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Supplementary Fig. 1. Cytokine and chemokine levels of mice infected with

Plasmodium yoelii nigeriensis N67 and P. y.yoelii YM over time. Blood samples were

collected at various days post infection, and cytokines and chemokines in the plasma

were measured using a 20-plex Bead Array kit (Invitrogen). Blood samples from

uninfected mice were also tested. Means and standard deviations were from 3-5 mice.
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Supplementary Fig. 2. Oocyst counts from midguts of mosquitoes infected with
Plasmodium yoelii yoelii YM or P. y. nigeriensis N67. Each dot or square represents

oocyst counts from one mosquito midgut.
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Supplementary Fig. 3. Agarose gels showing PCR products from ten microsatellites
used for initial screening of parasite progeny of the Plasmodium yoelii yoelii YM and P.
v. nigeriensis N67 crosses. Red color indicates potential independent progeny with

unique marker combinations.
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Supplementary Fig. 4. Graphic displays of genotypes of the parasite’s 14 chromosomes
from progeny of the YM x N67 cross. The progeny names are as indicated. Cyan, YM
genotype of approximately 9,200 single nucleotide polymorphisms (SNPs); red, N67
genotype of SNPs. In each figure, chromosomes are arranged from chromosome 1 (top)

to 14 (bottom).
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Supplementary Fig. 5. Parasitemia dynamics of the 43 progeny from the YM x N67
cross. Mice were infected with 1x10° parasites, and blood smears were made every other
day from day 2 post infection until host death or clearance of parasites. The progeny
names are as indicated. Mean parasitemia and standard deviations were calculated from

3-5 mice.
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Supplementary Fig. 6. Plots of LOD scores (logarithm of the odds) for parasitemia from
day 5-day 7 post infection with 1x10° parasites. Quantitative trait loci (QTL) analysis
was performed as described '*. (a) Difference between day 5 and day 7 parasitemia as

phenotype. (b) Day 5 parasitemia as phenotype. (¢) Day 6 parasitemia as phenotype.
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Supplementary Fig. 7. Nonsynonymous SNPs in the Plasmodium yoelii HECT E3
ubiquitin ligase gene. Nonsynonymous single nucleotide polymorphisms (SNPs) between
Plasmodium yoelii yoelii YM and P. y. nigeriensis N67 were identified and plotted
against their positions in the gene. The region between the dash-lines is the segment
linked to the highest LOD (logarithm of odds) score. The red arrows point to highly
polymorphic regions with clusters of SNPs. Note, there is no nonsynonymous SNPs at the

3’ end of the gene spanning >1.5 kb (see Supplementary table 4).
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Supplementary Fig. 8. Tiling of RT-PCR products covering the whole Plasmodium
yoelii HECT E3 ligase gene. The arrows on top of the gels indicate primer positions and
directions used in the amplification. YM and N67, amplified from cDNA samples of the
two parental parasites; gDNA, amplification products from genomic YM DNA. Primers
15 and 16 produced an additional band smaller than that of the genomic band, suggesting

alternative splicing.
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Supplementary Fig. 9. Attempts to disrupt the Plasmodium yoelii HECT E3 ubiquitin
ligase gene. (a) Diagrams showing a linear construct for the insertion of a drug cassette

into the HECT E3 ubiquitin ligase gene. The linear construct was made by assembly of

PCR products using methods as described >*. (b) PCR products from uncloned parasites

before drug selection using primers as indicated in (a). (¢) PCR products from parasites

of three independent transfections after drug selection using primers as indicated.
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Supplementary Fig. 10. Attempts to disrupt the Plasmodium yoelii HECT E3 ubiquitin
ligase gene. A CRISPR/Cas9 strategy was used to disrupt the gene as described °. (a)
Diagram showing plasmid map with left and right arms from 5’ untranslated region
(5’UTR, 679 bp) and 3°’UTR (699 bp) of the Pyheul gene as homologous DNA templates.
Primers used in PCR amplification are as indicated, and their sequences are listed in
Supplementary Table 5. The middle inserted sequence (HMS5-R:
CGATTAGCGTCCGCGGGGACCAT; HM3-F: ACGCTAATCGTAGCTAGCCTGCT)
is used as a primer site for verification of sequence integration into parasite chromosome.
(b) PCR products amplified from 17XL, N67, and uncloned transfected parasites. Primer
pairs and gel lanes are as following: K1-F1/K1-R1 (lane 1, 5, 9, 13, 17, 21); K1-F1/HMS5-
R (lane 2, 6, 10, 14, 18, 22); HM3-F/K1-R1 (lane 3, 7, 11, 15, 19, 23); K1-F2/K1-R2

(lane 4, 8, 12, 16, 20, 24).
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Supplementary Fig. 11. Attempts to replace partial Plasmodium yoelii HECT E3
ubiquitin ligase gene sequence to disrupt the gene. A CRISPR/Cas9 strategy was used to
disrupt the Pyheul gene as described °. (a) Diagram showing plasmid map with left and
right arms from the coding regions (left arm, 658 bp, position from 835-1,492 bp; right
arm, 749 bp, from 3,866-4,614 bp) of the Pyheul gene as homologous DNA templates.
Primers used in PCR amplification are as indicated, and their sequences are listed in
Supplementary Table 5. The middle inserted sequence (HMS5-R:
CGATTAGCGTCCGCGGGGACCAT; HM3-F: ACGCTAATCGTAGCTAGCCTGCT)
is used as a primer site for verification of sequence integration into parasite chromosome.
(b) PCR products amplified from 17XL, N67, and uncloned transfected parasites. Primer
pair K2-F1/K2-R1, lane 1, 5, 9, 13, 17, 21; primer pair K2-F1/HM5-R, lane 2, 6, 10, 14,
18, 22; primer pair HM3-F/K2-R1, lane 3, 7, 11, 15, 19, 23; primer pair K2-F2/K2-R2,

lane 4, 8, 12, 16, 20, 24.
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Mixed at 1:1 ratio: N67-R1N¢" alleles T-C-T (arrows) vs N67-R1'™* (G-T-C)

Ao

Day 2 post infection

A g

Day 5 post infection. G-T-C alleles (or N67-R1'™) increased.

Supplementary Fig. 12. Electropherograms of DNA sequences from a mouse infected
with a mixture of two isogenic parasites. Parasites (N67-R1'"*" and N67-R1""") at 1:1

ratio (1 x 10° each) were mixed and injected into a mouse. Bloods were collected on day

2 (a) and day 4 (b) post infection. DNA samples were prepared, PCR amplified the target
region, and sequenced commercially. Similar results were obtained from a repeated

experiment. Note the G-T-C alleles increased on day 4.
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Supplementary Fig. 13. Insertion of a drug cassette into the 18S rRNA gene of
Plasmodium yoelii nigeriensis N67. (a) A diagram showing the insertion sites of the drug
cassette. Tg dhfr, Toxoplasma gondii dihydrofolate reductase; gfp, green fluorescent
protein. (b-c¢) PCR products from two parasite clones after drug selection and parasite
cloning. Primers used are as indicated. In each case, one primer is on the parasite
chromosome, and the other one is on the drug cassette. (d) Parasitemia of mice infected

with N67 and the two parasite clones. (e), Mortality rate of N67 and the two clones.
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y Table 1. Hi

observa]ons of mouse organs infected with Plasmodium y. nigeriensis N67 and P. yoelii yoelii YM parasites

Days post
Pathology# | Animal# | Mousestrain| Parasitestrain | infection Lung Thymus. Liver Spleen Kidney Gltract Brain Spinal cord
there are multiple foci of acute
there are increased numbers of hepatocelluar necrosis; there are there is mild/moderate lymphoid necrosis
mononuclear cells within the alveolar moderate numbers of particle andincreased numbers of particle few blood vessels are congested and
walls; capillaries are congested and i laden) Kupffer |pi in-laden) contain increased numbers of pigmented
130184 3 C57BL/6 P.yoelii YM 4 contain pi RBCs and phagocytes; |n/a cells, phagocytes and RBCs macrophages and RBCs wnl wnl RBCs wnl
there are increased numbers of the spleen is enlarged and there is
mononuclear cells within the alveolar moderatelymphoid hyperplasia;
walls; capillaries are congested and there are moderate numbers of particle |increased numbers of particle pigmented
contain pigmented RBCs and phagocytes; | There is i laden) Kupffer | in-laden) mac ndRBCs; |there are large numbers of
130185 4 C578L/6 P. yoelii YM 4 there s mild fibrin and edemain alveoli _|lymphoidnecrosis | cells, phagocytes and RBCs and moderate EMH pigmented RBCs invessels _|wnl there are a few small foci of hemorrhage |wnl
there are increased numbers of the spleen is enlarged and there is
mononuclear cells within the alveolar there are moderate numbers of particle | mild/moderate lymphoid hyperplasia;
walls; capillaries are congested and pigmented (hemozoin-laden) Kupffer |increased numbers of particle pigmented
130186 3 C57BL/6 4 contain pigmented RBCs and phagocytes; |wnl cells, phagocytes and RBCs ( in-laden) maci ndRBCs |wnl wnl wnl wnl
there are increased numbers of there are moderate numbers of particle | the spleen is enlarged and there is
mononuclear cells within the alveolar i laden) Kupffer Id lymphoid hyperplasia;
walls; capillaries are congested and cells, d RBCs; increased numbers of particle pi there are large numbers of
130187 4 C578BL/6 4 contain pigmented RBCs and phagocytes; |n/a EMH ( laden) mac ndRBCs _|pi RBCsinvessels |wnl wnl wnl
there are increased numbers of
mononuclear cells within the alveolar there are moderate numbers of particle
walls; capillaries are congested and pigmented (hemozoin-laden) Kupffer |the spleen is enlarged and there is
contain pigmented RBCs and phagocytes; | There is mild cells, d RBCs; ymphoidhyperplasia,
130188 5 C578BL/6 P. yoelii YM 7 there is mild edema and fibrin lymphoidnecrosis  [EMH histiocytosis and EMH wnl wnl wnl wnl
there are increased numbers of there are moderate numbers of particle
mononuclear cells within the alveolar pigmented (hemozoin-laden) Kupffer
walls; capillaries are congested and There is mild cells, phagocytes and RBCs; extensive | the spleen is very enlarged and extensive
130189 6 C578BL/6 P. yoelii YM 7 contain pi RBCs and phagocytes; | lymphoidnecrosis  |EMH histiocytosis wnl wnl there are a few small foci of hemorrhage |wnl
there are multiple foci of acute
hepatocelluar necrosis; there are
moderate numbers of particle the spleen is very enlarged and there is
There is severe i laden) Kupffer ive histi is with lymphoid
130190 7 C578BL/6 P. yoelii YM 7 wnl lymphoidnecrosis __|cells, phagocytes and RBCs hyperplasia wnl wnl there is one small focus of hemorrhage _|wnl
the spleen is very enlarged and there is
extensive histiocytosis with lymphoid
there are moderate numbers of particle | hyperplasia; increased numbers of particle
multifocally, there is moderate to severe |There s severe i laden) Kupffer laden) macrophages|
130191 5 C578L/6 7 interstiti i lymphoidnecrosis __|cells, phagocytes and RBCs; mild EMH wnl wl wnl wnl
the spleen is very enlarged and there is
there are increased numbers of extensive histiocytosis with lymphoid
mononuclear cells within the alveolar there are moderate numbers of particle | hyperplasia; increased numbers of particle
walls; capillaries are congested and There is severe i laden) Kupffer laden) macrophages|
130192 6 C578L/6 7 contain pigmented RBCs and phagocytes; | lymphoidnecrosis | cells, phagocytes and RBCs; mild EMH wnl wnl there are a few small foci of hemorrhage |wnl
the spleen is very enlarged and there is
there are increased numbers of extensive histiocytosis with lymphoid
mononuclear cells within the alveolar there are moderate numbers of particle | hyperplasia; increased numbers of particle
walls; capillaries are congested and There is severe i laden) Kupffer laden) macrophages|
130193 7 C57BL/6 7 contain pigmented RBCs and phagocytes; | lymphoidnecrosis | cells, phagocytes and RBCs; mild EMH wnl w wnl wnl

EMH= extramedullary hematopoiesis

whnl, within normal limit




Supplementary Table 2. Microsatellite markers and their primer sequences used in the initial typing of the progeny

Sequence

Marker size (bp) Py chr. YM (bp) N67 (bp) Motif  Forward primer Reverse primer

Py183 139 chrl3 155 114 AT S'TATCCTTTGTGTCAGGTAA3' S'GTGAATAATTGAATAGGTTG3'

Py718 128 chr9 145 179 AAAT/AT 5'CACTTGATCTTTCCAACCS' STGTTGAAATTGAAGAATCACS'
Pyl1352 234 chr7 253 358 CAT 5S'GACTTAAAATGTAGTTCAAG3' S5'ATGAATCCACTGACTTCG3'
Pyl414 207 chr4 225 134 AAT S'AACAAAACAGGTAGCAACA3" SATCATGGTTTATATTCACAG3'
Py1458 138 chrl4 156 104 AT S'CGCTTTTTTATGCGTATAC3' STTAAGTATCAATTGGACGG3'
Pyl1654 175 chr8 193 247 AT/T S'TGACAACAATGGTAACTCT3' S'TCGTTTCAATAAGGTCATC3'
Py1685 145 chr6 163 117 TATG/TA 5AAAATTTAATCTTATCTCCGT3' S'ATGTGTTACTCATGCGAC3'
Py1788 143 chr5 155 228 A S'GATGCTAAAATAGAATTAGC3' STGGTAATTTCGATTATCAGT3'
Py1836 172 chrl10 189 123 AT S'CTTACTATTCGCAAAGTTG3' S'ATCTTCTTGTAGGTTTCGA3'
Py2260 238 chrl2 243 201 CATA  5STAGCAGCATATTCCTTGC3' S'ATGGCTTCTTCCAATAAGT3'

Note: py chr, Plasmodium yoelii chromosome; YM (bp), PCR product sizes in basepairs from YM parasite; N67 (bp), PCR product sizes in base pair from N67 parasite;
moAf, repeaAng moAfs of the microsatellites.



Supplementary Table 3. Candidate genes in the chromosome 1 locus

Gene ID Genomic Location Product Description Protein Length iTM ) SignalP Scores
PyYM 01 vl: 622,336 - At

PYYM 0115900 624,444 (+) YIR protein 632 2 No
PyYM 01 vl: 624,944 -

PYYM 0116000 626,063 (-) fam-a protein 205 0 No
PyYM 01 vl: 628,961 -

PYYM 0116100 629,639 (-) fam-a protein 146 0 Yes
PyYM 01 vl: 632,522 -

PYYM 0116200 636,127 (+) YIR protein 1131 2 No
PyYM 01 vl: 636,951 -

PYYM 0116300 638,074 (-) fam-a protein 224 0 Yes

Supplementary Table 3. Candidate genes in the chromosome 8 locus

PyYM 08 _v1: 10,030 -

PYYM 0800300 11,045 (-) YIR protein 270 1 No
PyYM 08 vl: 13,672 -

PYYM 0800400 14,969 (-) YIR protein 264 0 No
PyYM 08 v1: 17,880 -

PYYM 0800500 18,984 (-) YIR protein 303 1 No
PyYM 08 vl: 21,744 -

PYYM 0800600 22,913 (-) YIR protein 309 1 No
PyYM 08 vl: 25,194 -

PYYM 0800700 26,209 (-) YIR protein 269 1 No
PyYM 08 vl: 28,764 -

PYYM 0800800 29,951 (-) YIR protein 320 1 No
PyYM 08 vl: 32,345 -

PYYM 0800900 33,491 (-) YIR protein 307 1 No




SupplementaryTable 4. Nucleotide and amino acid differences in the Plasmodium yoelii HECT E3 ligase gene
between Plamodium y. nigeriensis N67 and P. y. yoelii YM.

Chromsome 7 Position Coding-synonymous_nonsynonymous Mutation Codon change AA change
PYyYM_07_v1 182821 SYNONYMOUS_CODING SILENT tcA/tcG S52
PyYM_07 vl 182940 NON_SYNONYMOUS_CODING MISSENSE  gGc/gAc G92D
PyYM_07_vl 182941 SYNONYMOUS _CODING SILENT  ggC/ggT G92
PYyYM_07_v1 182944 SYNONYMOUS_CODING SILENT aaT/aaC N93
PYyYM_07_v1 182960 NON_SYNONYMOUS_CODING MISSENSE Aca/Gcea T99A
PyYM_07 vl 182963 NON_SYNONYMOUS_CODING MISSENSE  Tgt/Agt C100S
PyYM_07 vl 182965 SYNONYMOUS_CODING SILENT  tgT/tgC C100
PYyYM_07_v1 182974 SYNONYMOUS_CODING SILENT atC/atT 1103
PYyYM_07_v1 182995 SYNONYMOUS_CODING SILENT caG/caA Q110
PYyYM_07_v1 183049 SYNONYMOUS_CODING SILENT aaT/aaC N128
PYyYM_07_v1 183166 SYNONYMOUS_CODING SILENT acG/acC T167
PyYM_07 vl 183293 NON_SYNONYMOUS_CODING MISSENSE  Ata/Gta 210V
PYyYM_07_v1 183580 SYNONYMOUS_CODING SILENT aaA/aaG K305
PyYM_07_v1 183607 SYNONYMOUS_CODING SILENT tgT/tgC C314
PYyYM_07_v1 184015 NON_SYNONYMOUS_CODING MISSENSE  ttC/ttA F450L
PYyYM_07_v1 184024 SYNONYMOUS_CODING SILENT tcT/teC S453
PYyYM_07_v1 184026 NON_SYNONYMOUS_CODING MISSENSE aTa/aCa 1454T
PyYM_07 vl 184091 NON_SYNONYMOUS_CODING MISSENSE  Gtt/Att V4761
PyYM_07 vl 184161 NON_SYNONYMOUS_CODING MISSENSE  cAt/cTt H499L
PyYM_07_vl 184173 NON_SYNONYMOUS_CODING MISSENSE gGt/gCt G503A
PyYM_07 vl 184186 SYNONYMOUS_CODING SILENT  tcG/tcA S507
PYyYM_07_v1 184261 SYNONYMOUS_CODING SILENT gaC/gaT D532
PYyYM_07_v1 184286 NON_SYNONYMOUS_CODING MISSENSE Gta/Ata V5411
PyYM_07 vl 184295 NON_SYNONYMOUS_CODING MISSENSE  Tca/Cca S544P
PyYM_07 vl 184314 NON_SYNONYMOUS_CODING MISSENSE tTa/tCa L5508
PYyYM_07_v1 184318 SYNONYMOUS_CODING SILENT caT/caC HS51
PyYM_07_v1 184340 NON_SYNONYMOUS_CODING MISSENSE  Gta/Tta V559L
PyYM_07 vl 184341 NON_SYNONYMOUS_CODING MISSENSE gTa/gCa V559A
PyYM_07 vl 184772 SYNONYMOUS_CODING SILENT  Cta/Tta L703
PYyYM_07_v1 184861 SYNONYMOUS_CODING SILENT gaA/gaG E732
PYyYM_07_v1 184987 SYNONYMOUS_CODING SILENT gaC/gaT D774
PyYM_07_v1 185061 CODON_CHANGE PLUS CODON_DELETION aataatgataatacc/acc NNDNT801 T

PYYM_07 vl 185101
PYYM_07 vl 185117
PYYM_07 vl 185189
PYYM_07 vl 185208
PYYM_07 vl 185243
PYYM_07 vl 185395
PYYM_07 vl 185431
PYYM_07 vl 185467
PYYM_07 vl 185623
PYYM_07 vl 185695
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PosiBon, nucleoBde posiBons on chromsome 7; Depth, sequence read coverage; the numbers indicate reads covering the site; Coding_synonymous_nonsynonymous,
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gaT/gaC
28G/geC
taC/taT
atC/atA
Tat/Cat
aaT/aaC
gaT/gaC
aGe/aAc
Aat/Cat
Cat/Aat
Aat/Cat
aAt/aGt
atA/atT
Ttc/Gte
Tet/Get
Aat/Cat
agClagT
ttA/ttG
gaT/gaC
Gaa/Caa
gAa/gCa
2Cg/gAg
atT/atC
aaC/aaT
caG/caA
aaT/aaC
ccCl/ecT
gaT/gaC
tcT/teC

D6421
G6509
Y6554
16652
Y6657H
N6679
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S6764N
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H6795N
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N6805S
16812
F6859V
S6861A
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$6900
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A6936E
16949
N7041
Q7073
N7217
P7221
D7370
$7477

the nature of nucleoBde subsBtuBons; MutaBon, mutaBon types. The Plasmodium yoelii yoelii YM sequence was from public

database (hQps://www.sanger.ac.uk/resources/downloads/protozoa/plasmodium-yoelii.html), and the Plasmodium y. nigeriensis was from our own sequencing

as described (Niar et al., Mol Biochem Parasitol 194, 9-15). The changes leading to amino acid changes are color-highlighted.



Supplementary Table 5. Sequences of primers used for PCR and for building plasmid constructs.

Primers for amplifying cDNA tiling thePlasmodium yoelii HECT E3 uniquitine ligase gene (5'-3")

Name Forward primer sequences (5'-3') Name Reverse primer sequences (5'-3') Product length (bp)
pl ATGAAAATCCAACTTCCCAAAG p2 CAATTAATGTATCTGTTGGGGA 2737

p3 TCCCCAACAGATACATTAATTG p4 TTTCTATCAATAAAAGGTCCAG 1060

pS CTGGACCTTTTATTGATAGAAA po GAACTAGAGTTGTAAGAATCAGA 1815

p7 TCTGATTCTTACAACTCTAGTTC p8 ATTTCGTCGGTTTCTATTATGA 1744

P9 TCATAATAGAAACCGACGAAAT pl0 CAATTTGTGCATACTTCTGTAT 1700

pll ATACAGAAGTATGCACAAATTG pl2 ATATGTGTTTATGGAATCTGGA 2653

pl3 TCCAGATTCCATAAACACATAT pl4 TTCAGTATCTTCTTCTTCGT 1410

pl5 ACGAAGAAGAAGATACTGAAGA plo TCGTCATTTCCCTCAGATATA 1532

pl7 TATATCTGAGGGAAATGACGA pl8 AGCTGATTCTTCTTCATTTAGT 1489

p19 ACTAAATGAAGAAGAATCAGC p20 CGTTTAATCGAGTATCTTCTGT 2926

p21 ACAGAAGATACTCGATTAAACG p22 GAACTAGACTCTGCTGAATTAT 1171

p23 ATAATTCAGCAGAGTCTAGTTC p24 TTATATAAATCCGAAACCCTCT 2263

Primers for linear Pyhebl knockout construct (5'-3")

PIF1 GCTAAGGCTATTTTTATATTTTC PIR1 GCTGGGCTGCAGGAA TTATCAAGCTTTACATTATCACGTCCTTAAA
PIF2 TTTAAGGACGTGATAATGTAAAGCTTGATAATTCCTGCAGCCCAGC PIR2 CAAATGATGTTTTTTCCTTCAATT TCGGTAC ATATACCCATACATTAAGT
PIF3 ACTTAATGTATGGGTATATGTACCGAAATTGAAGGAAAAAACATCATTTG PIR3 ATGATGGTGATGTTGGTGAA

Pl1 CTCTTCAATGATTCATAAATAGTTGGAC P13 ATGATGGTGATGTTGGTGAA

P12 TATGTTGTCTCTTTCAATGATTC Pl4 TGGTGATGTTGGTGAAGAAA

Primers insertion at 5' UTR of the Pyhebl gene (5'-3")

PiFl CGGGTACCTGCAACATATTTCCAAAGCAT PiR1 AGGCGCCGTACATAAGCTATGAAAGTGTT

Pil TGTTGAATTAGATGGTGATGT Pi2 AGAGGCATTTATTTTGTGGT

Pi3 CGAAGAATGAGAATGAAATAGCG Pi4 CTTAACTATGCGGCATCAGA

Pi5 GATTCATAAATAGTTGGACTTGA Pi6 CATTGCCATTATTAACTTCTTCA

Primers for 5 UTR insertion at 18S rRNA gene (5'-3")

18SF1 TTGAAATTAGCAGCATAGCA 18SR1 CTTAACTATGCGGCATCAGA

18SF2 CTGAAGTCAAGTTTGAAGGT 18SR2 AAGACATCCATCGTTAAGATT

Primers for vector constructions using CRISPR/Cas9 system and for checking transfectants

Primer name

Primer sequence (5'-3")

Targets and descriptions

HEUL-1K55
HEUL-1K53
HEUL-1K35
HEUL-1K33
K1-sgRNA-F
K1-sgRNA-R
KI1-F1

KI1-R1

KI1-F2
K1-R2
HEUL-2K55
HEUL-2K53
HEUL-2K35
HEUL-2K33
K2-sgRNA-F
K2-sgRNA-R
K2-F1

K2-R1

K2-F2

K2-R2
HEUL-RIF
HEUL-RIR
HEUL-RILF
HEUL-RILR
R1-sgRNA-F
RI1-sgRNA-R
HEUL-R2F
HEUL-R2R
HEUL-R2LF
HEUL-R2LR
R2-sgRNA-F
R2-sgRNA-R
HM3-F
HMS5-R

atcgAAGCTTCAACAAAATTCCTATACATTACTATTC
gcatCCATGGTGTTTACTCATAATTTAGAAAATAATARAACA
gcatCTCGAGATAATTCGAATCTTCTATGTATATATATTACC
gcatGAATTCAATAATGGAAGAACAATAATTCTAC
TATTGGATGTAAAAAATTAGGAAT
AAACATTCCTAATTTTTTACATCC
AAACAACTTTTATCATTAAGAAAAATTTATAG
GTGAGTTTCTCATACGAAATAGTG
GATGTACTTCAAAATGCTTATGAT
CATTATATGGTTCTATAGGGT
atcgAAGCTTGATGTACTTCAAAATGCTTATGAT
gcatCCATGGCATTATATGGTTCTATAGGGT
gcatCTCGAGTTTTAATTGCTGCATATGCAGA
gcatGAATTCATTTTCAGTTGTTTGTACATGTGA
TATTGGTGATATAGCAGTTTCAAT
AAACATTGAAACTGCTATATCACC
TACATCTATATTTCCAAACCAAGTT
CATTCTCATTTATGTTGCCTTGAT
GATATTAATATGAACATATCAGAAGA
CGATTGAAACTGCTATATCACCA
gcatCCATGGAATCGAGATCAGAAACTAACCA
gcatCTCGAGGTATCTGTTGGGGAATACC
TGGAACCATCTCCGATCTTGACAATAGCACAACAAAATACTTTAAAGAC
TTGTTGTGCTATTGTCAAGATCGGAGATGGTTCCATTATACATGTATGA
TATTGCTATTGTTAAAATAGGAGA
AAACTCTCCTATTTTAACAATAGC
gcatCCATGGCTCCGATTTTACAAGTTACATACCT
gcatCTCGAGGAATCAAAATCACCAAGTAAAGT
AATGTTACACCCGTTCACGAGAATTAATCAAACATATGGCAA
CATATGTTTGATTAATTCTCGTGAACGGGTGTAACATTTTTGAAGT
TATTGTTTGATTAATTCTTGTAAA
AAACTTTACAAGAATTAATCAAAC
ACGCTAATCGTAGCTAGCCTGCT
CGATTAGCGTCCGCGGGGACCAT

Left arm, S'UTR
Left arm, 5'UTR
Right arm, 3'UTR
Right arm, 3'UTR
KO targeting sgRNA
KO targeting sgRNA

S'UTR
3'UTR

Coding region

Coding region

Left arm, coding region
Left arm, coding region
Right arm, coding region
Right arm, coding region
KO targeting sgRNA
KO targeting sgRNA
Coding region

Coding region

Coding region

Coding region
Homology arm for R1
Homology arm for R1

Synonymous mutations introduced in R1 sgRNA binding site
Synonymous mutations introduced in R1 sgRNA binding site

RI targeting sgRNA
R1 targeting sgRNA
Homology arm for R2
Homology arm for R2

Synonymous mutations introduced in R2 sgRNA binding site
Synonymous mutations introduced in R2 sgRNA binding site

R2 targeting sgRNA
R2 targeting sgRNA

Introduced sense primer for integration detection

Introduced reverse primer for integration detection

Primers for amplifctiton of tubulin alpha

Primer name

Primer sequence (5'-3")

tub_afl
tub_arl

ATGAGAGAAGTAATAAGTATACATG
TTAATAATCTGCTTCATATCCTTCGTC

Note: Nucleotides in red are restriction sites, and those in green are substitions introduced into gRNA to prevent cleavage by the enzyme.



Supplementary Table 6. Day 4 parasitemia of different R1 replacement clones after injecting BALB/c mice with 1x10° parasites (i.v.)

Parasite

Mouse
number

Day 4
parasitemia

Averaged
parasitemia

Standard
deviation

Standard

error

Averaged
parasitemia
(combined)

Standard
deviation
(combined)

Standard
error
(combined)

89.35%
89.28%
82.88%
71.07%
80.58%
79.76%
87.14%
77.53%

83.15%

81.25%

8.60%

4.13%

4.30%

2.07%

82.20% 6.33%

2.24%

Repeat

48.61%
44.54%
39.87%
46.22%
41.88%
46.04%
44.73%
44.04%

44.81%

44.17%

3.69%

1.74%

1.85%

0.87%

44.49% 2.69%

0.95%

Repeat

Repeat

76.59%
92.17%
93.88%
94.44%
93.66%
94.90%
73.83%
96.78%

89.49%
83.74%
84.15%
91.88%
91.88%
86.59%
83.85%
85.32%

89.27%

8.51%

10.72%

4.25%

5.36%

89.53% 8.96%

3.17%

2.80%

1.40%

1.49%

5.88%

0.74%

2.94%

52.53% 5.46%

1.93%

38.60%

6.03%

3.02%

87.32%

86.91%

4.01%

3.50%

2.01%

1.75%

87.11% 3.49%

1.24%

Repeat

63.88%
76.72%
57.07%
57.53%
61.56%
68.80%
75.18%
83.85%
61.17%
80.31%

63.35%

73.86%

7.99%

9.08%

3.57%

4.06%

68.61% 9.78%

3.09%

Note: Those highlighted in orange color are groups with unexpected growth phenotypes, deviating greatly from the parents.

44.68%
48.39%
42.35%
49.71%
41.99%
51.94%
44.23%
44.90%

46.28%

45.77%

3.38%

3.59%

1.69%

1.79%

46.02% 3.59%

1.27%

14.78%

2.41%

1.20%

Repeats are infections of mice with the same parasite clones at different times, usually several weeks or motnhs apart.



Supplementary Table 7. Parasitemia of mice infected with R2 allelic
exchanged parasites.

Mouse group

Mouse number

Parasite clone

Day 4 parasitemia

1 1 17XL 89.35%
2 89.28%
3 82.88%
4 71.07%
Average 83.15%
SD 8.60%
SE 4.30%
2 1 N67 48.61%
2 44.54%
3 39.87%
4 46.22%
Average 44 .81%
SD 3.69%
SE 1.85%
3 1 NG7-R217X-1 45.04%
2 29.45%
3 51.41%
4 46.63%
Average 43.13%
SD 9.52%
SE 4.76%
4 1 NB7-R217X-12 52.78%
2 49.76%
3 43.78%
4 53.13%
Average 49.86%
SD 4.33%
SE 2.16%
5 1 NB7-R217X-23 24.70%
2 43.90%
3 53.64%
4 54.19%
Average 44.11%
SD 13.78%
SE 6.89%
6 1 N67-R217%-%2 61.01%
2 56.76%
3 58.69%
4 48.72%
Average 56.30%
SD 5.34%
SE 2.67%
7 1 NG7-R217X-33 56.22%
2 58.03%
3 51.38%
4 54.00%
Average 54.91%
SD 2.87%
SE 1.44%
8 1 N67-R217X4 54.96%
2 54.57%
3 34.83%
4 48.69%
Average 48.26%



SD 9.40%

SE 4.70%
9 1 N67-R217XL-52 55.60%
2 56.59%
3 53.59%
4 36.43%
Average 50.55%
SD 9.50%
SE 4.75%
10 1 N67-R217X--54 42.16%
2 49.95%
3 51.08%
4 47.69%
Average 47.72%
SD 3.97%
SE 1.98%
Second set of experiemts
11 1 N67-R217*-3 42.37%
2 51.23%
3 57.10%
4 53.17%
Average 50.96%
SD 6.23%
SE 3.12%
12 1 NB7-R217X-52 51.67%
2 55.75%
3 53.65%
4 58.48%
Average 54.89%
SD 2.92%
SE 1.46%
13 1 N67-R2N67-22 47.57%
2 44.83%
3 48.78%
4 41.67%
33.60%
Average 43.29%
SD 6.07%
SE 3.04%
14 1 N67-R2N67-53 40.79%
2 53.84%
3 43.02%
4 43.96%
Average 45.40%
SD 5.78%
SE 2.89%

Note: Number in red are averaged parasitemia and standard error (SE). 1x108
infected red blood cells were injected into BALB/c mice (i.v.). Repeat infections were
performed approximately four months later. N67-R2\67 parasites were not available
for the first experiments. The numbers highlighted in yellow are "outliers" likely due
to technical variation during injection of mice, which causes the relateively large SEs.
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