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Ukens forelesning

e nytt stoff denne uken

e utvalgte ovelser



Introduction to
Analysis and Modeling in
Biology with Python



Laeringsmal denne uke
Biologi

e forstar hvordan DNA kan anses som 'string'
Programmering

¢ telle nukleotider med string.count
e kunne bruke el1if
e dictionaries (‘ordbok’)
o kunne forklare hva det er og hvorfor det brukes

o hvordan a lage og bruke en dictionary

o kunne gjere om to lister til en dictionary



DNA som tekst

Sugar
Phosphate
Backbone
Base pair
Adenine
Nitrogeous
base
Thymine
Guanine

Cytosine




Normal hemoglobin subunit

ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGA
GGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGLC
AGGCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATG
CTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGC
TCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGAT
CCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCA
CCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCA
CTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACT
GGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGC



Hva gjer denne koden?

E_CD_'I_ i_dna = "AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAA"
print (e coli dna.count ("A"))



Hva gjer denne koden?

A count = 0
for nucleotide 1in e_cmli_dna:
if nucleotide == "A":

A count = A count + 1

print (A count)



Telle nukleotider

E_CD_'I_ i_dna = "AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAA"
print (e coli dna.count ("A"))

A count = 0
for nucleotide 1in e_cmli_dna:
if nucleotide == "A":

A count = A count + 1

print (A count)



Telle nukleotider

E_CD_'I_ i_dna = "AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAA"
print (e coli dna.count ("A"))

A count = 0
for nucleotide 1in e_cmli_dna:
if nucleotide == "A":

A count += 1

print (A count)



Hva gjer denne koden?

A count =
T count =
G count =
C count =

o O O O

for nucleotide 1in e_cmli_dna:

1f nucleotide == "A":
A count += 1

elif nucleotide == "T":
T count += 1

elif nucleotide == "G":
G count += 1

elif nucleotide == "C":
C count += 1

else:

print ("could not recognize the nucleotide")



1f - elif - else

if - elif - else -->if - else if - else

False

False

True

True

Exit test

Y



Finn feilen

ﬂuClEGtidES — ["A"r "C"; "G"; "T"]
nucleotides counts = [0, 0, 0, O]

for nucleotide in e coll dna:

1f nucleotide == "A":
nucleotides counts[0] += 1
elif nucleotide == "T":
nucleotides counts[l] += 1
elif nucleotide == "G":
nucleotides counts[Z2] += 1
elif nucleotide == "C":
nucleotides counts[3] += 1
else:

print ("could not recognize the nucleotide")



Hva gjer denne koden?

nuclemtides_cmunt =

for nucleotide 1n e coli dna:
nucleotides count[nucleotide] += 1



Hva gjer denne koden?

E_CDl i_dna = "AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAT
Inne |1 lokken:
nuclemtides_cmunt:"ﬁ"j += 1]
nuclemtides_cmunt:"G"j += 1
nuclemtides_cmunt:"C"j += 1]
nuclemtides_cmunt:"T"j += 1]
nuclemtides_cmunt:"T": += 1
nuclemtides_cmunt:"T"j += 1]




Dictionary (‘ordbok’)

Python liste: index er et tall

my_llst - ["Rllr "B"; "C"; "Dll]
print (my list[Z2])



Dictionary (‘ordbok’)

Python liste: index er et tall

my_llst - ["Rllr "B"; "C"; "Dll]
print (my list[Z2])

Python dictionary: index kan vaere en string

my dict =
print (my dict["fish"])




Dictionary (‘ordbok’)

Python tom liste
my list = []
Python tom dictionary

my dict = {}



Dictionary (‘ordbok’)

Python liste med innhold
my_llst - ["Rllr "B"; "C"; "Dll]
Python dictionary med innhold

my dict = {"cat": "katt", "dog": "hund", "fish": "fisk"}



Dictionary (‘ordbok’)

Python liste med innhold

my list = ["A",
"B" ;
I'I'C" ;
I'I'Dll]

Python dictionary med innhold

my dict = {"cat": "katt",

key : wvalue

m d‘:‘lgTT :

"hund" ,

"fish":

"fiSk" ]_



Dictionary (‘ordbok’)

Python liste med innhold

my_llst — ["Rllr "B"; "C";

Python dictionary med innhold

my dict = {"cat": "katt",
"d{:‘g" : "hUl"ld",
"fish": "fisk"}

"Dll]



Dictionary (‘ordbok’)

Python liste: index er et tall

my_llst - ["Rllr "B"; "C"; "Dll]
print (my list[Z2])

Python dictionary: index kan vaere en string

my dict = {"cat": "katt", "dog": "hund", "fish": "fisk"}
print (my dict["fish"])

fisk



Dictionary (‘ordbok’)

Python liste: legge til et element

my_llst - ["Rllr "B"; "C"; "Dll]
my list.append("E")

Python dictionary: legge til et element

my dict = {"cat": "katt", "dog":

my dict["bird"] = "fugl"

"hund" ,

"fish":

"fiSkn ]_



Dictionary (‘ordbok’)

Python liste: ga over alle elementer

my_llst - ["Rllr "B"; "C"; "Dll]
for element in my list:



Dictionary (‘ordbok’)

Python liste: ga over alle elementer

my_llst - ["Rllr "B"; "C"; "Dll]
for element in my list:

Python dictionary: ga over alle elementer

my dict = {"cat": "katt", "dog": "hund", "fish": "fisk"}
for term 1n my dict:
print (term, "in Norweglan 1s", my dict[term])

Lekken gar over alle keys.



Dictionary (‘ordbok’)

Python dictionary: ga over alle elementer

my dict = {"cat": "katt", "dog": "hund", "fish": "fisk"}
for term in my dict:
print (term, "in Norwegian 1s", my dict[term])

for key in my dict:
print ("The key 1s", key, "and value 1s", my dictl[key])



Hva gjer koden?

english = ["cat", "fish", "dog"]
norsk = ["katt", "fisk", "hund"]

my dict = {}

for 1ndex 1n range(len(english)):
my dict[english[index]] = norsk[lndex]



Hva gjer koden?

my dict = {"cat": "katt", "dog": "hund", "fish": "fisk"}

english = []
norsk = []

for term in my dict:
english.append (term)
norsk.append(my dict[term])



Telle nukieotider

E_CD_'I_ i_dna = "AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAA"
nucleotides count = {

"A": O,

"T": 0,

"G": 0,

"C": 0 }

for nucleotide 1in nucleotldes count:
nucleotides count[nucleotide] = e coli dna.count (nucleotide)

print (nucleotides count)



Samme kode?

for nucleotide in nuclemtides_cmunt:
nuclemtides_cﬂunt[nuclemtide] = e_cmli_dna.cmunt{nuclemtide)

print (nucleotides count)

A count =
T count =
G count =
C count =

o O o O

for nucleotide 1in e_cmli_dna:

1f nucleotide == "A":
A count += 1

elif nucleotide == "T":
T count += 1

elif nucleotide == "G":
G count += 1

elif nucleotide == "C":
C count += 1

else:

print ("could not recognize the nucleotide")



Dictionary

Fra oppgaver uke 09:

fragments = {"Empty": fragments plasmid empty,
"PCR 1": fragments plasmid PCR 1,
"PCR 2": fragments plasmid PCR 2}
plot gel electrophoresis (fragments, lambda sizes)
show ()



Dictionary

Values | en Python dictionary kan veere:



Dictionary
Values | en Python dictionary kan veere:

¢ Int, float, string



Dictionary

Values | en Python dictionary kan veere:

e |iste



Dictionary

Values | en Python dictionary kan veere:

e Numpy array



Dictionary

Values | en Python dictionary kan veere:

e dictionary



GC percentage

Hydrogen




GC percentage

OrganismAdenineThymineGuanineCytosine

E.coli 26.0
Yeast 31.7
Turtle 28.7
Salmon 29.7
Chicken 28.0

Human 30.3

23.9
32.6
27.9
29.1
28.4
30.3

24.9
18.3
22.0
20.8
22.0
19.5

25.2
17.4
21.3
20.4
21.6
19.9



GC percentage

Organism G+C
E.coli 950.1
Yeast 35.7
Turtle 43.3
Salmon 41.2
Chicken 43.6
Human 39.4



Utvalgte gvelser
e Exercise 2: Offline: Study code for digestion of DNA with Python
e Exercise 4. in silico digests for BIOS1110 lab exercises

e EXxercise 6: Writing your own modulo function



Slicing a circular DNA string

def circular (dna, start index, stop index):
"""Slice a cilrcular DNA string."""
if stop index <= start index:
stop index += len(dna)

fragment = ""
index = start index
while index != stop index:
circular index = 1index % len (dna)

fragment += dna[circular 1ndex]
index += 1

return fragment



Restriction digestion

def restriction cutting(dna, restriction site, cut 1ndex):
"""pPerform a restriction cutting of the given DNA strand."""
# Find the cutting locations
cutting locations = []
for index in range (0, len (dna)):
region = circular (dna, 1ndex, 1ndex+len (restriction site))

if region == restriction site:
cutting locations.append(index + cut index)

# Perform the cutting
nr fragments = len(cutting locations)

[]

fragments

for index in range(nr fragments-1):
fragment = circular(dna, cutting locations[index],
cutting locations[index+1l])
fragments.append (fragment)

A

# Perform the last cutting
fragment = circular(dna, cutting locations[-1], cutting locations[0])
fragments.append (fragment)

return fragments



Restriction digestion lineaer DNA

def restriction cutting(dna, restriction site, cut index, linear=False):
"""Perform a restriction cutting of the given DNA strand."""
# Find the cutting locations
cutting locations = []
for index i1n range (0, len(dna)):
1f linear:

region = dnal[index:index+len(restriction site) ]
else:

region = clrcular (dna, 1ndex, 1ndex+len(restriction site))
if region == restriction site:

cutting locations.append(index + cut index)



Restriction digestion lineaer DNA

# Need to add the first fragment only i1f linear:
1f linear:
# Add first fragment
fragment = dna[0:cutting locations[0]]
fragments.append (fragment)

# For both linear and circular
for index 1n range (nr fragments-1):
fragment = cilrcular (dna, cutting locations[index],
cutting locations[index+1])
fragments.append (fragment)

# Perform the last cutting
1f linear:
fragment
else:
fragment = circular (dna, cutting locations[-1], cutting locations[0])
fragments.append (fragment)

dna[cutting locations[-1]:]

return fragments
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