Additional file 4: Results on mapping of discovered motifs on alignments for the 20 aaRS families. Multiple sequence alignment was performed
using TCOFFEE software with default parameters. A purple colour shows motifs conserved in all sequences, blue colour shows motifs only
conserved in mammalian species and green shows motifs that are conserved in only the plasmodium species. Motif numbering is based on MEME

results.

ArgRs_Pf/1-590
ArgRS_Pmy/1-588
ArgRs_Pv/1-531
ArgRs_Po/1-588
ArgRS_Pfrf1-594
ArgRS_Pk/1-588
ArgRs_Pb/1-558

‘Arg_Ptrogyl-660
Arg_Pabeli/1-660
ArgMmula/l-660
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Arg_Cfamiliaris/1-660
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ArgRs_Po/1-588
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ArgRS_Pk/1-588
ArgRs_Pb/1-588
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Arg_Ptrog/1-660
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Arg_Panubis/1-660
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ArgRS_pfr/1-594
ArgRS_Pk/1-558
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ArgRs_Pf/1-590
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ArgRS_Pfr/1-594
ArgRS_Pk/1-558
ArgRs_Pb/1-588
ArgRs_Py/1-588
ArgRs_Hs/1-660
Arg_Prog/1-660
Arg_Pabelif1-660
ArgMmula/1-660
Arg_Panubisf1-660
Arg_Ananc/1-660
Arg_Cfamiliaris/1-660

Motif 12

5 il
1MITMEC IT-=-- - Y AN| FGHYQCNNA IN | YKKYGKELNY ENAQ [ S, X T3 <D 101

1---MECLI---- -KKLKDLFQNS YAN| FGHFQCNNALN | YKKHGKSLNLENAQ[SVETINI s q- s8
1MGKMDCL I - - - - -KKIKQVFQHS /TYANBIAKFGHFQCNNALN 4 101
1---MECLI---- -KKVKKVFQSS - vANBAKFGHFQCNNA IN 1 YK N NASAQGF A ¥ 1 E KT
1---MDCLI---- -KKIKQVFQHS Y AN GHFQCMNALN 4 q- 98
1--eMDCL|--ccmeemccceeencedoaeecaeameeaecac e enmeeeeeeeeemnaafeeaeaa -KKIKEVFQHS \ Y AN| GHFQCNNAFN K K G 3- 98
B LT I B T I P -KRVKQIFQSS AVVTYANBMKFGHFQCHNNA I N NF EN N 3 Q6 3 y- 98
1---MECLI--cceeee ¥ ... ... ... ¥ ... AV TYAMBMKF GHFQENNA IN K'Y GKELN / ! \SPQG <D | E KT
1---MDVLVSE| 3 A 3 N CYRLN S I L p \ GDYQCNSAMG MLKTKEQKYV | NEC 1% A M R / 173
1---MDVLVSE : G 3 <YRLN I LRKS > T KNM POLENPPLLVTPSQQAKF MG | § CEQKVNPR N 3 3 5 173
1---MDVLVTE] R >R RLN QKSLQ - K / AYPDLENPPLLVTPSQQAKF N M s KTKEC NP DN + 173
1---MDGLVS R 3 ! RLN > MININSRL AAYPDLENPPLLVTPSQQPKFG CNSAMG | SQ KEQKV NEC 173
1---MDGLVS oSN EE 5L TA - : FNLEQLOQE CLKYRLN AERNKPTKNMIN INSR GHA | KAAYPDLENPPLLVTPSQQPKF ENSA CTKEQ ] NEC | EQVE | AGPGF IN ] ' 173
1l---MEGLVAQ| R Q KS >R PNLEQL K RLN R K P K YPDLENPPLIVTPSQQPKFG LPDNEY | E 1 AG 173
1 173

| DRLKNCG ) ! 3 RLK K AER > T K SR ; |FE-LEIIPFL\VTF:M)UPI\F ! GIS T K KV NP LPDNECVERVE I
| Il

DLSNLTSL
LNVNTKRINHIGDWGTOFGMI IBENY | | SKYPNFKDNMPDLSNLTAL

LKVQT | RVNH | GDWG TQFGM IrlH- STHPNFKENMPELTNLTSL

IHL!P YPHFKENMPELNNLTELY v

NMPELTNLTSL AKK KLOQNNDEDC

LGDSICN | V' 3 A NMPELTNLTSL : YDV 1 KLQNNDEDS
AKEMHVGHLRSTILGDS ICK | < . Q I\ MYKEEMPELKSLTLL L KLQEHDEDC
KEMHVGHLRSTI IGDS | < AWVNHVGDWG GM NYKEEMPELKSLTLL A KLQEHDEDCR|
AKEMHVGHLRSTI IGES ISRLFEFAGYDVLR WGTQFG LQDKFPDYLTVSPP IGDLQVF YK KKRFDTEEEF LLQGKNPD I
AKEMHV IGES | SRLFEFAGYDVLRLNHVGDWG TC A LQDKFPD \ KESKKRFDTEEEF LLQGKNPFD I

ROELN
s AKEMHVGHLRSTI IG G GDWGTQFG LQDKFPDY s KRFDTEEEF It KN VSRQELNKI
s AKEMHVGHLRST R ¥ LN GDWGTQFG LQDKFPDY ] KESKKRFDTEEEF N DVSRQEFNKI
5 5

AKEMHVGHLRST ] R G : /IGTQF G LQDKFPDY GDLQ SKKRFDTEEEF AWK ROEFNKIYDALDVSL

QLTNLLVN MMA K SRLFEFAGYDVLRLNHVGDWG TG LQDKFPDYLT) PIGDLOAFYKESKKRFDTEEEF X NP CAWN WSRQEFNKIYDALDITL
0L THLLVNIEG BN O L P A RS [N F S SPN | AKEMHVGHLRS T IGEYSMCF!LFEF-\G'rI:‘VLFlLHH WG TOFG LDDFFS‘D'YLTVSF‘F’IGDL%A\F SKKRFDTEEEF C WA QS VSROEFNKIYDALDISL

K-ESKLLT'\IIGDA CYOSENF[AVFPLF >S5 TD ¥ QLN (W TD HWG A < N GTTVKL INL
BomLkkknBIBL TN IGEALCYOSENF[JFPLF s G < S A N KTRSGTTVKL INL
280 HJOMLKDEQLLSNVGD A ICYQSENF IVPLF G ALK N LV VLN M TRSGTNIKLINL JE «-FKGID--IDQLSE-ELCVS- -
Erbd  (ASNEE | LKNOQNLLTS IGDARBILCYKSENF JVPLF GGYGYDSTD I TALHHRL I TLNS o < < GFGLVLN S KTRSGTTVKL INL INEG FASKDLLER | KMKSEEEKNYFMN - - = « = = « - GIDIDQ--LSEALCEE

Frpd FEAY RO ML KDOOLL SNVGD AR I CYOSENF JlVPLF DSTDVSALHYRLOKLNSDCV | YVTDNGOLS \ NADHMKK RSGAT IKL INL G A --F---K--GVDIDKLSEELC - -
Fred ' (R K | LKDOELL TNVGD AR I CYHSENF [QVP LF STDVAALHYRLKELNADC M E K] < VLNA TRSGTTIKLINLINEG AK| - ---EISYFEGVD IDKLSEELC - -
Errd  (ERINEEE | LKDKNLL TN IGDABBILCYKSEKY VP LF YGYDSTD | AALYYRLKVLNVDS | y 1 TRSGTN IKLINL --«F---E--GIDIDKLSQDIC- -
Ered  CERIRENE | L KDKNLL TN | GD A ¥YDSTD I TALYYRLKVLNVDS | KTRSGTN I KL INL --F---D--GIDIDKLSQDIC- -
342 UND IV - - ¥YDTSDLAAIKQRLFEEKADMI c C ¥ RV CFKTRSGETVRLMDLLGEGLKR -D--KLKEKERDKW---L---T--AEELMAAQTSVA- -
342 ND IV - - ¥YDTSDLAAIKQRLFEEKADMI VVDNGQS C 3 / GVVLG <K SETCT S VAN YNNI INIEETY - - - D - -KLKEKERDKWV---L---T--AEELNAAQTSVA- -|J
342 DIV-- YDTSDL QRLFEEKADMI | Y\ N 3 A < TRSGETVRLMDLLGEGLKRS «==D--KLKEKERDKV=-=--L=---T--AEELNAAQTSIA--
342 UND IV - - \ *TYDTSDLAAIKQRLSEEKADMI | YW\ G\ RV G KFKTRAGETVRLMDLMGEGLKR ---D--KLKEKERDKV-=-+-L---T--AEELNAAQTS A~ -
342 IND 1V - - \ ) TSDLAAIKQRLSEEKADMI | YW\ G KVTRVFHAGFGVVLG KTRAGETVRLMDLMGEGLKR -- ~KLKEKERDKV---L---T--AEELMAAQTS IA- -
342 INDVV - - \ D /KSDG DTSDLAAIKQRLFEEKADMI v G 3 V'S VVLGEDKKEK TRSGETVRLVDLLEEGLKRS --D--KLKEKQRDKV---L---T--AEELNAAQTSVA- -)j
342 KEFE G . K YTYDTSDLAALKQRLFEEKADMI | Y [ ¢ \ A G TRSGETVRLIDLLEEGLKRS ---D--KLKEKERDK\I.--L---'I..AEELKAAOTSVA..

SYDN KGN SR K S - - -DELSLT \ LKFPDIF KNMLVHKLAEYMYDLT TTF TAF YENC KV[IITTN - T TR N R - N ST N R CMELLGMKP | EKL 590

NTGLY d - -ELNI.V-- INLGLH | IKFPDVFYFVLENML IHKLAEYTYDLT T IFTAFYENCKV[IIEITS VI TN RV § - N R I CLELLGMKA | EKL 588

GNTGLY g - -ELNLVSP - NLGLH FVLKNML N TR R R R PR e M SENEKT - -------RLILCA- IAFKSLLQ- -~ - - ICLGLLGMKA | EKL 891

S YDSMLSVKGNTGLY A Y SR R R L I®-1s L vE INLGLHILKFPDVFHF ILKNML IHKLAEYMYDLTTIFTSFYEN JLMSENEKS - -------RLLLC-AVTLKSLLR- -~~~ ICMELLGMKA | EKL 588

FD | KQHRNTD DMMLNVKGNTGL # o KC - -ELMNLVSP E INLGLH I LKFPDVFYF I LKNML 3 YOLTTTFTAFYENCKV[IIEIT S S SLLQIGIWANMICLRLLGLKAIEKL 594

FD I KQNRNTDY YDNMLNVKGNTGLY 3 d B INIRYE Y] BRE VNLGLH | LKFFDVFYF | LKNML 3 rOLTTIFTAF YENC KVIEIII S T L CLKLLGLKAIEKL 588

DMMLS | KGNTGLY 3 3 BRI i Y E I NLGLH ' AR IR R R R R T NSENTKS - -~ -----RLILCS-ITKSLLY | ==="-- CLOLLGMKA | EKL s88

FD I KQHRNTDYKFSYDNMLS | KGNTGLY 3 3 5 R S IR TR QY E I NLGLH < X CIRA SRR LRIV NSENTKS - - - - - - - -RLILCA- | TWESLLY | ------ s88

ELAD L SHNRLND Y FDKMLDDRGNTAAY / J - WKLGR QKILDDLFLHTLCDY IYELATAF TEFYDSC <D GK v CEAVA IMAK G \ 660

| 3 FDKMLDDRGN i 3 3 - < 2 ILDDLFLHTLCD ELATTFTEF z 3 3 VQR €60

ELADL SHNRLND SFDKMLDDKGNTAAYLLYA 3 LA - KEWKLGRC ILRFPEILQKILDDLFLHTLCD ELATTFTEF /N MWRM AvAl / G G QR 660

ELAD L SHNRLND SFDKMLDDRGNTA ' 3 AR - [ LRFPEILQKILDDLFLHTLCDY IYELATTFTEF KD A LLCE A K G \ 660

ELAD L SHNRLND Y | FSFDKMLDDRGN TAAYLLY E 3 - E CILRFPEILQKILDDLFLHTLCDY IYELATTFTEF . : XN MWR M 2 660

ELEJAD L SHNRLND Y z 2 YLLY 3 3 - K < XC ILRFPEIL ILDDLLLHTLCDY IYELATTFTEF 3 3 VN M 3 G 660

EAD L SHNRLND Y | FSFDKMLDDRGNTAAYLLYAFTRIRS A - KE\ CILRFPEILQKILDDLLLHTLCDYIYELATTFTEF CEAVA MA K A G R 660

Additional file 4A: Mapping of motifs discovered in ArgRS family to the multiple sequence alignment



CysRs_Pif-677
CysRS_Pms1-678
CysRS_Fir/1-699
CysRs_Pv/1-686
CysRS_Pk/-695
CysRs_Pb/1-668
CysRs_Po/1-70¢
CysRs_Py/1-665
CysRs_Hs/1-748
CysPanubis/1-501
Cys_Mmulatta/1-831
Cys_Mmuscalus/1-748
Cys_mdomesticus1-831
Cys_Ptroglf1-811
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CrXﬁs.’frﬂ -699
566

‘CysPanubis/1-801
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Cys_Ptrogl1-811

CysRs_PIN-677
CysRS_Pm/1-678
CysRS_Pir/1-699
CysRs_Pv/1-686
CysRS_P/1-695
CysRs_Pb/1-668
CysRs_Po/1-70¢
CysRs_Py-665
CysRs_Hs1-748
CysPanubis/1-501
Cys_Mmuistta/1-831
Cys_Mmusculus/1-748
Cys_Mdomesticus/1-831
‘ys_ptrogif-811

CysRs_Hs/1-748
‘CysPanubis/1-801
Cys_Mmulatta/1-831
Cys_Mmusculus/1-748
Cys_Mdomesticus/1-831
Cys_Progifl-811

CysPanubis/1-501
Cys_Mmuiatta/-831
Cys_Mmusculus/1-748
Cys_Mdomesticus/1-831
Cys_Ptrogl1-811

CysRs_PIA-677
CysRS_Pm/1-678
CysRS_Pir/1-699
CysRs_Pv/1-656
CysRS_P/1-695
CysRs_Pb/1-665
CysRs_Po/1-704

CysPanubis/1-501
Cys_Mmuistta/1-831
Cys_Mmusculus/1-748
Cys_Mdomesticus/1-831
Cys_Ptrogli1-811
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Additional file 4B: Mapping of motifs discovered in CysRS family to the multiple sequence alignment



Motif 13 - Mtf1e v skukiovis |1 FuE vswYKRHF KO 25

GlnRs_Pif1-918
GInRS_Pm/1-922
GlnRs_Py/1-867
GlnRs_Po/1-844
GlnRs_Pb/1-852
GInRS_PK/1-863
GlnRs_Pv/1-578
GInRS_Pfri1-847
GinRs_Hs/1-775
Gin_Panubisi1-793
Gin_Mfascic1-775
Gin_ptrogi1-751
Gin_Mmurinus/1-775
Gin_Cfamiliarisf1-775
Gin_BtaurusA-775
Gin_Mcarolif1-825
Gin_Rnorvegicus/1-775

-

e

SEEEEeyeye

e

GinRs_Fff1-918

GloRs_Po/1-844 e T
GlnRs_Pb/1-852 23 YNWIKEKFNISLIINESNSLRHN IWLELSEGNN I SLNELMSCEWV I FH I TRNSH - - - - oo oo mm oo b e
GInRS_Pk/1-863 YN
o - T L T T
GRS PRIBE7 ~  cessssctssnssatsssssacsanatass i iaaesteseeta s tasasrisasa R caesssisacasssonossscansscs Waosrssacessssass
GinRs_Hs/1-775 17
Gin_Panubis/1-793 135
Gin_Mfascic/1-775 17
Gln_Ptrogl-751 1
Gin_Mmurinus1-775 117 ] M1 KH
Gin_Cfamiliaris1-775 46 IRLSF L - F Q RSHPLDPINTEDF
Gin_Btaurusf1-775 17 e
Gin_Mearalif1-525 167
Gln_Rnorvegicus-775 117

GlnRs_Fif1-918
GInRS_Pmy1-922
GlnRs_Py/1-887
GloRs_Po/1-844
GlnRs_Pb/1-852
GInRS_PKA-963
GloRs_Pv1-578
GInRS_Pr/1-847

GlinRs_Hs1-775 222

Gin_Panubis/1-793 240

Glin_MfascicA-775 222

Gin_ptrogla1-751 17 LKNSALSAQLREAATQAQQTLGSTIDKATGILLYGLASRLRDTRRLSFLVSY IASKKIHTEPQLSAALEYVRSHPLDPIDTVDFERECGVGVIVTPEQIEEAVEAA INRHRPQLLVERYHFNMGLLMGEARAVL
Gin_Mmurinus1-775 222 - - - LR- - -GEALKF HKP

Gln_Cfamiliarisf1-775 179 PKTETOLEKKPKVSKARPEEKDQRTAKVLMENGEAADQTLSL 1EQ -

Gin_Btaurus/1-775 222 ---EQ-

Gin_Mcarolif1-825 272 ----EQ-

Gin_Rnorvegicus/1-775 222 - -GEALKF

GloRs _Pif1-918 TLLINENSNIKMTTLIELLGNKKLLLNE INACEAILKLNEHHENYDSSSG TCNVNN I NQPNNNHN
GlnRS_Pm/1-922 VNEDFYNKIENTMIEKNY | FCMGGKQRYVDFLLFCIFKKNKIEKVEKK -

GloRs_Py/2-887

GlnRs_Po/1-844

GlnRs_Pb/1-852

GInRS_Pk/1-863

GlnRs_Pvn1-878

GInRS_Pfr/1-847

GlnRs_Hs-775 GENYKTPGYVV -

Gin_Panubis/-793 GENYKTPGYVV-
Gin_Mfascic1-775 35 - GENYKTPGYVV-
Gin_Ptrogif1-751 KWADG KM | KNEVDMOVLHLLGPKMEADL EKKF KVAKARLEE TDRRTAKDVMENGENYKTPGYVV -
Gin_Mmurious/1-775 5 GENYKTPGYVT -
Gin_Cfamiliarisil-775 GENYKTPGYVT-
Gin_BtaurusA-775 GENYKTPGYVT-
Gin_Mcarolif1-825 GENYKTPGYVI -
Gin_Rnorvegicus/1-775 GENYKT PG YW T - = - = m = m o e o o m e e e e e e e e e e e e e e e e e e e e e e e e eeaeeeaaaaaaa-

GlofRs_Pif1-918 95 MKEN INDNHNNNNKEN | NDNNNNNKENHN [HPCSTHSFN INSFSTNNYNNFNNPCCSFSCN IYDYYD ILK | EELKDFLKDF ILRNKKINKEFFDT |EEDMTMWKK | FFFGQKKRTPEFLDFLLFY I LKKEN IHFFEEETRY
GInRS_Pm1-922 190 - - - - NKWF CNNNF sv
GInRs_Py/1-857 8- --
Glnfis_Po/1-544 80 - - -
GlnRs_Pb1-852 78 . en
GInRS_Pk/-563 179 - - -
GloRs_Pv/1-878 181 - --
GInRS_Pfr/1-867 167 - - -
GinRs_Hs/1-775 247 - - -
Gin_Panubisf1-753 265 - - -
Gin_Mfascic/1-775 247 - -
Gin_Ptrogif1-751 223 - .-
Gin_Mmurious/1-775 247 - - -
Gin_Cfamiliaris/1-775 247 - - -
Gin_Btavrus-775 247 - -
Gin_Mcaroli/1-825 297 - - -

Gin_Rnorvegicus/1-775 247 - - -

Additional file 4C: Mapping of motifs discovered in GInRS family to the multiple sequence alignment



GinRs_PF/1-918 NLHNWF LK - TEEDLKNKKHTH

GInRS_Pmy1-922 - -KEEDMNSFTNTN----F 1Q- | EEDLKKKKHT ¥

GinRs_Py/1-857 KNSKNSKNNKNNQHNNQNNKH |WNNEFESEQDVEENPFR|SQIEELKN - -« - FI.KN ILLQKKKLENNF YERIEKEMMNKNNN I FSKDKLRY IDFLLFCILKKNKIEK INNKYEHLNNWYLONN | SVKEESMNSF THTNF 1 Hil

GinRs_Po1-84¢ 139 LDFLLFC I FKKNKVEKVEEKFVNVNSWF SONNVP | REEDMNSF TNTH - -

GinRs_Pbf1-852 132 - - KKNNN | FAKDKLRYVOFLLFCILKKNKIEKINPKYENLNNW- -

GInRS_PkA-863 183 - - -« SAWF SKNNFT | KEEDMNSFASTN -«

GinRs_Pv/1-878 185 - e ----GAWLSKNNFP | KEEDMNSFASTN - -

GInRS_PFr1-847 WL oemmmee e - --SAWLCKNMNFS | KEEDMNSFASTN -

“GlnRs_rsn-775 249 s ameema e

Gln_Panubis/1-793 267 - - menaaen LKQHLE I T66 INENFG 311
GIn_Mfascic/1-775 F I L R Tl Ty | [N LKQHLEITGG- - AINFNFG
GIn_ptrogin-751 225 e eeeeeeemeeeienaneneaeaeeeeaeeeeaT e o e ML e LKQHLEITGG- - INFNFG

Gln_Mmurious/1-775 249 - -
Gln_Cfamiliaris/-775 249 - -

.................. )VRTRE PPEPNG |
------------------ /RTRFPPEPNG |

Y X TRE P ! GHA
Mo il hMoti

GinRs_Pi-918 GR NPV K ] YFASNY 3 <L | KQGDA RKN R GEKVLRAK I NM KTK P AHGQSDS | EKI THS I C

GInRS_Pm1-922 GGR ¢ v . > KQGDAYV KN R / ' K < 1DM QSDSLEKITHS IC

‘GinRs_Py/1-857 2 / > ¢ " v EE I RKNR SPYR \ ' GEKVLRAK DM KT KN s THS IC

GinRs_Po/1-644 GR NP s VK . L - EE | RKNRGNLKEPGVMN SPYRNRSVEENLHLFEN GEKVLRAK I DM THSIC
GinRs_PbA-852 K NP VKW L ) K AYV EE\PHJF’ESLKEPGIMSF|FHP~\EEHL\LF

GInRS_Pki1-963 K

GinRs_Pu/1-878
GInRS_Pir1-647 v
“GloRs_Hsf1-775 > K ¢ A VLG Y Y v AYVC 2 y y K LM 2 P C THSL
GIn_Panubis/1-793 PEK K q FDQL / RRG L # /| R KG K G M 3 THSLC
Gln_Mfascie/1-775 GICFLR SA VLG FDQL A AV SPWGDR E A SEGEA MK L VM ] ¥ SIEHITHSL
“Glo_Ptrogif1-751 ¢ K % A AWLC YASDYFDOL / XRGLAYY SPWRDRPM MRKG K A LM 2 Y ¢ IEH I THSL
Glo_Mmurious-775 G PEK 7 : : 2 SEG KL VM 3 3 EHITHSL
_Gln_Cfamiliaris/1-775 RFD K A VLG RGO A CHC K A A MK M R C THSLC
Gln_8taurus/1-775 G R ) K K ALY / « )| L v IRDQAYY R <| A A KL VM | C LI THSLC
Gln_Mcarolifl-825 D PEK Y v LAY /| R E M UMK R 3 cos THSL
“Gln_Rnorvegicusl-775 2 7 " 2

MO
GinRs_FF/1-918 IFKTRQ | EF ARLNVT| K NE K E s <DFCNKVG | AKR ] REDM AIRLFAILKPLK
GinRS_Pmy1-922 V| K IFKTRQ | EF ARLNVT \ P R S R KVG R " RED 3 RLFAILKPLK
GinRs_Py/1-857 EELAM | FKTRO | EF ARLNVS) 3 NDwi s
GinRs_Pof1-8é¢ M FRTROIEFARLNVT] KRK )P RM ARG Y'S P! <DF AK y c KKA | R
GinRs_Pb/1-852 G | FKTRQ | EF ARLNVS|
GInRS_Pk/1-863 Q IYRTRQ | EF ARLNVT .F GYS
GinRs_Pvi1-578 3 KRK 3 SPEAIKDF M
GinRS_Pfr/1-847 K 1 G | R SPEAIKDFCS A sY AREDMNKKAKRLFAILKPLK EL QEIYIDEEDFQENPPE
_GlnRs_Hs/1-775 KRK | LQ /ROWODPRLFTLTALRRRGFFPEAINNFCAR \ Y CVRDVLND TAP RAMA 3 P AAKSLD |QVENEF - ove IERTDFKEEPEP
_Gln_Panubis/1-733 KRK A / A GFPPEAINSF M RD A A AAKSLDIQVPNFP -
Gln_Mfascic/1-775 G AAKSLD IQVPNFP-
GIn_Ptrogif1-751 y A SKRK v DPRLFTLTALRRRGFPP ! \RVG / APRAMAVLESLRV AAKSLD IQVPNFP -
_Gln_Mmarinus/1-775 CNA s K A PRLFTLTALR GFPPE N M /R AP AAKSLDIQVPNFP -
GIn_Cfamiliarisf-775 STKSLD IQVPNFP-
GIn_Btaurus/1-775 VTVAQ
“GIn_Mcarolil-825 X 3 'nrro.-.owrmﬂu'm AINNFC G APKPLD I RVPNFP -

_Gln_Rnorvegicus/1-775 s g RD PRLFTLTALRRR M A [T APKPLD IRVPHEP -
M otif 8 v
GinRs_Pf/1-918 ALA RLR -GKVIELRCTYDPSSK -=--SGLCTN-QKKDNVNRQGGDG - - - - - - - - - K CAKNSLQAEFRMYDKLF TK 762
GInRS_Pmy1-922 GFYRLA RTVR Y TCNQVIKDP -HTNQVVELHC TYDPHSK - - - - - =SSNNNISNVS s HPSEFRMYDKLF TK| 759
GinRs_Py/1-887 YR -l RY TCODEVIKD-ES[TGKI |ELRCTYDPDSK SAH'I'HPAEF RMYDKLF LK -ESDYDDTHVEK IMKNF 711
GinRs_Po/1-844 LA RLR el ol ] R o e = -1 L L L - L Y < I | KSR T | HWWAKND SH | AEF AMY D KL F T K P I P e I ESNVENDD I E 678
GinRs_Pb/1-852 YR R GFC B N o i s ] s - -1 1 I - -1 I 1 = T Il =L VB K < K AR T | HWW S AKN SHEAEF AMY D KL F L K A N P e i ESNDDTYNVEK €50
GInAS_Pk/1-963 Y ! 3 AF €| NRVVELRCTYDPESK 700
GinRs_Pvi1-878 i 705
GInRS_PFr/1-847 674
GlnRs_Hs/1-775 704
Gln_Panubis1-793 722
Gln_Mfascic/1-775 704
Gln_Ptrogi2-751 680
Gln_Mmurious/1-775 704
Gln_Cfamiliaris/1-775 704
Gln_Btaurus/1-775 G 704
_Gln_mcarolifl-825 (K QNI VR « ERLE .rrrpn,. 754
_Gln_Rnorvegicus/1-775 3 3 R ECL AD| CP KA y 2L F O H KNP E D - [ 704
GlnRs_Pf[1-918 763 - .- ESNEDTELVOKITSTAHLENNTNNQGNGKDEYASDTLLODEHLEDESKNAGWRKY INTNSL I IHKGLVENYSTRFKIGD - - - - - - K ELPV VD MK KKEDLLOKELDKLKREK | AAERKLKKEQKK IREQKKKEQM = = = = - = = = 918
GInRS_Pmy1-922 760 NCVNSNNGVNSNNMINI INYSSGFPPYEDYEFDNVDTSNFTNSNEKEEINYTTD IGWRKY INKHSV I VHKGLVEKY - S - KEEC PV A JKKKED I LRKEMDKLKREQ | AKERKMKREEKK IREQKKKLEQKE - = - - - = 922
GinRs_Py/1-887 712 TSELGTSPNNDNNMDNDG | AMSNDLDKTYQDEYYLDTENKNDDQEKLKTDKDNQVGWRKY INKNSL | VHHGLVENY - S - INE P \ K| 880
GinRs_Foi1-844 679 KNMTNFTIELGNPNDATNRGNTNLNOQLVDEYAPDNYKEGENCTKDGEN I AED INTGWRKY INKNSL I IHKGLVEKY -5 - HY PV P 2 44:] 44
GlnRs_Pb/1-852 691 IMKKFTTELENNPHNNDG | TMENDLDKTYENEYYLOTENKNDDQEKLK TDNDNKSGWRKY INKNSLVVHHGLVENY - S - SEYIRIVIRGY . . - - . . \ | 852
GInRS_Pk/1-863 00 .- ESNDEDENMEKLMENYTVQLDKKKGCTEEEEENPPLEKQSEVDENNLGWRKY INKNSLQVHEG I VEKY - A - VYN L T VEEEEE 861
GinRs_Pv/1-878 706 - - --ESSNDDQEDVEKLMENYTTQLGKQDGCEEEEETSSPPVEQQSEADGNNLGWRKY INKNSLQ IHQG IVEKY -A - 868
GInRS_PfrAl-847 675 - - - -ESNEDDENVEKLMENY TAQLGKQNCHTEEEEEEEENDAPMEKQNOQVEENNLGWRKY INKNSLOQVHQG | VEKY - A - - VYNL T VEEEEE A s X| 839
_GlaRs_Hs/1-775 705 - - LSDLNLASLHVVDAALVDC-S - Q LG Y /| PD KLVENRT v 3 775
_Gln_Panubis/1-793 723 - - LSDLNLASLHVVEAALVDC -S - R Y Vi D KLVFNRTVEEEEEE K 793
_Gin_Mfascic/1-775 705 - - LSDLNLASLHVVEAALVDC -5 - Q R v GKLVFNR T v 5 775
Gln_Ptrogif1-751 68l - - LSDLMLASLHVVDAALVDC -5 - LG Y CLVENRT v 3 751
_Gln_Mmurinus/1-775 705 - - LSDLNPASLQVVEAALVDR-S - R S P D VENRTVEEEEEE K K 775
_GlIn_Cfamiliaris/1-775 705 - - LSDLNPASLOQVVEAALVDC-S - R s DS VFNRTVEEEEEE K 775
Gln_Btaurusf1-775 705 - - LSDLNPASLQVVEARALVDC -5 - \ /FNR T VIR K 775
Gln_Mcarolif1-825 755 - - LSDLNPASLHVVEGALVDC -S - R YF S PD JENR T VEEEIEE B PG | e 825
_Gln_Rnorvegicus/1-775 705 - - LSDLNPASLOQVIKGALVDC-S- - - -VALAKPFDK - Fsl S Wiy RR) - (el - CToRc e RN - - - - - - D P G K e I I 775

Additional file 4C: Mapping of motifs discovered in GInRS family to the multiple sequence alignment



GluRs_cPff1-863 N I E-NTEV-MI - FYGHNNKYPFICK- SILNVYKN -KNKKILEKT - -ETTV- - -DAN- - - -VE- 58
GluRS_PFr/1-802 ].MMOSDO-INIVYGKKYPF V-CR-TIL -SQKENTAGSDHSA-DD - KVKFVKDENVEE | KVEFV - - SKEKEKEGNKC | - - LDL----IL- 50
GluRs_Po/1-789 MV oooeea G-D-CKMKIY------momomo YGKKYPFICRTVLNIHRSKPICET-KG - ---SITFIKDEK- VEDIKVEFVSEDKSVSKC\LSSDKIFAKN— - -LDYLLKTML - 52
GluRS_Pki1-802 ].MIGGDK-IIIYYGKKYPF VeCRaTlecoanann se«-«LNVHEILSQ-KENVEGRSNHFPNDKVKFVKDENVEE IKVEFVNKAEEENG - -DKC |« «NTT-««.--DK--x---IFAKT- -LDE--- 51
GluRs_Pvl-787 1MVESDG - INIYYGKKYPF aVaCRaT Lowannnas e -ROKEMPAGGD -HSAEE===s=ns:=KVKFVKDENVEELKVEFV - -SKEEAQ-GEKC | =« aMTTeueseaDKansonal FAKS. = aLDQ= == 89
GluRs_Py/1-80¢ 1MIKD-SKINIYYGKNYPF-L-CR-TVFNIYONNIKKKTANNLNDK- -KIEEICVN-F INDKT IVE-D | ------------ KIEFVKNS - - - -- - -~ VA---DESR--KNVM--T-N------ N§------ VISSDKIFAINLDF - - - 103
GluRs_Pb/1-803 LMIKD-SKINIYYGKNYPF-L-CR-TVFNIYONN IKKKTANNLNDK- -KIKEICVN-F INDKTVVE-D | - KVEFVRNT - --VSDOTRKNTNTNNSV- BN L D R 99
GIuRS_Pmi1-802 seeeeece e iDEL-KIsMleseananananann “e-«-¥YGRKYPFL-CR- - == TVRNIYNN ---1V-KKKENL--NSEC- - “NEK--- 83
_GfuR;_H;fj-Jjjz mmreesm e s Tl e SLaTWVN- = msemnn +=====-5GDPPLGA-LL - === AVEHVKDD -==VS|ISVEEGK--ENIL~ == VNS=- -~ 56
Glu_Panubis/1-1512  1MA----- oo oo LeQLeTWN:csssssscsasncssassssansnanans SGDPPLGA-LL------oomno- AVEHVKDD - --VSISIEEGK--ENIL- - -VNS- - - 56
Glu_Mmurinus/1-151¢  LMA-----cooooiono R R L SGDPPLGA-LL-----=----=-- AVEHVKND - --VS|SVEEGK--ENIL- - -VNS-- - 56
Glu_Cfamiliarisf1-1509 aeee---AGDPPLGA-LL - - - - AVEHVKDN - --1SISVEEGK--ENIL- S INSe.. 56
Glu_Csyrichtaf1-1512  1MA==-s-sse-reon=> LaCL-TWN-ssrrmsrrnassmenssenasnsnsnsnnn SGDPPLGA-LL - A1EHVKDD - --VSISVEEGK--ENIL- - VNS - - 56
Glu_Btaurus/1-1511 SGDPPLGA-LL - AVEHVKDHN - -VSISVEEGK- 56
Glu_Mcarolifl-1512 AGMPPLEA-LL - AVEHVKGD - - -VSVSVEEGK- 56
Glu_Mmusculus/1-1512 AGNPPLEA-LL - AVEHVKGD ---VS|ISVEEGK- 56

Moti
GluRs_cFff1-863 59 LKIEFLTMNAP - - -MNNNNNNNNNNHNNNNNNNNNNN INKGNMNHCGKNQEEEKKNLSKSNN I EKVPY ICSSDK | FAK I LDHLLEKTDLYNISEK IDPKNNKVVN I YVQ
GluRS_Pfria-502 SLTK-=-mmmmm- LYHsE CEN NKKEDKQTDVYVER
GluRs_Po/1-789 93 YF - DQNKNKI INVYVQE NVKYSKQFRNINR

NKKEDKQTDVYVQHR N \ FRNINR
NKKEDKQTDVYVQR

GluRS_Pk/1-802 92 TK-
GluRs_Pv/1-787 90 TK-
GluRs_Py/1-80¢
GluRs_Pb/1-803
GluRS_Pm/1-802
GluRs_Hs-1512
Glu_Panubis/1-1512
Glu_Mmurinus1-1514

Glu_CFamiliaris/1-1509 NLLEHTE I DH
Glu_Csyrichta/1-1512 SNLMEHTE IDH
Glu_Btaurus/1-1511 NLLEHTEID

Glu_Mcarolif1-1512 TNLMEHTE | DH!
Glu_Mmusculus/1-1512

GluRs_cPf/1-863 CL | 0 [

GluRS_Pfr/1-802 ----PDAQLTTMLKKE - !

GluRs_Po/1-789 - --NQWD---- | TKD--TNT----MQLLK R 56G N ANMYEGKMLLRFDD TNy

GluRS_Pki1-802 ----EELS--TMVKKE--LEKNQ--VNITKDANSKQLLKQKTV-C K G A NS ANMYEGKMLLRFDD TNk}

GluRs_Pvi1-787 L | i - B --AELSTM----LKKE--VETNQ--VDITKDANTMQLLKQKIV-S < 291

GluRs_Py/1-804 LIK - SLLHDH I THDAELVQNLK IKEKIFNT - - « TNYGNKKSG =« « -NNED -« ==« -K-«SSTHP - - ---ocNKSNTK- 38

GluRs_Pb/1-803 H-DHVATDAEL IQNLKVKEKIFNTAG- - - - SGKRLGNNGNK - - YSAHS - - - - - R « KAA 3 GKM t 317

GluRS_Pm/1-802 KEALMMKVN - - - - | TKD - -DAN-S - -VHMLK - - - - 289

GluRs_Hs/1-1512 ---QSVG----TKWD- -VSTTK- -ARVAP - - - - ol QWVN LIMRFDD TN

Glu_Panubis/1-1512 f e =0SVG--«-TKWD - -VSTTK=-«ARVAP ==« G K\ 3 G NFKGKL IMRFDDTHN[ELY

Glu_Mmurinus/l-1514 S -QSVG----TKWD - -VSSTK- - ARVAP - - - - 240

Glu_Cfamviliaris/1-1509 ----QSVG----TKWN--|SATK--AKVTP- - - - 240

Glu_Csyrichta/l-1512 <---QSVG----TKWD--ISTTK--AKVTP- - - - 240

Glu_Btaurus/1-1511 f e sQSVG- - TKWH = - VSATK =« AKVVP « =« = 5 / ¥ QWK L IMRFDD TN XY

Glu_Mcarolifa-1512 se s =RSVG- -~ - TKWD - - VSGHR - - ATVAP - - - - GAEMGKVTVRFPPEASG e 2 QVNFKGRL IMRFDD TH[EZ]

Glu_Mmusculus/1-1512 SRl - - - - - - - - . - AQQ---------AF----- .. VSGSR- -ATVAP - - / P NG 1 L IMRFDDTN I

GluRs_cPff1-863 KYEK ‘55 ] K M K MRNQRGEG | ES { N NEMR LA K ] \ (31 KHQ ‘ ¥ S 1 EG\ R 3 | EX i AR 536

GluRS_Pfr/1-802 NSVE v 475

GluRs_Pof1-789 : : 474

GluRS_Pk/1-502 GLK ‘TS / < | 1 XNQRGEG | ES REN S\ N MR LAK | DM 1 YR 3 \ THALRTNEYSDRIEQYN 1 R 476

GluRs_Pu1-787 BLKY 5 1 5 N R C K 1D KN RDPV > ] ¥ GWTHALRTNEYS 1 *E R

GluRs_Py/1-804 | G 1KY <L | KMN K \ tNC NS IDTNLKLFEEMR R XDPVLY > 1P YPT ALRTN N 501

GluRs_Pb/1-803 1 s s : N \DD TNVD ] MSIETNLKLFEEMRR RAK X 1 AT Y 5 NEYSDR N 500

GluRS_Pmi1-502 G an2

GluRs_Hs/1-1512 HIKPDQF TY QEG D TPA K QRIDS N LQMWE EMK QF¢ CMR Y x[ofPHrPRTIGHNKY ¥ / GWTHALRTTEYHDRDEQ U 422

Glu_Panubis/1-1512 IKPDQF TYTSDHFET | MK <L1Q YV & N KN d AK 1 PHPRTGN ¥ THALRTTEY wE [EF23

Glu_Mmurinus/1-1514 HIEPDQ (TSDHFET IMKYAEKL IQEGKAYV| & KAER t HRKNS I EKNLQ 3 < G d YR NEY ¥ THALRTTEY] RDEQF K e 422

Glu_Cfamiliarisf1-1509 HIK (TSDHFET IMKYAEK / \EQMKA QR VEKNLQ M R MS SN d YR { (D F \ WTHALRTTE 1 R T 422

Glu_Csyrichta/1-1512 {TSDHFET I MK < XV N LQMWE EMK 1 K ! ¥ X / - v 13 422

Glu_Btaurus/1-1511 TSDHFET | MK YV Y # QR NSVEKNLQ 3 CLRAK SSNK 41558 N Y /THALR 4 C 0 422

Glu_Mcaroli/1-1512 + Q (TSDHFET IMKYAEK ; A 0 Q M LRAKIDM <] | ] L Y L - ¥ ! e 422

Glu_Mmusculus/1-1512 | H 1K Q (TSDHFET IMKYAEK < AEQ 3 5| ‘ 5 CNLOM MK KGSQ S KIDMSSHNNGCMR YR 3 Y | , C VD S ALR h d 0 3 e 422
vl

GluRs_cPf/1-863 3 L N /DPRFPTIKGILRRGLTKEALFQF | N > N - <ERO LN KSLGTCNMYYNNKYL I ELEDAQTLLENEEITL IKLGN | | | [SYNE-FY - M

GluRS_Pfr/1-802 X SKRK N VDGV K LRRGLTKEALFQF | L K M VDKLW M <TR g KSLGTCSMFYTNRFFIELEDAQTLAEQEEITL ¢

GluRs_Po/1-789 3 VLDPRMPT I K G Q QGP GM - v RD MK N K G ELEDAETLVPEEEITL

GluRS_PkA1-802 s MS KRK \ /DGWLDPRMPT | KG I LRRGLTKEALFQF | . G VD K - VEK KN K ALY TN ELEDAQTLGEQEEITL

GluRs_Pv/1-787 1 SKRK FEN /DGWLDPRMPT | KG ILRRGLTKEALFQF | NLMQ N - EKTR MKNKSLGTCSM ! ELEDAQTLAEQEEITL G --DDD- -6

GluRs_Py/1-804 X N GWTDPRMPT I 3 FQF | K V N < QKIYIELEDAQMIEPNEEITLIK BRUKE | | KD - - - -VDNVNK

GluRs_Pb/1-803 SR R % DGW ARG K LFQF | ' M Y'Y QIYIELEDAQMI EANEEITL SNBRYIKE | 1KD - - - -TDNVNK

GluRS_Pm/1-802 : R \ YSDPRMPT | KG Q - { VDK - a 1 ELEDAQTLAEQEEITL N TV IKN -« - <GED -

GluRs_Hs/1-1512 RLNLNNT R HECJRVDGWODPRFPTVRG VNMEWD K N - M < E M ST K | HKN - - - - ADG -

Glu_Panubis/1-1512 YSRLNLNNTVLSK W GWDDPRFPTVRG AR G Q AAQC ASVVNMEWD K I'WA - M < <| GLK YSs / SITK IHKN - - - -TDG -

Glu_Mmurinus/1-1514 N /F VN / VODPRFPT R 1 \, MEY A M | P ‘'SP E ONETF.E EM\.’TF d YTKIHKN - - - -ADG -

Glu_Cfamiliarisf1-1509 S R VN GWODPRFPTVRGVLRR KQ 55 \ ' - EGADAETLSEGEMVTF ]~ < I HKN - -« - - ADG -

Glu_Csyrichta/1-1512 ¥ NN KR GWDDPRFPTVRGY G M G N M K g X K K ] ETFSEGEM AMITK IHKN - - - -TGG -

Glu_Btaurus/1-1511 L NN WF VN VODPRFPT \ Q NMEWD K N M A K (NP G L EGADAETLSEGE ST K | HKS - - - -AEG -

Glu_Mcaroh/1-1512 X (R /F VN vD ? R R K SR DK - RHPKNPD <P KV EGADAETFSEGEMVTF N YTKIHKN - - - -ADG - - K

Glu_Mmusculus/1-1512 SRLNLNNT SKREK VN 3 26\ 2 A . RHPKNPDVG A EGADAETFSEGEMVTF X TK IHKN -« « cADG = = K

Additional file 4D: Mapping of motifs discovered in GluRS family to the multiple sequence alignment



Ghalls_2 Pif1 563

GluRs_Ha/1-1512
Blu_Parabin/l-1512
Blu_Memarinusd-1524
Glu_Clamliaris]-1509
Glu_Cayrichtad-1512
Gy _Btaurumd-1511
Olu_Mearel-1512
Sh_Mmesculul-1512

Oats_c PHA1-963
GhaRS_Phei1 802

BlahS_ pm2-g02
GluRs_Ha/1-1512
Glu_Panalbiad-1512
Sl _Mmarinusd-1514
Bl Ctarilariad-1569
Slu_Cayrichtad-1512
Glu_Btauris1-1511
Bilu_Mcaroll-1832
Bl _Mese ulua/l 1512

Glafls_cP-963

Glu_Clamiliarisil-1309
Blu_Cxyrichtad-1512
Olu_Btaurus1-1511
Glu_Mcaroll-1312
Glu_Mmesculusl-1512

Ghals_c Pif] 863
GlaRS_Piri1-B02

Blu_Pavabin/l-1812
Blu_Mearinuid-1504
Glu_Clamiliansl-1509
Glu_Cayrichtad-1512
Olu_Btaurca3-1511
Glu_Mearelyl-1512
‘Gl _Mmusculusd-1512

Bhalls 2 PAA1-863
GheRS_PAnT 502

BhoRS_PrE-802
SluRs_Hu1-1512
Glu_Panabi1-1512
Gy _pmarinus-1534
Blu_Claaharia-1569
Slu_CayrichtaT-1512

! s T-1511
Glu_Mearcll-1513
Slu_Meesculuyl-1512

Glols_cPil-963
BhaRS_Peil-S02

Bl _Pasbia1.1512
Glu_Mmarinus1-1514
Giu_Cramiliarisd-230%
By Cayrichtas1-1512
Glu_Btauns1-1511
Glu_Mcarlil-1512
By _Mmosculund-1813

GDFETTKKKIHWLPYLPOOL - I TETLYEYDHL
S GDFETTKEKIHWVPYIPEQL- | TCTLYEYDHL

1POEL -

IPEKL-

IPEKL-

1POKL -

1PDEL -

SHFSGDFKTTKKKVHWIFYIPEKL -
“HEDYEKT « TEVTWLAETTHALP | PVICVTYEHL
MEDYKKT - TKITWLAETTHALPVPAICVTYEML
IPAICYTYEHL
< MEDYEET - TKITWLAETAHALP | PAICVTYEHL
SHEDYEKT - TKITWLAETTHALP | PAICVTYEML

........ IPAVEVTYEHL
IPAVCWTYEHL

S DKGETE )
ABDKDKKKKEKENKSERONKPOKONDOORKDP SKNOGOOLS - - SSO0AOEO0OPKKOTRLOLEAKKEENLADWY SOV 3 L ] 1116
AEDKDKKKKEKENKSEKON RKDP 5 KN LS--SSGAGE PEKOTRLGLEAKKEENLADWYSOW | THE L 3 F F O ENCYF PMF 116
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- S —— ~SFQ- ===~ NIHNHS -LFVLLNCVYSFVLDRK - ---LSHVKKYLFFSSFLRE-----
403 - - - - - - 1 ~FIK----- SVYNNY -FLILINRVYSFMLGY - - - - v s s s s s e e st e e e s s e e et e e e e m KKLYDFFLFENED | - - - -
345 - - - - - -GKKKG| | LKAKVIP |HEWKTRQ I SHTPS- - - - - SIYENDEMTLLLNYLYHTG GYGYDFFYSFVRMGG - - -
338 ------ “FIK--=--- SVYNNY -FLILLNRVYSFMLGH - - KKLYDFFLSESED| - - - -
292 - ----GKRRG | | LKARV | PGEWAAGDLLRIPS- -« - - GGSYDFFASFVRTSN- -

AITKPRAIKP 399

322 ------GKKRGILLKARVIPWHEWSSGEQFSTPP- - - - - GQ----YPMLASDNQLERL | YDQDAVEKVL RVMKPR - - AP 427
334 MSYQGF TKED S VWKELMGEE | LGA S - SAP YK > M ¢ KGTGVVTSVPSD
334 MSYQGF TRED 3 MGEE | LG A SR J 3 KGTGVVTSWPSD
334 MSYQGF TKl] MGEE | LGA S I KV 1Y KGTGVYVTSWPSD
324 MSYQGF TKe 2 MG - - - - - ] YR K KETGVVTSVPSD

334 MSYQGF TK SED | LGA S SIS ) r M KGTGVVTSVPSD
333MSYQGF TK " VWVKELMGED | LGA S I SAP ¥ Y P M K KGTGVVTSWVPSD
336 MSYQGF TKEN CELD . 5 IR < M KGTGVVTSVPSD

33EMSYQGF TKLH ;! MGEE | LGA S B ' LPMLTIK KGTGVVTSVPSD

46BN - - -EQIRVSHNKENNNNSSNLETNWVSFNIQNCNDMI INILFNNMETYNENYFLYPLKDATKGKNY INGHN = « SNDNMFND = = « = = s = s 2 2 n s == =NMF - -NDNMFDDNMFD = » = - DNML KD ONERRNINSITS TSR NI
453 DDNCRREKPLHDGDA| 1D IRSDVHSDVSGVGDNANNNVF IDA - ---IYNLEEKGYYLKSFRKNGN - - EV TNDD 0 IRETS N AN N T
DIFLNENES | LOND
i IFLTF.H:'SILEHD

IFLNEKEA

RDDMVLFFEP
RDDMVLPFEP

F‘I:-Dr.lVLFFEF
RODMVLPFEPV

Additional file 4F: Mapping of motifs discovered in LeuRS family to the multiple sequence alignment



Motif 27

LeuRs_Ff/1-1481 A /1 BP IMNKMI PVFLCA]
‘LeuRS_Pm/1-1456 NS 1 INKEVPIYICS
LeuRs_Po/1-1362 N 3 BPVINKYIPIYVES
LeuRs_Fy/1-1321 - BP I INKY 1P IYICS|
‘LeuRS_Pk/1-1291 : ME 1 IGKY I PIYVET
LeuRs_Pb/1-1203 3 8P 1 INKYIPIYICS
‘LeuRs_Pv/1-1257 N BP1IGKYIPIYVES

LeuRS_Pir2-1270 PLIRCYIPIYLCT

LeuRs_Hs/1-1176 PGFGNLSAVTICDELKIQSQNDREKLAEAKEKIYLKGFYEG IMLVDGFKGQKVQDVKKTIQKKMIDAGDAL | CDOWY L DR

Leu_Panubis/1-1176 PGFGNLSAVTICDELKIQSONDREKLAEAKEKLYLKGFYEG IMLVDEFKGQKVODVKKTIQKKMIDTGD AL UNEEISEA XAV EERE-5-1 o) VAR el e e LU g Re) - - - - - -

Leu_Mmurinus/1-1176 PGFGNLSAVTVCDELKIQSONDREKLAEAKEKLYLRGFYDG IMLVDGFKGQKVODVKKAIQKKMIDIGDALR 3 MSRSSDECVVALCDOWY L DI

Leu_Csyrichtaf1-1176 PGFGTLSAVTICDELKIQSQNDREKLAEAKEKLYLKGFYDGVMLVDGFKGQKVQDVKKTIQKKMIDSGDAL) ASSDECVVALCDOWY L DRI K

Leu_Btaurus/1-1176 PDFGKLSAVTVCDELKIQSONDREKLAEAKEKLYLRGFYDGVMLVDGFKGQKVQDVKKT IRNKMIDTGDAY| CDOWY L D S K LKNLET

Leu_Bmurus/1-1175 PDFGKLSAVTICDELKIQSQNDREKLAEAKEKLYLRGFYDGVMLVDGFKGQKVQDVKKT I RNKMIDTGDAYUNEEISA AR ol S R sl LU R - - - - - - K S LKNLET ATLDWLC
Leu_Mcarolif1-1178 PG IGNLPAVTVCDELKIQSQNDREKLAEAKEKLYLRGF YDGVMLVDGFKGQKIQHVKKTIQKNMIDAGDAL| MSRSADECVVALCDQWY L DI N NMET LDWL
Leu_Mmusculus/1-1178 PGIGNLPAVTVCDELKIQSONDREKLAEAKEKLYLRGFYDGVMLVDGFKGQKIQHVKKTIQKNMIDAGDAL| 3 RSADECVVALCDOWY L DS G K e C SRK 4S5 LDWLC

LeuRs_Pf/1-1481 28 KIKNDDH = = = = = - m e e e e o m e M- - NEMNHMM = = = = = = o e e e e e e o MMLSDCK === == -« - D---INM---FSNYNDQNNNKKIRIRKVIMSPNNNIYIDDIPLKLPNFNKK | YEIDPHME - - -

4 z --YKRESD IMPQW| AGSSWYFLRY IDSKN 854
LeuRS_Pm/l-1456 657 - -EKVEGEVEGGNASQAIEELY- -GEKKKREAVRKTESKAKRET |EGGNTNCEASHLYSGVNKEVGTCHNEDFLS - -EEKRCSFKIGIKEVMNTPTKD | YIDKIPLCLFPKFMNKR I YEKDMN - - - - - - -

-YKRESDVMPQWLAGSSWYYLRY IDFKN 839

LeuRs_pPo/1-1382 688 - - - - VEVWDEDG - - - ~WTAGKDEL - - - -YKRESD IMPQW[ AGSSWYYLRY IDAKN 807
LeuRs_Py/1-1321 689 - -M--GEKKNN - - --YKRECD IMPQWL AGSSWYYLRY IDPKN 808
LeuRsS_pk/1-1291 637 - - =YKRECD IMPQWL AGSSWYFLRYLDSKN 725
‘LeuRs_pb/1-1203 619 -

-YKRECD IMPQWL AGSSWYYLRY IDPKN 724
‘LeuRs_Pv/1-1257 587 - - YKRECD IMPQW} AGSSWYFLRYLDSKN
LeuRS_pfr/1-1270 612 - - YKRECD | MPQ! AGSSWYFLRYLDSKN
LeuRs_Hsf1-1176 589 -
“Leu_Panabis1-1176 589 -

Leu_Mmurinus/-1176  SE9 - WL - - -

_Leu_Csyrichta1-1176 589 - S WL ---

Leu_Btaurus/1-1176 589 - eaWL === A \ ¢ DY IFFKEAPF
Leu_Bmurus/1-1175 588 - LWL - - - A
_Leu_Mcaroli1-1178 591 - S WL ---

Leu_Mmusculus/1-1178 S9L s s s cecasssmcsssasssssscsssassssssasssssesiasssmssassssssssssssssssssssssssssssanssnsaaWlans

vl
LeuRs_Pfj1-1481 855 KKRIFM- - -« - - DLKLTKHKEPFQKLFNOQGLLLNTTSFYLYTTLDONKPVSFDQ IMEKK - INTNA---¥D----YTNRGTNHH IQLNK- - -« - - - - KENEKKKKTYSQ
LeuRS_Pmi1-1456 860 KEK IVD = = = = =« LARYD L KLVKHKEPFQKLYNQG ILLN I TSFYLYTNLONELYSYGEVAEQL -EKRRR = = aMT = s w v w v aw ~ENYELNKSNNSLGGGONCEKKNLAYSKESSKELRKFVLEKE | ENGARNKAENGARNKVENEA -
LeuRs_Po/1-1382 808 KKEIFD - - - - -~ - / e DLKLVKNKEPFQKLFNQGILLSASSFYVYTTLOQGELVSYAQVRAKGVVANPKGEVAN - - - - - - - - QKG------ EVANQNGE 937
LeuRs_Py/1-1321 809 KNKIFM- - -« - - Vv LA L PSR TN A TSRO L KL INHKEPFKKLFNQGLLLNAASFYLYTDFKNRLISFENVGKLL - KGERK - GKAEKTDEAE - - 914
LeuRS_Pk/1-1291 726 SNCIFMa = ===« SEHAVLHLL LA LA RD L KL VKHKEPFOQRLFNOGLLLSASSFFAYTTLEGKLYSYAAVRAEAAEGDK | -

LeuRs_Pb/1-1203 T235 KKKIFN- - - - - - - / LN N D L KL INHKEPFKKLFNQGLLLNAASFYLYTDLKNRLISFENIGKLL - KGEKK -
LeuRs_Pv/1-1257 652 SMCIFM- - - - - - - Vi AR IR S e LA RO L KL VSHKEPFQRLFNOQGLLLSATSFFAYTTLEGELVSYATVRGEAAEGPPQ -
LeuRS_Pfra-1270 T19 ANRIFM- - - .- - 3 LHLL K OCMKLVSHKEPFQRLFNOGLLLSATSFFAYTTLDGKLVSYATVRGEAGEGNN | -
Leufs_Hs/1-1176 g
_Leu_Panubis/1-1176
Leu_Mmurinus/1-1176
Leu_Csynchta/l-1176 3 K EFEFNYPVDLRA

Leu_Btaurus/1-1176 D PVDLRASGKDL I PNHLS

Leu_Bmwrus/1-1175 L K LRASGKDL IPMHLS 3 PEE- -CDOKWPVAVRANGHLLL

Leu_Mcaroli/1-1178 PKEK FPVYDLRASGKDL IPNHLSYY | Y| PEQ- - SDKWPVSVRANGHLLL
Leu_Mmusculus/1-1178 PKEKLDOL PVDLRASGKDL I PNHLS PEQ - - SDKWPVSVRANGHLLL §

Motif 7
LeuRs_Pi/1-1481 N----LLTS- - -QWLPDHASFCSGDQNGN INKELKNERMENMKEKD ID ILRKSK INDDMKEKAIDMLGKNR INDDMKEKA IDMLGKNK INDDMKENY IDMLGKNNY T IVDNKYKKFL IEEDYVKEGKDQKYYLKSFPS | EVQPNYEKMSKSKGNT[INPLD IVKTYGSDCL 1143
LeuRS_Pmy1-1456 YMEKEAQDVL - - -LHVKYEQSVLSSEK- -+ vcvmmnnnnn L8 R T I MNKIDVQEKILKSDNY | VVEG | YKKYL IDEKYVKE -ERQRYYMKDFPS | EVQPNFEKMSKSKGNT|INPMD | IKEYGSDCL 1120
LeuRs_Pofl-1382 938 VANQNGEVANQNG -EV-ENQNGEVENQN - -~-ENQNELTETIRKSSACLVEGGLYKRYRIDEKYVVE-RKQKYYLKDFPS |EVRANFEKMSKSRGNTVWNPSSIVKEYGADCL 1045
LeuRs_Py/1-1321 915 - KMDEAEKMD - --EAEKMDEAEKTDEV - KEQDE IVKKL IDGKSYKIEGD I VRKYL IDDKYVVE - KENKYF I KNLNS |IQVQP I YEKMSKSRGN |[INPDD I VKKYGADCL 1019
LeuRS_Pk/1-1291 836 - TESNPGDDVL IGGNGEPLKEKQ | YPSGAE - -DKQNCS IEKALG -EKVSCENEKYRKYRIPEELVVQ -REGKYFLKDTPDVEVKANYEKMSKSRGNTMNPND | VKKYGSDCL 945
LeuRs_PbA1-1203 819 - -KEHDE |AKEL INGKSYKIEGD | IKKYL IDEKYVVE -KENKYYLKKLNS IQVQPVYEKMSKSRGN I[INPDD IVKRYGADCL 902
LeuRs_Pv/1-1257 794 - -KDAPPGGSGOLGKEGQQSVSDQP - DQLNCTTEKALRGTGPTAQGKKYTKRQ IPEELVVQ-REGRYFLKEAPHVEVKANYEKMSKSKGNTIMNPND I VKKYGSDCL 898
LeuRS_pfr-1270 827 - VTQPPPSGQS - EQPTRGTEKALQRMVP | AEGKKYRKYKIPEKLVVQ -REGKYFLKDAAHVEVHAIYEKMSKSKGN NPND | VKKYGSDCL 925
LeuRs_Hsf1-1176 713 -
_Leu_Panubis/1-1176 713 - NFLTLTQAIDKF
Leu_Mmurinus/1-1176 713 - STGNFLTLNQAIDKF
_Leu_Csyrichtaf1-1176 713 - STGNFLTLTC
Leu_Btaurus/1-1176 73 - NELTL
Leu_Bmurus/1-1175 712 -
“Leu_Mcaroli-1178 715 -

Leu_Mmusculus/1-1178 715 -

Additional file 4F: Mapping of motifs discovered in LeuRS family to the multiple sequence alignment



LeuRs_Pi/1-1481
‘LeuRS_Pm/1-1456
‘LeuRs_Po/1-1382
LeuRs_Py/1-1321
‘LeuRS_Pk/1-1291
LeuRs_Pb/1-1203
LeuRs_Pv/1-1257
LeuRS_Pirf1-1270
_LeuRs_Hs/1-1176
_Leu_Panubis/1-1176
_Leu_Mmurinus/1-1176
“Leu_Csyrichts/1-1176
_Leu_Btaurus/1-1176
Leu_Bmurus/l-1175
Leu_Mcarolifl-1178
“Leu_Mmusculus/1-1178

LeuRs_Pif1-1481
LeuRS_Pm/1-1456
LeuRs_Po/1-1382
‘LeuRs_Py/1-1321
LeuRS_Pk/1-1291
ALeuRs_PbA1-1203
‘LeuRs_Pv/1-1257
‘LeuRS_Pir/1-1270
“LeuRs_Hs/1-1176
_Leu_Panubis/1-1176
“Leu_Mmurinus/1-1176
_Leu_Csyrichta/1-1176
“Leu_Btaurus/1-1176
Leu_Bmurus/1-1175
Leu_Mcarolifl-1178
_Leu_Mmusculus/l-1178

LeuRs_PF1-1481
LeuRS_Pm/1-1456
LeuRs_Po/1-1382
‘LeuRs_Py/1-1321
LeuRS_Pk/-1291
LeuRs_Pb/1-1203
‘LeuRs_Pv1-1257
LeuRS_Pfr/1-1270
“LeuRs_Hs/1-1176
_Leu_Panubis/1-1176
Leu_Mmurinus/1-1176
“Leu_Csyrichta/1-1176
“Leu_Btaurus/1-1176
Leu_Bmurus/1-1175
_Leu_Mcarolif1-1178
Leu_Mmusculus/1-1178

LeuRs_P/1-1481
LeuRS_Pm/1-1456
LeuRs_Po/1-1382
LeuRs_Py1-1321
LeuRS_Pk/1-1291
LeuRs_Ph/1-1203
LeuRs_Pv/1-1257
‘LeuRS_Pfr/1-1270
_LeuRs Hs/1-1176
“Leu_Panubis/1-1176
_Leu_Mmurinus/1-1176
_Leu_Csyrichta/1-1176
Leu_Btsurus/1-1176
Leu_Bmurus/1-1175
Leu_Mcarolil-1178
_Mmusculus/1-1178

otif 7

VDQNKKWTT
LOQDKRWS |
VDQNKKWT

M
1144 RLHILFLG
1121 RLHVLFLG
1046 RLHILFLG
1020 RLHILFLG
946 RLYILFLG
503 RLHILFLG
899 RLYILFLG
RLYILFLG

IKGTFKFLNNLYNLFIORCD\KNNKESNKKNVCTRVVDNSMNDMMFHKDNIE-- -KSANHILSNNGYEKKKKINLEN-----v--GE KKIEYMICKNCKRKSSMNKKL ILMNFILENKYGF | 1A= -« -
IKGTFKFLTNLYNLF IQSNEKRA - IDKKGKHGEEEHLYGKDYRE - - - -ENPKD | ADK- -
IMGTFKFLKNLYNLFVQRKSKKKRP -HNEGDPV - GNHSTTKIAGDTECNTD QRRSSKIKQK- -
INGTFKFLSKLYSLF IKRKEECH - - -« «nonnx EDRMMIKSE - -
IKGTFEKFLTHLYNLFVKDTSLAG - -~ - - -- v mmmmm s mmmmmm o ERmmm s mmmm e s mm e e e e e e e RQ-----EEGSTTTEVDSGEIPQE- -
INGTFKFLSKLYSLF IKRKEETG EDEMN I KRK - -
IKGTYKFLNNLYSLFVEDVKGAS QECNATIEVNSG-VPPN- -
IKGTFKFLINLYSLFVKDVD-AS -EECSATTEVDSGGWVWVQT -
I LRLYTWY
ILRLYTWV = = = =
ILRLYTWV - - - -
ILALYTWM- - - -
TLRLYTWV - - - -
JILRLYTWY - - - -
ILRLYTWV - - - -
ILRLYTWV -

Motif 24

---------- EKYKKVNDYVNI ILKNDSHVFNKLSDK I KK I[SIR-RRIIS S SN al - S i=RRi NN SRR AN SR LN K /K L - c / KKLCYFCNS -NLLYYGKWPSLFEIKQN-KLV- -
===-+-RVTSSERGDKLKKYFE-LLRDESQ|FKKLSNK | KKRESUEINN=LEE=E S R SN =G A R ULl - o B SR RISl R e S o B cP c /! KKICYFCNS-SLLYYVAKWPSLFQIKEENKFW- -
-SNSVEKEMVRKSLS-LLENKSHKLYKLSSR | ESKLANANN-LA-194-0 0[RRSI i VTN RER LSRR L LR =N N - Y A | c | KKLCYFCNSRLLLYYAKWPSLFQIKEK-KDT- -
B =3 ST IR SRR - LT R AN 44K SDE | EKEKK I ITNYY I TQ I TNC | ENNRLNTAVSFFMEF YND I ETWDY IFLKVFLIFIKLLY

----- KFNPDEKKEAIKRNIN-FLRSEDHSCKELSDF | VKK SUCIPRE-RE S8 P UL VTS g S=y BT LR AT LR S L e

------------ LA I SRR L AR R RSN KSDE | EKDKK L TANYY I TQ I TSCIENTRLNTAVSFFMEF YND IKTWDY IFLKIFLIFIKLLY

ffff EFNRGGQREALKRS IN-SLCSEDHSLKQLSDV I VKKEIEANEA S VUM E S L o B LS SR S 1 3 ! s v - KQICYFCNS -SLMYFSRWPSLFRLEAP-LVG- -
----- KFNPEKRKEAIKRN IS - SLWSODHSYKELSDR I VKKLE IR0 4R N WU - Tl W -1 O U T - SO TN 1 K 3 C c - KQICYFCNS -NLMYFSRWPSLFQLEAP - RMG -
{ g EGMHREL

IEVQTLLLAPFCPHLCEH IW
IEVQTLLLAPFCPH \
IEVQTLILAP

.......... HSERPPNEEPAERP
7777777777777777777777777777777777777777777777777 MAEGP TNDE -

THDLRLRLKNYMMP/ K KQPLQKPSHC VKN MPELKKYHN MP F VA [ 3 LTNSLELEH I

THDLRLRLKNYM o K Q C D SMPELKK MK GPR ) N LTNSLELEHI
LKN

DLRLRLKNYMMPA
AHDLRLRLKNYMMPAKGK 3 KPSHC CNY | K 3 K (KW ! KMG \ ) L 4 VYLTNSLELEHI
AHDLRLRLKNYMMP SHC S 5 KEN 3 ) f LTNSLELEHI

TEEATNL | KHK|| ENEMKKGKK | VN I VN I PNKV INF | 1K 1481

I SVATNMI KDR|IQNE I KKGKKIFNI INITPNKVINFIIK 1456

IKESTN | IMDR[IDSHIKNGKK I INITIHIPNKVVNF11Q 1382

IEQSTNMIKDS|IDKEIKKGKK I INI INVPDKL INFV IV 1321

———————————— Rl | EKEKKKGKRLVNVMY | PNKVVNFVFK 1291
IEESTNMIKDS|IDKE I KKGKKI IN| INVPDKL INFVIV 1203

IREATNR I KDR/| EREKKRGKRLVNVLY | PNRVVNF VLK 1257

.......... | REATIR I TDRYEKEEKRGKRLVNVY Y | PNRVVIE IFE 1270

FSTKIEIRQGDNCDS | | RRLMKMNR CLMR c] R < N 1176
FSTKIEIRQGDNCDS | | RRLMKMNRG | KDLSKVKLMR GPR a1 - /F N 5 K ! YLV 1176
FSTKIEIR S| IRRLMKMDR M GPR cTHP : 5 D Y 176
FSTKIEIR S| IRRLMKIDRGIKDLS K R s G iR < A\ < BIAD r 1176
S| AD IGDTMIY 1176

s ) AD IGDTMI YLV 1175

SIIRRLTKTDRG I K VKLMRFDDPLLGPRR 5 \ v 178

S| IRRLMKTDR K LMRFDDPLLGPR 3 S A \ G LR ) r 1178

Additional file 4F: Mapping of motifs discovered in LeuRS family to the multiple sequence alignment



Motif 5

Motif25

Motif 21

MetRs_pf/1-889 LI INKKPLLI LTS T N J D ENL S ¥ YLGWL EWSDL| TEVLNKKN | | [ ESLDELELYLKENKNKNKNF[IRES]
MetRS_Pm/1-880 LI INKKPLLL TEVLNKNN | | SIS, KNKDF 130
MetRs_Pof1-914 LLvnrkPLL | YENNFFSS TISNRINITEIIEUTEV VST RN 00 K L AMY L TWVEWS E LBIL £ iKEISISININ| | E\/L N R KN | | S LT 1 ¢ 166
MetRS_Pk/1-885 [T IRV - CTVRRYERERIK A | CFLFHRURNAES - KK - - - ¢ VELSARIMRIVEIETEGTY - 90 - - - - - - CEEEIREEaE] - - - - - - - lan ki F [T ES
MetRs_Pv/1-856 NKkKPLLVYEEDNYVS S TIENEINEET LIV SOV 0 E L R L YMSWVEWSD LBL E KBS | EVLNKKK | | . ECO ) c 131
.MG?RS_PFIIJ-3§5 NNKPLL ENMNYVSS T USRI PN SISO NKLRLYMSWVEWSD LEIF E KEIEIRIEIRH | EVLN KKK | | BRI QN KN F 131
MetRs_Py/1-898 IvNkKPLL I YEENKF 155 TUESETINEEN NI RNE SO D kL AL YL TWI EWSD | BIL E KSR | ERLNKKEK | | SR 133
MetRs_Pb/1-898 LivikkpPLL I YEENKFYSS T RS IWITLY QLA R SRR Ip 0 KL AL YL TW 1 EWSD | BL EKERNN | EHLNKKK | | 133
MetRs_Hs/1-900 ARGRAEVL |

VVPFLTRPKVPVLQLDSGNY o] - E | D AR A D 2 J 137
) VRRALTHIDHS J o Sy 137

RALTH IDH 3 LAWY 137
RRALTHIDHSL 2 y ey 137
AL SAALYYL RRALTHID J S 106
HaLsaaL YL RALTH IDH 3 - 137
[ALSAALY VLS VRRA HS ! 137

AGRARGRAELL I
AAAGRARGRAELL I
/LAAAGRVRGRAELL |

‘Met_Mmulatta/1-500
Met_Panubis/1-908
Met_Mmurinus/1-900
Met_Mfascic/1-569
Met_Btaurus/1-898 AGRAQGRAELL
Met_Csyrichta/1-900 \ \AAERARGRAELL\

GdaLsaaLyyL

MWVPFLTRPK AL SAALYCL
VVPELTRPK
FLTRPK
FLTQPK

Met_MMusCulus/1-902 L - - - - - s s eeeeeaeaaaoaaaaoas \RARGRAELLISTVEPEECHVVPFLTRPKVPVLOLDSGNYLFSARFNICRYFFLLCGwEQHD SN dvLsaALHCL < GPLR s ] i 137
\¥ilo]
ﬂﬁk_ﬂl]-m IHDKNVNEYLKNE TF Y N N ] G 2 256
MetRS_Pm/1-850 131 IHEKNMNAY GO GHEY \DV | AR YHEEN]
MetRs_Po/1-314 167 KIHERNINE < < N Y ] G A X 284
MetRS_Pk/1-885 132 : K (N INSYLKKEK AINYVNG GHRYE I VL, 3 253
MetRs_Pv/1-856 132 IYMLF 3 3 A1 NYVH ¥ 0] 253
MetRS_Pfr/1-885 132 1 NLF NI 3 NYVNG cHEv G 253
MetRs_Fy/1-898 SLF EKN INDHVKNDNF VNG L 4 267
MetRs_FbA1-898 134 DEVDQ I KREDGCNGANQNPKNG ICG I TLAD | PAVRE N - - EIIRVARS =SS A L EDVOKVVEAVEKVHKL - - - b - - =« o oo ooooomoeec oo N SLF N I NDHVEKNDNE LI NY VN Y S| 267
MetRs_Hs/1-900 TMEPEEEEL SEE : NNV ey . 298
Met_Mmulatta/l-900 MEPEEEELATLSEEE : s QQN 3 ! 'F ARY S B
Met_Panubis/1-308 NEPEEEELATLSEEE s N / TS N N G 4 X 298
Met_Mmurinus/1-900 v A / ESLPPLRPRQNPVLPVAGER s GCVLSADVFAR 298
Met_Mfascic/l-869 G > \ Y ’ ( [ y VLK [ > VTGERN VL SADVF ARY s [Fi

Met_Btaurus/1-898 SNEPEEEELATLSEEE AGERNVL SA YVNNWV N A ARY S i)

Met_Csyrichta/1-900 I TNEPEEEELATLSEEE s 3 3 TS SADVF ARY S|
‘Met_Mmusculus/1-902 \ 300
MetRs_Pi/1-859 K1 IGRDTF EPSYFFKMSKYQDKLIEY IQSHN 407
MetRS_Pm/1-880 KN IGRDTF EPSYFFKMSKYQDRLIEY IHNN 401
MetRs_Pof1-914 EPSYFFKMSKYQDRL I KH IHDN| 435
MetRS FPk/1-885 ESSYFFKMSKYQERL INY IHEN| 404

MetRs_Pv/1-856
MetRS_Fir/1-685
MetRs_Py/1-598

EFSYFFNMSKYQQRLIDY IMEN 404
ESSYFFKMSKYQQRLIDY ILEN 404

CVENGD I YLGEYEGWYNVREETY I P - - EPSYFFRMSKYQDRLLQY IHDH| 418

MetRs_Pb/1-898 JALRNNMTPQEL CVKNGD | YLGEYEGWYNVREETY IP - wy- - - - - - ------__ EPSYFFRMSKYQDRLLQH IHDHN| 418
MetRs_Hs/1-900 ALEEGLTPQE ICDKYH | [HAD | YRWFN I SFDIFGRTTTPQQTK I TQD | Fo YNNI VN0 TVEQLRCEHCARF LADRF VEGVCPFCGYEEARGDQCD KGRI owT PN PEEd
Met_Mmulatta/1-900 YRWFN | SFDTFGRTTTPQQATK I TOD | FOINREIIRINC D TVEQLRCEHCARFLADRFVEGVCPFCGYEEARGD QCD KCh AN I, N0t 477
Met_Panubis/1-308 3 3 ! WFN|SFDTFGRTTTPOQQTKITQD | FoINREIIIANGD TVEQLRCEHCARF LADRF VEGVCPFCGYEEARGDOCD KC iy I [N—_ /TP el
Met_Mmurinus/1-900 ! JEYGTA K G 4 K ) I YRWFN I SFDIFGRTTTPQQTK I TOD | FQNREYIRYNRD TVEQLRCEHCARFLADRFVEGVCPFCGYEEARGDQCD KC (I IS T 477
Meenfasc;cﬂsss ; ICDKYHI IHA WTPNELE
Met_Btaurus/1-898 1 5 3 1EDKY 3 | YRWEN | SEDFFGRTTTPQQTK I TOD | F o NN LITIINOD TVEQLRCEHCARE LADREVEGVCPFCGYEEARGD QCD KC L S . M a77
Met_Csyrichta/1-300 YLCGTDEYGTATETKAMEEGLSPQE ICDKYHT IHAD ¥ il 477
Met_Mmusculus/1-902 301 [ ¥ YLCGTDEYGTATETKAMEEGL TPRE ICDKYHA IHAD SFOTFGRTTTPOQTKITQD | FOANREIIRVNRD TVEQLRCERCARF LADRFVEGVCPFCGYEEARGDQCD RC(IIN [N LAy 479

Additional file 4G: Mapping of motifs discovered in MetRS family to the multiple sequence alignment



MetRs_Pi/1-889
MetRS_Pr/1-880
MetRs_Po/1-914
‘MetRS_Pi/1-885

_Met_Mmurinus/1-900
_Met_mfascic/1-869
_Met_Btaurus/1-898
_Met_Csyrichta/1-900
_Met_Mmusculus/1-902

MetRs_PF/1-869
MetRS_Pm/1-880
MetRs_Po/1-914
MetRS_Pl/1-885
‘MetRs_Pv/1-586
‘MetRS_Pir/1-885

_Met_Mmurinus/1-900
_Met_Mfascic/1-869
Met_Btaurus/1-898
_Met_Csyrichta/1-900
_Met_Mmusculus/1-902

MetRs_Pi/1-589
‘MetRS_Pm/1-580
MetRs_Po/1-914
MetRS_Pk/1-885
‘MetRs_Pv/1-886
MetRS_Pir/1-885
MetRs_Py[1-898
MetRs_Pb/1-898
_MetRs_Hs/1-900
Met_Mmulatta/1-900
_Met_Panubis/1-908
_Met_Mmurinus/1-900
_Met_Mfascic/1-969
“Met_Btaurus/1-898
_Met_Csyrichta/1-900

Additional file 4G: Mapping of motifs discovered in MetRS family to the multiple sequence alignment

ECAKRNE |
LLFAKRNE |
LEJKKNE |
LLKRNE |
405 [ R
LUK RNE |

CQLCNESKIPAFYPEYEIHLPIDILHF INRVEYH]
COQLSNDSKIPPLFKEYNIDLPFSLLYFINRVEYY]|
COLSNEAKIPPLFEEYNIDLPFCLLYF INRVEYY]
CQLSNESKIPPLFEEYNIDLPFSLLHF INSVEFH|
COLSNESKIPPLFEQYDIDLPFSLLHF INRVEFH]
CQLSNESKIPPLFEEYNIDLPFSLLHF INRVEFH]
CILSNNAKIPPLYDDIDIDLPFCMLHF INRIEYY]
CMLSNNAKIPPLYDDIDIEFPLCMLHF INRIEYY]

VPEMVLTPD R QHYH

Motif 4

/IMD AL I N

Motife
B0 -eekkk [

MKTFCVQKCCEKSVQVCKDLNKFLTDMAPWKYKDD
MKSFCVQKCCEKTVNVCKDLNKYLTDLAPWKYKDE
MQYFCVQKFCEKTVNVCKDLNKFLTELAPWKYKEE

FVNTLTVAVLNIKPIT
[YLNTLTVAILNIKPIT
CINTFTVAIMNIKPIT
CVNTFTVAIMNIKPIT
[C INMF TAAIMNIKPIT
HINTLTVAIMNIKPLT
HINTLTVAIMNIKPLT

DKNQ | AAE

DKNQ |

Motif 14

I IGKD I TWFHTVIFPT I LLSA]
IIGKD I AWFHTVIFPTILMSA]
IIGKDIVWFHTVIFPTILMSY
LIGKD IVWFHTVIFPSILMSV|
LIGKD IVWFHTVIFPTILMSV|
LIGKDIVWFHTVIFPTILMSV|
I 1GKD IVWFHAVIFPTILMSA]

N IPLSKSVFSHGFVLAADGKKMSKS[NdJ

N IELSKSVFSHGFVLAADGKKMSKS Nl

NLE I PKCVF SHGFVLAADGKKMSKS M"Y INPQE | |
NVDLPKSVFCHGFVLAGDGKKMSKS M
NVALPKSVFCHGFVLAGDGKKMSKS W
NLDLPKSVFCHGFVLSGDGKKMSKS Rl
N IELPKCVFSHGFVLAGDGKKMSKS B4R

GKD IVWFHAVIFPTILMS | IELPKC | FSHGFVLAGDGKKMSKS[WAN

MJATEYLNYED
MRATEYLNY
MIATEYLN

TLVKHIMIATE Y LN

vl

RIMLEAIYF IAHYLDIFIPSLSHKIFEKLNTPKKV|
RIMLESIYFIAHYLDI IVPS1S5Q | FKKLNAPKKC|
RIMLECIYFIAHYLDIVIPSIASQIFQKLNTPKKR|
RIMMEAIYLIAHYLDIFIPSIASQ IFKKLNTPKKS|
RIMMEAI|YLIAHYLDIFIPSIASOVFQKLNTPKKS|
RIMMEAIYLIAHYLDIFIPSIASQIFQKLNTPKKS|
RLMLES I YF IAHY IDIVVPMIASN IFSQLNTPKKK]
RLMLESIYF IAHY IDIVIPMIASQ IFNQLNTPKKK]
G AL

INNITTVHAI

INNVTVSAI
INNITVSAI
INNITVNAL
INNITVNA L
INNITTVNAIL
INNITTVTAI
INNITITAI

IADLSPWLNNLT[EV I

LLTNFLC
LLTNFLC
LLTMFL
LLTNFL
LLTMFL
LPTNFL
LPTDFLC

INPFEI IETY

VKESKRGYD
LLY IRPEGQD

PEGQDS
Y IRPE

Qps
¥ | RPEGODSAF

fINNDH I LFKKFEVESAQ |
INNDNVLFKKFEVETAKI

Motif 12
IGNLVQRTLSL
IGNLVQRTLSL
IGNLVQRTLSL
IGNLVQRTLSL]|
IGHNLVQRTLSL
IGNLVQRTLSL
IGNLVQRTLSL
IGNLVQRTLSL]|




TpRS_Pfi/l-658
TrpRS_Pm/1-679

_TipRs_Hs/1-471
_Tip_Panubis/1-475
Tip_Cfamiliaris1-476
Tip_Btaurus/1-#75
Tip_Mcarolif1-481
Tip_Pabeliif1-472
Tep_Mmusculus/1-475
_Tip_Mfascifl-450

TrpRs_Pf/1-632
THPRS_PK/1-651
TroRs_Pu/1-645
TipRs_Po/1-645
TrpRS_Pir/1-658
TipRS_Pm/1-679

_Trp_Panubis/1-475
Tip_Cfamiliaris/1-476
Trp_Btaurus/1-#75
Tip_Mcarolif1-481
Tip_Pabeliifl-472
Trp_Mmusculus/1-475
_Tip_Mfascifl-450

TroRs_Pi1-632
TipRS_Pk/1-651

TIPRS._PFrf1-658
TipRS_Pm/1-679

TipRs_Hs/1-471
Trp_Panubis/1-475
“Tip_Cfamiliaris/1-476
Tip_Btaurus/1-475
_Trp_Mcarolif1-481
“Tip_Pabeliif1-472
Tip_Mmusculus/1-475
Trp_Mfasci/l-450

TioRs_PF1-632
THoRS_Pk/1-651
TioRs_Pu/1-645
TioRs_Poll-648
TipRS_Pir/1-658
THORS_Pm/1-679
TioRs_Py/1-666
TroRs_Ph/1-662
TipRs_Hs/1-471
Tip_Panubis/1-475
“Top_Camiliaris/1-476
_Trp_Btaurus/1-475
Tip_Mcaroli1-481
Tip_Pabeliif1-472
Tep_Mmusculus/1-475
Tip_Mfasci/1-450

TpRS_Pfifl-658
TrpRS_Pm/1-679

TroRs.
_ThpRs_Hs/1-471
“Tip_Panubis/1-475
Tip_Cfamiliaris1-476
Tip_Btaurus/1-#75
Tip_Mcarolia-481
Trp_Pabeliifl-472
Tep_Mmusculus/1-475
_Tip_Mfascifl-450

Motif 17

Motif 12

pLFJE L S TMYKNEKGLYEFLLSPIIKI ICMNENDKKLLDNMNEJSRIVLNAED | LPKNKVLPPSG | ENIDYERSKDVTPWDVN I NNEEGLTN
PLEL SGMYKSEKNL INFLLAP I VKVYTSEEESVLKGEVP TNeleldVYVHVED | LOKNKVLPPSGVENVNYERSKEVTPWD VN | TEEGINE
pUE) SGMYKSEKSLTOFLLAP I VKVYTSGEESDAKGEAP TS[JAYAHVDD | LOKNKVLPPSGVENVNYERSKEVTPWDVN I TEEGILUS
pEIYHHFLLSP I VKVNTGENDKEEQVN | SVENGNKD | STHLG  JdedvVL S IDD | LPRNKVLPPSGAEN IEYERSKEVTPWDVHN | SEEGIIN
pLEY| SHMMYKSEKSLTNFLLAPIVKVYTSEDESLVRGEAP TN[ZdvYAHVED | LOKNKVLPPSGVENVNYERSKEVTPWDVN | TEEGIINE

pE 1SS THNEDNNGVGATDKCGVTGVNGVTATNAINGLNNLN{FEFIAH | SVEE | FPKNKVLPPSGVEN INFDRSKEVTPWD VN | SEEG|REE
2LCVILQIPTSRTTESVKKKONF IGVLTVNS IKSEPT | SOYOOURSSRSIESUN=0 N S u VRl =100 el el o= e s L SR ]

2LCVILQIPTSRTITESVKKKONFIGILTVNSIKSEPT I SQvOOINS SR TN SN={iF NN NN NN e o Lol e N R AT | N -

375 (RN
EXJLNPELTF |
ERALNPELTF |
Rl LNPELTF

EElLnPDLTF
EONLHPELTF
L NPELTF I

FDIKKTF I
FDINKTF |
FDINKTF |
FDINKTF |
FDIMKTF |

FRNTEY
FKNTE
FKNTE
FKNTQ
FKNTEYV

FSDLEY
FSDLDY
FSDLEYMG

GGRDTIEEHRQF

MKHAF

GRDTIEEHRQF

YLRYLLEDDDKLNE

YLRYLLDDDEQLNE
YLRYLLDDDDKLNE
YLRYLLDDDD

¥LTFFLEDDDKLEQ
YLTFFLEDDDRLEQ
YLTFFLEDDDKLEQ

KMSYKAAAGEDYKADCPPGNPAPTSNHGPDATEAEEDFVDPWTWATSSAKG ID -
KMSYKAAMGED YKADCPPGNPAPTSNHGPDAAEAEEDFVDPWTVQTSSAKG 1D -
KMSYKATVGEEYKADCPPARPAPENSRGLNAAEAEEDFVDPWTVOTSSAKG ID -
1D -
KMSYKAAMGEEYKAGCPPGHNPTAERNCDSDATKASEDFVDPWTVRTSSAKG ID -
KMSYKAAMGED YKANCPPGHMPAPTSNHGPDATEAEEDFVDPWTVQTSSAKG
KMSYKAAMGEEYKAGCPPGNPTAGRNCDSDATKASEDFVDPWTWRTSSAKG

TENH |
CI TENH | KR
CITESHI KR
I TENH | KR

LS IHKKTTLNQSMN
VLS IHKKTTLNQSMN

TTLNQSMNVF

IHKKTTLNQSMNVFGFNHSDN
5 IHKKT T LN

GKISFPAVQAAPSFS
< |SFPAIQAAPSE S
i

I
1
VOKHQQRRAALTDAD |
)NHQQRRQA | TEAE | A
QRRASLKDEE |
KRDSLTDDQ IDYFFNPN

LRYFMEDDEKLHE

1
1
1
I
LTFFLEDDDKLEQ 1
LTFFLEDDDKLEC <] 1
LTFFLEDDDKL DY . K LI
MLTGELKKEL 1

SGAMLTGELKKTL I
TSGAMLTGELKKALIEVLQPLI

AMLTGELKKTL IDVLQPLI

LIEVLOPLI

LTFFLEDDDRL
LTFFLEDDDKL

AEHQARRKAY
AEHOARRKEN

RDSLTDDQID

Motif 8

HRDLDFLLNYYEREIKCF

SHRDLDFLLN

HRDLDFLLNYY

HROLDFLLNYY

HRDLDFLLNYY

HRDLDFLLNYY KYLQDVFN
HRDOMNQVLDAY L . WLQDVFN
SHRDMNQVLDAY

PYFRLSRD

FRLSRD

FRLSRD
FRLSRD

YPKPALLHS
(FRMTRDVAPRIGYPKPALLHS
FRMTRDVAPR

R | GHPKPALLHSTFFP
PKPALLHS

FFNPNKPAL
KEFMTPRKLSF

Additional file 4H: Mapping of motifs discovered in TrpRS family to the multiple sequence alignment

Motif 10

INEINLIILEEWNINCNRNRILKHTGL IKNIEINNFKY INNKESLEVHFSYNPMYTFEELSTLYKNEKSLYNFLLCP IRKVRTNNADT I TDONYSQNGNNLNR
EINLIITLEEWN INCNRNRILKHTGLIKNIEINNFKY INNKESLEVHFSYNPMYTFEELSTLYKNEKSLYNFLLCP IRKVCTNSEH IVTNGYRQNDN |

FLTDTPEE
FLTDTPEQ
FLTDTPEQ
FLTDTPEQ
FLTDSPEQ
FLTDTPEQ
FLTDTPE
FLTDTAK

MEKLKTIYVDSALS | IKGAL
MEKLKT \YVDSALSI | KGAL

374



TyrRs_PiA-373 METTDTK
TYTRS_Pm/1-372 -
_TYrRS_Pk/1-385 MESDGVKREELQGA
TyrRs_Py1-372
_TyrRs_Pbf1-372
_TyrRS._Pfr/1-350
TyrRs_Pv/1-380
_TyrRs_Poj1-374
TYTRS_Hs/1-528
Tyr_Panubis/1-528
Tyr_Pabeliif1-528
Tyr_Mmurinus/1-528
Tyr_Mmuscalus/1-564
Tyr_Mcarolifi-564
Tyr_Mpaharif1-564
Tyr_Cfamiliaris/1-564

-MEG!
MEGEGVKREELEGA

1MQPDGTSVTVPGTRRRRRTRKGRGCR
1MQPDGTSVTVPGTRRRRRTRKGRGCR
1MQPDGTSVTVPGTRRRRRTRKGRGCR
1MQPNSARVTVPGTRRRRRPRKRRGAG
Motif 7
TyrRs_PiA-373
TYrRS_PmA-372
TyrRS_Pk/1-385
T¥rRs_Py/1-372
TyrRs_Fb1-372
TyrRS_Pfr/1-380
TyrRs_Pv/1-380
TyrRs_Pof1-374
TyrRS_Hs/1-528
.Tyr_Panubis/1-528
Tyr_Pabeliif2-528
Tyr_Mmurinus/1-528
Tyr_Mmusculus/1-564
Tyr_Mcarolif1-564
Tyr_Mpaharif1-56¢
Tyr_Cfamiliaris/2-564

TyrRs_Pi-373
TVIRS_Pm1-372
TVrRS_Pk/1-385
_TyrRs_Py/1-372
_TyrRs_Pbf1-372 ¥ q 1
TYrRS_Pfr/1-380
_TyrRs_Pv/1-350
_TyrRs_Pof1-374
TYrRS_HsA-528
_Tyr_Panubis/1-528
Tyr_Pabeliifl-528
Tyr_Mmurinus/1-528
Tyr_Mmusculus/1-564
Tyr_Mcarolifl-564
Tyr_Mpahari/1-564
Tyr_Cfamiliaris/2-564

A\LHP LD

TyrRs_Pi-373
TyrRS_Pm/1-372
TyrRS_Pk/1-385
TyrRs_Py1-372
TyrRs_Pbf1-372
TyrRS_Pfr/1-380
TyrRs_Pv/1-380
TyrRs_Po/1-374
TYrRS_Hs/1-528
Tyr_Panubis/1-528 E
Tyr_Pabelii1-528 < <
Tyr_Mmurinus/1-528
Tyr_Mmuscolus/1-56¢
Tyr_Mcarolifl-564
Tyr_Mpaharifl-564
Tyr_Cfamiliaris/1-564

EKLQ
EKLQ

EKLQ
EKL

Additional file 41: Mapping of motifs discovered in TyrRS family to the multiple sequence alignment

EKLQA

EKLQA

REEQEIEEKKA
MESFNTKREET
TGEAAGLEVEA QETAPQEN----P
METINIKKE- - -
METINIKKE- - -
QGVKREELEGATGEGAPQE -
TGEAAPQEAAS Q

Q-EES----K

SAA----A

LSAGNRDSGAMGDA
LSAGNRDSGAMGDA
LSAGNRDSAAMGDA
LSAGDRGGGAMGDA
Motif 13
SFNINRMKRCL[IIM
KSFNINR
SFNINR
RSFNINR
SFNINR
SKSFNIN
KSFNIN
FNIT

SEGEENYCSQIL?Y
TEGEDNYCSQIL
VKQVEHRIPLLSGLL
KQVEHRPLLSGL LY
PLLSGLL
PLLSGLL
PLLSGLLY
PLLSGLL
PLLSGLL
PLLSGLL

DIHPLDL
YLSGKLHPLDL

LK

REKFNT
REKFNT
REKFNT
REKFNT
REKFNT
REKFNT
REKFNT
REKFNT

PALKLQEER]A A
P AL KLQRE]A
PALKINERTA A
P AL KLQWER] A
P AL KLQEER]A A
P AL KEQEERS A A

SVEVALNKLLDFP I

SV ALNKLLDP I
SVEVALNKLLDP |
EVALNKLLDFP |
EVALNKLLDP |

TNFMTKL
TNFMTK
DFK TNEMTK
ADF
ADFKI

DF

ADF K
ADF KTSED

TNFMTK
TNFMTK

0B ®0non

EGEEK-- - -KEQEKNIE- - -

YPGL

-D
-D

~DNEAQVK----1S5QEIHDEN
-DNEAEVK----1S5QEIHDEN

CMQCAD |
CMQCAD |
QCADI
YPCMQCAD | FFLN
YPGLQALDEE™
PGLQALDEEY
YPGLQALDEEY
YPGLQALDEEY

YPGLQALDEEY

YPGLQALDEE?Y
YPGLQALDEEY
QALDEE

FF LM\

10Q
vDQ

PSRLD

Motif 13

ILNDILSISSE
ALNE | LSVASE
RMTE ILSIASE

EIMSITSE
R EIMSIASE

RALTQ ILSVASEC

KLAD | LSVASE

RK I
RK |

CIQPDELR LLLKRKL I
CIQSEELRAKLLLKRRLI
IQPEELKARLLLRRRL I
IQPDELKLKLLQKRKL I
IQPEELKLKLLQKRKL |
IQPEELKTRLLLKRRL I
IQPEELKARLLLKRRL
IQEEELKEKLLTKQTLL

LKE | LKE@RELK|

LKE | LKEQREL

PVILSHGMLPGLLEGQ
PVILSHGMLPGLLEGQ
P1ILSHEMLPGLLEGQ
Pl ILSHQMLPGLLEGQ
Pl ILSHAMLPGLLEGQ
RWHLMNPM

RWVHLMNPM

HIGH  Motif 17

AQGLLKCQIV

AQGLLKSH IV
FVPMSK I
FVPMSK |
FVPMSKI
FVPMSK
FVPMSK
FVPMSK
FVPM

GLVQF\

NKLTSNGC[IF
NTLTRNGCY
ADFLKAGC

Motif 5
I FW | ADWF AHLN
| FWVADWF AQLNNK

KMS G|

DLKK I KKZUE
56

| FW| ADWF AQLNNKMS

| FWIADWF AQLN

| FW | ADWF AQLNNK

| FW | ADWFAQLNN

| FWIADWF AQLN

| FW | ADWF AQLNNKL

VT ILFADLHAYLDNMK|
ADFLKAGC[EHVT ILFADLHAY
ADFLKAGC[EVTILFADLHA
ADFLKAGC[EVTILFADLHA
ADFLKAGC[IVT
ADFLKAGC[EVT
ADFLKAGC[JVT
ADFLKAGCEVT

LDNMEK]
(LDNMK
(LDNMK
ILFADLHAY
ILFADLHAY
ILFADLHAY
| LFADLHAY

56
5
56

5G

QFVLQRKEK

EFALQRKEK|
AKS RYQEFRLVRKEK|
IKHVLFPLKSEFVILRDEK|
IKHVLFPLKSEFVILRDEK|
IKHVLFPLKSEFVILRDER
IKHVLFPLKSEFVILRDEK|
IKHVLFPLKSEFVILRDEK
IKHVLFPLKSEFVILRDEK
IKHVLFPLKSEFVILRDEK
| KHVLFPLKSEFVILRDEK|




VaiRs_Pf/1-1090 IMNIRLI -

ValRS_Pm/1-1089 1MRETLL -

ValRs_Py/1-1077 1MYKRGV -

‘ValRS_Pir/1-1046 IMennnn

ValRs_Pv/1-1071 1MNARLP -

ValRS_PK/1-1070 1MNVRFP -

VaiRs_Pba-1077 1MYKRGV -

ValRs_Fo/1-1138 1MNRVCO -

ValRs_Hs/1-1263 IMSTLYV-

Val_Csyrichta/1-1265 IMSILYV-

Val_Cfamilisris/2-126+ LMSVLYV-

Val_Mcarolif1-1299

Val_Mmusculus/1-1263 IMSILYV- 1 y y

Val_Mpaharif1-1263 IMSILYV. RAL | AAR q s Q \ A v PAACGATLPAL
Val_Panubis/1-1261 1MSILYV- PSLRAL | AAR \HF R Q TP # ] ! 5 v PAACGATLPALGLRS

Val_Bmutus/1-1275 1IMSILYV- PSLRAL | AA R Q EPP ; /G / C A PAACGATLP R

VaiRs_Pff1-1090
ValRS_Pm/1-1089
ValRs_Py/1-1077
VaiRS_Pfr/1-1046
ValRs_Pv/1-1071
ValRS_Pk/1-1070
VaiRs_Pba-1077
ValRs_Fo/1-1138

ValRs_Hs/1-1263 £ 2 GEAPTLADL/ E

Val_Csyrichta/1-1265 & WLR GEA A v QP QPG ---PEVPAPPKTAAQLKKEAKKR
Val_cfamiliaris/1-1264 ISP 3 GEAP A v R c Q R 4 R ---PEVPAPPKTASOLKKEAKKR
Val_Mcarolif2-1299 /LR K TP L 3 SAR Vi ¥ -QPGSEVTAPQKTPAQLKKEAKKREKLE -

Val_Mmusculus/1-1263 YLA - v AR VG I y -QPGSEVIAPQKTPAQLKKEAKKREKLE -

Val_Mpahari2-1263 W o APTLADLAA Y DP V.PF\ VG I RQ ~QPGSEVTAPQKTPAQLKKEAKKREKLE -

Val_Panubis/1-1261 SPLEEWLRLHTYLAGEAPTLADLAA A YVLDPPARR |

Val_Bmutus/1-1275 SPLEEWLRLHT

VaiRs_Pff1-1090
VaiRS_Pm/1-1089
ValRs_Py/1-1077
‘VaIRS_Pir/1-1046
ValRs_Pv/1-1071
ValRS_Pk/1-1070
VaiRs_Pba-1077

VaiRs_Po/1-1138 -E- - -KEKEKVKEKVKWY -KEKVKEK
ValRs_Hs/1-1263 ----KFQQK-QKIQQQQPPPGEKKP -KPEKREK
Val_Csyrichta/1-1265 242 EKLEKFQQKQKIQQQUQPPPGEQKKP -KPEKREK
Val_Cfamiliaris/1-1264 242 EKLEKFQQKQK-TQQQQPPPAEKKP = = = = = ~KPEKR+-====2==
Val_Mcarolif-1299 282 - -KFQQKQK-TQQQPPHGEK - KP -KPEKKEK
Val_Mmusculus/1-1263 246 - -KFQQKQK-TQOQQFPHGEK - KP -KPEKKEK
Val_Mpahari/1-1263 246 -KFQQKQK-TQQQAPHGEK - KP
Val_Panubis/1-1261 SAVLGE-VV LYSGARPLSHQPGPETPALPKTAAQLKKEAKKREKLEKFQOKQKIQQQQPPAGEKKPKPEKREK
Val_Bmutus/1-1275 -VNMGE - 5L GK-KFQQ - -
Moti

ValRs_Pff1-1090 G - YKRMKNYLTLY | PGTDHAG | ATQ TVVEKMLYK I RQD
ValRS_Pm/1-1089 NITG 3 |AIQDSLVRYKRMKNYLTLY IPGTOHAG | ATQTVVEKML YKKEKKVRHD 3 KN | RE S VK RFY YRDOMRLVAWCPHLKTALS \
VaiRs_Py/1-1077 NVTG 3 VAIQDSL MKNYLTLY IPGTDHA \ MLYKKENK | RHDY®G 5 | 3 F-‘E' MNEKL S K VR 3 YR X PHLKTALS VNN KVKIPSFNHLVE
VaIRS_Pfr/1-1046 NVTGTLHIGHTLT IAIGDSLVRYK YLTLY | PGTDHAG v QKIRQDYG 3 y GN N RE Y NEK AVK YDS A K 1 K | PSFHHLVE
ValRs_Pv/1-1071 / LHIGHTLT IAIQDSLWVRYK HLLTLYVP A \ QK IR /KR DLHGNEK INNQ VSREY 5 A\ YESGL Y K D K| PSFHHLVEV!
ValRS_Pk/1-1070 TGTLHIGHTLT IAIQDALVR NLVTLY | PGTDHAG | / KEQK IR € DLHGNEK INNG IR REY KL SN KEA FYDSGL | YRDNR KTALS N K1 PSFNHLVEVG
ValRs_Pb/1-1077 ! )SLVRYKRMKNYLTLY | PGTDHAG / i
VaiRs_Po/1-1138 L 1QD 1 ¥ DHAG 1
ValRs_Hs/1-1263 1 ] R ! y G - 3 REQ R ] ] WD RA : VR (RS TRLVN S KKELTGRTLL
Val_Csyrichta/1-1265 NVTG 5 > I AG | ATQVVA ¢ 5 5 y ¢ \ YRSTR 5 YKKELTGRTLL
Val_Cfamiliaris/1-1264 G GH A AIQDS d E QYW (LWREQG QLGREA R E | K| \ TMDPKLSAA
Val_Mcarolif-1299 W s SHA AlQDS ! G G AG | # \ KK KERGLNRHQLGREAFLEEVWKWKAEKGDR | TMDPELS 3 GVIYRSTR s SDIEVDKKELTGRTLLP
Val_Mmusculus/1-1263 MVTGSLHLGHALTNAIQDSLT y CDHAG | A LWKERGLNRHQLGREAF LEEVWKW ¥ A z 3 GVIYRSTR SDIEVDKKELTGRTLLPV
Val_Mpaharif2-1263 MVTGSLHLGHALTNAIQDSLT Wi AG I ATQWVY WKERGLNRHOLGREAFLEEVW 2 ¥ VO R 3 \ \FVR GVIYRSTR N & VDKKELTGRTLLPV
Val_Panubis/1-1261 NV TG GHA AIQDS { RG CDHAG | A v RHQLGREAFLQEVW GDRI ¥ JP K : 3 GVIYRS N S VDKKELTGRTLLS
Val_Bmutus/1-1275 i L M DH/ 3 3 RHQLG A Q W ¢ 2 ] / M K AAVTEAFVRLHEEGI Y 3 VOKKELTGRTLL

Motif 2 Moti
ValRs_Pff1-1090 K ETMLGD A 3 N ADDF\ TPAHDKNDYDMMKRHNLNY | N
ValRS_Pm/1-1089 QEK ETMLGD K DRKL IV ! TPAHDKNDYEMMKRHNL
ValRs_Py/1-1077 SEEK R | ETMLGD 3 K11V v Y6 K1 TPAHDKND YEMMKRHKLNY I N KNG LHRFEC IQEELKKLNLLSDKIPNPMTLPLCSRTND
VaIRS_Pfr/1-1046 3 R | ETMLGDVAVA YA KV YGTC TPAHDKND RHNLKA IN K 3 LHRFECRFKIQEELKKLNLLSDKIPNSMSLPLCSRTND
VaiRs_Pvi1-1071 3 g IETMLGDVAVAN KRY A VG K X 111A \ | G KI TPAHDKNDYEMMKRHNLEKA IN NRNGG LHRFECRFKIQEELKKLNLLSDK CSRTND I
ValRS_Pki1-1070 K R IETMLGDVA A K KV Y6 A\WKITPAHDKN MKRHNLKA IN M RN R R IQEELKKLNLLSD PNAMSLPLCSRTND c KQA INCV KQ | PMHHYV
ValRs_Pb1-1077 3 2 1 ETMLGD VAWV AN KR 1 DRK |1V YVD TRAHDKND @ l PLFEGLHRFECRFKIQEKLKKLNLLSDKIPNFMTLFLCSRTND c s 3 LESLHV
ValRs_Po/1-1138 H L L1 ETMLGDVAVAV | 1K g ] TPAHDKNDY NLF YV ! GELFEGMHRFE <1Q {KRNLLSDKIPNAMTLPLCSRTND
ValRs_Hs/1-1263 g ATTRIETMLGDV/ RSLP A ) TPAHDQNDY ! A A NVPPPFLGLPRFEA PLCNRSKDY
Val_Csyrichta/1-1265 s R 1ETMLG Y 3] K1 TPAHDQNDY
Val_Camiliaris/1-1264 ETMLGD A 3 ; s > TPAHDQND
Val_Mcarolif2-1299 AN KG K SRS VFDD M GAVK | TPAHDQNDY QRHRLEAIS
Val_Mmusculus/1-1263 v 3 L ¥ SRS VDMEFGTGAVK I TPAHDOND QRHRLEA| d R K / CER KD N /VPLCNRSKDY ] 0 VTRGODLR
Val_Mpaharif2-1263 g /Ay~ ML GO VAW AN J 3 SRS VOMEFGTGAVK I TPAHDAON QRHRLEA | VRINVPPPFLGLPRFEARKAVLAALKEQGLFRGY PMVVP | CNRSKDY g TRGDLR
Val_Panubis/1-1261 S G YQ 6K RSLPIVFDEFVDMDFGTGAVKI TPAHDOQNDYEVGQRHGLEA | A NVPPPFLGLPRFEARKAVLVALKDRGLFRGVEDNPMVVPLCNRSKD) /RC QAASAAVTRGDLR

Val_Bmutus/1-1275 D E VAR 3 AV S K ) \ RSLP IVFDDFVDME TPAHDONDYEVGORHGLEAV \LvBINVPPPFLGLPRFEARKAVLAALKEQGLFRGIEDNP PLCNRSKDY 2 3 c .'.. 3 /TRGDLR

Additional file 4J: Mapping of motifs discovered in ValRS family to the multiple sequence alignment




ValRs_pf/1-1090
ValRS_Pm/1-1089
ValRs_Py/1-1077
ValRS_Pfr/1-1046
ValRs_Pv/1-1071
ValRS_Pki-1070
ValRs_Pb/1-1077
VaiRs_Pof1-1138
ValRs_ts/1-1263
Val Csyrichta/1-1265
Val Camiliari
Val_pcarolif1-1299
Val_Mmusculus/1-1263
Val_Mpabari/1-1263
Val_Panubis/1-1261
Val_8mutus1-1275

ValRs_Pf/1-1090
ValRS_Pm/1-1089
ValRs_Pyf1-1077
ValRS_Pfr/1-1046
ValRs_Pv/1-1071
ValRS_PkA-1070
ValRs_PbA1-1077
ValRs_Pof1-1138
ValRs_Hs/1-1263
Mal_Csyrichtas1-1265
Val_Cfamiliaris/1-1264
Val_Mcarolif1-1299

Val_Mpaharia-1263
Val_Panubis/1-1261
Val_Bmutus/1-1275

ValRs_PF/1-1090

SGLNQKLY
ISLOGLNQKLY
VVDPLD | INGISLEDLHKKLYEGNLPEKE |KRAIELQ
(KLYEGNLPEKE I KRALELR
GLHNOLLNSNLDPSEVEKAKEG
GLHDOLLNSNLDPSEVEKAKEG

LGNV IDPLDVIHGWV
GNVIDPLDV IHGY
LGNV IDPLDV IHG
VIDPLDVIYG
LGNVIDPLDVIHGVTLOGLHDOLLF

ValRS_Pm/1-1089
ValRs_Pyf1-1077
ValRS_Pfr/1-1046
ValRs_Pv/1-1071
ValRS_Pk1-1070
ValRs_Pb/1-1077
ValRs_Pof1-1138

EE-EAPTEGKREDAAAG-GSPIQES
KE-EALSEGKREDTTAG-DNNVHDN

ValRs_Hs/1-1263
Mal_Csyrichtas1-1265
Mal_Cfamiliaris/1-1264
Val_Mcarolif1-1299
Val_Mmusculus/1-1263
Val_Mpaharif1-1263
Val_Panubis/1-1261
Val_8mutus/1-1275

ValRs_pf/1-1090
ValRS_Pm/1-1089
ValRs_Py/1-1077
ValRS_Pfr/1-1046
ValRs_Pv1-1071
ValRS_Pk/1-1070
ValRs_Pbf1-1077
ValRs_Pof1-1138
ValRs_Hs/1-1263

Val Csyrichtas1-1265
Val_Cfamiliaris/1-1264
Val_Mcarolif1-1299
Val_Mmusculus/1-1263
Mal_Mpahari/1-1263
Val_Panubis/1-1261
Val_8mutus/1-1275

VKKCLKD IV 3 PLLSSMLN
NVDELSQEL IKKCLKD I | PLLLNMV
MFQDLSDELKIQIKKCLKDI | PLLANM
NVEELSDDL I KKCLKD

NVEELSDD IKKCLKD

NVEELSCEQISEIKKCLKD I

I'-IF-'JDLSDEL 3

AL’«’\L;‘-.SD

ASD 5 GLVDPARELGKLQAK
AVASD 5 'L‘JOF’-F’ELGKLQ—'

Motif 21 Motif31
ONKPFEL I
EDKQFEL |
KNTEFEL
[QNEQFEL
PNEHFQL
ENEEFEL
RNTEFEL
EGKQFDL

KQGRNVNLD
GTDALRFGLLTYLKQGRNVNLD FCMKLWNA
GTDALRFGLLTYLKQGRNVNLD 3 FCMKLWN

PECGTDALRFGLLTYLKQGRNVNLD RHFCNKLWN
PECGTDALRFGLLTYLKQGRNVNLD RHFCMNKLWN
PECGTDALRFGLLTYL RMVNLD |
PECGTDALRFGLLTYLK RNVNLD |
PECGTDA
PECGTDALRFGLCAYTS
PECGTDALRFGLCAYTSQGRD INLD

ALP-FG

LRLLHPISPFITEELY
GLRLLHPISPFITEELY
GLRLLHPISPFITEELY

YGLRLMHF | SPF | TEEL)
GLRLLHPISPFITEELY

SLRLMHP | SPF I TEELY
SLKLLHP I SPFITEELY
SLRLLHPIAPFITEELY TDEHNRF
DVGLRLLSPFMPF JTEELF”PLPPPMPOA
QRLPRRTPQA|
TEELFQRLPRRTLOQA
TEELFQRLPRRTP
TEELFQRLPRRTP
TEELFQRLPRRTP
TEELFQRLPRRMPQA

LQASLDSY

(KLQNSLD

(LQNSLD LHSQ I ASVSN
(LQSSLD QI LAMSN
LQSSLDA QILAVSN
SSLDS ND PN 3 C AEKIEELNAQILAVSN
TEKVDQLMSQIASVSN
*TLYAEKIEQLTAQISAVSS
PLEVQEADEAKLQQTEAELRKWVDE!/

PLE"OE.&OEA LC'OTEAELPK

BOEDVLD TWFSSSLVPFSSLGWPNQTEDLETFF
BOEDVLD TWFSSSLVPFSSLGWPEQTED | ENFF
BMCEDVLDT ALVPFSSLGWPEKTKDLDLFF

ALVPFSSLGWPEKTEDLQHFF
BoEDVLDT ALVPFSSLGWPEKTEDLEHFF
BDEDVLDTWF SSALVPFSSLGWPEKTEDLEQFF
BOEDVLDTWFSSSLVPFSSLGWPEKT LDLFF

SALVPFSSLGWPEETEDMMHFF
QO ED VLD TWF
BOEDVLDT
QO ED VLD

EDLSVF

LHRLN |

LHRLNV

LHRLN
LHRLN
LHELN
LHRLN I

PNQSEDLSVFY

PNTILETGQD
PNTILETGQD
PNTILETGQD
PNSILETGQD
PNSILETGQD
PNSILETGQD
PNTILETGOQD
PNTILETGQD
PGTLLETGHD
PGTLLETGHD LnLkLT\:
PGTLLETGHD IVMLGLKLTG
PGTLLETGHD ILFFWVARMVMLGLKLTGKLPFR
PGTLLETGHD ILFFWVARMVMLGLKLTGKLPFR
PGTLLETGHD VMLGLKLTGKLPF
PGTLLETG VMLGLKLTGRLPF
PGTLLETGHD WMLGLKLTGKLPFK

/ARMVMYSLHLMKKLPFKTIYL|
FIVS IHLMKKLPFNTIY
/MVS IHLMKKLPFNTI
MVSLHLMKTLPFNTI
MVSLHLMKTLPFNTI
MVSLHLMNTLPFNTI

KNANDNF E
KSANENFN
KSANENF
KSANESFD
KNANESFDTFNFS
KSANESFDTYNFS
NENFENYNF S

LYELC
YELC

[JWHNEN INSEMNKFMN | VKQFRSF ISTLE |
[BWNNEQVNLEMNTEMI I VKQFRSF | SNLE I
LIWVNEE INAEMNVFMN | VKQFRSF | SNLD |
EWNDEK INSEMNKFMS | VKQFRSF I SNLE |
EWNDEK INSEMNKFMS | VKQFRSF I SNLE |
EWNDEK INSEMNKFMS | VKQFRSF I SNLE |
L\WVNEE INAEMNVFMN I VKQFRSF I SNLD |
(AVNNEVVNSEMNTFML | VEQFRSF I SMLE I

PPKTKLNCF
PPKSKLNCF
PPKTKLNCF

PPKIKLNCY
PPKTKLNCY

PPKIKLNCF
PPKTKLNCF
PPKTKLTCF

IAAKHEEDK |

I AAKNKADE |
ISAKSSKDKEFLE
I AAKSQEDECF I L
IAAKNEEDECF IL
IAAKNEEDECF |

I SAKSSKDKEFLEK
IAAKNEKDE IF I E

ALELALSI
ALELALSI
VKDPEAEAALELALS |
EAEAAFELALS |
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R | RPOCF LIAEYeR RN A L

801

796
764
790
789
796
854
1030
1031
1030
1065
1029
1029
1027
1041

976



AlsRs_PF/1-1408
AlaRs_Py/1-1218
AlaRs_Fb1-1218
AlaRs_Po/1-1274
AlsRS_pmf1-1182
AlaRs_Pufl-1197
AlsRS_Pir/1-1184
AlaRS_Pk/1-1180
Ala_Tgond

Als_Mpaharifl-968
Ala_Cfamiliaris/1-968
Ala_Btaurus/1-968
Ala_Mmusulus/i-968
A

AlaRs_Pf/1-1408
AlaRs_Py/1-1218
‘AlaRs_Pbj1-1218
AlaRs_Po/1-1274
AlaRS_Pmy1-1182
AlaRs_Pvf1-1197
AlaRS_Pir/1-1184
,r.ﬁs_»kﬂ 1180

_au_nnn.a.m -968

Ada_Mrmurinus(1-968

Al cummm-sss
68

AJO_SIIHMIJJ -968
usulusfl-968
}lJ.Jmmum -1002

AlsRs _Pi[1-1408
AlaRs_Pyi1.1218
AlsRs_Pby1-1218
AlaRs_Po/1-1274
AlaRS_Pm/1-1182
AlaRs_Pef1-1197

Ala_ Ea!rﬁ‘ar)um 991
AlaRs_Hs/1-968
Als_Pabeliifl-968
,A:- Panubis/l- 968

Ala_Csyrichtan-968
Als_Mpaharif1-968
AJ. Camiliars/1-968
Ala_Btaurus/1-968
Als_Mrmusalus/1-968
Ala_Bmutus/1-1002

AlaRs_Ff[1-1408
AlsRs_Py/1-1218
AlaRs_Pb/1-1218
AlaRs_Poj1-1274

Al
Als_Beaurus/1-968

Als_Mmusulus/ 968
Als_Bmutus/1-1002

AlaRs_Pi[1-1408
AlaRs_Fyi-1218
AlaRs_Pbj1:1218
AlsRs_Pof1-1274
AlaRS_Pry1-1182
AlaRs_Pvil-1197
AlaRS_Pir2-1184
AlsRS_pk/1-1180

Ala,
Als_Panubis/1-968

Mrnurinus/1-968

Ala_Cayrichtanl-968
aharis1-968

Als_Cfamiliaris/1-968
“Aia_Btaurus/1-965
Als_Mmusalus/1-968
Ala_8mutus/-1002

IMIVYSFSFLIFLYFCLYLNIKESI ILGNCKIILS
1MIICSFI|-LFLY.-IFLNVNKOVYLGi-..RIN----......
IMIICSFII-LFLY-- IFLNTNKQWTLGI---R
SLELNIEQRIIFKI -

IMYLFFHLA-LLLY -
1MFLSCIRE-KVQT~
1MRGALFPW.RLLF -
1MCMS RWKG - HHN - - -
LMRRALFPV - KLLF -
1MLDVPILC-ALLV-

SNYSSLMAFSFK
. KETCKYN
- EYTCKYN

SAWY I IESYTCR- -

SV-GWI -
SLLLSIK
SIS 1K
LLLSIK
LLLSSL

- - KEKMEL -
FPKGNMAL -
PKGHNTL -
PRGHMTL -
PAGAGAL -

SEYSYEMIL
IDEKK -
IDEKK-
K-SVPFGDKKK-

LF
--ILF

RASFLFGSK-E- CRMSRCMR-LSRAL
RAFFLFGSKEE - RMSRCMR - LSRAF
RASFLFWSKEE - KMSRCMR - LSRSF

SSLFTENTYNRSF
LMRGH INS I F

S SVHSE

SIF

LET

r.m:-uru_r
P

TLLF
SR
NDHTLLF
NDHTLLF
PYNDHTLLF
PYNDNTLLF
DNTLLF
PLNDPTILF
PLODPTLLF
FLODFTLLF
PLODPTLLF
PLODPTLLF
PLODPTLLFA

PLODPTLLF
PLODPTLLF

PLODPTLLFAN
PLODPTLLEAN

RPLLECSR -

kKN FSFS- 1
NNPKKYE I THT -H

NIPKKHF ITHT -H
KKKKESKFP IWE - L
A----KREKSENGLAKVQ

-AAKE IKGTLGRG - |
AEKGKTGTLGSE -V
DKGEEGRLGGG - |
LSDVRLASGAASLSSPWESF SLIT-S

-RKKSTFOLLPLHSNKRRRINLF INNDKKKK | KSHSNNNNSN 99

CMLFMHI -
“MLFHH

-TLLSSS -
SLLSGS
sLLSSS

tif 31
SSHAEC I MDD KLINRHIWS I TH - 14F KDDN |- SCSTNDEGOKKYMIAEEVA 395
HTDKNMENGE « 1 -GNKQNEYKYMT|SEQVR 196
=1 -GNKQNEYKYMT|SEQVR 196
-SGKEFEKRYHGEDVPS - ~KGTHNEGKYPEMT|SEQVR 276
==s==---CRGESEKRWCAEEGGH - - DM- - - = - - - ANVS INHVKQ | KGNNNQHN - -N-GVOKRRNSYMS|SEEVR 146
SENQVEKRYNEVEAGMN -GVVGGHDGSLSTAKVGAKEGS - - -NTEGKAPALAASSARRALSAEEVR 214
SGDOVEKRLEG:EAGLN - JovveeHMELVAKAL 1L 5AL I KapEkA. L PALSTRIVL dAeEy R 201
-GEVGRHDGLVT -=-HTMHTRFTLSIAEEVR 157
PDSRAFARIPLVPL - - - - - -----SIHSGKMAMTEEERRA----KIEEISAKGK!KGW EAVR 273
SEve s

KHN
HNDLDD

KHNDLD
HNDLDD
HNDLDD

KMALELLTOEFG I
- -FP-YLPNYEGKINE
FNNSIPSYQGKINE
« +FNDHIPSYQGKINE

- <FN-YLPDYKGRIME

- FT-HLPEYGGKVNE

LRFYBGKVGE
IPPYSGEVGE
ARPYTGEVGA

Additional file 4K: Mapping of motifs discovered in AlaRS family to the multiple sequence alignment



Motif 16

\Yileld
AlaRs_Pif1-1408 735 [IRVEEVETN] 3 YTSE CEEKS MO LQEFNDLFK IR - R | MP TVDHF KYEWHNMC AN - - 885
AlaRs_Py/1-1218 \ \F D [ MEEFNTLE K i 4 || AHE | R VLET IDYHKYNWHNTF ED | K 684
AlaRs_Pb/1-1218 3 LGHCEKDLONEEKVHY I K sGK 2 G : NTLEKK A K 2o [ L E T 1D YHKYHWHNTF EVE K 654
AlsRs_po/1-1274 LSDCFKDLONEEKVNY g g C 0 F c 8 3] - Mo L P TVD YHKYNWKNNEE -
AlaRS_pmyl-1182 5VCV I LGNCFKDLKNKEK 10
AlaRs_pv1-1197 LMKCF TDLKDEDRVNY
AlaRS_Pfr1-1184 LKECFTDLKDENRVNY 3 Lig eexnEMMsmsEr

LKKCFTOLODENRVHY L X : £ kHEIMME EF VSDTNNE
Lo v s A ASENT

DMDGF
DMD G F
Al_pim 1 s L DMNGF
Als_Bmutusl-1002 1 , < £ K PUDLTAL LA DM

Alas_PIf1-1408 -BEDHKD | - }Nlun.amn_ps.m & X HE KHD K 3 ATHMLNEM
AlaRs_Py/1-1218 KEENKHHNL ¥DG-NFLDELVYTONETKEPSSCEK- L 1 RRKL | ACHHTATHLLNF
AlsRs_Pb/1-1218 ¥DG-NFLDEIMHTODEAKEPLSCVK - & LNVQ 3 E ATHLLNF

AlaRs_pe1-1197
AlaRS_Ffri1-1184 /1a L 3
AlaRS_rkil-1180 MK K VDT 3 L 5 ACH L v VNGE G OMKNGD LV -
Als_Tiondii/1-1260 AALMTODAVEAAP I KAKVMA rLwvD L s - G NN LR SGGKASANGD KR -
A, (h.mvm‘mmﬂvsm 1 SHL I >
Hs/1-5) MSNH T
HHT

Ala_Panubisr-968
Als_Mmarinus/1-968
Ala_Csyrichtasl-968
Ala_Mpabarif1-965
Ala_Cfamiliaris/1-968
Als_Btaurusfi-968
Als_Mmusulus/1-968
Ala_Bmutusf1-1002

AlaRs_Fif1-1405 EMS-END INS-HNNYD -NNKEEKGF S |
AlsRs_Py/1-1218 654 SLEDSSAIKNKLEGNSSCHNNSNGSS |

AlaRs_pb/1-1218 SLEDSNTIKNKLEENSSCHNNSNGSS |

AlaRs_po/1-1274 - --KLE-ETQLNG- I VHKE -DKDDGKLLP |

AlaRS_Pm-1182 NDTSHS ECSNGQ-YMTING-KWYNQ-NETHNNSDST |

AlaRs_Fu3-1197

AlaRS_Ffr/1-1184

AlaRS_PK/1-1180 s s
Ala_Tgondiif1-1280 - KexeE VK > ENED |
Ala_Cubiguitum/1-991 - DPHR LE

AlaRs_3/2-968
la

Ala_ -968
Als_Panubis/l-968
Ala_Mmarinus{1-968
Ala_Csyrichtasl-968
Ala_Mpabarif1-568
Als_Clamiliaris-968

Als_Btaurussl-968 A 3

la_Mmusulus/1-968 PDRLRFDF
Ala_Bmutus2-1002 ape - R P A porLrEoE TN

Mohf /

AlsRs_Pif1-1408 ¥ KLADVONYKRTLKENKFELPY | KKYH ILQELEQ |EKT IVEKTKNMOKELFHKAT] 1 COEENRN|
AlaRs_Py/1-1218 VA HV| L TOVONTKR I LKEDKFLPL | KKNK ILEDLE | | EKD I VEKKKNAQKELFHKAMS i = i 1HoENN)
AlaRs_Pb/1-1218 kL TDOVONTER <ILEDLE | | EKD | VEKKKNAQKELFHKAME NOK VLEK ’ ¢ 1HOBENN)
AlaRs_Po/1-1274 3 KL TDOVOSYKRILKEDKFLPYLKKNY |LONLEK IEKN I | EKEKNMOKELFHKAT[S FK L y 1 ToflESH)
AlaRS_Fmi-1182 3 - L KL TDVQNCKR I LKEDKFLPY I KKNC ILQELEKIEKN I | EKTKNMOKELFNKAME = 1vollksn)
AlaRs_Fu/1-1197 KLADVOTYKRVLKEDKFLPY | RKNG ILHNLEK | EKNI | EKTKNMOKELFNKATR K 1ooflEKN)
AlaRS_PFi/1-1184 KLADVOTYKRVLKEDKFLPY | RKNG ILOQKLEKIEKNI | EKTENMOKELFHKAT] 5 QK
AlaRS_Pk/1-1180 K - KL AEVOTYKRILKEDKELPY | RENE | LNKLEK | EKN I | EKTKENMOKELENKATES
Ala_Tgondiifl-1260 APRELAALEKEVAKARGLLDGAGPLPLVGKRSLVKOLEQAOKALLELOKARSKELVKEA- - -
Ala_Cubiguituma-991 FMAKELA

laRs_Hs/1-968 E 3 ] K K

A
Als_Pabel
Ala_Panubisf1-968

Ala_Mmurinusi1:968

‘Ala_Bmutusf1-1002

AlaRs_pif1-1408
AlaRs_Py/1-1218 MKQ KQAAEEV I KKY
AlaRs_Pb/1-1218 s < A KQAAEEW | KKY
AlaRs_Po/1-127+
AlaRS_PmAl-1152
AlaRs_Pv/1-1197
AlaRS_Pir/1.1184
AlaRS_PK/1-1160
Ala_Tpendiinl-3280
Als_Cubiguituma-591

“Ala_Pobalift-968
Ala_Fanubisf1:968
“Als_Minurinusil-968
Als_Csyrichta-968
Ala_Mpaharil-965

Ala_Brutus/1-1002
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AsnRs_cPi-610
AsnRs_Po/l-612
AsnRS_Pfr/1-581
AsnRS_Pk/1-586
Asnfs_Pull-58%
AsnRS_Pm/1-595
Asns_Pb/1-575
AsnRs_Py/1-576
AsnRs_Hs/1-548
Asn_Panubis/1-558
Asn_Csyrichta/1-559
Asn_Cfamiliaris/1-553
Asn_Mmurinus/1-547
‘Asn_Btaurus/1-559
Asn_Mpaharif1-559
Asn_Mmusculus/1-559
Asn_Tgondiif1-676
Asn_Cubiquitum/1-499

AsnRs_cPif1-610

AsnRs_Pufl-56%
AsnRS_Pm/1-595
AsnRs_Pb/1-575
AsnRs_Pyil-576
AsnRs_Ms/1-548
Asn_Panabis/1-558
Asn_Csyrichta/1-559
Asn_Clamiliarisi1-558
Asn_Mmwarinus/1-547
Asn_Btaurus/1-559
Asn_Mpahari/1-559

Asn_Cubiquitumy1-499

Asnfis_cPi-610
AsnRs_Po/1-612
AsnRS_Pi/1-581
AsnRS_Pk/1-5586
AsnRs_Pu[1-584
ASnRS_Pm/1-595
AsnRs_Pb1-575
Asns_Py/1-576
AsnRs_Hs/1-548
‘Asn_Panubis/1-558
Asn_Csyrichta/1-559
Asn_Camiliaris/1-559
Asn_Mmurinus/1-547
Asn_Btaurus/1-559
‘Asn_Mpaharif1-559
Asn_Mmusculus/1-559
Asn_Toondiif1-676
Asn_Cubiquitum/1-439

AsnRs_cPif1-610
AsnRs_Po/1-612
AsnRS._Pir1-581
AsnRS_Pk/1-596
AsnRs_Pu/1-584
ASnRS_Fm/1-555
AsnRs_Pbi1-575
AsnRs_Py/1-576
AsnRs_Hs/1-548
Asn_Panubis/1-558
Asn_Csyrichta/1-553
Asn_Clamiliaris/1-558
Asn_Mmurinus/1-547
Asn_Btaurus/1-559
Asn_Mpaharif1-553
Asn_Mmuseulusf1-559
Asn_Toondiifl-676
Asn_Cubiquitum/1-439

AsPRs_ePi/1-610
AsnRs_Pof1-612
AsnRS_Pi1-561
AsnRS_P/1-586
AsnRs_Pu/l-584
ASPRS_Pm/1-595
AsnRs_Pb1-575
AsnRs_Py/1-576

‘Asn_Ceyrichta/1-559
Asn_Cfamiliaris/1-559
Asn_Mmurinus/1-347

Asn_Tgondiif1-676
Asn_Cubiquitumy/1-499
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“His_Btaurus/1-509
“His_Mmusculus/1-509

HisRs_Pff1-1132
HisRs_Poj1-1074
HisRS_Pm/1-1069
HisRs_Py/1-1032
HisRs_Pb/1-1068
HisRs_Pv/1-1067
HisRS_Pk/1-1056
_HisRS_Pfr/1-1056
_HisRs_Hs/1-509
_His_Pabeliif1-509
_His_Panubis/1-509
_His_Csyrichta/a-509
_His_Bmutus/1-512
_His_Mmurinus/1-509
_His_Btaurus/1-509
His_Mmusculus/1-509

HisRs_Pf[1-1132
HisRs_Po/1-1074
HisRS_Pmy/1-1069
‘HisRs_Py/1-1032
HisRs_FbA1-1068
HisRs_Pv/1-1067
HisRS_Pk/1-1056
HisRS_Pfr/1-1056
_HisRs_Hs/1-509
_His_Pabeliij1-509
_His_Panubis/1-509
His_Csyrichta/1-509
_Bmutus/1-512
_His_Mmurinus/1-509
_His_Btaurus/1-509
_His_Mmusculus/1-509

[WRRR: TOMI LHMN
[WRRR: 7D | | MHMN
[NRIRRL TD I C | HMN
[NRIRRL TD I C | HMN
[NRIRRL TDMI IQTH
[NRIRL TD I 1 IQTN
[NNCIRL TDMIVOTHN

CERESR R RYSNND KNNNQ YMC | DK -
153 ORISR RNRYE -CSSK-V - -
124 GURYS-RRNRITYC S SN - | - -
119 GRS R lrlSM SNTM- - - -

TECTCG-VEGLCPSOISPAPSFSSQKESSH | SNLKKCAKLEY

Motif 14

SIYKSKVFNSKDIVD IS IHEKNLKVEPSSFKDCF LNDKRINIDEL lE‘;IQ-LLNDEIRNNN-NNNYDNSVKKEYIVEKDQN-DEKCNNKKTNVFDIKLN-NOLNY
SINKNKVFSTKDVVEVS | YOKSLKLEPSSFKDTVYKLNENR | N | EE L SLalll-]-agclsIcl . i J ATy S INMLRFKNNLDFMNL I
SVYKNKIFNTRDVLEVSIYG (SN N R SR LS R REA I RE KMDG SH -GVVTEVCSKD -K - INILRFKNNLD INLI
SVYKNKVFNTKDVIEVS INNRVLKLEPSSFKDCFYKLNENRKSVED L S aINg Ichal RE-13 40 -A0 s INILRFKNTLDLNLI
SVYKNKVFNTKDVVEVS INNRVLKLEPSSFKDCFYKLNENRKSVEDL SLalhg IR N1 4 AU INILRFKNTLDLNL I
aV‘fKSI"\F UL CAAYSAYSR N TN S o AR SR L LAY IBA K ADG SF - TTREEVPVGG -E - RO GKPRSYHMDELKCLYFFFL INMLRFKNNLDLNL I
FNTKDVVDVC IHQRHLKLESSSFKDSV (B LGRS MA KGDGLF - INQANVNVGG -E - [JOGKCRSYHMDELKCLYFFFLINMLRFKNSLDLNL I
rkSP’IFrlTKDVVDVCIHC\F‘HLPLEF‘ IR T SRR EINA K IDGSF - | TGTKLNVGGGE - [ TEKSRSYHMDELKCLYLFFLINMLRFKNSLDLNL I

f17

HNAPKEGGQ -
EAPK-GQQ -

- - YLTCCFANLLEIFNLNYDILFMNSFNNNINNSNIKSINNIVSNLKWMLHDEIGEL QRN SRR LY I YTQSKLTDECEYFMNL INQNF KL
- - ¥YLTCCICSLFELFNIDCDILFRNPFNNNVNNSH IQSVNDLISKIKWMIHDERSNSAT4IRSERRENML LFVYTOSKLTDECDYF RN | INQNF KR
- - LTCCLCNILELFNINCDVLFEKNTFNNNVNHSH IHS IND I ISKIKWMIHDERSNLOGIAIRSOTEETRIMLF VYAQSKLTDDCNY IMTL INQNF Klpird

LTCCLCNILELFNINTDILFEKNSFNNNINHNSNIQS INNLISKIKWMLHDERSNSLA A UL R L VINL LFLYTOQSKLGDDGEYFLNT INHNF Klp<al
LTCCLCNILELFNINTDVLFKNSFNNNINNSNIQS INNLISKIKWMLHDERSNSLOId AR CERNINL LFLYTOSKLGDDGEYFLNT INHNF Klers]
LTCCLCNLLELFHINSEVLFKNAFNSNANNSNIQSINEL IGK I KWMTHDERSUS QL CIRIAREFIRL LFVYTOSKLTDDGEYFMYL INQNF Kip&s]
LTCCLCNVLELFQINCDVLFKNAFNNNVNNSNIQSVNEL I SKIKWMTHDERQUIUIYIRY S IRFVIRL LFVYTQSKLTDDGEYFMYL INQNF K213
LTCCLCNVLELFQINSDVLFKNAFNNNVNNSNIQSINEL|SKIKWMTHDEESUSZ OIS CERPVINL LFVYSOSKLTDDGEYFMYL INQNF K&l

MLNDFNMC | SVWLENCS I VFLNAYKTVSLCLY

SNELQRLKEMNT IFND 451
SNEFHKLKDMN IVFNE 433
LSELEGLKKLY I IFND 422
LSELEALKELY I IFND 459
PNELQKFSELNSIFCE 429
FNELQKFSEMNS | FCE 430
FNELQKFSEMNS | FYE 430

-D--VNNSKSFLTELYETOYLKSIENHIANIDG
VNNSKAFLTELYETQYLKSIENHIAIIDG
NTSTGSLLSKLYEEKYLKSIEERFLQMEL
STSSGSILSKLYEEKYLKSIEERFHQMLY
SKSSSSILSKLYEEKYLKS|IEEKFVQMKF

ILND
ILYD
ILYD
11YD
IMYD
IMYD
IMYD
| MYD

DFLEKYFSPYKYEEELNE |
IVINHLFNKLSKYLKPHMYNEE | SE |

IDTPIFELK
IDTPIFELK
IDTPIFELK
IDTP

IDTP

IDTP

SEIKKENKLLIDKLFSILHKNFSAYKYNKEISEI
SEIKKEMKLLSDKLFS|ILHKKFSAYKYNKE ISE|

FELKETLT
FELKETLT

FELKETLTG
FELKETLT
FELKETLTGKY

LKTPKGTRDY YDLKDC

Additional file 40: Mapping of motifs discovered in HisRS family to the multiple sequence alignment



HisRs_Pff1-1132
HisRs_Po/1-1074
HisRS_Pm/1-1069
HisRs_Py/1-1032
HisRs_pb/1-1068
HisRs_Pv/1-1067
HisRS_Pk/1-1056
HisRS_Pfr/1-1056
HisRs_Hs/1-509
His_Pabeliif1-509
His_Panubis/1-509
His_Csyrichta/1-509
His_Bmutus/1-512
His_Mmurinus/1-509
His_Btaurus/1-509
His_Mmusculus/1-509

HisRs_Pff1-1132
HisRs_Po/1-1074
HisRS_Pm/1-1069
HisRs_Py/1-1032
HisAs_Ph/1-1068
HisAs_Pv/1-1067
HisRS_Pk/1-1056
HisRS_Pfr/1-1056
HisRs_Hs/1-509
His_Pabeliif1-509
His_Panubis/1-509
His_Csyrichta/1-509
His_Bmutus/1-512
His_Mmurinus/1-509
His_Btaurus/1-509
His_Mmusculus/1-509

HisRs_Pff1-1132
HisRs_Fo/1-1074
HisR5_Pm/1-1069
HisRs_Py/1-1032
HisRs_Pb/1-1068
HisRs_Pv/1-1067
HisRS_Pk/1-1056
HisRS_Pfr/1-1056

His_8taurus/1-509
His_Mmusculus/1-509

NG G ZIMARR YD L TVPL Y

TNNVNALKRFH
THNLNSL
TNNLNSLKR

NTNNLNSLKRFH

NTHNNLR KRFH

NTNNINCLKRFH

{KLTHN |
MNKLTN | K
MNKL TN |
MNKLTN |
MNKLTN |
MNKLTN |
MNKL TN |
MNKLTH |

YDLTVPFAR
YDLTVPFAR
YDLTVPFARY

DLTVPFAR
A YDLTVPFAR

DLTVPFA
YOLTVPFA

SFDLSLAR
SFDLSLAR
SFDLSLAR

TKLWEND |
CLWEEN |

CLWEED | ¢

(LWEQG |

VO
YQCDFD IVGKFDTLRTDFH
(s
ILF
ILH
ILH
VGKYDTVRTDFH ILF | FWD
KYDTLRTDFHILF | FWD
KYDTLRTDFHILF | FWD
NFDPMIPDAECLKIMCE
AGNFDPMIPDAECLKIMCE
AGNFDPMIPDAECLKIMCE
QCDFD I AGQFDPMIPDAECLK IMCE
YQCDFD | AGQFDPMLPDAECLK IMCE
YQCDFD | AGQFDPMIPDAE MCE
YQCDFD I AGQFDPMLPDAE
YOQCDFDIAGOFDPMIPD

YQCDFD
QCDFD
QCDFD

PLVLIIG

VKDQKIQKQLVYA
VKDQKIQKQL\

YKKNPKLLNQLQ

NPKLLNQLQ

GEQE[MAD G

1

KLNHRK I LEYMLLSCHN |

LEYMLLSSNI
LEYMLLSSNI
LEYMLLSSN IHKDKVKT |
FAICGVSDSKFRTI
LDGMFAICGVYSDSKFRT |
LDGMFAICGVSDSKFRT |
LDGMFAVCGVPDSKFRTI
LDGMFAICGVSDSKFRTI
LDGMFAICGVPDSKFR
LDGMFAI
LDGMF A\

ITIAEEFIRTKNLFCKTKDE -
ITIAETVVKKKCLLS-5GGG -
IAIAEDKVKEKILT--PEEA-
ITIAEDVVRKKMAQLVCSEN -
ITIAED | VRKKMAQLLCSEN -

RDELLNDKG IHIEA

IDKLDKITFQQF
IDKLDKITFQQF
IDKLDKITFQQFRD
IDKLDKITFQQF
IDKLDKITFQQFRDELLNE
RDELLNEKG
KNEMVGE
KNEMVGE
KNEMVGE

= TTNKDNKN
ITTTNDSN-SKGNS
NSRNDSSHCKGTAQNKDTL
TTNSDNTP

~TTNCDNTS

IAIAEGVVKKGGLFVGPGGGGLLTKKEVTY
IAIAEGVVKKGGLLLPPGEGGLLTKKEVTM

I VEQRLEA-
IVEQRLEA-
IVEQRLEA

otif 10

NINDCIQE | KKY

REMTQDKEKSGGERE | NLN AE |

LRELTLDKDRSFGEKE | 3

SKSVGDKE |
KSVGDKE |

KLRELTQDKEKSA

KLRSVTSRE EVDVRRED

KLRSVTSRE \

KLRSVTS \ v KRRTGQPLC I

KLRS 3 VDVRREDLVEE I KRRTNQPLCIC

KLRS 3 VRREDLVEE IKRRTSQPLC |
RS 1 VRR / KRRTSQ
KLRS \ KRRTSQPLC |

GEQE[MNDGVIKLRSVASRE

Additional file 40: Mapping of motifs discovered in HisRS family to the multiple sequence alignment

Vil
10K I

IEFLRNDLNES IFNESY
IEFLRNDLNESTFD

NDLNESNFDENYKK
NFDENYKK

LVEQLLQDPKLSQ

/EQLLQDPKLSQ
/EQLLQDPKLS
/EQLLQDPKLS
/EQLLQDPKLS
/EQLLQDPKLS
/EQLLQDPKLS
VEOLLODPKLSO

NHQNHVNVQ IDENVQNKKKTN I SNKE | KPKSSNNKNNSNNSN - -NNNSE 1004
ITKDHPH - - STVHG 944
~EGISGT---NNNSMICNVVTTSS 940
AN-SSP - - SNNMN 903
AN-SSL - - SNNMN 940
KVASSGNAASSGNAA- -SSGNA 938
KVA--S5SVNV 927




LysRS_Pm/1-583
LysAS_Pk/1-585
LysRS_Pfr/1-585
LysRs_Pv/1-565
LysRs_Pb/1-578
LysRs_Py/1-581
‘LysRs_Po/1-601
LysRs_Hs/1-597
Lys_Panubis/1-647
‘Lys_Pabeliin-625
Lys_Csyrichtaj1-594
Lys_Mmulatta/1-625
Lys_Mmusculus/1-595
Lys_Mmuinus/1-624
Jys_Btaurus/1-623

LysRs_cPff1-583
LysAS_Pm/1-583
LysRS_Pkf1-585
LysAS_Pfr/1-585
‘LysRs_Pv/1-585
LysRs_Pb/1-578
LysRs_Py/1-581
LysRs_Pof1-601
LysRs_Hs/1-597
Lys_Panubis/1-647
Lys_Pabeliifl-625
Lys_Csyrichta/1-594
Lys_Mmulatta/1-625
Lys_Mmusculus/1-595
Lys_Mmuinus/2-624
Jys_Btaurus/1-623

LysRs_cPf/1-583

LysRs_Py/1-581
LysRs_Pof1-601
LysRs_Hs/1-597
Lys_Panubis/1-647
Lys_Pabeliif1-625
Lys_Csyrichta/1-594
Lys_Mmulatta/1-625
Lys_Mmusculus/1-595
Lys_Mmuinus/1-624
lys_Btaurusf1-623

LysRs_cPif1-583
LysRS_Pm/1-583
LysRS_Pk/1-585
LysRS_Pfr/1-585
LysRs_Pv/1-585
‘LysRs_Pb1-578
LysRs_Py/1-561
LysRs_Po/1-601
LysRs_Hs/1-537
Lys_Panubis/1-647
Lys_Pabeliif1-625
Lys_Csyrichta/1-594
Lys_Mmulstta/1-625
Lys_Mmusculus/1-595
Lys_Mmuinus/2-624
Jys_Btaurus/1-623

O e e

MFRYLLPILRYHKNFGSHFYKQHSFPLTILN
MFRDLLPILRYHKNFGSYFYKQHSYSSAILN
MFSDLLPILRYHKNIGSHF YKQHSCSSAILN
MLTLFLSILKNKNFNRQFFFNNKF
MHMLTLLFLPILKNKNLNRQFFFNNKF

-MLSVLLPLFKRKKRPRTEFLYNHFSSVLHVLHLSVIFGK

FAFHRUREEHIF AE A

GDGKR IQVLANY
VGDGEK IQVL
KL IFYDLRGEGV

GVKLQ
YDLRGEGVKLQ
Q

F IDNTHNPEFT

G IDNTHNPEFT
IDNTHNPEF TSC
IDNTHNPEFT

NTHNPEF T

IDNTHNPEFTSCEF
IDLTHNPEFTTCEF YMAYAD
IDLTHNPEF TTCEF YMAY
IDLTHNPEFTTCEF YMAYAD
IDLTHNPEFTTCEFY
IDLTHNPEFTTCEF
IDLTHNPEF TTCEF YMAY
IDLTHNPEFTTCEF
IDLTHNPEFTTCEF

GKVFRNE
GKWVFRNE

VF RNE|
GKWVF RNE]|
GRQF RNE
GRQF RNE|

TELNDPFKQR

(TELNDPF KO

TELNDPFKQf
TELNDPFKQ
AR O LF EEQAKAKAAGDD EAMF
AN LIROLF EEQAKAKAAGDDEAMF
LR R o LF EEQAKAKAAGDDEAMF
SNIAELIROLF EEQAKAKAAGDDEAMF
AL LALLROLFEEQAKAKAAGDD EAMF
UL R o L F EEQAKAKAAGDDEAMF
SR G LF EEQAKAKAAGDDEAMF
SNV GIROLF EEQAKAKAAGDD EAMF

ACLHML PMK
GELSIFPKETI ILSPCLHMLPMK
GELSIFPKETI ILSPCLHMLPM
KKGELSIFPKETIILS
KKGELSIFPKETIILS
SIFPKETILLS
IFPK
LS1
S1IPYEITL
SIIPYEITL
1IPYEITL
IIPYEITL
IIPYEITLLSPCLHMLFPH
SIIPQEITLLSPCLHMLPH
SIIPYEITLL

YDK |
YDK |
DK

IGVEGNPGKTK|
IGVQGNPGKTK

SQLVYHLFGTY SYNKDGPENQPIEIDFTPPY
SGLVYHLFGKYKIL
TLVMHLFGTYK LY
STLVMHLFGT LYMKDGPEKDP IEIDFTPPY
SSLVMHLFGT LYMKDGPEKDP
SKLVYHLFGS LYMKDGPEKDP
SKLVYHLFGSYKILYMKDGPENDPIEIDFTPPYPK
SSLVFHLFGTYKILYNKDGPNNDPIEIDFTPPYPK
TG TYHPDGPEGQAYDVDFTPPFRR
TG TYHPDGPEGQAYD IDFTPPFRR
I TEKK TG TYHPDGPEGQAYDVDFTPPFRR
I TEKM TG VTIYHPDGPEGQAYEIDFTPPFRR
| TEKMVSG TGSYKITYHPDGPEGQAYD IDFTPPFRR
I TEKML TG KITYHPDGPEGQAYEVDFTPPFRR
I TEKLV TG VTYHPEGPEGQAYI IDFTRPFRR
TG VTYHPDGSEGOQAYEIDFTPPFRK

IEIDFTPPY

i
TMFLTNKNS
TMFLTNKNE
TMFLTNKNC
TMFLTNKNE
AMF L TNKNC
TMFLTNKNS
TMFLTNKNS
TMFLTNKNC
AMF LTDSNN
AMFLTDSNN
AMFLTDSNN
TMFLTDSNN

NN
NN
NN

SLEYGLPPTGSLGLG

SLEYALPPTGGLGLG
YGLPPTGGLGLG
YGLPPTG
YGLPPTG

FCTALE

FCTALEY

FCTALE

FCTALE
DEMFCTALEYGLPPTA
DETFCTALEYGLPPTG

=LHFGLKD -
-LHFGLKD -

KEEEGEVDPRLY
EEEAEVDPRL
EEEAEIDPRLY

EEEA

INPYPHKFERT
AYPHKFERT
INPYPHKFERT

VDPRL" KAKG INPYPHKFERT

EEEAEVDPRL

ILNQQEKG |
ILSQQEKGINTYPHKFERT

VDPRL ILEQKEKG INPYPHKFERS

SVDPNQ

ETRYRQRY
ETRYRQ
KETRYRQRY

otif 9
EKMINI I KEH
QPFDSVQTIEKMINI IKSH
PFDSPETINKMINL I KEN
PFDSPETINKMINL I KEN
PYDSPETINKMINL I KENKI
PFDSTETINKMINI IKENNI
PFDSPETINKMINI I KENNI

PETNLFETEETRK
(LPETNLFETEETRK
PETNLFETEETRK
PETNLFETEETRKILDNICVAKD
LDD ICVAKA
LDD ICVAKA!

LDD I CVAKDV

LDD ICVAKAVECPPPRTTARLLDKLVGEFLEVTC

NFLNDKGF |EVETPTMNLY
NFLNDQGFMEVETPSMNLMA
LRNFLNNQGF | EVETPSMNLMAC
LRRFLNDNGF IEVETP TM
IRSFLDELGFLEIETPM
G

N |
IRSFLDELGFLEIETPMI
IRSFLDELGFLEIETPM
IRSFLDELGFLEIETPMI
IRSFLDELGFLEIETPM
IRSFLDELGFLEIETPM|
IRSFLDELGFLEIETPMMN I
|RSFLDELSFLEIETPMMNI

ENKYNBSISP F F
ELPNPPTAAKLLDC
EMPNPPTAAKLLDC
EMPNPPTAAKLLDC
EMPNPPTAAKLLDQLASHF |
EMPNPPTAAKLLDQLASHF I

ENQYPRI4PF F
ENKYPEIPF F

I

I 1EHPQ |

I
ENKYPRISPF F |

I

1

I

1EHPQ |
EN | YORR4P F F
EN | YQRISJF F F
ENLYPIR4PF F

ICDHPQ |
ICDHFPQ |
ICDHPQ |
ICDHPQ |
ICDHPQ |

ECPPPRTTARLLDK

CPPPRTTARLLDKLVGEFLEVTC
ECPPPRTTARLLDK GEFLEVTC
CPPPRTTARLLDKLVGEFLEVTC

Additional file 4P: Mapping of motifs discovered in LysRS family to the multiple sequence alignment

IEHPQ IM

IEHPQ IMSPLA
IEHPQ IMSPLA
IEHPQ IMSPLAK
ICDHPQ IMSPLA
ICDHPQ IMSPLA

IEKY[SDLGNGEHLEDTILNITGR
2 | MR

THHNDLDLDLYLRI
THHNDLDLMNLFLR
THHNDLDLDLYLRI

I MRV

I MR

2 | MR
2 I MR
R1MR
R1MR

I MR

2 I HAK]

IHAK]

t I HAK]

IHAK]

tIHA

IHA

tIHA

| HAK]

THHNDLDLDLYLRIATELPLKML | VGG
THHNDLDLDLFLRIATELPLKML I VG

LOLDL ATELPL
THHNDLOLDL
THHNDLDLDL

HNELDMNL

HNELDMNL

IVEHPQ IMSPL

YHRSKPGLTERLEMF
HRSKP TERLEMF
YHRSKPGLTERLEMF
YHRSKPGLTERLEMF
YHRS GLTERLEMF
YHRSKPGLTERLEMF
YHRSKPGL TERLEMF
WHRSKEGLTERFELF
WHRSKEGLTERFELF VM
WHRSKEGLTERFELFV
WHRSKEGLTERFELF

MSPLA
MSPLA
MSPLA
MSPLA
MSPLA




PheRs_Fif1-556
PhaRs_Pb/1-608

PheRS_Pfef1-561
PhaRs_Pv/1-539
PheRs_mHs/1-451
_Phe_Ptroglo/1-451
Phe_Mmulatta/1-451
Phe_Panubis/1-451
“Phe_Mfascicull-£51
Phe_Mmurinus/1-452
Phe_Cfamiliaris/1-452
_Phe_Mpaharif1-451

_PheRs_pff1-556
PheRs_Pb/1-608
PheRS_Pm/1-635
PheRs_Py/1-589
_PheRS_Pk/1-563
_PheRs_Pof1-627
PheRS_Pfe/1-561
PhaRs_Pu/1-539
PheRs_mHs/1-451
Phe_Ptroglo/1-451
_Phe_Mmulatta/1-451
Phe_Panubis/1-451
_Phe_Mfascicu/1-451
Phe_Mmurinus/1-452
_Phe_Cfamiliaris/1-452
_Phe_Mpaharij1-451

PheRs_Pif1-556
PheRs_pb/1-608
PheRS_Pm/1-635
PheRs_Py/1-589
PheRsS_Pka-563
_PheRs_Poj1-627
PheRS_Pér/1-561
PheRs_Pvf1-539
PheRs_mHs/1-451
_Phe_Ptroglo/1-451
Phe_Mmulatta/1-451
_Phe_Panubis/1-451
Phe_Mfascicufl-451
Phe_Mmurinus/1-452
Phe_Cfamiliaris/1-452
_Phe_Mpaharif1-451

PheRs_PE1-556
PheRs_pb/1-608
PheRS_Pm/1-635
PheRs_Py/1-589
PheRS_Pki1-563
PheRs_Pof1-627
“PheRS_Pir/1-561
PheRs_Pv/1-539
PheRs_mks/1-451
Phe_Ptroglo/1-451
Phe_Mmulatta/l-451
Phe_Panubis/1-451

Pha_Mmurinus/2-452
“Phe_Cfamiliaris/1-452
_Phe_Mpaharifl-451

PheRs_Pi/1-556

PheRS_Pfe/1-561
PheRs_Pvf1-539
PheRs_mts/1-451
Phe_Ptroglo/1-451
_Phe_Mmulatta/1-451
Phe_Panubis/1-451
_Phe_Mfascicu/1-451
Phe_Mmurinus/2-452
Phe_Cfamiliaris/1-452
_Phe_Mpahari/1-451
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SCKEVIITY- - -- - 1 - NSNTCEND ILIRKTHETTSLKNNEYF SD y 142
-QLRRCYSG - ses YVY L QSNLCFNDIL IKNTNDTTSVRNNFYFSDSL 148
DNNLCFND ILIKNTHDTTSTKHNEYFSNS 142

C(NTNDTTSARNNFYFSDS 148

{TNDTTSARNNF ¥ 147

PPDHP SRKKGDNYYLNGNHM 161
FADHP I N RA - 160
M

143 IQKCND -TIYV- - - -
143 YSTLNE -D - - -KNND = = = =« = = 2o = o = HGE I | -NLKKLHG - -GKYQN

RNNFYSENTPMMMIDVNNN | EKKQDN -Y IN--KEI - - - VEN N | D K LHF =]
KINNGNNC IND- -ETGKGGMRKR s M SN IDKLHF
156 YQGEKK- INIGEKKD - - - - - KKKHNCHNEEYA -CSVKMYDEDANFVGKLKMEKNLNKEKNTKGYNLSFGES ALYNDVEKGYDKNLN--ESE---LYNK P T ¥ I N I D KLHF el
143 YSKLME -A- - - KNND - DEII-MNSKKLYG--GKYQN KIDMGDNY IND - - ETGKVGMRKG N 1D KLHF s
149 GRHIPH-C- - -EETP- N H . Q L N RKDN | DKLHF[elt]
143 YQNVDN - K - 3
149 GTHVPQRG - - -AGTL -
148 GRHVPH -G - - -EGSV -

KQLVYFLCELLSNIFGPNYKWRIRKDSFDF TTHS
KEMIYFLCELLSY IFGKNSTWRIKVDSFDFTDTSL
KOLVYFLSDMLSN | FGHTYKWRIKKDTFDFT
KEMVYFLCELLSY | FGKNSTWRIKVDSFDF TD \ VWE |
El
KQLLYFVCEFMSS | FNKTHKWRIRKDSFDF TK ¥ El
KQLLYFLCSMLDS IFGRTHKWRIRKDSFDF THHS
KQLLCFLCSLMDSLFSKTHKWRVRRDSFDF TNHSLQA
YFPETHPSFEME INFHGEWLE
FPFTHPSFEME INFHGEWLE
FPFTHPSFEME INFHGE
*FPFTHPSFEME INFHGE
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FPFTHPSFEME QDR D IRLFV
FPFTHPSYEME v \QDR D IRLF

FPFTHPSFEME \ \ X 2D | RLF W
Vi 13
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RKEVMOEVAQLSOFDEE! - G KGSEKSPDN

Mo Motif \ils)

AN SEQPLCALHKDET | ESKR K i /HQFDKWV c G N K c YQSLN YRIV ALNNAASIKYD PTSNQY N DYQS INLN
AN SEQPLCALHKDETLES S§ K RG /HQFDK I EQFC C SNK C YQSLN YRIV NNAAAITKYD FFPSSNQY NCTDYQS

S LHKDET I ESKY A K XD IR /HQFDK I EQF G SNK < C YQSLN YR NNAAS IKYD FFPSSNQY

FLIATE NN L GIRRES] ey AG\ K RG /HQFDK C G /HKQ C YQSLN YRIV ] NNAAAIKYD FFPSSNQY SNCTDYQSN

AN SEQPLCALHRDETLESKNLPLK K RG /HQFDKWV G N K Q C YQSLN YRIVS NNAAAITKYD FFPSSGQY NCTDYQS INLN

S RG AVHQFDK G N K VHK C YQSLN YRIVS ALNNAAAVKFD r ASNQY \ SNCTDYQSNNLN

RG /HC KV - C KLHEEMIKTCEEFYQSLN YK /N N AAA r i} NCTDYQS INLN

SCFRKEA! XD | RG RAVHC KV - G KLHEEMIKTCEEFYQSLD YK N ALNNAAALKYD r H ) -SNCTDYQS INLN

YL QFIAALHRDEWLRFEDLF I K STCFRQEVGSHGRDTRG IHC | N EMFEEMITTAEEFYQSLGIPY N LMHAASKKLDLEAWF NCTDYQARRLR
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420 - - e e - NATMCATTRT 1 IDQEPS
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s R, - /HMLNATMCATTRT 1 IDQEPS
424 - c e - VHMLNATMCATTRT 1A IDQEPSK

Additional file 4S: Mapping of motifs discovered in SerRS family to the multiple sequence alignment



TheRs_Pf/1-1013
ThrRs_Po/1-903
ThrRS_Pm/1-890
ThrRs_Pk/1-888
ThrRS_Ffr/1-875
ThrRs_Pb/1-890
TheRs_Py/1-935
TheRs_Pvf1-924
ThrRs_Hs/1-723
Thr_Panubis/1-723
Thr_Csyrichta/1-723
Thr_Btaurus/1-723
Thr_Cfamiliaris/1-723
Thr_Mpaharif1-722
Thr_Mmusculus/1-722
Thr_Mcarolif2-722

ThrAs_Pf1-1013
ThrRs_Po/1-903
ThrRS_Pm/1-890
ThrRs_Pk/1-888
ThrRS_Pir/1-875
TheRs_Pb/1-890
ThrRs_Py/1-935
ThrAs_Pv/1-924
TheRs_Hs/1-723
Thr_Panubisf1-723
Thr_Csyrichta/1-723
The_Btaurusf1-723
Thr_Cfamiliaris/1-723
Thr_Mpaharifi-722
Thr_Mmusculus/1-722
Thr_Mcarolif1-722

ThrRs_P§/1-1013
ThrRs_Po/1-903
ThrRS_Pm/1-890
ThrAs_Pk/1-888
ThrRS_Fir/1-875
ThrRs_Pb/1-890
TheRs_Py/1-935
TheRs_Pvf1-924
ThrRs_Hs/1-723
Thr_Panubisf1-723
Thr_Csyrichta/1-723
Thr_Btaurus/1-723
The_Camiliarisf1-723
Thr_Mpaharif1-722
Thr_Mmusculus/1-722
Thr_Mcarolh/1-722
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Additional file 4T: Mapping of motifs discovered in ThrRS family to the multiple sequence alignment



Motif 28

TheRs_Pi/1-1013
ThrRs_Po/1-903
ThiRS_Pmy/1-890
TheRs_Pki1-688
TheRS_Pfr/1-875
TheRs_Pb/1-890
TheRs_Py/1-935
TheRs_Pv/1-924
TheRs_Hs/1-723

PEKLEL I KSK
NPFKLEL I RSK

EYNKLVKENVEFEKMVCTKEEVLELFK
EYNKLVKENVEFE CTKEEVLELF

KENAEFEKL ICTKEEV

KEKQAFERLEVKK
Thr_Panubis/1-723 KEKQAFERLEV
Thr_Csyrichta/1-723 KEKQAFERLEVKKETLLEMF
Thr_Btaurus/1-723 KEKQAFERLEVKKETLLEMFK
The_Cfamiliaris1-723 KEKQTFERLEVKKETLLEMF KYNKF KTLK /EGKADMETLQR |
Thr_Mpahari/1-722 KEKQTFERLEVKKETLLEMF rmFrv‘P \r:Tu' WEGKADMETLQRI
Thr_Mmusculus/1-722 KEKQTFERLEVKKETLLEMF N KC G K EGKADMETLQR I
Thr_Mcarolif1-722 KEKQTFERLEVKK VEGKADMETLOR I Y

Wio

RRFQQDDSH | FCSMEH | KQEVLNTLNFLFY

IHFH\I‘.!P QELYFF
MRDHRK IGRDQELYFF
EKFQEEAKNRDHRK IGRDQEL
EKFQEEAKNRDHRK IGRDQELYFF
EKFQEEAKNRDHRKIGRDQELYFF
GRDQELYFF
RDQEL
RDOEL

KALK /EGKADME TLQR I
KTLK JEGKSDMETLQR I

ThrRs_Pf{1-1013 NLFGFKYELFLSTRPKKF

XSLP IRLADFGVLHRNE

TheRs_Po/1-903 RRFQODDSHIFCSYEH IKTEVLNTLNFVFF IYDLFDFKYELYLSTRPKKY
ThRS_Pmy/1-890 RSLP IRLADFGVLHRNE IFCSFEO TKEVVNTLHFLFFVYDLFGFKYELFLSTRPKK
TheRs_Pk/1-888 IFCTFDQ IKEEVLNTLHF IFF IYDLFGF ELFLSTRPKKF
ThrRS_Pfr/1-875 PGHCHJFI:GLHAS' IFP.TFC\Q KEEVLNTLHF IFFIYDLFGFKYELFLSTRPKKF
ThrRs_Pb/1-890 PGHCL | FKQLN CS Al 3 Q IFCSLDH LQF I FFVYNLFGFKYDLYLSTRPPKY
ThrRs_Py/1-935 IFCSLDH DLYLSTRPPKYIGD |
TheRs_Pv/1-924 RRFQODDSHIFCTFEQ IKEEVLGTLNF IFF IYDLFGFKYELFLSTRPKKF IGN |
TheRs_Hs/1-723 RRFQQDDAH | FCAMEQ | EDE CLDFLRTVYS FSFKLNLSTRPEKFLGD |
Thr_Panubis/1-723 VQH Y SENMF S K NCPGHCLMFDHRPRSWRELPLRLADFGVLHRNELSGAL TGL TRVRRFQODDAH | FCAMEQ KGCLDFLRTVY GFSFKLNLSTRPEKFLGD |

Thr_Csyrichta/1-723
Thr_Btaurus{1-723
Thr_Cfamiliaris1-723
Thr_Mpaharif2-722
Thr_Mmusculus/1-722
Thr_Mcarolif1-722

NCPGHCLMFDHRPRS
PGHCLMFDHRPRS
PGHCLMFDHRPR
PGHCLMFDHRP

ELPLRVADFGVLHRNELSGTLTGLTRVRRFQQDDAH | FCAMEQ
ELPLRVADFGVLHRNELSGALTGLTRVRRFQQDDAH | FCAMEQ | EDE

1

|

EDE |

1
ELPLRIADFGVLHRNELSGALTGLTRVRRFQODDAHIFCAIEQIEDEI
I

I

1

KGCLDFLRTVY
KGCLDFLRTVY

KGCLDFLRTVY

GFSFKLNLSTRPEKFLGD |
FGFSFKLNLSTRPEKFLGD I
IFGFSFKLNLSTRPEKYLGD |
FGF‘JFRLHLSTFF‘EKFLGDl
FGF‘SFkLIJL‘: T F'E!"FL

ELPLRLADFGVLHRNELSGALTGLTRVRRFQODDAH |FCAMEQ | EDE
ELPLRLADFGVLHRNELSGALTGLTRVRRFQQDDAH|FCAMEQ | EDE

ELPLRLADFGVLHRNELSGALTGLTRVRRFOODDAHIFCAMEQ IEDE

ThrRs_Pf/1-1013 -NVHNMMNYP INHDDLHN - M-EK- -KEF-KDSQ-

Thrs_Fo/1-903 -TVERTEERT----EERT- E-KR----TEE-QNTQ-

TheRS_Pm/1-890 EHADLENGSTGGGETK- - - -KDYGYDGG -

nfﬂl_’m-”ﬁ PICICI IR VAEK:===G===-E=-GN-=-

TG B L UL P C RF L QY KN K E R T R - AMCK- - --R---E-EV-

ThRs_Pb/1-890

TheRs_Py/1-935

Thefs_Pv/1-924

ThrRs_Hs/1-723 LPIPFHL'Ir IVHRA I

Thr_Panubis/1-723
Thr_Csyrichta/1-723
The_Btaurus/1-723
Thr_Cfamiliaris-723
The_Mpaharif1-722
Thr_Mmusculus/1-722
The_Mearolifl-722

LPIRFNLTY /IVHRA |
FNLTFVSHD

LPIRFNLTFVSHD

LPIRFNLTY

LPIRFNLT

LPIRFNLT IVHRA |

TheRs_Pi1-1013 926 UIELASANIND T

ThrRs_Po/1-903 p:-3MN L F DV EV(=1U] IREA QLLQFNF

TheRS_Pm/1-890 s08 AV T IREAQLKQFNF

ThrRs_Pk[1-888 HF FDVE | oRg K IREAQLNQFNF

ThrRS_Pfr/1-875 787 LA RVD T X IREAQLNQFNF

TheRs_Pb/1-890 806 JIM=AN=RND | K IREAQLKQYNF

TheRs_Py/1-935 851 CINsRNRND | KKIREAQL

TheRs_Pv/1-924 b2 JH L FDVE | [+] :IPE’-OL GEKELTTNT

ThrRs_Hs/1-123 644 < IRNAQLAQY GEKEKISGT Lol
Thr_Panubis/1-723 44 IRNAQLAQYNF VGEKEKISGT ETMERLQQL
Thr_Csyrichta/1-723 644 IRNAQLAQYNF ETIERLQQL
Thr_Btaurus/1-723 644 B X IRNAQLAQYNF | LVWGEKEKTSGTVNIRTRONK] ETIERLQQL
Thr_Clamiliaris1-723 644 § X I|RNAQLAQ LVIGEKEKASGTVNIRTRDNEK]|

Thr_Mpaharif1-722 643 B KIRNAQLAQY /NIRTRDNK

Thr_Mmusculus/1-722 643 &
Thr_Mcarolif1-722 [ZEJAKFMADTDLDP

K IRNAQLAQ \ KASGTVNIRTRONK

GETLNKKIRNAOLADYNE EETGRRLOOL

Additional file 47: Mapping of motifs discovered in ThrRS family to the multiple sequence alignment

NQAEKQLENSL
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YNKL
YHNKLIN
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FSCDLWK
FSCDLWR
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19
e
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