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Supplementary Table S1: Accession numbers of reference genes and kinase genes used
for the multiple alignments in Supplementary Figures S8 and S9.

Gene |F. hepatica H. sapiens M. musculus D. C. elegans S. mansoni
melanogaster
maker-
tbcd  |scaffold10x_815 pilon- | NP_005984.3 NP_084154.1 NP_608648.1 NP_492270.1 Smp_153590
shap-gene-1.87
maker- Smp_138930
eprs |scaffold10x_14 pilon- | NP_004437.2 NP_084011.1 NP_524471.2 NP_492711.1 —
shap-gene-0.109
maker- Smp_310830
letm1 |scaffold10x_721_pilon- | NP_036450.1 NP_062668.1 NP_611922.1 NP_506382.1 1 :
shap-gene-0.10
augustus_masked-
actb | scaffold10x_269 pilon- | NP_001092.1 NP_780706.1 '1\'P—001014725' NP_505818.1 Smp_183710
processed-gene-0.18
maker-
snrpal |scaffold10x_234 pilon- | NP_003081.2 NP_067311.4 NP_610315.1 NP_494763.1 Smp_141330
shap-gene-0.20
pppic |Mmaker : NP_001357876. |NP_001262919. |NP_001022616
b scaffold10x_238 pilon- | NP_002700.1 1 - ' 1 - ' 1~ " | Smp_028990
shap-gene-0.95
maker-
psmb7 |scaffold10x_1452_pilon | NP_002790.1 NP_035317.1 NP_524076.2 NP_493271.1 Smp_073410
-augustus-gene-0.11
maker- NP_001276674 NP_001259584 Smp_056970
gapdh | scaffold10x_2706_pilon 1 - " |NP_032110.1 1 - " |NP_508534.3 P ’
-snap-gene-0.15
maker- Smp_246700.
abll |scaffold10x_1995_pilon |NP_005148.2 'I'P—0°1269975' 'I'P—0°1261964' NP_500777.2 |1
-snap-gene-0.46
maker- NP_001129473. |NP_001129576 Smp_128790
abl2 scaffold10x_873_pilon- 1 - ' 1 - " |NP_476849.1 NP_493502.1 1 '
shap-gene-0.69
maker-
aktl scaffold10x_205_pilon- IIIP_001014431. IIIP_001318036. IIIP_001287353. IIIP_001023646. Smp_243630
augustus-gene-0.40
maker- NP_001036542
pkc scaffold10x_608_pilon- | NP_002731.4 NP_032883.2 1 - * |NP_495011.1 Smp_096310
snap-gene-0.5
maker- NP_001014592
plk1 scaffold10x_784 pilon- | NP_005021.2 NP_035251.3 1 - © |NP_491036.1 Smp_009600
snap-gene-0.36



https://parasite.wormbase.org/Schistosoma_mansoni_prjea36577/Gene/Summary?db=core;g=Smp_028990;tl=EEq3AJb7r00aZg59-6079469-132982671

Supplementary Table S2

: Primer sequences and product sizes in gRT-PCR

Gene Annotation Forward primer (5‘-3°) Reverse primer (5‘-3°) PCR
product
size (bp)

tbcd Tubulin-specific CAGCAGCCGCATTTCAGGA AGCCAAATGGTCAATCATCGC 176

chaperone D

eprs Glutamyl-prolyl- TACACCACAACCATCGAGGC GTGGTCAATCCCCACGAGTT 167

tRNA synthetase

letm1 Leucine zipper AGATGGATAAGTTAGCCGAGG ACCTTTTGGAGACGCCGTAG 184

and EF-hand
containing
transmembrane
protein 1
actb Actin, CATGTTTGAGACCTTCAACGCT AGATCACGCCCAGCAAGGT 189
cytoplasmic 1
snrpal U2 small nuclear | GAGAACATGGGTAGTACATTGG CCAGATCCTCTGCTATGCG 148
ribonucleoprotei
nA
ppplch Protein GCAGTTGGTTACTTTGTTTTCGG CAGGCCATACCGCATTGAG 161
phosphatase 1
catalytic subunit
beta
psmb7 Proteasome TCACCAAGGATTCCACGGAG GATCTGGCAGATCCCGAATC 171
subunit beta type
7
gapdh Glyceraldehyde- GCCAATGTTCGTGTTCGGAG TCAACGACCTTCTGAGTGGC 183
3-phosphate
dehydrogenase
abll ABL proto- CTGCCTGTACATACTGTGCC GTGCGGTGAGTTCATGGTTC 154
oncogene 1,non-
receptor tyrosine
kinase

abl2 ABL proto- CGTTAGCGAATCCCAATCTAG GGTTCTCTGTGTAGTGACCG 179

oncogene 2,non-
receptor tyrosine
kinase

aktl Rac-alpha TCTCGGTGGTGGTCCTAGT TATGTACTTCGTGTCCGTAGG 142

serine/threonine-
protein kinase
pkc Protein kinase C TAAAGAGGGCATCACAGCGG GCCAACATTTTCCCACGGAG 172
plk1 Polo-like kinase ATGGCTAGTAAGGACGCTGC TGCTTTCGGAACCACTTTTCC 177
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Supplementary Table S3: Expression stability of candidate reference genes based on
three different life stages of F. hepatica: newly excysted juveniles (NEJs), immature
worms, and adults.

Ranking was based on four different algorithms: NormFinder, BestKeeper, geNorm, and
comparative ACT method. Candidate reference genes selected for further analyses are written
in bold.

NormFinder BestKeeper geNorm ACT method
Coeff. of
Stability correlation Stability
Rank |Ref. gene | value M | Ref. gene r Ref. gene | value M |Ref. gene
Fhtbcd,
1|Fheprs 0.118 [Fhactb 0.972 Fheprs 0.298 [Fheprs 0.562
2 [Fhpsmb7 0.194 |Fhtbcd 0.971 Fhtbcd 0.600
3| Fhtbcd 0.209 |Fheprs 0.970 Fhpsmb7 0.360 |Fhpsmb7 0.618
4| Fhsnrpal 0.306 |Fhpsmb7 0.936 Fhsnrpal 0.415 [Fhsnrpal 0.661
5| Fhactb 0.361 [Fhgapdh 0.922 Fhletm1 0.513 |Fhactb 0.800
6 | Fhletm1 0.366 [Fhsnrpal 0.810 Fhppplcb 0.597 [Fhletml1 0.819
7 | Fhppplcb 0.540 |Fhletml 0.610 Fhactb 0.672 |Fhppplcb 0.966
8| Fhgapdh 0.592 |Fhppplcb 0.305 Fhgapdh 0.751 [Fhgapdh 0.989




Supplementary Table S4: Expression stability of candidate reference genes during in
vitro growth of F. hepatica from newly excysted juveniles (NEJs) to 4 week old juvenile
worms.

Ranking was based on analysis using NormFinder, BestKeeper, geNorm and comparative

ACT method. Candidate reference genes selected for further analyses are written in bold.

NormFinder BestKeeper geNorm ACT method
Coeff. of
Stability correlation Stability
Rank |Ref. gene | value M |Ref. gene r Ref. gene | value M |Ref. gene
Fhtbcd,
1|Fhpsmb7 | 0.177 |Fhpsmb7 0.971 Fheprs 0.170 (Fhtbcd 0.564
2| Fhtbcd 0.196 |Fhtbcd 0.945 Fhpsmb7 0.577
3| Fheprs 0.242 |[Fhsnrpal 0.935 Fhpsmb7 0.269 |Fheprs 0.600
4| Fhsnrpal 0.263 |[Fheprs 0.883 Fhactb 0.317 |[Fhsnrpal 0.661
5| Fhactb 0.340 |[Fhppplcb 0.817 Fhsnrpal 0.424 |Fhactb 0.686
6 [ Fhletm1 0.469 |Fhactb 0.730 Fhgapdh 0.532 |Fhletml 0.902
7| Fhppplcb 0.596 [Fhletm1 0.670 Fhletm1 0.651 |[Fhgapdh 0.988
8| Fhgapdh 0.620 [Fhgapdh 0.201 Fhppplcb 0.756 |Fhppplcb 1.072




Tubulin-specific chaperone D (FhTbcd):

Glutamyl-prolyl-tRNA synthetase (FhEprs):

ProRS-C_1, Prolyl-tRNA synthetase, C-terminal

Pfam am am Pfam
{ { — { i - ProRS-C_1

0 m 0 m 50 o ™ a0 m 1000 noo 1200

Actin, cytoplasmic 1 (FhActb):

U2 small nuclear ribonucleoprotein A (FhSnrpal):

LRR, Leucine-rich repeat

Leucine zipper and EF-hand containing transmembrane protein 1 (FhLetm1):

= m ¥ — [ — -
LETM1

Glyceraldehyde-3-phosphate dehydrogenase (FhGapdh):

Gp_dh_N, Glyceraldehyde 3-phosphate dehydrogenase, NAD binding domain

am

0



Protein phosphatase 1 catalytic subunit beta (FhPppl1cb):
PP2Ac, Protein phosphatase 2A homologues, catalytic domain

PP2Ac

Proteasome subunit beta type 7 (FhPsmb7):

am

ofeasome

] 1 m

Supplementary Figure S1: Results from SMART analysis of amino acid sequences from
eight reference gene candidates of F. hepatica.
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Supplementary Figure S2: RNA quantity and quality of liver fluke samples from
BioAnalyzer analysis. Electropherograms of RNA extracted from 10 or 20 NEJs (A, B), 4-
week old immature (C) or 12-week old adult flukes (D). Agilent RNA 6000 Nano Chips (adult)
or Pico Chips (others) were used.
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Supplementary Figure S3: Relative expression levels of reference gene candidates in
different intra-mammalian stages of F. hepatica. Data were normalised against the
geometric mean of the two most stably expressed genes previously identified (tbcd and eprs
for A, tbcd and psmb7 for B). Average values of 3-4 biological replicates with SEM are shown.
Significant differences are indicated with * p<0.05, ** p<0.01 (t-test).



ABL proto-oncogene 1, non-receptor tyrosine kinase (FhAbI1):

SH2, Src homology 2 domain; SH3, Src homology 3 domain; TyrKc, Tyrosine kinase, catalytic domain

ABL proto-oncogene 2, non-receptor tyrosine kinase (FhADbI2):

SH2, Src homology 2 domain; SH3, Src homology 3 domain; TyrKc, Tyrosine kinase, catalytic domain

- = EH3> ‘SH{>

Rac-alpha serine/threonine-protein kinase (FhAktl1):

S_Tkc, Serine/Threonine protein kinases, catalytic domain; S_TK_X, Extension to Ser/Thr-type protein kinases

Protein kinase C (FhPkc):

PB1, Phox and Bem1p domain; C1, Protein kinase C conserved region 1 (C1) domain; S_Tkc, Serine/Threonine
protein kinases, catalytic domain; S_TK_X, Extension to Ser/Thr-type protein kinases

Polo-like kinase 1 (FhPIk1):

S_Tkc, Serine/Threonine protein kinases, catalytic domain;

Supplementary Figure S4: Results from SMART analysis of amino acid sequences
from five kinases of F. hepatica.



abl1 abl2

a2 100 26
[J] [J]
S s
5 80 ﬁ 4
[J) 60 ()]
> >
= 40 =)
© o
$ B m ¢ -
0 0 E
NE)J Immature Adult NE)J Immature Adult
pkc aktl
70 - 1.6 .
S 60 e o & 14 i— s
2 5o 2 1.2
S
o =1
x 40 o
@ 308
2 g 0.6
& 20 2 04
£ o 20 C
0 . 0 [ .
NEJ Immature Adult NEJ Immature Adult
plk1
1 * ¥ ¥
g * % %
‘% 0.8
[7,]
g
a 0.6
xX
()]
.g 0.4
I
Sin
<
0
NEJ Immature Adult

Supplementary Figure S5: Relative expression levels of kinases in three different intra-
mammalian life stages of F. hepatica normalised against gapdh. Expression data from
NEJs, 4 week-old immature, and 12 week-old adult worms were normalised against the
geometric mean of the least stably expressed reference gene candidate, gapdh. Average
values of 3-4 biological replicates with SEM are shown. Significant differences are indicated
with * p<0.05, ** p<0.01, *** p<0.001 (t-test).
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Supplementary Figure S6: Relative expression levels of kinases during in vitro culture
of juvenile F. hepatica normalised against gapdh. Expression data from NEJs and juvenile
worms grown for 4 weeks in serum-rich medium were normalised against the geometric mean
of the least stably expressed reference gene candidate, gapdh. Average values of 3-4
biological replicates with SEM are shown. Significant differences are indicated with * p<0.05,
** p<0.01, *** p<0.001 (t-test).



Abl kinase 1 (Smp_246700): Abl kinase 2 (Smp_128790):
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Protein kinase C (Smp_096310): Akt1 kinase (Smp_243630):
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Polo-like kinase 1 (Smp_009600):
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Supplementary Figure S7: Relative expression of kinase orthologs in Schistosoma
mansoni schistosomula and adult stages. Data were extracted from the meta-analysis by
Lu et al. 2017 available at https://meta.schisto.xyz/.



Supplementary Figure S8: Multiple alignment of amino acid sequences of orthologs for
reference gene candidates. Accession numbers of gene orthologs for C. elegans (Ce), F.
hepatica (Fh), S. mansoni (Sm), D. melanogaster (Dm), H. sapiens (Hs) and M. musculus
(Mm) are listed in Supplementary Table S1. Conserved protein domains are highlighted. *
indicates identical amino acids.

Tubulin-specific chaperone D (Tbcd):

Ce MKKTKYPTLVRISRFLFTDLVSMKIRFQRAWLRNVFADKTTRLTRKCSSSMLHLREFLQF 60
Fh @ @————-——— 0
Sm e 0
Dm =~ m e e e 0
Hs W @ === 0
Mm = mm e 0
Ce LGFLLKYLSMDEDAPVDESNEGIIGCLPSAVNIHHIEEIKELVDQLPIIFKLENECDETA 120
Fh - MD-SNRDLLPEEEQFLIFN---NFKHYDEVIKLISTITDATK-=---- LQTT 42
Sm = e 0
Dm @ - M-SNSVEECKDEDL-PANTLEHFTELQQVLEMIDNIKSIAA-———— NTF- 42
Hs --MALSDEPAA-GGPEEEAEDETLAFGAALEAFGESAETRALLGRLREVHG————- GGAE 52
Mm --MVLSNEPAA-SAAEEEVEDDALVRASALEAFGESAETRALLRSLPAVHR-———- ERAS 52
Ce AEVNYLRYSRLLHLYQEQPRLLDKWIPEIVANLVDLVTLIGIDVSKPRAMTPLSRESLKY 180
Fh EEHLEEEFIKIFGFYQEQPHLLDPYLPKMISDTLEVVK-=—————— TTKTGSRAFHFAFRV 95
Sm e e 0
Dm -EREFEQYAQVLSRYQEQPHLLDPHLEELLGKLLHKIR-—-===---— KPDLDTGELHAAFKY 94
Hs REVALERFRVIMDKYQEQPHLLDPHLEWMMNLLLDIVQ-—-————-— DQTSPASLVHLAFKF 105
Mm REVAEERFRVIMDKYQEQPHLLDPHLEWMMNSLLDLVQ—-—————-— DETSLPDLVHLAFKF 105
Ce LSDLCIVRGSKTIVRLLPHQVHLLDPLLQTLEYYETSQLSDHNQRNVLLMWLWIVVKNPE 240
Fh LYLMVKTRGYKSIIRLMPHTVDDIEPTL-—---—-=-—=————— TWETRYVLLLWLSILIMVPFE 143
Sm -——-MTKTRGYKAIIRLMPHTVDDIEPTLSLLMEQDINDSKNWETRYVLILWLSILVMVPF 57
Dm LYIICKVRTYKVLVKFMPHELSDLEFVLDLLGQONPKEFEQWETRYILLLWMSILVLNPE 154
Hs LYIITKVRGYKTFLRLFPHEVADVEPVLDLVTIQNPKDHEAWETRYMLLLWLSVTCLIPF 165
Mm LYIITKVRGYKVFLRLFPHEVANVQPVLDMFTGONPKDHETWETRYMLLLWLSVTCLIPF 165
P I S * - *x
Ce DLRRFDPTG-—========——————— DPDNVITRIMNVALHYMKWDWNSSQASAALVIAH 283
Fh GLNCLDSE-—-========—=—=—————— DRAPIVNRILDQSKRYLSLDGRTQ-EAASFLLAR 184
Sm NLESLDSF-=-=-—-==—===="=-—-—————— GKKPIIERVIDLAKLYLLQDERTQ-EAAAFLLAH 98
Dm HMSRLDAYDTSTSAPTTNCSPVNHVQSKNTKMDRIFELIQLYVSSNDTCS-SMAAFLAAK 213
Hs DFSRLDGNLLTQP-—-—-———————- GQARMSIMDRILQIAESYLIVSDKAR-DAAAVLVSR 213
Mm DFSRLDGNLSTQT-=-=-===—==—-— GETRVPTMDRILQIAESYLVVSDKAR-DAAAVLVSK 213
.-k . Koo oo o * . *x o . . .
Ce CLSRTDGIPKV-LSFLSRLLDSIKT----HHENKKLLLADLILLLAILKHVDRRVLTGHI 338
Fh LVTRPDVVQAHLTPVLDWCLEQIKNADCTTGKGQKLLCGVLRSLANICKVGRRQELLAHA 244
Sm TVTRPDALHAQLPSIISSAIKNLSFADVINVQODQKQVCGTLRSIANICKLGSRTELLPYA 158
Dm YFIRSDIKDLYLERFLDWIMEQHQADTLN—-==——— VKFGQLAAVAAILKHGKREDLLPYA 267
Hs FITRPDVKQSKMAEFLDWSLCNLARSSFQTMQGVITMDGTLQALAQIFKHGKREDCLPYA 273
Mm FITRPDVKQRKMASFLDWSLCTLAHSSFQTIEGVITMDGMLQALAQIFKHGKREDCLPYA 273
* % I . * R * % * R
Ce GTIHEQLSFLYPIDEKKGGLICKCLVKVVQRIGLIALKPRTCSWSYNRGKRLLEGMLDDN 398
Fh PRLLES-ILHMSIAAAKGNWIYRFETKLLORIGLLFCPPRSFSWQYQRGLRSLADNLAPR 303
Sm SDLLSA-VLQLPGDSSKGILLCRLETKVLQRIGLLFCPPINTTWQYQRGSRSLQENLESL 217
Dm DKLLOQW-ITSCQYKDDNDFLKYKNYVKIIQRIGLVHLKPRIASWRYKRGTRSLATNLNQT 326
Hs ATVLRC-LDGCRLPESNQTLLRKLGVKLVQRLGLTFLKPKVAAWRYQRGCRSLAANLQLL 332

Mm NTVLQC-LDGCRLPESSHTSLRKLGVKLVQRLGLTFLKPKVATWRYQRGCRSLAANLKLC 332

K e o kk o kK * ek kekk Kk Kk *



Ce
Fh
Sm
Dm
Hs

Ce
Fh
Sm
Dm
Hs

Ce
Fh
Sm
Dm
Hs

Ce
Fh
Sm
Dm
Hs
Mm

Ce
Fh
Sm
Dm
Hs

Ce
Fh
Sm
Dm
Hs

Ce
Fh
Sm
Dm
Hs

EEYSDEPSEFSNKVNS----NQS----CNNEIDKENQWNDGDELENSEIVEFALMHVLEAL
LRELONTTDGNTNQA-SNFSTSLERTVTHGLTESTDDDDELDLEHADEVAEVIDRLINSL
LMNHDKNSSVSAKVTDHSSYTSFQONNISSDISGDCSLTMKHEFPNTDEVAEVIDKLISAL
TAAGGEPV-—----———————————— V----LEQSL--EEGEEIVVPDAIEEVIEELLQAL
TOGOSEQK-—-—=—==—==-——————— P----L--ILTEDDDEDDDVPEGVERVIEQLLVGL

APGKSDQK--—-—-====——=———-——— L----LSDSLTSDGDEDYDVPEGVETVIEQLLVGL

*

SHSDTAVRWSAAKGVGRITVRLPNEFDLATQVVGSIISSHFGEVAEYSSWHSHGACLALAE
RNQYTVVRWSAAKGLGRMCGRLSR-SMVNDVLSAILL-LCTRLEPFTAW--HGACLALAE
RSQFTGVRWSAAKGIGRICSRLSS-SMVNDVLSAVLS-LCTKLEPYTAW--HGACLALAE
RSGGNDIRWSAAKGLGRVTNRLPK-ELADEVIGSVID-ILNPLEPHEAW--HGACLALAE
KDKDTVVRWSAAKGIGRMAGRLPR-ALADDVVGSVLD-CFSFQETDKAW--HGGCLALAE
KDKDTVVRWSAAKGIGRMAGRLPR-ELADDVVGSVLD-CEFSFQETDKAW--HGGCLALAE

ek Kk hkkhkhkkhk o kk o * % . o K . LR .-k * % * Kk Kk Kk Kk Kk

LAHRGVLLPSLLEDIVPALELSLVFEDVMGRHONGNQVRDAACYAVWALSRTYEPSMMAP
LGRRSLLLPSKLPEVMPVILRALFYDERSGDHSYGSNVRDAACYVCWAFARAYQAADLAP
LGRRNLLLPSKLPEVIPVVLRALFYDERSGDHNYGSNVRDAGCYVCWAFARAYHPKDFELD
LAKRGLLLPHRLEELVPLLMQALFYDEMKGYMSVGQHIRDSACYMCWAFARAYNPDDVKP
LGRRGLLLPSRLVDVVAVILKALTYDEKRGACSVGTNVRDAACYVCWAFARAYEPQELKP
LGRRGLLLPSRLSEVVTVILKALTYDEKRGACSVGANVRDAACYVCWAFARAYEPQELTP

* ek ek kK ke e e . ek e e e * * e e kk o k%K Kk Kk o ok ok

YLORLASALLCGALFDRQVNLRRAASAALQEMVGRQOKNVSHGIPLIQSVDYFAVTNRQKC
YVTQVAQSLVLVSLFDREVNVRRAAAAAFQENVGRQGOFPHGIEILTACDYFAVRNLKNC
YIVPIASSLVLVSLFDREVSVRRAASAAFQENVGR--QFPHGIEILTTCDYFTVGNRAHC
FVHKISSGLLTVAVEFDREVNCRRAASAAFQESVGRLGNFPFGIEISTTTDEFYSVGIRQONS
FVTAISSALVIAAVEFDRDINCRRAASAAFQENVGROGTFPHGIDILTTADYFAVGNRSNC

FVTAISSALVIAAVFDRNVNCRRAASAAFQENVGRQGTFPHGIDILTTADYFAVGNISNC
R sakkok e s kkkk s kkaokKk XAk R R

YEHLCVPVAEYSTYSAIILRHLITKKVVHWDEKIREQAAISLEKISEIRLENVSDDYYME
YLELSAFVAQFPEYTQAMIDHLATKLLGHWDVVIRFLSARALNVLCRFSPE-—-—————-—
YLOLSIFVAKFKEYAKPMIDHLVNVRLGHWDDSIRYLAACALGKLYIADPDYMMEIVLPQ
YLNISDYIAQFEVYREPLINHLVQHKVSHWDSAIRELTAKALHKLSLWEPEYMAAVVLPQ
FLVISVFIAGFPEYTQPMIDHLVTMKISHWDGVIRELAARALHNLAQQAPEFSATQVEPR

FLIISVFIAGFQEYTKPMIDHLVSMKINHWDGAIRELSAKALHNLTPQVPEYIAMHVFPA
. sk sk e k% cokkk kk ek ek .
ILDDFLKASCETRISPFLRHGYLLASGHLIKGLTSRGMDE--—-—--- SSKQTEIAWIPHIL
————————————————————————————————————————————— DAIGPELLVQIKEIV
IINGS—————- INSTLHNQQGCIYGTGELVCSS—=—=—————— SSCVINEENLLKIKEIV
LLAKT-—-———- DTIDINCRHGCVLAMGEITLTLRKLEEKSD-PQVVYLSNQRVAELNELT
LLSMT------ LSPDLHMRHGSILACAEVAYALYKLAAQENRPVTDHLDEQAVQGLKQIH

LLIMT------ QSPDLHTRHGAILACAEVTYALYKLATQSNRLVTDYLDEKAVQSLKQIH

WPFCD---MTTQPGALIRRTLCKFIQLVSASKKVLLLEKDKSEWLDVLLOQLIT--—————
PTLSERNQFRGLSGELLRKASCHLIEKSSRTRLPLHGDPVIETWRLLLDDCVA-—-==-——=
PALKSANKFRGLSGELIRKATAHFIQKCAMAKLPFHDDPIIEVWREFLDDCVG——-—-=-—-—-
ITFLDKNFYRGMSGDLMKSCTSSYIKNCSLAKLQATPE-CLVSWQKVIDSCLI——=—————
QOLYDROLYRGLGGQLMRQAVCVLIEKLSLSKMPFRGDTVIDGWOQWLINDTLRHLHLISS
QQLCDRHLYRGLGGELMRQAVCILIEKLSLSRMPFKGDATVEGWQWLINDTLRSLHLVSS

* * . * . . *

450
362
277
363
369
371

510
418
333
419
425
427

570
478
393
479
485
487

630
538
451
539
545
547

690
589
511
599
605
607

744
604
555
652
659
661

794
657
608
704
719
721
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DPREIIRSLAKTAVGEFVMTYLMNDEELIQKV-K----TRVIAAMTKCSDESERIGMGMI
HKEVEIQKTAVSAYTQLLAAYLYDKDKHLOQIAYRDKMEGHLTQQLE-ANSETKQSGEFLQV
HKNPEVOKATVNAYPHFLSAYLYDRNGELQLGYKDLLYRNFLLOLN-TNSESKLSGYLQT
TKSNAIRDGAVEAFGELCTTYYCSDSRHGE---NEAIINTYLTGADNDLEEHIRMGYIAA
HSROOMKDAAVSALAALCSEYYMKEPGEADPAIQEELITQYLAEL-RNPEEMTRCGEFSLA
HSROQIKEVAVSALTALCSEYYVKEPGEAGSSIAKELIPQYLAEL-QSPEEMARCGESSA

* . * * *

CESLNSEAVDY---EMFESLCNTILTP-—-—-—---—-—————— TSSDAKWALARQQTVFALNR
LADAPADLFTGHVQKTLELVTAACRISTK-—-—-=--—-—————-—-—— TRSWGDARASALKSVLG
IGAAPNSLYCGHVADLLDTVTSACRSTSK-—-———=-=-—-—————— TKEWVDSRGSALKALVE
LGVLPSEFMIRCHLOAILDSLVKHSLTPLOAVLVGEMGDRENIQAYRWSEARTQSVLALTK
LGALPGFLLKGRLOQVLTGLRAVTHTSPE--—-—=——=—————— DVSFAESRRDGLKAIAR
LGALPGFLLRGHLQOVLSGLRRVTCISPN-—-—--—-—-—————-—-—— DVSFAEARRDGLKAISR

-k . .

IIKNLGAHHSE----- LNATILKSTCYILLOSLSDYTMDSRGDVGSLVREVGMKCLDSYI
LVKTVGYG--GGIDSFAEPKNENKVIECLLRALQEYTLDNRGDIGAWVREAAMSSLYEIV
ICQTVGVKA-GAPDEAVCGENVSQIYCALLGCMDDYTTDSRGDVGTWVRKAAMTSLMDLT
ICQTVGVNTRGPPDEVICKENISEVYAALLGCMSDYTTDSRGDVGAWVREAAMT SLMDLM

TFCD_C

--VDAKTEPPFLDEHVIKS-AKYMVQQSAERISRTRECACACLKSLVKC-EITGRCLPHI
———————————————— VEEIVVSIVQOSVEKIDRTRAAAGQAFSGILYH-EPPIRYIPHV
EFLVNNQYSELITSDMIEEVMTSIAQQAVEKIDRTRGVAGOVFAHLLHH-DPPIEHISHFE
-——-TTCPPDLLAPEQVHEIVVGFMOQOAVEKIDRTRGLGGRLCCQLIHH-QPRIPYIREH
L-LLARSQPELIEAHTCERIMCCVAQQASEKIDRFRAHAASVFLTLLHFDSPPIPHVPHR
L-LLARTEPVLIEAHICERVMCCVAQQASEKIDRFRAHAARVFLTLLHFDSPPIPHVPHR
. Kk Kok Kk x| .- .
TFCD_C

DLLMNIYSE----PMDFISDRTVFQLKPLLDLGSEYYEQLILGIVVSAGGLAEGTQKTAK
KKVKEIFS-—-—-——————-———————————— - - mm e ——————
EELKQIFPKSDCDDMIWNSANSTFHRFTKLLDFPEYRYRLILGLIVSVGGLTELTIRCST
SKLLEIFPA-DADSVLWLFADHTFPLFCELLSLPDYSKRVLLGLSASIGQLTESLIKYAS
GELEKLEFPRSDVASVNWSAPSQAFPRITOQLLGLPTYRYHVLLGLVVSLGGLTESTIRHST
QELESLFPRSDVATVNWNAPSQAFPLITQLLGLPTYRYHVLLGLAVSVGGLTESTVRHST

TFCD_C

QOLLLDHQREICENKPRFDHFLSTCADLEFQRARKVNRIGNSEFMQILPQIFGNLGIYEQCPE
——————————————————————————————————— NVIVPLFREFVDFLLNDPVIAGAVN-
SALSAYFLDHESDQLFIVEVLKIVGQILQOSFROEERIVVPLFKFLDEFLLNDPIVNSTID-
SALFHFLRS---NPETVPRLCSEVVQIFEEHLLNERVTYPLLSFLDILIGSGTVESVLHD
OSLFEYMKGIQSDPQALGSEFSGTLLOQIFEDNLLNERVSVPLLKTLDHVLTHGCEDIFTTE
OSLFEYMKGIQKDAQVLOSEFSETLLKVFEDNLLNDRVSVSLLKMLDQLLANGCEDIFTAE

TFCD_C

TSESII-EMVDTMKTIAVRSSMMSRORLSIDSLGELLNCGKKSTVYRSALTMILDTLNSQ
————————————————————————————— GESFGGMLQFEG--SARKRSASLMMILMAHK
PNSSILLQLTESVWNETKLTKDVORIKAAIDVFGGMLQFTG--SVRKRSLSLMMIILGSR
EANPFAEDIFRLLNLEVKGYKKLYKTATSISAFCQLLQVPR--L-SKRILSKLSVFLGLQ
EDHPFAVKLLALCKKEIKNSKDIQKLLSGIAVFCEMVQFPG--DVRRQALLOLCLLLCHR
ENHPFCVKLLTLCKEEIKKSKDIQKLRSSIAVLCGMVQFNG--DVRKKILLQLFLLLGHP

QPVLRKSAAERLYEHLC--=-—---- CAEESDDEVLEVLATTNWQDENDNVLKQAVA-—--—-—
YPVIRKSAATKLYECLVMEFDL---VEPEVMDQVTTLLTETIWESELDEIRPIRNTICEML
YPITIRKATATELYEGLLVYEL---CPSELLDQVSSILTETIWEGDIEAVRPIRNQLCELF
HVHVRKTAATKLYEALALHGDVTEVPEENMDEILTLLSETDWTQPLVEVRPLRNQLCQLM
FPLIRKTTASQVYETLLTYSDV--VGADVLDEVVTVLSDTAWDAELAVVREQRNRLCDLL
FPVIRKSTASQVYEMVLTYSDL--VDAEVLDEVMSVLSDTAWDAELPVVREQRNRLCDLL

ek Kk e ok T 4 . . X o oKk o * * .

849
716
667
761
778
780

893
762
713
821
824
826

945
762
768
879
883
886

1001
805
827
934
942
945

1057
813
887
993
1002
1005

1117
837
946
1050
1062
1065

1176
866

1004
1107
1120
1123

1224
923

1061
1167
1178
1181
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GISEKLIF-———————————m o m oo 1232
GVPVPRIINPKVTPDSNTPTDQTRSVISVNGDAGDRG 960

QVPVPRATSKTQNHTSPA—-————-———————————— 1079
DIKPPVSGAAAAAALQQASADK-—=—=-—=—=—=—=— 1189
GVPRPQLVPQPGAC—====—=—=—=—=—————————— 1192

GVPRPQLVPKPIPGS-—=-—==—==—=-—————————— 1196

Glutamyl-prolyl-tRNA synthetase (Eprs):
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Hs

MMITRELVLKANREQPPYASTILALAASGFSLEKSVQFSEKQQLALNLDG-EL--LSNDVE

-—-—--MSIKLKANLNNPPISGLATAHLINGTVPVEIVWSKEE-TSLOFPDNRLLVCHSNND
-—--MATLSLTVNSGDPPLGALLAVEHVKDDVSISVEEGKEN--ILHV--SENVIFTDVNS
-—--MAALCLTVNAGNPPLEALLAVEHVKGDVSISVEEGKEN--LLRV--SETVAFTDVNS

IARITAQSTDAADSLLGSSIIDFAVVDDLTNFIADAVTKND-YS—-—-—--- LLLGKDFPTKI
————— PS-EVLLSIIPKTNGTPSIHVLNWVREVPAYLMNSKKRSWAMEQLEKSLAHATFEL
————— NE-DSLKLALKGIAGEDDLQTYNWVRFATTYLOQPQCDEFVWAGKEIDKALVNSTYI
VLRALAR-AAPDYKLYGETAIERTQIDHWLSEFSLTCE---DDISWALSFLDKSIAPVTYL
ILRYLAR-VATTAGLYGSNLMEHTEIDHWLEFSATKLSSCDSFTSTINELNHCLSLRTYL
ILRYLAR-TATTSGLYGTNLMEHTEIDHWLEFSATKLSSCDRLTSAINELNHCLSLRTYL

* . *

NGSEFSLSDLAIWTFLEINPDWHKLNESYKTDGSVKSEFVNLKQYYDRLITLPSVRKL--K
VANKLTIADFALFNEMHSRY---EFLAAKGIP-—-—-—--- QHVORWYDLITAQPLIQKV--L
VGNSLSLADLCVWATLKGNAAWQEQLKQKKAP--—-—--- VHVKRWEGFLEAQQAFQSV--G
VGNSLTLADLCVWATLKGSAAWQEHLKQONKTL----—-— VHVKRWFGFLEAQQAFRSV--G

TEIYESRLOQPRGVSVNSEPPSNTIGKTHASDMLFEKGGKFGELPGARVGEVVVREPPEAS
QOSLPEDAKVKR-———-- S-POSSKEQTPAKTGERKQEGKEFVDLPGAEMGKVVVREFPPEAS
TKWDVS—=—=-——=——==———————— TTKARVAPEKKQDVGKEFVELPGAEMGKVTVREPPEAS
TKWDVS—-=—=—==——==———-————— GNRATVAPDKKQDVGKEFVELPGAEMGKVTVREPPEAS

tRNA-synt_1c

GYLHIGHAKAALLNQYYQQAFEGQLIMRFDDTNPAKENAHFEHVIKEDLSMLNIVPDRWT
————————— DDFSVADLADTFKGRLILREDDTNPSKEKANFEESILCDLPRIGVKWDVRS
GYLHIGHAKAALLNQHYRDIFKGRLILREDDTNPDKEKECFEKSILSDLPRIGVTWDAIS
GYLHIGHAKAALLNQYYALAFQGTLIMREDDTNPAKETVEFENVILGDLEQLQIKPDVET
GYLHIGHAKAALLNQHYQVNFKGKLIMREDDTNPEKEKEDFEKVILEDVAMLHIKPDQFET
GYLHIGHAKAALLNQHYQVNFKGKLIMREDDTNPEKEKEDFEKVILEDVAMLHIKPDQFET

~k:~k ~k~k:~k~k~k~k~k~k~k ~k~k' ~k~k' * ~k: : : *
tRNA-synt 1c

HSSDHFEMLLTMCEKLLKEGKAFVDDTDTETMRNEREQRODSRNRSNTPEKNLQLWEEMK
HTSDHEDLLINLCEQMLREGKAYVDNTDTETMRTERENRKPSACRENTTQONLAWWEEMK
STSDHFDEMLKLCEQLIKEGKAYVDNTDTETIRVOQREARQMSACRDNS IEQNLSWWGEMK
HTSNYEFDLMLDYCVRLIKESKAYVDDTPPEQMKLEREQRVESANRSNSVEKNLSLWEEMV
YTSDHFETIMKYAEKLIQEGKAYVDDTPAEQMKAEREQRIDSKHRKNP IEKNLOMWEEMK
YTSDHFETIMKYAEKLIQEGKAYVDDTPAEQMKAEREQRTESKHRKNSVEKNLOMWEEMK
sk ek e L sraak Kk akkex X ee ek k K * * % sk * ko
tRNA-synt_1c

57
20
19
55
53
53

111
74
73
111
112
112

156
76

131
160
164
164

203
76

191
213
207
207

263
127
251
273
267
267

323
187
311
333
327
327
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KGSPKGLTCCVRMKIDMKSNNGAMRDPTIYRCKPEEHVRTGLKYKVYPTYDFTCPIVDSV 383
KGTEFGLKCCVRAKIDMNSNNGAMRDPTIYRCKPESHVRTGTKYNVYPIYDFACPVVDSV 247
KGTEQGLKCCVRAKIDMSSNNGALRDPTIYRCKIEPHVRTGSKYKVYPLYDFACPVVDSI 371
KGSEKGQKYCVRAKIDMSSPNGCMRDPTIYRCKNEPHPRTGTKYKVYPTYDFACPIVDAI 393
KGSQFGQSCCLRAKIDMSSNNGCMRDPTLYRCKIQPHPRTGNKYNVYPTYDFACPIVDSI 387
KGSQFGQSCCLRAKIDMSSNNGCMRDPTLYRCKIQPHPRTGNKYNVYPTYDFACPIVDSI 387
* Kk . * kek Kkkk Kk hkk ekkkkoekAAK o Kk KAk kkekkk Ak okkokko o

) ) ) ) B tR}\lA-synt_lé ) ) ) B
EGVTHALRTTEYHDRDDQYYFICDALGLRRPHIWEYARLNMTNTVMSKRKLTWEVDEGHV 443
EGVTHALRTSEYNDRNDQYAWFCQVLGLRCPMVIDYSRLALONTILSKRKLTWEVEEGLV 307
EGVTHALRTSEYNDRNEQYAWICKSLGIRCPIVIDYSRLALONTVLSKRKLAWFVEEGIV 431
ENVTHTLRTTEYHDRDDQFYWEFIDALKLRKPYIWSYSRLNMTNTVLSKRKLTWEVDSGLV 453
EGVTHALRTTEYHDRDEQFYWIIEALGIRKPYIWEYSRLNLNNTVLSKRKLTWFVNEGLV 447
EGVTHALRTTEYHDRDEQFYWIIEALGIRKPYIWEYSRLNLNNTVLSKRKLTWEFVNEGLV 447
K kokkekkkakkekkeake o0k sk Kk s Kekk o+ kkeokkkkkakkk. Kk K

tRNA-synt 1c

EGWDDPRLPTVRGVMRRGLTVEGLKQFIVAQGGSRSVVMMEWDKIWAFNKKVIDPVAPRY 503
DGWDDPRMPTVSGILRRGMTAEGLRQFILAQGSSRSSAQMEWDKIWAFNKKVIDPIAPRE 367
DGWDDPRMPTVSGILRHGMTAEGLRQFILAQGSSRSSALMEWDKIWSENKKIIEPVAPRT 491
DGWDDPRFPTVRGIIRRGMTVEGLKEFIIAQGSSKSVVFMNWDKIWAFNKKVIDPIAPRY 513
DGWDDPRFPTVRGVLRRGMTVEGLKQFIAAQGSSRSVVNMEWDKIWAFNKKVIDPVAPRY 507
DGWDDPRFPTVRGVLRRGMTVEGLKQFIAAQGSSRSVVNMEWDKIWAFNKKVIDPVAPRY 507

:~k~k~k~k~k~k:~k~k~k *::*:*:*.***::** ~k~k~k.~k:~k . ~k:~k~k~k~k~k:~k~k~k~k:~k:~k:~k~k~k
tRNA-synt_1c_C

TALDSTSPL-—-=-=——————— 552
TGLLLDPSVPQPSPSTP 4277
TALLLDSSYMG-HNGTP 550
TALEKEKRVIVNVAG-—-——————————— 560
VALLKKEVIPVNVPE 554
VALLKKEVVPVNVLD---=-===——————— 554

. * . * * Kk k H .2 *
tRNA-synt_1c_C

- 611
- 486
- 609
620
614
614

* * . . kK * Kk ok Kk kK * . . * . X o Kk o o * e kkk ke kKk K
tRNA-synt_1c_C

671
546
669
679
672
672

tRNA-synt_lc_i:

QPYNPKSELSGVETPLLLIATIPDGHTGKEAEKPPKGA-PVS——-——-— AAAS 724
VPYEAKCKATGFESPCVLIQIPEGTMSKTTTDTAGST-TSQAKK---GGSV 602
PYESACLATGHESPCVLINIPDGSSKDDNAAI--NS-KVESSK---SGSV 723
AYAPPSGYTNVPSPIVLFSIPDGHTKDVPTSGLKVNAPDAKATKKASSPV 739
QOPYEPVSPYSCKEAPCVLIYIPDGHTKEMPTSGSKEKTKVEATKNETSAPE 732
QOPYEPVSPYSCREAPCILIYIPDGHTKEMPTSGSKEKTKVEISKKETSSAP 732

Kk koo kK o o * * . ek ek e KKk ek

SGGSDALQLYNSIEQQGGIVRDLKTKDAKSQATKDAIAKLLDLKKKYKELTGSDHKPGAP 784

KT G == — ——m = m m 605
K TN = = = = = e e e e e 726
SSSGQASELDSQISQQGDLVRDLKSKKAAKDQIDVAVKKLLALKADYKSATGKDWKPGQT 799
KER-----— """ - ———— 735
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PSAPAPTTPS-SSESNSALNIYNLIEAQGLLVRELKGKDAKSQATKDATAKLLELKKQYK

SASSAPVPAASSSSANDAVSVNASIVKQGDLVRDLKGKKASKPEIDAAVKTLLELKAQYK
—-——-PTPSLNNNCTTSEDSLVLYNRVAVQGDVVRELKAKKAPKEDVDAAVKQLLSLKAEYK
—-—-—-PAPAVSSTCATAEDSSVLYSRVAVQGDVVRELKAKKAPKEDIDAAVKQLLTLKAEYK

* *

EVSGSDHKPGVPPAASVASAPAPAPAAGSTNALDIYHQIESQGALVRELKGKDAKSQATK
EEKKEARKEGRAKAKQAK---—-—--—-—--—-—--——-———————————————— ——— ——— ——— ——
EEKKEARKEGKLKAKQQQ-————=-—-———————————————————————————————————
TLTGOQDWKPGTVPTTAAPSASAAPSVGVNDSVAQILSQITAQGDKVRELKSAKADKATVD
EKTGQEYKPGNPPAEIGONISSNSSASILE-SKSLYDEVAAQGEVVRKLKAEKSPKAKIN
EKTGQEYKPGNPSAAAVQTVSTKSSSNTVE-STSLYNKVAAQGEVVRKLKAEKAPKAKVT

*x ok
DATAKLLALKKQYKEVTGSDHKPGVVPVSAPA--————-————— PTPLAGGADIAGQIEA
ETTECSEM--—-—- QSTS-——————————————————— MKTQPEPASS----NEQPONKK
SSENKLRT------ TVVG=—==—=—=—=——————— == HETINKPTSD----KLMYKQSN

AAVKTLLSLKADYKAATGSDWKPGTTAPAPAAAPVKVKQEKNPDPASVLTVNTLLNKIAQ
EAVECLLSLKAQYKEKTGKEYIPGQOPPLSQSSDSSPT-RNSEPAGLETPEAKVLEDKVAS
EAVECLLSLKAEYKEKTGKDYVPGQPPASQONSHSNPV-SNAQPAGAEKPEAKVLEDRVAC

QGVLVRDLKNKDSKSQETKDAIAKLLELKKNYKEVTGSDYKPGPAPAAAPAKVTVPAPSV

QE Q= = m —m o -
QS D= —m —m o -
QGDKIRQLKSAKSEKSLVEAEVKLLLALKTDYKSLTGQEWKPGTVAPAP---TTVNVIDL
QGEV VR~ == == = = = = o
QGEV VR === == = = = = o o
*

SGGDTL------ SKQIDDQALLVRELKMKDAKSQETKDATIAKLLQLKKQYKDATGSDYKP
—————————————————————————————————— CVKPTVEA--—--—-—--—--VSRPP
—————————————————————————————————— SVKCE-----—=--—--—--—-—QLK-

TGGDSGSDVGSVLSKIQAQGDKIRKLKSEKAAKNVIDPEVKTLLALKGEYKTLSGKDWTP
———————————————————————— KLKTEKAPKDQVDIAVQELLQLKAQYKSLIGVEYKP
———————————————————————— KLKAEKASKDQVDSAVQELLOQLKAQYKSLTGIEYKP

APAQLAASAAA--APAPAPAFDEAALLKEIEEQGAVVRDAKSKDPKSQDSADAINKLLAL

IVA---—--- ESCSAKSI-————=———=——=—————————— K—————————————— -
——————————— PVSPKVI-—= === === === m— ooV mm oo
DAKSEPAVVKKEASPVSMASPAKDELTQE INAQGEKVRAAKGNKAAKEVIDAEVAKLLAL
VSATGAEDKDKKK-—-——-—=--—-——- KEKENKSE-—--- KONKPQKQ-———-——--—=--—-
VSATGAEDKDKKK-——-—=--—-——-—- KEKENKSE-—--- KONKPQKQ-——-——-—=-—-

—————————————————————————————————————— TPKSDQVELSKKEGAKKQTRLA
—————————————————————————————————————— KNEKQKESLLKMSGTKKQSKLA
KAKYKEVTGTDFPVAGRGGGGGGGSAKKAPKEAQPKPAKPVKKE PAADASGAVKKQTRLG
--—-NDGQRKD-PSKNQGGGLSS-~—-—==—=-—=————————- SGAGEGQGPKKQTRLG
--—-NDGQGKD-SSKSQGSGLSS-~—=—==—==—=-———————— GGAGEGQGPKKQTRLG

LEATKESEFSEWYSQLITKAELLEYYDISGCYIIRPWAYSLWQTIQRFLDERLHAMGVEN
IEASKETDEFSDWYSELIIKSELLDYYDISGCYILRPWAYHMWQSIQCFMDEKLKVMGIEN
LEATKEDNLPDWYSQVITKGEMIEYYDVSGCYILROWSFAIWKAIKTWEDAEITRMGVKE

843
628
749
859
792
792

903
646
767
919
851
851

951
676
797
979
910
910

1011
679
800
1036
916
916

1065
692
808
1096
952
952

1123
704
816
1156
981
981

1149
726
838
1216
1015
1015

1149
786
898
1276
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LEAKKEENLADWYSQVITKSEMIEYHDISGCYILRPWAYAIWEAIKDFFDAEIKKLGVEN 1075
LEAKKEENLAEWYSQVITKSEMIEYYDVSGCYILRPWSYSIWESIKDFFDAEIKKLGVEN 1075

tRNA-synt_2b
———————————————————————————————————————————————————————————— 1149
AYFPMFVSKGALEREKNHVSDFAPEVAWVTKSGDSDLAEPVAVRPTSETIMYPAFAKWIQ 846
AYFPMFVSKSALEREKNHVTDFAPEVAWVTKSGDTDLAEPIAIRPTSETIMYPIFAKWIQ 958
CYFPIFVSKAVLEKEKTHIADFAPEVAWVTKSGDSDLAEPIAVRPTSETVMYPAYAKWVQ 1336
CYFPMFVSQSALEKEKTHVADFAPEVAWVTRSGKTELAEPIAIRPTSETVMYPAYARKWVQ 1135
CYFPIFVSQAALEKEKNHIEDFAPEVAWVTRSGKTELAEPIAIRPTSETVMYPAYARKWVQ 1135
tRNA-synt_2b
———————————————————————————————————————————————————————————— 1149
SHRDLPLRLNQWSNVVRWEFKHPQPFLRTREFLWQEGHTAYAEKPDAEAEVLAILDLYAQ 906
SHRDLPLRINQWSNVVRWEFKHPQPFLRTREFLWQEGHTAFAEKADAEAEVRVILDLYAE 1018
SYRDLPIRLNQWNNVVRWEFKQPTPFLRTREFLWQEGHTAFADKEEAAKEVLDILDLYAL 1396
SHRDLPIKLNQWCNVVRWEFKHPQPFLRTREFLWQEGHSAFATMEEAAEEVLQILDLYAQ 1195
SHRDLPVRLNQWCNVVRWEFKHPQPFLRTREFLWQEGHSAFATFEEAADEVLQILELYAR 1195

tRNA-synt_2b
———————————————————————————————————————————————————————————— 1149
VYQDLLAVPVIKGRKTEREKFAGADYTTTIEAYISGTGRAIQGATSHHLGONFSRMFEVT 966
VYEYLLAVPVVKGRKTEREKFAGADYTTTVEIYIDGNGRAIQGATSHHLGONEFSRMEFDVT 1078
VYTHLLATIPVVKGRKTEKEKFAGGDYTTTVEAFISASGRAIQGATSHHLGONFSKMFEIV 1456
VYEELLAIPVVKGRKTEKEKFAGGDYTTTIEAFISASGRAIQGGTSHHLGONFSKMFEIV 1255
VYEELLAIPVVRGRKTEKEKFAGGDYTTTIEAFISASGRAIQGATSHHLGONFSKMCEIV 1255

tRNA-synt_2b HGTP_anticodon

———————————————————————————————————————————————————————————— 1149

YDHPVT-GKPAFVYONSWGLTTRTLGVLVMVHGDSKGLVLPPRIAPH 1025

YDHPVT-GKPAYVYONSWGLTTRTLGVLIMVHSDDKGLVLPPRVAPY 1137

YEDPETO-QKKYVYONSWGITTRTIGVMIMVHADNQGLVLPPHVACI 1515

FEDPKIPGEKQFAYONSWGLTTRTIGVMTMVHGDNMGLVLPPRVAC 1315

FEDPKTPGEKQFAYOCSWGLTTRT IGVMVMVHGDNMGLVLPPRVAS 1315
HGTP_anticodon

1149

1085

1197

1573

1373

1373

1149

ILEDIHNDLFRKATGELAAHVVQVGS 1145

ILDDIHNAMENKATKSLASHVMLVND 1257

LLETIHESMLNKAQEDMTSHTKKVTN 1633

ILEDIQVTLFTRASEDLKTHMVVANT 1433

VLEDIQLNLFTRASEDLKTHMVVSNT 1433

ProRS-C_1

ProRS-C_1




Actin, cytoplasmic 1 (Actb):
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-- -B-- 1512
-- -8-- 1512

ACTIN

MVDDELTALVVDNGSGMCKAGFGGDDAPRAVEFPSMVGRPRHQGVMVGMGQKDCYVGDEAQ
-MDDDIAALVVDNGSGMCKAGFAGDDAPRAVEPSIVGRPRHQGVMVGMGQKDSYVGDEAQ
MCDEEVAALVVDNGSGMCKAGFAGDDAPRAVEPSIVGRPRHQGVMVGMGQKDSYVGDEAQ
MCDDDVAALVVDNGSGMCKAGFAGDDAPRAVEFPSIVGRPRHQGVMVGMGQOKDSYVGDEAQ
MGDEDVAALVIDNGSGMCKAGFAGDDAPRAVEFPSIVGRPRHOGVMVGMGOKDSYVGDEAQ

MGDEDVAALVIDNGSGMCKAGFAGDDAPRAVEFPSIVGRPRHOGVMVGMGQKDSYVGDEAQ
Koo s KKK s hKK KKK KR hhk  hkkkkkkkkkk s kAKX XXX AARRRRAA KK | Kk kkk kK
ACTIN

SKRGILTLKYPIEHGVVTNWDDMEKIWYHTEFYNELRVAPDEHPILLTEAPLNPKINREKM
SKRGILTLKYPIEHGIVTNWDDMEKIWHHTEFYNELRVAPEEHPVLLTEAPLNPKANREKM
SKRGILTLKYPIEHGIVTNWDDMEKIWHHTEFYNELRVAPEEHPVLLTEAPLNPKANREKM
SKRGILTLKYPIEHGIVTNWDDMEKIWHHTEFYNELRVAPEEHPVLLTEAPLNPKANREKM
SKRGILTLKYPIEHGIVTNWDDMEKIWHHTFYNELRVAPEEHPVLLTEAPLNPKANREKM
SKRGILTLKYPIEHGIVTNWDDMEKIWHHTFYNELRVAPEEHPVLLTEAPLNPKANREKM

KA KKK A A A I I A KAAK s hh ok kA AR A Ak ke khkAA Ak hkhhhk ke Ak k e hhh kA AKX kk Kk KhAX*
ACTIN

TOQIMFEAFNTPAMYVAIQAVLSLYASGRTTGIVMDSGDGVTHTVPIYEGYALPHAILRLD
TOQIMFETENTPAMYVAIQAVLSLYASGRTTGIVMDSGDGVTHTVPIYEGYALPHAILRLD
TOIMFETEFNTPAMYVAIQAVLSLYASGRTTGIVLDSGDGVSHTVPIYEGYALPHAILRLD
TOIMFETENTPAMYVAIQAVLSLYASGRTTGIVLDSGDGVTHTVPIYEGYALPHAILRLD
TOIMFETEFNAPAMYVAIQAVLSLYASGRTTGIVLDSGDGVTHTVPIYEGYALPHAILRLD
TQIMFETENVPAMYVAIQAVLSLYASGRTTGIVLDSGDGVTHTVPIYEGYALPHAILRLD

KAKKAKK e kk KAAXRKAAKRKAAKAKAAKRKA AKX AKX AKX K e kA KA Ak e kAR A XA A A AR XA XXX XXk

ACTIN

LAGRDLTDYLMKILTERGYNFTTTAEREIVRDVKEKLCYVALDFEQEMVTAAASSSLERS
LAGRDLTDYLMKILTERGYSFTTTAEREIVRDIKEKLCYVALDFEQEMATAASSSSLEKS
LAGRDLTDYLMKILTERGYSFTTTAEREIVRDIKEKLCYVALDFEQEMATAASSSSLEKS
LAGRDLTDYLMKILTERGYSFTTTAEREIVRDIKEKLCYVALDFEQEMATAASSSSLEKS
LAGRDLTDHLMKILTERGYSFTTTAEREIVRDIKEKLCYVALDFEQEMGTASASSSLEKS
LAGRDLTDYMMKILTERGYSFTTTAEREIVRDIKEKLCYVALDFEQEMGTAASSSALEKS

KAKAAKhkAAK o e khkAAhAkAhK* KAhAAAAIAAKA AN e kA XA A XAk A A A A AN ) Kkhkeookhkokhkoxk
ACTIN

YELPDGQVITIGNERFRCPEAIFQPSFLGIESRGIHETTENSIMKCDVDIRKDLEFANTVL
YELPDGQVITIGNERFRCPEALFQPSFLGMESCGIHETTENSIMKCDVDIRKDLYANTVL
YELPDGQVITIGNERFRCPEALFQPSFLGMEACGIHETTYNSIMKCDVDIRKDLYANTVL
YELPDGQVITVGNERFRCPEALFQPSFLGMESAGIHETSYNSIMKCDIDIRKDLYANTVL
YELPDGQVITIGNERFRCPEALFQPSFLGMESAGIHETTYNSIMKCDVDIRKDLYANTVL
YELPDGQVITIGNERFRCPEALFQPSFLGMEASGIHETTYNSIMKCDVDIRKDLYSNTVL

hhkkhkhhkkhkkhhkkhkheoehkhkhkkhhkhkkhhkhkkhehkhhhkhkhkhkeoekhke Kkhkhkhkhkoohhkhkkhkhkhkkhehkhkhkhkkhheoorkkhi
ACTIN

SGGSTMYPGIADRMOKEIVTLAPSTMKIKITIAPPERKYSVWIGGSILASLSTFQOMWISK
SGGTTMYPGIADRMOKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTFQOMWISK
SGGTTMYPGIADRMOKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTFQOMWISK
SGGTTMYPGIADRMOKEITALAPSTMKIKIIAPPERKYSVWIGGSILASLSTEFQOMWISK
SGGSTMYPGIADRMOKEITALAPSTMKIKIVAPPERKYSVWIGGSILASLSTEFQOMWISK
SGGSTMYPGIADRMOKEISALAPSTMKIKIVAPPERKYSVWIGGSILASLSTFQOMWISK

AAkKk e kA AkAAAAAAAAhAAkh ohhdhhAhkhhkhkh ek hkA kA h kA h A A h A dh A dkhk A hkhk Ak xkx %

ACTIN
QEYDEAGPPIVHRKCEF 376
QEYDESGPSIVHRKCEFE 375
QEYDESGPSIVHRKCEF 376
QEYDESGPSIVHRKCEF 376
QEYDESGPGIVHRKCEF 376
QEYDESGPSIVHRKCEF 376

kAhkkKhkkoekk k(hkkkkkh*k

60
59
60
60
60
60

120
119
120
120
120
120

180
179
180
180
180
180

240
239
240
240
240
240

300
299
300
300
300
300

360
359
360
360
360
360



U2 small nuclear ribonucleoprotein A (Snrpal):

Ce
Fh
Sm
Hs
Mm
Dm

Ce
Fh
Sm
Hs
Mm
Dm

Ce
Fh
Sm
Hs
Mm
Dm

Ce
Fh
Sm
Hs

Dm

Ce
Fh
Sm
Hs

Dm

Ce
Fh
Sm
Hs

Dm
Ce
Fh
Sm

Hs

Dm

MVRLTTELFAERPQFVNSVNMREINLRGOKIPVIENMGVTRDQFDVIDLTDNDIRKLDNFE
MVRLTAELIENAPQFTNAIQDRELDLHGYKFPAIENMGSTLDQFDTIDLSGNEIRKLDGE
MVRITSEIVENAPQFTNAIKDRELSLRSYKFPATENMGCTLDQFDTIDLSDNEIRKLDGE
MVKLTAELTEQAAQYTNAVRDRELDLRGYKIPVIENLGATLDQFDAIDFSDNEIRKLDGE
MVKLTAELIEQAAQYTNAVRDRELDLRGYKIPVIENLGATLDQFDAIDFSDNEIRKLDGE
MVKLTPELINQSMQYINPCRERELDLRGYKIPQIENLGATLDQFDTIDLSDNDLRKLDNL

KK o ok Ko . * o * * K . * o K ek K Khkkek K* Khhkkhkk KKkoo K e o KKk kK .
LRR_8

PTEFSRLNTLYLHNNRINYIAPDIATKLPNLKTLALTNNNICELGDIEPLAECKKLEYVTFEF
PLLKRLKALILNNNKIVRIAEDLGOQLPYLNTLILTSNSFTELRELDPLATCDKLTFLTL
PMLKRLKSLILTNNKIARIAEDLGOQHLPNLLTLILTSNYLSDLKDLDPLSSCDKLNFLSL
PLLRRLKTLLVNNNRICRIGEGLDQALPCLTELILTNNSLVELGDLDPLASLKSLTYLST
PLLRRLKTLLVNNNRICRIGEGLDQALPCLTELILTNNSLVELGDLDPLASLKSLTYLST
PHLPRLKCLLLNNNRILRISEGLEEAVPNLGSIILTGNNLQELSDLEPLVGEFTKLETICL

ke kke k. kkek * . ck ok s kK k. ek .. k% o
LRR_8 LRRcap

IGNPITH FNRVRLTEREAAKKMFKGKSGKKARDAIQK-——-—
THCPVT YKRVTNSERKLANSMEFKRIPAMASSASGVKGAPG
LHCPVT YRRVTQAERKLARSMFKRLPALSNSVNNLKAPYQ
LRNPVTN FOKVKLKERQEAEKMFKGKRGAQLAK--—-—————
LRNPVTN FOKVKLKERQEAEKMFKGKRGAQLAK--—-—————

LINPVST FRKIKQKDRQAAQEFFRTKQGKDVLK-——-—=-—
* . *k* X * * . ] :*: 'k..:'k:

——————————————— SVHTEDPSEIEPN————==—=————————— oo

LRNGIRSQNPAGGTTTVKTFIPGAPLYTNAGVDKEN--—=-—=——————————- TA-SID

KANSNRIENSIPAAGVVKTEFIPGAPINSNNLLPPGTEPTRSSNEQIHHGEGKENNAAALN

R TARRSKTFNPGAGLPT-————=—=—= === ——————— oo
R TARRSKTFNPGAGLPT-————=—=—= === ——————— oo

——————————————————————————————— ENSSGGGARLTDEDREKIKEATKNAKSLS
—————————— ARGSTETKDISSMPPPPPAAAVOMGNKRPGGSAQDLYATQEATKRARTMD
TSVETDQTESTKSDTLVVSSADT PMPPPSTPVTTGNKRPVASSQDLFAIQEATKRARTMD
————————————————————————————————— DK-KKGGPSPGDVEAIKNAIANASTLA
————————————————————————————————— DK-KKGGPSAGDVEAIKNAIANASTLA
—————————————————————————————— KGRGSEGGRLANPQDMQRIREATKRASSLA

* * o o kK *

EVNYLOSILASGKVPEK--GWNRQMDONGADGEAMES-———————-———————————————

EVDRLHQLLSSGQFAGFAIQWOQQLRLOQQONOQQORQQOQEQQEQEQQRKAEQEQETSAM
EVERLHQLLSSGQFAGFAAQWOKQLROQQQQKSSQ————-—=-—=———————————————
EVERLKGLLQSGQI PGRERRSGPT--——--—--—-—- D-—m—mm—mmmmmm oo DGEEEM
EVERLKGLLQSGQIPGRERRSGPS—-—--—-——-—- D-————m——m—mm o EGEEEI
EVERLSQILQSGQLPDKFQHEMEAVAQNGAGH---NG-=--—=--—=—==—=-—-— SGAVAM
**: * :* **:.
———————————————————————————————————————————————————— 253
DEEQTEQVQQPETMVQONELLQHEESTNLEMATQDNIVDQQIHSMEVTQPVE 383
———————————————————————————————————————————————————— 335
EEDTVTNGS — === === === = —— — oo oo 255
EDDTVTNGS — == == = == = —m —m o o o 255

B Y m — o - 265

Leucine zipper and EF-hand containing transmembrane protein 1 (Letm1):

60
60
60
60
60
60

120
120
120
120
120
120

176
180
180
172
172
172

189
221
240
189
189
193

218
271
300
215
215
223

253
331
335
246
246
263



Fh
Sm
Ce
Dm
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Mm

Fh
Sm
Ce
Dm
Hs
Mm

Fh
Sm
Ce
Dm
Hs

Fh
Sm
Ce
Dm
Hs

Fh
Sm
Ce
Dm
Hs

Fh
Sm
Ce
Dm
Hs

MNALLRHKGRNLRTSHLAQNVYKREFLKSNCCACSSVNVTDEPAKEDELPRRSAS-TSVLE

MA--——-"—-—""———————————— SILLRSCRGRAPARLPPP--PRYTVPRGSPGDPAHLS
MA--——-"—-—""———————————— SILLRSCRGRGPARLAP---PRAASPRGSLRDRACLS
SFONAGHYIHNRAVFG---PS--—--- VEFRTQSTSQWNLSLRSLH-LNSSLWSG--—--TET

LSRSLGTYRRF-—-—-—--- QPH-ANY----GYDYSGYGFRHLH---TSRTLL--=-—-—--—-— E
CASTLGLRNCLNVPFGCCTPIHPVYTSSRGDHLGCWALRPECLRIVSRAPW-—-———-—-—— T
CTRTLGLTSRESVLSRCCTPAHPVYLCFKGEPLSCWTQRPECQGTAARTTW--—-————— T
TNSLRVGDSR--—--- P-———- EKYHPSLFLVDNPPPETSS-KKPPAKS————-—-—-—-—— ESS
TTSLRYAST---—-———————————————————————— DRSKVEYTLKMLREDVQKQDEE -
TSSSKIDATVKKLKNQQOKEKVEEIMKEVANGQAAAVRASSAATATASSEKGONASATAGS
STSVGEFVAV—-——-- GPQCLPVRGWH--—-—--- SSRPVRDDSVVEKSLKSLKDKNKKLEEGG
PASARLVVT----- GPQYLPVRGWH-—----- SSSPLGEDSVIEKSLKSLKDKNKKLEEGG

Letm1

SSALSETPEDPEKNESNTEQKKLSMWOKVKKEVAHYYHGFRLLGLEVKIASGICIRLLCG
—-——--AQKVLSLMKSDKDVATVKPPLKDRITHELKHYYHGFRLLALETRVSAKYLWTVLRG
TSATASTTSLAKTADKSVAKPKKPLRTRIWDELVHYYHGFRLLEIDVAICSKLLWRVLNG
PV-———-mm—- YSPPAEVVVKKSLGOQRVLDELKHYYHGFRLLWIDTKIAARMLWRILNG
PV-———-mm—- YSPPAQVVVRKSLGOKVLDELRHYYHGFRLLWIDTKIAARMLWRILNG

Letm1

NSLTRRERKQLVRTVADIIRLVPFAVEFIIVPFMEFLLPFYLKFFPEFMLPSTFKYKSTEAE
—————————————————————————————————————————————— MLPSTFKDKSTEAN
ATLSRRERQQLVRTVSDLFRLVPFSFFIIVPFMELALPIFIKLFPGMLPSTFQESSKEEE
KTLTRRENKQLORTTSDLFRLIPFSVFIIVPFMELLLPLFIKFFPGMLPSTFQTSTDRQE
HSLTRRERRQFLRICADLFRLVPFLVEVVVPFMEFLLPVAVKLEPNMLPSTFETQSLKEE
HTLTRRERRQFLRICADLFRLVPFLVEVVVPFMEFLLPVVVKLEPNMLPSTFETQSIKEE

******: L . .
Letml

KIROQRVKAKLEMTRFLOQETLHHTTGAVSEGEK-SPSFEQFQGFLKKVQESGQFLSDEEIT
ATIQORLKAKLELTRFLOETLMQTAGALKSSSD-APTVAEFQEFIKKVOKSGEQAHAKDIT
KWRKQVKLRVEMAKFLODTIEEIGLERKTRNKESTRSLEFALFIKKVRNEGGYVSNEELL
KLROSLSVRLEVAKFLOOQTLDOMPVOQHKEHSSE--EAKQFEAFFTKIRNPTEPVSNDET I
RLKKELRVKLELAKFLODTIEEMALKNKAAKGS--ATKDEFSVFFQKIRETGERPSNEEIM
RLKKELRVKLELAKFLODTIEEMALKNKAAKGN--ATKDFSAFFQKIRETGERPSNEEIM

HER R R . . R S I R
Letml

RESKLFEDQITLDSLELNQLKMLCRLLSLPTMGPSNLLRFQLOMRVROLKAEDRLLA-KE
RESKLFEDQVTLDSLDNKQLRMLCRLLSLPTIGPSHLLRFQIWIRVROLKAEDKLIA-NE
KESKLFEDEITLDNLSMGQLRSLCRLMSINSLGSPEILRFQLNMKIRELKADDKQIAAEG
KFAKREDDEITLDSLSREQLAALCRVLELNTIGTTTLLRFQLRLKLRSLATDDRVIA-RE
RESKLFEDELTLDNLTRPQLVALCKLLELQSIGTNNFLRFQLTMRLRSIKADDKLIA-EE
RESKLFEDELTLDNLTRPQLVALCKLLELQSIGTNNFLRFQLTMRLRSIKADDKLIS-EE

ek ek kekeokkk K * % kk o o o . . ok ek kK Kk o e s ek e o ok .

GVNTIPAWELQTLCQODRGMRSVGLTEERLRNQLAQWLNLHLEKNVPVTLLLEFSRALHVSK
GVDQIPPWELQSLCQERGMRSVGLPKEKLOSQLSEWLDLHLEKNVPITLLLESRALHVTQ
GVDALSSIDLQOSACRARGMRAIGVSEERLKEQLVOWLELSLNDKVPPALLLLSRTLYLPE
GVDSLDLLELQQACKARGMRAYGLTEERLRFQLKEWIDLSLNEQVPPTLLLLSRTMLISD
GVDSLNVKELQAACRARGMRALGVTEDRLRGOQLKQWLDLHLHQEIPTSLLILSRAMYLPD
GVDSLTVKELQAACRARGMRALGVTEDRLKGQLKOQWLDLHLHHEIPTSLLILSRAMYLPD

* K . . .-k Kk ke Khkkko Ko e e e ke kk ek e ek K e ek ekk e ekKk oo oo

28

59
37
36

75

39
96
89
88

115

70

156
138
137

175

126
216
188
187

235
14

186
276
248
247

294
73

246
334
306
305

353
132
306
393
365
364

413
192
366
453
425
424



Fh
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Dm
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Fh
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Dm
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Fh
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Ce
Dm
Hs

Fh
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Dm
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Fh
Sm
Ce
Dm
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Fh
Sm
Ce
Dm
Hs

ASTAELPLKEATIAQLPTAASEEATARVLESALPTELDPRTKIELLRKEQANIKAARIQRK
ALVDONPLOQATAQLPPSASSEAVARVLETTPHDELDPVTKIKVLREEQDSIKAERVQRK
EVSFPDRLKAIVONLPDGLAETTKQKLTEM-EGGQIDHKARIELIRSIESAIANEKKDEE
DSITTDKLKETIRVLPDAVGAHTRHAIGES-EG-KVDNKTKIEIIKEEERKIREEREEER
TLSPADQLKSTLQTLPEIVAKEAQVKVAEV-EGEQVDNKAKLEATLQEEAATIQQEHREK-
TLSPADQLKSTLOTLPEIVAKEAQVKVAEV-EGEKVDNKAKLEATLOQEEAATQQEHLEE -

* . . * % . . % . o % o o o e . * . .

QELAEQKKAAASELDAKSAREQKLAPAAEDLVDKAPVLKGLPKEELENVKEAPSVSVVST

QELIEKQKSEKGKTGL--—-——=—=—-————-— LEGDQAPLLKGLKNEELDKVTPVLTDSAAFM
KKKKAAEEALKSKEEAEKAKVQE-—-—-=-—-—=———-—-— K---EK--——=———-—- LVDVAAQAT
EETIAKRSAIKEEIP---———————————————————————————— ——— —— AP--———- Yv
--ELQKRSEVAKDFEPERV-VAA-—-—-—-—-—-—————— P---QRP-—-—--- GTEPQPEMPDTVL
---LKRASEAVKDIQPEVAEATL--—----—-————— P---GRP--—--- GPEPQPPVDDVIL

TEEP-LALTIEGKK-SQTAVAAQATPTESTSSKELQLKE-ALKKVLAAKVTKEEEPEITV
SENTEIQPEIRKHVONIPPIHAVQTAFDGKSKDDSHIDSLSMKPEKPKTSDTEEVTEISA

VH--————-- ELKKDIYDAVASTSSTTEA-—-——-—— KEPAAKPSEAKEEKK-EDITVDK
FA--——-—-—- EKLSG--—-—-- SQDLLDH-—-----— KEQSSVSETDKGISS-TDVQLLS
QS-—-—=—-- ETLKD--—=--=- TAPVLEG-—=-—=-—=--—-—-—-~— LKEEEITK-EEIDILS

PS—-—————- EVLTD------- TAPVLEG-—=-—=-—=-—=-—-—-~— LKGEEITK-EEIDILS

VDLAQIESATAESSGALHEEAMEGLKEEVAETAT---KHTASLVSADRTVDKRTTKAAQR
GDLAEIHSATIAESTPHLDSETIDGLKEQVAKTAKLOQKRQAELLASEEVTDKRKSKAALH
KDLSHIEEIIVGGPIKEAKHDILGLREKVLEHKEDLMEINS--—-—--- LDGAFAETKIAKR
EALKTLS---SDKQLVVEKETIKELKEELADYKEDVEELREVRQV--VKEPVRESRAAKL
DACSKLQE--QKKSLTKEKEELELLKEDVQDYSEDLQEIKKELSKTGEEKYVEESKASKR
DACSKLQE--QKKSLTKEKEELELLKEDVQDYSEDLQEIKKELSKTGEEKYIEESAASKR

Kk ek e .

LASRVGRMIGEMDTMMDKLAEEKQQLLKNIELHEVHVKHSTEPTEKSEILDATIKADHERV
LESRVENLIKEMDTMVDKLNDKRTQLLKDIEVCESHINKSTESKERSKIMDQIKADHDRM

LRHKLNSMIEDVDSMVDKLEDEKRNIREMLI---—-—-—-———————— DPTVENSVDLKKERE
LYNRVNKMISQLDNVLNDLEARQHQIKQAES——-=-——=—====———— SDYAASSPTVEPQQOM
LTKRVOOMIGQIDGLISQLEMDQQAGKLAPA-—-—-—————=—=—=———— NGMP—-—-=-—---— TGENV
LSKRVOOMIGQIDGLITQLETTQQDGKLGPS———--—--——————— QSTP—————- TGESV
* S H R : :

VDINDLLLALRRLQKVP—-———- DDTR---WQKILDVLDEDHDGKIEMQHVLSVIELLGAE
VDINDLLVSLKRIRNIP-——-- DDTR---WEKILKVLDEDRDGKIELNHVLSVIELLGSE
VRIQDVIDSLAKLKESKGEQADDGEQRERIEALLKTIDEDSDGIVDKQLVLEVIELLEKH
VHIDELVATIRRMKEAS——-—--—- DEERFKVVGDLLVKLDADKDGVISVNEITKAVQSIDRE
ISVAELINAMKQVKHIP----— ESK----LTSLAAALDENKDGKVNIDDLVKVIELVDKE
ISITELISAMKQIKHIP----- EHK----LISLTSALDDNKDGNINIDDLVKVIDLVNKE
. . LRy .. LRy . . ek e kKk . . . .. .

-NVKLSSKEIKRVLEMVDNE----HLAEIVQSQEIEDEARKT -AAVDNTTTE-—-—-——-
-NVKLSSKEIARVLEMIDNE----HLAEEIPTEDLKADKNRLKSSVDHS —————-—-——-
TDVHVSAAQMASMIGTLKK-—----- EDEVAGLTE---EIRKVQSGNYQMPILPTGPSSAD
-ATNIDKKQLEEFTELLSKLASRRRHEEIVHIDDLMNNIKVLKETSDEAR-LKHIEAVLE
=DVHISTSQVAE T === == == == — - — o o o o
=DVQISTTQVAE T == == == == == — = m o o oo o
——————————————————————————————————————————————————— QVQS-—---
——————————————————————————————————————————————————— QVTS-----
AFNQ-PQGVYTASK-——=———-——=——————————- QVPARSEQEGVEQKQQVTSTL--~

KFDADKDGVVTVNDIRKVLESIGRDNIKLSDKATIEELISLLDKEQVLQAEQKIEKATAKS
————————————————————————————————————— VATLEKEEKVEEKEKAKEKA---

473
252
425
511
483
482

533
299
460
530
520
519

590
359
503
566
549
548

647
419
557
621
607
606

707
479
603
667
647
646

759
531
663
722
698
697

805
575
714
780
710
709

809
579
748
840
730
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————————————————————————————————————— VATLEKEEKIEEKEKAKEKA--- 729

———————————————————————————————————————————————————————————— 809
———————————————————————————————————————————————————————————— 579
———————————————————————————————————————————————————————————— 748
MKEAEKLKSEVDKADKDLSKLVNDIHDSAKEIQDIANEMRDKEETVPDKAKELKAEPAFK 900
EKEVAEVKS = == == = == == — o o e o 739
EKEAAEVKN = —— === = —— o o o 738
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DTAKTLKDNAKDLDDLAKDPKSDPKSPTKASTG--SGPAGLSGGGPSSGSSGIATGSTTE 958
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T e 852
——————————————————————————————————————————————————————— 580
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Glyceraldehyde-3-phosphate dehydrogenase (Gapdh):

Fh
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Dm
Hs

Fh
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Ce
Dm
Hs

Fh
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Dm
Hs
Mm

Fh
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Ce
Dm
Hs

Gp_dh_N

MGKARVGINGFGRIGRLVLRAAVEKGIVDVVAVNDPFIDLDYMRYMLKYDSTHGRFPYDI 60
MSRAKVGINGFGRIGRLVLRAAFLKNTVDVVSVNDPFIDLEYMVYMIKRDSTHGTFPGEV 60
MTKPSVGINGFGRIGRLVLRAAVEKDSVNVVAVNDPFISIDYMVYLFQYDSTHGRFKGTV 60
--MSKIGINGFGRIGRLVLRAAIDKGA-NVVAVNDPFIDVNYMVYLFKFDSTHGRFKGTV 57
MGKVKVGVNGFGRIGRLVTRAAFNSGKVDIVAINDPFIDLNYMVYMFQYDSTHGKFHGTV 60
--MVKVGVNGFGRIGRLVTRAAICSGKVEIVAINDPFIDLNYMVYMFQYDSTHGKFNGTV 58

:*:********** ***_ .. ::*::*****.::** *::: * )k kkk K
Gp dh N
TIDONKLIVRN-—---- NPISVHNERDPTQIPWGASQAEYVVESTGVEFTTIDKAKAHLAG- 114
STENGKLKVNG----- KLISVHCERDPANIPWDKDGAEYVVESTGVFTTIDKAQAHIKNN 115
AHEGDYLLVAKEGKSQHKIKVYNSRDPAEIQWGASGADYVVESTGVFTTIEKANAHLKG- 119
AAEGGFLVVNG-—--—-- QKITVFSERDPANINWASAGAEYIVESTGVFTTIDKASTHLKG- 111
KAENGKLVING-----— NPITIFQERDPSKIKWGDAGAEYVVESTGVFTTMEKAGAHLQG- 114
KAENGKLVING----- KPITIFQERDPTNIKWGEAGAEYVVESTGVFTTMEKAGAHLKG- 112
. * . . *.:. .***::* * *:*:*********::** :*: .

Gp dh N Gp_dh_C
GAKKVIISAPSADAPMFVFGVNHEKYSKD-MSVVSNASCTTNC 173
RAKKVIISAPSADAPMFVVGVNENSYEKS-MSVVSNASCTTNC 174
GAKKVIISAPSADAPMFVVGVNHEKYDHANDHIISNASCTTNC 179
GAKKVIISAPSADAPMFVCGVNLDAYKPD-MKVVSNASCTTNC 170
GAKRVIISAPSADAPMFVMGVNHEKYDNS-LKIISNASCTTNC 173
GAKRVIISAPSADAPMFVMGVNHEKYDNS-LKIVSNASCTTNC 171

Ak ek kAXKKKAXK KK AL KhKk Kk S AKX KKKKKK KKK KK KKKk o ko Kk Ko okok
Gp_dh_C
233
234
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231

kAKhkkhkkhkhkkeoe K kA, k K hkhkk k K, KAkhkkAkhhkk KAk AkdkhkAkhkhkAhkhkkhAhkhkkhAhhk KAk hkkikhhkkhk%k

Gp_dh_C
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Dm
Hs

khkkhkk skkkhkkAkkAkk KAk Kk K . o kX ee ke Kkkekkhkkk Kk e kk ke * x

Gp_dh_C

DNEFGYSCRVVDLINHMFRVDHS 337
DNEFGYSCRVVDLITHMHKVDHA 338
DNEFGYSNRVVDLISYIATKA-- 341
DNEFGYSNRVIDLIKYMQSKD-- 332
DNEFGYSNRVVDLMAHMASKE-- 335
DNEYGYSNRVVDLMAYMASKE-- 333

kkhkk Kk Kekhkk oekhkkkhkkhkoekkhkkhkhkkhkkhkokkhkk Kkkokko

Protein phosphatase 1 catalytic subunit beta (Ppplch):
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Sm
Hs
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PP2Ac

--MTSEVDVDELISRLLEVRSSRPGTTVNMKEEEVRYLCVTSRQIFLSQPILLELQAPLK
-MADGELNVDSLITRLLEVRGCRPGKIVOMTEAEVRGLCIKSREIFLSQPILLELEAPLK
-MDVEKLNLDNIISRLLEVRGSKPGKNVQLTESEIKGLCOKSREIFLSQPILLELEAPLK
—--MSDIMNIDSIISRLLEVRGARPGKNVQLSESEIRSLCLKSREIFLSQPILLELEAPLK
MSDIDKLNVDSVIARLLEVRGSRPGKNVQLTEAEIRALALKSREIFLROQPILLELEAPLK
MADIDKLNIDSIIQRLLEVRGSKPGKNVQLOENEIRGLCLKSREIFLSQPILLELEAPLK

cek ok kKkKKk KK . xx keo Kx Koo K kk e kKK hhkhkkKhKk ko kkkk
PP2Ac

ICGDIHGQYTDLLRLFEYGGFPPESNYLFLGDYVDRGKQSLETICLLLAYKIKHPENFEL
ICGDIHGQYTDLLRLFEYGGFPPEANYLFLGDYVDRGKOQSLETICLLLAYKIKYPENFEL
ICGDVHGQYYDLLRLFEYGGFPPESNYLFLGDYVDRGKQSLETICLLLAYKIKYPENFFL
ICGDIHGQYYDLLRLFEYGGFPPESNYLFLGDYVDRGKOQSLETICLLLAYKIKYAENFFL
ICGDIHGQYYDLLRLFEYGSFPPEANYLFLGDYVDRGKQSLETICLLLAYKIKYPENFFL
ICGDIHGQYYDLLRLFEYGGFPPESNYLFLGDYVDRGKOQSLETICLLLAYKIKYPENFEL

KAk Ko hkhkhkk KAAKAAAKAAAXAKN *hkAK e AXAAAIAAAIAA XA XK A XK A XK A XA AKX KA K e *A kAKX Kk
PP2Ac

LRGNHECAAINRIYGEFYDECKRRFSVRLWKTFTDCENCLPIAATVDSKIFCCHGGLSPDL
LRGNHECASINRIYGFYDECKRRENIKLWKTFTDCENCLPIAATIVDEKIFCCHGGLSPDL
LRGNHECASINRIYGEFYDECKRRYNIKLWKTFTDCENCLPVAAIIDEKIFCCHGGLSPDL
LRGNHECASINRIYGEFYDECKRRYTIKLWKTFTDCENCLPVAAIVDEKIFCCHGGLSPDL
LRGNHECASINRIYGFYDECKRRYNIKLWKTFTDCENCLPIVAIVDEKIFCCHGGLSPDL
LRGNHECASINRIYGFYDECKRRYNIKLWKTFTDCENCLPIAATIVDEKIFCCHGGLSPDL
********:**************: . :********‘k‘k*‘k‘k: .**:*.*************
PP2Ac
ONMDQIRRIMRPSDIPDTGLLCDILWSDPDKDVNGWAENDRGVSEFTEGPDVVTKELNRHD
OSMEQIRRIMRPTDVPDTGLLCDLLWSDPDKDVQOGWGENDRGVSFTFGADVVSKELNRHD
OSMEQIRRIMRPTDVPDOQGLLCDLLWSDPDKDVTGWGENDRGVSFTFGPEVVAKFLHKHD
SSMEQIRRIMRPTDVPDQGLLCDLLWSDPDKDTMGWGENDRGVSFTFGAEVVGKEFLOKHE
HSMEQIRRIMRPTDVPEQGLLCDLLWSDPDKDITGWGENDRGVSEFTEFGADVVTKELHNHD
OSMEQIRRIMRPTDVPDOGLLCDLLWSDPDKDVLGWGENDRGVSFEFTFGAEVVAKEFLHKHD

.*:********:*:*: *****:******** **.*********** :** ***:.*:
PP2Ac
MDLICRAHQVVEDGFEFFCRRQLVTLFSAPNYCGEFDNAGGMMSVDENLTCSFQILKPSE
LDLICRAHQVVEDGYEFFAKRQLVTLFSAPNYCGEFDNAGGMMSVDETLMCSFQILKPSE
LDLICRAHQVVEDGYEFFAKRQLVTLFSAPNYCGEFDNAGSMMTVDETLMCSFQILKPAD
FDLICRAHQVVEDGYEFFAKRQLVTLFSAPNYCGEFDNAGAMMSVDDTLMCSFQILKPAD
LDLICRAHQVVEDGYEFFAKRQLVTLFSAPNYCGEFDNAGAMMSVDESLTCSFQILKPAD
LDLICRAHQVVEDGYEFFAKRQLVTLFSAPNYCGEFDNAGAMMSVDETLMCSFQILKPAE

e KKK KAKAKAAKAKAAKAA KX e A AKX o« kAKX KAAAKNAXAKAAXAAAXAAXA KA, KAk eoekke * k(khkhkkhkkhkhkkkhoo

KKA-KYQYQGVNTTGNQARLPARIP-—-———-—-—-—————————————— 322
KK-AKYQYGGLNSG--RPVTPPRTANPPKKR--————--=-——————— 327
KKKYPYGAGGVGSN--RPVTPPRNAPAAQPKKGAKK--—-—————-— 333
KRREVYPNFGS-SG--RPLTPPRGANNKNKKK----—---—-—————— 327

293
294
299
290
293
291

58
59
59
58
60
60

118
119
119
118
120
120

178
179
179
178
180
180

238
239
239
238
240
240

298
299
299
298
300
300



Fh

KKKENLGSLN--AV--WPVTPPRNTKLKDK--—-—-———-—-—-—-—————— 326
KKKPN---—-—--- AT--RPVTPPRVGSGLNPSIQKASNYRNNTVLYE 337

* . . * K

Proteasome subunit beta type 7 (Psmb7):
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Sm
Dm
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Fh
Sm
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MATADVKSTVPHMDMDRGGAFDEFSNCIRNQAM-—---CKMGGKAPKLTSTGTTIVAVAFKG
———————— MSSLVVDRRSGGFSFENCYRNKLI----EQKGFELPKAVKTGTTICGVVEFKN
——————— MDLDNARDLPRAGENFDNCKRNATL----LNRGFKPPTTTKTGTTIVGIIYKD

——————— MAAVSVYAPPVGGEFSEFDNCRRNAVLEADFAKRGYKLPKVRKTGTTIAGVVYKD
——————— MAAVSVFQPPVGGEFSEFDNCRRNAVLEADFAKKGEFKLPKARKTGTTIAGVVYKD

Proteasome

GLVMGADSRATAGNIIADKHCEKVHKLTESIYACGAGTAADLDQVTKMLSGNLRLLELNT
————————————————————————— MTLSFCSCCGAGTAADTEMTTKMISSKVELHRLNT
GVVLGADTRATEGTVVAEKNCSKIHRISENIYCCGAGTAADTOMVTLMISSQVELHSLNT
GVILGADTRATEGPIVSDKNCAKIHYLAKNIYCCGAGTAADTEMTTDLISSQLELHRLQT
GIVLGADTRATEGMVVADKNCSKIHFISPNIYCCGAGTAADTDMTTQLISSNLELHSLST

GIVLGADTRATEGMVVADKNCSKIHFISPNIYCCGAGTAADTDMTTQLISSNLELHSLTT

.******** . .* ::*.::.* *x K

Proteasome

GRKARVITALRQAKQHLFN-—-—-——-—-—-———— YOGYIGAYLLIGGVDPTGPHLYMCSANGTT
GRQPRVILPLRLLKDYLFGYRVSLFRVLEIFQGYVGAALILGGVDYQGPHLYSVSPHGCS
GRTPRVIAPLRLLKRYLYQ-—-—=——————— YOGYVGAALVLGGVDSTGPHLYSIAPHGST
DREVRVVAANTMLKOMLFR-—-—-—=—=—————— YOGHISAALVLGGVDKTGPHIYSIHPHGSS
GRLPRVVTANRMLKOMLFR-—-——==—————— YOGYIGAALVLGGVDVTGPHLYSIYPHGST
GRLPRVVTANRMLKQOMLFR-———=-—-————— YOGYIGAALVLGGVDVTGPHLYSIYPHGST

* K K . * X o e kK o o KX K e o KKk KK K kK ok .« %
’ ’ ’ Proteasome o ’ ’
MAFPFTAQGSGSYAAITILERDFKVDMTKDEAEKLVQRALEAGMHGDNASGNSLNLVIIE
DKLPYITMGSGCLAALSVLESRFRFDLSRTEAMQLVRDATIAAGILNDLGSGSNVDLCVIT
DKLPYITMGSGSLACMSVLESRFKFDMEQDEAVKLVRDGIAAGIFNDMGSGSNVDICIIT
DKLPYATMGSGSLAAMTVFESRWKPDLSEEEGKKLVRDATIASGVENDLGSGSNIDLCVIR
DKLPYVTMGSGSLAAMAVFEDKFRPDMEEEEAKNLVSEATAAGIFNDLGSGSNIDLCVIS
DKLPYVTMGSGSLAAMAVFEDKFRPDMEEEEAKKLVSEATAAGIFNDLGSGSNIDLCVIS
H O S HEEEE O NS S I S S
Pr_beta_C
PSETVFKGPIVPEECKRPEPNDLVYKFOAGATKVLKHKTYK--¥DVVES--——-—-———-———
KDSTEYIRPHD IRDLPDPKT
KDGTTYIRSYDE VRDIPAHSV
KGSVEYLRNYELAN--KKGKROQLDYRFKTGTSTVLHTNIKDLLVTERVQAV-—-————-———
KNKLDFLRPYTVPN--KKGTRLGRYRCEKGTTAVLTEKITPLEIEVLEETV-——-—---—-——
KSKLDFLRPFSVPN--KKGTRLGRYRCEKGTTAVLTEKVTPLEIEVLEETV-—---——-——

--MDITH277
EAMDTS-219
ETMDLS- 281
-PMEIS-272
QTMDTS-277
QTMDTS-277

* .

56

48
49
53
53

116
35

108
109
113
113

165
95

157
158
162
162

225
155
217
218
222
222



Supplementary Figure S9: Multiple alignment of amino acid sequences of orthologs for
kinase genes. Accession numbers of gene orthologs for C. elegans (Ce), F. hepatica (Fh), S.
mansoni (Sm), D. melanogaster (Dm), H. sapiens (Hs) and M. musculus (Mm) are listed in
Supplementary Table S1. Conserved protein domains are highlighted. * indicates identical
amino acids.

ABL proto-oncogene 1, non-receptor tyrosine kinase (Abl1):

Fh
Sm
Ce
Dm
Hs
Mm

Fh
Sm
Ce
Dm
Hs

Fh
Sm
Ce
Dm
Hs
Mm

Fh
Sm
Ce
Dm
Hs
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____________________________________________________________ O
____________________________________________________________ O
____________________________________________________________ O
MGAQQGKDRGAHSGGGGSGAPVSCIGLSSSPVASVSPHCISSSSGVSSAPLGGGSTLRGS 60
____________________________________________________________ O
____________________________________________________________ O
—————————————— MG---GNSG-=-=========—=-———————KLATSK-—--—-—=--— 12
____________________________________________________________ O
——————————————————————— MGHSHSTGKEIN-------DNELFTCEDPVFDQPVAS 30
RIKSSSSGVASGSGSGGGGGGSGSGLSQRSGGHKDARCNPTVGLNIFTEHNEALLQS—-R 118
—————————————————————————————————————— MLEICLK--------LVGC--K 12
———————————————————————————————————————— MISFD--------LLS---- 8
——————————————————————— NGHLQSPRLSSN-----SQNVEGTRTGN-SSYQ--ER 41
——————————————————————— MSRVDTSDLSKN-----PKPADLN------KVD--DK 24
PKSEISSKLAEEIERSKSPLILEMFRPTFDTFRPPNSDSST--FR--—-- GSQSRE--DL 81
PLPHIPAGS------ TAASLL----- ADAAELQQHQQDSGGLGLOGSSLGGGHSSTTSVE 167
SKK----GL------ SSS5SSC--—-- YLEEALQRP-—--——-—=-—————— VASDFEPQGL 42

--D-—--EL------ HLKLLV----- LDVEALQRP-—=-—=-=-———=—~— VASDFEPQGL 36

SH3
GSNSSYPLDINCQ--SASETAVHTDKELMVVLYDFTESMRSQISIKRGELVRLLGYSPAG 99

LSDIRSYTKMDVQ--SSSDSLVLGRGGIMVVLYDFSESMSSQISIKRGELVRLLSYSPAG 82
VACSSMNSVNNVHDMNTVSSSSSSSAPLEVALYDFHGVGEEQLSLRKGDQVRILGYNKNN 141

ESAHRWTSKEN----LLAPGPEEDDPQLFVALYDFQAGGENQLSLKKGEQVRILSYNKSG 223
SEAARWNSKEN----LLA-GPSENDPNLEVALYDFVASGDNTLSITKGEKLRVLGYNHNG 97
SEAARWNSKEN----LLA-GPSENDPNLEVALYDFVASGDNTLSITKGEKLRVLGYNHNG 91
: R R LoTFL uRr rR R R
SH3
DWSEVETSGLAHPATHPMMETELTNTSTQPSQTQIKSDLTTQRDSVGPGGVGGGSTMSTG 159
DWSEVEASLVLPPLPKPGPGSSTSGSESHPSQCKGGAT---VKH-——-——— SHGPTMETG 132
EWCEARLYSTRK-——====="="""""—"—"—"—"—"—"—-"—~ -~ -~~~ —~—(——— — — — — ————— — — ——————— 153
NS — — — — — — — — ————— =~ — e 230
EWCEAQT——=———=—=————————— = — 104
EWCEAQT = === == = = = = = — 98
IR
SH3

SGHSINNSAFGNAPVRYRRGWVPTSYLAPANVLSDPNQRLTGHFLPHEVIFPSVGSTSSM 219
N--SV-NTSCNYLENNYRRGWVPTSYLATANVFQSSAPSKQ--SYPQQLI-GCEGS--EK 184

——————— NDASNQRRLGEIGWVPSNFIAPYNS——-—=--—=-——————————————————— 178

—————————————— DSGNVGWVPSNYVTPLNS——-—=-—==—=————————————————— 248

—————————————— KNG-QGWVPSNYITPVNS————-——-—=—————————————————— 12]

—————————————— KNG-QGWVPSNYITPVNS—--—-——=——-————————————————— 115
* kK Kk o *

ERCNVTGMDSKVNLVSGPSPMLVMRPGOMGSRSHSSAQATQQOQOFOPOTNMVDSSPLGLOG 279
PNCSVNAP-—-—-—-- CLSNS--QSIIANDNMQSR----VONVSNKGPVHHVMMDSSPLSLLE 233
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293
236
306
179
173

* . kkkKk e kK Kk ek Kkk KkkkKkEkAk kkeeo Kk see ke KKk hkhkkk
: : . : . H HE A : .
SH2

LVCPLLYPVPKLQYPTSHMTSVAYSSVPT 397
LVCPLLYSVPKPQFLNQPMQQSCYSSVPQ 351
LICLLMYPASKKDKGRGL-—-—————-—-——— 283
LITPLLYPAPKONKP-TV-—-—————-—-——— 354
LITTLHYPAPKRNKP-TV-—-—--——————— 225
LITTLHYPAPKRNKP-TI--————————— 219

ek Kk . ek o kKhk Kk * Kk . * K *

HAIPSHPHTHLIGGAAQTILPPVPTHPSADSST---TGPDQASFHPRPHNTAQQGMEPFL 454
TLPSSR----~- TPGPNQFEVNPIVHQSNAEISNFPLTHINPVSHVPRPFHPSH-~INNSE 404
———————————————————————————————————————————————————————————— 283
———————————————————————————————————————————————————————————— 354
———————————————————————————————————————————————————————————— 225
———————————————————————————————————————————————————————————— 219

GLSRTDEPFRKQSWDGWEIDRNE
RLSACSDSIGSMEFDGWEIDRSE
—————— FSLSPNAPDEWELDRSE
—————— FPLSPE-PDEWEICRTD
—————— YGVSPN-YDKWEMERTD
—————— YGVSPN-YDKWEMERTD

*k Ak e Kk ek ke oekkhkk hhkkk o kkk * Kk . e kkk o kk ok

514
464
336
406
277
271

TyrKc

574
524
396
466
337
331

** ** .« kK [ Kk k. * **** * K ek . *** * **** .« kK
Terc

634
584
455
525
396
390

Koo okk okk ek ok okkk e eckkkkkkxokkokkok . e ek kkkokk .k K * ok kok k.

TyrKc

694
644
515
585
456
450

Kk kXX kKKK KKK Ko s Kok KKK KK KKAK s kkk e kxk ko akkk ook X%k Koo s
TyrKc

EQMYTTMNIEAEVARELEKRHAA 754
EQMYTTMNIEAEVALELGKQPAN 704
ENLISSNSLNDEVQKQLKKNNDK 575
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RMERPPGCPPEVYDLMROCWOWDATDRPTEFKSIHHALEHMFQESSITEAVEKQLNANATS
RMERPEGCPEKVYELMRACWOWNPSDRPSFAETHOAFETMEFQESSISDEVEKELGKQGVR
RMERPEGCPEKVYELMRACWOWNPSDRPSFAETHOAFETMEFQESSISDEVEKELGKRGTR

ke kK kKK * Kk ek *k* X *k* X . % ok . . * .k

FTAASSNNQPTGEPSEPVRDLGTGDL —— === === === === ———————m
FIPQQQOQQPLVSS—--NRETEIQPHDLQGN-—--—-~ SVNQFNMVFKESLPSSVIPTEIVNS
KLESDKRRSNVRERSD--—---- SKSRHSSHHD--RDRDRESLHSRN-—--=--—=-—--—

GAVSTLLOQAPE--—-——--- LPTKTRTSRRAAEHR-DTTDVPEMPHSKGQGES—————--—-——
GGAGSMLQAPE-—-———-- LPTKTRTCRRAAEQK-DAPDTPELLHTKGLGES—————---—-—

——————————————— FVDVRCSGSMSAHGVIEPLNPNTISNSIWLR--ATDSVHHSSQAA

DHIISRHNNATIHSTSNIDFTCNAT-----—- ESSRPNPVSSYVIMNSVANHS ITHHHVENN
———————————————————————————————————————————————————————— SNPE
——————————————————————————————— QALTPN---------—-AHHNDPHQQQAS
——————————————————————————————— DPLDHE-------—----—---PA-VSPL
——————————————————————————————— DALDSE--—--—---—--—--—--PA-VSPL
HP---SGL-—=—-—=———=——————————————— PNRDVHEGPVRPDVDGG--—-— DEIQAD
TASLNNNIHNCMKKEKTIFIDQN--—-——-— RLSKDKHSVLPYPSSSGGGVGGSDREDLI
IPNRSFIRTDDSVS---FFNPST---TSKVTSFRAQGPPFPPPPQONTKP----KLLKSV
TPMSETGSTSTKLS---TFSSQGKGNVOMRRT TNKQGKQAPAPPKRTS-————=— LLSSS
LPRKERGPPEGGLNEDERLLPKDKKTNLFSALIKKKKKTAPTPPKRSS-——-—-— SFREM
LPRKERGPPDGSLNEDERLLPRDRKTNLFSALIKKKKKMAPTPPKRSS-——-—-— SFREM
* .
-D----- GDEDDEEGEF-DESDEEDAQQQWH-EHSNAIQQ--—--- PSDHMARSPEPASS
-TDNLAAVSLDNNNDDI-DNSDDDDENKRPASSNNHAVQYESNSETNPDHEMLL---PTSS
LNSNARHASEEFERNE-QDDVVPLAEKN-VR-KAVTRLGG-—-——--—-~ T---MP----K
RDSTYRE---EDPANARCNFIDDLSTNG-LA-RDINSLTQRYDSETDPAA---DPDTDAT
DGQPERRGAGEEEGRDISNGALAF—--—=--—-——-——- TP--LDTADPAK-—--SPKPSN-

DGOPDRRGASEDDSRELCNGPPAL---—-————=—-—-———— T---SDAAEPTK---SPKASN-

SNVVGALSRYHVSDPTVVPNALEGVSPAHIMDRLCGQIRAMSLAPR---DGSHLCRTSKS

---LGQ-------- IKFLPNSV-—————-— ISSCSPQMTSIHESSQNGFSNLIQCRTPFES
GORIDAYL— === === —m————m oo DSMRRVD---—=-——
GDSLEQSLSQV--IAAPVTNKMQH--—-——=—=—————— SLHSGGGGGGIGPR-——-—-—-
GAGV--———————————— PN-—-G-————=————————- ALRESGGSGFRSPH--—-—--
GAGV--———————————— PN-—-G-————=————————- AFREPGNSGFRSPH--—-—--

GRWDDNTS-QVAMFASQSPVPITQGQRYYTPPPNVGGLPSAQPHRDLVI-———=-——————
SNYLTQTQYSPASLSDNGFLPFGEKLCYFIPMSN---NPSYQPNSHITSSNITQON---CG

———————————————— GDVPNSSASNSKHRPMAATSSQSMNSAGYARE-KSDRSTSARPG

ISNLSQFSNNNPASIVSKIPNLNVANST-———————— KVVNDRSAIRTNRSIHRNVTSGC
GS--SSLSRTVSNDSLD-—-====——=——————— TLPLPDSMNSSTYVKMH-—-———— PASGE
—-—---SSFKRPTGTPVMG—----- NRGLETRQOSKRSQLHSQAPGPGPPSTQ-—-——-- PHHGN
GSSSKREFLRSCSASCVP---HGAKDTEWR---SVTLPRDLOSTGRQFDS———-—-— STFGG
MSSSKRFLRSCSASCMP---HGARDTEWR---SVTLPRDLPSAGKQFDS—————-- STFGG

RSRVCRTRDGTTRSRDTDTPDESGVGESIISNDSPADS---GGGVIGSA-PVNIMSTDRV
NTQTSSQONGTTRSODTDTPDESGVGESIISNESPAESRACGGGIMSNAAGVGVIATMNS
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NVFLRQIRS--KLKKRSETPELDHIDSDTADETTKSEKSPF--GSLNKSSIKYPIK----

NGVVTSAHP---I-T--—-—-—-—-—--- VGALDVM-NVKQVVNRY--GTLPKGARIGAYL----
HKSEKPALP---R-KRAGENRSDQVTRGTVT-PPPRLVKKN—-—-—-—--- EEAADEVFK----
HKSEKPALP---R-KRTSESRSEQVAKSTAM-PPPRLVKKN-—-----— EEAAEEGFK----
LSLSASCKTA---DTPSVLNTF--AQAKTSHPANL----- VSQSSVP--AGLPSHEVEQP
ILSSAPSQVDWHEFNVPFEVSMPIDDHSQHFHHAQI-—-—--- ITPTSNS--V-IHHPHSYPY
————————————— NAPE----FSENHSR-VSP---—-—-—-—-—---—-——————-———————————
———————————————— D----SLEDSSE-AAPA-LP----ATAPSLPPANGHA----———
———————————————— D----IMESSPG-SSPPNLTPKPLRRQVTVAPASGLPHKEE---
———————————————— D----T-ESSPG-SSPPSLTPKLLRRQVTASPSSGLSHKEE---

LCTAVGTAASSMSTV-LTQGTTRTVSQP-ALRLDAEAMDQFATLPPQDRIGRYLESLN-—
LEQTTNTSTTRITTTTINTTTTHISSASSTQFNVNPLMEQFSTIPPHDRIGSYLKSLG——

———————————————————— T------P----PAARLNPKASPIPPQOMIRSNSSGGVTM
———————————————— AGKGS------A------LGTPAAAEPVTPTSKAGSGAPGGTSK

*

—————— E-------IGSE-LPSTTSTTTSAQAQTRFYLNHGAVEQQQ---LLLOQRQQQP
—————— E-------LDTG-CGRHHRCNE----PPTFTYHQSQPNELHLPTDILDVN-DKT
RPDSKAEDSSDETTKDVGMWGPKHAVTRKIETVKND—-—-———- S——-—-- YPNV--EGE
ONNAAASLNK--—-—-—- L--QRHRTTTEGTMMTFSSFRAGGSSSSP-KRSASGV--ASG
GPA---EESR-------- V--RRHKH-—=—=-=-—————-—- SSESP-GRDK------— G
ASS-—-EEMR-—-—-—-- V--RRHKH-—=—=-=-—————-—- SSESP-GRDK------— G

LSTNSLFFLQYPPPPPPPL---PVHTVPISLSPPYVPQDNEA--—--LFTA-N--PMTASY
-FNHPSNVLHYPPPPPPVPP-PPHSSIMECCNPPSLPPTSTTNNASIQLSSD--VTSTGE
-LKAKIRNLRHVPKE-—--—-—- ESNT--——-——-—————————- SSQED----LPL---
~-VQPALANLEFPPPPLDLPPPPEEFE----GGPPPPPPAPESAVQAIQQHLHAQLPNNGN
--—-KLSRLKPA------ PPPPPAASAGKAGGKPSQSPSQEAAGEAV-————-—————-—
--—-RLAKLKPA------ PPPPPACTG--KAGKPAQSPSQEAGEAGG-—-——-——-—=-—

———————————————————————————————————————————————————— TRCN----
———————————————————————————————————————————————————— TNCFSSNN

VTELAESMNLPKPPPQOOOKLTNGNSTGSGFKAQLKKVEPKKMSAPMPKAEPANTIIDEK
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ABL proto-oncogene 2, non-receptor tyrosine kinase (Abl2):
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Polo-like kinase 1 (Plk1):
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