In addition to
persistent severe absolute neutropenia (500 neutrophils per microliter or fewer) and
bone marrow morphology that suggests maturational arrest of neutrophil precursors at
the promyelocyte stage, variable degrees of monocytosis, eosinophilia,
hypergammaglobulinemia, and thrombocytosis may be found.
Molecular genetics:
HAX1 (chromosomal locus 1q21.3)
In two patients from an Ashkenazi family a homozygous mutation was characterized
c. 121-125 insG). While the parents were not related, the haplotype of the patients was
similar (32 MBs)
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Niemann-Pick type A, B disease
Autosomal recessive (MIM 257200)
In Niemann-Pick type A (NPA), the most prominent symptom is massive
hepatosplenomegaly that may be congenital or detected in early infancy. Generally, the
developmental course of these infants is normal up to the age of 3-4 months.
Thereafter, there is a progressive loss of motor and intellectual functions with severe
failure to thrive. Macular cherry red spots are present in some 50% of the patients.
Death occurs in general before the age of 3 years.
Epidemiology:
NPA is found with a relatively high frequency among Ashkenazi Jews (1:40,000). In a
recent screening among Ashkenazi Jews in the USA it was found that the carrier
frequency is 1:80.
Biochemical defect:
The deficiency of the lysosomal enzyme acid sphingomyelinase leads to massive
storage of sphingomyelin and various phospholipids in viscera and the characteristic
foam cells. The diagnosis is based on the reduction of the acid sphingomyelinase
activity in leukocytes and or fibroblasts.
Molecular genetics
SPMD1 gene (chromosomal locus 11p15.4-p15.1)
Three mutations have been found among Ashkenazi Jewish patients: [R496L],
[L302P] and [fsP330]. These mutations account for more than 95% of the mutant
alleles in this population.
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Oculopharyngeal muscular dystrophy (OPMD)
Autosomal dominant (MIM 164300)
The characteristic clinical symptoms are ptosis and dysphagia. In rule both appear late
in life and are progressive. In most patients in the 5th or 6th decade at least one of the
symptoms is present. The ptosis is always bilateral, but there may be some asymmetry.
Later, external ophthalmoplegia may become apparent. In the late stage of the disease
the eyelids become thinner and almost transparent. The dysphagia is progressive, first
for solids and then also for liquids, and may lead to malnutrition. Many patients
present also with weakness of other muscles such as facial, sternocleidomastoid and of
the limbs. In muscle biopsies intranuclear tubofilamentous inclusion bodies seem to be
pathognomonic for the disorder.
Epidemiology:
The disorder is frequent among Jews from Uzbekistan and the incidence was
estimated to be 1:700 in this community. It has been estimated that the high frequency
is due to a founder effect that appeared or was introduced in the Bukhara Jewish
population between 872 and 1512.
Molecular genetics
Protein2 gene PABP2 (chromosomal locus 14q11.2-q13)
The polyA biding protein 2 gene PABP2 encodes for a (GCG) repeat that is expanded
in this disease. The expansion is between 8 to 13 repeats. The compound
heterozygotes for the expansion and a normal allele with 7 repeats are more severely
affected.
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Omenn syndrome
Autosomal recessive (MIM 603554)
Omenn syndrome is a severe immunodeficiency characterized by the presence of
activated, anergic, oligoclonal T cells, hypereosinophilia, and high IgE levels, have
missense mutations in either the RAG1 or RAG2 genes that result in partial activity of
the 2 proteins.
The syndrome is characterized by T-cell infiltration of skin, gut, liver, and spleen,
leading to diffuse erythroderma, protracted diarrhea, failure to thrive, and
hepatosplenomegaly. The lesions resembled those in graft-versus-host diseases.
Epidemiology:
The disorder was reported in two Jewish families of Georgian and Iraqi origin.
Molecular genetics
RAG 2 gene (Chromosome locus 11p13)
In the two Jewish patients the same mutation c.C1886T was characterized
(p.Arg229Trp)
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Ornithine aminotransferase deficiency
Autosomal recessive (MIM 258870)
The clinical history of gyrate atrophy of the choroid and retina is usually night
blindness that begins in late childhood, accompanied by sharply demarcated circular
areas of chorioretinal atrophy. During the second and third decades the areas of
atrophy enlarge.
Epidemiology:
The disorder was reported in one Iraqi Jewish family.
Biochemical defect:
Ornithine-delta-aminotransferase catalyzes the major catalytic reaction for ornithine.
Ornithinemia presumably due to deficiency of ornithine ketoacid aminotransferase
(OAT) is found in the patients with gyrate atrophy of the choroid and retina.
Molecular genetics
Ornithine ketoacid aminotransferase gene OAT (chromosomal locus)
In an Iraqi Jewish patient the deletion of cytosine at position 159 in the OAT gene
resulted in a frameshift.
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Osteopetrosis
Autosomal recessive (MIM 259700)
The affected patients have abnormally dense bones as well as acrocephaly, progressive
deafness and blindness, hepatosplenomegaly and anemia. The various clinical features
found are secondary to a functional defect in osteoclasts. The anemia is a consequence
of inadequate bone marrow space that results in extra medullary hematopoiesis
causing hepatosplenomegaly. The deafness and blindness represent encroachment of
bone on the small foramina which house the optic and auditory nerves. The only
curative therapy is bone marrow transplant with relatively good results.
Molecular genetics and epidemiology:
ATP6I (TC1RG1) gene encoding for a3 subunit of the vacuolar proton pump
(chromosomal locus 2q36-37).
An A to T transversion in the fourth base of the intron 2 donor splice site
(c.117+4A→T) in TCIRG1was reported in several Ashkenazi Jewish families.
Analysis of a random sample of Ashkenazi Jews revealed a carrier frequency of
approximately 1 in 350.
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Osteoporosis-pseudoglioma syndrome
Autosomal recessive (MIM 259770)
The osteoporosis-pseudoglioma syndrome is a rare autosomal recessive disorder
characterized by severe juvenile-onset osteoporosis and congenital or early-onset
blindness. Other manifestations include muscular hypotonia, ligamentous laxity, mild
mental retardation and seizures.
Epidemiology
The disorder was described in one Tunisian consanguineous Jewish family
Molecular genetics
Low density lipoprotein receptor-related family member LRP5 gene (chromosomal
locus 11q11-12)
The patient was homozygous for R353Q
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Otosclerosis
Autosomal dominant (MIM 166800)
Clinical otosclerosis has a prevalence of 0.2 to 1% among adults; it is characterized by
isolated endochondral bone sclerosis of the labyrinthine capsule. Otosclerotic foci
invade the stapedio-vestibular joint (oval window) and interfere with free motion of
the stapes.
Mean age of onset is in the third decade and 90% of affected persons are under 50
years of age at the time of diagnosis. Approximately 10% of affected persons
developed profound sensorineural hearing loss across all frequencies.
Epidemiology
The disorder was described in one Yemenite Jewish family
Molecular genetics
OTSC4 (chromosomal locus 16q21-23.2)
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Papillon-Lefevre syndrome (Haim-Munk syndrome)
Autosomal recessive (MIM 245010)
Among members of a small community of Jews from Cochin (India) a syndrome of
congenital palmoplantar keratosis, pes planus, onychogryphosis, periodontosis,
arachnodactyly, and acroosteolysis was reported. Although both PLS and HMS share
the cardinal features of PPK and severe periodontitis, a number of additional findings
are reported in HMS including arachnodactyly, acro-osteolysis, atrophic changes of
the nails, and a radiographic deformity of the fingers. While PLS cases have been
identified throughout the world,
Epidemiology
The disorder has only been described among descendants of a religious isolate
originally from Cochin, India.
Molecular genetics
Cathepsin C gene gene (chromosomal locus 11q14.1-q14.3)
Papillon-Lefevre syndrome (PLS) and Haim-Munk syndrome (HMS) were associated
with mutations of cathepsin C and are allelic. Among the Jews from Cochin a
mutation (exon 6, 2127A--> G) that changes a highly conserved amino acid in the
cathepsin C peptide was characterized.
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Parkinson disease
Molecular genetics
LRRK2 gene (chromosomal locus 12q12)
The G2019S mutation appears to be an important cause of both familial and sporadic
Parkinson's disease among Ashkenazi Jewish subjects.
Lifetime penetrance of the G2019S mutation in the Ashkenazi Jewish population was
estimated of 31.8 percent.
GBA gene (chromosomal locus 1q21)
GBA is a risk factor associated with Parkinson’s disease this finding is not exclusive
to a specific ethnic group or a specific GBA mutation. Since mutations in GBA are
frequent among Ashkenzi Jews mutations in GBA represent a significant risk factor in
this community.
VPS35 gene (chromosomal locus 1q21)
The mutation c.1858G>A; p.Asp620Asn was found as a dominant mutation associated
with Parkinson disease in several families of different orgin including a Yemmenite
Jewish family
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Parkinson disease, juvenile
Autosomal recessive (MIM 600116)
An autosomal recessive form of familial juvenile parkinsonism, defined as onset
before age 40 years, has been described. JP is symptomatically different in several
aspects from Parkinson disease, although classic symptoms of PD, such as
bradykinesia, rigidity, and tremor, are present. At about the age of 10 years gait
disturbance appear and soon the patients are unable to walk long distances. By the
forties, the patients are unable to walk without assistance. There is no evidence of
dementia. Slow-moving with frozen gait and tremor, more evident on motion, in the
head and upper and lower limbs is evident. There is some improvement of the
movement disorder after waking up in the morning.
Epidemiology
The disorder was described in one Yemenite Jewish family
Molecular genetics
Parkin gene (chromosomal locus 6q25.2-q27)
The patients were homozygous for a deletion of exon 3.
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Peeling skin syndrome
Autosomal recessive (MIM 270300)
Two main subtypes of peeling skin syndrome, noninflammatory type A and
inflammatory type B, have been suggested. In some families, an acral form of peeling
skin syndrome has been reported, in which skin peeling is strictly limited to the dorsa
of the hands and feet but ultrastructural and histologic analyses show, as in the
generalized form of the disorder, that the level of blistering is high in the epidermis at
the stratum granulosum-stratum corneum junction.
Epidemiology and Molecular genetics
CDSN gene (chromosomal locus)
In one family from Iraq Kurdistan (parents first cousins) the patients were
homozygous for c.746delG.
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Pentosuria
Autosomal recessive (MIM 260800)
Individuals that are homozygotes for pentosuria do not show any significant clinical
symptoms, and no decrease in life expectancy is noted in these patients. Possible
misdiagnosis of pentosuria as diabetes mellitus is common as the result of reducing
substances in urine; however no abnormalities of glucose metabolism are
demonstrable.

Molecular genetics and epidemiology:
DCXR gene (chromosomal locus 17q25.3)
Two mutations were identified, c.583∆C and c.52(+1)G > A, The combined frequency
of the two mutant DCXR alleles in 1,067 Ashkenazi Jewish controls was 0.0173,
suggesting a pentosuria frequency of approximately one in 3,300 in this population.
Haplotype analysis indicated that the c.52 (+1) G > A mutation arose more recently
than the DCXR c.583∆C mutation.
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Peripheral sensory neuropathy
Autosomal recessive
Three unrelated Oriental Jewish families (two from Syria, one from Iraq) with a total
of eight subjects were reported with progressive hereditary sensory neuropathy.
The parents were all unaffected and because of parental consanguinity in each of the
three families it is postulated that this rare neurological disorder is transmitted in an
autosomal recessive manner.
References:
Tamari I, Goodman RM, Sarova I, Hertz M, Adar R, Zvibach T. Autosomal recessive
peripheral sensory neuropathy in 3 non-Ashkenazi Jewish families. J Med Genet
1980;17:424-429.

180

Pernicious anemia, juvenile, due to selective intestinal
malabsorption of vitamin B12 with proteinuria
Autosomal recessive (MIM 261100)
The patients present early in life with symptoms of megaloblastic anemia that is quite
severe. In addition, most patients have also moderate leukopenia and
thrombocytopenia. All patients have proteinuria.
The response to treatment, namely intramuscular injection of vitamin B12, is dramatic.
Parenteral injections of vitamin B12 are a lifetime treatment.
Epidemiology:
The disease is very rare. It was reported with an increased incidence in Scandinavian
countries and among Sepharadic Jews. The incidence among Jews from Tunisia has
been estimated in 1969 to be 1:1600 live births.
While among Finnish patients mutations were found in the gene CUBILIN among
Norwegian and Jewish patients from Tunisia mutations were found in the Amnionless
mouse homolog AMN gene.
Molecular genetics:
Amnionless mouse homolog AMN gene (chromosomal locus 14q32)
In the families of Tunisian Jewish origin the patients were homozygous for a change
from CAG to CGG in the acceptor splice site of intron 3 [208-2A-G] of the AMN
gene and skipping of exon 4. The mutation appears to be very old and was found in
two Turkish families (same old haplotype).
In a Jewsih family the Ashkenazi father of a patient of mixed Jewish/non Jewish
origin the mutation was c.43+1G>T; splice site
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c.2624_2615delGA

Jewish
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Persistent hyperinsulinemic hypoglycemia of infancy PHHI
(familial hyperinsulinism)
Autosomal recessive (MIM 600509)
The disease is characterized by profound hypoglycemia in infancy. It causes seizures,
coma and may be lethal or result of irreversible neurologic sequel in absence of
treatment.
The combination of a paternally inherited germline mutation and somatic loss-ofheterozygosity causes the focal form of the disease (Focal-congenital hyperinsulinism
of infancy [Focal-CHI]). The risk for a carrier that inherited the allele from his father
is 1:270.
Epidemiology:
The disease is found with a relatively high incidence among the Ashkenazi Jews. The
allele frequency of ABCC8 c.3989-9G>A and p.F1387del was examined in 21122
Ashkenazi Jews (Dor Yeshorim) and the combined mutation frequency was 1:52

Molecular genetics:
Two genes linked one to the other are found on chromosome 11p14-15.1 - Kir 6.2 and
the sulfonylurea receptor gene ABCC8 (SUR1). Each gene encodes for a subunit of
the pancreatic islet alpha-cell ATP sensitive potassium (KATP) channel. Two
mutations in ABCC8 were associated with 88% of the HPPI chromosomes in the
Ashkenazi Jews: [ABCC8, IVS32, G-A, -9 EXON ALPHA], the predominant
mutation (68.8%) and [ABCC8, delta F1388].
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Peroxisome biogenesis disorders
Autosomal recessive (MIM 601539)
The firstborn son of unrelated parents, who both had sensorineural deafness and RP
diagnosed as USH, presented with sensorineural deafness, RP, dysmorphism,
developmental delay, hepatomegaly, and hypsarrhythmia and died at age 17 mo. The
infant was shown to have a PBD, on the basis of elevated plasma levels of very-longand branched-chain fatty acids (VLCFAs and BCFAs), deficiency of multiple
peroxisomal functions in fibroblasts, and complete absence of peroxisomes in
fibroblasts and liver. Surprisingly, both parents had elevated plasma levels of VLCFAs
and BCFAs. Fibroblast studies confirmed that both parents had a PBD. The parents'
milder phenotypes correlated with relatively mild peroxisomal biochemical
dysfunction and with catalase immunofluorescence microscopy demonstrating
mosaicism and temperature sensitivity in fibroblasts.
Molecular genetics:
PEX6 gene (chromosomal locus)
The father (Yemenite Jew) was homozygous for 1715C-T and the mother
(Algerian/Ashkenazi) compound heterozygous for IVS10+2T-C and A809/I845T.
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Phenylketonuria, hyperphenylalaninemia
Autosomal recessive (MIM 261630)
Epidemiology:
PKU is very rare among Ashkenazi Jews and relatively frequent among Jews from
Yemen, the Caucasian Mountains, Bukhara and Tunisia. The disease was found with
an incidence of 1:5000 among Jews from Yemen. All the families of the affected
patients from Yemen originated from San'a. The possibility that the increased
incidence of the disease in this population is the result of a founder effect is supported
by the common origin of the patients as well as the recent molecular studies that
demonstrated that all the patients have a similar deletion in the gene.
Biochemical defect:
Phenylketonuria is due to the deficiency of the enzyme phenylalanine hydroxylase
(PAH) which converts phenylalanine to tyrosine. In humans, the enzyme is found only
in the liver.
Molecular genetics:
PAH gene (chromosomal locus 12q24.1)
All the affected Jews from Yemen have the same mutation: a 6.7 Kb deletion spanning
the third exon of the PAH gene. The mutations responsible for the high frequency
were L48S for the Tunisian Jews and E178G, P281L and L48S for Jews from the
Caucasian Mountains and Bukhara.
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3-Phosphoglycerate dehydrogenase deficiency
Autosomal recessive (MIM 601815)
The disorder was reported among children with congenital microcephaly, seizures and
severe psychomotor retardation.
The disease was reported in two siblings of Ashkenazi Jewish origin.
Biochemical defect:
3-Phosphoglycerate dehydrogenase deficiency leads to a reduced capacity to
synthesize serine.
Molecular genetics:
PHGDH gene (chromosomal locus)
The affected siblings were homozygote for V490M which was found in one out of
400 random Ashkenazi.
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Polymicrogyria, bilateral frontal
Autosomal recessive (MIM 606864)
The patients share a congenital syndrome of developmental delay, moderate
to severe mental retardation, seizures, esotropia, pyramidal signs,
cerebellar impairement and bilatreal polymicrogyria which was more
proeminent in the frontal and parital lobes.
Polymicrogyria is a cerebral cortical malformation that is grossly
characterized by excessive cortical folding and microscopically
by abnormal cortical layering. The identification of the
cortical abnormality as polymicrogyria is based on characteristic scalloped
appearance of the border between gray and white matter. It is demonstrates
by finner cuts in MRI sections.
Epidemiology:
The disorder has been diagnosed in two Karaite families
Molecular genetics:
GPR56 (chromosome 16q12.2-21)
One mutation [W349S] was found in the two families
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Pontocerebellar hypoplasia
Autosomal recessive (MIM 607596)
Pontocerebellar hypoplasia (PCH) is classified into 2 main types based on the clinical
picture and the spectrum of pathologic changes. In PCH type 1, there is central and
peripheral motor dysfunction from birth leading to early death, mostly before 1 year of
age. PCH and gliosis are seen in association with anterior horn cell degeneration
resembling infantile spinal muscular atrophy. In PCH type 2 there is progressive
microcephaly from birth combined with extrapyramidal dyskinesia. Motor or mental
development is nil, severe chorea occurs, and epilepsy is frequent, while signs of
spinal anterior horn involvement are lacking.
Epidemiology:
The disorder has been diagnosed in three children from a Iraqi/Turkish, Syrian family.
Molecular genetics:
RARS (chromosome 5)
One mutation [IVS2+5 a>g] was found in the three patients.
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Polyposis, MUTYH associated
Autosomal recessive (MIM 604933)
MUTYH associated polyposis is an autosomal recessive disorders characterized by
predisposition for adenomatous polyps in the colon and the rectum. Biallelic carriers
have a life time probability of colon cancer of 40-100%.
Epidemiology and Molecular genetics:
MUTYH gene (chromosome 5)
Two mutations Y179C and G396D are prevalent. Among Jews the mutations were not
found among Ashkenazi either control or colon cancer affected individuals. Among
North African Jews (Morocco) the carrier frequency was 4/7% (Y179C was 0.55%
and G396D 4.15%).
In a large group of patietns of north African Jewish origin, the two mutations were
frequent but no other mutations were found. The combined biallelic carriers of the
mutations had an increased risk of colon cancer OR 17.4
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Prader Willi/Angelman syndromes
MIM 176270 and MIM 105830
A deletion of 28kb in the region 15q11-q13 is relatively frequent among Ashkenazi
Jews (1/75). This deletion includes the locus D15S63, a marker commonly used in the
diagnosis of Prader Willi/Angelman syndromes.
As a result, methylation analysis of the locus D15S63 (usually used as the diagnostic
tool for the syndrome) may lead to misdiagnosis in this community.
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Primary carnitine deficiency
Autosomal recessive (MIM 603377)
Primary carnitine deficiency is a disorder of fatty acid oxidation that can present at
different ages with hypoketotic hypoglycemia and cardiomyopathy and or skeletal
myopathy. The disease is suspected on reduced levels of carnitine in plasma and is
confirmed by measurements of carnitine transport in the patient's fibroblast. The
disorder was reported in a Jewish family of Iranian descent.
Molecular studies:
SLC22A5 gene (chromosomal locus 5q31)
A mutation R399Q was found in homozygosity in the Iranian Jewish family.
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Primary ciliary dyskinesia (PCD)
Autosomal recessive (MIM 242650)
PCD is a disorder characterised by respiratory tract infections, sinusitis, bronchiectasis
and subfertility. It affects 1:20,000 live births. The clinical phenotype results from
dysmotility of the cilia, which is associated with a variety of structural abnormalities.
The core or axoneme of cilia comprises a bundle of microtubules and associated
proteins including dyneins, nexin links and radial spokes. About 50% of patients
exhibit laterality defects, commonly situs inversus, known as Kartagener syndrome.

Epidemiology and Molecular genetics:
DNAI2 gene (chromosomal location 17q25)
The disease was reported in two families from a consanguineous Iranian Jewish
kindred. In the two Iranian Jewish families all the patients were homozygous for
[IVS11+1G>A].
CCDC65 gene (chromosomal location 12q13.12))
In one family the patient was homozygote for c.876_877delAT. The mutation was
found in three out of 733 controls.
Several founder mutations were found in the Ashkenazi Jewish population.The
DNAH5 [c.7502G>C] mutation (0.58%), the DNAI2 [c.1304G>A] mutation (0.50%),
and the C21orf59 [c.735C>G] mutation (0.48%).
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Progressive cerebello-cerebral atrophy
Autosomal recessive
Progressive cerebello cerebral atrophy is a disorder including profound mental
retardation, progressive spastic quadriplegia with joint contracture, progressive
microcephaly, generalized seizures and irritability. MRI demonstrates progressive
cerebellar atrophy followed by cerebral atrophy involving both white and grey matter.
Epidemiology and Molecular studies:
SepSecS gene (chromosomal location 4p15.2)
The disease has been reported in Jewish families from Morocco and from Iraq. The
Jewish Iraqi patients were homozygous for c.1001A>G (p.Tyr334Cys) and those from
Morocco for the mutation c.715G>A (pAla239Thre). In a sample of 261 Moroccan
Jewish individuals 6 were carriers of c.1001A>G (p.Tyr334Cys) and in a sample of
127 Iraqi Jews 3 were carriers of c.715G>A (pAla239Thre)
VPS53 (chromosomal location 17p13.3)
In four Moroccan families two mutations were present c.2084A>G and c.1556+5G>A.
The mutation c.2084A>G was found in 2:143 controls and 2:156 controls carried
c.1556+5G>A
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Properdin deficiency
X-linked recessive (MIM 312060)
Individuals with properdin deficiency are healthy. However, they have a higher
incidence of bacterial infections, in particular Neisseria meningitis and gonorrhea.
Moreover, a fulminant course may be typical for this disorder.
Epidemiology:
Properdin deficiency was found with a relatively high incidence in Jews from North
Africa, in particular from Tunisia. There is no estimate of the relative incidence.
Biochemical defect:
The patients are deficient for properdin that is a component of the complement system.
It stabilizes the C3 convertase of the alternative complement pathway (C3b, Bb) and
thus has an important enhancing regulatory activity.
Molecular studies:
PFCgene (chromosomal locus Xp11.4-p11.23)
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Proximal renal tubular acidosis pure
Autosomal dominant (OMIM 267300)
Inherited proximal renal tubular acidosis (pRTA) is commonly associated with more
generalized proximal tubular dysfunctions and occasionally with other organ system
defects.
Pure isolated pRTA is rare and the genetic cause for this disease is probably autosomal
dominant
Epidemiology:
The disease was reported in one Syrian Jewsih family
Molecular genetics:
unknown
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Pseudocholinesterase deficiency (E1)
Autosomal dominant (MIM 177500)
Individuals with pseudocholisnesterase deficiency are healthy. However, when they
are treated with the muscle relaxant suxamethonium, there is a prolonged muscular
paralysis instead of the short effects of the drug.
Epidemiology:
Pseudocholinesterase deficiency was found with a high incidence in Jews from Iran
and Iraq: 1:9 among Iranian Jews and 1:11 among Iraqi Jews.
Molecular studies:
BCHE (chromosomal locus 3q26.1-26.2)
The mutation D70G was found to be frequent
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Pseudohypoaldosteronism type I
Autosomal recessive (MIM 264350)
In the autosomal recessive form of PHA I, symptoms are typically severe and persist
into adulthood. The disease is characterized by salt wasting in infancy that is
responsive to supplementary sodium but not to mineralocorticoids. Marked
aldosterone excess is present in all reported cases and the renin level is increased in
most. Sweat and salivary glands and colonic mucosa are unresponsive to
mineralocorticoids as is the distal renal tubule.
Epidemiology and Molecular genetics:
SCNN1 gene (chromosomal locus12p13)
An Iranian Jewish patient was homozygous 1621 C>T (R508stop) in the alpha subunit
SCNN1B gene (chromosomal locus16p13-p12)
An Ashkenazi Jewish patient was compound heterozygous for mutations in the beta
subunit 647insA (Leu174fr) and 915delC (Ser263fr). The mutations were not found in
a sample of 50 random individuals
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Renal hypouricemia
Autosomal recessive (MIM 612076)
Most of the patients are asymptomatic; some have nephrolithiasis and have a
predisposition to exercise induced acute renal failure
Epidemiology and Molecular genetics:
SLC2A9 (chromosomal locus 16p11.2)
The syndrome has been reported in a ahkenazi Jewish patient (parent first cousins)
homozygous for a 36KB deletion.
SLC22A12 (chromosomal locus 11q13)
The syndrome has been reported in three Iraqi Jewish families. In two families the
patients were homozygous for the mutation R406C.in the third family the patient was
homozygous for G444R and heterozygote for R406C.
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Renal tubular acidosis with progressive sensorineural
deafness
Autosomal recessive (OMIM 267300)
The disease present either acutely with dehydration and vomiting, or with failure to
thrive and/or growth impairment. In each case, the diagnosis is based on
inappropriately alkaline urine (pH greater than 5.5) and the presence of systemic
metabolic acidosis with normal anion gap, evidence of renal potassium wasting, and
no evidence of secondary causes of dRTA. All patients, including infants, had
nephrocalcinosis, accompanied by elevated urinary calcium and rickets is also found.
The renal function is normal.
Epidemiology:
The disease was reported in three Jewish families one from Kurdisrtan, one Moroccan
and one Syrian (Haleb).
Molecular genetics:
ATP6V1B1gene (chromosomal locus 2 cent-q13)
The patients were homozygous for mutation 1037C>G in the Syrian Jewish family and
1155-1156insC in the Moroccan Jewish family
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Reticulosis, familial hystiocytic
Autosomal recessive (MIM 267700)
The disease was described among 11 patients in 4 Jewish families of Iranian and Iraqi
origin. Parental consanguinity was found in 3 of them. The age of onset varied from 6
weeks to 36 months. All had fever, wasting, and hepatosplenomegaly. Lymph node
enlargement and neurologic abnormalities were common. The most consistent
laboratory findings were pancytopenia, atypical lympho- monocytoid cells in the
peripheral blood, abnormal liver function tests, and increased CSF protein. Death
occurred in 9 patients 2 weeks to 3 months after presentation. The longest survival
was 2 years after presentation.
Incidence:
This very rare disorder has been reported in several Jewish families from Iran and one
from Iraq.
Molecular studies:
The disorder appears to be heterogeneous. No molecular studies have been reported
yet in Jewish families.
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Retinitis pigmentosa
Autosomal recessive
Retinitis pigmentosa (RP) is a heterogeneous group of retinal dystrophies
characterized by night blindness followed by visual-field loss, often resulting in severe
visual impairment. In most forms of RP, the disease process initially affects the rod
photoreceptors to a more severe degree than the cones. Nonsyndromic RP can be
inherited as autosomal recessive, autosomal dominant, or X-linked, mitochondrial and
digenic patterns of inheritance have also been described
Molecular studies:
BBS2 gene (chromosomal locus 16q21)
In individuals of Ashkenazi Jewish descent a carrier frequencies of 0.473%
(±0.0071%) was found for the c.311A>C mutation and 0.261% (±0.0064%) for the
c.1895G>C mutation. In 4 families the patients with nosyndromic RP were either
homozygous or compound heterozygous for the two mutations.
CERKL gene (chromosomal locus 2q31. 3)
The disorder has been reported in several Jewish families from Yemen
All the patients were homozygous for c.238+1G>A mutation. The mutation was found
in heterozygosity in five of 112 Yemenite Jewish individuals, thus indicating a carrier
frequency of 1:22 (4.4%; 95% confidence interval 0.2-8.7%) in this population
EYS gene (chromosomal locus 6q12)
The mutation p.Thr135LeufsX25 was found in several patients from Moroccan
Jewish ancestry. This is a founder mutation found in one out of 94 controls from
Moroccan Jewish origin and its age was estimated to be some 650 years.
The mutation c.8218_8219delCA mutation was found in patients from 6 families of
Iraqi Jewish origin another mutation p.His2740TyrfsX27 was found in a single Iraqi
Jewish allele
FAM161A gene (chromosomal locus 2p14-p15)
The disorder has been reported in several Jewish families. Two founder mutations
were reported [p.Arg523X] in Libyan, Syrian, Tunisian, Bulgarian and Moroccan Jews
and [p.Thr452SersX3] among Moroccan, Lybian, Bulagarian and Ahkenazi
Jews.[p.Thr452SersX3] was found in 4 out of 127 controls of North African origin
(1:32) and none of 108 Ashkenazi. [p.Arg523X] was not identified in 108 North
African controls
DHDDS gene (chromosomal locus 1p36.11)
The disorder has been reported in several Ahkenazi Jewish families, all the patients
were homozygous for the same mutation c.124A>G (p.Lys42Glu. The mutation was
found in one out of 322 controls and in 8 out of 717 in another study (total 0.86%
carrier frequency).
MAK gene (chromosomal locus 6q22)
In several Ashkenazi Jewish families the patients were homozygous for the same
mutation Alu353bp insertion. Among 1207 Ashkenazi controls 10 were carriers 1:120
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Roberts syndrome
Autosomal recessive (MIM 268300)
Roberts Syndrome (RBS,) is rare with prenatal and postnatal growth retardation,
bilateral symmetric limb reduction and craniofacial abnormalities. Survival is poor
beyond the neonatal period. Of interest, four RBS patients have been reported with
neoplastic processes. At the cytogenetic level, the chromosomes present with a rodlike morphology resulting in a “railroad-track” appearance due to the absence of the
primary constriction at the centromeric regions and with a “puffing” or “repulsion”
localized at their heterochromatin especially of chromosomes. This phenomenon
known as premature centromere separation (PCS) or heterochromatin repulsion (HR)
constitutes the major diagnostic marker for RBS.
Molecular genetics and epidemiology
ESCO2 (Establishment of Cohesion 1 Homologue 2) gene (chromosomal locus8p21.1)
In one Syrian Jewish family from Haleb an affected patient homozygous for c.16742A>G was reported.
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Samaritan myopathy
Autosomal recessive (MIM)
In contrast to other congenital myopathies where muscle weakness is progressive or
stable the benign Samaritan congenital myopathy is characterized by an ‘‘inverse’’
course of disease. The patients are severely affected at birth and improve progressively
being minimally affected at adult stage.
Epidemiology and Molecular genetics:
RYR1 gene (chromosomal locus 19q13.1)
The diaese was reported in one Samaritan family in which the patients were
homozygous for c.3263A>G (p.Tyr1088Cys). The Samaritans are an ethno-religious
group of 741 people living in Israel and Nablus. Ancestrally, they consider themselves
as descendants of the 10 lost tribes that formed the Kingdom of Israel. The Samaritan
population has the highest recorded inbreeding coefficient in human populations due
to almost exclusive intra-lineage marriages.
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San Fillippo A (MPS IIIA)
Autosomal recessive (MIM 252900)
The Sanfilippo syndrome is characterized by severe central nervous system
degeneration, but only mild somatic disease. Onset of clinical features usually
occurs between 2 and 6 years; severe neurologic degeneration occurs in most
patients between 6 and 10 years of age, and death occurs typically during the
second or third decade of life. Type A has been reported be the most severe, with
earlier onset and rapid progression of symptoms and shorter survival.
The clinical features are severe mental defect with relatively mild somatic features
(moderately severe claw hand and visceromegaly, little or no corneal clouding or
skeletal, e.g., vertebral, change). The presenting problem may be marked
overactivity, destructive tendencies, and other behavioral aberrations in a child of
4 to 6 years of age. The radiologic findings in the skeleton are relatively mild and
include persistent biconvexity of the vertebral bodies and very thick calvaria.
The Sanfilippo syndrome is a lysosomal storage disease due to impaired
degradation of heparan sulfate and heparitin sulfate is excreted in the urine. MPS
III includes 4 types, each due to the deficiency of a different enzyme: heparan Nsulfatase (type A); alpha-N-acetylglucosaminidase (type B); acetyl CoA:alphaglucosaminide acetyltransferase (type C); and N-acetylglucosamine 6-sulfatase
(type D).
Epidemiology
The disease has been reported in several Jewish families, in particular from North
Africa and one Karaite family
Molecular genetics:
Heparan N-sulfatase gene (chromosomal locus 17q25.3)
The mutations among Jews from North Africa were [Q365X], [R182C] and [R433W]
in the Karaite family
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Schimke immuno-osseous dysplasia
Autosomal recessive (MIM 242900)
The disorder includes spondyloepiphyseal dysplasia with exaggerated lumbar lordosis
and protruding abdomen; and renal dysfunction.
Incidence:
The disease was reported in a patient in a nonconsanguineous Ashkenazi family. In
760 DNA samples mutation in the Ashkenazi population 1 carrier was found
Molecular studies:
SMARCAL1 gene (chromosomal locus 2q34-q36)
A splice mutation (IVS4 -2 A>G) was found in the patient and two nomal siblings.
The residual SMARCAL1 mRNA levels in the patient's peripheral blood were lower
compared to those observed in both asymptomatic brothers' carrying the same biallelic mutation, while the latter had levels similar to those found in heterozygous
carriers (parents and sister)
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Seborrhea-like dermatitis with psoriasiform elements
Autosomal dominant (MIM 610227)
Seborrhea-like dermatosis with psoriasiform elements, including enhanced
keratinocyte proliferation, parakeratosis, follicular plugging, Pityrosporum ovale
overgrowth and dermal CD4 lymphocyte infiltrate.
Incidence:
The disorder has been decribed in a Moroccan Jewish family
Molecular studies:
ZNF750 gene (chromosomal locus 17q25)
The mutation [56_57 dupCC] was found in the patients
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Sinus bradychardia, familial
Autosomal dominant (MIM 163800)
In three Moroccan Jewish families with symptomatic familial sinus bradycardia a
common mutation in the gene HCN4 was characterized
One survived a cardiac arrest, the other presented with weakness and presyncopal
events
Epidemiology:
The disease was reported in three families from Casablanca, the mutation was not
found in 100 random samples in Moroccan Jews
Molecular genetics:
HCN4 gene (chromosomal locus 15q24-q25)
In the 3 families the same mutation p.A485V was characterized.
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Spinal muscular atrophy type I (SMA1)
Autosomal recessive (MIM 253300)

Epidemiology:
The disease is present with a relatively high incidence among the Egyptian Karaites in
Israel. The estimated incidence was 1:400 live born in this community.
Molecular genetics:
SMN1 gene (chromosomal locus 5q12.2-q13.3)
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Spinal muscular atrophy typeV (distal)
Autosomal recessive (MIM 600794)
Distal hereditary motor neuropathy (dHMN) or distal spinal muscular atrophy (dSMA)
is a heterogeneous group of disorders characterized almost exclusively by degeneration
of motor nerve fibers, predominantly in the distal part of the limbs. One subtype,
dHMN type V (dHMN-V), is transmitted by autosomal dominant inheritance and
predominantly involves the hands. It is allelic with Charcot–Marie–Tooth disease 2D
(CMT2D), in which a similar phenotype is associated with sensory signs
Epidemiology:
The disease is present with a relatively high incidence among the Algerian Jews (4
families).
Molecular genetics:
GARS gene (chromosomal locus 7p15)
All the patients are homozygous for G526R and have a same founder haplotype.
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Spondyloepimetaphyseal dysplasia, Shohat type
Autosomal recessive (MIM 602557)
All the patients have a prenatal onset of severe short stature. The manifestations noted
at birth include short length, distended abdomen and small chest. The lower limbs are
more affected than the upper ones as reflected by the increased U/L segment ratio.
Head circumference at birth is normal. Severe lumbar lordosis, mild joint hyperlaxity
and severe genu valgum and waddling gaits are observed at an early age. There is no
mental retardation.
The most prominent features are radiographically wide and flare epiphyseal
ossification and achondroplastic like long bone changes at infancy.
Incidence:
This very rare disorder has been reported in 4 Jewish families from Iraq.
Molecular studies:
No molecular studies have been reported yet.
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Spondylo-meta-epiphyseal dysplasia (SMED)
Autosomal recessive (MIM 271665)
The disorder was first reported by Borochowitz et al. including disproportionate short
stature, platyspondyly; abnormal epiphyses and metaphyses; shortening of the lower
and upper limbs; short, broad fingers; and premature calcifications. The dysplasia is
progressive with respect to the severity of the bowing of the lower limbs and to the
appearance of the calcifications. The chondral calcifications appear in childhood and
become more severe with age.

Epidemiology:
The syndrome has been diagnosed in two Jewish families one from Egypt
(consanguineous) one from Iraq

Molecular genetics:
DDR2 gene (chromosomal locus 1q23)
The parents of the Jewish Egyptian patients were heterozygous for [IVS17+1g>a]
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Striate keratoderma
Autosomal dominant (MIM 125670)
Striate keratodermas (PPKS) are a rare group of autosomal dominant genodermatoses
characterized by palmoplantar keratoderma typified by streaking hyperkeratosis along
each finger and extending onto the palm of the hand.
Epidemiology
The disorder was described in several Jewish families.
Molecular genetics
Desmoglein gene DSG1 (chromosomal locus 18q12.1-12.2)
In one Iranian/Syrian Jewish family the patients were heterozygous [S132X], in one
Yemmenite Jewish family [R26X] and in another family reported as Sepharadic Jews
the mutations was [p.Q201X]. In two Ashkenazi Jewish familiesa the mutations were
[p.R219X] and [p.D641fs/WT]
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Tay Sachs disease
Autosomal recessive (MIM 271800)
The onset of the symptoms in the infantile Tay Sachs disease is around 3-5 months,
usually manifested with motor weakness. An increased startled reaction to noise is
characteristic of these patients. Thereafter, there is a progressive deterioration
characterized with hypotonia, increased weakness and poor head control. Cherry red
spots are typical and the patient's vision diminishes rapidly. Seizures are common after
one year of age; macrocephaly progressively develops. At the age of 2 years the
children are usually essentially in a vegetative state. Death occurs by 2 - 4 years.
Adult onset Tay Sachs has much more variable expression compared to the infantile
type and there is no one typical course of the disease. Variability of the age of onset
and the expression of the disease is found also within families. Usually, the first
obvious neurological symptoms become evident by the 4th- 5th decade of life.
Alternatively, the first symptoms may be psychotic abnormalities. There is a slow
progression of the disease, dementia is common and eventually all the patients have
muscle weakness and gluteal motor dysfunction.
Epidemiology:
The screening program for heterozygote identification among the Ashkenazi Jews
established a carrier frequency of 1/27 - 1/30, which correlates with the incidence of
the infantile type of 1/3600. The highest rates of carriers are found in Jews originating
from central Europe. The incidence of the adult type of TSD among the Ashkenazi
Jews is 1/67,000. The carrier frequency among Moroccan Jews is estimated to be
1/110 and 1:140 among Jews from Iraq.
Biochemical defect:
The infantile and adult types of the disease are caused by allelic mutations in the gene
of the alpha chain of hexosaminidase A. The deficiency may be demonstrated in the
serum, leukocytes or other tissues.
Molecular genetics:
alpha subunit of beta hexosaminidase gene (chromosomal locus 15q23-q24)
Three mutations in the alpha subunit of beta hexosaminidase were identified to be
responsible for all the cases of infantile Tay Sachs disease among Ashkenazi Jews.
The 2 most frequent mutations are 1277insTATC (73% of the mutant alleles in TSD
patients) and 1421+1C (17.6% of the mutant alleles), while the third mutation
[GLY269SER] is relatively rare (3.5% of the mutant alleles).
Among the Moroccan Jews, 7 mutations in the gene of the alpha chain were identified
three of which were frequent: ∆F304/305 a in-frame deletion of one of the two
adjacent phenylalanine codons 304 or 305 with an allele frequency of 40%, R170Q
(35%) and IVS5-2 A -G (10%). The other mutation(s) were found in one allele only
two of them were those found among the Ashkenazi Jews.
Among Jews from Iraq 5 mutations in HEXA were identified: +1278TATC (6%),
R170Q (2%), G269S (2%), ∆F304/305 (8%), G250V (40%) while still in 40% of the
allele the mutation is unknown. The G250V allele was not identified in non-Iraqi
Jewish carriers.
Among Ethiopian Jews an HEXA polymorphism [V436I] was found to be common
(26% of the alleles) without any influence on the HexA activity. The polymorphism is
also found among Jews from other origin (Iraq, Syria, Morocco, Libya, Iran Yemen
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and Eastern Europe but with a significantly lower frequency (1-7%). A high frequency
of the polymorphism is also found among African American (40%).
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Thalassemia- alpha
Autosomal recessive (MIM 141800)
The disease is caused by the deficient synthesis of α-globin chains that can be either
total lack or partial deficiency. Four clinical subtypes can be delineated usually
correlating with the number of defective (α-globin alleles. The most severe form is
hydrops fetalis which is incompatible with life since no functional α-globin chains are
present. Patients either die in-utero or soon after birth. Hepatosplenomegaly, cardiac
failure and hypoxia are characteristic of this form of the disease. The second type of
disease is Hemoglobin H disease, in which there are three abnormal genes. Clinically,
these patients vary from severe to milder manifestations characterized with jaundice,
hepatosplenomegaly and hemolytic anemia. The two other subtypes are caused by one
or two abnormal α-globin alleles. The clinical manifestations show a spectrum from
asymptomatic individuals to mild anemia. Very few may have a more severe
phenotype.
The diagnosis of hydrops fetalis and HbH disease is done by hemoglobin
electrophoresis from fresh red cells lysate. Identification of the two other forms is
difficult. It is best done by hemoglobin electrophoresis of cord blood, and
determination of the quantity of hemoglobin Barts. Later in life, the diagnosis may be
done by the demonstration of inclusion bodies in red blood cells on a blood smear
stained with brilliant crezyl blue or molecular analysis.
Epidemiology:
The precise frequency of α thalassemia is extremely difficult to access due to the
difficulties to identify most thalassemia individuals. Using the criterion of 4% or
more of hemoglobin Barts in cord blood approximately one every 80 Kurdish Jews
was found to be affected with α-thalassemia. Some very few patients are affected with
HbH disease. α−thalassemia was also found with an increased frequency among
Yemenites and Iraqi Jews with an estimated carrier frequency of 4% among the
Yemenite Jews and a somewhat lower frequency among the Iraqi Jews. α thalassemia
trait is also observed among Ashkenazi Jews with an estimated frequency of 5%.
Molecular and biochemical defect:
α-globin chains are synthesized by two adjacent identical genes on chromosome 16,
thus the deficient synthesis of α-globin chains depends on the number of mutated loci.
The severity is determinated by the number of non functional alleles. Among
Yemenite patients, a unique deletion of 39Kb (or more) which includes both genes
was identified in addition to the typical 3.7Kb deletion. In the other Jewish patients
deletional and non deletional mutations have been reported.
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Thalassemia-beta
Autosomal recessive (MIM 14900)
The clinical manifestations are the result of the deficient synthesis of β globin chains,
which can be either total or partial and hence the manifestations of the disease range
from severe to milder cases. The severely affected are known as thalassemia major and
they usually do not synthesize any β globin chains and are also referred as β
thalassemia. The less severely affected are called thalassemia intermedia and usually
show synthesis of some β globin chains. Heterozygotes are known as thalassemia
minor since they present with a very mild anemia. The severe form is characterized by
a severe anemia which usually is present from the second half of the first year of life.
If untreated by adequate blood transfusions the hemoglobin levels are extremely low
and the growth of the child is severely retarded and skeletal changes caused by the
expansion of the bone marrow lead to the typical facial appearance. Huge
splenomegaly develops leading to hypersplenism. Leg ulcers and gallstones may be
found. Treated patients present with late complications of iron deposition in particular
hepatic, cardiac and endocrinologic. Therefore the treatment should include in
addition to frequent blood transfusions iron chelating agents to prevent these
complications. Bone marrow transplantation when successful is a cure for these
patients.
The clinical picture is milder in thalassemia intermedia as seen by the number and
frequency of blood transfusions needed to maintain adequate levels of hemoglobin.
The diagnosis is clinical together with the characteristic hematological characteristic
findings which include microcytic anemia with a typical blood smear, elevated levels
of hemoglobin F and often A2. In heterozygotes a mild microcytic anemia with typical
indices and usually elevated hemoglobin A2.
Epidemiology:
Beta thalassemia is found with a high frequency among the Jews originating from
Kurdistan, the frequency of the carriers is estimated to be 20%. The disease is also
relatively frequent among Jews from Middle Eastern countries and North Africa; the
heterozygote frequency in these populations is approximately 2-4%.
Biochemical defect:
The absence or severe deficiency of beta chains lead to an excess of alpha chains
which form a non functional tetramer which precipitate in the red cells forming typical
inclusion bodies leading to early destruction of the red cells.
Molecular genetics:
Beta globin gene (chromosomal locus 11p15.5)
The β globin gene is the first human gene to be cloned and thus has been studied
thoroughly. A total of 13 different mutations have been identified among Kurdish
Jews of which are found with high frequency namely: three unique to this population,
one is a frameshift 44 A  C transversion, a TATA box mutation (codon 28 A C),
a A G transition in the last A of the cleavage polyadenylylation signal and two other
mutations which are the most widely spread Mediterranean mutations: Intervening
sequence 1 IVS1 nt110 (G A) and nonsense 39.
Several mutations have been found in the Jewish Mediterranean communities.
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Thrombastenia of Glanzmann
Autosomal recessive (MIM 283800)
Glanzmann thrombasthenia is a disorder of platelet function manifested by severe
bleeding tendency. All post puberty females suffers from menorrhagia. Purpura
epistaxis and gingival bleeding are observed in more than 70% of the patients.
Approximately 50% of the patients suffer from gastrointestinal bleeding. Because of
possible bleeding during surgery these patients must receive platelets transfusion
before the procedure.
All the patients have a prolonged bleeding time, an absent clot retraction during 60mm
incubation at degrees. The platelets may be seen on a blood smear prepared without an
anticoagulant and the platelet count is normal. In the Jewish patients from Iraq a
deficiency of the glycoprotein IIb was demonstrated.
Epidemiology:
The disease has been reported with an increased frequency among Jews from Iraq; the
incidence in this community was estimated to be 1:7,700. In a sample of 700 Iraqi
Jews the allele frequency of the 11bp deletion is 0.0043 and of the 11.2Kb deletion
less than 0.0007.
Biochemical defect:
A deficiency or an abnormal structure of the platelet glycoprotein IIb/IIIa complex.
Molecular genetics:
The disease is caused by mutations in either glycopotein IIb or IIIa genes. Among the
Iraqi Jews the most frequent mutation is a 11bp deletion in exon 12 of the GPIIIa gene
(85% of the alleles). A second mutation found in this community is a 11.2Kb deletion
between intron 9 and exon 14 leading to a shift in the reading frame and a stop codon
(less than 8% of the alleles). A third mutation (A to G transition in the acceptor site at
the 19 intron/exon junction of the GPIIb gene was described in two siblings.
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TRMT10A dysfunction
Autosomal recessive
The patients suffered from microcephaly, intellectual disability, short stature, delayed
puberty, seizures and disturbed glucose metabolism, mainly hyperinsulinaemic
hypoglycaemia.
Epidemiology Molecular genetics:
TRMT10A gene (chromosomal locus 15q23-25)
The disease has been reported in one family of non consanguineous Jews from
Uzbekistan. All the affected children were homozygote for Gly204Arg.
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Tyrosinemia
Autosomal recessive (MIM 276700)
Tyrosinemia is an inborn error of metabolism due to the deficiency of the enzyme
fumarylacetoacetate hydrolase. The disorder is characterized by a progressive liver
disease with an increased risk of hepaocellular carcinoma, renal tubular dysfunction
and porphyria like symptoms. The introduction of the herbicide NTBC has changed
the outcome of most of the patients.
Epidemiology:
The disease has been reported in several unrelated Ashkenazi Jewish families.
Molecular genetics:
FAH gene (chromosomal locus 15q23-25)
All the patients were homozygous for [P261L].
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Usher syndrome type 1
Autosomal recessive USH1B (MIM 276903)
The Usher syndromes are a group of diseases that associate retinitis pigmentosa and
sensorineural deafness. Variation in the severity of the hearing loss and vestibular
response among affected families distinguish between the three different genotypes.
Molecular genetics:
USH1B: MYO7A (chromosomal locus 11q13.5)
Among Jews from North Africa, one mutation Ala826Thr was frequent among Jewish
patients from Algeria and Morocco. In addition, among patients of Moroccan Jewish
origin two other mutations were also present: Gly214 Arg and 2065delC.
In one of the lineages of the Samaritans the disease is due to a stop codon mutation in
MYO7A.
USH1D: CDH23 gene (10q) MIM 605516
The mutation G2744S was found in one sepharadic Jewish family.
USH1C: Harmonin gene (chromosomal locus 11p15.1)
In an Ashkenazi Jewish family (parent non related) children homozygous for the
mutation 238-239insC (Frydman M). The frequency of this mutation among
Ashkenazi Jews is unknown.
A founder mutation c.1220delG was found to be relatively frequent among Jews from
Yemen (carrier frequency 1:119). The patients presented with late onset hearing loss.
USH1F protocadherin-15 PCDH15 gene (chromosomal locus 10q21-q22)
Among Ashkenazi Jews one mutation R245X is frequent: carrier frequency 0.792.48%.
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Usher syndrome type 2
Autosomal recessive (MIM 276901)
The Usher syndromes are a group of diseases that associate retinitis pigmentosa and
sensorineural deafness.
Type 2 Usher syndrome seems to be the most common USH type worldwide. USH2 is
characterized by early onset, moderate-to-severe, stable sensorineural deafness, most
pronounced at the higher frequencies. Onset of RP is postpubertal, and vestibular
function is normal. However, cases of USH2 with progressive hearing loss and=or
vestibular areflexia have also been described.
Molecular genetics:
USH2A Usherin (chromosomal locus 1q41).
• The mutation. c.12067-2A>G was found in three families originating from
Bukhara. Chromosomes harboring the c.12067-2A>G mutation share the same
haplotype of four polymorphic markers that span 946 kb flanking the mutation.
The mutation was not detected in 54 Bukharian Jewish normal control
chromosomes.
• A frameshift mutation, c.239-240insGTAC (p.T80fsX28), was found in
families originating from mainly from Iraq and Iran and in single families from
Afghanistan, and Yemen. Chromosomes harboring the mutation share the
same haplotype that span 423 kb flanking the mutation. c.239-240insGTAC
carrier frequencies of 1.9% and 3.9% were found among Iraqi and Iranian
Jews, respectively. No carriers were detected among 108 Yemenite Jews.
• The nonsense mutation, c.2209C>T (p.R737X) was found in Iraqi and Kurdish
(Iraqi) Jewish families. The chromosomes harboring the c.2209C>T mutation
share the same haplotype that span 250 kb flanking the mutation. The carrier
frequency of c.2209C>T in the Iraqi Jewish population is unknown, since no
carriers were detected among 115 Iraqi Jewish control DNA samples
• In three families originating from North Africa (Morocco and Tunisia) the
c.1000C>T (p.R334W) was identified. Chromosomes harboring the mutation
share the same haplotype that span at least 2.6Mb flanking the mutation. The
carrier frequency was 0.9% for c.1000C>T in the North African Jewish
population
• The mutation c.5519G>T, (p.G1840V) was identified in a North African
Jewish family. The four affected siblings in this family, were compound
heterozygotes
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Usher syndrome type 3
Autosomal recessive (MIM276902)
The Usher syndromes are a group of diseases that associate retinitis pigmentosa and
sensorineural deafness. Variation in the severity of the hearing loss and vestibular
response among affected families distinguish between the three different genotypes.
Molecular genetics:
USH3:USH3 gene (chromosomal locus 3q21-q2)
Among Ashkenazi Jews one mutation N48K is frequent: carrier frequency 0.7% (95%
CI 0-1.6%).
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Vesicoureteral reflux (primary)
Autosomal (MIM 193000)
Vesicoureteral reflux is the retrograde flow of urine from the bladder to the ureters and
the kidneys during micturation. Usually is is isolated (primary) but also may be part of
associated malformations.
The disease has been reported in 6 Ashkenazi Jewish families from the Ultraorthodox
American community (Hassidic Jews)
Molecular genetics:
Linkage to 12p11-q13 in an autosomal recessive model was demonstrated in 16
families including 6 Ashkenazi Jewsih families.
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Walker-Warburg syndrome
Autosomal recessive (MIM 236670)
The association of hydrocephalus with retinal dysplasia has been reported in several
patients and later a syndrome was delineated which includes central nervous system
malformations with dilated thin cortex and lisencephaly type II and encephalocele has
been reported in several cases. The eye abnormalities were first reported as retinal
detachment but include microphthalmia, cataract, immature anterior chamber angle
and retinal dysplasia with or without detachment. In addition, congenital muscular
dystrophy is present in some of the patients.
Epidemiology:
The syndrome has been diagnosed in several Jewish families, in particular in several
Ashkenazi Jewish families
Molecular genetics:
Several genes have been reported to be responsible for the syndrome
FCMD gene (chromosomal locus 19q13.3)
Among Ashkenazi Jews one mutation c.1167_1168insA has been reported in several
families and was found in 2/299 control Ashkenazi Jews.
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Wilson disease
Autosomal recessive (MIM 277900)
Wilson disease is a disorder of copper metabolism that can present with hepatic,
neurological, or psychiatric disturbances, or a combination of these, in individuals
ranging in age from three years to over 50 years. The following types of liver disease
can be observed: recurrent jaundice, simple acute self-limited hepatitis-like illness,
autoimmune-type hepatitis, fulminant hepatic failure, or chronic liver disease.
Neurological presentations include movement disorders (tremors, poor coordination,
loss of fine-motor control, chorea, choreoathetosis) or rigid dystonia (mask-like facies,
rigidity, gait disturbance, pseudobulbar involvement). Psychiatric disturbance includes
depression, neurotic behaviors, disorganization of personality, and, occasionally,
intellectual deterioration. Treatment with copper chelating agents or zinc can prevent
the development of hepatic, neurologic, and psychiatric findings in asymptomatic
affected individuals and can reduce findings in many symptomatic patients.
Diagnosis depends upon the detection of low serum copper and ceruloplasmin
concentrations and increased urinary copper excretion.
Epidemiology:
Wilson disease is not known to be frequent among Jews.
Molecular genetics:
ATP7B gene (chromosomal locus 13q14-q21)
Several mutations were reported:
845delT
Irani, Iraqi
H1069Q
Ashkenazi, Moroccan
E1064A
Ashkenazi
D765N
Yemenite
M645R
Ashkenazi
G1213V
Kurdish
R969Q
Libyan, Tunisian
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Wolman disease
Autosomal recessive (MIM 278000)
The involvement of the viscera is an important feature and death occurred at the
age of about 3 months. The major clinical features are vomiting, diarrhea with
stetorrhea. Hepatosplenomegaly is diagnosed early with hepatic fibrosis and often
esophageal varices. Nutritional failure is evident.
The disease is due to the deficiency of the lysosomal acid lipase A.

Epidemiology:
The disease was first described in several siblings from a family of Iranian Jewish
origin and has been has been diagnosed in several other families of the same origin.
Molecular genetics:
LIPA gene (chromosomal locus 10q24-q25)
The mutation p.G87V (alternatively G66V) was found in 5 out of 162 non affected
Jews from Iran (3.086%)
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Xanthinuria
Autosomal recessive (MIM 278300)
Classical xanthinuria is a rare disorder characterized by excessive excretion of
xanthine in urine. Type I disease results from the isolated deficiency of xanthine
dehydrogenase (XDH), and xanthinuria type II is an autosomal recessive disorder
characterized by deficiency of xanthine dehydrogenase and aldehyde oxidase activities
due to lack of a common sulfido-olybdenum cofactor (MoCo).
Molecular genetics:
Xanthine dehydrogenase, gene XDH (chromosomal locus 2p22-23)
In an Iranian-Jewish family a 1658insC mutation in exon 16 of the XDH gene was
identified
Human Molybdenum Cofactor Sulfurase (HMCS)
A non Ashkenazi patient (Roman Jew/sepharadic Jew) was a compound heterozygous
for c.2326C>T (p.Arg776Cys) and a novel c.1034insA (p.Gln347fsStop379) mutation
in the N-terminal domain of HMCS
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Xeroderma pigmentosum
Autosomal recessive
The disease has been reported in several Jewish families
"The Iraqi form of XP". Several patients affected with a mild variant of xeroderma
pigmentosum (12 families) have been diagnosed among Jews from Iraq and Kurdistan.
The manifestations are mild and the disease is diagnosed in adulthood usually because
of the skin manifestations.
Molecular genetics:
XP genes
XPD
• One Ashkenazi Jewish family R616W and D681N leading to a clinical picture
of COFS cerebro-oculo-facio-skeletal syndrome
•
XPC
•

The same founder mutation p.R683Q was found in Iraqi and Kurdistani
Jewish patients with a mild form of the syndrome
One family of Ashkenazi origin with clinical features of xeroderma
pignentosum was reported.
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Zellweger syndrome
Autosomal recessive (MIM 214100)
Zellweger syndrome is the most severe form of the peroxisome biogenesis disorders.
The clinical presentation in the neonatal period include profound hypotonia,
characteristic facies, seizures, inability to feed, liver cysts with hepatic dysfunction,
and chondrodysplasia punctata. Infants with this condition are significantly impaired
and usually die during the first year of life, having made no developmental progress. .
Epidemiology
The disease is present with a relatively high incidence among Ahkenazi Jews and the
Karaites in Israel.
Molecular genetics
PEX2 (PXMP3) gene
the founder mutation c.355C>T is found with a frequency of 0.813% among the
Ashkenazi Jews
All the Karaite patients are homozygous for 550delC
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Zinc deficiency, transient neonatal
Autosomal dominant (MIM 609617)
In two distinct families: females with zinc deficiency symptoms were born to nonconsanguineous parents of Ashkenazi Jewish descent. The children have been
exclusively breast-fed.
Molecular genetics
SLC30A2 gene
Both mothers were found to carry a heterozygous missense mutation in exon 2 which
substituted a G nucleotide at position 259 to A in the coding region of ZnT-2, thereby
resulting in a glycine to arginine substitution at amino acid 87 (G87R)
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