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Supplementary Table 1. Oligonucleotide primers used in this study. 

 

Oligonucleotide 
Primer Name 

Oligonucleotide Primer Sequence 

For knockout of PlasMei2 
Py Mei2 5 UTR F 5’ ATAAGCTTCTACCTGTAATGGAAATATCGAC 3’ 
Py Mei2 5 UTR R 5’ ATCCGCGGTTTTGTCCGTCCTTATTTATATTTAC 3’ 
Py Mei2 3 UTR F 5’ ATGGTACCCTGCAGTATTGTTTATAAAATTATAGAATTTTACAAC 3’ 
Py Mei2 3 UTR R 5’ ATGCGGCCGCTTAACAAATGTAAGCATTATATATACAAC 3’ 
Py Mei2 Test F 5’ TGGTTCCATGTATGTATGTCAG 3’ 
Py Mei2 Test R 5’ TTGCCATTTATCTCCTTCACAG 3’ 
Py Mei2 qF 5’ TCTGATTATGAAAGTGATAAAGAC 3’ 
Py Mei2 qR 5’ CCAAGTGGTATAGATTCTTCAC 3’ 
pL0034 Test F 5’	  AAGCACAATATCTAGGATACTAC 3’ 
pL0034 Test R 5’	  TGATTAGCATAGTTAAATAAAAAAAG 3’ 

For epitope tagging of PlasMei2 
Py Mei2myc ORF F 5’ GCTTACATTTGTTAAGGGCCCAAATAGAGGATACTTTATTAAGTCC 3’ 
Py Mei2myc ORF R 5’ ATCACTAGTATATTTATGTGATCGAAGTTTTATAG 3’ 
Py Mei2myc 3 UTR F 5’ TACCGCGGTATTGTTTATAAAATTATAGAATTTTACAAC 3’ 
Py Mei2myc 3 UTR R 5’ AAGTATCCTCTATTTGGGCCCTTAACAAATGTAAGCATTATATATACAAC 3’ 
pDEFmyc Test F 5’ CAAATTTGAAGTATATGAGAAGAATG 3’ 
pDEFmyc Test R 5’ CATCAGAGCAGATTGTACTGAG 3’ 
Py SAP1 qF 5’ ATTCTACCCCCATTTATTCCAG 3’ 
Py SAP1 qR 5’ ATCGTTATTACTTATGGGATTGC 3’ 

For RT-PCR to detect PlasMei2 and 18S RNA 
Py 18S F 5’ GGATTGGTTTTGACGTTTTTGCGGTCATACTGCTTAATC 3’ 
Py 18S R 5’ CCTCTAAGAAGCATTAAATAAAGCGAATACATCCTTATCAGAAGAGAGG 3’ 
Py Mei2 qF 5’ TCTGATTATGAAAGTGATAAAGAC 3’ 
Py Mei2 qR 5’ CCAAGTGGTATAGATTCTTCAC 3’ 
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Supplementary Figure 1. Plasmodium species Mei2 sequence alignment. The RNA 

recognition motif 2 (RRM_2) (underlined in green) at the C-terminus of Plasmodium PlasMei2 is 

highly conserved as is a short span of amino acids at the N-terminus (underlined in cyan), which 

could play a role in spatial expression. 

 

  

P. falciparum           MH KIDEKINMNN VKGTRIIHVK NTYISPYILH N--INNNEGP LKNIDKILKE EKDNINLKIN NVNNKETNND KHTLKYSTLC NDLNIMHTQN KEEEIELNTI STVIHMNSDE DSDKDNDTII 
   P. vinckei     MNMNLKNI NLEDEDINKR VKNKRIVHIK NTYISPYVLY N-KKGNSNNQ LDKLNKIFIN ENN-CRFSKE YYNYVKDGDT CNSAENDLEY LTTNVKQ-NN TPNYEQCNNE KKILKYGL-L NEQNMKFLKK 
  P. chabaudi     MNMNLKNI NLEDEDINKK VKSKRIVHIK NTYISPYVLY N-KKGNSNNQ LDKLNKIFTN ENNNCRFSKE YYNYVKDGDT CNSGENDLEY LVTNVKQ-NN TTNYDQCNNE KKILKYGL-L NEQNMKFLKK 
   P. berghei     MNMNLKNI NLEDENINKR VNIKRIVHVK NTYISPYVLY N-KKGNNNSQ LDKLNKIFTS ENN-CRFSKE CYNYVKDGDT CNSGENYPEY CSTNVKQ-NN TPNYDQCNNE KKILKYGL-L NEQNMKFLKK 
    P. yoelii     MNMNLKNI NLEDEKINKR VSNKRIVHIK NTYISPYVLY N-KKGNSNNQ LDKLNKIFTS ENN-CRFSKE YYNYVKDGDI CNSGEKYPEC CSPNVKQ-NN SPNYDQCNNE KKILKYGL-L NEQNMKFLKK 
  P. knowlesi   MNTHMGERNF TSRESDPTKK GKDKTTVHIK NTYISPYVLY NNKKGSNEHE FAKLNNLLTN EKNRV-FIKH KLNYFKDGIH EKKILRYALI NELNLKCFEN RGNACELNSI TTMIRMNSDY GSDKEQGVAV 
   P. fragile   MNAHMRETSF TSRQSDTMKK GKDKTTVHIK NTYISPYVLY NNRKGNNENE FAKLNNLLTN EKNRV-FIKH KLNYFKDGIH EKKILRYALI NELNLKCFEN RGNACELNSV TTMIRMNSDF GSDKEQGVPA 
      P. inui   MNSHLRESNF TSKQSDVKKK RKEKTTVHIK NTYISPYVLY NNRKGNDEND FAKLNNLLTN EKNRV-YIKH KLNYFKDGIH EKKFLRYALI NQLNLKCFEN RGNACELNSI TTMIRMNSEL GSDKEQVVDA 
     P. vivax   MNTHLRETNF TSRPSDAAKK GKDKTTVHIK NTYISPYVLY NNRKGNNENE FAKLNNLLTN EKNRV-FIKH KLNYFKDGIH EKKILRYALI NELNLKCFEN RGNGCELNSI TTMIRMNSEF GSDKEQGVAA 
                                            ______________ 
             
P. falciparum   NENNDLLIDN IKKYHAVKDN H--------- NNIIYNDKYN T--------- -------INN NSVINDVCNS IH-------F NNNSYITNFN LNHN------ ---------- FSVCNRTLNN T--------- 
   P. vinckei   KKEEDFELNT MSTMIHIYSD CESD-----K DNETITNEYN DLIDCIKKIN ISNNKSVINN DKKIEDTVLS PYEQHRKCSY QTIGSKEIST NQTN------ ---------- ----GNN--- ---------- 
  P. chabaudi   KKEDDFELNT MSTMIHIYSD CESD-----K DNETITNEYN DLIDCIKKIN ISNNKSVINN DKKIEDTVLS PYEQHRKCSY QTVGSKEISS NQTN------ ---------- ----GNNENN GNN------- 
   P. berghei   KKEEDFELNT ISTMIHIYSD YESD-----K DNETITNEYN DLIDCIKKIN ISNNKCVINN DKRIEDALLS PYDQHRKCSY QTIGHKENYS NKNN------ ---------- ----DNNSDN KSD------- 
    P. yoelii   KKEEDFELNT ISTMIHIYSD YESD-----K DNETITNEYN DLIDCIKKIN ISNNKCVINN DKKIEDTLLS PYEQYRKCSY QTIGHKENYS NKNNEKNSDK NNEKNSDKNN EKNSDNNSDN NNDNNSDNNN 
  P. knowlesi   RDEADLVGNI KELTIIRSED IIR------G GDIIRSEEFI SRKDML---- --------HR GDVICREG-- ---------- GTNNEKTNDT SEKRGAPFKT STSNEKECDY IGYSKYYGDS TD-VPNSLCY 
   P. fragile   QEKEDWVGNA KDLTIIRSQD IIRD------ GGIVRSEEFV SSKDTLRGG- -----EAVHR GDALRSKE-- ---------- GTNKDKTNDS AEKRGVPSKT CPRDEKKCDC VAYNKYYRDS TEQVHTSLCC 
      P. inui   REKADLVGNI KQLTIIRSED IIRSEDIIRG GGIIRSEEFI SSKDVLRPG- -----DVLHH GDVLRRGG-- ---------- GTNNEKASNS AEKRGVPFKT CPSGEKECDC FGYGNYYGDS TD-VHSSPCY 
     P. vivax   REEADLVGNI KELTIIRSED IIR------G GGIIRSEEFI SSKDVLRRGG GPHRVDMQHR GDALCRGDVL CRSDVPLRGV GTTNEKASDG AEKRSGPFKT RPSDEKEGDF FGYSNHYGGS NQYGDSNQYG 
             
 
P. falciparum   ---------- --CTSQVNLR NNMNSNKKTN DNNKNLNNEI NKKINNDNII NEFDNINNKK N----NYIDC SVYKCEDEIP LGTILNIQDL DIHNRNNMNN CNNNINNKSK ILTTVMLRNI PNKYTQNMLM 
   P. vinckei   ---------- SDDNGEKCVH KLNNFISIPS VSNKSCIEHA HVQNNNMGTV HYDNFICNKE NH--DNNAND TIYKCEESIP LGTILNIHNL D--------- -----SNNNN ALTTVMLRNI PNKYTQNMLM 
  P. chabaudi   ---------- SDDNGEKCVH RLNNFISIPS VSNKSCIEHA HAHNNNMDTV HYDNFICNKE NH--DNNAND TIYKCEESIP LGTILNIHNL D--------- -----SNNNN ALTTVMLRNI PNKYTQNMLM 
   P. berghei   ---------- SDDNGEKRVR RLNNFISIPS VSNKSCIEHA HVQNNHMDTV HYDNYICNKE NR--DNNAND TIYKCEESIP LGTILNIHNL D--------- -----SNNN- ALTTVMLRNI PNKYTQNMLM 
    P. yoelii   NRNSDNNNNN SDDNGEKCVQ RLNNFISIPS VSNKSCIEHV HVQNDHMDTV YYDNFICNKE NR--DNNEND TIYKCEESIP LGTILNIHNL D--------- -----SNNNN GLTTVMLRNI PNKYTQNMLM 
  P. knowlesi   IPT------- -GSTCCSGGT RTVNVSLA-- ------EGTN KADVQRISNS NRLNMCCGKR SHHTTSSTND VVYKCEDSIP LGTILNFHNL D--------- -----NNNTN ILTTVMLRNI PNKYTQKMLM 
   P. fragile   LPT------- -GCTC-SGGA GTSNKPIQ-- ------ESTN TAHVHTKS-T NRLNNCCAKR TH-TNNSTND VVYKCEDSIP LGTILNFHNL D--------- -----NNNTN ILTTVMLRNI PNKYTQKMLM 
      P. inui   HPN------- -GGTS-SRGP MTVTKSLE-- ------EGTN KADVHTKS-S NRLNNCCAKR DH-TDNSTND VVYKCEDSIP LGTILNFHNL D--------- -----NNNTN ILTTVMLRNI PNKYTQKMLM 
     P. vivax   DSNQYGDSNQ YGDSNQYGDS KDVPTSLCCL PTGEPCPGGG RTAKESPAEG SNKGDVPTKS TNRLKNSTND VVYKCEDSIP LGTILNIHNL D--------- -----NNSTN ILTTVMLRNI PNKYTQKMLM 
                                                                                                                                          ____________________ 
                                                                                                                                                               
P. falciparum   DVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPYYAE LFIKFFNNYK LNAFKSNKVC SVTWGRVQGL KANIEHYRNS AIMTIPIPQY KPILFQNGIT VSWPESDGPL PSIKLRSQKF 
   P. vinckei   DVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPHYAE LFIKFFNNYK LNAFKSNKIC TVTWGRVQGL KANIEHYRNS AIMTISVPQY KPILFQNGIS VSWPESDGPL PAIKLRSHKY 
  P. chabaudi   DVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPHYAE LFIKFFNNYK LNAFKSNKIC TVTWGRVQGL KANIEHYRNS AIMTISVPQY KPILFQNGIS VSWPESDGPL PAIKLRSHKY 
   P. berghei   DVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPHYAE LFIKFFNNYK LNAFKSNKIC TVTWGRVQGL KANIEHYRNS AIMTISVPQY KPILFQNGIS VSWPESDGPL PAIKLRSHKY 
    P. yoelii   DVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPHYAE LFIKFFNNYK LNAFKSNKIC TVTWGRVQGL KANIEHYRNS AIMTISVPQY KPILFQNGIS VSWPESDGPL PAIKLRSHKY 
  P. knowlesi   NVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPYYAE LFIRFFNNYK LNVFKSNKVC SVTWGRVQGL KANIEHYRNS AIMTIPIPQY KPMLFQNGIS VSWPESDGPL PAIKLRSQKY 
   P. fragile   NVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPYYAE LFIRFFNNYK LNVFKSNKVC TVTWGRVQGL KANIEHYRNS AIMTIPIPQY KPMLFQNGIA VSWPESDGPL PAIKLRSQKY 
      P. inui   NVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPYYAE LFIRFFNNYK LNAFKSNKVC TVTWGRVQGL KANIEHYRNS AIMTIPIPQY KPMLFQNGIS VSWPESDGPL PAIKLRSQKY 
     P. vivax   NVMNEHFKGL YDFFYLPIDF RNKCNVGYAF INFIHPYYAE LFIRFFNNYK LNAFKSNKVC SVTWGRVQGL KANIEHYRNS AIMTIPIPQY KPMLFQNGIS VSWPESDGPL PAIKLRSQKY 
                   ___________________________________________________________________________________________ 
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Supplemental Figure 2: Creation of P. yoelii PlasMei2-myc. A. Schematic of genomic locus 

of wildtype and transgenic parasite and the test primers pairs (double arrowed lines) used for 

subsequent genotyping PCR. Integration of the myc tag occurred by double-crossover 

homologous recombination (crossed lines) using regions of similarity from the P. yoelii PlasMei2 

open reading frame and 3’UTR region. B. The genotyping PCR gel provides evidence of 

recombination based on the successful integration of the myc tag (test 1) as well as the 3’UTR 

(test 2) in two independent clones (P. yoelii PlasMei2-myc clone 1 and clone 2). The positive 

control (to ensure that the DNA was sound), denoted as (+), was a 0.53 kb region of the P. 

yoelii SAP1 gene. The molecular weight marker used was the 1 kb DNA Ladder from New 

England Biolabs. 
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Supplementary Figure 3. Salivary gland sporozoites enumeration and blood stage 

growth. A. Salivary gland sporozoite numbers were enumerated from four separate mosquito 

feeds. For each feed, the average number of salivary gland sporozoites per mosquito for at 

least 100 mosquitoes was determined. This number was then averaged over the four feeds. 

There is no statistical difference between the three genotypes; P. yoelii wildtype, P. yoelii 

PlasMei2-myc and P. yoelii plasmei2‾. B. Blood stage growth was compared in groups of five 

Swiss Webster mice for wildtype P. yoelii plasmei2‾. 1 x 106 infected red blood cells were 

injected intravenously into each mice and parasitemia measured every other day for eleven 

days. Growth rates were comparable suggesting PlasMei2 has no essential role in blood stage 

replication. 
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Supplementary Figure 4. Generation of P. yoelii plasmei2‾. A. Schematic of the P. yoelii 

PlasMei2 genomic locus of wildtype and knockout parasites showing the test primers pairs 

(double arrowed lines) used for subsequent genotyping PCR. Using the Gene Insertion/Marker 

Out strategy (1), the Py PlasMei2 gene was replaced with a selectable marker containing a 

fusion gene of mutant human dihydrofolate reductase (hdhfr) and yeast cytosine deaminase and 

uridyl phosphoribosyl transferase (yfcu) which facilitate positive and negative selection 

respectively. Gene replacement occurred by double-crossover homologous recombination 

(crossed lines) using the 5’UTR and 3’UTR regions of the PlasMei2 gene. B. After transfection 

and subsequent cloning, genotyping by PCR was used to detect gene deletion. The agarose gel 

provides evidence of two individual clones that shoe successful gene knockout with the primer 

pairs used. The molecular weight marker used was the 1 kb DNA Ladder from New England 

Biolabs. 
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Supplementary Figure 5.  P. yoelii plasmei2‾ and wildtype liver stages show similar 
growth rates as measured by luciferase activity but plasmei2‾  liver stages fail to 
transition to blood stages.	  Groups of five BALB/cByJ mice were infected intravenously with 
50,000 wildtype or plasmei2‾ luciferase-expressing sporozoites. After 27, 44, and 70 hours mice 
were injected with luciferin and luciferase activity was measured using an in vivo imaging 
system (IVIS).  Rainbow images of luminescence are presented as radiance (p/s/cm2/sr) and 
maximum and minimum color scale limits were consistent between all groups. At 27 and 44 
hours, luminescence is similar between the two groups but at 70 hours wildtype parasites 
transition to blood stage infection whereas plasmei2‾ parasites are eliminated and thus fail to 
express luciferase. At 70 hours all wildtype-infected mice were blood smear positive based on 
Giemsa-stained thin smear and all plasmei2‾-infected mice were blood stage negative. 
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Supplementary Figure 6. P. yoelii plasmei2‾ and wildtype liver stages are 

indistinguishable at early time points. Liver sections from infected mice were subjected to 

immunofluorescence assay to study parasite phenotype. At 12 hours after sporozoite injection, 

almost (wildtype, 12 hours, top left panel) and completely (P. yoelii plasmei2‾, top right panel) 

dedifferentiated parasites were seen for both wildtype and plasmei2‾. Growth continued and 

was analyzed at 20 and 28 hours of infection (middle and bottom panels respectively). Parasites 

were visualized with antibodies to circumsporozoite protein (CSP), red (top panel), the 

parasitophorous membrane vacuole marker Hep17 (red, middle and bottom panels) and the 

endoplasmic reticulum marker BiP (green). Scale bar: 10 microns. 
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