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Hereditary disorders of the neuronal system are some of the most important problems of medicine in the XXI century. 
The most interesting representatives of this group are highly prevalent polyglutamine spinocerebellar ataxias (SCAs). 
It has a basement for quick progression of expansion among different groups all over the World. These diseases are 
SCA1, 2, 3, 6, 7 and 17, which phenotypically belong to one group due to similarities in clinics and genetics. The 
substrate of these genetic conditions is CAG trinucleotide repeat of Ataxin genes which may expand in the course 
of reproduction. For this reason a characteristic feature of these diseases is not only an increase in patient numbers, 
but also a qualitative change in the progression of their neurological symptoms. All these aspects are reflected in the 
structure of the incidence of polyglutamine SCAs, both at the global level and at the level of individual population 
groups. However, most scientific reports that describe the population genetics of polyglutamine SCAs are limited to 
quantitative indicators of a specific condition in a certain area, while the history of the occurrence and principles of 
the distribution of polyglutamine SCAs are poorly understood. This prevents long-term predictions of the dynamics of 
the disease and development of strategies for controlling the spread of mutations in the populations. In this paper we 
make a detailed analysis of the polyglutamine SCAs population genetics, both in the whole world and specifically in 
the Russian Federation. We note that for a better analysis it would be necessary to cover a wider range of populations 
in Africa, Asia and South America, which will be possible with the development of new methods for molecular genetics. 
Development of new methods of detection of polyglutamine SCAs will allow the scientists to better understand how 
they lead to the brain disease, the means of their spread in the population and to develop better methods for therapy 
and prevention of these diseases.
Key words: spinocerebellar ataxia; polyglutamine diseases; population genetics; epidemiology.

For citation: Shuvaev A.N., Belozor O.S., Smolnikova M.V., Yakovleva D.A., Shuvaev Andr.N., Kazantseva O.M., Pozhilen-
kova E.A., Mozhei O.I., Kasparov S. Population genetics of spinoсerebellar ataxias caused by polyglutamine expan-
sions. Vavilov skii Zhurnal Genetiki i Selektsii = Vavilov Journal of Genetics and Breeding. 2019;23(4):473-481. DOI  
10.18699/VJ19.516

Популяционная генетика полиглутаминовых 
спиноцеребеллярных атаксий
А.Н. Шуваев1 , О.С. Белозор1, М.В. Смольникова1, 4, Д.А. Яковлева2, Андр.Н. Шуваев2, О.М. Казанцева3, 
Е.А. Пожиленкова1, О.И. Можей5, С. Каспаров5, 6

1 Красноярский государственный медицинский университет имени профессора В.Ф. Войно-Ясенецкого Министерства здравоохранения Российской 
Федерации, НИИ молекулярной медицины и патобиохимии, Красноярск, Россия

2 Сибирский федеральный университет, Красноярск, Россия 
3 Красноярский краевой медико-генетический центр, Красноярск, Россия 
4 Федеральный исследовательский центр «Красноярский научный центр Сибирского отделения Российской академии наук»,  

НИИ медицинских проблем Севера, Красноярск, Россия 
5 Балтийский федеральный университет им. И. Канта, Калининград, Россия
6 Университет Бристоля, Бристоль, Великобритания

 e-mail: shuvaevanton2016@gmail.com

Наследственные заболевания нервной системы – одна из наиболее актуальных проблем медицины XXI века. 
Особо выделяются те, которые доминируют в этой группе. К таким заболеваниям, безусловно, можно отнести 
полиглутаминовые спиноцеребеллярные атаксии (СЦА), имеющие в своей основе молекулярные механизмы 
быстро прогрессирующей экспансии среди различных групп населения нашей планеты. Это СЦА1, 2, 3, 6, 7 и 17, 
фенотипически объединенные в одну группу по принципу развития мозжечковой атаксии вследствие специ-
фических генетических причин. Субстратом данных генетических заболеваний является ЦАГ тринуклеотидная 
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последовательность (цитозин-аденин-гуанин), которая имеет тенденцию к увеличению при передаче генома 
последующим поколениям. Поэтому характерная особенность этих заболеваний – не только количественное 
увеличение больных, но и качественное изменение течения их неврологической симптоматики. Все это отра-
жается в структуре заболеваемости полиглутаминовыми СЦА как на глобальном общемировом уровне, так и на 
уровне отдельных групп населения конкретных регионов. Однако большинство работ, посвященных популяци-
онной генетике полиглутаминовых СЦА, ограничиваются количественными показателями конкретной нозоло-
гии на определенной территории, тогда как история возникновения и принципы распространения полиглута-
миновых СЦА на сегодняшний день исследованы недостаточно хорошо. Это не позволяет делать долгосрочные 
прогнозы относительно динамики в последующих поколениях и управлять мутагенным процессом. В настоящей 
работе представлен детальный анализ популяционной генетики полиглутаминовых СЦА, выведены общие гене-
тические и частные закономерности их развития и особенности популяционной динамики в мире и в Россий-
ской Федерации. Обозначены проблемы в исследовании и выявлении таких заболеваний. Для лучшего понима-
ния необходимо охватить широкий пласт популяций Африки, Азии и Южной Америки, что будет возможно при 
развитии новых методов молекулярной генетики. Такой подход к исследованию полиглутаминовых СЦА поз во-
ляет обозначить их место в контексте генетических заболеваний головного мозга и определить особенности 
распространения и методов генетической профилактики.
Ключевые слова: спиноцеребеллярная атаксия; полиглутаминовые заболевания; популяционная генетика; 
 эпидемиология.

Introduction
In 1991 a new type of mutations in the human genome was 
discovered, the so-called “dynamic mutations”. These muta-
tions cause an increase in the number of copies (expansion) of 
the simple repeating sequences (Kremer et al., 1991; Warren 
1996). As was revealed later, there are numerous simple (CAG, 
GCG, GCC, GAA, CTG) (Verkerk et al., 1991; Brook et al., 
1992; Matilla et al., 1993; Kawaguchi et al., 1994; Koide et 
al., 1994; Gedeon et al., 1995; Campuzano et al., 1996; David 
et al., 1997; Zhuchenko et al., 1997; Babovic-Vuksanovic et 
al., 1998; Brais et al., 1998; Xiang et al., 1998; Vincent et al., 
2000; O’Hearn et al., 2001), and more complex repetitive 
sequences (CTGG, ATTCT, CCCCGCCCCGCG) (Lalioti 
et al., 1997; Liquori et al., 2001; Potaman et al., 2003). The 
most common and heterogeneous group of such diseases is the 
group caused by expansion of CAG triplet in relevant genes 
(Table 1). CAG encodes the amino acid glutamine, so these 
diseases are called “polyglutamine” (Zoghby, Orr, 1999).

Today, we know of at list nine such conditions. The first one, 
which was described in 1991, linked to CAG expansion and 
causing the progressing degeneration of motor neurons, was 
the spinal and bulbar muscular atrophy (SBMA), or Kennedy’s 
disease (La Spada et al., 1991). Subsequently also this patho-
logical mechanism has been found in eight other diseases, 
including Huntington’s disease (HD) in the huntingtin gene, 
dentato-rubral-pallido-luysian atrophy (DRPLA or Haw River 
syndrome) in the ATN1 gene, and six types of spinocerebel-
lar ataxias (SCA1, 2, 3, 6, 7, and 17) (Gardian et al., 2005).

Among all polyglutamine diseases there, SCAs have the 
most similar pathophysiology, progression and clinical signs. 
Their genetics, however, is not identical (see Table 1). 

Features of mutagenesis in polyglutamine SCA 
progression
Mechanisms of mutagenic process are dramatically different 
from those of the static mutations. This explains the dominance 
of polyglutamine SCAs over SCAs caused by static mutations. 
In comparison to point mutations, which occur spontaneously 
and stochastically, dynamic mutations have a substrate, the 
CAG sequence, which initially is repeated only several times 
(Dunnen, 2017). CAG sequence expansion usually takes 
place during mitosis of somatic and germ cells. Trinucleotide 

repeat expansion occurs by replication-dependent (Kovtun, 
McMurray, 2001), and reparation-dependent (Kovtun et al., 
2007) mechanisms. These disturbances are the cause of the 
phenomenon called “anticipation”, when the disease occurs 
progressively earlier and is more severe in subsequent genera-
tions. It was discovered that, the longer the allele is, the more 
unstable it becomes. The average number of CAG repeats 
expanded during reproduction depends on the SCA type (from 
+0.5 CAG repeats in SCA3 to +12 CAG repeats in SCA7) 
(Stevanin et al., 2000). Paternal alleles are more unstable 
during transmission which is probably due to a larger number 
of mitotic divisions during sperm cell maturation compared 
to oocytes during gametogenesis. However, it could also be 
linked with decreases in repair DNA protein concentration 
and activity (Pearson et al., 2005).

The prevalence of polyglutamine SCAs
The total morbidity of polyglutamine SCAs is dramatically 
variable and varies around 1–9 per 100.000 with more accurate 
accounts being 4–5 per 100.000. 

SCA1 is observed, approximately, at a frequency of 1–2 
people per 100.000 of “general” population (Manto, 2005). 
SCA2 has been revealed in 14 % of cases of all SCAs, which 
makes up about 0.6 per 100.000 population (Cancel et al., 
1997; Geschwind et al., 1997a; Riess et al., 1997). SCA3 at 
some areas is the most common autosomal dominant SCA 
(Schols et al., 2004; Bauer et al., 2005). The frequency of 
SCA3 is ~1.5–2 persons per 100.000 population (van de 
Warrenburg et al., 2002). The world-wide incidence of SCA6 
comes near 0.02–0.31 per 100.000 population (Geschwind 
et al., 1997b; Ikeuchi et al., 1997; Matsumura et al., 1997; 
Matsuyama et al., 1997; Riess et al., 1997; Stevanin et al., 
1997; Schöls et al., 1998; Pujana et al., 1999; Jiang et al., 
2005). The incidence of SCA7 in several studies was 2 % of 
all SCAs, but according to the most accurate calculations it 
is 0.05–0.2 (an average 0.08) per 100.000 (Filla et al., 2000; 
Storey et al., 2000). Less than 100 families with SCA17 have 
been described to date (~0.0015 per 100.000) (Maruyama et 
al., 2002; Alendar et al., 2004; Craig et al., 2005) (Figure, а).

Overall, about 60 % of all clinical SCAs are polyglutamine 
SCAs, while the other identified and accurately diagnosed 
forms comprise less than 5 %. It is therefore important to note 
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that 35–40 % of SCAs have no established genetic base and 
are only characterized by the phenotype (Bird, 1998; Jayadev, 
Bird, 2013). At the same time, among polyglutamine SCAs, 
SCA1 and SCA3 comprise 2/3 of all registered cases (37 and 
42 % respectively) (see Figure, а).

Polyglutamine SCAs prevalence rate in Russia
Research into polyglutamine diseases in Russia has been car-
ried out for over 20 years. The prevalence of polyglutamine 
SCAs in Russia is similar to those in the European populations, 
but there are also differences. From 105 Russian families (ex-
cepting the Yakut population) with polyglutamine diseases, 
SCA1, 2, 3, 6, 7 and 17 was diagnosed in 61 families. The 
prevalence of SCAs are: SCA1, 28 families (46 %); SCA2, 
21 (34.4 %); SCA3, 7 (11.5 %); SCA6, 1 family; and SCA7, 
1 family (per 1.6 %). SCA17 was found in 3 families (Klyush-
nikov et al., 2016, 2017). Thus, characteristic in the Russian 
population is a low incidence of SCA3, while in populations of 
the USA and Japan it is the most frequent pathology (Klyush-
nikov et al., 2008). Notably, the prevalence of SCA17 is very 
high in comparison to the distribution in global population.

It is interesting that the preponderance of SCA1 over SCA3 
is common in yet another population of the Eastern Europe, 

Poland. The morbidity of polyglutamine SCAs in Polish popu-
lation is as follows: SCA1, 83.6 %; SCA2, 13.9 %; SCA3, 
0.6 %; and SCA17, 1.8 % (Krysa et al., 2016).

Genetic aspects of the origin and expansion 
of polyglutamine SCAs genesis
Advancements in population genetics and paleogenetics have 
allowed scientists to trace when polyglutamine SCAs appeared 
in the human population. The mutation of a gene is quite an 
unusual phenomenon, therefore such diseases are character-
ized by the presence of the founder, the person who for the 
first time gained a certain mutation and became the origin of 
the unique genetic profile called “haplotype”. Analyses of 
haplotypes help reveal the dynamics, common factors that af-
fect the disease and predict the development of this pathology 
in the future. In polyglutamine SCAs, several haplotypes of 
founders were traced, with at least 2–3 separate haplotypes in 
each population (Lund et al., 2001; Bettencourt, Lima, 2011) 
(see Figure, b and Table 2). Usually, the mytation rate is higher 
and/or the mutation is older when it can be detected in wider 
populations or when it can be detected with a higher incidence 
(Lund et al., 2000; Bettencourt, Lima, 2011). However, due to 
the “anticipation” phenomenon, these two factors are mutually 

Worldwide distribution of polyglutamine SCAs.
a – the pie chart shows the percentage ratio of each polyglutamine SCA relative to the total number calculated per 100.000 
population (SCA17 is only 0.037 % of the total, this value is not seen in the graph); b – on the World map is shown the place of 
occurrence of corresponding disease haplotype (black and white circles).

Table 1. Molecular characteristics of polyglutamine SCAs

Disease Locus Gene Protein Polyglutamine chain

Norma Pathology

SCA1 6p23 Atxn1 Ataxin-1    6–39 41–83

SCA2 12q24 Atxn2 Ataxin-2 14–32 34–77

SCA3 14q24-q31 Atxn3 Ataxin-3 12–40 55–86

SCA6 19p13 CACNA1A α1A P/Q Ca2+ channel    4–18 21–33

SCA7 3p21–p12 Atxn7 Ataxin-7    7–18 37–306

SCA17 6q27 TBP TATA-box-binding protein 25–43 45–63
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Table 2. Worldwide distribution of poliglutamine SCAs

Mutation rate SCA Haplotype Place of inhabitance References

Slow  
(time of origin 
80.000 years ago 
and later)

SCA3 Asiatic Taiwan, India, Japan, Australia Gaspar et al., 2001;  
Verbeek et al., 2004

Portuguese (global distribution due to 
the great geographical discoveries)

North America, Germany, France, 
Portugal, Brazil, India, China, Australia

Bettencourt, Lima, 2011; 
Martins et al., 2012

Cambodian (possibly a variation  
of the Portuguese haplotype)

Cambodia, United States Jayadev et al., 2006

SCA6 Paleolithic (before the division  
of humanity into races)

England, Japan, Brazil, Finland Craig et al., 2008

German North Rhine-Westphalia Dichgans et al., 1999

Japanese Tottori Prefecture Mori et al., 2001

Fast
(time of origin 
900 years ago 
and later)

SCA1 Japanese Miyagi and Yamagata Prefectures Wakisaka et al., 1995;
Zhou et al., 2001

Yakut Russia (Yakutia), China Gouriev, 2004; Osakovsky  
et al., 2004; Zhou et al., 2001

Hindustani India (Bihar) Mittal et al., 2005;  
Sinha et al., 2004

Tamil India (Tamil Nadu) Mittal et al., 2005;  
Rengaraj et al., 2005

Western Cape (3 haplotype  
may be present at once)

South Africa (Western Cape) Ramesar et al., 1997

Spanish Girona, Catalonia Pujana et al., 1999

Italian Southern Italy Jodice et al., 1993

Eastern European Russia, Ukraine, Belarus Popova et al., 2001

Bashkir Republic of Bashkiria »
Polish Wielkopolska and Lodz Voivodeship Krysa et al., 2016

SCA2 Western European Germany, France Didierjean et al., 1999

Pan-European France, Germany, Serbia »
North African Morocco, Libya »
Caribbean Jamaica, Cuba »
Indian India (Bihar) Choudhry et al., 2001

Japanese Gunma Prefecture Mizushima et al., 1998

SCA7 Haplotype of Continental Europe Belgium, Finland, France, Germany, 
Sweden and UK

Stevanin et al., 1999

Italian Italy »
Asiatic Korea and Philippines »
Middle Eastern Israel »
Anglo-Saxon UK, USA »
North African Algeria, Morocco, Tunisia »
South American Brazil »
Scandinavian Sweden Jonasson et al., 2000

South African South African Greenberg et al., 2006

SCA17 Japanese Niigata Prefecture Koide et al., 1999

German (high instability of CAG repeats) Northern Germany Zühlke et al., 2005

German (low instability of CAG repeats) Germany De Michele et al., 2003; 
Zühlke et al., 2003

exclusive in polyglutamine SCAs. This conclusion could be 
suspected by comparing the haplotype numbers and SCA time 
of origin (see Table 2). 

According to the mutation speed, age of clinical presenta-
tion and time of origin, polyglutamine SCAs can be divided 
conditionally into two groups. The first comprises diseases 

with early presentation and low speed of mutations, SCA3 
and SCA6. 2–3 haplotypes are known for each polyglutamine 
disease. 

In the case of SCA6, the size of the area occupied by the 
diseased population directly correlates with the time of its 
origin. The worldwide distribution of this pathology charac-
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terized by a very low degree of mutation can be linked to 
the presence of a Paleolithic haplotype which arose before 
the division of humanity into races (about 80.000 years ago) 
(Craig et al., 2008). The Asiatic haplotype of SCA3 arose in 
the prehistoric period (about 7.000 years ago). People with 
this haplotype live in South and Southeast Asia, and also in 
northeastern part of Australia (Martins et al., 2012). However, 
the worldwide distribution of SCA3 is explained differently. 
The Portuguese haplotype arose ~1400 years ago and was local 
until the era of great geographical discoveries (Bettencourt, 
Lima, 2011). The active exploration of the World Ocean by the 
Portuguese resulted in this haplotype quickly spreading to the 
countries of Asia and the New World (Martins et al., 2012). 
While these haplotypes make a significant contribution to the 
incidence of SCA3 and SCA6, there are also “younger” local 
haplotypes all over the World (Dichgans et al., 1999; Mori et 
al., 2001; Jayadev et al., 2006).

The widespread distribution of SCA1, SCA2, SCA7 and 
SCA17 in the world population is due to a different reason 
than SCA3, SCA6. These diseases are characterized by a high 
level of mutations. The mutations that cause these diseases are 
relatively young: in most cases, they are present only in 1–20 
generations and are common within various ethnic groups. 
Patients with these polyglutamine SCAs exhibit numerous 
haplotypes, in some cases these are just individual haplotypes 
in a single population.

SCA1 is distributed worldwide, however, the main propor-
tion are local haplotypes. It could be seen clearly in popula-
tions of islands and remote areas with low migration rates 
(Wakisaka et al., 1995; Wadia et al., 1998; Sinha et al., 2004; 
Mittal et al., 2005; Rengaraj et al., 2005). In other regions, such 
as Eastern Europe, migration was always high and it lead to 
the spread of SCA1 to different parts of the Eurasian continent. 
The prevalence of SCA1 in the Russian population is due to 
the presence of three specific haplotypes (Eastern European, 
Yakut and Bashkir) (Popova et al., 2001; Gouriev, 2004).

The same tendency could be seen in other polyglutamine 
SCAs with high mutation rates (SCA2, SCA7 and SCA17). 
Here there is a large number of “young” haplotypes all over 
the World (Mizushima et al., 1998; Didierjean et al., 1999; 
Koide et al., 1999; Stevanin et al., 1999; Jonasson et al., 2000; 
Choudhry et al., 2001; De Michele et al., 2003; Zühlke et al., 
2003, 2005; Greenberg et al., 2006). There are huge “white 
spots” on the World Map, which may contain a large number 
of yet unknown haplotypes of the polyglutamine SCAs with 
unique genetic signatures and clinical features. Within Africa, 
the northern and southern parts are relatively well studied, 
and several haplotypes were found among peoples living in 
these territories (Ramesar et al., 1997; Stevanin et al., 1999; 
Greenberg et al., 2006), whereas the central part of Africa 
remains completely unexplored.

The data obtained by Japanese researchers confirm that the 
incidence of polyglutamine SCA is not static, it is a dynamic 
process that continues and changes continuously. For example, 
a Japanese girl with SCA17 from Niigata Prefecture was 
described who had a de novo duplication from her father’s 
allele (Koide et al., 1999). Therefore, she could be “founder” 
of a new haplotype.

The study of the haplotypes of polyglutamine SCA is 
important for practical medicine. In the German population, 

there are two haplotypes of SCA17. The first haplotype is 
characterized by a high instability of CAG repeats during 
transmission (Zühlke et al., 2005). The second haplotype is 
more stable (De Michele et al., 2003; Zühlke et al., 2003). For 
this reason, the identification of a haplotype is important not 
only for assessing the incidence in a single population, but 
also for predicting the course of the disease and for medical-
genetic counseling of patients.

Isolation as a factor in the incidence  
of polyglutamine SCAs enhancement 
Isolation is a strong factor contributing to polyglutamine 
SCAs. Isolation could be seen not only in areas with a low 
migration history due to the remoteness of the place or ethnic 
characteristics, but also it could be linked to traditions leading 
to closely related marriages (Dedov et al., 2004; Maximova 
et al., 2008). The most vivid example of natural isolation is 
the population of the small island named Flores of the Azores 
archipelago, where there is the highest incidence of SCA3 in 
the world, 1 of 140 people (Lima et al., 1998). Another striking 
case of natural isolation is the larger Yakut population, where 
the incidence of SCA1 is about 46 cases per 100 thousand 
population (Platonov et al., 2016). Until the XX century, the 
population of the Japanese islands remained in relative isola-
tion from other peoples. Confirmation of this can be found in 
the official data of SCA1 incidence in Miyagi and Yamagata 
Prefectures where the migration rate is the lowest in Japan 
(Wakisaka et al., 1995). However, geo graphical isolation is 
always a relative phenomenon. Thus, in China, not only Chi- 
 nese but also Yakut and Japanese haplotypes have been re-
ported (Zhou et al., 2001).

However, a high level of genetic isolation of a certain group 
of people may be due not only to geographical factors. The 
ethological (cultural, ethnic etc.) isolation of small popula-
tions in India, who obey a cast system, also leads to impres-
sive consequences. Thus, SCA1, which is uncharacteristic of 
India, is observed in Tamil families living exclusively in two 
villages of Rajapalayam and Kottamedu of Tamil Nadu state, 
with an incidence of 1 SCA1 patient per 15 healthy residents 
(Rengaraj et al., 2005). In general, isolation has no global 
effect on morbidity (Mori et al., 2001), but it is a decisive 
factor for a specific group of people who live for a long time 
in the same territory.

Conclusions
Polyglutamine SCAs have appeared a long time ago and are 
spread all over the World. Insufficient information on poly-
glutamine SCAs does not allow accurate determination of the 
incidence and prevalence among some population groups. 
Extensive regions such as Africa, India, Southeast Asia, remain 
virtually unexplored in terms of these diseases. However, 
ana lysis of available data from population genetics reveals 
a number of features of polyglutamine SCAs. The common 
features with other hereditary diseases are the presence of the 
founder, the dependence of the prevalence on the age of the 
mutation and the frequency of mutagenesis, as well as the 
prevalence of SCAs in isolated populations. The specifics of 
SCAs is determined by their mechanism since they occur not 
due to spontaneous mutagenesis but result from duplications 
of pre-existing CAG repeats. This mechanism explains the 
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prevalence of polyglutamine SCAs over others SCAs in the 
global population, and also the phenomenon of “anticipation”. 
The anticipation needs to be taken into account in order to 
explain the dependence of the time of presentation of the 
disease on the rate of mutation.

One may speculate that 5–7 thousand years ago mainly 
diseases with a low mutation rate (SCA3 and SCA6 ) were 
present, since types with high rates (SCA1, SCA2, SCA7 and 
SCA17 ) lead to a rapid elongation of CAG repeats and the 
manifestation of the disease at younger ages in subsequent 
generations, which inevitably leads to the exclusion of the 
affected individuals from the process of reproduction.

The study of polyglutamine SCAs from the point of view 
of population genetics makes it possible to better determine 
their place in the context of genetic diseases of the brain and 
to understand the biological, ethnic and social features of 
these diseases. The development of molecular genetics will 
allow the scientists to cover, in the future, a wide range of 
populations in Africa, Asia and South America, which might 
not only change our understanding of the time and pattern 
of distribution of polyglutamine SCAs, but also reveal new 
mechanisms of the mutation process and disease progression.

References
Alendar A., Euljkovic B., Savic D., Djarmati A., Keckarevic M., Ris-

tic A., Dragasevic N., Kosic V., Romac S. Spinocerebellar ataxia type 
17 in the Yugoslav population. Acta Neurol. Scand. 2004;109:185-
187. https://www.ncbi.nlm.nih.gov/pubmed/14763955.

Babovic-Vuksanovic D., Snow K., Patterson M.C., Michels V.V. Spino-
cerebellar ataxia type 2 (SCA 2) in an infant with extreme CAG re-
peat expansion. Am. J. Med. Genet. 1998;79:383-387. https://www.
ncbi.nlm.nih.gov/pubmed/9779806.

Bauer P.O., Zumrova A., Matoska V., Marikova T., Krilova S., Bo-
day A., Singh B., Goetz P. Absence of spinocerebellar ataxia type 3/
Machado-Joseph disease within ataxic patients in the Czech popu-
lation. Eur. J. Neurol. 2005;12(11):851-857. https://www.ncbi.nlm.
nih.gov/pubmed/16241973.

Bettencourt C., Lima M. Machado-Joseph Disease: from first descrip-
tions to new perspectives. Orphanet J. Rare Dis. 2011;6:35. DOI 
10.1186/1750-1172-6-35. https://www.ncbi.nlm.nih.gov/pubmed/ 
21635785.

Bird T.D. Hereditary Ataxia Overview. 1998. Oct. 28 [Updated 2018 
Sep. 27]. Eds. M.P. Adam, H.H. Ardinger, R.A. Pagon, S.E. Wallace, 
L.J.H. Bean, K. Stephens, A. Amemiya. GeneReviews® [Internet]. 
Seattle (WA): University of Washington, Seattle; 1993-2019. Avail-
able from: https://www.ncbi.nlm.nih.gov/books/NBK1138/. 

Brais B., Bouchard J.P., Xie Y.G., Rochefort D.L., Chretien N., 
Tome F.M., Lafreniere R.G., Rommens J.M., Uyama E., Nohira O., 
Blumen S., Korczyn A.D., Heutink P., Mathieu J., Duranceau A., 
Codere F., Fardeau M., Rouleau G.A., Korcyn A.D. Short GCG 
expansions in the PABP2 gene cause oculopharyngeal muscular 
dystrophy. Nat. Genet. 1998;18:164-167. https://www.ncbi.nlm.nih.
gov/pubmed/9462747.

Brook J.D., McCurrach M.E., Harley H.G., Buckler A.J., Church D., 
Aburatani H., Hunter K., Stanton V.P., Thirion J.P., Hudson T., 
Sohn R., Zemelman B., Snell R.G., Rundle S.A., Crow S., Da-
vies J., Shelbourne P., Buxton J., Jones C., Juvonen V., Johnson K., 
Harper P.S., Shaw D.J., Housman D.E. Molecular basis of myo-
tonic dystrophy: expansion of a trinucleotide (CTG) repeat at the 
3′-end of a transcript encoding a protein kinase family member. 
Cell. 1992;68(4):799-780. https://www.ncbi.nlm.nih.gov/pubmed/ 
1310900.

Campuzano V., Montermini L., Moltò M.D., Pianese L., Cossée M., 
Cavalcanti F., Monros E., Rodius F., Duclos F., Monticelli A., Zara F., 
Cañizares J., Koutnikova H., Bidichandani S.I., Gellera C., Brice A., 

Trouillas P., De Michele G., Filla A., De Frutos R., Palau F., Patel P.I., 
Di Donato S., Mandel J.L., Cocozza S., Koenig M., Pandolfo M. 
Friedreich’s ataxia: autosomal recessive disea se caused by an intro-
nic GAA triplet repeat expansion.  Science. 1996;271(5254):1423-
1427. https://www.ncbi.nlm.nih.gov/pubmed/ 8596916.

Cancel G., Dürr A., Didierjean O., Imbert G., Bürk K., Lezin A., 
Belal S., Benomar A., Abada-Bendib M., Vial C., Guimarães J., 
Chneiweiss H., Stevanin G., Yvert G., Abbas N., Saudou F., Le-
bre A.S., Yahyaoui M., Hentati F., Vernant J.C., Klockgether T., 
Mandel J.L., Agid Y., Brice A. Molecular and clinical correlations in 
spinocerebellar ataxia 2: a study of 32 families. Hum. Mol. Genet.  
1997;6(5):709-715. https://www.ncbi.nlm.nih.gov/pubmed/9158145.

Choudhry S., Mukerji M., Srivastava A.K., Jain S., Brahmachari S.K. 
CAG repeat instability at SCA2 locus: anchoring CAA interrup-
tions and linked single nucleotide polymorphisms. Hum. Mol. Ge-
net. 2001;10(21):2437-2446. https://www.ncbi.nlm.nih.gov/pubmed/ 
11689490.

Craig K., Keers S.M., Walls T.J., Curtis A., Chinnery P.F. Minimum 
prevalence of spinocerebellar ataxia 17 in the north east of England. 
J. Neurol. Sci. 2005;239:105-109. DOI 10.1016/j.jns.2005.08.009. 
https://www.ncbi.nlm.nih.gov/pubmed/16223509.

Craig K., Takiyama Y., Soong B.W., Jardim L.B., Saraiva-Pereira M.L., 
Lythgow K., Morino H., Maruyama H., Kawakami H., Chinnery P.F. 
Pathogenic expansions of the SCA6 locus are associated with a 
common CACNA1A haplotype across the globe: founder effect or 
predisposing chromosome? Eur. J. Hum. Genet. 2008;16:841-847. 
DOI 10.1038/ejhg.2008.20. https://www.ncbi.nlm.nih.gov/pubmed/ 
18285829.

David G., Abbas N., Stevanin G., Durr A., Yvert G., Cancel G., We-
ber C., Imbert G., Saudou F., Antoniou E., Drabkin H., Gemmill R., 
Giunti P., Benomar A., Wood N., Ruberg M., Agid Y., Mandel J.L., 
Brice A. Cloning of the SCA7 gene reveals a highly unstable CAG 
repeat expansion. Nat. Genet. 1997;17:65-70. https://www.ncbi.nlm.
nih.gov/pubmed/9288099.

De Michele G., Maltecca F., Carella M., Volpe G., Orio M., De Fal-
co A., Gombia S., Servadio A., Casari G., Filla A., Bruni A. De-
mentia, ataxia, extrapyramidal features, and epilepsy: phenotype 
spectrum in two Italian families with spinocerebellar ataxia type 17. 
Neurol. Sci. 2003;24:166-167. DOI 10.1007/s10072-003-0112-4. 
https://www.ncbi.nlm.nih.gov/pubmed/14598069.

Dedov I.I., Kalinchenko N.Y., Semicheva T.V., Tyulpakov A.N., Peter-
kova V.A., Prasolov V.S., Rubtsov P.M., Sverdlova P.S., Kuznetso-
va E.S., Bakanova T.D. Molecular analysis of CYP21 gene in 
patients with inborn dysfunction of epinefral glands with 21-hydro-
xylase deficite. Problems of Endocrinology. 2004;4:3-6. http://www.
fesmu.ru/elib/Article.aspx?id=112879. (in Russian). 

Dichgans M., Schöls L., Herzog J., Stevanin G., Weirich-Schwaiger H., 
Rouleau G., Bürk K., Klockgether T., Zühlke C., Laccone F., Riess O., 
Gasser T. Spinocerebellar ataxia type 6: evidence for a strong found-
er effect among German families. Neurology. 1999;52(4):849-851. 
https://www.ncbi.nlm.nih.gov/pubmed/10078738.

Didierjean O., Cancel G., Stevanin G., Dürr A., Bürk K., Benomar A., 
Lezin A., Belal S., Abada-Bendid M., Klockgether T., Brice A. Link-
age disequilibrium at the SCA2 locus. J. Med. Genet. 1999;36:415-
417. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1734371/.

Dunnen D. Trinucleotide repeat disorders. Handb. Clin. Neurol. 2017; 
145:383-391. DOI 10.1016/B978-0-12-802395-2.00027-4. https://
www.ncbi.nlm.nih.gov/pubmed/28987184.

Filla A., Mariotti C., Caruso G., Coppola G., Cocozza S., Castaldo I., 
Calabrese O., Salvatore E., De Michele G., Riggio M.C., Parey-
son D., Gellera C., Di Donato S. Relative frequencies of CAG ex-
pansions in spinocerebellar ataxia and dentatorubropallidoluysian 
atrophy in 116 Italian families. Eur. Neurol. 2000;44:31-36. https://
www.ncbi.nlm.nih.gov/pubmed/10894992.

Gardian G., Browne S.E., Choi D.K., Klivenyi P., Gregorio J., Kubi-
lus J.K., Ryu H., Langley B., Ratan R.R., Ferrante R.J., Beal M.F. 
Neuroprotective effects of phenylbutyrate in the N171-82Q trans-
genic mouse model of Huntington’s disease. J. Biol. Chem. 2005; 



Популяционная генетика полиглутаминовых 
спиноцеребеллярных атаксий

А.Н. Шуваев, О.С. Белозор, М.В. Смольникова … 
Е.А. Пожиленкова, О.И. Можей, С. Каспаров

2019
23 • 4

479генетика человека / human genetics

280(1):556-563. DOI 10.1074/jbc.M410210200. http://www.jbc.
org/content/280/1/556.long.

Gaspar C., Lopes-Cendes I., Hayes S., Goto J., Arvidsson K., Dias A., 
Silveira I., Maciel P., Coutinho P., Lima M., Zhou Y.X., Soong B.W., 
Watanabe M., Giunti P., Stevanin G., Riess O., Sasaki H., Hsieh M., 
Nicholson G.A., Brunt E., Higgins J.J., Lauritzen M., Traneb-
jaerg L., Volpini V., Wood N., Ranum L., Tsuji S., Brice A., Se-
queiros J., Rouleau G.A. Ancestral origins of the Machado-Joseph 
disease mutation: a worldwide haplotype study. Am. J. Hum. Genet. 
2001;68:523-528. DOI 10.1086/318184. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC1235286/.

Gedeon A.K., Meinanen M., Ades L.C., Kaariainen H., Gecz J., Ba-
ker E., Sutherland G.R., Mulley J.C. Overlapping submicroscopic 
deletions in Xq28 in two unrelated boys with developmental dis-
orders: Identification of a gene near FRAXE. Am. J. Hum. Genet. 
1995;56:907-914. https://www.ncbi.nlm.nih.gov/pubmed/7536393.

Geschwind D.H., Perlman S., Figueroa C.P., Treiman L.J., Pulst S.M. 
The prevalence and wide clinical spectrum of the spinocerebellar 
ataxia type 2 trinucleotide repeat in patients with autosomal domi-
nant cerebellar ataxia. Am. J. Hum. Genet. 1997a;60:842-850. 
https://www.ncbi.nlm.nih.gov/pubmed/9106530.

Geschwind D.H., Perlman S., Figueroa K.P., Karrim J., Baloh R.W., 
Pulst S.M. Spinocerebellar ataxia type 6. Frequency of the mutation 
and genotype-phenotype correlations. Neurology. 1997b;49:1247-
1251. https://www.ncbi.nlm.nih.gov/pubmed/9371902.

Gouriev I.P. Genetic Archeological perspective on the origin of Yakuts. 
Russ. J. Genet. 2004;40(4):450-453. https://link.springer.com/article/ 
10.1023%2FB%3ARUGE.0000024984.49084.a8.

Greenberg J., Solomon G.A., Vorster A.A., Heckmann J., Bryer A. 
Origin of the SCA7 gene mutation in South Africa: implications 
for molecular diagnostics. Clin. Genet. 2006;70(5):415-417. DOI 
10.1111/j.1399-0004.2006.00680.x

Ikeuchi T., Takano H., Koide R., Horikawa Y., Honma Y., Onishi Y., 
Igarashi S., Tanaka H., Nakao N., Sahashi K., Tsukagoshi H., 
 Inoue K., Takahashi H., Tsuji S. Spinocerebellar ataxia type 6: 
CAG repeat expansion in alpha1A voltage-dependent calcium 
channel gene and clinical variations in Japanese population. Ann. 
Neurol. 1997;42:879-884. https://www.ncbi.nlm.nih.gov/pubmed/ 
9403480.

Jayadev S., Bird T.D. Hereditary ataxias: overview. Genet. Med. 2013; 
15(9):673-683. DOI 10.1038/gim.2013.28. https://www.nature.com/
articles/gim201328.

Jayadev S., Michelson S., Lipe H., Bird T. Cambodian founder effect 
for spinocerebellar ataxia type 3 (Machado-Joseph disease). J. Neu-
rol. Sci. 2006;250:110-113. DOI 10.1016/j.jns.2006.08.006. https://
www.ncbi.nlm.nih.gov/pubmed/17027034.

Jiang H., Tang B., Xia K., Zhou Y., Xu B., Zhao G., Li H., Shen L., 
Pan Q., Cai F. Spinocerebellar ataxia type 6 in Mainland China: mo-
lecular and clinical features in four families. J. Neurol. Sci. 2005; 
236:25-29. https://www.ncbi.nlm.nih.gov/pubmed/15979648. 

Jodice C., Frontali M., Persichetti F., Novelletto A., Pandolfo M., Spa-
daro M., Giunti P., Schinaia G., Lulli P., Malaspina P. The gene for 
spinal cerebellar ataxia 1 (SCA1) is flanked by two closely linked 
highly polymorphic microsatellite loci. Hum. Mol. Genet. 1993; 
2(9):1383-1387.

Jonasson J., Juvonen V., Sistonen P., Ignatius J., Johansson D., 
Björck E.J., Wahlström J., Melberg A., Holmgren G., Forsgren L., 
Holmberg M. Evidence for a common spinocerebellar ataxia type 7 
(SCA7) founder mutation in Scandinavia. Eur. J. Hum. Genet. 2000; 
8(12):918-922. https://www.ncbi.nlm.nih.gov/pubmed/11175279.

Kawaguchi Y., Okamoto T., Taniwaki M., Aizawa M., Inoue M., Kata-
yama S., Kawakami H., Nakamura S., Nishimura M., Akiguchi I., 
Kimura J., Narumiya S., Kakizuka A. CAG expansions in a novel gene 
for Machado-Joseph disease at chromosome 14q32.1. Nat. Ge net.  
1994;8:221-228. https://www.ncbi.nlm.nih.gov/pubmed/7874163.

Klyushnikov S.A., Abramicheva N.Y., Vetchinova A.S., Nuzhnyi E.L., 
Ershova M.V., Illarioshkin S.N. Genetic structure of autosomal do-
minant and autosomal recessive ataxies in Russian population. “Par-

kinson Disease and Movement Disorders”. Under red. of S.N. Illa rio-
sh kin, O.S. Levin. Moscow: Luxury Print, 2017;258-262. (in Russian)

Klyushnikov S.A., Illarioshkin S.N., Ivanova-Smolenskaya I.A. Mo-
lecular analysis of polyglutamine diseases in Russia. “Parkinson 
Disease and Movement Disorders”. Under red. of S.N. Illarioshkin, 
N.N. Yakhno. Moscow: OOO Dialog, 2008;69-75. (in Russian)

Klyushnikov S.A., Prikhodko D.A., Abramicheva N.Y., Ivanova E.O., 
Illarioshkin S.N. Spinocerebellar ataxia type 17: first description in 
Russian population. Degenerative and Vascular Diseases of Neural 
System. 2016;37-39. (in Russian)

Koide R., Ikeuchi T., Onodera O., Tanaka H., Igarashi S., Endo K., 
Takahashi H., Kondo R., Ishikawa A., Hayashi T., Saito M., To-
moda A., Miike T., Naito H., Ikuta F., Tsuji S. Unstable expansion 
of CAG repeat in hereditary dentatorubral-pallidoluysian atrophy 
(DRPLA). Nat. Genet. 1994;6:9-13. https://www.ncbi.nlm.nih.gov/
pubmed/8136840.

Koide R., Kobayashi S., Shimohata T., Ikeuchi T., Maruyama M., 
Saito M., Yamada M., Takahashi H., Tsuji S. A neurological dis-
ease caused by an expanded CAG trinucleotide repeat in the TA-
TA-binding protein gene: a new polyglutamine disease? Hum. 
Mol. Genet. 1999;8(11):2047-2053. https://www.ncbi.nlm.nih.gov/
pubmed/10484774.

Kovtun I.V., Liu Y., Bjoras M., Klungland A., Wilson S.H., McMur-
ray C.T. OGG1 initiates age-dependent CAG trinucleotide expan-
sion in somatic cells. Nature. 2007;447:447-452. DOI 10.1038/ 
nature05778. https://www.ncbi.nlm.nih.gov/pubmed/17450122.

Kovtun I.V., McMurray C.T. Trinucleotide expansion in haploid germ 
cells by gap repair. Nat. Genet. 2001;27:407-411. DOI 10.1038/ 
86906. https://www.ncbi.nlm.nih.gov/pubmed/11279522.

Kremer E., Pritchard M., Lynch M., Yu S., Holman K., Warren S.T., 
Schlessinger D., Sutherland G.R., Richards R.I. DNA instability at 
the fragile X maps to a trinucleotide repeat sequence p(CCG) n. Sci-
ence. 1991;252:1711-1714. https://www.ncbi.nlm.nih.gov/pubmed/ 
1675488. 

Krysa W., Sulek A., Rakowicz M., Szirkowiec W., Zaremba J. High 
relative frequency of SCA1 in Poland reflecting a potential founder 
effect. Neurol. Sci. 2016;37(8):1319-1325. DOI 10.1007/s10072-
016-2594-x.

La Spada A.R., Wilson E.M., Lubahn D.B., Harding A.E., Fisch-
beck K.H. Androgen receptor gene mutations in X-linked spinal and 
bulbar atrophy. Nature. 1991;352:77-79. https://www.ncbi.nlm.nih.
gov/pubmed/2062380.

Lalioti M.D., Scott H.S., Antonarakis S.E. What is expanded in progres-
sive myoclonus epilepsy? Nat. Genet. 1997;17(1):17. DOI 10.1038/
ng0997-17. https://www.nature.com/articles/ng0997-17.

Lima M., Mayer F.M., Coutinho P., Abade A. Origins of a mutation: 
population genetics of Machado-Joseph disease in the Azores (Por-
tugal). Hum. Biol. 1998;70(6):1011-1023. https://www.ncbi.nlm.
nih.gov/pubmed/9825593.

Liquori C.L., Ricker K., Moseley M.L., Jacobsen J.F., Kress W., Nay-
lor S.L., Day J.W., Ranum L.P. Myotonic dystrophy type 2 caused 
by a CCTG expansion in intron 1 of ZNF9. Science. 2001;293:864-
867. DOI 10.1126/science.1062125. https://www.ncbi.nlm.nih.gov/
pubmed/11486088.

Lund A., Udd B., Juvonen V., Andersen P.M., Cederquist K., Da-
vis M., Gellera C., Kölmel C., Ronnevi L.O., Sperfeld A.D., Sö-
rensen S.A., Tranebjaerg L., Van Maldergem L., Watanabe M., 
Weber M., Yeung L., Savontaus M.L. Multiple founder effects in 
spinal and bulbar muscular atrophy (SBMA, Kennedy disease) 
around the world. Eur. J. Hum. Genet. 2001;9(6):431-436. DOI 
10.1038/sj.ejhg.5200656. https://www.ncbi.nlm.nih.gov/pubmed/ 
11436124.

Lund A., Udd B., Juvonen V., Andersen P.M., Cederquist K., Ron-
nevi L.O., Sistonen P., Sörensen S.A., Tranebjaerg L., Wallgren-Pet-
tersson C., Savontaus M.L. Founder effect in spinal and bulbar mus-
cular atrophy (SBMA) in Scandinavia. Eur. J. Hum. Genet. 2000;8: 
631-636. DOI 10.1038/sj.ejhg.5200517. https://www.ncbi.nlm.nih.
gov/pubmed/10951525.



A.N. Shuvaev, O.S. Belozor, M.V. Smolnikova … 
E.A. Pozhilenkova, O.I. Mozhei, S. Kasparov

480 Вавиловский журнал генетики и селекции / Vavilov Journal of Genetics and Breeding • 2019 • 23 • 4

Population genetics of spinoсerebellar ataxias 
caused by polyglutamine expansions

Manto M.U. The wide spectrum of spinocerebellar ataxias (SCAs). 
Cerebellum. 2005;4:2-6. DOI 10.1080/14734220510007914. 

Martins S., Soong B.W., Wong V.C.N., Giunti P., Stevanin G., Ra-
num L.P.W., Sasaki H., Riess O., Tsuji S., Coutinho P., Amorim A., 
Sequeiros J., Nicholson G.A. Mutational origin of Machado-Joseph 
disease in the Australian Aboriginal communities of Groote Eylandt 
and Yirrkala. Arch. Neurol. 2012;69(6):746-751. DOI 10.1001/ 
archneurol.2011.2504. https://jamanetwork.com/journals/jamaneu-
rology/fullarticle/10.1001/archneurol.2011.2504.

Maruyama H., Izumi Y., Morino H., Oda M., Toji H., Nakamura S., 
Kawakami H. Difference in disease-free survival curve and regional 
distribution according to subtype of spinocerebellar ataxia: a study 
of 1,286 Japanese patients. Am. J. Med. Genet. 2002;114:578-583. 
DOI 10.1002/ajmg.10514. https://onlinelibrary.wiley.com/doi/full/ 
10.1002/ajmg.10514.

Matilla T., Volpini V., Genis D., Rosell J., Corral J., Davalos A., Mo-
lins A., Estivill X. Presymptomatic analysis of spinocerebellar ataxia 
type 1 (SCA1) via the expansion of the SCA1 CAG-repeat in a large 
pedigree displaying anticipation and parental male bias. Hum. Mol. 
Genet. 1993;2:2123-2128. https://academic.oup.com/hmg/article-pdf/ 
2/12/2123/1829263/2-12-2123.pdf.

Matsumura R., Futamura N., Fujimoto Y., Yanagimoto S., Horikawa H., 
Suzumura A., Takayanagi T. Spinocerebellar ataxia type 6. Molecu-
lar and clinical features of 35 Japanese patients including one homo-
zygous for the CAG repeat expansion. Neurology. 1997;49:1238-
1243. https://www.ncbi.nlm.nih.gov/pubmed/9371900.

Matsuyama Z., Kawakami H., Maruyama H., Izumi Y., Komure O., 
Udaka F., Kameyama M., Nishio T., Kuroda Y., Nishimura M., Na-
kamura S. Molecular features of the CAG repeats of spinocerebel-
lar ataxia 6 (SCA6). Hum. Mol. Genet. 1997;6:1283-1287. https://
www.ncbi.nlm.nih.gov/pubmed/9259274.

Mittal U., Sharma S., Chopra R., Dheeraj K., Pal P.K., Srivastava A.K., 
Mukerji M. Insights into the mutational history and prevalence of 
SCA1 in the Indian population through anchored polymorphisms. 
Hum. Genet. 2005;118:107-114. DOI 10.1007/s00439-005-0018-8. 
https://link.springer.com/article/10.1007%2Fs00439-005-0018-8. 

Mizushima K., Watanabe M., Abe K., Aoki M., Itoyama Y., Shizu-
ka M., Okamoto K., Shoji M. Analysis of spinocerebellar ataxia 
type 2 in Gunma Prefecture in Japan: CAG trinucleotide expansion 
and clinical characteristics. J. Neurol. Sci. 1998;156(2):180-185. 
DOI 10.1016/S0022-510X(98)00040-9.

Mori M., Adachi Y., Kusumi M., Nakashima K. Spinocerebellar ataxia 
type 6: founder effect in Western Japan. J. Neurol. Sci. 2001;185(1): 
43-47. DOI 10.1016/S0022-510X(01)00453-1. https://www.science-
direct.com/science/article/pii/S0022510X01004531?via%3Dihub.

O’Hearn E., Holmes S.E., Calvert P.C., Ross C.A., Margolis R.L. 
SCA- 12: Tremor with cerebellar and cortical atrophy is associ-
ated with a CAG repeat expansion. Neurology. 2001;56:299-303.  
DOI 10.1212/WNL.56.3.299. http://n.neurology.org/content/56/3/ 
299.long.

Osakovsky V.L., Shatunov A.Y., Goldfarb L.G., Platonov P.A. Esti-
mation of mutant chromosome in SCA1 gene in Yakut population. 
 Yakut Medical Journal. 2004;2(6):63. (in Russian)

Pearson C.E., Nichol Edamura K., Cleary J.D. Repeat instability: me-
chanisms of dynamic mutations. Nat. Rev. Genet. 2005;6:729-742. 
DOI 10.1038/nrg1689. https://www.nature.com/articles/nrg1689.

Platonov F.A., Tyryshkin K., Tikhonov D.G., Neustroyeva T.S., Siv-
tseva T.M., Yakovleva N.V., Nikolaev V.P., Sidorova O.G., Konono-
va S.K., Goldfarb L.G., Renwick N.M. Genetic fitness and selection 
intensity in a population affected with high-incidence spinocerebel-
lar ataxia type 1. Neurogenetics. 2016;17:179-185. DOI 10.1007/
s10048-016-0481-5. https://link.springer.com/article/10.1007%2F 
s10048-016-0481-5.

Popova S.N., Slominsky P.A., Pocheshnova E.A., Balanovskaya E.V., 
Tarskaya L.A., Bebyakova N.A., Bets L.V., Ivanov V.P., Livshits L.A., 
Khusnutdinova E.K., Spitcyn V.A., Limborska S.A. Polymorphism 
of trinucleotide repeats in loci DM, DRPLA and SCA1 in East Euro-
pean populations. Eur. J. Hum. Genet. 2001;9:829-835.

Potaman V.N., Bissler J.J., Hashem V.I., Oussatcheva E.A., Lu L., 
Shlyakhtenko L.S., Lyubchenko Y.L., Matsuura T., Ashizawa T., 
Leffak M., Benham C.J., Sinden R.R. Unpaired structures in SCA10 
(ATTCT)n.(AGAAT)n repeats. J. Mol. Biol. 2003;326:1095-1111. 
https://www.sciencedirect.com/science/article/pii/S0022283603 
000378?via %3Dihub.

Pujana M.A., Corral J., Gratacos M., Combarros O., Berciano J., Ge-
nis D., Banchs I., Estivill X., Volpini V. Spinocerebellar ataxias in 
Spanish patients: genetic analysis of familial and sporadic cases. The 
Ataxia Study Group. Hum. Genet. 1999;104:516-522. https://www.
ncbi.nlm.nih.gov/pubmed/10453742. 

Ramesar R.S., Bardien S., Beighton P., Bryer A. Expanded CAG re-
peats in spinocerebellar ataxia (SCA1) segregate with distinct 
haplotypes in South african families. Hum. Genet. 1997;100(1): 
131-137.

Rengaraj R., Dhanaraj M., Arulmozhi T., Chattopadhyay B., Batta-
charyya N.P. High prevalence of spinocerebellar ataxia type 1 in an 
 ethnic Tamil community in India. Neurol. India. 2005;53(3):308-
311. DOI 10.4103/0028-3886.16929. https://www.ncbi.nlm.nih.gov/
pubmed/16230798.

Riess O., Laccone F.A., Gispert S., Schols L., Zuhlke C., Vieira-Saec-
ker A.M., Herlt S., Wessel K., Epplen J.T., Weber B.H., Kreuz F., 
Chahrokh-Zadeh S., Meindl A., Lunkes A., Aguiar J., Macek M., 
Krebsova A., Macek M., Burk K., Tinschert S., Schreyer I., 
Pulst S.M., Auburger G. SCA2 trinucleotide expansion in German 
SCA patients. Neurogenetics. 1997;1:59-64. https://link.springer.
com/content/pdf/10.1007/s100480050009.pdf.

Riess O., Schöls L., Bottger H., Nolte D., Vieira-Saecker A.M., Schim-
ming C., Kreuz F., Macek M., Krebsova A., Macek M., SenKlock-
gether T., Zuhlke C., Laccone F.A. SCA6 is caused by moderate 
CAG expansion in the alpha1A-voltage- dependent calcium channel 
gene. Hum. Mol. Genet. 1997;6:1289-1293. https://www.ncbi.nlm.
nih.gov/pubmed/9259275.

Schöls L., Bauer P., Schmidt T., Schulte T., Riess O. Autosomal domi-
nant cerebellar ataxias: clinical features, genetics, and pathogen-
esis. Lancet Neurol. 2004;3:291-304. DOI 10.1016/S1474-4422 
(04)00737-9. https://www.sciencedirect.com/science/article/pii/S14 
74442204007379?via %3Dihub.

Schöls L., Krüger R., Amoiridis G., Przuntek H., Epplen J.T., Riess O. 
Spinocerebellar ataxia type 6: genotype and phenotype in German 
kindreds. J. Neurol. Neurosurg. Psychiatry. 1998;64:67-73. https://
jnnp.bmj.com/content/64/1/67.long.

Sinha K., Worth P.F., Jha D.K., Sinha S., Stinton V.J., Davis M.B., 
Wood N.W., Sweeney M.G., Bhatia K.P. Autosomal dominant cer-
ebellar ataxia: SCA2 is the most frequent mutation in eastern India. 
J. Neurol. Neurosurg. Psychiatry. 2004;75:448-452. DOI 10.1136/
jnnp.2002.004895. https://jnnp.bmj.com/content/75/3/448.

Stevanin G., David G., Durr A., Giunti P., Benomar A., Abada-Ben-
dib M., Lee M.S., Agid Y., Brice A. Multiple origins of the spino-
cerebellar ataxia 7 (SCA7) mutation revealed by linkage disequilib-
rium studies with closely flanking markers, including an intragenic 
polymorphism (G3145TG/A3145TG). Eur. J. Hum. Genet. 1999;7: 
889-896. DOI 10.1038/sj.ejhg.5200392. https://www.nature.com/ 
articles/5200392.

Stevanin G., Durr A., Brice A. Clinical and molecular advances in auto-
somal dominant cerebellar ataxias: from genotype to phenotype and 
physiopathology. Eur. J. Hum. Genet. 2000;8:4-18. DOI 10.1038/
sj.ejhg.5200403. https://www.nature.com/articles/5200403.

Stevanin G., Durr A., David G., Didierjean O., Cancel G., Rivaud S., 
Tourbah A., Warter J.M., Agid Y., Brice A. Clinical and molecular 
features of spinocerebellar ataxia type 6. Neurology. 1997;49:1243-
1246. DOI 10.1212/WNL.49.5.1243. http://n.neurology.org/content/ 
49/5/1243.

Storey E., du Sart D., Shaw J.H., Lorentzos P., Kelly L., McKinley 
Gardner R.J., Forrest S.M., Biros I., Nicholson G.A. Frequency 
of spinocerebellar ataxia types 1, 2, 3, 6, and 7 in Australian pa-
tients with spinocerebellar ataxia. Am. J. Med. Genet. 2000; 
95:351-357. DOI 10.1002/1096-8628(20001211)95:4<351::AID-



Популяционная генетика полиглутаминовых 
спиноцеребеллярных атаксий

А.Н. Шуваев, О.С. Белозор, М.В. Смольникова … 
Е.А. Пожиленкова, О.И. Можей, С. Каспаров

2019
23 • 4

481генетика человека / human genetics

ORCID ID
A.N. Shuvaev orcid.org/0000-0003-0078-4733
O.S. Belozor orcid.org/0000-0001-8384-5962
M.V. Smolnikova orcid.org/0000-0001-9984-2029
D.A. Yakovleva orcid.org/0000-0002-7458-127Х
A.N. Shuvaev orcid.org/0000-0002-3887-1413
O.M. Kazantseva orcid.org/0000-0002-9597-2704
E.A. Pozhilenkova orcid.org/0000-0001-7857-0490
O.I. Mozhei orcid.org/0000-0002-5427-1688
S. Kasparov orcid.org/0000-0002-1824-1764

Acknowledgements. The scientific article was written with support of Russian Foundation of Basic Research (RFBR) grant KO_a 17-54-10005 and grant 
“Competitiveness Enhancement Program” for Immanuel Kant Baltic Federal University.
Conflict of interest. The authors declare no conflict of interest.
Received November 22, 2018. Revised March 19, 2019. Accepted March 22, 2019.

AJMG10>3.0.CO;2-R. https://www.ncbi.nlm.nih.gov/pubmed/1118 
6889.

van de Warrenburg B.P., Sinke R.J., Verschuuren-Bemelmans C.C., 
Scheffer H., Brunt E.R., Ippel P.F., Maat-Kievit J.A., Dooijes D., 
Notermans N.C., Lindhout D., Knoers N.V., Kremer H.P. Spino-
cerebellar ataxias in the Netherlands: prevalence and age at onset 
variance analysis. Neurology. 2002;58(5):702-708. DOI 10.1212/
WNL.58.5.702. http://n.neurology.org/content/58/5/702.long.

Verbeek D.S., Piersma S.J., Hennekam E.F., Ippel E.F., Pearson P.L., 
Sinke R.J. Haplotype study in Dutch SCA3 and SCA6 families: 
evidence for common founder mutations. Eur. J. Hum. Genet. 2004; 
12:441-446. DOI 10.1038/sj.ejhg.5201167. https://www.nature.
com/articles/5201167.

Verkerk A.J., Pieretti M., Sutcliffe J.S., Fu Y.H., Kuhl D.P., Pizzuti A., 
Reiner O., Richards S., Victoria M.F., Zhang F.P., Eussen B.E., van 
Ommen G.J., Blonden L.A., Riggins G.J., Chastain J.L., Kunst C.B., 
Galjaard H., Caskey C.T., Nelson D.L., Oostra B.A., Warren S.T. 
Identification of a gene (FMR-1) containing a CGG repeat coinci-
dent with a breakpoint cluster region exhibiting length variation in 
fragile X syndrome. Cell. 1991;65(5):905-914. DOI 10.1016/0092-
8674(91)90397-H. https://www.sciencedirect.com/science/article/
pii/009286749190397H?via %3Dihub.

Vincent J.B., Neves-Pereira M.L., Paterson A.D., Yamamoto E., Pa-
rikh S.V., Macciardi F., Gurling H.M., Potkin S.G., Pato C.N., Ma-
cedo A., Kovacs M., Davies M., Lieberman J.A., Meltzer H.Y., Pe-
t ronis A., Kennedy J.L. An unstable trinucleotide-repeat region on 
chromosome 13 implicated in spinocerebellar ataxia: a common ex-
pansion locus. Am. J. Hum. Genet. 2000;66:819-829. DOI 10.1086/ 
302803. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1288165/.

Wadia N.H., Pang J., Desai J., Mankodi A., Desai M., Chamber-
lain S. A clinicogenetic analysis of six Indian spinocerebellar ataxia 
(SCA2) pedigrees: The significance of slow saccades in diagnosis.  
Brain. 1998;121:2341-2355. https://www.ncbi.nlm.nih.gov/pubmed/ 
9874485.

Wakisaka A., Sasaki H., Takada A., Fukazawa T., Suzuki Y., Hama-
da T., Iwabuchi K., Tashiro K., Yoshiki T. Spinocerebellar ataxia 1 
(SCA1) in the Japanese in Hokkaido may derive from a single com-

mon ancestry. J. Med. Genet. 1995;32:590-592. https://jmg.bmj.
com/content/32/8/590.long.

Warren S.T. The expanding world of trinucleotide repeats. Science. 
1996;271(5254):1374-1375. DOI 10.1126/science.271.5254.1374. 
http://science.sciencemag.org/content/271/5254/1374.long.

Xiang F., Almqvist E.W., Huq M., Lundin A., Hayden M.R., Ed-
strom L., Anvret M., Zhang Z. A Huntington disease-like neurode-
generative disorder maps to chromosome 20p. Am. J. Hum. Genet. 
1998;63:1431-1438. DOI 10.1086/302093. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC1377554/.

Zhou Y.X., Qiao W.H., Gu W.H., Xie H., Tang B.S., Zhou L.S., 
Yang B.X., Takiyama Y., Tsuji S., He H.Y., Deng C.X., Gold-
farb L.G., Wang G.X. Spinocerebellar ataxia type 1 in China: mo-
lecular analysis and genotype-phenotype correlation in 5 families. 
Arch. Neurol. 2001;58(5):789-794. https://jamanetwork.com/journals/  
jamaneurology/fullarticle/vol/58/pg/789.

Zhuchenko O., Bailey J., Bonnen P., Ashizawa T., Stockton D.W., 
Amos C., Dobyns W.B., Subramony S.H., Zoghbi H.Y., Lee C.C. 
Autosomal dominant cerebellar ataxia (SCA6) associated with small 
polyglutamine expansions in the alpha 1A-voltage-dependent cal-
cium channel. Nat. Genet. 1997;15:62-69. DOI 10.1038/ng0197-62. 
https://www.nature.com/articles/ng0197-62.

Zoghbi H.Y., Orr H.T. Polyglutamine diseases: protein cleavage and ag-
gregation. Curr. Opin. Neurobiol. 1999;9(5):566-570. DOI 10.1016/
S0959-4388(99)00013-6. https://www.sciencedirect.com/science/
article/pii/S0959438899000136?via %3Dihub.

Zühlke C., Dalski A., Schwinger E., Finckh U. Spinocerebellar ataxia 
type 17: Report of a family with reduced penetrance of an unsta-
ble Gln49 TBP allele, haplotype analysis supporting a founder ef-
fect for unstable alleles and comparative analysis of SCA17 geno-
types. BMC Med. Genet. 2005;6:27. DOI 10.1186/1471-2350-6-27. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1177950/.

Zühlke C., Gehlken U., Hellenbroich Y., Schwinger E., Bürk K. Pheno-
typical variability of expanded alleles in the TATA-binding protein 
gene. Reduced penetrance in SCA17? J. Neurol. 2003;250:161-163. 
DOI 10.1007/s00415-003-0958-7. https://link.springer.com/article/ 
10.1007 %2Fs00415-003-0958-7.


