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FANTOM3

• The Transcriptional Landscape of the
Mammalian Genome

• Science 309:1559-1563 (2 Sep 2005)
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ÀÁÂÃd�¦m

• Noncoding RNA &X]ÀÁÂÃp&¶�

ÄÅ½�¯�`

• u¾<6k¿ÆÇÈ¶�Ék]ÀÁÂÃp
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u¾<6#@Î

• Tandemly repeated DNA - ÏÐÑu¾<6

• Simple sequence repetitions - TPGÒÓU{P6,h_ÔÓU{P6�Õ

• Blocks of tandemly repeated segments - 9:6ÒÖ«�Õ×Ø#ÓU{P6

• Dispersed repetitive DNA - @ÙÑu¾<6

• Segmental duplications - )*+n#!"¡Ú�Õ

• Transposable elements

• RNA intermediate (Class I) - �¾<Û­<?6

• Retrotransposon - LTRpÜd�+env Ít6ÒÝVÞ?#ßà�Õ

• Retroposon - LTRpÜ��`�LINE, SINE �Õ

• DNA intermediate (Class II) - áJ6Û­<?6

• IS (insertion sequence) - transposase (integrase) pÜd

• Transposon - IS + Z¯k`â`âÜd

• ã/ äåæ�¸ç

• MITE (miniature inverted repeat trasposable element)



@Îã/ == æ���èé�

• yzêëzê
• _�u+H

• ìÎêyzê
• íì (î¥ïð - ChemRuby)

• ñòyzêóôyzê
• õöyz÷ (GT+H - BioRuby)
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GT+H&]

• ø�ÕkùéÍ`��ú¬ú¬öe¼½

• 01#ûüýX¯îþ¼ÍÕÿkÍ¿`¼½

• !µ& tun "#kºô�¼½ä$k%½&&'

ºô½�&

• (!)v*+à¿!,�¼½

• (-.vTP/?27201K{?1510#ó2k(�¼½

• (34v575t:6):Í¿OK �56#6748]500�

• (9:v;'z¿7k<��3000=9#>6000=9OK

• (?@v?@kA��¿OK

B�µ]�¬{ ä http://kumamushi.net/
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MITE&]

• Miniature inverted transposable element

Transposon / IS

MITE

transposase

TIRDR TIR DR
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• )*+!"]Õ©µ¯`{:G+X

• ÓÞ]HH<G?¾«pIF�X

• ÓÞ¦{:G+k ATGC pY¯Y¯JK�¿
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CCTAGGCGAACCTTTAGCAGTAGCGACAAAAGCTA

CCTAGGCG ÀL

CTAGGCGA ML

TAGGCGAA NL

ÝV:�ÝÓPO (Pv8bp) Q&k?{P���¦¯/Ôáp½��6

… {:G+�¯)*+É#�RS.]
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hhhhhhhhBioRubyÍ]

CCTAGGCGAACCTTTAGCAGTAGCGACAAAAGCTA

#!/usr/bin/env ruby

require 'bio'

count = Hash.new(0)

genome = Bio::Sequence::NA.new("

           ")

genome.window_search(8) do |subseq| 

    count[subseq] += 1

end

sorted = count.sort_by { |subseq, num| num }

sorted.each do |subseq, num|

    puts "#{subseq}¥t#{num}"

end 

caagcccc        1
ttccaaac        1
  :
agcga tcg        19
cgatcgct        20
ggcgatcg        21
cgatcgcc        27
gcgatcgc        51
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�`aXBioRuby&]

• RubyZ[
• Q\]HG6^_

• ?GuK6Z[

• `a��¼d¿&becâZé��#Z[

• Ruby on Rails #CXdÍêefÉÍ\tPGÉ

• Mac OS X k¿ghX¯i¶�¼½

• BioRuby]�c©E#OPQP:RS{P\{u
• !"78&X KEGG `jm&X

• k+] ChemRuby &lkIPAmnoR6kpq

• c���k`]�«r�sti¦��ku�¼½��
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vw Anabaena sp. PCC7120 #
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|«{P:Ö:6  
• Stockholm RS<TJ6ÍÀÁÂÃp}R

• Emacs (ralee-mode.el) pDE

• http://www.sanger.ac.uk/Users/sgj/ralee/

;;; ~/.emacs #~VP

;; Emacs lisp ] ~/lib/lisp/ ��k=VtG6up�¶��µ&��Íe�

(let ((default-directory "~/lib/lisp"))
  (normal-top-level-add-subdirs-to-load-path))

;; ~/lib/lisp/ralee/ ��k ralee-*.el pP:?6<Þ
;; .stk R�PÞpr`�¯ ralee-mode ¦�y½�lak~V

(autoload 'ralee-mode "ralee-mode" "Yay! RNA things" t)
(setq auto-mode-alist (cons '("\\.stk$" . ralee-mode) auto-mode-alist))



Emacs (ralee-mode.el)
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Stockholm RS<TJ6

# STOCKHOLM 1.0

seq1          catgcgaaacgtcaagctgggcatc

seq2          cattcgaaaggtcatggtgcgcaat

seq3          catgggaaaccacacagtggccatt

#=GC SS_cons  .<<<<<...>>.<<...>>..>>>.

// 
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(INFERNAL # Userguide.pdf lm)



ralee mode #�<OP:�

C-f, C-b, C-n, C-p
`d¿lm�`�y(20��,20����

���Yd#�y]���<Í

C-c C-p, C-c C-o
��½�­«k]�:K   (C-c C-o #¥]��@\¿)

. (¾uQ�), C-d
!"Q&k��JK#�i���

C-c C-i, C-c C-d
�!"k�����JK#�i���

C-c C-f
RNAfold Í��R�PÞ rna.ps p�:

��êvpseudoknot ] ��`¯�`



INFERNAL

• ÍeÈ¦¶�«{P:Ö:6X¯ CM R�PÞ�¡

• )*+!"k���Ó<¬

• Rfam #�¡¢£%k¿¤»©�`�

• http://www.genetics.wustl.edu/eddy/infernal/



INFERNAL cmbuild

% cmbuild mite.cm mite.stk

• Stokholm RS<TJ6# mite.stk X¯
CM R�PÞ mite.cm ¦'¡Z©�



INFERNAL cmbuild

% cmsearch mite.cm genome.fa

• !"k����ÀÁÂÃp®¥��£%
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make kl�1ª«78 (Oá�{)

• ©`#Í?��:ÍJ"¬­Z®�
• http://www.sanger.ac.uk/Software/Rfam/

help/scripts/search/rfam_scan.pl

• rfam_scan ]!"k�� Rfam p¯°~k
£%½��Ø# Perl ?GuK6

• 5J6�ca� Rfam pÈ¯XjØ BLAST Í
±m²³



|´1: shotgun.rb

• KEGG #�'zµ#)*+p 1000bp
Q<O<{JK�dd 11000bp ¶k·�

#!/usr/bin/env ruby
require 'bio'
Bio::FlatFile.auto(ARGF) do |ff|
  ff.each do |entry|
    name, seq = entry.entry_id, entry.naseq
    begin
      i = 0
      seq.window_search(11000, 10000) do |subseq|
        puts subseq.to_fasta("#{name}:segment_#{i*10000+1} (11000bp)", 60)
        i += 1
      end
      puts seq.subseq(i*10000+1).to_fasta("#{name}:segment_#{i*10000+1}", 60)
    rescue
      puts seq.to_fasta("#{name}:segment_all", 60)
    end
  end
end



|´2: Makefile

• ¸¹�º:6u°¶kR�PÞk@\��

% make -j 200

# £%�»#!"R�PÞpu?6«JK
QUERIES := $(wildcard query/*/*)

# !"R�PÞX¯¼½R�PÞp'¡½�Þ<Þ
result/%: query/%.fa
        bin/rfam_scan.pl -d ./rfam -f tab $< > $@
        echo $@ >> finished.txt

# �m�`¼½R�PÞ#R�PÞ¾q¿p'¡
infernal: ${QUERIES:query/%.fa=result/%}
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´ÀÁX¯ÂØ� 266 'zµÉ

RÃ¼W 137 'zµØ
orz...

¿�Ä»¶�¯ KEGG DAS kÅ®¼½
http://das.hgc.jp/
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¼Zk/`�?��:¦Æ¼m¼½���
�¬­É�#kÇ<�

Í¿ make WX¯1ÈÉ�?��:Ê�yËk

% make -j 200

&½�WFÍÌep¢¶�µ©���]Y
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INFERNAL ÍÍ©� MITE

• BLAST, HMMER lm¿xÎ.�xÏ.

• ÊmÿU�¦�µ�Ð©XF�Ñ¿Ò��`�

• ÓÔ#vwÀµÍ£%��E� ä ¬150�
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H:UÔ<ÕÖ#'()

• MITE �ir�#×Ë 500bp pµà'(

MITE�i

Q<oÒØÙÚÛ� Q<oÒØÙÚÛÀ

ana

ava



EMBOSS Í«{P:Ö:6

• �Ük EMBOSS Íê

• ØÒ<OÞ«{P:Ö:6¦��`
• needle

• stretcher (needle ÍÖÝu¦òm�`ý}ê�

• Ò<áÞ«{P:Ö:6
• water (blast, ssearch Í``&C¿`¼½���



needle ]1��Þ��pz{

197313..19841    451 gtcaagttggtgagtcagcaatctgatcaatttcaccataatgccaatat    500
                     ||||||.|||||||||||||||||||||||||||||||.||||.||||  
1250971..1251    451 gtcaagatggtgagtcagcaatctgatcaatttcaccacaatgtcaat--    498

197313..19841    501 TAGGACTTACGCATCCAGGTTGTCTGTTAAGACTGGGTGTAAGGGGGTAA    550
                                                                       
1250971..1251    499 --------------------------------------------------    498

197313..19841    551 GGGTATAGCCCTGTACCCCTACACCCTTCTCCAAACCCTTGATTTTTCGT    600
                                                                       
1250971..1251    499 --------------------------------------------------    498

197313..19841    601 TTTCATGCGTAAGTCCTAaatataagtaaggatgtcaacaaagatgcgag    650
                                               .|||||||||||||||||||...|
1250971..1251    499 --------------------------gaaggatgtcaacaaagatggatg    522

197313..19841    651 gttcttgggaaggcatgattcaatcttgctcaatctt-------------    687
                     |||||||||||||.||||||||||.||||||||||||             
1250971..1251    523 gttcttgggaaggtatgattcaatgttgctcaatctttgttgtctttgct    572

È¯XjØßà#È�ÕÖp1��k��Cµ&�¢½`

ØÒ<OÞ«{P:Ö:6�#Í¤Ñp}»®la&��µ©�
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• MITE #TÞ¬KÞ«{P:Ö:6p�¡

• É¦Ð©�`� MITE ä#«{P:Ö:6]
ClustalW Í]d¯`

• Z¯k�nr#u¾<6°#ºå�Õæå�.
¦ç`ca�r@]�m�`

• |Í¢��Xê



XCED

• èé4�ê�ëì et al.�#í}ó2

• http://www.biophys.kyoto-
u.ac.jp/~katoh/programs/align/xced/

• XCED nî#xÏ.TÞ¬KÞ«{P:Ö
:6�MAFFT¿�p><?k|ÍÝ=VR�P
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ClustalW

• XCED #«{P:Ö:6p FASTA RS<

TJ6Íðe�½

• ClustalW ÍñE²éÍòu<WF�¡

% clustalw QkóQkó

• mite.dnd R�PÞ¦Íe�



R - ape #P:?6<Þ

http://www.r-project.org/

í¬�Jô<]W¦ ape {P\{uÍNíõ¿öF�

http://cran.r-project.org/src/contrib/Descriptions/ape.html

% R
> install.packages("ape")
> example(plot.phylo)
> q()

÷|køJ6X¯GÝ:Ò<���:�PÞ�P:?6<Þ¼Í
��µ©��½d<�

�<_JHI:#ùú¦��ý}] root Í R p�y��m sudo R &��m½��



ape ÍNíõpöµ

• lab4ut ¦ unrooted tree E#{>Þ#_e axial X horizontal p^V

• font 01³Í bold &X italic &X��éÍ¢ûé�

• cex & font #1eZpü�ýþÍ~V

> tree = read.tree("tree.dnd")

# ÿ!Níõpöµ

> postscript("tree_unrooted.ps", horizontal=F, pointsize=5)

> plot(tree, "u", lab4ut="axial", font = 4, cex = 0.5)

> dev.off()

# "!Níõpöµ

> postscript("tree_rooted.ps", horizontal=F, pointsize=5)

> plot(tree, font = 4, cex = 0.5)

> dev.off()

# PDF kº#

% ps2pdf tree_unrooted.ps
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