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Supplemental results: sequence and features of the honeybee’s Nayl
channel regulatory subunits

Five regulatory subunits for the Navl channel have been identified previously in
Drosophila Melanogaster L. Interestingly, these subunits were reported to be similar to the
regulatory subunits of mammalian calcium-activated potassium channels (Kca) which are
distant cousins of Nay channels in the VGL-chanome 2. Screening a HMM protein profile
inferred from Kcaf subunits against the bee proteome resulted in the successful
identification of the TipE protein and its homologs (e-values from 3,5E-66 to 5,8E-68).
Unlike the Nav1 sequence characterization, the TipE and TEH sequence characterizations
were performed with the jackhammer algorithm. This algorithm consists in iterative
hmmsearch-like queries. Each new query uses a protein profile inferred from the selected
proteins associated with the significant matches of the previous query. This procedure was
performed in order to make sure that all TipE homolog proteins were identified from the
bee proteome. Using a similar approach with a protein profile inferred from mammalian
regulatory subunits of Nay channels did not highlight any homologous protein in the bee

proteome.

Comparison of the identified subunits with the known Kca (KCNMB) subunits shows that,
these proteins belong to a single protein family (Figure 1D). Moreover, based on sequence
homology, the TEH family is divided into two subfamilies. TEH3 and TEH4 seem to
feature sequence motifs slightly different from TipE, TEH1 and TEH2

All the regulatory subunits of AmNay1 are located within a span of 2 686 kB in the LG1
chromosome (Figure S2C). The TipE, TEH2, TEH3 and TEH4 genes are all located in
closer proximity (within 74 kB). All the TEH subunits are oriented in the same direction.
Similar arrangements have been reported for the TipE and TEH subunits of the Drosophila
Melanogaster, Drosophila Pseudoobscura, Drosophila Yakuba and Anopheles gambiae *.
Such an arrangement either points to early gene duplication and inversion events in the

phylogeny or to common regulation of the genes.

Using the SOSUI web server 3, we identified two putative transmembrane segments in all
regulatory subunit but TEH1. Given that all the putative transmembrane segments

identified are in the same regions and that drosophila’s TEH1 subunit is thought to feature



two transmembrane segments’, it is probable that the honeybee’s TEH1 also has two

transmembrane segments in the same regions (Figure S3).

As noted by Derst and collaborators for the drosophila’s TipE and TEH subunits®, some
cysteines thought to be involved in the formation of disulphide bridges in hKcaf2 are
conserved in the honeybee’s Navl regulatory subunitsl. Other cysteines not found in
hKcaf2 seem to be highly conserved in both drosophila’s and honeybee’s regulatory
subunits (Figure S3A-B). Those residues may be involved in the formation of disulphide
bridges as well. Furthermore, TEH3 and TEH4 both feature two EGF-like domains. Those
domains are typically associated with protein-protein interactions and calcium binding.
TEH3’s first EGF-like domain seems to be involved in calcium binding as it features the
D/N-x-D/N-E/Q-x1-D/IN*-xo-Y/F consensus sequence (where X1 and X2 are of variable
length and * represents B-hydroxylated residue). TEH4’s first EGF-like domain, however,

only features some residues of the consensus sequence.

No alternative sequences were found for the honeybee’s TEH1, TEH2 and TEH3 subunits.
Nevertheless, alternative sequences for TipE and TEH4 were found as a result of genomic
variations and RNA editing (Figure S2B).
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Supplemental methods: cloning AmNavl and its regulatory subunits

Total RNA from honeybee heads was extracted using Trizol kits (Sigma). cDNA was
produced using Transcriptor first strand cDNA synthesis kits (Roche). The cDNA
corresponding to two overlapping fragments of the Nav1, the TipE, and TEH1-4 proteins

was obtained by PCR amplification. Prior to insertion in a plasmid with a standard



digestion and ligation method, restriction sites were introduced at the beginning and end of

each fragment cloned using PCR amplification with the following primers:

TipE :

Forward primer with BamH1 restriction site:
GAGAGGATCCGCCGCCACCATGGCGGAGGAAAAGGAGAAG
Reverse primer with HindI11 restriction site:

GAGAAAGCTTGCTTCAGACTGCCGCCGT

TEH1
Forward primer with BamH1 restriction site:
GAGAGGATCCGCCGCCACCATGCGCGGGAGCAGCTCTGA

Reverse primer with EcoR1 restriction site:

GAGAGAATTCTTACCTGAGATCGTTGCCCCTG

TEH2

Forward primer with BamH1 restriction site:
GAGAGGATCCGCCGCCACCATGGGCGCCCAGGAAGAG
Reverse primer with HindI11 restriction site:

GAGAAAGCTTTTACTCTTCCTTCCTTGCGTACTTGT

TEH3

Forward primer with BamH1 restriction site:



GAGAGGATCCGCCGCCACCATGCCTAAGCAAGTGCCAGTG

Reverse primer with EcoR1 restriction site:

GAGAGAATTCTCAGAGCGCCATAGCGGAGT

TEH4

Forward primer with EcoR1 restriction site:
GAGAGAATTCGCCGCCACCATGGGTCGAAAGCATAAACG
Reverse primer with HindI11 restriction site:

GAGAAAGCTTCTGCTAAAGCGCCATGCT

Nav1 fragment #1 (from ATG to the 4131 nucleotide, starting with A from ATG)
Forward primer with Kpn1 restriction site:
GAGAGGTACCGCCGCCACCATGTCCGAAGATTCTGACTC

Reverse primer:

GCCAGCGCCACAGAGCGACGCTACGAAGTTAATGAGTGAC

Nav1 fragment #2 (from 4092t nucleotide to the stop codon)
Forward primer:
GTCACTCATTAACTTCGTAGCGTCGCTCTGTGGCGCTGGC

Reverse primer with Xmal restriction site:
GAGACCCGGGTCAGACGTCCGCGGTTCTCG

The cDNA of all the regulatory subunits were inserted into the pPol_Notl vector (a

generous gift from Dr. Paul Isenring, Université Laval), an oocyte expression vector



containing the T7 promoter (5’ to 3'), the Xenopus laevis B-globin 5’-untranslated region, a
multiple cloning site, the Xenopus laevis R-globin 3'-untranslated region, a linearizing site,
and polyA and polyC tracts. The cDNA corresponding to the two Nav1 fragments were
inserted in the TOPO vector.

The vectors containing the regulatory subunits were amplified in Escherichia coli XL2
Blue (Agilent) and were purified using GenElute HP Plasmid Maxiprep kits (Sigma).

The constructs were linearized with Not1, and T7 RNA polymerase was used to make sense
RNA using mMMESSAGE mMACHINE T7 kits (Ambion). mRNA was also generated
using MMESSAGE mMACHINE kits with a custom DNA featuring a T7 promoter, the
AmNav1 channel sequence, the Xenopus laevis 3-globin 3’-untranslated region, and polyA

and polyC tracts.

To identify sequence variations, genomic DNA from whole bees was extracted and was

sequenced using QlAamp DNA mini kits (Qiagen).

Supplemental methods: oligonucleotide primer sequences for tissue
expression analysis

The following primer sequences were used for RT-PCR amplifications in order to visualize
the tissue expression pattern of the proteins under investigation:

For AmNavl

5’-GATCCGATGCTCGAACAAGGGC-3’ (forward primer)
5’-GGGCATGATCATGAGTATGCAGGC-3’ (reverse primer)
For TipE

5’-AAGTGGACCCCGGGATAGTCATCAGC-3’ (forward primer)
5’-CGACCTTCAGCTGATGCCCAAAGC-3’ (reverse primer)

For TEH1

5’-CATCTGCACCACCTCCAGACGC-3’ (forward primer)

5’-ATTTCGCGGGTGAAGTTCTCGGC-3’ (reverse primer)



For TEHZ2

5’-TAAATTCTACACCTCCCTCTGCCTGC-3’ (forward primer)
5’-CACTGTATGGAGCCCAACGGTTTCGC-3’ (reverse primer)
For TEH3

5’-TCTACCTGACCGTTGCCATCTACAGC-3’ (forward primer)
5’-TTCGACACTCGTCCGCTATGCGC-3’ (reverse primer)

For TEH4

5’-GAACAAAGCGAATGGAAATCTGCCGC-3’ (forward primer)
5’-TAGAGGCGAGAACTGTTGTAGATGC-3’ (reverse primer)

Supplemental methods: Equations
The fraction of channels modified by pyrethroid insecticides was calculated using the

following equation:

Itail/(Etail - Erev)
Idep/(Edep - Erev)

M(%) = 100 x

where It is the maximal amplitude of the tail current measured in the 170s following the
last conditioning pulse (the first 5ms are excluded to avoid the inclusion of a capacitive
component in the current measured), Ei is the membrane potential at which the tail current
was measured, Erey IS the reversal potential of sodium ions as calculated using an 1-V curve,

and lgep is the peak current observed in response to a depolarization at the Eqep potential.

The dose-response curves obtained from these calculations were fitted to a Hill curve using

the following equation:

M = MMax
1+ (ECsy/dose)

where h is the Hill coefficient, Mmax is the maximal fraction of channels affected, ECsg is
the half-maximal effective concentration, and dose is the concentration at which the

observation was made.



The voltage-dependence of activation was fitted to the following Boltzmann equation:

G(V) _ 1

GMax (V_VI/Z)
l+exp &

while the voltage-dependence of inactivation was fitted to the following equation:

I(V) _ 1

IMax (V_VI/Z)
l+exp k

where V1, is the half-maximal voltage of activation (or inactivation), G is the conductance,

| is the current measured at a given voltage (V), and Kk is the slope factor (in mV).

Current decay and tail current kinetics were fitted to the following equation when a single

exponential was used:

y=yo+A<1—exp(_Tx)>

and to the following equation when double exponential was used:

Y=Y+ 4 <1 —exp C_f)> e (1 - C_:)>

where ypo is the initial value, A is the weight of the exponential, and z is the time constant

of the exponential.

All fits were performed using the Levenberg-Marquardt algorithm.

Supplemental tables:



Table S1: Correspondence of residues in the honeybee Nav1 sequence with known kdr-

linked mutations

Table S2: Residues implicated in the formation of the pyrethroid binding site in the

honeybee’s Nav1 channel according to the participating residues in Aedes aegypti.

Supplemental figure legends:

Figure S1: Sequence alignment of the homologous domains of the honeybee Navl
channel. (A) The homologous domains of AmNav1 are aligned with the sequences of the
homologous domains from various mammalian sodium channels. The crystallized
bacterian sodium channel NayAb was used as reference to identify the 6 transmembrane

or
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segments comprised in each domain. Conserved residues are annotated with
according to the ClustalW consensus representation. The highly conserved amino acids
which form the GCTC, the selectivity filter (SF) and the conserved positive charges on S4
are highlighted. Conserved negative, positive, aromatic and uncharged residues are shown
in red, blue, green and grey respectively. (B) Sequence alignment of the putative
hydrophobic plug for AmNav1. The IFMT motif and its MFMT counterpart are shown in
bold. The putative phosphorylation site identified with pBlast is highlighted in orange. (C)
2-D representation of the motifs found in the honeybee Nay1 channel.

Figure S2: Sequence variants of the investigated proteins and chromosomal organization
of the AmNav1 regulatory subunits. (A-B) Sequence variants found for the AmNavl
channel and its regulatory subunits. Green annotations correspond to insertions whereas
the red annotation represents a deletion. Red and green circles represent alterations which

are the result of genomic variations and RNA edition respectively.



Figure S3: Sequence alignment the TipE and TEH regulatory subunits. (A) The
regulatory subunits are aligned with the hKcaf2 protein which modulates the biophysical
properties of the mammalian Kca channels. Conserved residues are annotated with “*”, «:””
or “.” according to the ClustalW consensus representation. The transmembrane segments
identified with SOSUI are shown in bold. The regions where most transmembrane
segments are found are framed. The cysteines thought to be important for the formation of
disulphide bridges in hKcaf2 are highlighted in grey. Highly conserved cysteines found in
the drosophila’s and honeybee’s Nay1 regulatory subunits are highlighted in orange. (B)
Alignment of the two EGF-like domains found in TEH3 and TEH4. Cysteines involved in
disulphide bonds are highlighted in grey. Residues in the first EGF-like domain potentially
involved in calcium binding are shown in bold. (C) 2-D representation of the regulatory

subunits.

Figure S4: AmNavl single-channel conductance. (A) Single-channel traces from cell-
attached oocytes patch are illustrated for -10, -20, -30 and -40 mV. Arrows indicate the
onset of patch depolarization from —100 mV to the indicated voltage for 150 ms. (B) All-
points histogram of the single-channel current amplitudes at -30 mV. The smooth curve is
a Gaussian fit with amplitude peaks at 1.77 pA. (C) Plot of the current—voltage relationship
(n>7). The straight line is a linear regression yielding a unitary conductance of 24.5 + 0.2

pS. Data are presented as mean + SEM.

Figure S5: Effect of TTX on AmNav1. (A) The channel exhibited a reversible, dose-
dependent block by TTX. Using oocytes expressing AmNayvl and TipE, the fraction of
channels blocked at different concentrations of TTX were recorded (n = 5). The data was
then fitted with a Hill curve in order to extract the Hill coefficient (h = 1,6) and the half

maximal inhibitory concentration (ICso = 0,7 nM).
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Musca Domestica
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Associated mutations

None
None E435K+C785R
V410M+C785R, C785R+L1014F
C785R + L1014F
E485K+ L1014F, L1014F
None, T9291, L932F, L1014F
None, M918L+L925I, M918I+L1014F, M918T+L1014F
None
None, M8271, L932F, L1014F, L1014F+A1060T+P1879S
M8271, M8271+T9291
None
None
None
L1014F
V1016G
L1014
None
None
Identified with *
None, D1763Y
None
None
T9291+L1014F+P1879S, L1014F+N1575Y, L1014F+P1879S, P1879S
None
None
None
None
L1596P+1752V+M18231
None
None
E1553G
D1549v
L1014F
None, F1528L+11752V+M1823I
F1528L+L1596P+M1823I
V1016G
F1528L+L1596P+I1752V
T9291+L1014F+A1060T, A1060T

Species

Drosophila melanogaster
Helicoverpa zea, Cimex luctularis
Blattella germanica
Blattella germanica
Blattella germanica
Pediculus humanus capitis, Pediculus humanus corporis
at least 11 different

Bemisia tabaci, Cimex luctularis, Trialeurodes vaporariorum, Rhipicephalus microplus

at least 13 different
Pediculus humanus capitis, Pediculus humanus corporis
Rhipicephalus microplus
Helicoverpa zea
Lepeophtheirus salmonis
Myzus persicae
Aedes aegypti
Anopheles culicifacies, Anopheles sinensis
Aedes aegypti, Anopheles sinensis
Anopheles sinensis
At least 20 different
Aedes aegypti
Blattella germanica, Plutella xylostella
Tetranychus urticae
Plutella xylostella
Tetranychus urticae
Drosophila melanogaster
Drosophila melanogaster
Drosophila melanogaster
Varroa destructor
Aedes aegypti, Aedes albopictus

Rhipicephalus microplus, Tetranychus cinnabarinus, Tetranychus urticae

Helicoverpa armigera, Heliothis virescens
Helicoverpa armigera, Heliothis virescens
Anopheles gambiae
Varroa mite
Varroa mite
Aedes aegypti
Varroa destructor
Plutella xylostella

Apis Mellifera
Amino Acid  Numbering
264
419
444
489
789
831
922
929
933
936
937
940
949
983
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1099
Poor alignment

1409
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1523
1527
1533
1538
1548
1552
1574
1595
1751
1762
1822
1878
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Aedes aegypti Apis Mellifera
Residue label  Original amino acid Numbering ~ Mutated amino acid |[Numbering Original amino acid Conserved
1k7 | 259 A 258 | Yes
1k11 \Y 263 A 262 \ Yes
lo6 L 270 | 269 L Yes
lo10 | 274 C 273 | Yes
lo13 T 277 W 266 T Yes
1i18 L 281 G 280 L Yes
2i13 | 990 M 1015 | Yes
2il6 L 993 F 1018 L Yes




S1 S2 S5

AmNa,1 133 WILDPEN-PIRRVAIYILVERLFSLFIITTILVNCILMIMPTYP-TI- TETGT TLOPFT LKTT TESVKYLRDVI ILTMFSLSVFALMGLOT YWGVLTQKC TKNFPEDGS -
DnNavl WMLDPEN-PIRRVAIYILVEHLESLFIITTILVNCILMIMPT}R-TV~ TETGT TLCPET LKTIVGAVIESVKILRDVITLTMFSLSYFALMGLOT YHGVLTOKCTKKFPLDGS: -
hia,1.1 ~ILTPEN-PLRKIATKILVEJLFSMLIMCTILTNCVEMT TKNVEYTETGI¥TFESLIKI TRRGECLEDETF TVITEAYVIEF a 1SVIPELKTIVGALIQSVKKLSDVMILTVECLSVFALIGLOLFYIGNLRNKC IQWPPTNASLEEHS TE-~~~~KNITVNY
DI hia,1.2 ~ILTPEN-PIRKLATKILVEJLENMLIMCTILTNCVEMT TNVEYTETGI¥TFESLIKILARGECLEDETF TVITEAYVIEF a TSVIPELKTIVGALIQSVKKLSDVMILTVECLSVFALIGLQLFYIGNLRNKCLQWPPDNSSFEINI TS -~~~ FFNNSLDG
hia,1.4 - ~LIHALFSMEIMITILTNCVEMTMSD TETGI¥TFESLIKILARGFCVDDETE TMMAYLTEFY anfsar TTVIPELKTIVGALIQSVKKLSDVMILTVECLSVFALVGLOLF]IGNLI NTTHYSNDTHYGNDT
hNa,1.6 ~ILSPEN-LIRRIAIKILIHSVESMIIMCTILTNCVEMTE TETGT¥TFESLVKITARGFCIDGETE TMMAYTTEFY m 1SVIPELKTIVGALIQSVKKLSDVMILTVECLSVFALIGLOLFYIGNLRNKCVVHPINE
hNa,1.7 - ~KILVHJLFSMLIMCTILTNCIEMT! TKNVEBY TETG1¥TFBSLVKI LARGFCVGEFTF TVFAYLTEFY TSVIPBLKTIVGALIQSVKKLSDVMILTVECLSVFALIGL RNSLENNETLEST
AmNavl 788 -DCCHLWLEFQKYVALLVFDHFVELFITLCTVVNTLEMAL LKTGNYFETATEG IBATLKLT h---MSPKFYFOEGWNT FBF T TVALSLLE| LNLLISTMGRTVGALGNLTFVLCTTTFTFAVMGMOLF!
DmNavi 799 ~DCCWVWLKFQEWVSLIVEDHFVELFITLCT F TBATMKL FOEGWNTFDET IVALSLLE| LNLLISTMGRTMGALGNLTFVLCITIFIFAVMGMOLF|
hNavl.1 HEVDLATTICIVLNTLEM P-MT-DEFNNVLTVGNLVETGIETABMFLK T FOEGWNTFDGFIVTLSLVE| LNMLIKIIGNSVGALGNLTLVLAT TVETEAVVGMOLE!
DII == DAL CEV LT BB VLS G BTAE AL reroafizeBor vstoie S
h¥avl.4 FVDLGITICIVLNTLEM P-MI-ERFINVLTVGNLVETGTETABMVLKLT EYFQQWNTFBS T TVTLSLVE] PITLNMLIKT IGNSVGALGNLTLVLAT [VFTFAVVGHOLF|
hNavl.6 [FVDLATTICIVLNT: T-POF} GIETABMFLKLI, YYFQEQWNTFBGE IGNSVGALGNLTLVLAT IVETEAVVGMOLE|
hNavl.7 [FVDLATTICIVLNT: T-EEFKNVLAIGNLVETGT 1 EYFQUWNIFBSLIVILSLVELFL SVLRSFRLLRVFKL IKIIGNS NLTLVLATTVETFAVVGHOLE
AnNavl YFETAVILMI HLQORPTLYPILYYMBRTEIVIEFT] WCWLFT TVMVSLINFVASLC-G--AGGT QATP$IFNVLLVCLIFWLIFAIMGVQLF.
DnNavl Y FETAVITMILMS! HLPORPTLYDILYYMBRIETVIEFL] WCWLBEY TVMVSLINFVAS ~AGGTQAFRTIRT SRUQEMRVVVNALVOAT P T FNVLLVCLIFWLIFATMGVOLE,
hNavl.1 NWEETFIVEMI >} Y IDORKT THT YIS WCWLBFLIVDVSLVS| KSLRTLRALRPLRALSRFEGMRVVVNALLGAT P§ TMNVLLVCLIFWLIFST
hNavl.d [WEETFIVEMILLSSGALAFEDF Y TEQRRVINTIL ETYIETM WCWLBFLIVDVSITS| KSLRTLRALRPLRALSRFEGMRVVUNALLGAT P TMNVLLYCLIFWLIFSTMGVNLF}
hNavl.6 [WEETFIIFMILLSSGALARED|YTEQRKTIRTIL TETLEMLLKW FETNAWCWLBFLIVAVSLYS| KSLRTLRALRPLRALSRFEGMRVVVNALVGAT PS TMNVLLVCLIFWLIFSTMGVNLF
hNavl.7 [WFESFIVLMILLSSGAL TERKKTTHI ILEYADKIETYIFILEMLLKHI WCWLDELIVDVSLVIEVANTL-G--YSDLGP [KSLRTLRALRPLRALSRFERMRVVVNAL IGAT P4 IMNVLLVCLIFWLIFST FAGKFYE-CINTT:
AmNavl 1588 -IPRPRW-RPQAIVFEIVTDHKFDMIIMLEIGLNMLTMTLBHIQ-QT-QTFSDVLDYLNMIEIVIET I TLSILGLVLSDIIEKYFVSPTL RGAREIRTLLFALAMSLPALENICLLLFLVMFIFATFGMSE

DmNavl 1601 -IPRPRW-RPQATVFEIVTDHKFDIIIMLFIGLNMFTMTLBRYD-AS-DTYNAVLDYLNATEVVIE

L E] ILSILGLVLSDIIEKYFVSPTL] KGAKEIRTLLEALAMSLPALENICLLLELVMELFALFGMSE

hNavl.l 1523 -IPREGN-KFQGMVEDFVTRQVEDISIMILICLNMVTMMVETPD-QS-EYVITILSRINLVELVLETG WNIE ILSTVGHFLAELIEKYFVSPTLFRVIRLARIGRI LRLIKGAKGTRTLLFALMMSLPA LN IGLLLFLVMFTYAT FGUSNE
DI V Ravi2 1513 ~IPRPAN-KFOGHVEDFVIK(VRDISINILICLWVTIOETbo-05 QmMINI LYW INLVEIVIETG NEEDE STV AR TR PSP LR TR AR: R TROAK TR A ST T e A one
hNavl.d 1349 - ~LVTKQAFDITIMILICLNMYTHMVET PN-QS-QLKYDILYNINMIET I TETGEC WN T TLSIVGLALSDLIQKYFVSPTLIRVIRLARI GRVLRLTRGAKG IRTLLFALMMSLEALFNIGLLLFLVME 1YSTFGMSNEAY
hNavl.6 1504 -IPRPLN-KIQGIVEDFVTQUAFDIVIMMLICLNMYTMMVETPT-QS-KOMENILYRINLVEVIFET NTE TLSIVGFLADI TEKYFVSPTLFRVIRLARI GRI LRLTKGAKG TRTLLFALMMSLEALFNIGLLLFLVMETFS TFGMSNEAY
hNavl.7 1510 DLVINQAFDISIMVLICLNMVTMM ~QS-QHMIIEVLYWINVVET T LET WNTE TISIVGMFLADLIETYFVSPTLFRYIRLARI GRT LRLVKGAKG T RTLLFALMMSLPALFNIGLLLELYMETYAT FGMSNFAY
Na,Ab 1 TEMO: 15F IVSALISVIEML ®
AmNavl 310 TDENWERFVSNETNWY CGNSSGAGQCLPGYTCLS ~-GYTSFDTFGWALLSAFRLMTQBYH] HMLFFIVITFLGSFYLVNLILAIVAMS' e IREAEEAALAKENKL
DmNavl 311 ISFPLCGNI )CDDDYVCL -~GYTSFDSFGWAFLSAFRLMTODFH] FFIVIIFLGSFYLVNLILAIVAMSYHEL 1 L
hNa,1.1 301 INETVFEF IQDSRYHYFLEGFLDALLCGNSSD] PE ~GYTSFDTFSWAFLSLFRLMTQBFWEN-LYQLTLI YMIFFVLVIFLGSFYLINLIL EE----AEQKEAEFQQMTEQL-KK-
DI hNa,l.2 303 - ~GITFNRTVSIFNWDEYTEDKSHFYFLEGONDALLCGNSSDAGQCPEGY ICVK~AG~~~RNPNY~-GYTSFDTFSWAFLSLFRLMT AG-K|YMIFFVLVIFLGSFYLINLILAVVAMAYHEQNOATLEE- - - ~AEQKEAEFQOMLEQL-KK~—
mNal.4 309 THNSHASWATNDTFDWDAY I SDEGNFYFLEGSNDALLCGNSSD: EGYECTK-T( TSYDTFSWAFLALFRLMTOBY] AG-KYMIFFVVIIFLGSFYLINLIL
hNa,l.6 289 L BT YTVPGMLEPLLCGNSSD: EG TSFDTFSWAFLALFRLMT ~LYOLT! ~AG-KJYMIFFVLVIEVGSFYLVNLIL NOAT EQL
hNa1.7 201 TLESEEDFRKYFY LLCGFSTDSGOCPEGYTCVK- I TSFDTFSWAFLALFRLMT N-LYQQT! YMIFFVVVIFLGSFYLINLIL
AmNavl 965 TVERVLCGENT CIPFFLATVVIGNLVVLNLE! SAPTA- -NKIAEAIDRIAR-
DmNavl 976 - TVERVLCGEWT CIPFFLATVVIGNLVVLNLFLALLLSNFQSSSLSAPTA -NKIAEAFNRIGR- -
hNavi.l 927 FHSFLIVFRVLCGENI] CLTVEMMVMYTGNLVVLNLFLALLLSSFYADNLAAT 1
DII hNavl.2 918 FHSFLIVFRVLCGENI] CLTVEFMMVMYTGNLYVLNLFLALLLSSFYSDNLAAT QIAVGRMQ
hNavl.d 737 FHSFLIVERILCGEHI] CLTVFLMVMVIGNLVVLNL
hNavl.6 912 FHSFLIVERVLCGEHI] CLIVEMMVMYIGNLVVLNLFLALLLSSFYADNLAN QISVIRI
hNavl.7 903 FHSFLIVFRVLCGEHI] CLIVYMMVMVIGNLVVLNLFLALLL:
AmNavl 1455 TIPDRNACL DHVGKAYLCLFQVATFRGWIQIMN-DAIDSRELNKQPIRE- {MYFYFVEFIIFGSFFTLNLEIGVIIDNE c: TEDQKKY
DmNavl 1468 TIPNRNAC TWVNSAMNFDHVGNAYLCLEQVATFKGHIQTMN-DATDSREVDKQPT TNI{MYLYFVFFIIFGSFETLNLEIGVIIDNE TEDQKKY
hNavl.l 1386 TEDVNNHTDCLKLIERN-ET NVGFGYLSLL MY -AAVDSRNVELQPKY] MYLYFVIFIIFGSFFTLNLFIGVTIDNFNOQKKKFGG-QDI FUTEEQKKY YNAMKKL
DIII navilz 1376 resn-ar NVGLGYLSLLOVATFRGMBTY -AAVDSRNVEL QPKY UYL YFVLFT LFGS FFTLNLF LG IDNFQOKKKFGG-QD1 FHTEEQRK Y YNANKKL-
hNavl.d 1199 ISE! MHT-~GOVRIL YDNVGLGYL D1 E0PQY MYLYFVIFIT
hNavl.6 1366 IEDVNNKTECEKLMEGNNTE IRWKNVK INFDNVGAGYLALLOVATFRGHMBINY -AAVDSRKP DEQPKYE - MYIYFVIFIIFGSFETLNLEIGVT1DNFNQOKKKFGG-QDTFMTEEQKKY YNAMKKL
hNavl.7 1360 LMNVS-ONVRWKNLKVNEDNVGLGYLSLL TIIMY QeKY MY TYFUVEIIFGSFFTLNLFIGVIT
AmNavl 1765 DDV TFGQSMILLEQMSTSAGH GIAYLLSYLVISFLIVINMYIAVIL
DmNavl 1778 DV TEGQSMILLEQMSTSAGH GITFLLSYLVISFLIVINMYIAVIL
hNavl.l 1700 T TEGNSMICLEQITTSAG! IFFFVSYIITSFLVVVNMYIAVIL L &
DI ‘; hNavl.2 1690 T TEGNSMICLFQITTSAG! TFFFVSYIIISELVVVNMYIAVILENFVATEESAEPLSEDDE -~ ~EMFYEVWEKFDPDATO
hNavl.d 1512 T TEGNSIICLFEITTSAG ICFFCSYITISFLIVVNMYL
hNavl.6 1681 T TEGNSMICLFQITTSAGHDG-LLLPILN-RPPDC GNPSYGIFFFVSYIIISFLIVVNMYIAITL TEESADPLSEDDE---ETFYEIWEKFDPDAT
hNavl.7 1674 I TFGNSMICLFQITTSAGWBG-LLAPILNSKPPDC GNPSYGIFYFVSYIIISFLVVVNMYIAVIL]
Na,Ab 159 {FGTLGESFYTLFOVMTLESWSMGIVRPLMEVY PY- PFIF TVDAMAT LNOKEEQH I I DEVOSHEDNINNEI IKLREEIVELKELIKTSLKN
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DIII DIV

K A Highly conserved amino acids

1562 EMPMTEDQKKYYNAMKKICEKK
1587 EMPMTEDOKKYYNAMKKMGEKK

1471
1432 DIFMTEEQKKYYNAMKKLGRKK
1322 DIFMIEEQRKYYNAUKKLGEKK

1497 o o o 8

1487 DIFMTEEQRIYVNANKKLGRKK

1435 ; O 8 SSSSSSSSSS o) O © Negatively charged amino acid
‘ : o) : .

1ive ormmsgecrm g oo g 8282828282 oo 8 © Aromatic amino acid

© Neutral amino aci

< Putative phosphorylal




Ve WeN Splice variant: insertion
r%xssx%xssx ? xss x% l% Splice variant: deletion
ettt

) RNA edition

Genomic variation

@B A49-59: EGGFGRKKKKK 023: R—K 0407: -V
@D Ins 761: VSSTYYFPT 026: S—G
@3 Ins 1088: GEGPSNSWKE ©70-72: TSN—EQS
2115 A—>V
OA165: G
16 221 kb 16 433 kb 19 176 kb
I I 19 007 kb! I
: 16 352 kb : :19 044 kb:
| |
| | | |
| |
| |
| |
| |
~. T T ==—____ - - - - -
~ - - - - _ - -
e _ - -

TEH4 TEH2 TEH3




s ) * s *x
TAF-FILLSTFSLFAFLFLVPFVIDPAF

***** MAEEKEKQTFLOKLLFY'

TIFMQFDTRPAECITTYVESRRGTSNCSWTSCREGCTK-ELYDECTQIRVNYKLPTNTSED

*

Am TipE 1 DGOG
Am_TEH1 55 LGFGASRRRPPRRTCRQRENFYATSA-LAFVATSGGAALLFLVPLYVDPAISTLAADFSPDPVICTTSRREELAGLENCTWSSCREGCTS-DVYRCTHIYVTYTPWSNASMKN D
Am_TEH2 10 STIGGVLPVVEVVTLVEKAKFY]SLC-LGITAILAVFAFLFLIPFIVEPAV|TILADFSPHAVACVVTDHVYAEGLKNGSWASCREGNSS-AALRCHOIRVNY TRLSFEEFVA-—--- K
Am_TEH3 1 -M-PKQVPVENLVIPPQDGRIC(TICICQMTAVLSSVALVYLTVAIYMPSTRAFQSGISEVPVMCTTIRAV---NADNCEWNGSCGEWCLSKTSGPEVOTHVNLRRNGSRILLANCTNTTNKTCYGIDQENAKKSKC IA-DECRNLTGTFNCSSG
Am_TEH4 1 -M-GR--KHKRRLIPEQDRRIC}SICFCQFTIVISCVALVYLSVAIYMPSHRAFHAGIDPDPVMCOTVNTT---LTNNCGWASCGEWCLTRTTGECPQIHATVRRNGTDIVFENCTKENS I SCPQVNTASLKKYNCNNGSECSVLSGLENCSLG
Dm_TipE 1 -----1 MGDEQDKRTGKEKLLFY | TAF-FILLGTFSLFAFLFLVPEVIEPAF|TIFMOFEEVPALCETYDTE Y YGAKNGSHS SEREGCTK-DIY TETQIRVNYRLNLYNFTDE -~~~ FNFTEYHINLKEAERIL-—--=—=-=-—-—-——~--—
Dm TEH1 24 LAPKKKNGNRRFRSWRERARFY(TST-LAFFSVTAGASLLFLVPLYVDPAISTLSHDFIEKPTLETTTRREDLVGIFNCSWSSCREGCTS-DLYREVHTYVTFIEQNITIPEN M
Dm TEH2 65 DAIKAKREEIEMDTLLEKAKFY]SVC-LGTTAILSVFTFLFLIPFVVDPAI$TIIADYDPVPVTCIVIDHIYAEGIKNCSWSSCREGCTS-SLTKCHOLFVNYTRIPFSEWER N
Dm TEH3 1 MG-KKKVPVEDLVVPPQDTRICHTICICOMTLVLSSVALVYLTVAIYMPSTRAFKSGIDPTPVMCTTTRAV---NKDNCEWGSCGEWCLSKTSGACIQTYVNLRSNGSNLIFONCTNSANKTCYGIDQDRADKARCIN-DECKNLIGTFNCTAG
Dm TEH4 1 MG-RR--KDKPRVIPEQDARICHAICLCQLTMVLSCVSIVYLSVAIYSPSLKAFKSGFELDPVMCOTVDRQ---MPNNCPWASCGEWCLTKTSGFEPQTHS IVRRNGTDIQLNNCTRVINTSCAMI DLSRLNKENCNNGTACNNIRGVFNCSNG
hKc,B2 32 ----KRKTVTALKAGEDRAIL-{---- LGLAMMVCSIMMYFLL-GI--TLLRSYMOSVWTEESQCTLLNAS - ITETENCSF-SEGPDCWKLSQYPELOVYVNLTSSGEKLLLYHTEET I~ —— -~ KINQKCSYIPKCGKN-————---- FEESMS
Am TipE 111 EGGGAVGGVEDDEDSTTMGKPRYDRSLREYDYVEDLD-ED-—-—=-—=-~ FAED--DE----- -
Am _TEHL 168 T GRGNSTGI A
Am_TEH2 123 P LG
Am TEH3 149 VCINITDAFECIFHDTDPPMKCSGRRGKITCIDIDGLFNENRGTCERIRTPYNCDRRCVDIPTRNKNMILLTGDKVYLSQCERAIDVQ-—----=-=--- TNREIWH-EDRGDVMMASCYGIFNSTLGVEAVDC INGSVLEKDLLTDL-TNFT-
Am TEH4 148 HCVNISELMLCHYKADGIVVDS----- EKDNMKLNGYFSCHNSRCTKIKSPFSCDRYCPDIVTSDVNVELMODDNIVIVKCERGLALNKANGNLPGVRLTT PHOFWE - DRNGS I IVSCLAVDKKM-NDVRTQDCYNGTLLKE I PLPQPTINETS
Dm_TipE 124 ——-------—-—---—- PPVKRTDRY—=—=—=—=——=-—==———- ERALRSDYEYDN mmmm e LGGGT--GLDIDLGAGRMEQLNFGDADGSNGYLIEDS -EDTRG-LSASGTLISDERRP---—-~ F--
Dm_TEH1 137 T D-----
Dm_TEH2 178 P RDLDT
Dm_TEH3 150 QCLNITDAFECIFHNSDAPVKCSGRRGKINCMDISGLYSESRGTCRKIRTPYNCDRRCVDIPTRNKNVVVLSGDKVYLSQCQNAINAE-———-======= TLEEVWN-ESSENVAMTSCYFIRHTSDQVDAVDC INGSTLETNMLSDL-TNFT—
Dm_TEH4 149 HCKNMSEFFLCHHKADGLTVNS----— QKDNTKLNGFFECHGVHCTKIKKPFSCDRYCSKITTTNVNTLIMHEDNLIAADCENAVAFNQARGSEHGVRI ~EPFEFWK-EDDGNLLTNCATVTRESDNRI TATDCINGTLLEHDTLPAPFMNETQ
hKCap2 158 LVNVV MENFRKYQHFSEYSDPE--—--------—----—~- GNQKSVILTK--LYSS-—----——————————= NVLFHSLFWPT--- -~ c IVAMVKLTQ
Am_TipE 157 —-—-—----- GLPKPFPTGLMGNDSEWYFIGAKLFPNVKGEGY PPMLNES I FYRQYATI-————- VYMNLVYAMAIPIPSFIISVIYLTIAYFK]YNEDEVVL---—-—=-—---- V--G--
Am_TEHL 179 HTSTTSVPTPGDVEAVLLYNIKGEGYPPIVDEENFTREMGYE~ OVTTIIHFFAAPFVVILATSVALCVMHCDGRCSPPPRHSSRG-———————-- I--R--
Am_TEH2 127 IQWDVSDTKFFVNTEGEGY PPRVNGSDFAKNYGYS - NLRHLVLALVVPTVVFGVSLGVLCYWYCPMGKTCGGPGRNLIDKYARKEE-—-—--—
Am_TEH3 288 YLSYLNIFATKPLDETRMVAPPEQDLIIANESRLLINLEGEGVNTLREECKEFLHEYGKDGSDHNARARFPCYYAESNT-GIVV-- NTYKEFMIALLLPSILFVVSCLTLIFCOKT{VVGDDAKMRFKGTVGALS SMEKSASGN -
Am_TEH4 295 FLNIYEKSLQYPVDPTNIYVPAQRSLTIYNSSRLYINFEGCVNTLKGEGKDFLATHGRDGDNQTAQSRYPEYYNKNNS-LLVV-- HTRTELLIATIVPSGLFVISLTTLVVITRS{QVGDDAKMRCRYCVDKQEVEGEDEGLVE
Dm_TipE 200 DEISELNEGLMGNRSMYYYVGARLEFPNVKGEGY PPMLNCT IWLKRYTKI~ NTLNLVYSMAIPIPSFIISVIYLTYAYFK]YNEDEETA --P--L--
Dm_TEH1 139 - -~ YSNFTSDMEQSGEATLLVNIKGEGY PPSVTCKNENGYYGIE- QVAMI THFFAVPEVITVISSIALCIMECD(RCKKDRSHRRNR-— --PQCR
Dm_TEH2 184 VNWDVSYTKFLINSEGEGY PPTTNCSIFARQYGES- NNLYHLILSLIIPNVLFAISIGVLSYWYCPJCEKACNKSSRVYAEKFPTKEDKLLCH-~
Dm _TEH3 289 YLSHLHVSVATPVP---EIAPPDVDLTISNESKLMINLEGCVNTLMDECKEFLKDFGRDGSDHNARARFPCFYSPGKK-DVVV-- TYRQFVFASVVPSVLEVVSCSILIMCQTT{YVGDDAKMRFKGCYDTETVLNKNNVGAD
Dm TEH4 296 FWAIYENST-RSVDPEQRYLPNOANLTIYSWKKLFINLEGEVNTLRGECKDEVARYGNDGDNNTAQSRYQCYYNKDSNVEFVV-- VYRELLVSLIVPIVLEVISSISLCIITKS|KVGDDAKMRCVCAGDDSDNDGPFGPG-—
hKCap2 222 YLSLLCERIQRINR
* es * * * xex * *

Am_TEH3 111 TNTTNKTCYGIDQENAKKSKCIA-DECRNLTGTFNCSSG VEINITDAFEGIFHDTDPP

Am_TEH4 109 TKFNSISCPQVNTASLKKYNCNNGSECSVLSGLENCSLG--==================-=-———-—— HCVNISELMLECHYKADGIV == <

Dm_TEH3 112 TNSANKTCYGIDQDRADKARCIN-DECKNLTGTFNCTAG OCLNITDAFECIFHNSDAP 20000000 000000000 2000

Dm_TEH4 110 TRVTNTSCAMIDLSRLNKFNCNNGTACNNIRGVFNCSNG-================-=—=—=---——— HCKNMSEFFLCHHKADGLT | { gm

hLTBP1 1195 DD--NKTCODINECEHPG-LCGPQGECLNTEGSFHEVCQQ-GFSISADGRTCEDIDECVNNT-VCDSHGFCDNTAGSFRELCYQGFQA \ |

hFBN2 1359 KK-GTTGCTDVDECEIGAHNCDMHASCLNIPGSFKCSCREG---WIGNGIKCIDLDECSNGTHQCSINAQCVNTPGSYRCACSEG--— | {1

£FBLN1 472 SDVDGVTCEDIDECALPTGGHICSYRCINIPGSFQCSCPSSGYRLAPNGRNCODIDECVTGIHNCSINETCFNIQGGFRCLAFECPEN DOOOOOO0 OOOOOOOO0 DOO0

* sxseksexkx x ox * ess xes xgees o sexes

Am_TEH3 190 RGTEERIRTPYNEDRREVDIPTRNKNMILLTGDKVYLSQEERAIDVQ--—----====-= TNREIWHEDRG

Am_TEH4 184 NSRCTKIKSPFSCDRYCPDIVTSDVNVELMQDDNIVTVKCERGLALNKANGNLPGVRLTTPHQFWEDRNG

Dm_TEH3 191 RGTCRKIRTPYNCDRRCVDIPTRNKNVVVLSGDKVYLSQCONAINAE---- -TLEEVWNESSE

Dm TEH4 185 GVHCTKIKKPFSCDRYCSKITTTNVNTLIMHEDNLIAADCENAVAFNQARGSEHGVRI-EPFEFWKEDDG
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