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Ruby  �t� �x  Perl  �t� �•�c�“�w�§�—�s�Â�©�µ�Ä	r�g�q�z  �³�ï�Ó�ç�p
ü�T�“�•�b�M���O�z�«�æ�ž�s�¦�Ò�´�£�«�Ä
�¦�²�;�ó�t�‘�“�z  �¿�X�–�˜�•�”�‘�O�t�s�“�‡�`�h�{ Ruby  �t�m�M�o	Ä�`�X�x�z�¢�£�Ò�±� �Ä
http://www.ruby - lang.org/  �•�¢
b�w	{
v�s�›�€	°�`�o�X�i�^�M�{

�x�a�Š�t

BioRuby  �›�–�;�b�”�t�x  Ruby  �q  BioRuby  �›� �ï�µ�Ä�”�ç�b�”
ž�A�U�K�“�‡�b�{

Ruby  �w� �ï�µ�Ä�”�ç

Ruby  �x  Mac OS X �•�7�Ù�w  UNIX  �t�x�è	×� �ï�µ�Ä�”�ç�^�•�o�M�‡�b�{  Windows  �w	Ô�ù�‹�
�«�æ�¿�«� 
�ï�µ�Ä�”�å�•  ActiveScriptRuby  �s�r�U  �;�™�^�•�o�M�‡�b�{�‡�i� �ï�µ�Ä�”�ç�^�•�o�M�s�M	Ô�ù�x

http://jp.rubyist.net/magazine/ ?0002 -FirstProgramming
http://jp.rubyist.net/magazine/ ?FirstStepRuby

�s�r�›�€�ß�t�`�o� �ï�µ�Ä�”�ç�`�‡�`�•�O�{

�K�s�h�w�¯�ï�Ð�á�”�»�t�r�w�Ì�”�´�ã�ï�w  Ruby  �U� �ï�µ�Ä�”�ç�^�•�o�M�”�T�›  �½�£�¿�«�b�”�t�x

% r uby - v

�q�¯�Ú�ï�Å�›�Ö�—�`�o�X�i�^�M�{�b�”�q�z�h�q�Q�y

r uby 1. 8. 2 ( 2004- 12- 25)  [ power pc- dar wi n7. 7. 0]

�w�‘�O�s�ò�a�p�Ì�”�´�ã�ï�U
¯�Ô�^�•�‡�b�{�Ì�”�´�ã�ï  1.8.2  �Ž�ñ�›�S�ç�Š�`�‡�b�{

Ruby  
ª	j
÷
‹�w�«�å�µ�•�Ý�¹�¿�Å�t�m�M�o�x�z Ruby  �w�æ�Ñ�•�è�ï�µ�Ú�Ç�á�ž�ç�›  �€	°�`�o�X�i�^�M�{

http://www.ruby - lang.org/ja/man/

�¯�Ú�ï�Å�å� �ï�p�Ô�ç�Ó�›�€	°�b�”�t�x�z Ruby  
ª	j�4
Ç�w  ri  �¯�Ú�ï�Å�•�z  �Ô�Š� 
[�w  refe  �¯�Ú�ï�Å�U�(�b
�p�b�{

http://i.loveruby.net/ja/prog/refe.html

RubyGems  �w� �ï�µ�Ä�”�ç

RubyGems  �w�Ö�”�´�T�’�7	ý
[�›�¼�¢�ï�é�”�Å�`�‡�b�{

http://rubyforge.org/projects/rubygems/

�2�‰�`�o� �ï�µ�Ä�”�ç�`�‡�b�{

% t ar  zxv f  r ubygems- x . x . x . t ar . gz
% cd r ubygems- x . x . x
% r uby set up. r b

BioRuby  �w� �ï�µ�Ä�”�ç

BioRuby  �w� �ï�µ�Ä�”�ç�M�O�x  http://bioruby.org/archive/  �T�’  �7	ý
[�›	��˜�`�o�Ž�<�w�‘�O�t�æ�M�‡
�b�{�‰���^�•�o�M�”  README �Ñ�•� �ç�t�‹  �è�›�è�`�o�Ö�V�h�M�w�p�b�U�z�ó�•�s�M�q�
�Ô�U�T�“�t�s�”
BioPerl  �q
z�‚�o  BioRuby  �w� �ï�µ�Ä�”�ç�x�b�Y�t	4�˜�”�x�c�p�b�{



% wget  ht t p: / / bi or uby. or g/ ar chi ve/ bi or uby- x . x . x . t ar . gz
% t ar  zxv f  bi or uby- x . x . x . t ar . gz
% cd bi or uby- x . x . x
% r uby i ns t al l . r b conf i g
% r uby i ns t al l . r b set up
# r uby i ns t al l . r b i ns t al l

RubyGems  �U�–�Q�”���¥�p�K�•�y

% gem i ns t al l  bi o

�i�Z�p� �ï�µ�Ä�”�ç�p�V�‡�b�{�\�w�K�q  README �Ñ�•� �ç�t	{�T�•�o�M�”�‘�O�t

bi or uby- x . x . x / et c / bi oi nf or mat i cs / seqdat abase. i ni

�q�M�O�Ñ�•� �ç�›�×�”�Ü�Ã�Ÿ�è�«�Ä�æ�w  ~/.bioinformatics  �t�¯�Ð�”�`�o  �S�X�q�‘�M�p�`�•�O�{ RubyGems  
�w	Ô�ù�x

/ usr / l ocal / l i b/ r uby/ gems/ 1. 8/ gems/ bi o- x . x . x /

�s�r�t�K�”�x�c�p�b�{

% mkdi r  ~/ . bi oi nf or mat i cs
% cp bi or uby- x . x . x / et c / bi oi nf or mat i cs / seqdat abase. i ni  ~/ . bi oi nf or mat i cs

�‡�h�z Emacs  �¤�Ã�Ÿ�»�›�–�O
��x  Ruby  �w�¹�”�µ�t�‰���^�•�o�M�”  misc/ruby -mode.el  �›� �ï�µ�Ä�”�ç�`
�o�S�X�q�‘�M�p�`�•�O�{

% mkdi r  - p ~/ l i b/ l i sp/ r uby
% cp r uby- x . x . x / mi sc / r uby- mode. el  ~/ l i b/ l i sp/ r uby

�s�r�q�`�o�S�M�o�z ~/.emacs  �t�Ž�<�w
ƒ���›	{�V�
�`�‡�b�{

;  subdi r s  �w
ƒ��
( l et  ( ( def aul t - di r ec t or y  " ~/ l i b/ l i sp" ) )
  ( nor mal - t op- l evel - add- subdi r s - t o- l oad- pat h)

;  r uby- mode �w
ƒ��
( aut ol oad ' r uby- mode " r uby- mode"  " Mode f or  edi t i ng r uby sour ce f i l es" )
( add- t o- l i s t  ' aut o- mode- al i s t  ' ( " ´ ´ . r b$"  .  r d- mode) )
( add- t o- l i s t  ' i nt er pet er - mode- al i s t  ' ( " r uby"  .  r uby- mode) )

BioRuby  �³�£�ç

BioRuby  �Ì�”�´�ã�ï  0.7  �Ž�ñ�p�x�z���o�s
â�^�x  BioRuby  �q�ž�t� �ï�µ�Ä�”�ç�^�•�”  bioruby  �¯�Ú�ï�Å�p
�æ�O�\�q�U�p�V�‡�b�{ bioruby  �¯�Ú�ï�Å�x  Ruby  �t�º���^�•�o�M�”  � �ï�»�å�«�Â�Ÿ�Ò�³�£�ç  irb  �›�b�;�`�o�S
�“�z Ruby  �q  BioRuby  �t�p�V�”�\�q�x
¶�o  �×���t�î�æ�b�”�\�q�U�p�V�‡�b�{

% bi or uby pr oj ec t 1

�¾
:�p�¦���`�h�Ê
²�w�Ã�Ÿ�è�«�Ä�æ�U�^
R�^�•�z�f�w�¤�p�r
s�›�æ�M�‡�b�{  	Í�G�w�«�w	Ô�ù  project1  �q�M�O
�Ã�Ÿ�è�«�Ä�æ�U�^
R�^�•�z�^�’�t�Ž�<�w  �±�Ò�Ã�Ÿ�è�«�Ä�æ�•�Ñ�•� �ç�U�^�’�•�‡�b�{

dat a/            �â�”�²�w�r
s�Ñ�•� �ç�›�”�X	Ô	t
pl ugi n/          
ž�A�t� �a�o�å�C�w�Ó�å�¬� �ï�›�”�X	Ô	t
sess i on/         
ƒ���•�¦�Ò�´�£�«�Ä�z�Î�µ�Ä�æ�s�r�U�-���^�•�”	Ô	t
sess i on/ conf i g  �â�”�²�w
ƒ���›�-���`�h�Ñ�•� �ç
sess i on/ hi s t or y  �â�”�²�w�Ö�—�`�h�¯�Ú�ï�Å�w�Î�µ�Ä�æ�›�-���`�h�Ñ�•� �ç
sess i on/ obj ec t   �ì���=�^�•�h�¦�Ò�´�£�«�Ä�w�¨�ò�Ñ�•� �ç



�\�w�O�j�z data  �Ã�Ÿ�è�«�Ä�æ�x�â�”�²�U�×���t	{�V�õ�Q�o�Ï�M�‡�d�œ�{  �‡�h�z session/history  �Ñ�•� �ç�›�_
�”�q�z�M�m�r�w�‘�O�s
â�^�›�æ�l�h�T�›  �¬�Ý�b�”�\�q�U�p�V�‡�b�{

���s�è�Ž�ñ�x�z	s�s�q�‰�7�t

% bi or uby pr oj ec t 1

�q�`�o�I�ˆ�`�o�‹�Ï�M�‡�d�œ�`�z�^
R�^�•�h�Ã�Ÿ�è�«�Ä�æ�t� �ˆ�`�o

% cd pr oj ec t 1
% bi or uby

�w�‘�O�t�¾
:�s�`�p�I�ˆ�b�”�\�q�‹�p�V�‡�b�{

�\�w���z script  �¯�Ú�ï�Å�p�^
R�^�•�”�µ�«�æ�Ó�Ä�Ñ�•� �ç�•�z  web  �¯�Ú�ï�Å�p�^
R�^�•�”  Rails  �w�h�Š�w
ƒ��
�Ñ�•� �ç�s�r�U�K�“�‡�b�U�z  �f�•�’�t�m�M�o�x
ž�A�t� �a�o�™	\�`�‡�b�{

BioRuby  �³�£�ç�p�x�Ã�Ñ�¥�ç�Ä�p�M�X�m�T�w�(�b�s�å� �Ò�å�æ�›�¡�ˆ���œ�p�M�‡�b�{  �«�Q�y  readline  �å� �Ò
�å�æ�U�–�Q�”���¥�p�x  Tab  �©�”�p�Ý�¹�¿�Å�Ê�•�!
:�Ê�U  �4�ì�^�•�”�x�c�p�b�{ open -uri,  pp,  yaml  �s�r�‹�7
	s�T�’�¡�ˆ���‡�•�o�M�‡�b�{

���, ,  �ž�Û�Ê�Ž�w
��»�›�^�”

s eq( str)

seq  �¯�Ú�ï�Å�›�–�l�o���È�»�T�’���,
��»�•�ž�Û�Ê�Ž
��»�›�^�”�\�q�U�p�V�‡�b�{  ���,�q�ž�Û�Ê�Ž�x  ATGC �w
���”�U  90%  �Ž	Í�T�r�O�T�p�×�ˆ
Q���^�•�‡�b�{  �\�\�p�x�z�p�V�h���,
��»�›  dna  �q�M�O�!
:�t�E�Ö�`�‡
�b�{

bi or uby> dna = seq( " at gcat gcaaaa" )

�!
:�w�¤
��›�¬�Ý�b�”�t�x  Ruby  �w puts  �Ý�¹�¿�Å�›�–�M�‡�b�{

bi or uby> put s  dna
at gcat gcaaaa

�Ñ�•� �ç�Ê�›�¾
:�t�)�Q�”�q	��i�t�K�”�Ñ�•� �ç�T�’
��»�›�˜�”�\�q�‹�p�V�‡�b�{  GenBank,  EMBL,
UniProt,  FASTA �s�r	��A�s
��»�Ñ�¥�”�Ú�¿�Ä�x�×�ˆ
Q���^�•�‡�b  �¢�¦�Á� �s�r�w�Ñ�•� �ç�Ê�p�x�s�X�¤�ï�Ä
�æ�w�¤
��p
Q���`�‡�b�£�{  �Ž�<�x  UniProt  �Ñ�¥�”�Ú�¿�Ä�w�¤�ï�Ä�æ�›�Ñ�•� �ç�T�’�¡�ˆ���œ�p�M�‡�b�{  �\�w
�M�O�p�x�z
ó
:�w�¤�ï�Ä�æ�U�K�”	Ô�ù�7	s�w�¤�ï�Ä�æ�i�Z�U�¡�ˆ���‡�•�‡�b�{

bi or uby> cdc2 = seq( " p04551. sp" )
bi or uby> put s  cdc2
MENYQKVEKI GEGTYGVVYKARHKLSGRI VAMKKI RLEDESEGVPSTAI REI SLLKEVNDENNRSN. . . ( �t )

�Ã�”�»�Õ�”�µ�Ê�q�¤�ï�Ä�æ�Ê�U
ü�T�l�o�M�•�y�z� �ï�»�”�É�¿�Ä�›�è�a�o  
��»�›�×�ˆ�$�t	��˜�b�”�\�q�U�p�V
�‡�b�{

bi or uby> psaB = seq( " genbank: AB044425" )
bi or uby> put s  psaB
act gaccct gt t cat at t cgt cc t at t gc t cacgcgat t t gggat ccgcact t t ggccaaccagca. . . ( �t )

�r�\�w�Ã�”�»�Õ�”�µ�T�’�r�w�‘�O�s�M�O�p�¤�ï�Ä�æ�›	��˜�b�”�T�x�z BioPerl  �s�r�q�ž�è�w  OBDA  
ƒ���Ñ�•� 
�ç  ~/.bioinformatics/seqdatabase.ini  �›�;�M�o�Ã�”�»�Õ�”�µ�]�q�t�¦���b�”�\�q�U�p�V�‡�b�¢�™	\�£�{  �‡
�h�z EMBOSS �w seqret  �¯�Ú�ï�Å�t�‘�”
��»	��˜�t�‹�0� �`�o�M�‡�b�w�p�z  EMBOSS �w USA 
¯�G�p�‹�¤�ï
�Ä�æ�›	��˜�p�V�‡�b�{ EMBOSS �w�Ú�Ç�á�ž�ç�›�€	°�`  ~/.embossrc  �›�&
~�t
ƒ���`�o�X�i�^�M�{

�r�w�M�O�p	��˜�`�h	Ô�ù�‹�z seq  �¯�Ú�ï�Å�t�‘�l�o�&�^�•�”
��»�x�z  DNA 
��»�w�h�Š�w
Bio::Sequence::NA  �«�å�µ�T�z�ž�Û�Ê�Ž
��»�w�h�Š�w  Bio::sequence::AA  �«�å�µ�w�r�j�’�T�w�¦�Ò�´�£�«
�Ä�t�s�“�‡�b�{




��»�U�r�j�’�w�«�å�µ�t���b�”�T�x  Ruby  �w class  �Ý�¹�¿�Å�›�;�M�o

bi or uby> p cdc2. c l ass
Bi o: : Sequence: : AA

bi or uby> p psaB. c l ass
Bi o: : Sequence: : NA

�w�‘�O�t�Ð�‚�”�\�q�U�p�V�‡�b�{�×�ˆ
Q���U���§�l�o�M�”	Ô�ù�s�r�t�x  to_naseq,  to_aaseq  �Ý�¹�¿�Å�p�§
M
�$�t�!�õ�p�V�‡�b�{

bi or uby> pep = dna. t o_aaseq
bi or uby> p pep. c l ass
Bi o: : Sequence: : AA

���,
��»�•�ž�Û�Ê�Ž
��»�w�«�å�µ�x  Ruby  �w���È�»�«�å�µ�p�K�”  String  �›  �'	•�`�o�M�‡�b�w�p�z length  �p�Õ
�^�›�Ð�‚�h�“�z +  �p�
�`�ù�˜�d�h�“�z *  �p  ���“�&�`�h�“�s�r�z Ruby  �w���È�»�t�0�`�o�æ�Q�”
â�^�x
¶�o�b�;
�D�ó�p�b�{  �\�w�‘�O�s�›�Ã�x�¦�Ò�´�£�«�Ä�¦�²�w�§�—�s���Ø�w�°�m�q�t�Q�”�p�`�•�O�{

bi or uby> put s  dna. l engt h
12

bi or uby> put s  dna + dna
at gcat gcaaaaat gcat gcaaaa

bi or uby> put s  dna *  5
at gcat gcaaaaat gcat gcaaaaat gcat gcaaaaat gcat gcaaaaat gcat gcaaaa

complement

���,
��»�w
ì�4�/
��»�›�˜�”�t�x���,
��»�w  complement  �Ý�¹�¿�Å�›�z�|�‡�b�{

bi or uby> put s  dna. compl ement
t t t t gcat gcat

translate

���,
��»�›�ž�Û�Ê�Ž
��»�t�‹���b�”�t�x  translate  �Ý�¹�¿�Å�›�–�M�‡�b�{  �‹���^�•�h�ž�Û�Ê�Ž
��»�›  pep  �q
�M�O�!
:�t�E�Ö�`�o�ˆ�‡�b�{

bi or uby> pep = dna. t r ans l at e
bi or uby> put s  pep
MHAK

�Ñ�è�”�Ü�›�!�Q�o�‹���b�”�t�x

bi or uby> put s  dna. t r ans l at e( 2)
CMQ
bi or uby> put s  dna. t r ans l at e( 3)
ACK

�s�r�q�`�‡�b�{

molecular_weight


ü� �”�x  molecular_weight  �Ý�¹�¿�Å�p
¯�Ô�^�•�‡�b�{

bi or uby> put s  dna. mol ecul ar _wei ght
3718. 66444

bi or uby> put s  pep. mol ecul ar _wei ght
485. 605



s eqs t at ( seq)

seqstat  �¯�Ú�ï�Å�›�–�O�q�z
Ê
R�s�r�w	Ø�C�‹�°�S�t
¯�Ô�^�•�‡�b�{

bi or uby> seqst at ( dna)

*  *  *  Sequence s t at i s t i cs  *  *  *

5' - >3'  sequence   :  at gcat gcaaaa
3' - >5'  sequence   :  t t t t gcat gcat
Tr ans l at i on   1   :  MHAK
Tr ans l at i on   2   :  CMQ
Tr ans l at i on   3   :  ACK
Tr ans l at i on  - 1   :  FCMH
Tr ans l at i on  - 2   :  FAC
Tr ans l at i on  - 3   :  LHA
Lengt h            :  12 bp
GC per cent         :  33 %
Composi t i on       :  a -   6 (  50. 00 %)
                    c  -   2 (  16. 67 %)
                    g -   2 (  16. 67 %)
                    t  -   2 (  16. 67 %)
Codon usage       :

 * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *
 |        |               2nd              |      |
 |   1s t   | - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - |  3r d |
 |        |   U    |   C    |   A    |   G    |      |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |  U   U | F  0. 0%| S  0. 0%| Y  0. 0%| C  0. 0%|   u  |
 |  U   U | F  0. 0%| S  0. 0%| Y  0. 0%| C  0. 0%|   c   |
 |  U   U | L  0. 0%| S  0. 0%| *   0. 0%| *   0. 0%|   a  |
 |   UUU  | L  0. 0%| S  0. 0%| *   0. 0%| W  0. 0%|   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |   CCCC | L  0. 0%| P  0. 0%| H 25. 0%| R  0. 0%|   u  |
 |  C     | L  0. 0%| P  0. 0%| H  0. 0%| R  0. 0%|   c   |
 |  C     | L  0. 0%| P  0. 0%| Q  0. 0%| R  0. 0%|   a  |
 |   CCCC | L  0. 0%| P  0. 0%| Q  0. 0%| R  0. 0%|   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |    A   | I   0. 0%| T  0. 0%| N  0. 0%| S  0. 0%|   u  |
 |   A A  | I   0. 0%| T  0. 0%| N  0. 0%| S  0. 0%|   c   |
 |  AAAAA | I   0. 0%| T  0. 0%| K 25. 0%| R  0. 0%|   a  |
 |  A   A | M 25. 0%| T  0. 0%| K  0. 0%| R  0. 0%|   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |   GGGG | V  0. 0%| A  0. 0%| D  0. 0%| G  0. 0%|   u  |
 |  G     | V  0. 0%| A  0. 0%| D  0. 0%| G  0. 0%|   c   |
 |  G GGG | V  0. 0%| A 25. 0%| E  0. 0%| G  0. 0%|   a  |
 |   GG G | V  0. 0%| A  0. 0%| E  0. 0%| G  0. 0%|   g  |
 * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *

Mol ecul ar  wei ght   :  3718. 66444
Pr ot ei n wei ght     :  485. 605
/ /

�ž�Û�Ê�Ž
��»�w	Ô�ù�x�Ž�<�w�‘�O�t�s�“�‡�b�{

bi or uby> seqst at ( pep)

*  *  *  Sequence s t at i s t i cs  *  *  *

N- >C sequence     :  MHAK
Lengt h            :  4 aa
Compos i t i on       :  A Al a -  1 (  25. 00 %)  al ani ne
                    H Hi s  -  1 (  25. 00 %)  hi s t i di ne
                    K Lys -  1 (  25. 00 %)  l ys i ne
                    M Met  -  1 (  25. 00 %)  met hi oni ne



Pr ot ei n wei ght     :  485. 605
/ /

composition

seqstat  �w�¤�p
¯�Ô�^�•�o�M�”
Ê
R�x  composition  �Ý�¹�¿�Å�p�˜�”�\�q�U�p�V�‡�b�{  �A�L�U���È�»�p�x�s�X
Hash  �p�&�^�•�”�w�p�z�q�“�K�Q�c
¯�Ô�`�o�ˆ�”	Ô�ù�t�x  puts  �w�E�˜�“�t  p  �¯�Ú�ï�Å�›�–�O�q�‘�M�p�`�•
�O�{

bi or uby> p dna. compos i t i on
{ " a" =>6,  " c" =>2,  " g" =>2,  " t " =>2}

���,
��»�z�ž�Û�Ê�Ž
��»�w�f�w���w�Ý�¹�¿�Å

���t�‹���,
��»�z�ž�Û�Ê�Ž
��»�t�0�`�o�æ�Q�”
â�^�x	í�‘�q�K�“�‡�b�{

subseq(from,  to)


æ
ü
��»�›	��“	Z�b�t�x  subseq  �Ý�¹�¿�Å�›�–�M�‡�b�{

bi or uby> put s  dna. subseq( 1,  3)
at g

Ruby  �s�r���X�w�Ó�é�¬�å�Û�ï�¬�t� �w���È�»�x  1  ���È�è�›  0  �T�’
:�Q�‡�b�U�z  subseq  �Ý�¹�¿�Å�x  1  �T�’

:�Q�o
~�“	Z�d�”�‘�O�t�s�l�o�M�‡�b�{

bi or uby> put s  dna[ 0,  3]
at g

Ruby  �w String  �«�å�µ�U�Ë�m  slice  �Ý�¹�¿�Å  str[]  �q�&�S�–�M
ü�Z�”�q  �‘�M�p�`�•�O�{

window_search(len,  step)

window_search  �Ý�¹�¿�Å�›�–�O�q�Õ�M
��»�w
æ
ü
��»�–�w���“�&�`�›  ���o�t�æ�O�\�q�U�p�V�‡�b�{ DNA 
��»
�›�¯�Å�ï�–�t	r�g�b�”	Ô�ù�z  �����È�c�m�c�’�`�s�U�’�����È�›
~�“	Z�d�y�‘�M�w�p�Ž�<�w�‘�O�t�s�“�‡�b�{

bi or uby> dna. wi ndow_sear ch( 3,  3)  do | codon|
bi or uby+   put s  " #{ codon} ´ t #{ codon. t r ans l at e} "
bi or uby+ end
at g     M
cat      H
gca     A
aaa     K

�®�Ê�Ü
��»�›�z�¤�z  1000bp  �›�¦�”�Ì�”�å�¿�Ó�^�d�s�U�’  11000bp  �]�q�t  �Ò�À
~�“�t�`  FASTA �Ñ�¥�”
�Ú�¿�Ä�t
T���b�”	Ô�ù�x�Ž�<�w�‘�O�t�s�“�‡�b�{

bi or uby> seq. wi ndow_sear ch( 11000,  10000)  do | subseq|
bi or uby+   put s  subseq. t o_f as t a
bi or uby+ end

�7�™�w 10000bp  �t�¬�h�s�M  3'  �z�w�(�“
��»�x�&�“�‹�q�`�o�˜�’�•�”�w�p�z  
ž�A�s	Ô�ù�x���M	!�Z	��l�o
¯
�Ô�`�‡�b�{

bi or uby> i  = 1
bi or uby> r emai nder  = seq. wi ndow_sear ch( 11000,  10000)  do | subseq|
bi or uby>   put s  subseq. t o_f as t a( " segment  #{ i * 10000} " ,  60)
bi or uby>   i  += 1
bi or uby> end
bi or uby> put s  r emai nder . t o_f as t a( " segment  #{ i * 10000} " ,  60)



splicing(position)

���,
��»�w  GenBank  �s�w  position  ���È�»�t�‘�”
~�“	Z�`�x  splicing  �Ý�¹�¿�Å�p�æ�M�‡�b�{

bi or uby> put s  dna
at gcat gcaaaa
bi or uby> put s  dna. spl i c i ng( " j oi n( 1. . 3, 7. . 9) " )
at ggca

randomize

randomize  �Ý�¹�¿�Å�x�z
��»�w
Ê
R�›�-���`�h�‡�‡�å�ï�¼�Ü
��»�›
\
R�`�‡�b�{

bi or uby> put s  dna. r andomi ze
agcaat agat ac

to_re

to_re  �Ý�¹�¿�Å�x�z���”�s���,�w
¯�G�›���‰���,
��»�›  atgc  �i�Z�w  �Í�»�”�ï�T�’�s�”
Y�F
¯�q�t�!�õ�`�‡
�b�{

bi or uby> ambi guous = seq( " at gcyat gcat gcat gc" )

bi or uby> p ambi guous. t o_r e
/ at gc [ t c ] at gcat gcat gc /

bi or uby> put s  ambi guous. t o_r e
( ?- mi x : at gc [ t c ] at gcat gcat gc)

seq  �Ý�¹�¿�Å�x  ATGC �w�����”�U  90%  �Ž�<�i�q�ž�Û�Ê�Ž
��»�q�ˆ�s�b�w�p�z  ���”�s���,�U���X���‡�•�”
�
�»�w	Ô�ù�x  to_naseq  �Ý�¹�¿�Å�›�–�l�o  �Ì�Ô�$�t  Bio::Sequence::NA  �¦�Ò�´�£�«�Ä�t�!�õ�b�”
ž�A�U�K�“
�‡�b�{

bi or uby> s  = seq( " at gcr ywskmbvhdn" ) . t o_naseq
bi or uby> p s . t o_r e
/ at gc [ ag] [ t c ] [ at ] [ gc ] [ t g] [ ac ] [ t gc ] [ agc] [ at c ] [ at g] [ at gc ] /

bi or uby> put s  s . t o_r e
( ?- mi x : at gc [ ag] [ t c ] [ at ] [ gc ] [ t g] [ ac ] [ t gc ] [ agc] [ at c ] [ at g] [ at gc ] )

names

�K�‡�“�–�O�\�q�x�K�“�‡�d�œ�U�z
��»�›���,�Ê�•�ž�Û�Ê�Ž�Ê�t�!�õ�b�”  �Ý�¹�¿�Å�p�b�{

bi or uby> p dna. names
[ " adeni ne" ,  " t hymi ne" ,  " guani ne" ,  " cy t os i ne" ,  " adeni ne" ,  " t hymi ne" ,
" guani ne" ,  " cy t os i ne" ,  " adeni ne" ,  " adeni ne" ,  " adeni ne" ,  " adeni ne" ]

bi or uby> p pep. names
[ " met hi oni ne" ,  " hi s t i di ne" ,  " al ani ne" ,  " l ys i ne" ]

codes

�ž�Û�Ê�Ž
��»�›�����È�¯�”�Å�t�!�õ�b�”  names  �q�Å�h�Ý�¹�¿�Å�p�b�{

bi or uby> p pep. codes
[ " Met " ,  " Hi s" ,  " Al a" ,  " Lys" ]

gc_percent

���,
��»�w  GC ���”�x  gc_percent  �Ý�¹�¿�Å�p�˜�’�•�‡�b�{



bi or uby> p dna. gc_per cent
33

to_fasta

FASTA �Ñ�¥�”�Ú�¿�Ä�t�!�õ�b�”�t�x  to_fasta  �Ý�¹�¿�Å�›�–�M�‡�b�{

bi or uby> put s  dna. t o_f as t a( " dna sequence" )
>dna sequence
aaccggt t acgt

���,�•�ž�Û�Ê�Ž�w�¯�”�Å�z�¯�Å�ï
¯�›�K�m�T�O

�ž�Û�Ê�Ž�z���,�z�¯�Å�ï�Â�”�Ò�ç�›�˜�”�h�Š�w  aminoacids,  nucleicacids,  codontables,  codontable  �¯�Ú
�ï�Å�›	º�p�`�‡�b�{

ami noac i ds

�ž�Û�Ê�Ž�w�°�a�x  aminoacids  �¯�Ú�ï�Å�p
¯�Ô�p�V�‡�b�{

bi or uby> ami noac i ds
?       Py l      pyr r ol ys i ne
A       Al a     al ani ne
B       Asx     aspar agi ne/ aspar t i c  ac i d
C       Cys     cys t ei ne
D       Asp     aspar t i c  ac i d
E       Gl u     gl ut ami c  ac i d
F       Phe     pheny l al ani ne
G       Gl y      gl yc i ne
H       Hi s      hi s t i di ne
I        I l e     i sol euc i ne
K       Lys      l ys i ne
L       Leu     l euc i ne
M       Met      met hi oni ne
N       Asn     aspar agi ne
P       Pr o     pr ol i ne
Q       Gl n     gl ut ami ne
R       Ar g     ar gi ni ne
S       Ser      ser i ne
T       Thr      t hr eoni ne
U       Sec     sel enocyst ei ne
V       Val      val i ne
W       Tr p     t r ypt ophan
Y       Tyr      t y r os i ne
Z       Gl x      gl ut ami ne/ gl ut ami c  ac i d

�&�“�‹�x�y�M
¯�G�q�0� �b�”�Õ�M
¯�G�w�Ë�¿�³�á�t�s�l�o�M�‡�b�{

bi or uby> aa = ami noac i ds
bi or uby> put s  aa[ " G" ]
Gl y
bi or uby> put s  aa[ " Gl y" ]
gl yc i ne

nuc l ei c ac i ds

���,�w�°�a�x  nucleicacids  �¯�Ú�ï�Å�p
¯�Ô�p�V�‡�b�{

bi or uby> nuc l ei cac i ds
a       a       Adeni ne
t        t        Thymi ne
g       g       Guani ne
c       c        Cyt os i ne
u       u       Ur ac i l



r        [ ag]     puRi ne
y       [ t c ]     pYr i mi di ne
w       [ at ]     Weak
s       [ gc ]     St r ong
k       [ t g]     Ket o
m       [ ac ]     ar oMat i c
b       [ t gc ]    not  A
v       [ agc]    not  T
h       [ at c ]    not  G
d       [ at g]    not  C
n       [ at gc ]   

�&�“�‹�x���,�w�
���È
¯�G�q�˜�p�b�”���,�w�Ë�¿�³�á�t�s�l�o�M�‡�b�{

bi or uby> na = nuc l ei cac i ds
bi or uby> put s  na[ " r " ]
[ ag]

c odont abl es

�¯�Å�ï�Â�”�Ò�ç�w�°�a�x  codontables �¯�Ú�ï�Å�p
¯�Ô�p�V�‡�b�{

bi or uby> codont abl es
1       St andar d ( Eukar yot e)
2       Ver t ebr at e Mi t ochondr i al
3       Yeast  Mi t ochondor i al
4       Mol d,  Pr ot ozoan,  Coel ent er at e Mi t ochondr i al  and Mycopl asma/ Spi r opl asma
5       I nver t ebr at e Mi t ochondr i al
6       Ci l i at e Macr onuc l ear  and Dasyc l adacean
9       Echi noder m Mi t ochondr i al
10      Eupl ot i d Nuc l ear
11      Bact er i a
12      Al t er nat i ve Yeast  Nuc l ear
13      Asc i di an Mi t ochondr i al
14      Fl at wor m Mi t ochondr i al
15      Bl ephar i sma Macr onuc l ear
16      Chl or ophycean Mi t ochondr i al
21      Tr emat ode Mi t ochondr i al
22      Scenedesmus obl i quus mi t ochondr i al
23      Thr aust ochyt r i um Mi t ochondr i al

�&�“�‹�x�Â�”�Ò�ç
j�ø�q�Ê
²�w�Ë�¿�³�á�t�s�l�o�M�‡�b�{

bi or uby> c t  = codont abl es
bi or uby> put s  c t [ 3]
Yeast  Mi t ochondor i al

c odont abl e( num)

�¯�Å�ï
¯�×�.�x  codontable  �¯�Ú�ï�Å�p
¯�Ô�p�V�‡�b�{

bi or uby> codont abl e( 11)

 = Codon t abl e 11 :  Bact er i a

   hydr ophi l i c :  H K R ( bas i c ) ,  S T Y Q N S ( pol ar ) ,  D E ( ac i di c )
   hydr ophobi c :  F L I  M V P A C W G ( nonpol ar )

 * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *
 |        |               2nd              |      |
 |   1s t   | - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - |  3r d |
 |        |   U    |   C    |   A    |   G    |      |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |  U   U |  Phe F |  Ser  S |  Tyr  Y |  Cys C |   u  |
 |  U   U |  Phe F |  Ser  S |  Tyr  Y |  Cys C |   c   |



 |  U   U |  Leu L |  Ser  S |  STOP  |  STOP  |   a  |
 |   UUU  |  Leu L |  Ser  S |  STOP  |  Tr p W |   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |   CCCC |  Leu L |  Pr o P |  Hi s  H |  Ar g R |   u  |
 |  C     |  Leu L |  Pr o P |  Hi s  H |  Ar g R |   c   |
 |  C     |  Leu L |  Pr o P |  Gl n Q |  Ar g R |   a  |
 |   CCCC |  Leu L |  Pr o P |  Gl n Q |  Ar g R |   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |    A   |  I l e I  |  Thr  T |  Asn N |  Ser  S |   u  |
 |   A A  |  I l e I  |  Thr  T |  Asn N |  Ser  S |   c   |
 |  AAAAA |  I l e I  |  Thr  T |  Lys  K |  Ar g R |   a  |
 |  A   A |  Met  M |  Thr  T |  Lys  K |  Ar g R |   g  |
 | - - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - - - +- - - - - |
 |   GGGG |  Val  V |  Al a A |  Asp D |  Gl y  G |   u  |
 |  G     |  Val  V |  Al a A |  Asp D |  Gl y  G |   c   |
 |  G GGG |  Val  V |  Al a A |  Gl u E |  Gl y  G |   a  |
 |   GG G |  Val  V |  Al a A |  Gl u E |  Gl y  G |   g  |
 * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *

�&�“�‹�x  Bio::CodonTable  �«�å�µ�w�¦�Ò�´�£�«�Ä�p�z�¯�Å�ï�q�ž�Û�Ê�Ž�w  �!�õ�U�p�V�”�i�Z�p�s�X�z�Ž�<�w
�‘�O�s�Ã�”�»�‹�˜�”�\�q�U�p�V�‡�b�{

bi or uby> c t  = codont abl e( 2)
bi or uby> p c t [ " at g" ]
" M"

definition

�¯�Å�ï
¯�w���[�w
†�Ì

bi or uby> put s  c t . def i ni t i on
Ver t ebr at e Mi t ochondr i al

start

�‰�•�¯�Å�ï�°�a

bi or uby> p c t . s t ar t
[ " at t " ,  " at c" ,  " at a" ,  " at g" ,  " gt g" ]

stop

	4�­�¯�Å�ï�°�a

bi or uby> p c t . s t op
[ " t aa" ,  " t ag" ,  " aga" ,  " agg" ]

revtrans

�ž�Û�Ê�Ž�›�¯�”�Å�b�”�¯�Å�ï�›�Ð�‚�”

bi or uby> p c t . r ev t r ans( " V" )
[ " gt c" ,  " gt g" ,  " gt t " ,  " gt a" ]

�Ñ�å�¿�Ä�Ñ�•� �ç�w�¤�ï�Ä�æ

�Ã�”�»�Õ�”�µ�w�¤�ï�Ä�æ�q�z�Ñ�å�¿�Ä�Ñ�•� �ç�f�w�‹�w�›�{�O�M�O�›	º�p�`�‡�b�{  GenBank  �Ã�”�»�Õ�”�µ�w
�¤�p�x�z�Ñ�•�”�´�w�¤�ï�Ä�æ�U���‡�•�”  gbphg.seq  �w �Ñ�•� �ç�±� �¶�U	–�^�M�w�p�z�\�w�Ñ�•� �ç�›�«�q�`
�o�–�M�‡�b�{

% wget  f t p: / / f t p. hgc. j p/ pub/ mi r r or / ncbi / genbank/ gbphg. seq. gz
% gunz i p gbphg. seq. gz



ent ( str)

seq  �¯�Ú�ï�Å�x
��»�›	��˜�`�‡�`�h�U�z
��»�i�Z�p�s�X�¤�ï�Ä�æ
¶�.�›	��˜�b�”�t�x  ent  �¯�Ú�ï�Å�›�–�M�‡
�b�{ seq  �¯�Ú�ï�Å�‰�7�z ent  �¯�Ú�ï�Å�p�‹  OBDA,  EMBOSS,  KEGG API  �w�Ã�”�»�Õ�”�µ�U�b�;�D�ó�p�b�{
ƒ
���t�m�M�o�x  seq  �¯�Ú�ï�Å�w
†�Ì�›  �€	°�`�o�X�i�^�M�{

bi or uby> ent r y  = ent ( " genbank: AB044425" )
bi or uby> put s  ent r y
LOCUS       AB044425                1494 bp    DNA     l i near    PLN 28- APR- 2001
DEFI NI TI ON  Vol vox car t er i  f .  kawasak i ens i s  chl or opl as t  psaB gene f or
            phot osyst em I  P700 chl or ophy l l  a apopr ot ei n A2,
            s t r ai n: NI ES- 732.
( �t )

ent  �¯�Ú�ï�Å�w�¾
:�t�x  db:entry_id  ���Ü�w���È�»�z EMBOSS �w USA�z  �Ñ�•� �ç�z IO  �U�)�Q�’�•�z�Ã�”�»
�Õ�”�µ�w�
�¤�ï�Ä�æ
ü�w���È�»�U�&�^�•�‡�b�{  
��»�Ã�”�»�Õ�”�µ�t�v�’�c�z
:���X�w�Ã�”�»�Õ�”�µ�¤�ï�Ä�æ�t
�0� �`�o�M�‡�b�{

f l at par s e( str)

	��˜�`�h�¤�ï�Ä�æ�›�Í�”�µ�`�o�I�`�M�Ã�”�»�›�q�“�i�b�t�x  flatparse  �¯�Ú�ï�Å�›�–�M�‡�b�{

bi or uby> ent r y  = ent ( " gbphg. seq" )
bi or uby> gb = f l at par se( ent r y )
bi or uby> put s  gb. ent r y_i d
AB000833
bi or uby> put s  gb. def i ni t i on
Bact er i ophage Mu DNA f or  ORF1,  sheat h pr ot ei n gpL,  ORF2,  ORF3,  compl et e cds.
bi or uby> put s  psaB. naseq
acggt cagacgt t t ggcccgaccaccgggat gaggct gacgcaggt cagaaat c t t t gt gacgacaaccgt at caat
( �t )

obj ( str)

obj  �¯�Ú�ï�Å�x�z ent  �p�¤�ï�Ä�æ�›���È�»�q�`�o	��˜�`  flatparse  �p�Í�”�µ�`�h  �¦�Ò�´�£�«�Ä�t�!�õ�b�”�w�q
�‰�a�p�b�{ ent  �¯�Ú�ï�Å�q�‰�a�¾
:�›	!�Z
Ç�Z�‡�b�{  
��»�›	��˜�b�”�Ì�x  seq �z�¤�ï�Ä�æ�›	��˜�b�”�Ì�x
ent �z�Í�”�µ�`�h�¦�Ò�´�£�«�Ä�›  	��˜�b�”�Ì�x  obj  �›�–�O�\�q�t�s�“�‡�b�{

bi or uby> gb = obj ( " gbphg. seq" )
bi or uby> put s  gb. ent r y_i d
AB000833

f l at f i l e( file)

ent  �¯�Ú�ï�Å�x�
�¤�ï�Ä�æ�`�T�{�Q�s�M�h�Š�z�é�”�§�ç�w�Ñ�•� �ç�›�‰�M�o  �¤�¤�ï�Ä�æ�–�t	r�g�›�æ�O�t�x
flatfile  �¯�Ú�ï�Å�›�–�M�‡�b�{

bi or uby> f l at f i l e( " gbphg. seq" )  do | ent r y |
bi or uby+   # do somet hi ng on ent r y
bi or uby+ end

�Ò�é�¿�«�›�¦���`�s�M	Ô�ù�x�z�Ñ�•� �ç�¤�w�7	s�w�¤�ï�Ä�æ�›	��˜�`�‡�b�{

bi or uby> ent r y  = f l at f i l e( " gbphg. seq" )
bi or uby> gb = f l at par se( ent r y )
bi or uby> put s  gb. ent r y_i d

f l at aut o( file)

�¤�¤�ï�Ä�æ�›  flatparse  �q�‰�7�t�Í�”�µ�`�h	Ý�6�p	q
j�t	r�g�b�”�h�Š�t�x�z  flatfile  �¯�Ú�ï�Å�w�E�˜�“�t
flatauto  �¯�Ú�ï�Å�›�–�M�‡�b�{



bi or uby> f l at aut o( " gbphg. seq" )  do | ent r y |
bi or uby+   pr i nt  ent r y . ent r y_i d
bi or uby+   put s   ent r y . def i ni t i on
bi or uby+ end

flatfile  �‰�7�z�Ò�é�¿�«�›�¦���`�s�M	Ô�ù�x�z�Ñ�•� �ç�¤�w�7	s�w�¤�ï�Ä�æ�›  	��˜�`�z�Í�”�µ�`�h�¦�Ò�´�£�«�Ä
�›�&�`�‡�b�{

bi or uby> gb = f l at f i l e( " gbphg. seq" )
bi or uby> put s  gb. ent r y_i d

�Ñ�å�¿�Ä�Ñ�•� �ç�w� �ï�Ã�«�³�ï�¬

EMBOSS �w dbiflat  �t�Å�h�;�ó�q�`�o�z BioRuby,  BioPerl  �s�r�t�ž�è�w  BioFlat  �q�M�O� �ï�Ã�¿�«�µ�›�^
R
�b�”�“
Ê�ˆ�U�K�“�‡�b�{�°�S� �ï�Ã�¿�«�µ�›  �^
R�`�o�S�X�q�¤�ï�Ä�æ�w	��“	Z�`�U�ô���T�m�0�›�t�æ�Q�‡�b�{  
�\�•�t�‘�“�×
ü
•�;�w�Ã�”�»�Õ�”�µ�›	��0�t�^�”�\�q�U�p�V�‡�b�{

f l at i ndex ( db_name,  * source_file_list)

GenBank  �w�Ñ�•�”�´�w
��»�Ñ�•� �ç  gbphg.seq  �t�Ö�l�o�M�”�¤�ï�Ä�æ�t�0�`�o  mydb  �q�M�O�Ã�”�»�Õ�”�µ
�Ê�p� �ï�Ã�¿�«�µ�›�^
R�`�‡�b�{

bi or uby> f l at i ndex( " mydb" ,  " gbphg. seq" )
Cr eat i ng Bi oFl at  i ndex ( . bi or uby/ bi of l at / mydb)  . . .  done

f l at s ear c h( db_name,  entry_id)

�^
R�`�h  mydb  �Ã�”�»�Õ�”�µ�T�’�¤�ï�Ä�æ�›�q�“	Z�b�t�x  flatsearch  �¯�Ú�ï�Å�›  �–�M�‡�b�{

bi or uby> ent r y  = f l at sear ch( " mydb" ,  " AB004561" )
bi or uby> put s  ent r y
LOCUS       AB004561                2878 bp    DNA     l i near    PHG 20- MAY- 1998
DEFI NI TI ON  Bact er i ophage phi U gene f or  i nt egr ase,  compl et e cds,  i nt egr at i on
            s i t e.
ACCESSI ON   AB004561
( �t )

�7�‘�s  DB  �w
��»�›  FASTA  �Ñ�¥�”�Ú�¿�Ä�t�!�õ�`�o�-��

FASTA �Ñ�¥�”�Ú�¿�Ä�x
��»�Ã�”�»�p
ª	j�$�t�;�M�’�•�o�M�”�Ñ�¥�”�Ú�¿�Ä�p�b�{  �®> �¯�G�ø�p�x�a�‡�”�
�æ�è
�t
��»�w
†�Ì�U�K�“�z���æ�è�Ž�ñ�t
��»�U�m�n�V�‡�b�{  
��»�¤�w�í
(���È�x�Á�¹�^�•�‡�b�{

>ent r y_i d def i ni t i on . . .
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGT
ACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGTACGT


��»�w
†�Ì�æ�x�z�7	s�w�o� �U
��»�w  ID  �t�s�l�o�M�”�\�q�U���M�w�p�b�U�z  NCBI  �w BLAST �;�Ã�”�»�Õ�”
�µ�p�x�^�’�t�ô�S�s�Ï���=�U�S�\�s�˜�•�o�M�‡�b�{

ftp://ftp.ncbi.nih.gov/blast/documents/README.formatdb
http://blast.wustl.edu/doc/FAQ - Indexing.html#Identifiers
FASTA format  (Wikipedia)  http://en.wikipedia.org/wiki/Fasta_format

BioRuby  �w�Ã�”�»�Õ�”�µ�¤�ï�Ä�æ�w�«�å�µ�t�x�¤�ï�Ä�æ ID �z
��»�z���[�t�m�M�o  �ž�è�w�Ý�¹�¿�Å�U�;�™�^�•�o
�M�‡�b�{

entry_id  -  �¤�ï�Ä�æ  ID  �›	��˜
definition  -  ���[���›	��˜
seq  -  
��»�›	��˜

�\�•�’�w�ž�è�Ý�¹�¿�Å�›�–�O�q�z�r�œ�s
��»�Ã�”�»�Õ�”�µ�¤�ï�Ä�æ�p�‹  FASTA �Ñ�¥�”�Ú�¿�Ä�t�!�õ�p�V�”�Ó�é
�¬�å�Ü�U���o�t�^�•�‡�b�{



ent r y . seq. t o_f as t a( " #{ ent r y . ent r y_i d}  #{ ent r y . def i ni t i on} " ,  60)

�^�’�t�z BioRuby  �p�x�Ö�—�Ã�”�»�Õ�”�µ�w���Ü�›�×�ˆ
Q���p�V�‡�b�w�p�z  GenBank,  UniProt  �s�r���X�w	�
�A�s
��»�Ã�”�»�Õ�”�µ�p�x  �Ñ�•� �ç�Ê�›�¦���b�”�i�Z�p  FASTA �Ñ�¥�”�Ú�¿�Ä�t�!�õ�p�V�‡�b�{

f l at f as t a( fasta_file,  * source_file_list)

�Ö�—�Ã�”�»�Õ�”�µ�w�Ñ�•� �ç�Ê�w�æ�µ�Ä�T�’�z�¦���`�h  FASTA �Ñ�¥�”�Ú�¿�Ä�w  �Ñ�•� �ç�›
\
R�b�”�¯�Ú�ï�Å
�p�b�{�\�\�p�x�M�X�m�T�w  GenBank  �w�Ñ�•� �ç�›  FASTA �Ñ�¥�”�Ú�¿�Ä�t�!�õ�`�z myfasta.fa  �q�M�O�Ñ�•� 
�ç�t�-���`�o�M�‡�b�{

bi or uby> f l at f as t a( " myf ast a. f a" ,  " gbphg. seq" ,  " gbvr l 1. seq" ,  " gbvr l 2. seq" )
Sav i ng f as t a f i l e ( myf ast a. f a)  . . .  
  conver t i ng - -  gbphg. gbk
  conver t i ng - -  gbvr l 1. gbk
  conver t i ng - -  gbvr l 2. gbk
done

KEGG  API

BioRuby  �³�£�ç�p�x  KEGG API  �w�¢�£�Ò�±�”�Ï�µ�‹���o�t�b�;�p�V�‡�b�{

k eggdbs

�®�Ê�Ü�É�¿�Ä�p  KEGG API  �›�è�a�o�b�;�D�ó�s�Ã�”�»�Õ�”�µ�w�æ�µ�Ä�›
¯�Ô�`�‡�b�{

bi or uby> keggdbs
nt :      Non- r edundant  nuc l ei c  ac i d sequence dat abase
aa:      Non- r edundant  pr ot ei n sequence dat abase
gb:      GenBank nuc l ei c  ac i d sequence dat abase
( �t )

k eggor gs

KEGG �t	)�å�^�•�o�M�”
¶
\
ú	��w�æ�µ�Ä�›
¯�Ô�`�‡�b�{

bi or uby> keggor gs
aae:     Aqui f ex  aeol i cus
ac i :     Ac i net obact er  sp.  ADP1
af u:     Ar chaeogl obus f ul gi dus
( �t )

k eggpat hway s

KEGG �t	)�å�^�•�o�M�”
¶�Í�µ�¢�£� �w�æ�µ�Ä�›
¯�Ô�`�‡�b�{

bi or uby> keggpat hways
pat h: map00010:   Gl ycol ys i s  /  Gl uconeogenes i s  -  Ref er ence pat hway
pat h: map00020:   Ci t r at e cyc l e ( TCA cyc l e)  -  Ref er ence pat hway
pat h: map00030:   Pent ose phosphat e pat hway -  Ref er ence pat hway
( �t )

�¾
:�t�����È�w  KEGG 
\
ú	��G�ø�›�K�h�Q�”�q�z�f�w
\
ú�p�b�;�p�V�”  �Í�µ�¢�£� �i�Z�w�°�a�›�&�`�‡�b�{�G
�Î�Õ  eco  �w	Ô�ù�Ž�<�w�‘�O�t�s�“�‡�b�{

bi or uby> keggpat hways( " eco" )
pat h: eco00010:   Gl ycol ys i s  /  Gl uconeogenes i s  -  Escher i chi a col i  K- 12 MG1655
pat h: eco00020:   Ci t r at e cyc l e ( TCA cyc l e)  -  Escher i chi a col i  K- 12 MG1655
pat h: eco00030:   Pent ose phosphat e pat hway -  Escher i chi a col i  K- 12 MG1655
( �t )

k eggapi



�\�•�’�Ž�Ž�w  KEGG API  �w�Ý�¹�¿�Å�x�z keggapi  �t���Z�o�z�|	Z�b�\�q�p  �b�;�p�V�‡�b�{

bi or uby> p keggapi . get _genes_by_pat hway( " pat h: eco00010" )
[ " eco: b0114" ,  " eco: b0115" ,  " eco: b0116" ,  " eco: b0356" ,  " eco: b0688" ,  ( �t )

�b�;�D�ó�s�Ý�¹�¿�Å�w�°�a�x  KEGG API  �w�Ú�Ç�á�ž�ç�›�€	°�`�o�X�i�^�M�{

http://www.genome.jp/kegg/soap/doc/keggapi_manual_ja.html

DBGET

�®�Ê�Ü�É�¿�Ä�w  DBGET �w�¯�Ú�ï�Å�p�K�”  binfo,  bfind,  bget,  btit,  bconv  �x  KEGG API  �›�b�;�`�o�f�w�‡
�‡�î�æ�p�V�”�‘�O�t�s�l�o�M�‡�b�{

bi nf o

bi or uby> bi nf o
                         * * *  Last  dat abase updat es * * *
Dat e      Dat abase              Rel ease              #Ent r i es       #Res i dues

- - - - - - - -   - - - - - - - - - - - - -    - - - - - - - - - - - - - - - - - - - - - - - -   - - - - - - - - - - - -   - - - - - - - - - - - - - - - -
 05/ 12/ 06  nr - nt                  05- 12- 04 ( Dec 05)     63, 078, 043   111, 609, 773, 616
 05/ 12/ 06  nr - aa                 05- 12- 05 ( Dec 05)      2, 682, 790       890, 953, 839
 05/ 10/ 25  genbank                  150. 0 ( Oct  05)     49, 152, 445    53, 655, 236, 500
 05/ 12/ 06  genbank- upd       150. 0+/ 12- 04 ( Dec 05)      7, 470, 976     6, 357, 888, 366
 ( �t )

binfo  �¯�Ú�ï�Å�t���Z�o�Ã�”�»�Õ�”�µ�Ê�›�¦���b�”�\�q�p�‘�“	Ä�I�s	Ø�C�U  
¯�Ô�^�•�‡�b�{

bi or uby> bi nf o " genbank"
genbank          GenBank nuc l ei c  ac i d sequence dat abase
gb               Rel ease 150. 0,  Oct  05
                 Nat i onal  Cent er  f or  Bi ot echnol ogy I nf or mat i on
                 49, 152, 445 ent r i es ,  53, 655, 236, 500 bases
                 Last  updat e:   05/ 10/ 25
                 <dbget > <f as t a> <bl as t >

bf i nd( keyword)

bfind  �¯�Ú�ï�Å�p�Ã�”�»�Õ�”�µ�t�0�b�”�©�”�ë�”�Å�±�”�½�›�æ�O�\�q�U�p�V�‡�b�{  �Ã�”�»�Õ�”�µ�Ê�q�U�g�`�h
�M�©�”�ë�”�Å�›���È�»�p�I�`�‡�b�{

bi or uby> l i s t  = bf i nd " genbank ebol a human"
bi or uby> put s  l i s t
gb: BD177378 [ BD177378]  A monoc l onal  ant i body r ecogni z i ng ebol a v i r us .
gb: BD177379 [ BD177379]  A monoc l onal  ant i body r ecogni z i ng ebol a v i r us .
( �t )

bget ( entry_id)

bget  �¯�Ú�ï�Å�p�¦���`�h  db:entry_id  �w�Ã�”�»�Õ�”�µ�¤�ï�Ä�æ�›	��˜�p�V�‡�b�{

bi or uby> ent r y  = bget  " gb: BD177378"
bi or uby> put s  ent r y
LOCUS       BD177378                  24 bp    DNA     l i near    PAT 16- APR- 2003
DEFI NI TI ON  A monoc l onal  ant i body r ecogni z i ng ebol a v i r us .
( �t )

�µ�«�æ�Ó�Ä
\
R

�^�À	�	q�›�µ�«�æ�Ó�Ä�=�`�o�-���`�o�S�X�\�q�‹�p�V�‡�b�{



bi or uby> scr i pt
- -  8< - -  8< - -  8< - -   Scr i pt   - -  8< - -  8< - -  8< - -
bi or uby> seq = seq( " gbphg. seq" )
bi or uby> p seq
bi or uby> p seq. t r ans l at e
bi or uby> scr i pt
- -  >8 - -  >8 - -  >8 - -   Scr i pt   - -  >8 - -  >8 - -  >8 - -
Sav i ng scr i pt  ( scr i pt . r b)  . . .  done


\
R�^�•�h  script.rb  �x�Ž�<�w�‘�O�t�s�“�‡�b�{

#! / usr / bi n/ env bi or uby

seq = seq( " gbphg. seq" )
p seq
p seq. t r ans l at e

�\�w�µ�«�æ�Ó�Ä�x  bioruby  �¯�Ú�ï�Å�p�î�æ�b�”�\�q�U�p�V�‡�b�{

% bi or uby scr i pt . r b

���›�³�£�ç�;�ó

c d( dir)

�§�è�ï�Ä�Ã�Ÿ�è�«�Ä�æ�›�!�Ë�`�‡�b�{

bi or uby> cd " / t mp"
" / t mp"

�×�”�Ü�Ã�Ÿ�è�«�Ä�æ�t�í�”�t�x�¾
:�›�m�Z�c�t  cd �›�î�æ�`�‡�b�{

bi or uby> cd
" / home/ k"

pwd

�§�è�ï�Ä�Ã�Ÿ�è�«�Ä�æ�›
¯�Ô�`�‡�b�{

bi or uby> pwd
" / home/ k"

di r

�§�è�ï�Ä�Ã�Ÿ�è�«�Ä�æ�w�Ñ�•� �ç�›�°�a
¯�Ô�`�‡�b�{

bi or uby> di r
   UGO  Dat e                                 By t e  Fi l e
- - - - - -   - - - - - - - - - - - - - - - - - - - - - - - - - - - -   - - - - - - - - - - -   - - - - - - - - - - - -
 40700  Tue Dec 06 07: 07: 35 JST 2005         1768  " Deskt op"
 40755  Tue Nov 29 16: 55: 20 JST 2005         2176  " bi n"
100644  Sat  Oct  15 03: 01: 00 JST 2005     42599518  " gbphg. seq"
( �t )

bi or uby> di r  " gbphg. seq"
   UGO  Dat e                                 By t e  Fi l e
- - - - - -   - - - - - - - - - - - - - - - - - - - - - - - - - - - -   - - - - - - - - - - -   - - - - - - - - - - - -
100644  Sat  Oct  15 03: 01: 00 JST 2005     42599518  " gbphg. seq"

head( file,  lines = 10)

�Â�©�µ�Ä�Ñ�•� �ç�•�¦�Ò�´�£�«�Ä�w
Œ�„  10  �æ�›
¯�Ô�`�‡�b�{



bi or uby> head " gbphg. seq"
GBPHG. SEQ            Genet i c  Sequence Dat a Bank
                          Oct ober  15 2005

                NCBI - GenBank Fl at  Fi l e Rel ease 150. 0

                          Phage Sequences         

    2713 l oc i ,     16892737 bases,  f r om     2713 r epor t ed sequences


¯�Ô�b�”�æ
:�›�¦���b�”�\�q�‹�p�V�‡�b�{

bi or uby> head " gbphg. seq" ,  2
GBPHG. SEQ            Genet i c  Sequence Dat a Bank
                          Oct ober  15 2005

�Â�©�µ�Ä�w�Ö�l�o�M�”�!
:�w
Œ�„�›�_�”�\�q�‹�p�V�‡�b�{

bi or uby> ent r y  = ent ( " gbphg. seq" )
bi or uby> head ent r y ,  2
GBPHG. SEQ            Genet i c  Sequence Dat a Bank
                          Oct ober  15 2005

di s p( obj)

�Â�©�µ�Ä�Ñ�•� �ç�•�¦�Ò�´�£�«�Ä�w�¤
��›�Ö�”�´�ß�”�p
¯�Ô�`�‡�b�{  �\�\�p�–�;�b�”�Ö�”�´�ß�”�x  pager  �¯�Ú
�ï�Å�p�!�Ë�b�”�\�q�U�p�V�‡�b�¢�™	\�£�{

bi or uby> di sp " gbphg. seq"
bi or uby> di sp ent r y
bi or uby> di sp [ 1,  2,  3]  *  4

�!
:

l s

�·�¿�³�ã�ï�¤�t�^
R�`�h�!
:�¢�¦�Ò�´�£�«�Ä�£�w�°�a�›
¯�Ô�`�‡�b�{

bi or uby> l s
[ " ent r y" ,  " seq" ]

bi or uby> a = 123
[ " a" ,  " ent r y" ,  " seq" ]

r m( symbol)

�!
:�›	«�ˆ�`�‡�b�{

bi or uby> r m " a"

bi or uby> l s
[ " ent r y" ,  " seq" ]

s av ef i l e( filename,  object)

�!
:�t�-���^�•�o�M�”�º�0�›�Â�©�µ�Ä�Ñ�•� �ç�t�-���`�‡�b�{

bi or uby> savef i l e " t es t f i l e. t x t " ,  ent r y
Sav i ng dat a ( t es t f i l e. t x t )  . . .  done

bi or uby> di sp " t es t f i l e. t x t "



�¤	�
ƒ��

�ì���=�w�“
Ê�ˆ�q�`�o  BioRuby  �³�£�ç	4�ƒ�Ì�t  session  �Ã�Ÿ�è�«�Ä�æ�º�t  �Î�µ�Ä�æ�z�¦�Ò�´�£�«�Ä�z�x
��w

ƒ���U�-���^�•�z�Í�s�I�ˆ�Ì�t�×�ˆ�$�t  �¡�ˆ���‡�•�‡�b�{

c onf i g

BioRuby  �³�£�ç�w�¤	�
ƒ���›
¯�Ô�`�‡�b�{

bi or uby> conf i g
message = " . . . Bi oRuby i n t he shel l . . . "
mar shal  = [ 4,  8]
col or    = f al se
pager    = ni l
echo    = f al se

echo  
¯�Ô�b�”�T�r�O�T�›
~�“�8�Q�‡�b�{ on  �w	Ô�ù�x�z puts  �•  p  �s�r�›  �m�Z�s�X�o�‹
°�A�`�h�‹�U�h�Ø�t
¯
�Ô�^�•�‡�b�{  irb  �¯�Ú�ï�Å�w	Ô�ù�x	s�8
ƒ���U  on  �t�s�l�o�M�‡�b�U�z bioruby  �¯�Ú�ï�Å�p�x  �Õ�M
��»�•�¤�ï
�Ä�æ�s�r�Õ�G�s���È�»�›�{�O�\�q�U���M�h�Š�z	s�8
ƒ���p�x  off  �t�`�o�M�‡�b�{

bi or uby> conf i g : echo
Echo on
  ==> ni l

bi or uby> conf i g : echo
Echo of f

�¯�Å�ï
¯�s�r�z�D�ó�s	Ô�ù�t�§�å�”
¯�Ô�b�”�T�r�O�T�›
~�“�8�Q�‡�b�{  �§�å�”
¯�Ô�w	Ô�ù�z�Ó�é�ï�Ó�Ä�t�‹	í
�U�m�V�‡�b�w�p
Q���p�V�‡�b�{

bi or uby> conf i g : col or
bi or uby> codont abl e
( 	í
Ç�V )

�î�æ�b�”�h�|�t
ƒ���U
~�“�8�˜�“�‡�b�{

bi or uby> conf i g : col or
bi or uby> codont abl e
( 	í�s�` )

BioRuby  �³�£�ç�I�ˆ�Ì�t
¯�Ô�^�•�”�µ�Ó�å�¿�³�á�Ý�¿�·�”�´�›�§�O���È�»�t  �!�Ë�`�‡�b�{�?�w�r
s�Ó�é�´�£�«
�Ä�;�w�Ã�Ÿ�è�«�Ä�æ�T�›�¦���`�o�S�X�w�‹  �‘�M�p�`�•�O�{

bi or uby> conf i g : message,  " Kumamushi  genome pr oj ec t "

K u m a m u s  h i    g e n o m e   p r  o j  e c  t

  Ver s i on :  Bi oRuby 0. 8. 0 /  Ruby 1. 8. 4

�Ã�Ñ�¥�ç�Ä�w���È�»�t�í�b�t�x�z�¾
:�s�`�p�î�æ�`�‡�b�{

bi or uby> conf i g : message

BioRuby  �³�£�ç�I�ˆ�Ì�t
¯�Ô�^�•�”�µ�Ó�å�¿�³�á�Ý�¿�· ! �´�›  �ž�Ç�Ý�”�³�ã�ï
¯�Ô�b�”�T�r�O�T�›
~�“�8�Q�‡
�b�{  �\�j�’�‹�î�æ�b�”�h�|�t
ƒ���U
~�“�8�˜�“�‡�b�{

bi or uby> conf i g : spl ash
Spl ash on

pager ( command)



disp  �¯�Ú�ï�Å�p�î�M�t�b�;�b�”�Ö�”�´�ß�”�›
~�“�8�Q�‡�b�{

bi or uby> pager  " l v "
Pager  i s  set  t o ' l v '

bi or uby> pager  " l ess  - S"
Pager  i s  set  t o ' l ess  - S'

�Ö�”�´�ß�”�›�–�;�`�s�M
ƒ���t�b�”	Ô�ù�x�¾
:�s�`�p�î�æ�`�‡�b�{

bi or uby> pager
Pager  i s  set  t o ' of f '

�Ö�”�´�ß�”�U  off  �w�Ì�t�¾
:�s�`�p�î�æ�b�”�q���¥�!
:  PAGER �w�‹�›�b�;�`�‡�b�{

bi or uby> pager
Pager  i s  set  t o ' l ess '

�¨�;� �ž�µ�©�”�ž�”�Ä

doubl ehel i x ( sequence)

DNA 
��»�›�ž�µ�©�”�ž�”�Ä�p
¯�Ô�b�”�¦�Ú�­�;�ó�U�K�“�‡�b�{  �&�p�s���,
��»  seq  �›�Ë	O�P
Ÿ�l�†�X
¯�Ô�`
�o�ˆ�‡�`�•�O�{

bi or uby> dna = seq( " at gc"  *  10) . r andomi ze
bi or uby> doubl ehel i x  dna
     t a
    t - - a
   a- - - t
  a- - - - t
 a- - - - t
t - - - a
g- - c
 cg
 gc
a- - t
g- - - c
 c - - - - g
  c - - - - g
( �t )

�¨�;� �;�¸

mi di f i l e( midifile,  sequence)

DNA 
��»�›  MIDI  �Ñ�•� �ç�t�!�õ�b�”�¦�Ú�­�;�ó�U�K�“�‡�b�{  �&�p�s���,
��»  seq  �›�–�l�o
\
R�`�h
midifile.mid  �›  MIDI  �Ó�è� �à�”�p��
×�`�o�ˆ�‡�`�•�O�{

bi or uby> mi di f i l e( " mi di f i l e. mi d" ,  seq)
Sav i ng MI DI  f i l e ( mi di f i l e. mi d)  . . .  done

�Ž	Í�p  BioRuby  �³�£�ç�w�r
†�›	4�˜�“�z�Ž�<�p�x  BioRuby  �å� �Ò�å�æ�×�.�w  �r
†�›�æ�M�‡�b�{

���,�~�ž�Û�Ê�Ž
��»�›	r�g�b�”  (Bio::Sequence  �«�å�µ )

Bio::Sequence  �«�å�µ�x�z
��»�t�0�b�”�7�‘�s
â�^�›�æ�O�\�q�U�p�V�‡�b�{  ���o�s�«�q�`�o�z�y�M���,
��»
atgcatgcaaaa  �›�–�l�o�z
ì�4
��»�•�w�!�õ�z  
æ
ü
��»�w
~�“	Z�`�z���,
Ê
R�w�-�‰�z�ž�Û�Ê�Ž�•�w�‹���z
ü
� �”�-�‰�s�r�›  �æ�s�l�o�ˆ�‡�b�{�ž�Û�Ê�Ž�•�w�‹���p�x�z
ž�A�t� �a�o�?���,�è�T�’�‹���›�‰  �•�b�”�T�Ñ�è�”
�Ü�›�¦���`�h�“�z codontable.rb  �p���[�^�•�o�M�”�¯�Å�ï�Â�”  �Ò�ç�w�¤�T�’�–�;�b�”�‹�w�›�¦���`�h�“�b�”�Ä



�U�p�V�‡�b�¢�¯�Å�ï�Â�”�Ò�ç�w  
j�ø�x  http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi  �›�€
	°�£�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

seq = Bi o: : Sequence: : NA. new( " at gcat gcaaaa" )

put s  seq                            # �i�w
��»
put s  seq. compl ement                  # 
ì�4
��»  ( Bi o: : Sequence: : NA)
put s  seq. subseq( 3, 8)                 # 3 ���,�è�T�’  8 ���,�è�‡�p

p seq. gc_per cent                     # GC ���,�w�Â�ù  ( I nt eger )
p seq. compos i t i on                   # 
¶���,
Ê
R  ( Hash)

put s  seq. t r ans l at e                  # �‹��
��»  ( Bi o: : Sequence: : AA)
put s  seq. t r ans l at e( 2)                # �����È�è�T�’�‹���¢
Ó�è�x�
�T�’�£
put s  seq. t r ans l at e( 1, 9)              # ��
j�w�¯�Å�ï�Â�”�Ò�ç�›�–�;

p seq. t r ans l at e. codes               # �ž�Û�Ê�Ž�›�����È�¯�”�Å�p
¯�Ô  ( Ar r ay)
p seq. t r ans l at e. names               # �ž�Û�Ê�Ž�›�Ê
²�p
¯�Ô  ( Ar r ay)
p seq. t r ans l at e. compos i t i on         # �ž�Û�Ê�Ž
Ê
R  ( Hash)
p seq. t r ans l at e. mol ecul ar _wei ght     # 
ü� �”�›�-�‰  ( Fl oat )

put s  seq. compl ement . t r ans l at e       # 
ì�4
��»�w�‹��

print,  puts,  p  �x�º�0�›�h�Ø�t
¯�Ô�b�”�h�Š�w  Ruby  
ª	j�Ý�¹�¿�Å�p�b�{  �,�Š�q�s�”  print  �q
z�‚�o�z puts  
�x�~�æ�›�×�ˆ�p�m�Z�o�X�•�”�z  p  �x���È�»�•
:�È�Ž�Ž�w�¦�Ò�´�£�«�Ä�‹
����U�_�•�b�M�‘�O�t
¯�Ô�`�o�X�•
�”�z  �q�M�O�›�Ã�U�K�“�‡�b�w�p�&�S�–�M
ü�Z�‡�b�{�^�’�t�z

r equi r e ' pp'

�q�b�•�y�–�Q�”�‘�O�t�s�”  pp  �Ý�¹�¿�Å�x�z p  �‘�“�‹
¯�Ô�U�_�•�b�X�s�“�‡�b�{

���,
��»�x  Bio::Sequence::NA  �«�å�µ�w�z�ž�Û�Ê�Ž
��»�x  Bio::Sequence::AA  �«�å�µ�w�¦�Ò�´�£�«�Ä�t�s
�“�‡�b�{�f�•�g�•  Bio::Sequence  �«�å�µ�›�'	•�`  �o�M�”�h�Š�z���X�w�Ý�¹�¿�Å�x�ž�è�p�b�{

�^�’�t  Bio::Sequence::NA,  AA �«�å�µ�x  Ruby  �w String  �«�å�µ�›�'	•�`�o�M�”�w�p  String  �«�å�µ�U�Ë�m
�Ý�¹�¿�Å�‹�–�O�Ä�U�p�V�‡�b�{�«�Q�y
æ
ü
��»�›
~�“	Z�b�t�x  Bio::Sequence  �«�å�µ�w  subseq(from,to)  �Ý
�¹�¿�Å�w���t�z String  �«�å�µ�w  []  �Ý�¹�¿�Å�›�–�O�\�q�‹�p�V�‡�b�{

Ruby  �w���È�»�x  1  ���È�è�›  0  
j�è�q�`�o
:�Q�”�:�t�x�«�™�U
ž�A�p�b�{�h�q�Q�y�z

put s  seq. subseq( 1,  3)
put s  seq[ 0,  3]

�x�r�j�’�‹  seq  �w�7	s�w�����È  atg  �›
¯�Ô�`�‡�b�{

�\�w�‘�O�t�z String  �w�Ý�¹�¿�Å�›�–�O	Ô�ù�x�z
\
ú�¶�p
Ó�è�–�;�^�•�”  1  ���È�è�›  1  
j�è�q�`�o
:�Q�h
:�È
�T�’�x  1  �›�¾�X
ž�A�U�K�“�‡�b�¢ subseq  �Ý�¹�¿�Å�x  �\�•�›�º
æ�p�•�l�o�M�‡�b�{�‡�h�z from,  to  �w�r�j�’
�T�p�‹  0  �Ž�<�w	Ô�ù�x  �«�Ž�U
C
\�b�”�‘�O�t�s�l�o�M�‡�b�£�{

�\�\�‡�p�w	r�g�›  BioRuby  �³�£�ç�p�¼�b�q�Ž�<�w�‘�O�t�s�“�‡�b�{

# �Í�w�æ�x  seq = seq( " at gcat gcaaaa" )  �p�‹�‘�M
bi or uby> seq = Bi o: : Sequence: : NA. new( " at gcat gcaaaa" )
# 
\
R�`�h
��»�›
¯�Ô
bi or uby> put s  seq
at gcat gcaaaa
# 
ì�4
��»�›
¯�Ô
bi or uby> put s  seq. compl ement
t t t t gcat gcat
# 
æ
ü
��»�›
¯�Ô�¢�����,�è�T�’�����,�è�‡�p�£
bi or uby> put s  seq. subseq( 3, 8)



gcat gc
# 
��»�w  GC% �›
¯�Ô
bi or uby> p seq. gc_per cent
33
# 
��»�w
Ê
R�›
¯�Ô
bi or uby> p seq. compos i t i on
{ " a" =>6,  " c" =>2,  " g" =>2,  " t " =>2}
# �ž�Û�Ê�Ž
��»�•�w�‹��
bi or uby> put s  seq. t r ans l at e
MHAK
# �����,�›�‰�•���,�q�`�o�‹��
bi or uby> put s  seq. t r ans l at e( 2)
CMQ
# ��
j�w�¯�Å�ï�Â�”�Ò�ç�›�–�;�`�o�‹��
bi or uby> put s  seq. t r ans l at e( 1, 9)
MHAN
# �‹���^�•�h�ž�Û�Ê�Ž
��»�›�����È�¯�”�Å�p
¯�Ô
bi or uby> p seq. t r ans l at e. codes
[ " Met " ,  " Hi s" ,  " Al a" ,  " Lys" ]
# �‹���^�•�h�ž�Û�Ê�Ž
��»�›�ž�Û�Ê�Ž�w�Ê
²�p
¯�Ô
bi or uby> p seq. t r ans l at e. names
[ " met hi oni ne" ,  " hi s t i di ne" ,  " al ani ne" ,  " l ys i ne" ]
# �‹���^�•�h�ž�Û�Ê�Ž
��»�w
Ê
R�›
¯�Ô
bi or uby> p seq. t r ans l at e. compos i t i on
{ " K" =>1,  " A" =>1,  " M" =>1,  " H" =>1}
# �‹���^�•�h�ž�Û�Ê�Ž
��»�w
ü� �”�›
¯�Ô
bi or uby> p seq. t r ans l at e. mol ecul ar _wei ght
485. 605
# 
ì�4
��»�›�‹��
bi or uby> put s  seq. compl ement . t r ans l at e
FCMH
# 
æ
ü
��»�¢�
���,�è�T�’�����,�è�‡�p�£
bi or uby> put s  seq. subseq( 1,  3)
at g
# 
æ
ü
��»�¢�
���,�è�T�’�����,�è�‡�p�£
bi or uby> put s  seq[ 0,  3]
at g

window_search(window_size,  step_size)  �Ý�¹�¿�Å�›�–�O�q�z
��»�t�0�`�o�¢�Ÿ  �ï�Å�¢�›�c�’�`�s�U�’�f
�•�g�•�w
æ
ü
��»�t�0�b�”	r�g�›�æ�O�\�q�U�p�V�‡�b�{  Ruby  �w�›�Õ�w�{�q�m�p�K�”�®�Ò�é�¿�«�¯�t�‘�l�o�z
�®�f�•�g�•�t�0�b�”	r�g�¯�›  ���?�T�m�Ì�Ž�t	{�X�\�q�U�D�ó�p�b�{�Ž�<�w�«�p�x�z subseq  �q�M�O�!
:�t�f�•
�g�•  
æ
ü
��»�›�E�Ö�`�s�U�’�Ò�é�¿�«�›���“�&�`�î�æ�b�”�\�q�t�s�“�‡�b�{

100  ���,�]�q�t�¢ 1���,�c�m�c�’�`�s�U�’�£���É  GC%  �›�-�‰�`�o
¯�Ô�b�”

seq. wi ndow_sear ch( 100)  do | subseq|
  put s  subseq. gc_per cent
end

�Ò�é�¿�«�w�¤�p	!�Z	��”
æ
ü
��»�‹�z�i�q�‰�a  Bio::Sequence::NA  �‡�h�x  Bio::Sequence::AA  �«�å�µ�w�¦
�Ò�´�£�«�Ä�s�w�p�z
��»�«�å�µ�w�Ë�m
¶�o�w�Ý  �¹�¿�Å�›�î�æ�b�”�\�q�U�p�V�‡�b�{

�‡�h�z��
j�è�w�¾
:�t� �ˆ
ï�›�¦���b�”�\�q�U	Z�R�”�‘�O�t�s�l�o�M�”�w�p�z

�¯�Å�ï�o�•�p�c�’�`�s�U�’  15  ���,�›  5  �’�,�w�Ö�Ó�½�Å�t�‹���`�o
¯�Ô�b�”

seq. wi ndow_sear ch( 15,  3)  do | subseq|
  put s  subseq. t r ans l at e
end

�q�M�l�h�\�q�U�p�V�‡�b�{�^�’�t� �ˆ
ï�t�¬�h�s�M�È�z�w
æ
ü
��»�›�Ý�¹�¿�Å  �×�.�w�&�“�‹�q�`�o�í�b�‘�O�t
�s�l�o�M�”�w�p�z

�®�Ê�Ü
��»�›  10000bp  �]�q�t�Ò�À
~�“�t�`�o  FASTA �Ñ�¥�”�Ú�¿�Ä�t
T���z  �\�w�q�V�¤�z  1000bp  
�x�¦�”�Ì�”�å�¿�Ó�^�d�z 10000bp  �t�¬�h�s�M  3'  �z�x  ���M	!�Z	��l�o
¯�Ô�b�”



i  = 1
r emai nder  = seq. wi ndow_sear ch( 10000,  9000)  do | subseq|
  put s  subseq. t o_f as t a( " segment  #{ i } " ,  60)
  i  += 1
end
put s  r emai nder . t o_f as t a( " segment  #{ i } " ,  60)

�w�‘�O�s�Ä�‹�˜�“�q���o�t�p�V�‡�b�{

�¢�Ÿ�ï�Å�¢�w
ï�q� �ˆ
ï�›�‰�a�t�b�”�q�¦�”�Ì�”�å�¿�Ó�`�s�M�¢�Ÿ�ï�Å�¢�±�”  �½�U�p�V�”�w�p�z

�¯�Å�ï
Ã�S�›
:�Q�”

codon_usage = Hash. new( 0)
seq. wi ndow_sear ch( 3,  3)  do | subseq|
  codon_usage[ subseq]  += 1
end

10  �’�,�c�m
ü� �”�›�-�‰

seq. wi ndow_sear ch( 10,  10)  do | subseq|
  put s  subseq. mol ecul ar _wei ght
end

�q�M�l�h� �;�‹�ß�Q�’�•�‡�b�{

�î�M�t�x  Bio::Sequence::NA  �¦�Ò�´�£�«�Ä�x�Ñ�•� �ç�T�’�¡�ˆ���œ�i���È�»�T  �’
\
R�`�h�“�z�Ã�”�»�Õ�”�µ
�T�’	��˜�`�h�‹�w�›�–�l�h�“�`�‡�b�{�h�q�Q�y�z

#! / usr / bi n/ env r uby

r equi r e ' bi o'

i nput _seq = ARGF. r ead       # �¾
:�p�)�Q�’�•�h�Ñ�•� �ç�w
¶�æ�›�¡�ˆ���‰

my_naseq = Bi o: : Sequence: : NA. new( i nput _seq)
my_aaseq = my_naseq. t r ans l at e

put s  my_aaseq

�\�w�Ó�é�¬�å�Ü�›  na2aa.rb  �q�`�o�z�Ž�<�w���,
��»

gt ggcgat c t t t ccgaaagcgat gact ggagcgaagaaccaaagcagt gacat t t gt c t g
at gccgcacgt aggcct gat aagacgcggacagcgt cgcat caggcat c t t gt gcaaat g
t cggat gcggcgt ga

�›	{�M�h�Ñ�•� �ç  my_naseq.txt  �›�¡�ˆ���œ�p�‹���b�”�q

% . / na2aa. r b my_naseq. t x t
VAI FPKAMTGAKNQSSDI CLMPHVGLI RRGQRRI RHLVQMSDAA*

�w�‘�O�t�s�“�‡�b�{�j�s�ˆ�t�z�\�w�X�’�M�w�«�s�’�y�X�b�”�q�
�æ�p	{�Z�‡�b�{

% r uby - r  bi o - e ' p Bi o: : Sequence: : NA. new( $<. r ead) . t r ans l at e'  my_naseq. t x t

�`�T�`�z�M�j�M�j�Ñ�•� �ç�›�^�”�w�‹�Ø�W�s�w�p�z�Í�x�Ã�”�»�Õ�”�µ�T�’
ž�A�s  	Ø�C�›	��˜�`�o�ˆ�‡�b�{

GenBank  �w�Í�”�µ  (Bio::GenBank  �«�å�µ )

GenBank  ���Ü�w�Ñ�•� �ç�›�;�™�`�o�X�i�^�M�¢	��i�t�s�M	Ô�ù�x�z  ftp://ftp.ncbi.nih.gov/genbank/  �T�’
.seq  �Ñ�•� �ç�›�¼�¢�ï�é�”�Å�`�‡�b�£�{



% wget  f t p: / / f t p. hgc. j p/ pub/ mi r r or / ncbi / genbank/ gbphg. seq. gz
% gunz i p gbphg. seq. gz

�‡�c�x�z�¤�¤�ï�Ä�æ�T�’  ID  �q
†�Ì���z
��»�›	��“	Z�`�o  FASTA ���Ü�t�!�õ�`�o  �ˆ�‡�`�•�O�{

Bio::GenBank::DELIMITER  �x  GenBank  �«�å�µ�p���[�^�•�o�M�”��
:�p�z  �Ã�”�»�Õ�”�µ�]�q�t�Ÿ�s�”�¤�ï
�Ä�æ�w�à
~�“���È�¢�h�q�Q�y  GenBank  �w	Ô�ù�x  // �£  �›�®�Q�o�M�s�X�o�‹�‘�M�‘�O�t�s�l�o�M�‡�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

whi l e ent r y  = get s( Bi o: : GenBank: : DELI MI TER)
  gb = Bi o: : GenBank. new( ent r y )       # GenBank �¦�Ò�´�£�«�Ä

  pr i nt  " >#{ gb. access i on}  "          # ACCESSI ON 
j�ø
  put s  gb. def i ni t i on                # DEFI NI TI ON �æ
  put s  gb. naseq                     # ���,
��»�¢ Sequence: : NA �¦�Ò�´�£�«�Ä�£
end

�`�T�`�z�\�w	{�V�M�p�x  GenBank  �Ñ�•� �ç�w�Ã�”�»�Ï���t�‘���`�o�M�‡�b�{  �Ñ�•� �ç�T�’�w�Ã�”�»�Ö�—�›�{
�O�«�å�µ  Bio::FlatFile  �›�–�;�b�”�\�q�p�z  �Ž�<�w�‘�O�t�à
~�“���È�s�r�›�>�t�d�c	{�X�\�q�U�p�V�‡�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : Fl at Fi l e. new( Bi o: : GenBank,  ARGF)
f f . each_ent r y  do | gb|
  def i ni t i on = " #{ gb. access i on}  #{ gb. def i ni t i on} "
  put s  gb. naseq. t o_f as t a( def i ni t i on,  60)
end

���Ü�w�§�O�Ã�”�»�z�h�q�Q�y FASTA�Ñ�¥�”�Ú�¿�Ä�w�Ñ�•� �ç�›�¡�ˆ���‰�q�V�p�‹�z

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : Fl at Fi l e. new( Bi o: : Fast aFor mat ,  ARGF)
f f . each_ent r y  do | f |
  put s  " def i ni t i on :  "  + f . def i ni t i on
  put s  " nal en      :  "  + f . nal en. t o_s
  put s  " naseq      :  "  + f . naseq
end

�w�‘�O�t�z�‰�a�‘�O�s	{�V�M�p�A�‡�d�’�•�‡�b�{

�^�’�t�z�¤  Bio::DB  �«�å�µ�w  open  �Ý�¹�¿�Å�p�‰�7�w�\�q�U�p�V�‡�b�{�h�q�Q�y�z

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : GenBank. open( " gbvr l 1. seq" )
f f . each_ent r y  do | gb|
  def i ni t i on = " #{ gb. access i on}  #{ gb. def i ni t i on} "
  put s  gb. naseq. t o_f as t a( def i ni t i on,  60)     
end

�s�r�q	{�X�\�q�U�p�V�‡�b�¢�h�i�`�z�\�w	{�V�M�x�K�‡�“�–�˜�•�o�M�‡�d�œ ) �{

�Í�t�z GenBank  �w
ó�v�s  FEATURES �w�¤�›�Í�”�µ�`�o
ž�A�s	Ø�C�›	��“	Z�`�‡�b�{  �‡�c�x



/tranlation=" �ž�Û�Ê�Ž
��» "  �q�M�O Qualifier  �U�K�”	Ô�ù�i�Z  �ž�Û�Ê�Ž
��»�›�¨	Z�`�o
¯�Ô�`�o�ˆ�‡�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : Fl at Fi l e. new( Bi o: : GenBank,  ARGF)

# GenBank �w�
�¤�ï�Ä�æ�]�q�t
f f . each_ent r y  do | gb|

  # FEATURES �w�A
É�›�°�m�c�m	r�g
  gb. f eat ur es . each do | f eat ur e|

    # Feat ur e �t���‡�•�”  Qual i f i er  �›
¶�o�Ë�¿�³�á�t�!�õ
    hash = f eat ur e. t o_hash

    # Qual i f i er  �t  t r ans l at i on �U�K�”	Ô�ù�i�Z
    i f  hash[ ' t r ans l at i on' ]
      # �¤�ï�Ä�æ�w�ž�«�·�¿�³�ã�ï
j�ø�q�‹��
��»�›
¯�Ô
      put s  " >#{ gb. access i on}
      put s  hash[ ' t r ans l at i on' ]
    end
  end
end

�^�’�t�z Feature  �w�Ù�´�³�ã�ï�t	{�T�•�o�M�”	Ø�C�T�’�¤�ï�Ä�æ�w���,
��»�›  �µ�Ó�å� �³�ï�¬�`�z�f�•�›�‹��
�`�h�‹�w�q  /translation=  �t	{�T�•�o�M�h
��»�›  �†�M
¯�Ô�`�o
z�‚�o�ˆ�‡�`�•�O�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : Fl at Fi l e. new( Bi o: : GenBank,  ARGF)

# GenBank �w�
�¤�ï�Ä�æ�]�q�t
f f . each_ent r y  do | gb|

  # ACCESSI ON 
j�ø�q
\
ú	��Ê�›
¯�Ô
  put s  " ### #{ gb. access i on}  -  #{ gb. or gani sm} "

  # FEATURES �w�A
É�›�°�m�c�m	r�g
  gb. f eat ur es . each do | f eat ur e|

    # Feat ur e �w pos i t i on ( j oi n . . . �s�r )  �›	��“	Z�b
    pos i t i on = f eat ur e. pos i t i on

    # Feat ur e �t���‡�•�”  Qual i f i er  �›
¶�o�Ë�¿�³�á�t�!�õ
    hash = f eat ur e. t o_hash

    # / t r ans l at i on= �U�s�Z�•�y�µ�©�¿�Ó
    next  unl ess  hash[ ' t r ans l at i on' ]

    # / gene=,  / pr oduct = �s�r�w  Qual i f i er  �T�’�¨�;� �Ê�s�r�w	Ø�C�›	B�Š�”
    gene_i nf o = [
      hash[ ' gene' ] ,  hash[ ' pr oduct ' ] ,  hash[ ' not e' ] ,  hash[ ' f unct i on' ]
    ] . compact . j oi n( ' ,  ' )
    put s  " ## #{ gene_i nf o} "

    # ���,
��»�¢ pos i t i on �w	Ø�C�t�‘�l�o�µ�Ó�å� �³�ï�¬�£
    put s  " >NA spl i c i ng( ' #{ pos i t i on} ' ) "
    put s  gb. naseq. spl i c i ng( pos i t i on)

    # �ž�Û�Ê�Ž
��»�¢�µ�Ó�å� �³�ï�¬�`�h���,
��»�T�’�‹���£
    put s  " >AA t r ans l at ed by  spl i c i ng( ' #{ pos i t i on} ' ) . t r ans l at e"
    put s  gb. naseq. spl i c i ng( pos i t i on) . t r ans l at e

    # �ž�Û�Ê�Ž
��»�¢ / t r ans l at i on= �t	{�T�•�o�M�h�w�‹�w�£



    # �ž�Û�Ê�Ž
��»�¢ / t r ans l at i on= �t	{�T�•�o�M�h�w�‹�w�£
    put s  " >AA or i gi nal  t r ans l at i on"
    put s  hash[ ' t r ans l at i on' ]
  end
end

�‹�`�z�–�;�^�•�o�M�”�¯�Å�ï�Â�”�Ò�ç�U�Ã�Ñ�¥�ç�Ä  (universal)  �q�§�l�h�“�z  �7	s�w�¯�Å�ï�U  "atg"  �Ž�Ž�i�l
�h�“�z�·�è�Ê�³�µ�Â� �ï�U���‡�•�o�M�h�“�z  �K�”�M�x  BioRuby  �t�Ì�¬�U�K�•�y�z	Í�w�«�p
¯�Ô�^�•�”���m�w
�ž�Û�Ê�Ž
��»�x  �Ÿ�s�”�Ä�t�s�“�‡�b�{

�\�w�«�p�–�;�^�•�o�M�”  Bio::Sequence#splicing  �Ý�¹�¿�Å�x�z GenBank,  EMBL,  DDBJ �Ñ�¥�”�Ú�¿�Ä�p�–
�˜�•�o�M�”  Location  �w
¯�G�›�i�t�z���,
��»�T�’  
æ
ü
��»�›
~�“	Z�b�§�—�s�Ý�¹�¿�Å�p�b�{

�\�w  splicing  �Ý�¹�¿�Å�w�¾
:�t�x  GenBank  �s�w  Location  �w���È�»�Ž�Ž�t  BioRuby  �w Bio::Locations  �¦
�Ò�´�£�«�Ä�›�I�b�\�q�‹�D�ó�p�b�U�z  �è	×�x�_�ó�•�o�M�”  Location  ���È�»�w�M�U
ü�T�“�•�b�M�T�‹�Œ�•�‡�d
�œ�{  Location  ���È�»�w�Ñ�¥�”�Ú�¿�Ä�•  Bio::Locations  �t�m�M�o	Ä�`�X�Œ�“�h�M	Ô�ù�x  BioRuby  �w
bio/location.rb  �›�_�o�X�i�^�M�{

GenBank  ���Ü�w�Ã�”�»�w  Feature  �p�–�˜�•�o�M�h  Location  ���È�»�w�«

naseq. spl i c i ng( ' j oi n( 2035. . 2050, compl ement ( 1775. . 1818) , 13. . 345' )

�K�’�T�a�Š  Locations  �¦�Ò�´�£�«�Ä�t�!�õ�`�o�T�’�I�`�o�‹�‘�M

l ocs = Bi o: : Locat i ons. new( ' j oi n( ( 8298. 8300) . . 10206, 1. . 855) ' )
naseq. spl i c i ng( l ocs)

�j�s�ˆ�t�z�ž�Û�Ê�Ž
��»  (Bio::Sequence::AA)  �t�m�M�o�‹  splicing  �Ý�¹�¿�Å  �›�–�;�`�o
æ
ü
��»�›	��“	Z
�b�\�q�U�D�ó�p�b�{

�ž�Û�Ê�Ž
��»�w
æ
ü
��»�›
~�“	Z�b�¢�³�¬�Æ�ç�Ö�Ó�½�Å�s�r�£

aaseq. spl i c i ng( ' 21. . 119' )

GenBank  �Ž�Ž�w�Ã�”�»�Õ�”�µ

BioRuby  �p�x�z GenBank  �Ž�Ž�w�Ã�”�»�Õ�”�µ�t�m�M�o�‹�,�Š�$�s�{�M�M�x�‰�a�p�z  �Ã�”�»�Õ�”�µ�w�
�¤�ï�Ä
�æ
ü�w���È�»�›�0� �b�”�Ã�”�»�Õ�”�µ�w�«�å�µ�t�I�d�y�z  �Í�”�µ�^�•�h�A�L�U�¦�Ò�´�£�«�Ä�t�s�l�o�&�l�o�V
�‡�b�{

�Ã�”�»�Õ�”�µ�w�Ñ�å�¿�Ä�Ñ�•� �ç�T�’�
�¤�ï�Ä�æ�c�m	��“	Z�`�o�Í�”�µ�^�•�h  �¦�Ò�´�£�«�Ä�›	��“	Z�b�t�x�z

Œ�t�‹	Z�o�V�h  Bio::FlatFile  �›�–�M�‡�b�{  Bio::FlatFile.new  �w�¾
:�t�x�Ã�”�»�Õ�”�µ�t�0� �b�”  BioRuby  
�p�w�«�å�µ  �Ê (Bio::GenBank  �•  Bio::KEGG::GENES  �s�r )  �›�¦���`�‡�b�{

f f  = Bi o: : Fl at Fi l e. new( Bi o: : �Ã�”�»�Õ�”�µ�«�å�µ�Ê ,  ARGF)

�`�T�`�z�b�y�’�`�M�\�q�t�z�î�x  FlatFile  �«�å�µ�x�Ã�”�»�Õ�”�µ�w�×�ˆ�Ý�Ý�U  �p�V�‡�b�w�p�z

f f  = Bi o: : Fl at Fi l e. aut o( ARGF)

�›�–�O�w�U�°
j���o�p�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

f f  = Bi o: : Fl at Fi l e. aut o( ARGF)

f f . each_ent r y  do | ent r y |
  p ent r y . ent r y_i d          # �¤�ï�Ä�æ�w  I D
  p ent r y . def i ni t i on        # �¤�ï�Ä�æ�w
†�Ì��
  p ent r y . seq               # 
��»�Ã�”�»�Õ�”�µ�w	Ô�ù



end

f f . c l ose

�^�’�t�z�‰�M�h�Ã�”�»�Õ�”�µ�w���a�h�•�›�s�X�b�h�Š�t�x  Ruby  �w�Ò�é�¿�«�›  �Æ�;�`�o�Ž�<�w�‘�O�t	{�X�w�U
�‘�M�p�`�•�O�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

Bi o: : Fl at Fi l e. aut o( ARGF)  do | f f |
  f f . each_ent r y  do | ent r y |
    p ent r y . ent r y_i d          # �¤�ï�Ä�æ�w  I D
    p ent r y . def i ni t i on        # �¤�ï�Ä�æ�w
†�Ì��
    p ent r y . seq               # 
��»�Ã�”�»�Õ�”�µ�w	Ô�ù
  end
end

�Í�”�µ�^�•�h�¦�Ò�´�£�«�Ä�T�’�z�¤�ï�Ä�æ�¤�w�f�•�g�•�w
æ
ü�›	��“	Z�b�h�Š�w  �Ý�¹�¿�Å�x�Ã�”�»�Õ�”�µ�–�t
�Ÿ�s�“�‡�b�{�‘�X�K�”�ò�è�t�m�M�o�x

entry_id  �Ý�¹�¿�Å  !  �¤�ï�Ä�æ�w  ID  
j�ø�U�&�”
definition  �Ý�¹�¿�Å  !  �¤�ï�Ä�æ�w���[�æ�U�&�”
reference  �Ý�¹�¿�Å  !  �æ�Ñ�•�è�ï�µ�¦�Ò�´�£�«�Ä�U�&�”
organism  �Ý�¹�¿�Å  !  
\
ú	��Ê
seq  �•  naseq  �•  aaseq  �Ý�¹�¿�Å  !  �0� �b�”
��»�¦�Ò�´�£�«�Ä�U�&�”

�s�r�w�‘�O�t�ž�è�=�`�‘�O�q�`�o�M�‡�b�U�z
¶�o�w�Ý�¹�¿�Å�U�î
÷�^�•�o�M�”�˜  �Z�p�x�K�“�‡�d�œ�¢�ž�è�=�w
�¦
��x  bio/db.rb  �€	°�£�{�‡�h�z�I�T�M
æ
ü�x�¤  �Ã�”�»�Õ�”�µ�Í�”�²�–�t�Ÿ�s�”�w�p�z�f�•�g�•�w�Å�©�á�Ý�ï
�Ä�t	H�M�‡�b�{

�j���q�`�o�z�Ý�¹�¿�Å�Ê�U
ó
:���w	Ô�ù�x�z�¦�Ò�´�£�«�Ä�U
��»�q�`�o�&�“�‡�b�{  �h�q�Q�y  references  �Ý
�¹�¿�Å�›�Ë�m�«�å�µ�x
ó
:�w  Bio::Reference  �¦�Ò�´�£  �«�Ä�›  Array  �t�`�o�&�`�‡�b�U�z���w�«�å�µ�p�x�o

:���w  reference  �Ý�¹�¿�Å  �`�T�s�X�z�
�m�w  Bio::Reference  �¦�Ò�´�£�«�Ä�i�Z�›�&�b�z�q�M�l�h�ò�a�p
�b�{

PDB  �w�Í�”�µ  (Bio::PDB  �«�å�µ )

Bio::PDB  �x�z PDB ���Ü�›�¡�ˆ���‰�h�Š�w�«�å�µ�p�b�{ PDB �Ã�”�»�Õ�”�µ�x  PDB,  mmCIF,  XML (PDBML)  
�w��	��¨�w�Ñ�¥�”�Ú�¿�Ä�p���™�^�•�o�M�‡�b�U�z  �\�•�’�w�O�j  BioRuby  �p�0� �`�o�M�”�w�x  PDB �Ñ�¥�”�Ú�¿
�Ä�p�b�{

PDB �Ñ�¥�”�Ú�¿�Ä�w�“�7�x�z�Ž�<�w  Protein  Data  Bank  Contents  Guide  �›  �€	°�`�o�X�i�^�M�{

http://www.rcsb.org/pdb/file_formats/pdb/pdbguide2.2/guide2.2_frame.html

PDB  �Ã�”�»�w�¡�ˆ���ˆ

PDB �w�
�¤�ï�Ä�æ�U  1bl8.pdb  �q�M�O�Ñ�•� �ç�t�¨�ò�^�•�o�M�”	Ô�ù�x�z  Ruby  �w�Ñ�•� �ç�¡�ˆ���ˆ�;�ó�›
�–�l�o

ent r y  = Fi l e. r ead( " 1bl 8. pdb" )

�w�‘�O�t�b�”�\�q�p�z�¤�ï�Ä�æ�w�º�0�›���È�»�q�`�o  entry  �q�M�O�!
:�t  �E�Ö�b�”�\�q�U�p�V�‡�b�{�¤�ï�Ä�æ
�w�º�0�›�Í�”�µ�b�”�t�x

pdb = Bi o: : PDB. new( ent r y )

�q�`�‡�b�{�\�•�p�¤�ï�Ä�æ�U  Bio::PDB  �¦�Ò�´�£�«�Ä�q�s�“�z�Ú�™�w�Ã�”�»�›  	��“	Z�d�”�‘�O�t�s�“�‡�b�{

PDB �Ñ�¥�”�Ú�¿�Ä�x  Bio::FlatFile  �t�‘�”�×�ˆ�Ý�Ý�‹�D�ó�p�b�U�z�q�O�x  �
�Ñ�•� �ç�t
ó
:�¤�ï�Ä�æ�›���‰	Ô
�ù�t�x�0� �`�o�M�‡�d�œ�{  Bio::FlatFile  �›�–�l�o�
�¤�ï�Ä�æ
ü�i�Z�¡�ˆ���‰�t�x�z



pdb = Bi o: : Fl at Fi l e. aut o( " 1bl 8. pdb" )  {  | f f |  f f . next _ent r y  }

�q�`�‡�b�{�r�j�’�w�M�O�p�‹�!
:  pdb  �t�x�‰�a�A�L�U�˜�’�•�‡�b�{

�¦�Ò�´�£�«�Ä�w�Š
Ú�Ï��

�¤  PDB �¤�ï�Ä�æ�x�z�ó
:�È�����È�T�’�s�”  ID  �U
Ç�Z�’�•�o�M�‡�b�{  Bio::PDB  �¦�Ò�´�£�«�Ä�T�’  ID  �›	��æ
	Z�b�t�x  entry_id  �Ý�¹�¿�Å�›�–�M�‡�b�{

p pdb. ent r y_i d   # => " 1BL8"

�¤�ï�Ä�æ�w�“�A�t���b�”	Ø�C�‹�0� �b�”�Ý�¹�¿�Å�p	��“	Z�b�\�q�U�p�V�‡�b�{

p pdb. def i ni t i on # => " POTASSI UM CHANNEL ( KCSA)  FROM STREPTOMYCES LI VI DANS"
p pdb. keywor ds   # => [ " POTASSI UM CHANNEL" ,  " I NTEGRAL MEMBRANE PROTEI N" ]

���t�z�J�å	��•���Y�z�î�g�M�O�s�r�w	Ø�C�‹	��˜�p�V�‡�b�¢�f�•�g�•  authors,  jrnl,  method  �Ý�¹�¿�Å�£�{

PDB �Ã�”�»�x�z�,�Š�$�t�x�
�æ�U�
�m�w�è�¯�”�Å�›��
R�`�o�M�‡�b�{  �
�æ�t�Ö�“�V�’�s�M�Ã�”�»�›
ó
:�æ�t�¨
�ò�b�”  continuation  �q�M�O �“
Ê�ˆ�‹�;�™�^�•�o�M�‡�b�U�z�,�Š�x�
�æ�
�è�¯�”�Å�p�b�{

�¤�æ�w
Œ�„�����È�U�f�w�æ�w�Ã�”�»�w	��¨�›�Ô�b�Ê
²�¢�è�¯�”�Å�£�t�s�“�‡�b�{  BioRuby  �p�x�z HEADER �è
�¯�”�Å�t�0�`�o�x  Bio::PDB::Record::HEADER  �«�å�µ�z  TITLE �è�¯�”�Å�t�0�`�o�x
Bio::PDB::Record::TITLE  �«�å�µ�z�q�M�O�‘�O�t  �,�Š�$�t�x�¤�è�¯�”�Å�t�0� �b�”�«�å�µ�›�
�m�;�™�`�o�M
�‡�b�{  �h�i�`�z REMARK �q  JRNL �è�¯�”�Å�t���`�o�x�z�f�•�g�•
ó
:�w�Ñ�¥�”�Ú�¿�Ä�U  ���O�b�”�h�Š�z
ó
:
�w�«�å�µ�›�;�™�`�o�M�‡�b�{

�¤�è�¯�”�Å�t�ž�«�·�µ�b�”�‹�l�q�‹�o	m�s�M�O�x  record  �Ý�¹�¿�Å�p�b�{

pdb. r ecor d( " HELI X" )

�w�‘�O�t�b�”�q�z�f�w  PDB �¤�ï�Ä�æ�t���‡�•�”
¶�o�w  HELIX  �è�¯�”�Å�›  Bio::PDB::Record::HELIX  �«�å
�µ�w�¦�Ò�´�£�«�Ä�w
��»�q�`�o	��˜�p�V�‡�b�{

�\�w�\�q�›�~�‡�Q�z�Ž�<�p�x�z PDB �¤�ï�Ä�æ�w�Ý� �ï�s�º�0�p�K�”�q�.�Ï���t  ���b�”�Ã�”�»�Ï���w�{�M�M�›�_
�o�M�V�‡�b�{

�j�  :  Bio::PDB::Record::ATOM,  Bio::PDB::Record::HETATM  �«�å�µ

PDB �¤�ï�Ä�æ�x�z�»�ï�Í�«�í�z�©�Ž�¢ DNA,RNA �£�•�f�w���w
ü� �w�q�.�Ï���z  �é�.�$�t�x�j� �w���Í�i�2
ª
�›���œ�p�M�‡�b�{

�»�ï�Í�«�í�‡�h�x�©�Ž�w�j� �w�2
ª�x�z ATOM �è�¯�”�Å�t�¨�ò�^�•�o�M�‡�b�{  �0� �b�”�«�å�µ�x�z
Bio::PDB::Record::ATOM  �«�å�µ�p�b�{

�»�ï�Í�«�í�~�©�Ž�Ž�Ž�w�j� �w�2
ª�x�z HETATM �è�¯�”�Å�t�¨�ò�^�•�o�M�‡�b�{  �0� �b�”�«�å�µ�x�z
Bio::PDB::Record::HETATM  �«�å�µ�p�b�{

HETATM�y�«�å�µ�x  ATOM �«�å�µ�›�'	•�`�o�M�”�h�Š�z ATOM �q  HETATM �w �Ý�¹�¿�Å�w�–�M�M�x�‡�l�h�X
�‰�a�p�b�{

�ž�Û�Ê�Ž�’�,�¢�‡�h�x���,�£ :  Bio::PDB::Residue  �«�å�µ

�
�ž�Û�Ê�Ž�‡�h�x�
���,�o�•�p�j� �›�‡�q�Š�h�w�U  Bio::PDB::Residue  �p�b�{  Bio::PDB::Residue  �¦�Ò
�´�£�«�Ä�x�z�
�x�Ž	Í�w  Bio::PDB::Record::ATOM  �¦�Ò�´�£�«�Ä�›���ˆ�‡�b�{

�=�ù
ú :  Bio::PDB::Heterogen  �«�å�µ

�»�ï�Í�«�í�~�©�Ž�Ž�Ž�w
ü� �w�j� �x�z�,�Š�$�t�x
ü� �o�•�p  Bio::PDB::Heterogen  �t�‡�q�Š�’�•�o�M�‡
�b�{  Bio::PDB::Heterogen  �¦�Ò�´�£�«�Ä�x�z�
�x�Ž	Í�w  Bio::PDB::Record::HETATM  �¦�Ò�´�£�«�Ä�›��
�ˆ�‡�b�{



�/�¢�½�£� �ï�£ :  Bio::PDB::Chain  �«�å�µ

Bio::PDB::Chain  �x�z
ó
:�w  Bio::PDB::Residue  �¦�Ò�´�£�«�Ä�T�’�s�”  �
�x�w�»�ï�Í�«�í�‡�h�x�©�Ž�q�z

ó
:�w  Bio::PDB::Heterogen  �¦�Ò�´�£�«�Ä  �T�’�s�”�
�x�Ž	Í�w�f�•�Ž�Ž�w
ü� �›�¨�ò�b�”�Ã�”�»�Ï���p�b�{

�s�S�z�G
R�w	Ô�ù�x�z�»�ï�Í�«�í�~�©�Ž�¢ Bio::PDB::Residue �£�T�z  �f�•�Ž�Ž�w
ü� 
�¢ Bio::PDB::Heterogen �£�w�r�j�’�T�°	��¨�`�T�Ë�j�‡�d�œ�{  Chain  �›�{�q�m�`�T���‡�s�M  PDB �¤�ï�Ä�æ�p
�x�†�M�Ë�m	Ô�ù�U�K�”�‘�O�p�b�{

�¤  Chain  �t�x�z�ó
:�È�
���È�w  ID  �U
Ç�M�o�M�‡�b�¢ Chain  �›�{�q�m�`�T  ���‡�s�M  PDB �¤�ï�Ä�æ�w	Ô�ù�x�í

(���È�w�q�V�‹�K�“�‡�b�£�{

�Þ�Ã�ç :  Bio::PDB::Model

�
�x�Ž	Í�w  Bio::PDB::Chain  �U	B�‡�l�h�‹�w�U  Bio::PDB::Model  �p�b�{  �-
¢�A	¥�Ï���w	Ô�ù�z Model  �x�è
	×�
�x�i�Z�p�b�U�z NMR �Ï���w	Ô�ù�z  
ó
:�w  Model  �U���O�b�”�\�q�U�K�“�‡�b�{  
ó
:�w  Model  �U���O�b�”
	Ô�ù�z�¤  Model  �t�x�³�æ�ž�ç
j�ø�U
Ç�V�‡�b�{

�f�`�o�z�
�x�Ž	Í�w  Model  �U	B�‡�l�h�‹�w�U�z Bio::PDB  �¦�Ò�´�£�«�Ä�t�s�“�‡�b�{

�j� �t�ž�«�·�µ�b�”�Ý�¹�¿�Å

Bio::PDB#each_atom  �x
¶�o�w  ATOM �›	q
j�t�
�x�c�m�g�”� �Â�è�”�»�p�b�{

pdb. each_at om do | at om|
  p at om. xyz
end

�\�w  each_atom  �Ý�¹�¿�Å�x  Model,  Chain,  Residue  �¦�Ò�´�£�«�Ä�t�0�`�o�‹  �–�;�b�”�\�q�U�p�V�z�f�•�g
�•�z�f�w  Model,  Chain,  Residue  �º
æ�w�b�‚�o�w  ATOM �›�h�r�”� �Â�è�”�»�q�`�o�‡�V�‡�b�{

Bio::PDB#atoms  �x
¶�o�w  ATOM �›
��»�q�`�o�&�b�Ý�¹�¿�Å�p�b�{

p pdb. at oms. s i ze        # => 2820 �x�w  ATOM �U���‡�•�”�\�q�U�˜�T�”

each_atom  �q�‰�7�t  atoms  �Ý�¹�¿�Å�‹  Model,  Chain,  Residue  �¦�Ò�´�£�«�Ä  �t�0�`�o�–�;�D�ó�p�b�{

pdb. chai ns . each do | chai n|
  p chai n. at oms. s i ze    # => �¤  Chai n �–�w  ATOM 
:�U
¯�Ô�^�•�”
end

Bio::PDB#each_hetatm  �x�z
¶�o�w  HETATM �›	q
j�t�
�x�c�m�g�”� �Â�è�”�»�p�b�{

pdb. each_het at m do | het at m|
  p het at m. xyz
end

Bio::PDB#hetatms  
¶�o�w  HETATM �›
��»�q�`�o�&�b�w�x  hetatms  �Ý�¹�¿�Å�p�b�{

p pdb. het at ms. s i ze

�\�•�’�‹  atoms  �w	Ô�ù�q�‰�7�t�z Model,  Chain,  Heterogen  �¦�Ò�´�£�«�Ä�t  �0�`�o�–�;�D�ó�p�b�{

Bio::PDB::Record::ATOM,  Bio::PDB::Record::HETATM  �«�å�µ�w�–�M�M

ATOM �x�»�ï�Í�«�í�~�©�Ž�¢ DNA�~ RNA�£�›�Ï
R�b�”�j� �z HETATM �x�f�•�Ž�Ž�w  �j� �›�¨�ò�b�”�h�Š�w�«
�å�µ�p�b�U�z HETATM �U ATOM �«�å�µ�›�'	•�`�o�M�”�h�Š  �\�•�’�w�«�å�µ�p�Ý�¹�¿�Å�w�–�M�M�x�‡�l�h�X�‰
�a�p�b�{

p at om. ser i al        # �³�æ�ž�ç
j�ø



p at om. name         # �Ê
²
p at om. al t Loc       # Al t er nat e l ocat i on i ndi cat or
p at om. r esName      # �ž�Û�Ê�Ž�~���,�Ê�‡�h�x�=�ù
ú�Ê
p at om. chai nI D      # Chai n �w I D
p at om. r esSeq       # �ž�Û�Ê�Ž�’�,�w�³�”�­�ï�µ
j�ø
p at om. i Code        # Code f or  i nser t i on of  r es i dues
p at om. x             # X �2
ª
p at om. y             # Y �2
ª
p at om. z             # Z �2
ª
p at om. occupancy    # Occupancy
p at om. t empFact or    # Temper at ur e f ac t or
p at om. segI D        # Segment  i dent i f i er
p at om. el ement       # El ement  symbol
p at om. char ge       # Char ge on t he at om

�\�•�’�w�Ý�¹�¿�Å�Ê�x�z�j���q�`�o  Protein  Data  Bank  Contents  Guide  �w �G�L�t�ù�˜�d�o�M�‡�b�{�Ý�¹�¿
�Å�Ê�t  resName  �•  resSeq  �q�M�l�h�G�Ê�O  �¢ CamelCase �£�›�>�;�`�o�M�”�w�x�\�w�h�Š�p�b�{  �f�•�g�•�w
�Ý�¹�¿�Å�w�&�b�Ã�”�»�w�™�¯�x�z�“�7	{�›�€�ß�t�`�o�X�i�^�M�{

�\�w���t�‹�z�M�X�m�T�w�(�b�s�Ý�¹�¿�Å�›�;�™�`�o�M�‡�b�{  xyz  �Ý�¹�¿�Å�x�z�2
ª�›���Í�i�w�Õ�«�Ä�ç�q�`�o
�&�b�Ý�¹�¿�Å�p�b�{  �\�w�Ý�¹�¿�Å�x�z Ruby  �w Vector  �«�å�µ�›�'	•�`�o���Í�i�w�Õ�«�Ä�ç�t  �›�=�^�d�h
Bio::PDB::Coordinate  �«�å�µ�w�¦�Ò�´�£�«�Ä�›�&�`�‡�b  �¢�« :  Vector �›�'	•�`�h�«�å�µ�›�^
R�b�”�w�x�K�‡
�“
*	‘�^�•�s�M�‘�O�s�w�p�z  	•�R�z Vector �«�å�µ�w�¦�Ò�´�£�«�Ä�›�&�b�‘�O�“�7�!�Ë�b�”�T�‹�`�•�‡�d�œ�£�{

p at om. xyz

�Õ�«�Ä�ç�s�w�p�z�
�`�‰�z�¾�V�‰�z�º
u�s�r�›�{�Š�”�\�q�U�p�V�‡�b�{

# �j� ���w�‘�m�›�{�Š�”
p ( at om1. xyz -  at om2. xyz) . r   # r  �x�Õ�«�Ä�ç�w
ˆ�0�‹�›�{�Š�”�Ý�¹�¿�Å

# �º
u�›�{�Š�”
p at om1. xyz. i nner _pr oduct ( at om2. xyz)

���t�x�z�f�w�j� �t�0� �b�”  TER, SIGATM,  ANISOU  �è�¯�”�Å�›	��˜�b�”  ter,  sigatm,  anisou  �Ý�¹�¿�Å�‹
�;�™�^�•�o�M�‡�b�{

�ž�Û�Ê�Ž�’�,  (Residue)  �t�ž�«�·�µ�b�”�Ý�¹�¿�Å

Bio::PDB#each_residue  �x�z
¶�o�w  Residue  �›	q
j�t�g�”� �Â�è�”�»�p�b�{  each_residue  �Ý�¹�¿�Å�x�z
Model,  Chain  �¦�Ò�´�£�«�Ä�t�0�`�o�‹  �–�;�b�”�\�q�U�p�V�z�f�•�g�•�w  Model,  Chain  �t���‡�•�”
¶�o�w
Residue  �›�g�”� �Â�è�”�»�q�`�o�‡�V�‡�b�{

pdb. each_r es i due do | r es i due|
  p r es i due. r esName
end

Bio::PDB#residues  �x�z
¶�o�w  Residue  �›
��»�q�`�o�&�b�Ý�¹�¿�Å�p�b�{  each_residue  �q�‰�7�t�z
Model,  Chain  �¦�Ò�´�£�«�Ä�t�0�`�o�‹�–�;�D�ó�p�b�{

p pdb. r es i dues. s i ze

�=�ù
ú  (Heterogen)  �t�ž�«�·�µ�b�”�Ý�¹�¿�Å

Bio::PDB#each_heterogen  �x
¶�o�w  Heterogen  �›	q
j�t�h�r�”� �Â�è�”�»�z  Bio::PDB#heterogens  �x

¶�o�w  Heterogen  �›
��»�q�`�o�&�b�Ý�¹�¿�Å�p�b�{

pdb. each_het er ogen do | het er ogeon|
  p het er ogen. r esName
end

p pdb. het er ogens. s i ze



�\�•�’�w�Ý�¹�¿�Å�‹  Residue  �q�‰�7�t  Model,  Chain  �¦�Ò�´�£�«�Ä�t�0�`�o�‹  �–�;�D�ó�p�b�{

Chain,  Model  �t�ž�«�·�µ�b�”�Ý�¹�¿�Å

�‰�7�t�z Bio::PDB#each_chain �x
¶�o�w  Chain  �›	q
j�t�h�r�”� �Â�è�”�»�z  Bio::PDB#chains  �x
¶�o�w
Chain  �›
��»�q�`�o�&�b�Ý�¹�¿�Å�p�b�{  �\�•�’�w�Ý�¹�¿�Å�x  Model  �¦�Ò�´�£�«�Ä�t�0�`�o�‹�–�;�D�ó�p�b�{

Bio::PDB#each_model  �x
¶�o�w  Model  �›	q
j�t�h�r�”� �Â�è�”�»�z  Bio::PDB#models  �x
¶�o�w  Model  
�›
��»�q�`�o�&�b�Ý�¹�¿�Å�p�b�{

PDB  Chemical  Component  Dictionary  �w�Ã�”�»�w�¡�ˆ���ˆ

Bio::PDB::ChemicalComponent  �«�å�µ�x�z PDB Chemical  Component  Dictionary  �¢�†�Ê	¶  HET
Group  Dictionary �£�w�Í�”�±�p�b�{

PDB Chemical  Component  Dictionary  �t�m�M�o�x�Ž�<�w�Ö�”�´�›�€	°�`�o�X�i�^�M�{

http://deposit.pdb.org/cc_dict_tut.html

�Ã�”�»�x�Ž�<�p�¼�¢�ï�é�”�Å�p�V�‡�b�{

http://deposit.pdb.org/het_dictionary.txt

�\�w�«�å�µ�x�z RESIDUE  �T�’�•�‡�l�o�í�æ�p	4�˜�”�
�¤�ï�Ä�æ�›�Í�”�µ�`�‡�b  �¢ PDB �Ñ�¥�”�Ú�¿�Ä�t�w�ˆ�0
� �`�o�M�‡�b�£�{

Bio::FlatFile  �t�‘�”�Ñ�•� �ç���Ü�×�ˆ
Q���t�0� �`�o�M�‡�b�{  �\�w�«�å�µ�×�.�x  ID  �T�’�=�ù
ú�›�U�g�`�h�“
�b�”�;�ó�x�Ë�l�o�M�‡�d�œ�{  br_bioflat.rb  �t�‘�”� �ï�Ã�¿�«�µ�^
R�t�x�0� �`�o�M�‡�b�w�p�z  
ž�A�s�’�f�j
�’�›�–�;�`�o�X�i�^�M�{

Bi o: : Fl at Fi l e. aut o( " het _di c t i onar y . t x t " )  | f f |
  f f . each do | het |
    p het . ent r y_i d  # I D
    p het . het nam    # HETNAM �è�¯�”�Å�¢�=�ù
ú�w�Ê	¶�£
    p het . het syn    # HETSYM �è�¯�”�Å�¢�=�ù
ú�w���Ê�w
��»�£
    p het . f or mul     # FORMUL �è�¯�”�Å�¢�=�ù
ú�w
Ê
R�Ü�£
    p het . conect     # CONECT �è�¯�”�Å
  end
end

�7�™�w conect  �Ý�¹�¿�Å�x�z�=�ù
ú�w�A�ù�›  Hash  �q�`�o�&�`�‡�b�{  �h�q�Q�y�z�¤�»�Ê�”�ç�w�¤�ï�Ä�æ�x�Í�w
�‘�O�t�s�“�‡�b�U�z

RESI DUE   EOH      9
CONECT      C1     4 C2   O   1H1  2H1
CONECT      C2     4 C1  1H2  2H2  3H2
CONECT      O      2 C1   HO
CONECT     1H1     1 C1
CONECT     2H1     1 C1
CONECT     1H2     1 C2
CONECT     2H2     1 C2
CONECT     3H2     1 C2
CONECT      HO     1 O
END
HET    EOH              9
HETNAM     EOH ETHANOL
FORMUL      EOH    C2 H6 O1

�\�w�¤�ï�Ä�æ�t�0�`�o  conect  �Ý�¹�¿�Å�›�z�•�q

{  " C1"   => [  " C2" ,  " O" ,  " 1H1" ,  " 2H1"  ] ,  
  " C2"   => [  " C1" ,  " 1H2" ,  " 2H2" ,  " 3H2"  ] ,  
  " O"    => [  " C1" ,  " HO"  ] ,  
  " 1H1"  => [  " C1"  ] ,  



  " 1H2"  => [  " C2"  ] ,  
  " 2H1"  => [  " C1"  ] ,  
  " 2H2"  => [  " C2"  ] ,  
  " 3H2"  => [  " C2"  ] ,  
  " HO"   => [  " O"  ]  }

�q�M�O Hash  �›�&�`�‡�b�{

�\�\�‡�p�w	r�g�›  BioRuby  �³�£�ç�p�¼�b�q�Ž�<�w�‘�O�t�s�“�‡�b�{

# PDB �¤�ï�Ä�æ  1bl 8 �›�É�¿�Ä�ë�”�«�&���p	��˜
bi or uby> ent _1bl 8 = ent ( " pdb: 1bl 8" )
# �¤�ï�Ä�æ�w�¤
��›�¬�Ý
bi or uby> head ent _1bl 8
# �¤�ï�Ä�æ�›�Ñ�•� �ç�t�-��
bi or uby> savef i l e( " 1bl 8. pdb" ,  ent _1bl 8)
# �-���^�•�h�Ñ�•� �ç�w�¤
��›�¬�Ý
bi or uby> di sp " dat a/ 1bl 8. pdb"
# PDB �¤�ï�Ä�æ�›�Í�”�µ
bi or uby> pdb_1bl 8 = f l at par se( ent _1bl 8)
# PDB �w�¤�ï�Ä�æ  I D �›
¯�Ô
bi or uby> pdb_1bl 8. ent r y_i d
# ent ( " pdb: 1bl 8" )  �`�o  f l at par se �b�”�E�˜�“�t�z�Ž�<�p�‹ OK
bi or uby> obj _1bl 8 = obj ( " pdb: 1bl 8" )
bi or uby> obj _1bl 8. ent r y_i d
# �¤  HETEROGEN �]�q�t�’�,�Ê�›
¯�Ô
bi or uby> pdb_1bl 8. each_het er ogen {  | het er ogen|  p het er ogen. r esName }

# PDB Chemi cal  Component  Di c t i onar y  �›	��˜
bi or uby> het _di c  = open( " ht t p: / / depos i t . pdb. or g/ het _di c t i onar y . t x t " ) . r ead
# 	��˜�`�h�Ñ�•� �ç�w�Ì� �Ä
:�›�¬�Ý
bi or uby> het _di c . s i ze
# 	��˜�`�h�Ñ�•� �ç�›�-��
bi or uby> savef i l e( " dat a/ het _di c t i onar y . t x t " ,  het _di c )
# �Ñ�•� �ç�w�¤
��›�¬�Ý
bi or uby> di sp " dat a/ het _di c t i onar y . t x t "
# �U�g�w�h�Š�t� �ï�Ã�¿�«�µ�=�`  het _di c  �q�M�O�Ã�”�»�Õ�”�µ�›�^
R
bi or uby> f l at i ndex( " het _di c" ,  " dat a/ het _di c t i onar y . t x t " )
# I D �U EOH �w�¤�»�Ê�”�ç�w�¤�ï�Ä�æ�›�U�g
bi or uby> et hanol  = f l at sear ch( " het _di c" ,  " EOH" )
# 	��˜�`�h�¤�ï�Ä�æ�›�Í�”�µ
bi or uby> osake = f l at par se( et hanol )
# �j� ���w�A�ù�Â�”�Ò�ç�›
¯�Ô
bi or uby> sake. conect

�ž�å� �Ý�ï�Ä  (Bio::Alignment �«�å�µ )

Bio::Alignment  �«�å�µ�x
��»�w�ž�å� �Ý�ï�Ä�›�¨�ò�b�”�h�Š�w�¯�ï�Â�Æ�p�b�{  Ruby  �w Hash  �•  Array  �t
�Å�h
â�^�U�D�ó�p�z BioPerl  �w Bio::SimpleAlign  �t  �Å�h�ò�a�t�s�l�o�M�‡�b�{�Ž�<�t���o�s�–�M�M�›�Ô�`�‡
�b�{

r equi r e ' bi o'

seqs = [  ' at gca' ,  ' aagca' ,  ' acgca' ,  ' acgcg'  ]
seqs = seqs. col l ec t {  | x |  Bi o: : Sequence: : NA. new( x)  }

# �ž�å� �Ý�ï�Ä�¦�Ò�´�£�«�Ä�›�^
R
a = Bi o: : Al i gnment . new( seqs)

# �¯�ï�·�ï�±�µ
��»�›
¯�Ô
p a. consensus             # ==> " a?gc?"

# I UPAC 
ª	j�w���”�s���,�›�–�;�`�h�¯�ï�·�ï�±�µ
��»�›
¯�Ô
p a. consensus_i upac       # ==> " ahgcr "

# �¤
��»�t�m�M�o���“�&�b



# �¤
��»�t�m�M�o���“�&�b
a. each {  | x |  p x  }
  # ==>
  #    " at gca"
  #    " aagca"
  #    " acgca"
  #    " acgcg"

# �¤�±� �Ä�t�m�M�o���“�&�b
a. each_s i t e {  | x |  p x  }
  # ==>
  #    [ " a" ,  " a" ,  " a" ,  " a" ]
  #    [ " t " ,  " a" ,  " c" ,  " c" ]
  #    [ " g" ,  " g" ,  " g" ,  " g" ]
  #    [ " c " ,  " c" ,  " c" ,  " c" ]
  #    [ " a" ,  " a" ,  " a" ,  " g" ]

# Cl us t al  W �›�–�;�`�o�ž�å� �Ý�ï�Ä�›�æ�O�{
# ' c l us t al w'  �¯�Ú�ï�Å�U�³�µ�Â�Ü�t� �ï�µ�Ä�”�ç�^�•�o�M�”
ž�A�U�K�”�{
f ac t or y  = Bi o: : Cl us t al W. new
a2 = a. do_al i gn( f ac t or y)

FASTA  �t�‘�”
ì�‰
Q�U�g�›�æ�O�¢ Bio::Fasta  �«�å�µ�£

FASTA ���Ü�w
��»�Ñ�•� �ç  query.pep  �t�0�`�o�z�×
ü�w�Ú�³�ï ( �é�”�§�ç ) �K�”�M�x  � �ï�»�”�É�¿�Ä	Í�w�±�”
�Ì ( �æ�Þ�”�Ä ) �p  FASTA �t�‘�”
ì�‰
Q�U�g�›�æ�O�M�O�p�b�{  �é�”�§�ç�w	Ô�ù�x  SSEARCH �s�r�‹�‰�7�t�–�O�\
�q�U�p�V�‡�b�{

�é�”�§�ç�w	Ô�ù

FASTA �U� �ï�µ�Ä�”�ç�^�•�o�M�”�\�q�›�¬�Ý�`�o�X�i�^�M�{�Ž�<�w�«�p�x�z  �¯�Ú�ï�Å�Ê�U  fasta34  �p�Í�µ�U
�è�l�h�Ã�Ÿ�è�«�Ä�æ�t� �ï�µ�Ä�”�ç  �^�•�o�M�”	Ý�¯�›�>���`�o�M�‡�b�{

ftp://ftp.virginia.edu/pub/fasta/

�U�g�0	Å�q�b�”  FASTA ���Ü�w�Ã�”�»�Õ�”�µ�Ñ�•� �ç  target.pep  �q�z FASTA ���Ü�w�ð�M�ù�˜�d
��»�U�M�X�m
�T�Ö�l�h�Ñ�•� �ç  query.pep  �›	j
‹�`�‡�b�{

�\�w�«�p�x�z�¤�ð�M�ù�˜�d
��»�]�q�t  FASTA �U�g�›�î�æ�`�z�Î�¿�Ä�`�h
��»�w  evalue  �U 0.0001  �Ž�<�w�‹
�w�i�Z�›
¯�Ô�`�‡�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

# FASTA �›�î�æ�b�”���¥�¦�Ò�´�£�«�Ä�›�^�”�¢ ssear ch �s�r�p�‹�‘�M�£
f ac t or y  = Bi o: : Fast a. l ocal ( ' f as t a34' ,  ARGV. pop)

# �Ñ�å�¿�Ä�Ñ�•� �ç�›�¡�ˆ���ˆ�z Fast aFor mat  �¦�Ò�´�£�«�Ä�w�æ�µ�Ä�t�b�”
f f  = Bi o: : Fl at Fi l e. new( Bi o: : Fast aFor mat ,  ARGF)

# �
�¤�ï�Ä�æ�c�m�w  Fast aFor mat  �¦�Ò�´�£�«�Ä�t�0�`
f f . each do | ent r y |
  # ' >'  �p�•�‡�”�¯�Ý�ï�Ä�æ�w�º�0�›
��æ	Ý�¯�U�˜�“�t
ª	j�¤�å�”	Z�—�t
¯�Ô
  $s t der r . put s  " Sear chi ng . . .  "  + ent r y . def i ni t i on

  # FASTA �t�‘�”
ì�‰
Q�U�g�›�î�æ�z�A�L�x  Fast a: : Repor t  �¦�Ò�´�£�«�Ä
  r epor t  = f ac t or y . quer y( ent r y )

  # �Î�¿�Ä�`�h�‹�w�f�•�g�•�t�0�`
  r epor t . each do | hi t |
    # eval ue �U 0. 0001 �Ž�<�w	Ô�ù
    i f  hi t . eval ue < 0. 0001
      # �f�w  eval ue �q�z�Ê
²�z�¦�”�Ì�”�å�¿�Ó�–�¬�›
¯�Ô
      pr i nt  " #{ hi t . quer y_i d}  :  eval ue #{ hi t . eval ue} ´ t #{ hi t . t ar get _i d}  at  "
      p hi t . l ap_at



    end
  end
end

�\�\�p  factory  �x���“�&�`  FASTA �›�î�æ�b�”�h�Š�t�z�K�’�T�a�Š�^�l�o�S�X  �î�æ���¥�p�b�{

	Í�G�w�µ�«�æ�Ó�Ä�›  search.rb  �q�b�”�q�z�ð�M�ù�˜�d
��»�q�Ã�”�»�Õ�”�µ
��»�w  �Ñ�•� �ç�Ê�›�¾
:�t�`�o�z�Ž
�<�w�‘�O�t�î�æ�`�‡�b�{

% r uby sear ch. r b quer y . pep t ar get . pep > sear ch. out

FASTA �¯�Ú�ï�Å�t�¦�Ó�³�ã�ï�›�)�Q�h�M	Ô�ù�z��
j�è�w�¾
:�t  FASTA �w �¯�Ú�ï�Å�å� �ï�¦�Ó�³�ã�ï�›	{�M�o
�I�`�‡�b�{�h�i�`�z ktup  �‹�i�Z�x  �Ý�¹�¿�Å�›�–�l�o�¦���b�”�\�q�t�s�l�o�M�‡�b�{  �h�q�Q�y  ktup  �‹�›  1  �t
�`�o�z�Ä�¿�Ó  10  �•�Ž�º�w�Î�¿�Ä�›�˜�”	Ô�ù�w  �¦�Ó�³�ã�ï�x�z�Ž�<�w�‘�O�t�s�“�‡�b�{

f ac t or y  = Bi o: : Fast a. l ocal ( ' f as t a34' ,  ' t ar get . pep' ,  ' - b 10' )
f ac t or y . k t up = 1

Bio::Fasta#query  �Ý�¹�¿�Å�s�r�w�&�“�‹�x  Bio::Fasta::Report  �¦�Ò�´�£�«�Ä  �p�b�{�\�w  Report  �¦�Ò�´�£
�«�Ä�T�’�z�7�‘�s�Ý�¹�¿�Å�p  FASTA �w	Z�—�A�L�w  �„�…
¶�o�›�×���t	��“	Z�d�”�‘�O�t�s�l�o�M�‡�b�{�h�q�Q
�y�z�Î�¿�Ä�t���b�”  �µ�¯�ž�s�r�w	��s	Ø�C�x�z

r epor t . each do | hi t |
  put s  hi t . eval ue           # E- val ue
  put s  hi t . sw               # Smi t h- Wat er man �µ�¯�ž  ( * )
  put s  hi t . i dent i t y          # % i dent i t y
  put s  hi t . over l ap          # �¦�”�Ì�”�å�¿�Ó�`�o�M�”�–�¬�w�Õ�^  
  put s  hi t . quer y_i d         # �ð�M�ù�˜�d
��»�w  I D
  put s  hi t . quer y_def         # �ð�M�ù�˜�d
��»�w�¯�Ý�ï�Ä
  put s  hi t . quer y_l en        # �ð�M�ù�˜�d
��»�w�Õ�^
  put s  hi t . quer y_seq        # �ð�M�ù�˜�d
��»
  put s  hi t . t ar get _i d        # �Î�¿�Ä�`�h
��»�w  I D
  put s  hi t . t ar get _def        # �Î�¿�Ä�`�h
��»�w�¯�Ý�ï�Ä
  put s  hi t . t ar get _l en       # �Î�¿�Ä�`�h
��»�w�Õ�^
  put s  hi t . t ar get _seq       # �Î�¿�Ä�`�h
��»
  put s  hi t . quer y_st ar t       # 
ì�‰�–�¬�w�ð�M�ù�˜�d
��»�p�w�‰�•�’�,�•�”
  put s  hi t . quer y_end        # 
ì�‰�–�¬�w�ð�M�ù�˜�d
��»�p�w	4�ƒ�’�,�•�”
  put s  hi t . t ar get _s t ar t      # 
ì�‰�–�¬�w�»�”�®�¿�Ä
��»�p�w�‰�•�’�,�•�”
  put s  hi t . t ar get _end       # 
ì�‰�–�¬�w�»�”�®�¿�Ä
��»�p�w	4�ƒ�’�,�•�”
  put s  hi t . l ap_at            # 	Í�G���•�”�w
:�‹�w
��»
end

�s�r�w�Ý�¹�¿�Å�p�z�|	Z�d�‡�b�{�\�•�’�w�Ý�¹�¿�Å�w���X�x�™�p
†�Ì�b�”  Bio::Blast::Report  �«�å�µ�q�ž�è�t
�`�o�K�“�‡�b�{	Í�G�Ž�Ž�w�Ý�¹�¿�Å�•  FASTA �›���w�‹�›	��“	Z�b�Ý�¹�¿�Å�U
ž�A�s	Ô�ù�x�z
Bio::Fasta::Report  �«�å�µ�w�Å�©�á�Ý�ï�Ä�›�€	°�`�o�X�i�^�M�{

�‹�`�z�Í�”�µ�b�”
²�w	��›�C�Q�o�M�s�M  fasta  �¯�Ú�ï�Å�w�î�æ�A�L�U
ž�A�s  	Ô�ù�t�x�z

r epor t  = f ac t or y . quer y( ent r y )
put s  f ac t or y . out put

�w�‘�O�t�z query  �Ý�¹�¿�Å�›�î�æ�`�h�™�p  factory  �¦�Ò�´�£�«�Ä�w  output  �Ý�¹�¿�Å�›�–�l�o	��“	Z�b�\�q�U
�p�V�‡�b�{

�æ�Þ�”�Ä�w	Ô�ù

���w�q�\�–  GenomeNet  (fasta.genome.jp)  �p�w�U�g�w�ˆ�±�Ù�”�Ä�`�o�M�‡�b�{  �æ�Þ�”�Ä�w	Ô�ù�x�–�;�D�ó
�s�U�g�0	Å�Ã�”�»�Õ�”�µ�U�>�‡�l�o�M�‡�b�U�z�f�•�Ž  �Ž�w�:�t�m�M�o�x  Bio::Fasta.remote  �q
Bio::Fasta.local  �x�‰�a�‘�O�t�–�O  �\�q�U�p�V�‡�b�{

GenomeNet  �p�–�;�D�ó�s�U�g�0	Å�Ã�”�»�Õ�”�µ�•

�ž�Û�Ê�Ž
��»�Ã�”�»�Õ�”�µ



nr -aa,  genes,  vgenes.pep,  swissprot,  swissprot -upd,  pir,  prf,  pdbstr
���,
��»�Ã�”�»�Õ�”�µ

nr -nt,  genbank -nonst,  gbnonst -upd,  dbest,  dbgss,  htgs,  dbsts,  embl -nonst,
embnonst -upd,  genes -nt,  genome,  vgenes.nuc

�‡�c�z�\�w�¤�T�’�U�g�`�h�M�Ã�”�»�Õ�”�µ�›
¬�R�`�‡�b�{�ð�M�ù�˜�d
��»�w	��¨  �q�U�g�b�”�Ã�”�»�Õ�”�µ�w	�
�¨�t�‘�l�o�Ó�é�¬�å�Ü�x�>�‡�“�‡�b�{

�ð�M�ù�˜�d
��»�U�ž�Û�Ê�Ž�w�q�V
�0	Å�Ã�”�»�Õ�”�µ�U�ž�Û�Ê�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'fasta'
�0	Å�Ã�”�»�Õ�”�µ�U�©�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'tfasta'

�ð�M�ù�˜�d
��»�U�©�Ž
��»�w�q�V
�0	Å�Ã�”�»�Õ�”�µ�U�©�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'fasta'
( �0	Å�Ã�”�»�Õ�”�µ�U�ž�Û�Ê�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�x�U�g
Æ�ó ?)

�Ó�é�¬�å�Ü�q�Ã�”�»�Õ�”�µ�w
Ê�ˆ�ù�d�U�>�‡�l�h�’

pr ogr am = ' f as t a'
dat abase = ' genes '

f ac t or y  = Bi o: : Fast a. r emot e( pr ogr am,  dat abase)

�q�`�o�Ñ�•�«�Ä�æ�”�›�^�“�z�é�”�§�ç�w	Ô�ù�q�‰�a�‘�O�t  factory.query  �s�r  �w�Ý�¹�¿�Å�p�U�g�›�î�æ�`�‡
�b�{

BLAST  �t�‘�”
ì�‰
Q�U�g�›�æ�O�¢ Bio::Blast  �«�å�µ�£

BLAST �‹�é�”�§�ç�q  GenomeNet  (blast.genome.jp)  �p�w�U�g�›�±�Ù�”�Ä�`�o  �M�‡�b�{�p�V�”�i�Z
Bio::Fasta  �q  API  �›�ž�è�t�`�o�M�‡�b�w�p�z	Í�G�w�«�›  Bio::Blast  �q	{�V�õ�Q�h�i�Z�p�‹�G	Î
É�s	Ô�ù�U��
�M�p�b�{

�h�q�Q�y�z
Œ�w  f_search.rb  �x

# BLAST �›�î�æ�b�”���¥�¦�Ò�´�£�«�Ä�›�^�”
f ac t or y  = Bi o: : Bl as t . l ocal ( ' bl as t p' ,  ARGV. pop)  

�q�!�Ë�b�”�i�Z�p�‰�a�‘�O�t�î�æ�p�V�‡�b�{

�‰�7�t�z GenomeNet  �›�–�;�`�o BLAST�›�æ�O	Ô�ù�t�x  Bio::Blast.remote  �›�–�M�‡�b�{  �\�w	Ô�ù�z
program �w�¦���º�0�U  FASTA �q�Ÿ�s�“�‡�b�{

�ð�M�ù�˜�d
��»�U�ž�Û�Ê�Ž�w�q�V
�0	Å�Ã�”�»�Õ�”�µ�U�ž�Û�Ê�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'blastp'
�0	Å�Ã�”�»�Õ�”�µ�U�©�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'tblastn'

�ð�M�ù�˜�d
��»�U���,
��»�w�q�V
�0	Å�Ã�”�»�Õ�”�µ�U�ž�Û�Ê�Ž
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'blastx'
�0	Å�Ã�”�»�Õ�”�µ�U���,
��»�Ã�”�»�Õ�”�µ�w	Ô�ù�z program  �x  'blastn'
( �ð�M�ù�˜�d�~�Ã�”�»�Õ�”�µ�ž�t 6�Ñ�è�”�Ü�‹���›�æ�O	Ô�ù�x  'tblastx')

�›�f�•�g�•�¦���`�‡�b�{

�q�\�–�p�z BLAST �p�x  " -m  7"  �¦�Ó�³�ã�ï�t�‘�”  XML 	Z�—�Ñ�¥�”�Ú�¿�¿�Ä�w�M�U  �˜�’�•�”	Ø�C�U�[
Ë�s�h
�Š�z Bio::Blast  �x  Ruby  �;�w  XML �å� �Ò�å�æ�p�K�”  XMLParser  �‡�h�x  REXML �U�–�;�D�ó�s	Ô�ù�x�z XML
	Z�—�›�b�;�`�‡�b�{  �†�M�–�;�D�ó�s	Ô�ù�z XMLParser  �w�„�O�U�ô���s�w�p��
Œ�$�t�–�;�^�•�‡�b�{  �s�S�z
Ruby  1.8.0  �Ž�ñ�p�x  REXML �x  Ruby  �Š�.�t
ª	j�4
Ç�^�•�o�M�‡�b�{  �‹�`  XML �å� �Ò�å�æ�U� �ï�µ�Ä�”�ç
�^�•�o�M�s�M	Ô�ù�x  " -m  8"  �w�»�Ò�à
~�“�w  	Z�—���Ü�›�{�O�‘�O�t�`�o�M�‡�b�{�`�T�`�z�\�w�Ñ�¥�”�Ú�¿�Ä�p
�x�˜�’�•�”  �Ã�”�»�U�v�’�•�”�w�p�z "-m  7"  �w XML ���Ü�w	Z�—�›�–�O�\�q�›�S�ç�Š�`�‡�b�{

�b�p�t�_�h�‘�O�t  Bio::Fasta::Report  �q  Bio::Blast::Report  �w Hit  �¦�Ò�´�£  �«�Ä�x�M�X�m�T�ž�è�w�Ý�¹�¿
�Å�›�Ë�l�o�M�‡�b�{ BLAST �{���w�Ý�¹�¿�Å�p�‘�X�–  �M�f�O�s�‹�w�t�x  bit_score  �•  midline  �s�r�U�K�“�‡
�b�{

r epor t . each do | hi t |
  put s  hi t . bi t _scor e        # bi t  �µ�¯�ž  ( * )



  put s  hi t . quer y_seq        # �ð�M�ù�˜�d
��»
  put s  hi t . mi dl i ne          # �ž�å� �Ý�ï�Ä�w  mi dl i ne ���È�»  ( * )
  put s  hi t . t ar get _seq       # �Î�¿�Ä�`�h
��»

  put s  hi t . eval ue           # E- val ue
  put s  hi t . i dent i t y          # % i dent i t y
  put s  hi t . over l ap          # �¦�”�Ì�”�å�¿�Ó�`�o�M�”�–�¬�w�Õ�^  
  put s  hi t . quer y_i d         # �ð�M�ù�˜�d
��»�w  I D
  put s  hi t . quer y_def         # �ð�M�ù�˜�d
��»�w�¯�Ý�ï�Ä
  put s  hi t . quer y_l en        # �ð�M�ù�˜�d
��»�w�Õ�^
  put s  hi t . t ar get _i d        # �Î�¿�Ä�`�h
��»�w  I D
  put s  hi t . t ar get _def        # �Î�¿�Ä�`�h
��»�w�¯�Ý�ï�Ä
  put s  hi t . t ar get _l en       # �Î�¿�Ä�`�h
��»�w�Õ�^
  put s  hi t . quer y_st ar t       # 
ì�‰�–�¬�w�ð�M�ù�˜�d
��»�p�w�‰�•�’�,�•�”
  put s  hi t . quer y_end        # 
ì�‰�–�¬�w�ð�M�ù�˜�d
��»�p�w	4�ƒ�’�,�•�”
  put s  hi t . t ar get _s t ar t      # 
ì�‰�–�¬�w�»�”�®�¿�Ä
��»�p�w�‰�•�’�,�•�”
  put s  hi t . t ar get _end       # 
ì�‰�–�¬�w�»�”�®�¿�Ä
��»�p�w	4�ƒ�’�,�•�”
  put s  hi t . l ap_at            # 	Í�G���•�”�w
:�‹�w
��»
end

FASTA�q�w API�ž�è�=�w�h�Š�q���(�w�h�Š�z�µ�¯�ž�s�r�M�X�m�T�w	Ø�C�x 1
j�è�w  Hsp  (High -scoring
segment  pair)  �w�‹�› Hit �p�&�b�‘�O�t�`�o�M�‡�b�{

Bio::Blast::Report  �¦�Ò�´�£�«�Ä�x�z�Ž�<�t�Ô�b�‘�O�s�z BLAST�w�A�L	Z�—�w  �Ã�”�»�Ï���›�f�w�‡�‡
S�é�`
�h�Š
Ú�$�s�Ã�”�»�Ï���›�Ë�l�o�M�‡�b�{�é�.�$�t�x

Bio::Blast::Report  �¦�Ò�´�£�«�Ä�w  @iteratinos  �t
Bio::Blast::Report::Iteration  �¦�Ò�´�£�«�Ä�w  Array  �U�Ö�l�o�S�“
Bio::Blast::Report::Iteration  �¦�Ò�´�£�«�Ä�w  @hits  �t

Bio::Blast::Report::Hits  �¦�Ò�´�£�«�Ä�w  Array  �U�Ö�l�o�S�“
Bio::Blast::Report::Hits  �¦�Ò�´�£�«�Ä�w  @hsps  �t

Bio::Blast::Report::Hsp  �¦�Ò�´�£�«�Ä�w  Array  �U�Ö�l�o�M�”

�q�M�O�Š
Ú�Ï���t�s�l�o�S�“�z�f�•�g�•�U�º
æ�w�‹�›	��“	Z�b�h�Š�w�Ý�¹�¿�Å�›  �Ë�l�o�M�‡�b�{�\�•�’�w�Ý
�¹�¿�Å�w	Ä�I�•�z BLAST �î�æ�w�w�-	Ø�C�s�r�w�‹�U  
ž�A�s	Ô�ù�t�x�z  bio/appl/blast/*.rb  �º�w�Å�©�á�Ý�ï
�Ä�•�Â�µ�Ä�¯�”�Å�›  �€	°�`�o�X�i�^�M�{

�7���w  BLAST  	Z�—�Ñ�•� �ç�›�Í�”�µ�b�”

BLAST �›�î�æ�`�h�A�L�Ñ�•� �ç�U�b�p�t�-���`�o�K�l�o�z�\�•�›�r
s�`�h�M	Ô�ù  �t�x�¢ Bio::Blast  �¦�Ò�´�£
�«�Ä�›�^�’�c�t�£  Bio::Blast::Report  �¦�Ò�´�£�«  �Ä�›�^�“�h�M�z�q�M�O�\�q�t�s�“�‡�b�{�\�•�t�x
Bio::Blast.reports  �Ý�¹�¿�Å  �›�–�M�‡�b�{�0� �`�o�M�”�w�x  �Ã�Ñ�¥�ç�Ä	Z�—�Ñ�¥�”�Ú�¿�Ä (" -m  0")  �‡�h�x  " -
m  7"  �¦�Ó�³�ã�ï�w  XML �Ñ�¥�”�Ú�¿�Ä	Z�—�p�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

# BLAST	Z�—�›	q�t�Í�”�µ�`�o  Bi o: : Bl as t : : Repor t  �¦�Ò�´�£�«�Ä�›�&�b
Bi o: : Bl as t . r epor t s ( ARGF)  do | r epor t |
  put s  " Hi t s  f or  "  + r epor t . quer y_def  + "  agai ns t  "  + r epor t . db
  r epor t . each do | hi t |
    pr i nt  hi t . t ar get _i d,  " ´ t " ,  hi t . eval ue,  " ´ n"  i f  hi t . eval ue < 0. 001
  end
end

�w�‘�O�s�µ�«�æ�Ó�Ä  hits_under_0.001.rb  �›	{�M�o�z

% . / hi t s_under _0. 001. r b * . xml

�s�r�q�î�æ�b�•�y�z�¾
:�t�)�Q�h  BLAST �w�A�L�Ñ�•� �ç  *.xml  �›	q
j�t	r�g�p  �V�‡�b�{

Blast  �w�Ì�”�´�ã�ï�•  OS �s�r�t�‘�l�o	Z�—�^�•�”  XML �w���Ü�U�Ÿ�s�”�D�ó
Q  �U�K�“�z�Ì�‘  XML �w�Í�”�²
�U�O�‡�X�–�Q�s�M�\�q�U�K�”�‘�O�p�b�{�f�w	Ô�ù�x  Blast  2.2.5  �Ž�ñ�w�Ì�”�´�ã�ï�›� �ï�µ�Ä�”�ç�b�”�T  -D  
�•  -m  �s�r�w�¦�Ó�³�ã  �ï�w
Ê�ˆ�ù�d�›�!�Q�o�¼�`�o�ˆ�o�X�i�^�M�{



�æ�Þ�”�Ä�U�g�±� �Ä�›�å�C�b�”�t�x

�« :  �\�w�·�«�³�ã�ï�x	Í�ƒ�â�”�²�²�Z�p�b�{�D�ó�p�K�•�y  SOAP �s�r�t�‘�”  �¢�£�Ò�±�”�Ï�µ�›�b�;�b�”�M�U�‘
�M�p�`�•�O�{

Blast  �U�g�x  NCBI  �›�x�a�Š�7�‘�s�±� �Ä�p�±�”�Ï�µ�^�•�o�M�‡�b�U�z���w�q�\  �–  BioRuby  �p�x
GenomeNet  �Ž�Ž�t�x�0� �`�o�M�‡�d�œ�{�\�•�’�w�±� �Ä�x�z

CGI  �›�z�|	Z�b�¢�¯�Ú�ï�Å�å� �ï�¦�Ó�³�ã�ï�x�f�w�±� �Ä�;�t	r�g�b�”�£
-m  8  �s�r  BioRuby  �U�Í�”�²�›�Ë�l�o�M�”	Z�—�Ñ�¥�”�Ú�¿�Ä�p  blast  �w 	Z�—�›	��“	Z�b

�\�q�^�Q�p�V�•�y�z query  �›	!�Z	��l�o�U�g�A�L�›  Bio::Blast::Report.new  �t  �I�b�‘�O�s�Ý�¹�¿�Å�›���[�b
�”�i�Z�p�–�Q�”�‘�O�t�s�“�‡�b�{�é�.�$�t�x�z�\�w  �Ý�¹�¿�Å�›�® exec_ �±� �Ä�Ê�¯�w�‘�O�s�Ê
²�p  Bio::Blast  
�w private  �Ý�¹�¿�Å  �q�`�o�J�å�b�”�q�z��
j�è�w�¾
:�t�®�±� �Ä�Ê�¯�›�¦���`�o

f ac t or y  = Bi o: : Bl as t . r emot e( pr ogr am,  db,  opt i on,  ' �±� �Ä�Ê ' )

�w�‘�O�t�z�|	Z�d�”�‘�O�t�s�l�o�M�‡�b�{�ì
R�`�h�’  BioRuby  �Ó�é�´�£�«�Ä�‡  �p
ù�l�o�‹�’�Q�•�y	��“���‡
�d�o�Ö�V�‡�b�{

PubMed  �›�¾�M�o�¾�;���Y�æ�µ�Ä�›�^�”  (Bio::PubMed  �«�å�µ )

�Í�x�z NCBI  �w���Y�Ã�”�»�Õ�”�µ  PubMed  �›�U�g�`�o�¾�;���Y�æ�µ�Ä�›�^
R�b�”�«�p�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

ARGV. each do | i d|
  ent r y  = Bi o: : PubMed. quer y( i d)      # PubMed �›	��˜�b�”�«�å�µ�Ý�¹�¿�Å
  medl i ne = Bi o: : MEDLI NE. new( ent r y )  # Bi o: : MEDLI NE �¦�Ò�´�£�«�Ä
  r ef er ence = medl i ne. r ef er ence     # Bi o: : Ref er ence �¦�Ò�´�£�«�Ä
  put s  r ef er ence. bi bt ex              # Bi bTeX �Ñ�¥�”�Ú�¿�Ä�p	Z�—
end

�\�w�µ�«�æ�Ó�Ä�›  pmfetch.rb  �s�r�·�V�s�Ê
²�p�-���`�z

% . / pmf et ch. r b 11024183 10592278 10592173

�s�r�¾�;�`�h�M�æ���w  PubMed  ID  (PMID)  �›�¾
:�t���‚�”�q  NCBI  �t�ž�«�·�µ�`  �o  MEDLINE  �Ñ�¥�”�Ú�¿
�Ä�›�Í�”�µ�`  BibTeX  �Ñ�¥�”�Ú�¿�Ä�t�!�õ�`�o	Z�—�`�o  �X�•�”�x�c�p�b�{

���t�z�©�”�ë�”�Å�p�U�g�b�”�;�ó�‹�K�“�‡�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

# �¯�Ú�ï�Å�å� �ï�p�)�Q�h�©�”�ë�”�Å�w�æ�µ�Ä�›�
�m�w���È�»�t�b�”
keywor ds = ARGV. j oi n( '  ' )

# PubMed �›�©�”�ë�”�Å�p�U�g
ent r i es  = Bi o: : PubMed. sear ch( keywor ds)

ent r i es . each do | ent r y |
  medl i ne = Bi o: : MEDLI NE. new( ent r y )  # Bi o: : MEDLI NE �¦�Ò�´�£�«�Ä
  r ef er ence = medl i ne. r ef er ence     # Bi o: : Ref er ence �¦�Ò�´�£�«�Ä
  put s  r ef er ence. bi bt ex              # Bi bTeX �Ñ�¥�”�Ú�¿�Ä�p	Z�—
end

�\�w�µ�«�æ�Ó�Ä�›  pmsearch.rb  �s�r�·�V�s�Ê
²�p�-���`



% . / pmsear ch. r b genome bi oi nf or mat i cs

�s�r�U�g�`�h�M�©�”�ë�”�Å�›�¾
:�t���‚�o�î�æ�b�”�q�z PubMed  �›�©�”�ë�”�Å  �U�g�`�o�Î�¿�Ä�`�h�æ���w�æ�µ
�Ä�›  BibTeX  �Ñ�¥�”�Ú�¿�Ä�p	Z�—�`�‡�b�{

�7�Ù�p�x�z NCBI  �x  E-Utils  �q�M�O�¢�£�Ò�ž�Ó�æ�­�”�³�ã�ï�›�–�O�\�q�U  
*	‘�^�•�o�M�”�w�p�z���™�x
Bio::PubMed.esearch  �Ý�¹�¿�Å�S�‘�|  Bio::PubMed.efetch  �Ý�¹�¿�Å�›�–�O�M�U�‘�M�p�`�•�O�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

keywor ds = ARGV. j oi n( '  ' )

opt i ons = {
  ' maxdat e'  => ' 2003/ 05/ 31' ,
  ' r et max '  => 1000,
}

ent r i es  = Bi o: : PubMed. esear ch( keywor ds,  opt i ons)

Bi o: : PubMed. ef et ch( ent r i es) . each do | ent r y |
  medl i ne = Bi o: : MEDLI NE. new( ent r y )
  r ef er ence = medl i ne. r ef er ence
  put s  r ef er ence. bi bt ex
end

�\�w�µ�«�æ�Ó�Ä�p�x�z	Í�G�w  pmsearch.rb  �q�„�…�‰�a�‘�O�t�ˆ�V�‡�b�{�^�’�t�z  NCBI  E-Utils  �›�Æ�;�b�”
�\�q�t�‘�“�z�U�g�0	Å�w�Ô
Ç�•�7�G�Î�¿�Ä�E
:�s�r�›  �¦���p�V�”�‘�O�t�s�l�o�M�”�w�p�z�‘�“�ô�;�ó�p�b�{�¦
�Ó�³�ã�ï�t�)�Q�’�•�”  �¾
:�t�m�M�o�x  E-Utils  �w�Ô�ç�Ó�Ö�”�´  �›�€	°�`�o�X�i�^�M�{

�j�s�ˆ�t�z�\�\�p�x  bibtex  �Ý�¹�¿�Å�p  BibTeX  �Ñ�¥�”�Ú�¿�Ä�t�!�õ�`�o�M�‡�b  �U�z�™	\�w�‘�O�t  bibitem  �Ý
�¹�¿�Å�‹�–�Q�”���z�¢�§�Ð�•� �»�æ�¿�«�s�r  ���È�w	.	æ�x�p�V�‡�d�œ�U�£ nature  �Ý�¹�¿�Å�•  nar  �s�r�z�M�X
�m�T�w�v�½�w  �Ñ�¥�”�Ú�¿�Ä�t�‹�0� �`�o�M�‡�b�{

BibTeX  �w�–�M�M�w�Ý�Þ

	Í�G�w�«�p	B�Š�h  BibTeX  �Ñ�¥�”�Ú�¿�Ä�w�æ�µ�Ä�›  TeX �p�–�O�M�O�›���o�t�‡  �q�Š�o�S�V�‡�b�{�¾�;�`�f�O
�s���Y�›

% . / pmf et ch. r b 10592173 >> genoi nf o. bi b
% . / pmsear ch. r b genome bi oi nf or mat i cs  >> genoi nf o. bi b

�s�r�q�`�o  genoinfo.bib  �Ñ�•� �ç�t	B�Š�o�-���`�o�S�V�z

´ document c l ass{ j ar t i c l e}
´ begi n{ document }
´ bi bl i ogr aphyst y l e{ pl ai n}
�„�t�Œ�’�’  KEGG �Ã�”�»�Õ�”�µ ~´ c i t e{ PMI D: 10592173} �x�~�U�„�[�p�K�”�{
´ bi bl i ogr aphy{ genoi nf o}
´ end{ document }

�q�M�O�Ñ�•� �ç  hoge.tex  �›	{�M�o�z

% pl at ex  hoge
% bi bt ex  hoge   # !  genoi nf o. bi b �w	r�g
% pl at ex  hoge   # !  ���Y�æ�µ�Ä�w�^
R
% pl at ex  hoge   # !  ���Y
j�ø

�q�b�”�q�Á�Ä  hoge.dvi  �U�p�V�K�U�“�‡�b�{

bibitem  �w�–�M�M�w�Ý�Þ



���Y�;�t���w  .bib  �Ñ�•� �ç�›�^�“�h�X�s�M	Ô�ù�x  Reference#bibitem  �Ý�¹�¿  �Å�w	Z�—�›�–�M�‡�b�{	Í�G�w
pmfetch.rb  �•  pmsearch.rb  �w

put s  r ef er ence. bi bt ex

�w�æ�›

put s  r ef er ence. bi bi t em

�t	{�V�õ�Q�”�s�r�`�o�z	Z�—�A�L�›

´ document c l ass{ j ar t i c l e}
´ begi n{ document }
�„�t�Œ�’�’  KEGG �Ã�”�»�Õ�”�µ ~´ c i t e{ PMI D: 10592173} �x�~�U�„�[�p�K�”�{

´ begi n{ t hebi bl i ogr aphy} { 00}

´ bi bi t em{ PMI D: 10592173}
Kanehi sa,  M. ,  Got o,  S.
KEGG:  kyot o encyc l opedi a of  genes and genomes. ,
{ ´ em Nuc l ei c  Ac i ds  Res} ,  28( 1) : 27- - 30,  2000.

´ end{ t hebi bl i ogr aphy}
´ end{ document }

�w�‘�O�t  ´begin{thebibliography}  �p�“�ˆ�‡�b�{�\�•�›  hoge.tex  �q�b�”�q

% pl at ex  hoge   # !  ���Y�æ�µ�Ä�w�^
R
% pl at ex  hoge   # !  ���Y
j�ø

�q���s	r�g�b�•�y�p�V�K�U�“�p�b�{

OBDA

OBDA  (Open  Bio  Database  Access)  �q�x�z Open  Bioinformatics  Foundation  �t�‘�l�o
M���^�•�h�z
��»
�Ã�”�»�Õ�”�µ�•�w�ž�è�ž�«�·�µ�M�O�p�b�{�\�•�x�z  2002  �å�w 1�D�q 2�D�t  Arizona  �q  Cape  Town  �t�o�‰�5
�^�•�h  BioHackathon  �t�S�M�o�z BioPerl,  BioJava,  BioPython,  BioRuby  �s�r�w�¤�Ó�é�´�£�«�Ä�w  �Ý�ï
�Ì�”�U�€�C�`�o�^
R�^�•�‡�`�h�{

BioRegistry  (Directory)
�Ã�”�»�Õ�”�µ�–�t
��»�›�r�\�t�r�w�‘�O�t	��“�t�æ�X�T�›�¦���b�”�“
Ê�ˆ

BioFlat
�Ñ�å�¿�Ä�Ñ�•� �ç�w  2  
ü�æ�‡�h�x  BDB �›�–�l�h� �ï�Ã�¿�«�µ�^
R

BioFetch
HTTP �&���p�Ã�”�»�Õ�”�µ�T�’�¤�ï�Ä�æ�›	��˜�b�”�±�”�Ì�q�«�å� �ž�ï�Ä

BioSQL
MySQL  �•  PostgreSQL  �s�r�w�����Ã�”�»�Õ�”�µ�t
��»�Ã�”�»�›�¨�ò�b�”  �h�Š�w  schema  �q�z
�¤�ï�Ä�æ�›	��“	Z�b�h�Š�w�Ý�¹�¿�Å

	Ä�I�x  http://obda.open -bio.org/  �›�€	°�`�o�X�i�^�M�{  �f�•�g�•�w�“�7	{�x  cvs.open -bio.org  �w CVS�è
�Ù�´�Ä�æ�t�”�M�o�K�“�‡�b�{  �‡�h�x�z http://cvs.open -bio.org/cgi -bin/viewcvs/viewcvs.cgi/obda -
specs/ ?cvsroot=obf -common  �T�’�€	°�p�V�‡�b�{

BioRegistry

BioRegistry �q�x�z
ƒ���Ñ�•� �ç�t�‘�l�o�¤�Ã�”�»�Õ�”�µ�w�¤�ï�Ä�æ	��˜�M�O�›  �¦���b�”�\�q�t�‘�“�z�r�œ�s�M
�O�›�–�l�o�M�”�T�›�„�q�œ�r�™�Ý�d�c�Ã�”�»�›  	��˜�b�”�\�q�›�D�ó�q�b�”�h�Š�w�“
Ê�ˆ�p�b�{  
ƒ���Ñ�•� �ç�w
��
Œ	q�•�x

( �Ý�¹�¿�Å�w�Í�å�Ý�”�»�p ) �¦���`�h�Ñ�•� �ç



~/.bioinformatics/seqdatabase.ini
/etc/bioinformatics/seqdatabase.ini
http://www.open -bio.org/registry/seqdatabase.ini

�7�™�w open -bio.org  �w
ƒ���x�z�é�”�§�ç�s
ƒ���Ñ�•� �ç�U�_�m�T�’�s�M	Ô�ù�t  �i�Z�€	°�`�‡�b�{

BioRuby  �w�q�O�w�î
÷�p�x�z�b�‚�o�w�é�”�§�ç�s
ƒ���Ñ�•� �ç�›�¡�ˆ���ˆ�z  �‰�a�Ê
²�w
ƒ���U
ó
:���O�`�h	Ô
�ù�x�z�7	s�t�_�m�T�l�h
ƒ���i�Z�U�–�;�^�•�‡�b�{  �\�•�›�b�;�b�”�q�z�h�q�Q�y�z�³�µ�Â�Ü���g	��U
/etc/bioinformatics/  �t�”�M�h  
ƒ���w�O�j�x
��$�t�!�Ë�`�h�M�‹�w�i�Z  ~/.bioinformatics/  �p	Í	{�V�b�”�\
�q�U  �p�V�‡�b�{�±�ï�Ó�ç�w  seqdatabase.ini  �Ñ�•� �ç�U  bioruby  �w�¹�”�µ�t���‡�•�o  �M�‡�b�w�p�€	°�`�o�X
�i�^�M�{


ƒ���Ñ�•� �ç�w�¤
��x  stanza  �Ñ�¥�”�Ú�¿�Ä�q�z�y�•�”	{�Ü�p�G	\�`�‡�b�{

[ �Ã�”�»�Õ�”�µ�Ê ]
pr ot ocol =�Ó�é�Ä�¯�ç�Ê
l ocat i on=�±�”�Ì�Ê

�\�w�‘�O�s�¤�ï�Ä�æ�›�¤�Ã�”�»�Õ�”�µ�t�m�M�o�G	\�b�”�\�q�t�s�“�‡�b�{  �Ã�”�»�Õ�”�µ�Ê�x�z�×
ü�U�–�;�b�”
�h�Š�w�å�Õ�ç�s�w�p
ü�T�“�•�b�M�‹�w�›  �m�Z�•�y�‘�X�z�î�M�w�Ã�”�»�Õ�”�µ�w�Ê
²�q�Ÿ�s�l�o�M�o�‹�Ï�˜�s�M
�‘�O�p�b�{  �‰�a�Ê
²�w�Ã�”�»�Õ�”�µ�U
ó
:�K�”�q�V�x�7	s�t	{�T�•�o�M�”�‹�w�T�’	q�t  
€���›�¼�b�‘�O�t�“�7
	{�p�x���Š�^�•�o�M�‡�b�U�z���w�q�\�–  BioRuby  �p�x  �f�•�t�x�0� �`�o�M�‡�d�œ�{

�‡�h�z�Ó�é�Ä�¯�ç�w	��¨�t�‘�l�o�x  location  �Ž�Ž�t�‹�¢ MySQL  �w�â�”�²�Ê�s�r�£  �å�C�w�¦�Ó�³�ã�ï�›�G	\�b
�”
ž�A�U�K�“�‡�b�{�q�O�w�q�\�–�z�“�7	{�p�F���^�•  �o�M�”  protocol  �q�`�o�x�Ž�<�w�‹�w�U�K�“�‡�b�{

index - flat
index -berkeleydb
biofetch
biosql
bsane -corba
xembl

���w�q�\�–  BioRuby  �p�–�;�D�ó�s�w�x  index - flat,  index -berkleydb,  biofetch �q  biosql  �i�Z�p�b�{�‡�h�z
BioRegistry �•�¤�Ó�é�Ä�¯�ç�w�“�7�x�!�Ë�^�•�”�\�q  �U�K�“�‡�b�U�z BioRuby �x�f�•�t�å	H�p�V�o�M�s�M�T�‹
�`�•�‡�d�œ�{

BioRegistry  �›�–�O�t�x�z�‡�c  Bio::Registry �¦�Ò�´�£�«�Ä�›�^
R�`�‡�b�{  �b�”�q�z
ƒ���Ñ�•� �ç�U�¡�ˆ���‡
�•�‡�b�{

r eg = Bi o: : Regi s t r y . new

# 
ƒ���Ñ�•� �ç�t	{�M�h�Ã�”�»�Õ�”�µ�Ê�p�±�”�Ì�•
€��
ser v  = r eg. get _dat abase( ' genbank ' )

# I D �›�¦���`�o�¤�ï�Ä�æ�›	��˜
ent r y  = ser v . get _by_i d( ' AA2CG' )

�\�\�p  serv  �x
ƒ���Ñ�•� �ç�w  [genbank]  �w�]�p�¦���`�h  protocol  �Ó�é�Ä�¯  �ç�t�0� �b�”�±�”�Ì�¦�Ò�´�£�«
�Ä�p�z Bio::SQL  �•  Bio::Fetch  �s�r�w� �ï�µ�»  �ï�µ�U�&�l�o�M�”�x�c�p�b�¢�Ã�”�»�Õ�”�µ�Ê�U�_�m�T�’�s
�T�l�h	Ô�ù�x  nil �£�{

�K�q�x  OBDA  �ž�è�w�¤�ï�Ä�æ	��˜�Ý�¹�¿�Å  get_by_id  �›�z�œ�i�“�z�±�”�Ì�¦  �Ò�´�£�«�Ä�–�t�{���w�Ý�¹�¿�Å
�›�z�•�\�q�t�s�“�‡�b�w�p�z�Ž�<�w  BioFetch  �•  BioSQL  �w�r
†�›�€	°�`�o�X�i�^�M�{

BioFlat

BioFlat  �x�Ñ�å�¿�Ä�Ñ�•� �ç�t�0�`�o� �ï�Ã�¿�«�µ�›�^
R�`�z�¤�ï�Ä�æ�›�ô���t  	��“	Z�b�“
Ê�ˆ�p�b�{� �ï
�Ã�¿�«�µ�w	��¨�x�z RUby �w�¦�Á�å� �Ò�å�æ�t�‘���`�s�M  index - flat  �q  Berkeley  DB (bdb)  �›�–�l�h
index -berkeleydb  �w2	��¨�U���O  �`�‡�b�{�s�S�z index -berkeleydb  �›�–�;�b�”�t�x�z BDB �q�M�O Ruby  
�w�¦�Á  �å� �Ò�å�æ�›���M� �ï�µ�Ä�”�ç�b�”
ž�A�U�K�“�‡�b�{� �ï�Ã�¿�«�µ�w�^
R�t�x  bioruby  �Í�¿�­�”�´�t
Ç
���b�”  br_bioflat.rb  �¯�Ú�ï�Å�›�–�l�o�z

% br _bi of l at . r b - - makei ndex �Ã�”�»�Õ�”�µ�Ê  [ - - f or mat  �«�å�µ�Ê ]  �Ñ�•� �ç�Ê



�w�‘�O�t�`�‡�b�{ BioRuby �x�Ã�”�»�Ñ�¥�”�Ú�¿�Ä�w�×�ˆ�Ý�Ý�;�ó�›�e�L�`�o�M�”  �w�p  - - format  �¦�Ó�³�ã�ï�x
	²�t�D�ó�p�b�U�z�ª�°�O�‡�X�Ý�Ý�`�s�T�l�h	Ô�ù�x  BioRuby  �w�¤�Ã�”�»�Õ�”�µ�w�«�å�µ�Ê�›�¦���`�o�X�i�^
�M�{�U�g�x�z

% bi of l at  �Ã�”�»�Õ�”�µ�Ê  �¤�ï�Ä�æ I D

�q�`�‡�b�{�é�.�$�t  GenBank  �w gbbct*.seq  �Ñ�•� �ç�t� �ï�Ã�¿�«�µ�›�^
R�`  �o�U�g�b�”	Ô�ù�z

% bi of l at  - - makei ndex my_bct db - - f or mat  GenBank gbbct * . seq
% bi of l at  my_bct db A16STM262

�w�‘�O�s�ò�a�t�s�“�‡�b�{

Ruby  �w bdb  �¦�Á�Þ�´�á�”�ç ( 	Ä�I�x  http://raa.ruby - lang.org/project/bdb/  �€	° )  �U� �ï�µ�Ä�”�ç�^�•�o
�M�”	Ô�ù�x  Berkeley  DB �›�b�;�`�o� �ï�Ã�¿�«�µ�›�^
R�b�”  �\�q�U�p�V�‡�b�{�\�w	Ô�ù�z

% bi of l at  - - makei ndex- bdb �Ã�”�»�Õ�”�µ�Ê  [ - - f or mat  �«�å�µ�Ê ]  �Ñ�•� �ç�Ê

�w�‘�O�t  " - -makeindex"  �w�T�˜�“�t  " - -makeindex -bdb"  �›�¦���`�‡�b�{

BioFetch

BioFetch  �x  CGI  �›�&���`�o�±�”�Ì�T�’�Ã�”�»�Õ�”�µ�w�¤�ï�Ä�æ�›	��˜�b�”�“�7  �p�z�±�”�Ì�U	!�Z	��”  CGI  
�w�¦�Ó�³�ã�ï�Ê�z�¤�å�”�¯�”�Å�s�r�U�>�Š�’�•�o�M  �‡�b�{�«�å� �ž�ï�Ä�x  HTTP �›�–�l�o�Ã�”�»�Õ�”�µ�z ID �z
�Ñ�¥�”�Ú�¿�Ä�s�r�›�¦  ���`�z�¤�ï�Ä�æ�›	��˜�`�‡�b�{

BioRuby  �Ó�é�´�£�«�Ä�p�x  GenomeNet  �w DBGET �³�µ�Â�Ü�›�Ì�¿�«�¤�ï�Å�q�`�h  BioFetch  �±�”�Ì�›�î
÷
�`�o�S�“�z bioruby.org  �p�á�;�`�o�M�‡�b�{�\�w�±�”�Ì�w  �¹�”�µ�¯�”�Å�x  BioRuby  �w sample/  �Ã�Ÿ�è�«�Ä
�æ�t�Ö�l�o�M�‡�b�{�q�O�w�q�\�–  BioFetch  �±�”�Ì�x�\�w  bioruby.org  �w�‹�w�q  EBI  �w�Ë�T	t�`�T�K�“�‡�d
�œ�{

BioFetch  �›�–�l�o�¤�ï�Ä�æ�›	��˜�b�”�t�x�z�M�X�m�T�w�M�O�U�K�“�‡�b�{

.  1 �¢�£�Ò�Ò�å�¢�²�T�’�U�g�b�”�M�O�¢�Ž�<�w�Ö�”�´�›�‰�X�£

ht t p: / / bi or uby. or g/ cgi - bi n/ bi of et ch. r b

.  2 BioRuby 
Ç���w  br_biofetch.rb  �¯�Ú�ï�Å�›�;�M�”�M�O

% br _bi of et ch. r b db_name ent r y_i d

.  3 �µ�«�æ�Ó�Ä�w�¤�T�’  Bio::Fetch  �«�å�µ�›�Ú
€�–�O�M�O

ser v  = Bi o: : Fet ch. new( ser ver _ur l )
ent r y  = ser v . f et ch( db_name,  ent r y_i d)

.  4 �µ�«�æ�Ó�Ä�w�¤�p  BioRegistry  �&���p  Bio::Fetch  �«�å�µ�›��
€�$�t�–�O�M�O

r eg = Bi o: : Regi s t r y . new
ser v  = r eg. get _dat abase( ' genbank ' )
ent r y  = ser v . get _by_i d( ' AA2CG' )

�‹�`  (4)  �›�–�M�h�M	Ô�ù�x  seqdatabase.ini  �p

[ genbank]
pr ot ocol =bi of et ch
l ocat i on=ht t p: / / bi or uby. or g/ cgi - bi n/ bi of et ch. r b
bi odbname=genbank



�s�r�q�¦���`�o�S�X
ž�A�U�K�“�‡�b�{

BioFetch  �q  Bio::KEGG::GENES,  Bio::AAindex1  �›
Ê�ˆ�ù�˜�d�h�«

�Í�w�Ó�é�¬�å�Ü�x�z BioFetch  �›�–�l�o  KEGG �w GENES �Ã�”�»�Õ�”�µ�T�’�y�I�Õ  Halobacterium  �w�Ì�«�Â
�æ�ž�é�Å�Ó�³�ï�¨�;�   (VNG1467G)  �›	��l�o�V�o�z�‰�a  �‘�O�t�ž�Û�Ê�Ž�¦
ª�Ã�”�»�Õ�”�µ�p�K�”  AAindex  
�T�’	��˜�`�h " �Ô�æ�¿�«�µ�w  �¦
ª  (BURA740101)  �›�–�l�o�z
ï  15  �’�,�w�¢�Ÿ�ï�Å�¢�±�”�½�›�b�”�«�p�b�{

#! / usr / bi n/ env r uby

r equi r e ' bi o'

ent r y  = Bi o: : Fet ch. quer y( ' hal ' ,  ' VNG1467G' )
aaseq = Bi o: : KEGG: : GENES. new( ent r y ) . aaseq

ent r y  = Bi o: : Fet ch. quer y( ' aax1' ,  ' BURA740101' )
hel i x  = Bi o: : AAi ndex1. new( ent r y ) . i ndex

pos i t i on = 1
wi n_s i ze = 15

aaseq. wi ndow_sear ch( wi n_s i ze)  do | subseq|
  scor e = subseq. t ot al ( hel i x )
  put s  [  pos i t i on,  scor e ] . j oi n( " ´ t " )
  pos i t i on += 1
end
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