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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
c¢DNA 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.
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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.



Majority

.turicata
.dromedarii
.variabilis
.sculptum
.sanguineus
.microplus
Ix.ricinus
Ix.scapularis-mRNA
Ix.scapularis-gDNA

WO ITO

Majority

.turicata
.dromedarii
.variabilis
.sculptum
.sanguineus
.microplus
IX.ricinus
Ix.scapularis-mRNA
Ix.scapularis-gDNA

[ XW>>O0OIT O

Majority

.turicata
.dromedarii
.variabilis
.sculptum
.sanguineus
.microplus
Ix.ricinus
Ix.scapularis-mRNA
Ix.scapularis-gDNA

W >>O IO

Majority

.turicata
.dromedarii
.variabilis
.sculptum
.sanguineus
.microplus
Ix.ricinus
Ix.scapularis-mRNA
Ix.scapularis-gDNA

"W >>OITO

Majority

.turicata
.dromedarii
.variabilis
.sculptum
.sanguineus
.microplus
Ix.ricinus
Ix.scapularis-mRNA
Ix.scapularis-gDNA

[ XRW>>OUITO

-~ LRXR-AXX--------- XXXLXX - - - -MSXXXLXQXVXXSDGDXXXXSRXGDXX IRWNISPATLQHMRS - -ESFKR
10 20 30 40 50 60 70 80
--MAPAARSSQT FCTLRYLILSISLLASYASVEESDGDSRDDDSFEDMVIRWNISPDTLQRLRARREATAR 69
---------------------------------------------------------------------- MRS--ESFKR 8
---------------------------------------------------------------------- MRS--ESFKR 8
MG- - LRRRAAAG------ ETLLLRVFLVASVLSLDVSAQHMVGSDEARSLLSRGGDTLTRWNTSPATLQHMRS--ESFKR 70

MGTVLRRRGAAGANFAVGETLMLQLLLVVIAFSSDAWAQHVVGSDEARSLLSRGGDTLIRWNISPAALQHMRS--ENFKR 78
MGTVLHRRGAAGANFTVGESLVLLLVLGVIAFPLDAWAQHVVGSDEARSLLSRGGDTLIRWNISPAALQHMRS--ESFKR 78
--MELRGHDAQELR------ FLWTLLATTFLMSMGGLCQDVDSGSGDLGRSSRVGESFIRWNISPATLQHMRS--ESFKR 70
--MELRGHDAQELR------ FLWTLLATTFLMSMGGLCQDVDSGSGDLGRSSRVGESFIRWNISPATLQHMRS--ESFKR 70
——————————————————————————————— MSMGGLCQDVDSGSGDLGRSSRVGESFIRWNISPATLQHMRS--ESFKR 47

QFSP-WGGKRN-AAXDSLLDXAGXQXSXRHLLAADASYKVRRLHXGD-QPRD-DSFNPWGGKRXXDK-------------

20 100 110 120 130 140 150 160
PFVPRWGNQIQG- - -DAAVGKPYGN------------ YRDVWIYGK===—KD- === mmmmmm oo 102
QFSP-WGGKRNAAL L ESLLDSPGNQESRRHHLAADASYKVRRLHPA- -GVRDADSFNPWGGKRTDDKKDKDQTFNPWGGK 85
QFSP-WGGKRNTAAFESL L DSPGDQQSHRHQLAADASYKVRRLHHTG-SPRNADSFS -~ - === === == == P---- 64
QFSP-WGGKRN-AAFDYL L DAPGGD- ~H-QVADAASSYKVRRVHHTP - SLRN- - = ===~ == == oo - 116

QFSP-WGGKRNTAAFESLLDSAGNQESRRHHLAADASYKVRRLHPASIGVRDADSFSPWGGKRTDDKKDKDQTFNPWGGK 157
QFSP-WGGKRNAAAFESLLDAAGNQESHRHRLAADASYKVRRLHPVDIAVRAADLFSPWGGKRTDDKKDKDQTFNPWGGK 157

QFSP-WGGKRG--VLDQALPTAHRLSGPLYLYKALHSPGAMGERRGDKQPDD - ETFNPWGGKRENDK -~~~ -~~~ -~~~ 133
QF SP-WGGKRG--VLDQALPTAHRLSGPLYLYKALHSPRAMGERRGDKQPDD - EAFNPWGGKRENDK - - - - -~ - = - == -~ 133
QF SP-WGGKRG--VLDQALPTAHRLSGPLYLYKALHSPRAMGERRGDKQPED - EAFNPWGGKRENDK - - -~~~ ==~~~ 110
-------------------------------------------------------------- DXERSFAPWGGKRG----

170 180 190 200 210 220 230 240
----------------------------------------------------------------- AHFNPWGGKRDGTHT 117
R DSVRVKQEDGEEDEERSFAPWGGKRG---- 112
---------------------------------------------------------------- ERSFAPWGGKRG---- 76
------------------------------------------------------------------ VFAPWGGKR----- 125

RAAAGDRF GSWGGKRE TFNAWGGKRQQD - KNSFSPWGGKRAVRSPTARNEDAARARQDDGE EDEERSFAPWGGKRG- - - - 232
R- -AGDHFGSWGGKRDTF SANGGKRQQDSKNAF SPWGGKRAVRSPTARN - DAARAKQEDGEEDEERSFAPWGGKRG---- 230
-------------------------------------------------------------- DKELSFNPWGGKRGTFSS 151
-------------------------------------------------------------- DKELSFNPWGGKRGSFSS 151
-------------------------------------------------------------- DKELSFNPWGGKRGSFSS 128

~XGEDXAFS === === =mmmmoommmmm oo PWGGKRXDDGD- - - - - TXFXPWGGKREDR- - - FNPNGGKRE

250 260 270 280 290 300 310 320
RSGLDDSSG- -~ ——mmmm === mmmmmmmmmmmm oo SWSEKK----D------ NFNPWGGKKEAS---FNPWGGKRD 154
~AGEDQAFS=- === == —— oo oo PWGGKKRDDGD- - - - - TSFAPWGGKREDR- - - FNPNGGKRE 153
~AAEDQAF S - - === mm oo PWGGKRDSEED- - - - - TSFAPLGGKREDR- - - FNPNGGKRE 117
~AAEDRAFS - - === = oo oo PWGGKRGGDGDGG- - ~-ETFAPWGGKREDR- - - FNPNGGKRE 168
~TGEDQAFS=- ===~ === PWGGKRGDDGD- - - - - TSFTPWGGKREDR- - -FNPNGGKRE 273
~TGEDQAFS === === —mm oo PWGGKRGDDGD- - - - - TSFTPWGGKRDDR- - - FNPNGGKRE 271
WGGKRDTFGmm == === == == mm oo PWGGKRDTFGAWGGKRDTFGPWGGKRQDKESGFNPWGGKRE 201
WGGKRDTFGm === === === m oo PWGG-—-------- KRDTFGPWGGKRQDKESGFNPWGGKRE 191
WGGKRDTFGSWGGKRDTFGPWGGKRDTF GPWGGKRDTF GPWGGKRDTF GPWGGKRDTF GPWGGKRQDKESGFNPWGGKRE 208
GPFNPWGGKRE-------- GSNKEGFFNPWGGKRGADDS - FNPWGGKR - - - - - - - EDSFNPWGGKXX - -XDTAFXPWGGK

330 340 350 360 370 380 390 400
N-FNPWGGKKD-~----- -~~~ NFNPWGGKK - -DSSTFNPWGGKRSDGSKDKEL SFNPWGGKRQDGYGTIFGPWGGK 217
GPFNPWGGKRD-------- GSNKEGFFNPWGGKRGADDS - FNPWGGKRG- - - - - ADDSFNPWGGKR---QD-SFNPWGGK 215
GPFNPWGGKRE-------- GSNKEGF FNPWGGKRGADDS - FNPWGGKR -~~~ - - - QDSFNPWGGKR---ESGVFRPWGGK 178
GPFNPWGGKRE-------- GSNKEGF FNPWGGKRGADDS - FNPWGGKRG- - - - - ADDAFNPWGGKGG- -ADAAFNPWGGK 232
GPFNPWGGKRD-------- GSNKEGFFNPWGGKRGADDS - FNPWGGKR - - - - - - - QDSFNPWGGKR---EDGVFRPWGGK 334
GPFSPWGGKRD-------- GSNKEGF FNPWGGKRGADDP- FNPWGGKR - -~ - - - - QDSFNPWGGKK-- -EDGVFRPWGGK 332
DPFNPWGGKKEDKNAF SPWGGKREQNFNPWGGKKTSKDSTF SPWGGKR - - - - - - - EGPFNPWGGKKGD-SDTAFAPWGGK 273
DPFNPWGGKKEDKNAF SPWGGKREQNFNPWGGKKTTKDSTF SPWGGKR - - - - - - - EGPFNPWGGKKGD-SDTAFAPWGGK 263

DPFNPWGGKKEDKNAF SPWGGKRDQNFNPWGGKKTTKDSTFSPWGGKR - -~~~ -~ EGPFNPWGGKKGD-SDTAFAPWGGK 280



Majority RED-VFNPWGGKRD- - - -DXVFSPWGGKRED-------------- FGXXA- - -DXLEDAXSXRKKRDSSXSEHKGTTSXG

410 420 430 440 450 460 470 480
0.turicata REN-LFNPWGGKREKS--EMTFNPWGGKKSE------------ LAFSPWM-------- SASSRIKRDSTINTDMFIQHPK 274
H.dromedarii REDGVFRPWGGKKD- - - -DNVFRPWGGKKED- - -------- NV--FGPWG- - -GKREDAGSLRKKRDSSTSEHKVTTSHG 276
D.variabilis KEDKVFGPWGGKRD- - - -DDVFGPWGGKREQVSSSSSHSAGRGFPFGGAT - - -EHGVDAESLRKKRDSSMSEHQVTTSYS 251
A.sculptum RQD-SFNPWGGKRE - - - -DVVFRPWGGKKED----N-------- VFRPWG- - -GKKEDN-VFRPWGGKRQGD--GFKPWG 289
R.sanguineus KEDNVFRPWGGKKE - ---DNVFAPWGGKREDALPS--LYVGRGFNYGGTA---SHGVDAGSLRKKRDSSTSEHKGTTSYG 405
R.microplus KEDNVFRPWGGKKE - - - -GNVFGPWGGKREDATPS - -L SVSRALNYGGPA - - - SHDVDAGSLRKKRDSSASEQKGTTSNG 403
Ix.ricinus RDN-NFNPWGGKRDNGNKDSSFSPWGGKRES-------------- FGVQASDPDSLEDHSPSRNKRDSSSRVPKTKNSAR 338
Ix.scapularis-mRNA RDN-NFNPWGGKRDNGNKDSSFSPWGGKRES-------------- FGVQALDPDSLEDHSPSRNKRDSSSRVPKTKNSAQ 328
Ix.scapularis-gDNA RDN-NFNPWGGKRDNGNKDSSFSPWGGKRES-------------- FGVQALDPDSLEDHSPSRNKRD 332
Majority GKSGST----
490
—_—

0.turicata VQKASPRPL 283
H.dromedarii GKSASA 282
D.variabilis GKSGGT 257
A.sculptum GKREEDT 296
R.sanguineus GKSGST 411
R.microplus EKSGRT 409
Ix.ricinus SAISSVAKTF 348
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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.
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Taxon | Character

1 | Hdromedarii w R|E F w 3 s 14 I
2 | Rsanguineus w R|E F w 3 s ElF
3 R.microplus W R E F s W R 5 E F
4 | Dwariabilis w RIE F W R E &5 EEF
5 | Asculptum W R|E F W R E 5 E@F
6  Lricinus R|E F w E AF|s

7 | Ix.scapularis w R|E F w E AF|S

8  D.uricata w Rp ] F w

9 | DAA34788.1 R.prolix W |A RIDEDR F s Ww A F s EEEMREA
10 | Predel2017 ClectulanW R F 5 |W RS E|E 5
11 | AAC47656.1 Ae.aegy| 5|5 ClA S5A F
12 | ED535029.1 C.quingu 5 5 Cs 5 A A
13 | NP 524893.2 D.melan) 5 RMNE | WA F
14 | XP 013117801.1 S.cal E AE[L wilF




B0606161515151515161516162( 2
POFOPIGIFI31 311316

=
L
L3
&
&
=
Lo
=
Lo
=
Lo
—]
—]
-

Taxon \ Character
1  H.dromedarii
R

=
m

=
m

=

R.microplus

2

3

4 | Dwariabilis s
5 | Asculptum
6  Lricinus
7

8

9

P r|m = m ==

B
R EEEEREEEREE

Ix.scapularis
O.turicata

£ === ===

DAA34788.1 R.prolixi
10 | Predel2017 C.lectula
11 | AAC47656.1 Ae.acgy)
12 | EDS35029.1 C.quingu
13 | NP 5248932 D.melan, E HE

R EEEEREE
=
HEEHEHEHEHEEEH
m

Za
v
= =

=
=

<
=

14 | XP 013117801.1 5.cal [ -] AAAEEB E | | HUHEHHE

Taxon \ Character
1 | H.dromedarii
R.sanguineus
R.microplus
D.variabilis

=

w
BlE B
vifwfw|wn
A @ = A
-
v

v,
=
i n
PV
m
MR
=

(P77

-
~
~
~
-
~
~
~
~
~
-

Asculptum

Lricinus

v
m
w
w
=
w
w

lx.scapularis
O.turicata
DAA3I4788.1 R.prolix
Predel2017 C.lectula
AACATES6.1 Ae.aegy)
EDS35029.1 C.quingu
NP 524893.2 D.melan ? | 7
XP 0131178011 S.cal| 7 [

m AR R e mEA

vi|
= =
v
> =

wlo|~|e|v|es|w|n

=
(=]

-
=

=
[}

=
{7}

AR
=
bl

e EEEEEEEEEEE

=
IS

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).



