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Introduction

Lactose is a disaccharide of glucose and galactose, which 
accounts for most of the carbohydrates included in milk. 
Milk is a nutritionally ideal food, but people often suffer 

from digestive difficulties because the lactose of milk is not 
digested well but fermented by intestinal microorganisms [1, 
2]. This symptom is called lactose intolerance [3].

Bayless and Rosensweig [4] found that the rates of lactose 
intolerance between African Americans (70%) and popula-
tions of a recent European descent (5%) differed signifi-
cantly and thought that lactase activity would be genetically 
regulated. Later, Enattah et al. [5] also argued that regulatory 
genes present on human chromosome 2 are associated with 
lactase non-persistence (LNP), which causes lactose intoler-
ance [5, 6]. Lactase gene is about 50 kb in size, and the geno-
type of single nucleotide polymorphism (SNP, LCT-13910 or 
rs4988235) determines whether the subject has LNP or not 
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Abstract: Lactase non-persistence (LNP), one of the causes of lactose intolerance, is related to lactase gene associated single 
nucleotide polymorphisms (SNPs). Since the frequency of LNP varies by ethnic group and country, the research to reveal the 
presence or absence of LNP for specific people has been conducted worldwide. However, in East Asia, the study of lactase gene 
associated SNPs have not been sufficiently examined so far using ancient human specimens from archaeological sites. In our 
study of Joseon period human remains (n=14), we successfully revealed genetic information of lactase gene associated SNPs 
(rs1679771596, rs41525747, rs4988236, rs4988235, rs41380347, rs869051967, rs145946881 and rs182549), further confirming 
that as for eight SNPs, the pre-modern Korean people had a lactase non-persistent genotype. Our report contributes to the 
establishment of LNP associated SNP analysis technique that can be useful in forthcoming studies on human bones and 
mummy samples from East Asian archaeological sites. 
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in people of a recent European descent. In brief, the genotype 
of SNP for LNP is C/C; lactase persistence (LP) is T/T; and the 
activity of lactase can be intermediate as C/T [5].

Currently, it is possible to estimate the global distribution 
of LNP through the study of its frequency worldwide. That 
is, Ingram et al. [7] estimated that about 70% of the world’s 
population has the genotype of LCT-13910 as C/C, which 
tends to be LNP. Considering the global frequency, lacto-
se intolerance rate caused by LNP looks varied by ethnic 
group and region worldwide. By country, lactose intolerance 
due to LNP was found to be almost 100% in Asia, in South 
America at 50%–90%, and in American Indians at 80%, but 
in Europe and populations of a recent European descent at 
10%–20% [7-9]. In Korea, Enattah et al. [10] also confirmed 
that the LNP frequency in the country was 100% by study of 
rs4988235 on 46 Koreans. 

Recently, research trends on LNP are expanding beyond 
simply confirming the SNP frequency of modern people. 
Genetic analysis has led to differences in frequency, expand-
ing to geographical distribution of lactose intolerance in 
history, thus answering the quest of human migration based 
on the genetic evidence [11-14]. Nevertheless, in East Asian 
countries including South Korea, no technical foundation 
has been made because very few research on LNP has been 
conducted so far on the archaeologically obtained human 
remains in the region.

Materials and Methods

The genetic analysis was conducted on fourteen human 
bones and mummies found in a total of nine Joseon period 
graves. Samples were attained at archaeological sites of 
Eunpyeong (Seoul), Sinnae (Seoul), Yongin (Gyeonggi-Do), 
Uijeongbu (Gyeonggi-Do), Sapgyo (Chungcheongnam-Do), 
Wonju (Gangwon-Do), Waegwan (Gyeongsangbuk-Do), 
Hadong (Gyeongsangnam-Do). The detailed information 
is summarized in Table 1. In order to secure the authentic-
ity of genetic analysis, the guidelines of Hofreiter et al. [15] 
and Willerslev and Cooper [16] were respected in our study. 
In brief, participants wore sterile gowns, headcaps, masks, 
and two layers of gloves during aDNA work. Our aDNA facil-
ity were spatially separated from the space of modern DNA 
work, equipped with a laminar f low clean bench, isolated 
ventilation, and UV irradiation. The aDNA facility is irradi-
ated with UV light for 2 hours before and after use, and all 
experimental tools were used after cleaning with bleaching 

solution containing 0.5% sodium hypochlorite. The entire 
process, from sampling at the excavation site to genetic analy-
sis in the laboratory, was conducted by researchers wearing 
sterilized gowns with sterilized tools.

This study was conducted after obtaining a review exemp-
tion from the Institutional Review Board of Seoul National 
University Hospital (IRB No. 2017-001) and Eulji University 
(IRB No. EU22-40). 

The analyzed samples are mummified brains or femora. 
The method of extracting DNA from them is already de-
scribed in Kim et al. [17] and Oh et al. [18]. In brief, the 
mummified brain tissue was used for DNA extraction after 
removing surface with a sterilized knife and irradiating with 
254 nm of ultraviolet light for 20 minutes. The contamina-
tion of femur surface was also removed by a sterilized drill, 
and then washed and dehydrated by sequentially applying 
0.5% sodium hypochlorite solution, distilled water, 70% and 
100% ethanol. The bone powder was made after dried under 
UV irradiation inside the clean bench. For DNA extraction, 
bone (0.5–1 g) and brain tissue (0.2–0.3 g) were added to lysis 
buffer (EDTA 50 mM, pH 8.0; 1 mg/ml of proteinase K; SDS 
1%) and reacted at 56°C for 24 hours. Then, the reaction so-
lution was treated with phenol: chloroform: isoamyl alcohol 
(25:24:1) (Sigma, St Louis, MO, USA), chloroform: isoamyl 
alcohol (24:1) (Sigma), and the QIAquick PCR purification 
Kit (Qiagen, Hilden, Germany). The amount of purified 
DNA was measured by NanoDrop ND-1000 spectrophotom-
etry (Thermo Fisher Scientific, Wilmington, DE, USA). DNA 
extraction was repeated twice per sample. 

To remove uracil remained in extracted DNA, 20 μl of 
DNA was reacted at 37°C for 3 hours using 4 units of USER 
enzyme (New England Biolabs, Ipswich, MA, USA) and 

Table 1. The information of samples used in this study
No. Sample ID Excavation site Sex
S1 EP3-D1-257 Eunpyeong, Seoul, South Korea Male
S2 EP-C-8-1 Eunpyeong, Seoul, South Korea Male
S3 EP3-D1-188-1 Eunpyeong, Seoul, South Korea Male
S4 EP3-C4-24 Eunpyeong, Seoul, South Korea Female
S5 SN4-15 Sinnae, Seoul, South Korea Male
S6 SN PK Sinnae, Seoul, South Korea Male
S7 Yongin Yongin, Gyeonggi-do, South Korea Female
S8 Seocheon Yongin, Gyeonggi-do, South Korea Female
S9 UIJB-1 Uijeongbu, Gyeonggi-do, South Korea Male

S10 UIJB-2 Uijeongbu, Gyeonggi-do, South Korea Female
S11 Sapgyo Sapgyo, Chungcheongnam-do, South Korea Male
S12 Wonju 6-1 Wonju, Gangwon-do, South Korea Male
S13 Waegwan Waegwan, Gyeongsangbuk-do, South Korea Male
S14 HD2 Hadong, Gyeongsangnam-do, South Korea Female
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then purified using MinElute PCR Purification Kit (Qiagen). 
Uracil-removed aDNA (40 ng) was mixed with 1X Ampli-
Taq Gold 360 Master Mix (Life Technologies, Camarillo, 
CA, USA) and 20 pmol of PCR primers (Genotech, Daejeon, 
Korea). PCR conditions and each primer set information 
are summarized in Table 2. Briefly, two primer sets are de-
signed to amplify eight SNPs, which known to be associated 
with the expression of the lactase gene [19, 20]. Of them, the 

amplicon of Lac-1 primer set (233 bp) is designed to include 
a total of seven SNPs, including rs1679771596 (LCT-13906), 
rs41525747 (LCT-13907), rs4988236 (LCT-13908), rs4988235 
(LCT-13910), rs41380347 (LCT-13915), rs869051967 (LCT-
14009), and rs145946881 (LCT-14010). The amplicon of Lac-
2 primer set (147 bp) is also designed to contain one SNP 
(rs182549 or LCT-22018). PCR was conducted twice with dif-
ferent extractions of each sample.

LCT-13915

LCT-13910
LCT-13908

LCT-13907
LCT-13906

A B

C

* * * * * * * *

LCT-14010
LCT-14009 LCT-22018
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Fig. 1. A brief example of the genetic analysis procedure. (A) PCR result for Lac-1 primer set. (B) PCR result for Lac-2 primer set. (C) Analysis of 
electropherogram results of rs1679771596 (LCT-13906), rs41525747 (LCT-13907), rs4988236 (LCT-13908), rs4988235 (LCT-13910), rs41380347 
(LCT-13915), rs869051967 (LCT-14009), rs145946881 (LCT-14010) amplified by Lac-1 primer set, and rs182549 (LCT-22018) by Lac-2 primer 
set. The sample S7 used in this experiment was obtained from the first extracts. PCR, polymerase chain reaction; NC, extraction negative control.

Table 2. The information of primer sets and PCR condition

Set Primer Sequence (5' to 3') Product size (bp)
Annealing 

temperature (°C)
Reference

Lac1 Lac1-F* ACC CAC TGA CCT ATC CTC GT 233

58 This study
Lac1-R ACG TCA TAG TTT ATA GAG TGC

Lac2 Lac2-F TGG TCT CGA ACT CCT GAC 147
Lac2-R* ACC CTA TCA GTA AAG GCC TA

HV1 F16112* CAC CAT GAA TAT TGT ACG GT 299 52 [31]
R16410* GAG GAT GGT GGT CAA GGG AC

PCR condition (45 cycles) Pre-denaturation at 95°C for 10 min 
Denaturation at 95°C for 20 sec 
Annealing for 30 sec 
Extension at 72°C for 20 sec 
Final extension at 72°C for 10 min

PCR, polymerase chain reaction. *Sequencing primer.
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The electrophoresis of PCR products was done on aga-
rose gel (2.0%–2.5%), stained with ethidium bromide, and 
recorded by UV transilluminator and CCD camera. The 
amplification product was extracted using a Qiagen gel ex-
traction kit (Qiagen), and sequenced at Macrogen Inc. (Seoul, 
Korea). The sequence analysis results were confirmed using 
the MEGA X program (https://www.megasoftware.net/) [21].

Results

In PCR amplification using Lac-1 and Lac-2 primer sets 
and electrophoresis, specific amplicons of rs1679771596 
(LCT-13906), rs41525747 (LCT-13907), rs4988236 (LCT-
13908), rs4988235 (LCT-13910), rs41380347 (LCT-13915), 
rs869051967 (LCT-14009), rs145946881 (LCT-14010) and 
rs182549 (LCT-22018) could be successfully obtained (Fig. 
1A, B). Next, DNA sequence analysis was conducted for each 
SNPs. The sequencing results confirmed that the amplicons 
include those lactase SNPs (Fig. 1C). In our SNP analyses 
of 14 Joseon period individuals, the results were obtained 
successfully (Supplementary Figs. 1 and 2). We found that 
Joseon individuals had the same genotype for all eight SNPs: 
allele A for rs1679771596 (LCT-13906T), G for rs4152747 
(LCT-13907C), G for rs4988236 (LCT-13908C), G for 
rs4988235 (LCT-13910C), A for rs41380347 (LCT-13915T), 
A for rs869051967 (LCT-14009T), C for rs145946881 (LCT-
14010G), and C for rs182549 (LCT-22018G). By these results, 
we confirmed that every Joseon people of this study had LNP 

genotypes for the eight SNPs (Table 3). 
To confirm whether the results of this experiment are 

contaminated by modern DNA from researchers, mito-
chondrial DNA hypervariable region was amplified and 
sequenced for each ancient sample as well as the researchers 
(Supplementary Fig. 3). We confirmed that the haplotypes of 
researchers and Joseon period individuals were all different 
from each other. This means that there was no contamina-
tion of samples by researchers’ modern DNA (Table 4).

Table 3. Genotyping results on LNP SNPs in Joseon people

No. Sample ID
rs1679771596 rs41525747 rs4988236 rs4988235 rs41380347 rs869051967 rs145946881 rs182549
LCT-13906 

T>A
LCT-13907 

C>G
LCT-13908 

C>T
LCT-13910 

C>T
LCT-13915 

T>G
LCT-14009 

T>G
LCT-14010 

G>C
LCT-22018 

G>A
S1 EP3-D1-257 T C C C T T G G
S2 EP-C-8-1 T C C C T T G G
S3 EP3-D1-188-1 T C C C T T G G
S4 EP3-C4-24 T C C C T T G G
S5 SN4-15 T C C C T T G G
S6 SN PK T C C C T T G G
S7 Yongin T C C C T T G G
S8 Seocheon T C C C T T G G
S9 UIJB-1 T C C C T T G G

S10 UIJB-2 T C C C T T G G
S11 Sapgyo T C C C T T G G
S12 Wonju 6-1 T C C C T T G G
S13 Waegwan T C C C T T G G
S14 HD2 T C C C T T G G
LNP genotype T C C C T T G G
Frequency of LNP genotype 100% 100% 100% 100% 100% 100% 100% 100%

LNP, Lactase non-persistence; SNP, single nucleotide polymorphism. 

Table 4. Mitochondrial DNA haplotypes of Joseon individuals’ samples and 
researchers

No. Sample ID
Hypervariable region I

(16189–16370)
S1 EP3-D1-257 16223T 16290T 16319A
S2 EP-C-8-1 16223T 16298C 16327T
S3 EP3-D1-188-1 16223T 16257A 16261T 16362C
S4 EP3-C4-24 16223T 16257A 16261T
S5 SN4-15 16223T 16278T 16362C
S6 SN PK 16189C 16222A 16249C 16304C 16311C 16344T
S7 Yongin 16189C 16193.1C 16223T 16362C
S8 Seocheon 16217C 16184G 16301T 16357C
S9 UIJB-1 16223T 16362C

S10 UIJB-2 16223T, 16224C, 16245T, 16292T 16362C
S11 Sapgyo 16223T 16298C 16327T
S12 Wonju6-1 rCRS
S13 Waegwan 16189C 16217C
S14 HD2 16223T 16300G 16316G 16362C

Researcher 1 16189C 16220C 16254G 16298C 16362C
Researcher 2 16189C 16232A 16249C 16304C 16311C 16344T
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Discussion

The frequency analysis of LNP through genetic analysis 
has been recently conducted around the world; therefore, 
much information has been accumulated so far. Besides the 
SNPs of modern people, human specimens collected at ar-
chaeological sites are also attracting anthropologists’ atten-
tion because the results of the study are important in terms 
of the emergence of lactose intolerance in mankind history. 

As for the research of SNPs using ancient specimens, 
Burger et al. [22] attained LP-associated genotypes from 
Neolithic and Mesolithic European human remains. Nagy 
et al. [23] also revealed the prevalence of LNP related SNP 
(LCT-13910C/T) using ancient bone samples from Carpath-
ian basin. Plantinga et al. [24] investigated LNP of Late 
Neolithic people (Basque Country) through aDNA analysis. 
Krüttli et al. [25] extracted DNA from medieval individuals 
of Dalheim, Germany, to see genotypes of LCT-13910C/T 
SNP. Płoszaj et al. [26] reported a SNP (LCT-13910) of Polish 
individuals buried at the medieval cemetery in Pień, central 
Poland. Mnich et al. [27] analyzed LCT-13910 genotypes of 
medieval skeletal individuals found at South-Eastern Po-
land. Keller et al. [28] conducted a genetic analysis of the 
5,000-year-old mummy (‘Iceman’) found in Tyrol (Italy), 
confirming that the mummy had a problem with lactose in-
take by LNP during its lifetime. This means that LP was rare 
among Europeans even in the Neolithic Age; and after then, 
its LP increased and expanded to the entire European popu-
lation [28]. This estimation was validated again by the study 
of Saag et al. [14] on human individuals who lived in Europe 
between 6,000 BC and 1500 AD. 

LNP analysis using SNP has been very meaningful in 
that it can academically prove historical changes in LP fre-
quency and further infer human migration from them [12]. 
However, it is also true that the reports so far have unsatis-
factory aspects as well. First, aDNA studies of LNP related 
SNPs have been mostly conducted on European people, so 
information about ancient people in other continents is in-
sufficient. Especially in the case of East Asia, there is little 
information on aDNA of LNP-related SNPs. Jeong et al. [13, 
29] revealed if LP allele (LCT-13910T) was present among 
Bronze Age to Medieval period Mongolian. And Ning et al. 
[30] showed that ancient people (7500-1700 BP) from north-
ern China were genetically lactose intolerant. Other than 
these, no related aDNA research has been reported from 
other East Asian countries. Since there is a need to conduct 

aDNA research related to LNP associated SNPs in Asia, our 
study can be meaningful in terms of establishing technical 
foundation for future SNP analysis in this region. 
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