
from itertools import combinations
from collections import Counter

input_sequence = "ATGAAAAACCCGGGGGGGAAATCCGGAGGATTC"    # DNA coding sequence to be
analyzed (coding sequence so its length should be a multiple of 3)
number_of_mutations = 1                                 # Number of mutations to 
consider

# Define a function that translates a DNA sequence to a protein sequence using the 
universal codon table
def translate_dna_sequence(dna_sequence):
    # The universal codon table
    table = {
        'ATA':'I', 'ATC':'I', 'ATT':'I', 'ATG':'M',
        'ACA':'T', 'ACC':'T', 'ACG':'T', 'ACT':'T',
        'AAC':'N', 'AAT':'N', 'AAA':'K', 'AAG':'K',
        'AGC':'S', 'AGT':'S', 'AGA':'R', 'AGG':'R',                 
        'CTA':'L', 'CTC':'L', 'CTG':'L', 'CTT':'L',
        'CCA':'P', 'CCC':'P', 'CCG':'P', 'CCT':'P',
        'CAC':'H', 'CAT':'H', 'CAA':'Q', 'CAG':'Q',
        'CGA':'R', 'CGC':'R', 'CGG':'R', 'CGT':'R',
        'GTA':'V', 'GTC':'V', 'GTG':'V', 'GTT':'V',
        'GCA':'A', 'GCC':'A', 'GCG':'A', 'GCT':'A',
        'GAC':'D', 'GAT':'D', 'GAA':'E', 'GAG':'E',
        'GGA':'G', 'GGC':'G', 'GGG':'G', 'GGT':'G',
        'TCA':'S', 'TCC':'S', 'TCG':'S', 'TCT':'S',
        'TTC':'F', 'TTT':'F', 'TTA':'L', 'TTG':'L',
        'TAC':'Y', 'TAT':'Y', 'TAA':'_', 'TAG':'_',
        'TGC':'C', 'TGT':'C', 'TGA':'_', 'TGG':'W',
    }
    protein_sequence = ""
    # Make sure the DNA sequence length is a multiple of three (ie it is an open 
reading frame)
    if len(dna_sequence)%3 == 0:
        # Pull out each codon in the DNA sequence
        for i in range(0, len(dna_sequence), 3):
            codon = dna_sequence[i:i + 3]
            # convert the codon to its corresponding amino acid using the above 
table
            protein_sequence += table[codon]
        return protein_sequence

# Define two functions that together output all possible DNA sequences of a given 
length
# For example, these will return 16 sequences if the length is 2 (AA, AT, AG, AC, 
TA, TT, TG, TC, GA, GT, GG, GC, CA, CT, CG and CC)
def _all_sequences(bases, prefix, n, sequence_length):  
    # If we have a sequence of the correct length then return this sequence
    if sequence_length == 0: 
        possible_bases.append(prefix)
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        return possible_bases
    # This loop generates the actual sequences
    for i in range(n):
        new_prefix = prefix + bases[i]
        _all_sequences(bases, new_prefix, n, sequence_length-1)

def all_sequences(sequence_length):
    # Define all possible bases
    bases = ["A","T","C","G"]
    # Call the above function
    _all_sequences(bases, "", len(bases), sequence_length)

sequence_length = len(input_sequence)
marked_positions = []

# First, we need to generate all possible mutants of the input DNA sequence given 
the requested number of mutations
# We will do this in two steps

# In step 1 we will calculate all possible position(s) to mutate given the input 
DNA sequence and the number of mutations
# Then we'll mark the position(s) within the input sequence with an X and store the
results in marked_positions
# For example: if the DNA sequence was ATGC and the number of mutations was 1 then 
we would store the following sequences in marked_positions:
# XTGC, AXGC, ATXC and ATGX
for positions in combinations(range(sequence_length), number_of_mutations):
    n = list(input_sequence)
    for position in positions:
        n[position] = "X"
    marked_positions.append(n)
    
# In step 2 we will substitute the marked_positions within each sequence with an 
A,T,C or G such that all possible combinations of sequence are generated. 
# All combinations includes regenerating the input sequence. 
# As we don't want the input sequence, we will also remove all occurrences of the 
input sequence to generate the final set of mutant DNA sequences
possible_bases = []
all_sequences(number_of_mutations)

mutant_DNA_sequences = []
for position in marked_positions:
    for base in possible_bases: 
        input_sequence_list = list(input_sequence)
        position_index = 0
        base_index = 0
        while position_index < len(position):
            if position[position_index] == "X":
                input_sequence_list[position_index] = base[base_index]
                base_index = base_index + 1
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            position_index = position_index + 1
        mutant_DNA_sequences.append(''.join(input_sequence_list))
    
# Remove any occurance of the input sequence from our list of mutant sequences
set_of_mutant_DNA_sequences = set(mutant_DNA_sequences)
set_of_mutant_DNA_sequences.remove(input_sequence)
mutant_DNA_sequences = list(set_of_mutant_DNA_sequences)      

# Next, we will translate each mutant DNA sequence into its corresponding protein 
sequence
proteins = []
for i in range(0, len(mutant_DNA_sequences)):
    proteins.append(translate_dna_sequence(mutant_DNA_sequences[i]))

# Now we can count how many of the proteins there are and how many of these 
proteins lack an internal stop codon
final_proteins = Counter(proteins)
stop = "_"
final_protein_count = 0
for protein in final_proteins:
    if not stop in protein:
        final_protein_count += 1

# Print all the output to screen
print()
print("Length of input DNA sequence: " + str(len(input_sequence)))
print()
print("Number of mutant DNA sequences:     " + str(len(mutant_DNA_sequences)))
print()
print("Total number of protein sequences: " + str(len(final_proteins)))
print()
print("Number of protein sequences lacking internal STOP codons: " + 
str(final_protein_count))
print()
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