
L30-Genome Evolution
+Cellularity 



Carmen is down for ??? 
-lecture notes, phyl. homework, lecture sched on my website 
--https://u.osu.edu/sabreelab/eeob-3310/ 
 
>>Exam 3 is Wed, Nov 12th. 
 
Phylogenetics homework due on Wednesday, Nov. 12th 
-bring to class a printed, staple-bound copy (no staples...50% 
markdown) 
 
Revised paper due on Friday, Nov. 14th 
-bring to class a printed, staple-bound copy (no staples...50% 
markdown) 

ANNOUNCEMENTS 



Groups of no more than four (4) people 
--pick a scribe to write and send email 
--include full names on one line 
example: Zakee Sabree, David Salazar, Matt Holden, Paul Larsen 
 
 
Email your answer to sabree.8@osu.edu 
--Scribe should send email 
--Subject heading must include “3MINUTE” 
 
Emails received after 11:30AM will be deleted. 
 

YOU HAVE 10 MINUTES 

2 

THINK-PAIR-SHARE (graded) 



1) Briefly explain why closely related, sympatric species rapidly evolve 
prezygotic isolation characteristics. (< 25 words) 
 
2) Distinguish between the subfunctionalization and 
neofunctionalization? (>35 words) 
 
 
Groups of no more than four (4) people 
--include full names on one line 
example: Zakee Sabree, David Salazar, Matt Holden, Paul Larsen 
Email your answer to sabree.8@osu.edu 
--Subject heading must include “3MINUTE” 
Emails received after 11:30AM will be deleted. 
--pick a scribe to write and send email 

YOU HAVE 10 MINUTES 
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THINK-PAIR-SHARE (graded) 



1) Briefly explain why closely related, sympatric species rapidly evolve 
prezygotic isolation characteristics. (< 25 words) 
-to prevent the likelihood of hybridization events that yield less-fit 
offspring. 
 
2) Distinguish between the subfunctionalization and 
neofunctionalization? (>40 words) 
-Neofunctionalization is when a paralogous gene product becomes 
capable of participating in unrelated processes. Subfunctionalization 
is when paralogous gene products specialize to participate in 
different steps in a process previously handled by a single gene 
product. 

2 

THINK-PAIR-SHARE (graded) 



Coalescence theory argues that the genes present 
in a small population of recently diverged species 

will quickly converge in a common ancestor	  
A.  True	  
B.  False	  
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Which does not present a barrier to reproduction 
between two sympatric, recently diverged species?	  
A.  night vs. day activity 
B.  incompatible genitalia 
C.  colocalization 
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Viral genomes 
Small...why (esp. RNA)? 
-linear or circular 
-fragmented 
--independent evolutionary 
trajectories 
Rigid capsid constrains size 
Rapid replication 
Mostly protein coding regions 
Overlapping coding seq’s. 



Bacterial genomes 
Single, circular chromosomes (linear genomes exists...look them 
up!) 
-85-95% protein coding 
-intergenic regions involved in regulation (promoters, activators, etc.) 
-Ribosomal RNAs (rRNA) and transfer RNAs (tRNAs) 
-prophages: integrated viral genomes (often trapped but can serve 
as integration sites for related viruses) 
-plasmids: extrachromosomal DNA 
--virulence factors 



Bacterial genomes 

Tight correlation between # of protein coding genes 
and genome size 



What type of horizontal gene transfer employs bacteriophages? 

a) conjugation 
b) natural competence 
c) transduction 
d) transformation 
 



Horizontal gene transfer 

-transfer via transduction 
--viral escape via lytic  
replication takes some host 
info along 
 
-mostly within-genus exchange 



Horizontal gene transfer 
-transfer via transformation 
‘natural competence’ due to DNA used as nitrogen 
source (food) or ‘messages in a bottle’ 
-dead pathogens share their information with living 
cells 



Horizontal gene transfer 
-transfer via conjugation 
-one-way plasmid copy 
transmission 
-within species 
 
Important in acquisition of  
virulence  
 



Horizontal gene transfer 
Costs: 
-genes from divergent background may reduce 
fitness of recipients 
 
Benefits: 
-increased fitness via selection (consider an 
infection) 
-increased genetic variation 
 



How	  many	  _________	  are	  described	  in	  
this	  synteny	  plot?	  	  

A.  duplica<ons/2	  
B.  dele<ons/3	  
C.  inversions/3	  
D.  inversions/2	  



Identifying genomic change 
Comparing genomic 
architecture, via synteny plots, 
between bacterial species can 
reveal relatedness or shared 
experience 



Identifying genomic change 
Codon usage bias is when some codons occur (and 
are used) more often than others 
 
Highly expressed genes are comprised of frequently 
occurring codons 
-Corresponding tRNAs are available unlike ‘rare 
codons’ 



Genome characteristics 
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Genome characteristics 
Mononucleotide repeats are generally problematic 
-slippage (indels or out-of-frame codons) 
-repeats are less tolerable in CDS/exons 



Genome characteristics 
Mononucleotide repeats are generally problematic 
-slippage (indels or out-of-frame codons) 
-repeats are less tolerable in CDS/exons 
AT repeats most common 



Genome characteristics 
Genomes with more CDS are generally more GC-
biased 
Free-living bacteria more GC-biased than pathogens 
and endosymbionts 
 
Mutational bias for G -> A and C -> T 
Melting of G-C bond slower 
than A-T, faster replication 
and transcription 
-thermostability 



Genome characteristics 
Recently acquired genes ‘look’ more like the donor 
than the recipient 
-GC-bias can provide this info and highlight HGT 
 
Highly expressed genes present on leading strand  

(1 step) not lagging strand (2 steps) 


