
 
Figure S1. Expression pattern of Distalless and seven distal limb patterning genes at stage 16 of development in the eutardigrade Hypsibius exemplaris. (A-D) aristaless. (E-F) clawless. (G-H) BarH1. (I-J) Lim1. (K-L) apterous. (M-N) 
rotund. (O-P) spineless. Figures with the same letter indicates the same embryo viewed in similar optical sections; with asterisk (*) indicate the same embryo but viewed at different optical sections.



 
Figure S2. Phylogenetic results of the maximum likelihood using IQTree. (A) Homeobox-containing genes dataset. (B) 
rotund-glass genes dataset. (C) spineless-clock genes dataset. Values on the node represent the posterior probability values. 
Tardigrade taxa are highlighted in bold



 

 
Figure S3. Expression patterns of aristaless and clawless at different stages of the eutardigrade 
Hypsibius exemplaris limb development. (A-B) Stage 14. (C,E) Stage 16. (D,F) Stage 17. 
(A,B,B*,C,D,E’,F’,F**) al expression. (E,F,F*) cll expression. (B’,B**,E”) al and cll expression. Figures 
with the same letter indicates the same embryo viewed in similar optical sections; with asterisk (*) indicate 
the same embryo but viewed at different optical sections. Figures with the same letters in the main figures 
represent the same embryos. Embryos are in dorsoventral mount in all panels, except for A,C, and D, which 
are in lateral view and facing right. Roman numeral number indicates leg number (e.g., I – 1st pair of legs). 
Nuclei are labeled with DAPI (Gray). 
  



 

Figure S4. Expression patterns of aristaless at stage 14 of the eutardigrade Hypsibius exemplaris limb 
development. Embryos A-B viewed similar to all embryos in the paper. Embryos C-G were viewed with 
Olympus FV1000 Fluoview confocal microscope using 405 nm and 543 nm lasers to visualize DAPI and 
aristaless, respectively. Figures with the same letter and asterisk (*) indicate the same embryo but viewed 
at different optical sections. Embryos are in lateral view and facing right in all panels, except for G and G*, 
which are in dorsoventral mount. Roman numeral number indicates leg number (e.g., I – 1st pair of legs). 
Nuclei are labeled with DAPI (Gray).  
 

 
  



 
Figure S5. Expression patterns of apterous and Lim1 at different stages of the eutardigrade Hypsibius 
exemplaris limb development. (A,D) Stage 14. (B,E) Stage 16. (C,F) Stage 17. (A-C) Lim1 expression. 
(D-F) ap expression. Figures with the same letter indicates the same embryo viewed in similar optical 
sections; with asterisk (*) indicate the same embryo but viewed at different optical sections. Embryos are 
in dorsoventral mount in all panels, except for F, which is in a dorsolateral view. Roman numeral number 
indicates leg number (e.g., I – 1st pair of legs). Nuclei are labeled with DAPI (Gray). 
  



 
Figure S6. Expression patterns of aristaless and BarH1 at different stages of the eutardigrade 
Hypsibius exemplaris limb development. (A-B) Stage 14. (C-D) Stage 16. (E-F) Stage 17. 
(A,B,B*,C,D,D*,E,F) al expression. (B**,D**) BarH1 expression. (B***,D***) al and BarH1 expression. 
Figures with the same letter indicates the same embryo viewed in similar optical sections; with asterisk (*) 
indicate the same embryo but viewed at different optical sections. Figures with the same letters in the main 
figures represent the same embryos. Embryos are in dorsoventral mount in all panels, except for A,C, and 
E, which are in lateral view and facing right. Roman numeral number indicates leg number (e.g., I – 1st pair 
of legs). Nuclei are labeled with DAPI (Gray). 
  



 

 
Figure S7. Expression patterns of rotund and spineless at different stages of the eutardigrade 
Hypsibius exemplaris limb development. (A) Stage 14. (B) Stage 16. (C) Stage 17. (A,B,B*,C,C*) ss 
expression. (A’,B’,B**,C’,C**) rn expression. (A”,B”,B***,C”,C***) ss and rn expression. Figures with 
the same letter indicates the same embryo viewed in similar optical sections; with asterisk (*) indicate the 
same embryo but viewed at different optical sections. Embryos are in dorsoventral mount in all panels. 
Roman numeral number indicates leg number (e.g., I – 1st pair of legs). Nuclei are labeled with DAPI 
(Gray).  



 

 
Figure S8. Expression patterns of rotund at different stages of the eutardigrade Hypsibius exemplaris 
limb development. (A) Stage 14. (B) Stage 16. (C) Stage 17. Embryos are in lateral view and facing right 
in all panels. Roman numeral number indicates leg number (e.g., I – 1st pair of legs). White arrowhead 
denotes the expression dorsal to the third leg. Nuclei are labeled with DAPI (Gray). 



 
Figure S9. Expression patterns distal limb patterning genes in the first pair of walking legs of different panarthropods. Colored diagrams represent RNA 
expression, unless stated; Brown box represent the body wall; question mark (?) denotes unknown data. Stages when the illustrated expression patterns appeared are 
indicated.  Hexapod and Chelicerata podomere abbreviations: cx – coxa, gn – gnathendite, tr – trochanter, fe – femur, pa – patella, ti – tibia, mt – metatarsus, ta – 
tarsus, pt – pretarsus, cc – claw cells. Malacostraca podomere abbreviations: cx – coxa, ba -basis, is – ischium, mr – merus, cp – carpus, pr – propodus, da – dactyl. 
Expression references: H. exemplaris (this study); E. kanangrensis (Oliveira et al 2014, Janssen 2017); E. rowelli (Treffkorn & Mayer 2019); P. tepidariorum, P. 
opilio, L. atkinsoni, P. hawaiensis, O. fasciatus (Setton et al 2017); G. marginata (Janssen 2017); G. bimaculatus (Miyawaki et al 2002); T. castaneum (Beermann 
& Schröder 2004, Toegel et al 2009, Beermann et al 2011, Grossman & Prpic 2012); D. melanogaster (Campbell et al 1993, Duncan et al 1998, Kojima et al 2000, 
Pueyo et al 2000, Kojima et al 2005, Natori et al 2012).



 
Figure S10. Negative controls for the different probes used in the in situ hybridization experiment in the eutardigrade Hypsibius exemplaris. 
Gain and detector settings were increased until just below saturation. No patterns were detected. Nuclei are labeled with DAPI (Gray



Table S1. Amino acid sequences of Drosophila melanogaster distal limb patterning genes used for building 
profile HMMs 
 

Protein Flybase ID 
aristaless-PA FBpp0077713 
clawless-PA FBpp0083510 
Lim1-PA FBpp0071216 
apterous-PA FBpp0085394 
BarH1-PA FBpp0074204 
rotund-PG FBpp0303173 
spineless-PC FBpp0297168 

  



Table S2. Coding sequences of Hypsibius exemplaris distal limb patterning gene homologs 
 

Gene Coding Sequence 
aristaless ATGGTCGGTCACGACGAGCGTCCTAAAAAGGAGAACGACTGTGTCGTGCCTGAACGAATATCCCCGAGCA

TCGCTTCAGCCGGGAGTTTGGATGATAAAGAGTCCTTCGTCGATGACGACTCGGAGGACTCTGCGTCGTTC
GGCGCCGGAGGCGGAGCAGGAGCCCGGAGTGGCGCCGGGTTGAGCAGCAAACAGCGCCGTTACCGAACT
ACCTTCACGGCTTTCCAGCTGCAGGAGCTGGAAAAGTGCTTCGGGAAGACGCATTATCCAGACATTTTTAC
CAGAGACGAGCTAGCGATGCGAATCCACCTGACCGAGGCGCGCATCCAAGTCTGGTTCCAGAATCGTCGT
GCGAAATGGCGCAAGACCGAAAAGTCCTCCGCACCACATCCGATTTCGGGTGTCGAGCCCAGCCCAGCAG
TCCAGTCCTTCAACACCACCCATCCCATCCCCAACAGCAACTGTTCCTTCTCCAAAGGTCACACCGACCCCT
TCCTGCAGTCACCGCACGGTCCGTCATCCGCAGACTACAACGTCCGGATGAACCCCGGATGGCCGCTCATC
CCGCCGTCCAATAAATACAGTCGCAGCAGTTTGACGCAGAATTTCTACCCGGAACAAGCAGCAGCAGCCG
CAGCAGCAGCAGCCATGGCCGCCACTACCAACATGTGGAACCAACGCTGGCTCCAACAAATGGCCGTCAA
TTCGCTCCTCCATCGGGATGTTCCGCCGTCCTGGACGACACAGACATCGGCCGGATCGGCCGTCTCGCCGG
CGCATCATTTGACCTTCCATCCGGAGTTCCGACCGTTCTTCCATCCTCATCCCAATGGGACAACGACTGCTG
GTCAGTTGACCGGTCCCAGCGCGACTGCTGCTCAGTGGACCGGTCCCGGCGTGACTGCTGACGCGATGCAG
AAATACGGAGCGTTTCGATCGATCGCCAGGAATGACGGAGGTGGAGGTGGGCGCTGA 

clawless ATGATGGAGAACCCTCCGGCACGCAGTGTCTTCAAGGCACCCTCCTCCAGGTCGCCTGTTGCGGAGAAACC
TCTGAAAAAGCGTACTCCCTTCAGTATCGACAGTATTCTCAGCACAGATACGGACACTTCGCCGAAGGAAG
AGTGCTTCTCGCCGAGTTTATCCGAGACAAAATGCAGTAACAACGAGAATATCCACACGGCGATGGATGCT
TATGCGGCGGCGGCGGCGGCTGCAACGACGGCCATGTATTCCTCATCGGGCTATTACTCGTCCCCCGCCGA
CGCCTATAATTACGGATCGATGGTCAATTCACACGTCGTCAAGGTGCCGGCGCAGCGAGTCCAGCAGCAGC
AGCAGCAGCAACACTTGGCGCCATGCGGTGGCGTCAGTCCTCATCCAGCCCTTTTCGGGATCGGACATCAC
GTCGGCATGTCTGCCTACCAGTGGATGGACCCCGCCCGACGACTTTTGACAAGGAGAATTGGGCATCCCTA
CCAGAATAGAACCCCTCCCAAACGGAAGAAGCCTCGCACTTCCTTCACACGGATTCAGATTTGCGAATTAG
AGAAACGCTTTCACAGACAAAAATATCTAGCGTCGGCGGAGCGAGCCTCGCTGGCCAAGTCCTTGAAGAT
GACGGATGCTCAGGTCAAAACTTGGTTTCAAAACCGACGGACAAAACACAGGCGGCAAACCAACGAAGA
GCGGGAAGCGGACCGACAGGCCGCCAATCGGATGCTTTTGTCACAGCTGGCCGAAGTGACCAAGACCAGC
GGAGCGTATGACAGCACCGACGCGTTATGCCTTAATAATGCTTCCCTTCACGCTCTTCACAATCTCCGACCG
TGGGTCAATGCCGGCGACGGCGGTGGTTCCCTCTCCAACAATAATCATCATCCCCACATTATTACCTGTCCT
CAGACAAACAGCTCTTCACCCAACAACAATAACACCAACAACAACTGCAGTAGCCGATGTAGCAGCAGCA
GCGAAACAAGTCACGAGGAAGAGGACCGTGATGATGATGACAACCGGTCAGAGGTCTCATCAGATGAGG
ATGCACTATCCGTCTAA 

Lim1 ATGCCTGTCCGCCACCGTTATCTTCAGCAACATCCGCAGCCGCCGCCGCCACCATCATCCTCGTCCGGGCC
GGAAGATTTCGAGAGCCACAACAACAGGAGGATTGTCTCGGGGAAGATGCAAAATCCCGGTGGGATGTAT
GATAAGTGTCACGGCTGTGGAATGGTGATTTTGGATCCTTTTATCATGGCCATCGCCACTCCGACGGCCAG
TCAGGTTTGGCATGCCGATTGTTTGCGCTGTTGTGAGTGCAAGTGCCCACTTCAGGAGCGGTGTTTCTGCAA
TGGAGGACGCTTTTTTTGCCGCGAAGACTATTTCAGAGCTTTCGGTCAGCCGTGTAAGGGCTGCGGCGTCG
GGATCGATCCGACGGAACTGGTGCGGCAGACGCAGCGCGGGAATTTTCATTTGAAATGTTTTATCTGCACG
GCATGTCGGAAACAGCTGTCCACCGGGGAAGAATGCTACAACATCGGGGACTGCGAGTTCAACTGCAAGG
ACGATTATGTCACCAGCAAACACGCCAAAGCCGCCTCCTCCACACTGCAATCATTTTCCTGCAAAGCAGAG
CAATCGTCGCCGGGAGCTGCTACCTCACCCTGTCTGCTCGGCGGAGGCGGTCGCGACCTGTCCAGAAGCGA
GTCTCTCAAACCTGACCAACACGATTGTTTATCAACAACGGGTCCTTCAGACGTGACGAACGGTGCGCCGA
TGAATAACAACAACAGTAATACCGCAACCCCAATTATCGGCAGCGGGATCGGCCGGGCAATGGACGGTCA
CCTTCTCCATCGCGGAGAGGATTGCGAGGACGACGACGAGGAAGACGAGGATGCCATGAAGTGCAGCGAG
AGCGGTTCGCACGTGCCGGCCTCGGATCGGGATTGTTGTGACAAGGACGGGAAGAGCGTCAACGGCGACA
ACACCAGCAGCATCGACGAGAGCGAACCGCGCAACGGCAACGACGAGAATGTCAGCACCAAACGCCGCG
GCCCACGCACCACTATCAAAGCAAAACAACTCGAATTACTCAAAAACGCCTTCGCACAGACGCCCAAACC
CACGCGCCATATCCGCGACCAGTTGTCGCAGGAAACCGGTCTCACTATGCGAGTCATTCAGGTTTGGTTTC
AAAATCGCCGAAGCAAAGAACGCCGGATGAAACAGCAGAACATCATGGGGCCAGGTCGGCGATGCAATA
TGTTTCGATCGCGTCGCTCGGGAGGACGATCGCTGCGGGAGTTCGACGGTGATTCCGGTGATATGGGAGTT
CAGGGTCCACCCGGATTCGCTTATTTTCCAGATGGTCCCGGCAATCACGGCATGGACTTCTTTCCCGGACA
GGTTTCTCCCCACGGCGGCCCACATGCCGGGCCACTCGGACATCCTCCGGGTATTTTTGAATTCGCCCACTA
TCGACCGCCGCAGAACGCGGCGGAAGCAGCCGCCATGCAGGCGCATTTCAACGAAATGTCCCCCAACGCT
CACGGCATGCCCGGAAACATCAATCACCCCGGCATGGATGGCCACTTTCGGCAGGAGATGCTGTCACAGA
GTTCAACTCCAGAACGGACGCTAAACTCCTTGACACCGGACGGCTACGGGCATCCTGCTTTTGACACTTTA
CCCCTCCATCCCGGCGGCAACGGCGGTATCGGGCCGGTTCCTGGCGGGATGAACGGCAGCAACTCACCCGT
CTGGCAGAGCATGACGATGGCCCAATAG 

apterous ATGCCGATTCTGGAGCGGTCTAACAGCGGTCATAATGAGCAGGAGGAAGCCATCAATTCCCATGTTACCGC
ACACGGGGAAGAGCCATCGTGTCTGCAGCTTGACCACGACCACGACCACGGACTATTACCCGGAAACGAG
GACGTGGCCCATCCCCAACACCATGTCCAACACCCTGCTGCGGGATACTTCCCCGCGCTAATCTGCTCCGG
CTGTCGGAATGGGATATCGGAGCAGTACTTCTTATCTGTTTCCAATTCGCAAGACTTTTATCACTGCCACTG
TCTAAAGTGCAGTGTTTGTAGTGTAACTCTAGACCGACAAATGATCTGCTATTACAAGGACGGGATGATTC
TTTGTAAAGAGGACTATTACAAGTACAAGAGTCGAAGGCTGAGCCCCGAAGGTTATCAAAATAGCCGCTG
CCACGGCTGCAACTACCCGATCCGAGCGGACGAGTTTGTGATGCGCGTACGGGAGTTTGTCTTCCACGTCC
CGTGTTTCCGCTGCCTGGCCTGCACCGCGACACTCCACACGGGGGATGAGTTTACGATGCGTGACGACGGC
GCCATCCTCTGTCAACGTCATTTCCATCCCGCTGCAGCCGTCGCTCACGTCGGCGGCGGCGGCGGCGGCGG
TGTCGGATCCTCGTCAAACCCCGCAAGTGACACTCTATCCTCGACAGCAGCACTACTGCCCCCACACAGCA
GCCATGACTCCTTCTCGGCCGCCTCCTCCGACATCCCCACCACCACCGCCACCGCCGCATCCCTCCGTCTGC



CCATCCTCATGGCCGATCATGGCGCCCCGGTCTCGCCGCACTTTGCCCAACTTCAGAACCGCATCGTCCCGC
GACATGACGACGGTGGTGACGGGAACGACGGTCGGAAAGACCTTTTCCACCATCACCACCACCAGACATC
AGCATCATCCTCCGCGTCGTCGCGTATGAAAAGCCGGATTCGACGGACCAAGCGAAACTTGATTTCCTTCG
ACGACGGGAGTGGCGGTGTAATTAACCAGCGCCACACTGCGGGTGGGTTGAATGGAAGCGGTGGGGAGTT
ACACGGTGATCCGGTGGGGCAGGCGGAGCTGTTGCAGCAGCGGCAAGCAGCAGCCGCGATGCAACTGGAG
CAGCAGTGTTACCACCACTTCTCCAGTGCCGCCTCGCCGAACGCGGCTCTTCCGGTGCAAACTGCGCAGCA
GTCGTCTTTTACATCTAGCTCAGAGGAATCGTCCCCGTCCCGATTAGCCAGTTCCAGTCCCGGCTTGCAGAT
GGCGCACCTCACGCACTCCATCACGGACTCATCCTCACCGAACAACCAACAACACCAGCGCACCAAGCGC
ATGAGAACCAGCTTCAAGCACCAACAACTTCGCTCCATGAAACAGTACTTCGGTATCAATCACAATCCTGA
CGCAAAGGACCTCAAGCAGCTTGCACAGAAGACGGGCCTGACGAAGAGAGTCCTTCAGGTATGGTTCCAG
AATGCCCGTGCAAAATATCGCCGTAGTCTCCTCAAGCAGGACCCCAATCGGGTGCTGGAAGCTAGCCCGAT
CGCCAAAGCCCAGTCCAACTCCCCATCACCACGACCGGATTACGGTTTGCCGGACAATGCTTCAGCAAAGC
AACACGACCTTAATCATTACCCAATGTCGAACGGAAGCAATTCTCAAGACAATGGCGCTGAGTACTACTAA 

BarH1 ATGGATAGGGATAACGGGGAGAGGAGCAGTAGCAAGTCGCCGTTGGATATGACTGCGCATCCTGCGCATC
CGCAGCCGTTGACCAGTCCCAGTATCACCAGCCATGTAAAGGTCACGTCGAGTAACTGCGCACCGCAGAA
CCTGTCCATGCGACACTCCTTCCTCATCAAGGACATCCTCAGTCAGGTCAATCCGAGGCAGCAGGAGAGCA
GTCGCAGTGGAGCAGGAGACGGAATGGGTGCTGGCACATTTCCGCCCGGGAGTCAGGAGGATGGAGACAG
CGACGTCCAGAGTGAACTTTCCGATACAGAAAGCAAAGATGACCACGACGGGGCGGATTCAACCGCGACC
AGCCGCAATAGTCCGAAAGGCAAGAAATCCCGGAAAGCCAGGACAGCGTTTACGGACAGCCAGTTACAGA
CGCTGGAGAAACGCTTCGAGCGACAGAAATATCTCAGCGTACAGGACCGGATGGAATTAGCGGCCAGTTT
GAGCCTGTCCGACGCGCAAGTTAAATGCTGGTTCCAAAATCGCCGAACCAAATGGAAGCGTCAGACGTCG
GTGACGATCGAGTTGCTGGCCGAAGCGACGGGCAATTACGCGGCCATGCAGCGGATGCTGCAGTACTGGT
CGTGCGGCGGTCCGGCAGCCATGCTGGCCGCACCAGCCGCGGCCTATCCCGCGCAGAACCAGCTCTTTCAG
ATGCAGGAGCTGTACTACCGAAGTCTCCAGCAGCAGCAGCAGCAGCAGCAGCAGGTTGGTGGACGAGTGG
TCGGCGGACCAGGCGGCATACCGCAGATGCCGATGAATCCGGTGACGACGCGATTCTGGCCGACTCCGGC
CAACATGACCTTCCCCACGGGCAATTCCGCGCCCAATGTTCATCTCATCGCATCATCAACAGCGGTCGCCA
CTCCCGCTGCTCCGGCTAGTCCGCCGTCACGGTCCACCGGGATTAAAACGGCAGCTCAATCAGACGATGGC
ACCGATTAA 

rotund ATGGCTGGAGCCCATGAGACCGCGGATGAGCTGAATCTAATGCAGCAGCAGCACCCGCAACGATTCACTC
CCTGGAACCAAAACGCCATGGACTTCCAGAAGATTTTGAACCAGCAAGCGGCGGCCAACAGCCTCAATGG
TCATGCCCATTCTCTCCAAGGCAAAGGGCCCAACTTCGACATGGTCTCAATGGAGATGGACGAGACGGGA
GGAGGAGGAGTAGGAGCCGTGAGTGACCTTTATGGAGTACAACAGGCAACAAGAGCCATACAATCGGTGA
TGGTAACTCCTCATCATCATCACTCGAGCATCATGTCTGGCTTCATGCACCAACATCATGCTGGTGGACATA
ACTTGCCAAAAACCCTCAGCGGACGCAAATTCCCATGCAAAATGTGCAATCAGGTGTTGGAGTCAAAGGC
CGAGTTCCAGATGCACAATCAGTCGCACATGCGCGAACCCAAGCCCTACCGATGCTCGCAGTGTCCCAAAT
CCTTTGCCAATTCCTCCTATCTCTCCCAGCATATGCGCATTCATCTCGGCATTAAGCCCTACCACTGTGACA
TCTGCAAGAAAAAGTTCACCCAACTCTCCCATCTGCAGCAGCACATCCGCACCCATACAGGTGATAAGCCG
TACCGTTGCCCTCAACCGACTTGCACAAAGGCCTTCTCCCAGTTGAGCAACCTGCAGAGTCATTCTCGGTGT
CATCAACAGGACAAGCCCTTCAAATGCCAATCCTGTTACAAGTGTTTTTACGACGAACAATCTCTGCTGGA
TCACATTCCCAAGCATAAGGACAGCAAGCATCTCAAGACTCACATCTGTACCTGCTGCGGCAAGTCCTACA
CCCAGGAGACTTACCTACTGCGACACATGGCCAAGCACAACGACAAAAACGAAAAGCAGCAGCGGATGTC
TCTCAACCATATTAAAACTGCCACAGTGGACCCGTATTGGCCTAAGCAAGAAATGGAAGGTGCCCACCGTA
TGAGCCAGGAGGATCTGTTCATGTACAGCGGTGGCTATTACAGCGCCGCCAACTACGGTAACGCCCACCAC
GCTGTTCATCCTTACGGCGCGGGGCAGACATCTCCCGTTAACTATGACACCAGTAATAAGAACTCGGGATC
AGCCTTCTCCATTCTTTCGGGAAGCAGCGGTCGGAACGTGATGGCTCATCCTCATGCGCATAACTACTACG
ACTCGGCATTTGGATCTGGAGCGATGAAGAGTCAGAATGTCCTTTCTGACTCGATGGCCACTTCCAAGAAC
GGTCCAATTTCGGTGGATCACTTTGCCGGTTTCACCAATCATCAGATGCCCGCTATGCGTAATCACTTTTCC
GCAGGATTCGTCGGCAATAATGGAATGCCGACCATGCTGATGGGAGGAGGAGGAGACGGCAGTACCGCTT
CCGGTATGCGCAAGGAGCACAGCAACCATAACAGCAGCAGCAAGCCGGGAGGACGCTACTGA 

spineless ATGTATGCCACCAAACGACGCCGCCGTTCCCTGAAAGGAAGCAGCAGCAAAATTTGCCTATCTAAAAGTG
CGTACGACACCAGCCACCACGGGAACAGCGGCGGCGGTTGCGGTGGCGGAAACTCTTCTTCCCTCAAAAG
CAACCCTAGCAAGCGTCACCGTGAACGGTTGAATTCCGAACTAGAACGGATCGCCAGTTTGCTTCCATTTG
AAGCGAATATCCTTTCCAAACTGGACAAGCTCTCCATACTGCGTCTTAGCGTTAGTTACCTCCGAATCAAA
AGTTATTTTCATGCCATTCAATTACGAGAGCAGACATACGGCGGATACGACGGTCCCGGTGGACATAAAAC
GAGTGCCGATCATTTCCACGCCGATCCATCACTGACACGCACCGATTCAGTTCTCAAGGCATTGAATGGAT
TTGTCCTGGTGTTGACCGTTCAAGGCGAAGTCTTTTTTGCTTCAAGCAACATCGAGGAGTTTTTAGGCTTCC
ATCAGTCGGATGTTATTCATCAGAGCGTTTACGAGCTGATTCACTCAGAGGACCGGGTCGAGCTGCAGAAG
CAGCTCTCTTGGCTGGGGAGCCCTTCCGCCGCTGCGGCGCATCATCCCGGCTCGAGGATGAATCCGCACGA
CGCCTTTTCGTCGGACAATTTTCAACATTTGGAGCGCAGTCTGACGGCCCGGTTTCGTTGCCTGCTTGATAA
CACTTCCGGTTTTCTGCGACTGGAAATTCGCGGCCGCATCGGAGTTCTTCACGGGCAGAACTTCCACTCGG
CCGGCGAGGCGCCGCCGGGTCTGTTGGCAATCTGCACGCCCTTCGGACCGGCCACACTGCCGGACAACCTG
CCCAAGGAGTCCGTCTTCAAAAGTAAACTCAAGCTCGACCTGACTATCATCAACATCGACACCAAAGGCA
AGGATTTGTTGGGATGGGGTGGGGAAGAAAGTGGTTGTCGCTCCTTCTACAACGCCCTTCATCCAGACGAC
GTTCTCTACGCAGCCAGTGCACACCGTGAACTGAGTAAGACAAATTCGTGTGTCATGTACGCTCATCGTAT
GGCGCGGAAGGTCGTCCCGGGGACGGCGCTACAATGGCAATGGGTCCAGACGACCATGAAAATCATTCCG
AAAAACGGAAAACCTGACCATGTCTCCGCTGCTCACCGTCCGTTGAGCGACGAAGAAGGGAAAGATCTGA
TGACAAAGCGTGCGTCCATCACCAAATTATGCGACCTGGACTCTGACGCATCACTGGCCCTGGCCAACAGC
GCCGTATCGGAACGCAGTGCCGGTCACGGAGTGGAAGACAGCCTCTCCTGCACAGTAACTCCCACAAAAG
CCCCCAAACCGCCCAAAAAGCGACCTTCACCAGCGGCCAATCACCGAGACCCCACGTCATCCTCCTCCTCA
ACCAGTAACAACATCAATAATACTTCTCACTACTCCGCCCAACCATCCTCCTTATCCAGCGGTTCCAGCTCC



ACCCGTCGACGGAAATCTTTCTCCACGGAGAATGTCATCACCGCCAGAAATGGACACGGCGAGATTGCGG
CGTACTCTTCACCCTACCACACGGAGAGTTCCCTCAACTACTGCGCTCAGAATACCTACCCGACTGCCATTT
TTCTTCCAACGGCCGTGGAACAGTGTTCGCTGATTCCCTACTCCGGACAGTATCATCACGGTACATCGGCC
GGATTTTACTCGACGGGAGCTTTGCCTGTCTCGGATTCGGTCCTTTCAGTCGCCTCGCACGGGGTCAATGGA
TCGACTTTGTTAGACCGATCATACGACTTGTACGCAGCGGCTGCATATGGCTCCGCGGCTGACGGTCTACC
CTCTCAAGGGGATTACCTGAAGAACTATTACAAAGGCATGGACACCTACCCGAGCAATGTCTACAACACG
GATCACTCCTCCAGCCATCACCATTCATCAGCGACCAAGGCCGCCGCTGCAGCAAACGGTTGGATGGCATC
TTCCCACCACAGGCAAAGCGTGCTTGTGTGGAACAACGGTAACTCCCGGCCAGACATGAGTCTAGGCTTCA
CTCCTTCCACGCGAACTACCTCAGGAGTGTATTCCCAAGGAGCGCCACCTGTGTCGGCTTTCTCAACCACA
GCTGACTCTTCTTCCCGCCACGCAAATAATCAAGTTATGTCCGCACAACGTTCGCACGACGCTGAAAACAA
TAAGGTCACCAACGGAGATGACTCTTCAGGAGCTTCAGGCATCGGCCTAATCAAGACTGCTGCCCCGTTAC
ATCAAAGCCATAACTTCTCCATCTGTGAGGCGACCAATACCATGCTCGAATCTGCTGGATAA 

  



Table S3. Amino acid sequences of Hypsibius exemplaris distal limb patterning gene homologs 
 

Gene Amino Acid Sequence 
aristaless MVGHDERPKKENDCVVPERISPSIASAGSLDDKESFVDDDSEDSASFGAGGGAGARSGAGLSSKQRRYRTTFTAFQ

LQELEKCFGKTHYPDIFTRDELAMRIHLTEARIQVWFQNRRAKWRKTEKSSAPHPISGVEPSPAVQSFNTTHPIPNS
NCSFSKGHTDPFLQSPHGPSSADYNVRMNPGWPLIPPSNKYSRSSLTQNFYPEQAAAAAAAAAMAATTNMWNQR
WLQQMAVNSLLHRDVPPSWTTQTSAGSAVSPAHHLTFHPEFRPFFHPHPNGTTTAGQLTGPSATAAQWTGPGVT
ADAMQKYGAFRSIARNDGGGGGR 

clawless MMENPPARSVFKAPSSRSPVAEKPLKKRTPFSIDSILSTDTDTSPKEECFSPSLSETKCSNNENIHTAMDAYAAAAA
AATTAMYSSSGYYSSPADAYNYGSMVNSHVVKVPAQRVQQQQQQQHLAPCGGVSPHPALFGIGHHVGMSAYQ
WMDPARRLLTRRIGHPYQNRTPPKRKKPRTSFTRIQICELEKRFHRQKYLASAERASLAKSLKMTDAQVKTWFQN
RRTKHRRQTNEEREADRQAANRMLLSQLAEVTKTSGAYDSTDALCLNNASLHALHNLRPWVNAGDGGGSLSNN
NHHPHIITCPQTNSSSPNNNNTNNNCSSRCSSSSETSHEEEDRDDDDNRSEVSSDEDALSV 

Lim1 MPVRHRYLQQHPQPPPPPSSSSGPEDFESHNNRRIVSGKMQNPGGMYDKCHGCGMVILDPFIMAIATPTASQVWH
ADCLRCCECKCPLQERCFCNGGRFFCREDYFRAFGQPCKGCGVGIDPTELVRQTQRGNFHLKCFICTACRKQLSTG
EECYNIGDCEFNCKDDYVTSKHAKAASSTLQSFSCKAEQSSPGAATSPCLLGGGGRDLSRSESLKPDQHDCLSTTG
PSDVTNGAPMNNNNSNTATPIIGSGIGRAMDGHLLHRGEDCEDDDEEDEDAMKCSESGSHVPASDRDCCDKDGK
SVNGDNTSSIDESEPRNGNDENVSTKRRGPRTTIKAKQLELLKNAFAQTPKPTRHIRDQLSQETGLTMRVIQVWFQ
NRRSKERRMKQQNIMGPGRRCNMFRSRRSGGRSLREFDGDSGDMGVQGPPGFAYFPDGPGNHGMDFFPGQVSPH
GGPHAGPLGHPPGIFEFAHYRPPQNAAEAAAMQAHFNEMSPNAHGMPGNINHPGMDGHFRQEMLSQSSTPERTL
NSLTPDGYGHPAFDTLPLHPGGNGGIGPVPGGMNGSNSPVWQSMTMAQ 

apterous MPILERSNSGHNEQEEAINSHVTAHGEEPSCLQLDHDHDHGLLPGNEDVAHPQHHVQHPAAGYFPALICSGCRNGI
SEQYFLSVSNSQDFYHCHCLKCSVCSVTLDRQMICYYKDGMILCKEDYYKYKSRRLSPEGYQNSRCHGCNYPIRA
DEFVMRVREFVFHVPCFRCLACTATLHTGDEFTMRDDGAILCQRHFHPAAAVAHVGGGGGGGVGSSSNPASDTL
SSTAALLPPHSSHDSFSAASSDIPTTTATAASLRLPILMADHGAPVSPHFAQLQNRIVPRHDDGGDGNDGRKDLFHH
HHHQTSASSSASSRMKSRIRRTKRNLISFDDGSGGVINQRHTAGGLNGSGGELHGDPVGQAELLQQRQAAAAMQL
EQQCYHHFSSAASPNAALPVQTAQQSSFTSSSEESSPSRLASSSPGLQMAHLTHSITDSSSPNNQQHQRTKRMRTSF
KHQQLRSMKQYFGINHNPDAKDLKQLAQKTGLTKRVLQVWFQNARAKYRRSLLKQDPNRVLEASPIAKAQSNSP
SPRPDYGLPDNASAKQHDLNHYPMSNGSNSQDNGAEYY 

BarH1 MDRDNGERSSSKSPLDMTAHPAHPQPLTSPSITSHVKVTSSNCAPQNLSMRHSFLIKDILSQVNPRQQESSRSGAGD
GMGAGTFPPGSQEDGDSDVQSELSDTESKDDHDGADSTATSRNSPKGKKSRKARTAFTDSQLQTLEKRFERQKYL
SVQDRMELAASLSLSDAQVKCWFQNRRTKWKRQTSVTIELLAEATGNYAAMQRMLQYWSCGGPAAMLAAPAA
AYPAQNQLFQMQELYYRSLQQQQQQQQQVGGRVVGGPGGIPQMPMNPVTTRFWPTPANMTFPTGNSAPNVHLI
ASSTAVATPAAPASPPSRSTGIKTAAQSDDGTD 

rotund MAGAHETADELNLMQQQHPQRFTPWNQNAMDFQKILNQQAAANSLNGHAHSLQGKGPNFDMVSMEMDETGG
GGVGAVSDLYGVQQATRAIQSVMVTPHHHHSSIMSGFMHQHHAGGHNLPKTLSGRKFPCKMCNQVLESKAEFQ
MHNQSHMREPKPYRCSQCPKSFANSSYLSQHMRIHLGIKPYHCDICKKKFTQLSHLQQHIRTHTGDKPYRCPQPTC
TKAFSQLSNLQSHSRCHQQDKPFKCQSCYKCFYDEQSLLDHIPKHKDSKHLKTHICTCCGKSYTQETYLLRHMAK
HNDKNEKQQRMSLNHIKTATVDPYWPKQEMEGAHRMSQEDLFMYSGGYYSAANYGNAHHAVHPYGAGQTSPV
NYDTSNKNSGSAFSILSGSSGRNVMAHPHAHNYYDSAFGSGAMKSQNVLSDSMATSKNGPISVDHFAGFTNHQM
PAMRNHFSAGFVGNNGMPTMLMGGGGDGSTASGMRKEHSNHNSSSKPGGRY 

spineless MYATKRRRRSLKGSSSKICLSKSAYDTSHHGNSGGGCGGGNSSSLKSNPSKRHRERLNSELERIASLLPFEANILSK
LDKLSILRLSVSYLRIKSYFHAIQLREQTYGGYDGPGGHKTSADHFHADPSLTRTDSVLKALNGFVLVLTVQGEVF
FASSNIEEFLGFHQSDVIHQSVYELIHSEDRVELQKQLSWLGSPSAAAAHHPGSRMNPHDAFSSDNFQHLERSLTAR
FRCLLDNTSGFLRLEIRGRIGVLHGQNFHSAGEAPPGLLAICTPFGPATLPDNLPKESVFKSKLKLDLTIINIDTKGKD
LLGWGGEESGCRSFYNALHPDDVLYAASAHRELSKTNSCVMYAHRMARKVVPGTALQWQWVQTTMKIIPKNG
KPDHVSAAHRPLSDEEGKDLMTKRASITKLCDLDSDASLALANSAVSERSAGHGVEDSLSCTVTPTKAPKPPKKRP
SPAANHRDPTSSSSSTSNNINNTSHYSAQPSSLSSGSSSTRRRKSFSTENVITARNGHGEIAAYSSPYHTESSLNYCAQ
NTYPTAIFLPTAVEQCSLIPYSGQYHHGTSAGFYSTGALPVSDSVLSVASHGVNGSTLLDRSYDLYAAAAYGSAAD
GLPSQGDYLKNYYKGMDTYPSNVYNTDHSSSHHHSSATKAAAAANGWMASSHHRQSVLVWNNGNSRPDMSLG
FTPSTRTTSGVYSQGAPPVSAFSTTADSSSRHANNQVMSAQRSHDAENNKVTNGDDSSGASGIGLIKTAAPLHQSH
NFSICEATNTMLESAG 

 
 
  



Table S4. Blastp result against the Flybase database using Hypsibius exemplaris distal limb patterning gene 
homologs as query 
 

Gene BLAST Hit Summary 
aristaless 

 
clawless 

 



Lim1 

 
apterous 

 
BarH1 

 



rotund 

 
spineless 

 
 



Table S5. Protein domains of Drosophila melanogaster, Hypsibius exemplaris, and Echiniscoides cf. 
sigimundi distal limb patterning genes 
 
aristaless 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 

Echiniscoides 
cf. sigismundi 

 
clawless 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 

Echiniscoides 
cf. sigismundi 

 
Lim1 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 

Echiniscoides 
cf. sigismundi 

 
apterous 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 



Echiniscoides 
cf. sigismundi 

 
BarH1 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 

Echiniscoides 
cf. sigismundi 

 
rotund 

Drosophila 
melanogaster 

 

Hypsibius 
exemplaris 

 

Echiniscoides 
cf. sigismundi 

gene 1 

gene 2

 
Spineless 

Drosophila 
melanogaster 

 



Hypsibius 
exemplaris 

 
Echiniscoides 
cf. sigismundi 

 
 
 
 
 
  



Table S6. Amino acid sequences of Echiniscoids cf. sigismundi distal limb patterning gene homologs 
 

Gene Amino Acid Sequence 
aristaless MSSITATNNISTASIFGYGNEDKLNQRKQRRYRTTFSSTQLDELERVFGETHYPDVFIREELALRINLTEARVQVWF

QNRRAKHRKQDKNELQSIPINPVMNNFALLMQQQQQQQNEMQFHSGLQQQPQPQQQHQ 
clawless NNNNNNVNEKSTSTSAFTPVIKHQQPQQQQQNHHLNQHQQHQNALNSVLATHLAWNDPSIRRLGRRIGHPYQQR

TPPKRKKPRTSFTRIQICELEKRFQRQKYLASAERATLAKSLKMTDAQVKTWFQNRRTKWRRQTAEEREAERQAA
SRMLLSLQAELAQKAPPMSAQPDPICMSNKSLYALHNLQPWASNMVQTTTTSPISSVYNDDKCNSSDVIDDDDDD
LDDYDIID 

Lim1 MQVVKCCACDQLINDKFIMNVLDRTWHAECLRCCICSMILTDKCFSRHGKVYCRDHFYKAFGAKCCVCFEGINP
DELVRRTVQGGVYHIKCFKCNECHKELTTGEQFYCIDESRFLCKSDFLMKQIPLTTSSNQVNNSWPKSIKSENDDE
EIEQGSPQQQLYNTNNAHSNNCTTPNAHQSSSEKEEEFDDSDSTNKDNKIKHDNDSTHQPSGTKRRGPRTTIKQKQ
LEQLKEIFDSQPKPPKAIRDQLASKTGLSKRVIQVWFQNRRSKERRMKTSQNLRGRNAYARHRNGGRSSSSGRPEL
EQHAQGGPPPHIFGFYTDNGVPNGPPPPDMFGASPGNFYPNDPNNFNFNLAPPPPPPPPPDVMNNNNGGANGGGN
LSAMSQHFPPSSISNESPVPPSLVINGIQPNESLNANNNNTNSQQQQKFNGTRDHFLPSPTSIDGYQASNFQDPCSMQ
FSGMRIQQQQPPPATQISPESAGLIN 

apterous ILFPMDLNEEITTTTTTATTIAPPLINISSSSVENINTPAITETQSLSTSDICNACFLPIQERYLLMLGDSLLYHSHCLKC
LDCGVQLCEDDRSCFFNSGNVYCRQDYQKRFNQRQCTRCNVTFQSTDLVMTVPCEDLQNNSNSNNTPTLPSSLPI
QFHVDCFSCAICERVLASGELYRYIPMPHNTLLCCEHLEWSNFKDDSGKLSTKVGRPRKRKSQDSSHSTCSGGNGG
NNEHSMQRPKRMRTSFKHPQIKVMKQFFISNQNPDAKMLKTLSARTSLSKRVLQVWFQNQRAKFRREHSKRQHQ
HQSVGMNGPDGYNPHGPDVYQLHIPPTVQSLPSVASYSPGGTVTSRNNGNNNNLGQQQQQQQQQKPSDSYS 

BarH1 QTLNKLHYDDDSDDCEDYCDKTNKTTTTTHNNNKQQNLHLLSKKARKPRTAFTEHQLDVLEKSFQGQKYLSVQE
RLELAAKLCLTDAQVKCWFQNRRTKWKRTMEAEQFNQALYNVYNGHHHLHHNNLLIGNTTQQQQQQQQ 

rotund (gene 1) 
FDPTAAAERLMYRQQQQQQQQQPVVQPTQHQFQHNTASIDDVAQRSLASLEQSVAQLSAKSTPRQVATSVRRYN
CRMCSKSFETKQEHHQHVQAHMREHKPYKCTQCPKTFANSSYLTQHMRIHLGLRPYKCSQCEKNFTQLSHKNQH
ERTHSGKKPYLCPQPGCGKYFSQLSNLQSHSRCHQSHKAFKCQSCHKCFDDEESLLEHIPKHIESKHLKKHICRYC
GKSYAQETYLTKHLSKHLPKQSDTDSESEKSNLEVTNSKKLKKPATTEKLDSIEKSEITNSSNNNTTNNMYYML 
(gene 2) 
TKTFANSSYLSQHMRIHLGVRPYKCPSCDKRFTQLSHLQQHDRTHSGDKPYACKHPNCNKAFSQLSNLQSHSRCH
QTNKPYKCNSCFRSFEDEKSLLEHIPRHKESKHLKTHICEHCGKSYAQETYLQKHLNKHPHNLGGGCNKRNSNNG
RGKCKRIQQQQQPQPQQHLQQQQQQNTIW 

spineless YHSHHQHHLHQQQQQQLHNTHYNQFSNYPSTSDNACNRILTAGLGPQILSRESIMKALNGFLVIIQADGEVFYVSN
TVEHFLGFHQSDVLHQSICDLIHSEDRIDFQKQLEWNSLRQNSQPYSDFALADNPFMLERNFTARFRCLLDNTSGFL
RLDVRGRLSLLPGQKTRSSSIALFALCSVFGPTQMIESVSRNCLFRSKHKMDLEVINFDAKGKINIDDKNDIEGEKL
YNLVHSDDLQYIATGHAELLKTGTTGLLAYRLRFDSEQKWQWVQSNLRINYRSGRGEFITAIHRVLIDEEGIDLYS
KRKISSAFSYLVDFTNSTQQQTNNNNNSLTTTDSSQQSSFTRPITN 

 
  



 
Table S7. Blastp result against the Flybase database using Echiniscoides cf. sigismundi distal limb 
patterning gene homologs as query 
 

Gene BLAST Hit Summary 
aristaless 

 
clawless 

 



Lim1 

 
apterous 

 
BarH1 

 
rotund (gene 1) 



 
(gene 2) 

 
spineless 

 
 
  



Table S8. Taxa used for the phylogenetic analyses with their accession numbers in Flybase or OrthoDB 
 

Gene groups for phylogenetic analyses Coding Sequence 
aristaless-apterous-BarH1-clawless-Lim1 al_Dmel_Q06453 

al_Anopheles_gambiae_A0A1S4GWX6  
al_Tribolium_castaneum_A0A139WH33 
al_Strigamia_maritima_T1IYK9 
al_C_elegans_Q21836 
al_Rattus_norvegicus_A6YP62  
al_Danio_rerio_B3DKI9  
al_Human_Q96QS3  
al_Mus_musculus_O35085  
al_Xenopus_tropicalis_A0A6I8S3E9  
ap_Dmel_E1JGX9 
ap_Human_P50458 
ap_Rattus_norvegicus_P36198 
ap_Mus_musculus_Q9Z0S2 
ap_Xenopus_tropicalis_A0A6I8QAN8 
ap_Danio_rerio_B0R107 
ap_C_elegans_G5EE86 
ap_Anopheles_gambiae_A0A1S4GZT4 
ap_Stegodyphus_mimosarum_A0A087T3Z4 
ap_Strigamia_maritima_T1J7L2 
ap_Tribolium_castaneum_C0KZ21 
barh1_Dmel_Q24255 
barh1_Anopheles_gambiae_A7UTE6 
barh1_C_elegans_Q22909 
barh1_Danio_rerio_Q53B63  
cll_Dmel_Q7KS72 
cll_Anopheles_gambiae_Q7PQE6 
cll_Tribolium_castaneum_D6WZY0 
cll_Stegodyphus_mimosarum_A0A087SVI5 
cll_Strigamia_maritima_T1JC39 
cll_Danio_rerio_Q8JI11 
cll_Xenopus_tropicalis_F6TEU6 
cll_Mus_musculus_O55144 
cll_Human_O43711 
cll_Rattus_norvegicus_D4A270 
lim1_Dmel_Q9V472 
lim1_Human_P48742 
lim1_Rattus_norvegicus_P63007 
lim1_Mus_musculus_P63006 
lim1_Xenopus_tropicalis_A4QNI6 
lim1_Danio_rerio_Q90476 
lim1_C_elegans_P20154 
lim1_Anopheles_gambiae_Q7QHD1 
lim1_Stegodyphus_mimosarum_A0A087TMA9 
lim1_Strigamia_maritima_T1J2T7 

rotund-glass rn_Dmel_Q9VI93 
rn_Human_Q5T0B9 
rn_Rattus_novergicus_D4A633 
rn_Mus_musculus_B1ASA5 
rn_Xenopus_tropicalis_Q0V9P9 
rn_Danio_rerio_Q1LXQ0 
rn_C_elegans_G5EGB2 
rn_Anopheles_gambiae_A0A1S4GE00 
rn_Stegodyphus_mimosarum_A0A087V104 
rn_Bombyx_mori_A0A0C5AMJ7 
gl_Dmel_P13360 
gl_Human_Q96JB3 
gl_Rattus_novergicus_D4A9X7 
gl_Mus_musculus_Q07230 
gl_Xenopus_tropicalis_A0A6I8Q066 
gl_Danio_rerio_A0A8M1QLN4 
gl_C_elegans_Q966L8 
gl_Anopheles_gambiae_A0A1S4GKN6 
gl_Tribolium_castaneum_Q7Z1F3 
gl_Aedes_aegypti_A0A6I8U353 



spineless-clock ss_Dmel_E1JIM6  
ss_Human_P35869 
ss_Rattus_norvegicus_P41738 
ss_Mus_musculus_Q8R4S5 
ss_Xenopus_tropicalis_F7DNN6 
ss_Danio_rerio_Q4U3K9 
ss_C_elegans_O44712 
ss_Anopheles_gambiae_Q7PM78 
ss_Tetranychus_urticae_T1JYU4 
ss_Strigamia_maritima_T1IKB1 
clk_Dmel_O61735 
clk_Human_Q99743 
clk_Rattus_norvegicus_F1MAG2 
clk_Mus_musculus_P97460 
clk_Danio_rerio_Q8JIG3 
clk_Xenopus_tropicalis_A0A6I8S1B9 
clk_Anopheles_gambiae_Q7Q6R8 
clk_Tribolium_castaneum_A9XCF0 
clk_Aedes_aegypti_A0A6I8U2E9 
clk_Rhodnius_prolixus_T1HDJ0 

 
 


