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import pandas as pd 
import numpy as np 
import regex as re 
from Bio.Seq import Seq 
from Bio.Seq import MutableSeq 

""" 
This code was written to parse the Mayo Clinic ADPKD Database and 
count the number of PKD1 and PKD2 Mutations that are amenable to 
base editing. 

IMPORTANT: Before running this script, all deletion mutations (in 
the cDNA column) must be formatted as firstBase_lastBase with an 
UNDERSCORE and not a dash. Deletion mutations with a dash will not 
be counted properly. 

""" 

# Initializes the reference genome 
gene_name = "pkd1" 
f = open(gene_name + "_ref_seq.txt", "r") 
ref_seq = Seq(f.read()).upper() 
f.close()

# Created dictionary with exon start sites in PKD1 or PKD2 genes 
genom_exon_ss = pd.read_csv(gene_name + 
'_genomic_exon_start_sites.csv', header=None, 
index_col=0).squeeze(1).to_dict() 
cds_exon_ss = pd.read_csv(gene_name + '_cds_exon_start_sites.csv', 
header=None, index_col=0).squeeze(1).to_dict() 
exon_sizes = pd.read_csv(gene_name + '_exon_sizes.csv', header=None, 
index_col=0).squeeze(1).to_dict() 
PAMs = re.compile("[A|T|G|C]G") 
reverse_PAMs = re.compile("C[A|T|G|C]") 
edit_start = 4 
edit_end = 9 
gRNA_size = 20 
pam_length = 2 

############ DO NOT CHANGE ANY PARAMETERS BELOW THIS LINE 
############  

# Helper function to reformat exons and introns as numbers to be 
used for finding gene positions 
def exon_numbering(region, mutation_type): 

if "LARGE" in mutation_type: 
return "LARGE" 

elif ("UTR" in region) and ("5" in region): 
return "5UTR" 

elif ("UTR" in region) and ("3" in region): 
return "3UTR" 
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elif ("-" in region) or ("_" in region): 
return "COMPLEX" 

elif "EX" in region: 
return int(re.findall(r'\d+', region)[0]) 

elif "IVS" in region: 
return re.findall(r'\d+', region)[0] + "I" 

else: 
return "ERROR" 

# Helper function to add nt position within full gene sequence to 
initial dataset 
def full_gene_position(cDNA, exon): 

if "LARGE" in str(exon): 
return "LARGE" 

elif str(exon).isdigit(): 
return genom_exon_ss[exon] + (int(re.findall('\d+', 

cDNA)[0]) - cds_exon_ss[exon]) 
elif "I" in str(exon): 

intron_num = int(re.findall(r'\d+', exon)[0]) 
if "+" in cDNA: 

return genom_exon_ss[intron_num] + 
exon_sizes[intron_num] + int(re.findall('\d+', 
cDNA.split('+')[1])[0]) 

elif "-" in cDNA: 
return genom_exon_ss[intron_num + 1] + 1 - 

int(re.findall('\d+', cDNA.split('-')[1])[0]) 
elif "_" in cDNA: 

return genom_exon_ss[intron_num + 1] 
else: 

return "FALSE" 
elif "5UTR" in exon: 

coding_region_start = min(genom_exon_ss, 
key=genom_exon_ss.get) 

return genom_exon_ss[coding_region_start] - 
int(re.findall('\d+', cDNA.split('-')[1])[0]) 

elif "3UTR" in exon: 
coding_region_end = max(genom_exon_ss, 

key=genom_exon_ss.get) 
return exon_sizes[coding_region_end] + 

genom_exon_ss[coding_region_end] + int(re.findall('\d+', 
cDNA.split('*')[1])[0]) 

elif "COMPLEX" in str(exon): 
return "COMPLEX" 

else: 
return "ERROR" 

# Helper function to add coding sequence nt position to initial 
dataset 
def cds_position(cDNA, exon): 

if "LARGE" in str(exon): 
return "LARGE" 

elif str(exon).isdigit(): 
return  int(re.findall('\d+', cDNA)[0]) 

elif "I" in str(exon): 
intron_num = int(re.findall(r'\d+', exon)[0]) 
if "+" in cDNA: 
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return cds_exon_ss[intron_num] + 
exon_sizes[intron_num] + int(re.findall('\d+', 
cDNA.split('+')[1])[0]) 

elif "-" in cDNA: 
return cds_exon_ss[intron_num + 1] - 

int(re.findall('\d+', cDNA.split('-')[1])[0]) 
elif "_" in cDNA: 

return cds_exon_ss[intron_num + 1] 
else: 

return "ERROR" 
elif "5UTR" in str(exon): 

return 
elif "3UTR" in str(exon): 

return 
elif "COMPLEX" in str(exon): 

return "COMPLEX" 
else: 

return "ERROR" 

# Helper function to add mutations definitions to initial dataset 
def mutation_types(cDNA): 

if ("del" in cDNA) & ("ins" in cDNA): 
return "COMPLEX" 

elif "dup" in cDNA: 
return "FALSE" 

elif ("C>T" in cDNA) | ("G>A" in cDNA): 
if "," in cDNA: 

return "COMPLEX" 
else: 

return "ABE" 
elif ("T>C" in cDNA) | ("A>G" in cDNA): 

if "," in cDNA: 
return "COMPLEX" 

else: 
return "CBE" 

elif ("C>G" in cDNA) | ("G>C" in cDNA): 
if "," in cDNA: 

return "COMPLEX" 
else: 

return "TRANS" 
elif "del" in cDNA: 

if ("-" in cDNA) | ("+" in cDNA): 
return "COMPLEX" 

if "_" in cDNA: 
start = cDNA.split('_')[0] 
end = (cDNA.split('_')[1]).split('del')[0] 
if end == "3'UTR": 

end = 14138 
if (int(end) - int(start)) <= 44: 

return "PRIME INSERTION" 
else: 

return "FALSE" 
else: 

if len(cDNA.split('del')[1]) <= 44: 
return "PRIME INSERTION" 

else: 
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return "ERROR" 
elif "ins" in cDNA: 

if "_" in cDNA: 
num = cDNA.split('ins')[1] 
if num.isdigit(): 

if int(num) <= 80: 
return "PRIME DELETION" 

else: 
return "FALSE" 

elif len(num) <= 80: 
return "PRIME DELETION" 

else: 
return "FALSE" 

else: 
if len(cDNA.split('ins')[1]) <= 80: 

return "PRIME DELETION" 
else: 

return "ERROR" 
elif ("T>G" in cDNA) | ("G>T" in cDNA) | ("A>C" in cDNA) | 

("C>A" in cDNA) | ("A>T" in cDNA) | ("T>A" in cDNA): 
return "PRIME SUBST EDIT" 

else: 
return "ERROR" 

# Helper function to find guide RNAs for ABE and CBE EditABLE 
mutations on forward/reverse strands 
def find_BE_guide_rnas(direction, mutant_seq, genomic_location): 

gen_index = genomic_location - 1 

if direction == "forward": 
start_pams = gen_index + (gRNA_size - edit_end) + 1 
end_pams = gen_index + (gRNA_size - edit_start) + 

pam_length + 1 
possible_pams = mutant_seq[start_pams : end_pams] 
if len(re.findall(PAMs, str(possible_pams))) == 0: 

return "NO PAM" 
else: 

guideRNAs = [] 
for match in re.finditer(PAMs, str(possible_pams), 

overlapped=True): 
gRNA = mutant_seq[start_pams + match.start() - 

gRNA_size: start_pams + match.start()] 
guideRNAs.append(str(gRNA)) 

return guideRNAs 

elif direction == "reverse": 
start_pams = gen_index - gRNA_size + edit_start - 

pam_length 
end_pams = gen_index - gRNA_size + edit_end 
possible_pams = mutant_seq[start_pams : end_pams] 
if len(re.findall(reverse_PAMs, str(possible_pams))) == 

0: 
return "NO PAM" 

else: 
guideRNAs = [] 
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for match in re.finditer(reverse_PAMs, 
str(possible_pams), overlapped=True): 

gRNA = mutant_seq[start_pams + match.start() + 
pam_length : start_pams + match.start() + pam_length + gRNA_size] 

gRNA.reverse_complement() 
guideRNAs.append(str(gRNA)) 

return guideRNAs 
else: 

return "ERROR" 

# Helper function to find guide RNAs for transversion (C>G and G>C) 
mutations on forward/reverse strands 
def find_trans_guide_rnas(direction, mutant_seq, genomic_location): 

gen_index = genomic_location - 1 

if direction == "forward": 
pam = mutant_seq[gen_index + 15 : gen_index + 15 + 

pam_length] 
if len(re.findall(PAMs, str(pam))) == 0: 

return "NO PAM" 
else: 

return mutant_seq[gen_index + 15 - gRNA_size : 
gen_index + 15] 

elif direction == "reverse": 
pam = mutant_seq[gen_index - 15 - 1: gen_index - 15 - 1 + 

pam_length] 
if len(re.findall(reverse_PAMs, str(pam))) == 0: 

return "NO PAM" 
else: 

gRNA = mutant_seq[gen_index - 15 - 1 + pam_length: 
gen_index - 15 - 1 + pam_length + gRNA_size] 

gRNA.reverse_complement() 
return gRNA 

else: 
return "ERROR" 

# Adds the base EditABLE guide RNAs to the data table for export 
def add_guide_RNAs(cDNA, edit_type, genomic_location): 

mutant_seq = MutableSeq(ref_seq) 
if "A>G" in cDNA and edit_type == "CBE": 

mutant_seq[genomic_location - 1] = "G" 
return find_BE_guide_rnas("reverse", mutant_seq, 

genomic_location) 
elif "T>C" in cDNA and edit_type == "CBE": 

mutant_seq[genomic_location - 1] = "C" 
return find_BE_guide_rnas("forward", mutant_seq, 

genomic_location) 
elif "G>A" in cDNA and edit_type == "ABE": 

mutant_seq[genomic_location - 1] = "A" 
return find_BE_guide_rnas("forward", mutant_seq, 

genomic_location) 
elif "C>T" in cDNA and edit_type == "ABE": 

mutant_seq[genomic_location - 1] = "T" 
return find_BE_guide_rnas("reverse", mutant_seq, 

genomic_location) 
elif "G>C" in cDNA and "TRANS" in edit_type: 
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mutant_seq[genomic_location - 1] = "C" 
return find_trans_guide_rnas("forward", mutant_seq, 

genomic_location) 
elif "C>G" in cDNA and "TRANS" in edit_type: 

mutant_seq[genomic_location - 1] = "G" 
return find_trans_guide_rnas("reverse", mutant_seq, 

genomic_location) 

# Formats raw data from the Mayo Clinic Database, adds mutations 
definitions, and finds guide RNAs 
def format_dataset(df): 

df.rename(columns = {'Score' : 'Variant Score'}, inplace=True) 
df['# Patients'] = df['#'].apply(lambda x: 0 if '-' in x else 

x.split('(')[0])
df['# Publications'] = df['#'].apply(lambda y: y.split('-')[1] 

if '-' in y else y[y.find("(")+1:y.find(")")]) 
df.drop(columns=['Percent', '#'], inplace=True, axis=1) 

# Formats data as integers 
df[['# Patients', '# Publications']] = df[['# Patients', '# 

Publications']].apply(pd.to_numeric, downcast='integer', axis = 1) 
df['# Publications'] = df['# Publications'].astype('Int64') 
df['# Patients'] = df['# Patients'].astype('Int64') 
df['Codon'] = df['Codon'].astype('Int64') 

# Adds additional fields to dataset to help with guide RNA 
finding 

df['Edit Type'] = df.apply(lambda x: mutation_types(x['cDNA 
Change']),axis=1) 

df['Exon'] = df.apply(lambda x: exon_numbering(x['Region'], 
x['Mutation Type']),axis=1) 

df['Genomic Location'] = df.apply(lambda y: 
full_gene_position(y['cDNA Change'], y['Exon']), axis=1) 

df['CDS Location'] = df.apply(lambda z: cds_position(z['cDNA 
Change'], z['Exon']), axis=1) 

df['gRNA'] = df.apply(lambda x: add_guide_RNAs(x['cDNA 
Change'], x['Edit Type'], x['Genomic Location']),axis=1) 

return df 

# Optional helper function that removes all mutations not found in 
pedigrees 
def remove_null_mutations(df): 

df.drop(df.loc[df['# Patients']== 0].index, inplace=True) 
return(df) 

def main(): 
# Creates dataset and outputs to CSV 
df = 

remove_null_mutations(format_dataset(pd.read_csv(gene_name + 
"_germline_mutations.csv"))) 

#df = df.loc[df["Edit Type"].str.contains("ABE") | df["Edit 
Type"].str.contains("CBE") | df["Edit Type"].str.contains("TRANS")] 

df.to_csv('output.csv') 

if __name__ == "__main__": 
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main() 
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