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Abstract 
The expression of genes in mammalian 

cells can be constitutive, transient, or inducible. 
Transcripts of transient and inducible genes are 
difficult to discover using the EST approach. 
Transiently expressed genes, however, are 
crucial to embryo development and the 
pathogenesis of disease because they determine 
the outcome of disease. Using our new 
bioinformatics approach, which we believe will 
facilitate verification of novel transcripts in 
developing embryos or pathogen-induced cells; 
we aimed to identify novel exons in transiently 
expressed genes. 

First of all, the proposed method will use a 
general gene predictor that must be able to 
produce all possibly optimal or suboptimal 
candidate exons in human. After applying signal 
processing, an anchoring procedure in the 
method will transform and group the candidate 
sequences into many numeric hashing-signals 
clusters rapidly. In the meanwhile, an 
entropy-based theorem in the method will be 

used to remove the most error matches, repeat 
matches. Finally, the method will generate the 
resulting exons identified by alignment with 
other genomic or EST sequence in cross-species. 

Finally, we will be expected to find out 
thousands of potential novel exons. The a priori 
results prove the feasibility of the method. 
Combining the anchoring method embedded an 
entropy-based filter with an inherently unreliable 
gene predictor will be used to obtain a small 
scope of exons that may be potentially novel 
because the combination may avoid many 
drawbacks of some traditional gene predictors. 
Keywords: genomics, novel gene, transcript, 
Gene Expression Omnibus (GEO) 
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(Neuro-fuzzy Logic with 
Decision Rules ;NFLDR)
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ûHI# h^��_` GCD E��A Bç= Z>� a^? @KL% &ABCD�·Eß« a��EFío¯<GHEIJç<íK¾��L��«�M aB�ABNß  �¯¹O E PQ�� j¿ l RST U� VW X i
(Clustering-Hashing-Signal Anchoring Method; 
CSAM)

ª«i Z~ �Iç Y¯ B aoL%&@¿ÎkÑ�¯
CSAM+NFLDR

E'» ����Z][ \ar^�  ��A B\ý ]A�E Z
 �� aËÌ jE�����\^ío_»V r# `a @� �rý b Nf ÷E��� a£c�d����EA BfHí\ BeV_`9 fÝCD E��A Bg\ úûh®�GEA BZ�i�Mj) hln �k Edelm�µjDK aHíABà án �Eß« �o ZB� aL% &p RSTU�VWX i

(CSAM)
a¹�q�kdelrErsK~���IJES®�] {tErs Z)u Y¯�·Ede���íóvEwxlr au��yI���~z{ Eò| ��� Z

 oL% & @ a�� I¶dTU PQ~A} a¿l�¯IWX
(Anchoring)

~T~E_»V lr��E��A B��[ \aö��L¿À �$kÑ E�¡¢£9 E=¤¥¦§¨©� �¦�
NFLDR[42]�pß«ª«i a-.5 678N��[�����9��  jE+,û G

(interesting patterns)
aj��stQÐfÝCDE_`GA B��S® ap ³¯��S®���¯ � �¦ �ö� �¥��  j�±²� ������� ���������� � ��� ��� ��� 

(CSAM+NFLDR)¡¢� £¤¥¦ §
 

(1)¨ ©ª«¬ ® ¯¨ ©ª«¬ ® ¯¨ ©ª«¬ ® ¯¨ ©ª«¬ ® ¯ : 
�° ±² ³´µ ¶

(Indexing Computing)SQL·¸¹ ��º»¼�½¾¿ÀÁÂÃÄ��� ��Å ³ºÆ�� Ç
 

(2)ÈÉÊËÌÍ ÎÏ¬ÐÑ ÒÐ¯ÈÉÊËÌÍ ÎÏ¬ÐÑ ÒÐ¯ÈÉÊËÌÍ ÎÏ¬ÐÑ ÒÐ¯ÈÉÊËÌÍ ÎÏ¬ÐÑ ÒÐ¯ : 
�°ÓÔÕÖ×Ø²ÙÚÛÜ ·¸ÝÞß �àá ·¸âãäå� æ»¾ Ç

 
(3)çèéÉêë Òìíî ïçèéÉêë Òìíî ïçèéÉêë Òìíî ïçèéÉêë Òìíî ï ððððñòóôõö÷ øù úûüý��� �þ ÿ���� ��� Ç

 º¦����	
¢Ý�¥¦ Ç����� ����� ����Å� Ç������� �����ÁÂäå Ç������ ��� !" Ç�#�$�� ��!% Ç
2. 研究背景研究背景研究背景研究背景 
2.1 è&Î'è&Î'è&Î'è&Î' ((((ÎÏ¬ÎÏ¬ÎÏ¬ÎÏ¬ (((()*+,-è&.)*+,-è&.)*+,-è&.)*+,-è&. 

æ
1987 / 9 0º1 �Ã2� �µ3456° 7ÃÄ ò8 �9 :

--
º; <$ ¡�� �Ã =6>ÁÂÃ2

DNA 
�?�@� A�B4û�

30 CDE� FG¢
20 /�øH ÇI J� KLMN Áä� OPQ �JR F; FSFT F�<±UV<�·�Ã2� �µ3 �WXY�

2000 /Z0[ \]^_` abcdeÝ�e�ÃÄ� �:f Çõ gó�h �ijklm/Ã@no�pò�1�Äqrst FØuvwxy z{|}~� ��|� �� ������������ ������y z��������� �� ���� ¡¢£�¤¥¦¢£§¨©ª«��¬ ®
 ¯°±²³ ���� ��� �´ µ¶ ��z·¸¹º»°¼ ½¾ ¿ÀÁ� ÂÃ ��°Ä¼ ½ÅÆ�ÇÈ ®ÉÊË�¼ ½Ì¤�� ¡

(Data Mining) [34][1][63][52][23][12][56][3
2][45]

�ºÍÎ ��Ê}¶
C4.5-like ÏÐÑ [3

0][31][27][5][60][62] ÒÓÔ [61][11] ÒÕÖ×(R
ough Sets)[47]Ø Ù£ Ú(Machine Learning)

��
ID3[20][18]ÒÛÜÝ�Þß(Nonparametric 

regression)[16]
��

CART(Classification and 
Regression Trees)[22]

~®àáâãä �yÄ£ÚÊ}¤åæ ç}
(Back-propagation)[59]

�èéêëì�Ê}í°�ÓÔîÛïðñß
(No

nlinear regression)[57][70]
�ò�ó�

Gauss-
Newton Method [72][67][46]

î°
Levenberg-

Marquardt Method[69][29][37][28][50][51]
®̄°ÉôÊ}õöÆ�ó÷øù�

(Gradient ve
ctors)

�÷ ø ù��éê úÓ �ûüý þÔ| �zÿ���éê��� úÓ �� ù�� ��æ{|}
(Genetic algorithms)[38]Ò��� S

implex 	
(Downhill simplex search)[55]Òê�	
(Random search) [66][3]Ò���}
(Simulated annealing) [68][44]

~ ®
 ����� úÓ��� ���� ���ª�� ¡ �ÅÆð���� Å� ����� ¡

 (data mining) 
Ê}� �â�� µ ®�±ºÍ�� ��� ¡� ����!�³ü"#à�ª$%& �� zÿ����'!(�ü)" ®̄ Â*+,-¶º.�� ¡ �Ê}!�"/0���¶��� �z¤1234#Ê}õ¶506 �����' ®

 º Í ª 7 � � �   ¡ 8 9 Î :
 

CRISP-DM process (CRISP;CRoss-Industry 
Standard Process for Data Mining)

�<=��>� ; 

(1) ?@ ¡ ÂÃxÊ} ®
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(2) 
��NO

(Data Preparation)
®PQ��R:

,
��S�

(DataCleaning)
���TU

(Data 
Transform)Ò�6 ÒVW~NOXY ®

 

(3) 
�� ¡

(Data Mining)
��Z� �[ ¡ ÂÃW\]^ ��� ¡_ `x ¡ Ê} ®± � a � �

(Clustering) Ò� à � �
(Classification)ÒP b � � (Association Rule 
Discovery) Ò� b � �

 (Sequential Pattern 
Discovery)

~ ®
 

(4) 
�� ¡

(Data Mining)c·d µxef ®â3g��h ��ijÊ�î��kl �PQ� �mnef �� ¡c· ��op���qr ®
 ��st� Â��³���� � �
´5uvðx5 �wx��y �z({��|ªYÏÐ}~��Q ��àÊ}����� ��à� �ß� µ�à����ð ®���1��×Ä�ò���ü�����à����� ��/���� �� �� ��þ×6 èý þd ¥����������� ��3 ò����� ¡ ü @ � �|�¢ ð £ �¤ ¥ × ì� ¦§ �»¨ ¡Éô��×çµ�£Ú��5�à©ª�«ð¬ò® ®� �¯°Î �±���

(Principal Component Analysis)Òz²��³
factor analysiś Òµ � �� ³

discriminate 
analysiś Ò¶×�� ³

cluster analysiśÒ·�) ¸�� ³
canonical correlation analysiś

�¸����Ê}¡Ô|���¹ ���Ý ÒÃN® ÒÃNÝ (z score)Ò�º�» ¼½ ¾� Ò�¹ �>ø Ò¿�ð�®�ªÔ|���¹ÀÁhì�¤¥×�� Ò̄ Â¡Ã����SÄ*¼Y � �ÅhW�0Æ��� ¡XÇì���¡eÈc· �É|sl¶��y �íÊ�ÜÝhË ÅÌZ� Éô>�»óslÍ Î�ÏÐ¤Ñ ®Å� �¤ÝÒ¸��� ¡ {|}¡Ó ¸{|}ÜÝ ÔöÕâÖ �W\ ×(¶Ø�Ù� ÂÃ ®ÚÅ ��� ¡ÛÜsÝÞß�ºÍð�àÈ �¶ áâeÏÊÐ �ãäå� �¶æ�çè ��éo �ê� � ®̄ � ãäåëì¶¸ºÍ�à©ª�rÈ3 �̧ Ý�Å�à©ªíé�« î�� ï ð|ñòóôõö÷øõùúûü ýþÿ���
50%

ðô������	
 ���� ��÷ ð��õö� �ø���������� ��� !" #�ô$ %& '()*+, -. /012'345
Shannon 67 !89 �:;<= >?÷@A ÷B CDE�F@=G�HI JK:LMN OP()*+,-. /0Q�R2 'ST

Fuzzy logic 
�

F@=GUVWXYZT�[\]� '̂ _`=a=G
(Neuro-fuzzy models)

�b% '()*+� �.cVd�õö '!ef�g5!Th%ij 'kl!ùú=G�ômn 'opqr5��stuv wôux6y zW{ |V}�~� �̂ �XPst��zH5�* #�h����� 'þô��{� ���N �
 �� ���Dø� ���� �����ô��0��D�� 'W�4����� õ�¡¢8 £ 'k¤¥���¦§ �¨Eø© ª�«¬ùúV®HW�¡¢8 £ '̄ �ùú°�¡¢8 £H5±²³���´µ¶·*�û¡¢8 £�ô�¨¸ '¹º»¼�·½ �ú¾¿ À��l� ��¯�� ��Á4��·Â± °�

CSAM 
CDE

[41]
�� Ãô��DÄ¶� Å'k�¯�� ÅÆÇÈô�8É=ÊËb� D

-Ì+ : ;ÍU �õ_ `=a ÎÏ
(NFLDR)

� Ð= GwÑ¡¢8 £�®Ò øõùú �ÓÔ 5ÕÖ 2×Ø2ÙÚ �8 £! �Û '�� °��ÐÜÝÞßWcÉóôøõà�áWûü?â�± ã÷øõùúûü0 �ÓÔ^��Æä MN ªåE?æ��ç{ô è}� K : ¨ é êÓ Ô . ë Ëb � D
(Nature 

computing)
HWþôìôíîÞ �5ïðñòóô Ëb�D�õö ÷

 Ëb�Dþøùúûü ��D¡ýþ '�
S. Kuffler, J. Nicolls, A.Martin 

¿ÿô�
(From 

Neuron to Brain, 2nd edition )��¯íý�¨E�HÑ0�÷����N '÷�_þ~@�Ëb�0EUwÑ	D�
ö¬�Ñ CDE�_ %l�Ñ!�D�� ���D¨EÆ�þ~@õ_`� �
Neural networks�?=aÎÏ �

Fuzzy logic���� '�5�q�>���� �
Derivative-free optimization�¨E '�^8 £�>Í� �

Genetic programming�?=Ê ��E �
Simulated annealing��c Ëb�®cY=Ê �CDE '¤Hc	®����wÑø©?� '5!"ô�#®�ÐW$�=G 'kW ËÓ%2 �

On-line adaptation� X£2-]� %&��¡[\ '
 5'ç(Ä ¶ �Û �ø �~� �)* �+ ',5 Ëb�0!89 � Ëb�D¿-�°�.��/0û123|#4 �øä^ï

: 

(1).
C��D

(Evolutionary algorithm)5 46] ª#7� ��80 ��9:;EU�<= �
 

(2).
õ_ ` �

(Neural networks)
5õ>
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(3).
ø��D

(molecular computing)
þ5ø����Æ�T�

(paradigm)
89 �

DNA 
�D �

 

(4).U��D (quantum computing)
Uþ�U��6Æ8ÉU��Ñ67	D�¨E �

 VW( V.à�!QXY�D�TZ '[Ô\] ^]�XY _L�D/0Æ �ýþ �
(`abc×de http://www.wkap.nl/journal
s/naco)

b% '[Ô8� ��áþ!K:�DÆf g�MN^
NP problems 

?
 Ill-posed prob

lems
�

 

2.2 hij klmnopq rhij klmnopq rhij klmnopq rhij klmnopq rsssstupvwxtupvwxtupvwxtupvwxy ky ky ky k z{| }~� �}~�� ��}� ���� �� � � � �� � �� � �� � ��� ���� �
Batzoglou ���  [8] ROSET

TA ¡ ¢£ ¤¥ �¦§¨ © ª«¬� �� �®
(syntenic)

��¢¯© ª� �°±²|¦§�� �° �³´ �§µ¶·¯��� �°z�¸ �¹�� ��º»¼½¾�   �¿À CE
M ¡¢[7]

�
TWINSCAN[48], SGP-1[73]

�Á
SGP-2[35]

�ÂÃ¡¢�� ÄÅ� ��� DNA
 ÆÇÈÉÊËÌ ÍÎÏÐÑÒÓÔ Ë�ÕÖ×�

EST(Expressed Sequence Tag)
ÕØ ±ÙÚÛÜÝÆÇ �Þßàá Ë� �âãÁäåæçè

(conserved)éê (pattern)
Äë ìíîï�ð� �ÙÚñò �

 ¤¶ ÄÅ� �� � DNA Æ Ç¥ �óôõ ö�÷�øùúû ��·
[13]�  üÅ�ý�þ®¥ �(global alignment)
�º �

AVID
�̄ÿ�� ��

(anchors)
±��Æ Ç¥ ��®� ������	Ä
� ���¯��ÆÇ�¡ ¢�� ��Æ Ç ��´ ¯��� (suffix 

tree)
�º�  ����« �üÅ� ����ï¤��üÅ ��� ��� �� ����� �ä ��× ��!±"#$%��� �&'("É Ï���)Ë* Ï���(prefix)

��·� �+  üÅ ,-.æ/("�0 �Ý� ���  Ä
ÆÇ����«1� ��Ä
ÆÇ2ä3± 4û¯56�!&78zü
9� �$%"#8���´ ��  :;56<!�=��0Ý� ��ä�>?����«@å 4AÿÉ�B$%ÉCD ��«EüÃ� (anchors)
�ÀF�GH �� ±�� ÄÆ Ç��«IJ�&

K·ÆÇL� � �«M��0 �« �
 NILä OËPQ¥ � Needleman-Wunsch Rùº

[54]
�

 Ê Ë AVID 
ES �T { UV }Wµ ¥� �

[2]�X üY9�� ���Á¥ �¡¢ �
SLAM

�
SLAM 

� ü Y ¯ � � º z � ¸
(Comparative-based)

� � � Z [
(gene 

recognition)
�º �£¤¯\]{±^_  ̀a b ¶ * c } ~ � � û � ç è 

(conserved regions)
� � & d 

(divergent 
regions)eïñ8zfg  �ÞßhiüYjk�âã ± Ïú½� �� ��lãÁ ¦ ª��� « ¬ 

(syntenic genomic regions)
�¥��·�º�cm� n�£ ¤��a¦ ª«¬

(syntenic)Æ Ç� û��o¥ �±pq� �ÙÚñò �Ïú��}~r��st�¥ �±uvafgÛÜÝÆÇ�û�«¬ �·jkâã�wãa üxq �8«yz¢ Markov { é
(GPHMM) [58]

� ��
GPHMM |}å�S~¬ Ëa � �� �� �üxq yz ¢ Markov { é �¯ ¨ ï ¬ Ë a Æ Ç ¥ �

(sequence 
alignment)

� �8 « yz ¢ Markov { é �
SLAM 

� Ïú��� ���Á¥ ���ñ�¡ ¢ �� ï � Ä Å * c � � � ² | �
(unannotated)DNA Æ Ç«�$%��  ³���ÛÜÝ

/
,yÝlã �·º�£ ¤�  ç è � Ó f g Æ Ç (conserved noncoding 

sequence; CNS) 
�����ÙÚ�lF ��¯S��º* � �
SLAM £ ¤* c}~�� û� �°�¥ �±�Ü��ÙÚ� �lã úV}���Ñ (false-positive)

�k �
 

PSEP[17]��¢������ � Rùº
(Progressive Signal Extracting and Patching; 
PSEP)

�8 üÅ ïÙÚ� �� �êä å &�
(Alternative Splicing; AS)

��� ��Rùº��¶¦�  ª�
EST 

«� ��
(genome)

�̄¨� ��«� ����«lF �̄ ü2 ����¢í������±ÙÚ� �� �êäå&� �
PSEP[17]¡ ¢S[£�:~Y� �ÙÚ¡ ¢ �À

ROSETTA[8] ¤TWINSCAN ¤
SGP-1/-2¤̄ ¨

SLAM
�* �ï��eð�¥¦§ �

 

2.3 ¨©ª«¬y kp®¨©ª«¬y kp®¨©ª«¬y kp®¨©ª«¬y kp®  �� �a·� �4��Lä ¯¯°±ÆÇ�²¥ ��¯\³æ  ̀

1. �� �× �¯°±Æ Ç�´ ¯¥ �>V}Ó~���0¥ �(repeat match)
�¤[17] µ¶��«lF×· ð¸

88%
�ïñ¹í
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2. 
��� �×¯°±Æ Ç>ÇÈ ÉÙÚ�� �lã �

 

3. 
�za:~Y� ��� û¯¯°±ÆÇ¥ ���ÊÑ �Ë�±ÆÇ¥ �z� � ¯ÌÍ�Î¦Éü �

 

4. ¥ �Ï§×Ð ÑÉ�éøùj ÒñT{ �ÉÓåþ�ÑJ�½ÔÕ¥ �Ö×±Ø�V  lF �
 �·Ù }~ r ÚÛ Ü9Ý� ��"��Þ ú �Éß à¯� ð�ìáâãä å²æçèé êëìíîïðñòóôõö÷çøùúûüýþÿ� � �øñ �ø�� �� õ� 	
���ø� �óô �

 

2.4 ������������ ��� ������������ ��� ������������ ��� ������������ ���  !"#$ü%&'()ü*+, -
 

1. . /01234�56789:ø;< ê9= >?@ABCøóôDEF=GñHIJø� �KL?MNOP �0QR ST56UVöWXYZ[\ �
 

2. 
= >]^_ù]^_`ab øc�dóôe fõö

EST
ù� �g

(genome)h� �gù� �gøe f ê�ijkle fø÷mîno p �
 

3. qX= >c�dó ôë)re f ê�isT9üt uú >c�d]v w< ë)rìUx øfù êyz{|5*}iXY~:ü�� �U�hKL øf} �
 

4. 
ü��� ø� �;�z{ ��KL��. /��èéb� �� w�â ë� ���� � �

 

CSAM ��Vü÷� ø� ��z{���� ���� ü�jkl ¡ó ôø¢£¤¥ ¦ ê§¨©ªUV «òø~: ê¬]®�¯ °o± ²³�� å´èé øw�µù w�µe fø¶·¸¹ �º»¼
SLAM

ê!"ø��� �IJ½�= >
GENSCAN[14]

D�¾��IJ½� ê¿²³À²l
GHMM-based Á³ ø� �Â� �ÃÄ½� �¿"Å�²³ 	
Æº� �Â

(genomic)
óô�ø`Ç

(transcri
ptional)

ề a
(translational)

êXþz{
(splice 

signals)
ü�ÈÉÊËÌ]^_ êÍÎ_Ì� �Ï

(intergenic)
ûøÐe

(compositional)
÷Ñ ê>ëÒÓ� �KL ø²Ô øÕÖø×Ø �²ÔëÙ ê

GENSCAN 
×Ø>¼�Úy� �Â

DNA Û øÜ�ø]^_ /
ÍÎ_ø� �KL �

GENS

CAN 
½ �ø9 üy ²Ýó ôÍIJ ���� ê|5ÞÊü�Üì� � êß�9²MIJÃàyÿ áâ²hã DNA äå*ø� � � 

2.5 æ çèé� ê�ëìíîæ çèé� ê�ëìíîæ çèé� ê�ëìíîæ çèé� ê�ëìíî ùïð� � �øñ� �Æº��� �ëÙ êòHó1ÀHyñò9:øIJ� �áûÚ ô«õ� � ê¿À²ðö÷øùøw�µùw�µe føùú×ó½ �iûü²ý�þ ø®� ê!"ñoøUVß?= >ÿ�óô��
(Expressed Sequence Tag; EST)

w�µ õÀ=>y � �� � * ø� ���� øö 	þ 
þ ê
UniGene

êëÜ�w�µù w�µøe f®� ��sT êï�e fe�ø®��ÀöW��øó1 �� �U�� ����� �� ø��� �� �ªûÊ��³Þ� êÊÚi]^_w�µø� � �óôe f�e�|5 �ü�jkl� �óôfùÊ �iT� �oô²l üeó;� ��
(OHI)!Li�¾ ø��;�z{"#

(CSAM)
UV êy ]^_$%*øóô)r¥»Éø&' �¿(>²l� ��z{��øUV��)"*+y ]^_$%øñòY»e f��,� �jkl� �óôfùÊ ÞÊ- 	
�Æº¥» ø. /Ìù /� �gøe f �00* ê#$sT��ø;�z{ ��!L ÿ1kl øe fó12:öW34)Ü� �

 

2.6 �56�789:;<=ç>?@�56�789:;<= ç>?@�56�789:;<=ç>?@�56�789:;<= ç>?@  õA �N IJ ôëø]^_À /�BóôñÂ� êüT;�z{ùC]^_óônD�� ��Bfù
(repeat match)

��T ê��E�2oF ²³�¼234� øG56 ø78 HëûÚïý �I fù õ?= >JKLMH ês
MaskerAid[9]

�òN ê#$
NCBI(N

ational Center for Biotechnology Information)*����
(public domain)

øÆºü�O /� �g
DNA

óôü� �IJó§
GENSCAN

[14]
IJß ÊP�}Q ø]^_ó ôRF ¦S�w�µ �XT êü¥ EU�ü

NCBI 
*}iÜ�ø UniGene DNA 

óô`a�� ��óôøw�µ �ü
UniGene 

w�µUV
EST WXYZ[\]^_` abc defghijk lmno pqr st uvwxyz nob{ d|w}~���p���]�}�����p�� �t�� d�������� �w}���w[����

(hydrophobicty)� �� p¡¢£ s|w}���o¤w}¥¦ d§¨¥¦©qw}�� ª«�¬p�  ®¯ s°±�²³�  ®¯ d́ µ¶ ·� ¸¹
DNA 

�
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ÇÈÉpÊË~�� d]Ìw³
mRNA 

ÇÍÎ �¶pÊÏp~���ÐpÑÒ sÓ�  ®¯�p¥¦ÔÕ£Ö×` Ø d¬ÙÚÊË~��\g ÛÜÝÊÏp~��ÑÒÕ Þsßw}ÈÉ� ¸ÞÖ×p~��àáâ¢ãäå dæ¬ Ù çè ÛÜÝ é w} êë ì  p� ¸ÕÞ dí¬Ö�\gî êï� ¸ sðñ� dÚ~�� WXYtò �| w~��ó nZ ap`ôõ�´µÐ�]ö� ÷~�� ÷ø� ¸t��ùúZ aû«püýþÿ�� s
 

3. 研究方法與進行步驟研究方法與進行步驟研究方法與進行步驟研究方法與進行步驟 ��x�´t²h�� s
(
w

)
÷tWX��Ì�	
���� s

(�)
÷��WXY

(Federated Database)
�� s

 

(1)
÷�� d�� WX��x� d���� WX�y]�� s]

MATLAB 6.0 
]��r�Üp

Neural Network Toolbox 4.0
ð �r��õ�¶!xìWX��r��"# d�$% ] &� '	( )* + ,- Ì. / Ñq q� dv0 ×1ð2 d34¶]

MATLAB
p

M 
file

·�5ô
Sigmoid Belief Networks67

logistic belief nets(
�

1992 Neal
Ø8ì9

)
pÈÉ:

(Stochastic machine)
� s�Ý

MATLAB;Ït< =>� dÊZ?Ò@ABCDE pðñ dFGH34¶��IJp´K no WX*+ s
 

(2)
÷tLðM¤N

NFLDRO PQR� WX��� dSè
TUç¤NßáBW¡ VÝWX� ¸pÈÉY Z� srY Z� ªp
CSAM
�[ \Õ]E ^_4

 ̀

Windows 2000 Server NCBI

GENSCAN

Hub

Printer

SQL Server

Digital cloning in full length 

Linux Server

NFLDR
Users

Exon Database

CSAM

  ^
 1 CSAM


�[ \Õ]E ^
 

3.1 a bcda bcda bcda bcd(Clustering-Signal) oÝ ~��� ÐSè ]� â¢äåp'	Uçèez��q� dfg ¸Ï�ZwÌ< =hápij ÷wk� �l�mpnmÌÓoz� �ppÔ s
 wk¶q d� �l�mhrs´qtû	øutû	

(non-hierarchical)
²hv

[43]
sutû	'mw x� ywò�ÿzU

N
}BC{m|� �q}~� p K � setû	p'm� �w} �A� (nested cluster)

ptû dß��|�wx�²6L�p���eq sßtû	'm Þ d� �	 (agglomerative) � �p'm
[34]� �}BC p� ���f��è��|Ò�vLhp� s{Õ d́ �	

(divisive) �� [71]
p'mæ � ÛÜ��BC p� ���f� ç��|´qL�p� s�e dZ�N��tû	6�utû	p'm dJçè{m|�_}~p�î� �%ps�N� �â¢�����ÐpV� d� ��Ðó n d

 
�ÐÞ���� ªF`ô

motif conserved domain�]��×� pno s
 h ×-� �l�mI�
�ß� Õ  p¡¢]£¤¥Ò� 6�´¦�è s]}§�p'	¨

UPGMA
�© ptû	p'm d

[65]
æª«¬ N�[®-
�ß�Õ  p¡¢ sßoh¯�� ¸¬^ WX´K� d

[21]
¤Nw}ÿ z F � � p t û 	 � � l � m d

average-linkage analysis
s3° d

[10]
]´±�  p'	)Ò uF� �ptû 	� �l�mø

K-meanl�m[26]
sÚm©q�²}- p� p'	î³´ w} ~��`oÝÇ�Ó�� ¸� Þ� yw�¥� ¸� �}�p[®¡¢ dµø ¶

(affinity)
£ dø w} · ¸ ¹º £

(cut-off)
²» ¸¼¶¤¥½~��y/6¾¾¿ ·Ú�¥� ¸� s

 

Han[36]
¬ Nwú �Ü`À§D ÁÔpÂ^

(hypergraph)
d

i.e.� dÃÄ noÁÔ d
i.e.
�¸ d]�´`ô p"ÅÆ� �WX sÚ~ d[53]t û | U B C Ç / w} È � * p � É ^

(acyclic directed graph)
dÓ Þ|�\g¶ ·îÄ ×Ê� pw�´ s�ËÚl�m])¹DE^^_} §Ì

(compact)
pò �ÿ z¶}~�� p- ÍsÎw'Ï d�´}hpÐÑÒ� �� �¡¢['ø (sum of squared within-cluster 

distances)ÓÔÕ ÖAlon[4]
� Ntû 'm×�ØÙÓÚÛÜÝ Þßà Óáâãä åæçèéê ëìí ÖCalifano[15]î ïê ðñòó ôÓõ ö ÷ø ùê úû ü ý þ ÿ Ó � � � �
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(phenotype)
×ä�Ý Þê ëó �������ú������ßà��(express profile)�� ! "ñò# �ßàÝ Þ(coexpressed gene)�ê ë$!%&ê ð"' ()*Ý Þ+,×-�. �êì/ë%01��è2345 67ÝÞßà ë

 89 :;<! =>Ú4 ?ç@A B�CöDE
(regulatory motifs)FGH?þB�ä2�Ý Þ ëIJ! ÖÞK?çLM Þ�NOP��QRAST � ÖU$ê ðÝ Þßà�"'VW)*Ý Þ+,X-�.�êì / ë�øY Ö

CSAM
"'Z[ å\]^H_` a���CöX-�. �Ý Þê bc. �;dÝ Þê e��f ëgh Öi%&ÿjk[lmn�"'. �ÖCSAM

"'�ao4 epqrüåU_H_ýsmn�ê ëÞt ÖCSAM
"'u vÿa o 4 w � xy z { � | ê }ý ~ 3 4

(ill-fitting) ���Ý Þ ë 

3.2 ��������� ������ ������ ������ ������ ������ ������ ������ �����  açê ðR���X��ç�X Öaç$�O�� ��Ý��� Ö����^�æ Öúß���è^ ë aç�X0 �èü¡ ¢�R��� ú£2C ö }�Ý�#_C ö��ø
(pattern)

ë
CSAM �ü$tê ð��q�^X- K ¤ æ � R � ¥ æ ¦ T ã § ¥ æ

(membership function)̈
| aê ë)*|aÝÞ}©ç���q$ç xXä�* ?ê e Ög.�ª|ç���Xä�Kèü�ê ë|d�Ý��* ?�� (profile)è^ Ö��Ý���^ Öq�ú«¬aç���ú®aç_;¯°<!±²�èé�� ët�� Ö³Kê ð�� Ö�89. ��Ý�¡�. ��´ öµ¶· ÖU¸¹���º»�aç4�¼ ë

 ïCö!�Ý�[
��^�æ ]

�Oìí�� (R�ê ð�� ) ½$aç �¾üÙs�¿ÀÁ Âe�Ã ��Ý�$þÄ"ÅÆ·ÇÈaçÉ¡� ÊË«¢ìÌ ÖU_��Ý�CöÍ89t��4�¼�ÎÏ Ö�[|a�Ý�$Ð ¾üæ Ñ�ÒÓæçÃÔ ��Ý���^�æ ÖúÕ:* ?è_����FÖ ×Ø�� áâÙ ë � ÖÚÛê ð ÑæÜÝÞ����Cößà�´ áâ ãÁÂäå Öæ ��èü¡ ¢�R�¼ �çèOétê ð��ì }ëyí ½ 8 9 � � º » ó � ç ê ë � # ì
(sympathy)è^ ÖªÝ ÞU§ �����#ìí$åÎîïð "Åññóò ¾üó ë

 

CSAM
$R�ê ð�� }�¡ ¢´ öáô ú X õ å � ê ,

g $ � � á ô ú ö ð

agglomerative
s �ê Þt ÷ äê ðR � �� Ö$øêù4áâ"'úûY��* ?þÄ����Ý Þê ëÞKR�ê ð���¡ ¢R�¼üsW�Ý���º»4�¼ Öýtþs�R�¼.Íÿ��ê ð�_ó� ��4�¼����Cö 4 ëÞtR�¼î�Y��¡ ¢áôq$Ú Ûâa�C ö� �Ý�ßà!��0 ��Ë"'	Cö´ á ÖÞg
�Y��Cöá �ç/QR^ ë$R�ê ð��}�¡ ¢´ öáôúXõå�ê ,

g$�� áôúöðs�ê ,
.� Û{ �jkê ð����r �ç��� gh� �C ö�� áô01t´ á���H:;±² ëÞK CSAM

.������  !"#$%&'()*+, -./012 3456 78 9:;<=> ?@A*B CDEF*GHIJ/KLM*NOP QRS*T U V@WXY ' () *+, Z[\] ^_`*ab
(pattern)

Dcdef*^bgCXhN��i 0�  *+,j"kl?mno*pq!rs t5 D
 

3.3 uvwx yzuvwxyzuvwx yzuvwxyz {{{{Ordered Hashing 
Indices|||| }^~ *ef����"����� -N�h}QR� ���*���ef -������ef�*�� �� D�J��0����h ��}�� *QR� ��� ¡ -¢£}^~¤¥��¦Z�^§ * D̈ ©) -ª«ef¬ ®¯4*°±�²³´µ¶·��. ¸¹*QR Dº »¼6 �� *7¶· *�� -

CSAM
34½¾¿À Áno� Â*��_eÃÄ Å

(OHI)ÆÇ DÈ É��ÆÇ�Ê��?@AQR�*ef7_ËÌ DX? -@AQR�ÍÎ Ï*�º »¹h?@AÐÑ �-kl��e fQR� *ÒÓÔ É��ª« *0�34 -ÕÖ�QR�ef)�×�� *?@AefØÙ t5 D_e Å��YÚiel*Û*Å -"¾ ÜÐÝÞe3&�� QRÛ D!ÃÄ Å��YÚÃÄl*Û*Å -"Õ}ß*Ûà�há â�ã*à�ä �-È6��³Û å"¶· /æç 3&ª«�� QRÛ D
OHI

���_ËÌ*QRIÇ -è CéIê_e Å/KÃÄÅ*ëì DXà�ä íÀ î-ï��ÃÄð±¯ t��Ûñòæóô DCº
OHI

É5}õö÷åøù úø*ûÃg -CXôüýþê��}*QR� ¡ �ÿ�� D
 

3.4 � �� �� �� �(Alignments) · j 5EFkl »���� ��e fi0"/0� t
CSAM

hi 0*	
)_�N
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�D��� ��ef0� ��È É�B��g±��  5�±�� �B�e fL ø*��g D�B� ��  �!*_
Fitch

�  
[24] "

BLOSUM
�  

[39](BLOcks SUbstitution Matr
ix) "/K PAM

�  
[19](Point Accepted Muta

tion)
D

Fitch
�  ¦�ï�B�#�$% *��&5ÍÇ D�'()�  

BLOSUM
��*

20X20
*+B���&� -1 �*~ÛÕÉ5±¯hN �,-� ��B~.� 0j *��

10
�+B�efø*��& -Éé�/ef*012� Â

[39]
D3é Ý4é

80%
� �*e f*5*6 7"Éé8c

BLOSUM80
� D�b * -_

62%
Ý/)� �*6 7Éé8c

BLOSUM62
�  D9é

PAM
�  �:°; �Ñ*<=¿X> ?l@*A BCÂ -¦+B�D ?)º1ô+B�*E Ì -"É<=�ÑLEÌ*�  FG HIrW DºJK

100
�+B� �: c^Ñ<= -LMN��gh
85

%
/) *� ��5�±N �m &+B� ?)*EÌ5�±

PAM-1
� *~Û DÚl HI

250
�

PAM O>P*<=EÌ� -
PAM25

0[25][64]
� QR S T�� 1 U0 *V W ÂX DY

PAM250
� Z12�0*�  �[\]� a �^¯ t5!N�¶·±¯6 �*

[19]
-CX1_` Ìa��æbc DÂéef¬d -

PSI-BLASTef¬d(Position-Specific 
Iterated BLAST; PSI-BLAST)[6]

-�Ö�YÕge f0�ù ^e f0�Iêh �h *� ��QR�¬d34 DÔÉi�Ñ¬dIJÇÍ> ?üjg±��  -kl ^ÑefN t,kIJ DY�Jh 0�MNlmn� � "�o^Áp4÷ûÃ&*qrefs tu -Hvef¬ dl% Z Cº�� qre f*wx !yz
[40]

DBéXef� &*QR�¬dQR&�3 "üjg�, -./"/:;��12�0Y{<_cd'	
*��ef D|!
PSI-B

LAST } »¸¹}ß*±¯Qo? -�é¬dIJ*�~�� ��� ��� DÖ�Yef¬d -
FastA

®¯4
[49]

"�ý t���*D ��e f ��� *e f��ñÕ>é ��� ��)��·�*� ��F·h5 DEF*±��NÈ É±��  "Nkl ^Ñef/Kh 0�e fMNLÕ÷ûÃ& *qre fs tu*3&5i}ù��?@A��ef DX½�34Iê�� ^ef0��
PSI-BLAST

-ñÕ>é �dY)� �·� *?@A �� /K�dY)cd'	
*�� ?@A ��F·h5�
FastA

DCºX±����QR��Q

R�*��¬d -CX¸�ª«S�5}��*e f0�È6G;� 3>� =>B C�h5º"� D!
CSAM

34����ef0� 34*ë�ñ � 1½ t= *� ��� �JK� ���  ¡¢£¤¥¦ §� ©̈ª«¬   ®
 

3.5 ¯°±²³´µ¶¯°±²³´µ¶¯°±²³´µ¶¯°±²³´µ¶ (Repeat Sequence 
Problem for Masking) ·

1999¸ Smith
·¹º»  ¼½¾ ¿ÀÁ

RepeatMasker(http://repeatmasker.genome.w
ashington.edu/cgi-bin/RM2_req.pl)

 ÂÃÄ ÅÆªÇ ÈÉÊ ËÌÍ¾ ¿Î¼ ½�ÏÐÑ ÒÓÔÕÖ ×Ø ÙÚÛÆ ÜËÝ� �
Repeat

Masker
 Þß ®Òà á̈âãä åÀÁæ ç ¨èé  ä åÀ ¼ êë � �ìÍ¾ ¿Î  ¼½ ®íî ï̈� ðñò óô 

(interspersed)õö¼½÷øù� ú̈ûü�ýÑ ÒÏÐÀÁþÿ������ Ñ Ò � �®Ò� Ü	· 
��� � ��
(a tail end of coding regio

n)�  ��� (transposon)
Ç������õö¼½ ®Òà Ñ̈ ÒÏÐÀÁæÔ�·ÉÊ�ñ�ö� ���� !"õö (trinucleotide r

epeat)
 ¼ ½÷ ø# $̈ %&'À ÁÏÐ(� ®)* î̈+ÏÐÀÁ� �Í¾¿Î 

DN
A ,ÉÊ¼½ -̈àÀÁ�ñ�.

3'/ì�0�
(UTR)1234  ò óô (interspersed)õö¼½� 56

(overestimate)
'7 8

polyA
 9: ®;< =̈. õö¼½>ûü ?@ËÝABüCD Üë EFëGHI

acceptor splice sitesJ KLMN
 (polypyrimidine) 

� Ö �ËÝ��  ëGHûü��PQ I
be compromisedJR )ST ®

 

3.6 ¯°UVW¯°UVW¯°UVW¯°UVWXYXYXYXY(Repeat Match 
Elimination) ZÌ ìÍ¾ ¿Î¼ ½ ä åûü�[ \7 8(� õö¼½]^ Ò̈àèéÆ Ü_K`Ñ
(biresidue)

 ab ®ËØcÑ"·defg
(peptide)h ijk�ËØ`Ñ )̈_K`Ñð@ ZØ`ÑlËÌ ;m  d efg

(peptid
e)
®An o¬pËØÑ.q _K`Ñ

(biresi
due)

 r6� s̈�tu��ZÌ
��¼½ ä ålv=õö ]^Ow' ®ñxÝõö ]^Sy<û�ýªz��  å{|+ ®ÉÊ¼½ûü�
RepeatMasker̈ (http://ftp.genome.wa

shington.edu/RM/ RepeatMasker.html}Smit a
nd Green)

À̈ Á~� ®�l ¨å{�¢'Z� ��Ýõ� õö¼½èé�õö]^ Û̈*�Ýæõ�õö¼½èé���]^ ®Z¼
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½��]^ |+l��� Ü;�]^ )̈tæ�¬l�Ë ®èé ÀÁ·~���� õö ]^�� �æ ç.�¹ÀÁ �ÿ �̈ î¡ ®
 

3.7 ¯°UV¢£¤¯°UV¢£¤¯°UV¢£¤¯°UV¢£¤(Repeat Match Filter) An o� �ËØÑ.q _K`Ñ
(biresi

due)
 Ë¥r6 �ÿ ü¦�ÛSy·¼½äå�þp õö¼½O&' õö]^ ®x§n o¨Î©ª«Ä¬ ä å �̈
����ñÏÐ Üu ®¯
��°y ±²  Ñ ÒO@³ 
�� Û̈ å{´ µ�� µ±² Ñ Ò¼ ½ ®;< Ï̈¶[ \·¸Ø â 
��¼½ )̈xÝ
��¼½ûül¹ºÑ Ò» ¼{½ Ë34 ẗéû�Ë¾¿��À¢Á ÂÃ¼½ ®ÄÅ ðÆÇ_K`Ñ

(biresidue)
r6�ÈüÉÊ· Z�©ª«ä å |+ Å ¦̈�ËÝ
��]^lõö]^ ®Ì�� à̈ÄÅÍ'Î�ÏÐÑ¡½�§Ò Óâã ÔÕ�ô

(m
assiness)̈

Öºô
(contingence)̈

�þOæ·ô
(ubiquity) 

®ËØ· 
��¼½Ü	 _K`ÑÍ�×¬� Øº\õö]^ �̈Ïà�§ÒÓâãç�ÙÚ ÛÜÝ ®ÞßxÝ_K`Ñà7ûü[\ËØ  ��]^ ®î+üñàÒ Óâ ãáâ�Ô ã·Îä�i åæç�«èô¬pé ê̈ëìíîïðñòóôõö÷øù ú
 

3.8 ûüýþÿ�����ûüýþÿ�����ûüýþÿ�����ûüýþÿ����� ���������������� �����	
�	
�	
�	
���� �������������� ���������� �������� ��÷óôõö ���� !"#$% &'( )÷*+,-. ÷/012
[41]34 56789 :; <= >?@��÷;< A ������������ BBBBCDE÷F- óGõö÷HIJ,KLM �N*O���PQ �RíST UVWNX+���PY � ú

 ������������ BBBBNX+���P �÷X*Z��[ \] >^ )_`I ÷a+ b,cTCd �*HIJ, úef'�HIJ,gS óô�� �h óGõö÷HIJ,ijkîl m ú
 �	
���	
���	
���	
�� BBBBn$õö÷HIJ,op])_N qO��Y � ú

 r4st �uv÷wxì !yz2{|}Y ~÷���� 5*+ ������� ò�õö�� ������ yz÷��� �5��R��÷wx�� ��:÷/0{� ú��� ��� �÷��� �l, � ¡ ¢£ !¤¥*¦§¨©ªM«÷, �÷§¬NN ®¯

°��Y �ú±²³!,-HIJ,´µ ÷�� ¶· n$õö÷¸¹ ��� ÷, �ø£ º»]¼ �)¤ ú
 

4. 結果結果結果結果 
4.1 ½¾¿ÀÁ ÂÃÄÅ½¾¿ÀÁ ÂÃÄÅ½¾¿ÀÁ ÂÃÄÅ½¾¿ÀÁ ÂÃÄÅ(Exons)ÆÇÈÉÊÆÇÈÉÊÆÇÈÉÊÆÇÈÉÊ

1130 ËËËË  �Ì� �Í"#$% &'Î«
3,223

Z¸¹, ��� �ÏÐ �'ªM÷, ����ÑN Ò;���Ó !{|¼Ô ÷ÕÖ �¥Ð���� �×«Ø= 1130
Z¸¹, ����ÙÚ� �Û{|¤�VEÜÝÞ6 A 

A-PMExons
�¤ ß

GenBank
'(à ÷á �, � 
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