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Supplementary discussion

Horton et al.*’ proposed co-option of an ancestral heart specifying Thx4/5 cluster for limb
outgrowth. In the process of cluster duplication, the distinct 7hx4 and 7hx5 genes associated with
gnathostome pectoral (7hx5) and pelvic (7hx4) development would have arisen in the posterior
(non cardiac) LPM*'. Tulenko ef al.>* confirmed that the dHand transcription factor of early LPM
is expressed in the branchial, cardiac and posterior LPM of the lamprey Lethenteron.

Adachi et al.*® evaluated Thx4/5 expression in the lamprey P. marinus and Thx3
expression in the skate Leucoraja erinacea and zebrafish (with paired fins) and mouse (with
paired limbs). As predicted by Horton ef al., this work revealed 7bx4/5 expression in sea lamprey
embryos was limited to the heart region. Expression of the 7bx5 domain into the lateral plate
mesoderm of the pectoral region was only present in paired finned and limbed species and its
expression was controlled by the fin enhancer, CNS12*’. A recent summary of other relevent
research now confirms the lamprey has a 7bx5 ortholog expression domain in the anterior LPM
but not in the posterior LPM and that the latter is not separated into distinct somatic and visceral
aspects’. In comparison, however, gnathostomes, have a relatively extended Thx5 expression
domain and this occurs in the posterior LPM, specifically in the anterior appendage forming field
of the somatopleure®***,

Horton et al.’s proposition of co-option and duplication is supported by other molecular
studies, revealing 7hx4 is very similar to 7hx5. Thx4 expression in the more caudal aspect of the
lateral plate mesoderm stimulates pelvic appendage outgrowth in the shark, teleost, chick and

mouse > *** and is controlled in part by the action of Pizx/ which is associated with hindlimb

identity’~?

. Further, substitution of 7hx5 with 7bx4 in transgenic mice results in forelimb
initiation®’

Thx4 and Thx5 are also present in the paired fins of sharks'®, and Pitx] has been



confirmed in catsharks®. Similar gene expression are also observed between the pectoral and
pelvic fins of chondrichthyans''">'%°!* (Fig. S2, revised from Fig. 4 in Tanaka 2016). This
similarity in the developmental mechanisms responsible for paired appendage patterning supports

their serial homology.
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Supplementary table S1. Developmental stage, ANSP catalog number, total length (mm)
and sex of Callorhinchus milii specimens.

Stage | ANSP catalog Total length Sex

number (mm)
29 174694 56.25 Undetermined
29 174695 62.10 Undetermined
29 174690 66.75 Undetermined
30 174667 69 Undetermined
30 174665 69.3 Undetermined
30 174658 69.5 Undetermined
30 174656 71.95 Undetermined
31 174693 72.75 Undetermined
31 174689 79.3 Undetermined
31 174661 79.4 Undetermined
32 174696 74.05 Undetermined
32 174688 75.90 Undetermined
33 174659 78.7 Undetermined
33 174682 80.97 Undetermined
33 174691 83.6 Undetermined
34 174711 87 Undetermined
34 174692 89 Undetermined
34 174712 98 Undetermined
35 174663 95 Male
35 174674 100 Female
35 174687 101.6 Male
35 174653 103.85 Male
36 174675 110 Male
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Supplementary Figure S1. Callorhinchus milii pectoral (a, b) and pelvic (c, d)

fins, photographs and drawings of endoskeletal structures. Pectoral fins:

(a) ANSP 174667, stage 30; (b) ANSP 174661, stage 31. Pelvic fins: (¢) ANSP 174690,
stage 29; (d) ANSP 174661,stage 31. Abbreviations: Ar, anterior radial element;

Cor, coracoid; Dr, distal radial; Mes r, mesenchymatous rod; Meta, metapterygium;
Meta lIp, metapterygial lateral process; Meta s1, first metapterygial segment; Mr,
middle radial; Pel g, pelvic guirdle; Pr, proximal radial; Pro, propterygium;

Sca, scapula. All specimens are cleared and stained. Colors in the photographs

were inverted and optimized using the Adobe Photoshop invert and exposure tools in
order to enhance endoskeletal structures.
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Supplementary Figure S2 (revised from Fig. 4 in Tanaka 2016). Genes implicated in
the development of chondrichthyan paired fins. The serial homology of pectoral and
pelvic fins is supported by the same genes being expressed similarly in pectoral and pelvic
fins. In the pelvic fins of males a sustained expression of Sh4 maintained by Hand? is
associated with the formation of claspers. 7hx5 is associated with pectoral fin initiation
whereas Thx4 is associated with pelvic fin initiation, possibly modulated by Pitx-1.
*Pitx-1 activity has been confirmed in catshark, associated with teeth formation.®
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