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½¿¾{ÀIÁ Â�Â�Á�Ã�Ä�Å�Æ�Á�Ã�Ç�ÂÉÈ�Å�Æ�Â�Ê�Á#Ë�Ä�Å�ÌCÂ)Í'¾�ÅW¾�Ë�Â�Ê�Á
Î7Ê�Í'Å�ÁPÏkÐ�È�Ñ'Ò�È�Ã�Å�¾.Ó�Ô�Á�ÁPÕ�ÈFÖ<Í%Å�Á ÆWÍ'Â�ÇwÇ�Á�×EÄ�Á Å�Ì�Á@Ñ'¾�Ò�¾
ÈFÂ<Á Ø�Á�ÃDÙ ÎmÐ Ï+ÚkÛ Ç�Ü�ÈFÌ�Í%Å�Ò Í'Å Â�Ê�Á�Ý�Ì�¾7Þ8Á�Å�Á�ß:à Ç�Á Â á^â¦Í%Ò�ã�ä�å�ã ½3Ê�Á�Ç�Ê�È�ÜIÁ�ÈFÅ�Æ Ü�ÈFÂ�Â)Á Ã�Å ¾�Ë#Â�Ê�Á æ â¦Í'ÒJä
ÎmÐ Ã�Á�Ö�ÈFÍ%Å�Á�ÆbË^ÈFÍ%Ã�Ñ'Ù�Ì�¾�Å�ÇDÂÉÈ�Å�Â0ÓIÀ�Ä$Â>Â�Ê�Á
Í%Å$Ë�¾�Ã�Ö�È[Â)Í'¾�Å�Ü�Ã�Á�Ç�Á�Å�ÂAç.Ä�Ì Â�Ä�ÈFÂ�Á�ÆQã2½3Ê�Á Ã�Á�ÔwÈ�Ç8È;Ì�¾�Å�ÇDÂÉÈ�Å�Â
Í%Å�Ì Ã�Á0È�Ç�Á�Í%Å Â�Ê�ÁfÍ'Å$Ë�¾�Ã�Ö�ÈFÂ�Í%¾�Å ÈFÇcÂ�Ê�Á�Ç�Ü�ÈFÌ�Í%Å�Ò ÔwÈ�ÇWÍ%Å�Ì Ã�Á0È�Ç�Á�Æ Ë�Ã�¾�Ö èné Â�¾ èAê È�Å�Æ È Æ�Á Ì�Ã�ÁTÈ�Ç�Á
Í%Å Í%Å$Ë�¾�Ã�Ö�È[Â)Í'¾�Å Ë�¾�ÃbèAê Â�¾ è
ß�ëmã ½3Ê�Í%ÇJÍ%Ç<È�Ü�Ü�ÈFÃ�Á Å�ÂWÀ�Ù Â�Ê�Á�Í%Å�Ì Ã�Á0È�Ç�Á�¾�ËAÂ)Ê�Á?Ç�Í'ì�Á�¾�ËAÂ)Ê�Á?À�È�Ç�Á�Ç
Ç�Ä�Ã�Ã�¾�Ä�Å�Æ�Í'Å�Ò;Â)Ê�ÁSÌ�Á�Å�Â�Ã)È�Ñ¿Þ{ã�½2Ê�Á@Í%Å$Ë�¾�Ã�ÖcÈFÂ�Í%¾�ÅcÜ�Ã�Á�Ç�Á�Å�ÂAÍ%ÅWÂ)Ê�Á5ÎmÐ È[ÂNÁTÈFÌVÊ�È�Ñ'Í%Ò�Å�ÖJÁ�Å�ÂwÃ�Á ÑíÈFÂ�Í'Ø�ÁMÂ�¾
Â�Ê�Á�Ú�Û Í%Ç¦¾�Å�Ñ'Ù
Ô�ÁTÈFîEÑ'ÙGÃ�Á�ÑíÈ[Â)Á ÆGÂ�¾8Â)Ê�Á�Ì ¾�Å�Ç�Á�ÃDØ�ÈFÂ�Í%¾�Å;¾�Ë�Í%Å$Ë�¾�Ã�ÖcÈFÂ�Í%¾�Å
Í%Å5Â)Ê�Á�ÚkÛ áïÃ�ð Ïkñmã(ß:ò�å�á^â¦Í'Ò.ãBé7å�ã æ â¦Í'Ò;é
ó Ê�Á ÅbÂ)Ê�Á�Â)¾�ÂVÈFÑ�ç.Á�ÕmÍ%À�Ñ%Á�Ç�Í'Â�Á�Í%Å$Ë�¾�Ã�ÖcÈFÂ�Í%¾�ÅQÓ7È�Ç2ÌTÈ�Ñ'Ì�Ä�ÑíÈ[Â)Á ÆaË�Ã�¾�Ö Á�×EÄ�È[Â)Í'¾�Å á�ßBå#áïÇ�Á�Á+ô?ÈFÂ�Á�Ã�ÍíÈ�Ñ'Ç3È�Å�Æ
ôbÁ Â�Ê�¾=Æ�ÇVåPÓmÔ�ÈFÇ�ÁPÕ�È�ÖJÍ%Å�Á�Æ�Ë�¾�Ã2ÈFÑ%Ñ�ÜI¾�Ç�Í'Â�Í%¾�Å�Ç�È+Ç�Í%ÖJÍ%ÑíÈFÃ�Í'Å�Ì�Ã�ÁTÈ�Ç�Á�È�Å�ÆWÆ�Á�Ì Ã�Á0È�Ç�Á�Í%ÅWÍ%Å$Ë�¾�Ã�ÖcÈFÂ�Í%¾�Å;ÔwÈ�Ç
¾�À�Ç�Á�ÃDØ�Á�ÆcÈ�Ç ÔNÍ'Â�ÊGÂ�Ê�ÁAÎmÐ Ã�Á�Ò�Í'¾�Å;ÈFÑ%¾�Å�Á�ã¼ó Ê�Á ÅJÂ�Ê�Á�Ã�ÁCõ.Å�Á�Æ<ö�ÑíÈ[Â�Â�Å�Á�Ã�Ç�Í(Â)Á Ç�Ô�Á Ã�ÁNÇ�Ü�Ñ%Í'Â�Í'Å�Â)¾#Ç�Ü�È�Ì�Í'Å�Ò
Ì�Ñ÷È�Ç�Ç�Á Ç0Ó�Ç�Í'Ö<Í%Ñ÷È�Ã�Ã�Á�Ç�Ä�Ñ'Â�Ç3Ô�Á�Ã�Á
¾�À$ÂÉÈ�Í%Å�Á Æ á�Æ�ÈFÂÉÈ{Å�¾�Â3Ç�Ê�¾�ÔNÅZå�ã

â�¾�Ã3È�Ñ%ÑIÇ�Ü�È�Ì Í%Å�Ò�Ç2¾�Ë�èné;Â�¾aè
ß�ß�Â�Ê�Á�Ã�Á�Í%Ç3ÈFÅ�ø ÔNÍ(Â)Ê�Ñ%¾BÔ Ì�¾�Å�Ç�Á Ã�ØFÈFÂ�Í%¾�ÅaÈFÂNÜI¾�Ç�Í(Â)Í'¾�Å�èMämÓ�ÈFÅ�ÆbÍ(Â
Í%ÇNÈ�Ñ%Ç�¾{Ü�Ã�Á Ç�Á Å�Â>Ë�Ã�¾�Ö è
ß�ù{Â)¾bè
ß�ëmÓ�Í'Å�Æ�Í%ÌTÈ[Â)Í'Å�ÒGÂ�Ê�ÈFÂNÌ ¾�Å�Ç�Á�ÃDØ�ÈFÂ�Í%¾�Å�ÈFÂ3Â�Ê�Í%Ç2ÜI¾�Ç�Í'Â�Í%¾�ÅWÍ'ÇnÈ�ÅaÁ ú£Á Ì Ân¾�Ë
Â�Ê�Á@Í%Å�Í(Â)Í÷ÈFÂ�Í%¾�ÅcÌ�¾�Å�ÂVÈFÌ ÂAÈ�Å�Æ�Å�¾�Â2Â)Ê�Á5ÎmÐ á^â¦Í'Ò.ã�ä�åPã

½3Ê�Á<ÖJÍ%Å�Í%ÖGÄ�Ö ÎmÐ Ï>ÚkÛ Ç�Ü�È�Ì�Í'Å�Òb¾�ËMèné�Ê�È�Ç�ÀIÁ�Á Å ¾�À�Ç�Á�ÃDØ�Á�Æ Í%Å ûIü�ý:þ ÿ��#À�Ä$Â5ÈFÜ�ÜIÁTÈ�Ã�ÇSÂ�¾aÀIÁ
Ä�Ç�Á�ÆWÍ%Å$Ë�Ã�Á�×EÄ�Á Å�Â)Ñ(Ù�ã,ö�Í'Å�Æ�Í%Å�Ò
¾�Ë�Ã�Á�Ò�Í%¾�Å�Ç,ÔNÍ'Â�ÊcÇ�Ü�ÈFÌ�Í%Å�Ò�Ç�Ö<¾�Ã�ÁnÂ�Ê�È�Å�ß�ë
À�ÈFÇ�Á ÇwÍ'Ç�îEÅ�¾BÔ3ÅQÓmÀ�Ä$Â�Í'Ç�Ã)È�Ã�Á
È�Å�Æ�Æ�Ä�Á�Â)¾<Û��nø ÇDÂ)Ã�Ä�Ì Â�Ä�Ã)È�ÑHÁ ú£Á Ì Â�Ç>Ç�Ä�ÌÉÊfÈ�ÇNÊ�È�Í'Ã�Ü�Í'Å�ÇwÂ)Ê�È[Â>À�Ã�Í%Å�Ò+Â�Ê�ÁGÎmÐ Ì�Ñ'¾�Ç�Á�Ã2Â�¾;Â�Ê�Á@ÚkÛ ����ã

½3Ê�Á�ÅEÄ�Ì Ñ%Á�¾�Â)Í'Æ�ÁbÌ ¾�Ã�Ã�Á ÑíÈFÂ�Í%¾�Å Ü�Ã�¾�Ò�Ã)È�Ö ���
	��	 ÿ��<Ô�È�ÇcÄ�Ç�Á�Æ Â�¾ Æ�ÁCÂ)Á Ã�ÖJÍ%Å�Á�Í'Ë>Â�Ê�Á�Ã�Á?ÔwÈ�Ç�ÈFÅ�Ù
Ì�¾�Ã�Ã�Á�Ñ÷ÈFÂ�Í%¾�Å ÀIÁ ÂqÔ�Á Á�Å À�È�Ç�Á�Ç�Í%Å Â�Ê�Á ÎmÐ È�Å�Æ ÚkÛ Ë�¾�ÃWÁTÈ�ÌÉÊ ¾�Ë�Â)Ê�Á�Ç�Ü�È�Ì�Í'Å�Ò Ì ÑíÈ�Ç�Ç�Á�Ç�ã ½3Ê�Á Ã�ÁfÔwÈ�Ç
Å�¾W¾�À�Ç�Á�ÃDØ�Á�Æ Ì�¾�Ã�Ã�Á�ÑíÈ[Â)Í'¾�Å�ÀIÁ ÂqÔ�Á Á�Å À�ÈFÇ�Á ÇSÈ[Â�È�Å�Ù?Ç�Ü�È�Ì Í%Å�Ò�áïÆ�È[ÂVÈcÅ�¾�Â#Ç�Ê�¾BÔNÅZå�Ó�Ë�Ä�ÃDÂ�Ê�Á�ÃMÇ�Ä�Ò�Ò�Á�ÇDÂ)Í'Å�Ò
Í%Å�Æ�Á ÜIÁ�Å�Æ�Á�Å�Ì Á�ÀIÁ ÂqÔ�Á�Á ÅbÂ)Ê�Á@ÎmÐ È�Å�ÆWÂ)Ê�Á#ÚkÛ@ãmÚqÅbÈ�Æ�Æ�Í(Â)Í'¾�ÅQÓ�Å�¾;Ì ¾�Ã�Ã�Á ÑíÈFÂ�Í%¾�ÅcÔwÈ�Ç�¾�À�Ç�Á�ÃDØ�Á�Æ�ÀIÁCÂ¥Ô�Á�Á�Å
Ü�È�ÃDÂ�Çn¾�Ë¿Â�Ê�Á@Ã�Á õ.Å�Á ÆfÝ�Ì�¾EÞ�Á Å�Á�ß:àJÎmÐ á^â¦Í'Ò.ã�ß��3å�ÔNÊ�Á�Å�ÈFÑ%Ñ�Ì�ÑíÈFÇ�Ç�Á�Ç>È�Ã�Á@Ì ¾�Ö+À�Í'Å�Á�ÆQã
� µ�´�´�®¡²k±¦º�¬kµ� ��®Qº�� ®¼®¡ º�«#® ´�®���#®� � ²k±¦º=º�#®¢´ ±,�� ��¹Hµ�� ®¿#®�� � ! µ"��®¡²k¶

½¿¾<Â�Á�ÇDÂMÂ�Ê�Á�Ã�Á õ.Å�Á Æ Ý�Ì ¾7Þ8Á�Å�Á�ßBàJÖ<¾=Æ�Á Ñ$# Ç>È�Ì�Ì Ä�ÃÉÈFÌ Ù?È�Å�Æ�Ì ¾�Ã�Ã�Á Ì Â�Í'Ø�Á5ÌTÈFÜ�È�À�Í%Ñ'Í'Â�Í%Á�Ç�Ó=Ô�Á5Ç�Ì0È�Å�Å�Á�Æ
Í'ÂcÈFÌ�Ã�¾�Ç�Ç�Ç�Á Ø�Á ÃÉÈFÑ>Ü�Ã�¾�Ø�Á�Å Ã�Í%ÀI¾�Ç�¾�Ö<Á�À�Í'Å�Æ�Í%Å�Ò Ç�Í(Â)Á Ç�È�Å�Æ ÈFÑ%Ç�¾ ÈFÌ�Ã�¾�Ç�Ç<Ç�Á Ø�Á�Ã)È�ÑAÇ�Í(Â)Á Ç<Ü�Ã�Á�Æ�Í%ÌCÂ)Á Æ À�Ù
ö�ÑíÈ[Â�Â�Å�Á�ÃMÂ�Ê�ÈFÂSÊ�ÈTØ�ÁXÀIÁ Á�Å Ì�¾�Ã�Ã�Á�Ì Â�Á�Æ Í%Å Ý�Ì ¾7Þ8Á�Å�Á�ßBà á�â¿Í%Ò.ã © å�ã{â¦Í'Ã�ÇDÂ#Ô�Á;Ô�ÈFÅ�Â)Á Æ Â�¾aÇ�Á ÁXÊ�¾BÔ Â�Ê�Á æ â¦Í'Ò ©
Ö<¾7Æ�Á�Ñ¼ÜIÁ Ã�Ë�¾�Ã�ÖJÁ�Æ�¾�Å?Ô�Á Ñ%Ñ¡Ç�Â�Ä�Æ�Í%Á ÆfÒ�Á�Å�Á�Ç�ãNó Ê�Á�Å�¾�Ä�Ã>Ö<¾=Æ�Á Ñ¢Ô�ÈFÇSÈFÜ�Ü�Ñ%Í%Á ÆbÂ)¾<Â�Ê�Á&%(ü('*) È�Å�Æ %(ü(',+
Í%Å�Í(Â)Í÷ÈFÂ�Í%¾�Å Ã�Á�Ò�Í%¾�Å�Ç�Ó�Í(ÂXÌ ¾�Å�Ì�Ä�Ã�Ã�Á�Æ ÔNÍ(Â)Ê ö�Ñ÷ÈFÂ�Â)Å�Á Ã-# ÇXÑ'¾=ÌTÈ[Â)Í'¾�Å�Ç�á�â¿Í%Ò.ã © ø5Óxö3åPã�ÚqÅ Â�Ê�Á�ÌTÈ�Ç�Á�¾�Ë.%(ü(',+PÓ
ÔNÊ�Í'ÌVÊ�ÇDÂVÈFÃ�Â�Ç>ÈFÂ>ÈFÅ?ëmã(ßSÀ�Í'ÂMÞ8½AÞ Í%Å�Â)Ê�Á�Ì ¾�Å�Â�ÁPÕ=Â#ÈFÂ�Þ8½AÞSÈ$Ó.È{Ç�Á Ì�¾�Å�ÆbÔ�ÁTÈ�î�Á Ã © ã © À�Í(Â2Ç�Í(Â)ÁSÍ%Ç3Ç�Á�Á Å
ÈFÂNÂ�Ê�Á�¾�Ä$ÂA¾�Ë¦Ë�Ã)È�Ö<ÁSø�½>Þ /�Ä�Ç�ÂAÄ�Ü�ÇDÂ�Ã�Á0È�Ö?ãwÚqÅ�Â)Á Ã�Á Ç�Â�Í%Å�Ò�Ñ'Ù�Ó�Ã�Í'ÀI¾�Ç�¾�Ö<Á Ç3À�Í%Å�Æ�Í'Å�ÒJÂ�¾JÂ�Ê�Í%Ç>Ç�Í'Â�ÁSÔ�¾�Ä�Ñ%Æ
Â�Á�Ã�Ö<Í%Å�È[Â)Á
Í%ÖJÖ<Á�Æ�Í÷ÈFÂ�Á�Ñ'Ù�ÈFÂAÂ)Ê�ÁG½AÞ8øGã10>Ç�Í%Å�Ò�ÂqÔ�¾�¾�Ë�ö�Ñ÷ÈFÂ�Â)Å�Á Ã-# ÇAÇ�Í(Â)Á ÇAÂ�Ê�ÈFÂ#Ê�È0Ø�Á;ÀIÁ Á�Å�Ì�¾�Ã�Ã�Á�ÌCÂ)Á Æ
À�È�Ç�Á�Æ ¾�Å �3Ï Â�Á�Ã�Ö<Í%Å�ÈFÑ�Ü�Ã�¾�Â�Á�Í'Å Ç�Á ×EÄ�Á�Å�Ì�Í'Å�Ò.Ó�Ô�Á�Â�Á�ÇDÂ)Á Æ Ô3Ê�Á Â�Ê�Á�Ã+¾�Ä�Ã5Ö<¾=Æ�Á Ñ�Ñ%¾7ÌTÈFÂ�Á�Ç@Â�Ê�Á�Ì ¾�Ã�Ã�Á Ì Â
À�Í%Å�Æ�Í'Å�Ò�Ç�Í(Â)Á Ç0ã Ú¥Å 24365�7 á^â¦Í%Ò�ã © �3å�Ó¦Ô�ÁaÇÉÈ0Ô È ß:à=ãxëfÀ�Í'Â{Ç�Í'Â�ÁbÈ[Â;Â�Ê�ÁaÌ�¾�Ã�Ã�Á�Ì ÂJÑ'¾=ÌTÈ[Â)Í'¾�Å ùfÀ�È�Ç�Á�Ç
Æ�¾BÔ3Å�Ç�Â�Ã�ÁTÈ�Ö Ë�Ã�¾�Ö ö�Ñ÷ÈFÂ�Â)Å�Á Ã-# ÇNÜ�Ã�Á�Æ�Í%ÌCÂ)Í'¾�ÅQã98#Ä�ÃNÖ<¾7Æ�Á�Ñ�Æ�Í%ÆaÅ�¾�ÂNÜ�Ã�Á�Æ�Í'Ì ÂAÈ�Å�Ù�Ç�Í'Â�Á<á�:�;=< ñ�å�ÈFÂNÂ�Ê�Á
ö�ÑíÈ[Â�Â�Å�Á�ÃAÑ%¾=Ì0ÈFÂ�Í%¾�ÅQãMÚ¥Å >63@?*A á^â¦Í'Ò.ã © Ð@ånÂ�Ê�Á�Ã�Á+Í'ÇSÈ�Ü�Ã�Á Æ�Í%Ì Â�Á�ÆfÔ�ÁTÈ�î�é.ã © À�Í'Â#Ç�Í'Â�Á;È[Â8Â�Ê�Á+Í'Å�Ì�¾�Ã�Ã�Á�Ì Â
ÜI¾�Ç�Í'Â�Í%¾�ÅQÓ¦À�Ä$ÂGÁ�ÕmÜIÁ�Ã�Í%Ö<Á Å�ÂVÈFÑ%Ñ'Ù�Â�Ê�ÁWÇDÂVÈFÃ�ÂGÇ�Í'Â�Á<Ô�È�Ç{Ü�Ã�¾BØ�Á�Å Â�¾�ÀIÁ�ê?À�È�Ç�Á�Ç{Æ�¾BÔ3Å�Ç�Â�Ã�ÁTÈ�Ö ÈFÅ�Æ ¾�Ä�Ã
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                                      t g a a t g t g a a a c c a g t a a ir  4.4  bits

      a g t c a a t t c a g g g t g g t sd  4.9  bits

                              { - - - - - - - - - - - - - - - - - }  sd - ( 9 ) - ir  366734  8.1  bits

                                          a a t 

g

 t g a a a c c a g t a a c g ir  5.6  bits

   
C

                                                                              * 371320    *          * 371330    *          * 371340    *          * 371350
 5’  c a c g c c c t  t  a a g g a a t  g g t  c a t  g a c g a a g c a t  a c t  c 3’
                                [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >  mhpD
                            { - - - - - - - - - - - - - - - }  sd - ( 8 ) - ir  371339  12.8  bits

                                      g t c a t g a c g a a g c a t a c t ir  9.3  bits

    c a c g c c c t t a a g g a a t g sd  6.0  bits

   
D

                                                                                    * 3348120   *          * 3348110   *          * 3348100   *          * 3348090   *
 5’  c a a t  t  g c g a a a g g a t  g a t  c a c a a t  g a a g a a a a t  t  g g c g 3’
                              [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - >  yhbL
              { - - - - - - - - - - - - - - - }  sd - ( 8 ) - ir  3348109  4.5  bits

                        a g g a t g a t c a c a a t g a a g ir  6.7  bits

...  c a a t 

t

 g 

c

 g a a sd  0.3  bits        a c a a t g a a g a a a a t t g g c ir  9.5  bits

                            { - - - - - - - - - - - - - - - - - - - }  sd - ( 10 ) - ir  3348100  13.7  bits

    c a a t t g c g a a a g g a t g a sd  6.9  bits
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Individual Information Distributions (Bits)

B: Frequency of occurrence, Blattner vs. Verified
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A: Frequency of occurrence, EcoGene12 vs. Verified
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                                                                                                                         * 612000    *          * 612010    *          * 612020    *          * 612030    *          * 612040    *          * 612050
 5’  g t  c g a a a c a t  g g c c c g g a a t  g g c a g c g t  c t  g a a t  g a c g a a a t  g t  t  t  g a g g t  c a c t  3’
                                                                                    [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ...  fes
                                                      ( - ( - ( - ( - - - - - - - - - - - ) - ) - ) - )  - 4.5  kcal/mole

            a a a c a t g g c c c g g a a t g sd   3.4  bits                     g a a a t g t t t g a g g t c a c t ir   6.0  bits

                                                                                                                         * 2867580   *          * 2867570   *          * 2867560   *          * 2867550   *          * 2867540   *          * 2867530
 5’  t  g g t  t  t  c a g a c t  g g t  t  a a a c a g c g t  g g g a g t  t  g g c a c g c a a t  g g t  a a g c a g a c g c 3’
                                                                                    [ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ...  pcm
                                              ( - ( - ( - ( - ( - - - - - - - - - - - - - - - - - ) - ) - ) - ) - )  - 7.8  kcal/mole

      g g t t t c a g a c t g g t t a a sd   3.5  bits                           g c a a t g g t a a g c a g a c g c ir   3.5  bits
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