from Bio import SeqIO
import re
import pandas as pd
import os

def categorize_gene(gene_description, gene_name=""):
    """Categorize gene based on description and name with specific pathway categories"""
    target_gene_categories = {
        'Light Reactions': [
            'photosystem', 'psb', 'psa', 'light', 'chlorophyll', 'phyco', 
            'antenna', 'reaction center', 'photosynthetic', 'light-harvesting',
            'ferredoxin', 'protochlorophyllide', 'glutamate synthase', 'nadph',
            'quinone reductase', 'sulfite reductase', 'ribosomal protein',
            'cytochrome b6', 'thioredoxin', 'monooxygenase'
        ],
        'Terminal Oxidases': [
            'cytochrome c oxidase', 'cytochrome oxidase', 'terminal oxidase'
        ],
        'TCA Cycle': [
            'citrate synthase', 'isocitrate dehydrogenase', 'succinate dehydrogenase',
            'fumarate reductase', 'malate dehydrogenase', 'aconitase', 'alpha-ketoglutarate'
        ],
        'Heat Shock': [
            'heat shock', 'hsp', 'chaperone', 'stress', 'dnak', 'groel', 'groes',
            'heat-shock', 'thermal', 'temperature', 'clpb', 'dnaj', 'rubisco chaperone',
            'crystallin'
        ]
    }
    
    desc_lower = gene_description.lower()
    name_lower = gene_name.lower()
    full_text = desc_lower + " " + name_lower
    
    categories = []
    
    # Check specific categories first (more specific matches)
    for category, keywords in target_gene_categories.items():
        for keyword in keywords:
            if keyword in full_text:
                categories.append(category)
                break
    
    return categories

def extract_promoter(genome_seq, gene_start, gene_strand, promoter_length=500):
    """Extract promoter sequence (500bp upstream of gene start)"""
    if gene_strand == 1:  # Forward strand
        promoter_start = max(0, gene_start - promoter_length)
        promoter_end = gene_start
        promoter_seq = genome_seq[promoter_start:promoter_end]
    else:  # Reverse strand
        promoter_start = gene_start
        promoter_end = min(len(genome_seq), gene_start + promoter_length)
        promoter_seq = genome_seq[promoter_start:promoter_end]
        # Reverse complement for reverse strand
        complement = {'A': 'T', 'T': 'A', 'G': 'C', 'C': 'G', 'N': 'N'}
        promoter_seq = ''.join(complement.get(base, base) for base in reversed(promoter_seq))
    
    return promoter_seq

def find_motifs(sequence, pattern):
    """Find all occurrences of motif pattern in sequence"""
    matches = []
    for match in re.finditer(pattern, sequence.upper()):
        matches.append({
            'position': match.start(),
            'sequence': match.group(),
            'end_position': match.end()
        })
    return matches

def analyze_genome_genbank(genome_file, genome_seq, genome_name, motif_pattern):
    """Analyze GenBank genome for motifs in target gene promoters"""
    print("Analyzing " + genome_name + " genome...")
    
    record = SeqIO.read(genome_file, "genbank")
    results = []
    gene_count = 0
    target_gene_count = 0
    
    for feature in record.features:
        if feature.type == 'CDS':  # Protein coding sequences
            gene_count += 1
            
            # Extract gene information
            gene_start = int(feature.location.start)
            gene_end = int(feature.location.end)
            gene_strand = feature.location.strand
            
            # Get gene name and description
            gene_name = feature.qualifiers.get('gene', [''])[0]
            gene_product = feature.qualifiers.get('product', [''])[0]
            locus_tag = feature.qualifiers.get('locus_tag', [''])[0]
            
            # Categorize gene with specific pathways
            categories = categorize_gene(gene_product, gene_name)
            
            if categories:  # If gene belongs to target categories
                target_gene_count += 1
                
                # Extract promoter sequence
                promoter_seq = extract_promoter(genome_seq, gene_start, gene_strand)
                
                # Find motifs in promoter
                motifs = find_motifs(promoter_seq, motif_pattern)
                
                if motifs:  # If motifs found
                    # Handle multiple motifs in same promoter
                    if len(motifs) > 1:
                        motif_sequences = ', '.join([m['sequence'] for m in motifs])
                        motif_positions = ', '.join([str(m['position']) for m in motifs])
                        
                        for category in categories:
                            results.append({
                                'genome': genome_name,
                                'Pathway': category,
                                'product': gene_product,
                                'Motif sequence': motif_sequences,
                                'Motif position': motif_positions
                            })
                    else:
                        # Single motif
                        for category in categories:
                            results.append({
                                'genome': genome_name,
                                'Pathway': category,
                                'product': gene_product,
                                'Motif sequence': motifs[0]['sequence'],
                                'Motif position': motifs[0]['position']
                            })
    
    print(genome_name)
    print("Total genes analyzed: " + str(gene_count))
    print("Target category genes found: " + str(target_gene_count))
    print("Genes with Hik34-RrE1 motif: " + str(len(results)))
    
    return results

def analyze_genome_gff(fasta_file, gff_file, genome_name, motif_pattern):
    """Analyze genome using FASTA + GFF files for motifs in target gene promoters"""
    print("Analyzing " + genome_name + " genome...")
    
    # Load genome sequence
    record = SeqIO.read(fasta_file, "fasta")
    genome_seq = str(record.seq)
    
    results = []
    gene_count = 0
    target_gene_count = 0
    
    with open(gff_file, 'r') as f:
        for line in f:
            if line.startswith('#'):
                continue
                
            parts = line.strip().split('\t')
            if len(parts) >= 9 and parts[2] == 'CDS':
                gene_count += 1
                
                # Extract gene information
                gene_start = int(parts[3]) - 1  # Convert to 0-based
                gene_end = int(parts[4])
                gene_strand = 1 if parts[6] == '+' else -1
                
                # Parse attributes
                attributes = parts[8]
                gene_name = ""
                gene_product = ""
                locus_tag = ""
                
                # Extract gene info from attributes
                for attr in attributes.split(';'):
                    if 'product=' in attr:
                        gene_product = attr.split('product=')[1]
                    elif 'gene=' in attr:
                        gene_name = attr.split('gene=')[1]
                    elif 'locus_tag=' in attr:
                        locus_tag = attr.split('locus_tag=')[1]
                
                # Categorize gene with specific pathways
                categories = categorize_gene(gene_product, gene_name)
                
                if categories:  # If gene belongs to target categories
                    target_gene_count += 1
                    
                    # Extract promoter sequence
                    promoter_seq = extract_promoter(genome_seq, gene_start, gene_strand)
                    
                    # Find motifs in promoter
                    motifs = find_motifs(promoter_seq, motif_pattern)
                    
                    if motifs:  # If motifs found
                        # Handle multiple motifs in same promoter
                        if len(motifs) > 1:
                            motif_sequences = ', '.join([m['sequence'] for m in motifs])
                            motif_positions = ', '.join([str(m['position']) for m in motifs])
                            
                            for category in categories:
                                results.append({
                                    'genome': genome_name,
                                    'Pathway': category,
                                    'product': gene_product,
                                    'Motif sequence': motif_sequences,
                                    'Motif position': motif_positions
                                })
                        else:
                            # Single motif
                            for category in categories:
                                results.append({
                                    'genome': genome_name,
                                    'Pathway': category,
                                    'product': gene_product,
                                    'Motif sequence': motifs[0]['sequence'],
                                    'Motif position': motifs[0]['position']
                                })
    
    print(genome_name + " analysis complete:")
    print("Total genes analyzed: " + str(gene_count))
    print("Target category genes found: " + str(target_gene_count))
    print("Genes with Hik34-RrE1 motif: " + str(len(results)))
    
    return results

def main():
    """Main analysis function"""
    print("=== Hik34-RrE1 Motif Analysis in Gene Promoters ===")
    print()
    
    # Define motif pattern: GTnCGG[T/G] where n = any nucleotide
    motif_pattern = r'GT[ATCG]CGG[TG]'
    print("Searching for Hik34-RrE1 motif pattern: " + motif_pattern)
    print("In 500bp promoter regions of target genes")
    print()
    
    # File paths
    c1004_genbank = 'Utg75812_Maeruginosa00000000_3692702.current.gb'
    pcc7806_fasta = 'GCF_002095975.1_ASM209597v1_genomic_PCC7806SL.fna'
    pcc7806_gff = 'genomic_PCC7806.gff'
    
    all_results = []
    
    # Analyze C1004 genome (GenBank format)
    if os.path.exists(c1004_genbank):
        print("Processing C1004 genome from GenBank file...")
        record = SeqIO.read(c1004_genbank, "genbank")
        genome_seq = str(record.seq)
        c1004_results = analyze_genome_genbank(c1004_genbank, genome_seq, 'C1004', motif_pattern)
        all_results.extend(c1004_results)
        print()
    else:
        print("Warning: C1004 GenBank file not found: " + c1004_genbank)
        print()
    
    # Analyze PCC7806 genome (FASTA + GFF format)
    if os.path.exists(pcc7806_fasta) and os.path.exists(pcc7806_gff):
        print("Processing PCC7806 genome from FASTA + GFF files...")
        pcc7806_results = analyze_genome_gff(pcc7806_fasta, pcc7806_gff, 'PCC7806', motif_pattern)
        all_results.extend(pcc7806_results)
        print()
    else:
        print("Warning: PCC7806 files not found:")
        print("FASTA: " + pcc7806_fasta)
        print("GFF: " + pcc7806_gff)
        print()
    
    if all_results:
        # Create DataFrame
        results_df = pd.DataFrame(all_results)
        
        # Summary statistics
        print("=== ANALYSIS SUMMARY ===")
        print("Total genes with Hik34-RrE1 motif: " + str(len(results_df)))
        print()
        
        print("Results by genome:")
        genome_counts = results_df['genome'].value_counts()
        for genome, count in genome_counts.items():
            print("  " + genome + ": " + str(count) + " genes")
        print()
        
        print("Results by pathway:")
        pathway_counts = results_df['Pathway'].value_counts()
        for pathway, count in pathway_counts.items():
            print("  " + pathway + ": " + str(count) + " genes")
        print()
        
        # Motif variant analysis
        print("Motif sequence variants found:")
        all_motifs = []
        for motif_str in results_df['Motif sequence']:
            if ',' in str(motif_str):
                motifs = [m.strip() for m in str(motif_str).split(',')]
                all_motifs.extend(motifs)
            else:
                all_motifs.append(str(motif_str))
        
        motif_counts = pd.Series(all_motifs).value_counts()
        for motif, count in motif_counts.items():
            print("  " + motif + ": " + str(count) + " occurrences")
        print()
        
        # Save results to CSV
        output_file = 'hik34_motif_analysis_results.csv'
        results_df.to_csv(output_file, index=False)
        print("Full results saved to " + output_file)
        
        # Save to Excel file with exact format requested
        excel_output_file = 'hik34_motif_analysis_results.xlsx'
        results_df.to_excel(excel_output_file, index=False)
        print("Excel results saved to " + excel_output_file)
        
        # Display sample results
        print()
        print("Sample results (first 10 entries):")
        print(results_df.head(10).to_string(index=False))
        
    else:
        print("No results found. Please check that the input files exist and contain the expected data.")

if __name__ == "__main__":
    main()
