A Newly Evolved Small Secretory Peptide Enhances Mechanical Properties of Spider Silk
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Supplementary Figures

Supplementary Fig. 1. Photograph of T. clavata spiders. T. clavata spiders were captured from the wild in Dali City, Yunnan Province, China. The white scale in the figure represents 1cm.
[image: Supp_Figure1-01]

[bookmark: _Hlk100862637][bookmark: OLE_LINK8]Supplementary Fig. 2. Phylogenetic relationships of the four orders of Arachnida. a, ML phylogenetic trees from the concatenated orthologous genes of 50 chelicerates. Orthologous genes were identified using Blastp (E-value < 1e-5) in an all-vs-all alignment, with N. striatum (sea spider) designated as the outgroup. b, The ML phylogenetic relationships of nine arthropod species. The single-copy gene set was identified using OrthoFinder. Different colored circles on branches denote support values obtained in each approach. B. mori (silkworm) as outgroup. c, Shared and unique orthologous clusters between tick (H. longicornis), horseshoe crab (T. tridentatus) and spider (T. clavata), and horseshoe crab and spider share more orthologous clusters.
[image: Supp_Figure2-01]

Supplementary Fig. 3. Phylostratigraphic profiles of two Araneoidea spiders. a, The number distribution of unique transcripts from golden orb-weaving spider (A. argentata) across 16 PS levels. b, The number distribution of unique transcripts from black widow spider (L. hesperus) across 16 PS levels. The unique transcripts were assembled based on a nonreference genome. c, The Venn diagram shows that genes from PS13 to PS16 are classified as "unknown functional annotation". RAGs refer to relatively ancient genes, while RYGs refer to relatively young genes. PS refer to phylogenetic strata.
[image: Supp_Figure3-01]
Supplementary Fig. 4. A custom nonreference transcriptome assembly and quantification pipeline. Detailed descriptions refer to the "Data acquisition" section of "Materials and methods".
[image: Supp_Figure4]

Supplementary Fig. 5. The heatmap of gene expression correlations across the 16 PS levels. a, The expression correlation of transcripts from seven tissues of A. argentata across the 16 PS levels. b, The expression correlation of transcripts from seven tissues of L. hesperus across the 16 PS levels. PS15 did not match any transcripts, indicating the limitations of nonreference transcriptome assembly. However, the expression correlation trends across tissues are similar to those observed in the reference genome (T. clavata). Ma: major ampullate gland; Mi: minor ampullate gland; Tu: tubuliform gland; Fl: flagelliform gland; Ag: aggregate gland; Ac: aciniform gland; Py: pyriform gland; Ven: venom gland; Ova: ovary.
[image: Supp_Figure5]



Supplementary Fig. 6. Module-trait relationships of T. clavata genes. Each row corresponds to a module, and each column corresponds to a tissue. The correlation and p-value are shown within each box. The correlation intensity increases from blue to red.
[image: Supp_Figure6]


Supplementary Fig. 7. The eight modules of the Ma single-cell coexpression network. The top 25 genes from each module are displayed.
[image: Supp_Figure7-01]

Supplementary Fig. 8. Spatial expression of MaSp1b and SpiCE-DS8 and their proposed interaction schematic in Ma. a, Spatial transcriptomic (ST) spots of MaSp1b and SpiCE-DS8. Dotted lines depict the outline of the Ma gland. b, The hypothesized secretion and interaction model of MaSp1b and SpiCE-DS8 in the Ma gland lumen.
[image: Supp_Figure8-01]


Supplementary Fig. 9. Mass spectrometry analysis of peptide synthesis for SpiCE-DS8-L and SpiCE-DS8-S. a, Mass spectrometry analysis of peptide synthesis for SpiCE-DS8-L. The y-axis represents intensity, and the x-axis represents the mass-to-charge ratio (m/z). The peaks correspond to different adducts. The molecular ion peak, identified at [M+7H]⁷⁺ (m/z 656.00), corresponds to an observed molecular weight of 4585.00, which closely matches the theoretical molecular weight (4585.375), confirming that the sample’s molecular weight aligns with expectations. The mass-to-charge ratio is m, the charge number is n, and the molecular weight is M.
The equations are M = nm - n. b, Mass spectrometry analysis of peptide synthesis for SpiCE-DS8-S. The molecular ion peak, observed at [M+4H]⁴⁺ (m/z: 620.25), corresponds to an observed molecular weight of 2477.00, which closely matches the theoretical molecular weight (2476.915), confirming that the sample’s molecular weight aligns with expectations.
[image: Supp_Figure9]


[bookmark: _GoBack]Supplementary Fig. 10. MaSp1b interacts with SpiCE-DS8. The input group represents total protein, while the IgG and IP groups represent proteins after immunoprecipitation. The prey protein signal was detected in the IP group but not in the IgG group, indicating an interaction between the two proteins. The bait protein signal was also detected in the IP group, confirming successful immunoprecipitation.
[image: Supp_Figure10-01]

Supplementary Table 1 Summary data resources of 1144 chelicerates.
Supplementary Table 2 Percentage of secondary structure content of silk fibers.
Supplementary Table 3 Mechanical properties of silk fibers.
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