
Description of the input and output data for main calculation nodes of the main pipelines 

 

Analysis of proteins evolution 

1) Multiple protein alignment (Alignment node): 

 Input:   

- unaligned protein sequences in FASTA format 

 Output:  

- aligned protein sequences in FASTA format 

2) Amino acid substitution matrix generating (Amino acid substitution model estimation node): 

 Input: 

- aligned protein sequences in FASTA format 

 Output: 

- custom amino acid substitution matrix (symmetric matrix containing relative 

rates of amino acid substitutions) in PAML format (Fig. 1) 
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Рис. 1. Custom amino acid substitution matrix in PAML format. 

3) Phylogram reconstruction (Build tree node): 

 Input:  

- aligned protein sequences in FASTA format 

- custom amino acid substitution matrix in PAML format or standard amino 

acid substitution matrix (JTT, WAG, LG, etc.) 

- (optionally) initial cladogram in NEWICK format  

 Output:  



- phylogram in NEWICK format (unrooted) 

- shape parameter (alpha) for the gamma distribution of amino acid 

substitution rates 

4) Ancestral sequence reconstruction (Ancestral reconstruction node): 

 Input:   

- gapless alignment of protein sequences in FASTA format 

- custom amino acid substitution matrix in PAML format or standard amino 

acid substitution matrix (JTT, WAG, LG etc.) 

- rooted cladogram in NEWICK format 

 Output: 

- gapless alignment of protein sequences in FASTA format with 

reconstructed ancestral sequences 

- rooted cladogram in NEWICK format containing internal node labels 

corresponded to the reconstructed ancestral sequences 

- reconstruction probabilities of ancestral amino acids for each internal node 

of the tree represented in FASTA-like format 

5) Searching for statistically rare (atypical) classes of amino acid substitutions (Rare changes 

detection node): 

 Input:   

- gapless alignment of protein sequences in FASTA format with reconstructed 

ancestral sequences 

- custom amino acid substitution matrix in PAML format or standard amino 

acid substitution matrix (JTT, WAG, LG etc.) 

- rooted cladogram in NEWICK format containing internal node labels 

corresponded to the reconstructed ancestral sequences 

- rooted phylogram in NEWICK format 

- shape parameter (alpha) for the gamma distribution of amino acid 

substitution rates 

 Output: 

- rooted cladogram in NEWICK format containing internal node labels with 

information about classes and positions of atypical substitutions (Fig. 2) 

  



(3/1/PQ_488_||_Arabidopsis_lyrata_scaffold_503580.1_EnsemblPlants,5/1/SC_307_||_

KEGG_AT3G62980_Arabidopsis_thaliana_TIR1,(30/2/ED_7_161_244_550|GA_169_191_||_gb

_ABG46343.1_TIR1_Gossypium_hirsutum,((20/2/PR_561|TA_204_230_353_418_449_||_gb_A

CU81102.1_TIR1_Solanum_lycopersicum,18/2/PL_539|SC_297_||_gb_ACT53268.1_TIR1_Nic

otiana_tabacum)N4_||_31/3/ED_83_137_165_221_244_365_429|GA_87_204_348_523|IG_303

,((29/2/VD_418|YH_426_450_||_KEGG_RCOM_0556140_Ricinus_communis_TIR1,32/6/CR_397

_480|GR_229_517|HR_174_216|SR_53_293|TQ_18_337|YC_88_427_||_KEGG_POPTR_572746_Po

pulus_trichocarpa_FBL1)N6_||_8/5/FC_179|GA_191_275|PL_167|VS_324|YN_3,(26/6/CR_2

28|ED_8_166_244_248_345_404|FC_547|HD_142_174|TS_117_178_296_381_557|VA_95_191_2

54_273_349_||_gb_ACX31301.2_TIR1_Dimocarpus_longan,38/4/GR_55_567|PR_408_539|SM_

98|WM_102_||_KEGG_100233127_Vitis_vinifera_TIR1)N7)N5_||_3/2/GR_286|VL_245)N3_||

_10/3/KR_43_155_210_406|ME_365|YC_179)N2_||_32/5/SA_25_97_254_324_354_362_499|SC

_117_265|TN_150_225|VG_255_348|YP_300)N1; 

Fig. 2. Cladogram in NEWICK format containing internal node labels with information about 

classes and positions of atypical substitutions. 

6) Summarizing of amino acid substitutions (all or atypical only) from root to tips 

(Evolutionary changes analysis node): 

 Input:   

- gapless alignment of protein sequences in FASTA format with reconstructed 

ancestral sequences 

- rooted cladogram in NEWICK format containing internal node labels 

corresponded to the reconstructed ancestral sequences or rooted cladogram in 

NEWICK format containing internal node labels with information about 

classes and positions of atypical substitutions 

 Output: 

- tab-delimited text table containing sums of the physicochemical changes 

(based on calculation which takes into account atypical or all amino acid 

substitutions) from the root of the phylogenetic tree to its tips 

7) Chronogram reconstruction (Fast chronogram building node): 

 Input:   

- aligned protein sequences in FASTA format 

- rooted phylogram in NEWICK format 

- species divergence dates (Fig. 3) 

 Output: 

- chronogram in NEWICK format 

calibration numbers: 1 #format: branch0 branch1 max_divergence_date 

min_divergence_date 

Arabidopsis_lyrata_scaffold_503580.1_EnsemblPlants 

KEGG_AT3G62980_Arabidopsis_thaliana_TIR1 20 10 

Fig. 3. information about the species divergence dates 

8) Evaluation of the statistical relationship between the amino acids physicochemical evolution 

and phenotypic characteristics of organisms (Phylogenetic comparative statistics node): 

 Input:   

- chronogram in NEWICK format 



- tab-delimited text table containing sums of the physicochemical changes 

(based on calculation which takes into account atypical or all amino acid 

substitutions) from the root of the phylogenetic tree to its tips 

- quantitative phenotypic characteristics of organisms 

 Output: 

- tab-delimited text table containing statistical estimates of the relationship 

between the amino acids physicochemical evolution and the phenotypic trait 

evolution (Fig. 4) 
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Hydrostatic pressure asymmetry 

index, PAI Di Giulio, 2005 16.30848 1 5.51E-06 -0.98333 4.96E-05 

AA composition of CYT of 

single-spanning proteins 

Nakashima-Nishikawa, 1992 -4.78783 1 5.51E-06 -1 5.51E-06 

Composition of amino acids in 

nuclear proteins percent 

Cedano et al., 1997 -3.96269 1 5.51E-06 -1 5.51E-06 

Hydrophobic parameter Levitt, 

1976 6.227831 1 5.51E-06 -0.98333 4.96E-05 

AA composition of CYT2 of 

single-spanning proteins 

Nakashima-Nishikawa, 1992 -7.49489 -0.91667 0.001312 -1 5.51E-06 

RF value in high salt 

chromatography Weber-Lacey, 

1978 25.97131 0.95 0.000353 -1 5.51E-06 

AA composition of CYT of 

multi-spanning proteins 

Nakashima-Nishikawa, 1992 -2.74516 1 5.51E-06 -1 5.51E-06 

Normalized flexibility 

parameters B-values for each 

residue surrounded by none 

rigid neighbours Vihinen et 

al., 1994 29.61655 -0.98333 4.96E-05 -1 5.51E-06 

Hydrophilicity value Hopp-

Woods, 1981 6.169226 1 5.51E-06 -1 5.51E-06 

AA composition of total 

proteins Nakashima et al., 

1990 -0.92281 1 5.51E-06 -1 5.51E-06 

Surface composition of amino 

acids in intracellular 

proteins of mesophiles percent 

Fukuchi-Nishikawa, 2001 -6.23451 1 5.51E-06 -0.98333 4.96E-05 

Amino acid composition Dayhoff 

et al., 1978a -3.44965 1 5.51E-06 -1 5.51E-06 

Amino acid distribution Jukes 

et al., 1975 0.289727 1 5.51E-06 -0.98333 4.96E-05 
 

Fig. 4. A fragment of table containing statistical estimates of the relationship between the 

physicochemical evolution and the phenotypic trait evolution   



Analysis of protein-coding genes evolution 

1) Translation of the protein-coding genes into proteins (Codons to Amino acids Translation 

node): 

 Input:   

- unaligned protein-coding gene sequences in FASTA format 

 Output:  

- unaligned protein sequences in FASTA format 

2) Multiple protein alignment (Alignment node): 

 Input:   

- unaligned protein sequences in FASTA format 

 Output:  

- aligned protein sequences in FASTA format 

3) Amino acid substitution matrix generating (Amino acid substitution model estimation node): 

 Input: 

- aligned protein sequences in FASTA format 

 Output: 

- custom amino acid substitution matrix (symmetric matrix containing relative 

rates of amino acid substitutions) in PAML format (Fig. 1) 

4) Back translation of the protein alignment into codon alignment (Amino acids to Codons 

Translation node): 

 Input:   

- aligned protein sequences in FASTA format 

- unaligned protein-coding gene sequences in FASTA format 

 Output:  

- aligned codon sequences in FASTA format 

5) Phylogram reconstruction (Build tree node): 

 Input:  

- aligned codon sequences in FASTA format 

- model of nucleotide substitutions (HKY, GTR, TN, etc) 

- (optionally) initial cladogram in NEWICK format 

 Output:  

- phylogram in NEWICK format (unrooted) 

6) Ancestral sequence reconstruction (Ancestral reconstruction node): 

 Input:   

- gapless alignment of codon sequences in FASTA format 

- custom amino acid substitution matrix in PAML format or standard amino 

acid substitution matrix (JTT, WAG, LG, etc.) or model of codon evolution 

- rooted cladogram in NEWICK format 

 Output: 

- gapless alignment of codon sequences in FASTA format with reconstructed 

ancestral sequences 



- rooted cladogram in NEWICK format containing internal node labels 

corresponded to the reconstructed ancestral sequences 

- reconstruction probabilities of ancestral amino acids for each internal node 

of the tree represented in FASTA-like format 

7) Estimation of the KR/KC rate (Kr/Kc estimation node): 

 Input:   

- gapless alignment of codon sequences in FASTA format with reconstructed 

ancestral sequences 

- number of groups of canonical amino acids (1-5) or BLOSUM matrix (Fig. 

5) 

- rooted phylogram in NEWICK format 

 Output: 

- tab-delimited text tables containing KR, KC, KR/KC values for each tree 

branch 

- tab-delimited text tables containing sums of KR, KC, KR/KC values from the 

root of the phylogenetic tree to its tips 

BLOSUM: (C) Copyright 1992, Fred Hutchinson Cancer Research Center 

Re-clustering percentage = 70 

10 times log base 10 matrix: 

 A   R   N   D   C   Q   E   G   H   I   L   K   M   F   P   S   T   W   Y   V   

  8  

-10  10  
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Fig. 5. BLOSUM matrix. 

8) Chronogram reconstruction (Fast chronogram building node): 

 Input:   

- aligned codon sequences in FASTA format 

- rooted phylogram in NEWICK format 

- species divergence dates (Fig. 3) 

 Output: 

- chronogram in NEWICK format 



9) Evaluation of the statistical relationship between the gene evolution and phenotypic 

characteristics of organisms (Phylogenetic comparative statistics node): 

 Input:   

- chronogram in NEWICK format 

- tab-delimited text tables containing sums of KR, KC, KR/KC values from the 

root of the phylogenetic tree to its tips 

- quantitative phenotypic characteristics of organisms 

 Output: 

- tab-delimited text table containing statistical estimates of the relationship 

between the gene evolution and the phenotypic trait evolution (Fig. 4) 

10) Estimation of the KR/KC rate under neutral evolution conditions (Neutral Kr/Kc estimation 

node): 

 Input:   

- gapless alignment of codon sequences in FASTA format with reconstructed 

ancestral sequences 

- number of groups of canonical amino acids or BLOSUM matrix 

- rooted phylogram in NEWICK format 

- number of simulations 

 Output: 

- tab-delimited text tables containing means and std. deviations for KR, KC, 

KR/KC values for each tree branch 


