GFF3 Guidance
Instructions page: 
https://www.ncbi.nlm.nih.gov/genbank/genomes_gff/
GFF3 IDs:
· Every independent feature needs a unique ID
· Joined features (ie, features with multiple spans) have the same ID
· These IDs do not appear in the flatfile view. They only appear in the asn if the GFF file did not include protein_Id or transcript_id
Parents:
· Most features need a parent to show linkage and hierarchy
· Gene > mRNA > CDS, exon, five_prime_UTR, etc
	FEATURE
	PARENT

	Gene
	none

	mRNA
	Gene

	CDS
	mRNA, if present
Gene, if present and no mRNA

	tRNA, rRNA
	Gene



Example:
	sequence001
	abc
	gene
	180
	3000
	.
	+
	.
	ID=gene0;locus_tag=bbb_0001

	sequence001
	abc
	mRNA
	180
	3000
	.
	+
	.
	ID=mrna0;Parent=gene0;product=formate dehydrogenase isoform 1

	sequence001
	abc
	five_prime_UTR
	180
	189
	.
	+
	.
	ID=5utr0;Parent=mrna0

	sequence001
	abc
	CDS
	190
	252
	.
	+
	0
	ID=CDS0;Parent=mrna0;Dbxref=UniProtKB/Swiss-Prot:P0AD86;product=formate dehydrogenase isoform 1;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	abc
	CDS
	337
	2799
	.
	+
	0
	ID=CDS0;Parent=mrna0;product=formate dehydrogenase;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	abc
	three_prime_UTR
	2800
	3000
	.
	+
	.
	ID=3utr0;Parent=mrna0


or
	sequence001
	abc
	gene
	180
	3000
	.
	+
	.
	ID=gene0;locus_tag=bbb_0001

	sequence001
	abc
	mRNA
	180
	3000
	.
	+
	.
	ID=mrna0;Parent=gene0;product=formate dehydrogenase isoform 1

	sequence001
	abc
	exon
	180
	252
	.
	+
	.
	ID=exon0;Parent=mrna0

	Sequence001
	abc
	exon
	337
	3000
	.
	+
	.
	ID=exon1;Parent=mrna0

	sequence001
	abc
	CDS
	190
	252
	.
	+
	0
	ID=CDS0;Parent=mrna0;Dbxref=UniProtKB/Swiss-Prot:P0AD86;product=formate dehydrogenase isoform 1;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	abc
	CDS
	337
	2799
	.
	+
	0
	ID=CDS0;Parent=mrna0;product=formate dehydrogenase;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1



Options about what to include in the .gff3 file:
1. For prokaryotic submissions, if you provide just the CDS in the .gff3 and "-locus-tag-prefix XXX" in the command line → genes with locus_tags will be made
2. For eukaryotic submissions, if you provide just the CDS in the .gff3 and "-locus-tag-prefix XXX  -euk" in the command line → genes with locus_tags and mRNAs will be made from the CDS IDs and products
3. For eukaryotic submissions, if you provide the CDS and genes in the .gff3 (with locus_tags in the file or via the command line) with -euk → mRNAs will be made from the CDSs, as above
4. For eukaryotic submissions, if you provide the mRNAs and CDS and genes in the .gff3 file (with locus_tags in the file or via the command line) with -euk → need to include the correct parents in the .gff3 file to get correct linkages in the output file
5. UTRs? - explicitly include if known, using either five_prime_UTR and three_prime_UTR features, or exon features. If absent, the mRNA will follow the CDS's location by default
6. RNAs need to have their gene features specifically included.
Locus_tags can be automatically assigned with the "-locus-tag-prefix XXX" argument, which uses this order:
· From the lowest nucleotide Seqid (column 1 value) to the highest
· And within each nucleotide by relative order in the GFF file, not by location within the nucleotide sequence.

Example files:
Case 3:
	sequence001
	mine
	gene
	2801
	3733
	.
	+
	.
	ID=gene2;locus_tag=bbb_0003

	sequence001
	mine
	CDS
	2801
	3733
	.
	+
	0
	ID=CDS2;Parent=gene2;Dbxref=UniProtKB/Swiss-Prot:P00547

	sequence001
	mine
	gene
	3734
	5020
	.
	+
	.
	ID=gene3;Dbxref=ASAP:ABE-0000012

	sequence001
	mine
	CDS
	3734
	5020
	.
	+
	0
	ID=CDS3;Parent=gene3;product=threonine synthase;

	sequence001
	mine
	gene
	6090
	6459
	.
	-
	.
	ID=gene4;locus_tag=bbb_0005

	sequence001
	mine
	CDS
	6090
	6200
	.
	-
	0
	ID=CDS4;Parent=gene4;product=peptide chain release factor;exception=ribosomal slippage

	sequence001
	mine
	CDS
	6202
	6459
	.
	-
	0
	ID=CDS4;Parent=gene4;product=peptide chain release factor;exception=ribosomal slippage



Case 5:
	[bookmark: _Hlk532970258]sequence001
	mine
	gene
	180
	3000
	.
	+
	.
	ID=gene0;locus_tag=bbb_0001

	sequence001
	mine
	mRNA
	180
	3000
	.
	+
	.
	ID=mrna0;Parent=gene0;product=formate dehydrogenase isoform 1

	sequence001
	mine
	five_prime_UTR
	180
	189
	.
	+
	.
	ID=5utr0;Parent=mrna0

	sequence001
	mine
	CDS
	190
	252
	.
	+
	0
	ID=CDS0;Parent=mrna0;Dbxref=UniProtKB/Swiss-Prot:P0AD86;product=formate dehydrogenase isoform 1;transl_except=(pos:193..195%2Caa:Sec);inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	mine
	CDS
	337
	2799
	.
	+
	0
	ID=CDS0;Parent=mrna0;product=formate dehydrogenase;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	mine
	three_prime_UTR
	2800
	3000
	.
	+
	.
	ID=3utr0;Parent=mrna0

	sequence001
	mine
	mRNA
	180
	3000
	.
	+
	.
	ID=mrna0b;Parent=gene0;product=formate dehydrogenase isoform 2

	sequence001
	mine
	five_prime_UTR
	180
	202
	.
	+
	.
	ID=5utr0b;Parent=mrna0b;product=formate dehydrogenase isoform 2

	sequence001
	mine
	CDS
	203
	252
	.
	+
	0
	ID=CDS0b;Parent=mrna0b;Dbxref=UniProtKB/Swiss-Prot:P0AD86;product=formate dehydrogenase isoform 2;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

	sequence001
	mine
	CDS
	324
	2799
	.
	+
	0
	ID=CDS0b;Parent=mrna0b;product=formate dehydrogenase;inference=COORDINATES:similar to AA sequence:INSD:AAC73525.1

	sequence001
	mine
	three_prime_UTR
	2800
	3000
	.
	+
	.
	ID=3utr0b;Parent=mrna0b



Case 6:
	sequence001
	Lab22
	gene
	90
	170
	.
	+
	.
	ID=genet1;locus_tag=bbb_0050

	sequence001
	Lab22
	tRNA
	90
	170
	.
	+
	.
	ID=trna1;Parent=genet1;product=tRNA-Leu

	sequence001
	Lab22
	gene
	6490
	8470
	.
	+
	.
	ID=gener1;locus_tag=bbb_0060

	sequence001
	Lab22
	rRNA
	6490
	8470
	.
	+
	.
	ID=rrna1;Parent=gener1;product=18S ribosomal RNA



Samples
GFF Files:
 [1] prok_withLocusTags.gff = prokaryotic with locus_tags
[2] prok_NoLocusTags.gff  = same as above, but no locus_tags
[bookmark: _Hlk532898758][3] euk_withLocusTags_butNOmRNAs.gff  = similar to the first but (1) the first 2 CDS are joined as a multi-exon CDS, (2) that gene has alternative splicing, (3) the product with a slash is gone, and (4) the rep_origin feature is gone. 
[4] euk_NoLocusTagsORmRNAs.gff  = same as above, but no locus_tags
[bookmark: _Hlk532896770][5] euk_withLocusTag_and_mRNAs.gff = like [3] (euk_withLocusTags_butNOmRNAs.gff) but with mRNAs, and without the mobile_elements or repeat_region or gene/CDS with ribosomal_slippage, and with a different note on the misc_feature (but still including a semi-colon)
 
 Command lines for contigs (= no Ns present)
Remember: when Ns are present in the sequence, you need to include the arguments to convert the Ns to gaps. The default arguments, for when 10 or more Ns is a gap and the gaps are linked by paired-ends evidence, are:
-gaps-min 10 -l paired-ends
See https://www.ncbi.nlm.nih.gov/genbank/genomes_gff/#run for more details
[1] Prokaryotic & locus_tags in file (prok_withLocusTags.gff):
table2asn -i short.fsa -t SubmissionTemplate.sbt -j "[organism=Escherichia coli] [strain=K654] [gcode=11]" -f prok_withLocusTags.gff  -o prok_withLocusTags.sqn -Z  -V b -M n -J -c w 
 
[2] Prokaryotic and no locus_tag in file (prok_NoLocusTags.gff). In these examples we have used “AddInCmd” as the example locus_tag prefix:
table2asn -i short.fsa  -t SubmissionTemplate.sbt -j "[organism=Escherichia coli] [strain=K654] [gcode=11]" -f prok_NoLocusTags.gff  -o prok_NoLocusTags.sqn -Z -V b -M n -J -c w -locus-tag-prefix AddInCmd
 
[3] Eukaryotic and locus_tags in file, but no mRNAs (euk_withLocusTags_butNOmRNAs.gff): include -euk:
table2asn -i short.fsa  -t SubmissionTemplate.sbt -j "[organism=Mus musculus] [strain=Balb/c]" -f euk_withLocusTags_butNOmRNAs.gff  -o euk_withLocusTags_butNOmRNAs.sqn -Z -V b -M n -J -c w -euk
 
[4] Eukaryotic and no locus_tags or mRNAs in file (euk_NoLocusTagsORmRNAs.gff), so including the registered locus_tag prefix “AddInCmd” and -euk:
 table2asn -i short.fsa  -t SubmissionTemplate.sbt -j "[organism=Mus musculus] [strain=Balb/c]" -f euk_NoLocusTagsORmRNAs.gff  -o euk_NoLocusTagsORmRNAs.sqn -Z -V b -M n -J -c w -euk -locus-tag-prefix AddInCmd 
 
[5] Eukaryotic with locus_tags and mRNAS in file (euk_withLocusTag_and_mRNAs.gff):
table2asn -i short.fsa -t SubmissionTemplate.sbt -j "[organism=Mus musculus] [strain=Balb/c]" -f euk_withLocusTag_and_mRNAs.gff   -o euk_withLocusTag_and_mRNAs.sqn -Z -V b -M n -J -c w -euk

NOTES:
[1] There are various Consensus Splice warnings in the .val and .stats files that are generated when the eukaryotic .gff files are used  in cases 3, 4 and 5. As a submitter, you are encouraged to provide the appropriate exon/intron junctions so that these warnings are not produced; however, you can ignore the splice-related warnings.
[2] In the spring of 2019 the behavior of -Z in table2asn_gff was modified so that it no longer needs or accepts a file name in the command line.  Instead, a file with the extension “.dr” is created with the same basename as the input file.  This change means that -Z now behaves like the other functions that produce output files.  
This is the error you get if you include an output file in the newer table2asn_GFF command line.  It appears at the bottom of the output.  Very brief sample:
table2asn_GFF -Z fake.dr
Error:  (CArgException::eSynopsis) Too many positional arguments (1), the offending value: fake.dr
[3] Both of these kinds of errors were suppressed for /pseudo & /pseudogene CDS in November 2018, so download a newer version of table2asn_gff if you still see them:
· [bookmark: _GoBack]Error: valid [SEQ_FEAT.UnknownFeatureQual] Unknown qualifier orig_protein_id FEATURE: CDS: threonine synthase <13>  [lcl|sequence001:3734-5020] [lcl|sequence001: raw, dna len= 13720]
· Warning: valid [SEQ_FEAT.CDSmRNAMissingProteinIDs] CDS-mRNA pair has one missing protein_id (gnl|bbb|CDS3) FEATURE: CDS: threonine synthase <13>  [lcl|sequence001:3734-5020] [lcl|sequence001: raw, dna len= 13720]
[4] column 8 is ”phase”, as defined in the GFF3 specifications. Only the phase on the first CDS interval is used to determine the CDS codon_start. Also, some automated checks and processing are applied that will correct the CDS codon_start if the input file appears to be in error, for example there are internal stop codons that are not found with a different codon_start


Details of the starting file, prok_withLocusTags.gff:
This .gff file has these features:
· 6 CDS and their genes, but no protein_id's
· rep_origin
· repeat_region
· misc_feature
· 2 mobile_element
· tRNA
· rRNA
 PLUS:
[1] locus_tags
[2] examples of single & multiple values for db_xref & EC numbers
[3] proper use of %2C (= comma)
· ;product=2'%2C3'-cyclic phosphodiesterase
becomes:
                  /product="2',3'-cyclic phosphodiesterase"
 
[4] proper use of %3B (=  semi-colon):
· Note=RIP1 (repetitive extragenic palindromic) element%3B contains 2 REP sequences and 1 IHF site
becomes:
                     /note="RIP1 (repetitive extragenic palindromic) element; contains 2 REP sequences and 1 IHF site"
 
[5] a product name with a slash (doesn’t require encoding in the gff file)
· bifunctional aspartate kinase/homoserine dehydrogenase
[6] a CDS (on the minus strand; gene locus_tag=bbb_0006) that does not have a product name, so it gets named ‘hypothetical protein’
[7] a /pseudo gene (locus_tag=bbb_0004)
· ;pseudo=true
 [8] a transl_except on the 1st CDS 
· ;transl_except=(pos:193..195%2Caa:Sec)
· provides Sec (selenocysteine) as the translated amino acid for the codon at nt193-195
[9] a ribosomal slippage (on the minus strand):
· peptide chain release factor
	sequence001    
	mine    
	gene    
	6090    
	6459    
	.          
	-          
	.          
	ID=gene4;locus_tag=bbb_0005

	sequence001    
	mine    
	CDS     
	6090    
	6200    
	.          
	-          
	.          
	ID=CDS4;Parent=gene4;product=peptide chain release factor;exception=ribosomal slippage

	sequence001    
	mine    
	CDS     
	6202    
	6459    
	.          
	-          
	.          
	ID=CDS4;Parent=gene4;product=peptide chain release factor;exception=ribosomal slippage


 
[10] an inference qualifier
· ;inference=COORDINATES:similar to AA sequence:INSD:AAC73526.1

becomes:
               /inference="COORDINATES: similar to AA sequence:INSD:AAC73526.1"
