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Where in the Genome Does DNA Replication Begin?
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TTCGTTAAGTAACTTCACTGCCCGTAGTGTACCGGCATTCGCTAGCAAGAGTCTTTCTG
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Replication Problem:
Input: ADNA string Genome.

Output: copy of DNA string Genome .
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Origin of proceeds in
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Finding oriCProblem:
Input: ADNA string Genome.

Output: The location of oriCin Genome.
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..TTCGTTAAGTAACTTCACTGCCCGTAGTGTACCGGCATTCGCTAGCAAGAGTCTTTCTG
GGCAAGCTTCACTTGTGATCGCGGCCTGTGCCCCCGGAATGAAACAACCACGTCCCTGCT
AACAACGACGGGAAAAGGGAAGTGATCCGTCGGCAGACCCAGACTAGTGCCCITCTCCGG
CTTCCAACACCAACGAGTCGGACCGAATTGAGCACTCGAATGCACGGCGCTTTTTGCCGG
CCGAAACGGCGCCTCCGCATTGATCGACGCACGGCCTCTTTTGGCTACAGCGCATGGCTT
TACACTCGGCATGCATTTCCAGTGCTAATCAAACAGAATTCCTTGTAAAGTCCTTCAACC

GTGACAGACTATCGCTAAGGAGCCTTTCCAGTCGTGCCTGCAATCACTCGCGAAATCAAC




AAATCTACATCTAAGCACGCTCGTGGTTCGGAGTCCCGCCCTCATGTGGACCATAGCCGG

TTCGCCCGAGTCCTAGGCACGATCAGAGGACCTATCTTTCGCCACTCAACTCTTCTGAGT

GAAACAATATCGACCGAAACCTTGCTCGGTTTTGTCCACAACAACGTCAGGCCCATAAGC

AGACGACATTAGTCCGCTGTTGTCGCGGGCGTCCCATAGCCGTACGATGTCCCGTCGGA...
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Hidden Message Problem: Find a “hidden message” in a rext.
Input: Astring 7ext (representing oriCin a genome).

Output: A hidden message in 7ext.
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Counf{ACAACTATGCATACTATCGGGAACTATCCT, ACTAT) =3
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Frequent Words Problem: Find the most frequent k-mers in a string.
Input: Astring 7extand an integer &

Output: All most frequent A-mers in 7ext.
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Sample Input:
ACGTTGCATGTCGCATGATGCATGAGAGCT
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def FrequentWords (text,k):
>>> Frequent Words (ACGTTGCATGTCGCATGATGCATGAGAGCT' 4)
(‘the most frequent k-mer are ', ' GCAT CATG')

(‘with frequent count =', 3)

wnn

i=0
str="
list=[]
kmer=k-1
while i!=len(text)-kmer:
j=i
pattern="
m=0
while m<=kmer:
pattern=pattern+textl[j]
j=j+1
m=m+1
count=text.count(pattern)
list.append([pattern, count])

i=i+1

max=0
for x in xrange(len(list)):
if list[x][1]>max:
max=list[x][1]
most_frqcount=max
for y in xrange(len(list)):
if list[y][1]==most_frqcount and str.find(list[y][0])==-1:

str=str+' "+list[y][0]




print('the most frequent’, k,"-mer are ', str)

print("with frquent count =",most_frqcount)
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k 3 4 5 6 7 8 9
count 26 12 8 8 5 4 3
k-mers tga atga gatca tgatca atgatca atgatcaa atgatcaag

tgat  tgatc cttgatcat
tctrgatca
ctcttgatc
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ATGATCAAG, CTTGATCAT, TCTTGATCA, and CTCTTGATC.
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Complementary strands run in opposite directions. The beginning and end of a DNA strand are
dencted 5' {proncunced “five prime”} and 3' (pronounced “three prime”), respectively.
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Reverse Complement Problem: Reverse complement a nucleotide partern.

Input: ADNA string Pattern.

Output: Partern, the reverse complement of Partern
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def reverse(word):
reverse_ word="
i=len(word)-1

while i>=0:




reverse_word=reverse_word+word[i]
i=i-1

return reverse_word

def complement(fileName):
with open (fileName, “r”) as myfile:
pattern=myfile.read().replace(\n’, )
myfile.close()
rPattern=reverse(pattern)
cPattern="
for lin range(len(rPattern)):
if rPattern[i]=="A":
cPattern=cPattern+'T’
elif rPattern[i]=="T":
cPattern=cPattern+'A’
elif rPattern[i]=="C":
cPattern=cPattern+'G’
elif rPattern[i]=="G":

cPattern=cPattern+'C’

return cPattern
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ATGATCAAG, CTTGATCAT, TCTTGATCA, and CTCTTGATC.
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atcaatgatcaacgtaagcttctaagcATGATCAAGgtgctcacacagtttatccacaac
ctgagtggatgacatcaagataggtcgttgtatctccttcctctcgtactctcatgacca
cggaaagATGATCAAGagaggatgatttcttggccatatcgcaatgaatacttgtgactt
gtgcttccaattgacatcttcagcgccatattgcgctggecaaggtgacggagegggatt
acgaaagcatgatcatggctgttgttctgtttatcttgtettgactgagacttgttagga

tagacggtttttcatcactgactagccaaagccttactctgcctgacatcgaccgtaaat

tgataatgaatttacatgcttccgcgacgatttacct cgatccgattgaag
atcttcaattgttaattctcttgcctcgactcatagccatgatgaget gtt
tccttaaccctctattteetacggaagaATGATCAAGcetgeeget cgtttc
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Pattern Matching Problem: Find all occurrences of a pattern in a string.
Input: Two strings, Partern and 7ext.

Output: All starting positions where Parternappears as a substring of 7ext.

Sample Input:
ATAT
GATATATGCATATACTT




Sample Output:
139
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def find_ALLoccurrences(pattern,text):

listOflndex="

i=0

while True:
index =text.find(pattern,i)
ifindex==-1:

break

listOfindex=listOfindex+str(index)+
i=index+1

return listOflndex
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def find_ALLoccurrences(pattern,fileName):
with open (fileName, "r") as myfile:
text=myfile.read().replace("\n’, ")
myfile.close()
listOfindex="
i=0
while True:

index =text.find(pattern,i)




ifindex==-1:

break
listOfindex=listOfIindex+str(index)+""
i=index+1

return listOflndex
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>>>find_ALLoccurrences('ATGATCAAG', Vibrio_cholerae.txt')

116556 149355 151913 152013 152394 186189 194276 200076 224527 307692 479770 610980
653338 679985 768828 878903 985368

>>>
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CTTGATCAT (LeSLI ye ! e Lole lmmes Ao ilill uds

>>>find_ALLoccurrences('CTTGATCAT', Vibrio_cholerae.txt’)
'60039 98409 129189 152283 152354 152411 163207 197028 200160 357976 376771 392723 532935
600085 622755 1065555
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aactctatacctcctttttgtcgaatttgtgtgatttatagagaaaatcttattaactga

aactaaaatggtaggtttggtggtaggttttgtgtacattttgtagtatctgatttttaa
ttacataccgtatattgtattaaattgacgaacaattgcatggaattgaatatatgcaaa
acaaacctaccaccaaactctgtattgaccattttaggacaacttcagggtggtaggttt

ctgaagctctcatcaatagactattttagtctttacaaacaatattaccgttcagattca
agattctacaacgctgttttaatgggcgttgcagaaaacttaccacctaaaatccagtat
ccaagccgatttcagagaaacctaccacttacctaccacttacctaccacccgggtggta

agttgcagacattattaaaaacctcatcagaagcttgttcaaaaatttcaatactcgaaa

cctaccacctgcgtcccctattatttactactactaataatagcagtataattgatctga
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Different bacteria may use different DnaAboxes as “hidden messages” to the DnaA protein.
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AACCTACCA AAACCTACC ACCTACCAC
CCTACCACC GGTAGGTTT TGGTAGGTT
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Lazll Wl dl 2 GGTGGTAGG LJ JeStlg CCTACCACC () Al

aactctatacctcctttttgtcgaatttgtgtgatitatagagaaaatcttattaactga
aactaaaatggtaggtttGGTGGTAGGttttgtgtacattttgtagtatctgatttttaa
ttacataccgtatattgtattaaattgacgaacaattgcatggaattgaatatatgcaaa
acaaaCCTACCACCaaactctgtattgaccattttaggacaacttcagGGTGGTAGGttt

ctgaagctctcatcaatagactattttagtctttacaaacaatattaccgttcagattca

agattctacaacgctgttttaatgggcgttgcagaaaacttaccacctaaaatccagtat
ccaagccgatttcagagaaacctaccacttacctaccacttaCCTACCACCcgggtggta

agttgcagacattattaaaaacctcatcagaagcttgttcaaaaatttcaatactcgaaa
CCTACCACCtgcgtcccctattatttactactactaataatagcagtataattgatctga
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FINDING REPLICATION ORIGIN

“Our strategy BEFORE: given previously oriC {a 500-nucleotide
window), find (clumps) in oriC as candidate DnaA
boxes.

%.

[ NEW strategy: find frequent words in ALL windows within a genome.
Windows with clumps of frequent words are candidate replication
origins.
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Clump Finding Problem: Find patterns forming clumps in a string.
Input: Astring Genome, and integers &, £, and

Output: All distinct k-mers forming (L, t)-clumps in Genome.
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def ClumpFinding (text,k,l,t):

(str,int)->nonType

>>>C|umpFinding('CGGACTCGACAGATGTGAAGAACGACAATGTGAAGACTCGACACGACAGAGTGAAG
AGAAGAGGAAACATTGTAA'5, 50, 4)
Sample Output:
CGACA GAAGA
i=0
str="
list=[]
kmer=k-1
while i!=len(text)-kmer:
j=i
pattern="
m=0
while m<=kmer:
pattern=pattern+textl[j]
j=j+1
m=m+1
count=text.count(pattern)
list.append([pattern, count])
i=i+1

#print list
for y in xrange(len(list)):
if list[y][1]>=t and str.find(list[y][0])==-1:

str=str+' "+list[y][0]

print('the most frequent’, k,-mer are ', str)
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Forward half-strand

| Lcle AT |
| Entire strand| 427419) 413241 491488491363
| Rever se half-strand|219518/201634 243963246641
[Forward half-strand|[207901/211607| 247525 244722,
| Difference|+11617| -9973 | -3562 | -1919 |

strand Forward half-gReverse half-strand ¢ys,Ludl § 1458 dalises cowdd A ualgs deud o Jogazl (e Lasdls
Forward half- :ye S| 2wy Reverse half-strand § a5 Ll C Il duddl Ll T 8uwigulSeat 108 Lay)
Reverse half- § LecForward half-strand § dasse dwds dg0 (Sl Siumy G J1 31 Cilzl (eg strand
Gl Bhhie (2 OS3 C-6 ludoull @8 o Al L @) Glasll (e agipzdl (3 G Lilazz, 1dag  strand
oriC gudl!
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Skew(Prefix.i("GTCGA")) fori from O to 5 is
011011

Because:

Prefix.0 is the string "" so skew is 0

Prefix.1 is the string "G" so skew is 1 (1G-0C)
Prefix.2 is the string "GT" so skewis1(1G-0C)
Prefix.3 is the string "GTC" so skew is0 (1G -1 C)
Prefix.4 is the string "GTCG" so skew is1(2G-1C)
Prefix.5 is the string "GTCGA" so skew is 1 (2G -1 C)
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Minimum Skew Problem: Find a position in a genome minimizing the skew.

Input: A DNA string Genome.

Output: All integer(s) i minimizing Skewi (Genome) among all values of i (from 0 to
| Genome] ).

Oshall 2aly malind!

def Skew(text):
Skew('CATGGGCATCGGCCATACGCC')
Sample Output:
0-1-1-101211101210000-10-1-2
i=0
prefix="
skewlList=[]
skewMinList=[]
while i<=len(text):
prefix=text[:i]
skewList.append(countMySkew(prefix))
i=i+1
skewMin= min(skewList)
myskewMin=findmyElement(skewList,skewMin)

print myskewMin

def countMySkew(p):

number_G=p.count('G")




number_C=p.count('C’)
different= number_G- number_C

return different

def findmyElement(skewList,skewMin):
j=0
myskewMin="
while j<len(skewlList):
if skewList[j]==skewMin:
myskewMin= myskewMin+'"+str(j)

j:j+1

return myskewMin

Loyas (2 @ aahaill e Llas Wils skew J81 L @) psindl @ (&) dakill yuss Ladatwl o) asy oY)
Ayl (2 ol ST9 3923620 adsll & ud (e Liwsys &I E-coil LSy § (29 oriC jeadd! &)y dakais

O9Sae ,Sa pattern AS| e Gl Tusg Frequent Words Problem Lizalind 5423 dnaA box ga e L deasell
s 320l @ Frequent Words Problem galiyy I ga2,01 die LJ psiuzedl § 3923620 adsll po ciluisedSi 9 (e
I loles i a8sll 1da 2l (e 9 Asks pattern &Y 1,85 azgy ¥ &) Gedatll day LY ai oY1

¢l s ATGATCAAG

WSy ATGATCAAGU! 1,55 M g JI BLAYL ol ¢ od Jasdls o) (Say oY1 wzas o) Jud SO
SATGATCAAG A dla<ag ATGATCAAC

atcaATGATCAACgtaagcttctaagcATGATCAAGgtgctcacacagtttatccacaac
ctgagtggatgacatcaagataggtcgttgtatctccttectctcgtactctcatgacca
cggaaagATGATCAAGagaggatgatttctiggccatatcgcaatgaatacttgtgactt
gtgcttccaattgacatcttcagegecatattgegetggeccaaggtgacggagegggatt
acgaaagCA ggctgttgttctgtttatcttgtttigactgagacttgttagga
tagacggtttttcatcactgactagccaaagcecttactctgectgacatcgaccgtaaat
tgataatgaatttacatgcttccgcgacgatttacct cgatccgattgaag
atcttcaattgttaattctcttgectcgactcatagecatgatgaget gtt
tccttaaccctctattttttacggaagaATGATCAAGcetgctgcet cgtttc
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Approximate Pattern Matching Problem: Find all approximate occurrences of a pattern in a string.
Input: Two strings Pattern and Text along with an integer d.
Output: All positions where Pattern appears in Text with at most d mismatches.

Osiald! Aaly maliall

def ApproximatePatternMatching(pattern,text,nmatch):
ApproximatePatternMatching('ATTCTGGA','CGCCCGAATCCAGAACGCATTCCCATATTTCGGGACCAC
TGGCCTCCACGGTACGGACGTCAATCAAAT',3)
Sample Output:
672627
listOfIndex="
i=0
while i<=len(text)-len(pattern):
n =findwithnmatch(pattern,text,i,nmatch)
if n<=nmatch:
listOfindex=listOfindex+str(i)+""
i=i+1
return listOfindex

def findwithnmatch(pattern,text,i,nmatch):




n1=0
text1=text[i:i+len(pattern)]
i=0
while j<len(pattern):
if pattern[j]!=text1[j]:
n1=n1+1
if n1>nmatch:
break
i1

return nl

)Lw&yp}ﬂld)lm L gt @ L aelass Qumbzt.dﬁ\u;&.zeﬂmjcabﬂ‘j}md}wu\/\
d=2 agin GUAY) umal L CGAAT and CGGAC

Lglums paidl @ G LIl araz sl Jamsg d MY sue (e pay 089 el el Js T maliy ST
d @iy ML L daliseagl 2l

Frequent Words with Mismatches Problem: Find the most frequent k-mers with mismatches in a string
Input: A string Text as well as integers k and d. (You may assume k<12 and d < 3.)
Output: All most frequent k-mers with up to d mismatches in Text.

Sample Input:
ACGTTGCATGTCGCATGATGCATGAGAGCT 41
Sample Output:
GATG ATGC ATGT

def FrequentWordswithMismatches_1(text,kmer,nmatch):

FrequentWordswithMismatches_1 ('ACGTTGCATGTCGCATGATGCATGAGAGCT' 4,1)

Sample Output:
GATG ATGC ATGT

list_1=[]




str_1="
i=0
while i<=len(text)-kmer:
pattern_1=text[i:i+kmer] # cut to decide my pattern
list_1.extend(generatepermutationWith_Dmismatch(pattern_1,nmatch))
i=i+1
Final_list=[]
str="
i=0
while i<len(list_1):
count =countPatternwithnmatch(list_1[i],text,nmatch)#try to find number of mismatches in whole text
Final_list.append([list_1[i], count])
i=i+1
max=0
for x in xrange(len(Final_list)):
if Final_list[x][1]>max:
max=Final_list[x][1]
most_frqcount=max
for y in xrange(len(Final_list)):
if Final_list[y][1]==most_frqcount and str.find(Final_list[y][0])==-1:
str=str+' "+Final_list[y][0]
print('the most frequent’, kmer,-mer are ', str)
print("with frquent count =",most_frqcount)

return str

def countPatternwithnmatch(pattern,text,nmatch):

m=0

count=0 # sum of occurence of mismatch=nmatch

while m<=len(text)-len(pattern):
text1=text[m:m+len(pattern)]

# print 'my tex'+text1




j=0
n1=0
while j<len(pattern):
if pattern[j]!=text1[j]:
n1=n1+1
if n1>nmatch:
break
j=j+1
if n1<=nmatch:
count=count+1
m=m-+1
return count
def permutation(list):
letter="ACGT'
mylist=[]
for patternin list:
i=0
while i<len(pattern):
j=0
while j<len(letter):
if letter[j]!=pattern[i]:
mylist.append(pattern[:i]+letter[j]+pattern[i+1:])
j=j+1
i=i+1

return mylist

def generatepermutationWith_Dmismatch(pattern,d):
ilist=[pattern]
foriin range(d):
ilist =permutation(ilist)

return ilist
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Frequent Words with Mismatches and Reverse Complements Problem: Find the most frequent k-mers

(with mismatches and reverse complements) in a DNA string.

Input: A DNA string Text as well as integers k and d.
Output: All k-mers Pattern maximizing the sum Count,(Text, Pattern) + Count4(Text, Pattern)

over all possible k-mers.

Osiald! Aaly maliall

def FrequentWordswithMismatchesReverseComplements(text,kmer,nmatch):

Freq uentWordswithMismatchesReverseCompIements('ACGTI'GCATGTCGCATGATGCATGAGAGCT',4,1)

Sample Output:
ATGT ACAT
list_1=[]
str_1="
i=0
while i<=len(text)-kmer:
pattern_1=text[i:i+tkmer] # cut to decide my pattern

list_1.extend(generatepermutationWith_Dmismatch(pattern_1,nmatch))

list_1=list(set(list_1))

i=i+1

list_reverse=[]




# find comlemment to each pattern in list
for pin list_1:
list_reverse.append(complement(p))
Final_list=[]
str="
i=0
totalCount=0
while i<len(list_1):
count_=countPatternwithnmatch(list_1[i],text,nmatch)#try to find number of mismatches in whole text
count_reverse =countPatternwithnmatch(list_reverse[i],text,nmatch)#try to find number of
mismatches in whole text
totalCount=count_+count_reverse
Final_list.append([list_1[i] list_reverse[i], totalCount])
i=i+1
max=0
for x in xrange(len(Final_list)):
if Final_list[x][2]>max:
max=Final_list[x][2]
most_frqcount=max
for y in xrange(len(Final_list)):
if Final_list[y][2]==most_frqcount and str.find(Final_list[y][0])==-1 and
str.find(Final_list[y][1])==-1:
str=str+' "+Final_list[y][0]+ +Final_list[y][1]
print('the most frequent’, kmer,"-mer are ', str)
print("with frquent count =",most_frqcount)

return str

def countPatternwithnmatch(pattern,text,nmatch):
m=0
count=0 # sum of occurence of mismatch=nmatch
while m<=len(text)-len(pattern):
text1=text[m:m+len(pattern)]

# print 'my tex'+text1




j=0
n1=0
while j<len(pattern):
if pattern[j]!=text1[j]:
n1=n1+1
if n1>nmatch:
break
j=j+1
if n1<=nmatch:
count=count+1
m=m-+1

return count

def permutation(list1):
list1=list(set(list1))
letter="ACGT'
mylist=[]
for pattern in list1:
i=0
while i<len(pattern):
j=0
while j<len(letter):
if letter[j]!=pattern[i]:
mylist.append(pattern[:i]+letter[j]+pattern[i+1:])
j=j+1
i=i+1

return mylist

def generatepermutationWith_Dmismatch(pattern,d):
ilist=[pattern]
foriin range(d):

ilist =permutation(ilist)




return ilist

def reverse(word):
reverse_word="
i=len(word)-1
while i>=0:
reverse_word=reverse_word+word[i]
i=i-1

return reverse_word

def complement(p):

rPattern=reverse(p)
cPattern="
foriin range(len(rPattern)):
if rPattern[i]=="A":
cPattern=cPattern+'T'
elif rPattern[i]=="T"
cPattern=cPattern+'A’
elif rPattern[i]=="C"
cPattern=cPattern+'G'
elif rPattern[i]=="G":
cPattern=cPattern+'C'
else:

cPattern=cPattern+

return cPattern
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~~~~The Gold Bug puzzle~~
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