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The HIV virus
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• RNA genome
• 9 genes
• The pol gene encodes 

reverse transcriptase (and 
more), a key protein in 
the cycle of HIV infection



The HIV replication cycle
and the pol gene



RNA folding problem

Unfolded RNA



Hierarchy in RNA folding

Secondary structure 
interactions: base 
pairing.

Tertiary structure 
interactions

Final folded RNA
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Energy and folding
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Folding process

In cell, RNA 
molecule seeks its 
minimum energy 
conformation.

Interactions stabilize 
molecule, putting it in a 
lower energy state.



Hairpin loops and other structures



A simple use-it-or-lose-it
RNA folding algorithm

● Simple scoring system
● 1 for each base pair
● 0 for unpaired bases
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Assume no pseudoknots



A simple use-it-or-lose-it
RNA folding algorithm
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CCCC   A
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>>> fold('GGGGAAAACCCC')
4

>>> fold('AAACCCAACCCUUCCCCCUUU')
5
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UUU  C>>> fold('A')
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def is_complement(base1,base2):
"""Returns boolean indicating if 2 RNA bases are
complementary."""

if base1 == "A" and base2 == "U":
return True

elif base1 == "U" and base2 == "A":
return True

elif base1 == "C" and base2 == "G":
return True

elif base1 == "G" and base2 == "C":
return True

elif base1 == "G" and base2 == "U":
return True

elif base1 == "U" and base2 == "G":
return True

else:
return False



def fold(RNA):
"""Takes an RNA sequence as input and returns
the maximum number of base pairs it can form with itself."""

if len(RNA) < 2:
return 0

else:

Worksheet Q



def fold(RNA):
"""Takes an RNA sequence as input and returns
the maximum number of base pairs it can form with itself."""

if len(RNA) < 2:
return 0

else:
best_so_far = fold(RNA[1:])   # lose it case
for i in range(1,len(RNA)):   # use it cases

if is_complement(RNA[0],RNA[i]):
score = 1 + fold(RNA[1:i]) + fold(RNA[(i+1):])
if score >= best_so_far:

best_so_far = score
return best_so_far

Worksheet S



Importance of the
no-pseudoknots assumption
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score = 1 + fold(RNA[1:7]) + fold(RNA[9:])



This week’s homework

• Write memoized version of fold
• Find regions of strong secondary structure in HIV pol gene
• Care package version to give pairing interactions
• Drawing secondary structure interactions

>>> shortestPath("A", "E", FiveCities, FiveDists)
10

>>> sp2("A", "E", FiveCities, FiveDists, {})
[10, ['A', 'C', 'D', 'E']]

“Care-package” -ization



Looking for regions with significant 
secondary structure

Sliding window



Returning pairing interactions

>>> MNV1 = "UGCGCCCUCUGUGCGCAACACAGAGAAACGCA" # MNV1 murine 
norovirus

>>> get_struct(MNV1, {})
(11, [(0, 31), (1, 30), (2, 29), (3, 28), (4, 24), (7, 23), 
(8, 22), (9, 21), (10, 20), (11, 19), (12, 18)])



Exercise: the numbers game (aka pegs)

>>> num_game([9, 10, 9])
18

>>> num_game([10, 3, 5, 15, 4])
25

def num_game(num_list):
"""Chooses non-adjacent numbers from num_list
such that their sum is maximized. Returns sum."""
if num_list == []:

return 0
else:

use_it = num_list[0] + num_game(num_list[2:])
lose_it = num_game(num_list[1:])
return max(use_it, lose_it)



>>> show_num_game([9, 10, 9])
[18, [9, 9]]

>>> show_num_game([10, 3, 5, 15, 4])
[25, [10, 15]]

def show_num_game(num_list):
"""Chooses non-adjacent numbers from numList such that their sum
is maximized. Returns list with some as first element, and a list
with the winning combination as the second element."""

Q



>>> show_num_game([9, 10, 9])
[18, [9, 9]]

>>> show_num_game([10, 3, 5, 15, 4])
[25, [10, 15]]

def show_num_game(num_list):
if num_list == []:

return [0,[]]
else:

lose_it = show_num_game(num_list[1:])
use_it = show_num_game(num_list[2:])
use_it = [num_list[0] + use_it[0], [num_list[0]] + use_it[1]]
if use_it[0] > lose_it[0]:

return use_it
else:

return lose_it

S



get_struct – one subtlety

>>> get_struct("AAGGGGUU", {})
(2, [(0, 7), (1, 6)])

>>> get_struct("AGGGGU", {})
(1, [(0, 5)])

Demo



What’s coming up next?

• Object-oriented programs (OOPs)


