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Supplementary Figure 1 | Chemical structures of compounds used in this study. These
compounds represent current (PPQ, DHA, ADQ, MFQ, LMF) and prior (CQ, QN) first-line drugs used
for the treatment of P. falciparum malaria. md-CQ and md-ADQ are the active metabolites of CQ and

ADQ, respectively.
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Supplementary Figure 2 | Year of sampling of P. falciparum isolates of Asian origin, included in
the pfcrt sequence analysis of the Pf3K release 3 genome data plus a more recent deposit of 87
genomes from Cambodia. Most samples were collected in 2011-12, with additional samples from

2009-13 in Cambodia. The total number of genomes analyzed was 869. Sample numbers per country

are listed in Supplementary Table 1.



cam

Q
N ~ Ky ;.,
3y i ‘b’o %’0 -3 -
« S ©f O ,\QB \q}b '\r]fo
o QR
ZFN bed
plasmid PZFN°"-bs

PCR #1 — 2.5 kb (edited)
p1+p2
Donor pert ¢ 13.ndhfr
plasmid
P4 Pl
s ur BHIEERE ol o ym 3UTR— PCR #2 06kb
) p3 + pd w— 0.4 kb (edited)
p5 p4
Genomic = ‘_’
eomie 7 sum I o
o7 b3 6 2 — 3.5kb
PSCT #g — 2.0 kb (edited)
p5 po +p

p4 p1
Recombinant /_’ SUTR = 13 pfert .l m—
locus — e -
p3 p6

p7

1
-

p2

© Dd2 pfert allele
@ Emerging mutations

356

0
o)
S 00 &
OOOOOOQOoOOOO %0, 0000000
0
X Parasite cytopl 3
Oooooooooooooo arasite cytoplasm ©00000CO0H
g
0
Seote) NH,

Supplementary Figure 3 | Zinc-Finger Nuclease (ZFN)-mediated editing of the pfcrt gene. (a) A
two-plasmid transfection approach was used to edit the pfcrt gene with zinc-finger nucleases (ZFNs).
(b) Three sets of PCRs were used to indicate gene editing, and the resulting modified locus was then
verified by Sanger sequencing. (¢) Schematic of the proposed PfCRT structure with ten transmembrane
domains shows the relative locations of the mutations that make up the Dd2 pfcrt allele (gray) and the
emerging Cambodian mutations that we showed by gene editing experiments are associated with PPQ
resistance (red). Additional mutations detected in SE Asia, predominantly in Cambodia, are shown in

Supplementary Table 2.



Supplementary Table 1 | Frequency distribution of PFCRT haplotypes from the Pf3K dataset across Asia.
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Isoform # | 2 [ (8] X | X = R = R > R m X
3D7 (wild-type) 0| 7 08% 6 12% | - - - - - - 1 12%| - -
Dd2 8 | 501 57.7% 265 52.1%| 12 17.6%| 51 98.1%| 122 96.1%| 39 48.1%| 12 37.5%
Dd2 + T93S (Novel) 9 3 0.3% 3 0.6% - - - - - - - - - -
Dd2 + HI7L (Novel) 9| 9  1.0% 8 16% | - - - - 1 08%]| - - - -
Dd2 + H97Y (Novel) 919 22% 19  37%| - - - - - - - - - -
Dd2 + F145I (Novel) 9 1 0.1% 1 0.2% - - - - - - - - - -
Dd2 + L196P (Novel) 9 2 0.2% 0 0.0% - - - - 2 1.6% - - - -
Dd2 + 1218F (Novel) 9 11 1.3% 11 2.2% - - - - - - - - - -
Dd2 + 72561 (Novel) 9| 4  05% 4 08%| - - - - - - - - - -
Dd2 + N295I (Novel) 9 1 0.1% 1 0.2% - - - - - - - - - -
Dd2 + M343L (Novel) 9| 4  05% 4 08%| - - - - - - - - - -
Dd2 + G353V (Novel) 9 9 1.0% 9 1.8% - - - - - - - - - -
Dd2 + A366T (Novel) 9| 3  03% 3 06%]| - - - - - - - - - -
Dd2 + G367C (Novel) 9 2 0.2% 2 0.4% - - - - - - - - - -
Dd2 + V370C (Novel) 9 1 0.1% 1 0.2% - - - - - - - - - -
Dd2 - N75E (Novel) 7 5 0.6% 3 0.6% - - - - - - 2 25% - -
Dd2 - A220S (Novel) 7 3 0.3% 3 0.6% - - - - - - - - - -
Cam734 9 (123 14.2% 71 13.9%| 25 36.8%| - - - - 27 33.3%| - -
GB4 6 | 111 12.8% 75  14.7%| 28 41.2%| - - - - 8 9.9% - -
GB4 + 1194T (Novel) 7 11 1.3% 8 1.6% 3 4.4% - - - - - - - -
GB4 - N75E (Novel) 5 4 0.5% 1 0.2% - - - - - - 3 37% - -
GB4 - A220S (Novel) 5 2 0.2% 2 0.4% - - - - - - - - - -
Cam783 7| 23 2.6% 2 0.4% - - - - - - 1 1.2% | 20 62.5%
Cam738 8 3 0.3% 3 0.6% - - - - - - - - - -
Cam738 + N75E (Novel) | 8 5 0.6% 4 0.8% - - - - 1 0.8% - - - -
FCB 7 2 0.2% 0 0.0% - - 1 1.9% 1 0.8% - - - -
Total 869 100.0% | 509 68 52 127 81 32
Percentage of total 58.6% 7.8% 6.0% 14.6% 9.3% 3.7%

Samples were collected from the Pf3K data version 3 (totaling 782 genomes that passed our analysis), supplemented with an
additional 87 Cambodian genomes collected in 2012 and 2013 that were more recently deposited by the Pf3K consortium. This
resulted in a total of 869 genomes, of which 509 were from Cambodia. A dash indicates that the allele was not observed in any
genomes from that country.




Supplementary Table 2 | PFCRT haplotypes from the Pf3K dataset in Southeast Asia.
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Differences from the 3D7 wild-type pfcrt allele are highlighted in light grey for Dd2 mutations and dark grey for other mutations.



Supplementary Table 3 | Western Cambodian PfCRT haplotypes over time and K13 status.

2010 2011 2012 2013 2016 |K13 Haplotypes by Percentage

5 | 5 | = |3

2| 3|3 |8 ¢
Isoform x % | = % | = % | 3 % | 3= % > 14 ©0 (3] s
3D7 (wild-type) - - - - - - - - - - - - - -
Dd2 6 75|25 89|14 58| 8 67| 1 48| 3.7%(22.2%| 1.9% | 63% | 9.3%
Dd2 + T93S (Novel) - - - - - - - - 2 95 - - - 1100% -
Dd2 + H97L (Novel) - - - - 83| - - - - - - - 1 100% -
Dd2 + H97Y (Novel) - - 1 36| - - - - 3 14 - - - 1100% -
Dd2 + F145I (Novel) - - - - - - - - 1 438 - - - 1 100% -
Dd2 + 1218F (Novel) - - - - - - - - 2 95 - - - 1 100% -
Dd2 + M343L (Novel) | - - - - 5 21| 4 33| - - - - - 1100% -
Dd2 + G353V (Novel) | - - - - 2 83| - - |12 571 - - - 1 100% -
GB4 1 131 2 71| 1 42| - - - - - - - - [ 100%
Cam783 1 13 | - - - - - - - - - - - - | 100%
Total 28 24 12 21 2 12 1 68 10

Data were generated from complete genome sequences of 93 Cambodian isolates collected by researchers at the Pasteur
Institute in Cambodia from Pailin, Kampong Speu, Kampong Som, Kampong Thom, Oddar Meanchey, Battambang, Pursat
and Sieam Reap in the western half of Cambodia. 19 of the samples from 2016 were from Pursat, and all harbored novel

PfCRT mutations.

Supplementary Table 4 | PSAp.3; results.

Parasite line % Survival N Notation p value
3D7 0.3+0.2 4 ns. >0.99
GCO03 04+0.2 4 ns. >0.99
Dd2 0.3+0.2 4 n.s. >0.99
Dg2P%% ot 0.3+0.3 4 NA.  NA.
Dg2P9% ot F149! 234+ 2.1 6 ** 0.010°
Dgi2P 92 ort M43t 12.4 2.1 6 ** 0.010°
Dg2Pd2 et G353V 167+47 5 * 0.016°
PH1008-C (M343L) 14.4+15 6 NA  NA.
PH1008-CPd2 o't 0.1%0.1 4 ** 0.010°
PH1263-C (H97Y) 145+43 4 NA. NA.
PH1263-cPd2 crt 0.03+0.02 4 ** 0.010°

PSAq.3h, piperaquine survival assays beginning with 0-3h post-

invasion rings. Percent survival rates were calculated as means *

SEM from multiple independent experiments (N) performed in

duplicate. ®Statistical comparisons were made against the Dd2

°t clone. bComparisons were against PH1008-C. “Comparisons
were against PH1263-C. Statistics employed Mann-Whitney U
tests. n.s., not significant. N.A., not applicable. 1 to 3 assays

were also performed with 0.8 uM VP, which showed no change or

net reduction in survival in either sensitive or resistant parasites.

Dd2




Supplementary Table 5 | Piperaquine IC5¢ and ICgqg
values and associated statistics.

Mean + SEM Statistical outputs
Parasite line PPQ ICs0(nM) N Notation p value
3D7 13.7 £ 1.1 9 *** 0.0002°
GCO03 153 +£2.2 5 * 0.012°
Dd2 224 +2.1 8 ns. 0.37°
Dg2P9% ot 27.6 + 3.1 9 NA. N.A.
Dd2P%? P48l 65 3 + 3.1 4 ** 0.003
Dg2Pe2 ML 376448 6 n.s. 0.11°
Dg2Pd2en G 318474 5 n.s. 0.70°
PH1008-C 396+185 4 NA. N.A.
PH1008-CP®2°" 213 +3.0 5 ns. 1.00°
PH1263-C 812+26.0 4 NA. N.A.
PH1263-C°*°" 18,0+ 3.0 4 * 0.029°

“Statistical comparisons were made against the Dd2P% " clone.

®Comparisons were against PH1008-C. “Comparisons were against
PH1263-C. N, number of independent repeats (assays conducted
with technical duplicates). Statistics employed Mann-Whitney U
tests. PPQ, piperaquine. n.s., not significant. N.A., not applicable.

Mean + SEM Statistical outputs
Parasite line PPQICgq(nM) N Notation p value
3D7 21.9+22 g e <0.0001°
GCO03 258+29 5 * 0.012°
Dd2 455+ 5.1 8 n.s. 0.48°
Dd2P% e 50.2 + 4.2 9 NA. N.A.
Dg2P¢ et F1esl 5769 + 666 4 0.003°
Dg2P®? M 931+ 97 6 0.0004°
D20 eSSV 3749 £1981 4 ** 0.003°
PH1008-C > 50 uM 4 NA. N.A.
PH1008-CP®2°" 424 +6.2 5w <0.0001°
PH1263-C 250.8+954 4 NA. N.A.
PH1263-C°*°"  27.8+3.0 4 * 0.029°

Please refer to footnotes in upper table.



Supplementary Table 6 | [3H]-Piperaquine cellular
accumulation ratios.

Mean + SEM Statistical outputs
Parasite line CAR N Notation p value
3D7 6323+£352 7 <0.0001°
GCO03 4933+£229 4 *** 0.0005°
Dd2 2835+244 6 ns. 0.73
Dg2P%2 et 3002 +275 7 N.A. N.A.
Dd2P%2 P14l o878 +327 3 ns. 0.72°
Dg2P2 ML 5514 +231 6 ns. 0.43
Dg2P92 oGV 9642 £402 3 ns. 0.21°
PH1008-C 1889+ 163 4 NA. N.A.
PH1008-CP%2° 3358+ 121 4 ** 0.0003°
PH1263-C 1690+ 185 3 N.A. N.A.
PH1263-C°*%°" 3029 +139 4 *** 0.0007°
“Statistical comparisons were made against the Dd2P% " clone.

bComparisons were against PH1008-C. “Comparisons were
against PH1263-C. N, number of independent repeats (assays
conducted with technical duplicates). Statistics employed Mann-
Whitney U tests. CAR, cellular accumulation ratio. PPQ,

piperaquine. n.s., not significant. N.A., not applicable.



Supplementary Table 7 | Chloroquine and monodesethyl-

chloroquine IC5q values and associated statistics.

Mean + SEM Statistical outputs
Parasite line CQ ICsg (NM) N  Notation p value
3D7 9.0+0.8 <0.0001°
GCO03 9.6+ 2.1 5 Kk 0.005°
Dd2 156.5+ 9.3 10 * 0.02°
Dg2P%2 et 129.5+ 9.0 11 N.A. N.A.
Dg2Pd2 et F143! 19.3+ 1.3 6 0.0002°
Dg2Pd2etM34l 418419 5 * 0.0005°
Dg2P2en e 516149 4 ** 0.0022
PH1008-C 160.5 + 8.0 10 N.A. N.A.
PH1008-C°%°" 1127+ 158 10 * 0.043°
PH1263-C 258.2 + 38.9 6 NA. N.A.
PH1263-CP*#°" 1704+ 255 6 ns. 0.065°

aStatistical comparisons were made against the Dd2°% " clone. bComparisons

were against PH1008-C. ‘Comparisons were against PH1263-C. N, number of
independent repeats (assays conducted with technical duplicates). Statistics
employed Mann-Whitney U tests. CQ, chloroquine. n.s., not significant. N.A.,

not applicable.

Mean + SEM

Statistical outputs

Parasite line md-CQ I1C5p (nM) N Notation p value
3D7 33.1+57 10 *xe <0.00012
GCO03 52.8+95 L <0.00012
Dd2 1663 + 141 10 n.s. 0.98°
Dd2Pd2 et 1641 + 108 15  N.A. N.A.
D2Pd2 et F1431 191 +21.3 4 0.0005°
Dg2Pd2ertM3as 4574 25 5 L <0.00012
Dg2Pd2ert G383V 475,577 6 e <0.00012
PH1008-C 1418 + 259 4 NA. N.A.
PH1008-CP%° 1527 + 270 5 n.s. 0.90°
PH1263-C 3313 + 435 4 NA. N.A.
PH1263-CP% ™ 1345 + 229 5 0.016°

Please refer to footnotes in upper table. md-CQ, monodesethyl-chloroquine.



Supplementary Table 8 | Monodesethyl-amodiaquine and

quinine ICs5o values and associated statistics.

Mean + SEM Statistical outputs
Parasite line md-ADQ IC5o(nM) N Notation p value
3D7 15.9+1.9 10 *we <0.00012
GCO03 14 +1.2 6 e <0.00012
Dd2 456 + 3.8 11 n.s. 0.12°
Dd2P2 et 406 +2.4 15 N.A. N.A.
D209 ort F14! 16.8+1.5 5 0.0001°
D202 ort M343L 30.1 % 2.1 6 * 0.014°
Dd2Dd2 crt G353V 230 + 1_3 6 *kkk <0.0001a
PH1008-C 33.9+35 6 N.A. N.A.
PH1008-CP%2°t 427450 6 n.s. 0.31°
PH1263-C 63.9+5.1 5 NA. N.A.
PH1263-C°%2°"  41.0+2.9 6 ** 0.009°
aStatistical comparisons were made against the Dd2°% " clone.

bComparisons were against PH1008-C. “Comparisons were against PH1263-
C. N, number of independent repeats (assays conducted with technical
duplicates). Statistics employed Mann-Whitney tests. md-ADQ,
monodesethyl-amodiaquine. n.s., not significant. N.A., not applicable.

Mean £+ SEM Statistical outputs
Parasite line QN ICs (nM) N  Notation p value
3D7 26.1+2.2 14 *xex <0.00012
GCO03 727 +12.7 7 0.0002°
Dd2 163.2 £22.9 14 n.s. 0.59°
Dd2Pd2 or 174.2 +13.9 15  N.A. N.A.
Dg2P¢? et F14s! 57.4 + 8.4 5w 0.0001°
Dg20Pd? et M34st 93.9+9.6 9w 0.001®
D202 et &353V 77.6 £ 15.1 6 ** 0.002°
PH1008-C 61.8 +15.7 5 N.A. N.A.
PH1008-C°®2°" 1456 + 28.1 6 * 0.035°
PH1263-C 442+76 6 N.A. N.A.
PH1263-C°%2°" 1421+ 225 6 ** 0.002°

Please refer to footnotes in upper table. QN, quinine.



Supplementary Table 9 | Mefloquine and lumefantrine IC 5
values and associated statistics.

Mean + SEM Statistical outputs
Parasite line MFQ I1Csq (nM) N  Notation p value
3D7 97+1.3 15 n.s. 0.43°
GCO03 9.2+1.0 8 ns. 0.42°
Dd2 129+1.3 12 n.s. 0.20°
Dd2Pdz et 10.1 £ 0.5 15 N.A. N.A.
Dg2Pd2 et F143! 74+14 6 ns. 0.20°
D2Pd2 ot M343L 7.3+0.4 6 ** 0.002°
D209z ot 6353V 89+0.5 6 ns. 0.21°
PH1008-C 8.6+1.4 5 NA. N.A.
PH1008-C°*°" 139+ 1.9 6 ns. 0.13°
PH1263-C 3.5+ 1 6 NA. N.A.
PH1263-C°*°" 125+ 2.1 6 0.004°

aStatistical comparisons were made against the DJ2°% " clone.
bComparisons were against PH1008-C. “Comparisons were against PH1263-
C. N, number of independent repeats (assays conducted with technical
duplicates).Statistics employed Mann-Whitney U tests. MFQ, mefloquine.
n.s., not significant. N.A., not applicable.

Mean £ SEM Statistical outputs
Parasite line LMF ICsq (nM) N Notation p value
3D7 29+0.6 9 ns. 0.21%
GCO03 3.9+05 4 0.0112
Dd2 1.9+0.3 8 n.s. 0.91°
Dd2Pd2 et 1.8+0.3 9 NA. N.A.
Dg2P¢2 et F149! 1.6+0.1 5 ns. 1.00°
DP9 ortM3s3L 3.7+0.2 4 * 0.011%
Dg2P92 ot G353V 1.3+0.2 7 ns. 0.36°
PH1008-C 12+0.2 4 NA. N.A.
PH1008-CP2° 44 4+1.2 5 * 0.016°
PH1263-C 3.6+0.7 4 NA. N.A.
PH1263-C°*°  80+0.5 4 0.029°

Please refer to footnotes in upper table. LMF, lumefantrine.



Supplementary Table 10 | Dihydroartemisinin IC 59 values and
associated statistics.

Mean + SEM Statistical outputs
Parasite line DHA IC5 (nM) N Notation p value
3D7 0.8+0.1 11 ** 0.004%
GCO03 0.5+0.2 5 % 0.007%
Dd2 1.0+ 0.1 10 n.s. 0.25°
Dd2Pd2 et 1.2+0.1 9 NA. N.A.
Dg2Pd2 crt F145i 0.7 £0.1 6 0.0008°
Dd2Dd2 crt M343L 06 + 01 5 *kk 00018
D2Pd2 ort G353V 13+0.3 4 ns. 1.00°
PH1008-C 1.5+0.2 4 NA. N.A.
PH1008-CPd2 et 0.6 0.1 4 * 0.029°
PH1263-C 2.4 +0.1 4 NA. N.A.
PH1263-CPd2crt 1.9+0.3 4 ns. 0.29°

aStatistical comparisons were made against the Dd2°% " clone. bComparisons
were against PH1008-C. “Comparisons were against PH1263-C. N, number of
independent repeats (assays conducted with technical duplicates). Statistics
employed Mann-Whitney U tests. DHA, dihydroartemisinin. n.s., not significant.
N.A., not applicable.



Supplementary Table 11 | Verapamil reversibility of chloroquine and piperaquine ICsg
values.

Statistics compared Statistics compared % VP inhibition’

to 3D7 to parent
Parasite line CQ reversibility N Notation p value Notation p value
3D7 05%+05% 4 NA. - N.A. - 8.9% + 3.2%
GCO03 05%+05% 4 ns. >0.99 N.A. - 6.6% + 3.5%
Dd2 71.8%+3.0% 4 * 0.029 n.s. 0.71° 7.8% + 4.9%
Dg2P92 et 72.8% +1.3% 4 * 0.029 N.A. - 8.7% + 1.4%
Dg2P2 P43l o5 89 +10.8% 6 n.s. 0.11 ** 0.010°  452% +5.6%
Dg2Pd2 ML 43 306 £10.9% 4 * 0.029 * 0.029°  33.7% % 10.4%
Dg2Pd2 e GV 5330, 434% 6 * 0.029 w 0.010°  355%+7.6%
PH1008-C 62.8% +17% 4 * 0.029 N.A. - 18.0% +4.1%
PH1008-C°*#°" 653% +14% 4 * 0.029 n.s. 0.63° 13.2% + 4.4%
PH1263-C 59.8% +4.5% 6 ** 0.010 N.A. - 22.4% + 3.4%
PH1263-CP%°" 63.8% +26% 4 * 0.029 n.s. 0.35° 14.2% + 1.7%

Reversibility is defined as the percent reduction in mean ICs, for CQ in the presence of 0.8 uM VP compared to

the mean 1G5, for CQ alone. The calculation is defined as ((mean IC5y CQ alone - mean IC5, CQ + VP) / mean

Dd2 crt

ICs, CQ alone), expressed as a percentage. ?Statistical comparisons were made against the Dd2 clone.

bComparisons were against PH1008-C. “Comparisons were against PH1263-C. 4 %VP inhibition measures the
percent inhibition of parasite growth in the presence of 0.8 uM VP compared to no-drug controls no CQ). N,
number of independent repeats (assays conducted with technical duplicates). Statistics employed Mann-
Whitney U tests. n.s., not significant. N.A., not applicable.

Statistics compared Statistics compared

to 3D7 to parent
Parasite line PPQ reversibility N Notation p value Notation p value
3D7 78%+45% 4 NA. - N.A. -
GC03 17.0% +57% 4 ns 0.49 N.A. -
Dd2 20%+45% 4 ns 0.49 ns 0.89°
Dd2°9% " 50%+9.2% 4 ns 0.94 N.A. -
D209z et F149! 16.6% + 17.4% 5 ns 0.73 ns 0.56
D209zt 35 5% +5.0% 4 * 0.029 ns 0.057°
D292 et e3V 4349% +152% 3 ns 0.11 ns 0.23°
PH1008-C N.D. 3 NA. - N.A. -
PH1008-C°*#°" 7.0%+80% 4 ns 0.97 N.A. -
PH1263-C N.D. 4 NA. - N.A. -
PH1263-C°%" 00%+62% 4 ns 0.49 N.A. -

Please refer to footnotes in upper table. N.D., not determined (the flat dose-response
curves around the ICsq region precluded precise calculations of VP reversiblity).



Supplementary Table 12 | Raw fitness data from co-culture experiments.

Day GC03 Dd2
0 4805 4235 4937 | 5028 5287 4759 | 4091 37.84 4455 | 4423 4734  46.39
2 50 4946 4839 | 67.95 6495 6466 | 4362 4294 439 | 5181 5892 504
5 8043 8164 8067 | 531 4835 5016 | 61.06 5929 60.96 | 4545 4361  39.15
7 7764 7539 7431 | 3982 358 3963 | 3553 3647 3869 | 27.78 276  28.13
9 60.8 5889 6122 | 3274 35 30.86 | 17.99 17.84 1963 | 1451 1778  14.29
12 4423 4665 4588 | 3301 3017 3133 | 1622 1446  14.44 13 11.01 1044
14 4734 457 4872 | 3193 2981 2866 | 10.03  9.61 6.98 | 1068  9.41 9.21
16 4784 5106 5459 | 1673 2179 1669 | 602 732 603 | 569 383  4.88
18 4049 4688 4464 | 1959 2036 1941 | 528 569 608 | 832 884 809
20 4621 4959 4587 | 152 1822 1477 | 592 521 6.12 6.5 515 6.92
Day Dd2Dd2 crt Dd2Dd2 crt F1451
0 50 4458 4533 | 496 4296 4692 | 51.95 50 53.95 | 50.83 4545 5299
2 56.67 5392 5063 | 67.79 69.61 63.84 | 5423 5243 5584 | 36.36 3403 343
5 746 7476 7264 | 6257 6764 522 | 871 8806 87.78 | 5232 5126 4868
7 715 7259 621 | 5817 5943 381 | 9577 9629 9447 | 6981 6773  65.15
9 479 5443 404 | 3071 2873 1942 | 9145 9225 9129 | 655 6149  60.16
12 3563 39.89 2278 | 285 2492 1569 | 7992 7883 8206 | 54.88 5517  54.39
14 3497 3382 1541 | 2255 2037 1125 | 8571 87.71 9203 62 5724  56.72
16 3134 2389 943 | 1372 1046  7.09 | 9153 9234 9212 | 66.67 6441  71.11
18 2543 1603 556 | 1243 1057 7.81 | 9355 952 9419 | 79.82 8198  80.02
20 2003 1864 716 | 946 705 536 | 9448 9547 9494 | 89.67  89.16  91.2
Day Dd2Dd2 crt M343L Dd2Dd2 crt G353V
0 38.33 4553  42.86 | 4455 4813 4751 | 4667 4435 5521 | 495 4873  47.92
2 4694 4555 4571 | 6075 6115 5588 | 56.36 5543 57.95 | 6659 7069  68.82
5 7572 7845 7753 | 69.93 5135 5265 | 8375  83.58 80 68.83 6923  70.69
7 68.09 732 5252 | 2389 2468 3311 | 7059 7407 7187 | 6867 7078  69.62
9 1485 103 1636 | 13.86 2368 2188 | 6207 7018 69.76 | 5423 5485 5298
12 1429 845 1345 | 1337 1403 219 75 7426 7037 | 6412 6292  60.58
14 699 405 773 | 752 1276 1711 | 616 7131 7039 | 6728 66.15  66.24
16 364 271 714 | 456 914 1163 | 628 6813 7165 | 6485 67.16  66.41
18 2.46 1.15 4.6 6.38 1199 1404 | 6094  67.33 65 67.13 7317  72.21
20 2.17 145 397 | 339 814 1242 | 6033  70.86  73.27 | 6578  68.87 _ 60.77
Day PH1008-C (M343L) PH1008-C°%
0 4235 4944 4268 | 6145 619 6145 | 42.62 50 38.35 | 4872 4718  44.62
2 6368 6674 6739 | 8127 7977 8435 | 5318 5383 5324 | 6946 6554  62.42
5 9669 9524 9672 | 89.84 8917 882 | 9228 9195 9275 | 5475 5554  52.65
7 959 9578 9536 | 9231 9077 9124 | 6638 7027 705 | 5262 4867 4252
9 97.34 9603 9618 | 9138 9199 9178 | 5357 5535 56.06 | 58.35 5455 41.85
12 99.02 9826 9636 | 9517 9478 96.84 | 485 4924 4015 | 5419 5159  31.37
14 96.61 9637 9565 | 9568 96.83 9658 | 44.95 4294 3059 | 54.65 51.14  26.96
16 89.47 9528 9558 | 89.84 9203 9411 | 4678 4489 3338 | 5149  49.02 2146
18 8164 8464 9357 | 9462 9762 96.08 | 5667 5442 3207 | 5209 4627  26.11
20 94.75 9422  97.45 | 91.81 93 93.37 | 45.09 4229 3333 | 5763  50.17 _ 32.13
Day PH1263-C (H97Y) PH1263-cP4 °t
0 541 4444 4898 | 5263 4667 4894 | 5214 4609 4818 | 4262 4167  46.89
2 6567 6352 6172 | 7042 7753 7797 | 5666 5699 5657 | 68.65 6567  66.02
5 9548 982 9669 | 84.85 8845 9017 | 9615 9471 9238 | 57.67 59.88  57.79
7 9498 9715 9617 | 8864 9565 9333 | 8267 6862 7338 | 5713 613  56.65
9 95.76 9697 97.92 | 9115 918 9133 | 5315 5657 6057 | 52.88 51.03  54.29
12 97.87 9747 9866 | 9335 9617 9564 | 4906 5208 5641 | 5504 5948  59.61
14 9434 9506 9615 | 9532 9558 959 | 41.06 50.88 6457 | 53.09 619  63.22
16 9528 9492 9531 | 8925 9068 9218 | 4167 5318 66.88 | 5254 57.72 554
18 94 9357 9011 | 9579  96.88  96.89 | 47.44 4848 5294 | 56.05 63.72 6229
20 9645 9648  96.87 | 89.76 8911 9374 | 5219 619 5266 | 63.36 6576 _ 65.02

Two independent experiments were performed in triplicate. The values listed are the % eGFP+ cells.




Supplementary Table 13 | pfpm2 copy number and RNA expression analysis.

gPCR (normalized by pfB-tubulin ) | RT-gPCR (normalized by serine-tRNA
ligase)
pfpm2
Mean RNA expression in
Calculated expression edited line

Ratios pfpm2 : pfpm2 copy over 3D7 over parental
Pf B-tubulin Mean SEM number N control SEM line N
1:1 0.93 0.04 1 3 na na na na
2:1 2.22 0.05 2 3 na na na na
3:1 2.91 0.04 3 3 na na na na
4:1 3.97 0.10 4 3 na na na na
51 4.19 0.08 5 3 na na na na
3D7 1.00 0.00 1 3 1.00 0.00 na 3
GCO03 1.02 0.04 1 3 1.33 0.08 na 3
Dd2 1.10 0.06 1 6 1.50 0.06 na 3
Dg2Pd2 et 116  0.08 1 6 1.25 0.18 1.00 6
Dg2Pd2 crtF14sl 1.07  0.02 1 3 1.31 0.10 1.05 3
Dg2Pe2etM343L 1 104 0.04 1 3 1.01 0.06 0.81 3
Dg2P2 etV 1 4 44 0.02 1 3 0.31* 0.3 0.25" 3
PH1008-C 3.02 0.06 3 6 2.59 0.20 na 3
PH1008-CP%°" | 123  0.01 1 3 0.87 0.15 0.34 3
PH1263-C 1.80 0.03 2 3 1.41 0.04 na 3
PH1263-cP%° | 079  0.02 1 3 0.51 0.03 0.36 3

pfpm2 copy number and expression levels at the mid trophozoite stage (24 hours post-
invasion) were determined using multiplexed Tagman assays (see Methods). na: not applicable.
#: sample was collected earlier in early trophs and late rings when pfpom2 expression is lower,
hence change was not significant.



Supplementary Table 14 | List of oligonucleotides used in this study.

Name Nucleotide Sequence (5'-3") Description Lab Name Purpose

p1 gctcctaggATGCATGGTTCGCTAAACTGC  hdhfr Avrll Forward p4725 Integration PCR #1. 2.5 kb

p2 TTGACCCTTATATATTCCACCCA pfert 3' UTR (+1285-1308) p5688 yes/no integration at 3' end

p3 GACCTTAACAGATGGCTCAC pfert exon 2 EcoRI Forward  p3264 Integration PCR #2. 0.4 kb (0.6
cttatcgatAAGCAGAAGAACATATTAATAG kb if unedited due to additional

pa GAATACTTAATTG pfert exon 3 Clal Reverse p3265 intron 2). Sequences exons 2-3.

pfert 5' UTR (-494-517) Apal

P5  ctigggCCCAAGTTGTACTGCTTCTAAGE P> 03404 Integration PCR #3. 2 kb.
06 aaccatggatTTATTGTGTAATAATTGAATC pfcrt exon 13 Reverse 01640 Sequence entire edited locus.
GACG
p7  CCGTTAATAATAAATACACGCAG pfort 5UTR sense pazas  cquencing primer for pfcrt
(along with p3, p6).
5 GTTTTGTAACATCCGAAACTIACAACTTT PICRT HO7Y sense SDM.
P¥  ATTTGTATGATTATGTTC CAC to TAC. P PICRT HO7Y SDM
1o GAACATAATCATACAAATAAAGTTGTA PICRT HO7Y antisense 5346
PIY  GTTTCGGATGTTACAAAAC SDM. CAC to TAC. P
1 CCTGTTCAGTCATTTTGGCCAaTCATAGG PICRT F145Isense SDM.
P TCTTACAAGAACTAC TTC to ATC. P B{CRT F1451 SOM
1, GTAGTTCTTGTAAGACCTATGAIGGCCA PfCRT F145] antisense 5017
P AAATGACTGAACAGG SDM. TTC to ATC. P
13 CGACAAATTTTCTACCITGACATATACTA PICRT M343L sense SDM.
PI° 116TTAGTTG ATG to TTG. P BICRT M343L SDM
14 CAACTAACAATAGTATATGTCAGGGTAG PICRT M343L antisense 5344
PI%  AAAATTTGTCG SDM. ATG to TTG. P
15 CTATTGTTAGTTGTATACAAGITCCAGCA PICRT G353V sense SDM.
PIS ACAGCAATTG GGT to GTT. P PICRT G353V SOM
15 CAATTGCTGTTGCTGGAaCTTGTATACA PICRT G353V antisense 5331
PIS  ACTAACAATAG SDM. GGT to GTT. P
p17  TGATGTGCGCAAGTGATCC E:I z f;b““” sense gPCR 5056
Pf -tubulin antisense gPCR
p18 TCCTTTGTGGACATTCTTCCTC imer 05957 Pt f-ubulin POR
HEX- Pf -tubulin HEX and Black
p19 TAGCACATGCCGTTAAATATCTTCCATG Hole Quencher dual-labeled p5851
TCT-BHQ probe
p20  GGATTCGAACCAACTTATACTGC Pf Plasmepsin 2 sense pP6758
gPCR primer
Pf Plasmepsin 2 antisense
P21 AATTGGATCTACTGAACCTATTGATAA o %o 06759 Pt Plasmepsin 2 GPCR
FAM- .
p22  CAACATTTGATGGTATCCTTGGTTTAGG “Pﬂfepéajlrj‘j_‘l)::)”ei EA':’;s:d p6760
ATGGA-MGB P
023  TGGAACAATGGTAGCTGCAC Pfserine tRNA ligase sense 755
gPCR primer
Pf serine tRNA ligase
24 AATTTTTCAGGAACT 7 . .
P GGCGC CAGGAAC antisense qPCR primer p6756 Pf serine tRNA ligase gPCR
HEX- Pf serine tRNA ligase HEX
p25 TGTCTTCTTGAAAATTATCAAAACGGCG and Black Hole Quencher  p6757
AAGG-BHG dual-labeled probe

Lower-case nucleotides are not present in the template (restriction sites, modifying primer annealing temperature, or site-
directed mutagenesis (SDM)).



