
HSDFinder Online server Tutorial: Identification of highly similar 
duplicates in eukaryotic genomes  

 
 

1. Upload a protein BLAST search result file of your genome in tab-separated values (tsv) 

format as the first input file (File 1) of HSDFinder. 

2. Upload a InterProScan search result file of your genome in tab-separated values (tsv) 

format as the second input file (File 2) of HSDFinder. 

3. Yielding the output of HSDFinder with three personalized options. 

4. Visualizing the HSDFinder outputs via the Excel tools (optional). 

5. Upload the results of HSDFinder from your respective genomes. 

6. Upload a gene list with KO annotation from KEGG database. 

7. The output files of the online Heatmap Visualization tool. 

8. The heatmap of HSDs levels across species. 

 
 
 
 
  



Workflow of HSDFinder (8 steps) 
 

 
 
 
  

BL
A

ST
In

te
rP

ro
Sc

an H
SD

Fi
nd

er

Preparing the input files Running the HSDFinder>> Visualizing the HSDs>>

BLASTp output format 6

E-value cut-off 10-5

Amino acid sequences

Amino acid sequences

Tsv format output

Pfam domains etc.

Within 10 amino acids

 >90% pairwise identities
8-column spreadsheet

g1.t1 g1.t1 100 272 0 0 1 272 1 272 0 551
g2.t1 g2.t1 100 132 0 0 1 132 1 132 2.00E-93 265
g2.t1 g14876.t1 56.923 130 55 1 1 130 42 170 1.00E-37 127
g2.t1 g1414.t1 63.934 122 42 1 11 132 36 155 4.00E-37 126
g2.t1 g997.t1 57.692 130 48 1 1 130 225 347 3.00E-36 130
g2.t1 g997.t1 54.839 93 41 1 1 93 36 127 9.00E-22 89
g2.t1 g997.t1 51.685 89 43 0 1 89 111 199 1.00E-21 88.6
g2.t1 g997.t1 56.818 88 38 0 2 89 74 161 3.00E-21 87.4
g2.t1 g997.t1 50 94 47 0 1 94 149 242 5.00E-21 86.7
g2.t1 g997.t1 50.549 91 43 2 3 93 1 89 5.00E-17 75.5
g2.t1 g10802.t1 57.143 126 45 2 9 132 163 281 4.00E-36 126
g2.t1 g10802.t1 49.495 99 48 1 1 99 79 175 5.00E-20 83.2
g2.t1 g10802.t1 41.489 94 55 0 1 94 41 134 1.00E-13 65.5
g2.t1 g992.t1 59.016 122 43 1 9 130 160 274 1.00E-35 124
g2.t1 g992.t1 55.789 95 40 1 1 93 36 130 2.00E-23 92.4
g2.t1 g992.t1 54.839 93 42 0 1 93 76 168 3.00E-20 84
g2.t1 g992.t1 50.562 89 41 2 3 89 1 88 2.00E-16 73.2
g2.t1 g1410.t1 63.636 132 47 1 1 132 155 285 2.00E-33 120
g2.t1 g1410.t1 51.613 62 30 0 9 70 47 108 1.00E-14 68.6
g2.t1 g1372.t1 56.818 132 56 1 1 132 193 323 2.00E-33 119
g2.t1 g1372.t1 56.962 79 32 1 11 87 46 124 3.00E-19 81.3
g2.t1 g1372.t1 49.505 101 40 2 1 93 74 171 3.00E-18 78.6
g2.t1 g1372.t1 49.485 97 38 2 1 89 112 205 7.00E-17 74.7
g2.t1 g1372.t1 43.678 87 37 2 14 89 1 86 2.00E-09 53.5
g2.t1 g7239.t1 53.03 132 57 2 1 132 79 205 3.00E-33 117
g2.t1 g7239.t1 46.988 83 44 0 11 93 13 95 4.00E-13 63.5
g2.t1 g998.t1 56.923 130 49 3 1 130 188 310 5.00E-33 118
g2.t1 g998.t1 59.14 93 38 0 1 93 36 128 4.00E-26 100
g2.t1 g998.t1 55.914 93 41 0 1 93 112 204 2.00E-25 98.6
g2.t1 g998.t1 54.839 93 42 0 1 93 74 166 4.00E-23 92
g2.t1 g998.t1 49.412 85 42 1 9 93 7 90 1.00E-16 73.9
g2.t1 g11644.t1 53.03 132 61 1 1 132 118 248 8.00E-33 116
g2.t1 g11644.t1 51.724 87 37 1 8 89 44 130 1.00E-18 79

g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SUPERFAMILYSSF81296 1242 1308 0.00000165 T 15-11-2019 IPR014756 Immunoglobulin E-set
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 CDD cd00603 IPT_PCSR 1379 1442 0.00529282 T 15-11-2019
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 1377 1460 4.80E-09 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 CDD cd00102 IPT 1241 1306 8.28E-06 T 15-11-2019
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 MobiDBLite mobidb-lite consensus disorder prediction4280 4323 - T 15-11-2019
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Pfam PF01833 IPT/TIG domain 1242 1310 0.0000019 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Pfam PF01833 IPT/TIG domain 30 117 8.40E-10 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Pfam PF01833 IPT/TIG domain 939 1015 0.0000081 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Pfam PF01833 IPT/TIG domain 2088 2146 4.50E-14 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Pfam PF01833 IPT/TIG domain 260 326 3.30E-10 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SUPERFAMILYSSF81296 2088 2148 1.07E-11 T 15-11-2019 IPR014756 Immunoglobulin E-set
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 922 1027 0.00000052 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SUPERFAMILYSSF51126 3502 3642 2.13E-07 T 15-11-2019 IPR011050 Pectin lyase fold/virulence factor
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 2184 2276 0.00000022 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 2088 2179 1.70E-15 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 1242 1320 0.00000011 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SUPERFAMILYSSF51126 2517 2781 1.53E-08 T 15-11-2019 IPR011050 Pectin lyase fold/virulence factor
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 3566 3588 1300 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 3645 3667 1900 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 2111 2132 3800 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 2681 2703 2000 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 3508 3531 2400 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 3592 3613 1500 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 2640 2661 2500 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00710 2582 2610 2400 T 15-11-2019 IPR006626 Parallel beta-helix repeat
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SUPERFAMILYSSF81296 1377 1455 7.13E-09 T 15-11-2019 IPR014756 Immunoglobulin E-set
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 MobiDBLite mobidb-lite consensus disorder prediction4423 4619 - T 15-11-2019
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 Gene3D G3DSA:2.60.40.10 259 339 5.40E-13 T 15-11-2019 IPR013783 Immunoglobulin-like fold
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 2086 2178 7.30E-09 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 938 1032 19 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 29 118 0.0019 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 259 355 0.000026 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 1240 1327 16 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 2182 2273 0.0075 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM00429 1378 1466 1.4 T 15-11-2019 IPR002909 IPT domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM01225 2282 2403 2.30E-43 T 15-11-2019 IPR019316 G8 domain
g9940.t1 d0ac85b3b93a3a135a4542f3f15055594619 SMART SM01225 3161 3291 2.90E-42 T 15-11-2019 IPR019316 G8 domain

Input file1 
example

Input file2 
example

g38.t1 g38.t1; g7812.t1; g8958.t1; g9137.t1; g11389.t1; g1396.t1; g7823.t1; g13557.t1; g12917.t2; g10812.t3659; 649; 667; 663; 649; 646; 642; 645; 671; 671Pfam PF00690; ; ; PF02696; PF00580; PF12146; ; PF06087; ; PF06728, PF05007Cation transporter/ATPase, N-terminus; ; ; Uncharacterized ACR, YdiU/UPF0061 family; UvrD/REP helicase N-terminal domain; Serine aminopeptidase, S33; ; Tyrosyl-DNA phosphodiesterase; ; GPI transamidase subunit PIG-U, Mannosyltransferase (PIG-M)5.3E-9; ; ; 9.4E-52; 4.7E-27; 1.0E-25; ; 7.1E-33; ; 1.4E-12, 7.4E-11IPR004014; ; ; IPR003846; IPR034739; IPR022742; ; IPR010347; ; IPR009600, IPR007704Cation-transporting P-type ATPase, N-terminal; ; ; Uncharacterised protein family UPF0061; UvrD/AddA helicase, N-terminal; Serine aminopeptidase, S33; ; Tyrosyl-DNA phosphodiesterase I; ; GPI transamidase subunit PIG-U, GPI mannosyltransferase 1
g70.t1 g70.t1; g4419.t1739; 734 Pfam PF00067; Cytochrome P450; 1.1E-61; IPR001128; Cytochrome P450; 
g79.t1 g79.t1; g13636.t1; g6911.t1; g4525.t1; g13518.t11277; 1277; 1278; 1276; 1274Pfam PF14931, PF00078; PF00078; PF01549, PF00078; PF00078; PF00999, PF00078Intraflagellar transport complex B, subunit 20, Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); ShK domain-like, Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Sodium/hydrogen exchanger family, Reverse transcriptase (RNA-dependent DNA polymerase)1.3E-27, 1.1E-25; 4.3E-25; 1.1E-4, 2.2E-17; 8.1E-25; 1.9E-28, 2.5E-8IPR028172, IPR000477; IPR000477; IPR003582, IPR000477; IPR000477; IPR006153, IPR000477Intraflagellar transport protein 20, Reverse transcriptase domain; Reverse transcriptase domain; ShKT domain, Reverse transcriptase domain; Reverse transcriptase domain; Cation/H+ exchanger, Reverse transcriptase domain
g94.t1 g94.t1; g499.t1179; 179 Pfam PF00281, PF00673; PF00281, PF00673Ribosomal protein L5, ribosomal L5P family C-terminus; Ribosomal protein L5, ribosomal L5P family C-terminus4.1E-19, 1.9E-20; 4.1E-19, 1.9E-20IPR031310, IPR031309; IPR031310, IPR031309Ribosomal protein L5, N-terminal, Ribosomal protein L5, C-terminal; Ribosomal protein L5, N-terminal, Ribosomal protein L5, C-terminal
g95.t1 g95.t1; g500.t1262; 265 Pfam PF08071, PF16121, PF00467, PF01479, PF00900; PF16121, PF00900, PF00467, PF08071, PF01479RS4NT (NUC023) domain, 40S ribosomal protein S4 C-terminus, KOW motif, S4 domain, Ribosomal family S4e; 40S ribosomal protein S4 C-terminus, Ribosomal family S4e, KOW motif, RS4NT (NUC023) domain, S4 domain1.7E-20, 1.9E-21, 6.2E-6, 1.5E-7, 3.2E-34; 1.9E-21, 3.2E-34, 6.3E-6, 1.7E-20, 1.6E-7IPR013843, IPR032277, IPR005824, IPR002942, IPR013845; IPR032277, IPR013845, IPR005824, IPR013843, IPR002942Ribosomal protein S4e, N-terminal, 40S ribosomal protein S4, C-terminal domain, KOW, RNA-binding S4 domain, Ribosomal protein S4e, central region; 40S ribosomal protein S4, C-terminal domain, Ribosomal protein S4e, central region, KOW, Ribosomal protein S4e, N-terminal, RNA-binding S4 domain
g113.t1 g113.t1; g3523.t3; g15321.t1; g12102.t1; g15551.t1; g12627.t2; g12419.t1958; 967; 948; 960; 941; 944; 932Pfam ; PF01612; PF02373; PF01026; ; ; PF00995; 3'-5' exonuclease; JmjC domain, hydroxylase; TatD related DNase; ; ; Sec1 family; 4.7E-16; 3.6E-33; 5.6E-30; ; ; 2.0E-39; IPR002562; IPR003347; IPR001130; ; ; IPR001619; 3'-5' exonuclease domain; JmjC domain; TatD family; ; ; Sec1-like protein
g128.t1 g128.t1; g9992.t1; g8278.t2; g3804.t1; g3803.t1574; 574; 576; 581; 588Pfam ; ; PF01073; ; PF00211; ; 3-beta hydroxysteroid dehydrogenase/isomerase family; ; Adenylate and Guanylate cyclase catalytic domain; ; 3.1E-26; ; 1.5E-47; ; IPR002225; ; IPR001054; ; 3-beta hydroxysteroid dehydrogenase/isomerase; ; Adenylyl cyclase class-3/4/guanylyl cyclase
g131.t1 g131.t1; g15093.t11481; 1489 Pfam PF00078; PF00078Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase)2.0E-26; 1.0E-24IPR000477; IPR000477Reverse transcriptase domain; Reverse transcriptase domain
g132.t1 g132.t1; g3556.t1806; 801 Pfam PF14775, PF14772; PF03079Sperm tail C-terminal domain, Sperm tail; ARD/ARD' family2.6E-8, 1.3E-19; 7.6E-45IPR029440, IPR039505; IPR004313Dynein regulatory complex protein 1, C-terminal, Dynein regulatory complex protein 1/2, N-terminal; Acireductone dioxygenase ARD family
g168.t1 g168.t1; g11892.t11258; 1256 Pfam PF00078; PF00078Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase)3.3E-26; 3.0E-18IPR000477; IPR000477Reverse transcriptase domain; Reverse transcriptase domain
g189.t1 g189.t1; g5647.t1329; 328 Pfam ; ; ; ; ; 
g198.t1 g200.t1; g199.t1; g198.t1291; 291; 291Pfam PF01716; PF01716; PF01716Manganese-stabilising protein / photosystem II polypeptide; Manganese-stabilising protein / photosystem II polypeptide; Manganese-stabilising protein / photosystem II polypeptide2.1E-89; 2.1E-89; 2.1E-89IPR002628; IPR002628; IPR002628Photosystem II PsbO, manganese-stabilising; Photosystem II PsbO, manganese-stabilising; Photosystem II PsbO, manganese-stabilising
g201.t1 g201.t1; g6748.t1; g15420.t21272; 1264; 1256Pfam PF12832, PF11899; PF00249; MFS_1 like family, Protein of unknown function (DUF3419); Myb-like DNA-binding domain; 1.9E-24, 1.3E-116; 9.4E-13; IPR024989, IPR021829; IPR001005; Major facilitator superfamily associated domain, Protein of unknown function DUF3419; SANT/Myb domain; 
g206.t1 g206.t1; g10795.t1; g10794.t1; g10793.t1; g9988.t1; g4422.t1; g3891.t1; g10796.t1; g9989.t1; g9986.t1; g4420.t1; g9990.t1; g3885.t1187; 187; 187; 187; 187; 187; 187; 187; 187; 187; 187; 191; 178Pfam PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504; PF00504Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein8.8E-8; 9.8E-9; 9.8E-9; 9.8E-9; 9.8E-9; 9.8E-9; 9.8E-9; 8.8E-9; 8.8E-9; 8.8E-9; 8.8E-9; 1.0E-8; 9.0E-9IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796; IPR022796Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein; Chlorophyll A-B binding protein
g210.t1 g210.t1; g4347.t1; g4137.t1; g10060.t1; g14239.t1; g3136.t1; g5457.t1; g7243.t1; g9529.t1; g10299.t1478; 468; 464; 454; 459; 444; 438; 441; 443; 452Pfam ; ; ; ; PF13639; ; PF08423; ; ; ; ; ; ; Ring finger domain; ; Rad51; ; ; ; ; ; ; 4.1E-11; ; 1.4E-40; ; ; ; ; ; ; IPR001841; ; IPR013632; ; ; ; ; ; ; Zinc finger, RING-type; ; DNA recombination and repair protein Rad51-like, C-terminal; ; ; 
g215.t1 g215.t1; g1035.t1; g10272.t1; g8597.t1; g14216.t1; g6188.t1; g14570.t1; g4384.t1; g628.t4; g6906.t2; g10626.t1; g5247.t1; g10324.t1; g8047.t1; g12603.t1; g8397.t1; g3086.t2; g812.t1; g16330.t1; g4056.t1; g4021.t1; g4277.t1; g8605.t1; g11552.t1; g4235.t1; g13107.t1; g2656.t1604; 604; 604; 604; 603; 609; 612; 596; 617; 588; 623; 621; 592; 595; 623; 585; 605; 596; 609; 612; 613; 606; 591; 612; 614; 615; 622Pfam PF00078; PF00078; PF00078; PF00078; PF00078; PF00078; ; PF00078; PF00078; PF00078; PF00078; PF00078; PF00078; PF01822; PF00078; PF00078; ; PF04712; ; ; ; PF00485; PF03435; ; ; PF08840; PF00226Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); ; Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); WSC domain; Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase); ; Radial spokehead-like protein; ; ; ; Phosphoribulokinase / Uridine kinase family; Saccharopine dehydrogenase NADP binding domain; ; ; BAAT / Acyl-CoA thioester hydrolase C terminal; DnaJ domain1.6E-25; 1.4E-26; 1.0E-26; 3.0E-27; 3.6E-25; 7.5E-20; ; 1.8E-10; 1.4E-16; 6.1E-17; 5.0E-25; 1.6E-18; 2.3E-16; 1.7E-10; 2.2E-24; 1.4E-23; ; 3.7E-61; ; ; ; 3.0E-49; 6.8E-13; ; ; 5.4E-5; 6.1E-9IPR000477; IPR000477; IPR000477; IPR000477; IPR000477; IPR000477; ; IPR000477; IPR000477; IPR000477; IPR000477; IPR000477; IPR000477; IPR002889; IPR000477; IPR000477; ; IPR006802; ; ; ; IPR006083; IPR005097; ; ; IPR014940; IPR001623Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; ; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Reverse transcriptase domain; Carbohydrate-binding WSC; Reverse transcriptase domain; Reverse transcriptase domain; ; Radial spokehead-like protein; ; ; ; Phosphoribulokinase/uridine kinase; Saccharopine dehydrogenase, NADP binding domain; ; ; BAAT/Acyl-CoA thioester hydrolase C-terminal; DnaJ domain
g236.t1 g236.t1; g239.t1434; 435 Pfam ; ; ; ; ; 
g253.t1 g253.t1; g14367.t1; g9109.t1; g4020.t1; g1053.t1; g11796.t1; g6664.t1; g9444.t1; g2637.t1; g9939.t1; g1406.t1; g11486.t1; g2604.t1; g990.t1; g8921.t1; g12151.t1; g2539.t1; g9450.t1; g6067.t1; g12465.t1; g278.t1456; 456; 456; 456; 456; 454; 454; 455; 454; 456; 454; 454; 458; 449; 454; 451; 459; 453; 468; 469; 479Pfam ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; 
g269.t1 g269.t1; g4262.t1; g15829.t2; g16403.t1; g16344.t2; g2326.t2; g2358.t2; g15617.t2; g11397.t1; g10609.t1; g1251.t1; g7988.t1812; 807; 811; 804; 803; 819; 798; 799; 829; 790; 837; 846Pfam PF00271, PF00270; PF08969, PF01398; PF00583; PF00454; ; PF00069; PF00266; ; ; PF12739; PF07992; Helicase conserved C-terminal domain, DEAD/DEAH box helicase; USP8 dimerisation domain, JAB1/Mov34/MPN/PAD-1 ubiquitin protease; Acetyltransferase (GNAT) family; Phosphatidylinositol 3- and 4-kinase; ; Protein kinase domain; Aminotransferase class-V; ; ; ER-Golgi trafficking TRAPP I complex 85 kDa subunit; Pyridine nucleotide-disulphide oxidoreductase; 2.1E-23, 1.4E-45; 1.4E-13, 3.1E-8; 5.6E-7; 1.1E-31; ; 1.4E-29; 5.7E-12; ; ; 2.2E-36; 6.0E-42; IPR001650, IPR011545; IPR015063, IPR000555; IPR000182; IPR000403; ; IPR000719; IPR000192; ; ; IPR024420; IPR023753; Helicase, C-terminal, DEAD/DEAH box helicase domain; USP8 dimerisation domain, JAB1/MPN/MOV34 metalloenzyme domain; GNAT domain; Phosphatidylinositol 3-/4-kinase, catalytic domain; ; Protein kinase domain; Aminotransferase class V domain; ; ; TRAPP III complex, Trs85; FAD/NAD(P)-binding domain; 
g320.t1 g320.t1; g555.t1187; 187 Pfam PF17135; PF17135Ribosomal protein 60S L18 and 50S L18e; Ribosomal protein 60S L18 and 50S L18e9.0E-91; 2.9E-91IPR021131; IPR021131Ribosomal protein L18e/L15P; Ribosomal protein L18e/L15P
g334.t1 g334.t1; g337.t1408; 410 Pfam PF12796; PF12796Ankyrin repeats (3 copies); Ankyrin repeats (3 copies)6.2E-13; 1.1E-12IPR020683; IPR020683Ankyrin repeat-containing domain; Ankyrin repeat-containing domain
g336.t1 g336.t1; g5028.t1; g5027.t1; g5026.t1; g5024.t1251; 249; 249; 249; 251Pfam PF01184; PF01184; PF01184; PF01184; PF01184GPR1/FUN34/yaaH family; GPR1/FUN34/yaaH family; GPR1/FUN34/yaaH family; GPR1/FUN34/yaaH family; GPR1/FUN34/yaaH family1.4E-31; 2.5E-32; 2.5E-31; 2.5E-31; 2.6E-32IPR000791; IPR000791; IPR000791; IPR000791; IPR000791Acetate transporter GPR1/FUN34/SatP family; Acetate transporter GPR1/FUN34/SatP family; Acetate transporter GPR1/FUN34/SatP family; Acetate transporter GPR1/FUN34/SatP family; Acetate transporter GPR1/FUN34/SatP family
g364.t1 g364.t1; g9424.t11271; 1273 Pfam PF00078; PF00078Reverse transcriptase (RNA-dependent DNA polymerase); Reverse transcriptase (RNA-dependent DNA polymerase)1.4E-18; 1.9E-18IPR000477; IPR000477Reverse transcriptase domain; Reverse transcriptase domain
g408.t1 g408.t1; g14240.t1164; 164 Pfam PF01157; PF01157Ribosomal protein L21e; Ribosomal protein L21e2.7E-42; 2.7E-42IPR001147; IPR001147Ribosomal protein L21e; Ribosomal protein L21e
g413.t1 g413.t1; g8486.t1208; 208 Pfam PF01294; PF01294Ribosomal protein L13e; Ribosomal protein L13e3.3E-73; 3.7E-73IPR001380; IPR001380Ribosomal protein L13e; Ribosomal protein L13e
g417.t1 g417.t1; g8017.t1190; 190 Pfam PF01775; PF01775Ribosomal proteins 50S-L18Ae/60S-L20/60S-L18A; Ribosomal proteins 50S-L18Ae/60S-L20/60S-L18A1.2E-51; 1.2E-51IPR023573; IPR023573Ribosomal protein 50S-L18Ae/60S-L20/60S-L18A; Ribosomal protein 50S-L18Ae/60S-L20/60S-L18A
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Input file 1
example Output file

example

Carbohydrate metabolism 00010 Glycolysis / Gluconeogenesis (5) K00121 frmA; S-(hydroxymethyl)glutathione dehydrogenase / alcohol dehydrogenase [EC:1.1.1.284 1.1.1.1]g5779.t1, g8291.t1, g10382.t1 340, 380, 391
00010 Glycolysis / Gluconeogenesis (5) K00162 PDHB; pyruvate dehydrogenase E1 component beta subunit [EC:1.2.4.1]g5515.t1, g10654.t1 284, 1250
00010 Glycolysis / Gluconeogenesis (5) K00627 DLAT; pyruvate dehydrogenase E2 component (dihydrolipoamide acetyltransferase) [EC:2.3.1.12]g3352.t1, g10467.t1, g11435.t1 643, 436, 1581
00010 Glycolysis / Gluconeogenesis (5) K00873 PK; pyruvate kinase [EC:2.7.1.40] g4065.t1, g7107.t1 508, 152
00010 Glycolysis / Gluconeogenesis (5) K00927 PGK; phosphoglycerate kinase [EC:2.7.2.3] g5036.t1, g6745.t1 174, 301
00020 Citrate cycle (TCA cycle) (6) K00031 IDH1; isocitrate dehydrogenase [EC:1.1.1.42] g114.t1, g1446.t1, g1540.t1, g2217.t1, g2628.t1, g2810.t1, g3680.t1, g3750.t1, g4609.t1, g6472.t1, g6508.t1, g7422.t1, g8569.t1, g8664.t1, g10575.t1, g10763.t1, g11162.t1, g11420.t1, g12143.t1, g13425.t1, g14229.t1, g16111.t1159, 156, 159, 159, 159, 162, 159, 159, 159, 159, 159, 159, 159, 159, 159, 159, 159, 156, 159, 159, 159, 159
00020 Citrate cycle (TCA cycle) (6) K01676 E4.2.1.2A; fumarate hydratase, class I [EC:4.2.1.2] g789.t1, g5752.t1, g13413.t1 738, 598, 93
00020 Citrate cycle (TCA cycle) (6) K01958 PC; pyruvate carboxylase [EC:6.4.1.1] g4041.t1, g7907.t1 243, 1277
00051 Fructose and mannose metabolism (1)K19355 MAN; mannan endo-1,4-beta-mannosidase [EC:3.2.1.78] g3766.t1, g8252.t1 459, 459
00053 Ascorbate and aldarate metabolism (2)K00434 E1.11.1.11; L-ascorbate peroxidase [EC:1.11.1.11] g15877.t1, g15878.t1 413, 405
00500 Starch and sucrose metabolism (8) K00688 PYG; glycogen phosphorylase [EC:2.4.1.1] g4896.t1, g14940.t1 518, 175

Folding, sorting and degradation 00500 Starch and sucrose metabolism (8) K00703 glgA; starch synthase [EC:2.4.1.21] g6999.t2, g12919.t1 852, 855
00500 Starch and sucrose metabolism (8) K01179 E3.2.1.4; endoglucanase [EC:3.2.1.4] g7994.t1, g7995.t1 446, 610
00630 Glyoxylate and dicarboxylate metabolism (6)K01602 rbcS; ribulose-bisphosphate carboxylase small chain [EC:4.1.1.39]g1206.t1, g10711.t1, g13528.t1 171, 168, 167
00630 Glyoxylate and dicarboxylate metabolism (6)K19269 PGP; phosphoglycolate phosphatase [EC:3.1.3.18 3.1.3.48] g3281.t1, g9851.t1, g16042.t1 154, 348, 300
00640 Propanoate metabolism (5) K00140 mmsA; malonate-semialdehyde dehydrogenase (acetylating) / methylmalonate-semialdehyde dehydrogenase [EC:1.2.1.18 1.2.1.27]g6608.t1, g6615.t1, g6616.t1, g6617.t1 552, 84, 84, 84
00640 Propanoate metabolism (5) K00166 BCKDHA; 2-oxoisovalerate dehydrogenase E1 component alpha subunit [EC:1.2.4.4]g6185.t1, g8492.t1 428, 148
00640 Propanoate metabolism (5) K00167 BCKDHB; 2-oxoisovalerate dehydrogenase E1 component beta subunit [EC:1.2.4.4]g5907.t1, g13837.t1 394, 85
00562 Inositol phosphate metabolism (6) K00999 CDIPT; CDP-diacylglycerol--inositol 3-phosphatidyltransferase [EC:2.7.8.11]g9130.t1, g13028.t1 268, 268
00562 Inositol phosphate metabolism (6) K01858 INO1; myo-inositol-1-phosphate synthase [EC:5.5.1.4] g1123.t1, g11073.t2 1503, 520

Energy metabolism 00190 Oxidative phosphorylation (5) K02133 ATPeF1B; F-type H+-transporting ATPase subunit beta [EC:7.1.2.2]g420.t1, g7295.t1 579, 576
00195 Photosynthesis (4) K02639 petF; ferredoxin g2770.t1, g4033.t1 120, 120
00195 Photosynthesis (4) K02716 psbO; photosystem II oxygen-evolving enhancer protein 1 g198.t1, g199.t1, g200.t1, g7377.t1 291, 291, 291, 279
00195 Photosynthesis (4) K02721 psbW; photosystem II PsbW protein g7980.t1, g11306.t1 116, 365
00196 Photosynthesis - antenna proteins (3)K08913 LHCB2; light-harvesting complex II chlorophyll a/b binding protein 2g1914.t1, g2060.t1, g2062.t1, g12385.t1, g12386.t1, g12388.t1, g12389.t1247, 258, 258, 248, 247, 247, 247
00710 Carbon fixation in photosynthetic organisms (5)K05298 GAPA; glyceraldehyde-3-phosphate dehydrogenase (NADP+) (phosphorylating) [EC:1.2.1.13]g623.t1, g5591.t1 374, 373
00710 Carbon fixation in photosynthetic organisms (5)K14454 GOT1; aspartate aminotransferase, cytoplasmic [EC:2.6.1.1] g1738.t1, g6146.t1 169, 447
00910 Nitrogen metabolism (3) K02575 NRT; MFS transporter, NNP family, nitrate/nitrite transporterg1875.t1, g1876.t1, g1877.t1, g1878.t1 541, 547, 539, 537
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Preparing the appropriate input files. 
First, before running HSDFinder to acquire the HSDs of your interest genome, there are two 
spreadsheets (File 1 and File 2) in tab-separated values (tsv) format shall be prepared as input 
files. 
 
Step 1: Upload a protein BLAST search result file of your genome in tab-separated values (tsv) 
format as the first input file (File 1) of HSDFinder. 
 

• Using BLASTP search of the amino acid sequences of genome against themselves (The 
BLASTP running parameters: E-value cut-off 10-5, BLASTP output format 6)  

• The BLAST results should be 12-column spreadsheets including the key information 
from query name to percentage identity etc. For the File 1 example please check the red 
arrows below. 

• The BLAST Package can be found via 
https://ftp.ncbi.nlm.nih.gov/blast/executables/blast+/LATEST/  
Please download the appropriate tools based on your computer systems (Windows, 
MacOS or Linux).  
 

Here, this tutorial will go over how to acquire local BLASTP search results via an example 
FASTA file (The FASTA file can be found via the link 
https://github.com/zx0223winner/HSDFinder/blob/master/Example.fasta). You can ignore this 
step if you know how to acquire the BLASTP searching results by other ways.  
 
$ head Example.fasta 
>g735.t1 
MTMRSPTAAAALALLLLACTAGIQCARPLLQSEDEVDCSNPPPQAPVDLGNASAFVVLAGHEVTTGAGVASRILGDLG
VSPGNSVTGQPDMLEGSVIQKANGASAAGIRDLGIAYNDAAGRTVCPILVAGELGGMTLYPGLYKSSSGLEITDADLTL
SGDGIFIFQMATTFLMTKTMKVTLTNGAQAKNIFWQVGTSATLMDKSVLYGTILADQSITSGTGAVIHGRALARIASVT
MESAVFSLPAE 
>g741.t1 
MTMRSPTVAAALVLLLLACTAGVQCARPLLQSEDAVDCSNPPPQAPVDLRNATTFVVLAGHEVTTGAGVASRILSDLG
VSPGSSVTGQPDMLEGSVIQKANGASAAGIRDLGIAYNDAAGRTVCPILVAGELGGMTLYPGLYKSSSGLEITDANLTLS
GDGVFIFQMATTFLMTKTMKVTLTNGAQAKNIFWQVGTSATLMDKSVLYGTILADQSITSGTGAVIHGRALARIASVT
MESAVFSLPAE 
 
Build a Database via the example FASTA file. Check command line below: 
 

$ makeblastdb -in Example.fasta -dbtype prot Example_database_name 

 

Using BLASTP search option to blast the amino acid sequences against themselves:  
 

$ blastp -query IBP.FASTA -db Example_database_name -out File1_example_BALSTP_result.txt -evalue 1e-5 -

outfmt 6 

 
This will give a BLAST result file form by 12-column spreadsheets including the key 
information from query name to percentage identity etc. Check the File 1 example below on the 
left-hand side.  



 
Users can either paste or upload a BLASTP search result as the input of file 1. 

 
 
 
Step 2: Upload a InterProScan search result file of your genome in tab-separated values (tsv) 
format as the second input file (File 2) of HSDFinder. 
 

• InterProScan which is easy-to-use software providing the protein signatures such as Pfam 
domain. The latest InterProScan software can be found via the link 
https://www.ebi.ac.uk/interpro/download/  

 
• After finishing downloading, you can test the InterProScan software locally with your 

interest genome (protein sequence in FASTA file). Check the commands below: More 
usage instructions can be found via the link https://interproscan-
docs.readthedocs.io/en/latest/HowToRun.html  

 
./interproscan.sh -i proteins_of_your_genome.fasta -f tsv -dp 
 

• The output file of InterProsScan is tab-separated values (tsv) format in default. Please 
find the example (File 2) on the right-hand side (see below). 



 
 
Runing the HSDFinder 
 
Beforing clicking the submission button, there are three personalized options designing for 
HSDFinder (Amino acid pairwise identity, amino acid length difference, and protein function 
database) 
 
Step 3: Yielding the output of HSDFinder with three personalized options. 
 

• The HSDFinder is set default to filter those with near-identical protein lengths (within 10 
amino acids) and >90% pairwise identities. By setting such a strict cut-off, user should be 
able to screen out most of highly identical duplicates, but there are few genuine 
duplicates might be falling out of the threshold.  

 

 
 

• Nevertheless, the users always have an option to try different parameters from 30% to 
100% identity or from within 10 aa to 100 aa variances to acquire the duplicates in need. 

Click 



But the user should be careful with the false-positive rate of HSDs will increase (not 
genuine duplicates) with larger amino acid variance and lower amino acid pairwise 
identity. 

 
• The output of this step will be an 8-column spreadsheet integrating with the information 

of HSD identifier, gene copies number and Pfam domain.  
 

 
Output: 

 

HSDFinder generates one output files: 8-column spreadsheet integrating with the information of HSD identifier, 

gene copies number and Pfam domain. 

 

Example of the 8-column spreadsheet: 

 

g735.t1  g735.t1; g741.t1; g8053.t1  744; 744; 747  Pfam PF11999; PF11999; PF11999 

 Protein of unknown function (DUF3494); Protein of unknown function (DUF3494); Protein of unknown 

function (DUF3494)  2.2E-47; 7.8E-47; 2.5E-47  IPR021884; IPR021884; IPR021884  Ice-binding 

protein-like; Ice-binding protein-like ; Ice-binding protein-like  

 

Column explanation: 

 

1. Highly Similar Duplicates (HSDs) identifiers: The first gene model of the duplicate gene copies is used as 

the HSD identifers in default. 

2. Duplicate gene copies (within 10 amino acids, ≥90% pairwise identities):g735.t1; g741.t1; g8053.t1 

3. Amino acid length of duplicate gene copies (aa):744; 744; 747 

4. Pfam identifier:PF11999; PF11999; PF11999 

5. Pfam Description: Protein of unknown function (DUF3494); Protein of unknown function (DUF3494); 

Protein of unknown function (DUF3494) 

6. InterPro Entry Identifier: IPR021884; IPR021884; IPR021884 

7. InterPro Entry Description: Ice-binding protein-like ; Ice-binding protein-like ; Ice-binding protein-like 

 
Step 4: Visualizing the HSDFinder outputs via the Excel tools (Optional)  
 
Additionally, the user can conveniently set different values to create a trendline graph of the gene 
copies numbers under different criteria. Check the example we used below. The genome datasets 
are from a psychrophilic green alga Chlamydomonas sp. UWO241 (NCBI BioProject:  
PRJNA547753).  
 

HSDs results example (tsv. format) 



 
The table of total gene copies number at different thresholds of amino acid pairwise identity and 
deduced amino acid length. 

 
The line graph of duplicates set to different thresholds of amino acid pairwise identity and 
deduced amino acid length. The X-axis indicates the deduced amino acid length (aa) of each 
duplicate, the Y-axis tells the number of gene copies.  
 
Visualizing the HSDs across species 
If you have more than one species needing to compare the levels of HSDs in each genome, the 
following option of Online Heatmap tool is a great choice. User can use the online heatmap 
plotting option to visualize the HSDs results in different KEGG pathway category. 
 
Step 5: Upload the results of HSDFinder from your respective genomes. 
There will be two files needed to plot the heatmap for each species. First input file is the output 
of your interest species after running the HSDFinder (the step 3), file examples are given to 
guide the appropriate input file (see the File 1 example below in the image). 
 
  
Step 6: Upload a gene list with KO annotation from KEGG database. 

• The second file is retrieved from the KEGG database documented the correlation of KO 
accession with each gene model identifier.  

• Using the Ghost KOALA analysis tool of KEGG to acquire the KO annotation file of 
your genome. https://www.kegg.jp/ghostkoala/  File examples are given to guide the 
appropriate input file (see the File 2 example below). 

• Fill in the organism name with respective to your species, this is the identifier to compare 
levels of HSDs in different species.  



 

 
 
To add more species, you can simply touch the +add species button and fill in the respective files 
(Repeat step 5 and 6). To best present your visualization result, at least two species shall be 
submitted. You can still visualize the result via a single species though, if you simply want to try. 
 

 
 
Step 7: The output files of the online Heatmap Visualization tool. 
 
User can feel free to set the Figure size via the options of row and col. After clicking the Create 
Heatmap button. There will be a heatmap below as well as two documents generated. One is the 
high resolution heatmap in eps. format (image). Another one is the HSDs content details in tsv. 
format (text), which user can be conveniently used for future analysis. (This spreadsheet file 
includes information about HSDs under different KEGG function category such as carbohydrate 
metabolism, energy metabolism, translation etc.) 

Click and drag the file to import Click and drag the file to import 
 



 
 

 
 
Step 8: The heatmap of HSDs levels across species. 
 
Once the input files have been submitted, the HSDs numbers for each species will be displayed 
in a heatmap under different KEGG function category. On the left side, the color bar indicates a 
broad category of HSDs who have pathway function matches, such as carbohydrate metabolism, 
energy metabolism, translation etc. The color for the matrix indicates the number of HSDs across 
species. 

Click 



 

HSDs levels scale 


