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H��L���ÕÜ ©Ï�æ6��5DyzPÞ��������ô����à�AÝÕÄ³Ì

íãÑ�U��P���ÃÑ«¾âã� �D��ÕÐ�U����P ��ê/D¯3%o�

D÷��Îo�ôDÕÐ�Ì 
&I���@� st�<1�¯3%o��<./�Uz�	
H��LDúÞ��9�UUV`H

D��MÕÐ�UÍ�	
�4¬%�wJ1lmy��DUVD��ÃÑU�ê�~(âã³º»Ji

jD���ÞD=ñ�UVÛ�^Ë�Ã�.ñ��À�ï/Ä³Ì¢�DÓ�¯3%o��¢�D

��5½kl�Û�.���Ë�@ÉL»D¥ÕEêP1ã
PÑP.ÌíD³�UUVDB��¯

3%o���]ÃöP.Ì 
 

(6) z�º�<1�Lq��DH»��D�0 
óôGHÕ�U2013Ï 4ª�U�³�ä¯3%o��H������çÀ�´>?Uo�kÞ�U

ì�Uóã����7ÙD¯3%o�D��Àp�³Ì6æ5½k�GHÕ�UO�j5\ª 

�D�ê³¯3%o���À�ï/.�Ì2013ÏDletB�<./�U(w¬�wD¯3%o
�Û^_�PBUD7-�>Ûï³Ì�� `HD�~�P��MD7qÕÐ� John Casti�U3�
ºDùGP+�“X-Event”ÛqõstDGÄPîï�Pï/.���cêUz��P���æ6��5
X-CenterÀ�´>?³Ì 
:
�ëì�;+��¸PÞDùGÕ��P���D¹� JwkD��ÕôU¯3%o�D¬

¸ÛD�âã/.�Ì÷ÏÕ"Kâã/.�¯3%o��Hz����3v��ëÏ 5°�Û�l�



 

 

lÕ"Kâã³Ì©��P¹� �H�KÉ/U¯3%o�6�xAË�³�Dq��«'�P��ô

Z�/=�B�âã/.�Ì 
 

Ë2Ì ���¿ 
(1) k,�¿ 
����*�¯3%o�uÀ 
ÑÖ�¯3%o��-./\-DuÀÀjï/.�Ì7-�U�_¦U�H¦Ust¦PÞÚÖP

x{m�ÀÊ³Û�U¯3%o�D³�D�¸DÇ�ÛÐ�DÕ�P.ÃU�.ñí�ÕÐ�Ì�

���_HÀg¾ê³���óD�AD^ÕU�_�<1�2y6 ��H����<1�2

y6 DõAÀ��³ÌÑÖ�UâÑ�=�U¢ÚPx{m��<1��¸P¯3%o�3;D

ÉÈÀu�Ë�Ì 
ôñ7-�U¯3%o�����¯QkD �ÕÐ�U�.ñuÀÕÐ�Ì¡�DXYÛ�ªÀ

¨ï³�U§Mê³��DXY�nÄm��í�ôÐ�ÃôêãP.ÌóãÕôU����ê/D

�7 ÀSjêU�ªÀ�ÑÃD�Õ°Mâö/.�DÛ¯3%o�6P���ÕÐ�Ì��P�

��DCXYÛ�.�qrË�í��=ï/U¡�DXYDâ×P0ÕP.U���¯QkD 

��ê/ä¯3%o�çÛ«¾âã�ôD�ÑÖ� É�ÌÊ³U�á¦Ust���PÞÑÖ

D�ñ���D¢��U��D���Û���� �ê³U�����I����*�P�Ì

ÑÖ�U¯3%o�D����P�yÀÚÑÃ�Ë�Ì 
�123456õ�k��12�' 
íD123456DER�Põ�k�UÚÖP���À¯3%o�6���êUxAË�³�D|

}D,¦À��Ë�í�ÕÐ�ÌíD³��UÑÖ����*-D�æ1Àn�Ì 
�7D�æ1�UÕÄ�ü1¢�Dx{m��<1�¯3%o�3;À��êUóãÑÀ�õêU

O�2xÀ!�í�ÕÐ�ÌíD³���U�_HU�áHU�HU	
`HU��HUý³HUì

�UstHU_�HPÞ¢�Dx{m��<1�¯3%o�À&�QmêP1ã
PÑP.Ì 
�\D�æ1�UóãÑD¯3%o�3;À�¸�¥¦ÕÄ����P)]kÀ��Ë�í�Õ

Ð�ÌíD)]k�=ï/UóãtãD��D¯3%o�3;ÛÞD=ñPÓ���PÕÐ�DÃ

ÀV�ê³�UÍ�D���<./EêP¯3%o�3;DAd��öÛ�ÃÀ�¿ê³�Ë�í

�ÛÕÄ�í�ÛÇ±âã�Ì 
�*D�æ1�U>YÕáÑã³)]kÀU¦�D���Ð/��/�>ÀË�í�ÕÐ�Ì�_

HJ�áH�<./�.�-ÃDdy?¹U�ÁÀî/�í�ÛÕÄ�ÃôêãP.Ì�H���

�<./�U=�¯3%o�6P���µ�D³�Dø��À~�í�ÛÕÄ�ÌstH�<./

�UUV?��`H�P|îÀ�É�í�ÛÇ±âã�Ì 
 

(2) CÏ'D�¿ 
&E 26Ï' 

7-Dx{m�À¯>U>Y)]kÛêA\ªÕÐ�ÃÞñÃÀ�>Ë�Ì 
&E 27Ï' 

123456k,D|îÀ,¦�êUuÊË�Ì 
 

  



 

 

Ë3Ì ��VW���,«  
&I���$�¯3%o�D��3; 
���·¥M 
Ë������LÌ �Ø� ß 

�����M 
Ë������LÌ µ� =�UD� 0ß 
Ë�����������Ì Legaspi Roberto SebastianU�µPPU<�Ü°U�� � d 
Ë�l4¬�GHÌ Patricia Longstaff 
Ë¨��íü/déGHÌ G5�7 
ËnlmIkxGHÌ Günter Mueller 
ËóôGHÌ 7Þ7È 
Ëz�ij��LÌ Ø��-¥ 
Ë{kek�GHÌ i-b�N 

 
&I���0��_��á¦�<1�¯3%o� 
���·¥M 
Ëz�¨©H��LÌ Ú�� À 

�����M 
Ëz�¨©H��LÌ �Þ�¥U��� � 
Ëz��g��LÌ ÛÁ� Ü 
Ë�����������Ì Ñ÷|� 

 
&I���9�¯3%o�D�;)]k 
���·¥M 
Ëz�	
H��LÌ Ò>àá 

�����M 
Ë�����������Ì Nicolas Schwind  
Ë[fGHÌ ¹÷ß� 
Ëóô�,GHÌ ÌÍXÖ 

 
&I���@�st����(w¬�w�<1�¯3%o� 
���·¥M 
Ëz�	
H��LÌ úÞI- 

�����M 
ËóôGHÌ �9�q 

 
  



�4� �����	

�4�1 ������� �����������

��� !�"�#$%&'()*+,��-��./012�������34)��5678&

9�:;$<=5>?@ABC�DE%&F1GH678@ABIJK&LMK&N'K� 3O�PQ
$��������/RS&TUVW-��.5XY/TZ[isolation\��/]^2��5>?BC
GB-��./_`^2a(bc�d�e"-f�[gh	i\j������/kl^mn5op8

BCqr91s 2O���"t�uvw�x4y��	
5z{^2C

(1) VW �|*������w) }~T���
VW�%a(�����/���),�~}H��&��)�������b�$)��[�S��

,����\5���S@&��8O� 2¡4j�2CF�¢£)4¤5¥GS&a(%¦§¨d©

!5ªM^2TU«�VW-��.�¬��5®¯8BC°��±,²±%&VW�5³´��,v

t �|*�T�8&µ�,vt �|*¶H%·¸��}��j�¹$/y12¢£/^2º/�2C

F�¢£)TU«�VW-��.H%&��j»AB�,vt �|*5¼� �|*½sT¾

[isolation\^2FyH&9���5¿À$/ÁS2FyjHA2[Â 1\CF�T¾��������
�5Ã2Fy/¢�&��/Ä^2ÅKjÆ1B-��.5ÇÈHA2yÉÊHA2C8½8VW�·

¸%Ë�98@Dc5Ì8BÍÎÏÐHÑc$/ÏÒ^2BÓ&�2Ñc/Ô 2ÕL�T�j¼�Ñ

cÖH×LØy%Ùs)ÚC9FHa(%Ñc$ÏÒ/�����w% }~T���/OÚ@®¯5

>?BC

� �� ����	
����� ������������ ������� !"�

a(%&VW-��.��,vt �|*Ò5´hÛ²!y8@Ü�Ý£BÓ&Â 2/Þ^¢£/V
W�5ßàáA }~y8@âãÒ8BC



� ������	
������������������������ !"�
#������$%���&�'�(�)*+����

�������	
��������� 3 ��� 2 ���	
������������� 3a �
Recursive Coordinate Geometric Bisection !" RGB#��������	
�$%&�'()��
*+�,-./012���3�� 3b�Multi-leveled Graph !" GRAPH#��������	

�45�678�94:;<=8�>4�	
�?@��AB��CDEFG�:;HI&�JK

�L4�	
��CD�)���3,-./012�MN�OP�F3�

� ,� � -.�	
�� /�0123�



 

 

¼ 3Dxln�}�kõ%*��á�öDµn(6À)]k�ê³¥YD(6L�CÀEÆ�Ë
�xln�}D?�À�ñÌL� CD� 1í�C5l���ÕDá�öD(6ÀpêUííÕ��
75l���Õk/D¡�xr�á�öÛrÑã/.��u�Ë�Ì�0í��P�5l��rD

á�öDµn(6ÕÐ�Ì 
 

 

 
Ê³C5l���D¡�xDçdRÚ,�°[D����ÉÑã³êÄ.m kW¥�.ñ$%Vè

ÀÄ³ËôD�Ë�Ì-Ê�k/D5l��R´�xln[Gi�Lê/U¡�xDçdD�� w(Gi) 
< kÛÄ³âã�Ì 
íD�kõ%*�À¼ 4 �pË=ñP��D�L>Dª��°éÕ]���êAêU2 -D�kõ%

*�D¯3%o� À\]ê³Ì¼ 5 � QÀpË=ñ�Uª�Dxln�}�Lê/�URGB �
kõ%*�DÜñÛªÛ���í��=�����Û`P.Ì(6L��Lê/� RGB �kõ%*
�Õ�G��P	
�ao��}À�ï/.P.³�UGRAPH�kõ%*�D Q=�ô(6L�
Û§ð��Pï/.�ôDDU@�����Ë�¯3%o��.ñ��Õ�ÎA�kõ%*�ÕÐ�

RGB�kõ%*�ÛÚÊê.�.ñ Q�Pï³Ì 
 

 

� "� {£¤�¥�?_¦§
��j
��l �$ «¨�$ « ��¸´��36]^_j�

 



� �� ����	
�����������	��������� !"#$%&���

�������	
���������������������� ��!"#$�%&��'

()*+,-�./!0�1��1234567!89:�-;�<=���5>?@AB�CD�<

EF 6GH

� '� ()�*	+*,-./�0&1�����23�456789:�;<=�>&�?@�����8ABC�D���

&IJ�K!=L�$MNO�0*�5>?@!PQR67S�'T��UV)*,;W�*H



 

 

(2) k��1�®��Q�D¯3%o� 
��Pst���D¯3%o�À É�Ó�U���µ�MÊ³�xAMDD�ÃÑd³�

���ªÀ���Ë�¯3%o����KÉU&�åv¼MÕÐ�����Û���D��ÀÞ

ñ_���CÉ�Ã -Ë�k��1�®��ao�¯3%o���ÛçXÕÐ�ÌP=PÑst�

���oË�qÖÛêÕP?�ÀêUóãÀ2����Ë�ª°�óDk��1�®�RZ[�á[

�GÄ�þÉË�ÃÑÕÐ�ÌÊ³qÖDk��1�®�����D�ªü1ÕP�UstD��Û

í�Ë_��UA��P��IU¢Ô�PþÉ Àô-Ì 
íD=ñP¯3%o�D 2Ô �UÃÉÆD=ñ����Däj�áÛGÄ�§P�ã³�Ä�

Í�·Æ�P�Ì¼ 7�óD=ñP 2-D¯3%o���DÉiÀpËÌ�É
U(��¬���
��ÛHæO�DðñÀv1U�B	
ÛþUê³��À3�Ë�ÌíDÓ�U���Àäj�á�

°MêUâÑ�wk À����4¬%�w>D�VÀ2�³�ê/ô����D�����Ë�¹

��_â��°MêP.Ì7øUG,+Õ�Ãê³�DßÉ,Û�Ñã³%��ÕÐï/ô$5��

�SDwk�LË�a÷&�åÀghê³Ó�Uµq�óD��ßÉ,ABÀ¯3%o�6�îPË

ÃôêãP.ÌíD=ñP_��PCÉøÕd³k��1�®�Q�D¯3%o�D{O*�D

yÚ�à�AÝüÌ 
 

 
� v� � V�Z�(§=�á©�©ý�~j0�1*�HIZ�ª�y�4o«Ý�0�1*eq{_�

ß��~0ü=eF'I¬l�ª��ij�

 
ÑÖ�¼ 8�pËk��1�®�Q�D¯3%o�ÀÀÚË�n¯����5À �ê³ÌíD

n¯����5Õ�¯3%o��LË����D�áßà�qÖDk��1�®��LË��áD

L»ÀÚÑÃ�Ë�ôDÕÐ�Ì-Ê�â�qÖÛ����LË�%5Jû* ÀÞñH��ÃÕ

�P�UqÖDk��1�®�Û���D¯3%o��&m5k�ÞD=ñP��À�É�ÃÀÚÑ

Ã�Ë�í�À���ê/.�Ì 



 

 

 

� T� ß��~0ü=Z�(§=��OZ�*®���

 
âÑ�ÑÖ�>ÚRentertainment[�LË�_�HD��ÀQ��UqÖDk��1�®�D)

]k�À�ï³ÌíD)]kÕ�qÖÛ����LË��ø�wIPH	ÃÑÞD=ñ�ê/âãË

�ÃÊ³�óD�����Ë�L_À¨ï/êÊñÃÀÀÚË�í�ÛÕÄ�ÌÑÖ�íD)]kÀ

���ªk{]w�DIl�xm{�3D¤¥DüÔ�êAê/óD\]À�ï³Ì 
 

 

� û� Ñ=�)�1��C
)�

 
óD³��ÑÖ�¼ 9D{��k��6)]k�ao��k'o�34�6���ÀtdêUÑ

-ÃD�w¬¯��®�À�ï³ÌCo�34�6����ªk{]w�D������^êUóDo

�34�6�Il�xm{�3�LË�¬�J���ªk{]w��<1��(wD��Àv1�

í�À3�ê/)]k�âã/.�Ì¼ 10 �ÑÖD�w¬¯��®�D�E�o�34�6D{��
k)]kÀpËÌ 

 



 

 

 
� ! � 0}YZ�0ü=�m\�F&9§���=��Ñ=�)C
)�H&�

 
�w¬¯��®�Õ�Il�x�LË�'\ÛÞD=ñ�=Û�ÃUÊ³óD�Do�34�6D_

��áD��À��ê³Ì)��Ok2�w¬¯��®�ÀA.Uo�34�6À�'��l�l��

�EêUCkl{���æ6��ê/�w¬¯��®�À 1000°Ö�×ê³Ì¼ 11����kl{
����Ë�¥YD 2�õD����wå�w�zD QÀpËÌ 

 

 
� !!� C=1,)P0}YZ�0ü=e�_�=01B£1B·��

 
�� v�$�o�34�6DHv D���D¯3%o���Ë��� 
�� v�0�o�34�6rD(��56�Ûo�34�6D_��áR�3�wIÊ³��ø�w

I[��Ë��� 
 

¼ 11DCxln�)��Ok2 2D�6xl�ÕÐ�UC�k��ÉÑã³ÆrqU_��áÀp
Ëo�34�6D�À¥ËÌv�$D Q�U¿|�[�0Rcognitive dissonance[Dì���3�
wIP�áÕ[�PH	Àè1uË�'Û�.í�ÀpËÌÊ³v�0D Q�U(��56�D¢

.o�34�6D_��áÛk,D_��áD?��GÄP|}Àj-í�ÀpËÌë°D�w¬¯�



 

 

�®�ÕÑÖÛ��ê³kl{���æ6��Ñã³ôDÕ�Ð�ÛU���ªk{]w��<1��

���_��LË����z��¢�D|îÀ�É/�ã³Ì�Ï'��k'o�34�6����

=�)]kÀâÑ�Z&�êU=�¦��P�m%�DPÃÕ{��k��6D��Í UÊ³óã

Û���D¯3%o���É���ÀyÚê/.�:�ÕÐ�Ì 
 
�4�2� &I���0��_��á¦�<1�¯3%o� 
� Biological Resilience and Genome Evolution 
� Japanese Summary 
� ¿§ê^L�Rconcave fitness function[��_D¯3%o� 

�_�ÞD=ñ�ê/¯3%o�6P���ÀW�>Náê/Ä³Dü�ñÃÌ�§¨©HD��

�ÎÏáÑã/.�GØÙP ¡�]��Û��öÑã�í��=�U�_W�D�yÛWÝÕÄ/.

�ÛUíãÊÕD��D QUäÜ�^�çPW�ÛÚ=.�_D ¡�W��=�îÑã�í�Û�Ã

ï/Ä³ÌíD)]kÕ�U¢�D¥¦§J¨©Ï§DW��U��U?�Uß�¯LD 3-D*.P
QDÜ�!A=ï/��Ñã�ÌíDÜ�^�P)]k�ß��§�<1����¥¦§DL»�=ï

/?Êï/.�\ª ÛÐ�Ì¢�D�_����EêP�á/Îo��ä�@A_çÀÝíËí�

Û|Ñã/<�Uíã�ê^L�Û¿§ÕÐ�í��=ï/ÀÚÕÄ�ÌíD��Dô�Õ�U�§Û

��J�§&m*De6k�æ5PÞ�=ï/ê^'D¥Û�ø0���Ë�D��ê/UóãÀðñ

=ñPê^�P��Ûê^'À°Mâö�í�Û:3âãUóD QU�_ ¡�D¯3%o�P�

��Û!Ñã�DÕ�P.Ã� ÉÑã�Ì 
íãÊÕDÑÖ�U*.B¥����D¯3%o� À�i�³��UíãÊÕDôD=�ô=

���D�_�Î.���Àj-�0Ä(��¬���w¬¯��®�12xl�À"¾ê³Ìíã
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� Subtheme 1: Concave fitness functions and biological resilience 
Introduction and aims:  The combination of population genetics theory and rapidly expanding 

genome sequence data provides a tremendous opportunity to elucidate mechanisms of biological 
evolution. Several lines of evidence support “nearly neutral” evolution as a prevalent mode of 
genome evolution across a wide range of functional categories of mutations and taxa (reviewed in 
Akashi et al. 2012). This model posits that many phenotypic and genotypic characteristics reflect 
the interaction of three weak evolutionary forces: mutation, random genetic drift, and natural 
selection acting at its limit of efficacy. Because such a balance between stochastic and deterministic 
forces only occurs under a narrow range of parameter values, similar findings in many different 
species and functional categories of DNA has become an important paradox in the life sciences.   

The prevalence of near neutrality may reflect an underlying principle in phenotype-fitness 
relationships in natural populations (and perhaps in complex systems more generally). Many 
biological systems show "diminishing returns" in organismal fitness as characteristics approach 
their optimum values, i.e., concave fitness functions, CFF. The effects of interest may be too small to 
detect through direct measures and our goal is to develop methods to test for concave fitness 
functions in genome variation data from natural populations. Detecting such patterns would 
explain the prevalence of genome evolution under "near neutrality" and would explain why small 
populations in nature do not always continue to decline in fitness and go extinct. Under concave 
fitness functions, episodes of elevated mutation or population bottlenecks lead to limited declines in 
fitness, and populations are able to recover through compensatory adaptive evolution following 
biological stress (Fig 1).  
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Progress: We are conducting theoretical studies that will motivate analyses of genome variation 
data to test whether concave fitness functions explain weak selection and biological robustness. In 
the first year of this project, we developed a “forward running” computer simulation of genome 
evolution. Our approach focuses on biological realism (rather than computational efficiency) and 
allows flexibility in defining mutation processes population size fluctuation, fitness effects of 
mutations, and genetic recombination. We have tested the mutation and recombination process 
through comparisons to analytical predictions for neutral evolution (Fig 2). We have also tested the 
implementation of natural selection by comparing simulation results to independent fitness models 
under free recombination (Fig 3). Our simulation gives accurate results in scenarios that can be 
tested against independent predictions (analytical results) and we have begun to study patterns 
under fitness interaction models (CFF) (Fig 4). Population-scale genome data for appropriate 
species have become available and we will test robust predictions in the last year of the project. In 
particular, statistical associations between newly arisen mutations within populations (i.e., “linkage 
disequilibrium”) may be a promising approach to detect CFF’s.  
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A major goal of this study will be to determine an appropriate biological system to test for 

predicted signals of concave fitness functions and to apply our tests to existing data. Potential 
candidates include “silent” DNA mutations and codon usage in yeast or Drosophila populations 
and/or protein variation in human or mouse or other well-sampled species. This research is timely 
because there is growing evidence that the evolutionary lineage leading to modern humans has 
accumulated substantial numbers of slightly deleterious mutations in both the proteome and 
regulatory regions of the genome; the consequences of such genome degradation may include effects 
on health and longevity. 
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� Subtheme 2: Genome adaptation and degradation in Drosophila 

Introduction and aims:  Weak selection predicts evolutionary instability of genome adaptation if 
mutation or population size fluctuate on the time-scale of molecular evolution. Testing this 
prediction requires a biological system in which elevations and declines in fitness can be identified 
and a set of species among which ancestral genome sequences can be inferred reliably. The major 
codon preference model appears to hold across protein-coding genes and provides a system to study 
fluctuations in levels of genome adaptation (Fig 5 and 6). The close relatives of the model organism, 
Drosophila melanogaster have been a major study subject in evolutionary genetics. The level of 
divergence among the genomes appears to allow reliable inference of ancestoral sequences, i.e., 
assign genome changes to individual evolutionary lineages (Fig 7). Our study (Akashi et al., 2006) of 
a relatively small sample of genes suggested that multiple lineages within this group have 
undergone genome-wide changes in codon usage and protein properties. Several of these lineages 
appear to have undergone genome-degradation and at least one of the lineage may be an example of 



 

 

genome-wide adaptive evolution. This project seeks to obtain new protein-coding gene sequences at 
a genome scale in two Drosophila species and to develop and apply methods for ancestral genome 
inference to demonstrate lineage-specific genome adaptation and decline. We are testing the 
cause(s) of genome-wide codon bias changes and determining other classes of mutation that show 
lineage-specific evolution as expected under weak selection. Candidates include rates and types of 
amino acid changes as well as rates of non-coding region evolution including introns and regulatory 
regions (the latter classes will be addressed in future genome sequencing to complement our 
transcriptomic analyses).   
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Progress:  Our project pursues both development of analytical methods for testing genome 
evolution as well as “big data” acquisition and processing. The study of lineage-specific evolution is 
strongly dependent on our ability to reliably reconstruct ancestral genomes and we are 
collaborating with Ziheng Yang (University College, London) on the development and testing of 
methods for ancestral genome reconstructions. We have previously discovered that simple methods 
such as parsimony and ML reconstructions under steady-state models can give strongly biased 
reconstructions (PloS One 2007; Fig 6). We have developed a simulation of genome evolution under 
interacting weak forces and are testing the performance of maximum likelihood implementations of 
non-stationary models for ancestral reconstructions. Our simulations mimic the species composition 
and relationships as well as branch lengths within the D. melanogaster subgroup. We study the 
performance of reconstruction methods on simulated data for stationary evolution with varying 
degrees of base composition bias as well as scenarios of lineage-specific fluctuations in base 
composition. Yang has developed novel methods for ancestral sequence reconstruction for 
non-stationary processes and our simulation results show high accuracy for this method (given 
sufficient sample sizes). A manuscript describing the methods and simulation tests is under review 
at Genetics. Because genome-scale data are becoming increasingly available for close relatives of 
model organisms, we hope that our method will facilitate a number of research areas (e.g. for 
understanding genome-wide compositional changes involved in temperature adaptation). We are 
currently exploring how to employ ancestral inference for simultaneous analyses of within and 
between species genetic variation. Such analyses are critical for estimating rates of adaptive 
evolution and we will test how codon usage selection will affect (bias) such tests.   
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Our analysis of ten lineages in the D. melanogaster subgroup requires new gene sequence data for 

two species to combine with existing data for five other genomes. We have successfully acquired 
both transcriptome sequence (RNAseq) and genome sequence for two relatives of D. melanogaster, 
D. teissieri and D. orena (Fig 9). The laboratory methods generate enormous amount of data, but 
the sequencing error rate is considerable and the sequence fragments are small (roughly 100bp). We 
are developing an analysis pipeline that aims to maintain high data quality.   
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One of the main goals of this project will be to characterize genome changes that occur during the 

degradation / adaptation processes. We hope to identify common features of independent genome 
degradation in small population sizes and test at least one case of acquiring (or perhaps 
re-acquiring) adaptive features. Such findings would establish the need for biological resilience in 
the face of deleterious mutation accumulation under mutation pressure and genetic drift (i.e., even 
in the absence of stress from changing environment). This work also seeks to provide examples of 
how resilience is achieved at the gene sequence and expression levels.  
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'��QE¹U�U�k'o�34�6����<1�a÷�P®AdD 1-ÕÐ�U·¥�P
^A¹U�ê/U2eOæ1¯4¬�U�ö����V¯��®�í>U���ªk�æ6��5

�<1�'��QEIÛ0?Ñã�Ì'��QE¹U�U�P�4kÀô-o�34�6D��Ã

ÑU�ÉÑã³�5��ÛE\ª�P�=ñP´���R'��[À?��QEË�¹UÕÐ�Ì

'��QE�LË�<É����¢�ÉÈË�Û'��D2y6 �2�ê³���Ü�ÝÞP
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U�ÉÑã³�5��ÀE\ªP'��ÛÐ��Ë�Ì.ÊUÐ�o�34�6Û+

æÊ³���PÞD��Õ'��ÃÑè1³Ó�U�³P'��ÀøQEË��XÛÕ/��\ª 

ÛÐ�Ì'��QEDø�;�ÃÃ�éAJ*°À É³Ó�U���ÃÑíD=ñP+áÀ3�ê

/'��ÀQEË�í��7�ß�P ÉÕÐ�Ì 
÷��Õ�U'��D2y6 �2�êUR�5�0§D[2y6P'��QE¹URRobust 

Team Formation Problem, RTFP[Dn¯����5À��ê³ÌÐ�'�� TÛ k2y6ÕÐ�
��UíD'��ÃÑ��D k qÀà�ô.³�ê/ôUÙ�D'��{�y�UËP�´UT-{k}
Õ�ÉÑã³�5��ÛE\ªÕÐ�í�À��ê/.�ÌâÑ�U2y6P'��QE¹U
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�<1�U?�¹Uí>UEê�¹U�-./B�ê³ÌÊ^U'��QE¹UÛ NP-complete�ê
/=�|Ñã/.���� ¹U�I]P¹UÕÐ�í�Àpê³Ì��U2y6P'��QE¹

UD�;��'Àpê³ÌíD¹UÕ�UQEâã³'���<./UâÑ�2y6 ÀÇ�Ë�

�XÛÐ�Ì�H���Uk2y6 DÇ���U'���D kqDËi/DA�ö��ê/U2
y6 ÀÄ³Ë=ñP'��ÀV�Ëã
=.ÌóD³�UóD�;��'� NP¹U�P�Ìê
³Ûï/U2y6P'��QE¹UD�;��'� NPD NPë�P�� ÉÑã�ÌêPêPÛ
ÑU÷��Õ�U2y6P'��QE¹U�<1�U?�¹UÛ NP-completeREê�¹UÕ�
NP-hard[ÕÐ�í�Àpê³ÌíDí��UéD'��QEDqr�ê/U2y6 À -ê
³n¯����5ÕôUóD�;��'���ÑP.í�À��ê/.�ÌEì�U2y6P'�

�QE¹U�<1�U?�¹UDy�RAlgorithm for Robust Team, ART[í>UEê�¹UDy�
RAlgorithm for Optimal Robust Team, AORT[Àg�êU\]ê³ÌART�U�ÉÑã³�5�
�ÛE\ªÕÐ�U(6Û«�âã/.� k2y6P'��À��Ë�y�ÕÐ�ÌAORT�U
�ÉÑã³�5��ÛE\ªÕÐ�U(6ÀEÆ�êU2y6 D��$k$DmÀEG�Ë
�=ñPU2��«�Eê�¹UDy�ÕÐ�ÌW¥U2y6P'��QE¹UD^A�ÀpËÌ 
�É
UÒÃ¦Ó�<1��æ'��QEÀ É�ÌíD¹UÕ�U�æ��XP�5��í>U

��D�æ2eæ6ÛÉÈêUC2eæ6�ö÷��U§ÒS�UàáeDx�PÞD�P�4k

Àô-ôD�Ë�ÌÊ³C2eæ6D¦Èg��P�UÐ�2eæ6�2eæ6���®�Õ��

À�ï/<�UFD2eæ6��P�ÓLÕ�D�HÀv1�³��±��á�Ð��Ë�ÌC2e

æ6D¦ÈgÃÑÒÃ¦ÓÊÕD7iÀ(6�êU2y6 UËP�´UÐ�2eæ6Ûæ�ê

/ôÙ�D2eæ6Õ�ÉÑã³�5R�æS�[ÛE\ªÕÐ�UÀ -ê³�æ'��ÀQ

Eê=ñ�Ë��ÄUíD¹U�2y6P'��QE¹U�ê/¥¦\ªÕÐ�ÌóDF�ôUC

m�DôÔÆrÀ(6�ê/U2y6Pö÷�æn'��ÀQEË�¹UJUnã�k66

¯l�6���]�m�RËP�´U�E´�D7´Ûæ�ê/ôäj�$�Û��\ªÕÐ��

��À�EË�[Û÷��D^A¹U�P�� É�Ì 
÷��EQ�=�U¹÷Ñ���o�34�6��5�®æ1«���3v� 2014RJAWS 2014[

�/²Ù�A±Àv±ê³ÌÊ³Uo�34�6��DE�Lz�tBÕÐ� The 14th International 
Conference on Autonomous Agents and Multi-Agent SystemsRAAMAS 2015[D÷tB��AÛn
kV�k�Õ4Lâã/.�Ì 

 
I\�_Jst�<1�¯3%o� D�� 
ä���*�¯3%o�ç123456Õ��_Jst�<1�¯3%o��-./D��&

Ixk�1ÛÐ�U¯3%o��-./H��P��ÀVWê/.�Ìä¯3%�D�;)]kç

&Ixk�1Õ�UíãÑD���êA\ªP�;)]k�LË���ô��ê/.�Ì 
W¥Õ�U�_�<./bhPQÀô-¨©Ï«¬)]kD¿}UÛÜõD¬�%*�D)]k�

�V�Uqr�stD�æ6��5�<1�	
©� ��)]kUD 3��Lê/
±Ë�Ì 
 

[C1] bhPQÀô-¨©Ï«¬�æ6��5D)]k��HP 
lmn2xD��J DNA �m52�¯mPÞD��º»DWÎÀÁÂ�ê/UÆ¦û]��Û

�ÖÆÖ×Ö��(âã/.�ÌíãÑÆ¦û]����ñUÐ�.�]��DßàÀÀÚË�³�

�U�����À�yË�³�D)]kÀ"¾U��Ê³���Ë�í�Û£j�çXÕÐ�Ìí

ã�¯3%o�D³�D SR )]kD=ñPUlmmwæ5P���ßàÀa÷�Ë�)]kD
������L»ê/<�U)]k�:�JÀÚJ��?��A.Ñã�Ì÷��Õ�Uíñê³(



 

 

°]��ÃÑ)]kÀß���HPË�øåÀ"¾ê/.�Ì 
íãÊÕ�U[Inoue et al., Machine Learning, 2014] �<./U�áD�+ÃÑ�áßàØ�ÀH

PË� LFITRLearning from Interpretation Transition[Àg�êUI�%���æ6��5J�k
��6�6�HP�^Aê/.�ÌI�%���æ6��5RBoolean networks[�U¨©Ï«¬�
æ6��5D¥¦Jä:Dnw�xyæ5k�1�=���Plmmw5Dyz�A.Ñã/.

�ÌI�%���æ6��5�<1�V��U�áßàD��À��12xl�D�����^Ô1

�í�ÕUßàDöØUí>�6l5���û
ã�[��Ê³�ãÇ��áÀÍ½Ô1�í�ÛÕ

Ä�[Inoue, IJCAI-11, 2011]ÌíD����aoÄULFITÕ��áßàDöØR��û[ÃÑlmm
wæ5���D�áßàØ�ÀHPË��kõ%*�À"¾êUI�%���æ6��5Õ¥¦â

ã�¨©Ï«¬�æ6��5J�k��6�6�ID��¦)]kDHP�^Aê³ÌíãÀA./

ÚÊê.�áßàÀj-¦Ûµ�ÕÄU�É
U¢�D�P��áÃÑ���6l5����%Ë�

�æ6��5�=�2y6P¦À¥¦êóDßàØ�ÀHPÕÄ�Ì 
ëÏ'� LFITÀqrêUbhPQÀô-�áßàØ�DHPøåÀµ�êUbhPQÀô-I�

%���æ6��5HP�^Aê³[Ribeiro et al., Frontiers in Bioengineering and Biotechnology, 
2015]ÌéD LFITÕ�UC(�����6D«¬RS �Ê³�Ê«[Û�´��DÆ×ÕPQÀ
¥Ëí�R�k(n [Àu�ê/.³ÛUqrÊÕ�C«¬�Ð�Ærý	ì�PQÛ¥ã��.

ñ¦��P����^êUY�UËP�´��ü1ÕP�	ÝD�áßàûUÛßà���Ë�=ñ

P k��k(n Àô-�áßàÀ¥¦Ë�=ñ�qrê³ÌíD=ñPbhPQ��_Õ�¬�%
*�J DNA¥M12�Õ���Ýíï/.�Ì 

 
[C2] ÛÜõD¬�%*�D)]k��V� 

�,DãÇ Àô-{O*�DyÚ�U�,���Dyz�<1�a÷¹UD7-ÕÐ�Ìb

hÆrPQ�j5\ª Jz�¦�D«¬��ï/EôçXÕÐ�UÛÜõD¬�Æ��L»ê³¦

��ô¥ã/.�Ì¬�%*��UCsRperturbation[��ê/¥M\ªPê^ ÛÐ�U�,D
^Õ�¯3%o�6P �Û¦ã/.�7§�P¦�ÕÐ�Ì÷��Õ�UíD=ñPãÇ Àô-

¦�<1�¯3%o� ��ê/U�;)]kÀµ�ê�ªÀyÚË�í�À��ê/.�Ì�É


U�7iDnlm6�=�Æ-evJU9ôPÞDÆr�n6Û�É����°M°U-Ê� SR
)]k�<1�°M\ª Rrecoverability[�LË�|îÛíã�=�áÑã�Ì  
÷Ï'�UJSPS Eº©/.��ï�ê/ Morgan Magnin ÐÄÅÀnl� École Centrale de 

Nantes =�©ÄUÚÜ�� TCTL ÀA./¯3%o� ªÀ�å�êUkl{���âã³)]
k���ÀA./¬�Æ�Dâ×PI�%��)]kÀyzê³Ì÷��À��6�ê/U��

�D�52Pz��.�<1�¯3%o� Dyz�01³ëìD¾¿ÛÇ±âã�Ì 
 

[C3] qr�stD�æ6��5�<1�	
©� ��)]k 
÷��Õ�Uqr�st�æ6��5�<1�	
©�D`H�yÚ�01/UqD¹¸ÛFMÃ

ÑD��Àv1/��Ë�lmmw5ÀÚÑÃ�Ë�Ì���ªk�æ6��5>D	
©Ë�U

^A>DçX ÃÑ=���âã/.�ÛU©ËD®Ad�dü�dyÚP´�Û¢.ÌâÑ�¯3

%o�����ï/�U�æ6��5>DÞDq_ÛF���À�É�í�ÛÕÄ�ÃUÊ³��

Ë��îJ'.J��ê/�æ6��5D)�ÀSjË�í�ÛÕÄ�2y6 �ÞD=ñ�Í½

o1Ñã�ÃU�æ6��5D�4¬%�wÀ0>âö���ÞD=ñ�«¬¡�xÀænËã
=

.ÃUPÞD���<./a`º»ÀghË�í�ÛÕÄ�Ì 
÷Ï'�U���ªk�æ6��5�Do�34�6Û¹¸ÀXÖ���âö����À¥¦Ë



 

 

�³�D7Ù�P®AdÀ Belief Revision Games (BRG) �ê/g�ê³[Schwind et al., AAAI-15, 
2015]ÌBRGÕ�q�|ª�|}¥¦��Õ��âã/Ä³¹¸��D���aoÄU.�-ÃDa
÷� �JÇ±âã���� ��LË�z��.�-./yzË�í�ÛÕÄ�ÌíD���ao

ÄU���Bn¯�x%�P¹¸©�D³�Dm���n4�ô"¾êUBRGD�w¬¯����
ê/¨"ê³Ì¥¼� BRG �n6v4��<1�¹¸�áDmæ1�®æ6ÕÐ�UCo�34
�6D°Ç¹¸Û�o1âã/¥âã/.�Ì¥UAUx¯��óãtãUÐ��UR�É
Ð�I

l�x�LË�\][�LË�K��U���U^��RÊ³��î�ê[D�îÀ¥¦ê/<�U

BRGÀ��Ëã
Ærßà�=�¹¸D��Àî�í�ÛÕÄ�Ì 
 

 

 
÷��Õ�Uõ�æ1JIl�xD\ÇJUÉ��îD=ñPqÖD¹¸ÛUß�D°Ç¹¸�F

MD¹¸ÃÑv1���À -ê/¹¸À��Ë���À3�ê/.�Ì2�OkPõ�æ1Û��

�ªk�æ6��5>À©�Ë�®AdJ[���èË� �DyÚU��°DÐ�o�34�6

D��UFMD¹¸À«¬Ë�RÊ³�'M�=�LsÀÂ¬Ë�[³�D�o�34�6DE(P

ÞD¹UÀ BRG >Õ)]k�Ë�í�Û�DTU�P�Ì^A�ê/�UIl�xN�ÃÑD°M
3;U�æ6��5�4¬%�wD��PÞÛ ÉÑã�ÌP<U÷���L»Ë�º»�ê/UI

�%���æ6��5U�k��6�6�U�����lmmw5U��¦��PÞÛÉÈê/

.�ÛU.^ãô_��ßà���Àn./<�U�12�'ô�Pï/.�Ì 
 

  



 

 

�4�4� &I���@� st����(w¬�w�<1�¯3%o� 
÷&Ixk�1D���U¦·D��Pst���À=�¯3%o�6PôD�Ë�³�Dø��

À��êU¦�DUVJ«'µ�DÐ�ø��Ë�|îÀîuËí�ÕÐ�Ìm����æ6Ûô³Ñ

Ë��Pº»Å�JU:îö�P%5/D�^À�Pñ³���UéD6æ1lv�§D�«'�

�^êô�P Àj³^Uî+MD|}ÀêÕ���ê--ôUóDk,�P�¬ÀUGÛ�Pñ�.

ñUe6��æ1�6æ1lv�DEêPAd��ö�ao�stk�kD�E��À��Ë��XÛ

Ð�Ì÷xk�1�1lmy��J�4¬%�w�L���«'D��M�=ï/�Eâã/<�U~

,�Pø���ê/U(1)¨²D��Ø«�.ñ¬¸�ao��«'Dµ�U<=>(2)���ø���a
o.³�«'��Ë�§éMv�D\]�����D��D 2�À^_�ê³��ÀW�/Ä³ÌW¥
Õ�óãtã�-./D��D¬X�W��À
±Ë�Ì 

 
(1) ¨²D��Ø«�ao��«'Dµ� 

m����æ6Dóí�UÑÖDst�����ê/¢�D�ÅÀ¶ï/.�ÛU¦·D�«'

��ï/DEGD���Um����æ6Û�Ë�º»W�D�'�:î[\ª U�5�Pm¡Q

��®�Ûô³ÑË�«'>D�¹UÀUUG�=�©��P�H��«�ao����P�Ø«�

.ñUV�|ÛUêÕ�à��ñí�ÛÕÄP.�.ñ¹UÕÐ�ÌUG�=�©��P�Ø«�U

óãÀ!�uËUGDÞÛUØ«��XP|}Àµç���ê/.��.ñí�À�g�ê/Ä³Ì

êÃê	
stÕ���«'�TUÀy?Ë�³�D|}D¢��UóDº»�W�DaâJ�� 

D�âÀ���ê/Um¡Q��®�ÀO~Ë�î+MDÞ�êÃ�êÉP.í�Û¢.Ì 
óD³�m����æ6>�<./�U1lmy��JÆ!ÇU1���É	
/D�VUÐ�.

�&my��4¬%�wIDTUÀy?Ë��Ð³�U¾,J(,K�.ï³î+MDß� �þ�

�Ue6��æ1§DäßOØ«Rself-regulation[ç�=��^ÛçDâã/Ä³Ì1lmy��D
%¢J1���É	
/D�V�.ï³¹U�<./ôU,K§,DV�Ë�ßOØ«k�k�ao

.³ø��Û=��aâã/.�ÌíD=ñPe6��æ1DßOØ«k�k�U«�J�ä��Ï

ÀXË�¸jD�«'�*ê/UßàPk�k�E���Û\ªÕÐ����Uî+MD|}À��

ê�.�.ñ@�Àj-Ì 
êÃê7øÕUqÇ%¢�L���«'>D¹UkÙÀU×�P£rDßOØ«Dd�=ï/y?

ê=ñ�Ë�í���¢�D�KÛÉÈË�Ì(1)óôóô�X�âã�ßOØ«Dk�kß,Û�E
âãP.U(2)�Eâã³�ê/ô@AM��ï/D[¨ä J�ØJ(¾,��ï/DèéãÉ À
�Ë�U(3)êÕPk�kÕÐï³�ê/ô�P Àj³P.U�.ï³ßOØ«D%5J[�k 
À.Ã�y?Ë�ÃÛGÄPTU�P�Ìm����æ6�L���«'Dµ��xA�UóD¢�

ÀßOØ«�=Ñ��ÀáP.7øÕUßOØ«�	'PÇ±ÀË�í�ôÕÄP.�.ñUÚÊê

.k�k�EO,D¯L�<1�\�Á� À�Ë�DÕÐ�Ì 
÷&Ixk�1Û^{�n���Ø«Rco-regulation[�.ñ¬¸�UG���É
Ußà Jî
+MD|}DSA�.ï³ßOØ«D@�ÀSÃê--ôUóD[�k J%5ÀUGÛð�Ë�

í��=�UóD=ñP\�Á�D��Ày§êUij��D�ê.����^Ë�=�¯3%o�

6P�«'À�¦Ë�³�DUV�|ÕÐ��+nÔ1�í�ÛÕÄ�Ì	
stÕ���Ú=.¹

U��ê/��Ø«Dø��ÀêAê=ñ�Ë��z	
¸¹_�U2008Ï�¾�ê³äêÕPØ«
DyÀÍ�Ë��ßOØ«���Ø«À�zË�>ÕDÇ�ç�.ñA.�<./U¥YD=ñ��

�Ø«ÀUßOØ«���Ø«D^r����ê/+nÔ1Ue6��æ1�6æ1lv�ÀAd�

�ö³��Ø«Dø���=ï/íóU	
stD«'�TU�êÕ�y?âãñ�ôD�ê/.�Ì 
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Ø«Pê >ÓßhÛÐ�Ñã�EQÀuËí�ÛÕÄ/.�Ì>£�§éM�/J&�åD@�À�k

�ÐvêUN-JÉ'�Mâã�í�ÛP.=ño�k��âã/.�Ì 

ßOØ« 
UGJØ«�L�=�äåPuNPê�U(,KÛ����>£�§éM¹U<=>óDFDØ

«ø²��^Ë�y?VÀ`�ê/.�Ì��âã³k�k�LË�+�DÚ�P��ð�Ón

�ÉÈêP.R³üêîï��D+,M��Ë�7Ù�P�ÔØ��êAâãñ�[Ì 

��Ø« 
ßOØ«���Ø«D�ø�=��Eâã�4��ÕÐ�U¨��L�(,KÛUÍ�D¹U

��Ë�y?VÀ��Õ`�ê/.�Ì���qDø��¢ÚüÛU7§���UGJØ«�L

�Ð�Ñã³��ÀEË�³���XPð�°À%jê/.�Ì 

��Ø« L»MÛñiÄ���k�kÛ��JUGUØ«M�=ï/��âã/<�U¨��L�=�

o�nã�{�6Ûq%âã/.�Ì 

 
� R�z	
¸¹_�=���Ø«D��[ 

÷&Ixk�1Õ�UíD��Ø«�.ñUV��ÀÚÖP�«'>DTU�êAË���À�.U

F�Ë� EUJ.zD��Ø«/DàAÀ��êÑÛzD�«'�*+Ë�!,ÀW�UÍ�÷Ï'
�1lmy��%¢D¹U���Àî/³��À�Pï³ÌÑÛzÕ� 2005 Ï�kÔ��âã³¡
q	
%¢Lq 5�À^_�Ë��cdÛW�Ñã/Ä³ÛU¡q	
Àà��ñ�Ð³�Ð�Ñã
�êÕPä@A��DÚpçJä��àáçDÐ�øUÐ�.�§éM����D��]��IÀ@

AË�³�Dä¾å�çPÞD¬¸�UóDÆÖDº»��Vè�=ï/ôGÄ��P�á�³�U

7Æ�ÕDº»�ijÀ�g�ê/óD��J�5ÄÀ�«'�=ï/7�����Ë�í��ÚÊ

ê�P.Ì 
íD=ñP¹UÀÁÂ�ê/U.z� EUÕ�.^ãôßOØ«D����À¤�ê³¢ÚPUV
�ÓnÛW�Ñã/.�Ì.z�<./�UÑÛzJ EUD=ñPµç�P1lmy��%¢�«À
j³P.PÛÑôU§éM%¢�«ÀL`Ë�q3à4þïtRFTC[Û£rDßOØ«ÀfêU7
�DÇ�D¥�!Ñã³1lmy����%��D1�I��ê/ FTC ÛO�ÀêAË��.ñß
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IP6.  Akashi, H., 1Weak selection and lineage-specific genome evolution in Drosophila2. Population 
Genetics Workshop, Bangalore, India, Feb 23-25, 2014. Invited talk. International. 

IP7.  Osada, N., Akashi, H., 1Finding evidence for weak compensatory evolution2. SMBE Satellite 
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°�÷¨©HtGt, ]½, 2014Ï 9ªjOral. General presentation. JapanÌ�



 

 

GP6.  Mishra, N., Matsumoto T., Osada N., Akashi H., “Lineage-specific genome evolution in 
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