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Supplemental Methods. Creation of Modified Sprinzl Database. The 1999 

version of the Sprinzl database (820 sequences) was back-translated into DNA 

sequences using a Perl script called SPRINZL2FAS accounting for 

posttranscriptional modification codes and then compressed into 663 unique 

sequences. Of these 663, the 5 sel-cys tRNAs were removed and three Ala 

tRNAs that lack the G3-U70 base-pair which is extremely important for Ala 

identity (cite Martinis and Schimmel). All other Ala tDNAs had a G3-U70 

pair. The exceptional removed Alas were  RA1540 from Bacillis subtilis,  ref. 

(H.ISHIKURA, K.MURAO, Y.YAMADA, EMBO-FEBS MEETING, 

STRASBOURG, JULY 1980). A search of Bacillus subtillis tRNAs from the 

genome (tRNAscan-SE) does not indicate any tRNAs with this sequence. The 

discrepancy could come from a sequencing error in the tRNA, in the genome 

(less likely) or a strange mutant. Similarly lacking the G-U pair against 

genome evidence were RA1661 (R.J.WILLIAMS, W.NAGEL, B.ROE, 

B.DUDOCK (1974) BIOCHEM. BIOPHYS. RES. COMM. 60, 1215-1221) 

from E. coli, and  

and DA1730 (A.WILMOTTE, J.NEEFS, R.DEWACHTER (1994) 

MICROBIOLOGY 140, 2159-2164) from TRICHODESMIUM SP 

 

The remaining 655 tDNAs were split into pregenomic (415 tDNAs) and 

postgenomic (240 tDNAs) datasets. Sprinzl annotations in the pregenomic 

dataset were screened in three ways: 1) internal consistency by exact sequence 

matching, 2) tRNAscan-SE-based anticodon identification, 3) internal 

consistency by profile-scoring with TFAM. Using criteria 1 and 2, 1 back-

translated tDNA was a duplicate of another tDNA in the pre-genomic set with 

conflicting identity annotations. Using tRNAscan-SE to identify anticodons 

and disambiguate the identities, DC1230 and DK1230 were assigned Lys 

identity. TRNAscan-SE found two more incorrect annotations: DI1821 with an 

ala anticodon and DE1201 with a phe anticodon. TFAM was then used, with 

this corrected pregenomic dataset as both training and test data, which 

confirmed these annotation changes, indicating that these sequences have 

typical bacterial identity elements as well as anticodons. In addition, TFAM 

suggested these additional changes, which were inspected, and changed or not 

changed for the following reasons: RM1580 as an initiator (identical in 



sequence to RX1581, confirmed with TFAM as an initiator, has bacterial 

conserved C1:A72 basepair for initiator identity); DM1231 as an initiator 

(initiator by TFAM, has conserved C1:A72 basepair); DM1660 = DM1750 = 

RM1660 (“=” indicates “identical in sequence to”, annotated as Ile by TFAM, 

left as Met because of RNA evidence in SprinzlDB); DN1230 (Thr identity in 

TFAM, but confirmed Aln anticodon by tRNAscan-SE); DV1230, DV1480, 

DV1540 = RV1540, DV1720 and DV1570 (Ala by TFAM, but lacks G3-U70 

basepair, so left as Val), DV1661 = RV1660 and DV1662 = RV1661 (Ile in 

TFAM, left as Val because of RNA evidence). After these changes, a 

resubstitution analysis with TFAM converged (results were the same as the 

last round). 

 

The postgenomic data was then analyzed with tRNAscan-SE (prokaryotic 

tRNA covariance model), with TFAM using the converged pregenomic 

annotation training data, and with BLAST. To use BLAST, the pregenomic 

data was made into a database with formatdb. Postgenomic data was 

BLASTed against this database with blastall and parameters to increase 

sensitivity (-q –1 –r 1 –W 7 –G 2 –E 1). The results of this analysis were 

compared with the output of TFAM and tRNAscan-SE. In the cases in which 

the results of all three analyses did not agree, the tRNAscan-SE annotation was 

preferred except when the tRNA in question had a CAU (Met) or UCA 

(STOP) anticodon or was annotated as a Pseudo-tRNA by tRNAscan-SE, in 

which case the BLAST annotation was preferred.  

 

 

Supplementary Table 2 

 

 Results of “leave-one-out” cross-

validation analysis comparing the 

ability of different methods to 

recover the annotations assigned 

in the Modified Sprinzl Database 

(“Accuracy”) generated as 

described in the preceding section.  

 Accuracy 

HMMer Local (638/655) 97.4% 

HMMer Global (637/655) 97.3% 

TFAM (636/655) 97.1% 

COVE (636/655) 97.1% 

Infernal (623/655) 95.1% 



 

 

Parameters for analysis:  

 

HMMer Local: Separate HMM models were made for each identity class and 

each leave one-out-dataset. Models were built using hmmbuild –s –nucleic 

from training data separately prealigned with covea and the TRNA2-prok.cm 

covariance model (Lowe and Eddy, 1996).  Data scored against all models 

using hmmsearch –A0. The model with highest score was taken to be the 

annotation. 

 

HMMer Global: Separate HMM models were made for each identity class and 

each leave one-out-dataset. Models were built using hmmbuild –g –nucleic 

from training data separately prealigned with covea and the TRNA2-prok.cm 

covariance model (Lowe and Eddy, 1996).  Data scored against all models 

using hmmsearch –A0. The model with highest score was taken to be the 

annotation. 

 

TFAM: Coveam models were made for each leave-one-out dataset as in the 

text, and ran with tfam –m 

 

COVE: Separate covariance models were made for each identity class and 

each leave one-out-dataset. Models were built using coveb from training data 

separately prealigned with covea and the TRNA2-prok.cm covariance model 

(Lowe and Eddy, 1996). Data scored against all models using coves. 

 

Infernal: Separate covariance models were made for each identity class and 

each leave one-out-dataset. Models were built using cmbuild from training 

data separately prealigned with covea and the TRNA2-prok.cm covariance 

model (Lowe and Eddy, 1996). Data scored against all models using cmscore. 

 

 

Results: The TFAM methodology performs as well as COVE but is faster, 

because of the incorporation on COVEMF into TFAM.  TFAM performs 



better than Infernal and slightly less well than HMMer. The advantage of 

TFAM over HMMer is that TFAM outputs alignments of all data tRNAs to a 

models that are themselves mutually aligned. This can then be used to analyze 

tRNA identity determinants such as in the accompanying article (Freyhult et 

al.)  

 
 

 



Supplememtary Dataset 1



           TEKQVYRIDN E--RKQVLRF DLTVPFSRFA AQYMSFPFKR YQLGKVYRGE RNQKGRYREF
           TEKQIYRFNK G--TDLSLRF DLTVPLARYV SQHFSFPFRR YHISKVFRGE RNQKGRFREF
           GDNIIYGLEP ILPEARALKF DQTVPLAAYI ARHLNFPFAR YQMDVVFRGE RAKDGRFRQF
           TSKEIYLLSR LQEERLGLHF DLTVPLSRYV VEHSGFPFKR WQIQKVWRGE RPQEGRFREF
           TSQEIYTLQR LQAARLGLHF DLTVPFARYV AQHFNFPFKR YQIQRVWRGE RPQEGRFREF
           TDRQLYSFED NGGRPVGMRF DLTVPLARFA AQHIGTPFKR YHIAPVWRGE KPQEGRYREF
           TEKQMFRFVD KGGRDVALRF DLTVPLARFV ATHYAFPFKR YHFAKVWRGE KPQMGRYREF
           TEKQIYRFKD NGGRDVSMRF DLTVPFARFV ATNISLPFRR SQFGKVFRGE NSQKGRYREF
           VVKQLYAFKD KGGRDVSLRP DMTSSVARLY VNMFQKPIKW YYIANMFRYE EPQSGRYREF
           IRKQLYVFKD HGGREMALRP EMTSPVVRFY LNELKKPLRL YYFANCFRYE RPQAGRFREF
           IIEEMYVFKD KSGRDLALRP ELTAPVMRMF VNECSKPLRF YYFANCFRYE RPQKGRYREF
           VVNQIYHFTD KGGRELALRP ELTAPVARLY MNEMQKPIKM YYFGSCFRYE RPQAGRFRQF
           IRDQLYCFED RGNRRVALRP ELTPSLARLV IQKGKLPLKW FAIGQCWRYE RMTRGRRREH
           LLQQTYSFVD KGGREVTLIP EATPSTVRMV TSRKDRPLRW YSFPKVWRYE EPQAGRYREH
           LLNQTYSFTD RGGREVTLIP EATPSTVRML TSRKDKPVRW YSFPKVWRYE EPQAGRFREH
           IVDELYSFTD QGGRDVALTP ELTPTVARMV VAKQQKPIKW YSSRPFWRYE EPQQGRFREF
           VERQLYDFID KGERRVAIRP EMTPTLARMV AGNLRKPVRW FSIPNLWRYE QPGKGRLREH
           DSKLIYDLKD QGGELLSLRY DLTVPFARYL AMNKLTNIKR YHIAKVYRRD NPAMGRYREF
           DSGLMYDLKD QGGELLSLRY DLTVPFARYL AMNKVKKMKR YHVGKVWRRE SPTIGRYREF
           MQEPDLFLPK SRGLAEGNRG TLTVPFARYL AMNKLKRMKR YQVGKVWRRE SPAIGRYREF
           DSKLIYDLKD QGGEILSMRY DLTVPLARYL AMNKI-SIKR YHIAKVYRRD NPAMGRYREF
           DSKLVYDLAD QGGELCSLRY DLTVPFARYV AMNN-SAIKR YQIAKVYRRD NPSKGRYREF
           DSKLIYNLED QGGELCSLRY DLTVPFARYV AMNN-QSIKR YHIAKVYRRD QPAMGRMREF
           DSKLIYDLQD QGGELCSLRY DLTVPFARWL AMTSTQQVKR YHIAKVYRRD QPAIGRMREF
           DTKLIYDLKD QGGEICALRY DLTVPFARYL ASNKI-RMKR YQIGRVYRRD QPSIGRLREF
           ILKEIYTLQD QGKRDLALRY DLTIPFAKVV AMNPNLPFKR YEIGKVFRDG PIKQGRFREF
           VQKEMFVFED RKGRKLALRP EGTAGTVRAF IQHKLPYVKL FYEGPMFRYE RPQAGRYRQF
           VQKEMYTFED KGGRSITLKP EGTAPAVRAF IENSLQPTKM FYFTPCFRYE KMQKGRLREF
           VQKEMYSFQD RGERSLTLRP EGTAPVVRSY VENKMQPTKL YYIGQMFRYE RPQAGRYRQF
           VQKEMYTFED RKGRSLTLRP EGTAAAVRAF NENKLQPTKL YYVGPMFRYE RPQTGRYRQF
           VEKEMYTFED RNGDSLTLRP EGTAGCVRAG IEHGLQEQRL WYIGPMFRHE RPQKGRYRQF
           VGKEMYSFTD RGDRPITLRP EGTAGVVRAY IEQNLGVQRL WYTGPMFRYE RPQAGRQRQF
           VTKEMYTFTD RSGDSLTLRP ENTAGVARAF ISGGLVPVKL FYRGPMFRHE RPQKGRLRQF
           MSKEIYSFVD KSNNAVALRP EFTSGIIRSF ISNGLLPLKF FSTGPVFRYD RPQAGRQRQF
           ISKEIYSFLD KSNDFVALRP EFTACIIRSL ISNRLLPLKF FSTGPVFRYD RPQAGRQRQF
           --NSMYRFFD KKGNILALRP DVTAQIARIV STKLEYPLKL CYVANVYRYE DTQVGKMREF
           DEEKMYKFFD EKGRIIVLRP DMTIPLARVV GTQRCTPLKV TYSGNVFRAN ESLAGKYNEI
           -EQQLFKLLD QDGKTLVLRP DMTGPIARVA ASKLLHPLRV GYAANVFRAQ EREGGRPAEF
           GSKEAITFKD SYTESFGLRL DFTTQVVRTI SHLRNLPERV YYFGKVFSLD RRGF----EK
           QRSAVIQVQS DEESGLGLRP ELTASIARAA VTRLALPLRL YYLANVFRPA FQGDLQQREL
           ----AFKLID SGGQVLALRS EYTTALGRLV GTHFPFPLRL QYGGRLWLRT QTSEGRLREF
           LDLRTFKVTD PASRLMGFRA DITPQVARMD AHSLRGPSRL CYAGSVLHAQ PRAL-TSRSP
           SLKTILVTDR LSGRQLGIRA DITPQVARID AHLLSGINRL CYAGPVLHAQ SDGLLNMREP
           TAGQTFRVMD PITRMMGLRA DITIQVARLA ASRLARPLRL TYSGQVLRVK GTQL-PERQF
           LRRRIFLTEN ENGDSLCLRP EFTIPVCRNH IALNATPKRY AYLGEVFRQR RDGA---AEF
           LRRRIFMTES ETGESLCLRP EFTIPVCLRH IETATTPKRY SYLGEVFRQR REGA---SEF
           LRRRIFMTES ETGESLCLRP EFTIPVCLRH IETATTPQRY AYLGEVFRQR REGS---SEF
           LRRRIFLTES ETGQTLCLRP EFTIPVCLDH ISSQATPRRY SYLGEVFRQR REGG---NEF
           MRSRLFVVSG EAGEEACLRP DFTVAVARQH FEGGGGAGRR RYEGKAFRVA PRGSDRAEEF
           IRARAYVTSD PLRGEMMLRP DFTVPVVQAH MAEGAEPARY TYMGEVFRRQ EHAGPRASEY

           TQCDFDFIGS ESLVCDAEII QVIIASLKAL DLEDFCVSIN HRKILNGICE YFGAQ---VN
           TQCDFDFIGS ESIGSDAEII QVIYASLKAL GIERFTISMN NRKILNGICD YFGKEQ--TS
           YQCDGDVIGS DSLMNEVELI QIISEVFRRL GIR-TRILLN NRKILSGIAE VVD-EADRLT
           YQCDADVVGS DSLLNEVELM QIVDTVFSRF NIR-VCIKIN NRKILSGIAE IIG-EADKIV
           MQCDADVVGT DSLLCEAEIV LMIHEAFAAL GITDFVVKIN NRKILSGIAD AIG-KEGSEA
           MQFDADIVGT PTVAADAEIC MMAADSLQKL GFQHYVIRLN NRKILDAVLE KVGEQAQRRL
           MQFDADIVGT PTVAADAEIC MMAADSLEKL GFQHYVIRLN NRKILEAVLE QIGEKAEKRL
           MQFDADTVGA AGVQADAEMC MMMADTMEAL GIARYVIRVN NRKVLDGVME AIGDNAGRRL
           MQFDADTVGA AGVQADAEMC MMMADTMEAL GIARYVIRVN NRKVLDGVLE AIGEQTNTRL
           MQFDADTVGA PNVSADAEMC MMMADTLERL GIQRYAIRVN NRKVLDGVLD AIGGNAAKRL
           MQFDADTIGT PGVAADAEMA MMMADVMEAL GIKRYVIRVN NRKVLDGVLE AIGENIGRRL
           MQFDADTVGS ATPAADAEIC MMAADTMEAL GVQRYVVKVN NRKVLDGVLE AIGENAARRL
           VQCDADIVGS PYPEADAEIV SLAVDSIDAL GLPGFRVRVN DRRLLAGVFE EELG-FDNPL
           MQFDADTVGA PNVSADAEMC MMMADTLERL GIQRYAIRVN NRKVLDGVLD AIGLNAAKRL
           MQFDADTVGA PTAAADAEMC MMAADTMEAL GIPRYVVKVN NRKVLDGVLE SIGLNAGRRL
           YQCDADTVGS ASMAADAEIC AMLSDTLETV GIPRYVVRVN NRKVLNGVLE TMGLDEGQRD
           HQIGAELIGA ESPLRDAETI AMAQDILREL GLGD-----H VTLELNTLGD LASR-QAWRE
           HQIDAEVIGA AEPEADVELL SLADQLLESL GIKQ-----H VTLHLNTLGD SASR-EAWRA
           HQINFEVFGI EDPKADIELI SLAQHLLTEF GINK-----N VKLEINSLGD GETI--KYRE
           HQINFEVFGV ENPKADIELI SLAHHLLTEF NISK-----N VRLEINSLGD SETI-AKYKE
           HQINFEFFGS DSPIADVEMI SLCYNILSEL KLSD-----R IKLEINFLGD QETI--SYKI
           HQINYEHFGA G-CTADAELM ALAYDILGAL NLRSVQLEIN SLGNQDSILG YRNS------
           IQCDADTVGS ARPEADAEII AMAVEGLEAA GLPRAVLKIN NRKLLNGLLT AA-DSAGQKL
           VQCDADIVGS PYPEADAEIV SLAVDSIDAL GLPGFRVRVN DRRLLAGVFE EE-DNP---L
           YQFDLDIVGS ASPLADAEIV AMLCEALTAL GFPGFVTLLN HRQIIGGIAR VSGEAAG---
           YQCDIDVIGK QSIRYDAEVL AVIHAVFSEL GIGDFQVQLN NRKVLRGFLE SQGRDGDLQL
           YQCDIDVIGK DSIRYDAEVL AVIHAVFAEL GIGDFKVQLN NRKLLRGFFE SLGAEGELQL
           YQCDVDVVGN GSIKNDAFII NMASKALRKI GLDSYKFQIS NRKILTGVLE GLNTN---MQ
           YQCDIDIIGN GSIINDAEIP SIIYQTFKEL GFEDFTIRIN NRKVLNGFFE GTDED---RK
           RQCDIDVVGR ESLLYDAQMP AIITEIFEAV NIGDFVIRIN NRKVLTGFFQ SLNSETQ-IK
           VQADIDVIGA GPDHYEVELP LVMVEELRAY GLPKATVHAN NRKLSEGFYR GLGTD---VE
           TQCDIDVINV DPLHFDAELP RIVHEVLTGL DIPAWTLNIN NRKVLQGFYE GLGTD---PL
           VQCDFDTIGT TSELADIEAV CVIDALLRAI GIDAFTISIN NRAILTGLLE SLG-LADKTT
           TQCDFDIVGS DSVCADFEIL KSIR-MLYMA GAEH--IHVA HRGLFDRFLR ALS-LSDQAE
           MQFDFDIVGE DTFRGDAEIL SVVYEEIFLN FIEGFIIHYS HIGILNSFFE KLG-LKEKSI
           WQAGVELIGS DKVEADAEVI ALFVESYLAT GLREFTVNIG DRILLDEFAK MLG--VKDDI
           WQMGCELIGC KEPLADAEVL NLAMDGLINI GLD-FDVHIG HLGVLKGVLE KFNVSEEEEV
           WQFGVELIGS ESYLADAEVI ILADKILKDV GVN-FSLEIG HVGIMRHLLK PIG--EDRAS
           WQFGCELIGG RSPLAEAEVI SLASESLHEL GLDGFEVHIG HLGILRGILG REEIPSELQD
           YQWNMDIIGV PQVTAEAELI SSIVTFFKRI GITAVGFKVS SRKVLQELLK KYGVPEDLFG
           YQFNADIFGS DSPEADAEVI ALASSILDRL GLQDYEIRIN SRKIMEEIIG GMT--SSDPF
           YQFNADIFGP SNEEADAEII SLASGILDGL GLSGYEIRVN SRIMMEDILN GMG--IADPY
           YQTNLDIFGT SDPRADAEVL AVAADGLTSL GLTGFEFRVS HRDILGGLLA AFD-ATVDTE
           WQLNVDLFGV DSHRAELEIL LIADSILKKF GAPIYQIKVS HRKLLDSFLK NSLLNGDQVH
           YQCDFDIAGN FPMIPDAECL KIMCEILSSL QIGDFLVKVN DRRILDGMFA ICGVSDSKFR
           CQCDFDIAGQ FPMIPDAECL KIMCEILSGL QLGDFLIKVN DRRIVDGMFA VCGVPESKFR
           CQCVSGLTGT APMIPDAECL RIMCEILSGL QLGDFLIKVN DRRVVDGMFA VCGVPESKFR
           YQCDFDIAGT YPMLPDAECV KIVSEILDTL DIGDYVIKLN HRQLLDGMFQ ACGVPADSFR
           YQCDFDIAGV Y-MEPDFEVV KVLTELLDKL DIGVYEIKLN HRKLLDGMLE ICGVPAEKFR
           YQCDFDVAGT F-MVPDSECL SILVEGLTSL GIKDFKIKLN HRKILDGIFQ IAGVKDEDVR
           HQCDFDIAGV Y-MIPDAEIL RIIVEVFDAL KLG-ITIKLN HRKILDGLFA VAGVPAEKIR
           VQADFDIAGE C-MMADAEVV SCVDRILSMF GIGEYRIKVN DRRILTSILE VVGVSCESYG
           IQCDVDIVGV E-VMAEAELM SMAFELFQTL NLEV-TIQYN NRKLLNGILQ AINIPTELTS
           HQIGAEVFGV A--HADAEII KIVYDILQAL GIKGVVVEIN SLGCKK---- ---DREAYRE
           HQYGIEVFGS QEASIDAEIL SLVMALTEDF GIKGLSLNIN SLGCPKCRAK FNE-------



           VQFGIEAIGS NDPAIDAEVI ALAVEFYRGM GLKN------ IKVVLNSLGD AAS-RQAHRD
           YQFGIEAIGS KDPAIDAEVM ALAM-IYEKA GLEN------ VKLVINSLGD QDS-RKSYRE
           HQLGCEVFGL QGPDIDAELI MLTA-WWRAL GISEVTLELN SIGSLEARAN YRD-------
           HQLGVEVLGS ADPRADVEVI ALGTDILKAL GLSN------ LSLALNSVGN GGD-RQRYRE
           HQVGVELIGA E-PLADVEVI ALGSQLLGAL GVGG-----R TILHLNSLGD PES-REAYRA
           HQLNYEYLGA K-AITDAETV KLAVDILKAL EIEE-TLELN SLGCHESRIV YQQ-------
           HQLNYEYIGA K-AITDADTL KLAVDILKAL EIEQ-TLELN SLGCNESRSV YQQ-------
           TQAGVELIGT NHEESDAEVI ALSIEALKST GLKDFKIDIG HAEVFGSIVR NLNLGNEDVN
           VQSGIEVIGI D-VRAEIECV ISVIQSLQKL RVQSFTIEIG QVQLYKCIVK KLSIHEEEEK
           EQVGVELIGD GTTSADAEVI ALVV-ALKNA GLASFKIAIG HAGIADALFV EVL-NVERAD
           LQTGVELIGE KSILADFEVI QVLTEFLKSL GLKDLKVILS HAGIVRKVAD ERE-------
           FQAGVELLGV GGTLADAEVL HVLADALAEL GFGQWHLVVG EASLTRSLLQ PFP--KDLRE
           NQVGAELIGV T-VQADAELL ALAHAALGQA GVQA-QLEVG FPGFVDAALT DAGLPGPVRA
           IQLGAELYGD PSPASDVEVI SLMLEMLEMA EVPDVHMDLG HVGIYRGLAR AAGLSGEVEQ
           LQAGAEMYGF A-IRGDIELI DLMLKSMKIA DMGKVLLSLG HIGIFRALSD AAHLDAGQSA
           TQAGIELIGA GGVDAIAESV LLTVEALAQA GLPRVTVDLN CPPLVPALCR ALGLSEDLAG
           LQAGIEDLGA AEAASDARSL ADAL-CVKAI APDALEIVLG DQSVFAGMLK ALGLPQGWRK
           YQAGIEDLGD TIAAADARVV IDATAILQRL LPGRLAVTLG DQQVFEAVVA ALGLPLGWQK
           YQAGIEDLGD PTAAADARVV GDAM-FVLAN RLPGLKVTLG DQSVFEAVIA ACGLPGGWQK
           FQAGIEDLGD RTAQADARSV ADAH-ALLSL VLPGLAVTLG DQGIFEAVLA ALGLPRGWRM
           LQLGVEAFET G-VAADAEMA ALAWASAVAG GREDLSLVLG DVSLFSAFVE SLDLAPPLAA
           LQVGFELFDR T-EAADAEVF ALIAELLAPL GLQA---ATG DIGILMAAVR GLSTTEKRKA

           EVLRIVDKLE KIGLNGVEEE LKKECDLDSN TIKDLLEMVQ IKQNEFFEKI AYLKDYNENL
           DVLRIIDKLD KIGEESVIKE LVEELGLSQE SARGILGFTS LKQ-EFFAKV ASYEGLSDSL
           DITVAIDKLD KIGLDKVNDE LRT--GFGEE AIERLRPFIE MKGDEKLDRL KSALASSETG
           DITVAIDKLD KIGLENVNAE LKE--GISDE AIAKLQPIIL LSGTEKLATL KSVLAASETG
           ELCVAIDKLD KIGKEAVLEE LKT--GFTDS QLTRLLPVFD LKGNEIFPLL RTILAQSSVG
           TVLRAIDKLD KFGLEGVRLL LGKGRELKDK EIDGILSLLT IEVGETFDAL RKIVDQSEEG
           TVLRAIDKLD KFGLEGVRLL LGKGRQLKDQ EIDSVLALLT GEAEETLDAL RHVVGHHIQG
           NVLRAIDKLD KFGPEGVKLL LGPGRGLGDE QIEKVLFFVG IK--ASADDL AKLVAGTSKG
           TVLRAIDKLD KFGPEGVRLL LGEGRGLNEE QIGKILFFVG IT--RSADEL AALVAGTARG
           NVLRAIDKLD KFGPEGVRLL LGKGRQLPEA AIEKVLAFTA AGGAQTIANL QAVVAGNAEG
           TVLRAIDKLD KLGPEGVKLL LGPGRGLNNG QAEAVLQATA RN---AQAAQ DSVVDSNATY
           TVLRAIDKLD KFPADEVRKL LGPGRNLSAA EADVVLAITK PRD-EAIAAA EAYLAKSEVG
           PIYRAIDKLD KIGVEGVRRE LERLG-LPGS TVERIMEIIS WRGREVLESV RRGYGSNEKV
           NVLRAIDKLD KFGPEGVRLL LGKGRLLPEA AIEKVLAFTA AGGAQTIANL QAVVAGNAKG
           TVLRAIDKSD KFAPEEIKKL LGPGRWLSDD QSELILRATS PSFIIDTVEL LRSTADNETL
           AVLRTIDKFD KVGEDGVREL LGKGRLLSDD QAGPVLAFLT SRGATTVANL RAAVGASQIG
           ALVAYFRDHA DALSEESRVR LEANPLILDS KSEQDRKLLD AAPA-FADYL NDDSRQF---
           ALIEYFQGHF DSLSQESQER LTRNPLILDS KDPNDKIIAE KAP--IIDDY LTEEAAS---
           ALILYFTKYQ NDLSEDSKNR LIKNPLILDS KDEKDKSIIS DAPK--ISNY YTKESSD---
           VLIPYFKKFQ NDLSEDSQNR LTKNPLILDS KDEKDKLIIS DAPK--ISDY YTRESSD---
           HLVEYLNKYQ KDLSEDSQRR LVVNPLILDS KSPEDCKILL NAPS--ISDF YTQNSQN---
           -LLKYFEKHE HALSEDSRRR LQTNPLILDS KDRGDIAILC GAPV-IADFY DDESNMT---
           AVLRAVDKLD RLGVDGVRLL LGEGRGLKGK AVDQVLDFVQ AGSTATLDNI ARVVAGSAEG
           PIYRAIDKLD KIGVEGVRRE LER--GLPGS TVERIMEIIS WRGREVLESV RRGYGSNEKV
           GVYRAIDKFD KIGADGVRAE LIK--GVTPA AADQILELVQ IDGTEVLDAL AQKLAADERA
           AVLREVDKLD KRGVLDVRDT LIGQ-GFGIP AAQVENILTF VATRSHADAL VRLDALIEML
           AVLREVDKID KRGAEYVRDT LAGE-GFGIA AAQVDKILAF VAVRGHADAL AQLQALEVTL
           EVMILIDKYD KITEEQFLSE LNKL-IGEE- KAKVISKVIK ISGSEVVENL KKVEIKNEML
           GVLRAIDKIE KIGEDGVRKE LQEL-GLEDS KIDKIINFIN IKGTEVIKSL KELDIENDVF
           SCISIIDNLE KIGEAKVKLE LEKE-GINPE QTQKIIDFVK IDGSDVLDKL KHLSQTLEQF
           GVLREIDKLD KIGADEVARL LTETCGATEA QARACLELAE LTASCEAHGI VKDSEAYTLA
           AVIRAVDKLH KIGADAVREI LIDQAGLSSD QAAACLELAE IRGSTVVDAV AKLGVSHPTL
           PVLRSLDKLG KIGREKTANE MVES-GVTAE QADAVLRLAE CDGDSILASL PEITGGNETA
           HILRIIDKRA KMAPHVLTAQ LESLCPVRVQ KIMTYVSAGE VDGVHTLSAI ETLTGG---V
           FILRNIDKID KIG---IDKV KEALLEIEKE AVDSILSLVS LQG-DKIQAL KSILG----D
           GLMRIIDKKD KLPQEDFINA LKEFG-LDKN GIEKVLELIN IKGKDEVLPL AEELFTSEVA
           KIRRLIDKED YDNLKIYLTQ ILG-----EE KKELIFEILK FKGSEVLDEL KEILKDF-KS
           KVMRLIDKGD REGLESYLAE IRVN----ED LRDKIFSLLE LKGDSVIEEA KEIIDYD---
           RIMGVIDKGD VEELEALLGE VEVS----GE SRELLMKLIG TQGGEVLDDV EEYLGGY-ES
           RVCIIIDKIE KIPIDEIKKE LGFTG-ISED AIEQLLQVLS VKS---LDDL EDIIGGA---
           SVFSIIDRYH KISREEFVDQ LRSAG-IGED GVSMIADLCS GTRG--IDEM ARITGKS---
           TVFSIVDRFH KVSKETFVDD LMSVG-LSEE NSNTIYRMCS EASE---GGI SGLFGSG-KV
           AAIRTVDKRE KIERAAYLDD LAAAG-LSYD QAEQFDDLLD GDD---LDAL VSFAGTD--V
           GVSKLLDKKS KISPEAFETE MKPFL----- NFKEQFSLIE TYLN-NLETV SKIPGID---
           TICSSVDKLD KVSWEEVKNE MVGEKGLAPE VADRIGDYVQ QHGGSLVEQL LQDPKLSKQA
           AICSSIDKLD KMAWKDVRHE MVVKK-LAPE VADRIGDYVQ CHGGSLVEQM FQDPRLSKQA
           TICSSMDKLD KMSWEDVRLE MVAGK-LAPE VADRIGDYVQ CHGGSLVEEL FKDPRLSQLA
           TICSAVDKLD KSPWADVRKE MVDEKGLDEA AADRIGEYVR LSGGELVEQL LANEKLK-NA
           TVCSSIDKLD KLTFEEVKKE LVEEKGVSNE TAENIGSLVK TKGPEVLLEL RKEGSKFEGS
           KISSAVDKLD KSPWEAVKKE MTEEKGQSEE TADKIGEYVK LNGSEIHAVL SADANITEKA
           TISSAVDKLD KMPWADVKKE MVEEKGLPEE VADKIGVYVQ NAGNDIINYI KADADLPDDI
           TVCSTIDKIE KMSWEDIGRE LVLKG-LSEE QVRTTKKYMT MGGKDVLGLL KADPVYGERC
           DVILSLDKIE KIGIDGVRKD VLERG-ISEE MADTICNTVL SCLQ--IADF KEAFNNP-LV
           ALLNYLTGVK EELCSDCISR MDRNP-LRVL DCKVETCKVA VREAKMIDFL CDECREH---
           ALKQYLKENY DNLCETCKTR FEKNPRIIDC KEKRCKEIVK EAPS-ILDYI CEECSDH---
           ALIAHFEPRI GEFCSDCQSR LEKNPRILDC KKDRNHELMG TAPS-ITEYL NEDSAVY---
           ALVKHFEPRI EEFCSDCQSR LHTNPRILDC KKDRDHELMK SAPS-ILTYL NEESAAY---
           ALVAFLEQHK EKLDEDCKRR MYTNPRVLDS KNPEVQALLN DAPA---DYL DEESREH---
           ALIAYLTPFK AELDPDSQDR LERNPRILDS KAKRTQEIVQ DAPS-ILDHL GVDSQRH---
           ALVSYLSGHR DSLSRDSLER LERNPRVLDS KDEGDRAVVA GAPR-LIDHL NEASRAF---
           KLVEYLNDFK DQLSGESRLR LNKNPRILDS KSEIDQKIIA HAP--ILSEY HTNESKK---
           KLVEYLNDFK DQLSEESKIR LSKNPRILDS KSETDQKIIA NAP--VLSEY YTDESKE---
           LLRELLEQKN QSAIEDFIKQ KEIKR----E EAKLLRELPL LFGGEILEKL KKENFKE---
           FLRTYIESKN YASLSNFIRD KKLDR--CDE TVKLLEKLPR LFGNEVIEEA EKLASSN-EM
           VLRRFLYEKN YVGYREHVKS LPLSS----I DKSRLLELLE LRGGEVCGRA EEIVDSA--G
           ELLRAFSERN LEALKEVLG- ---------- --NDIKFFVE VSKNEVLNFL EKYDLEK---
           KVRQAIAQFD RVTLESLPLE SQLR------ --DRALLLHD LRGQQVFAKL QQLTLTP-LE
           ALHDAIDRKS GADLDLLARQ HGVSP----E VTRTLHSLTE LYGGEVLTEA RVLARGV--A
           QLFDALQRKA VDEVEALTAD LPAEL----- --GMLRALAE LCGGDALEQG RARLAAAADV
           TLLALMQDKD TETVEAQVKA WKLDG----M WAKAFSLLPR LYGGEVLSDA RGRLPDL---
           ELRKLLEQKD FTAAAALAGD AAG------- ALSALSGTVG PAER-VLAAL DLPGEAA---
           KLLRSFGDAH SMDLALAELT GTQRR----D PLPESLAVLV AEGD--IGLA R---------
           RLVQAFGDMA QLDALLESLV HPKP---MTG LDARVAGLLA TGDEVLVDYL DTVMQET---
           RLIHAFGDQK QLERLLAALA DPKSPGVFGH DVERVAALGM LEDERLVAHI GETMKAT---
           RLARAFGSAP MLQAALADLA NPPRN----G QLSGEVAALV LDGD--LDGL STHIAGG---
           RLTRSFAKPR QLKAELDGDV AAPTG----- ---EQSRIAA LLAG-----L PEAEAAS---
           ALLRHVWRPT RFRALLDRFA GRTPV----- -EARLRLLDR LAGA-AVALM EAAGPAI---

           KKGIQDLERL YQLLGDLQIS QNLYKIDFSI ARGLGYYTGI VYETTLNDKS LGSVCSGGRY
           REGMGEMRAL YAILDTLEMD RACYKINFSI ARGLGYYTGI VYETTLDAPS IGSVCSGGRY
           LKGIEELTYI LDKVERVQLH S-ELMVDISL ARGLSYYTGA ILEVKALDAE MGSITGGGRY
           MKGVEESEFI LGTLETMGLK N-EIELDLTL ARGLNYYTGA IFEVKALDVQ IGSITGGGRY
           LKGIDELEKV FTLIEKSGLG NASIETDLTL ARGLSYYTGA IFEVKILNVQ MGSVCGGGRY



           LEGVRELEEM QAIFAENDT- QNRIKIDPSV VRGLEYYTGP VFEAALLFVV FGSVGGGGRY
           LEGVRELEEM QAIFAANGY- QNRIKIDPSV VRGLEYYTGP VFEATLLFVV FGSIGGGGRY
           EEGVDELNTI GALVSGAGYD ATRIKIDPSV VRGLEYYTGP VYEAELTFVV FGSVGGGGRY
           AEGVNELNTI RGLVLSAGYE ADRIKIDPSV VRGLEYYTGP VFEAELQFVV FGSVGGGGRY
           EEGVQELADM QALFFAGGY- EGRVKIDPSV VRGLEYYTGP VFEAELLFVV FGSVGGGGRY
           QEGVGELATI EALVRAAGYG EDRIAMDRSV VRGLEYYTGP VFEAELLAVR FGSVGGGGRY
           QAGVSELEEI AKLVMASGYG ADRIKIDPSV VRGLEYYTGP VYEVELLLVR FGSVGGGGRY
           REALDHLEEM LSLADDKR-- ---VELDMSL VRGLDYYTGP ILEVVLDEPR IGSVAGGGRY
           EEGVQELADM QALFFAGGY- EGRVKIDPSV VRGLEYYTGP VFEAELLFDV TGSVGGGGRY
           KQGCDELAVI ADLLDACGYP DVRVVIDPSV VRGLEYYTGP VYEVELLLDT KGSVGGGGRY
           VQGIDELEQI GDLLAAGGY- PDRIVIDPSV VRGLGYYTGP VYEAELTFEI FGSVSGGGRY
           ------WDGL RSSLQAFG-- -VDFVENPRI VRGLDYYSHT AFEFVTSKLG AGTVLAGGRY
           -----FFKAV TTGLDAAG-- -VAWTRDPRL VRGLDYYRHT AFEFITDQLG AGTVLAGGRY
           -----FFEQI LNGLTILDI- ---YTVNNKL VRGLDYYCHT VFEFVTEDLG AGAVFAGGRY
           -----FFEQI LNGLTALN-- -IPCTVNSKL VRGLDYYCHT VFEFVIEDFG AGAVFAGGRY
           -----FFKEV LDGLDNLS-- -INYVINHNI VRGLDYYCKT VFEFTTSELG SNSVIAGGRY
           ------FNGV MQQLDNLG-- -IPYTVNPRL VRGLDYYCGT VFEFKTTSLG SDAVIAGGRY
           DEGLLELSRI DAALSSLGIA DDQAFIDPSI VRGLEYYTGA VFEAELLLVS FGSIGGGGRY
           REALDHLEEM LSLAD----- DKRVELDMSL VRGLDYYTGP ILEVVL---R IGSVAGGGRY
           VAAIANLRAV LDGLMAMGVP AEQYRVAPRL ARGLSYYTGV VFEAIT--WP EGSLLGGGRY
           RQGVAELREV LTLVNVLGVP EHAYRLNFSI ARGLDYYTGT VYETSLINPQ IGSICSGGRY
           GEGIAELREV LELVKALGVP ETAYCLNFSI ARGLDYYTGT VYETTLTDPQ IGSICSGGRY
           EKGIEEVEEV IKYLKLFGVE DSEYAINLKI IRGLDYYTGT VFETLLTGES YGSICSGGRY
           KEGVYELEKV VHYIKSFNVP DKNYKIDLTI ARGLDYYTGT VYETVLNNPQ IGSVCSGGRY
           NLGVSELETV ITGVRNLGVP DKRFCIDLAI ARGLNYYTGT VYETTLIGEA LGSICSGGRY
           RQGLDTLAMI VD--EAAAIR PGSVIADLKI ARGLDYYTGS VYETFLDGAS LGSICSGGRY
           TAGLDELGEV LD--ELSDLP SGSVVADLSI ARGLDYYTGT VYEATFNDPG YGSICAGGRY
           AAGIERLTQI YRGALASGVS PDRLKIDVSI ARGLDYYTGV IFETTLDEPG IGSVCSGGRY
           SEESTRLRKI YELLCAVNIQ S-SYVFDPSI TRGFDYYTGM VCETFLTQPH IGSVCSGGRY
           NESIKRVEDV FQHLSLLKIQ D-SFNLNLKI SRGLDYYTGI VFESEVFG-N MGSVCSGGRY
           KNEINRLYAL IDLLEAYEVK D-WIRIDLGI ARGFDYYTSI VFEAIAPNLG IGSIGGGGRY
           MEAINNLEEI LEFVIH---- -DKYTINLGI ARGLDYYTGM VFEIYGKK-G AKQICGGGRY
           ---FGHLESL SALLRDVG-- -VDFTLNLGI ARGLDYYTGV VFECYAEGGA QKQVCGGGSY
           LEALEEFREL VETLHYFG-- VDDYHVNLGI ARGLDYYTGI VFEIYVPEGA QKQICGGGTY
           -EAIADLKQL FSLAEKFG-Y SEWIQFDASV VRGLAYYTGI VFEGFDRKGK LRAICGGGRY
           SEEIARMAAV EDLLASYGVK N--VRYDFSI VRGLSYYTGI VFEAYDRSGQ FRAILGGGRY
           SKAAERLIRT IDILKEYGVK S--VKYDFSI VRGLSYYTGL VFEAYDKSGQ FRAILGGGRY
           RDAVANLRNV LDAAETLG-V RQYCDVSLTT ARGLDYYTGV VFECFDSTDV GRAVFGGGRY
           TNSVSFIQNL FQELGELG-I DKQLLFDPSI IRGFDYYTGC IFEVFDTNEN RRSLYGGGRY
           LEGLGDLKLL FEYLTLFG-I DDKISFDLSL ARGLDYYTGV IYEAVLLQLG VGSVAAGGRY
           LEGLGDLKLL FEYLTLFG-I ADKISFDLSL ARGLDYYTGV IYEAVLLQLN VGSVAAGGRY
           LQGLGDLKLL FEYLRLFG-I ADKISLDLSL ARGLDYYTGV IYEAVLLELN VGSVAAGGRY
           VKGLEGMKQL LKYCSIFG-L DKRVSFDLSL ARGLDYYTGV IYEGVLKGAT VGSVAGGGRY
           VVALNELEIL FKALEKAN-A LDRISFDLSL ARGLDYYTGV IYEAVFKGTQ VGSIAAGGRY
           KQGLDDIATL MKYTEAFD-I DSFISFDLSL ARGLDYYTGL IYEVVTSAVG VGSIAAGGRY
           KAGIHDMELL AAYLDALEVT D-KVSFDLSL ARGLDYYTGL IFEVINKPSQ VGSIAAGGRY
           KAAVHDMEEL FRLCRILG-C SGSLVMDISL ARGLDYYTGM ILEAEYVGKS VGSVIGGGRY
           ADGVNELQQL QQYLIALG-I NENTIFNPFL ARGLTMYTGT VYEIFLKDSI TSSIGSGGRY
           ---YEKLKNY LKALDIP--- ---FRENYNL VRGLDYYTRT VFEAVSDEG- -LTLIAGGRY
           ------FSKL KAYLDVMG-- -IEYNIDPQI VRGLDYYSKT VFEVIKDG-- -LTVCGGGRY
           ---YDKVQEL LTMMDVP--- ---FEKDPNL VRGLDYYQHT VFEIMSEAGA ITTLSGGGRY
           ------FEKV KQYLNDLG-- -ISYEIDPNL VRGLDYYNHT AFEIMSNAGA ITTLAGGGRY
           ------FAGL CKLLESAG-- -IAYTVNQRL VRGLDYYNRT VFEWVTNSGS QGTVCAGGRY
           ------FDQV QQLLTNLG-- -IAYQLTPTL VRGLDYYTHT AFEIQSSDGA QATVCGGGRY
           ------FAGV TGGLEALG-- -IPFEIDPLL VRGLDYYGHT AFEFVTTDGA QGTVMAGGRY
           -----YFDEL QKYLDILG-- -IKYSVNPRL VRGLDYYCHT VFEFTTKKGS QSTILAGGRY
           -----YFEEL IQYLDILG-- -VKYSINPRL VRGLDYYCHT AFEFTTKKGS QSTILAGGRY
           EGVLEYLDRV YKILEDFG-M KEYISFDLGM VQNLNYYTGI IFRGFVKG-L GYAICTGGRY
           KMAITRVKEI YEAIEKLG-Y GSYISIDLGT IQHLDYYTGV IFKGYIYEG- -EEIVSGGRY
           KSVVDELKAL WDILEDYG-C TENVRLDLNM VSHMSYYTGI LFEVYAEN-V GFVIGSGGRY
           --EKEELLEL GKLLEEFG-- -IDYAYDLGE VRNFPYYTGV IFEIYELK-S GKALAGGGRY
           QTLRDRLAQL VELYNASAGQ DSPLLLDLSL LRSFDYYTGI VFEVVYETTG PWVLAQGGRY
           EQAVEHLSAV HAAAQEAG-- -VELLFDLGV SRRYGYYTGL TFRAYVDG-I NQPVLGGGRY
           QVALNELIEI ADSLAGRFP- GLPLYFDLGE LRGYHYHTGV VFAAFVPG-V GQSIAQGGRY
           -AVGGALGEL QAVCDAFP-- DCEIHIDLSE LRVDNYHTGL LYAAYAAD-F HDAVARGGRY
           --HRDALLAL ARKVMTAAP- EVDVTVDPLE HKGFEYYTGC SFALFAQG-A RGELGRGGEY
           ---MLEAEML EAGISPGAG- RTPVEIARRL IEKEDLAATH FPAAALDL-- -QFLAIRVSL
           ----YSTNAS RSPLEIARR- -----LREKL ALAATRLPDE SFELLKQF-- ---LALQAPL
           ----YSTNAG RSPRDIARR- -LKEKVELAA IRLDKEALGV MRAFLALD-- ----LPLADA
           -------MEQ AGLSASAGR- -SPTDIARRL IEKAELRSVR LSNEAFAA-L KNFLAIHVPL
           --VLQELWSL AGIEPVGGR- -RPAEIARRL VEKADAAKAG RLDPAQADKV RAFLAVSDRP
           ---------L REPCEIEAR- -AAALIEDAE AAPLGAEEAA VLDDLLSL-E APAAAALGRL

           DHLTKNFSKE NLQGVGASIG IDRLIVALSE MQL-LDE-RS TQAKVLIACM HEE-FSYANR
           DNLTQSFSKE RMSGVGASIG VDRLLAALEE LGL-LEG-RG TSAQVLVACM EES-LAYSYK
           DNLTGIFGLE GMSGVGISFG ADRIYDVMMQ LDL-FPAEKL TGTQLLFVNF SEE-ADSLLP
           DNLTGVFGMA GVSGVGISFG ADRIFDVLNQ LEL-YPKEAV NGTELMFVNF GDK-AAFSMS
           DNLTGVFGLP NVSGVGISFG IDRIYDVMNE LNL-FPSQES NSTRLLICAF DEN-FMHALP
           DGLVARFRGE NIPATGFSIG VSRLIAALQN LGK-LPV-KE KTGPVVVLMM DKEPVARYQK
           DGLVARFRGE NVPATGFSIG ISRLITALQN LSK-LPV-KK TPGPVVVLMM DREPVAQYQK
           DGLVSRFMGQ PVPATGFSIG VSRLMTALKN LGK-LGQ-VK PLAPVLITVM DGDVMGRYQR
           DGLVSRFMGQ PVPATGFSIG VSRLMTALKN LGK-LGA-EQ VTAPVVVCVM DRDIMGRYQR
           DGLVSRFRGE PVPATGFSIG VSRLMTALKN LGK-LDV-SD TVGPVVVLVM DKDTLGRYQK
           DGLVSRFRGE PVPATGFSIG VSRLMTALKN LGK-LDN-AD VIAPVVVLVM DKDTLGRYQK
           DGLVSRFRGE PVPATGFSIG VSRLQAALTL LGK-LDT-RP EFGPVVVTVF DRD-VADYQK
           DGLVGMFAGR DIPATGVSIG IERIIDAGLE LGV-YSLDVK TVAQVAVVVL DRRYYRYAWE
           DGLVSRFRGE PVPATGFSIG VSRLMTALKN LGKLDVSDTV GPVVVLVMDK DTQNLSRYQK
           DGLVSRFRGE PVPATGFSIG VSRLQAALTL IGQ---LGNK PQAGPVVVTV FGGEIAGYQK
           DDLVKRFTGQ EVPATGVSIG VDRLLAALRE KGR---IRTA ERGPVVVTVM DRDRMADYQA
           EGLVEQMGGP AIPAIGWAGG IERLAMLLDS VPE------- LPAGIALVPM GDEAVLKAAS
           DGLSEALGGN LTPAIGWAAG IERLAMLIDE PKE------- DAMNVAVIPL GEEAKNPAIS
           DNLVSSVGGK HTPAIGFAGG IERIMELINY SPK------- EERPIYLIPI GREAEKHALT
           DNLVSSVGGK YTPAIGFAGG IERIMELINY SMK------- GDRPICLVPI GREAEEHALT
           DGLVKSMGGH STPAIGFAAG VERLSALIDY EHK------- KPKRIVLIPI GDDATSYAIK
           DKLVASMGGG DVPAVGFAGG VERLASLAAY SHS------- TRFSVAFLPL GEEAARCAMR
           DDLVARFTGN VTPATGFSFG VSRLAAALRA AGR-EPG-GA ARGPVVVITF DQA-MGEYFS
           DGLVGMFAGR DIPATGVSIG IERIIDAGLE LGV-YSLDVK TVAQVAVVVL DRR-YRYAWE
           DHLIGLFAGR NIPTVGLAFG IDRLHDVMIE LNL-GPR-PQ TTALAFVTLF GAE-VAESLR
           ENLANHYTQS KLPGVGISIG LTRLFWQLRD AGV-MDGIAE SSVQAMVVLM DEA-LDDALD
           ENLASHYTKS KLPGVGISIG LTRLFWQLRE AGL-IAGIAE SSVHAMVALM DES-LDDALD
           DNLAQNYTEN VLPGVGMSIG ITRLFFVLRE IGF-IENYNS SLNEKYLIVP IGD-FEYCTK
           DNLAEHYTNQ KLPGVGISIG LTRLFYQLRE AKI-IGENAS STLSQALVIP VGD-MEYSIK
           EELVGTFIGE KMPGVGISIG LTRLISRLLK AGI-LNTLPP TPAQVVVVNM QDE-MPTYLK
           DNLASQGNRK -YPGVGLSIG LSRLVSYMLH TAG-AHANRV SPAAVLVAVW NEE-RPAANR
           ENLAGQFIRR SLPGVGISIG LTRIFAKLVS EGR-ITGGRF CPTDVLVVLP SDE-RSAALA
           DNLAGLYTKQ HLPGIGASLG LDRLLAALES LGR-LSG-VS KPCAVFVPFF DKG-RDDYLK



           DHLTALYMKD AVSGVGASIG LDRLYAAFQQ LGMSREHVCF VQA----LIF CQDSMDVYQK
           DNLVSSFSNQ KISGVGGSFG VDRIKDIIDL EKFSYIKIFV TKARSKVLIV NLDSQNYYYE
           DNLIEVFGGK PTPATGFAIG IERLIPILEA KGL--IPEVQ IAPDVYVVPI GER-KKVAIR
           DNLIETFGGE PTPAVGFAYG FDRIMMNIDD LDI------- EEESILIIPV KKDKIKKSLI
           E-LSSLFGGP VTPSTGFAIG FDRVCEACSV EAG------- -EKSVVAVVS FKG-ESQAFR
           N-LVETFGGE RVESTGFAFG FDRLMNALGM DEE-----NM RMVDVFVIPI QDS-VPEAIR
           DRLLSTYGGD DFPACGFGFG DAVIVELLKE KDL--LPELG QEVENIVCAL DKD-QGAAAT
           DNLASLMSGE SVPAVGFGMG DAVISLLLKR ENVQIPREKK SVYICRVGKI NSS---IMNE
           DNLAKLFSEQ DIPAVGFGMG DAVISLLLKS KGVKAPHAKK SVYVCRVGTV KAER---IAS
           DDLIERFGGQ PTPAVGVAPG HATLNLLLEN AGVLPDDEFT PDYYVLQVGD TDA---EAAD
           DNLIGLFSKE QLSGIGFGLG DVTLKNFLEG HNL--IPNLS REKTIFLPIM DES-FVDTFK
           DGLVGMFDPR KVPCVGLSIG VERIFSIVEQ RLEALEEKIR TTETQVLVAS AQKKLEERLK
           DGLVGMFDPH KVPCVGLSIG VERIFYIVEQ RMKTKGEKVR TTETQVFVAT PQKNLQERLK
           DRLVAQFDPH SVPCVGLSIG VERIFYLVEQ KMKISCEKVR TTETQVFVAT PQKNLQERLK
           DNLVGMFDPK AVPCVGVSIG VERIFSVLEA RAAASGLKLR TSDVEVYVAS AHKGHEQRLK
           DKLVGMFSNK QVPAVGVSLG IERVFAIMEQ QEKEKNQVIR ATETEVLVSI LGK-LILAAE
           DNLVNMFSET QIPCVGISFG VERIFSLIKQ RINSSTTIKP TATQVFVMAF GGGKLPERMK
           DNLVGMYGKK QIPCVGISFG IDRIFTILKA RGE--NDIKK REVDVFVMAF GGGKLVERMK
           DNLTENLGEV STPCVGFSVG VSRIFSLLYE EYD------K ESSTMVYVGA SGG-LDERLS
           DNIIGAFRGM SYPTVGISFG LDVIYTALSQ KET-----IS STADVFIIPL GTEL--QCLQ
           DYLVEELGGP PTPALGFALG VERLMLLLPD EEE------- KEEVYFVIPF GDVH-EYALR
           DYLVEEVDGP KTPAMGFGLG LERLLLILDE EGIEIPEPVR CEVYIGSMGD RAR--LEAMK
           NGLVQEIGGP EMPGIGFAMS IERLIMALKA ENIELPIEHS IDCYVVALGE KAKD--HAAK
           DGLVEQIGGP EAPGIGFAMS IERLLAAIDA EKRELPVDKG IDCYIVTLGE KAKD--YSVS
           DGLVEQLGGR ATPAVGFAMG LERLVLLVQA VNPEFKADPV VDIYLVASGA DTQS--AAMA
           DGLVAELGGP VTPAVGWAMG LERLIILLQQ MAT--PPAPS PDLYLISKGE KAEP--QALI
           DGLIRQMGGS QTPGVGWAAG VERLSMLMAA DRV------G APRPLAMIPA GPDDEVEALK
           DMLSRIMGNY DVHAIGFAAG IERIALMREY KIS------- VIKPVFVLPI GKNNICYALD
           DGLAKIMGND DVPAIGFAAG IERIALMREY NIS------- EVKPVFVLPI GKNNICYALE
           DKLLKIYGK- DLPATGFAIS VERVMLALQR QSK---GEWV KPRRVLVRYK EEER-RRAYE
           DELIGNFGE- MLPAVGLAVQ VNQIVKALQE QQE----PYE RKRIDIMIHY ELNRLAEAER
           NKLLGHFDS- PAPATGFGLR IDRLIEALHM KDE------- -PCEIDAVIF SKEQRAQAIA
           DNLSKIYGK- EYPATGGAVY LERLLDILPK NVE------- -KKDYFVIDK TKKR--LGLK
           DRLLDVYDPA GQPGIGFSCN IENLQQVLLA ANRLPHRPPA IDQLVIPVDS EAYG--AALA
           ALPGG----- -LPGAGFAIG LERLAAVMPA GVP------S EPETVLALDF AAAT------
           DDIGADFGR- ARPATGFSTD LKSLVTLGQA RLD------- QAVSGIWAPA EGAG---LWQ
           DGLGGYFGR- ARPATGFSFD LRSFIGRLPA IER------- -QPAVLVDAE DAEA---AHE
           PGDLNGTVE- --PCCGATLY MDAVLDGMVR PAP------- APRVLVASTL ARTT------
           DTAAVTLRA- --FAADNALD LGAVLQKFEA RADAIAQAGI EMKDIIYDAS FGRPLDYYTG
           PQASQVLGD- --FAARAKLK LDGALSAFDK RVAALANAGV DLETVTYGAA FGRP------
           PAALHRFAG- -----KARLK IDDALALFDA RVAALARAGA DPGLMRYRAA FGRP------
           DGAARALET- --FAAGAGLS LGAALEKFAA RAKAIEAHGL PAEKIRYDAA FGRP------
           DAALSAIAA- --LAGPKAEA LNAVLDGWRA RLAGMAQRGV ALERATLAAA FGRA--YYDG
           EALARRMPA- ---LEPSVAR FGRRLAALAA RGI------- AVERLPFDAS HGQS------

           LAESLRQSGI FSEVYPEAQK IKKPFSYANH KGHEFVAVIG EEEFKSETLS LKNMHSGMQ-
           VAERLRTLGI KSEVYPEAVK PKRSLAYANS KGHPYVAVIG EDELKQGVVT LKDMQWGDQ-
           LIQKLREQGL RTELYPEPAK IKKQMSYANA ANIPYVALVG ENERAAGQVN LKNMLTGEQQ
           MLAKVRAAGI RAEIFPDAAK MKKQMSYANA KSVPFVAIVG ENEMNEGKAM LKNMETGEQN
           MVTKLRAQGI NTELYPDPVK IKKQLSYADD KKIPFALLIG EDEMNQGLYS LKNLISGEQF
           MVMQLRSAGI PAELYLGASG MKAQMKYADR RQAPCVVIQG SQERESGTIQ IKDLVEGARV
           MVMQLRKAGI RAELYLGASG IKAQMKYADR RQAPCVVIQG SQERQDRKIQ IKDLIEGTRI
           FTQALRAEGI RAEMYQGNKK FGNQLKYADR LGSPIAIIQG GDERAEGVVQ IKDLIEGKRV
           FVQDLRHAGI RAEMYQGNKN FGDQLKYADR RGSPIAVIQG GDERASGVVQ IKDLIEGKRV
           MVSDLRKAGI RAEMYVGGSG MKAQMKYADR RAAPCVVIQG SQEREAGEVQ IKDLVEGKRI
           MVSELRAAGI RSEMYLGGAG MKAQLKYADR RGCPVAIIQG GDERAKGELQ IKDLIEGARV
           MVASLRTAGI RAELYLGNKN MGNQLKYADR RNSPCVIIQG SDEKARGELQ IKDLIEGAKF
           AARILRRGGL NVRIDLSRAS GQVQRRKASR LGIPVLAFVG AKEAEGGFLT LYSAAKGERV
           MVSDLRKAGI RAEMYVGGSG MKAQMKYADR RAAPCVVIQG SQEREAGEVQ IKDLVEGKQI
           MVATLRKAGI RAELYLGNPS LGQQMKYADK RNSPCAIIQG SDEKQQGIVQ IKDLILGAQF
           MVAELRNAGI RAEVYLGNPN FGNQLKYADK RNSPVAVIEG GDERANGVVQ IKDLILGAQY
           IARVLRSAGL RAEIETRGN- MKKRMERVVK SGASHAIVLG DEEIAKNIVQ LRDLSSREQQ
           ILSKLRHAGI SADMSWRGN- MKRRMQKANG WGVRYAVILG EEELARNEAT VRSMVTGEQQ
           LANELRRNGL YVIYEYSGT- LRTRMKKANQ ANAKAALIFG DEELSSKTLK IKNMDTGEEK
           LANELRRNGL YVIYEYNGA- LKNRMKKASQ ANAKAALIFG NEELGSKTLK IKNMDTGEEK
           LAYELRCKGI HVCWNNYRGS LKNELRKAND TD--IVLIFG DEELQSNTVK VKDMKTGDQQ
           SAYELRGRGI RVLCDGVVEK LKIGLKHADR SGVDLALILG DEEIAKGEVL CRHMDTGLQQ
           VVGQLRAAGI AAEVYLGTSG MKPQMKYADR RGAPAVVMLG GDEIAAGTVT IKDLDAGRMQ
           AARILRRGGL NVRIDLSRAS GQVQRRKASR LGIPVLAFVG AKEAEGGFLT LYSAAKGERV
           LAAELRAAGI NTLIALEPGN IGKQFKEADR RGVRFALVLG PDELARGEVV IKDLQRGEQR
           IARCLRIGGI NTEVQMEAKK VSKQFQYASR AGIRFVVLAG DDERARGVVA VKDLTREQQF
           IARRLRIGGI NTEVQMEPKK VGKQFQYAAR AGIRFVVLAG DDELARGVVA VKDLVREQQF
           ILNKLLVNGK SAEIYFEEGK LKKKLTYANK LDIKYVILIG EDEVTNKELV IKDMITGEQK
           VANKLRENEI ISELYLEDAK IGKKFAYADK LKIPYVILIG EDELKEEKVS VKNMETGNQE
           VSQQLRQAGL NVITNFEKRQ LGKQFQAADK QGIRFCVIIG ADEAAAQKSS LKDLQSGEQV
           IANQLRARGI ATDVAPTAAK LGKQIKYADK LGIPYVWFPA TAAEGAEGDE VKNIVTGEQV
           VAAQLRERGF NTEVYHQAAK IGKQIQYAVK KDIPFVWFPP -FDDGRP-HE VKNLATGEQV
           LASQLRDAGI GVEVYPEPKK LGQQLKYADS QGFAVAIIAG GNEWEAGAVQ VKTLATKESV
           LCS---VQ-V ATEVFP--RK LSQQYAFAEK KGIRWGIFVE QRNAVVEDLV LRDLSTRKDT
           LATRFRVKNI SCEVYFKNKN IKEQIEYALS KEIRFLVFVG QEE--YKEMK VRDLTKKEEL
           IATSLRKSGI KTEIELMGRK LKKAMDYANK VGVKKTIIVG EKDLERGVVT VRDMESGEQN
           IADKLRKAGK IVELEIMGRK LRKALDYANS RGFKKVIIVG EKELNEGKVT VKDMITGEQK
           VASMLRERGF TAVVDVMGRN LKKQMSFASE MGVKYAVILG PDEVKSGRVA IKNLETQEQV
           ITQELRAAGV SADLEVSGRK LRKALSHADN LGARFAVLTG EREIQDGKVT VKDMERNSQE
           VATALRDKGQ TVDLVLESKP LKWVFKRAAR VNARRLVLVG KTEWEDGSVS VKVLSSGEQF
           YSRKLRERGM NVTVEIMERG LSAQLKYASA IGADFAVIFG ERDLERGVVT IRNMYTGSQE
           ISKMLRSSGF IVSAEIMDRS LSSQLKYASY EGCEYAVIAG ERDLENNSVT VRDLSTGEQE
           VASALRERGN RVDTDITGRS FGAQMNYADN VGADTVVIVG EQDLADGNVT IKNMASGEQT
           LSKELRENEI LTETMLDSAK IGKQIQIAEK KGYRYVLFLG ESEIRTETVQ IKDLISGEQK
           LVSELWDAGI KAELLYKKPK LLNQLQYCEE AGIPLVAIIG EQELKDGVIK LRSVTSREEV
           LIAELWDSGI KAEMLYKNPK LLTQLHYCES TGIPLVVIIG EQELKEGVIK IRSVASREEV
           IIAQLWDAGI KAEMLYKNPK LLTQLHYCEK EDIPLMVIIG EQEQNEGVVK LRSVASREEV
           VLNLLWDAGV KAEHSYKLPK LLVQLQHCEE HQIPLVVVLG DAELAQGLVK LREVTTREE-
           LVNELW-AGI KAEFKLTT-R VQNHIKYATQ TGIPWMVLVG ESELRDGKVK LKDIRANQEE
           VTKQLWDAGI EAEYVYKAAN PRKQFDAAEK AGCHIAVILG KEEYLEGKLR VKRLGQEFAE
           IARQLW-AGI RAEYMAKA-K PKLQAQFKAA EGTPLGVILG EEELKAGQVR LKKLDQGQGN
           VLRILQDANI CSETFYTRSS FESQQKYVAK KKIPFIVVVG ESEIAAGSVQ VINALTRKKE
           IAQQLRTTSL KIELELAGRK LKRALNYANK ENIPYVLIIG EEEICTETVM LRNMKEGSEV
           VADILRKKGK VVEYSYRKGG LKKQLEFADK LGVKYAVIIG EDEVKNQEVT IKDMETGEQR
           LAFNLRKSGI KAEIDHLGKS VKAQMKYANK IGAKYTFVIG DSEIEENKIK IKRMSDGEQV
           VAFDLRKAGL AVEKDYLDRK MKAQFKSADR LKAKFVAVLG EDELDKGIIN LKDMATGEQE
           LVYKLREAGI SSEIDYENKK MKGQFKTADR LKARFIAILG EDELAQNKIN VKDAQTGEQI
           LAERLRLPGV KLMTNHGGGN FKKQFARADK WGARVAVVLG ESEVANGTAV VKDLRSGEQT
           LAQKLRNQGL AVALDLSASA FGKQFKRADK SGAIACLVLG DGEIATGTVQ LKWLADKAQE
           LAHALRQGGL FVDFGYSG-N LGKRMKRANR INARAAIILG GEERANGTVV VRDLDSGEQE
           IVDKLRLQNI VSIIDPIG-K IAKRIQRVLN EDAKFIIFIG DEEKMNNNLK FKDLKNQKEY



           IVDKLRTENI AIIIESLG-K IAKRMQRIFN ENAQFIIFIG DEEQANNNLK IKDLKKAEE-
           KANVLRKEGN VVEMYTFK-- ---RCENIDL KSFDEVVDVG E--------- ----------
           LRNLLQKDGK KVALSLFS-N LNDTFQFARK NQIVTVVEAK SESLVEYVWK EKWVVQKEG-
           YANEERMKGN KVVLQDLS-- -IENIDQMTK SFANVTYFIG ARKEEQNG-- ----------
           LADVLREKGK KVGMEIVKRG LEHSLIYAFD KGFKEVLLVE DEIVKVYT-T PKDY-----V
           EAQRLQQDQL RVELYLDSRR PEVVQAFAQR RRIGRIVWVS SGSAPQSE-- ----------
           ---AARAAGL GAELAWTG-D EAELRHYAQA RGLRRWVQGA ELRDVTPA-- ----------
           AVQRLRRDGQ RVVQALPG-- --QDAASARE AGCDRQLALR DGNWQVAP-- ---LAS----
           AVEALREQGQ CVVIDYGIHN VSEELAGRLK KTDGVWQVVK R--------- ----------
           ------RRAL QADGWVTV-A LTAEAGAAEA RRLGCGHVLD DEGRPVAV-- ----------
           LVYEIRDASN RQDGVLAG-- --------GG RYDRLLTMLG ACEAIPGV-- ---------F
           -LDYYT--GL VFEVVEAG-- -SDSVLAGGG RYDRLLTLLG AQEKIPAV-- ---------F
           -LDYYT--GL VFEIGVEG-- -TPAVLAGGG RFDRLLTLLG AREHIPAV-- ---------F
           -LDYYT--GV VFEIAAQG-- -GERPLAGGG RYDRLLTLLG AKTAIPGV-- ---------F
           YLFEIRSASL GDERPVAADG LPAKLGVATD TGAVGFMIRP ARAYAGGG-- ----------
           -SLEYY-DGF VFSFHAAD-- AGLPPVSTGG RYDALTAVLG QGRSIPAI-- ----------

           -LNCLSFLKA LEIIGEN
           -KPCISIEAA AEILLG-
           MLPADAATIV AAIV---
           LVSVEELIAA LRN----
           KVTFDEVVHK LI-----
           TVDEEQLVKT VQDILAA
           TVDEERLVQA VQDILIS
           SVPEAELVAK VREILEH
           SVPEGELVAK VRQILAE
           TVREDGLVDA VREILDA
           TVAESELVAE VKKILAA
           SCAEADLVAK VREVLAR
           AVPLGEAVKA VERLLPS
           TVREDGLVDA VREILDA
           SCNEDEMVAK VQELLQR
           EVARADLVAK VREILAE
           EVPVADLARI LSAGRA-
           AIALDQIVDR ILSELRN
           IIARDNTIEN IY-----
           IIAYGNIMEN IHQTLLV
           NVAVCDLLDN LLHRIV-
           TVSISNLGDY VSGMESN
           TIPRDQLVDA VRKIIGG
           AVPLGEAVKA VERLLPS
           SLPRAAAISL LAEALSE
           EIPREELAST LQVELEQ
           DVARDELAST LQVELEQ
           KLNIEEI--- -------
           SMSLEEAIKI IKNA---
           EVALADLAEE IKRRLT-
           AADCTSWEPD TVVAQQT
           EADPASWNG- -------
           AYSHESPDAL IEAIQAA
           RLPAHEVRRR MAAEG--
           LLSFEESINL IKCNEKL
           EVKIDDIVEF MKNALKT
           LIGIDELTNF -------
           VVAEEELFSI LQ-----
           TLPRDEMVDK IKGRC--
           QVKLSDLE-- -------
           NVGLDSVVEH LISQAT-
           IVTLGDLVPF LEKSTSY
           TAPIAAFPGA HDAPRVE
           SLPRKGLSDT LKKDFQL
           DVRREDLVEE IKRRTGQ
           AIKRENFVAE IQKRLSE
           TVNRESLVAE IQKRLSE
           NVKLEDLAAE IRRRQQA
           EVPRKDFVEV LKQRLSN
           LVSAADIVPI VQEKLSQ
           LVPIDDLADE VKKLLL-
           IVKVEQMVSY LLDPENQ
           KVPLSSLSNY L------
           RVKLSEL--- -------
           SLDINEIVNI VK-----
           EVALDVFASY VAEKLI-
           EVALDEFIHV MKANQKG
           AVAQDSVAAH LRTLLG-
           TLQLQDLMGN ITELKQR
           TIGLAVLEEF LARFL--
           IIDFEKVLEL LKQ----
           IVDFAKALEL LKK----
           ---------- -------
           --ETSCVTFK LR-----
           ---------- -------
           VMKIREFLDL IE-----
           AVAVAERATT TC-----
           DLKIATEVNA -------
           ---------- -------
           ---------- -------
           ---------- -------
           SIWLDRLQAL AGEKQ--
           SLWLDRIKAV RGSDKP-
           SLWLDRIEQA IAAGRAE
           SVWLDRIEAL REAAP--
           ---------- -------
           GVIRPGLVAR LKGLA--
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histidine−tRNA ligase  EC 6 1 1 21  syH − Mycobacterium leprae 2145854
Mlae−RS Mlae−RS

MtRv−RS MtRv−RS
putative histidyl−tRNA synthetase  Corynebacterium efficiens YS−314  25028319
histidyl−tRNA synthetase  Corynebacterium glutamicum ATCC 13032  19552859

putative histidyl−tRNA synthetase  Streptomyces avermitilis MA−4680  29833386
histidyl tRNA synthetase  Streptomyces coelicolor A3 2   21220009

Drns−RS Drns−RS
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  2829463

Cmum−RS Cmum−RS
Ctis−RS Ctis−RS
Cp38−RS Cp38−RS
Cp29−RS Cp29−RS

histidyl−tRNA synthetase  Chlamydophila caviae GPIC  29839844
histidyl−tRNA synthetase  Chlorobium tepidum TLS  21673075

Histidyl−tRNA synthetase  Bacillus cereus ATCC 14579  30022479
tRNA−synt_2b  tRNA synthetase class II core domain  G  H  P  S and T   Bacillus anthracis A2012  21402447
Bhns−RS Bhns−RS
Bsis−RS Bsis−RS
histidyl−tRNA synthetase  Oceanobacillus iheyensis HTE831  23099475
Chain A  Crystal Structure Of Apo S  Aureus Histidyl−Trna Synthetase 9955267
Sa50−RS Sa50−RS
histidyl−tRNA synthetase  Staphylococcus epidermidis ATCC 12228  27468230

Lmes−RS Lmes−RS
Liua−RS Liua−RS

hypothetical protein  Leuconostoc mesenteroides subsp  mesenteroides ATCC 8293  23025047
hypothetical protein  Lactobacillus gasseri  23002865
hypothetical protein  Oenococcus oeni MCW  23037851

histidine−−tRNA ligase  Lactobacillus plantarum WCFS1  28378623
histidyl−tRNA synthetase  Enterococcus faecalis V583  29376493

SpR6−RS SpR6−RS
SpR4−RS SpR4−RS

putative histidine−tRNA ligase  Streptococcus pyogenes MGAS8232  19746998
putative histidyl−tRNA synthetase  Streptococcus pyogenes MGAS315  21911351
Spes−RS Spes−RS
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  267058
histidine−−tRNA ligase  Streptococcus dysgalactiae subsp  equisimilis  1333826
histidyl−tRNA synthetase  histidine−−tRNA ligase   Streptococcus mutans UA159  24380435

histidyl−tRNA synthetase  Streptococcus agalactiae 2603V/R  22538242
Llis−RS Llis−RS

Histidyl−tRNA synthetase  Thermoanaerobacter tengcongensis  20807682
hypothetical protein  Clostridium thermocellum ATCC 27405  23021689
histidine−tRNA ligase  Clostridium perfringens  18310916

hypothetical protein  Desulfitobacterium hafniense  23111407
Tmma−RS Tmma−RS

Cjni−RS Cjni−RS
histidyl−tRNA synthetase  Ureaplasma urealyticum  13357845
Uuum−RS Uuum−RS

MYPU_3330−xl0 Mpis−RS2 MYPU_3330−xl0 Mpis−RS2
Mpis−RS Mpis−RS

histidyl−tRNA synthetase  Mycoplasma penetrans  26553740
HisS  Mycoplasma gallisepticum R  31544388

histidyl−tRNA synthetase  Mycoplasma genitalium  12044885
Mgum−RS Mgum−RS

Mpae−RS Mpae−RS
histidyl−tRNA synthetase  Mycoplasma pneumoniae  13507784

Rpii−RS Rpii−RS
Rcii−RS Rcii−RS
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  32130134
histidyl−tRNA synthetase  Rickettsia sibirica  28262036

hypothetical protein  Rhodospirillum rubrum  22969029
hypothetical protein  Magnetospirillum magnetotacticum  23015682

hypothetical protein  Novosphingobium aromaticivorans  23110663
histidyl−tRNA synthetase  Buchnera aphidicola str  Sg  Schizaphis graminum   21672557
histidyl−tRNA synthetase  Buchnera aphidicola str  APS  Acyrthosiphon pisum   15616899
histidyl−tRNA synthetase  Buchnera aphidicola pistaciae   27904761

hisS  Wigglesworthia glossinidia endosymbiont of Glossina brevipalpis  32491323
histidyl−tRNA synthetase  Candidatus Blochmannia floridanus  33519979

histidyl−tRNA synthetase  Coxiella burnetii RSA 493  29654551
Chain A  Histidyl−Trna Synthetase 1942448
Ec12−RS Ec12−RS
histidine tRNA synthetase  Shigella flexneri 2a str  301  24113843
histidyl−tRNA synthetase  aminoacyl−tRNA synthetase  Salmonella typhimurium  2896164
StT2−RS StT2−RS
histidyl−tRNA synthetase  Salmonella enterica subsp  enterica serovar Typhi  16761437
histidyl−tRNA synthetase  Yersinia pestis  16123070
histidine tRNA synthetase  Yersinia pestis KIM  22125253
Histidyl−tRNA synthetase  Vibrio vulnificus CMCP6  27363894
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  31340443
histidyl−tRNA synthetase  Vibrio parahaemolyticus RIMD 2210633  28897383

Vcae−RS Vcae−RS
Pmda−RS Pmda−RS

hypothetical protein  Haemophilus somnus 129PT  23466496
Hiae−RS Hiae−RS

histidyl−tRNA synthetase  Shewanella oneidensis MR−1  24374822
hypothetical protein  Pseudomonas syringae pv  syringae B728a  23470416
histidyl−tRNA synthetase  Pseudomonas syringae pv  tomato str  DC3000  28868642
hypothetical protein  Pseudomonas fluorescens PfO−1  23063010
histidyl−tRNA synthetase  Pseudomonas putida KT2440  26987590

hypothetical protein  Azotobacter vinelandii  23105208
Pasa−RS Pasa−RS
hypothetical protein  Microbulbifer degradans 2−40  23028400

Rsum−RS Rsum−RS
hypothetical protein  Ralstonia metallidurans  22976395

hypothetical protein  Burkholderia fungorum  22986768
histidyl−tRNA synthetase  Bordetella bronchiseptica  33602151
histidyl−tRNA synthetase  Bordetella parapertussis  33597411
histidyl−tRNA synthetase  Bordetella pertussis  33593202

hisS  histidine−tRNA synthetase protein  Nitrosomonas europaea ATCC 19718  30248176
Nm58−RS Nm58−RS
Nm91−RS Nm91−RS

histidyl−tRNA synthetase  Chromobacterium violaceum ATCC 12472  34104842
histidyl−tRNA synthetase  Synechococcus sp  WH 8102  33864733
Histidyl−tRNA synthetase  Prochlorococcus marinus str  MIT 9313  33864171

Histidyl−tRNA synthetase  Prochlorococcus marinus subsp  marinus str  CCMP1375  33240229
Histidyl−tRNA synthetase  Prochlorococcus marinus subsp  pastoris str  CCMP1378  33861180

SP03−RS SP03−RS
histidyl−tRNA synthetase  Thermosynechococcus elongatus BP−1  22299441

PORPU−RS 1711633
Aaus−RS Aaus−RS
Histidyl−tRNA synthetase  Fusobacterium nucleatum subsp  nucleatum ATCC 25586  19703643
Histidyl−tRNA synthetase  Fusobacterium nucleatum subsp  vincentii ATCC 49256  27887528

hypothetical protein  Geobacter metallireducens  23055037
hypothetical protein  Desulfovibrio desulfuricans G20  23473192

hypothetical protein  Magnetococcus sp  MC−1  23001101
histidyl−tRNA synthetase−like  Mus musculus  18079343
similar to RIKEN cDNA 4631412B19  Mus musculus   Rattus 27683037

histidyl−tRNA synthetase−like  HARS−related  histidine−tRNA ligase homolog  hisRS  histidine translase  Homo sapiens  15029520
HISTIDYL−TRNA SYNTHETASE  HISTIDINE−−TRNA LIGASE   HISRS  2501005
unnamed protein product  Mus musculus  26353930
histidyl−tRNA synthetase  histidyl tRNA synthetase  Mus musculus  31982302
Hars protein  Mus musculus  18044873
histidyl−tRNA synthetase  histidine−tRNA ligase  HisRS  histidine translase  Homo sapiens  6996014

unnamed protein product  Homo sapiens  32458
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  135124

HISTIDYL−TRNA SYNTHETASE  HISTIDINE−−TRNA LIGASE   HISRS  2501006
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  2507432
histidyl tRNA synthetase  Caenorhabditis elegans  4261708
histidine−tRNA ligase  EC 6 1 1 21  − Caenorhabditis elegans 2133459

C  elegans HRS−1 protein  corresponding sequence T11G6 1b   Caenorhabditis elegans  30145709
histidyl tRNA synthetase  hrs−1   Caenorhabditis elegans  17542312

CG6335−PA  Drosophila melanogaster  CG6335−PA  Drosophila melanogaster  24643061
CG6335−PB  Drosophila melanogaster  CG6335−PB  Drosophila melanogaster  24643059

ENSANGP00000009936  Anopheles gambiae  ENSANGP00000009936  Anopheles gambiae  31197871
ENSANGP00000017615  Anopheles gambiae  ENSANGP00000017615  Anopheles gambiae  31204641

similar to Homo sapiens  Human   Histidyl−tRNA synthetase  EC 6 1 1 21   Histidine−−tRNA ligase   HisRS   Dictyostelium discoideum  28828512
histidyl−tRNA synthetase  Triticum aestivum  4103152
histidyl−tRNA synthetase  Triticum aestivum  4103154

HISTIDYL−TRNA SYNTHETASE  HISTIDINE−−TRNA LIGASE   HISRS  3915070
histidyl tRNA synthetase −related  Arabidopsis thaliana  15232962

hypothetical protein  Neurospora crassa  hypothetical protein  Neurospora crassa  32413441
histidyl−trna synthetase  mitochondrial precursor  Schizosaccharomyces pombe  19113233

histidine−tRNA synthetase mitochondrial histidine−tRNA synthetase mitochondrial 171732
histidine−tRNA synthetase cytoplasmic histidine−tRNA synthetase cytoplasmic 171733
Nuclear gene that specifies two messages for cytoplasmic and mitochondrial forms  Hts1p  Saccharomyces cerevisiae  6325290

HISTIDYL tRNA SYNTHETASE  Encephalitozoon cuniculi  19074312
Histidyl−tRNA synthetase  Bacillus cereus ATCC 14579  Histidyl−tRNA synthetase  Bacillus cereus ATCC 14579  30021425
tRNA−synt_2b  tRNA synthetase class II core domain  G  H  P  S and T   Bacillus anthracis A2012  tRNA−synt_2b  tRNA synthetase class II core domain  G  H  P  S and T   Bacillus anthracis A2012  21401251

Bhae−RS Bhae−RS
Bqna−RS Bqna−RS

Bmis−RS Bmis−RS
Atsh−RS Atsh−RS

Smti−RS Smti−RS
Mlti−RS Mlti−RS

Ccus−RS Ccus−RS
histidyl−tRNA synthetase  Clostridium tetani E88  histidyl−tRNA synthetase  Clostridium tetani E88  28211584

Histidyl−tRNA synthetase  Clostridium acetobutylicum  15895997
hypothetical protein  Xylella fastidiosa Ann−1  hypothetical protein  Xylella fastidiosa Ann−1  22997480
hypothetical protein  Xylella fastidiosa Dixon  hypothetical protein  Xylella fastidiosa Dixon  22994433
histidyl−tRNA synthetase  Xylella fastidiosa 9a5c  15838813

histidyl−tRNA synthetase  Xylella fastidiosa Temecula1  histidyl−tRNA synthetase  Xylella fastidiosa Temecula1  28199156
histidyl−tRNA synthetase  Xanthomonas campestris pv  campestris str  ATCC 33913  histidyl−tRNA synthetase  Xanthomonas campestris pv  campestris str  ATCC 33913  21231254
histidyl−tRNA synthetase  Xanthomonas axonopodis pv  citri str  306  histidyl−tRNA synthetase  Xanthomonas axonopodis pv  citri str  306  21242570

histidyl−tRNA synthetase  Nostoc sp  PCC 7120  histidyl−tRNA synthetase  Nostoc sp  PCC 7120  17232504
hypothetical protein  Nostoc punctiforme  hypothetical protein  Nostoc punctiforme  23125671
hypothetical protein  Trichodesmium erythraeum IMS101  hypothetical protein  Trichodesmium erythraeum IMS101  23039905

hypothetical protein  Bifidobacterium longum DJO10A  hypothetical protein  Bifidobacterium longum DJO10A  23336350
histidyl−tRNA synthetase  Bifidobacterium longum NCC2705  histidyl−tRNA synthetase  Bifidobacterium longum NCC2705  23464645

hypothetical protein  Thermobifida fusca  hypothetical protein  Thermobifida fusca  23019288
HISTIDYL−TRNA SYNTHETASE  Helicobacter pylori J99  15612180
histidyl−tRNA synthetase  hisS   Helicobacter pylori 26695  15645804

histidyl−tRNA synthetase  Helicobacter hepaticus ATCC 51449  histidyl−tRNA synthetase  Helicobacter hepaticus ATCC 51449  32267308
HISTIDYL−TRNA SYNTHETASE  Wolinella succinogenes  HISTIDYL−TRNA SYNTHETASE  Wolinella succinogenes  34483510

histidyl−tRNA synthetase  hisS   Borrelia burgdorferi  15594480
histidyl−tRNA synthetase  hisS   Treponema pallidum  15639628

histidyl−tRNA synthetase  Pirellula sp   histidyl−tRNA synthetase  Pirellula sp   32470802
histidyl−tRNA synthetase  Porphyromonas W83  histidyl−tRNA synthetase  Porphyromonas W83  34397963

histidyl−tRNA synthetase  Bacteroides thetaiotaomicron VPI−5482  histidyl−tRNA synthetase  Bacteroides thetaiotaomicron VPI−5482  29347250
hypothetical protein  Cytophaga hutchinsonii  hypothetical protein  Cytophaga hutchinsonii  23137435
hypothetical protein  Chloroflexus aurantiacus  hypothetical protein  Chloroflexus aurantiacus  22972087

histidyl−tRNA synthetase  Aeropyrum pernix  histidyl−tRNA synthetase  Aeropyrum pernix  14600873
probable histidyl−tRNA synthetase  Thermoplasma acidophilum  16081268

Histidyl−tRNA synthetase  Thermoplasma volcanium  13540985
histidyl−tRNA synthetase  HisS  Halobacterium sp  NRC−1  15790871

Arth2413 15231337
histidyl−tRNA synthetase  Leptospira interrogans serovar lai str  56601  24212754

Pyab0581 Pyab0581
histidyl−tRNA synthetase  Pyrococcus furiosus DSM 3638  18976636

Pyho8028 Pyho8028
Histidyl−tRNA synthetase  hisS   Sulfolobus solfataricus  15897222
426aa long hypothetical histidyl−tRNA synthetase  Sulfolobus tokodaii  15920522

histidyl−tRNA synthetase  Pyrobaculum aerophilum  18312709
Histidyl−tRNA synthetase  Methanosarcina mazei Goe1  21228163
histidyl−tRNA synthetase  Methanosarcina acetivorans str  C2A  20089821
hypothetical protein  Methanosarcina barkeri  23051899

Arfu8631 Arfu8631
Histidyl−tRNA synthetase  Methanopyrus kandleri AV19  20094974

histidyl−tRNA synthetase  Methanothermobacter thermautotrophicus  15678272
Histidyl−tRNA synthetase  Histidine−−tRNA ligase   HisRS  7676162

Meja8406 Meja8406
tRNA−synt_2b  tRNA synthetase class II core domain  G  H  P  S and T   Bacillus anthracis A2012  tRNA−synt_2b  tRNA synthetase class II core domain  G  H  P  S and T   Bacillus anthracis A2012  21399319
Histidyl−tRNA synthetase  Bacillus cereus ATCC 14579  Histidyl−tRNA synthetase  Bacillus cereus ATCC 14579  30019553

histidyl−tRNA synthetase  Listeria innocua  16799653
histidyl−tRNA synthetase  Listeria monocytogenes EGD−e  16802612

histidine−−tRNA ligase  putative   Lactobacillus plantarum WCFS1  histidine−−tRNA ligase  putative   Lactobacillus plantarum WCFS1  28379096
Histidyl−tRNA synthetase  Clostridium acetobutylicum  15894222

hypothetical protein  Clostridium thermocellum ATCC 27405  hypothetical protein  Clostridium thermocellum ATCC 27405  23020798
Histidyl−tRNA synthetase  Thermoanaerobacter tengcongensis  Histidyl−tRNA synthetase  Thermoanaerobacter tengcongensis  20808530

histidyl−tRNA synthetase  Bacillus subtilis  16080546
ATP phosphoribosyltransferase regulatory subunit/histidyl−tRNA synthetase  histidyl−tRNA synthetase  Bacillus halodurans  15616146
ATP phosphoribosyltransferase regulatory subunit ATP phosphoribosyltransferase regulatory subunit 20981700
ATP phosphoribosyltransferase regulatory subunit  Lactococcus lactis subsp  lactis  15673189
histidyl−tRNA synthetase homolog − Lactococcus lactis subsp  lactis histidyl−tRNA synthetase homolog − Lactococcus lactis subsp  lactis 477937

hypothetical protein  Pseudomonas syringae pv  syringae B728a  hypothetical protein  Pseudomonas syringae pv  syringae B728a  23469908
ATP phosphoribosyltransferase regulatory subunit  putative  Pseudomonas syringae pv  tomato str  DC3000  ATP phosphoribosyltransferase regulatory subunit  putative  Pseudomonas syringae pv  tomato str  DC3000  28872052
hypothetical protein  Pseudomonas fluorescens PfO−1  hypothetical protein  Pseudomonas fluorescens PfO−1  23058161
histidyl−tRNA synthetase  putative  Pseudomonas putida KT2440  histidyl−tRNA synthetase  putative  Pseudomonas putida KT2440  26991568

conserved hypothetical protein  Pseudomonas PA01  conserved hypothetical protein  Pseudomonas PA01  15600132
hypothetical protein  Azotobacter vinelandii  hypothetical protein  Azotobacter vinelandii  23104561
HisX  Pseudomonas stutzeri  HisX  Pseudomonas stutzeri  2459964

hypothetical protein  Microbulbifer degradans 2−40  hypothetical protein  Microbulbifer degradans 2−40  23026520
putative tRNA synthetase  Bordetella parapertussis  putative tRNA synthetase  Bordetella parapertussis  33597402
putative tRNA synthetase  Bordetella pertussis  putative tRNA synthetase  Bordetella pertussis  33593193

CONSERVED HYPOTHETICAL PROTEIN  Ralstonia solanacearum  CONSERVED HYPOTHETICAL PROTEIN  Ralstonia solanacearum  17545944
hypothetical protein  Ralstonia metallidurans  hypothetical protein  Ralstonia metallidurans  22975665

hypothetical protein  Burkholderia fungorum  hypothetical protein  Burkholderia fungorum  22986759
ATP phosphoribosyltransferase regulatory subunit  Nitrosomonas europaea ATCC 19718  ATP phosphoribosyltransferase regulatory subunit  Nitrosomonas europaea ATCC 19718  30249261

conserved hypothetical protein  Chromobacterium violaceum ATCC 12472  conserved hypothetical protein  Chromobacterium violaceum ATCC 12472  34104834
hypothetical protein NMA1023  Neisseria Z2491  hypothetical protein NMA1023  Neisseria Z2491  15793979
histidyl−tRNA synthetase  Neisseria MC58  15676712

hypothetical protein  Magnetospirillum magnetotacticum  hypothetical protein  Magnetospirillum magnetotacticum  23015583
hypothetical protein  Rhodospirillum rubrum  hypothetical protein  Rhodospirillum rubrum  22966730

hypothetical protein  Novosphingobium aromaticivorans  hypothetical protein  Novosphingobium aromaticivorans  23107289
histidyl−tRNA synthetase paralog  Synechococcus sp  WH 8102  histidyl−tRNA synthetase paralog  Synechococcus sp  WH 8102  33865810

tRNA synthetases  class−II  G  H  P and S   Prochlorococcus marinus str  MIT 9313  tRNA synthetases  class−II  G  H  P and S   Prochlorococcus marinus str  MIT 9313  33862970
ATP phosphoribosyltransferase  Prochlorococcus marinus subsp  marinus str  CCMP1375  ATP phosphoribosyltransferase  Prochlorococcus marinus subsp  marinus str  CCMP1375  33240386

possible Histidyl−tRNA synthetase  Prochlorococcus marinus subsp  pastoris str  CCMP1378  possible Histidyl−tRNA synthetase  Prochlorococcus marinus subsp  pastoris str  CCMP1378  33861457
hypothetical protein  Nostoc punctiforme  hypothetical protein  Nostoc punctiforme  23127551
histidyl−tRNA synthetase  Nostoc sp  PCC 7120  histidyl−tRNA synthetase  Nostoc sp  PCC 7120  17230407

ATP phosphoribosyltransferase regulatory subunit ATP phosphoribosyltransferase regulatory subunit 2501001
ATP phosphoribosyltransferase regulatory subunit  Thermosynechococcus elongatus BP−1  ATP phosphoribosyltransferase regulatory subunit  Thermosynechococcus elongatus BP−1  22297725

histidyl tRNA synthetase  Synechocystis sp  PCC 6803  16332160
hisZ  Bradyrhizobium japonicum  27382635

hypothetical protein  Rhodopseudomonas palustris  22963128
HYPOTHETICAL PROTEIN  Sinorhizobium meliloti  15964540

AGR_C_1214p  Agrobacterium tumefaciens  15888021
histidyl−tRNA synthetase  Mesorhizobium loti  13475768

HISTIDYL−TRNA SYNTHETASE  Brucella melitensis  17989400
conserved hypothetical protein  Brucella suis 1330  23499950

hypothetical protein  Caulobacter crescentus CB15  16127742
hypothetical protein  Rhodobacter sphaeroides  22957620

0.1 substitutions/site
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Supplememtary Fig. 2




