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Fig. S1. Phylogenetic tree of Vamp proteins.

Tree showing phylogenetic analysis of predicted proteins encoded by VAMP family
genes from human (Hs) and Ciona robusta (KH gene models). See methods for details
and supplemental sequences file for protein sequences used.
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Fig. S2. Phylogenetic tree of NCS proteins and diagram of Ciona robusta NCS1 domains.

A) Tree showing phylogenetic analysis of proteins encoded by Neuronal Calcium Sensor (NCS)
family genes from human (Hs), Drosophila melanogaster (Dm) and Ciona robusta (KH gene
models). Efcab11 from C. robusta (Cr) was used to root the tree. See methods for details and
supplemental sequences file for protein sequences used. B) Protein domain analysis diagram of
Ciona robusta NCS1 from SMART (Letunic et al. 2021) showing its predicted three EF-hand
(Efh) domains. Dashed lines indicate exon-exon junctions.
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Fig. S3. Phylogenetic tree of select aminoacyl-tRNA synthetases and Ciona NARS1 domains.

A) Tree showing phylogenetic analysis of proteins encoded by a sampling of aminoacyl-tRNA
synthetase genes from human (Hs) and Ciona robusta (KH gene models). See methods for
details and supplemental sequences file for protein sequences used. B) Protein domain analysis
diagram of Ciona robusta NARS1 from SMART (Letunic et al. 2021) showing its predicted

domains. Dashed lines indicate exon-exon junctions.

C
e
)

©

£

—
e
£

>

—

©
]

C

J]

£
@

aQ

a

=]
)

L]

c

o

Q
@)

>

o
o)
Q
5



Biology Open (2023): doi:10.1242/bi0.060002: Supplementary information

uonjewuojul Aueyuswsa|ddng « uadQ Abojoig

osem m oo

e o

wonsod o
st o e e w0 o oa o e w0 o we o oo om e  w
—— - e — To - o
y | . .
= = «
v
~ Wl WE of
otz abiey. x - worbey bl M |m oo iy * s
B v v
———] —— e
g6 prdwep 97y dwep [o4juos  uoxa g/z/Ldwep
o vopeed m R —— [ — [ —
cmoa - - -
o ow  om  ow o om  ew o = R T T o m e o 5 e o w
— o o — o Hoo
,< . fﬁ 4 .
o
* # # #
” i A “f H b sainy o E
o loe \ 1 B
lee
uoiBay 1oy * o oy 1oy ¥ low o bl .
Loos
. o . o il 5528 R
SEL' LT LSHYN 98°L"LSUVN 6y¢dwep [oJjuoa ¢ uoxa g/z/Ldwep
- r— - - -
o wm  m e o ome w0 we o o w0 W e ow e em w w o i o om e w e o
= - o o = a 0 0
R g e
* - 7 « | \j = — " : Y
7 P . . * o w
o f [ wf H H
13 o & v 1 wotbiey 1ele] 1
o b o
_ . i N
vabay e ¥ ¥ " ooy jobe ¥ X uniiey 180w 1%% ¥, -
. [ ] - e ] - -] oo 2
95°Z'LSON EP'Z LSIN 1043u0d Z UoXa LgIN P7'SHL |0J}U0D G UOX3 HL
e e o3 oot m o e v vep
oy wmang ooy wosag
o " o o " . ot oot © . s el = . ot o = 0
. w0 T e o o N
. 2 e Lae e e -
: : = P -
H ooy yobey os B z z " 2
o H 3 to g H
uaiioy jobey s *
a ® 1oe
oo ¥ uoibey 1aie) ' uoibe iy w uoibey efe] ook
P socatent vk -] st it it

¢E'L'LSON

|10 | UoXs |

SON

0kl 7'HL

L PHL

|onuod § uoxs H1

v




Biology Open (2023): doi:10.1242/bi0.060002: Supplementary information

Fig. S4. Indel plots for all sgRNAs tested.

A-D) NGS indel validation plots (including negative controls) for all the sgRNAs tested in this
study. No amplicon was obtained for the third NARS7 sgRNA nor the NARS1 negative control.

Blue arrows indicate CRISPR-generated indels, red asterisks indicate naturally occurring indels.
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Fig. S5. Replicate of Vamp1/2/3 CRISPR.

Independent replicate of papilla-specific Vamp1/2/3 CRISPR in Ciona larvae. Embryos were
electroporated with 40 ug/700 ul Foxc>Cas9 and gene-specific pairs of sgRNA vectors (40
Mg/700 ul each sgRNA vector). Negative control embryos were electroporated with 40 ug/700 pl
Foxc>Cas9 alone. Tail retraction was scored at 48 hours post-fertilization without screening for

mCherry+ individuals.
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NARS1 CRISPR (Sox1/2/3>Cas9)
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Fig. S6. Neurectoderm-specific knockout of NARS1 impairs neurulation.

Negative control larvae showing normal neural tube and tail morphogenesis, compared to
NARS1 CRISPR larvae. Nut>Unc-76::GFP (green) labels the central nervous system. Nuclei
counterstained by DAPI (blue). See text for quantification, and for detailed amounts of plasmids

used. For approximate sense of scale, larvae can be compared to that in Figure 4C.
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Table S1.

Click here to download Table S1

Table S2. Approximate costs of CRISPR course activities (based on USA pricing). Price for

custom sgRNA plasmid (*) can be much lower if using cloning methods described in Stolfi et

al. 2014 or Gandhi et al. 2018. Costs of basic reagents for embryo dechorionation,

electroporation, fixing, etc. not included.

Reagent or service

Supplier

Approx. price per sgRNA

Custom sgRNA plasmid

Twist Bioscience

$120*

Maxiprep Macherey-Nagel (Takara) $9
Sanger plasmid sequencing Eurofins $6
Whole-plasmid sequencing Plasmidsaurus $15
Primers for NGS assay Eurofins $6
Amplicon sequencing Azenta $84
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Supplemental sequences file — Johnson et al. 2023 (Using CRISPR/Cas9 to...)

>_ (Nut promoter based on Shimai et al. 2010)
(Sequence of the Nut driver based on genome assembly, not verified)

sgRNAs used in this study:

TH.4.114
GCTGGAATCAATTGGTTGCA (G+N19)

TH.4.140
GAATTGTTAACGGGACTGAA (G+N19)

TH.5.44
GCTGAGCTTGAATTGTGCAG (G+N19)

Vamp.3.49
GGTCCAGCTGCACCAACTGG (G+N19)

Vamp.4.26
GGACATCATGAGGACAAATG (G+N109)

Vamp.4.93
GGGGCAGATGCATTACAGCA (G+N109)

NCs1.1.32
GGGCAGCAAACTGAGCGCAG (G+N19)

NCS1.2.43
GTGGTATCGAGACTTTATGA (G+N19)

NCS1.2.56
GTTATGAAGGATTGTCCCAA (G+N109)
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NARS1.4.25
GAGAACAAGAAGATGCGGAG (G+N19)

NARS1.7.86
GATAGATACAGTCCTCAACC (G+N19)

NARS1.7.135
GACAGACATCTAGTTATCCG (G+N19)

Poud.3.21 (Johnson et al. 2023)
GCTGAGTGGTGGAAAGCGGG (G+N19)

Poud.4.106 (Johnson et al. 2023)
GAGGATGGAAATGATTCGGG (G+N19)

Primers for amplicon sequencing to measure mutagenesis efficacy

Gene + exon Forward primer Reverse primer
TH exon 4 ACACTAATTAAAAACGTTGCCG CTATATGTGCCAATAGTGCCC
TH exon 5 TGGGCACTATTGGCACATA ACATAAATGACGGTAGAATACCC
Vampl/2/3 exon 3 GCACTTAAACCCTTATATCCCTG CGATTTTTGACCCGAAGAACA
Vampl/3/4 exon 4 AGAAACCATGGTGTGCCTC ATAAGCGTCCACCATTTCCC
NCS1 exon 1 GTGATCTTTGTAGGTCTTCTTT AGTTAGAAACTAAACGACCGC
NCS1 exon 2 CTGGTTGCTCGCTATAAGTAA CGTATTCTTGCGACTCTTATAGG
NARS1 exon 4 GGCTACCCTGAATAATCAAAACTT TTAGCCGTTGTACTGAAGTCC
NARS1 exon 7 GTTGGTATGCCCCTAATTACC CAAAATCACCTCATAATATCCTCG

Sequences for Vampl/2/3 phylogenetic tree:

>KH.C1.165.v3.A.SL2-1 (Vampl/2/3)
MSGYDAVPNPRSYGGTSNYGGPAAPTGGSSQASKKLOQTQAQVDDVVDIMRTNVDKVLERDQKLSELDDR
ADALQQOGASQFETQAAKLKRKYWWKNCKMWAILIIVILVIIIIIVVSVVTQTQKKT

>KH.C8.1.v3.A.SL2-2
MVKLESLSLEYKGESCVIPLIAEYDTDSESFEFQRKSVQEFLSFTSKIITERTHPGMRQSVKEQEHLCHVY
VREDRLAAVLISDEDYPRRVAFTVLTKVCEDFAKKFPPSELNNPAPMNIQFEGVREMLCKYQONPKEADSM
SRVOQAELDETKIVLHGTMESLLQRGEKLDDLVAKSDQLSSQSKMEFYKQIKIHMKHDKHLWKKCTIAYRAN
FHLV

>KH.C14.274.v1.B.ND1-1
MTILFSITIARGTTVLARYASCAGNFQEVSEQILSKITADDAKLTYSHGSYLFHYICDDRIVYMAITEDDFE
ERSKAFRYLSDIRKKFQSTYGKNVHTALPYAMDTDFARVLMVQOMKRESSNEEPENKVEEVQDQLNDLKGI
MVKNIDSIANRGENLNLLVDKTEDLSESAVTFKKQSTTLRRRLWWKNVKITVILVIVAIIVLYFIICAAC
GGMNWPRCVHQSNSPNKTLTLT

>KH.L57.23.v2.A.ND1-1
MTDNGLVYLCAADKEFGRRIPYLFLEELKKQFCSSGSLLOQRTTGASAFEFNRDFRNILSGIMDDENKGKG
DOLSTMONQVGEVTGIMRONIEKVIERGDKLDDLVDKTEDLOQAGAATFKVTAKRIQRKYFWONKKMLITII
IVIVLIIITLIVLFATGTI

>KH.C8.46.v1.A.ND1-1
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MTRYNKGKNTERVALLDDYESDDDFFLKGPSSASDKVKRVQSQVNEVVDVMQTNIGKVLERGDKLEDLQD
KSESLADSATHENTHATRLRKKMWWKDMRTKITIIGVLLLMILIITIVSIAVKNKGS

>VAMP1-Hs
MSAPAQPPAEGTEGTAPGGGPPGPPPNMTSNRRLOQTQOAQVEEVVDIIRVNVDKVLERDQKLSELDDRAD
ALQAGASQFESSAAKLKRKYWWKNCKMMIMLGAICAIIVVVIVIYFEFT

>VAMP2-Hs
MSATAATAPPAAPAGEGGPPAPPPNLTSNRRLOQTQAQVDEVVDIMRVNVDKVLERDQKLSELDDRADAL
QAGASQFETSAAKLKRKYWWKNLKMMITILGVICAIILITIIIVYFEST

>VAMP3-Hs
MSTGPTAATGSNRRLQOTONQVDEVVDIMRVNVDKVLERDQKLSELDDRADALQAGASQFETSAAKLKRK
YWWKNCKMWAIGITVLVIFITIIIIVWVVSS

>VAMP4-Hs
MPPKFKRHLNDDDVTGSVKSERRNLLEDDSDEEEDFFLRGPSGPREFGPRNDKIKHVONQVDEVIDVMQEN
ITKVIERGERLDELQDKSESLSDNATAFSNRSKOQLRROMWWRGCKIKAIMALVAAILLLVIIILIVMKYR
T

>VAMP5-Hs
MAGIELERCQOQOANEVTEIMRNNEFGKVLERGVKLAELQQRSDQLLDMSSTENKTTONLAQKKCWENIRYR
ICVGLVVVGVLLIILIVLLVVFLPQSSDSSSAPRTQDAGIASGPGN

>YKT6-Hs
MKLYSLSVLYKGEAKVVLLKAAYDVSSFSFFORSSVQEFMTEFTSQLIVERSSKGTRASVKEQDYLCHVYV
RNDSLAGVVIADNEYPSRVAFTLLEKVLDEFSKQVDRIDWPVGSPATIHYPALDGHLSRYQNPREADPMT
KVOAELDETKIILHNTMESLLERGEKLDDLVSKSEVLGTQSKAFYKTARKONSCCAIM

>VAMP7-Hs
MAILFAVVARGTTILAKHAWCGGNFLEVTEQILAKTIPSENNKLTYSHGNYLFHYICQDRIVYLCITDDDF
ERSRAFNFLNEIKKRFQTTYGSRAQTALPYAMNSEFSSVLAAQLKHHSENKGLDKVMETQAQVDELKGIM
VRNIDLVAQRGERLELLIDKTENLVDSSVTFKTTSRNLARAMCMKNLKLTITIITIVSIVFIYITIVSPLCG
GFTWPSCVKK

>VAMP8-Hs
MEEASEGGGNDRVRNLOSEVEGVKNIMTONVERILARGENLEHLRNKTEDLEATSEHFKTTSQKVARKEW
WKNVKMIVLICVIVFIIILFIVLFATGAFE'S

>SNAP25-Hs
MAEDADMRNELEEMQORRADQLADESLESTRRMLQLVEESKDAGIRTLVMLDEQGEQLERIEEGMDQINKD
MKEAEKNLTDLGKFCGLCVCPCNKLKSSDAYKKAWGNNQDGVVASQPARVVDEREQMAISGGFIRRVTND
ARENEMDENLEQVSGIIGNLRHMALDMGNEIDTONRQIDRIMEKADSNKTRIDEANQRATKMLGSG

Sequences for NCS1 phylogenetic tree:

>KH.C1.1067.v1.A.SL1-1 (NCS1)
MGKSGSKLSAEDAQTLOTTTHFDKKEIQKWYRDFMKDCPNGYLKKEEFQKVYQQFEFPKGNPSKFANEVEN
VEDSDKDGFITFKEFISALSVTSRGNLDEKLDWAFNLYDLDHDGFITREEMLNIVDAIYSMVGNAMDLPE
DENTPEKRVNKIFCOMDONKDGKLTKDEFREGSKCDPYIVKALSAGLGGAESCPS
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>KH.C9.113.v1.A.ND1-1
MGNQESTQOSLSEHEIARLSAETNETPAEVAQWYKGEFKRDCPSGKETMARFOATAEGEFFPAGDAENFTKE I
FNGMDLEEDASLNFESFIKVTSLLARGTKEEKLKWAFHVRDIDHTGFITKEKMQLVEDSVESMIANHVPL
PDDENTAEKRTEKLYNLIEKDQDGKVTVDQEFKVGLNQDRDIVNALSLHDTVQ

>KH.S534.4.v2.A.SL3-1
MGCAKSKTRDEDCKQLESLTNFTPEELKKCYDDFQQESTSGKMDRTKEDEFYKKEFEFNRDPREVDHLERTE
DENNDGEFINFREFVCGLSITTRGTPEEKLTWTENVYDVNNDGTITRDEMLOQIMRATYAMNGISEPEQLKS
GSDAFEGLDSNGDGLISVAEFVKGVKRDERLLEFLORTIDVQOK

>KH.S534.6.v1.A.nonSL2-1
MGQQHPSLKPRMLDDLMRMSDEFSADELKIWYNEFSKDSVSGEFLSKNDFIKIYKGLFPHGDASGFADHVER
TFDANKDGVLNFREFVIGLSLTMKGPLDDKLYWAFKLYDVDGNGEFVTKDEMNEI IAVSNAIFTVCCTDTT
DDDVIMSGREAFKTMDTDEDGKVSWGEFRKGIHSNRVFMLIVEAKMKNAGVTSR

>KH.C8.342.v1.A.SL2-1
MGKONSKLKPEDIRDLRAATEFNEHELQEWYKGFIKDCPSGNLTMDEFQKIYANFFPQOGDASKFAAHVER
TEFDSNGDSTIDFREFIVALSVTSRGNLEEKLKWAFSMYDCDGNGIISRDEMLEIVRATIYKMVGAVMKMPE
DESTPEKRTDKIFKQMDKNLDGSISLEEFVEGAKKDPSIVRLLOCTPGSGGLGM

>KH.C9.274.v1.A.SL1-1
MGNRKSKLKPEVLEKLTKQTKFTEAELHOWHKGFLHDCPTGKLSYEEFQGIYRQFFPQGNSAKFAKLVET
TEFDDNKDGTVEFEEFITIALSVTSRGTLDEKLHWAFQLYDLDNDGFITKDEMLNIVEATFAMVGDAVNLPA
EENTPOKRVEKIFKVMDKNKDGKLTKDEFLVGAKSDPSIVQALSIYDGLV

>NCS1-Hs
MGKSNSKLKPEVVEELTRKTYFTEKEVQOWYKGEFIKDCPSGQLDAAGEFQKIYKQFFPFGDPTKFATEVEN
VEFDENKDGRIEFSEFIQALSVTSRGTLDEKLRWAFKLYDLDNDGYITRNEMLDIVDAIYQOMVGNTVELPE
EENTPEKRVDRIFAMMDKNADGKLTLOEFQEGSKADPSIVQALSLYDGLV

>NCALD-Hs
MGKONSKLRPEVMODLLESTDFTEHEIQEWYKGFLRDCPSGHLSMEEFKKIYGNFFPYGDASKFAEHVER
TEFDANGDGTIDFREFITIALSVTSRGKLEQKLKWAFSMYDLDGNGY ISKAEMLEIVQATYKMVSSVMKMPE
DESTPEKRTEKIFROMDTNRDGKLSLEEFIRGAKSDPSIVRLLOCDPSSAGQF

>HPCA-Hs
MGKONSKLRPEMLODLRENTEFSELELQEWYKGFLKDCPTGILNVDEFKKIYANFFPYGDASKFAEHVER
TEDTNSDGTIDFREFITIALSVTSRGRLEQKLMWAFSMYDLDGNGY ISREEMLEIVQATYKMVSSVMKMPE
DESTPEKRTEKIFRQOMDTNNDGKLSLEEFIRGAKSDPSIVRLLQCDPSSASQF

>HPCAL4-Hs
MGKTNSKLAPEVLEDLVONTEFSEQELKQWYKGFLKDCPSGILNLEEFQOLYIKFFPYGDASKFAQHAFR
TFDKNGDGTIDFREFICALSVTSRGSFEQKLNWAFEMYDLDGDGRITRLEMLEITEATYKMVGTVIMMRM
NODGLTPQORVDKIFKKMDODKDDQITLEEFKEAAKSDPSIVLLLOCDMOQOK

>VSNL1-Hs
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MGKONSKLAPEVMEDLVKSTEFNEHELKQWYKGFLKDCPSGRLNLEEFQOLYVKEFFPYGDASKFAQHAFR
TEDKNGDGTIDFREFICALSITSRGSFEQKLNWAFNMYDLDGDGKITRVEMLEITEATYKMVGTVIMMKM
NEDGLTPEQRVDKIFSKMDKNKDDQITLDEFKEAAKSDPSIVLLLQCDIQK

>Frgl-Dm
MGKKSSKLKQDTIDRLTTDTYFTEKEIRQWHKGFLKDCPNGLLTEQGFIKIYKQFFPQGDPSKFASLVER
VEFDENNDGSIEFEEFIRALSVTSKGNLDEKLOQWAFRLYDVDNDGYITREEMYNIVDAIYOMVGQQPQSED
ENTPQKRVDKIFDQOMDKNHDGKLTLEEFREGSKADPRIVQALSLGGG

>Frg2-Dm
MGKKNSKLKODTIDRLTTDTYFTEKEIRQWHKGFLKDCPNGLLTEQGFIKIYKQFFPDGDPSKFASLVER
VEFDENNDGAIEFEEFIRALSITSRGNLDEKLHWAFRLYDVDNDGYITREEMYNIVDAIYQOMVGQQPQTED
ENTPQKRVDKIFDOMDKNHDDRLTLEEFREGSKADPRIVQALSLGGD

>Efcabll-Cr (KH.C10.577.v1.A.ND1-1)
MAVSLRRLOTIFNHCDEDKKGFLNREDLKVAMLILFGYKPSKYEIQQLLDDGEGNKKLMNFETFKSIMAA
SKHDPDHEIRDIFRMFDTHCRGFLIFDDVKKAFHAVAPHISDATIRACCEEMCRESDGRISYREFAEAMR
HGHVHMEHHENYDHEFEFNSNVCES

Sequences for NARS1 phylogenetic tree:

>KH.C12.45.v1.A.SL1-1 (NARSI)
MGDSVEQQVNKLSIGELYTSEKTGCDESGDGTEAKPFKTILRAMMFHQSEPFPTLYVDSKEPNKKFDPIA
KAQLKKQTKIFTAEKRKDVARKVREQEDAERREKNLEDAKKITIISEDKSLPAAKSIKIGAATAHRGQORVK
VNGWSHRIRRQGKTLMEFIVLRDGSGYLQAVLNDQLCQTYNAVMLSTESTVCLYGVITPVMEGKSAPGGHE
LICDYWELIGLAPPGGIDTVLNQEADVDVMLDNRHLVIRGEQTSKILRVRSYLMOAFRDHYFERGYYEVT
PPCLVQTQCEGGSTLFKLDFFGEQAYLTQSSQLYLETCLPSLGDVEFCLAESYRAEQSRTRRHLAEYTHVE
AECAFITFNDLLDRLEDLICDVVDKLLKSPAGELIKDLNPGEFVAPKRPFRRMDYAEATIVYLKEHDIKKED
GSYYEFGEDIPEMPERKMTDQINEPILLCRFPYKIKSFYMOQKCKDNLELTESVDLLMPNVGEIVGGSMRM
DNHEELLEGYKSEGVDPSKYYWYTDORKFGTCEHGGYGLGLERLLTWLTDRYHIRDVCLYPRFLERCCP

>KH.C7.539.v1.A.SL1-1
MADVENVPLGDDGKPMSKKALKKQQOKDAEKAAKKAQROQEQADAQQKADADDVSKDLYGDMVMIQSSEKP
DRCLOPIGDIGPNLAEKNIWVRGRLHTSRGTGKQCFTVLRHQOSTIQALIFVGEKISKQOMVKFCANISKE
SIVDVYGVVKKVEQKVESCTQDDVEIHIGKIFVVSKAAPQLPLLIEDASRPELEDGKNEEGGRPRVNLDT
RLDNRILDLRTTTKQAIFRLEAGVCKLEFRDTLTAKGEFCEIHTPKIISAASEGGANVETVSYFKTNAFLAQ
SPOLYKOMATAADFEKVEFTVGAVFRAEDSNTHRHLTEFVGLDLEMAFQYHYHEVLOVIGDMEFISTIFKGLR
ESYQKEITTVARQYPAEPFKFLEPTLILQYPEAVKMLNDAGVEMODNEDLSTPSEKLLGRLVRQKYDTDY
YILDKYPLEVRPEFYTMPDPDNPKWSNSYDMFMRGEEILSGAQRIHDPEFLSERAKAHGIDLKTIEAYIDS
FKYGCPPHAGGGIGMERVVMLYLGLHNIRSSSLFPRDPKRLTP

>KH.C2.670.v1.A.ND1-1
MFRLCKLSYSTVTTALKRFKIKDVVNGEAVSONGWIQGWVQSIRKHKNFMEFVDIVDGTSLNPLOVVLPSH
MENSQLONGAAVSANGTFVETDLNVNKIEMVCEEIQVVGPCDPETYPFLKHTPHDMOQHLRSYPHLRMRRT
SMINAFKLRNQLEMLFHEFFQONEGETHVHTPIITLSDCEGAGELFSIKSDTSTNTDMENSENHEEFNKPAY
LTVSGOMHLEACAMSLGSVYTLSPVFRAEHGISRKHLSEFRMLEVEVAFTODLHEILDLIEDSIKFCIER
VOSVPLKKFDDGYKDIPPOHHKAVKNATCSNYVRIPYSEALEILQKNSHKLTTAAPVWGDDENTDQESEL
VKHEGLTPVEFIINFPKVAKPFYMYANNDNNTVAAVDLIFPFCGEICGGSLREHRLELLODSLRTSGLNEK
DYEWYLDLRRFGSAPHGGYGLGFDRLVHFLLGTRNIKDAVPFPRTPHSCPL
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>KH.C3.437.v2.A.SL1-1
MADNGDCEEKKISKNEMKROLKAQOQKAKEKAEKAAKALENAPKEVKPEKTASKEEETLDPNQYLQIRKNT
ITTLRONNIEPYPHKFHVSISLSDYVEKYNNIEVGSHLNDQQVSIAGRIHAKREAGPKLIFYDVRGDGVK
LOVMANSKMYSSEEAYQEINERTRRGDIIGVIGHPAKTKKGELSIVPNTIEILSPCLHMLPHLHFGLKDK
ETRYROQRYLDLIMNDQTROQKFITRAKIISYIRSFFDOMGFLEVETPMMNMVAGGATAKPFITHHNDLDMD
LYMRVAPELYLKMLVVGGLDRVYEIGRLFRNEGIDMTHNPEFTSCEFYMAYADYEDLMKISETLISGMVK
QICGSYKLTYHPDGPDSEGYEVDYTPPFRRLRMLPDLERLTGMEFPKPTELHTAGAQARLDEICVKLGVE
CPPPRTTARLLDKLVGDYLEVNCINPTFITEHPEIMSPLAKWHRSIKGLTERFELFVNKKEICNAYTELN
DPMIQRORFEQQALDKAAGDDEAQMVDENFCTALEYGLPPTGGWGMGIDRLTMFLTDSNNIKEVLLEFPAM
KPDDQVPKKAEDSPST

>KH.C11.248.v1.A.SL2-1
MLKLFRVVRPILFKFRPKENPVTICIVTKQFTSNSAIPQVVQSIKNEKLPNSKESYRSHTCGELRIKNAG
EAVSLCGWLEYKRKDEFLVLRDSFGSVQILITGYEDKNQTEFONVKPESVVKVTGKVTTRPEGOANPNMITG
EIEIIPDNIEILNKCKFLPFRVOKFAGKGERIRQKYRYLDIRGDILQONLRLRSKVLSKMRKSLEENCEV
EVETPTLFHPTPGGAREFIVPSSSNPGKFYSLPQSPOOQLKQLLMIGGVDRYYQFARCYRDEPFKRDRQVE
FTQLDIEMSEVDVNDVIKLSEEVIKSSWPRKEFSDESFKLITYDDAMSKYGSDKPDTREGMLLHDITTEIP
DTLVELFQGDHSDPVNIQAVVVENAQKHFSSKFRRYIGSRMTSAIDDPSPYALLGLVNGOQWSGYHKNTNI
GSMVTKQLVDHLQLGGSDIVVVSWGEKRSAQKTLGALRRIISRIFDEISVKHRNVDLDQFLWVVDEPLEE
ADPYTGSLCTVHHPFTSPHPDDVHLLEVDPLKVRSQAYDLVLNGNEVGGGSIRIHDSKLOQRQIFTLLNLD
FTELSYLLEALNSGAPPHGGIAFGIDRIMSILCGTETIRDVIAFPKNSRGEDLMTNSPISINSNILKEFH
IKTNVSDK

>YARS1-Hs
MGDAPSPEEKLHLITRNLOQEVLGEEKLKEILKERELKIYWGTATTGKPHVAYEFVPMSKIADEFLKAGCEVT
ILFADLHAYLDNMKAPWELLELRVSYYENVIKAMLESIGVPLEKLKEFIKGTDYQLSKEYTLDVYRLSSVV
TOHDSKKAGAEVVKQVEHPLLSGLLYPGLOQALDEEYLKVDAQFGGIDQRKIFTFAEKYLPALGYSKRVHL
MNPMVPGLTGSKMSSSEEESKIDLLDRKEDVKKKLKKAFCEPGNVENNGVLSFIKHVLEPLKSEEFVILRD
EKWGGNKTYTAYVDLEKDFAAEVVHPGDLKNSVEVALNKLLDPIREKFNTPALKKLASAAYPDPSKQKPM
AKGPAKNSEPEEVIPSRLDIRVGKIITVEKHPDADSLYVEKIDVGEAEPRTVVSGLVQFVPKEELQDRLV
VVLCNLKPQKMRGVESQGMLLCASIEGINRQVEPLDPPAGSAPGEHVEVKGYEKGOPDEELKPKKKVFEK
LOADFKISEECIAQWKQTNFMTKLGSISCKSLKGGNIS

>DARS1-Hs
MPSASASRKSQEKPREIMDAAEDYAKERYGISSMIQSQEKPDRVLVRVRDLTIQKADEVVWVRARVHTSR
AKGKQCEFLVLRQOQOFNVQALVAVGDHASKOMVKEAANINKESIVDVEGVVRKVNQKIGSCTQQDVELHVQ
KIYVISLAEPRLPLOLDDAVRPEAEGEEEGRATVNQDTRLDNRVIDLRTSTSQAVFRLOSGICHLEFRETL
INKGEVEIQTPKIISAASEGGANVFTVSYFKNNAYLAQSPOLYKQMCICADFEKVESIGPVFRAEDSNTH
RHLTEFVGLDIEMAEFNYHYHEVMEEIADTMVQIFKGLOQERFQTEIQTVNKQFPCEPFKFLEPTLRLEYCE
ALAMLREAGVEMGDEDDLSTPNEKLLGHLVKEKYDTDEFYILDKYPLAVRPEFYTMPDPRNPKQSNSYDMEM
RGEEILSGAQRIHDPQLLTERALHHGIDLEKIKAYIDSFRFGAPPHAGGGIGLERVTMLEFLGLHNVRQTS
MEPRDPKRLTP

>DARS2-Hs

MYEFPSWLSQLYRGLSRPIRRTTQPIWGSLYRSLLOSSQRRIPEFSSFVVRTNTCGELRSSHLGQEVTLCG
WIQYRRONTFLVLRDFDGLVQVIIPQDESAASVKKILCEAPVESVVQVSGTVISRPAGQENPKMPTGEIE
IKVKTAELLNACKKLPFEIKNFVKKTEALRLOYRYLDLRSFOMQYNLRLRSQMVMKMREYLCNLHGEVDI
ETPTLFKRTPGGAKEFLVPSREPGKFYSLPQSPOOFKQLLMVGGLDRYFQVARCYRDEGSRPDRQPEFTQ
IDIEMSFVDQTGIQSLIEGLLQYSWPNDKDPVVVPEPTMTFAEVLATYGTDKPDTRFGMKITIDISDVERN
TEIGFLODALSKPHGTVKAICIPEGAKYLKRKDIESIRNFAADHENQETILPVEFLNANRNWNSPVANFEIME
SQRLELIRLMETQEEDVVLLTAGEHNKACSLLGKLRLECADLLETRGVVLRDPTLFSFLWVVDEFPLEFLPK
EENPRELESAHHPFTAPHPSDIHLLYTEPKKARSQHYDLVLNGNEIGGGSIRIHNAELQRYILATLLKED
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VKMLSHLLQALDYGAPPHGGIALGLDRLICLVTGSPSIRDVIAFPKSFRGHDLMSNTPDSVPPEELKPYH
IRVSKPTDSKAERAH

>NARS1-Hs
MVLAELYVSDREGSDATGDGTKEKPFKTGLKALMTVGKEPFPTIYVDSQKENERWNVISKSQLKNIKKMW
HREQMKSESREKKEAEDSLRREKNLEEAKKITIKNDPSLPEPKCVKIGALEGYRGQRVKVEGWVHRLRRQ
GKNLMFLVLRDGTGYLQCVLADELCQCYNGVLLSTESSVAVYGMLNLTPKGKQAPGGHELSCDEWELIGL
APAGGADNLINEESDVDVQLNNRHMMIRGENMSKILKARSMVTRCEFRDHFFDRGYYEVTPPTLVQTQVEG
GATLFKLDYFGEEAFLTQSSQLYLETCLPALGDVFCIAQSYRAEQSRTRRHLAEYTHVEAECPFLTEFDDL
LNRLEDLVCDVVDRILKSPAGSIVHELNPNFQPPKRPFKRMNYSDATIVWLKEHDVKKEDGTEFYEFGEDIP
EAPERLMTDTINEPILLCREFPVEIKSEFYMORCPEDSRLTESVDVLMPNVGEIVGGSMRIFDSEEILAGYK
REGIDPTPYYWYTDOQRKYGTCPHGGYGLGLERFLTWILNRYHIRDVCLYP

REVQRCTP

>NARS2-Hs
MLGVRCLLRSVRFCSSAPFPKHKPSAKLSVRDALGAQNASGERIKIQGWIRSVRSQKEVLFLHVNDGSSL
ESLQVVADSGLDSRELNEFGSSVEVQGOLIKSPSKRONVELKAEKIKVIGNCDAKDFPIKYKERHPLEYLR
QYPHFRCRTNVLGSILRIRSEATAAIHSFFKDSGEVHIHTPIITSNDSEGAGELFQLEPSGKLKVPEENF
FNVPAFLTVSGQLHLEVMSGAFTQVFTFGPTFRAENSQSRRHLAEFYMIEAETISEFVDSLODLMOQVIEELF
KATTMMVLSKCPEDVELCHKFIAPGOKDRLEHMLKNNFLITISYTEAVEILKQASONFTFTPEWGADLRTE
HEKYLVKHCGNIPVEFVINYPLTLKPFYMRDNEDGPQHTVAAVDLLVPGVGELFGGGLREERYHFLEERLA
RSGLTEVYQWYLDLRRFGSVPHGGFGMGFERYLQCILGVDNIKDVIPFPRFPHSCLL

>KARS1-Hs
MAAVQAAEVKVDGSEPKLSKNELKRRLKAEKKVAEKEAKQKELSEKQLSQATAAATNHTTDNGVGPEEES
VDPNQYYKIRSQATHQLKVNGEDPYPHKFHVDISLTDEFIQKYSHLOPGDHLTDITLKVAGRIHAKRASGG
KLIFYDLRGEGVKLQVMANSRNYKSEEEFIHINNKLRRGDIIGVQOGNPGKTKKGELSIIPYEITLLSPCL
HMLPHLHFGLKDKETRYROQRYLDLILNDEVROQKFITRSKIITYIRSFLDELGFLEIETPMMNIIPGGAVA
KPFITYHNELDMNLYMRIAPELYHKMLVVGGIDRVYEIGRQFRNEGIDLTHNPEFTTCEFYMAYADYHDL
MEITEKMVSGMVKHITGSYKVTYHPDGPEGQAYDVDFTPPFRRINMVEELEKALGMKLPETNLFETEETR
KILDDICVAKAVECPPPRTTARLLDKLVGEFLEVTCINPTFICDHPQIMSPLAKWHRSKEGLTERFELEV
MKKEICNAYTELNDPMROQROLFEEQAKAKAAGDDEAMEIDENFCTALEYGLPPTAGWGMGIDRVAMFEFLTD
SNNIKEVLLEFPAMKPEDKKENVATTDTLESTTVGTSV

Cr: Ciona robusta
Hs: Homo sapiens
Dm: Drosophila melanogaster
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