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· genome sequence data shows that most animals share a set of several hundred homeotic genes that control their development
this genetic tool governs basic design of body plan by controlling thousands of other genes
some homeotic genes are at least 500 million years ago because all animals inherited it from common ancestor
some of there tool-kit genes are present in fungi, plant & prokaryotes suggesting those genes date back to early life forms
· genes in Hox family control overall body plan of animals
Hox genes include also nucleotide sequence, called a homeobox
A homeobox  codes for a homedomain, which is part of a protein that’s a transcripition factor 
When homeodomain binds to regulatory site of DNA, the homeodomain either activates or represses downstrand gene involved in development
Hox genes specify where appendages will grow on animals body
This is done by producing transcription factors hat activate genes that produce these appendages where they grow
· different Hox genes are expressed at different positions along the head-to-tail any of a developing embryo
genes are arranged in same sequence they are expressed in body
Hox genes and their relative position on chromosomes have been preserved by evolution
· Pax-6 is another highly conserved and widely distributed tool-kit gene
· Triggers formation of light-sensing organs (eyes)
· Pax-6 also contains a homeobox
· Pax-6 in different animals are very similar because they trigger instructions that makes eyes common to the species
· Pax-6 has been conserved for over hundreds of millions of years
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· Science of systematics has 2 major goals
01. Reconstruct phylogeny (evolutionary history of a group of organisms)
· Phylogeny is represented as phylogenetic trees (formal hypothesis identifying likely relationships among species)
02. Taxonomy (identification and naming of species and their placement in classification
· classification is an arrangement of organisms into hierarchical groups that reflect their relationships
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· practice of naming & classifying organisms began with Carl von Linné (Carolus Linnaeus) (1707-1778)
· rules of naming organisms differs between botanists & zoologists
· Linnaeus mode a taxonomic hierarchy (arranges organisms into inclusive categories)
· Family is a group of genera that closely resemble one another
· Orders are similar families grouped together 
· Class are similar orders grouped together 
· Phyla are similar classes grouped together 
· Kingdoms are similar phyla’s grouped together 
· Domains are kingdoms grouped together
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· Organisms grouped with any hierarchy are called taxon

· For at least 200 years organismal traits were used to analyze evolutionary relationships and classify organisms
· Then they developed phylogenies
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· Today they also use molecular sequences of nucleic acids and proteins

· systematics study traits in which phenotypic variation reflects genetic differences
they try to exclude differences caused by environmental differences
· useful systemic characteristics must be independent
· homologous characteristics share the same embryological history and are useful in preparing phylogenies
· phenotypic similarities between organisms reflect underlying genetic similarities 
· systematic analyses rely on comparison of homologous characters as indicators of common ancestry and genetic relatedness
· homoplasies are phenotypic similarities that evolved independently in different lineages
· systematists exclude homoplasies from their analyses because homoplasies provide no information about shared (genetic) ancestry
· homologous structures (inherited from a common ancestor) can differ among species
· wing bones are homologous to forelimbs of other tetrapods
· but large flat surfaces of bird wings are homoplasious with bats and pterosaurs
· thus it can be hypothesized that birds are convergent with bats and pterosaurs
· distinction between parallel and convergent evolution is based on closeness of relationship
· systematists have assumed that evolution has conserved pattern of embryonic development in related organisms
· recent discoveries in evolutionary development revealed that some genetic controls of developmental pathways can be very similar across a wide variety of organisms
· mosaic evolution refers to some characters of lineages moving slowly whereas others evolve rapidly
· every species displays a mixture of ancestral characters (old form of traits) and derived characters (new forms of traits)
· derived characters provide useful info about evolutionary relationships
· once a derived character because established it is usually present in all of that species’ descendants
· if not replaced by newer characteristics derived characters can serve as markers for entire lineages
· any particular character is derived only in relation to what occurs in other organisms
· ancestral is an older version of the same character
· derived is an entirely new trait (absent altogether)
· outgroup comparison is frequently used to identify ancestral and derived characters
· involves comparing group under study with more distantly related species not otherwise included in the analysis
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· 
· traditional evolutionary systematics groups species that share ancestral and derived characteristics
· paraphyletic taxon include some descendants of common ancestor
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· birds merit separate taxa

· 4 teams of researchers analyzed different parts of flowering plant genomes and independently identified the Amborella trichpoda (bush native to South Pacific island of New Caledonia) as a living rep of most ancient group of flowering plants
· molecular phylogenetics revolutionized our view of entire tree of life
· phylogenetic tree based on rRNA sequences divides living organisms into three primary lineages called domains (bacteria, archea and eukarya) 
· [bookmark: _GoBack]Archea comprises of organisms that live in physiologically harsh environments and are prokaryotic
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