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疾患遺伝⼦解析とバイオインフォ
マティクスについて

疾患遺伝⼦同定の歴史の中で、バ
イオインフォマティクスが果たし
た役割を振り返る



1.連鎖解析(1990年代)

2.トリオの全エキソーム解析(2010年代〜)

3.ゲノムワイド関連解析(2007年〜)

4.マルチオミックス(2017年〜)

5.⼤規模バイオバンク研究(2017年〜)



連鎖解析
• 対象疾患: メンデル遺伝

性疾患
• HTT  ハンチントン病
• DMD  Duchenne型筋ジ

ストロフィー
• RB1  網膜芽細胞腫
• CFTR  嚢胞性線維症
• BRCA1, BRCA2  乳癌・

卵巣癌
• など多数

• 特徴: 稀なバリアント、
⾼い浸透率

• 被験者: ⼤規模罹患家系
• アッセイ: DNA多型

マーカー(約200個)
• バイオインフォマティ

クスに課されたお題
• 疾患原因バリアントの

染⾊体上でのおおよそ
の位置(1cM)を⾒つける

• そこから疾患原因バリ
アントにまで⾄るのは、
当時は⼿作業



連鎖解析
• バイオインフォマティ

クスに課されたお題
• 疾患原因バリアントの

染⾊体上でのおおよそ
の位置(1cM)を⾒つける

• アルゴリズム
• DNA多型マーカー(約

200個)と発症の相関を
検定する [Botstein 1980]

• Elston-Stewart
• Lander-Green
• EM法

• データベース
• 多型マーカーの連鎖地

図
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Construction of a Genetic Linkage Map in Man Using Restriction
Fragment Length Polymorphisms

DAVID BOTSTEIN,1 RAYMOND L. WHITE,2 MARK SKOLNICK,3 AND RONALD W. DAVIS4

SUMMARY

We describe a new basis for the construction of a genetic linkage map of the
human genome. The basic principle of the mapping scheme is to develop, by
recombinant DNA techniques, random single-copy DNA probes capable of
detecting DNA sequence polymorphisms, when hybridized to restriction
digests of an individual's DNA. Each of these probes will define a locus.
Loci can be expanded or contracted to include more or less polymorphism by
further application of recombinant DNA technology. Suitably polymorphic
loci can be tested for linkage relationships in human pedigrees by established
methods; and loci can be arranged into linkage groups to form a true genetic
map of "DNA marker loci." Pedigrees in which inherited traits are known to
be segregating can then be analyzed, making possible the mapping of the
gene(s) responsible for the trait with respect to the DNA marker loci, without
requiring direct access to a specified gene's DNA. For inherited diseases
mapped in this way, linked DNA marker loci can be used predictively for
genetic counseling.

INTRODUCTION

Although it is possible to detect linkage among simple Mendelian traits in humans, no
method of systematically mapping human genes has been devised, largely because of
the paucity of highly polymorphic marker loci.
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To illustrate, figure 1 a shows a schematic representation of the chromosomal
arrangement of sites for two restriction enzymes for a pair of homologous chromo-
somes. Restriction enzyme B cleaves at identical locations (bi and bi+1) in both
chromosomes, yielding only one fragment length homologous to the probe sequence,
which is revealed as a single band of hybridization as indicated in figure l b. Restriction
enzyme A, on the other hand, is seen to be cleaving the homologous DNA sequences at
one identical site, aj, but the location of the next enzyme A site differs between the two
homologs. This difference in location between aj+I and a 'j+1 generates the pattern (fig.
1 b) of two bands when hybridized with the probe.

RFLPs AS GENETIC MARKERS

RFLPs were first used as a tool for genetic analysis in 1974. Linkage of
temperature-sensitive mutations of adenovirus to specific restriction fragment length
differences was used to locate the mutations on a physical map of the restriction
fragments [9]. Other studies have shown the maternal inheritance of mammalian
mitochondrial DNA [10] and the existence of RFLP within mitochondrial DNAs from
two individual humans, as well as from several human cell lines [11].

by b1+1
Enzyme Enzyme

A B

hi i1+1~~~+

a. Chromosomal Arrangement b. Hybridization Pattern

t = restriction endonuclease A

2 = restriction *ndonucleose B

- probed single copy region

FIG. 1. -a, Cuts made in pair of homologous chromosomes by enzyme A and enzyme B; b, hybridization
pattern of enzymes A and B given cuts of a.
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ted detail with, for example, maps of the atmospheric winds and 
of radiation anomalies. Despite this increased knowledge of the 
atmospheric changes, there is still a great deal that is unknown 
and unanswered, particularly in the ocean. Clearly it would be 
beneficial to be able to model the progress of warm events in 
the same way as we currently model the development of weather 
systems, but this will require greatly expanded observing 
networks in the tropical oceans. 
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A polymorphic DNA marker genetically linked 
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Family studies show that the Huntington's disease gene is linked to a polymorphic DNA marker that maps to human 
chromosome 4. The chromosomal localization of the Huntington's disease gene is the first step in using recombinant 
DNA technology to identify the primary genetic defect in this disorder. 

HUNTINGTON'S disease (also known as Huntington's chorea) 
is a progressive neurodegenerative disorder with autosomal 
dominant inheritance1

• The first symptoms of Huntington's dis-
ease usually occur in the third to fifth decade and the gene is 
completely penetrant. The disease is characterized by both pro-
gressive motor abnormality, typically chorea, and intellectual 
deterioration commonly accompanied by prominent psychiatric 
symptoms including severe depression. The symptoms of Hun-
tington's disease result from premature neuronal cell death 
which is most marked in the basal ganglia. Although the preva-
lence of Huntington's disease is only 5-10 in 100,000, because 
of its late onset most individuals have children before they 
realize they have inherited Huntington's disease, and it thus 
significantly affects a much greater proportion of the popula-
tion2. In spite of numerous biochemical studies of peripheral 
tissues and of post-mortem brain tissue the primary defect in 
Huntington's disease has never been detected3 .4. At present 
there is no reliable method of presymptomatic or prenatal 
diagnosis of the disease and there is no effective therapy. 

A number of investigators have examined Huntington's dis-
ease pedigrees in search of a genetic marker linked to the 
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• Such studies have proved difficult 
because of the late age of onset of the disorder and the con-
sequent need for a large number of individuals to be typed. 
Although investigations relying on classical polymorphic antigen 
and enzyme markers were uniformly negative, they did exclude 
the Huntington's disease locus from 20% of the human genome5 • 

The Jack of additional polymorphic protein markers precluded 
the possibility of testing remaining regions of the genome. 

In recent years, the techniques for circumventing this difficulty 
have been developed7•8• Recombinant DNA technology pro-
vides a method for obtaining the requisite number of new genetic 
markers because it permits the monitoring of heritable differen-
ces in the sequence of genomic DNA. These DNA markers are 
termed restriction fragment length polymorphisms (RFLPs). 
They are detected as differences in the sizes of restriction frag-
ments observed in Southern blotting experiments on human 
genomic DNA using cloned DNA probes free of repetitive 
sequences. Unlike classical expressed markers, DNA poly-
morphisms can be found in regions of the genome irrespective 
of whether they encode a protein. Probes that detect RFLPs 
can therefore be derived from known gene loci or from anony-
mous DNA segments. RFLPs appear to be present in all regions 
of the genome. thus making it feasible to construct a detailed 
human genetic linkage map and thereby localize disease 
genes 7-

11
• We have now identified an anonymous DNA fragment 

from human chromosome 4 that detects two different RFLPs 
in a Hindiii digest of human genomic DNA. This polymorphic 
DNA marker shows close genetic linkage to the Huntington's 
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Cell hybrid G-8 
WIL-5 + 
WIL-2 
WIL-7 
JSR-22H + 
XTR-22 + 
TSL-2 
JSR-17S 
ATR-13 + 
WIL-6 + 
NSL-5 
NSL-9 
NSL-15 + 
NSL-16 + 
REW-5 + 
REW-7 + 
REW-10 
REW-11 
JWR-26C + 
% Discordancy* 

28 hybrids 

Table 1 Segregation of G-8 with human chromosomes in human-mouse hybrids 

Chromosomes 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X 
+ 

+ + 
+ + + + + + + 

+ + + + 
+ + + + + + + 
+ + + + + 

+ + + + + + + + 
+ + + + + + + + + + 

+ + + + + + + 

+ + 
+ 

+ 
+ 

+ 
+ 

+ + + + + + 
+ + + + + 

+ + + + + 
+ + + + 

+ + + + + + + + + 
+ + + + + + + 

+ + + + + + 
+ + + + + + 

+ + + + + + + + + + + + 
+ + + + + + + + + + + + + + + 

+++ + + ++ + + 
+ + + + + + + + + + + + + + + + + + + + 
+ + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + 
+ + + + + + 

+ + + + + + + + + + + + + + + + + + 
38 31 38 7t 35 37 30 32 38 46 32 54 46 43 48 so 57 26 50 50 44 36 32 

Translocated 
chromosomes 

2/1 
X/3 
17/3 
7q-
5/X 

17/ 9 

17/9 9/17 

DNA was isolated22 from an aliquot of cells at the same passage that karyotypic and enzyme analyses were performed. The presence of G8 
sequences was determined by hybridization of the probe to filters containing Hindlii-digested (first seven hybrids) or EcoRI-digested (remaining 
hybrids) cell hybrid DNA. Under the hybridization conditions used22 G8 did not detect hybridizing fragments in mouse DNA. A hybrid cell was 
considered positive for a given human chromosome only if it was present in greater than 10% of the cells. Some hybrids were made from fibroblasts 
containing the following translocation chromosomes: ATR-5/X, (5pter-+5q35 :Xq22-+Xqter); JSR-7q-, (7pter-+7q22) ; NSL-17/9, (17qter-+ 
17pll :: 9q12-+ 9qter); 9/19, (9pter-+ 9q12: : 17pll-+ 17pter); JSR-2/ 1, (2pter-+ 2q37:: 1p21-+ lpter) ; 1p-, (1qter-+ 1p21 :: 2q37-+ 2pter); TSL-
3/ 17, (3qter-+ 3p21 :: 17p13 -+17pter); XTR-X/3, (Xpter-+ Xq28 :: 3q21-+ 3qter) . 

*Twenty-eight additional hybrid cells were analysed for their chromosome content using only marker enzymes previously assigned to each human 
chromosome. The references for the gene assignments and assay methods are given in ref. 18. The markers tested are: chromosome 1, adenylate 
kinase-2, peptidase-C; 2, malate dehydrogenase (soluble), isocitrate dehydrogenase (soluble); 3, aminoacylase-1, DNA segment (D3Sl); 4, peptidase 
S; 5, hexosaminidase B; 6, malic enzyme, superoxide dismutase (mitochondrial) ; 7, phosphoserine phosphatase, beta-glucuronidase; 8, glutathione 
reductase; 9, adenylate kinase-1, aconitase (soluble); 10, glutamate-oxaloacetate transaminase; 11, esterase-A4, lactate dehydrogenase-A; 12, 
lactate dehydrogenase-a, peptidase-B; 13, esterase-D; 14, nucleoside phosphorylase; 15, mannose phosphate isomerase, pyruvate kinase (muscle 
form); 16, adenine phosphoribosyl transferase; 17, galactokinase; 18, peptidase-A; 19, glucose phosphate isomerase, peptidase-D; 20, adenosine 
deaminase ; 21, superoxide dismutase (soluble) ; 22, aconitase (mitochondria) , DNA segment (D22S1) ; X, glucose-6-phosphate dehydrogenase, 
phosphoglycerate kinase. 

t The two discordant clones were positive for G8 and negative for peptidase-S. These discordancies are probably due to the greater sensitivity 
of Southern blot hybridization compared to the peptidase-S stain. 

Table 2 lod scores 

Huntington's disease against G8 

Huntington's disease against MNS 
Huntington's disease against GC 
GB against MNS 
G8 against GC 

0.0 
A 1.81 
v 6.72 
T 8.53 

-<X> 
- <X> 
-CX> 
-<X> 

A, American pedigree; V, Venezuelan pedigree; T, total. 

A 99% confidence interval (in this case one-sided) for the 
distance between the Huntington's disease locus and G8 is 
computed as the value of (J at which the likelihood is 100 times 
less than its maximum value, that is 2 log units less than 8.53. 
The lod score at 10 centimorgans (eM) is 6 .52. Thus the 99% 
confidence interval is 0-10 centimorgans. One can also obtain 
a confidence interval based on the total number of non-cross-
overs. However, in these Huntington's disease pedigrees this 
approach is not feasible because at-risk individuals cannot be 
determined as crossovers. 

The lod scores for both Huntington's disease and G8 against 
MNS (located between 4q28 and 4q31) and GC (located 
between 4qll and 4q13) suggest that these latter markers are 
not close to either the Huntington's disease (or G8) locus. These 
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results eliminate a substantial portion of chromosome 4 as the 
possible region containing the Huntington's disease gene. 

Implications 
The discovery of a DNA marker genetically linked to the Hun-
tington's disease locus has profound implications both for 
investigations of the basic gene defect and for clinical care. 
Certain questions must be resolved, however, in order to clarify 
the clinical applicability of this finding, considering the benefits 
and hazards involved in presymptomatic testing20• 

The data in this study were obtained from only two families, 
although they were from different ethnic backgrounds. Further 
study is required to determine whether Huntington's disease is 

原因遺伝⼦HTTが同定されるのは10年後

lod score = log10 [ 連鎖している確率 ／連鎖していない確率 ]
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Exome sequencing identifies the cause of a mendelian 
disorder
Sarah B Ng1,10, Kati J Buckingham2,10  , Choli Lee1, Abigail W Bigham2, Holly K Tabor2,3, Karin M Dent4,  
Chad D Huff5, Paul T Shannon6, Ethylin Wang Jabs7,8, Deborah A Nickerson1, Jay Shendure1 &  
Michael J Bamshad1,2,9

We demonstrate the first successful application of exome sequencing to discover the gene for a rare mendelian disorder of 
unknown cause, Miller syndrome (MIM%263750). For four affected individuals in three independent kindreds, we captured 
and sequenced coding regions to a mean coverage of 40× and sufficient depth to call variants at ~97% of each targeted exome. 
Filtering against public SNP databases and eight HapMap exomes for genes with two previously unknown variants in each of the 
four individuals  identified a single candidate gene, DHODH, which encodes a key enzyme in the pyrimidine de novo biosynthesis 
pathway. Sanger sequencing confirmed the presence of DHODH mutations in three additional families with Miller syndrome. 
Exome sequencing of a small number of unrelated affected individuals is a powerful, efficient strategy for identifying the genes 
underlying rare mendelian disorders and will likely transform the genetic analysis of monogenic traits.

Rare monogenic diseases are of substantial interest because identi-
fication of their genetic bases provides important knowledge about 
disease mechanisms, biological pathways and potential therapeutic 
targets. However, to date, allelic variants underlying fewer than half 
of all monogenic disorders have been discovered. This is because the 
identification of allelic variants for many rare disorders is fundamen-
tally limited by factors such as the availability of only a small number 
of affected individuals (cases) or families, locus heterogeneity, or sub-
stantially reduced reproductive fitness; each of these factors lessens the 
power of traditional positional cloning strategies and often restricts 
the analysis to a priori–identified candidate genes. In contrast, deep 
resequencing of all human genes for discovery of allelic variants could 
potentially identify the gene underlying any given rare monogenic 
disease. Massively parallel DNA sequencing technologies1 have ren-
dered the whole-genome resequencing of individual humans increas-
ingly practical, but cost remains a key consideration. An alternative 
approach involves the targeted resequencing of all protein-coding 
subsequences (that is, the exome)2–4, which requires ~5% as much 
sequencing as a whole human genome2.

Sequencing of the exome, rather than the entire human genome, is 
well justified as an efficient strategy to search for alleles underlying rare 
mendelian disorders. First, positional cloning studies focused on pro-
tein-coding sequences have, when adequately powered, proven highly 
successful at identification of variants underlying monogenic diseases. 
Second, the clear majority of allelic variants known to underlie mende-
lian disorders disrupt protein-coding sequences5. Splice acceptor and 

donor sites represent an additional class of sequences that are enriched 
for highly functional variation and are therefore targeted here as well. 
Third, a large fraction of rare nonsynonymous variants in the human 
genome are predicted to be deleterious6. This contrasts with noncod-
ing sequences, where variants are more likely to have neutral or weak 
effects on phenotypes, even in well-conserved noncoding sequences7,8. 
The exome therefore represents a highly enriched subset of the genome 
in which to search for variants with large effect sizes.

We recently showed how exome sequencing of a small number of 
affected, unrelated individuals could potentially be used to identify a 
causal gene underlying a monogenic disorder2. Specifically, we per-
formed targeted enrichment of the exome by hybridization to pro-
grammable microarrays and then sequenced each enriched shotgun 
genomic library on an Illumina Genome Analyzer II. The exome was 
conservatively defined using the NCBI Consensus Coding Sequence 
(CCDS) database9 (version 20080902), which covers approximately 
164,000 noncontiguous regions over 27.9 Mb, of which 26.6 Mb were 
‘mappable’ using 76-bp single-end reads. Approximately 96% of tar-
geted, mappable bases comprising the exomes of eight HapMap indi-
viduals and four individuals with Freeman-Sheldon syndrome (FSS; 
MIM#193700) were successfully sequenced to high quality2. Using 
both dbSNP and HapMap exomes as filters to remove common vari-
ants, we showed that we could accurately identify the causal gene for 
FSS by exome sequencing alone. This effort demonstrated that low-
cost, high-throughput technologies for deep resequencing have the 
potential to rapidly accelerate the discovery of allelic variants for rare 
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diseases. However, it provided only a proof of concept, as the causal 
gene for FSS had previously been identified10. A more recent report 
describes the application of exome sequencing to make an unantici-
pated genetic diagnosis of congenital chloride diarrhea3.

To evaluate the effectiveness of this strategy with a mendelian condi-
tion of unknown cause, we sought to find the gene for a rare multiple 
malformation disorder named Miller syndrome11, the cause of which 
has been intractable to standard approaches of discovery12. The clinical 
characteristics of Miller syndrome include severe micrognathia, cleft 
lip and/or palate, hypoplasia or aplasia of the posterior elements of the 
limbs, coloboma of the eyelids and supernumerary nipples (Fig. 1a,b). 
Miller syndrome has been hypothesized to be an autosomal recessive 
disorder. However, only three multiplex families, each consisting of 
two affected siblings born to unaffected, nonconsanguineous parents, 
have been described among a total of ~30 reported cases of Miller 
syndrome for which substantial clinical information is available11,13–17. 
Accordingly, there has been speculation that Miller syndrome is an 
autosomal dominant disorder18 and the rare occurrence of affected 
siblings is the result of germline mosaicism. Although we thought it 
likely that Miller syndrome is recessive, we also considered a dominant 
model of inheritance.

RESULTS
Exome sequencing identifies a candidate gene for Miller 
syndrome
We sequenced exomes in a total of two siblings with Miller syndrome 
(kindred 1 in Table 1) and two additional unrelated affected individu-
als (kindreds 2 and 3 in Table 1), totaling four affected individuals in 
three independent kindreds. An average of 5.1 Gb of sequence was 
generated per affected individual as single-end, 76-bp reads. After 
discarding reads that had duplicated start sites, we achieved ~40-fold 
coverage of the 26.6-Mb mappable, targeted exome defined by Ng et 
al.2 (Table 2). About 97% of targeted bases were sufficiently covered 
to pass our thresholds for variant calling. To distinguish potentially 
pathogenic mutations from other variants, we focused only on non-
synonymous (NS) variants, splice acceptor and donor site mutations 
(SS), and short coding insertions or deletions (indels; I), anticipating 
that synonymous variants would be far less likely to be pathogenic. 
We also predicted that the variants responsible for Miller syndrome 
would be rare and therefore likely to be previously unidentified. A 
new variant was defined as one that did not exist in the datasets used 
for comparison, namely dbSNP129, exome data from eight HapMap 
individuals sequenced in our previous study2, and both groups com-
bined (Table 1).

Each sibling (A and B) in kindred 1 was found to have at least a sin-
gle NS/SS/I variant in ~4,600 genes and two or more NS/SS/I variants 

in ~2,800 genes. In our dominant model, each sibling was required to 
have at least one new NS/SS/I variant in the same gene, and filtering 
these variants against dbSNP129 and eight HapMap exomes reduced 
the candidate gene pool ~40-fold compared to the full CCDS gene set. 
In our recessive model, each sibling was required to have at least two 
new NS/SS/I variants in the same gene, and the candidate pool was 
reduced >500-fold compared to the full CCDS gene set. Both siblings 
were predicted to share the causal variant for Miller syndrome, so 
we next considered candidate genes shared between them. Under our 
dominant model, this reduced the pool of candidate genes to 228, 
and under our recessive model, the number of candidate genes was 
reduced to 9.

a c

db

Figure 1  Clinical characteristics of an individual with Miller syndrome 
and an individual with methotrexate embryopathy. (a,b) A 9-year-old boy 
with Miller syndrome caused by mutations in DHODH. Facial anomalies 
(a) include cupped ears, coloboma of the lower eyelids, prominent nose, 
micrognathia and absence of the fifth digits of the feet (b). (c,d) A 
26-year-old man with methotrexate embryopathy. Note the cupped ears, 
hypertelorism, sparse eyebrows and prominent nose (c) accompanied by 
absence of the fourth and fifth digits of the feet (d). c and d are reprinted 
with permission from ref. 30.

Table 1  Direct identification of the gene for a mendelian disorder by exome resequencing
       Kindred 1-A     Kindred 1-B           Kindred 1 (A+B)             Kindreds 1+2           Kindreds 1+2+3

Filter Dominant Recessive Dominant Recessive Dominant Recessive Dominant Recessive Dominant Recessive

NS/SS/I 4,670 2,863 4,687 2,859 3,940 2,362 3,099 1,810 2,654 1,525

Not in dbSNP129 641 102 647 114 369 53 105 25 63 21

Not in HapMap 8 898 123 923 128 506 46 117 7 38 4

Not in either 456 31 464 33 228 9 26 1* 8 1*

Predicted damaging 204 6 204 12 83 1 5 0 2 0

Each cell indicates the number of genes with nonsynonymous (NS) variants, splice acceptor and donor site mutations (SS) and coding indels (I). Filtering either by requiring the 
presence of NS/SS/I variants in siblings (kindred 1 (A+B)) or of multiple unrelated individuals (columns) or by excluding annotated variants (rows) identifies 26 and 8 candidate 
genes under a dominant model and only a single candidate gene, DHODH, under a recessive model (light gray cells). Exclusion of mutations predicted to be benign using PolyPhen 
(row 5) increases sensitivity under a dominant model but excludes DHODH under a recessive model because a variant in kindred 1 is predicted to be benign. A single candidate 
gene is identified in kindred 1 under a recessive model and excluding benign mutations (dark gray cell), but this candidate is excluded in comparisons with unrelated cases of 
Miller syndrome. Mutations in this candidate, DNAH5, were found to cause a primary ciliary dyskinesia in kindred 1. The asterisk indicates that a second gene, CDC27, was also 
identified as a candidate gene, but this is due to the presence of multiple copies of a processed pseudogene that recurrently gave rise to a false positive signal in exome analyses.
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メンデル無作為化法における
ランダム割り付け
• 原因と仮定している形質X のみに影響するSNPを選ぶ
• SNPの遺伝⼦型で、個々⼈をランダム割り付けできる

• 個々⼈の遺伝⼦型は、集団でのアリル頻度のもとでランダム
• ランダムなので、⽣活習慣・健康状態・環境などの「交絡因

⼦」に影響されない

Int J Epidemiol (2003) 32:1

⽵内 (2021) メンデル無作為化法
遺伝⼦医学 36号 83-87⾴



メンデル無作為化法における因果
効果の推定

ランダム化変数 Z 検証したい原因 X 結果 Y
ランダム化⽐較
試験 割り付け 薬の服⽤ 疾患

メンデル無作為
化法の例

LDL-C代謝遺伝⼦
のSNP

⾎中LDL-C（曝
露） ⼼筋梗塞（疾患）

𝑋から𝑌への効果 =
𝑍から𝑌への効果
𝑍から𝑋への効果

=
𝑍と𝑌の相関
𝑍と𝑋の相関

Hum Mol Genet (2014) 23:R89

SNPのLDL-C減少効果
SN

Pの
⼼
筋
梗
塞
減
少
効
果

SNP Zが複数あると精度が上がる

⽮印は因果関係

ZはXのみ
に影響

Zは他に影
響されない

U

Z X Y

⽐例している？

⽐例しているので
LDL-C → ⼼筋梗塞
因果関係有り



まとめ: バイオインフォマティクス
が疾患遺伝⼦同定に果たした役割
1. 連鎖解析

• 疾患原因バリアントの
染⾊体上でのおおよそ
の位置を⾒つける

2. トリオの全エキソー
ム解析
• 疾患原因バリアントを

⾒つける
3. ゲノムワイド関連解

析
• 疾患感受性多型を⾒つ

ける

4. マルチオミックス
• 多型がどの組織で、ど

のような分⼦機序で機
能しているか

5. ⼤規模バイオバンク
研究
• 多型と複数の表現型の

因果関係を明らかにす
る


