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Abstract. The ability to digest lactose is a variable genetic trait in human populations. Two distinct phenotypes are present:
lactase non-persistence (LNP) and lactase persistence (LP). LP trait is likely to have conferred a selective advantage in individuals
who consume appreciable amounts of milk. In European derived populations a single nucleotide polymorphism (SNP) C/T 13910

residing 13.9 kb upstream from the lactase gene has been shown to define lactase activity, and several other SNPs in the same
region have been identified in African and Middle East populations. We evaluated the frequency of C/T 13910 SNP among cattle
domesticating groups of northern India. It was observed that frequency of LP phenotype and that of T 13910 allele of LP was much
higher in these groups compared to those with no history of cattle domestication. This may be to due positive selection of LP
associated genotypes with spread of cattle domestication in northern India. However, the introduction of T 13910 allele into India
seems unclear and may require further research.
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1. Introduction

Lactose in milk is digested and absorbed in the small intestine. The enzyme lactase is responsible for cleaving
lactose into its constituent monosaccharides, glucose and galactose, which are transported across the epithelial cell
membranes into the enterocytes [1]. Lactase activity is high and vital during infancy, when milk is the main source
of nutrition. In most mammals, however, lactase activity declines after the weaning, a condition known as lactase
non-persistence (LNP). Lactase persistence (LP) is an autosomal dominant trait enabling the continued production
of the enzyme lactase throughout adult life. People who have LP can usually hydrolyze large amounts of lactose and
can thus consume large quantities of fresh milk without complication. People with LNP have a much lower lactose
digestive capacity than those with LP, and thus often, but not always, show symptoms of lactose intolerance after
consumption of fresh milk. The distribution of these different lactase phenotypes in human populations is highly
variable, an observation that has long been a source of interest in relation to evolutionary genetics [1].

The LP phenotype is very frequent in the northern parts of Europe, and also in nomadic populations in the arid
zones of north and central Africa and Arabia [2]. There is a decline of LP toward southern parts of the European
continent [1]. Frequency of T 13910 allele ranges from 0.080 in southern Italy to 0.237 in north-east Italy [3]. In Sardinia
and Greece, the frequency of T 13910 allele ranges from 0.072 and 0.090 [3]. LNP is the predominant phenotype in
the native populations of Australia and America and in the Pacific, east and southeast Asia and tropical Africa [2].
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World-wide distribution of LP and the generally coinciding pattern of historically milk-drinking populations led to
‘culture historical hypothesis’. According to this hypothesis, LP co-evolved alongside the cultural adaptation of milk
and the selective force for LP was milk dependence [4].

A single nucleotide polymorphism (SNP) C/T 13910 residing in intron 13 of the MCM6 gene 14 kb upstream
from the lactase gene (LCT) has been found to correlate with lactase activity [5]. It has been revealed that a single
allele, carrying T 13910 variant 14 kb upstream LCT, fully correlates with LP in many global populations [5–7].
Functional studies have shown that the T 13910 variant acts as an enhancer and it regulates the LCT gene at the
transcriptional level [8]. It has been suggested that the patterns of variation in and surrounding the lactase gene show
a strong signature of recent positive selection roughly consistent with the likely time of onset of dairy farming [6].
We evaluated the frequency of T 13910 allele in two cattle domestication groups of northern India (from Panjab and
Jammu and Kashmir regions) to determine the relationship between C/T 13910 SNP and the LP phenotype in these
groups. We also determined the frequency of T 13910 allele in a mixed population of northern India without any
known history of cattle domestication or pastoralism.

2. Methods

2.1. Study population

The study population included 100 adult volunteers from cattle domestication groups of Panjab and Jammu
and Kashmir (J&K) (50 each). The volunteers were recruited from the population group with a history of cattle
domestication and milk drinking culture. Furthermore, 150 adult volunteers were recruited from a mixed population
of northern India (50 each from Panjab and J&K; 25 each from Haryana and Himachal Pradesh) with no history of cattle
domestication or pastoralism. Additionally, 25 volunteers from southern India (studying at PGIMER, Chandigarh)
were also recruited. At the time of recruitment, the volunteers were asked to complete a questionnaire concerned
with milk consumption and possible milk related symptoms. Written informed consent to participate in the study
was obtained from these volunteers. Blood samples were collected from all the volunteers who participated in this
study. The study was approved by Institute Ethics Committee PGIMER, Chandigarh.

2.2. DNA isolation and genotyping

DNA was isolated from whole blood samples using REDExtract-N-Amp Blood PCR Kit (Sigma, Saint Louis,
USA). C/T 13910 SNP was analysed through polymerase chain reaction (PCR) amplification followed by restriction
enzyme digestion assay (PCR-RFLP). PCR was carried out using REDExtract-N-Amp Blood/Saliva PCR Kit (Sigma,
Saint Louis, USA). Primers used to amplify the fragment spanning C/T 13910 variant were: sense 5′-gga tgc act gct
gtg atg ag-3′ and antisense 5′-ccc act gac cta tcc tcg tg-3′. Each reaction was denatured at 95◦C for 3 min, followed
by 35 cycles of 94◦C for 30 s, 60◦C for 30 s, and 72◦C for 30 s. The reaction was given a final 10 min extension at
72◦C. PCR products were quantified and 500 ng of DNA was digested with 1 unit of BsmFI restriction enzyme (New
England Biolabs, Foster City, CA) SNP in a 15�L reaction containing 1X reaction buffer and BSA. The reaction were
incubated for 4-5 hours at 65ºC. A total of 7�L of reaction mixtures were electrophoresed using 2% agarose gel and
stained with ethidium bromide. To confirm the PCR–RFLP results and discover other possible SNPs, PCR products
were sequenced by using an automated DNA Sequencer (ABI 3730XL Genetic analyzer; Xcelris Genomics) with
forward primer to read ∼400 base pairs in one direction. When necessary, the results were reconfirmed by sequencing
the other strand with the reverse primer. PCR products were first purified using the PCR gel purification kit (Qiagen),
as per the manufacture’s procedure and later on send for sequencing (Xcelris labs, India).

3. Results

Amplification of the fragment spanning C/T 13910 SNP resulted in a 448 bp PCR product. For C/T 13910 SNP,
digestion of the PCR product with restriction enzyme BsmFI revealed two fragments of ≈350bp and ≈100 bp in
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case of the C/C 13910 genotype, and of ≈350bp, ≈250bp and ≈100/98bp for C/T 13910 genotype (Fig.1). Among the
volunteers from cattle domestication group of Panjab, 56% (28/50) had the C/T 13910 genotype of LP and 44% (22/50)
had the C/C 13910 genotype of LNP. None of the individuals had T/T 13910 genotype. From the cattle domestication
group of J&K, 64% (32/50) had the C/T 13910 genotype of LP and 36% (18/50) had the C/C 13910 genotype of LNP.
Among the volunteers from non-cattle domestication groups, the frequency of C/T 13910 genotype in volunteers
from Panjab, J&K, Haryana and Himachal Pradesh was 38% (19/50), 42% (21/50), 48% (12/25) and 36% (9/25)
respectively. The frequency of C/C 13910 genotype in this group was 62% (31/50), 58% (29/50), 52% (13/25) and
64% (16/25) for volunteers of Panjab, J&K, Haryana and Himachal Pradesh respectively. Among the volunteers of
southern India, only 12% (3/25) had C/T 13910 genotype of LP and 88% (22/25) had C/C 13910 genotype of LNP
(Table 1).

Thus, a gradient in the frequency of T 13910 allele was observed from northern to southern India. Northern India has
the highest frequency of T 13910 allele and its frequency decreases as we move towards southern regions of the country.
In northern India, the cattle domestication group of J&K had the highest frequency of T 13910 allele (64%). This
group mainly consisted of the Gujjars and Bakarwals, a prominent heading community in J&K. Highest frequency
of T 13910 in this group may suggest a positive selection of this allele alongwith the pastoral culture in the Gujjar
and Bakarwals community. The frequency of C/T 13910 genotype in Panjab and J&K (cattle domestication+non-

Fig. 1. Agarose gel electrophoresis for PCR-RFLP analysis of C/T -13910 SNP from blood. Genotyping of individuals for the C/T -13910 SNP

was carried out by restriction digestion with of BsmF1. Lane M, DNA molecular weight marker. Lane U, Undigested PCR product. C/C and C/T

represent individuals with respective genotypes at -13910 positions.

Table 1

Prevalence of various genotypes of C/T -13910 SNP in volunteers from cattle domestication and non-domestication groups from different

regions of north India

Group (N) Genotype %LP1

(LNP Associated) (LP Associated)

C/C -13910 C/T-13910

Domestication

J&K (50) 18 32 64

Panjab (50) 22 28 56

Non-Domestication

J&K (50) 29 21 42

Panjab (50) 31 19 38

Haryana (25) 13 12 48

Himachal (25) 16 9 36

South India (25) 22 3 12

1Based on C/T 13910 genotype.
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Table 2

Self–reported gastrointestinal symptoms of volunteers in cattle domestication and non-domestication groups after milk consumption

Gastrointestinal symptoms1 Genotype Total

C/C 13910 C/T 13910

n/N (%) n/N (%) n/N (%)

Domestication

Flatulence 13/40 (32.5) 7/60 (11.6) 20/100 (18)

Bloating 4/40 (10) 2/60 (3.3) 6/100 (6)

Diarrhea 5/40 (12.5) 4/60 (6.6) 9/100 (9)

Borborgymi 7/40 (17.5) 5/60 (8.3) 12/100 (12)

Constipation 3/40 (7.5) 4/60 (6.6) 7/100 (7)

Non-Domestication

Flatulence 74/111 (66.6) 21/64 (32.8) 95/175 (54.2)

Bloating 35/111 (31.5) 14/64 (21.8) 49/175 (28)

Diarrhea 21/111 (18.9) 8/64 (12.5) 29/175 (16.5)

Borborgymi 29/111 (26.1) 14/64 (21.8) 43/175 (24.5)

Constipation 12/111 (10.8) 7/64 (10.9) 19/175 (10.8)

1Self-reported gastrointestinal symptoms after consumption of two glasses of milk per day (∼500 mL).

domestication group) was 41% and 51% respectively. Overall frequency of C/T 13910 genotype in northern India
(combining the data from all four states and including the data from cattle domestication group) was 59.5%. This
frequency is much higher than 12% as was reported for south Indian group.

We examined the correlation of C/T 13910 SNPs with self-reported clinical symptoms after consumption of at
least two glasses of milk per day (approximately 500 mL) in all the volunteers. Milk related clinical symptoms were
much less frequent in volunteers from cattle domestication group than the non-domestication group (Table 2). The
symptoms were least frequent in the volunteers from cattle domestication group with C/T 13910 genotype. This again
suggests a positive selection of T 13910 allele alongwith the pastoral and milk drinking culture.

4. Discussion

LP is a subject of great interest because the genomic region including LCT gene, which encodes the enzyme
lactase, is largely considered one of the strongest examples of positive selection pressure [6]. It also represents a good
example of genetic-environment co-evolution, the genetic trait seems to have increased in frequency starting from
the Neolithic transitions, together with the diffusion of dairy farming and the habit of drinking milk in adulthood, that
gives nutritional advantages [9]. Variation in linked microsatellites [7], an absence of the T 13910 allele in a sample of
early Neolithic central European skeletons [10] and spatially explicit computer simulations [11] have all added support
to the case for a strong selective advantage. We report a high frequency of T 13910 allele in pastoral groups of northern
India. This may be attributed to the positive selection for LP genotypes alongwith the spread of cattle domestication
and pastoralism in these groups. The data from self reported gastrointestinal symptoms after consumption of two
glasses of milk also seems to indicate an adaptation to milk drinking culture in pastoral groups. The adaptive potential
towards milk drinking appears to be more in volunteers with T 13910 allele from cattle domestication group. In the
present study, the DNA sequences from PCR amplification of C/T 13910 SNP demonstrated no polymorphism at
positions 13915, 13907, or 14010 and the sequence data conformed exactly to the reference sequence for this
entire region. Thus, majority of Indian population (especially northern Indians) unlike some ethnic groups in sub-
Saharan Africa shows the same genetic association of LP with C/T 13910 SNP as other northern European populations.
It has been noted that T 13910 allele is extremely rare in sub-Saharan African populations, even in those populations
where LP frequency had previously been reported to be high [12]. Three studies revealed several new sequence
variants in very close proximity T 13910 allele [13–15] two of which are clearly associated with LP in different
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parts of East Africa (G 13915 and C 14010). One of these, G 13915, was also shown to be associated with high lactase
expression in Saudi Arabia [16]. A third SNP, G 13907, showed much weaker evidence, but was found in several
studies [13–17]. Romero et al. [18] reported that apart from C/T 13910, seven other segregating sites were found in
Indian samples from pastoral populations with a combined frequency of the derived alleles 0.035. Of these 7 sites,
the mutation G/C 13779 is the most common, with a countrywide sample frequency of 0.024. Also of interest is the
C/T 13915 site, which was found in Muslim populations from southern India, and which Romero et al. [18] reported at
a low frequency in other populations from the same region. These findings suggest that some other regulatory SNPs
of LP may be present at a very low frequency in certain pastoral tribes of India.

In our study, sequence analysis of various samples from mixed northern Indian population did not reveal any new
sequence variants apart from C/T 13910 SNP. Thus, the new sequence variants at positions G/C 13779 or C/T 13915 are
very rare and may only be present at a very low frequency in certain pastoral tribes of India. Also, because of the
small sample size, we may have missed some of the novel mutations associated with LP in various pastoral tribes
of northern India. The study needs to be carried out with a larger sample size covering various pastoral groups of
northern India. The study also needs to be supported by lactose tolerance test (LTT) or hydrogen breath test (HBT)
to ascertain the LP/LNP status of an individual. Preliminary investigations suggest that T 13910 allele is a major
determinant of LP in pastoral groups of northern Indian and may have undergone recent positive selection with the
spread of cattle domestication and milk drinking culture. However, the origin of cattle domestication and the spread
of T 13910 allele in India needs further research. It is unclear whether the T 13910 allele was introduced in India from
outside or did the mutation arise de-novo in Indian population.
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