
Title Stepwise evolution during ribosomal RNA gene cluster formation in Archaea
Sub Title
Author 小林, 朝紀(Kobayashi, Asaki)

Publisher 慶應義塾大学湘南藤沢学会
Publication year 2014

Jtitle 生命と情報 No.21 (2014. ) ,p.133- 136 
JaLC DOI
Abstract Functionally related genes are often located closely to each other in the genome. Such

characteristics could be derived through evolutionary processes. As a model case, I focused on the
evolution of ribosomal RNA (rRNA) gene clusters in Archaea. Since a comprehensive analysis of
the evolution of rRNA gene cluster formations has not been performed, the knowledge of them is
still limited. Here, to understand the evolutionary changes of rRNA gene clusters in Archaea, a
computational analysis of their patterns, localisation, and organisation on the complete archaeal
genomes was performed.
First, rRNA gene clusters were comprehensively analysed by characterising the distribution of
rRNA genes and the distance between their adjacent genes in the archaeal genomes. The results
showed that rRNA gene clusters mainly consist of 16S-23S in Crenarchaeota, whereas they mainly
consist of 16S-23S-5S in Euryarchaeota. Notably, several rRNA gene clusters contained tRNA
genes (e.g., 16S-tRNA-23S-5S) in Euryarchaeota. Moreover, the results suggest that, after the
acquisition of the 16S-tRNA-23S-5S rRNA gene clusters in Euryarchaeota, either the whole cluster
or only the 5S rRNA in the cluster was duplicated. Finally, a possible model explaining the
evolutionary pathway for rRNA gene cluster formation in Archaea is proposed. This model provides
valuable insights on the evolutionary process shaping archaeal genome organisation during early
stages of life.

Notes 慶應義塾大学湘南藤沢キャンパス先端生命科学研究会 2014年度学生論文集
卒業論文ダイジェスト

Genre Technical Report
URL https://koara.lib.keio.ac.jp/xoonips/modules/xoonips/detail.php?koara_id=KO92001004-00000021-

0133

慶應義塾大学学術情報リポジトリ(KOARA)に掲載されているコンテンツの著作権は、それぞれの著作者、学会または出版社/発行者に帰属し、その権利は著作権法によって
保護されています。引用にあたっては、著作権法を遵守してご利用ください。

The copyrights of content available on the KeiO Associated Repository of Academic resources (KOARA) belong to the respective authors, academic societies, or
publishers/issuers, and these rights are protected by the Japanese Copyright Act. When quoting the content, please follow the Japanese copyright act.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Stepwise evolution during ribosomal RNA gene cluster formation in Archaea

Faculty o f  Environm ent and Inform ation Studies 

B4 A saki K obayashi

Abstract

Functionally related genes are often located closely to  each other in the genom e. Such 
characteristics could be derived through evolutionary processes. A s a m odel case, I focused on the 
evolution o f  ribosom al RNA (rRN A ) gene clusters in A rchaea. Since a com prehensive analysis o f  
the evolution o f  rR N A  gene cluster form ations has not been perform ed, the know ledge o f  them  is 
still lim ited. H ere, to understand the evolutionary changes o f  rRN A  gene clusters in Archaea, a 
com putational analysis o f  their patterns, localisation, and organisation on the com plete archaeal 
genom es w as perform ed.

First, rR N A  gene clusters w ere com prehensively analysed by characterising the distribution o f 
rRN A  genes and the distance betw een their adjacent genes in the archaeal genom es. The results 
showed that rR N A  gene clusters m ainly consist o f  16S-23S in C renarchaeota, w hereas they m ainly 
consist o f  16S-23S-5S in Euryarchaeota. N otably, several rR N A  gene clusters contained tRNA 
genes (e.g., 16S-tRN A -23S-5S) in Euryarchaeota. M oreover, the results suggest that, after the 
acquisition o f  the 16S-tRN A-23S-5S rR N A  gene clusters in Euryarchaeota, either the w hole cluster 
or only the 5S rR N A  in the cluster w as duplicated. Finally, a possible m odel explaining the 
evolutionary pathw ay for rRN A  gene cluster form ation in A rchaea is proposed. This m odel provides 
valuable insights on the evolutionary process shaping archaeal genom e organisation during early 
stages o f  life.
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Introduction

Life is classified into three dom ains: Eukaryota, B acteria and Archaea. A m ong the th ree phyla, 
A rchaea is know n to be form ed o f  unicellular m icroorganism s, w hose sizes and shapes are 
m orphologically  sim ilar to prokaryotes (Bacteria). However, A rchaea is distinguished from  Bacteria 
due to  th e ir ether-m em brane that differs from the bacterial ester-m em brane. The three dom ains o f 
life, represented on a universal tree, w ere proposed by Carl W oese e t al., based on the analysis o f 
ribosom al R N A  sequences and core protein translational genes (W oese et al., 1977) (Figure 1). 
Since its discovery, research on A rchaea has rapidly advanced, and is now  considered as an ideal 
m odel organism  to  understand the evolution and origin o f  life as m any archaeal species survive and 
thrive in extrem e environm ents, such as hypertherm ia and anoxia, w hich are sim iliar to the 
environm ent o f  the prim ordial Earth.

A rchaeal species possess circular genom es, operon structure, ribosom al binding region, and 
other characteristic features and structures that are sim ilar to Bacteria, but their gene organisation, 
e.g., the presence o f  introns in the rR N A  genes (Yip et al., 2013), is sim ilar to Eukarya, as well as 
the fact they  possess RN A  polym erase II-like polym erase (R aw lands e t al., 1994, L anger et al., 
1995, K osa e t al., 1997, H irata e t al., 2009). A recent hypothesis (Eocyte-hypothesis) in contrast 
w ith the three-dom ain hypothesis, also proposed only tw o prim ary dom ains, as proposed by 
“archaeal-host hypothesis for eukaryotic origins” （ Em bley and M artin, 2006, W illiam s W «/., 2013). 
Therefore, A rchaea is a key to reveal the m olecular evolution o f  Eukaryotes.

R ibosom al R N A s (rRN A ) catalyse the protein synthesis as they are m ajor com ponents o f 
ribosom es, that are one o f  the m ost ancient and m ost com plex m olecular m achineries (M oss et aL, 
2007). T he am ount o f  rR N A  m olecules occupy over 80%  o f  the total cellular RN A . In Archaea, 
there are four types o f  rR N A  genes (23S, 5S, 5.8S and 7S rR N A  genes) that are packaged with 
ribosom al proteins to  form  the large subunits o f  ribosom es, w hereas 16S rR N A  genes form the 
sm all subunits (Santoro, 2005). The rR N A  genes are essential for biological activities, especially 
16S rR N A  genes, and are highly conserved in all living organism s, w ith alm ost no m utations. 
N ev erth e le ss ,1 6 S  rR N A  genes possess a sequence w hose regions are relatively easy to mutate. 
Therefore analysing its sequence allow s understanding the relationships betw een distant relative 
species. 23S and 5S rR N A  gene sequences have also been used for this purpose, as w ell as the 
16S-23S intron sequences in B acteria (M aguire ana Z im m erm ann, 2001).

P revious studies have brought light to m any aspects o f  the rR N A  transcriptional m achineries in 
A rchaea. Several rR N A  transcription units have been reported  in different archaeal species, for 
exam ple in M ethanogens (e .g” 纪 r/w/w 从ermoawtoか extrem e halophiles (e .g”
H alobacterium  halobium ), and extrem e therm ophiles (e.g., Sulfolobus solfataricus). For instance, 
16S-23S genes clusters have been observed in D esulfurococcus m obilis  and reported as

Ala
“crenarchaeal-specific clusters”， w hile 16S-23S-5S clusters and 16S-tRNA -23 S-5S clusters have 
been show n in M ethanobacterium  vannielii, and M ethanobaterium  therm oautotrophicum  and 
therefore reported as 4teuryarchaeal-specific clusters,5 for (G arrett e t al., 1991).

However, how  those clusters have form ed through evolutionary processes is still not 
understood. The purpose o f  this study is therefore to com prehensively determ ine rR N A  gene 
clusters in archaeal genom es, and to reveal the evolutionary process through w hich rR N A  gene 
d u s te rs  are form ed. To do so, rR N A  gene inform ation w as collected from  G enB ank database using 
R efSeq annotations (Table 1 ) , and distances betw een rR N A  genes in archaeal genom es were 
calculated. A ccording to the distribution o f  rR N A  genes, rR N A  gene clusters w ere predicted  on 144 
archaeal genom es, and w ere then evolutionary analysed by m apping along the phylogenetic tree.
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Finally, a possible model explaining the evolutionary pathway for rRNA gene cluster formation in
Archaea is proposed.

Phylum
16S 23S

Num ber o f rH H A  g e n e s  

5S ? S 了_

Euryarchaeota

Cresiarchaeota 37 w m m M m m m m 議 _ _ _ _ _ _ _ _ 議_ _ 議議1: m

6 1 丨_ :.:

Korarchaeois _議 | _ 議 _誦 _ 議:丨 丨;丨::丨丨:丨丨丨;丨; ⑴ ⑴ ; ;
_ _ _ _ _ _ _ _ _ 1111111111i l

1 1

T _ | 議議_ 圍 義 1111 ムツ _ _ 國_ _ _  議議 _ _ _ _ _ 111 14 _ _ _ _ _ _ _ _ 聊

Table L Number of rRNA genes.

Results and Discussion
論文投稿前のため非公開 .

Conclusions

rRNA genes clusters have been shown in archaeal species, however, the mechanisms through which 
these clusters organise through evolutionary process are still not yet understood. Here, through the 
biomformatics analysis o f 144 archaeal genomes collected from public GenBank databases, a 
comprehensive determination o f rRNA gene clusters was oerformed. The results were mapped 
along the archaeal phylogenetic tree, providing evidence on the evolutionary processes that shaped 
the formation of rRNA genes clusters: 16S-23S clusters are the first to be formed. Next, 5S and 
tRNA genes are included in the clusters, especially forming 16S-tRNA-23S-5S clusters. However, 
early-diverged Euryarchaeota still show 16S-23S clusters with duplicated 5S rRNA genes, while 
several other several Euryarchaeota species showed both 16S-23S based and 16S-23S-5S based 
clusters, indicating two possible evolutionary pathways after the acquisition o f the 16S- 
tRNA-23S-5S clusters: either the whole cluster
containing 5S rRNA gene, or only the 5S rRNA in 
the cluster was duplicated. Interestingly, recently 
diverged Euryarchaeota showed rRNA genes that 
were scattered in the genomes, suggesting reversed 
evolutionary changes o f rRNA gene cluster 
formation. Another interesting feature o f rRNA 
genes clusters is that the inclusion o f tRNA genes. 
In particular, Euryarchaeota showed significant 
enrichment of tRNA genes inclusion in rRNA gene 
clusters, e.g., between 16S and 23S rRNA genes

for tRNAA'  between 5 S rRNA genes for tRNAAsP

and tRNA y . In addition, the type o f tRNA 
anticodon included in rRNA gene clusters was
^ . . Ala
found to be unique, e.g., TGC for tRNA , TTT

for tRNALyS, GCA for tRNACyS, and GTC for

tRNA P, indicating a specific evolutionary 
selection the tRNAs during cluster inclusion.

Figure 1 . Universal Phylogenetic Tree, Adapted from 
O lsen and W oese, 1997
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In summary, the model explaining the evolutionary pathway for rRNA gene cluster 
formation in Archaea proposed in this study may provides valuable knowledge on evolution of 
species during early stages o f life. The analysis conducted here may also serve future researches to 
understand the acquisition o f specific tRNA gene in rRNA gene clusters.

Materials and Methods
論文投稿前のため非公開 .
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