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Sympos ium.  Medical and Biological Significance of DNA Polymorphism 
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(it,J<:" Zj~- 4=@). DNA POLYMORPHISM AND MOLECULAR EVOLU- 

TION: GENE CONVERSION AS A 1VIECHANISM FOR GEN~ERATING 

POLYMORPHISM. Takashi MIYATA (Dept. Biol., Fac. Sci., Kyushu Univ., 

Fukuoka) 
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S-2. DNA ~ ,~ . l , t -~N~. -~ . .  i~'j~tt~;~ ( } ~ - ~ [ N } ~ ) .  DNA POLYMOR- 

PHISM AND POPULATION GENETICS. Naoyuki TAKAHATA (Dept. Pop. 

Genet., Natl. Inst. Genet., Mishima) 
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S-3. MITOCHONDRIAL DNA POLYMORPHISM tN HUMAN POPULATIONS. 

Satoshi HORAI (Natl. Inst. Genet., Mishima) 

A restriction enzyme analysis of mitochondrial D N A  (mtDNA) polymorphism in three 

Japanese populations (Shizuoka, Okinawa, Aomori) revealed that the frequencies of enzyme 

morphs and the distribution of restriction types were considerably different from each other. 

A phylogenetic analysis, however, showed that the clustering pattern of the constructed 

tree for the three populations was essentially similar to each other. Namely, in each tree, 

there are at least two distinct groups with different frequencies: A group with the smaller 

frequency (group I) first diverged from the other group with the larger frequency (group 

II). However, the frequencies of individuals belonging to group I are different among 

the three populations. The divergence time between the two groups was estimated as early 

as about 125,000 years ago, assuming the rate of m t D N A  divergence as 2 x 10 .8 per site 

per year. However, this dating seems too early, if we accept that racial divergence took 

place about i20,000 years ago, as estimated from gene frequency data for blood proteins 

(Nei and Roychoudhury, 1974). The tree constructed on the basis of the combined data 

for the three populations indicated that the mitochondrial DNAs  appear to have been al- 

ready polymorphic even in the founder population of Japan. 
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As mentioned above, the phylogenetic trees in the three local populations indicate that 

there are at least two distinct groups of mtDNAs in Japan. To evaluate the evolutionary 

significance of this finding, we constructed a phylogenetic tree of mtDNAs among the three 

major races, combining our data with those for Caucasians and Negroes analyzed by Cana 

(1982). A total of 117 restriction types were observed among the three racial groups. The 

three groups do not share any restriction types in common. The average number of nu- 

cleotide substitutions for Japanese is almost the same as that for Caucasians, whereas the 

value for Negroes is about two times larger than those for the other two groups. This im- 

plies that the mtDNAs of Negroes are much more diverse than those of Caucasians or Japa- 

nese. We also estimated the number of nucleotide substitutions for all pairs of individuals 

in the three racial groups and constructed a phylogenetic tree for the 117 types by the UPG 

method. We tentatively classified all lineages into eight dusters designated as C1 to C8. 

A phylogenetic tree showed 5 distinct clusters (C1, C2, C4, C5 and C6) specific for the par- 

ticular racial groups, while in 3 dusters (C3, C7 and C8) there were interminglings of types 

from different racial groups. Most of the interminglings were likely to be due to gene mi- 

grations. However, the overall clustering pattern of the tree suggested that the ancestral 

human population has already been polymorphic in the mitochondrial genome before the 

divergence of the three major races. 

Based on the above mentioned observations, the mtDNA analysis for patients of mito- 

chondrial diseases were applied using denaturing gradient gel electrophoresis to detect a 

single mismatch of mtDNAs. 

8-4. POLYMORPHISM OF GENES WITHIN HLA CLASS II AND CLASS IlI 

REGIONS. Takehiko SASAZUKI, Akinori KIMURA, Kikuo TSUKAMOTO, 

Fumiki HARADA, Kazunori URABE and Kenji HIRAYAMA (Dept Genet., 

Med. Inst. Bioregul., Kyushu Univ., Fukuoka) 

HLA on human chromosome 6 is composed of class I, I I  and III, genes, of which class 

I and II  genes belong to the immunoglobulin super gene family. Whereas genes for im- 

munoglobulin and T cell receptor within the super gene family utilize a mechanism of gene 

rearrangement in the differentiation of immune competent cells to gain an enormous degree 

of diversity, genes for HL A class I and II  do not utilize this mechanism. Extreme poly- 

morphism of HLA, however, is well demonstrated which gives extreme diversity of HLA 

in human population but not in individuals. 

Southern blot analysis using HLA class II  genes, DR, DQ and DP as probes, revealed 

that the degree of polymorphism of class I I  is much greater than that detected by classical 

serology. For instance, HLA-Dw2(DR2-DQwl) and HLA-Dwl2(DR2-DQwl) haplo- 

types were undistinguishable by serology, but they show a strong response in the mutual 
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mixed lymphocyte reaction (Sone et al., J. Immunol. 135: 1288, 1985), and furthermore 

they differ in controlling the immune response to schistosomal antigen; namely Dw2 haplo- 

type controls high response to schistosomal antigen whereas Dwl2 controls non response 

to that antigen (Ohta et al., J. Immunol. 131: 2524, 1983; Hirayama et al., Nature, 327: 426, 

1987). These observation indicated that HLA-Dw12 haplotype may differ in genes coding 

for DR2 and DQwl.  

Southern blot analysis clearly revealed the difference in DR and DQ patterns between 

HLA-Dw2 and Dwl2 haplotypes. I-ILA-DQwl fl gene from Dw12 haplotype was cloned 

and its base sequence was determined (Tsukamoto et al., Immunogenet.,  25: 343, 1987). 

The amino acid sequence of HLA-DQwl t3 chain of HLA-Dwl2 haplotype was deduced 

from the base sequence and compared with that of HLA-DQwl /3 chain from HLA-Dw2 

haplotype. Out of 11 amino acid differences between HLA-Dw2 and Dw12 haplotypes 

in the extra cellular domains, 10 were in the first domain especially around the amino acid 

residue 70 constructing a hypervariable region. More interestingly DQwl fl chain from 

Dwl2 has extra 8 amino acid residues in cytoplasmic domain compared to that from Dw2. 

The extra 8 amino acids were corresponding to the 5th exon of the DQwl /? gene. The 

5th exon was not utilized in DQw fl genes from Dw2, 3 and 4 haplotypes due to the point 

mutation at the splicing site for the 5th exon. Among the class II  genes in humans and 

mice, only HLA-DQ shows this mutation, and among the DQ genes there is a polymorphism 

in this sequence. These differences in structure observed between Dw2 and Dwl2 haplo- 

types may explain the difference in controlling the immune response to schistosomal antigen 

between Dw2 and Dwl2 haplotypes. 

Genes for the fourth component of complement (C4) and for the 21-hydroxylase (21- 

OHase) are located in the HLA-class IH region. Two sets of C4 and 21-OHase genes are 

tandemly located; C4A-21-OHase A-C413-21-OHase B, and there is a strong (more than 

97~)  h o m o i o ~  between 21-OHase A and B genes. However, 2t-OHase A is a pseudo- 

gene due to the presence of terminating codon within coding region. During the molecular 

analysis of a patient with 21-OHase deficiency, we found that conversion of 21-OHase B 

gene to A gene is the mechanism for the 21-OHase deficiency (Harada et aL, Proe. Nat[. 

Acad. Sci. USA. 84: 8090, 1987), which can be detected by Southern blot analysis. Using 

this information, extensive ana!ysis of the class III  region was performed and it was revealed 

that the partial conversion of  2I-OHase A gene to B gene occurs in normal individuals sug- 

gesting that the bidirectional gene conversion or gene conversion-like event operates in 

this region. 

Dynamic genetic events observed in the HLA region may explain the diversity and 

polymorphism characteristic to the genes within this region, and may also explain the nor- 

mal and abnormal functions with =,great diversity governed by the genes in the HLA region. 
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S-5. MOLECULAR DIAGNOSIS USING RFLPs: A CLINICAL APPLICATION 

TO EARLY DETECTION OF FAMILIAL HYPERCHOLESTEROLEMIA. 

Hideo HAMAGUCHI (Dept. Hum. Genet., Inst. Basic Meal. Sei., Univ. Tsukuba, 

Tsukuba) 

Haplotype analysis using RFLPs should be useful for the molecular diagnosis of many 

monogenic disorders, because most single nucleotide changes in the genome are not demon- 

strated readily by Southern blotting analysis and because most genetic diseases are heteroge- 

neous at the molecular levels. Familial hypercholesterolemia (FH) is a common autosomal 

dominant disorder and results from a mutation in the LDL receptor gene. Since most cases 

of F H  are due to inherited mutant alleles rather than new mutation and since the genetic 

heterogeneity seems to be common in FH,  haplotype analysis using RFLPs should be useful 

for the early diagnosis of FH.  The rationale for the early diagnosis of F H  and the use of 

molecular diagnosis in F H  is the following: 1) Drug and dietary therapy together with no- 

smoking are effective for the prevention of premature coronary heart disease in individuals 

with FH.  2) Tendon xanthomas, the detection of which is crucial for the clinical diagnosis 

of FH,  do not appear before the latter part  of the second decade and are variable in expres- 

sivity even among adult cases of FH.  

We have analyzed the LDL receptor genes of 67 unrelated healthy Japanese and 38 

members of six consecutive families with FH,  by Southern blotting analysis using LDL 

receptor cDNA fragment probes. Seven RFLPs  with relatively high PIC values have been 

detected at the LDL receptor locus in the 67 unrelated subjects. They include RFLPs 

at the site for TaqI, AvaII, ApaLI/I15, PvuII, NcoI, PstI, and ApaLI/3'. The heterozygosity 

of the haplotypes for the seven RFLPs was 0.88 in the 67 unrelated subjects. As to the 

mutant LDL receptor genes in the six families, Southern blotting analysis demonstrated 

readily the presence of a partial deletion in the gene in two families. Further analysis using 

LDL receptor cDNA subfragment probes revealed that a deletion including exon 15 or 

16 was present in the mutant gene in one of the two families and that a deletion including 

exons 16 to 18 existed in the mutant gene in the other family. In three of the remaining 

four families, the haplotypes of RFLPs  were informative for the identification of the mutant  

LDL receptor genes. The haplotypes of the mutant genes were different from one another 

among the three families. In  the remaining one family, the proband was homozygous 

for all the seven RFLPs but an unusual TaqI 1o5 kb band served as a D N A  marker for the 

detection of the mutant LDL receptor gene in this family. 

These data suggest that molecular diagnosis using RFLPs is useful for the early de- 

tection of FI-I and that the origin of mutant LDL receptor genes tends to vary with ped- 

igrees with F H  in Japan. The data also indicate that more RFLPs must be revealed at 

the LDL receptor locus to increase the PIC value. 
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S-6. POSSIBLE RACE-ASSOCL&TED PATTERNS OF RFLPs AND IMPLICA- 

TION IN THE CLINICAL APPLICATIONS OF THEM. Yasuo NAKAGOME 

(Dept. Cong. Abn. Res., Nat. Child. Med. Res, Ctr., Tokyo) 

RFLPs have proven themselves to be useful in the prenatal diagnosis of metabolic dis- 

orders such as phenylketonuria and factor VIII deficiency. However, the applications 

are not limited to the diseases with known biochemical abnormalities. RFLP-study has 

also made it possible presymptematic and/or prenatal diagnosis of Huntington disease, 

Duchenne muscular dystrophy, yon Recklinghausen disease, manic depressive syndrome, 

tuberous sclerosis and at least ten other diseases. RFLP diagnosis needs probes as 

well as information on their PIC (polymorphism information content). Nearly all the 

probes available so far have isolated in either United States or Europe and thus most in- 

formation on them were based on Caucasians. 

In the present study, 38 different RFLP probes were applied on a presumably normal 

50 to 60 Japanese. Some of the probes were combined with two or three different enzymes, 

i.e., a total of 43 sites were analysed. In 5 of them, no polymorphic pattern was detected 

among Japanese although out" own study and those in the literature revealed polymorphism 

among Caucasians. In additional 4, a new RFLP pattern which has not been described 

in Caucasians was observed. Again, our own study on some 10 Caucasians revealed sim- 

ilar results to what was described in the literature. The new RFLP pattern could be unique 

to either Japanese or Orientals, although further studies are needed. In additional 8 sites, 

incidence of two groups were very different. For example, a probe detected both A1 and 

A2 fragment at 95:05 ratio among Japanese, whereas what was described in Caucasians 

was 71:29, thus dropping PIC from 0.33 (Cauc.) to 0.09 (Jpn.). Using probes with high 

PIC, a linkage study on a familial neuro-muscular disease has just been launched. 

As to oncogenes, we detected two RFLP sites within the N-mye gene. No RFLP has 

been described in the literature within it. An RFLP pattern of amplified N-myc in 6 cases 

of neuroblastoma and a case of rhabdomyosarcoma has been analysed. In  all of them, 

a 17 kb Sph I fragment (S2 pattern) was detected. In the normal population, the "gene" 

frequency of the fragment was about 50 ~ .  Whether the N-myc with the $2 pattern has 

a tendency to amplify is being examined. 

S-7. DNA ~ u  human gene mapping. ~ I ~ I N ~  ( ~ k ~ . ~  �9 tN �9 ~ / ~ : ~ ) .  DNA 

POLYMORPHISM AND HUMAN GENE MAPPING. Michihiro C. YOSHI- 

DA (Chromosome Res, Unit, Fae. Sci., Hokkaido Univ., Sapporo) 
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