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Phylogene/cs	  basics	  
�



Ontogeny:(also	  ontogenesis	  or	  morphogenesis)	  is	  
the	  origin	  and	  the	  development	  of	  an	  organism. �

Phylogeny	  :	  a	  reconstruc/on	  of	  the	  evolu/onary	  	  
history	  of	  a	  collec/on	  of	  organisms.	  



Evolution: 
Studies on 

“processes”, and 
forces driving  

processes 

Phylogeny: 
Studies on 

“relationship” of taxa 
and evolutionary 

events 

Modified from Stuessy, 1990. Plant taxonomy, p.8. Columbia UP, NY. 

Classification: 
study on “products” of 

evolution 



Phylogene/cs	  is	  the	  study	  of	  evolu/onary	  rela/on	  
among	  groups	  of	  organisms	  (e.g.	  species,	  
popula/ons),	  which	  is	  discovered	  through	  molecular	  
sequencing	  data	  and	  morphological	  data	  matrices.	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐wikipedia�

Phylogene/cs	  is	  the	  study	  of	  the	  evolu/onary	  history	  
of	  living	  organisms	  using	  treelike	  diagrams	  to	  
represent	  pedigrees	  of	  these	  organisms.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐Jin	  Xiong�



Major	  assump/ons �

•  The	  molecular	  sequences	  used	  in	  
phylogene/c	  construc/on	  are	  
homologous	  (they	  share	  a	  common	  arigin	  
and	  subsequently	  diverged	  through	  /me).	  

•  Each	  posi/on	  in	  a	  sequence	  evolved	  
independently. �



Orthologs	  and	  paralogs �

Orthlogs(直系同源)：由于共
同的祖先基因进化而产生的�

Paralogs（并系同源）：由于
基因复制产生的�

用于分子进化分析中的序列
必须是直系同源的，才能真
实反映进化过程�



Rooted	  trees	  and	  unrooted	  trees�

A	  phylogene/c	  tree	  without	  defini/on	  of	  
a	  root	  is	  unrooted. �



The leaves of a phylogenetic tree usually represent the present 
day taxa; 
The internal nodes represent hypothesized ancestors. 
�



Polytomy	  and	  Dichotomy	  



Cladograms	  and	  Phylograms	  



Phylogene/c	  tree	  construc/on	  
methods	  and	  programs	  

�



•  Choosing	  molecular	  marker	  

•  Sequence	  alignment	  

•  Models	  of	  evolu/on	  

•  Tree	  building	  

•  Tree	  evalua/on �



Choosing	  molecular	  marker	  



•  对于具有很近亲缘关系的生物来说，
选择核酸序列研究要比选择蛋白序列
更快的推断出结果	  

•  在大多数情况下，以蛋白质为基础的
发生树比以DNA为基础的发生树更恰
当	  

•  蛋白质序列含有更多相对保守的序列	  

•  蛋白质序列的比对比DNA序列的比对
更灵敏	  



Sequence	  alignment�

•  Clustalw:一种渐进的多序列比对方法，先
将多个序列两两比对构建距离矩阵，反应
序列之间两两关系；然后根据距离矩阵计
算产生系统进化指导树，对关系密切的序
列进行加权；然后从最紧密的两条序列开
始，逐步引入临近的序列并不断重新构建
比对，直到所有序列都被加入为止。	  

•  　CLUSTALX－是CLUSTAL多重序列比对程
序的Windows版本。Clustal	  X为进行多重序
列和轮廓比对和分析结果提供一个整体的
环境。	  

•  Bioedit，可以进行人工手动的调整。	  



Models	  

•  Jukes-‐Cantor	  :单参数	  
•  Kimura	  ：双参数	  
•  F81	  model	  
•  HKY85	  model	  
•  T92	  model	  
•  TN93	  model	  
•  GTR:	  Generalised	  /me-‐reversible	  
•  PAM	  
•  JTT	  



Tree	  building �



Distance-based methods: 
 
•  All sequences involved are homologous (orthology). 
 
•  Tree branches are additive. 

Character-based methods: 
 
•  Characters at corresponding positions in a multiple sequence 

alignment are homologous among the sequences involved. 
 
•  Each character evolves independently and is treated as an individual 

evolution unit. �



常用方法�





Tree	  evalua/on �

•  The	  bootstrap	  

•  Delete-‐half-‐jackknifing	  



   J   High bootstrap values don’t mean that your 
tree is the true tree! 

 
  J   Alignment and evolutionary assumptions are key! 



常用软件�





Example(MEGA) �




