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Abstract—To understand life as biological system, evolutionary 

understanding is indispensable. Protein interactions data are rapidly 
accumulating and are suitable for system-level evolutionary analysis. 
We have analyzed yeast protein interaction network by both 
mathematical and biological approaches. In this poster presentation, 
we inferred the evolutionary birth periods of yeast proteins by 
reconstructing phylogenetic profile. It has been thought that hub 
proteins that have high connection degree are evolutionary old. But 
our analysis showed that hub proteins are entirely evolutionary new. 
We also examined evolutionary processes of protein complexes. It 
showed that member proteins of complexes were tend to have 
appeared in the same evolutionary period. Our results suggested that 
protein interaction network evolved by modules that form the 
functional unit. We also reconstructed standardized phylogenetic trees 
and calculated evolutionary rates of yeast proteins. It showed that 
there is no obvious correlation between evolutionary rates and 
connection degrees of yeast proteins. 
 

Keywords—Protein interaction network, evolution, modularity, 
evolutionary rate, connection degrees. 

I. INTRODUCTION 
IOLOGY has entered a new era. The vast amounts of 
accumulating biological data and knowledge have 

completely overwhelmed our ability to understand it. In a new 
era, it is necessary to understand how the components which 
involve in biological systems interact and work together as 
biological systems from the various biological data and 
knowledge of components at molecular level. To understand 
life as biological system, evolutionary understanding is 
indispensable. It reveals the structure of biological systems and 
leads us to the “ontological” comprehension of biological 
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systems. Comprehensive data of protein interactions have been 
also accumulating [1][2][3] and are suitable for system-level 
evolutionary analysis. 

We have analyzed yeast protein interaction network by both 
mathematical and biological approaches. In this poster 
presentation, we inferred the evolutionary birth periods of yeast 
proteins by reconstructing phylogenetic profile [4]. It has been 
thought that hub proteins that have high connection degree are 
evolutionary old [5]. But our analysis showed that hub proteins 
are entirely evolutionary new. We also examined evolutionary 
processes of protein complexes. It showed that member 
proteins of complexes were tend to have appeared in the same 
evolutionary period. Our results suggested that protein 
interaction network evolved by modules that form the 
functional unit. It is consistent with the previous suggestion 
from the facts that two proteins tend to interact with each other 
if they are in the same or similar evolutionary categories [6]. 

II. MATERIALS AND METHODS 

A. Materials 
We collected yeast (Saccharomyces cerevisiae) protein 

interaction data from MIPS  (Munch Information Center for 
Protein Sequences) CYGD (Comprehensive Yeast Genome 
Database) at http://mips.gsf.de/genre/proj/yeast/index.jsp [1], 
into were integrated data from Y2H (Yeast 2 hybrid), TAP 
(Tandem affinity purification) and immunocoprecipitation 
experiences. It contains 4610 proteins and 8972 interactions 
(Aug. 12, 2003) and 8503 complexes (Nov. 17, 2003). We also 
collected proteome data (amino acid sequences) of Escherichia 
coli, yeast (Saccharomyces cerevisiae), Schizosaccharomyces 
pombe and Arabidopsis thaliana from NCBI Entrez  genome 
database at http://www.ncbi.nlm.nih. 
gov/entrez/query.fcgi?db=Genome [7]. 

B. Methods 
We inferred the evolutionary birth periods of yeast proteins 

and examined relationships between their birth periods and 
connection degrees. Evolutionary birth periods were inferred 
by reconstructing phylogenetic profile of yeast with regard to 
E.coli, S.pombe and A.thaliana. 

 
1) Phylogenetic Profile 
Phylogenetic profile is a molecular evolutionary profile 

which indicates presence/absence of orthologous genes. We 
employed BLASTP [8] screening on NCBI Entrez genome data 
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(E-value threshold was set to 1.0×10-6) and finally identfied 
computational orthologues which have over 60% global 
similalities by ClustalW [9] multiple alignments. 

2) Evolutionary rates 
We reconstructed standardized phylogenetic trees [10] to 

calculate evolutionary rates of yeast genes and then examined 
relationships between evolutionary rates and connection 
degrees.  

III. RESULTS 

A. Evolutionary Old Proteins do not have High Connection 
Degrees 

We first inferred the evolutionary birth periods of yeast 
proteins by reconstructing phylogenetic profile. Phylogenetic 
profile is a profile of the presence/absence of orthologous 
proteins to the correspondent protein. Number of proteins 
emerged in each evolutionary period is shown in Fig. 1. It 
showed that number of proteins was increased suddenly both in 
the common ancestor of eukaryotes and in the lineage of 
S.cerevisiae. It suggested that lots of novel genes were emerged 
in the common ancestor of eukaryotes to archive the complex 
and diverse systems of eukaryotes and half of yeast genes were 
gained in the yeast specific lineage to adopt its specific 
environment. 

 

 
 
Fig. 1 Number of proteins emerged in each evolutionary period. 

One(1)/zero(0) indicates the presence/absence of protein in the 
correspondent species, respectively. In this poster presentation, we 
excluded inconsistent phylogenetic profile: e.g., proteins whose 
phylogenetic pattern is “1101” were thought to be lost in the S.pombe 
specific lineage. We considered that inconsistency in phylogenetic 
profile was caused by both gene losses and horizontal gene transfers 
  

We then examined relationships between the evolutionary 
birth period of yeast proteins and their connection degrees [Fig. 
2]. It has been known that overall distribution of yeast proteins 
with regard to their connection degrees obeys scale-free 
distribution. We found that each distribution of proteins whose 
evolutionary birth periods are the same obeys scale-free 
distribution. 

 
 

 Fig. 2 Relationships between the evolutionary birth period of yeast 
proteins and their connection degrees. Solid line indicates E.coli, 
dashed line indicates A.thaliana, dotted lines indicates S.pombe and 
dotdash line indicates yeast (S.cerevisiae) 
  
 We also showed that the connection degrees of proteins 
appeared in the old evolutionary period (E.coli) are not high, 
whereas those of proteins appeared in the second old 
evolutionary period (A.thaliana) are dramatically high. It has 
been thought that hub proteins that have high connection 
degree are evolutionary old [5].  Because it has been thought 
that protein interaction networks evolved by preferential 
attachments. But our results showed that hub proteins are 
entirely evolutionary new and evolutionary old proteins do not 
have high connection degrees.  
 

B. Member Proteins of Complexes Tend to Appear in the 
same Evolutionary Period 
We inferred evolutionary processes of protein complexes by 

inferring each evolutionary birth period of member proteins of 
complexes. Relationships between rates of the most/secondary 
populated evolutionary period were shown in Fig. 3. The 
most/second populated means the most/second major proteins 
emerged in the same evolutionary period, respectively. The 
sum of rates of the most/secondary populated evolutionary 
period tends to close to 1. It showed that member proteins of 
complexes tend to appear in the same evolutionary period. For 
example, majority of member proteins of DNA metabolic 
complex 410.30 (MIPS complex ID) were appeared in the same 
evolutionary period [Fig. 4]: 80% of all the proteins were 
emerged in eukaryotes, 10% were emerged in Saccharomyces 
and the last 10% were emerged in yeast. 
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Fig. 3 Relationships between rates of the most/secondary populated 

evolutionary period. The sum of rates of the most/secondary populated 
evolutionary period tends to close to 1 

  

  
  

Fig. 4 e.g., DNA metabolic complex 410.30 (in MIPS complex ID) 
and its member proteins (in ORF name) with the evolutionary birth 

periods 
  

C.  No Obvious Correlation between Evolutionary Rate 
and Connection Degrees 
We reconstructed standardized phylogenetic trees and 

calculated evolutionary rates of yeast proteins. The average/ 
standard deviations of branch length were shown in Fig. 5. 
Distribution of evolutionary rate was also shown in Fig. 5. +3σ, 
+2σ and +σ indicate that the corresponding branch length was 
exceeded the average branch length by +3σ, +2σ and +σ 
(accelerated evolution), where -3σ, -2σ and -σ indicate that the 
corresponding branch length was below the average branch 
length by -3σ, -2σ and –σ (decelerated evolution). 
 

 
Fig. 5 Average/standard deviations of branch length and distribution 

of evolutionary rate 
  
 We then examined relationships between evolutionary rates 
and connection degrees of yeast proteins [Fig. 6]. It showed 
that there is no obvious correlation between evolutionary rates 
and connection degrees, because distribution of proteins that 
indicate accelerated/decelerated evolution obeys scale-free 
distribution. 
 

 
  

Fig. 6 Relationships between evolutionary rates and connection 
degrees. Solid line indicates -3σ, dashed line indicates -2σ, dotted 

lines indicates –σ, dotdash line indicates +σ and longdash line 
indicates +2σ 

  
 We also examined the relationships between evolutionary 
rates and function of yeast proteins [Fig. 7]. It showed that 
proteins that related to transportation tend to indicate high 
evolutionary rates, whereas proteins that related to metabolism 
tend to indicate low evolutionary rates. It suggested that 
proteins that related to metabolism were essential in surviving 
and thus were highly conserved through the evolutionary 
processes, whereas proteins that related to transportation have 
roles in intracellular regulation to adapt the extracellular 
environment and thus were highly diverged to acquire novel 
functions. 
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Fig. 7 List of yeast proteins whose evolutionary rates were high/low. 

Evolutionary rates above were calculated between Species 1 and 
Species 2 

IV.  DISCUSSIONS 
It was suggested that yeast protein interaction network 

evolved by modules that form the same functional unit as 
shown in Fig. 7. The representative functional unit is protein 
complex. Proteins do not function by themselves, thus proteins 
should evolve with modularity. It is consistent with the 
suggestion from the facts that two proteins tend to interact with 
each other if they are in the same or similar evolutionary 
categories [6]. 

 
 

Fig. 8 Schematic illustration modular evolution of yeast protein 
interaction network 

 
Interestingly, it has been thought that there are two types of 

hubs from the point of view of temporal behaviors: “party” 
hubs and “date” hubs [11]. Party hubs interact with most of 
their partners simultaneously and function inside modules, 
whereas 'date' hubs bind their different partners at different 
times or locations and organize the proteome, connecting 
biological processes or modules to each other. It suggests that 
party hubs and their party forms modules such as complex or 
pathways and evolved with modularity, whereas date hubs and 
their different partners evolved by preferential attachments.  

Though there have been controversies on whether there is 
correlation or not, we revealed that there is no obvious 
correlation between evolutionary rates and connection degrees. 
That is, proteins that have high connection degrees do not 
evolved conservatively, whereas proteins that have low 
connection degrees do not evolved under positive selection. It 
suggests that hub proteins are essentially indispensable but are 
not highly conserved and it does not contradict our finding that 
hub proteins are not evolutionary old.  
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