Appendix

Appendix

tRNA lysidinylation is essential for the minimal translation system in the
Plasmodium falciparum apicoplast

Rubayet Elahi*?", Sean T. Priggel2”

! Department of Molecular Microbiology and Immunology, Johns Hopkins University,
Baltimore, Maryland, USA
2 The Johns Hopkins Malaria Research Institute, Baltimore, Maryland, USA

* Corresponding authors

Rubayet Elahi
Email: aelahi3@jhu.edu
Telephone: +1 443 287 6695
ORCID ID: 0000-0002-1561-5257

Sean T. Prigge
Email: sprigge2@jhu.edu
Telephone: +1 443 287 4822
ORCID ID: 0000-0001-9684-1733



Table of Contents

Appendix Figure S1. Multiple sequence alignment of TilS orthologs from
Plasmodium falciparum (PfTilS), Synechocystis sp. (SyTilS), Aquifex
aeolicus (AaTilS), Mycoplasma genitalium (MgTilS), Escherichia coli
(EcTIilS), Geobacillus kaustophilus (GKTilS), and Arabidopsis thaliana
(AtRSY3)

Appendix Figure S2. Pathogenic apicomplexans have TilS orthologs
Appendix Figure S3. The phylogenetic relationship among TilS orthologs
Appendix Figure S4. Uncropped image of immunoblot shown in Fig. 4D

Appendix Figure S5. Sequence alignment between Archaeoglobus
fulgidus TiaS (AfTiaS) and P. falciparum TilS (PfTilS)

Appendix Figure S6. Sequence of codon-modified full-length pftils (in blue
font) as synthesized

Appendix Figure S7. Sequence of codon-modified N-terminally truncated
pftils (in blue font) as synthesized

Appendix Table S1. Primers used in this study

Appendix Table S2. Proteins used for phylogenetic analysis presented in
Appendix Fig. S3

Appendix Table S3. tRNAs used for phylogenetic analysis presented in
Fig. EV2

Appendix

10

11

14

16



Appendix

PfTilS MYLLCIFLYILSFLCFTICIKRKONVSKRWQFFIPHINKEGLYNIMDKKIIRVNKNKREFHRNVVCSNRLSEFIDRDININNKMKNIKELKKKHIDNNILIKADIFSNIIEKKNNSNLEFKKFCSFINMEY 130

SYTA LS mm o 0
AaTilS —— e - 0
1 J 0
ECTilS —— e 0
GKTilS = - 0
AERSY3 oo o 0

PfTilS DETTKDLEELKINKRLKNNNNDNNNNNNNNMYDNKSNNIHNNNNNNSDNLIKCIKKNQD-—-—====—=——-———— VLOLVEGYWLLT]

Wk yr s Fllkkk K KERE SgS I IRy SFTFVIYKILIS 244
SYTA LS mmm oo oo MAWTLLHSILHONM

ORR-—--FPELQGTINQRVAYSIEE OB 51

AATi1S  —m oo o MNPESRVI 52
MgTilSs 29
EcTils 40
GKkTilS ‘ RDEWK—— 46
AtRSY3 KTEGL—— 112
PfTilS 373
SyTils 80
AaTils - EERCKEFAKERNMK I 92
MgTi1S ——— = m oo KLNIPL ———————————————————————————————————————— 69
EcTilS --------- G m e QWQVPL —————————————————————————————————————— 79
GkTilS —-=-——==——- Lmmm e VERRILCETAQT === = = = = = e e e 86
AtRSY3 -—---—-—-- SCVNK-——-———————=————————————————TDGF I DG LVINVIUNECIBNOE SKDEAELVCSRVS - OMGHRCE TASC—————— === == —— — e e e 161
PfTilS 503
SyTilS 100
AaTils 110
MgTils 30
EcTils 94
GKTilSs 104
AtRSY3 178
PfTilS \ QF'F] FLKN]| RKFLTYYK 8 % M S \ 619
SyTilS RY] LIRE'N] SD QAMNWVRNLEE R I NR 219
AaTils Y] \ T€LD] LPKEE 3 Rw \ R-T 217

MgTilSs 0 QAKMQ DAKKR- AVYY KTRCELY G N { IALGNODHIPYE I|RMSNKLP I MKISNEVINLEMEKWSINI -EKE 190

EcTils SAMAEVSIEFA R OO-RWig 203

GkTils N M YA PVKRPFH y . I N EANMOIEMC)E PRIVE K DD TIRWIFINHH RQO-E| 215
OIE 7 V1|

AtRSY3 AFASEIFSRNLQLDAKHMKNQSIRL IR D T E DMY K T[@0WGRO DIV PR SO T F ViR IRERE T SHGN@ES - -G 300
PFTilS KSYKNRENHNTDKERNEKNDKHMLDEN CvﬂYHDETPLHNKﬁEMNKYDHVEESKNNIVNKNNELKNQHVYVNTSLDRRLKNVL-QTTNLENYHNYYD NMFFTYLKKKYMKRCMSTTKKIT 739
SyTilS -QVEK----SLAQTVELLTAEVAYMMOWYSGEIYQTLSQTDQ-————-KSMNCRL---—---------—-L§-————— ok - [T IRReE RO oS f§- - - SQ---SPNF—E 290
AaTilS -NLED----TFLKMVKVLRAERE EAQKLYKEVK--------KGNCWDVKK--------——-——--LK------ EK- 5L RO VIR F I GEKD 285
MgTilS QFY--—--—-——--- Bo Bk 1 a0k EYIMKK---—- AKWLL.OPDVRELKRFST TDOKQLIYSYLTYHKINV--——---~~— NGEKMDATMDF I@PSQOOKQYRLONDIFLMVK-—--NQCLALLYKS- 290
ECTilS -HFAE----ATARSAALCHEQESI LABDLAHCQSPQ-——--—- GTlOlvP------—---——-—-ML-—---- AM-SDRRAA TIRRWIBAG (@~ - ——————————————————— NAP-MESRDALV 276
GkTilS -RLHE----RFQQYSEMMREDEQERHNMAARALNKVMEKQHR -~~~ DAAMSHGP——- - ——————————- FL----—- EL-BRPMOEVLOLLMLR-L————————— === === == fcG-vgpTLTSV 291
AtRSY3 -SFKS----ELQAVESECRRTRSEVEKECTRLIHQTVTVTDR---GYAIMDLERLNPSGVKDICLSKYLFAVLOFISQR-QRPTRGNT SKLIINY IR-—————-—-—————————————— A-IFCRTSLT 397

3



PfTilS
SyTils
AaTils
MgTils
EcTilS
GkTilS
AtRSY3

PfTilS
SyTilS
AaTils
MgTils
EcTilS
GkTils
AtRSY3

PfTils
SyTilS
AaTils
MgTils
EcTilsS
GkTilS
AtRSY3

PfTilS
SyTils
AaTils
MgTils
EcTilsS
GkTils
AtRSY3

PfTils
SyTils
AaTils
MgTils
EcTilS
GkTils
AtRSY3

Appendix

HEEETYTNVHDTHN§N-- - TKNKRNT THEJHK NTYKNSDINLINRNVHLKKNIKCYEEQDAHNIFMNEYFKMQNNLYNIFFPRYN———METLEKINKKLYEKNIYLKIFNFEELLLLP ——————— SKLI
EE—EQIVGHI——NAPNRSQTSSEPGQG— EGDF--——=—-=——=—==———————— LRMY T Y QG K — = = = = = = = = =
————— VRSML -~ EKf§G -~ - EVNBOREK VL~~~ — = =~ KR= == ~KERWLCFS = =~ PEV ~ = = = = = = = = = = = o
RE—WQEV ——RED———ASPCERL AFEIERMO S QLW -~~~ TKSVTGQSENTVPWQTWLQ-~~P--LEMEAGLGSVQ—~~—~—-~ NGO~ L
H-GHILMiC--ERBRPSGMT DMl plRe [V IRDRC L T~~~ ~FDAES GEK————— ClWFELPVPALL PiENGYAT I SEFGEHY PRKQAGNDW -~ ————— = ————=———— iVVD ——————————————
AA-GCYLS--—--PAPG----——- S -~ Cmm o SVDCPMESKTELLNISFNETPSDDLIGOIMADAKS FSDHVAP--~TSL

KT TS| BEVOFLDVASESVLSKAR

RLEILYNIIRKYVKVNI-----——————————————————————— KYAKIERIYEQMIAYINEYIKRDKT----—-———-—-—-——-— KYGTTQSFHQSHIFNDDﬂTMFDNKMRVQNKSKKENKILN;&I&DLFG

——————————————————————————————————————————————————————————————————————————————————— PRADEAVS|YRF -KA-PGLLHIV---GRNG--~~----GRELIAK TWQ
——————————————————————————————————————————————————————————————————————————————————— SVSLPLRYETRRR-GIERMVLK-~-GTGG-~~~----TKIJLAE TFT
ELNLLSE--STYTTIGLLORDETKRFLTKTEEKSVELEHGTNIAASSDKVHLCLGONLYFMNRFLIRWNLSDHQCNEADCRNCIFVS TATSMEEHMVE - PEWLY LA---ELSKCSTSNHS TSSSQRALRS

DTKEEEVNFVVINITKSKSILLQNNLFRIIERDMIEDITKGRKRLHMDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDNKRDDKKDTHIQHDKDITSQT

———————————————————————————————————————————————————————————————————————————————————————————————————————————— 2P LADTTIFLLEY - ——-—-GET
———————————————————————————————————————————————————————————————————————————————————————————————————————————— ZERMERDRIETVED-——---ADG
———————————————————————————————————————————————————————————————————————————————————————————————————————————— JZAARRKSTIFVLVN-——---HCG

——————————————————————————————————————————— 330

___________________________________________ 290 [] PP-loop motif +tRNA binding residue
LIA-AAGVEFVT-QEGVAEGE--NGVSFVWQKTLS—-—-—-—-—-——-—— 432
RILWVEGLKKSAFEAQNRGOA-RY TLLQYQAMNS——~-==-~~ 464
LLLCIEAIGFSYCSCLEASA————V———FLPRIPLGGGHSSFL 660

[|TiIS specific domain (TSD) 4 Lysine coordinating residue

856
330
317
290
348
376
480

945
330
317
290
382
411
604

1075
330
317
290
386
415
608

1205
330
317
290
402
431
624

Appendix Figure S1. Multiple sequence alignment of TilS orthologs from Plasmodium falciparum (PfTilS), Synechocystis

sp. (SyTilS), Aquifex aeolicus (AaTilS), Mycoplasma genitalium (MgTilS), Escherichia coli (EcTilS), Geobacillus

kaustophilus (GkTilS), and Arabidopsis thaliana (AtRSY3). Alignment output was visualized using Boxshade to highlight

conserved residues. Amino acid residues and domains important for lysidinylation activity of TilS are depicted as in Fig. 1E.
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Apicomplexans Gene ID E?I’Téty to E-value E));F;Tirzi;;n;al
Toxoplasmagondii  TGME49 215100 30% 1e-8 Apicoplast*
Eimeria tenella ETH2_0718500 23% 0.025 N.D.
Neospora caninum  NCLIV_052110 30% 8e-10 N.D.
Babesia microti BMR1_01G01110 39% 1e-11 N.D.
Theileria annulata TA03600 30% 2e-4 N.D.

* |dentified in the apicoplast fraction from T. gondiivia hyperLOPIT (Barylyuk et al.,
2020); N.D., not determined

Appendix Figure S2. Pathogenic apicomplexans have TilS orthologs. TilS
orthologs were identified in pathogenic apicomplexans using P. falciparum TilS as the

query.

Reference:

Barylyuk K, Koreny L, Ke H, Butterworth S, Crook OM, Lassadi |, Gupta V, Tromer E,
Mourier T, Stevens TJ et al (2020) A comprehensive subcellular atlas of the

Toxoplasma proteome via hyperLOPIT provides spatial context for protein functions.
Cell Host Microbe 28: 752-766.e759
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Chlorella sorokiniana

72 88— Oryza sativa

99 — Zea mays
57— Zingiber officinale

5 —— Arabidopsis thaliana
33 Escherichia coli

18 Aquifex aeolicus

99 ——— Geobacillus kaustophilus
L —— Bacillus subtilis

27 Eimeria tenella

94 Toxoplasma gondii

Neospora caninum
90 Theileria annulata

30

Plasmodium falciparum

Babesia microti

46 Perkinsus olseni

40 Mycoplasma genitalium
Nebraska virus

23 Vitrella brassicaformis

62 Gracilaria tenuistipitata

Synechocystis sp.

0.2

Appendix Figure S3. The phylogenetic relationship among TilS orthologs.
Phylogenetic analysis revealed a distant relationship between the TilS proteins of P.
falciparum and E. coli. Bootstrap analyses (1000 replicates) were employed to assess
the robustness of the branching patterns. The percentage of replicate trees in which the
associated taxa clustered together is indicated adjacent to each branch. The
phylogenetic tree is drawn to scale, with branch lengths representing the estimated
number of substitutions per site. Refer to Appendix Table S2 for the accession IDs of
the proteins used in this analysis.
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Appendix Figure S4. Uncropped image of immunoblot shown in Fig. 4D.
Immunoblot of saponin-isolated PfMeva® (parental) and ectilS* parasite lysates with
anti-mCherry antibodies (left panel) confirms expression of EcTilS-mCherry fusion
protein (expected molecular weight 91 kDa, black arrowhead). Anti-aldolase immunoblot
shows relative loading levels (right panel). Protein markers are in kilodaltons (kDa).
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Appendix Figure S5. Sequence alignment between Archaeoglobus fulgidus TiaS

(AfTiaS) and P. falciparum TilS (PfTilS). Threoninel8 (Bold purple T) of AfTiaS is
subject to autophosphorylation. Alignment output was visualized using Boxshade to

highlight conserved residues. AfTiaS and PfTilS accession IDs are provided in the
Methods section.
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pftilS-3xV5

CCTAGGATGTACCTGCTGTGCATTTTCCTGTATATCTTGAGCTTTTTATGTTTTACAATTTGTATTAAACGTAAACAGAACG
TCTCGAAGCGTTGGCAGTTTTTCATTCCGCATATTAACAAGGAAGGCCTTTACAATATCATGGATAAGAAAATCATCCGGGT
CAACAAAAACAAACGGTTCCATCGTAACGTTGTATGCAGCAACCGGCTGAGTGAATTCATCGATCGCGATATCAACATTAAC
AACAAGATGAAGAATATCAAGGAACTGAAAAAAAAACACATTGATAACAACATTTTGATTAAAGCAGACATTTTCAGCAACA
TAATCGAGAAAAAAAACAATTCAAACTTATTTTTTAAAAAATTTTGCTCTTTTATTAACATGGAATATGACGAAACCACCAA
AGATTTAGAAGAGTTAAAAATCAACAAACGATTGAAAAACAATAACAATGATAATAACAACAATAACAACAACAACATGTAT
GATAACAAAAGCAATAATATTCATAACAACAACAATAACAATAGCGATAATTTGATTAAATGTATCAAAAAGAATCAGGATG
TGCTGCAGTTGGTAGAAGGATACTGGCTGTTAACGCTGAAAAACAAATATATGTTTTCTTTTCTGAAAAAAAAGAAAAAAAT
TATCTTCAGCGTGTCAAGTGGGGTGGACTCTTTGTGCCTTCTTTATAGCTTCATCTTTGTTATCTATAAAATTCTGATCAGC
ATGATTTACAAAAATAAAAGTTATTTTGGCTTTATGAATAAAATCAACAGCGTGTATAGCTTTACTCATGAAGATATTATTG
ATATCATCAAAGAATACCGTTATGAAAACAATGTCAGCTTCTTTCTGTCGATCCTGAGCAAAATTATCGTGATTTACTGTCA
TCATAATACCCGTAAAGAATGTACCTCAGAAATGTATTTTCTTAAAAACATTTGCAAAAAATTCGGTATCCACTTTAAATCC
AAAAAACTGACGGAAAAGAGTATTCAGAAACTGAATGTAATAAACTTAAAAACGAAAAAGAAAAATTACGAAAGCAATGTGA
ATAAGAAAATTAATATTAACATGATGAAGAATAAAAAAAATTTCCTGCTGCTAGCACGAACCTGGCGTCGTAACATCTACGT
GCACCTCTCCAACGATATTTTGAAACGGGACATGAACAACAATATTTATCACAACAACAAAATGAAAGATTCCCATAACAAC
AACAACAATAACGATAATAACAACACGAGCATGAAGGACCCCCTGAATATGTTAGATGCTTATACCTACGAAAAATATATTT
ACGATATTAACAATTATATCAAAATCACCAACAAAAAATGCATCACCAACGTCCTGATTAAGAAAGAATCATTCAGTAAGGA
GTACTCCAACGATTCGATCATGCGCAAGAAGAAAAAGGAAGGTCTGCTTTTCAATAATATTATGAACCTGCAGAATAATAAC
ATTAAAATTATCAACAACACTTGCAGCAATAATATTTACAATATGAAATATACTAATGTTTTTCTGAACAAATATTGCATCC
TGAAAAAAAAGATTAAATCAATCGTGTTCCTCGGCCACCACCAGAACGACAACAACGAAACGGTGCTGCTTCAGTTCTTCCG
TGGTGTTTTTTTAAAAAACCTGCGCGGCATTAAATTTCTCACCTACTATAAAAATTGTCTGCTGTATCGTCCGTTCATCAAA
CTGAACAAACTCCATTTGTATCGCTACATGCAGCTTATCAACAAAACTTGGAATTTCGATTCCTCTAACAACAATATGTCTA
TTTCGCGTAACTTCATCCGCAATGTGGTGATCCCAAACATAACCCATATGTTGAAAGATAAAAGCTATAAAAATCGTGAGAA
CCACAATATTGACAAAGAGATTAATGAGAAGAATGATAAGCACATGCTGGATGATAACGTGTGCGTTGATTACCATGATGAA
ACACCCCTTCATAATAAGAAAGAAATGAATAAATATGATCATGTCGAAATTTCGAAAAATAACATCGTTAACAAAAACAATG
AACTGAAAAACCAGCATGTATATGTCAATACCTCTCTGGATCGTCGCCTGAAAAACGTTCTGCGCCAGACCACGAACCTGGA
AAATTACCTGAATTATTATGACAATATGTTCTTTACCTATCTGAAAAAGAAATATTACAAACGCTGCATGTCAACCACAAAA
AAGATTACGCATGAAGAAGAGACGTACACTAACGTCCATGATACCCATAACGGCAACATCAAAAATAAACGCAACATCACCA
AAATTCACAAAAGTTATAACACCTATAAAAACTCCGATATAAATTTAATCAATCGTAACGTGCATTTGAAAAAAAACATTAA
ATGCTACAACTATCAGGATGCGCATAACATCTTTATGAACGAATACTTTAAAATGCAAAACAATCTGTATAACATCTTTTTC
CCGCGTTACAACATGGAAACACTGATCAAAATTAACAAAAAACTGTACGAGAAAAACATTTACCTGAAAATTTTTAACTTCT
TCGAACTCCTGCTGCTGCCTTCTAAACTCATCCGCCTCGAAATTCTGTATAACATCATCCGTAAATATGTCAAGGTAAACAT
TAAATATGCCAAGATAGAACGGATTTATGAACAAATGATTGCGTACATTAATGAATATATCAAACGTGATAAAACAAAATAC
GGTACCACGCAATCGTTTCATCAATCGCATATATTCAACGATGATGATACTATGTTCGACAATAAAATGCGTGTTCAGAATA
AAAGCAAAAAGGAAAATAAAATCCTGAACGTGAAAATTAAGGATTTGTTTGGGGATACCAAAATTGAGGAGGTGAACTTTGT
GGTGATTAATATTACTAAAAGTAAGTCAATCCTTCTCCAAAACAACCTGTTCCGGATTATTGAACGCGATATGATCGAAGAT
ATTACCAAAGGACGCAAACGCCTCCACATGGACGATAACAAACGCGACGATAATAAACGCGACGATAACAAACGCGACGATA
ACAAACGCGACGATAACAAACGGGACGATAATAAACGCGACGATAACAAACGTGACGATAATAAACGTGACGATAATAAACG
CGACGATAACAAACGTGACGACAACAAACGGGACGATAACAAACGGGACGATAATAAACGGGATGATAAAAAAGATACCCAC
ATTCAGCACGATAAGGATATTACATCACAAACCTTTTTCCCTCACAACAAAATTACAATTGCCAACGAGAAATGTATTAAAA
ACGATGAATACATTGACAACAGCCTGGTCTGTTTTAAAGAAAAAAGCGCCAATATCTTTGTCCATAATAATATTTCCACGGA
GGTGTCTCGCCTGAAAAAATATGATATCACGAAAAAGAACGATAAAAAGAACATCTTTCTTCTAATCAAAAAGCGGAAAAAA
AAAAAAAAAGAAAAATTTCACATTCACATTCGATACATTAAAAAAAATGATTATGTTTATCTGGAAAAAAAAAARAATCTCCG
TTAATAAATTTCTGACCCTTCACAAGATCCCGTATATTTATCAGACCGCGCTGCCGGTTATTGAAATTATCAATTTTAATAA
TAACCATATTCTGTTTTTTTATTTGTTCCCGGAAGTGAAAAGCCCGTATTTCACTCTGCGAGAAAAAACGTTTCCACAAARAA
TATATGAATACACATTTTGTTTATAGTATCAAATTCAAGGGGATCCGTGACCGTACGGACGTCGGAAAACCAATACCAAATC
CTTTGTTAGGTTTAGACAGTACAGGAGGTAAACCTATACCTAATCCTTTATTGGGTCTTGATTCAACTGGTGGAAAACCTAT
TCCAAATCCATTATTAGGATTAGATTCTACATAAGGGCCC

Appendix Figure S6. Sequence of codon-modified full-length pftils (in blue font)
as synthesized. Avrll (CCTAGG) and PspOMI (GGGCCC) sites are underlined. The
3xV5 sequence is in magenta.
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trpftilS-3xV5

CCTAGGATGATTAAATGTATCAAAAAGAATCAGGATGTGCTGCAGTTGGTAGAAGGATACTGGCTGTTAACGCTGAAAAACA
AATATATGTTTTCTTTTCTGAAAAAAAAGAAAAAAATTATCTTCAGCGTGTCAAGTGGGGTGGACTCTTTGTGCCTTCTTTA
TAGCTTCATCTTTGTTATCTATAAAATTCTGATCAGCATGATTTACAAAAATAAAAGTTATTTTGGCTTTATGAATAAAATC
AACAGCGTGTATAGCTTTACTCATGAAGATATTATTGATATCATCAAAGAATACCGTTATGAAAACAATGTCAGCTTCTTTC
TGTCGATCCTGAGCAAAATTATCGTGATTTACTGTCATCATAATACCCGTAAAGAATGTACCTCAGAAATGTATTTTCTTAA
AAACATTTGCAAAAAATTCGGTATCCACTTTAAATCCAAAAAACTGACGGAAAAGAGTATTCAGAAACTGAATGTAATAAAC
TTAAAAACGAAAAAGAAAAATTACGAAAGCAATGTGAATAAGAAAATTAATATTAACATGATGAAGAATAAAAAAAATTTCC
TGCTGCTAGCACGAACCTGGCGTCGTAACATCTACGTGCACCTCTCCAACGATATTTTGAAACGGGACATGAACAACAATAT
TTATCACAACAACAAAATGAAAGATTCCCATAACAACAACAACAATAACGATAATAACAACACGAGCATGAAGGACCCCCTG
AATATGTTAGATGCTTATACCTACGAAAAATATATTTACGATATTAACAATTATATCAAAATCACCAACAAAAAATGCATCA
CCAACGTCCTGATTAAGAAAGAATCATTCAGTAAGGAGTACTCCAACGATTCGATCATGCGCAAGAAGAAAAAGGAAGGTCT
GCTTTTCAATAATATTATGAACCTGCAGAATAATAACATTAAAATTATCAACAACACTTGCAGCAATAATATTTACAATATG
AAATATACTAATGTTTTTCTGAACAAATATTGCATCCTGAAAAAAAAGATTAAATCAATCGTGTTCCTCGGCCACCACCAGA
ACGACAACAACGAAACGGTGCTGCTTCAGTTCTTCCGTGGTGTTTTTTTAAAAAACCTGCGCGGCATTAAATTTCTCACCTA
CTATAAAAATTGTCTGCTGTATCGTCCGTTCATCAAACTGAACAAACTCCATTTGTATCGCTACATGCAGCTTATCAACAAA
ACTTGGAATTTCGATTCCTCTAACAACAATATGTCTATTTCGCGTAACTTCATCCGCAATGTGGTGATCCCAAACATAACCC
ATATGTTGAAAGATAAAAGCTATAAAAATCGTGAGAACCACAATATTGACAAAGAGATTAATGAGAAGAATGATAAGCACAT
GCTGGATGATAACGTGTGCGTTGATTACCATGATGAAACACCCCTTCATAATAAGAAAGAAATGAATAAATATGATCATGTC
GAAATTTCGAAAAATAACATCGTTAACAAAAACAATGAACTGAAAAACCAGCATGTATATGTCAATACCTCTCTGGATCGTC
GCCTGAAAAACGTTCTGCGCCAGACCACGAACCTGGAAAATTACCTGAATTATTATGACAATATGTTCTTTACCTATCTGAA
AAAGAAATATTACAAACGCTGCATGTCAACCACAAAAAAGATTACGCATGAAGAAGAGACGTACACTAACGTCCATGATACC
CATAACGGCAACATCAAAAATAAACGCAACATCACCAAAATTCACAAAAGTTATAACACCTATAAAAACTCCGATATAAATT
TAATCAATCGTAACGTGCATTTGAAAAAAAACATTAAATGCTACAACTATCAGGATGCGCATAACATCTTTATGAACGAATA
CTTTAAAATGCAAAACAATCTGTATAACATCTTTTTCCCGCGTTACAACATGGAAACACTGATCAAAATTAACAAAAAACTG
TACGAGAAAAACATTTACCTGAAAATTTTTAACTTCTTCGAACTCCTGCTGCTGCCTTCTAAACTCATCCGCCTCGAAATTC
TGTATAACATCATCCGTAAATATGTCAAGGTAAACATTAAATATGCCAAGATAGAACGGATTTATGAACAAATGATTGCGTA
CATTAATGAATATATCAAACGTGATAAAACAAAATACGGTACCACGCAATCGTTTCATCAATCGCATATATTCAACGATGAT
GATACTATGTTCGACAATAAAATGCGTGTTCAGAATAAAAGCAAAAAGGAAAATAAAATCCTGAACGTGAAAATTAAGGATT
TGTTTGGGGATACCAAAATTGAGGAGGTGAACTTTGTGGTGATTAATATTACTAAAAGTAAGTCAATCCTTCTCCAAAACAA
CCTGTTCCGGATTATTGAACGCGATATGATCGAAGATATTACCAAAGGACGCAAACGCCTCCACATGGACGATAACAAACGC
GACGATAATAAACGCGACGATAACAAACGCGACGATAACAAACGCGACGATAACAAACGGGACGATAATAAACGCGACGATA
ACAAACGTGACGATAATAAACGTGACGATAATAAACGCGACGATAACAAACGTGACGACAACAAACGGGACGATAACAAACG
GGACGATAATAAACGGGATGATAAAAAAGATACCCACATTCAGCACGATAAGGATATTACATCACAAACCTTTTTCCCTCAC
AACAAAATTACAATTGCCAACGAGAAATGTATTAAAAACGATGAATACATTGACAACAGCCTGGTCTGTTTTAAAGAAAAAA
GCGCCAATATCTTTGTCCATAATAATATTTCCACGGAGGTGTCTCGCCTGAAAAAATATGATATCACGAAAAAGAACGATAA
AAAGAACATCTTTCTTCTAATCAAAAAGCGGAAAAAAAAAAAAAAAGAAAAATTTCACATTCACATTCGATACATTAAAAAA
AATGATTATGTTTATCTGGAAAAAAAAAAAATCTCCGTTAATAAATTTCTGACCCTTCACAAGATCCCGTATATTTATCAGA
CCGCGCTGCCGGTTATTGAAATTATCAATTTTAATAATAACCATATTCTGTTTTTTTATTTGTTCCCGGAAGTGAAAAGCCC
GTATTTCACTCTGCGAGAAAAAACGTTTCCACAAAAATATATGAATACACATTTTGTTTATAGTATCAAATTCAAGGGGATC
CGTGACCGTACGGACGTCGGAAAACCAATACCAAATCCTTTGTTAGGTTTAGACAGTACAGGAGGTAAACCTATACCTAATC
CTTTATTGGGTCTTGATTCAACTGGTGGAAAACCTATTCCAAATCCATTATTAGGATTAGATTCTACATAAGGGCCC

Appendix Figure S7. Sequence of codon-modified N-terminally truncated pftils (in
blue font) as synthesized. Avrll (CCTAGG) and PspOMI (GGGCCC) sites are
underlined. The 3xV5 sequence is in magenta.
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Appendix Table S1. Primers used in this study. Restriction enzyme sites are

underlined.

Primer name

Sequence (5'23’)

Primer description

Primers to amplify homology arms (HA) and guide RNA (gRNA) annealing for pftilS

CTTGA

knockout

TilS.HAL1F GTGCCACGAGCGGCCGCAGGTTCCAT | Forward for HA1
AGAAATGTTGTGTG amplification

TilS.HA1R AAGCGCAGCGGCCGCGTAAAACATCT | Reverse for HA1
TGATTCTTTTTAATACA amplification

TilS.HA2F TTCGACAGACGCCGGCAAAGGATATA | Forward for HA2
TGAACAGATGATAGCA amplification

TilS.HA2R TGGCCACCAGCCGGCATCATGTTGTA | Reverse for HA2
TATGTGTATCTTTTT amplification

Tils.gRNA.pF /5Phos/TATTTCAAGATGTTTTACA | 5-phosphorylated guide
ACTTG RNA forward oligo

Tils.gRNA.pR /5Phos/ARACCAAGTTGTAARACAT | 5-phosphorylated guide

RNA reverse oligo

Primers for pftilS

gene knockout confirmation

TiIS5.F ATGTGTCGAAGAGATGGCAATTTTTC | Forward for 5 and A5’
ATACCACAT PCR

TiIS.5.WT.R TATGAATGAATAAAGTAGACACAAAG | Reverse for 5 PCR
AATCTACCCCTGA

TilS.3.WT.F TGAACTTTTATTATTACCCTCTAAAC | Forward for 3° PCR
TAATTAGACTAGAAAT

TiIS.3.R TACAAAAATGTTAGCACTTTTTTCTT | Reverse for 3’ and A3’
TAAAGCACACTAATG PCR

pPRS.F CATATTTATTAAATCTAGAATTCGAC | Forward for A3’ PCR
AGACGCCG

PRS.R TACAAAATGCTTAAGCGCAGCGGCC Reverse for A5’ PCR
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Primers to amplify representative genes from nuclear and organellar genome

LDH.F

GGAGATGTAGTTTTGTTCGATATTG

Forward for PCR

LDH.R

CTTGTAAAGGGATACCACCTACAG

Reverse for PCR

SufB.F

CATGTAGCTATAGTAGAAATAATAGT
AAAAGATTATGG

Forward for PCR

SufB.R

GACTCTGAAATACTTAAACCACGTTG
C

Reverse for PCR

Cox1.F

CTTCATCTTTAAGAATAATTGCACAA
GAAAATGTAAATC

Forward for PCR

Cox1l.R

GTACATATGATGTACCCATACTAAGC
TTCC

Reverse for PCR

Primers for gene

ration of pCLD-ectilS-mcherry-10xapt

plasmid

EcTils.InF F GTTAGAAGGTTCCGGAATGACACTCA | Forward for ectilS
CGCTCAATAGACAAC amplification
EcTils.InF R GCCCTTGCTCGTACGACTAAGCGTTT [ Reverse for ectilS

TCTGCCAGACAAAAC

amplification

Primers for confirmation of gene knock-in

P230p.out.HA.
F

GGTTGTGATTTTTCAGGTGATTCC

Forward for attL and attB

PCR

P230p.out.HA.
R

GAAAATTGTAGGGGCAGCTAAATCCG
AC

Reverse for attR and attB

PCR

attB.Int.F

GCAGTGTGGAATTCCCTGCA

Reverse for attL PCR

attB.Int.R

TTAAGTGTAGTTAATTCATCAAATAG
CATGC

Forward for attR PCR

Primers for sequencing

PRS.R

TACAAAATGCTTAAGCGCAGCGGCC

For HA1 insertion in

PRSng-pftilS
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PRS.F CATATTTATTAAATCTAGAATTCGAC | For HA2 insertion in
AGACGCCG pPRSNg-pftilS
pL6.gRNA.F GGGTAAATTATTATTAAAAAATGTAT | For guide RNA insertion in
ATGTTATG pCasG-LacZ
CLD2.F ACAACCTAGGATGAAGATCTTATTAC | Forward for ectilS insertion
in pCLD-ectilS-mcherry-
10xapt
RFP.R GAGGGCTCCGTGAACGGC Reverse for ectilS insertion
in pCLD-ectilS-mcherry-
10xapt
Cre.Ins.Seq.F | CAACCTAGATAACTTCGTATAGCATA | Forward for pftilS (full-
CATTATACG length or truncated)
insertion in pCre-tr/pftilS-
3xV5
TilS.Seq.F1 GGATGTGCTGCAGTTGGTAGAAGGA Forward for pftilS (full-

length or truncated)
insertion in pCre-tr/pftilS-
3xV5

TilS.Seq.F2 CAGTAAGGAGTACTCCAACGATTCG Forward for pftilS (full-
length or truncated)
insertion in pCre-tr/pftilS-
3xV5

TilS.Seq.F3 GACCACGAACCTGGAAAATTACC Forward for pftilS (full-
length or truncated)
insertion in pCre-tr/pftilS-
3xV5

NewApt.5R CTCGCTATCAAGGAATCGAGTCC Reverse for pftilS (full-
length or truncated)
insertion in pCre-tr/pftilS-
3xV5
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Appendix Table S2. Proteins used for phylogenetic analysis presented in
Appendix Fig. S3. 2Uniprot ID, PPlasmoDB ID, ¢ToxoDB ID, 9PiroplasmaDB ID.

Appendix

negative bacteria)

Species Accession Gene name
Only Syngen Nebraska virus 5 AOA1JOF9X62 OS5 _287L
(Nv) (Chlorovirus)

Chlorella sorokiniana (Freshwater | AOA2P6TQ552 C2E21 4934
green alga)

Gracilaria tenuistipitata var. liui Q6B8L1? tilS, ycf62, Grc000193
(Red alga)

Oryza sativa (Monocot) BBAFB72 Osl_06667
Zea mays (Monocot) AOAB804PGD62 tilS

Zingiber officinale (Monocot root AOA8J5GGP9? ZIOFF_041066
plant)

Arabidopsis thaliana (Dicot) F4J7P74 RSY3
Perkinsus olseni (Dinoflagellate) AOA7J6UN022 FOZ63 029171
Synechocystis sp, PCC 6803 P741922 tilS, slr1278
(Freshwater cyanobacteria)

Vitrella brassicaformis CCMP3155 | AOAOG4FYP92 Vbra_ 16478
(Dinoflagellate)

Escherichia coli (Gram-negative P520972 tilS, mesJ
bacteria)

Geobacillus kaustophilus Q5L3T32 tilS, GK0060
(Thermophilic Gram-positive

bacteria)

Bacillus subtilis (Gram-positive P375632 tilS, yacA
bacteria)

Aquifex aeolicus 0677282 tilS, ag_1887
(chemolithoautotrophic Gram-

negative bacteria)

Mycoplasma genitalium (Gram- P473302 tilS, MG084

Plasmodium falciparum
(Apicomplexan)

PF3D7_0411200°

tilS, PP-loop family
protein

Toxoplasma gondii
(Apicomplexan)

TGME49_215100¢

tilS, PP-loop family
protein

Neospora caninum
(Apicomplexan)

NCLIV_052110°¢

tilS, hypothetical protein
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Eimeria tenella (Apicomplexan) ETH2_0718500° tilS, PP-loop family
protein

Babesia microti (Apicomplexan) BMR1_01G01110¢ | tilS, PP-loop family
protein

Theileria annulata (Apicomplexan) | TA03600¢ tilS, hypothetical protein
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Appendix Table S3. tRNAs used for phylogenetic analysis presented in Fig. EV2.
Accession ID for apicoplast-genome-encoded tRNAs are provided. Pfal, Plasmodium
falciparum; Tgon, Toxoplasma gondii; Eten, Eimeria tenella; Bmic, Babesia microti;
Tpar, Theileria parva; Hmar, Haloarcula marismortui; Mmob, Mycoplasma mobile; Bsub,
Bacillus subtilis; Ecol, Escherichia coli; Cpan, Cycas panzhihuaensis; Slyc, Solanum
lycopersicum; Scer, Saccharomyces cerevisiae.

tRNA Accession ID Sequence (5' — 3')

Pfal_trnM- |PF3D7_API06600 AGCGAAAUAGAGCAUAAGGAAAGUUCGUCGGAUUC

CAU1 AUGCUCCGAAGGUAAUCGGUUCAAUUCCGUUUUUC
GCUUA

Pfal_trnM- |PF3D7_API00600 AACAUUUAUAGCUAAGUGGUCGAAAGCAAUGGACU

CAU2 CAUAAUUCAUUUUCAUAUAUUGAUCAUCAGUAGUU
CGAAUCUACUUAAAUGU

Pfal_trnM- |PF3D7_API05000 AGCGAAAUAGAGCAUAAGGAAAGUUCGUCGGAUUC

CAU3 AUGCUCCGAAGGUAAUCGGUUCAAUUCCGUUUUUC
GCUU

Pfal_trnl- |PF3D7_API05800 AUAGGUUUUUAGUUUAAUGGUUAAAACAUACUCUU

GAU GAUAAGGGUAAAAUUUUAGUUCAAUUCUAAAAUAA
cC

Tgon_trnM | TGME49 355180 AGCGGGGUAGAGCAGGUUGGUAGCUCGUCGGGCUC

-CAU1 AUGACCCGAAGGUCAGCGGUUCAAAUCCGCUCCUC
GUUU

Tgon_trnM | TGME49 355060 AUACUUGUGGCUGAGUGGGCAAAAGCAGUGAGCUC

-CAU2 AUAACUCAUAUAAAACGAAAGUUCGAAUCUUUUCA
AGUAUA

Tgon_trnl- | TGME49 355100 AGGCUAGUAGCUCAACGGUAGAGCACGCUUUUGAU

GAU1 AAGGGCGUGGUUUCUGGUUCGAUUCCAGGGUGGCC
UA

Tgon_trnl- | TGME49 355110 AGGCUAGUAGCUCAACGGUAGAGCACGCUUUUGAU

GAU2 AAGGGCGUGGUUUCUGGUUCGAUUCCAGGGUGGCC
UA

Eten_trnM- | ETH2_API00800 AAACGGAGUAGAGCAGUCUGGUUAGCUCAUCGGGC

CAU1 UCAUGAUCCGAAGGUCAACGGUUCAAUUCCGUUCU
CCGUUUU

Eten_trnM- | ETH2_API01500 UGUACCUGUGGCUGAGUGGUCAAAAGCGGUGGGCU

CAU2 CAUAAUCCAUUUUUUUUCAAAAGUUCAAAUCUUUU
CAGGUAUAA

Eten_trnM- | ETH2_API105600 AAACGGAGUAGAGCAGUCUGGUUAGCUCAUCGGGC

CAU3 UCAUGAUCCGAAGGUCAACGGUUCAAUUCCGUUCU
CCGUUUU
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Eten trnl- |ETH2_API00100 GGGCUGUUAGCUCAUCGGUAGAGCGCGCCCCUGAU

GAU1 AAGGGCGAGGUACCUGGUUCAACCCCAGGACGGCC
UA

Eten_trl- |ETH2_API06300 GGGCUGUUAGCUCAUCGGUAGAGCGCGCCCCUGAU

GAU2 AAGGGCGAGGUACCUGGUUCAACCCCAGGACGGCC
UA

Bmic_trnM |BmR1_api00060 AAUAAGAUAUAGUAAUAAGGAAACUUACCAGCUUC

-CAU1 AUGGUCUGGAGAUUGCAGUUCGAGUCUGCAUCUUA
Uuuu

Bmic_trnM |BmR1_api00070 AUAUCUGUAGCUUAGUGGUUAUAGCAAUGGGCCCA

-CAU2 UGACUCAUUAAUUUCAGUAGUUCAAAUCUACUCAG
AUAUA

Bmic_trnM |BmR1_api00200 AAUAAUUUAUUAUUUUAUAUAUAUAUAUUAUAUAU

-UAU AUAUAAAAUAAUAAAUAUUU

Bmic_trnl- |BmR1_api00090 AGAUUUUUAGUUUACUGGUAAAACAUAUCUUUGAU

GAU AAGGAUAAAAUAUUUGGUUCAAUUCCAAAAAAAUC
UA

Tpar_trnM- | TpMuguga_05g00051 | GUAUCUAUAGCUUAGAGGCUAAAGCGAUGAGUUCA

CAU UACCUCAUGUACAGUAGUUCAAAUCUACUUAGAUA
UA

Tpar_trnl- | TpMuguga_05g00069 | GGACUUUUAGCUUAAUUGUUAAAGUUUACAUGUGA

GAU UAUAUGUGAGAGUUUUGGUUAAAAUCCAAAAAAGU
CCA

Hmar _trnM GCCCGGGUGGCUUAGCUGGACAUAGCGCCGCACUC

-CAU AUAAUGCGGAGAUCGAGGGUUCGGA

Hmar _trnf AGCGGGAUGGGAUAGCCAGGAGAUUCCGGCGGGCU

M-CAU CAUAACCCGCAGAUCGGUAGUUCAAAUCUACCUCC
CGCUA

Hmar _trnl- GGGCCCUUAGCUUAGUCUGGUUAAAGCGAUCGGCU

CAU CAUAACCGAUUGAGCGCUGGUUCAAAUCCGGCAGG
GCCCA

Hmar _trnl- GGGCCAAUAGCUCAAUCAGGUUGAGCGCUCGGCUG

GAU AUAACCGGGAGGUUCGCGGUUCAAAUCCGCGUUGG
CCCA

Mmob_trn GGCUCUGUAGCUCAGCUGGUUAGAGCAUUCGGUUC

M-CAU AUACCCGAAAGGUCAAGAGUUCGACUCUCUUCGGA
GCUACCA

Mmob_trnl GGGAGCGUAGCUCAGCUGGUUAGAGCACACGACUG

-GAU AUAAUCGUGAGGUCGAUGGUUCGAGUCCAUUCGUU

CCCACCA
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Mmob_trnl GGUCCUAUAGCUCAGUCGGUUAGAGCACACGACUU
-UAU AUAAUCGUGAGGUCGCUGGUUCAAUCCCAGCUAGG
ACUACCA
Bsub_trnM GGCGGUGUAGCUCAGCUGGCUAGAGCGUACGGUUC
-CAU1 AUACCCGUGAGGUCGGGGGUUCGAUCCCCUCCGCC
GCUACCA
Bsub_trnM GGCGGUGUAGCUCAGCUGGCUAGAGCGUACGGUUC
-CAU2 AUACCCGUGAGGUCGGGGGUUCGAUCCCCUCCGCC
GCUACCA
Bsub_trnf CGCGGGGUGGAGCAGUUCGGUAGCUCGUCGGGCUC
M-CAU1 AUAACCCGAAGGUCGCAGGUUCAAAUCCUGCCCCC
GCAACCA
Bsub_trnf CGCGGGGUGGAGCAGUUCGGUAGCUCGUCGGGCUC
M-CAU2 AUAACCCGAAGGUCGCAGGUUCAAAUCCUGCCCCC
GCAACCA
Bsub_trnf CGCGGGGUGGAGCAGUUCGGUAGCUCGUCGGGCUC
M-CAU3 AUAACCCGAAGGUCGCAGGUUCAAAUCCUGCCCCC
GCAACCA
Bsub_trnl2 GGACCUUUAGCUCAGUUGGUUAGAGCAGACGGCUC
-CAU1 AUAACCGUCCGGUCGUAGGUUCGAGUCCUACAAGG
UCCACCA
Bsub_trnl- GGGCCUGUAGCUCAGCUGGUUAGAGCGCACGCCUG
GAU1 AUAAGCGUGAGGUCGAUGGUUCGAGUCCAUUCAGG
CCCACCA
Bsub_trnl2 GGGCCUGUAGCUCAGCUGGUUAGAGCGCACGCCUG
-GAU1 AUAAGCGUGAGGUCGGUGGUUCGAGUCCACUCAGG
CCCACCA
Bsub_trnl2 GGGCCUGUAGCUCAGCUGGUUAGAGCGCACGCCUG
-GAU2 AUAAGCGUGAGGUCGGUGGUUCGAGUCCACUCAGG
CCCACCA
Ecol_trnfM CGCGGGGUGGAGCAGCCUGGUAGCUCGUCGGGCUC
-CAU1 AUAACCCGAAGGUCGUCGGUUCAAAUCCGGCCCCC
GCAACCA
Ecol_trnfM CGCGGGGUGGAGCAGCCUGGUAGCUCGUCGGGCUC
-CAU2 AUAACCCGAAGGUCGUCGGUUCAAAUCCGGCCCCC
GCAACCA
Ecol_trnfM CGCGGGGUGGAGCAGCCUGGUAGCUCGUCGGGCUC
-CAU3 AUAACCCGAAGGUCGUCGGUUCAAAUCCGGCCCCC

GCAACCAA
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Ecol trnfM CGCGGGGUGGAGCAGCCUGGUAGCUCGUCGGGCUC
-CAU4 AUAACCCGAAGAUCGUCGGUUCAAAUCCGGCCCCC
GCAACCA
Ecol_trnM- GGCUACGUAGCUCAGUUGGUUAGAGCACAUCACUC
CAU1 AUAAUGAUGGGGUCACAGGUUCGAAUCCCGUCGUA
GCCACCA
Ecol trnM- GGCUACGUAGCUCAGUUGGUUAGAGCACAUCACUC
CAU2 AUAAUGAUGGGGUCACAGGUUCGAAUCCCGUCGUA
GCCACCA
Ecol_trnl- AGGCUUGUAGCUCAGGUGGUUAGAGCGCACCCCUG
GAU1 AUAAGGGUGAGGUCGGUGGUUCAAGUCCACUCAGG
CCUACCA
Ecol trnl- AGGCUUGUAGCUCAGGUGGUUAGAGCGCACCCCUG
GAU2 AUAAGGGUGAGGUCGGUGGUUCAAGUCCACUCAGG
CCUACCA
Ecol _trnl2- GGCCCCUUAGCUCAGUGGUUAGAGCAGGCGACUCA
CAU1 UAAUCGCUUGGUCGCUGGUUCAAGUCCAGCAGGGG
CCACCA

Ecol trnl2- GGCCCUUUAGCUCAGUGGUUAGAGCAGGCGACUCA

CAU2 UAAUCGCUUGGUCGCUGGUUCAAGUCCAGCAAGGG
CCACCA

Ecol_trnl- AGGCUUGUAGCUCAGGUGGUUAGAGCGCACCCCUG

GAU3 AUAAGGGUGAGGUCGGUGGUUCAAGUCCACUCAGG
CCUACCA

Cpan_trnM ACCUACUUAACUCAGUGGUUAGAGUAUCGCUUUCA

-CAU1 UACGGCGGGAGUCAUUGGUUCAAAUCCAAUAGUAG
GUA

Cpan_trnM UGCGGGGUAGAGCAGUUUGGUAGCUCGCAAGGCUC

-CAU2 AUAACCUUGAGGUCACGGGUUCAAAUCCCGUCUCC
GCCA

Cpan_trnl- UGGGCUAUCCUGGACUUGAACCAGAGACCUCGCCC

GAU1 GUAUCAGGGGCGCGCUCUACCACUGAGCUAAUAGC
cc

Cpan_trnl- GGGCUAUUAGCUCAGUGGUAGAGCGCGCCCCUGAU

GAU2 GGGCGAGGUCUCUGGUUCAAGUCCAGGAUAGCCCA

Cpan_trnl- GCAUCCAUGGCUGAACGGUUAAAGCGCCCAACUCA

AUA UAAUUGGCGAAUUCGCAGGUUCAAUUCCUGCUGGA

UGCA
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Slyc_trnfM CGCGGGGUAGAGCAGUUUGGUAGCUCGCAAGGCUC

-CAU AUAACCUUGAGGUCACGGGUUCAAAUCCUGUCUCC
GCAA

Slyc_trnM- ACCUACUUAACUCAGUGGUUAGAGUACUGCUUUCA

CAU UACGGCGGGAGUCAUUGGUUCAAAUCCAAUAGUAG
GUA

Slyc_trnl- GCAUCCAUGGCUGAAUGGUUAAAGCGCCCAACUCA

CAU UAAUUGGCGAAUUCGUAGGUUCAAUUCCUACUGGA
UGCA

Slyc_trnl- GGGCUAUUAGCUCAGUGGUAGAGCGCGCCCCUGAU

GAU AAUUGCGGGGCGAGGUCUCUGGUUCAAGUCCAGGA
UGGCCCA

Scer_trniM AGCGCCGUGGCGCAGUGGAAGCGCGCAGGGCUCAU

-CAU1 AACCCUGAUGUCCUCGGAUCGAAACCGAGCGGCGC
UA

Scer_trniM AGCGCCGUGGCGCAGUGGAAGCGCGCAGGGCUCAU

-CAU2 AACCCUGAUGUCCUCGGAUCGAAACCGAGCGGCGC
UA

Scer_trniM AGCGCCGUGGCGCAGUGGAAGCGCGCAGGGCUCAU

-CAU3 AACCCUGAUGUCCUCGGAUCGAAACCGAGCGGCGC
UA

Scer_trniM AGCGCCGUGGCGCAGUGGAAGCGCGCAGGGCUCAU

-CAU4 AACCCUGAUGUCCUCGGAUCGAAACCGAGCGGCGC
UA

Scer_trniM AGCGCCGUGGCGCAGUGGAAGCGCGCAGGGCUCAU

-CAU5 AACCCUGAUGUCCUCGGAUCGAAACCGAGCGGCGC
UA

Scer_trnM- GCUUCAGUAGCUCAGUAGGAAGAGCGUCAGUCUCA

CAU1 UAAUCUGAAGGUCGAGAGUUCGAACCUCCCCUGGA
GCA

Scer_trnM- GCUUCAGUAGCUCAGUAGGAAGAGCGUCAGUCUCA

CAU2 UAAUCUGAAGGUCGAGAGUUCGAACCUCCCCUGGA
GCA

Scer_trnM- GCUUCAGUAGCUCAGUAGGAAGAGCGUCAGUCUCA

CAU3 UAAUCUGAAGGUCGAGAGUUCGAACCUCCCCUGGA
GCA

Scer_trnM- GCUUCAGUAGCUCAGUAGGAAGAGCGUCAGUCUCA

CAU4 UAAUCUGAAGGUCGAGAGUUCGAACCUCCCCUGGA

GCA
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Scer_trnM- GCUUCAGUAGCUCAGUAGGAAGAGCGUCAGUCUCA

CAU5 UAAUCUGAAGGUCGAGAGUUCGAACCUCCCCUGGA
GCA

Scer_trnM- UGCAAUAUGAUGUAAUUGGUUAACAUUUUAGGGUC

CAUG AUGACCUAAUUAUAUACGUUCAAAUCGUAUUAUUG
CUA

Scer_trnM- GCUUGUAUAGUUUAAUUGGUUAAAACAUUUGUCUC

CAU7 AUAAAUAAAUAAUGUAAGGUUCAAUUCCUUCUACA
AGUA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU1 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU2 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU4 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU3 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU5 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer _trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAUG6 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU7 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer _trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU9 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAUS AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer _trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU10 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG

ACCA
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Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU11 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU12 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GGUCUCUUGGCCCAGUUGGUUAAGGCACCGUGCUA

AAU13 AUAACGCGGGGAUCAGCGGUUCGAUCCCGCUAGAG
ACCA

Scer_trnl- GAAACUAUAAUUCAAUUGGUUAGAAUAGUAUUUUG

GAU AUAAGGUACAAAUAUAGGUUCAAUCCCUGUUAGUU
UCA

Scer_trnl- GCUCGUGUAGCUCAGUGGUUAGAGCUUCGUGCUUA

UAU1 UAGCAACAUUCGGUUUCCGAAGUUUCUGUGCCAAA
GACCUUUCAAACAGGCCUUUAAAAGCAACGCGACC
GUCGUGGGUUCAAACCCCACCUCGAGCA

Scer_trnl- GCUCGUGUAGCUCAGUGGUUAGAGCUUCGUGCUUA

UAU2 UAGCAACAUUCGGUUUCCGAAGUUUCUGUGCCAAA

GACCUUUCAAACAGGCCUUUAAAAGCAACGCGACC
GUCGUGGGUUCAAUCCCCACCUCGAGCA
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