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ヒトの生物学的位置付け
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著しく発達した脳
高度な知的活動・情報処理能力

複雑な言語の使用
長寿

直立二足歩行
感染症への感受性 (例：エイズ，脳炎，マラリアなど )

チンパンジーとの比較から見るヒトの特質
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ヒトの遺伝的特質を担うヒトの遺伝的特質を担う
ヒトゲノムの解読完了ヒトゲノムの解読完了

（２００３年４月）（２００３年４月）

生命科学の転換点生命科学の転換点

34 Mb

130 Mb



Nature. Vol.429, 382-388 (2004)

チンパンジーのゲノム配列を決定した２つの論文

塩基置換：1.44%

塩基置換：1.23%



塩基配列の違い
1.23％

ヒト チンパンジー

言 語 野 の 発 達 に 関 わ る FO XP 2遺 伝 子 に

ヒ ト特 異 的 変 化 が 見 つ か っ た

R 553H7q31



ヒト集団は遺伝的に多様である



ゲノムに見られる多様性
 

（提供 油谷浩幸）
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・Aneuploidy

・Copy number variation(CNV)

・Short tandem repeats

・SNPs

・Insertion/Deletion
・Segmental

 
duplication



Genome diversity and human diseases
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RefSNP entries in dbSNP 
and 

variant loci in the Database of Genomic Variants

(Conrad & Hurles 2007)



Nature 437, 1299 - 1320  (27 Oct 2005)

The distribution of the long range haplotype (LRH92) test statistic for natural selection.



Nature 437, 1299 - 1320  (27 Oct 2005)



β３アドレナリン受容体

Trp ・・・・・
 

ノルアドレナリン高感受性・

体脂肪分解活性が強い

Arg ・・・・・
 

ノルアドレナリン低感受性・

体脂肪分 解活性が弱い

64番目のアミノ酸

肥満型・倹約型

非肥満型
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Letter
Published online: 7 January 2007; | doi:10.1038/ng1945 

A nonsynonymous SNP in PRKCH (protein kinase Cη

 

) increases the risk of 
cerebral infarction

Michiaki Kubo1, 2, 3, Jun Hata1, 2, 3, Toshiharu Ninomiya1, 2, Koichi Matsuda3, Koji Yonemoto1, Toshiaki 
Nakano2, 4, Tomonaga Matsushita2, 3, Keiko Yamazaki3, Yozo Ohnishi5, Susumu Saito5, Takanari 
Kitazono2, Setsuro Ibayashi2, Katsuo Sueishi4, Mitsuo Iida2, Yusuke Nakamura3 & Yutaka Kiyohara1

1 Department of Environmental Medicine, Kyushu University, Fukuoka 812-8582, Japan.
2 Department of Medicine and Clinical Science, Kyushu University, Fukuoka 812-8582, Japan.
3 Laboratory of Molecular Medicine, Human Genome Center, Institute of Medical Science, University of Tokyo, Tokyo 108-8639, Japan.
4 Pathophysiological and Experimental Pathology, Graduate School of Medical Sciences, Kyushu University, Fukuoka 812-8582, Japan.
5 Laboratory for Genotyping, SNP Research Center, the Institute of Physical and Chemical Research (RIKEN), Yokohama 230-0045, Japan.
Correspondence should be addressed to Michiaki Kubo mkubo@ims.u-tokyo.ac.jp

Cerebral infarction is the most common type of stroke and often causes long-term disability. To 
investigate the genetic contribution to cerebral infarction, we conducted a case-control study using 
52,608 gene-based tag SNPs selected from the JSNP database. Here we report that a nonsynonymous 
SNP in a member of protein kinase C (PKC) family, PRKCH, was significantly associated with lacunar 
infarction in two independent Japanese samples (P = 5.1×10-7, crude odds ratio of 1.40). This SNP is 
likely to affect PKC activity. Furthermore, a 14-year follow-up cohort study in Hisayama (Fukuoka, 
Japan) supported involvement of this SNP in the development of cerebral infarction (P = 0.03, age- 
and sex-adjusted hazard ratio of 2.83). We also found that PKCη

 

was expressed mainly in vascular 
endothelial cells and foamy macrophages in human atherosclerotic lesions, and its expression 
increased as the lesion type progressed. Our results support a role for PRKCH in the pathogenesis of 
cerebral infarction.

福岡県久山町の集団解析から
脳梗塞になりやすい遺伝子型が見つかった

mailto:mkubo@ims.u-tokyo.ac.jp


Genome diversity and human diseases

Candidate gene approach

HapMap project
genome-wide association

high-resolution analysis

Human genome project

2003 2005 20072001 2009

SNP
consortium

CNV map

Current map is still incomplete



• HapMap 270 individuals
– EBV-transformed lymphoblastoid cell lines

• CEPH 90 (30 trios)
• Yoruba 90 (30 trios)
• Japanese/Chinese 90 (45/45)

(Redon, Ishikawa, Fitch, Falk, Nature 2006)



Location and frequency of 1,447 CNVsLocation and frequency of 1,447 CNVs

プレゼンター
プレゼンテーションのノート
The chromosomal distribution of 1,447 copy number variable regions is shown. Blue

lines to the right hand side of each ideogram show the location of CNVs, and the length

of the blue line indicates the length of the CNVR (from 1034bp to 7442054bp), the

dynamic range of which is compressed for clarity using the formula (log10(length) -

log10(1000))/3+0.2). The red line on the left hand side of the ideogram indicates the

frequency (minor call frequency, from 1 to134) with which the associated CNVR is called

in the HapMap samples using the formula (minor call frequency/90)+0.1.





Population differentiationPopulation differentiation
VST =(VT -VS )/VT
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duplication



Science 20 April 2007:Vol. 316. no. 5823, pp. 445 -

 
449

• Such CNVs were identified in 12 out of 118 (10%) of 
patients with sporadic autism, in 2 out of 77 (3%) of 
patients with an affected first-degree relative, and in 2 out 
of 196 (1%) of controls. 

• Most de novo CNVs were smaller than microscopic 
resolution.



Copy Number Variants Involved in Human Disease

7 SEPTEMBER 2007 VOL 317 SCIENCE



Summary: copy number variation

• CNVs are extensive, genome-wide, complex and likely 
to have functional impact:

- covering ~12%(360Mbp) of the human genome
- including about 2909 genes(11.8%), 286 genes in OMIM
- will be examined in large scale association studies

• Many CNVs are difficult to be ‘tagged’
- needs platform for direct CNV detection, 
- needs higher density genotyping in complex region.



GeneChip® Probe Arrays

Image of Hybridized Probe Array

>  7.5 million different
complementary probes

GeneChip Probe Array

Millions of copies of a specific
oligonucleotide probe 

5 um features



Next Generation Sequencers

454 Life Sciences
Genome Sequencer

20 System (GS20)

Applied Biosystems
SOLiD System

Illumina / Solexa
1G Genome Analyzer

100 Mb/ run
200 bp/ read

1,000 Mb/ run
25-36 bp/ read

3,000 Mb/ run
35 bp/ read
25 bp x 2 (paired-end)



不活性化状態 活性化状態

メチル化 非メチル化

ヒストン
H3-K9,K27メチル化など

ヒストン
H3-K9,K27メチル化など

ヒストンアセチル化
ヒストンH3-K4メチル化など

ヒストンアセチル化
ヒストンH3-K4メチル化など

ONON

遺伝子は働けない

×× OFFOFF

遺伝子は働ける

DNAヒストン複合体

DNＡ

エピジェネティクス：DNAメチル化とクロマチン修飾による
ゲノム機能の制御



Strahl, D. and Allis, C.D. Nature 403, 41-45 (2000)
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A: アセチル化

 

M:メチル化

 

P: リン酸化

・ヒストンH3だけでなく、H4、H2A、H2Bにも修飾がある

・特定の修飾・またはその組み合わせがコードとして働く

・様々なヒストン修飾酵素・脱修飾酵素（HAT、HDAC、HMT等）

・コードの読みとり装置（HP1等）

ヒストンコード
Histone Code
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メチル化の個体差インプリント

提供：伊藤隆司



Nature Reviews Genetics 9, 129-140 (February 2008) | doi:10.1038/nrg2295



エピジェネティクスと多様性
Epigenetics and Variation

Cold Spring Harbor Symposia on
Quantitative Biology 2004

氏か育ちか？
Nature or Nurture?

一卵性双生児の個性



PNAS  （2005）

 

102: 10604-10609; 



Waterland

 

RA and Jirtle

 

RL. Transposable elements: 
targets for early nutritional effects on epigenetic 
gene regulation. Mol. Cell. Biol.

 

23, 5293-5300 (2003).

食餌とエピジェネティクス
Diet and Epigenetics

Avyマウスの毛色
妊娠中・授乳中の母マウスに高メチル基質食を与

 える（高ビタミンB12、葉酸、コリン、ベタイン食）

Ａ（アグーチ）遺伝子座上流のトランスポゾンのメチ

 ル化レベル上昇

Ａ遺伝子座本来のプロモーターから転写

野生色マウスの数＞黄色マウスの数



ゲノム/遺伝型 遺伝的変異

遺伝子発現

環境因子

機能発現

表現型/個体

環境因子

環境因子

生存/増殖/集団

環境因子

選択圧 生き残り戦略

エピジェネティク修飾

細胞システムの多様性

恒常性維持システム
の発達

集団の遺伝的多様性
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