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nt 508G → A (Gly170Ser) and nt 1067T → A (Ile356Lys)—res-
ponsible for inactivation of the enzyme activity. Since the muta-

ABSTRACT: The allelic frequencies of the a(1,3/4)fucosyltrans-
tions in null alleles of the FUT3 appeared to be race-specificferase gene (FUT3) in two different Chinese populations (138 indi-
(11,13), analysis of these mutations would be of anthropologicalviduals in Shenyang and 154 in Guangzhou) were investigated using

PCR-RFLP and nucleotide sequencing methods. The common interest to compare the incidences of the different Lewis genotypes
alleles in the Oriental population, Le (wild type allele), le59,508 (with among ethnic groups. However, studies on these mutations of the
the mutations at nucleotide (nt) 59T → G and nt 508G → A) and Lewis gene among different populations have been few. In particu-le59,1067 (with the mutations at nt 59T → G and nt 1067T → A)

lar, the genotype distribution has not yet been reported in anywere encountered, and also the rare alleles, le1067 (with the mutation
at nt 1067T → A) and Le59 (with the mutation at 59T → G), were Chinese population. In this study, we have investigated the distri-
observed in these Chinese populations. In addition, the common bution of the mutations on the Lewis (FUT3) locus in a northeast-
allele in Caucasians, le202,314 (with the mutations at nt 202T → C ern Chinese (Shenyang) population and in a southern Chinese
and nt 314C → T), was found in the Oriental population for the

(Guangzhou) population using PCR-RFLP and nucleotidefirst time. The allelic frequencies of the Le, Le59, le59,508, le59,1067,
sequencing methods.le202,314, and le1067, were 0.750, 0.011, 0.145, 0.054, 0.036, and

0.004 in the Shenyang population and 0.675, 0.026, 0.14, 0.123,
0.026, and 0.010 in the Guangzhou population, respectively. The

Materials and Methodspresence of the alleles containing either the 59 mutation (Le59) or
the 1067 mutation (le1067) suggested that the allele le59,1067 may

Lewis Phenotype of Erythrocytes and DNA Preparationhave originated by recombination between them.

Blood samples were collected from 138 unrelated blood donors
KEYWORDS: Lewis gene, a(1,3/4)fucosyltransferase, Chinese

in a northeastern region (Shenyang) and from 154 in a southernpopulation
region (Guangzhou) of China. The Lewis phenotypes of red blood
cells were determined with monoclonal anti-Lea and -Leb antibod-
ies (Ortho Clinical Diagnostics, Tokyo, Japan) as described previ-The Lea and Leb antigens of human erythrocytes are structurally
ously (15). Genomic DNA was extracted from peripheraldefined as neutral glycosphingolipids, are not synthesized by the
leukocytes using the proteinase K-SDS method as described previ-erythropoietic progenitor cells, and are taken up from plasma (1,2).
ously (6).The production of these antigens is controlled by fucosyltransfer-

ases encoded by the secretor (FUT2) and Lewis (FUT3) genes
(3–7). There are four phenotypes of the Lewis system: Le(a1b`), PCR-RFLP and Nucleotide Sequencing Methods
Le(a`b1), Le(a`b`) and Le(a1b1). Since the Lewis antigens

PCR amplification was performed in 20 mL of LA Taq bufferof red blood cells are passively acquired from plasma, some com-
containing 2.5 mM MgCl2, 200 mM dNTPs, 25 pmol of each ofplexities and difficulties are present in phenotyping of the Lewis
a pair of primers, 1.0 unit of LA Taq DNA polymerase (Takara,system using the hemagglutination test. The occurrences of Lewis
Shiga, Japan), and 0.1 ∼ 0.5 mg of genomic DNA as the template,antigens and Lewis enzymes have been frequently observed in the
as described previously (11,16,17). The oligodeoxynucleotidesaliva and in tissues of individuals with Le(a1b1) erythrocyte
primers, 5′-CTC AAG CTT AAG CAG GAG ATT GTC ATCphenotype (3,8). The cDNA encoding the Lewis a(1,3/4)fucosyl-
ACT GAC C-3′ (No. 9; 1102 to 169 sense nucleotides) and 5′-transferase has been cloned (9). Molecular analysis of the FUT3
CTC TCT AGA CGT GCC GTG ATG TCT CTC TGC AC-3′in Japanese (6,10,11), Indonesian (3), Swedish (12,13) and Danish
(No. 10; 1528 to 1559 antisense nucleotides), were used to amplifypopulations (14) has revealed six point mutations in the coding
the full length open reading frame of the Lewis gene. The restric-
tion enzyme sites for HindIII and XbaI were introduced into each1 Visiting associate professor, associate professor, lecturer, visiting
of the primers, No. 9 and No. 10, respectively, and indicated byassistant professor, professor and professor, respectively.

2 Division of Human Genetics, Department of Forensic Medicine, Kur- underlining. PCR amplification involved initial denaturing at 948C
ume University School of Medicine, Kurume, Fukuoka 830–0011, Japan. for 1 min followed by 30 cycles of denaturing at 948C for 1 min,3 Division of Serology, Faculty of Forensic Medicine, China Medical annealing at 608C for 1 min and extension at 728C for 2 min.University, Shenyang, 110001, China.

The resultant products were subsequently used as templates forReceived 30 Dec. 1997; and in revised form 5 May 1998; accepted 7
May 1998. nested PCR to detect the missense mutations at the positions of
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59, 314, 508, and 1067 (Fig. 1). Amplification of all nested PCR Recently, an allele containing only the 508 mutation in a Japanese
was found (H. Nishimukai, personal communication).was performed in 20 mL of Taq buffer containing 1.5 mM MgCl2,

200 mM dNTPs, 25 pmol of each of the pair of primers, 1.0 unit In the present study, we encountered four kinds of negative
allele, that were marked as le59,508, le59,1067, le202,314 and le1067,of rTaq DNA polymerase (Toyobo, Osaka, Japan), and 1 mL of

1000-fold diluted first PCR product as the template. The nucleotide and two kinds of positive allele, one of which was the wild type
gene marked as Le, and the other of which was marked as Le59sequences of primers for nested PCR were as follows—the primers

5′-ATG GCG CCG CTG TCT GGC CGC CC-3′ (No. 1; 36 to 58 (Table 1). The le202,314 allele which is the common allele in Cauca-
sians was found in Orientals for the first time. Lewis-negativesense nucleotides) and 5′-GAG GAC CCA CTG GGA GCC CT-

3′ (No. 2; 136 to 155 antisense nucleotides) for position 59, the individuals comprised 6.52% of those in Shenyang, and 9.74% of
those in Guangzhou. Their genotypes were homozygous or hetero-primers 5′-GCA AGG TGT ACC CAC AGG CAG CCA-3′ (No.

5; 290 to 313 sense nucleotides) and 5′-TTC CAG GTG CTG GCA zygous for Lewis-negative alleles. On the other hand, Lewis-posi-
tive individuals with the Le(a1b`), Le(a`b1) or Le(a`b`)GTT AGG-3′ (No. 6; 421 to 441 antisense nucleotides) for position

314, the primers 5′-ATG TCC AAC CCT AAG TCA CG-3′ (No. phenotype comprised 93.48% of those in Shenyang and 90.26%
in Guangzhou, and were found to possess at least one of Le and3; 340 to 359 sense nucleotides) and 5′-TGA GTC CGG CTT CCA

GTT GGA-3′ (No. 4; 592 to 612 antisense nucleotides) for position Le59. The genotypes and allele frequencies of the FUT3 in these
two Chinese populations are shown in Table 1 and Table 2, respec-508, and the primers 5′-CGC TCC TTC AGC TGG GCA CTG

GA-3′ (No. 7; 985 to 1007 sense nucleotides) and 5′-CGG CCT tively. The Lewis allele frequencies of a Japanese population (11)
and African (Xhosa) and Caucasian populations in South AfricaCTC AGG TGA ACC AAG AAG CT-3′ (No. 8; 1068 to 1093

antisense nucleotides) for position 1067. All nested PCR involved (18) are also shown in Table 2 for comparison. The distribution
of the alleles of the Lewis locus in the two Chinese populationsinitial denaturing at 948C for 1 min followed by 30 cycles of dena-

turing at 948C for 30 s, annealing at 608C for 30 s and extension was in good agreement with the Hardy-Weinberg equilibrium. The
power of discrimination (PD), and the excluding probability ofat 728C for 1 min. The nested PCR products were cleaved by

MspI, NcoI, PvuII or HindIII, respectively, and then underwent paternity (EPP), was calculated to be 0.613 and 0.223 in the Shen-
yang population, and 0.717 and 0.301 in the Guangzhou popula-electrophoresis on an 8% polyacrylamide gel for the mutations at

59, 314 and 1067 or on a 1.4% agarose gel for the mutation at tion, respectively. The PD and EPP calculated from the Lewis
genotypes were remarkably higher than those obtained from the508 (Fig. 1) (11). The mutation at nt 202T → C was examined as

follows: the first PCR product of individuals associated with the Lewis phenotypes (PD 4 0.122, EPP 4 0.149 in Shenyang, and
PD 4 0.176, EPP 4 0.166 in Guangzhou).mutation at nt 314C → T was digested by HindIII and XbaI and

then subcloned into plasmid pRc/CMV (Invitogen, San Diego, It seemed obvious that there would be a large genetic heteroge-
neity among Lewis-negative individuals in different populationsCA). The DNA sequence was then analyzed using an ABI PRISM

310 genetic analyzer (Perkin Elmer Japan ABI, Chiba, Japan). (10–14,18). Apart from the wild type (Le), two dominating alleles
were encountered among the two Chinese populations, one allele
was with the mutations at nucleotides 59 and 508 (le59,508), andResults and Discussion
the other was with the mutations at nucleotides 59 and 1067
(le59,1067). A difference between the Chinese and the JapaneseIt has been demonstrated that null alleles of the FUT3 usually
populations was found in the le59,508, which was higher in thecontained the two mutation sites in the coding region, such as
Japanese population (0.275) than in the Chinese populations (0.145le59,508, le59,1067 or le202,314 (6,10–13). Generally, Lewis-negative
and 0.140) (Table 2). In contrast to the le59,508 and le59,1067, theindividuals in Oriental populations have possessed a homozygous
le202,314 allele, which is the common allele of the FUT3 amongmutation at nucleotide 59 (10,11). However, we have found that
Lewis-negative Caucasian individuals (0.140) (18), was not foundthree individuals with the Le(a1b`) phenotype showed a double
in two Japanese populations studied independently (10,11) and wasmutation at nucleotide 59 and a single mutation either at nucleotide
found in the two Chinese populations for the first time, but with508 or 1067, suggesting a new allele containing only the 59 muta-
a low frequency (0.036 and 0.026). The genotype distributiontion. Therefore, we subcloned the FUT3 from them to identify
between the two Chinese populations showed no significant devia-their genotypes through DNA sequencing. The results revealed
tion (x2 4 9.504, df 4 7, 0.1 , p , 0.25), but a significantthat the genotypes of the three individuals were Le59/le59,508 (two
difference in the genotype distribution was observed betweenindividuals) and Le59/le59,1067 (the other individual). We (6) and
Chinese (Shenyang and Guangzhou) and Japanese populations (x2

Nishihara et al. (10) have demonstrated that extracts of COS cells
4 44.88, df 4 7, p , 0.005), between Chinese and Xhosa popula-transfected with the plasmid containing only the mutation at nt
tions (x2 4 107.09, df 4 8, p , 0.005) and between Chinese and59T → G showed enzyme activity comparable to extracts
Caucasian populations (x2 4 92.27, df 4 12, p , 0.005) by thetransfected with the plasmid containing the wild type FUT3. Molli-
2 2 1 contingency table test. Therefore, the heterogeneity amongcone et al. (3) found the allele containing only the mutation at nt
FUT3 alleles would be a useful tool for personal identification and59T → G in several Indonesian pedigrees, and their transfection
anthropological interest as a genetic marker.study also demonstrated the activity of the Lewis enzyme, but a

lower activity than that in extracts of cells transfected with the
wild type allele. Consequently, we termed this allele containing Acknowledgments
only the mutation at nt 59T → G as Le59, being a Lewis-positive
allele. The presence of the alleles containing either the 59 mutation We thank Mr. S. Kamimura for his technical assistance. This

work was supported in part by Grant-in-Aids for Scientific(Le59) or the 1067 mutation (le1067) suggested that the allele
le59,1067 may have originated by recombination between them. The Research and International Scientific Research from the Ministry

of Education, Science, Sports and Culture of Japan.le59,508 allele also may have originated by a similar mechanism.
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TABLE 1—Distribution of the Lewis genotypes in northeastern (Shenyang) and southern (Guangzhou) Chinese populations.

Shenyang (n 4 138) Guangzhou (n 4 154)

Genotypes Le(a`b1) Le(a1b`) Le(a1b1) Le(a`b1) Le(a1b`) Le(a1b1)

Le/Le 15 64 0 20 52 0
Le/Le59 1 1 0 2 3 0
Le/le59,508 9 21 0 10 22 0
Le/le59,1067 3 5 0 6 15 0
Le/le202,314 2 6 0 2 4 0
Le/le1067 0 1 0 0 0 0
Le59/le59,508 0 0 0 1 1 0
Le59/le59,1067 0 0 0 0 1 0
Le59/le202,314 0 1 0 0 0 0
le59,508/le59,508 0 0 2 0 0 1
le59,508/le59,1067 0 0 5 0 0 6
le59,508/le202,314 0 0 1 0 0 1
le59,1067/le59,1067 0 0 1 0 0 4
le59,1067/le1067 0 0 0 0 0 1
le59,1067/le202,314 0 0 0 0 0 1
le1067/le1067 0 0 0 0 0 1

TABLE 2—Comparing allelic frequencies of the FUT3 among various populations.

Populations

Chinese Chinese African
(Shenyang)* (Guangzhou)* Japanese† (Xhosa)‡ Caucasian§

Alleles of FUT3 (n 4 138) (n 4 154) (n 4 148) (n 4 100) (n 4 100)

Le 0.750 0.675 0.607 0.500 0.675
Le59 0.011 0.026 0 0 0.020
le59,508 0.145 0.140 0.275 0.310 0.010
le59,1067 0.054 0.123 0.114 0.025 0.130
le1067 0.004 0.010 0.003 0 0.005
le202,314 0.036 0.026 0 0.080 0.140
Others . . . . . . . . . 0.085 0.030

* This study.
† From Liu et al. (11).
‡ From Pang et al. (18).
. . . 4 Not determined.
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