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Supplementary Tables

Supplementary Table S1. Plasmodium berghei rhoptry-associated protein 1 (RAP1) sequence
comparison. Nucleotide sequences of codon-optimized (RAP1) were obtained from GenScript, and
compared with the original non-codon optimized RAP1 (XM_034565422.1) sequence acquired from
NCBI database.

Optimized 1 ATGTTCATCAAGATCGTGTCACTGTTCATCCTGTCCAGGCTGGTGTTCCAGGACTACTCA
Original 1 ATGTTTATTAAAATTGTAAGTTTGTTCATACTTTCCCGATTGGTGTTTCAAGATTATTCT
Translation 1 M FIKI VS LF ILS RL VFQ D Y S
Optimized 61 GTCGCTTTCAACATCAGAGACTCCAACATCATCTCCAACTACAGCCACGGTTACAACAGC

Original 61 GTGGCATTTAACATACGTGACTCTAATATTATATCCAATTATTCACATGGTTACAACAGC
Translation 21 VA FNI RD SN I IS NY S HG Y NS
Optimized 121 CCCGGCATCAACAACGACAAGCTGGGAAACCTGAACTACTTCACCGAGATCTTCCCAAAG
Original 121  CCAGGTCTAAACAATGATAAATTAGGCAATTTGAATTATTTCACGGAAATCTTCCCCAAA
Translation 41 PG I NN DK LGN LN YF TETI F PK
Optimized 181 AAGGAGCACGAAATCATCAACCTGTACGACGACGTGCAGGAGCTGCTGGGCAACGAACGC
Original 181  AAGGAACATGAAATTATTAATTTATATGATGATGTACAAGAATTGTTAGGAAATGAGCGA
Translation 61 KE HEI IN LYD DV QE LLG NER

Optimized 241  ATGTCTTTCCTGCAGGAAGACGACGACGTCAACCAGAACAAGAACGGTACTAGCAACAAG
Original 241  ATGTCTTTTTTACAAGAAGATGATGATGTCAATCAAAATAAAAATGGAACTTCTAATAAA
Translation 81 M S FLQ ED DDV NQ NK NGT S NEK

Optimized 301 TACGCTCTGTTCAACGGTAACCTGATCGCCGACCTGAAGGAGGAAGAGCCTATCGACGAA
Original 301 TACGCTTTATTTAATGGAAATTTAATAGCTGATTTAAAAGAAGAGGAACCAATTGATGAA
Translation 101 YA LFN GN LIA DL KE EEZP IDE

Optimized 361  ACCGCTGAAGAGGAAACTATCAACGAGAACATCGACGAAAAGAACACCTCAACTATCAAG
Original 361 ACCGCCGAAGAGGAAACAATTAATGAAAATATAGATGAAAAAAATACATCAACTATAAAA
Translation 121 TA EEE TI NEN IDEKNTS TIZK

Optimized 421  TACACCCCCGACTACACTCCACGCCTGAAGAAGGCTATGCACACCCTGGGCTACGACAAG
Original 421  TATACACCAGATTACACACCCCGTTTAAAAAAAGCTATGCATACATTAGGCTATGATAAA
Translation 141 YT PDY TP RLEK KAMHTLG YDEK

Optimized 481  GAGTTCAAGCTGGCCGAACTGACCACTATCCAGTCCTGCCCTAACGACAACTTCCTGTTC
Original 481  GAATTTAAATTAGCTGAATTGACAACAATACAGTCATGTCCCAATGATAATTTTTTATTT
Translation 161 EF RLA EL TTI QS CP NDN FLF

Optimized 541  GACATCTTCCCCCAGGCCATCCAGAAGTTCCAGGAGAACGACATGAAGTACATCCAGACC
Original 541  GATATATTTCCCCAAGCAATACAAAAATTTCAGGAAAACGATATGAAATACATACAAACT
Translation 181 DI FPQ AI QKF QE ND MKY IQT

Optimized 601 CAGGGTGACCAGTACGTGGAATGCATCAAGAAGCACAAGCTGGTCGGCTCAGACAACCAG
Original 601 CAAGGGGATCAATATGTAGAATGTATTAAAAAGCATAAATTAGTTGGATCAGATAATCAG

Translation 201 Q G DQY VE CIFK KH KL VGS DNZQ
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GACCTGAAGCTGAACTTCGGAAACTCCGTGAACACTTTCGGTCCTTACAAGATCCCCCAG
GACTTGAAATTGAATTTTGGTAATTCAGTTAATACTTTTGGCCCATATAAAATACCACAA

DL KLN FG NSV NT FG PYZK IPOQ

AAGATGATCACCTTCGACCTGATCCGCCTGCCAAGCAACATCACTCCTGTCAACCTGGCT
AAAATGATTACCTTCGATTTAATCAGATTACCTTCAAATATTACTCCTGTTAATTTAGCA

KM I TF DL IRL PS NI TPV NULA

AACGACTACTACCTGTCCGAGAGCGAGTTCCCAAACCTGCACAAGCTGAACTACTGCCTG
AATGATTATTATTTATCCGAAAGTGAATTTCCAAATTTGCATAAACTAAATTATTGTCTA

ND YYL S E SEVF PN LH KLN Y OCL

CTGCACCCTGCCAAGCTGGAGAAGCTGCTGAAGCGTAAGGACATCAAGTCTTACATCAAC
TTACACCCTGCAAAATTAGAAAAATTATTAAAAAGAAAAGATATTAAATCATATATAAAT

LH PAK LE KLL KR KDTI KS Y IN

AACACCGAATCTGGATCATACGACAACTTCTTCAAGAAGGCTATGAACGAGAGCATCGAA
AATACAGAATCTGGCTCTTATGATAATTTTTTTAAGAAGGCTATGAATGAATCCATTGAA

N T ESG SY DNF FK KAM NE S IE

TGCCACGTGGAGAACACCCTGCACATGATCCTGTCTAAGCTGACTCTGTTCATGTTCTTC
TGCCATGTTGAAAATACATTACATATGATATTATCAAAACTCACACTTTTTATGTTCTTT

CH VEN TL HMI LS KLT LF MTFTF

AACGTCAACAAGCCAGACTCCAAGAACATCCTGAAGAAGCAGCTGTACATCATCAAGTCT
AATGTTAACAAACCAGATTCTAAGAATATCCTTAAGAAGCAATTGTACATAATAAAATCA

NV NKP DS KNI LK KQUL YI IK S

GGCCTGTCATACCGCTCCCGTAAGTACGTGGACAACGCCTACAAGAAGGTCATCAACAAC
GGGCTAAGTTATAGAAGTAGAAAATATGTCGATAATGCTTATAAGAAGGTTATAAACAAT

G L S YR SR KYV DN AYJK KV IN N

TTCAAGGACTACGAGAACAAGATCAAGCTGATCGACAGCAACCTGGAAAACATCACCTCT
TTTAAAGATTACGAAAACAAAATAAAATTGATTGATTCCAATTTGGAGAATATAACTTCG

FK DYE NK IKL ID SNUL EN IT S

TACTACGCTGCCCACGCTTTCGGAAACCTGTGCAACACTTACATGGAGAAGGACAACATC
TACTATGCCGCGCATGCTTTTGGTAATTTATGCAACACATATATGGAAAAAGATAATATA

Y Y AAH AF GNL CN TYM EK DN I

TACGAAGCTAACGCCTACCTGTACGAGCACATCGCCCCTAGCATCAAGATCTTCTCCAGC
TATGAAGCAAATGCATATTTGTATGAGCACATTGCTCCATCCATTAAAATTTTCTCTTCT

Y E ANA YL YEH IA PSI KI F S S



Optimized 1321 TGCATCAAGCACCTGACCATCTACAACTACATCATCTCAAACCTGCTGGGCCAGGTGAAG
Original 1321 TGTATTAAACATTTGACAATTTATAATTATATTATATCAAATTTACTTGGTACCGTAAAA
Translation 441 CI RHL TI YNY II SNL LG QV K
Optimized 1381 CACCTGATGTCCTACACTCCTAGGAAGCCCATCCTGAAGGACATCCACTTCAAGGCTCTG
Original 1381 CATTTAATGAGTTATACCCCTAGAAAACCAATATTAAAAGATATACATTTTAAGGCTCTT
Translation 461 HL MSY TP RKP IL KDI HF KA L
Optimized 1441 CTGAACAAGTTCAAGAAGCCTCAGAACGTGAACGAGCTGCCATACGACCCTACCGTCAAG
Original 1441 TTAAACAAATTTAAAAAACCCCAAAATGTAAATGAACTTCCATATGACCCAACTGTTAAA
Translation 481 LN RFK KP QNV NE LPY DP TVEK

Optimized 1501 TCATTCGCCCTGGGCGAGCTGACTAGAGAACCCATCCACGGACTGATCCACTCCTACTTC
Original 1501 TCATTTGCACTTGGTGAATTAACGAGAGAACCTATTCATGGTTTAATTCATTCGTACTTT
Translation 501 S F ALG EL TRE PI HGL IH SY F
Optimized 1561 GAATACAAGAAGAAGGACCTGCTGGACATCATGCAGAAGCTGAAGCTGGACATCTTCAGC
Original 1561 GAATATAAGAAAAAAGACCTATTAGATATTATGCAGAAGCTCAAATTAGATATTTTTTCA
Translation 521 EY KKK DL LDI MQ KLEK LD IF S
Optimized 1621 CTGGCTAACAAGGACCTGAAGTTCCCCTCTGCCGACCTGCCAGACTACAAGCTGTTCAAG
Original 1621 CTTGCTAATAAAGATTTAAAATTTCCAAGTGCCGATTTGCCAGATTATAAATTGTTTAAA
Translation 541 LA NKD LK FPS AD LPD YK LFTK

Optimized 1681 GACATCGTGAACAAGTACAAGAAGGAGATCAAGATCCTGTTCCAGGAGATGAACAGCGAA
Original 1681 GATATAGTCAATAAATATAAAAAAGAAATCAAAATTTTATTCCAAGAAATGAATTCTGAA
Translatton 561 D I VN K YK KEI KI LFQ EM NSE

Optimized 1741 TACGTCAAGCTGTTCAAGATGCGCATCTCTGCTTTCTACCAGAAGGACTTCTTCATCTAC
Original 1741 TATGTCAAACTTTTTAAAATGCGTATTTCAGCATTCTACCAAAAGGACTTTTTTATTTAT
Translation 581 YV KLF KM RIS AF YQKDF FI Y
Optimized 1801 GACCGTGTCTTCTAA

Original 1801 GATCGTGTATTCTAA

Translation 601 DR VF
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A. MSP-8 (Size: 45 kDa) B. MSP-9 (Size: 68 kDa) C. RAP1 (Size: 67 kDa)
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Supplementary Figure S1. The original uncropped western blot images of merozoite surface protein 8
(MSP-8, A), merozoite surface protein 9 (MSP-9, B), and rhoptry-associated protein 1 (RAP1, C) of

Plasmodium berghei.



