Document for gKaKs (Version 1.3)

2Version Changes:

The function of the pipeline:
3
Preparation:
3
Program installation:
3
Data preparation:
4
Documentation of options:
4
List of options:
4
The details of the options：
6
The simplest command example:
12
Notation:
12
FAQs:
12



Version Changes:

· GKas Version 1.1. 

Add yn00 and KaKs_Calculator for -codeml option, add two more options=>-icode and -KaKsCms. Not released.

· GKas Version 1.2. 

Add -blat_option and -bl2seq_option, and change option -codeml to -program. Current Version.

· gKaKs Version 1.2.1 

We renamed the pipe line, since the GKas sounds like 'jackass'; and \$kaks_file format are updated with title.

· gKaKs Version 1.2.2

system qq(tail codeml_rel -n 1  > temp_codeml_output); 

Updated to
system qq( tail -n 1 codeml_rel > temp_codeml_output);  

Bug report by Jose Guillen, many THANKS.

· gKaKs Version 1.2.3

 'min_identity=i' => \$min_identity,
Updated to
 'min_identity=f' => \$min_identity,
Bug report by Ying chen, many THANKS.

· gKaKs Version 1.3

The methods to compute the alignment score and identity score of blat output psl file were corrected based on http://genome.ucsc.edu/FAQ/FAQblat.html#blat4. The score will be slightly changed while the final results may not since we only used the best hit.
The function of the pipeline:

This program can be used to compute ka/ks ratio between the genes in one well-annotated genome and their ortholog sequences in another closely related genome, which hasn’t been annotated. The result a) can be used to compute the diverge time between two species through estimating average Ks and mutation rate; b) can be used to estimate how many ortholog sequence pairs are under functional constraints; c) can be used as evidence to annotate genes

The main purpose of this program is to align the CDSs from a well-annotated genome to a target genome, which hasn’t been annotated yet. It uses blat to find the best match between the CDSs and target genome sequences, and then uses bl2seq to align every CDS to the blat-identified target genome region. After merging the aligned sequences and removing gaps according to reference CDS codon, it uses codeml/yn00 of PAML and KaKs_Calculator to compute the ka/ks ratio between CDSs and their homolog sequences in the target genome. Also this program can compute Ka/Ks ratio for two lists of homologous DNA sequences, with one list as CDS sequences and the other list as genomic sequences.

Preparation: 

Program installation: 

This program require several widely used bioinformatics programs. Before running this program, please make sure the installation of the bellowing programs. We suggest to make a link at /usr/local/bin/.

1. Blat: http://genome.ucsc.edu/FAQ/FAQblat.html#blat3
2. Blast (will use bl2seq, formatdb and fastacmd)

ftp://ftp.ncbi.nlm.nih.gov/blast/executables/release/2.2.26/blast-2.2.26-x64-linux.tar.gz
3. PAML (codeml/yn00): http://abacus.gene.ucl.ac.uk/software/paml.html
4. KaKs_Calculation: http://evolution.genomics.org.cn/software.htm
Data preparation:

1. The CDS sequences of the reference genome in fasta format –query_seq=”ref.cds”

2. The gff3 file of the reference genome –gff=”ref.gff3”

3. Target genome sequence in fasta format –hit_seq=”hit.fa”

Documentation of options:

List of options:

	
	option name
	Description

	1
	-help
	Help command

	2
	-man
	Explanation command

	3
	-query_seq*
	CDS sequences of reference genome in fasta format

	4
	-gff*
	gff3 file of reference genome

	5
	-hit_seq*
	Target genome sequences in fasta format (can be chromosomes, scaffolds, contigs and short genomic sequences)

	6
	-spe*
	Reference species, the value ranges from 1 to 6.

1:human 2:mouse 3:fruitfly 4:rice

5:arabidopsis 6:others

	7
	-chrom*
	The chromosome or contig ID of the reference CDS sequences (–query_seq value) should be provided, which should be corresponding to identifier in gff file. If the reference CDS sequences come from several or all the chromosomes, the option should be set to “all”. The default value is “all”.

	8
	-qSeq_sep
	The separation symbol of gene id in fasta file in query CDS file. The default value is gap. 

	9
	-hSeq_sep
	The separation symbol of sequence id in fasta file in target sequence file. The default value is gap.

	10
	-sfbha
	Skip finding the best hits using blat. The default value is F. If the value is T, it indicates that the best match between ref CDS and target sequence has been generated and don’t need blat to search for the best match. And if it is set to T, the parameter for –gene_pair option should be provided.

	11
	-gene_paira
	When –sfbh has been set as T, it is necessary to give this parameter. And this parameter is a file listing the paired CDS ID and target sequence ID. 

	12
	-blat_done
	The default is F. When the value is T, it will skip blat step and it should guarantee the existence of blat output file (the parameter of –blat_out). 

	13
	-is_genomeb
	Indicate whether the target sequences are chromosome-wise whole genome sequences. The default value is F (the target sequence file includes multiple sequences, which can be small contigs or just homolog genomic sequences). If the value is T, the whole genome sequences should be formatted by “formatdb” and use option –o T. when the value is T, the directory of fastacmd should be given. 

	14
	-fastacmdb
	The directory of fastacmd. It is needed, only when –is_genome is set as T.

	15
	-blat
	The directory of blat

	16
	-blast2seq
	The directory of bl2seq

	17
	-program (update from codeml)
	The directory of codeml, yn00 or KaKs_Calculator

This command is case sensitive, you'd better not change it

For example: /usr/bin/codeml, the default is codeml

	18
	-problem_loc
	The file records the CDS ID with problem

	19
	-detail
	The file records the DNA and protein sequence alignment used to compute Ka/Ks 

	20
	-blat_out
	The file contains the output of blat program

	21
	-kaks_file
	The file records the final kaks ratio for each homolog sequence pair

	22
	-min_length
	The minium match length, the default value is 100bp. 

	23
	-min_identity
	The minium identity value, should be <=1, and is suggested to >= 0.7. The default is 0.9. 

	24
	-icode 

(v1.1 added)
	Genetic code type, for codeml and yn00, it can be 0~10; for KaKs_Calculator, it can be 1~23, the default is -Standard Code



	25
	-KaKsCms 

(v1.1 added)
	 the option for KaKs_Calculator, it can be used for more than onec, for example: -KaKsCms=NG -KaKsCms=LWL, their're 11 options: NG, LWL, LPB, MLWL, MLPB, GY, YN, MYN, MS, MA, ALL, the default is MA, but this will cost a lot of time to calculate



	26
	-blat_option

(v1.2 added)
	It can add options to the blat, use "" in the command, for example: -blat_option="-minMatch=1 -minIdentity=30", some of options are forbid in the pipe line, like "-t|-q|-prot|-noHead|-fastMap|-out".



	27
	-bl2seq_option

(v1.2 added)
	 It can add options to the bl2seq, use "" in the command, for example: -bl2seq_option="-e=1 -mT", some of options are forbid in the pipe line, like "-i|-j|-p|-o|-a|-T|-I|-J|-D|-A".




The details of the options：

· -qSeq_sep and -hSeq_seq

Although all the sequence files should be fasta format, the format of their 

sequence ids are usually different. For example:

>LOC_Os01g01010.1 CDS|TBC domain containing protein, expressed

>Os12t0512000-01 YUCCA-like gene 5.

The default separation symbol of the ids is gap. If needed, it can be set into 

other values, but cannot be “?”, “.”, “^” et al.

· -sfbh and -gene_pair option pair

When –sfbh = T, the parameter of “-gene_pair” must be provided: 

–gene_pair= ”gene_pair_file”, which should be a file listing the paired CDS 

ID and genomic sequence ID. The format should be:

  LOC_Os01g01090.1 glaberrima_3s-4902445-4905356

The separation symbol can be gap or “\t”. The two lists of IDs should 

correspond to the sequence IDs in the files of –query_seq and –hit_seq.

· -is_genome and –fastacmd option pair 

When –is_genome=”T”, the directory of fastacmd should be provided, and the genome sequences should be formatted by formatdb, and using –o T when doing formatdb, and make sure the name of the sequences is start with letters.

· -blat_done

When this option is set as “T”, it indicates “blat” has been completed. 

Because it takes time to run blat, this option can save time.

· -blat, -blast2seq and -program
The directories of the above three programs should be provided. In default, 

the corresponding directories should be copied to PATH environment 

variable, for example: /usr/bin/blat; /usr/local/bin/codeml, 

/home/user1/bin/bl2seq, -program can be yn00 and also KaKs_Calculator

· -problem_loc
This file records the detailed problems in the running

===reverse===

The CDS has hits in target sequence in both forward and reverse strand
===shift===




the existence of frame shift

===both-stop===



both query and target sequences have stop codon

===hit-stop===



target sequence has stop codon 

===query-stop===


query sequence has stop codon 
===length-not-equal===



after alignment, the length of the two sequences are different.

more than one hit


when one CDS has multiple hits in target sequence, only the best alignment was extracted

no good hit


there is no good hit between one CDS and target sequences
· -detail
the parameter file records DNA and protein sequence alignments for computing Ka/Ks.

[image: image1.png]>LOC_0s01947090.1_glaberrima_3s-4602356-4602508
C GAGCC GAGAC GGGC GC T GT GACGAGCAGC GAC GG G GGGAGL GAGC T TCC GG TCC GG GGGaAAGGGGAAGAAGAGGGET GCCCGTAGTTC GTCTCGCGTCCTCGCACGCACCAGT





· -kaks_file
the parameter file records the final Ka/Ks ratio

· -min_length and -min_identity

The two options don’t work when –sfbh=T. 

· -spe

The values can be 1-5, the corresponding gff or gtf format are shown as the bellowing:

· -spe=1 (human, the gtf file can be downloaded from ensembl: Homo_sapiens.GRCh37.67.gtf)

	GL000213.1      protein_coding  CDS     138767  139287  .       -       0        gene_id "ENSG00000237375"; transcript_id "ENST00000327822"; exon_number "1"; gene_name "BX072566.1"; gene_biotype "protein_coding"; transcript_name "BX072566.1-201"; protein_id "ENSP00000329990";


· -spe=2(mouse, the gtf file can be downloaded from ensembl: 

Mus_musculus.GRCm38.68.gtf)

	GL456350.1      protein_coding  CDS     993     1059    .       -       0        gene_id "ENSMUSG00000094121"; transcript_id "ENSMUST00000177695"; exon_number "1"; gene_name "Ccl21c"; gene_biotype "protein_coding"; transcript_name "Ccl21c-201"; protein_id "ENSMUSP00000136267";


· -spe=3 (drosophila, the gtf file can be downloaded from ensembl: 

Drosophila_melanogaster.BDGP5.67.gtf)

	3R      protein_coding  CDS     1115    1913    .       +       0        gene_id "FBgn0037213"; transcript_id "FBtr0078961"; exon_number "2"; gene_name "CG12581"; gene_biotype "protein_coding"; transcript_name "CG12581-RB"; protein_id "FBpp0078601";


· -spe=4 (rice, the gff file can be downloaded from MSU v7: all.gff3 )

	Chr1    MSU_osa1r7      CDS     3449    3616    .       +       .       ID=LOC_Os01g01010.1:cds_1;Parent=LOC_Os01g01010.1


· -spe=5(arabidopsis, the gff file can be downloaded from TAIR10: 

TAIR10_GFF3_genes.gff)

	Chr1    TAIR10  CDS     4486    4605    .       +       0       Parent=AT1G01010.1,AT1G01010.1-Protein;


If gff file doesn’t belong to these files, the value of the option can set to 6. Such gff file should be processed first to transform the data in the 9th column (number 8th starting to count in 0 as in perl) into the CDS ids in sequence file of –query_seq, and make sure the 3nd column (2nd starting to count in 0 as in perl) contains “CDS”.

· -icode 

Genetic code type, for codeml and yn00, it can be 0~10; for KaKs_Calculator, 
it can be 1~23, the default is -Standard Code. 

· For codeml, the code is 

* Genetic codes: 0:universal, 1:mammalian mt., 2:yeast mt., 3:mold mt.,

* 4: invertebrate mt., 5: ciliate nuclear, 6: echinoderm mt.,

* 7: euplotid mt., 8: alternative yeast nu. 9: ascidian mt.,

* 10: blepharisma nu.

* These codes correspond to transl_table 1 to 11 of GENEBANK.

· For KaKs_Calculator, it's 

 1-Standard Code 






2-Vertebrate Mitochondrial Code

3-Yeast Mitochondrial Code 



4-Mold Mitochondrial Code

5-Invertebrate Mitochondrial Code 

6-Ciliate, Dasycladacean and Hexamita Code

9-Echinoderm and Flatworm Mitochondrial Code

10-Euplotid Nuclear Code





11-Bacterial and Plant Plastid Code 


12-Alternative Yeast Nuclear Code



13-Ascidian Mitochondrial Code 


14-Alternative Flatworm Mitochondrial Code

15-Blepharisma Nuclear Code





16-Chlorophycean Mitochondrial Code

21-Trematode Mitochondrial Code


22-Scenedesmus obliquus mitochondrial Code

23-Thraustochytrium Mitochondrial Code

(More information about the Genetic Codes: 

http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi?mode=c)

· -KaKsCms 

the option for KaKs_Calculator, it can be used for more than onec, for example: -KaKsCms=NG -KaKsCms=LWL, their're 11 options: NG, LWL, LPB, MLWL, MLPB, GY, YN, MYN, MS, MA, ALL, the default is MA, but this will cost a lot of time to calculate

· -blat_option 

It can add options to the blat, use "" in the command, for example: -blat_option="-minMatch=1 -minIdentity=30", some of options are forbid in the pipe line, like "-t|-q|-prot|-noHead|-fastMap|-out".

· -bl2seq_option

It can add options to the bl2seq, use "" in the command, for example: -bl2seq_option="-e=1 -mT", some of options are forbid in the pipe line, like "-i|-j|-p|-o|-a|-T|-I|-J|-D|-A".

The simplest command example: 

Running a list of CDS sequences vs. genomic sequences is given below.

-bash$ perl gKaKs.pl -query_seq="msu.cds" -gff="msu.gff3" -hit_seq="hit.fa" -spe=4 

Notation:

1. This program works for closely related species. If species splits from each other too long ago, the sequences diverge strikingly, bl2seq cannot generate good results.

2. Because this program deletes all the gaps that can’t be aligned in codon level, the Ks generated by this approach tend to be smaller.

3. In –problem_loc records, the Ks/Ka cannot be computed for the CDS id under ===reverse=== category. 

FAQs:

1. Do you use the gene name or transcript name as a ID???
2. Did i used the right command? (the -codeml option should be updated to -program)

3. I found error report with GFF?
4. There're a lot of "no good hit " and "more than one hit " in problem_locs.log, how to deal with it?
5. Can this pipe line used for genomes with far evolutionary relationship? Which of the genomes analyzed fall into this catregory?
