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觀察歷史有助於了解時代趨勢

發現DNA結構

遺傳工程技
術的建立

「人類基因體」
分析計畫？

數學、物理、化學、
統計、電腦科學的整合

1953

1973

1990
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基因體分析計畫帶動了
生物科技的發展

• 基因圖譜有助於致病基因的定位
• 序列有助於找尋同源的基因
• 基因體全序列有助於解釋生物體的
功能 (細胞分化, 細胞交互作用等)
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定序的原理

...GTCGACTGCAAT...

ddA
...GTCGACTGCAA
...GTCGACTGCA
...GTCGA
ddC
...GTCGACTGC
...GTCGAC
...GTC
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基因體分析計畫發展史

• 決定cDNA或基因體序列?
• 由下而上或由上而下的策略

– 由下而上: 霰彈槍法(shotgun method)
– 由上而下: 先建基因圖譜(map) 

• 霰彈槍法決定全基因體序列
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決定cDNA或基因體序列?

• 決定cDNA序列
– different cells express different set of genes
– different mRNAs have different abundancy
– don’t know when to stop; less efficient

• 決定基因體序列
– complete set of genetic information
– less redundancy than cDNA approach
– goal is clear; more efficient
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霰彈槍法(shotgun method)

定序初期效率高,後期越來越困難
重複序列會增加組合序列的困難度
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由上而下的策略
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百慕達協定

“Unfinished” sequence data should be 
released as soon as it is “usable” for 

homology searching and other types of 
sequence analysis.
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人類基因體分析計畫

第一期: 方向,順序未定
第二期: 不連續
第三期: 已連續
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GenBank存放序列的方法
• Organismal Divisions: 

– BCT: Bacterial seq.
– PRI: Primate seq., include Human 

Phase 3 
– ROD: Rodent seq. 
– MAM: Other mammalian seq.
– VRT: Other vertebrate seq.
– INV: Invertebrate seq.,  include

Drosophila, C. elegans Phase 3 
– PLN: Plant and Fungal seq., include

Arabidopsis Phase 3 
– VRL: Viral seq.

– PHG: Phage seq. 
– RNA: Structural RNA seq.
– SYN: Synthetic and chimeric seq.
– UNA: Unannotated seq. 

• Functional Divisions: 
– EST: Expressed Seq. Tags
– STS: Sequence Tagged Sites 
– GSS: Genome Survey seq.
– HTG: High Throughput Genomic 

seq., include Phase 1 and 2 from all 
organisms

http://www.ncbi.nlm.nih.gov/dbEST/index.html
http://www.ncbi.nlm.nih.gov/dbSTS/index.html
http://www.ncbi.nlm.nih.gov/dbGSS/index.html
http://www.ncbi.nlm.nih.gov/HTGS/
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霰彈槍法決定全基因體序列

• 由上而下的策略
– 需做基因庫(library)與定序兩種人才
– 決定圖譜(mapping)是的速率決定步驟

• 霰彈槍法決定全基因體序列
– 做完基因庫後,只需定序人才
– 增加定序儀,即可增加定序的速率
單一步驟,可平行處理

• 攪亂了群雄割據的佈局
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具爭議性的Craig Venter

• 表現序列標幟(expressed sequence tag, EST)
• 以霰彈槍法決定微生物的全基因體序列
• 以霰彈槍法決定果蠅與人的全基因體序列
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Expressed Sequence Tag (EST)

• Partial cDNA sequences of genes 
expressed in different tissues

mRNA

cDNA
5` partial sequencing

3` partial sequencing

EST

Tissues
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有全基因體序列的好處

Helicalbacter pylori

You will know not 
only what genes are
there, but also what 
genes are missing.

You will have not only 
the information about
componenets, but also 
the interactions among 
components.
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定序技術的改進

Acrylamide gel
(lane tracking

is needed)

Capillary 
electrophoresis
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人類基因體分析計畫

初稿 完稿

結束日期 June26, 20002003
序列覆蓋率 90% >99%
錯誤率 1% 0.01%
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Celera公司釋出序列資訊的方式

Not to reproduce, redistribute, re-package, 
adapt or prepare derivative works of
Celera data … for third party, in any form 
whatsoever, for any purpose.
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Science期刊對Celera公司
開特例的後果

生物資訊中心不能釋出註解Celera
序列的加值資訊

=> 須購買資訊或有能力自行分析
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榮陽千萬鹼基計畫的意義

國際意義

火車頭的帶動角色

對生物醫學與生技產業的影響
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後基因體分析世代

所有基因體序列資訊

瞭解DNA中蘊涵的資訊
生物科技的應用
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DNA 語言為何難懂?

5           10          15           20          25  30          35

GARBA GEYOU THROW OUTJU NKYOU KEEPT HEREF

40           45          50           55          60   65          70

ORE90  %OFTH EGENO   MEISJ UNKSB RENNE R

Garbage you throw out, junk you keep.  Therefore, 90% 
of the genome is junk.                    - S. Brenner.
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語言的三大要素:
字,詞與文法

Garbage you throw out, junk you keep.  Therefore, 
90% of the genome is junk.                    - S. Brenner.

A->B, B->C, C->D, 
D->E, E->F, --- etc.

Hbscbhf zpv uispx pvu, kvol zpv lffq. Uifsfgpsf,

01^ fg uif hfopnf jt kvol.                =T. Csfoofs.
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語言學的類比 -字與詞
LOCUS       HSFF91B7B     780 bp    DNA             PRI       23-SEP-1999
DEFINITION  Human DNA sequence from clone 91B7B on chromosome 22, complete

sequence.ACCESSION   AL118554 Z80773NID         g5922693
VERSION     AL118554.1  GI:5922693KEYWORDS    HTG.SOURCE      human.

ORGANISM  Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Mammalia;
Eutheria; Primates; Catarrhini; Hominidae; Homo.

REFERENCE   1  (bases 1 to 780)  AUTHORS   Hunt,A.  TITLE     Direct Submission
JOURNAL   Submitted (23-SEP-1999) Sanger Centre, Hinxton, Cambridgeshire,

CB10 1SA, UK. E-mail enquiries: humquery@sanger.ac.uk Clone
requests: clonerequest@sanger.ac.uk

COMMENT     During sequence assembly data is compared from overlapping clones.
Where differences are found these are annotated as variations
together with a note of the overlapping clone name. Note that the
variation annotation may not be found in the sequence submission
corresponding to the overlapping clone, as we submit sequences with
only a small overlap as described above.
The following abbreviations are used to associate primary accession
numbers given in the feature table with their source databases:
Em:, EMBL; Sw:, SWISSPROT; Tr:, TREMBL; Wp:, WORMPEP; Information
on the WORMPEP database can be found at
http://www.sanger.ac.uk/Projects/C_elegans/wormpep IMPORTANT: This
sequence is not the entire insert of clone 91B7. It may be shorter
because we only sequence overlapping sections once, or longer
because we arrange for a small overlap between neighbouring
submissions.
The true right end of clone cN121E8 is at 100 in this sequence. The
true right end of clone fF91B7 is at 780 in this sequence. This
sequence has been finished according to sequence map criteria as
follows. An attempt is made to resolve all sequencing problems,
such as compressions and repeats, but not necessarily within known
annotated human repeat sequence elements (e.g. Alu). Where the
sequence is ambiguous, there is an annotation using the 'unsure'
feature key.
This sequence was generated from part of bacterial clone contigs of
human chromosome 22, constructed by the Sanger Centre Chromosome 22
Mapping Group. Further information can be found at
http://www.sanger.ac.uk/HGP/Chr22
91B7B is from the human chromosome 22-specific Fosmid library
described in Kim U-J. et al Genet_Anal 12(2): 81-84, and is part of
a cosmid contig isolated using YACs and markers from the Sanger
Centre chromosome 22 YAC contig described in Collins, J.E. et al
Nature 377 Suppl., 367-379.  VECTOR: pFOS1.

FEATURES             Location/Qualifiers     source          1..780
/organism="Homo sapiens"
/db_xref="taxon:9606"                     /chromosome="22"
/clone="91B7"

BASE COUNT      156 a    199 c    213 g    212 t
ORIGIN      

1 ctttgctgtg tctgtcccaa gaaatccaga caagaggcac aaagccggaa ggatgtgggc

… etc.

Garbage you throw out, junk 
you keep.  Therefore, 90% of 
the genome is junk.

- S. Brenner.

生命之書

Junk

蛋白質模組

轉錄因子接合位置字

基因

蛋白質
詞 調控區

獨立折疊單元 序列決定因子
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生物資訊學是發展生物
科技的催化劑

生物資訊學
基因體學,基因
表現,蛋白體學

收集資訊 解讀資訊

資訊 => 知識=> 技術=> 經濟



YM-Biochem

生物資訊學的重要性

生

物

技

術

產

業

生 物 資 訊 學

生

物

醫

學
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分子醫學

• 疾病診斷方法的改進
• 遺傳疾病的早期診斷
• 循理化藥物設計
• 建立疾病的動物模型以測試藥物
• 基因治療 (gene therapy)
• 個人化之疾病治療

尋找致病基因或路徑
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如何運用基因體序列資訊?

尋找新基因的功能

驗證預測基因的存在

尋找造成疾病的基因
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尋找致病基因

Important databases
• OMIM
• Gene variation databases
- Cystic fibrosis

mutation database
- Huntington disease

mutation database
- etc.

http://www.hhmi.org/GeneticTrail/
gatefold/gate2.htm
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利用定位選殖法
尋找致病基因

Chromosome walking
& positional cloning
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利用位置尋找候選
的致病基因

(Positional-candidate gene cloning)

致病基因

利用基因連鎖分析尋找
致病基因之位置

註解指定區域
預測致病基因
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尋找新基因的方法

利用基因註解

利用EST資料庫
利用比較基因體學

利用基因表現的差異
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利用EST資料庫
尋找新基因Endothelial 

cell specific

Brain specific

加值EST序列
資料庫

Liver specific

Search for known
protein family

e.g. death domain consensus

EST records

Look for gene that 
encode this EST

Gene 
identification

Zhai et al (1999) VEGI, a novel cytokine 
of the tumor necrosis factor family, is an
angiogenesis inhibitor that suppresses the 
growth of colon carcinomas in vivo. 
FASEB 13, 181-189.
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利用基因體序列尋找新基因的功能

EST => HTGS => annotation => Reveal possible function
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利用基因體序列驗證預測的基因
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醫學與生命科學的關係

醫學
醫技

不正常 正 常

生命科學 醫工 生命科學
藥學
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常用的研究策略

尋找差異

判定因果關係

找到主控因子/步驟
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微陣列(microarray)分析

Explanation: Below is the full data for every gene in yeast. Data between
timepoints have been normalized with respect to each other. There are 
some bacterial geneon each of the 4 chips. We recommend that this 
document be downloaded and opened in Excel. The 17 data after each 
gene are the normalized fluorescence between 0 and 160 minutes after cell 
cycle reinitiation from START. Have fun.

Gene Name zero ten twenty thirty fourty fifty sixty seventy eighty ninety 
hundred one-ten one-twenty one-thirty one-fourty one-fifty one-sixty
18srRnaa 22 38 41 43 23 29 25 20 17 98 46 27 23 38 27 28 287
18srRnab 5 9 -13 -9 -14 -13 -11 -18 -1 -18 9 -8 -15 -6 -19 -35 150
18srRnac 3 -2 13 5 6 5 -3 -1 -6 37 8 -3 -3 7 7 0 182
. . .
(data from http://genomics.stanford.edu/yeast/full_data.html )

Picture taken from 
http://genomics.stanford.edu/yeast/additional_figures_link.html

Picture taken from 
http://www.ibms.sinica.edu.tw/~peck/chinese/marray_4.htm
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基因體分析的精神

宏觀分析 (global analysis)
=> 得到所有的資訊

(與傳統上“由假說設計實驗”的方法不同)
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Traditional analysis vs high 
throughput analysis

http://www.sciencemag.org/cgi/content/full/291/5507/1221/F1
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Descriptive vs predictive sciences

* Picture made from screenshot of http://www.shef.ac.uk/~chem/web-elements/
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資訊驅動之生物醫學研究

好的生物資訊研究不應只為生物醫學研
究服務,而要為生物醫學研究開拓新的領
域與研究方法,如UniGene資料庫的建立
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另一個例子
Putative alternative splicing 

site (PALS) database 
http://pals.ym.edu.tw/
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“Information integration” may 
make new discovery
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Hypothesis can be made by 
comparing value-added information
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另一個例子
Putative alternative splicing 

site (PALS) database 
http://pals.ym.edu.tw/



YM-Biochem

資訊整合將是
未來的趨勢

Modification, expression, 
interaction, structure

DNA

RNA

transcription

translation

protein

Genomic seq.

EST, SAGE,
Gene chips

Annotation,
comparison

Components Pathways and regulatory circuits Hypothetical cell
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基因體研究的
基礎架構是成
敗的關鍵
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生物資訊學須與資訊提供者
結合才能發揮力量

Sequencing
Center

Gene 
expression

center

Proteomics
Center

Bioinformatics
Center
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http://binfo.ym.edu.tw/idg/
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