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基因组注释 

• Genome annotation 
• 利用生物信息学方法，对基因组各组成部
分进行识别，并对其生物学功能进行注释 

• 主要内容 
– 基因识别与功能注释 
– 非编码基因的识别与功能注释 
– 调控元件的识别与功能注释 
– 影响染色体结构和动力学的序列 



基因的识别与功能注释 

• 基因预测 
• 序列搜索 
• 序列motif 
• 直系同源序列聚类分析（COG） 
• 亚细胞定位 
• 结构比较 
• 蛋白质组学 



序列搜索 

• 假设：序列相似=同源=功能相似 
• 数据库 

– NCBI-NT（非冗余核酸序列数据库） 
– NCBI-NR（非冗余蛋白质序列数据库） 
– InterPro（Swissprot）（蛋白质序列数据库） 
– KEGG 
– PDBseq（已知三维结构的蛋白质序列数据库） 



序列motif 

• 查找序列上的局部特征 
• 在序列同源性不明显的情况下使用 
• Motif数据库构建 

– 对蛋白质家族成员进行多序列比对 

• 数据库 
– Prosite 



同源 

• 直系同源（Ortholog） 
– 不同物种中由同一祖先进化而来的多个基因 
– 功能较一致 

• 旁系同源（Paralog） 
– 同一基因组内由于基因复制而来的多个基因 
– 功能差异较大 

 



直系同源与旁系同源 

 



直系同源序列聚类分析 

• 假设：直系同源=功能相似 
• 数据库 

– COGs（Clusters of Orthologous Groups of 
proteins） 

– Each COG consists of individual proteins or groups 
of paralogs from at least 3 lineages and thus 
corresponds to an ancient conserved domain. 



亚细胞定位 

• 假设：蛋白质的亚细胞定位与功能相关 
• 通过预测亚细胞定位来预测功能 

 



结构比较 

• 假设：结构决定功能 
• 预测未知基因的蛋白质结构，再通过结构
比较预测其功能 



蛋白质组学 

• 假设：功能相关的蛋白质可能倾向于有相
互作用 

• 从蛋白质相互作用网络或者其他生物分子
网络来预测蛋白功能 



Function 

• The word function within a biological context 
is an evolving concept and is used in many 
ways. 

• Function can be described at many levels, 
ranging from biochemical function to 
biological processes, all the way up to the 
organism level. 

• If only say a protein has some function, that 
has few meaning to biologist. 
 
 



Classification of Function 

• EC 
–  Enzyme Commission scheme 

• FunCat 
–  MIPS Functional Catalogue 

• GO 
–  Gene Ontology 

 



EC 

• Enzyme Commission number 
– Based on the chemical reactions they catalyze. 
– Every EC number is associated with a recommended name 

for the respective enzyme. 
– Strictly speaking, EC numbers do not specify enzymes, but 

enzyme-catalyzed reactions. 
– If different enzymes (for instance from different organisms) 

catalyze the same reaction, then they receive the same EC 
number. 



KEGG Patyway 

 



MIPS FunCat 

 



Gene Ontology (GO) 

• Unify the representation of gene and gene 
product attributes across all species 
– Maintain and further develop its controlled 

vocabulary of gene and gene product attributes 
– Annotate genes and gene products, and assimilate 

and disseminate annotation data 
– Provide tools to facilitate access to all aspects of 

the data provided by the Gene Ontology project 



GO Domains 

• Three separate GO domains 
– Molecular functions 
– Biological processes 
– Cellular components 

• Each gene or gene product may 
– have more than one molecular function 
– take part in more than one biological process 
– act in more than one cellular component 



Structure of GO 

• Show the relation between different terms 
– One term may be a more specific description of 

another more general term 

• Directed Acyclic Graph (DAG) 
– Similar to hierarchy 
– Allow a child node to have more than one parent 



Example of GO Graph 

 



Relations in GO 

• Three relations 
– is_a (is a subtype of) 
– part of 
– Regulates, negatively regulates, positively 

regulates 



蛋白质功能注释情况 

 



功能预测 

• 数据 
– 序列 
– 整体结构 
– 局部结构 
– 蛋白相互作用 

• 方法 



Sequence, Structure, Function 

 



Function Annotation 

 

Liu et al., AA, 2008 



Prediction from Domain 

 



局部结构（Local Structure） 

 



局部结构的表示 

 



局部结构的定义 

• Pocket 
– A pocket is an empty concavity on a protein surface into 

which solvent can gain access, i.e. these concavities have 
mouth openings connecting their interior with the outside 
bulk solution. 

• Void 
– A void is an interior unoccupied space that is not 

accessible to the  solvent probe. It has no mouth openings 
to the outside bulk solution. 



局部结构的探测 

• Computational Geometry 
– Voronoi Diagram 
– Delaunay Triangulation 
– Alpha Shape 

 



 



Pocket Similarity Network 

 

Liu et al. PPL, 2008 



Community Structure Property 

 

http://upload.wikimedia.org/wikipedia/commons/5/58/Network_Community_Structure.png


Small World Property 

 



Scale Free Property 

 

http://images.google.cn/imgres?imgurl=http://mcdb.colorado.edu/courses/3280/images/networks/scale1.gif&imgrefurl=http://mcdb.colorado.edu/courses/3280/lectures/class16-1.html&h=400&w=390&sz=36&hl=zh-CN&start=3&um=1&tbnid=BQ2vo2qk1-cW7M:&tbnh=124&tbnw=121&prev=/images%3Fq%3Dscale%2Bfree%26um%3D1%26complete%3D1%26hl%3Dzh-CN%26newwindow%3D1%26rlz%3D1T4SKPB_zh-CNCN233CN233%26sa%3DN


 



Hub Pockets 

 



Clustering 

 

Liu et al. IJBRA, 2008 



Cluster Example 

 



Functional Association 

 



Prediction Workflow 

 



Scoring Scheme 

 



Scoring Scheme 

 



 



GO Specificity 

• GO term probability 
 
 

• GO depth 



Influence of GO Specificity 

 



Influence of Sequence Similarity 

• Remove the redundancy 
– Sequence similarity 
– Multiple experiments 

• PDBselect database is a subset of PDB that 
does not contain highly homologous 
sequences 

• PDFselect 25 
– No two proteins have more than 25% sequence 

similarity 



Influence of Global Structure 

Protein Similarity 
Network 



Local vs Global Structure 

 



 



 



Functional Structure Motif 

 



蛋白相互作用 
Physical interaction 



蛋白相互作用网络 
无向图 
节点：蛋白质 
边：相互作用 



遗传相互作用 
Genetic Interaction 
 
two mutations  
have a combined  
effect not exhibited  
by either mutation  
alone 



PPI & Protein annotation 
 
 
  Biological process 
   
  Molecular function 
 
  Cellular component 
 
  Un-annotated protein 

 

1 



例子 



概率估计 

A 

B 

C 

D E 

F 
Protein complex interaction 

 Protein binary interaction 

Microarray expression 
correlated  

P(S|M)  =  ?        P(S|B)  =  ?       P(S|C)  =  ? 
S: the function similarity between protein X and Y 

B 
C 

M 



功能赋值 

Protein complex interaction 
 Protein binary interaction 

Microarray coexpressed  

A, B and C {Function i, i  = 1…n} 

Given the known probabilities P(S|M), P(S|B) and P(S|C)          
How  to  assign a  function Fi  to for uncharacterized protein  X  ?   

X 

B 

A C M B 

C 
A, B and C are the all and only  
function-known proteins that interact 
with protein X  



Neighbor Counting 

• Assign k functions to the unannotated protein 
with k largest frequencies in its neighbors 

• Disadvantage 
– Do not consider the frequency of functions in all 

proteins 
 



Chi-square Method 

 



循环迭代法 

Unannotated  protein 

1 2 

3 4 

5 6 
7 

8 Annotated  protein 

Function assignment in a self-consistent and iterative way 
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模拟退火法 

Annotated Hypothetical  State  1 State  0 



Markov Random Field 

 

Deng, et al. JCB, 2003. 



二次规划模型 



Direct Functional Association 

• Direct functional association 
– Interacting partners are likely to share functions 
– Proteins from the same pathways are likely to 

interact 



Indirect Functional Association 

• Indirect functional association 
– Proteins that share interaction partners may likely 

to share functions 
– Proteins that have common properties are likely 

to bind the same proteins 



Functional Association 

 



Test by Neighbor Counting 

 



Czekanowski-Dice Distance 

 

Brun, et al. Genome Biology, 2003. 



Functional Similarity 

 

Chua, et al. Bioinformatics, 2006 



Post-Translation Modification 
• Regulation of activity  

– modification may turn activity on  
– modification may turn activity off  
– modification may generate a different function  

• Protein-protein interaction  
– modification site may be a binding interface 

• Subcellular localization  
– modification site may be a targeting signal  
– modification may be a membrane anchor  

• Aging  
– modification may identify the protein for degradation  
– modification may target a protein to be scavenged  

 



Machine Learning 
Data 

Positive Dataset Negative Dataset 

Training 

Model 

Predicting 

Divide data using a priori knowledge 



Positional Weighted Matrix 

 



Conjoint Triad Method 

 



Position Specific Dipeptide Propensity 

Pos. -3 -2 -1 0 1 2 3 

AA               

AR               

AN               

AD               

AC               

…               

VW               

VY               

VV               
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