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Supplementary Figure 1. The workflow for cloning the putative kinin precursor cDNA 
from Rhipicephalus microplus and verification of the gene structure by sequencing 
genomic PCR products.  
 



In this figure, within the panels A and B, all lines representing sequences are aligned 
vertically to the corresponding sequence location. Notice a different scale in bp on the left of 
each panel. 
The solid black lines represent either transcriptome (A) or genomic (B) sequences identified 
through local NCBI BLAST using the putative kinin precursor (amino acid sequence) from 
Ixodes scapularis as query. The black arrows denote the direction and relative location of the 
primers on the template above the primers. The solid orange lines depict the sequenced PCR 
products obtained in this study. Red lines and boxes represent the deduced full-length cDNA 
(A) or the kinin gene (B) obtained by assembling the sequenced PCR products. 
The blue arrows denote the position of primers used for sequencing. The dashed orange line 
depicts the region of a PCR product which was not sequenced (sequencing was not necessary 
because the overlapping sequence of ~200 bp at the 5’ end was enough to align this product 
with the PCR product in reaction 4 above).  (A) The putative full-length kinin precursor 
cDNA from R. microplus: Cloning of 5’- and 3’- RACE PCR products. 1-2). A transcript 
predicted to encode a partial sequence of the putative kinin precursor was used to design a 
pair of gene-specific primers for the 3’- and 5’- RACE PCRs. The sequences of these 3’- and 
5’- RACE PCR products (1-2) were aligned with DNASTAR (Lasergene, Madision, WI) to 
assemble the full-length cDNA. (3). A pair of primers was designed outside of the open 
reading frame (ORF) and were used to amplify the cDNA ORF in one product. (B) 
Amplification of the kinin gene from genomic DNA. (4). First, we amplified an internal 
fragment of the gene with a pair of gene-specific primers. (5). Secondly, the 3’-end of the 
kinin gene was amplified with a gene-specific forward primer and a reverse primer located 
outside of the ORF 3’-end. The sequence of this latter reverse primer was obtained from a 
genomic contig encoding the 3’-end fragment of the kinin gene (black line). (6). The 5’-end 
of the kinin gene was amplified using a forward primer which binds to the 5’-end of the 
cDNA, and with a reverse primer within the ORF. The DNA sequences from the PCR 
products above (4-6) were aligned with DNASTAR to obtain the sequence of the kinin gene 
shown in red: boxes represent exons, and the solid line represents the intronic region. The 
exons were identified by aligning the cDNA sequence with the gene sequence.  
 
  



 
 
 
Supplementary Figure 2. Cloned cDNA sequence and predicted amino acid sequence of 
putative kinin precursor from Rhipicephalus (Boophilus) microplus.  
The full-length cDNA sequence is 1,398 bp, with 1,227 bp ORF that encodes a 409 amino 
acid residue protein. The predicted enzyme cleavage sites are boxed. Seventeen kinin 
sequences were predicted. See Fig. 3. 
 
  



 



 
Supplementary Figure 3. Multiple amino acid sequence alignment of the deduced kinin 
precursors from eight tick species using Clustal W method by MegAlign (Lasergene, 
Madision, WI).  
There are two sequences from Ixodes scapularis, the first one was deduced from three 
transcriptome sequences (GBBN01023680.1, GGIX01408871.1, GBBN01027580.1), and the 
second was deduced from a genome scaffold (DS680282) (Gulia-Nuss and Caffrey, 2016). 
The amino acid sequence from the latter lacks 23 residues at the N- terminus and also 23 
residues at the C-terminus. The sequence deduced from the transcriptome (Ix. scapularis-
mRNA) misses some internal amino acids within positions 250-293. 
 
Gulia-Nuss, M., Nuss, A.B., Meyer, J.M., Sonenshine, D.E., Roe, R.M., Waterhouse, R.M., 

Sattelle, D.B., de la Fuente, J., Ribeiro, J.M., Megy, K., Thimmapuram, J., Miller, 
J.R., Walenz, B.P., Koren, S., Hostetler, J.B., Thiagarajan, M., Joardar, V.S., 
Hannick, L.I., Bidwell, S., Hammond, M.P., Young, S., Zeng, Q., Abrudan, J.L., 
Almeida, F.C., Ayllon, N., Bhide, K., Bissinger, B.W., Bonzon-Kulichenko, E., 
Buckingham, S.D.,, and Caffrey, D.R., Caimano, M.J., Croset, V., Driscoll, T., 
Gilbert, D., Gillespie, J.J., Giraldo-Calderon, G.I., Grabowski, J.M., Jiang, D., Khalil, 
S.M., Kim, D., Kocan, K. M., Koci, J., Kuhn, R.J., Kurtti, T.J., Lees, K., Lang, E.G., 
Kennedy, R.C., Kwon, H., Perera, R., Qi, Y., Radolf, J.D., Sakamoto, J.M., Sanchez-
Gracia, A., Severo, M.S., Silverman, N., Simo, L., Tojo, M., Tornador, C., Van Zee, 
J.P., Vazquez, J., Vieira, F.G., Villar, M., Wespiser, A.R., Yang, Y., Zhu, J., 
Arensburger, P., Pietrantonio, P.V., Barker, S.C., Shao, R., Zdobnov, E.M., Hauser, 
F., Grimmelikhuijzen, C.J., Park, Y., Rozas, J., Benton, R., Pedra, J.H., Nelson, D.R., 
Unger, M.F., Tubio, J.M., Tu, Z., Robertson, H.M., Shumway, M., Sutton, G., 
Wortman, J.R., Lawson, D., Wikel, S.K., Nene, V.M., Fraser, C.M., Collins, F.H., 
Birren, B., Nelson, K.E., Caler, E., Hill, C.A. (2016). Genomic insights into the 
Ixodes scapularis tick vector of Lyme disease. Nat. Commun. 7, 10507. 

  



 



 
 
Supplementary Figure 4. Above is the alignment of the fourteen kinin precursors that were 
used for the phylogenetic analysis, as shown in the Mesquite window (Version 3.6).  
 


