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INTRODUCTION OF GENETIC 
TECHNOLOGIES INTO THE PRACTICAL 
HEALTHCARE OF YAKUTIA
ON THE EXAMPLE OF SPINOCEREBELLAR 
ATAXIA TYPE 1 IN THE CONTEXT
OF TRANSLATIONAL MEDICINE

The article summarizes the history of scientific research translation into the practical healthcare in the Republic of Sakha (Yakutia) on the ex-
ample of spinocerebellar ataxia type 1, the most common hereditary disease in the Yakut population. 

In the duration of twenty years, translational medicine has developed in Yakutia, approaches to personalized medicine are being developed and 
the use of genomic technologies has become a reality of our time.

Keywords: spinocerebellar ataxia type 1, DNA diagnostics, genomic technologies, translational medicine.

УДК 616-009.26(571.56)(091)

DOI 10.25789/YMJ.2022.79.26

Introduction. Undoubtedly, the most 
important of the many discoveries in the 
field of genetics at the end of the 20th 
century, anticipating the entry of mankind 
into the genomic era, are the following: 
DNA – the main universal molecule of 
the genome of living systems - was ar-
tificially altered using vector viruses and 
plasmids, as a result, recombinant DNA 
was obtained for the first time; in the 80s, 
a revolutionary method was discovered - 
polymerase chain reaction (PCR), which 
accelerated the development of technol-
ogies that made it possible to decipher 
the genome of living organisms and hu-
mans, to understand many molecular 
genetic mechanisms of transmission of 
genetic information [3.25]. Since 1999, 

sequencing (decoding) of the human ge-
nome has been accelerated by the use 
of a large number of simultaneously op-
erating robotic installations of a company 
called "Celera", and in 2001 the nucle-
otide sequence of the human genome 
was fully read, systematized and made 
available to researchers in the field of ge-
netics [24].

Thus, general and medical genetics 
received powerful research tools in the 
field of human molecular genetics, es-
pecially in finding out the causes (gene 
mutations) of hereditary diseases. Re-
searchers began to use the genotypes 
of individuals as a kind of mechanism 
on the principle of "divide" and "study" 
[32]. To date, a huge number of genes 
responsible for many monogenic and 
multifactorial human diseases have been 
identified in the world, the structures of 
these genes have been fully deciphered, 
and they themselves have been cloned 
[20,27]. 

Genomic research has challenged 
society and has become the object of 
increased public interest in genetics in 
countries with different state systems, 
religion and culture, and, in this regard, 
there is a danger of misconceptions or in-
flated expectations from the use of genet-
ic technologies. International public orga-
nizations (UN, UNESCO, WHO, WMA) 
have paid close attention to the use of 
genetic technologies in medical practice 
with the requirements to respect human 
rights and prevent abuse in this area of 
science. Bioethical research began to be 
conducted within one of the three gen-
eral directions of the Human Genome 
program ELSI (Ethical, Legal and Social 
Implications) [18,21].

Currently, new terms related to the 
integration of molecular genetics and 
medicine have entered medical practice: 
molecular medicine, genomic medicine, 
pharmacogenetics, oncogenetics, etc., in 
addition, modern directions "translational 
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medicine", "personalized medicine" have 
emerged [28,30]. In parallel, the transfor-
mation of traditional medical ethics into 
bioethics took place. This was due to the 
use of the latest medical technologies 
and the search for solutions to moral di-
lemmas that affected the basic principles 
of biomedical ethics: the principle of "do 
no harm", "do good", the principle of re-
spect for individual autonomy, the princi-
ple of justice [19]. 

Translational medicine (TM) is a di-
rection in medical science that studies 
the mechanisms and principles of the 
introduction of modern achievements 
(methods) of fundamental science, such 
as molecular genetics, cellular technolo-
gies, reproductive technologies, etc. into 
medical practice. Predictive and person-
alized medicine are closely related to 
translational medicine – current areas of 
modern medicine. For example, predic-
tive medicine significantly reduces health 
care costs, and personalized medicine 
implies such technologies of diagnosis 
and treatment of the patient, in which the 
quality of life of the patient improves, the 
period of working capacity lengthens and 
life expectancy, as well as satisfaction 
with the quality of medical care provided, 
increases. TM is multidisciplinary in na-
ture, closely related to biology, biomed-
icine and social sciences. Translational 
medicine has several stages of research: 
fundamental research; the introduction of 
the results of fundamental research into 
clinical practice, the search for more ef-
fective ways (methods) and ensuring the 
safety of a particular technology and/or 
drug treatment; evaluation of the effec-
tiveness of a new technology introduced 
into medical practice and its economic 
output [12,16,22].

In the early 2000s, methods of molec-
ular genetic diagnostics (DNA diagnos-
tics) of monogenic diseases were intro-
duced for the first time in the Republic of 
Sakha (Yakutia). The purpose of this ar-
ticle is to summarize the history of trans-
lation of molecular genetic technologies 
into the medical practice of Yakutia over 
a 20-year period by the example of the 
most common hereditary disease in the 
Yakut population - spinocerebellar ataxia 
type 1.

Translation of genomic technolo-
gies into clinical practice in Yakutia on 
the example of spinocerebellar ataxia 
type 1 (SCAI)

1. Fundamental epidemiological, pop-
ulation and molecular genetic studies of 
SCA1 have been carried out, geno-phe-
notypic characteristics of the disease 
have been established. 

Hereditary cerebellar ataxia (HCA), 

classified as one of the clinical forms of 
Vilyuisk encephalomyelitis, was isolated 
into an independent nosology as a neu-
rodegenerative hereditary disease in the 
70s of the last century [4,7]. In 1992, an 
in-depth study of HCA began within the 
framework of the state research pro-
gram "Biology of Vilyui encephalomyeli-
tis". Joint project of the Neurogenetics 
Department of the National Institute of 
Nervous Diseases (NINDS/NIH) of The 
United States and the research and 
practical center for Vilyuisk encephalo-
myelitis of the Republic of Sakha was 
named: "Identification of genes and ge-
netic mechanisms that cause hereditary 
neurological diseases". In 1993 , the 
work of Dr. H. Orr et al on identification of 
the Spinocerebellar ataxia type 1 (SCA1) 
gene was published [33], and in 1994 - 
the results of the molecular-genetic study 
of HCA in the Yakut population was pub-
lished as well, which revealed an allelic 
association of highly informative markers 
D6S274 and D6S89 flanking the locus of 
the SCA1 gene on the 6th chromosome, 
with HCA. A strong association was ob-
served in the case of the microsatel-
lite D6S274, whereas coupling with the 
marker D6S89 was observed only in 2 
families, suggesting a possible historical 
recombination and the far-off time of mu-
tation in the population [29]. Population 
studies and the propagation frequency of 
the disease have established HCA as the 
largest Siberian focus of accumulation of 
the disease known in the world and iden-
tified it as Spinocerebellar ataxia type 1 
(SCA1) [23]. According to F.A. Platonova 
(2003) the prevalence of SCA1 in the Ya-
kut population is 38.6 per 100,000. The 
detection of homozygotes by the mutant 
allele of the SCA1 gene confirms the ex-
tremely wide propagation of the disease 
for hereditary dominant pathologies of 
the central nervous system [14,15].

2. Approaches to the use of DNA diag-
nostics of SCA1 have been studied

For the first time in 1999, preparations 
were made for the introduction of DNA 
diagnostics of SCA1 in the molecular ge-
netic department of the clinical laboratory 
of Medical Genetic Consultation (MGC) 
of the Republican Hospital No. 1 (Nation-
al Center of Medicine). Regulatory doc-
uments, orders and instructions of the 
Ministry of Health of the Russian Federa-
tion on the molecular genetic diagnosis of 
hereditary diseases were not developed 
at that time, respectively, we adopted 
our own algorithm for DNA diagnostics 
of SCA1 as a routine clinical analysis: 
referral of the patient for DNA analysis, 
the stages of the method of DNA isolation 
from peripheral blood lymphocytes, PCR 

and electrophoresis of amplification prod-
ucts, documentation of the results and its 
issuing to the clinical department of MGC. 
The duties of a medical laboratory doctor/
biologist, laboratory assistant and order-
lies of the molecular genetic department 
of the MGC were differentiated [2,8].

3. The method of direct DNA diagnos-
tics of SCA1 has been introduced into the 
practice of medical and genetic consul-
tation of the Republican Hospital No. 1. 

Spinocerebellar ataxia type 1 belongs 
to the group of hereditary neurodegener-
ative diseases with dynamic mutations 
and late manifestation. The mutation is 
an uncontrolled increase in CAG repeats 
in the coding part of the SCA1 gene. 
Normally, the number of repeats is 25-
33, pathological alleles contain 39-72 
repeats.

Currently, according to the Republi-
can Genetic Register of Hereditary and 
Congenital Pathology of the Republic of 
Sakha (Yakutia), 401 patients with SCA1 
have been registered[5,13].

The detection of a mutation in the 
SCA1 gene was carried out by direct 
DNA diagnostics by PCR with subse-
quent visualization of DNA fragments in 
agarose gel. Fig. 1

According to published data, from 
2000 to 2013, at the MGC of the Repub-
lican Hospital No.1 - DNA testing was 
performed in 1,841 patients, a dynamic 
mutation in the SCA1 gene was detected 
in 606 patients (33%)[6].

4. Prenatal DNA diagnostics (PD) of 
SCA1 has been introduced into the clini-
cal practice of the MGC.

We analyzed the demand for PD 
technology for burdened families (n =36 
people) from 2002 to 2008 [10,11]. There 
were 46 referrals in total, of which 7 wom-
en underwent prenatal DNA testing sev-
eral times (4 women – twice and 3 wom-
en – 3 times). There were more refusals 
from PD than consents, so 25 PD proce-
dures were carried out over 6 years, of 
which in 12 cases a mutation of SCA1 
was detected in fetuses: 10 pregnancies 
with a positive result (the presence of a 
mutation) were terminated with the con-
sent of the families, 2 pregnancies were 
preserved. Table 1. 

5. Ethical rules of DNA testing have 
been introduced into the practice of the 
MGС

The final third phase of the translation 
of genomic technologies into the health-
care system, according to researchers, 
is the revision and development of legal 
and bioethical norms, taking into account 
the use of molecular genetic diagnostics, 
as well as the establishment of recom-
mendations for the effective and safe use 
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of new medical technologies in order to 
satisfy the patient with the process of pro-
viding medical care [12].

Introduced for the first time in the Re-
public in the year 2000. DNA diagnostics 
of SCA1 immediately acquired the status 
of routine clinical analysis, at the same 
time there was a need to develop bio-
ethical rules for the use of genetic tech-
nologies in the medical practice of the 
MGC. This was the beginning of scientific 
research on applied bioethics in the Re-
public of Sakha (Yakutia).

Thus, for the first time, we have devel-
oped and implemented bioethical rules 
for genetic counseling, DNA testing and 
prenatal diagnosis of SCA1[1,17,26] in 
the practice of medical and genetic coun-
seling of the Republican Hospital No. 1.

6. The Center for Neurodegenerative 
Diseases was organized in the clinic of 
the Yakut Scientific Center for Complex 
Medical Problems (YSC CMP).

SCA1 is a disease with a progressive 
neurodegenerative process that leads 
the patient to disability and social mal-
adaptation. Patients with SCA1 need 
medical examination, psychological, so-
cial assistance and hospital treatment at 
least twice a year. A study conducted in 
2019 showed an insufficient number of 
inpatient beds that would meet the needs 
of patients with neurodegenerative dis-
eases (NDD) in the Republic[9]. In this 
regard, in pursuance of the order of the 
Ministry of Health of the Russian Fed-
eration "On approval of the procedure 
for providing medical care to adults with 
diseases of the nervous system" (No. 
926n dated 11/15/2011), the Ministry of 
Health of the Republic issued an order 
"On the procedure for routing neurolog-
ical patients suffering from neurodegen-
erative diseases at the outpatient and 
inpatient stages" (No. 01-07/184 dat-
ed 02/14/2019). Thus, the specialized 
Center for Neurodegenerative Diseases 
opened in 2019 at the YSC CMP with a 
personalized approach to patients is an 
improved model of providing medical 
care to patients with NDDs and an exam-
ple of successful consolidation of medical 
science and practical healthcare in the 
Republic[9].

7. The Association of patients with 
SCA1 and other neurodegenerative dis-
eases has been established

The Association was established to 
provide medical, social and psychologi-
cal assistance to patients with NDDs and 
their relatives. The objectives of the orga-
nization are to consolidate the support of 
social partners to overcome the problems 
of NDDs in the Republic, informing pa-
tients, relatives and society, legal protec-

tion of patients with NDDs. On January 
17, 2020, a Certificate of state registra-
tion of a non-profit organization of the re-
gional public organization "Association of 
Patients with spinocerebellar ataxia type 
1 and other neurodegenerative diseases 
in the Republic of Sakha (Yakutia)", reg-
istration number 1201400000757 was 
received. With the support of the Presi-
dential Grants Foundation of the Russian 
Federation and the grant of the Head 
of the Republic of Sakha (Yakutia), the 
necessary medical equipment and con-
sumables were purchased, scientific and 
practical medical expeditions are con-
ducted to assess the health of patients 
in the areas of the greatest accumulation 
of NDDs, as well as lectures, seminars, 
radio and television appearances, publi-
cations in the press.

8. The NDD Center develops methods 
of physical rehabilitation of patients with 
SCA1

Patients suffering from NDZ have low 
motivation to engage in physical educa-
tion, because firstly, there are many ex-
ternal obstacles, primarily the lack of an 
accessible environment for recreational 
activities; secondly, patients have psy-
chological problems (fear, embarrass-
ment, disappointment); thirdly, patients 
are demotivated by physical ailments 
(muscle weakness, stiffness, unsteadi-
ness of gait, etc.). At the same time, stud-
ies have proved that the targeted use of 
physical exercises improves the impaired 
functions of the body, and has a general 
healing effect[31]. Currently, scientifically 
based approaches to the physical reha-
bilitation of patients with SCA1 are being 
developed using modern methods such 
as stabilometry.

Conclusion. An example of suc-
cessful translation of scientific studies of 
spinocerebellar ataxia type 1, the most 
common hereditary disease in the Yakut 
population, into practical healthcare of 
the Republic of Sakha (Yakutia) is pre-
sented. Population-genotypic studies of 
SCA1 were carried out, the DNA diag-
nostic method was introduced into the 
practice of medical genetic counseling at 
the Republican Hospital No. 1 of the Na-
tional Center of Medicine, prenatal DNA 
testing of SCA1 is used, bioethical rules 
of medical genetic counseling are ap-
plied, the Center for Neurodegenerative 
Diseases and the Association of Patients 
with SCA1 and Other NDDs were creat-

Direct DNA diagnostics of SCA1 in 2% 
agarose gel: 1, 3, 4 – healthy patients, 2 – a 
patient with a known number of CAG repeats 
of 30/50; 5 – a patient with an elongated allele 
of the SCA1 gene

Prenatal diagnosis of spinocerebellar ataxia type 1

Medical and social characteristics Results of PD SCA1 (n=36)
Age 19 -40 лет
Education: higher(%)/secondary (%) 22 (61) / 8 (22)
Accommodation: city (%)/village (%) 11 (30) / 25 (69)
Burdened inheritance by line: mother(%)/father(%)/
husband(%) 10 (28) / 10 (28) / 11 (30)

Presence of clinical manifestations of the disease:
yes (%)/no (%) 1 (3) / 24 (96)

The family's decision on the proposed PD: consent(%)/
rejection(%) 16 (44) / 20 (56)

Number of PD requests: total (%) / repeated(%) 46 (100) / 7 (15)
The term of pregnancy when applying: 1st 
trimester(%)/2nd trimester(%) 26 (57) / 20 (43)

The number of PD performed invasively 25

Prenatal DNA testing results: negative(%)/positive(%) 13 (52) / 12 (48)
Pregnancy outcome in the presence of fetal mutation:
preservation (%)/termination(%) 2 (17) / 10 (83)

Terms of termination of pregnancy in the presence of
a mutation in the fetus:
1st trimester (%) / 2nd trimester (%)

5 (50) / 5 (50)
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ed. Approaches to the development of 
predictive and personalized medicine are 
being studied. As we can see, transition 
of research from the laboratory to the clin-
ic does not happen quickly, translational 
medicine has been developing in Yakutia 
for twenty years, molecular genetic diag-
nostic methods are becoming routine, but 
at the same time it is necessary to contin-
ue research on the problems of using ge-
nomic technologies in practical medicine.

1. Kononova SK, Sidorova OG, Sukhomy-
asova AL, Khusnutdinova EK. Bioeticheskie 
problemy presimptomaticheskoj DNK-diagnos-
tiki spinocerebellyarnoj ataksii 1-go tipa v prak-
tike mediko-geneticheskoj konsul'tacii YAkutii 
[Bioethical problems of the presymptomatic 
DNA diagnosis of spinocerebellar ataxia type1 
in the practice of medical-genetic consultation in 
Yakutia]. Medicinskaya genetika [Medical genet-
ics.2005; 12: 583-588 (In Russ.).]

2. Kononova SK, Fedorova SA, Izhevsk VL, 
et al. Vnedrenie rutinnoj DNK-diagnostiki nasled-
stvennyh monogennyh zabolevanij v Respublike 
Saha (YAkutiya) [Introduction of routine DNA di-
agnostics of hereditary monogenic diseases in 
the Republic of Sakha (Yakutia)]. Vestnik SVFU 
[Bulletin of NEFU. 2012; 9 (4): 21-26 (In Russ.).]

3. Glik B, Pasternak J. Molekulyarnaya 
biotekhnologiya. Principy i primenenie [Molec-
ular biotechnology. Principles and application]. 
M.: Mir, 2002: 589 (In Russ.).]

4. Zubri GL, Goldfarb LG, Petrov PA, et al. 
Differencial'naya diagnostika vilyujskogo ence-
falomielita: Izuchenie nasledstvennoj mozzhec-
hkovoj ataksii v YAkutii [Differential diagnosis 
of Vilyuisk encephalomyelitis: The study of 
hereditary cerebellar ataxia in Yakutia]. Aktu-
al'nye problemy virusologii i profilaktiki virusnyh 
zabolevanij [Actual Problems of Virology and 
Prevention of Viral Diseases. Moscow: USSR 
Academy OF Medical Sciences.1972: 201-210 
(In Russ.).]

5. Nogovitsyna AN, Maksimova NR, Suk-
homyasova AL, et al. Mediko-geneticheskaya 
sluzhba naseleniyu Respubliki Saha (YAkutiya). 
Yakut Medical Journal. 2014; 2 (46): 6-11 (In 
Russ.).] 

6. Stepanova SK, Zakharova VA, Tapyev EV. 
Molekulyarno-geneticheskie metody diagnostiki 
monogennyh boleznej v Respublike Saha (YA-
kutiya) [Molecular genetic methods of diagnosis 
of monogenic diseases in the Republic of Sakha 
(Yakutia)].  Geneticheskie issledovaniya nasele-
niya YAkutii [Genetic studies of the population 
of Yakutia]. Edited by V.P.Puzyrev, M.I. Tomsky.
Yakutsk: CIP NBR Sakha, 2014: 233-245 (In 
Russ.).]

7. Zubri GL, Goldfarb LG, Savinov AP,  et al. 
Nasledstvennaya mozzhechkovaya ataksiya v 
YAkutii [Hereditary cerebellar ataxia in Yakutia]. 
Materialy Pervoj Vsesoyuznoj konferencii po 
medicinskoj genetike [Proceedings of the First 
All-Union Conference on Medical Genetics. 
Moscow: USSR Academy OF Medical Scienc-
es.1975: 60-62 (In Russ.).]

8. Kononova SK, Fedorova SA, Stepano-
va SK, et al. Organizacionnye, metodicheskie 

i eticheskie problemy DNK-diagnostiki mono-
gennyh zabolevanij v praktike mediko-gene-
ticheskoj konsul'tacii YAkutii [Organizational, 
methodological and ethical problems of DNA 
diagnostics of monogenic diseases in the prac-
tice of medical-genetic consultation in Yakutia]. 
Mat. Vseross. nauch.-prakt.konf. «Molekul-
yarno-geneticheskaya diagnostika monogen-
nyh zabolevanij: vozmozhnosti i perspektivy». 
Medicinskaya genetika [Mat. All-Russian Scien-
tific and Practical conference "Molecular genetic 
diagnostics of monogenic diseases: opportuni-
ties and prospects". Medical genetics. 2006; 5: 
14-17 (In Russ.).]

9.  Davydova TK, Kononova SK, Sidorova 
OG, et al. Opyt sozdaniya specializirovannogo 
centra medicinskoj pomoshchi dlya bol'nyh s 
nejrodegenerativnymi zabolevaniyami na baze 
kliniki nauchnogo uchrezhdeniya [The experi-
ence of creating a specialized medical care cen-
ter for patients with neurodegenerative diseases 
on the basis of a clinic of a scientific institution]. 
Yakut Medical Journal. 2020; 4(72):  53-57 (In 
Russ.).] [ DOI 10.25789/YMJ.2020.72.14.] 

10. Gotovtseva LV, Sukhomyasova AL, Pav-
lova, TY, et al. Prenatalnaya diagnostika v Res-
publike Saha (YAkutiya) [Prenatal diagnostics in 
the Republic of Sakha (Yakutia). Yakut Medical 
Journal.  2014; 2(46): 53-56 (In Russ.).]

11. Sidorova OG, Kononova SK, Sukhomy-
asova AL, Khusnutdinova EK. Problemy pre-
natal'nogo mediko-geneticheskogo konsul'tiro-
vaniya monogennyh boleznejs dinamicheskimi 
mutaciyami v YAkutii [Problems of prenatal med-
ical-genetic counseling of monogenic diseases 
with dynamic mutations in Yakutia]. Yakut Medi-
cal Journal. 2007; 1(17): 33-35 (In Russ.).]

12. Paltsev MA, Belushkina NN. Trans-
lyacionnaya medicina – novyj etap razvitiya 
molekulyarnoj mediciny [Translational medicine 
– a new stage in the development of molecular 
medicine]. Molekulyarnaya medicina [Molecular 
Medicine]. 2012; 4: 3-6 (In Russ.).]

13. Sukhomiysova AL, Maksimova NR, No-
govitsina AN, et al. Raznoobrazie nasledstven-
noj patologii v Respublike Saha (YAkutiya) po 
dannym Respublikanskogo geneticheskogo reg-
istra nasledstvennoj i vrozhdennoj patologii [Di-
versity of hereditary pathology in the Republic 
of Sakha (Yakutia) according to the Republican 
Genetic Register of Hereditary and Congeni-
tal Pathology].  Geneticheskie issledovaniya 
naseleniya YAkutii [Genetic studies of the popu-
lation of  Yakutia. 2014: 78-85 (In Russ.).]

14. Fedorov AI, Sukhomyasova AL, Goliko-
va PI, et al. Rasprostranyonnost' spinocerebel-
lyarnoj ataksii 1 tipa v YAkutii: sovremennoe 
sostoyanie [Prevalence of spinocerebellar atax-
ia type 1 in Yakutia: current state]. Medicinska-
ya genetika [Medical genetics. 2020; 19: 
7(216): 29-30 (In Russ.).] DOI 10.25557/2073-
7998.2020.07.29-30.

15. Platonov FA, Illarioshkin SN, Kononova 
SK, et al. Spinocerebellyarnaya ataksiya pervo-
go tipa  v YAkutii: rasprostranennost' i kliniko-ge-
neticheskie sopostavleniya [Spinocerebellar 
ataxia of the first type in Yakutia: prevalence and 
clinical and genetic comparisons]. Medicinskaya 
genetika [Medical genetics. 2004; 3 (5): 242-248 
(In Russ.).]

16. Shcherbo SN. Translyacionnaya medici-
na [Translational medicine]. Medicinskij alfavit 
[Medical Alphabet. 2012; 2 (10): 5-6 (In Russ.).] 

17. Kononova SK, Sidorova OG, Stepanova 
SK, et al. Eticheskie aspekty prenatal'noj diag-

nostiki    pozdnomanifestiruyushchih nasledst-
vennyh zabolevanij  c dinamicheskimi mutaci-
yami [Ethical aspects of prenatal diagnosis 
of late-manifesting hereditary diseases with 
dynamic mutations]. Medicinskaya genetika 
[Medical Genetics. 2010; 9. No. 9 (99): 10-15 (In 
Russ.).]

18. Finley Austin MJ , Kreiner T Integrating 
genomics tecnologies in health care: practice 
and policy challenges and opportunities. Phisiol 
Genomics. 2002;8:33-40.

19. Fletcher JC, Berg K, Tranoy KE. Ethical 
aspects of medical Genetics. A proposal for 
guidelines in genetic counseling, prenatal di-
agnosis and screening. Clinical Genetics.1985; 
27:199-205.

20. Frank AL. Ethical and practical as-
pects of human studies. Mutation Re-
search.2001;480:333-336.

21. Gyngell C, Bowman-Smart H, Savules-
cu J. Moral reasons to edit the human genome: 
picking up from the Nuffield report. J Med. 
2019 ; 45 (8):514-523. doi: 10.1136 / medeth-
ics-2018-105084.

22. Ginsburg GS, Willard HF. Genomic and 
personalized medicine: foundations and applica-
tions. Trans. Res., 2009, 54( 6): 277–87.

23. Goldfarb LG, Vasconcelos O, Platonov 
F.A. et al. Unstable Triplet Repeat and Pheno-
typic Variability of Spinocerebellar Ataxia Type 1 
. Ann. Neurol. 1996;39(4):500-506.

24. International HapMap Consortium. The 
International HapMap Project. Nature. 2003; 
426(6968):789-96. doi: 10.1038/nature02168.

25. Jackson DA, Symons RH, Berg P. “Bio-
chemical method for inserting new genetic in-
formation into DNA of Simian Virus 40: circular 
SV40 DNA containing lambda phage genes and 
the galactose operon of Escherichia coli,” Proc. 
Nat. 1972; 2904-2909.

26. Kononova SK, Fedorova SA, Khusnutdi-
nova EK. Bioethical aspects of genetics and ge-
nomics in Yakut (Siberia). Genomics and Health 
in the Developing World.2012; 1426-1430.  DOI: 
10.1093/med/9780195374759.001.0001  

27. Leonard Debra GB The future of mo-
lecular genetic testing. Clinical Chemis-
try.1999;45:726-731.

28. Lindahl R., Jonson VP. Molecular medi-
cine: a primer for clinicians. PartVI: Introduction 
to genetic testing. SDJ Med.1994;47(11):392-5.

29. Lunkes A., Goldfarb LG, Platonov FA et 
al. Autosomal dominant spinocerebellar ataxia 
(SCA) in a Siberian Founder Population: assign-
ment to the SCA1 locus. Experimental neurolo-
gy.1994;126:310-312.

30. Moldrup C. Ethical, Social and Legal 
Implications of Pharmacogenomics: A Critical 
Revie.Community Genetics.2001;4(4): 204-
214.

31. Newitt R,  Barnett F , Crowe M. Under-
standing factors that influence participation in 
physical activity among people with a neuromus-
culoskeletal condition: a review of qualitative 
studies. Disabil Rehabil. 2016;38(1):1-10. doi: 
10.3109/09638288.2014.996676.

32. Renzong Q. Human genome and philos-
ophy: what ethical challenge will human genome 
studies bring to the medical practices in the 21st 
century? CRAcad.Sci.III, 2001;324(12):1097-
102.

33. Orr HT, Chang MY, Banfi S. et al. Expan-
sion of an unstable trinukleotide CAG repeat 
in spinoserebellar ataxia type 1. Nature Gen-
et.1993;4:221-226.

Reference


