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Sequence C

Sequence DRooted tree
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Sequence D

Unrooted tree
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C    C    G    T

ACGT

ACGT ACCT

     W            X           Y             Z
ACGT        ACCT    ACCG     CCGT

0 1

0 1 1 2

This is the most parsimonious tree
Its parsimony length is 3

Example(4 species, each is represented by a sequence
                 of 4 characters)

C�®°È�²
­y©Íÿ�ËE�"c�AQ«1Ê7½=Ä5´°©ºª6ÅfÄ�Ê!­�¼y®¸½¾ª6±1®°ª�²1¼ÎÂÃ­y©§©

Ïm´5`�a@º×µB´°Â�É
ª�²�È�ÉGÂ�É
©§­Ã©¾®¸¼¶±
ªY­�²
´°©=ÂyÉ5Ê!Â¶­Ã©�	2²1®°­y©�¼¶±5ÊÁÂ�²
­Ã©=ÂyªYÅzª�´¸´°ªÁÀöÂyÉ
©=¼�®¸½=Ä5´°©�¼yÂ
Ä�Ê!ÂyÉTÏ2Ê!±1·:­Ã©�¼�²
´°Â�¼�³§Ê7±¾Ú!Ê!­Ã¬Ó¯5Ê7¼Ã©b·=ª�±¾À�É
®�³�É=Ä5®°©b³#©�¼jª6Å%©§Ú�®¸·
©�±5³#©�Ê!­Ã©�²1¼Ã©�·TÏ2àQÊ!­y¼�®¸½=ª�±2¬
®¸¼Ò±�ª�±
©§Â�É
©�´°©�¼y¼�Ê¾¼ÃÂÃ­yª�±
È¾¯�Ê!¼�®¸¼ÎÅzª6­ÆÂ�É�©×¼�³+®°©�±2Â�®°û5³MÀ¥ª6­Ã¿�ª7Å�Ä�Ê!´°©�ª6±2Âyª�´°ª7È�®¸¼ÃÂ�¼�Ë

ãÎä76Òä76 9]éM�Ðjp=�è1ïQè5çðéRì¶ï�ñ�Z'î5é^ÑºñðùF�Ò;
ÌÆÉ�©:³#ª�½¾Ä1²
Â8Ê!Ây®°ª�±5Ê7´fÄ
­yª6¯5´°©�½:¼B­y©�´�Ê!Ây©�·4ÂyªYÂyÉ
©=Ä5Ê!­�¼y®¸½¾ª�±�¬4Ê!Ä1Ä1­Ãª2Ê6³8Éi³§Ê7±G¯%©:³§Ê!ÂÃ©�È7ª7Ç
­�®�
§©�·¡®¸±¡ÂVÀRª¾È6­Ãª�²
Ä5¼�c

» Ý�½:Ê7´¸´ÆàQÊ!­y¼y®¸½¾ª�±2¬ØÄ1­Ãª6¯5´°©�½~c�Ì�ªiû5±1· Â�É�© Ä5Ê!­�¼y®¸½¾ª�±�¬]´°©�±
È6ÂyÉ.ª7Å¶ÊGÈ�®°Ú6©�± Ây­Ã©§©
ÂÃª6Ä%ª�´°ª6È7¬2Ë

» P�Ê!­ÃÈ6©âàQÊ!­y¼�®¸½=ª�±2¬�Ä1­Ãª6¯5´°©�½~cjÌ�ª¾û5±1·¡Â�É
©â½¾ª6¼yÂÆÄ5Ê!­�¼y®¸½¾ª�±
®°ª�²1¼ÎÂy­Ã©§©2Ë

Ó(Ô l Ô l Ô*Õ dTgÛ_@µ�µMÖM_1k�×�¹ugN´�¸(ØÙÖ�k�´�h�µ*a�g
Ú�¸fe�Û�`�º±|¶®°Ú7©b±:Ê�¼Ã©§ÂÝÜ×ª6Å�¼Ã©�	2²
©�±5³#©b¼KÊ7±
·¾Â�É
©ÒÂÃª6Ä%ª�´°ª6È7¬Íª6Å(Ê¶­yª2ª6Ây©�·¾Ä5É�¬�´°ª6È6©�±
©§Â�®�³RÂy­Ã©§©
Þ À�®°ÂyÉ¡´°©-Ê�Ú6©�´�ÊÁ¯%©�´°©b·Y¯�¬�Ü
ß ´�_©µ5ºÝC�®¸±1·¡Ä�Ê!­y¼�®¸½=ª�±2¬�´°©�±
È7Â�ÉYª6Å Þ Ë
Ö�k�´�h�µ*a�g ×+`�_1`�a�gÛab¸�`·º
þ6Ë\� É5ÊÁÂ�®¸¼ÆÂyÉ
©â½:®¸±1®¸½Ó²
½ ±�²1½×¯%©§­Òª6Å�³8É5Ê7±
È6©�¼ÎÅzª6­ÆÂ�É1®¸¼ÎÂyª6Ä�ª�´°ª6È6¬©à
4
Ë\� É5ÊÁÂ�®¸¼ÆÂyÉ
©�ª6Ä1Ây®¸½�Ê7´(´�Ê!¯�©b´¸®¸±�È=ª6Å�ÂyÉ
©â®¸±2Ây©§­y±5Ê7´(±
ª�·
©�¼�à



���������������������� "!$#�%"�'&(���*)*�,+-���.�'/102����#�&"/��*���3���*)$#�& ÿbÇWH

ÌÆÉ
®¸¼=Ä1­Ãª6¯5´°©�½ ³�Ê!±.¯�©I¼Ãª�´°Ú6©�·.²1¼y®¸±
ÈUC�®°Â�³8ÉTÖ�¼¾Ê7´°È6ª6­y®°Â�É1½ áâC�ÿ�þ�ãÒ®¸± Ä%ª�´°¬�±
ª6½:®�Ê7´RÂy®¸½¾©�Ë
AKÊ6³8ÉG³8É5Ê!­�Ê6³#Ây©§­M³§Ê7±I¯%©Ó¼Ãª�´°Ú6©�·4¼Ã©§Ä�Ê!­�Ê!Ây©�´°¬ Ê7±1·IÂ�É1®¸¼M³�Ê!±4¯�©Ó©+«�ÂÃ©�±1·
©�·4Âyª�É5Ê!±1·1´°©Ó¼Ã©+Ç
	�²
©�±5³#©�¼Æª6Å�±I³8É5Ê!­8Ê7³+ÂÃ©§­�¼ÒÊ7¼�³8É5Ê!­�Ê6³#Ây©§­�¼ÒÊ!­Ã©â½Ó²�Â�²5Ê7´¸´°¬ß®¸±1·
©§Ä%©�±1·
©�±2Â�Ë

äB_@å�æq×§abçèÛfab¸Få6atæf_©×s´�¸fatå�æf_1kÁ_©å7`�a2k"é�d�¹ugØe�µ*amå6_@×§a"ê
Ú�¸fe�Û�`�º¥Ê×´°©bÊ!Å�Ç�´�Ê!¯%©�´°©�·:ÂÃ­y©§©¯Á À�É
©§­Ã©B©-Ê7³�Éß´°©bÊ!ÅËë:®¸¼R´�ÊÁ¯%©�´°©b·:¯�¬ßÊ×¼y®¸±
È�´°©M³8É5Ê!­8Ê7³+ÂÃ©§­^ëuì#Ë
í Û�`�e�Û�`�ºÆÊ=Å*²1´¸´°¬�Ç�´�Ê!¯%©�´°©�·�Ây­y©§©ºÀ�É1®�³8É¡®¸¼�Ê7´¸¼Ãª¾Â�É�©×½=ª�¼ÃÂÆÄ�Ê!­�¼y®¸½¾ª6±1®°ª�²1¼¥Ây­Ã©�©�ª6ÅîÁ×Ë
ï µ�ð@´%k�¹z`�æ�g�º
ÌÆÉ�©ÓÊ7´°È6ª6­y®°Â�É1½ û
­�¼ÃÂBÄ1²
Â�¼MÊ7´¸´�³8É5Ê!­8Ê7³+ÂÃ©§­�¼BÊ!ÂÒÂ�É
©Í´°©bÊbÚ6©�¼Òª7ÅQÂyÉ
©×Ây­Ã©§©ÓÊ7±
·IÂ�É�©b±I®°Â�Ây­y®°©�¼
Âyªß´�ÊÁ¯%©�´T©§Ú6©§­y¬¡®¸±2ÂÃ©§­�±5Ê7´T±
ª�·
©×ª7ÅQÂÃ­y©§©�Ï5¼�²1³�É ÂyÉ5Ê!Â�©§Ú6©§­y¬Y±
ª�·
©ÍÉ5Ê7¼�´�Ê!¯%©�´T©�	2²5Ê7´TÂÃª�ª�±
©
ª6Å�®°Â�¼Ò³�É
®¸´¸·
­y©�±TË�C
ª6­�½�Ê!´¸´°¬�Â�É
©×Ê7´°È6ª7­�®°Â�É
½ý®¸¼�Ê7¼ÎÅzª�´¸´°ªÁÀ�¼�Ë

þ6ËñC
ª6­Æ©§Ú6©§­y¬�´°©bÊ!Åîë�Ï1´°©§ÂD¼�òDÂôó�ëuì§õ�Ë
4
ËñC
ª6­Æ©§Ú6©§­y¬�®¸±2Ây©§­y±5Ê7´(±
ª�·
©pë�ÀÒ®°Â�É ³8É1®¸´¸·
­Ã©b±÷öfÏ-øÍÏ
´°©§ÂD¼�òTÂù¼�úQû�¼�ü ®°ÅR¼�úQû�¼�üþýÂ ÿ � Ê7±1·~¼�ú���¼�üiª7Â�É
©§­yÀÒ®¸¼Ã©

�1ËñC
ª6­Æ©§Ú6©§­y¬�±
ª�·
©pë�®¸±¡Ä1­Ã©§ª6­�·
©§­�Ï
» P(©�Âsö\¯%© ®°Â�¼ÓÄ�Ê!­y©�±2Â�Ë S|ÅDö©ì��y¼�òY¼y©§Âsë�ì�� ö@ì � ª6ÂyÉ
©§­yÀÒ®¸¼y©�Ï�Ê7¼y¼y®°È�± Ê7±2¬
³8É5Ê!­8Ê7³+ÂÃ©§­Ò®¸±~¼�ò¶ÂyªQë�ì�Ë

A        C          G        C        G                                             A      C          G       C        G

{AC}*

{ACG}* {CG}*

C*
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{CG}   G

- Each asterisk(*) requires a change in one of the edges to its children 
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