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Abstract: Objective: To determine the prevalence of adult-type hypolactasia in the Tajik population living in the south of
Uzbekistan by genotyping of allelic variants C/T-13910 and identifying their tolerance to milk. Methods: 100 ethnic Tajik
adults were examined for C/T-13910 single nucleotide polymorphisms using polymerase chain reaction/restriction fragment
length polymorphism. Milk tolerance was analyzed by a questionnaire developed to assess dyspepsia after milk and dairy
consumption. Results: A genetic marker of hypolactasia - C/C-13910 genotype was detected in 83% of the adult Tajik
population. However, despite the high prevalence of lactose intolerance in the Tajik population, the majority consume
between 100-200 ml of milk per day. Conclusion: The Tajik population is characterized by a high prevalence of
hypolactasia. Milk consumption is not affected by the determined genotypes since people of Tajik ethnicity consume milk
in small quantities.
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1. Introduction
Single Nucleotide polymorphism C/C -13910 is
responsible for the decrease in the lactase activity in the
brush border of enterocytes and for the development of
adult-type hypolactasia or lactase deficiency [1]. It is one of
the most common enzyme deficiencies among mammals,
and has a homozygous recessive inheritance trait [2, 3].
Most of the adult human populations have high prevalence
of hypolactasia and intolerance to milk [4]. The activity of
lactase in the intestinal mucosa progressively decreases
after the weaning period [5, 6].
Genetic nucleotide polymorphism alleles C/T, T/T
(13910) refer to one of the most ancient and prominent
human gene mutations associated with genetic selection. In
spite of the fact that this mutation has been studied both
historically and genetically, it requires further study [1, 3].
A mutation of the gene responsible for hypolactasia in the
adult population took place in the context of domestication
of cattle, with the development of animal husbandry and

the use of fresh milk by the people in the Neolithic period
between 5,000 and 10,000 years BC [7, 8]. In European
ancestry, nucleotide polymorphism C/T -13910 originated
about 7500 BC in the Balkans and Central Europe
(archaeological Linearbandkeramik and Starčevo cultures)
and then spread to the east, towards India, and north Africa
[8, 9]. Stable lactose absorption in the adult population in
the area of sub-Saharan Africa has evolved independently
from the European lineage with C/T-13910 mutation
associated with the breeding of Arabian camels [10].
The use of fresh milk among the peoples of northern
Europe, especially by the tribes inhabited in the Neolithic
period Britain, Germany and Scandinavia may be an
explanation for the more severe C/T-13910 allele selection
and tolerance of milk among indigenous ethnic populations
of northern Europe compared to the current southern
population such as among Italians. [11]. Intolerance to milk
is high in populations living in Southeast Asia and subSaharan Africa [12].
Hypolactasia is also common among Turkish populations:
the frequency of hypolactasia in the adult population of
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Turkey is 71.3% [13], Uzbeks - 81 % [14], Kazakhs 73.4 % [15]. In China (northeastern China, Hun subgroup)
adult-type hypolactasia appears to be 92.3%, and among
Mongols it is 87.9% [16].
The prevalence of hypolactasia in the Indo-Iranian
groups of the population has been found to be 20% in India
[17] and 86% among Iranian adults [18].
Clinically, in people with hypolactasia, milk
consumption can lead to symptoms of lactose intolerance
such as abdominal pain, borborygmi, flatulence and
diarrhea [5]. Lactose intolerance is the most common
reason for milk intolerance in adults.
There are no publications regarding adult-type
hypolactasia, nor on milk intolerance among these ethnic
Tajik isolated populations. The Tajik population is
traditionally agrarian, with a tradition of cattle-breeding.
Milk belongs to a traditional Tajik diet, but usually in
limited amounts. Tajiks give fresh milk mostly to children.
In adults "Shirchoy" or tea with milk is used mostly in the
winter. Sour milk "Dzhugorot" and cheese “Chakka” are
widely used, but these are fermented dairy products.
The aim of the current study was to find out the
prevalence of lactase deficiency in a Tajik population
defined by genotype C/C-13910 and to assess for
differences in the milk consumption and intolerance in
individuals with different genotypes.

2. Materials and Methods
The study was carried out in the population group
attached to the 'Shovgon' Rural General Practice (RGP) in
the Peshky District of the Bukhara province of Uzbekistan.
A simple random sample (n=120) of the population aged 16
to 70 years was drawn from the list of people permanently
registered in the area (1181 people aged 16 to 70). All study
subjects were Tajik (at least three maternal and paternal
grandparents reported to be Tajik).
The study was approved by the National Ethics
Committee at the Ministry of Health of Uzbekistan.
Informed consent was obtained from the subjects who
participated in the study.
The questionnaire developed by the authors consisted of
45 questions concerning the individual's health, personal
data (ethnicity, including ethnicities going back three
ancestral generations), symptoms of milk and dairy product
intolerance, and attitude to milk consumption. The
researchers filled out the questionnaire during face-to-face
interviews with the participants. A blood sample was taken
from each participant for lactase-deficiency genotyping.
Blood sample collection and transportation to the
laboratory were performed according to a protocol
approved by the Laboratory of Genomics of the Institute of
Bioorganic Chemistry Academy of Sciences Republic of
Uzbekistan on labeling, storing and delivering blood. DNA
was isolated using standard procedures.
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2.1. Genotyping
One millilitre blood samples were obtained from the
cubital vein of each participant. DNA was isolated from
this venous blood using the Diatom ™ DNA Prep 200 DNA
purification kit (Isogene Lab. Ltd. Invitrogen, USA)
according to the manufacturer's protocol. The presence of
genomic DNA was verified by 0.9% agarose gel
electrophoresis with ethidium bromide, followed by
visualisation under UV light on a WiseDOC gel
documentation device. SNP identification was achieved by
polymerase chain reaction/restriction fragment length
polymorphism (PCR/RFLP). To identify alleles of the SNP
C/T-13910, a fragment of 201 bp was first amplified using
the primers: 5'-TGGCAATACAGATAAGATAATGGA-3'
and 5'-GCTTTGGTTGAAGCGAAGAT- 3'. Polymerase
chain reaction (PCR) amplifications were carried out in
0.2-mL PCR tubes, using a GenePack PCR Core kit
(Isogene Lab. Ltd., Invitrogen) with lyophilised
components. Each tube contained 1.5 units of Taq DNA
polymerase, 10 mM of Tris-HCl (pH 9), 50 mM of KCl, 1.5
mM of MgCl2 and 200 mM of each dNTP. 2.5 µL of each
primer (10 µM solution), 10 µL of the PCR diluent and 5
µL of DNA were added to each tube and PCR was
performed using an Applied Biosystems GeneAmp 9700
PCR thermal cycler system. The PCR cycle conditions
were as follows: an initial round of denaturation at 95°C,
then 35 cycles at 95°C for 60 seconds, 59 ° C for 60 seconds,
72°C for 60 seconds, and a final extension of 72°C for 1
minute. PCR products were digested with 5u Hinf I
(Fermentas). Amplification and digestion products were run
on an 8% polyacrylamide gel and visualised by ethidium
bromide staining. Samples that only presented a 201 -bp (C)
fragment or a 177-bp (T) fragment were interpreted as CC
and TT genotype, respectively, while those that presented
two fragments of 201 bp and 177 bp were interpreted as the
CT genotype.
The association between milk consumption /intolerance
symptoms and genotype variants was tested using Fisher's
Exact Test.

3. Results
From the random sample of 120 Tajik adults, 100
respondents (58 males and 42 females) answered the
questionnaire on tolerance of milk and dairy products. The
age of the subjects was as follows: 45 in the 16-29 years
age group, 36 in the 30-49 years age group, and 19 in the
50-70 years age group.
Genotyping revealed the presence of the hypolactasia
allele (C/C-13910) in 83 % of the study population. The
subjects had only two variants of nucleotide polymorphism
(C/T-13910 and C/C-13910), the T/T-13910 genotype was
not found in any of the cases (Table 1).
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Table 1. Frequency of C/T-13910 variants in an adult Tajik population
Genotype of C/T-13910 variant

Frequency (%)

C/ C

83

C/T

17

T/T

0

Milk consumption among the Tajik population was low.
It did not differ between the subjects with C/C and C/T
genotypes (p>0.05). The reasons for avoiding fresh milk in
their diet were as follows: 9 people reported abdominal
discomfort after drinking milk and 2 participants did not
like the taste of milk. The results of the questionnaire on
the frequency of intolerance to milk, comparing the intake
quantities with the different variants of the genotype C/T13910, are shown in Table 2.
Table 2. Quantity of milk consumption (dl/day) and number (%) with
reported milk intolerance in an adult Tajik population according to
different genotypes of the C/T-13910 variant.
C/C-13910
N=83

C/T-13910
N =17

T/T-13910

Total
N =100

0

10 (12 )

1 ( 5,9)

0

11(11)

1-2

67 ( 80,7)

16 (94,1)

0

83 (83)

3-7

6 ( 7,2)

0

0

6 (6)

8 and more

0

0

0

0

Symptoms
from milk
intolerance

21 (25,3)

0

0

21 (21)

Genotype
Drinking milk
(dl/day)

21 respondents who reported gastro-intestinal (GI)
complaints had the C/C genotype (C/C and C/T p<0.05),
characteristic of hypolactasia. They all noted abdominal
bloating and diarrhea, and 3 people indicated pain in the
abdomen. 9 out of the 21 participants with GI complaints
avoided fresh milk consumption while 12 did not stop milk
consumption despite having lactase non-persistence and
milk intolerance symptoms.

4. Discussion
This work is the first study of the prevalence of
hypolactasia genotypes and frequency of consumption of
milk among ethnic Tajiks. An earlier study of lactase
persistence in a mixed Tajik-Uzbek population indicates the
presence of lactase persistence in 18% of the population.
[15]
Our study was conducted in a remote region, far from the
major administrative centers - the area where this isolated
population of the ethnic Tajiks is located.
The strong correlation of genotype variant C/T-13910
with lactase persistence or non-persistence justifies its use
as a reliable test to detect hypolactasia. Importantly,
genotyping is a minimally invasive method and the results
of the tests are available quickly [19, 20].

The questionnaire to determine the tolerance to milk and
dairy products has been used as a tool to identify the
frequency and volume of drinking fresh milk and dairy
products [21-23]. The assessment of milk intolerance
symptoms combined with the testing for C/T-13910 SNP
variants are considered reliable methods to determine a
diagnosis of hypolactasia [19, 24].
83% of the surveyed Tajiks were found to have
hypolactasia (C/C-13910 genotype allele). However,
despite this, the majority of them (89%) consume milk in
small amounts (100-200 ml per day). The population with
lactase non-persistence (genotype C/C-13910) had more GI
complaints after drinking fresh milk. Some respondents
with milk intolerance notified that they include fresh milk
in their diet as a mild laxative for the regulation of stool
frequency.
Most people in the world are lactase non-persistent and
have varying degrees of lactose intolerance in the adult
period of life. However, not all individuals with a lactase
non-persistence genotype have expressed lactose
intolerance and not all the people who are intolerant to
lactose are carriers of lactase non-persistence alleles [1, 4,
25].
Previously reported results indicate that consumption of
milk is lower in lactase non-persistent subjects than in
lactase persistent subjects, suggesting that lactase nonpersistence does not prevent the intake of milk. Not all the
subjects with lactase non-persistence reported symptoms
after consuming milk and most of them were able to
consume a small amount of milk per day (12g of lactose),
especially during mealtimes [26-28]. This may explain the
fairly high rate (78%) of milk consumers among the
genotype C/C-13910 [29, 30]. It has elsewhere been shown
that drinking 150ml to 250 ml of milk a day may not cause
symptoms of milk intolerance in people with hypolactasia
[31, 32]. Our results demonstrate that presence or absence
of hypolactasia does not affect fresh milk consumption in
small amounts. As milk has not been a very important
component of the Tajik diet, there has not been a strong
obvious preference in natural selection for genotypes of
C/T-13910 or T/T-13910.

5. Conclusion
The Tajik population studied is characterized by a high
prevalence of hypolactasia, which does not prevent them
ingesting milk in small amounts.
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