
October 27, 2010 Wednesday 
Fall 2010 IB426, Homework 3 – graduate students only: 

 Upload by 11pm Thurs. Nov. 4, 2010. 
 Hard copy due in class Fri. Nov.5, 2010 

 
In the field of evolutionary adaptation, it is often difficult to clearly pinpoint specific adaptation/s 

responsible for an increase in the fitness of an animal subjected to natural selection.  This is because the 
exact nature of the selection force is often nebulous. In addition, the whole animal and its entire 
interconnecting suit of physiology and biochemistry are simultaneously exposed to the selection force 
(whatever the nature), thus generally no singular trait is responsible for increase in organismal fitness.  
And because of the multi-trait nature of organismal adaptation, it is also difficult to determine all the 
molecular mechanisms involved in the evolution of these traits.  
  

Fish antifreeze proteins as an evolutionary adaptation are an exception.  This is particularly true in the 
case of antifreeze glycoprotein (AFGP) in the geographically confined Antarctic notothenioid fish, with 
respect to the following:  

(1) The nature of the environmental selection is clear, and causally linked to the need for the 
evolution of a protective function against freezing. 

(2) The increase in fitness, i.e. in the ability to avoid freezing, is unambiguously linked to the 
evolution of a single gene and gene product, the AFGP. 

(3) The evolution of the AFGP gene from its trypsinogen-like protease (TLP) ancestor occurred in 
recent evolutionary past, such that the sequence of the homologous regions of the two genes have 
diverged very little, and that a putative evolutionary transitional form (a chimeric TLP-AFGP 
gene) still persists in the genome, which permitted clear determination of the molecular 
mechanism of the evolutionary transformation of the TLP gene to AFGP gene.  

(4) The evolution of the protective function of AFGP was temporally linked to the onset of the 
environmental selection force, and to the subsequent organismal success in the diversification of 
the protected notothenioid fish in to became the predominant fish group in the freezing Antarctic 
marine environment. 

 
 Assignment: 
 
 Read the three assigned papers (posted on course web site and listed as “AFGP evolution, Cheng 98”;  

“Mechanism of AF evolution, Cheng 98”; and “AF Review – Cheng 02”), for the information 
pertinent to the six aspects listed above.  

 
 Write a cogent 3 page (must NOT exceed 3 pages) essay that describes these 4 aspects in a coherent 

manner and with adequate scientific details and rigor, i.e. including but not limited to: 
i. geological evolution of the Antarctic environment;  
ii. geologic/evolutionary time estimates; 
iii. the physical basis for the needed freeze avoidance function; 
iv. the non-colligative mechanism of antifreeze action; 
v. schematic representations of gene features and structures, molecular evidence/mechanism of the 

evolution of the AFGP gene; 
vi. organismal consequence, i.e., how did evolution of the AFGP protection affect the ecological 

success and diversification of of the Notothenioid families of fishes 
 
 You may use figures from the ppt lecture files for illustration purposes. 
 Format -  Scientific review;  same as the format you used for HW1. 
 Page limit and format will be strictly enforced.  Use 1.5 line spacing, Times Roman, 12 point 

size.  Your name must appear in the header, top right. 


