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MEDICAL GENETICS AROUND THE WORLD

Molecular diagnosis of some common genetic
diseases in Russia and the former USSR:
present and future

V S Baranov

Abstract
The current state of molecular diagnosis
of some common genetic diseases,
including cystic fibrosis, Duchenne mus-
cular dystrophy, haemophilia A and B,
phenylketonuria, and thalassaemia, in
Russia and elsewhere in the former
USSR is reviewed. Data on carrier detec-
tion and prenatal diagnosis are presented
and some objective problems and ob-
stacles hampering efficient molecular
diagnosis -in Russia are discussed. The
necessity for molecular diagnosis ofsome
other inherited diseases (for example,
von Willebrand's disease, Martin-Bell
syndrome, polycystic kidney disease,
Huntington's disease, and myotonic dys-
trophy) is stressed. The need for estab-
lishing new diagnostic centres dealing
with the most common diseases, as well
as rare genetic diseases, is substantiated.
Perspectives on the implementation of
new molecular methods and new techni-
cal approaches (preimplantation embryo
diagnosis, fetal cells selected from
maternal blood) are briefly outlined.
(J7 Med Genet 1993;30:141-6)
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The recent disintegration of the former USSR
into 15 independent states has caused tremen-
dous disorganisation, not only in the economy
as a whole but in all other fields of social life,
including health services and medical genetics
in particular. The devastating consequences of
this largely bloodless revolution for medical
genetics stem primarily from pre-existing
drawbacks in the organisation of medical gen-
etic services throughout the former gigantic
multinational country. Monopolisation of
science by two capital cities, Moscow and
Leningrad (St Petersburg since September
1991), in conjunction with a very unequal and
generally rather low level of routine medical
genetic counselling and laboratory diagnosis,
can primarily be held responsible for this.
An urgent programme of promotion and

improvement of public medical genetic ser-
vices in the USSR was elaborated and offi-
cially approved by the special session of our
Ministry of Health early in 1988. In spite of
definite progress in the screening of newborns

for some inherited diseases, organisation of
numerous (about 115) local medical genetics
committees, inter-regional medical genetics
centres (about 25), as well as the creation of an
All-Union Centre for Medical Genetics, incor-
porating the former Institute of Medical Gen-
etics and a new Institute of Clinical Genetics
in Moscow, modest funding and the absence of
hard currency still significantly hampers pro-
gress in medical genetics throughout the
country. Fortunately, since January 1989,
scientists from the most advanced laboratories
in the USSR (mainly from Moscow and Len-
ingrad and a few from other capitals of the
Union Republics) have gained access to hard
currency through a new State Scientific Pro-
gramme (Human Genome), headed by aca-
demician A A Baev, and launched by the
Academy of Sciences.

Participation in this programme during
1989 and 1990 has provided at least some
scientists with grants partly paid in hard cur-
rency and thus has enabled them to acquire
necessary equipment and reagents indispens-
able for molecular analysis. It is still too early
to estimate the significance of our Human
Genome Programme as a whole, but its im-
portant impact on medical genetic studies in
this country is quite obvious and has been
highly appreciated. Over 50 different medical
genetics projects were funded through the
Human Genome Programme in 1991.
The principal goal of the present paper is to

give an up to date review of molecular
diagnosis for widespread genetic diseases in
Russia and the former USSR, with special
emphasis on the major problems facing our
specialists in medical genetics dealing with
molecular studies.
As several different laboratories are usually

involved in molecular studies of the same com-
mon genetic disease, each unit will be con-
sidered separately, indicating the participation
of each laboratory dealing with a particular
disease.

Cystic fibrosis
Molecular studies of cystic fibrosis (CF) were
launched in 1985 after the author's one month
visit to Great Britain as a WHO student.
Professor Bob Williamson provided recently
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discovered DNA probes which enabled South-
ern blot analysis of RFLPs to be established,
first at the Institute of Experimental Medicine
and, since 1987, in a newly organised labora-
tory for prenatal diagnosis of inherited diseases
at the Institute of Obstetrics and Gynecology,
Academy of Medical Sciences, St Petersburg.
The latter laboratory acquired the status of an
All-Union Centre for prenatal diagnosis of CF
in 1989.

Patterns of allelic polymorphisms in CF
have been analysed by collaborative studies in
native populations from six different regions of
the European part of the former USSR. Signi-
ficant differences were discovered in the Lith-
uanian population (Met, D7S23) as well as the
southern Slavonian populations of Ukrania
and Krasnodar (D7S23).'
CF studies were intensified after identifica-

tion of the gene and the discovery of the major
AF508 mutation. According to our data the
frequency of AF508 in native populations from
the European part of the country varies signi-
ficantly (from 30% in Moldova to 69% in
Ukrania) being, on average, around 50% for
CF patients in the north-west and central parts
of Russia.2

Large scale testing of the AF508 mutation
has become possible after adopting the PCR
technique for dried blood spots on filter
paper.3 Some other interesting innovations of
PCR techniques have been suggested by E
Schwartz's group at the Institute of Nuclear
Physics in St Petersburg.4

Pilot screening studies in St Petersburg (E
Schwartz, Russian Centre for Molecular Dia-
gnosis of Inherited Diseases) and in Ukrania
(L Livshitz, Institute of Molecular Biology
and Genetics, Kiev) favour a relatively low
frequency of AF508 among newborns (1:40).
The other major mutations of the CFTR gene
known to be quite common in western popula-
tions (G551D, R553X, R334W, W1282X,
R551X, 1716+ 12T-*C) are detected only oc-
casionally (1 to 3%) in our CF patients.5
However, CFTR gene mutation 3732delA

(exon 19), recently found in southern France,
was detected in almost 7% of Russian CF
chromosomes in our collaborative studies with
M Dean's laboratory (NIH, NCI, Frederick,
USA).6 Moreover, 1677delTA, originally dis-
covered by our group7 in Georgia (Megrelia
region) turned out to be a major mutation in
the populations of the Black Sea Basin. Three
more new CFTR gene mutations (E504Q exon
10, W1282R exon 19, and S 1196X) have been
recently shown by SSCP analysis followed by
direct sequencing.7
According to these data the search for new

mutations of the CFTR gene in our CF
patients might be highly productive. At least
three different mutations, AF508, 1677delTA,
and 3732delA, might be used both for carrier
detection and prenatal diagnosis of CF in Rus-
sia. These data are of special practical value as
most of the families requesting prenatal dia-
gnosis of CF in this country do not have a
living index child and thus cannot be subjected
to RFLP analysis.

Around 200 prenatal diagnoses for CF have
been carried out so far in the St Petersburg
Centre. In 40 cases this relied exclusively on
molecular analysis, in 72 on molecular studies
plus microvillar enzyme testing, and in the rest
(88 cases) only on the latter. A diagnosis of CF
has been made in 51 fetuses at risk and these
pregnancies were terminated.8

Molecular analysis of CF is carried out in
close collaboration with our centre in the Insti-
tute of Experimental Medicine, Academy of
Medical Sciences, Laboratory of Biochemical
Genetics (phenotype-genotype correlations,
RFLP analysis910), in the Russian Centre for
Molecular Diagnosis of Inherited Diseases
(pilot screening programme, intragenic poly-
morphism studies), both in St Petersburg, in
the Centre of Medical Genetics, Moscow (mu-
tation identification11), and in the Institute of
Molecular Biology and Genetics, Ukrania
Academy of Sciences, Kiev.12

Identification of new major CFTR gene
mutations, specific to our native populations,
as well as RFLP analysis of new intragenic
polymorphisms, such as the recently discov-
ered highly polymorphic minisatellite DNA
sequences in introns 6, 8, and 17b, is helping in
more efficient application of molecular analysis
in CF patients.
As this centre still remains a single unit in

Russia, and even in the whole former USSR,
for prenatal diagnosis of this very common
genetic disease, the foundation of new molecu-
lar diagnostic centres dealing with high risk
CF families is very urgent.

Duchenne muscular dystrophy
Molecular diagnosis of Duchenne muscular
dystrophy (DMD) was started independently
and almost simultaneously by two research
groups, our laboratory in St Petersburg and 0
Evgrafov's group in Moscow (now Laboratory
of Molecular Diagnosis at the Institute of
Clinical Genetics).

Initial studies were carried out with intra-
genic and flanking DNA probes, generously
donated by Drs Kay Davies and T Monaco
(UK) as well as by Drs L Kunkel and M
Koenig (USA). These studies were later sup-
plemented with multiplex polymerase chain
reaction (MPCR) for exon deletion detection
in the dystrophin gene. Both carrier detection
and prenatal diagnosis have been done by the
two groups. According to our collaborative
data,'3 DNA analysis has been provided for
119 at risk families with at least one affected
child, or with an affected close male relative of
a woman at risk of being a heterozygous car-
rier. Most (about 80%) of the families were
represented by a sporadic case. MPCR for 11
different exons ascertained dystrophin gene
deletions in 41% of our patients (49 out of the
total 119). A relatively low deletion detection
rate with the standard set of exons tested by
MPCR, a somewhat unusual pattern of dele-
tion distribution along the DMD cDNA, and a
significant proportion of extensive deletions
extending through the major part of the gene,
substantiated possible population differences
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of DMD mutations in Russian patients com-
pared with published collaborative data.'4
More studies are already in progress both in

St Petersburg and in Moscow to ascertain or to
reject possible population diversity in the pat-
tern of common deletions in the dystrophin
gene and to study their population frequencies
and vulnerability of each exon during germ
cell proliferation and meiotic recombination.
Of 94 families, 76 were found to be informa-

tive by RFLP analysis. Carrier status was
confirmed in 12 and excluded in 21 female
relatives in 21 DMD families. Out of 22 pre-
natal diagnoses, eight affected fetuses were
diagnosed prenatally by direct deletion testing
or by RFLP analysis.
Meanwhile, both carrier detection and pre-

natal diagnosis of DMD are still far from a
final solution in Russia. One of the possible
approaches, not yet tried here so far, concerns
RNA amplification supplemented with MPCR
analysis of cDNA. 5 Of special diagnostic value
for at least some male fetuses at risk might also
be the application of western blotting to
muscle biopsies or direct immunocytochemical
studies of dystrophin in muscle fibres. This
approach might be of great benefit for the
otherwise uninformative DMD families
requesting prenatal diagnosis during the
second trimester of pregnancy.

Haemophilia A
Molecular diagnosis of haemophilia A in Rus-
sia was started in 1987 by our research group
in St Petersburg and by G Soloviev's group in
the All-Union Haematological Centre (Mos-
cow). DNA probes were kindly provided by
Dr J-L Mandel (France) and Drs R Lawn and
E Gitschier (USA). Over 200 at risk families
have already been studied, most of them from
Russia (130) and the rest from haemophilia
centres in other states (Ukrania, Moldova,
Belorussia, Uzbekistan etc).
Highly polymorphic flanking DNA (probe

StI4/TaqI) and intragenic polymorphic sites
HindIII (intron 19), BclI (intron 18), and
XbaI (intron 22) were used both for popula-
tion studies and diagnostic purposes. Some
intragenic polymorphic sites were used for
polymerase chain reaction detection.'6

Frequencies of allelic polymorphisms
studied for both intra- and intergenic probes
in the Slavonian and Uzbekian populations
were found to be very similar and closely
resembled those in western European popula-
tions. Two unusual alleles of the Stl4/TaqI
site have been discovered by our group in some
Slavonian and Uzbekian samples.'7

Carrier status has been confirmed in 43 and
rejected in 49 close female relatives of the
proband in 1 13 families under our supervision.
Haemophilia A has been diagnosed prenatally
in 18 out of 30 cases studied so far by our
group. Several prenatal diagnoses by PCR
have been carried out by the Moscow group in
collaboration with their German colleagues.'8
Mutation identification by SSCP analysis fol-
lowed by direct sequencing of altered exons

and amplification-mismatch detection studies
of the factor VIII gene are now in progress.

Haemophilia B
Intragenic DNA probes available for RFLP
analysis of the factor IX gene were kindly
donated to the author by Professor G Brown-
lee (UK) in 1985. Southern blot RFLP analy-
sis with these probes was later replaced by
PCR for detection of intragenic polymorphic
sites TaqI, XmnI (both in intron C), and
HinfI/DdeI (intron A). Polymorphism identi-
fication was done with original sets of oligo-
primers suggested in collaborative studies with
G Solovijv's group in Moscow.
RFLP analysis of different native populations

has shown an unusual allele (most probably a
large insertion) in the HinfI/DdeI polymorphic
site in two Uzbekian DNA samples.

Carrier status has been proved in 10 and
rejected in six female relatives of affected men
in 18 families at risk. An unusually large dele-
tion extending through both neighbouring
exons G and H has been discovered in one
patient of Slavonian origin.

It should be mentioned that RFLP analysis
is still informative in about 60 to 70% of at risk
families. Thus, direct identification of muta-
tions by means of SSCP analysis or by the
amplification-mismatch detection technique is
adVisable. Both of these approaches are now in
use in our laboratory.

Phenylketonuria
Large scale newborn screening programmes
for phenylketonuria (PKU), either by the
Guthrie test or by an automated fluorescent
assay, was officially recommended by the Min-
istry of Health of the USSR in 1988. Accord-
ing to already available data the frequency of
PKU in newborns varies between 1 in 5000 to
1 in 8000 in different regions, with an average
of around 1 in 6000 (G Zuckerman, Institute
of Medical Genetics, Minsk, Belorussia).
Molecular analysis of PKU in the USSR

was initiated with the cDNA probe of the PAH
gene, generously provided by Dr X Woo
(USA) to Dr V Kalinin (Laboratory of Mo-
lecular Genetics, Institute of Medical Gen-
etics, Moscow). These studies were substan-
tially helped later by the PCR method
introduced in Russia by Dr E Schwartz (Rus-
sian Centre for Molecular Diagnosis of Gen-
etic Diseases, St Petersburg). The fortunate
availability of thermostable DNA polymerase
from Thermus thermophilis, manufactured by
the Institute of Nuclear Physics, Academy of
Science, USSR (St Petersburg) considerably
facilitated a quick spread of the PCR method
throughout the country since 1988.
RFLP analysis of the PAH gene in Russian

Slavonians and in some other populations
(Buryats) showed that the frequency of allelic
polymorphisms for the polymorphic sites
MspI, EcoRI, and HindIII is similar in these
populations and does not differ greatly from
other European populations.'9 New, efficient
detection of point mutations by the limited
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elongation method has recently been suggested
by this group in collaboration with Australian
scientists.20

Allele specific hybridisation supplemented
with direct sequencing of exon 12 of the
PAH gene showed the mutation in codon 408
as well as the exon-intron splicing mutation
to be predominant in Russian Slavonians
(E Schwartz).
More detailed identification of PKU muta-

tions in DNA samples from native USSR
populations is now in progress in collaborative
studies of E Schwartz's Centre with X Woo's
laboratory at Baylor College (USA).2'

Eight of 12 families at risk for PKU were
found to be fully informative for the 408
mutation in our collaborative studies with the
Centre; 11 families at risk requested prenatal
diagnosis and PKU has been confirmed in
three fetuses. These pregnancies were termi-
nated.

P thalassaemia
This genetic disease is confined to some south-
ern republics of the former USSR, in particu-
lar Azerbaijan, Uzbekistan, and Tadjikistan,
where carrier frequencies are estimated to be
around 10% (G Solovjev). Molecular studies
of D thalassaemia were started in 1975 and
were initially confined to mRNA analysis and
its application to deletion detection in the a
globin gene (L Lymborskaya). Detailed mo-
lecular studies with more advanced techniques
were undertaken by G Solovjev's group at the
Scientific Research Haematological Centre
in Moscow and by E Schwartz's Centre in
St Petersburg. RFLP analysis in 32 e thalas-
saemia patients with a severe form of the
disease showed 11 different haplotypes, one of
which was encountered in half of all affected
subjects. This particular haplotype was
actually in strong linkage disequilibrium with
mutations in codon 8. Five different mutations
of the globin gene were discovered in seven
patients from Azerbaijan by PCR followed by
direct sequencing of the amplification pro-
ducts. One of these mutations (deletion of a G
nucleotide between codons 82 and 83) was
found for the first time.22 Oligoprimer sets
suitable for allele specific amplification and
thus for direct identification of i globin gene
mutations in the Azerbaijanian population
have been suggested.23

Large scale screening of blood spots from
pregnant women in Baku (Azerbaijan) has
recently been undertaken and has resulted in
the identification of 66 at risk families (A
Kuliev, Institute of Medical Genetics, Mos-
cow). Prenatal diagnosis of P thalassaemia has
been undertaken in 41 pregnant women and 14
fetuses homozygous for D globin mutations
diagnosed.

Wilson's disease (hepatolenticular
degeneration)
While being quite infrequent (an average fre-
quency in European populations of Russia is
about 1 in 20 000), WD deserves special atten-

tion as for many years it has been thoroughly
studied in the Laboratory of Biochemical Gen-
etics, Institute for Experimental Medicine, in
St Petersburg (Professor S Nejfakh and his
successor Professor V Gaitzkhoki).

Identification and biochemical investiga-
tions of copper binding protein caeruloplasmin
(CP) in Wilson's disease patients were later
extended to CP mRNA and CP gene molecular
analysis.24 However, quite unexpectedly for
this group, these studies failed to disclose any
mutations of the CP gene in patients and thus
indicated that the CP gene is not involved by
itself in Wilson's disease. The later assignment
of WD to chromosome 13 but not to chromo-
some 3 (where the CP gene is located) agreed
with Neifakh's laboratory studies. Curiously
enough, our in situ gene mapping with an
original fragment of rat CP-DNA as a
hybridisation probe disclosed a positive
hybridisation signal not only on chromosome 3
(3q23-25, close to the transferrin gene) but
also on chromosome 13 (13q23-24), that is,
somewhere very close to the still unknown
gene responsible for Wilson's disease.25 Thus
the problem of the molecular nature of Wil-
son's disease is still awaiting a solution.
Meanwhile chromosome 13 is one of the

genome units selected by our Human Genome
Project for detailed molecular analysis. Identi-
fication of the gene for Wilson's disease is one
of the urgent tasks for this project.

a, antitrypsin deficiency
DNA analysis of co, antitrypsin deficiency
(AD) is confined to one laboratory (Laboratory
of Biochemical Genetics, St Petersburg, V
Gaitzkhoki) working in collaboration with
Charles Coutelle's laboratory in Germany
(Berlin). RFLP analysis was carried out in 659
patients with chronic non-specific lung disease
and a substantial preponderance of the abnor-
mal Z allele was found (N Monakhov). An
unusual neutral mutation of the MaeIII site in
exon 3 of the AT gene in 20 to 30% of normal
subjects with the MI allele, as well as its
linkage disequilibrium with the Z allele in AD
patients, was discovered. An allele specific
amplification system for direct detection of the
common mutation in codon 342 ofAD patients
with the Z haplotype was elaborated and tested
(A Schwartzman).

Familial hypercholesterolaemia and
other lipoprotein disorders
Molecular analysis has been confined to 20
families with familial hypercholesterolaemia
(A Schwartzman). No major mutations or re-
arrangements in the low density lipoprotein
receptor gene have been reported so far. RFLP
analysis of different polymorphic sites of the
receptor gene in normal and affected subjects
is in progress.

Correlation of particular genotypes of Apo
CIII, Apo B 100, and Apo Al genes with blood
cholesterol lipoprotein levels in patients with
cardiac ischaemic disease and in the general
population is being studied by E Schwartz's
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Centre in St Petersburg26 and N Mertvetzov's
group in the Institute of Bio-organic
Chemistry in Novosibirsk. A simple approach
based on PCR mediated site directed mutage-
nesis has been suggested for the identification
of the common mutation in codon 3500 of the
apo BiO gene.27

Conclusions
As might be inferred from these data, there are
now at least seven different laboratories in
Russia dealing with the molecular analysis of
around 10 different common genetic diseases.
Many more genetic diseases have recently

become amenable to molecular studies by
these groups owing to the generous donation
of new DNA probes, while even more genetic
disorders can be studied by the much more
efficient and convenient PCR techniques.
Good candidates for molecular studies in
Russia include the following diseases: fragile X
syndrome, polycystic kidney disease, myotonic
dystrophy, von Willebrand disease (St Peters-
burg), Friedreich's ataxia, spinal muscular
atrophy, Huntington's disease, some muco-
polysaccharidoses, adrenogenital syndrome
(O Evgrafov's laboratory at the Institute of
Clinical Genetics in Moscow), in addition to
some forms of diabetes (E Schwartz's Centre
in St Petersburg).
Of these diseases fragile X mental retard-

ation is of special practical and scientific inter-
est. Application of new DNA probes gener-
ously provided by Drs Kay Davies and J-L
Mandel have opened the way for efficient
carrier detection and prenatal diagnosis of
this syndrome. There are already over 20 dia-
gnosed fra (X) families in St Petersburg and
about 70 in Moscow. A programme of active
clinical and laboratory search for new at risk
families and their subsequent molecular analy-
sis is already in progress.
The problem of identification of at risk

families is urgent, not only for the fragile X
syndrome but also for most of the diseases
mentioned above and reflects the overall low
level of medical genetic services in Russia.
This stems both from inadequate medical
genetic counselling and unsatisfactory (very
limited and often inefficient) laboratory dia-
gnostic services. Conspicuous advances in the
molecular diagnosis of some common genetic
diseases on the one hand and the rather primi-
tive routine medical genetic services on the
other, constitute an obvious paradox in medi-
cal genetics in Russia today. As a result, many
at risk families already amenable to molecular
analysis remain unknown and cannot benefit
from molecular advances, while others who are
already diagnosed are not properly informed
about the possibility of prenatal diagnosis and
carrier detection or cannot obtain proper treat-
ment for their disease. Another consequence of
this situation is overdiagnosis of some diseases,
for example, cystic fibrosis, which results in a
flood of blood spotted filters sent to our Centre
only for the purpose of checking for the AF508
mutation.
Another major problem, closely linked with

the former one, is the very limited application
of large scale screening programmes for PKU,
galactosaemia, and hypothyroidism and a com-
plete absence of newborn screening for CF
(immunoreactive trypsin test).
The absence of national and even local uni-

form regional registers of genetic diseases
accessible for computer analysis is another
serious obstacle to the active search and proper
counselling of at risk families. Some promising
attempts to create corresponding automated
registers of inherited diseases have been
undertaken in the Research Institute of Pae-
diatrics and Child Surgery (Moscow), the
Institute of Medical Genetics (Moscow), and
the Institute for Physician Promotion and
Training (Moscow). An automated national
register incorporating information from many
relevant local registers and accessible to medi-
cal geneticists in molecular diagnostic labora-
tories is an urgent need of medical genetic
services in this country.
The clear advances in molecular studies of

genetic diseases in Russia, especially in recent
years, are largely the result of the close inter-
national contact of the above mentioned medi-
cal genetics groups with their colleagues in
western Europe and the USA. The present
critical political and economic situation in our
country, with its effects on medical genetics,
cannot last forever. With the constant support
of our western colleagues and increasing
opportunities for collaborative research pro-
jects, medical geneticists in Russia will do their
best to survive and to surmount this difficult
period in our history with as few losses as
possible.
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