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The frequency of lactase persistence varies widely in human populations. Study showed that the T allele of a C/T 
transition 13910bp upstream from exon 1 of lactase gene (LCT) was completely associated with lactase persis-
tence in a Finnish population. To evaluate if the frequency of -13910T allele was in concordance with the lactase 
persistence in northern Chinese populations, in this study, we used Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-RFLP) to detect the lactase -13910T allelic frequency in 5 northern    
Chinese populations for the first time. Results showed that the T allele frequency was low in these populations 
and that it did not match the lactase persistence phenotype in these populations. Therefore the -13910T allelic 
frequency can not serve as a predictor of the lactase persistence in these populations and this suggests the exis-
tence of other possible mechanisms of lactose tolerance in Chinese populations. 
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INTRODUCTION 
Lactose, which is a disaccharide composed of linked mole-
cules of the simple sugars glucose and galactose by a beta 
1-4 glycosidic bond, is a major constituent of the milk of 
all mammals except sea lions.1 Dietary lactose is obtained 
almost exclusively from milk. Infants and young children 
digest lactose with an enzyme, lactase, which splits the 
molecule into the two readily absorbable simple sugars. 
The glycosidic bond makes lactose a very strange sugar in 
animal biochemistry. This strange bond is presumably a 
reason for the evolution of the lactase enzyme. In most 
mammals, the level of the lactase enzyme is severely re-
duced some time after weaning, so the majority of adults 
lost this ability and are lactose malabsorbers. Those malab-
sorbers who display clinical symptoms after milk consump-
tion are described as lactose intolerant.2 

The ability to digest lactose in adults is an autosomal 
dominant hereditary condition caused by the persistence of 
lactase activity in the small intestine after weaning. The 
frequency of lactase persistence varies widely in human 
populations. It is generally found at high frequencies in 
populations of European descent while at low frequencies 
in the native populations of Australia and America, and in 
the Asia and Africa.3 

The mechanisms controlling lactase production were 
disputed for many years. Recently, Enattah et al, using 
linkage disequilibrium and haplotype analysis, have identi-
fied a C/T transition which located -13910 bp upstream 
from exon 1 of the human lactase gene (LCT) that are 
completely associated with lactase persistence/ nonpersis-
tence in Finnish families.4 The authors report complete 
correlation between the lactase persistence phenotype and 
the presence of the T variant allele. The research of Olds 

and colleagues shows that this SNP is located in an enhan-
cer element and that the allele shows some differences in 
function. The T varient may create a binding site for a 
transactivating protein that is capable of enhancing lactase 
transcription in adults with lactase persistence.5 The study 
of Lewinsky suggest that the binding of Oct-1 to the -
13910T variant directs increased lactase promoter activity 
and this might provide an explanation for the lactase persis-
tence phenotype in the human population.6 Typing this 
SNP is therefore considered as a genetic test for lactase 
persistence in Finland and Austria.7-9 However, in a recent 
paper, it has been reported that a lack of -13910T alleles 
has been found in some African populations where the 
lactase persistent phenotype is common, indicating that the 
C-13910T polymorphism may not be a predictor of lactase 
persistence in sub-Saharan Africans.10 Altogether, the 
mechanisms of lactase persistence remain controversial. 

China is a multinational country in which some ethnic 
populations are nomadic. The frequency of the lactose 
tolerant phenotype of these nomadic populations is obvi-
ously higher than that of non-nomadic populations. We 
have found that the frequency of the -13910T is extremely 
low in the Han population, it does not match the frequency 
of the lactose tolerant phenotype (data not show). To inves-
tigate the mechanisms of the lactose intolerant in the  
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minorities of north China, in this study, we evaluated the 
-13910T allelic frequency of 5 northern Chinese popula-
tions for the first time to determine the relationship of the 
polymorphism and the lactase persistence in northern 
Chinese populations. 
 
MATERIALS AND METHODS 
Samples 
A total of 373 healthy unrelated individuals were ran-
domly selected from 5 northern Chinese populations. The 
sources of the samples are listed in Table 1 in detail. Each 
one was the offspring of a non-sanguineous marriage of 
members of the same nationality for within at least three 
generations. All samples were collected with informed 
consent from the participants. DNA samples were ex-
tracted from peripheral blood samples anticoagulated 
with ACD using the standard phenol-chloroform extrac-
tion method. 
 
Typing the C-13910T polymorphism 
The C-13910T was typed by PCR-restriction fragment 
length polymorphism (PCR-RFLP) methods. The poly-
morphism was amplified within a 201-bp fragment with 
primers 5’-GCTGGCAATACAGATAAGATAATGGA-
3 (forward) and 5’-CTGCTTTGGTTGAAGCGAAGAT-
3 (reverse). The underlined G was a introduced base 
change so that the PCR product will be digested by 
HinfⅠ into two fragments of 177 bp and 24 bp when the 
T allele is present, while it is not digested when the allele 
is C. PCR reactions contained 0.5 μM of each primer, 200 
μM of each deoxynucleotide triphosphate (dNTP), 10 
mM Tris-HCl (pH 8.4), 50 mM KCl, 1.5 mM MgCl2 and 
1 U Taq polymerase in a total volume of 20 μL. Samples 
were denatured for 5 min at 94℃, followed by 35 cycles 
of 94℃ for 30 sec, 58℃ for 20 sec, and 72℃ for 20 sec, 
followed by a 10 min extension at 72℃. Then the PCR 
products were digested with HinfⅠrestriction endonucle-
ase at 37℃ overnight. Each reaction contained the PCR 
product 10 μL, 5 U of HinfⅠ and 2 μL 10×New England 
Biolabs Buffer 2, as recommended by the manufacturer. 
The digestion products were run on 3% agarose gel and 
stained with ethidium bromide. The CC homozygote 
yielded the 201 bp fragment only, while the CT heterozy-
gote yielded the 201, 177 and 24 bp fragments. 
 
Statistical analysis 
After the genotype of each individual was acquired, allele 
and genotype frequencies of each population were calcu-
lated by direct counting. Then the fit to Hardy–Weinberg 
equilibrium among the studied populations was evaluated 
by the chi-squared test. Genetic differentiation among 

population samples was estimated with the Fst statistic,  
which measures the fraction of total genetic variation that  
is distributed among rather than within populations, by 
the statistic software Arlequin 3.01 (http://cmpg.unibe.ch/ 
software/arlequin3/). The significance level (α) of the 
analysis was 0.05. 
 
RESULTS 
The frequency of the LCT -13910T allele was surveyed in 
373 individuals from 5 populations of north China. These 
populations included Mongol, Kazak, Man, Oroqen and 
Hezhen. The frequency of this polymorphism was low or 
zero in these 5 populations. Among the 373 individuals, 
14 individuals were found with the -13910T allele, they 
were all heterozygotes. Of these individuals, there were 9 
Kazak, 4 Mongol and 1 Oroqen. We did not find any ho-
mozygote individuals of the -13910T. The mean fre-
quency of the -13910T allele was 1.88%. The detail was 
listed in Table 2. There were no significant departures 
from Hardy–Weinberg equilibrium in any of the ascribed 
ethnic groups where T alleles were observed by the chi-
squared test (p>0.05). The Fst results showed that there 
were significant difference between Kazak and Hezhen as 
well as between Kazak and Man (p<0.05), while the dif-
ferences between the other populations were not signifi-
cant. 

We had successfully genotyped the LCT -13910T allele 
by PCR-RFLP in 5 northern Chinese populations. The 
results showed that the frequency of the -13910T was low 
even zero in these populations. 
 
DISCUSSION 
Lactose intolerant people who can not produce lactase in 
the cells of the epithelium of the small intestine have the 
deficiency of digesting lactose. If they consume signifi-
cant quantities of milk or other dairy products, unmetabo-
lized lactose can cause symptoms like diarrhoea, flatu-
lence and abdominal pain. This occurs because the lactose 
is not efficiently hydrolysed in the small intestine and 
therefore reaches the distal ileum and the colon where the 

Table 1. The location of samples involved in present study 
 

Location Population Sample size Sampling place Longitude Latitude 
Kazak 94 Yining City of Xinjiang Province 81°3′E 43°9′N 
Man 75 Xiuyan City of Liaoning Province 123°2′E 40°2′N 
Mongol 82 Hailar City of Inner Mongolia Province 119°7′E 29°2′N 
Oroqen 45 Arlihe of Inner Mongolia Province 131°0′E 53°5′N 
Hezhen 77 Tongjiang of Heilongjiang Province 132°5′E 47°7′N 

Table 2. The distribution of LCT C-13910T in 5 Chinese 
populations 

 

Genotype Population Number CC CT TT T(10-4) 

Kazak 94 85 9 0 479 
Man 75 75 0 0 0 
Mongol 82 78 4 0 244 
Oroqen 45 44 1 0 110 
Hezhen 77 77 0 0 0 
Total 373 359 14 0 188 
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lactose is fermented by bacteria. The fermentative     
products result in the symptoms of lactose intolerance. 
There is significant difference of the frequency of lactose-
intolerance amongst the populations of the world. It is 
low in the European descent populations while it is high 
in the African, Asian and Australian populations. 

The LCT -13910T has been shown to be a predictor of 
lactase persistence for European populations but not Afri-
cans.10 Here we genotyped the polymorphism in 5 ethnic 
groups of north China. Among these populations, Kazak, 
Man and Mongol are traditional "milkers" who have lived 
as nomads in the grasslands of central Asia for many gen-
erations. Animal milk is a main kind of food for them, so 
the ability of absorbing lactose was especially important 
for these populations. The frequency of the lactose toler-
ant phenotype of these populations is obviously higher 
than that of non-nomadic populations. 

Our results showed that the frequency of the -13910T 
was low even zero in these 5 populations, in which Kazak 
had the highest T allele frequency of 4.79%, then Mongol 
was 2.44%, Oroqen was 1.1% while Man and Hezhen 
were zero. These results did not accord with the former 
studies of Bersaglieri,11 in which they showed that the -
13910T allele frequency of the Mongols were 10%, 
which was strikingly higher than ours. Due to the fact that 
they only typed 10 individuals of Mongol, we believed 
there could be a sampling deviation in their study. 

The Kazak and Mongol are milk-drinking populations. 
The previous study had shown that the phenotype fre-
quencies of lactose tolerance were 12.1% and 23.6% for 
the Mongol and Kazak populations respectively.12 There 
was substantial difference between the predicted frequen-
cies which were deduced from the frequency of -13910T 
genotypes and the reported frequencies obtained from 
lactose tolerance testing. Our previous study showed that 
the -13910T allele frequency of the Han population was 
0.5% (n=197, in publication), it was in discrepancy with 
the phenotype frequency too, the detail was listed in Ta-
ble 3. Taken together, these data showed that the -13910T 
allele can not predict the lactase persistence in the popula-
tions of north China. The explanation of this phenomenon 
maybe that the -13910T allele was not the cause or not 
the only cause of lactase persistence. Some mechanisms 
other than lactase persistence may allow people to toler-
ate lactose, such as non-specific hydrolysis of the disac-
charide. This conclusion was consistent with the previous 
study of Mulcare and Poulter.10,13 

The Fst results showed no significant variance between 
these populations except between the Kazak and Hezhen 
as well as between the Kazak and Man. The Kazak in the 

north-west of China are of the Tujia language group of 
the Altaic language family, whose ancestors lived near 
Lake Baikal, and therefore some gene frequencies of it 
were similar to the Europeans. Together with the fact that 
the LCT -13910T allele frequency was ~10% in most 
Europeans,11 we propose that this maybe the reason the 
allele frequency of the Kazak was higher than that of the 
other populations of north China. It is well known that 
Genghis Khan had established the largest land empire in 
history from the end of the 12th century to the beginning 
of the 13th century, which was a process of conquering 
and amalgamation resulting in the formation of modern 
Mongolia, and a large multioriginal nationality spread 
widely throughout China.14 In addition, Hezhen, Oroqen 
and Man ethnic groups in the north-east China were all 
Manchu-Tungusic language group of the Altaic language 
family, and these several ethnic groups lived near each 
other for a long time. The wide ethnic mixture among 
these populations could be the reason that the distribution 
of LCT -13910T allele frequency did not vary signifi-
cantly among these populations. 

In summary, our results show that the frequency of 
LCT -13910T was very low in the 5 populations of north 
China studied, and that the allele is not a suitable predic-
tor of lactose tolerance for these populations. 
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乳糖酶基因-13910T 等位基因無法預測中国北方人的

乳糖耐受 
 

乳糖耐受在不同人群中频率差异很大，有研究表明乳糖酶基因（LCT）第一

外显子上游13910bp处的C/T转换与芬兰人群的乳糖耐受表型完全相关。为了

分析-13910T等位基因是否与中国北方人群的乳糖耐受表型相关，我们应用聚

合酶链反应－限制性片段长度多态性的方法对中国北方5个少数民族的-
13910T等位基因频率进行了检测。结果显示在这些民族中，T等位基因频率

很低，而且与乳糖耐受表型频率并不一致。因此，-13910T等位基因频率并不

能反映这些民族的乳糖耐受表型，进而暗示在中国人群中存在着其他可能的

乳糖耐受机制。 
 
关键字：乳糖酶、乳糖耐受、中国、民族、单核苷酸多态性。 
 


