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An intracellular membrane protein GEP1 regulates
xanthurenic acid induced gametogenesis
of malaria parasites
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Gametocytes differentiation to gametes (gametogenesis) within mosquitos is essential for
malaria parasite transmission. Both reduction in temperature and mosquito-derived XA or
elevated pH are required for triggering cGMP/PKG dependent gametogenesis. However, the
parasite molecule for sensing or transducing these environmental signals to initiate game-
togenesis remains unknown. Here we perform a CRISPR/Cas9-based functional screening of
59 membrane proteins expressed in the gametocytes of Plasmodium yoelii and identify
that GEP1 is required for XA-stimulated gametogenesis. GEP1 disruption abolishes XA-
stimulated cGMP synthesis and the subsequent signaling and cellular events, such as Ca2*
mobilization, gamete formation, and gametes egress out of erythrocytes. GEP1 interacts with
GCa, a cGMP synthesizing enzyme in gametocytes. Both GEP1 and GCa are expressed in
cytoplasmic puncta of both male and female gametocytes. Depletion of GCa impairs XA-
stimulated gametogenesis, mimicking the defect of GEP1 disruption. The identification of
GEP1 being essential for gametogenesis provides a potential new target for intervention of
parasite transmission.
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ale and female gametocytes are sexual precursor cells
M essential for malaria parasite transmission. Within

10-15 min after being taken up by a mosquito, game-
tocytes differentiate into gametes in mosquito midgut, a process
known as gametogenesis. A female gametocyte forms a rounded
female gamete, whereas a male gametocyte undergoes three
mitotic divisions, assembles eight intracytoplasmic axonemes, and
produces eight flagellated male gametes!. Both male and female
gametes egress from their residing erythrocytes via an inside-out
mechanism, during which the parasitophorus vacuole membrane
(PVM) ruptures prior to the opening of the erythrocyte mem-
brane (EM)2. After the release from erythrocytes, the male and
female gametes fertilize to produce zygotes and then the motile
ookinetes that penetrate mosquito midgut wall to develop into
oocysts each containing thousands of sporozoites. The spor-
ozoites then migrate to mosquito salivary glands and are injected
into a new host when the mosquito bites again.

Gametogenesis is triggered by two stimuli, a drop in tem-
perature of approximately 5 °C3* and the presence of xanthurenic
acid (XA) that is a metabolite of tryptophan from mosquito™®.
An additional signal reported to induce gametogenesis is an
increase in pH from 7.4 to 8*. Since the groundbreaking discovery
of XA as a trigger for Plasmodium gametogenesis in mosquitoes,
studies have shown that XA can enhance parasite guanylyl cyclase
(GC) activity on gametocyte membrane fraction, leading to
increased level of second messenger 3’—5-cyclic guanosine
monophosphate (¢cGMP)?. Two integral membrane GC proteins
(GCa and GCP) are found in Plasmodium parasites. GCa has
been implicated to be responsible for cGMP synthesis during
gametogenesis because disruption of GCP has no effect on XA-
induced gametogenesis®~10. The increased level of cGMP activates
cGMP-dependent protein kinase G (PKG) that functions as a
master regulator of the downstream signaling events during
gametogenesis!l. Inhibition of PKG using Compound 2 (C2)
prevented gametocytes rounding up, gamete formation of both
sexes, and gametes egress from erythrocytes in P. falciparum and
P. berghei's12. PKG-dependent Ca?! mobilization was also
observed in the cytosol of P. falciparum and P. berghei gameto-
cytes 10-15s after addition of XA!3!4 PKG activates the
synthesis of inositol (1,4,5)-trisphosphate (IP3) via phosphoino-
sitide metabolism and triggers cytosolic mobilization of Ca?* that
likely originates from the endoplasmic reticulum!®. Unfortu-
nately, the molecule(s) responsible for sensing XA or transducing
the XA-stimulated signal to activate the cGMP-PKG signaling
remain unknown.

Membrane proteins are known to play critical roles in sensing,
transporting, and/or transducing environmental signals to initiate
cellular responses. To identify potential molecules involved in
sensing or transducing XA signal during gametogenesis, we
perform CRISPR/Cas9-mediated genetic deletion screens of 59
candidate genes encoding integral membrane proteins expressed
in gametocytes of the rodent malaria parasite P. yoelii. We
identify a multiple-spanning membrane protein GEP1 (gameto-
genesis essential protein 1) that was essential for XA-stimulated
gametogenesis. Disruption of GEP1 completely abolishes XA-
stimulated gametogenesis of both sexes. Parasites deficient of
GEP1 show no synthesis of XA-stimulated cGMP and no
downstream cellular and signaling events such as Ca?t mobili-
zation, parasite egress out of PVM and EM, genome replication
and axoneme assembly in male gametocytes, and release of
translational repression in female gametocytes. GEP1 interacts
with GCa in gametocytes, and GCa depletion also impairs XA-
stimulated gametogenesis, mimicking the effects of GEP1 dis-
ruption. This study identifies a molecule essential for the initia-
tion of gametogenesis and a potential target for blocking parasite
transmission.

Results

GEP1 is essential for XA-stimulated gametogenesis. To identify
membrane proteins critical in sensing XA or transducing XA-
induced signal during gametogenesis, we identified 59 P. yoelii
genes that are expressed in gametocytes and encode proteins with
1 to 22 predicted transmembrane domains (TMs) from the
PlasmoDB database (Supplementary Table 1). We designed single
guide RNA (sgRNA) to disrupt each of these genes using
CRISPR/Cas9 methods!'®!7 and were able to successfully knock-
out (KO) 45 (76%) of the genes in the P. yoelii 17XNL strain,
obtaining at least two cloned lines for each mutant (Supple-
mentary Fig. 1a, ¢, d, i). The remaining 14 genes (24%) were
refractory to repeated deletion attempts using three independent
sgRNA sequences, suggesting their essential roles for asexual
blood-stage growth.

The 45 gene deletion mutants proliferated asexually in mouse
blood normally and were able to produce both male and female
gametocytes although the gametocytemia level varied among these
mutants (Supplementary Fig. 2, Supplementary Fig. 3a). Next we
measured the gametogenesis of male gametocyte by counting
exflagellation centers (ECs) formed in vitro after stimulation with
50 pM XA at 22 °C. Only one mutant (PY17X_1116300 disruption)
showed complete deficiency in EC formation and male gamete
release (Fig. 1a—c). The PY17X 1116300 gene contains four exons
(Fig. 1d) encoding a putative amino acid transporter protein that is
essential for gametogenesis; we therefore name the gene gepl for
gametogenesis essential protein 1. As controls, disruption of P. yoelii
cdpk4 or map2 also caused defect in EC formation (Fig. 1a),
confirming the phenotypes observed in P. berghei!®!8. Conse-
quently, the Agep] mutant parasite produced no ookinete in in vitro
culture (Supplementary Fig. 3b), oocyst in Anopheles stephensi
midgut (Fig. 1f), or sporozoite in mosquito salivary gland
(Supplementary Fig. 3c).

To further confirm the phenotype of Agepl, we generated three
additional gep] mutant parasites (AgepIn, Ageplfl, and AgepImS-
carlet) (Fig. 1d, Supplementary Fig. 1c—e). The AgepIn parasite
had a 464 bp deletion at the 5’ coding region, causing a frameshift
for the remaining coding region. The AgepIfl parasite had the
whole gepI coding region deleted, and the AgeplmScarlet parasite
had its gepl coding regions replaced with a gene encoding red
florescent protein mScarlet. These mutations were confirmed by
PCR and DNA sequencing (Supplementary Fig. 1j, k), and the
mutant parasites displayed developmental phenotypes similar to
those of Agepl in both mouse and mosquito stages (Fig. le, f,
Supplementary Fig. 3a—c). We also reintroduced the 558 bp
deleted segment plus a sextuple HA epitope (6HA) into the Agepl
parasite to rescue the gene function using Cas9-mediated
homologous replacement (Fig. 1d, Supplementary Fig. 1b, j).
Two clones of the rescued parasite (Agepl/gepl::6HAcl and
Agepl/gepl::6HAc2) showed expression of the GEPI:6HA
protein in both Western blotting and immunofluorescence
analysis (IFA) (Supplementary Fig. 3d, e). Importantly, both
clones produced wild type (WT) levels of EC in vitro (Fig. 1e) and
midgut oocyst in mosquitoes (Fig. 1f). The GEP1 protein is well-
conserved among P. yoelii, P. berghei, and the human P.
falciparum parasites (Supplementary Fig. 4), suggesting conserved
function. Deletion of P. berghei gepl gene (PBANKA_1115100)
resulted in parasite clones that failed to form XA-stimulated ECs
in vitro and midgut oocyst in mosquitoes (Supplementary Fig. 11,
m, Supplementary Fig. 3f-h). Together, these results demonstrate
that GEP1 depletion completely block male gametogenesis and
mosquito transmission of malaria parasites.

GEP1 is expressed in cytosol puncta of gametocytes. GEP1 is a
Plasmodium-specific protein with 905 residues and 14 predicted
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Fig. 1 Membrane proteins screening identified gep1 essential for gametogenesis. a In vitro XA stimulated exflagellation rates for P. yoelii 17XNL wild type
(WT) and 45 mutant strains each with a specific gene disruption. The exflagellation rate of each mutant was normalized with that of WT parallelly tested
each time. The numbers for the gene name are the gene IDs derived in PlasmoDB. Data are shown as mean £ SD from n = 3 independent experiments for
strains except n=>5 for A1315200, A1339400, A1342800, A1366100 and AT463300, and n = 6 for A1240600. b Representative images of XA stimulated
exflagellation centers (ECs, white arrows) under light microscope (10x). Scale bar = 20 pm. ¢ Images of the exflagellated male gametes (Black arrow) after
Giemsa staining under light microscope (100x). Scale bar =5 pm. d Diagrams of WT gepl gene structure and various mutants: S1 (Agep1), deletion in
C-terminus; S2 (Agepl/gepT::6HA), reconstructed gepl with a 6HA tag; S3 (AgepTn), deletion in N-terminus; S4 (Agepifl), deletion of the full coding region;
S5 (AgepImScarlet), coding region replaced with mScarlet gene. e XA-stimulated EC counts from WT and the gep? mutants. c1 and c2 are two clones of 52
parasite. n is the numbers of microscopic fields counted (40x). f Oocyst counts from WT and the gepl mutants. Oocysts are counted from the mosquito
midguts 7 days post blood feeding. x/y on the top is the number of mosquito containing oocyst/the number of mosquito dissected; the percentage number
is the mosquito infection prevalence. Experiments were independently repeated six times in b, and three times in ¢, e, and f. Two-tailed unpaired Student's
t test was applied in a, e, and f. Source data of a, e, and f are provided as a Source Data file.

TMs (Fig. 2a). Previous transcriptomic study indicated the gepl
gene is transcribed in gametocytes and ookinetes, but not asexual
blood stages of P. falciparum and P. berghei'®20. To investigate
protein expression and localization, we tagged the endogenous
GEP1 with 6HA at N-terminus (Supplementary Fig. 1g, j), gen-
erating 6HA:gepl parasite that had normal development
throughout the life cycle (Supplementary Fig. 5a). The GEP1
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protein is expressed in gametocytes and ookinetes, but not in
asexual blood stages and other mosquito stages of the 6HA::gepl
parasite (Fig. 2b, c¢). We also tagged the GEP1 protein with
quadruple Myc (4Myc) (Supplementary Fig. 1j, Supplementary
Fig. 5b) and observed similar expression pattern in the 4Myc::gepl
parasite (Fig. 2d). In addition, mScarlet fluorescent signals driven
by the endogenous gepl promoter were detected only in
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Fig. 2 GEP1 is essential for gametogenesis of both sexes. a Predicted GEP1 protein structure with 14 TM domains (green bar) and cytoplasmic N-termini
and C-termini. b IFA analysis of GEP1 expression in asexual blood stages (ABS), gametocytes, ookinetes, oocysts, and sporozoites of the 6HA::gep1 parasite
using anti-HA antibody. Hoechst 33342 (Blue) is used for nuclear acid stain for all images in this figure. ¢ Western blot analysis of GEP1 in ABS and
gametocytes of the 6HA:gepl parasite. BiP as loading control. d IFA analysis of GEP1 in the 4Myc::gepT parasite using anti-Myc antibody. e mScarlet
fluorescence protein expression driven by the endogenous gepl promoter in ABS and gametocytes of the AgepImScarlet parasite. f Co-staining of GEP1 and
a-Tubulin (male gametocyte specific) in the non-activated (NAG) 6HA:gepl gametocytes. x/y in the figure is the number of cell displaying signal/the
number of cell tested. g and h, P28 expression during in vitro gametocyte to ookinete differentiation. P28 expression is detected in female gametes,
fertilized zygotes, and ookinetes in IFA (g) and western blot (h). mpa: minute post activation; hpa, hour post activation. i Day 7 midgut oocyst counts from
mosquitoes infected with parasites, including 17XNL, Agepl, Anek4, or Amap2 parasite alone, as well as mixtures of Agepl/Anek4, Agepl/Amap2, or
Amap2/Anek4 parasites. Anek4 and Amap2 are female and male gamete-defect parasites, respectively. x/y on the top is the number of mosquito
containing oocyst/the number of mosquito dissected; Mosquito infection prevalence is shown above. Scale bar =5 pm for all images in this figure.
Experiments were independently repeated three times in b, ¢, d, e, f, g and two times in i. Two-tailed unpaired Student's t test in i.
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gametocytes, but not in asexual blood stages of the AgepImScarlet
parasite (Fig. 2e). Co-staining 6HA::gepl gametocytes with anti-a-
Tubulin (male gametocyte specific) and anti-HA antibody
showed that GEP1 was expressed in both male and female
gametocytes (Fig. 2f). Interestingly, GEP1 is not expressed in
plasma membrane, but in punctate dots in the cytoplasm of
gametocytes and ookinetes (Fig. 2b, d, f).

GEP1 regulates both male and female gametogenesis. Because
GEP1 is expressed in both male and female gametocytes, we
asked whether GEP1 also regulates the gametogenesis of female
gametocytes. P28 protein, a marker for female gamete?!, is
expressed in female gametes, fertilized zygotes, and ookinetes of
17XNL parasite, but not in the Agepl parasite 2h after XA-
stimulation (Fig. 2g, h), indicating that GEP1 depletion also cause
defect in female gametogenesis. We next performed genetic
crosses between Agepl and Amap2 (male gamete-deficient) or
Anek4 (female gamete-deficient) parasites?>?3 (Supplementary
Fig. 1j, k). No midgut oocyst was observed in mosquitoes from
the Agepl x Amap2 or Agepl x Anekd cross day 7 post infection
(pi), whereas the Amap2 x Anek4 cross produced slightly fewer
oocysts than the WT parasite (Fig. 2i), suggesting no functional
male and female gametes in the Agepl parasite. Together, these
results demonstrate that GEP1 is essential for both male and
female gametogenesis.

The purified Agepl gametocytes had morphology indistin-
guishable from that of WT 17XNL parasite (Supplementary
Fig. 6a); however, whether GEP1 depletion causes gametocyte
death or affects the fitness of gametocytes remains to be
determined. We analyzed cell viability by Trypan blue exclusion
assay. No gametocyte of WT or Agepl parasites were stained by
Trypan blue (Supplementary Fig. 6b). As a control, both
gametocytes were stained after heating the parasites at 60 °C for
5min. In addition, staining with propidium iodide (PI) also
indicated that the Agepl gametocytes are viable (Supplementary
Fig. 6c). To further confirm the observations, we disrupted the
endogenous gepl in a P. yoelii reporter strain DFsc7 that
expressed GFP and mCherry in male and female gametocytes,
respectively?* (Supplementary Fig. 1j, Supplementary Fig. 6d, e).
The expressions of fluorescent proteins in both male and female
gametocytes were comparable with those of the parental parasite
(Supplementary Fig. 6f, g). These results suggest that GEP1-
depleted gametocytes are viable, but lost the ability to produce
functional male and female gametes.

GEP1 depletion blocks PKG-mediated signaling. Upon stimu-
lation, male gametocytes undergo tubulin polymerization into
microtubules and three rounds of genome replication, resulting in
release of eight flagellated gametes within 10-15 min2>. The lack
of exflagellation suggests defect in either axoneme assembly or
egress from erythrocyte of the Agepl male gametes. Typical
cytosolic distribution of a-Tubulin was observed in male game-
tocytes of WT, Agepl, and Amap2 parasites before XA stimula-
tion (Fig. 3a). Assembled axonemes were formed and coiled
around the nucleus of WT and Amap2 gametocytes 8 min post
XA stimulation, but axoneme formation was not observed in the
Agepl parasite (Fig. 3a). By 15min, WT gametocytes released
flagellated male gametes, but not Amap2 and Agepl gametocytes
(Fig. 3a). Strikingly, a-Tubulin remained in cytosol of the Agepl
male gametocytes (Fig. 3a). We also analyzed the genome repli-
cation in stimulated male gametocytes. Flow cytometry analysis of
DNA content in Hoechst-stained gametocytes showed that
fluorescence increased (from 8.4% to 28.5%) in WT, but not in
the Agepl parasites (from 8.4% to 7.6%) after XA stimulation
(Fig. 3b). As reported for P. berghei'>?2, no genome replication

occurs in the Acdpk4 parasite (Fig. 3b, Supplementary Fig. 1j, k).
These results show no axoneme assembly or mitotic division in
the stimulated Agepl male gametocytes.

Differentiation of male and female gametes result in sequential
rupture of PVM and EM for escaping from erythrocytes?26.
TER119 is a plasma membrane protein of mouse
erythrocytes?”28, and anti-TER119 antibody showed no EM
staining for stimulated WT male and female gametocytes (Fig. 3c).
In contrast, intact EM was observed for the Agepl gametocytes
30 min post stimulation (Fig. 3c), indicating that GEP1 depletion
affects EM lysis.

XA triggers a cytosolic Ca2t mobilization event within 10-15 s
post stimulation of gametocytes!3, which is essential for gametes
formation and EM rupture!’!3. We next examined XA-
stimulated Ca?t mobilization in the Agepl gametocytes using
Fluo-8 probe as described?®3!. Fluo-8 did not affect the
gametogenesis since WT gametocytes pre-loaded with Fluo-8
could form XA-stimulated ECs (Supplementary Fig. 7a) and
responded to A23187, a Ca2t ionophore!3, in a dose-dependent
manner using flow cytometry (Supplementary Fig. 7b). As
expected, XA triggered a sharp increase in cytosolic Ca2t signal
in WT gametocytes, reaching maximal levels 10-15s post
stimulation, which resembled the observations in P. berghei
using luminescence-based GFP:Aequorin sensor!®!>. However,
no Ca?t response was detected in XA stimulated Agepl
gametocytes (Fig. 3d). Ca?! mobilization occurred in the
Amap2 gametocytes as MAP2 functions downstream of Ca2?
signal!822 (Fig. 3d).

Different from Ca?*-dependent EM rupture, PVM rupture is
controlled by a Ca?t-independent mechanism?. To study PVM
lysis, a parasite line sepl::4Myc was generated by C-terminally
tagging a PVM protein SEP1 with 4Myc?728 (Supplementary
Fig. 1j). This parasite line developed normally throughout the life
cycle (Supplementary Fig. 5e), indicating intact protein function
of SEP1::4Myc. We next deleted the gepl gene in the sepl::4Myc
parasite, generating sepl:4Myc/Agep]l mutant (Supplementary
Fig. 1j). IFA showed lysis of Sepl:4Myc-labeled PVM in the
sepl:4Myc gametocytes (Fig. 3e), while intact PVM was
maintained in the sepl::4Myc/Agepl gametocytes 8 min post XA
stimulation (Fig. 3e), indicating no PVM lysis in stimulated Agep1
gametocytes. Together, these results suggest that GEP1 functions
upstream of PKG in XA-stimulated signaling cascade (Fig. 3f).

Impaired cGMP synthesis in GEP1 deficient parasite. Because
c¢GMP is the direct upstream signal activating PKG in XA-
stimulated gametogenesis”!:!315, we examined intracellular
c¢GMP synthesis during gametogenesis. Purified gametocytes were
stimulated with XA for 2 min, and cGMP levels were measured
using an enzyme immunoassay’2. Strikingly, XA induced a
significant increase in cGMP level in WT gametocytes (Fig. 4a),
consistent with previous observation in P. falciparum’. In con-
trast, the Agepl gametocytes failed to increase cGMP in response
to XA stimulation (Fig. 4a). As a control, cGMP response
occurred in Amap2 gametocytes because MAP2 functions
downstream of both cGMP and Ca?t signaling!®22. These results
indicate that GEP1 regulates cGMP level, the most upstream
intracellular signal known in Plasmodium gametogenesis.

c¢GMP level is tightly regulated by the opposing actions of
c¢GMP-synthesizing GC and cGMP-hydrolyzing phosphodiester-
ase (PDE)!0:11.33_ Tnhibition of PDE activity by specific inhibitor
Zaprinast (Zap) has been shown to trigger P. falciparum
gametogenesis in the absence of XA!1:33, Indeed, treatment of
WT gametocytes with 100 pM Zap also induced EC counts
comparable to those induced by 50 pM XA (Fig. 4b), and
gametogenesis stimulated by either XA or Zap could be blocked
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Fig. 3 GEP1 acts upstream of PKG in the cGMP-PKG-Ca2' signaling cascade. a a- Tubulin expression and distribution in differentiating male gametocytes
from 17XNL, Agepl and Amap2 parasites after XA stimulation. mpa: minute post XA activation. b Flow cytometry analysis of genomic DNA content in XA-
stimulated male gametocytes of 17XNL, Agepl and Acdpk4 parasites. The parasites were fixed with 4% paraformaldehyde at indicated time and stained
with Hoechst. ¢ Representative images of gametocytes stained by anti-mouse TER119 antibody O and 30 min post XA stimulation (mpa). d Flow cytometry
detection of cytosolic Ca2t in gametocytes using Fluo-8 probe. Purified gametocytes were preloaded with Fluo-8, and signals were collected 30 s before
addition of XA or DSMO. Black arrows indicate the time for DMSO or XA addition. e Representative IFA images of the sepl:4Myc and sepl::4Myc/Agepl
gametocytes stained by anti-Myc antibody. f Proposed location of GEP1 in the XA-PKG-Ca2* signal cascade of gametogenesis. GEP1 depletion causes
defect in both Ca2+-dependent and Ca2+-independent cellular events of gametogenesis. EM: erythrocyte membrane, PVM: parasitophorus vacuole
membrane, PPM: parasite plasma membrane. x/y in a, ¢, and e are the number of cell displaying representative signal/the number of cell analyzed. Scale
bar =5 pm for all images in this figure. All experiments in this figure were repeated three times independently with similar results.

by a Plasmodium PKG protein inhibitor C2 (Fig. 4b), consistent
with the established cGMP-PKG signal cascade of
gametogenesis! %15, In contrast, the Agepl gametocytes failed to
form ECs after treatment with Zap (Fig. 4b). No EC were
observed in the control Amap2 gametocytes treated in either XA
or Zap (Fig. 4b). Consistently, we examined the intracellular
cGMP level in gametocytes treated with Zap for 2 min and
detected significant increase in both WT and Amap2 gametocytes,
but not in the Agepl gametocytes (Fig. 4c). Together, these results
suggest that the GC activity for cGMP synthesis is impaired, and
therefore no elevation of cGMP in the Agepl gametocytes after
XA stimulation or Zap inhibition of PDE activity. In addition to
XA and Zap, increasing pH from 7.4 to 8.0 has been reported to
induce gametogenesis although the underlying mechanism is not
clear?4, Treating WT gametocytes with pH 8.0 at 22°C indeed

induced comparable number of ECs to those induced by XA or
Zap (Fig. 4b), and gametogenesis could be blocked by C2
treatment (Fig. 4b)!5, indicating that the signaling stimulated by
pH 8.0 is also cGMP/PKG-dependent. However, pH 8.0
treatment could not induce gametogenesis of the Agepl
gametocytes, further suggesting impaired activity of cGMP
synthesis in GEP1 deficient parasite (Fig. 4d).

GEP1 interacts and co-localizes with GCa. We next carried out
immunoprecipitation and mass spectrometry experiments to
identify molecules that may interact with GEP1 in gametocytes.
By comparison of peptide signals (hits) between WT and 6HA::
gepl gametocyte samples from three biological replicates, we
obtained 308 proteins that might interact with GEP1 (Supple-
mentary Table 2), including GCa protein that is the enzyme
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presumably responsible for cGMP synthesis during gameto-
genesis (Fig. 5a, b)3-10. The P. yoelii GCa is a large protein (3850
amino acids) with 22 TMs distributed in an N-terminal P4-
ATPase-like domain (ALD) and a C-terminal guanylate cyclase
domain (GCD)343>. To study the expression of GCa in game-
tocytes, we generated two parasite lines (gca::6HA and gca::4-
Myc) with endogenous GCa C-terminally tagged with 6HA and
4Myc, respectively (Supplementary Fig. 1j). These parasites
developed normally in mouse and mosquito hosts (Supple-
mentary Fig. 5c, d). Similar to GEP1, GCa was also expressed as
cytoplasmic puncta in both male and female gametocytes of the
gea::6HA and gea::4Myc parasites (Supplementary Fig. 8a). To
further confirm the interaction between GEP1 and GCa, we
generated a doubly tagged parasite line, 4Myc::gepl/gca::6HA
(DTSI), by tagging the endogenous GEP1 with 4Myc in the
gea::6HA parasite (Supplementary Fig. 1j, Supplementary
Fig. 5f-h). Results from immunoprecipitation using anti-Myc
antibody indicated that GCa interacted with GEP1 in cell lysate
of the DTSI gametocytes (Fig. 5c). We next generated another
independent doubly tagged parasite, 6HA:gepl/gca::4Myc
(DTS2) by tagging GCa with 4Myc in the 6HA::gepl parasite
(Supplementary Fig. 1j, Supplementary Fig. 5f-h) and detected
similar interaction between GEP1 and GCa (Fig. 5d). As a

control, no interaction between GEP1 and GCp was detected in
gametocytes of the 4Myc::gepl/gcP::6HA (DTS3) parasite (Sup-
plementary Fig. 8b). These data demonstrate that GEP1 inter-
acts with GCa in gametocytes. In addition, IFA results from the
DTS1 parasite showed that GEP1 and GCa are co-localized at
cytosolic puncta in non-activated gametocytes (Fig. 5e, f).
Together, these data suggest that GEP1 co-localizes and binds to
GCa in gametocytes.

GCa depletion causes defect in XA-stimulated gametogenesis.
GCa has been implicated in ¢cGMP synthesis during gameto-
genesis®~10; however, there has been no direct evidence to support
the speculation. We attempted to disrupt the gca gene but failed
to obtain a GCa mutant parasite, indicating an essential function
in asexual blood stage development, as reported in P. falciparum
and P. berghei previously'?. We used a promoter swap method
described previously3® to replace 1322bp of endogenous gca
promoter region with that (1626bp) of seral gene
(PY17X_0305700) (Fig. 6a, Supplementary Fig. 1h), whose tran-
scripts are expressed in asexual stages, but absent in gametocytes
and mosquito stages®’. In this editing, a 6HA tag was inserted in
frame at the N-terminus of the GCa coding sequence. Correct
modification in two parasite clones of the resulting mutant
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Fig. 5 GEP1 interacts with GCax in gametocytes. a Top 10 GEP1 interacting proteins in the gametocytes of the 6HA::gep1 parasite detected by
immunoprecipitation and mass spectrometry (MS), including guanylyl cyclase a (GCa) with 15 peptides detected. b MS2 spectrum of a representative
peptide of the GCa protein. € Co-immunoprecipitation of Myc::GEP1 and GCa::HA proteins in gametocytes of the double tagged parasite 4Myc::gepl/
gca:6HA (DTST). IP-Myc, anti-Myc antibody was used. d Co-immunoprecipitation of HA::GEP1 and GCa::Myc proteins in gametocytes of the double tagged
parasite 6HA::gepl/gca:: 4Myc (DTS52). IP-Myc, anti-Myc antibody was used. e Two-colored IFA of GEP1 and GCa proteins in the DTS1 gametocytes using
anti-HA (GCa) and anti-Myc (GEP1) antibodies (left panel). Cross sections (white dash line) of the cells show the co-localization of GEP1 and GCu (right
panel). Scale bar =5 pm. f Pearson coefficient analysis for GEP1 and GCu co-localization shown in e, data are shown as mean £ SD from n=10 cells
measured. Experiments in ¢, d, and e were repeated three times independently with similar results.

parasite gcakd was confirmed by PCR (Supplementary Fig. 1j).
The promoter replacement allowed expression of the GCa protein
in asexual blood stages at a level comparable with that of another
parallelly modified parasite 6HA::gca (Supplementary Fig. 1j), but
significantly reduced GCa protein expression in gametocytes
(Fig. 6b, c). Notably, the gcakd parasite completely lost the ability
to synthesize cGMP and form ECs after XA stimulation in vitro
(Fig. 6d, e). In mosquitos fed with gcakd parasite-infected mouse

blood, no oocyst was detected in mosquito midgut (Fig. 6f). These
results support that GCa is the GC responsible for XA-stimulated
c¢GMP synthesis in gametogenesis (Fig. 6g). In addition, the
phenotype caused by GCa knockdown in gametocytes resembles
that of GEP1 defect.

Compared to the expression of GCa in both male and female
gametocytes, GCP expression was detected in gcf::6HA female
gametocytes only® (Supplementary Fig. 8a, lower panel). In
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prevalence is shown above. g A proposed model of GEP1/GCa interaction essential for XA-stimulated cGMP synthesis and gametogenesis. Experiments
were independently repeated three times in b, d, e, and f. Data are shown as mean £ 5D in ¢, d, and e. Two-tailed unpaired Student's t test in ¢, d, e, and f.

Source data of c, d, e, and f are provided as a Source Data file.

addition, GCP depletion had no effect on XA-stimulated elevation
of cGMP (Supplementary Fig. 8c) and in vitro EC formation
(Supplementary Fig. 8d) in gametocytes of the Agcf parasite®, in
agreement with previous reports in P. falciparum and P.
berghei®33. These results exclude the involvement of GCp in
XA-stimulated ¢cGMP signaling and gametogenesis.

GEP1 depletion has no effect on GCa expression and locali-
zation. As GCa and GEPI interacted with each other and func-
tioned upstream of cGMP signaling, we investigated whether GEP1
depletion would affect the expression and cellular localization of
GCa in gametocytes. We deleted gepI gene in the gca::6HA parasite,
generating a gca::6HA/Agep] mutant parasite (Supplementary
Fig. 1j, Supplementary Fig. 5i, j). GEP1 depletion had no effect on
geae mRNA level or GCa protein abundance in gametocytes of the
geo::6HA/Agep] parasite compared to the parental parasite (Fig. 7a,
b). As a control, depletion of CDPK4 had no effect on both mRNA
and protein level of GCa either because CDPK4 functions down-
stream of cGMP signal (Fig. 7a, b). In addition, XA stimulation had
no effect on protein abundance of both GEP1 and GCa in game-
tocytes of the DTSI parasite (Fig. 7c).

Next, we investigated the effect of XA stimulation in cellular
localization of GEP1 and GCa proteins in gametocytes of the
6HA:gepl or gca:6HA parasite, respectively. Two minutes post
XA stimulation, both GEP1 and GCa were expressed as
cytoplasmic puncta in activated female gametocytes (Fig. 7d, e).
Even 8 min post XA stimulation, both GEP1 and GCa still
maintained in cytoplasmic puncta in activated female gameto-
cytes (Supplementary Fig. 9a, b). Strikingly, both proteins were
redistributed from cytoplasm to the cell periphery of activated
male gametocytes 2 min post XA stimulation (Fig. 7d, e). We
further investigated the localization of both GEP1 and GCa in
activated gametocytes of the DTSI parasite. Two color IFA results
indicate that GEP1 and GCa were co-localized in cytoplasm of
activated female gametocytes but in cell periphery of activated
male gametocytes 2 min post XA stimulation (Supplementary
Fig. 9c, d), repeating the results from single color IFA. In
activated male gametocytes, eight axonemes are assembled in the
cytoplasm and coiled around the enlarged nucleus containing
octaploid genome, likely pushing the cytosolic puncta to cell
periphery. However, no redistribution of GCa was detected from
cytoplasm to cell periphery in the stimulated geo::6HA/Agepl
male gametocytes (Fig. 7e), which could be explained by no

| (20200M:1764 | https://doi.org/10.1038/541467-020-15479-3 | www.nature.com,/naturecommunications 9



ARTICLE

a c d Merge
17XNL  Agep? Acdpk4 219 I
kb — - — HES .
+ + + 17XNL DTS1 £
ci XA ctl XA £
[=}
i g ks,
(18 6 Py
170 » <
-
- o
100 » s § = - 7
o o
il AR A\ I~
" BiP DTS1: 4Myc::gep1/gex::6HA = é )
2
EHA::gep1
e o Mei = T
rge
Bz : . % o
22 ‘o g &
S < j , = L A ‘
D |
< 3
HE M &% 5, :ﬁh
@ | oy » o -, ‘
w | = o = !
g | * i7h |
0/9 L
(U] .. ( e % ‘
212 g K £ A j
2 - W -4
= ) 3 »
g © -
@ g & i X -
HIS aa ~ © e N
g E _(i\ | A L PN
% ° J B iz = % ,
- ~a
< 4 f'ng; .
gea::6HA gex::6HA/Agep1 XA +C2 -

Fig. 7 GCx expression and localization in the GEP1-depleted gametocytes. a RT-PCR analysis of gca transcript in gametocytes of the 177XNL, Agep], and
Acdpk4 parasites. b Western blotting detecting GCa protein in gametocytes of the 17XNL, gca::6HA, gca::6HA/Agep]l, and gca::6HA/Acdpk4 parasites.

¢ Western blotting detecting GEP1 (Myc) and GCa (HA) proteins expression in gametocytes of DTS1 parasite 2 min post XA stimulation. Ctl are control
groups without XA stimulation. d Co-staining of GEP1 and a-Tubulin expressions in gametocytes of the 6HA::gepT parasite 2 min post XA stimulation. NAG:
non-activated, AG: XA stimulation. e Co-staining of GCx and a-Tubulin expressions in the gca::6HA and 6HA:gca/Agepl gametocytes 2 min post XA

stimulation. NAG: non-activated, AG: XA stimulation. f Co-staining of a-Tubulin and HA-tagged GEP1 or GCa expressions in the 6HA::gepl (upper panel)
and gca::6HA (lower panel) gametocytes 2 min post XA stimulation plus C2 treatment. x/y in d, e, and f are the number of cell displaying representative
signal/the number of cell analyzed. Scale bar =5 pm for all images in this figure. All experiments in this figure were repeated three times independently.

initiation of gametogenesis caused by GEP1 depletion. To further
confirm the observations above, we treated the gametocytes with
PKG inhibitor C2 to block the initiation of XA-stimulated
gametogenesis. Indeed, no redistribution of either GEP1 or GCa
was observed from cytoplasm to the cell periphery in the
stimulated male gametocytes of the 6HA:gepl and gca:6HA
parasite respectively (Fig. 7f). Together, these results indicate that
GEP1 does not regulate the expression level and localization of
GCa in non-activated male and female gametocytes, but affects
the localizations of GCa in XA activated male gametocytes.

XA stimulation likely enhances the GEP1/GCa interaction.
Lastly we asked whether XA stimulation could enhance the
interaction between GEP1 and GCa in gametocytes. Proximity
Ligation Assay (PLA) is a homogeneous immunohistochemical
tool that couples the specificity of ELISA with the sensitivity of

PCR, which allows in situ detection of endogenous proteins
interaction with high specificity and sensitivity>$3°. We per-
formed the PLA to investigate the protein interaction in both
non-activated gametocytes and activated gametocytes 2 min post
XA stimulation. Robust PLA signals were detected in cytoplasm
of the non-activated gametocytes of DTSI parasite when both
anti-Myc and anti-HA primary antibodies were present (Fig. 8a),
indicative of GEP1 and GCa interaction. As a control, no PLA
signal was detected in gametocytes of the single tagged gca::6HA
parasite. 2min post XA stimulation, the PLA signals were
detected in cytoplasm of activated female gametocytes but in cell
periphery of activated male gametocytes (Fig. 8a), which is con-
sistent with the protein localization in IFA analysis (Fig. 7d, e,
Supplementary Fig. 9c). Quantifying the number of PLA signal
dots in each cells of gametocytes showed no difference between
non-activated and activated gametocytes (Fig. 8b). However, the
fluorescence intensity of PLA signal in the XA-activated
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gametocytes is significantly higher than that of the non-activated
gametocytes (Fig. 8c), suggesting possible enhanced interaction
between GEP1 and GCa in gametocytes after XA stimulation. We
performed the PLA experiment in another independent doubly
tagged parasite DTS2 and observed the same results (Supple-
mentary Fig. 10a—c).

Discussion

It has been well-established that the XA-cGMP-PKG-Ca?t sig-
naling drives gametogenesis of Plasmodium parasites”>! 13 since
the discovery of mosquito-derived XA as an inducer for game-
togenesis more than two decades ago>S. However, how the
parasite senses external stimuli such as XA and reduction in
environmental temperature to activate the cGMP signaling
pathway remains unknown. In this study, we identified a mem-
brane protein (GEP1) that responds to XA stimulation and binds
to GCa, leading to activation of cGMP-PKG-Ca?t signaling
pathway and gametogenesis after functional screening 59 genes
encoding integral membrane proteins expressed in gametocytes.
Using CRISPR/Cas9 method, we successfully obtained gene
deletion mutant parasites for 45 out of 59 candidate genes. To the
best of our knowledge, our study is the first CRISPR/Cas9-based
gene functional screening performed in malaria parasites, and the
results from our CRISPR/Cas9-based screen largely matched the
outcomes of a recent gene disruption screening using conven-
tional homologous recombination in P. berghei'0. Of the 45
genes, 25 orthologs of P. berghei were shown to be dispensable for
asexual blood stage proliferation, 8 orthologs were resistant for
disruption, and 12 orthologs were not tested in the screening of P.
berghei (Supplementary Table 1)%. For the 14 disruption-
resistant genes in our hands, all of the P. berghei orthologs also
failed deletion attempts*0.

After establishing the causative relationship of GEP1 deletion
and gametogenesis defect, we investigated the position where
GEP1 exerts its function in the XA-stimulated signaling cascade
during gametogenesis. Previous studies have shown that cGMP
enhances exflagellation of P. berghei and P. falciparum*'>*2. In
addition, XA was shown to increase cGMP synthesis by GC from
isolated membrane preparations of P. falciparum gametocytes’,
suggesting that XA-stimulated gametogenesis is mediated by
elevated GC activity and cGMP synthesis. Consistent with these
observations, we detected significant increases in cytosolic cGMP
level in WT gametocytes 2 min after XA stimulation, but not in
Agepl gametocytes. GEP1 depletion resulted in impaired cGMP
production in response to XA, indicating that GEP1 locates
upstream of cGMP in the XA-cGMP-PKG-Ca?! cascade. Com-
pared with the 10-15 min required for whole process of game-
togenesis, XA rapidly triggers a cytosolic Ca2t mobilization
within 10-15 s post stimulation, which was also observed in other
studies!3. These results suggest that GEP1 functions at an early or
initiating step of gametogenesis. Consistently, disruption of gepI
causes defects in all PKG-downstream cellular and signaling
events during gametogenesis, including Tubulin polymerization
for axoneme assembly, genome replication in male gametocytes,
release of P28 translational repression in female gametocytes,
PVM and EM rupture for egressing of both male and female
gametes from erythrocytes, and Ca2t mobilization. These results
suggest that GEP1 functions upstream of cGMP-PKG-Ca2!
cascade in XA-stimulated gametogenesis.

The cytosolic cGMP level is balanced by the activities of
cGMP-synthesizing GC and cGMP-hydrolyzing PDE!%1133_ That
inhibition of PDE activity by inhibitor Zap could trigger game-
togenesis in the absence of XA suggests the existence of low and
sub-threshold endogenous cGMP level precluding PKG activation
in gametocytes! 133, Strikingly, the Agepl gametocytes not only
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failed to initiate XA-stimulated gametogenesis, but also could not
undergo Zap-induced gametogenesis. Consistently, we detected
no significant Zap-induced elevation of cytosolic cGMP level in
the Agepl gametocytes as seen in WT gametocytes. These results
suggest that GEP1 is an essential component of the GC synthesis
machinery, and its depletion completely impairs parasite ability to
synthesize ¢cGMP, resulting in no accumulation of basal level
cGMP in gametocytes.

Two large guanylyl cyclases (GCa and GCP) for cGMP
synthesis are found in Plasmodium parasites’*. GCa and GCp in
P. yoelii consist of 3850 and 3015 amino acids, respectively, and
both proteins are predicted to have 22 TMs distributed in an
N-terminal P4-ATPase-like domain (ALD) and a C-terminal
guanylate cyclase domain (GCD). GC enzymes possessing the
ALD/GCD structure are observed in many protozoan species>*43.
Whereas the GCD is responsible for cGMP synthesis, the func-
tion of the ALD is still obscure. Both P. berghei and P. falciparum
parasites without GCB can produce functional male gametes®!0.
Consistent with these reports, our study also showed deletion of
gcf did not affect XA-stimulated cGMP elevation and male
gamete formation, confirming that GCp is not the enzyme for
cGMP synthesis during gametogenesis. Using unbiased immu-
noprecipitation and mass spectrometry analysis, we found that
GEP1 interacted with GCa and this interaction was confirmed by
co-immunoprecipitation and co-localization analyses. Further-
more, we attempted to disrupt the gca gene, but were not able to
obtain a viable mutant parasite, consistent with previous reports
in other Plasmodium species!. Alternatively, we generated a
mutant parasite with decreased GCa expression in gametocytes.
Specific knockdown of GCa in gametocytes blocked XA-
stimulated cGMP elevation and the consequent gametogenesis,
mimicking the defect of GEP1 disruption. These results indicate
that GCa is the enzyme for cGMP synthesis in gametogenesis.

Interestingly, GEP1 and GCa proteins were expressed as
cytoplasmic puncta in female gametocytes either before or after
XA stimulation. In the contrast, both proteins were redistributed
from cytoplasm to the cell periphery of male gametocytes post XA
stimulation. Once gametogenesis is initiated after XA stimulation,
eight axonemes are assembled and coiled around the enlarged
nucleus containing octaploid genome!822, possibly occupying
most cytoplasmic space and pushing cytoplasmic vesicles,
including the GEP1/GCa residing puncta or possible membrane
vesicle, to the periphery of the stimulated male gametocytes.
Consistent with our observations, Carucci et al. also revealed that
GCa displayed a peripheral localization in the P. falciparum sti-
mulated gametocytes using immunoelectron microscopy®%. In
addition, these results also suggest that GEP1 likely exerts its
function in controlling cGMP synthesis by directly binding GCa
and regulating GCa conformation because GEP1 depletion had
no effect in the expression and cellular localization of GCa in
gametocytes.

GEP1 possesses 14 predicted TM domains, encoding a possible
sodium-neurotransmitter symporter or amino acid transporter
family protein. Three independent studies recently revealed that
the Toxoplasma gondii, another Apicomplexan parasite, regulates
natural egress of tachyzoites from host cell via a guanylate cyclase
receptor platform**-46_ Similar to Plasmodium GCa and GCp,
T. gondii guanylate cyclase (TgGC) also possesses the atypical
ALD/GCD structure. By crosslinking experiment coupled to
immunoprecipitation and mass spectrometry, 55 TgGC-
interacting proteins were identified**, including a top 5th hit
(TGGT1_208420) encoding a putative sodium-neurotransmitter
symporter family protein. Notably, TGGT1_208420 displays
some similarity in protein sequence with GEP1. These results
suggest the interaction between GC and sodium-neurotransmitter
symporter family protein is conserved in Plasmodium and T.

gondii. Similar to P. yoelii GEP1, depletion of this protein does
not cause tachyzoite growth defect*}, suggesting a dispensable
role in asexual lytic cycle of T. gondii although its function in
sexual cycle is unknown. In addition, these studies also identified
another T. gondii GC-interacting protein UGO that is believed to
act as a chaperone*’. Whether the Plasmodium UGO ortholog
protein (PY17X_1204500) plays a similar role in the GC
machinery remains to be determined.

Based on our results, we proposed a model for GEP1/GCa
mediated cGMP signaling in XA-stimulated gametogenesis. The
membrane protein GEP1 acts as a binding partner of GCa. In the
absence of XA, GEP1 supports a functional conformation of GCa
that maintains its basal catalytic activity and synthesizes low and
sub-threshold endogenous ¢cGMP level precluding PKG activa-
tion. In the presence of XA, the stimulation enhances the inter-
action of GEP1/GCa, leading to enhanced GC activity of GCa
and increased cGMP level for PKG activation. In the GEP1-
deficient gametocytes, GCa loses catalytic activity of ¢cGMP
synthesis and therefore fails to elevate cGMP level in response to
XA, Zap treatment, or environmental pH. Currently, we could
not exclude the possibility that there is an unknown molecule as
the XA sensor residing in cytoplasm or plasma membrane and
functioning upstream of GEP1/GCa complex. XA-stimulated
gametocyte to gamete differentiation in the midgut is the first and
essential step for mosquito transmission of malaria parasites, and
elucidating the mechanisms involved may facilitate development
of measures to block disease transmission.

Methods

Animal usage and ethics statement. Animal experiments were performed in
accordance with the approved protocols (XMULAC20140004) by the Committee
for Care and Use of Laboratory Animals of Xiamen University. ICR mice (female, 5
to 6 weeks old) were purchased and housed in the Animal Care Center of Xiamen
University and kept at room temperature under a 12 h light/dark cycle at a con-
stant relative humidity of 45%.

Mosquito maintenance. The Anopheles stephensi mosquito (strain Hor) was
reared at 28 °C, 80% relative humidity and at a 12 h light/dark cycle. Mosquitoes
were fed on a 10% sucrose solution.

Plasmid construction and parasite transfection. CRISPR/Cas9 plasmid pYCm
was used for all the genetic modifications. For gene deleting, 5-genomic and 3™-
genomic segments (400 to 700 bp) of the target genes were amplified as left and
right homologous arms, respectively, using gene specific primers (Supplementary
Table 3). The PCR products were digested with appropriate restriction enzymes,
and the digested products were inserted into matched restriction sites of pYCm.
Oligonucleotides for sgRNAs were annealed and ligated into pYCm!”. For each
deletion modification, two sgRNAs were designed to disrupt the coding region of a
target gene (Supplementary Table 3) using the online program ZiFit*’. For gene
tagging, a 400 to 800 bp segment from N-terminal or C-terminal of the coding
region and 400 to 800 bp sequences from 5’'UTR or 3’UTR of a target gene were
amplified and fused with a DNA fragment encoding 6HA or 4Myc in frame at N-
terminal or C-terminal of the gene. For each tagging modification, two sgRNAs
were designed to target sites close to the C-terminal or N-terminal of the gene
coding region. Infected red blood cells (iRBC) were electroporated with 5 pg cir-
cular plasmid DNA using Lonza Nucleofector. Transfected parasites were imme-
diately injected i.v. into a naive mouse and treated with pyrimethamine (6 pg/ml)
in drinking water. Parasites with transfected plasmids usually appear 5 to 7 days
post drug selection.

Genotype analysis of transgenic parasites. All transgenic parasites were gen-
erated from P. yoelii 17XNL strain or P. berghei ANKA strain. The schematic for
different genetic modifications and the results of parasite transfection, single
cloning and genetic verification of modified strains are summarized in Supple-
mentary Fig. 1. Blood samples from infected mice were collected from the orbital
sinus, and blood cells were lysed using 1% saponin in PBS. Parasite genomic DNAs
were isolated from blood stage parasites using DNeasy Blood kits (QIAGEN). For
each parasite, both 5" and 3’ homologous recombination events were detected using
specific PCR primers (Supplementary Fig. 1). PCR products from some modified
parasites were DNA sequenced. All the primers used in this study are listed in
Supplementary Table 3. Parasite clones with targeted modifications were obtained
after limiting dilution. At least two clones for each gene-modified parasite were
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used for phenotype analysis. Parasite growth characteristics in mouse and in
mosquito for the modified parasite strains are shown in Supplementary Fig. 5.

Negative selection with 5-fluorouracil. Parasites subjected to sequential mod-
ifications were negatively selected with 5-Fluorouracil (5FC, Sigma, F6627) to
remove episomal plasmid. 5FC (2 mg/ml) in drinking water was provided to mice
in a dark bottle for 8 days with a change of drug on day 4. Clearance of episomal
plasmid in parasites after negative selection was confirmed by checking the parasite
survival after reapplying pyrimethamine pressure (6 pg/ml) in new infected mice.

Gametocyte induction. ICR mice were treated with phenylhydrazine (80 pg/g
mouse body weight) through intraperitoneal injection. Three days post treatment,
the mice were infected with 3.0 x 10° parasites through tail vein injection. Game-
tocytemia usually peaks at day 3 post infection. Male and female gametocytes were
counted via Giemsa staining of thin blood smears. Gametocytemia was calculated
as the ratio of male or female gametocyte over parasitized erythrocytes. All
experiments were repeated three times independently.

Male gametocyte exflagellation assay. Two and a half microliters of mouse tail
blood with 4-6% gametocytemia were added to 100 pl exflagellation medium
(RPMI 1640 supplemented with 10% fetal calf serum and 50 pM XA, pH 7.4)
containing 1 pl of 200 units/ml heparin. After 10 min of incubation at 22 °C, the
numbers of EC and RBC were counted in a hemocytometer under a light micro-
scope. The percentage of RBCs containing male gametocytes was calculated from
Giemsa-stained smears, and the number of ECs per 100 male gametocytes was then
calculated as exflagellation rate. Compound 2 (5 pM) and Zaprinast (100 pM) were
added to exflagellation medium with or without XA (for Zaprinast) to evaluate
their effects on exflagellation.

In vitro ookinete differentiation. In vitro culture for ookinete differentiation was
prepared as described previously'>. Briefly, mouse blood with 4-6% gametocytemia
was collected in heparin tubes and immediately added to ookinete culture medium
(RPMI 1640 medium containing 25 mM HEPES, 10% fetal calf serum, 100 pM XA,
and pH 8.0) in a blood/medium volume ratio of 1:10. The cultures were incubated
at 22°C for 12 h to allow gametogenesis, fertilization, and ookinete differentiation.
Qokinete formation was monitored by Giemsa-staining of culture smears. Qoki-
nete conversion rate was calculated as the number of ookinetes (including mature
and immature) per 100 female gametocytes.

Mosquito feeding and transmission assay. Thirty female mosquitoes were
allowed to feed on an anaesthetized mouse with 4-6% gametocytemia for 30 min.
Mosquito midguts were dissected on day 7 post blood-feeding and stained with
0.1% mercurochrome for detection of oocyst. Salivary glands from 20-30 mos-
quitoes were dissected on day 14 post blood-feeding, and the number of spor-
ozoites per mosquito was calculated.

Parasite genetic cross. Genetic crosses between two different parasite lines were
performed by infecting phenylhydrazine pre-treated mice with equal numbers of
both parasites. Day 3 pi, 30 female mosquitoes were allowed to feed on mice
carrying gametocytes for 30 min. Mosquito midguts were dissected on day 7 post
blood-feeding and stained with 0.1% mercurochrome for oocyst counting.

Gametocyte purification. Gametocytes were purified using the method described
previously*®. Briefly, mice were treated with phenylhydrazine 3 days before parasite
infection. From day 3 pi, infected mouse were treated with sulfadiazine at 20 mg/l
in drinking water to eliminate asexual blood stage parasites. After 48 h treatment
with sulfadiazine, mouse blood containing gametocytes was collected from orbital
sinus into a heparin tube. Gametocytes were separated from the uninfected ery-
throcyte by centrifugation using 48% Nycodenz solution (27.6% w/v Nycodenz in
5mM Tris-HCI, 3 mM KCI, 0.3 mM EDTA, pH 7.2,) and prepared in gametocyte
maintenance buffer (GMB, 137 mM NaCl, 4 mM KCl, 1 mM CaCl,, 20 mM glu-
cose, 20 mM HEPES, 4 mM NaHCO,, pH 7.24-7.29, 0.1% BSA)*. Gametocytes
were harvested from the interphase and washed three times in the GMB buffer. All
the operations were performed at 19-22°C.

Trypan blue staining. Purified gametocytes were prepared in PBS and mixed with
0.4% trypan blue solution at a 1:9 volume ratio. The mixtures were incubated at
room temperature for 5 min and examined under a light microscope.

Propidium iodide staining. Purified gametocytes were prepared in PBS and
stained with Propidium iodide (PI) at a final concentration of 50 pg/ml. The
mixtures were incubated at room temperature for 10 min, washed with PBS twice,
and then examined under a fluorescencec microscope.

Flow cytometry analysis. For measuring DNA content in gametocytes, half of
purified gametocytes were immediately fixed and half were transferred to

exflagellation medium for gametogenesis for 8 min before fixation. Cells were fixed
in 4% paraformaldehyde (PFA) for 20 min, washed in PBS and stained with
Hoechst 33342 (0.5 pg/ml) for 30 min. Hoechst fluorescence signal of gametocytes
was collected using Novocyte 3130 flow cytometer. For detecting GFP and
mCherry in gametocytes, the gametocytes were stained with Hoechst 33342 and
washed with PBS twice, GFP and mCherry fluorescence signal of gametocytes was
collected using BD LSR Fortessa flow cytometer. Cell gating strategies are provided
in Supplementary Fig. 11.

Ca?' mobilization assay using flow cytometry. Purified gametocytes were washed
three times with Ca2* free buffer (CFB, 137 mM NaCl, 4mM KCl, 20mM glucose,
20 mM HEPES, 4 mM NaHCO3, pH 7.2-7.3, 0.1% BSA) and then incubated in CFB
containing 5 pM Fluo-8 at 37 °C for 20 min. Fluo-8 loaded gametocytes were washed
twice with CFB and suspended in RPMI 1640 for flow cytometer analysis. Fluo-8
fluorescence signal reflecting cellular Ca?t content in gametocytes were collected
using BD LSR Fortessa flow cytometer. Signals were consecutively collected at 30 s
before until 90 s post addition of XA (100 pM) or A23187 (0.1 and 1 pM). Cell gating
strategies are provided in Supplementary Fig. 11.

Detection of cellular cGMP. The assay for measuring cGMP levels in gametocytes
was performed using a cyclic cGMP enzyme immunoassay kit (Cayman Chemical,
#581021). For each test, more than 1.5 x 107 gametocytes were collected and
maintained in GMB buffer on ice. After treatment with 100 uM XA or 100 uM Zap
for 2 min, cells were immediately lysed by 0.2 M cold hydrochloric acid on ice for
10 min, vortexed, and passed through a 22-gauge needle. For each replicate, three
equal volumes of cell extract from each parasite preparation were parallel tested
according to manufacturer’s instructions.

Antibodies and antiserum. The primary antibodies used were: rabbit anti-HA
(Western blot, 1:1000 dilution, IFA, 1:500 dilution) and rabbit anti-Myc (Western
blot, 1:1000 dilution, IFA, 1:500 dilution) from Cell Signaling Technology; mouse
anti-HA (IFA, 1:200) and mouse anti-Myc (IFA, 1:200) from Santa Cruz; mouse
anti-a-Tubulin II from Sigma-Aldrich (IFA, 1:1000). The secondary antibodies
used were: goat anti-rabbit IgG HRP-conjugated and goat anti-mouse IgG HRP-
conjugated secondary antibodies from Abcam (1:5000); the Alexa 555 labeled goat
anti-rabbit IgG, Alexa 555 labeled goat anti-mouse IgG, and Alexa 488 labeled goat
anti-mouse IgG secondary antibodies from Thermo Fisher Scientific (1:500); Alexa
488 labeled anti-mouse TER-119 IgG antibody from BioLegend (IFA, 1:1000),
biotinylated anti-rabbit IgG (H-+L) antibody from Cell Signaling Technology (IFA,
1:1000); Streptavidin-ACP from Bioscience (IFA, 1:500). The anti-sera, including
rabbit anti-Hepl7 (Western blot, 1:1000), rabbit anti-P28 (Western blot, 1:1000,
IFA, 1:1000), rabbit anti-BiP (Western blot, 1:1000) were prepared by immuni-
zation of synthetic peptides or recombinant protein as described previously®.

Immunofluorescence assays. Purified parasites or chemical-treated parasites were
fixed in 4% PFA and transferred onto a poly-L-Lysine pre-treated coverslip. The
fixed cells were permeabilized with 0.1% Triton X-100 PBS solution for 7 min,
blocked in 5% BSA solution for 60 min at room temperature or 4 °C overnight, and
incubated with the primary antibodies diluted in PBS with 3% BSA at 4°C for 12 h.
The coverslip was incubated with fluorescently conjugated secondary antibodies.
Cells were stained with Hoechst 33342, mounted in 90% glycerol solution, and
sealed with nail polish. All images were captured and processed using identical
settings on a Zeiss LSM 780 confocal microscope.

Proximity ligtaion assay. The PLA assay detecting in situ protein interaction was
performed using the kit (Sigma-Aldrich: DUO%2008, DUQ092001, DUQ92005, and
DUOB82049). Non-activated and activated gametocytes were fixed with 4% PFA for
30 min, permeabilized with 0.1% Triton X-100 for 10 min, and blocked with a
blocking solution overnight at 4 °C. The primary antibodies were diluted in the
Duolink Antibody Diluent, added to the cells and then incubated in a humidity
chamber overnight at 4 °C. The primary antibodies were removed and the slides
were washed with Wash Buffer A twice. The PLUS and MINUS PLA probe were
diluted in Duolink Antibody Diluent, added to the cells and incubated in a pre-
heated humidity chamber for 1 h at 37 °C. Next, cells were washed with Wash
Buffer A and incubated with the ligation solution for 30 min at 37 °C. Then, cells
were washed with Wash Buffer A twice and incubated with the amplification
solution for 100 min at 37 °C in the dark. Cells were washed with 1x Wash Buffer B
twice and 0.01x Wash Buffer B once. Finally, cells were incubated with Hoechst
33342 and washed with PBS. Images were captured and processed using identical
settings on a Zeiss LSM 780 confocal microscope.

Protein extraction and western blotting. Proteins were extracted from asexual

blood parasites and gametocytes using buffer A (0.1% SDS, 1 mM DTT, 50 mM NaCl,
20mM Tris-HCl, pH 8.0) containing protease inhibitor cocktail and PMSF. After

ultrasonication, the protein solution was kept on ice for 15 min before centrifugation
at 14,000 x g for 10 min at 4 °C. The supernatant was lysed in Laemmli sample buffer.
GEP1 protein was separated in 9% SDS-PAGE and transferred to PVDF membrane
(Millipore, IPVHO00010). GCa and GCP proteins were separated in 4.5% SDS-PAGE.
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The membrane was blocked with TBST buffer (0.3 M NaCl, 20 mM Tris-HC, 0.1%
Tween 20, pH 8.0) containing 5% skim milk and incubated with primary antibodies.
After incubation, the membrane was washed three times with TBST and incubated
with HRP-conjugated secondary antibodies. The membrane was washed five times in
TBST before enhanced chemiluminescence detection.

Immunoprecipitation. For immunoprecipitation analysis, 6.0 x 107 gametocytes
were lysed in 1 ml protein extraction buffer A plus (0.01% SDS, 1 mM DTT, 50 mM
NaCl, 20 mM Tris-HCI; pH8.0). After ultrasonication, the protein solution was
incubated on ice for 15 min before centrifugation at 14,000 x g at 4 °C for 10 min.
Rabbit anti-Myc antibody (1 pg, CST, #2272 s) or Rabbit anti-HA antibody (1 pg,
CST, #3724 s) was added to the supernatant, and the solution was incubated on a
vertical mixer at 4°C for 15h. After incubation, 20 pl buffer A plus pre-balanced
protein A/G beads (Pierce, #20423) was added and incubated for 5h. The beads
were washed three times with buffer A plus before elution with Laemmli buffer.

Mass spectrometry. After immunoprecipitation as described above, proteins were
eluted twice with 0.3% SDS in 20 mM Tris-HCI (pH 8.0). Eluted proteins were
precipitated using 20% trichloroacetic acid (TCA), washed twice with 1 ml cold
acetone, and dried in centrifugation vacuum. The protein pellets were dissolved in
buffer containing 1% SDC, 10 mM TCEP, 40 mM CAA, Tris-HCI pH 8.5 and were
digested with trypsin (1:100 ratio) at 37 °C for 12-16h after dilution with water to
reduce SDS content to 0.5%. Peptides were desalted using SDB-RPS StageTips. For
timsTOF Pro, an ultra-high pression nano-flow chromatography system (Elute
UHPLC, Bruker) was coupled. Liquid chromatography was performed on a reversed-
phase column (40 cm x 75 pm i.d.) at 50 °C packed with Magic C18 AQ 3-um 200-A
resin with a pulled emitter tip. The timsTOF Pro was operated in PASEF mode®.
Bruker.tdf raw files were converted to mgf files with the vendor provided software.
The mgf files were searched against P. yoelii 17X genome database (downloaded from
Uniprot) using PEAKS Studio X (BSI, Canada). Candidate peptides of targeted
proteins were systematically validated by manual inspection of spectra.

Bioinformatics analysis and tools. The genomic sequences of Plasmodium genes
were downloaded from the Plasmodium database of PlasmoDB (http://plasmodb.
org). Transmembrane domains of proteins were identified using the TMHMM
Server (http://www.cbs.dtu.dk/services/TMHMMY/). Multiple sequence alignments
were performed by ClustalW in MEGA7.0 [41]. Flow cytometry data were analyzed
using FlowJo v10.

Quantification and statistical analysis. Statistical analysis was performed using
GraphPad Software 8.0. Two-tailed Student’s f-test or Whiney Mann test was used
to compare differences between treated groups. P-value in each statistical analysis
was indicated within the figures.

Reporting summary. Further information on research design is available in
the Nature Research Reporting Summary linked to this article.

Data availability

The data supporting the findings of this study are available within the paper and its
Supplementary Information files or are available from the corresponding author on
reasonable request. The source data underlying Figs. 1a, e, [, 2i, 4a—c, 5e—f, 6c-f, 8b-c and
Supplementary Figs. 2a, 3a—c, [, 5a—j, 6d-¢, 8c-d, 9c-d, and 10b-c are provided as a Source
Data file.
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An intracellular membrane protein GEP1 regulates xanthurenic acid

induced gametogenesis of malaria parasites

Jiang et al.

1. Supplementary Figures 1-11 and figure legends
2. Supplementary Table 1. List of candidate gene for screening in this study
3. Supplementary Table 2. GEP1 interacted proteins detected by Mass spectrum

4. Supplementary Table 3. Primers and oligonucleotides used in this study
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Supplementary Fig. 1. Genotyping and DNA sequencing of modified parasites.

(a to h) Schematic for CRISPR/Cas9-mediated gene modification, including gene
deletion in the C-terminus (a), gene re-constitution in the C-terminal (b), gene deletion
in the N-terminus (c¢), deletion of full length CDS (d), CDS replaced with mScarlet (e),
N-terminal (f) or C-terminal (g) tagging of genes with epitope tag, and promoter swap
(h) via double cross homologous recombination. (i to j and I) For each modification,
both 5’ and 3" homologous recombination was detected using gene specific PCR pair
(Supplementary Table 3) to confirm correct integration of the homologous template. At
least two parasite clones (sc) for each modification were obtained after limiting dilution
and phenotype analysis. (k and m) DNA sequencing to confirm correct modifications
in some mutant parasites. Experiments in this figure were performed one time to ensure

the correct genotype of the modified parasites.
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Supplementary Fig. 2. Gametocyte formation in the mice.

The male and female gametocytemia in mice infected with 17XNL and 45 mutant
parasites with candidate gene disrupted. The numbers shown in X axis are gene names
(gene IDs) derived from the PlasmoDB database. Experiment was performed one time

to ensure the formation of gametocyte in the mutants tested.
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Supplementary Fig. 3. GEP1 disruption causes defect in gametogenesis.

a, Gametocytemia in mice infected with 17XNL or gep! mutant parasites: S1 (Agepl),
deletion in C-terminus; S3 (AgepIn), deletion in N-terminus; S4 (Agepif), deletion of
the full coding region; S5 (AgepImScarlet), coding region replaced with mScarlet gene.
b, In vitro ookinete conversion rates for 17XNL and the gep/ mutants. ¢, Numbers of
salivary gland sporozoites in mosquitoes 14 day after feeding on mice infected with the
parasites. d, Co-staining of GEP1 and a-Tubulin (male gametocyte specific) in the non-
activated gametocytes (NAG) of S1 and S2 parasites. Scale bar =5 um. e, Western blot
of GEP1 in ABS and gametocytes of S1 and S2 parasites. c1/c2: two independent clones
of S2 parasite. f, Gametocytemia in mice infected with P. berghei ANKA and parasite
with disrupted Pbgepl (APbgepl) or Pbmap2 (APbmap?2). g, Numbers of exflagellation
centers (ECs) per microscopic field (40X) for the parasites in f. n is the numbers of
microscopic fields counted (40X). h, Day 7 midgut oocyst counts in mosquitoes
infected with the parasites in f. X/y on the top are the number of mosquito containing
oocyst / the number of mosquito dissected; the percentage number indicates the
mosquito infection prevalence. two-tailed unpaired Student’s t test. Experiments were
independently repeated three times in a, b, ¢, d, f, g, and two times in e and h with
similar results. Data are shown as mean + SD; two-tailed unpaired Student’s t test in b,

¢, gand h.
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Supplementary Fig. 4. GEP1 sequence alignment among Plasmodium parasites.

Aligned GEP1 amino acid sequences from P falciparum, P. vivax, P. chabaudi, P
berghei, and P yoelii (GenelD in PlasmoDB: PF3D7 0515500, PVP0O1 1018400,
PCHAS 1114700, PBANKA 1115100, PY17X 1116300). Fourteen predicted

transmembrane domains (TM1- TM14) are underlined.
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Supplementary Fig. S. Parasite growth in mouse and mosquito of some strains.

Male and female gametocytes in mouse, in vifro exflagellation of male gametocytes,
midgut oocyst formation and salivary gland sporozoite formation in mosquito of the
modified parasites, including the 6HA::gepl (a), 4Myc::gepl (b), gco.:6HA (c),
gea::4Myc (d), sepl::4Myc (e), DTSI (f), DTS2 (g), DTS3 (h), and gca.:6HA/Agep] (i,
GEP1 disruption in the gea::6HA) and gca::6HA/Acdpkl (j, CDPK1 disruption in the
geca.:.:6HA). Gametocytemia count was repeated three times, exflagellation and
mosquito infection was performed one time to ensure the normal life cycle progression
of these parasites. n in the exflagellation experiments is the numbers of microscopic
fields counted (40X). x/y on the top of the oocyst count is the number of mosquito
containing oocyst / the number of mosquito dissected; the percentage number 1s the
mosquito infection prevalence. Gametocytemia data are shown as mean + SEM. Two-

tailed unpaired Student’s t test was used in the exflagellation and oocyst counting.
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Supplementary Fig. 6. Gametocytes without GEP1 are viable.

a, Giemsa staining of the purified non-activated gametocytes (NAG). b, Cell viability
analysis of the gametocytes by Trypan blue staining. ¢, Cell viability analysis of the
Agepl gametocytes by propidium iodide (PI) staining. X/y in the b and ¢ are the number
of cell displaying signal / the number of cell counted. d, EC formation of the DFsc7
and DFsc7/Agepl parasites after XA stimulation in vifro. n i1s the numbers of
microscopic fields counted. e, Day 7 midgut oocysts counts from mosquitoes infected
with DFsc7 or DFsc7/Agepl parasites. Mosquito infection prevalence is shown above.
f, GFP expression in male gametocytes and mCherry expression in female gametocytes
of the DFsc7 and DFsc7/Agepl parasites. g, Flow cytometry detection of GFP and
mCherry fluorescence in male and female gametocytes of the DFsc7 and DFsc7/Agep 1
parasites. Cell number and percentage are shown in the quadrants of the FACS plots.
Scale bar = 5 um for all images in this figure. Experiments in this figure were
independently repeated three times with similar results. Two-tailed unpaired Student’s

t test in d and e.
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Supplementary Fig. 7. Cellular Ca** mobilization in activated gametocytes.

a, WT gametocytes pre-loaded with Fluo-8 are capable of forming XA-stimulated ECs
(white arrows) in vitro. Scale bar =20 um. b, Cellular Ca’* signals in Fluo-8 pre-loaded
WT gametocytes in response to A23187 (Ca’" ionophore) and XA stimulation using
flow cytometry analysis. Purified gametocytes were preloaded with Ca®>* probe Fluo-8,
and signals were collected 30 seconds before addition of A23187, XA, or DSMO. Black
arrows indicate the time for chemical addition. Experiments in this figure were

independently repeated three times with similar results.
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Supplementary Fig. 8. GCP is not involved in cGMP signaling of gametogenesis.

a, [FA of GCa and GCp expression in female and male gametocytes of the gca:-6HA,
gea.::4Mye, and gef::6HA parasites. o-Tubulin is a male gametocyte specific protein.
Scale bar = 5 um. b, Co-immunoprecipitation of GEP1 and GCp in gametocyte extract
of the 4Myc::gepl/gcf::6HA parasites (Double Tagged Strain 3, D7S3). IP-HA, anti-
HA antibody was used in pulldown. ¢, Enzyme immunoassay detecting intracellular
cGMP level in XA-stimulated gametocytes of the 17XNL and Agef parasites. Cells
were incubated with 100 uM XA at 22°C for 2 min before assay. Ctl 1s control group
without XA stimulation. d, /n vitro EC formation of the 17XNL and Agcf parasites
after stimulation with XA (100 uM), Zaprinast (Zap, 100 uM), or pH 8.0 alone at 22°C,
or conjugated with compound 2 (C2, 5 puM). Experiments in this figure were
independently repeated three times. Data are represented as mean + SEM in ¢ and d,

two-tailed unpaired Student’s t test in c.
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Supplementary Fig. 9. GEP1 co-localizes with GCa in activated gametocytes.

a, Co-staining of GEP1 and a-Tubulin expressions in the activated gametocytes (AG)
of the 6HA::gepl parasite 8 min post XA stimulation. b, Co-staining GCa and a-
Tubulin in the gea::6HA gametocytes 8 min post XA stimulation. ¢, Co-staining of
GEPI1 and GCa in the DTS] gametocytes 2 min post XA stimulation using anti-HA
(GCa) and anti-Myc (GEP1) antibodies (left panel). Activated male gametocytes were
observed with enlarged nucleus. Cross sections (white dash line) of the cells show the
co-localization of GEP1 and GCa (right panel). Scale bar =5 um. d, Pearson coefficient
analysis for GEP1 and GCa co-localization shown in ¢, data are shown as mean + SD
from n=10 cells measured. Scale bar = 5 um for all image in this figure. Experiments

in this figure were independently repeated three times with similar results.
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Supplementary Fig. 10. XA stimulation likely enhances GEP1/GCa interaction.

a, Proximity Ligation Assay (PLA) detecting protein interaction between GEP1 and
GCa in DTS2 gametocytes. NAG: non-activated, AG: 2 min after XA stimulation.
Activated male gametocytes were observed with enlarged nucleus. Scale bar =5 pum.
b, Number of PLA signal dot in each cell shown in a, n is the number of cells counted.
¢, Fluorescence intensity value for each PLA signal dot shown in a. n is the number of
PLA signal dot measured. Experiment was repeated three times independently with
similar results. Data are represented as mean = SD; two-tailed unpaired Student’s t test

in b and c.
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Supplementary Fig. 11. Gating strategies used for cell sorting in flow cytometry.

a, Gating strategy to sort activated male gametocytes with rounds of genome
duplication from the purified gametocytes (including male and female) pre-stained with
Hoechst 33342 presented on Figure. 3b. b, Gating strategy to sort gametocyte preloaded
with Fluo-8 presented on Figure. 3d and Supplementary Figure. 7b. Black arrows
indicate the time for A23187, XA or DMSO addition. Signals were collected at 30 sec
before until 90 sec post addition. ¢, Gating strategy to sort male (GFP+) and female
(mCherry+) gametocytes from Hoechst 33342 pre-stained parasites containing
gametocytes and asexual blood stage parasites presented on Supplementary Figure. 6g.
Infected mice were phenylhydrazine treated for inducing gametocytes and sulfadiazine
treated to reduce asexual blood stage parasites. Parasites were further purified via

nycodenz centrifugation before flow cytometry analysis.



Supplementary Table 1. List of candidate gene for screening in this study.

) ; Number | Blood-stage phenotype | Blood-stage phenotype
Gene ID Description fg;;?:;%g} %tggjgg;? ofTM | in P.be?gnzf front1yp i his sﬁudy P
predicted| PlasmoGEM database

PY17X_1243400 7-helix-1 protein, putative PF3D7_0525400 |PBANKA_1240200| 3 Dispensable Dispensable
PY17X_1431500 | integral membrane protein GPR180, putative |PF3D7_1213500 |PBANKA_1429300| 7 Dispensable Dispensable
PY17X_0918700 serpentine receplor, putative PF3D7_1131100 |PBANKA_0917100| 7 Slow Dispensable
PY17X_1433900 serpentine receplor, putative PF3D7_1215900 |PBANKA_1431600| 8 Not tested Dispensable
PY17X_0524600 serpentine receplor, putative PF3D7_0422800 |PBANKA_0523200| 8 Dispensable Dispensable
PY17X_1421700 GPCR-like receptor SR25, putative PF3D7_0713400 |PBANKA_1420000| 8 Essential Essential

PY17X_0605800 | sexual stage-specific protein G37, putative |PF3D7_1204400 |PBANKA_0603300 | 7 Not tested Dispensable
PY17X_0617400 | COnserved Plasmodium membrane prolein, |neany o747000 [PBANKA 0614700 7 Not tested Dispensable

unknown function

PY17X_0914700 | COMSErVed Pﬁ'ﬁgﬁ‘rﬂumggrane Protein. |oran7 1135300 |PBANKA 0913200 7 Essential Essential

PY17X_1128600 protease, putative PF3D7_0628400 |PBANKA_1127100| 8 Dispensable Dispensable
PY17X 1313900 | COnserved P'asmn‘jggir:npmte'"’ unknown 1 oean7 1446300 |PBANKA 1310000 | 8 Not tested Dispensable
PY17X_0702400 folate transporter 1, putative PF3D7_0828600 |PBANKA_ 0702100 12 Dispensable Dispensable
PY17X_0933500 folate transporter 2, putative PF3D7_1116500 |PBANKA_0931500 | 11 Dispensable Dispensable
PY17X_0309400 |  GDP-fructose: GMP antiporter, putative  |PF3D7_0212000 |PBANKA_0308800| 8 Not tested Dispensable
PY17X_0936300 UDP-galactose transporter, putative __|PF3D7_1113300 |PBANKA_0934300| 8 Essential Dispensable
PY17X_1436400 phosphate translocator, putative PF3D7_1218400 |PBANKA_1434000| 10 Dispensable Dispensable
PY17X_0823700 ma'OrTa'3"'tat”;‘(‘)f;f;?}'gﬁfema'n'mmam'”g PF3D7_0919500 [PBANKA 0820400 | 12 Dispensable Dispensable
PY17X_0820300 ma'OrTa'3"'tat”;‘(‘)f;f;?}'gﬁfema'n'mmam'”g PF3D7_0916000 |[PBANKA 0817000 11 Dispensable Dispensable
PY17X_1116300 amino acid transporter, putative PF3D7_0515500 |PBANKA_1115100| 14 Dispensable Dispensable
PY17X_0307300 transporter, putative PF3D7_0209600 |PBANKA_0306700| 13 Essential Essential

PY17X_0917400 amino acid transporter PF3D7_1132500 |PBANKA_0915900 | 15 Not tested Dispensable
PY17X_0609400 amino acid transporter, putative PF3D7_1208400 |PBANKA_0606900| 10 Dispensable Dispensable
PY17X_1448600 amino acid transporter, putative PF3D7_1231400 |PBANKA_ 1446100 10 Essential Essential

PY17X_1241000 | _ multidrug resistance protein 1, putative _|PF3D7_0523000 |PBANKA_1237800| 11 Essential Essential

PY17X 1446300 | MUMdrug res'sw';i‘?jiiseoc'ate‘j Protein 2. |oean7 1229100 |PBANKA 1443800 | 11 Slow Dispensable
PY17X_1315500 | _ multidrug resistance protein 2, putative _ |PF3D7_1447900 |PBANKA 1311700 10 Slow Dispensable
PY17X_0904900 | ABC transporter B family member 3, putative |PF3D7_1145500 |PBANKA_0903500| 6 Not tested Dispensable
PY17X_0403400 | ABC transporter B family member 4, putative |PF3D7_0302600 |PBANKA_0401200| 3 Dispensable Dispensable
PY17X_1358700 | ABC transporter B family member 5, putative |PF3D7_1339900 |PBANKA_1353300| 4 Slow Dispensable
PY17X_0928600 protein GCN20, putative PF3D7_1121700 |PBANKA 0926600 0 Dispensable Dispensable
PY17X_1370600 | ABC transporter B family member 6, putative |PF3D7_1352100 |PBANKA_1364800| 4 Essental Essential

PY17X_0610800 | ABC transporter B family member 7, putative |PF3D7_1209900 |PBANKA_0608300| 6 Not tested Dispensable
PY17X_1145400 | ABC transporter E family member 1, putative |PF3D7_1368200 |PBANKA_1144100] 0 Essential Essential

PY17X_1019600 | ABC transporter G family member 2, putative |PF3D7_1426600 |PBANKA_1018000| 5 Slow Dispensable
PY17X_1425800 | ABC transporter F family member 1, putative |PF3D7_0813700 |PBANKA_1423800| 0O Essental Essential

PY17X_1222000 | ABC transporter | family member 1, putative |PF3D7_0319700 |PBANKA 1218800 13 Essental Essential

PY17X_1031600 |  FeS assembly ATPase SUIC, putative  |PF3D7_1413500 |PBANKA_1029200 | 1 Essential Dispensable
PY17X_0407300 | ERMmembrane p?ﬁf;'t‘“'f:mp'ex SUbUNtS,  |peany 0306700 |[PBANKA 0405100 | 2 Essential Essential

PY17X_0929900 | CorA-like Mg2+ transporter protein, putative |PF3D7_1120300 |PBANKA 0927900 | 2 Not tested Dispensable
PY17X_1018500 | CorA-like Mg2+ transporter protein, putative |PF3D7_1427600 |PBANKA_1017000| 2 Dispensable Dispensable
PY17X_0703300 magnesium transporter, putative PF3D7_0827700 |PBANKA_0703000| 9 Not tested Dispensable
PY17X_1240600 | inner membrane complex protein, putative |PF3D7_0522600 |PBANKA_1237300| 8 Dispensable Dispensable
PY17X_1441100 vacuolar iron transporter, putative PF3D7_1223700 |PBANKA_1438600| 5 Dispensable Dispensable
PY17X_1367300 E1-E2 ATPase, putative PF3D7_1348800 |PBANKA_1361600| 10 Not tested Dispensable
PY17X_0109300 Zinc transporter ZIP1, putative PF3D7_0609100 |PBANKA_0107700| 8 slow Essential

PY17X_1424200 |cation diffusion facilitator family protein, putativel PF3D7_0715900 [PBANKA 1422200 4 Dispensable Dispensable
PY17X_1105200 | MOLO1 domain-containing protein, putative |PF3D7_0504500 |PBANKA_1104100| 2 Dispensable Dispensable
PY17X_1315200 conserved protein, unknown function  |PF3D7_1447600 |PBANKA_1311400| 1 Dispensable Dispensable
PY17X_1339400 transmembrane protein 43, putative _ |PF3D7_1471500 |PBANKA 1334700 | 4 Dispensable Dispensable
PY17X_1342800 conserved protein, unknown function _|PF3D7_1322900 |PBANKA_1338100| 2 Dispensable Dispensable
PY17X_1366100 conserved protein, unknown function |PF3D7_1347600 |PBANKA_1360400| 1 Dispensable Dispensable
PY17X_1463300 dipeptidyl aminopeptidase 2, putative  |PF3D7_1247800 |PBANKA_1460700| 1 Dispensable Dispensable
PY17X_0911700 guanylyl cyclase, putative PF3D7_1138400 |PBANKA_0910300| 19 slow Essential

PY17X_1138200 quanylyl cyclase beta PF3D7_1360500 |PBANKA_1136700| 22 slow Dispensable
PY17X_0619700 LEM3/CDC50 family protein PF3D7_0719500 |PBANKA_0617000| 2 Not tested Dispensable
PY17X_0916600 LEM3/CDC50 family protein, putative __ |PF3D7_1133300 |PBANKA_0915100| 2 Dispensable Dispensable
PY17X_0809500 P-type ATPase, putative PF3D7_0319000 |PBANKA_0806300| 10 Dispensable Dispensable
PY17X_1437200 amimphospho‘ipigj{:;fgom"g P-ATP3SE, |orany 1219600 |PBANKA 1434800 9 Essential Essential

PY17X_1440800 | phospholipid-ansporting ATPase, putative |PF3D7_1223400 |PBANKA 1438300 | 10 slow Essential




Supplementary Table 2. GEP1 interacted proteins detected by Mass spectrum.

Protein Probability| pLéglt?;:s Gene_ID Description Protein size/aa
tr[V7PTBOWV7PTBO SAPIC 21 PY17X 1347900 conserved Plasmodium protein, unknown function 2308
tr[WV7PTO5[V7PTO5 9AFIC 9 PY17X_ 1226000 fyrosine--tRNA ligase, putative 372
tr|V7PFK1|V7PFK1 SAPIC 5 PY17X 0911700 guanylyl cyclase, putative 3850
tr[V7PBU4|V7PBU4 S9AFIC 5 PY17X_1109100 conserved protein, unknown function 390
tr[WV7PHN7|V7PHNT_9APIC 1 13 PY17X_0404000 HAD superfamily protein, putative 1115
tr[V7PBENO[V7TPBNO SAPIC 10 PY17X 1114400 deoxyribodipyrimidine photo-lyase, putative 849
tr[V7PNUB|V7PNUGE SAPIC 10 PY17X 0807500 conserved Plasmodium protein, unknown function 878
tr[V7PDRS|V7PDRS SAPIC ] PY17X 0922400 conserved Plasmodium protein, unknown function 961
trlV7PGJ3VTPGJ3 SAPIC ] PY17X 0706700 conserved Plasmodium protein, unknown function 108
tr[V7PVM5|VTPVIM5_SAFIC 9 PY17X 1221300 oocyst capsule protein Cap380, putative 3290
tr[WV7PV53|VIPV53 9APIC 1 8 PY17X_0113800 myosin E, putative 2403
tr[V7PDP7V7PDP7 SAPIC 7 PY17X 0501900 reticulocyte binding protein, putative 2748
tr[V7PGASIVTPGAS SAFRIC 6 PY17X 0623600 conserved Plasmodium protein, unknown function 1140
tr[V7PJSSIVTPJ59 SAPIC 6 PY17X 0520600 conserved Plasmodium protein, unknown function 225
tr|V7PUSE|VTPUSE 9APIC 6 PY17X 1322800 conserved protein, unknown function 800
tr[V7PYL5|VTPYLS_9APIC 6 PY17X_ 0103000 SAC3 domain-containing protein, putative 1203
tr[V7PAS9|VTPASS 9APIC 1 5 PY17X_0710300| 2-oxoglutarate dehydrogenase E1 component, putative 1038
tr[V7PBNS|V/PBNS _9AFIC 1 5 PY17X_ 1370200 inner membrane complex protein 1f. putative 1122
tr[V7PIT1|VTRPI71 SAPIC 1 5 PY17X 0526500 reticulocyte binding protein, putative 2757
tr[V7PN10[VTPN10 _9APIC 1 5 PY17X_1016800] rRNA (adenosine-2'-0O-)}-methyltransferase, putative 2379
tr[V7PNJE|VTPNJE SARIC 5 PY17X 1135900 Sas10 domain-containing protein, putative 761
tr|V7PPE2|V7PP62 9AFIC 5 PY17X 0216200 Plasmodium exported protein, unknown function 278
tr[V7PRL1|V7TPRL1_9AFIC 5 PY17X_1223000 Cag2 protein, putative 2439
tr[V7PDA4[V7TPDA4 9AFIC 1 4 PY17X_1102000 fam-a protein 6509
tr|V7PIBE|V7PIBE SAPIC 1 4 PY17X 0411100 eukaryotic translation initiation factor 3 subunit K, 235
#NTPMCTIVTPMG7_9APIC 1 4 PY17X_1032900 mini-chromosome malntzl;?;lt(i:fecnmpIex—blndlng protein, 910
tr[V7TPQH8|V7PQHS_9APIC 1 4 PY17X_1452400] CCR4-NOT transcription complex subunit 4, putative 1408
tr[V7PSJB|VIPSJ6_9APIC 1 4 PY17X_1430600| glycerol-3-phosphate 1-O-acyltransferase, putative 583
trV7PXASIVTPXAS SAPIC 4 PY17X 0103400 conserved Plasmodium protein, unknown function 499
trV7PXFES|VTPXFS 9APIC 4 PY17X 0106800 conserved Plasmodium protein, unknown function 1921
tr[V7PD97|V7TPD97 9APIC 4 PY17X 0911300 WD repeat-containing protein, putative 1647
tr[V7PJS9|V7PJSS 9APIC 4 PY17X 0417200 formate-nitrite transporter, putative 311
tr[V7PKF4|V7TPKF4 9AFIC 1 4 PY 17X 0419100 nucleoporin NUP221, putative 2003
tr[V7PUEG|V7TPUES SAPIC 1 4 PY17X 0101221 reticulocyte binding protein, putative 2771
tr[V7PBUSIV7TPBUS SAPIC 1 3 PY17X 0301500 repetitive organellar protein. putative 1980
tr[V7PDJB|VTPDJE_9APIC 1 3 PY17X_0915300| DNA-directed RNA polymerase | subunit RPA2, putative 1470
tr[V7PDS4|V7PD54 9APIC 1 3 PY17X 0309500 conserved Plasmodium protein, unknown function 987
tr[V7PFR2|VTPFR2 SAPIC 1 3 PY17X_0934500] histone-lysine N-methyltransferase SET7_ putative 707
tr[V7PIS0IVTPIS0 SAPIC 1 3 PY17X 0419300 copper-transporting ATPase, putative 1981
tr[WV7PIUQ[VTPIUD_SAFIC 1 3 PY17X_0709200| protein transport protein SEC61 subunit beta, putative 79
tr[V7PNL8|VTPNLS 9AFIC 1 3 PY17X 0215800 AP2 domain transcription factor AP2-L, putative 1269
tr\V7PP81|V7PP81 SAFRIC 1 3 PY17X 0832600 conserved Plasmodium protein, unknown function 131
tr[V7PPU3[V7PPU3_SAFIC 1 3 PY17X_1135500| U3 small nucleclar RNA-associated protein 21, putative 1246
trV7PQKOV7PQKO 9APIC 3 PY17X 0213300 cation transporting ATPase. putative 1682
tr\V7PR31|V7PR31 9APIC 3 PY17X 1453700 p25-alpha family protein. putative 152
tr[V7PRL8|V7PRLS 9APIC 3 PY17X 1136300 zinc finger protein, putative 571
tr[V7/PRR3|V7PRR3 SAFPIC 3 PY17X 1140100 conserved Plasmodium protein, unknown function 1415
tr[WV7PS22|VIPS22_9APIC 3 PY17X 1238000 EELM2 domain-containing protein, putative 825
tr[V7PS95|VIPS95 9APIC 1 3 PY17X_ 1233600 ribonuclease, putative 2677
triV7PXTOVTPXTS SAPIC 3 PY17X 1340100 histone deacetylase, putative 1640
tr[WV7PU48|V7PU48 9AFIC 3 PY17X 1331200 fam-a protein 387
tr[V7PBE1|V7PBE1 SAPIC 2 PY17X 1109300 conserved protein, unknown function 230
tr|V7PES2|VTPES2 9AFRIC 2 PY17X 0923400 protein phosphatase, putative 288
tr[V7PEXB[VTPEXE 9AFIC 2 PY17X_ 1205600 WD repeat-containing protein, putative 2513
tr[V7PEY8|VIPEYS 9APIC 2 PY17X_ 1105900 actin-like protein, putative 556
tr\V7PEGE|VTPEGE SAPIC 2 PY17X 0910000 conserved Plasmodium protein, unknown function 166
trV7PFIOIVTPEIO SARPIC 2 PY17X 1213100 conserved protein, unknown function 175
tr[V7PG25|VTPG25 SAPIC 2 PY17X 0944100 conserved Plasmodium protein, unknown function 708
tr[WV7TPGVO[V7PGV0_9APIC 2 PY17X 0912800 CLPTM1 domain-containing protein, putative 644
V7P GXE|VTPGX6 _9APIC 1 2 PY17X_ 1201900 conserved Plasmodium protein, unknown function 932
tr\V7PI44|VT7P144 SAPIC 2 PY17X 0404900 inner membrane complex protein 1e, putative 512
trV7PI48|VTPI148 SAPIC 2 PY17X 0405400 circumsporozoite (CS) protein 427
tr[V7PIM7VTPINMT SAPIC 2 PY17X 0704400 ubiquitin conjugation factor E4 B, putative 1240
tr[V7TPIX7[VTPIX7_SAFIC 2 PY17X_0607700 DNA-directed RNA polymerase Il subunit RPC2, 1414
trVTPJTSVTPJTS 9APIC 1 2 |Py17x_0404100| DNA-directed RNA polymerases |, I, and lll subunit 152

RPABC2_ putative

tr[WV7PQO8|VIPQ08 9APIC 2 PY17X_ 1437000 formin 2, putative 2823
tr[V7PQO9VTPQ9Y9 9AFPIC 2 PY17X 1444900 conserved Plasmodium protein, unknown function 814
tr[V7PRJ4|VTPRJ4 9APIC 2 PY 17X 1464800 protein phosphatase PPN4, putative 734
trlV7PS26|V7PS26 9AFRIC 1 2 PY17X 1238300 protein phosphatase PPM9, putative 712
tr[V7PTLO[V/PTLO SAFIC 1 2 PY17X_ 1341000 GTPase-activating protein. putative 616
tr[WV7PU13|V7PU13 9AFIC 1 2 PY17X_ 0700600 fam-a protein 338
tr[V7PUT1|V7TPUT1 SARPIC 1 2 PY17X 0109900 palmitoyltransferase DHHC?2, putative 284
tr[V7TPUWSBVTPUWS_9APIC 1 2 PY17X_1456000| HD superfamily phosphohydrolase protein, putative 782
tr[V7PWBS|VTPWBS _9APIC 1 2 PY17X_1240300| 185 rRNA (guanine-N(7)}-methyltransferase, putative 274
tr[V7TPYZT|VTPYZT7 _9AFIC 1 2 PY17X 0111500 basal complex transmembrane protein 1, putative 634
tr[V7PBEB3|V7PBB3 SAPIC 0.9999 3 PY17X 1111900 stearoyl-CoA desaturase, putative 944

trV7PI49|VT7PI149 SAPIC (0.9999 2 PY17X 0416400 zinc finger protein, putative 27

trV7PJQ2|VTPJQ2 9AFIC 0.9999 2 PY17X 1022100 peptidyl-prolyl cis-trans isomerase, putative 435
tr|V7PPEG|V7TPPFES SAPIC (0.9999 2 PY17X 1424900 conserved protein, unknown function 393
tr[V7PR12|WV7TPR12 9APIC 0.9999 2 PY17X 14172001 U4/UB.15 tri-snRNP-associated protein 2. putative 640




tr[V7PVKB|VIPVKE 9APIC | 0.9998 4 PY17X_ 1220100 ATP-dependent RNA helicase DDX42_ putative 720
tr|V7PKIS|V7PKIS SAPIC 0.9998 4 PY17X 0421700 reticulocyte binding protein, putative 2730
tr[V7PQB9[VIPQ59 9APIC | 0.9998 2 PY17X_1429100 protein phosphatase PPM7, putative 305
trlV7PTE3|V7PTES SAPIC 0.9998 2 PY17X 1347700 ribose-phosphate pyrophosphokinase, putative 541
tr[V7PAT4|VTPAT4 9APIC 0.9997 3 PY17X 0720800 RNA-binding protein NOB1, putative 491
tr[V7TPCA3|V7TPCA3 9AFIC | 0.9997 3 PY17X 0717500 cdc2-related protein kinase 3 1263
trV7PQS3V7PQS3 9APIC | 0.9997 3 PY17X 1445600 conserved Plasmodium protein, unknown function 1113
tr[V7PBW3|V7IPBW3 9APIC| 0.9997 2 PY17X_ 1107500 transcription factor 25, putative 842
trVTPIS2|VTPIS2_9APIC 0.9997 2 PY17X_0707800 RWD domain-containing protein, putative 228
tr\V7PGUBIVTPGUE 9APIC | 0.9995 2 PY17X 1215200 conserved Plasmodium protein, unknown function 2140
tr[V7PHE2|VTPHE2 9AFPIC 0.9995 2 PY17X_1206500| U3 small nucleclar RNA-associated protein 25, putative 995
tr[V7IPWRS[VTPWRS_9APIC] 09995 2 PY17X_1332700| serine/threcnine protein phosphatase UIS2, putative 1339
tr[V7PXB4|V7PXB4 9APIC | 0.9995 2 PY17X_0103900 cation/H+ antiporter, putative 440
tr[V7PHN2|V7PHNZ SAPIC | 0.9994 2 PY17X_0403900 CLP1 P-loop domain-containing protein, putative 1402
tr|[V7PEBOVTPEGS0_9AFIC 0.9992 2 PY 17X 1204500 conserved protein, unknown function 1075
tr[V7PSZB|VTPSZ8_9AFIC 0.9992 2 PY17X_1354600| conserved oligomeric Golgi complex subunit 3, putative 1329
tr[V7PDY2|V7PDY2 SAPIC | 0.9991 2 PY17X 0916800 conserved Plasmodium protein, unknown function 1073
tr\V7PJX8|VTPJXS SAPIC 0.999 2 PY17X 1015000 large subunit GTPase 1, putative 763
trV7PHA3VTPHAS SAPIC (0.9989 2 PY17X 0511900 conserved Plasmodium protein, unknown function 1500
tr[V7PR35|V7IPR35 9APIC (0.9989 2 PY17X 0503500 serine/threonine protein phosphatase 8, putative 2124
tr[V7PVS2|VTPVS2_9APIC 0.9988 2 PY17X_1356100] 1-deoxy-D-xylulose 5-phosphate synthase, putative 1047
tr[V7PSE4|VIPSE4 9APIC 0.9987 2 PY17X_ 1461300 conserved Plasmodium protein, unknown function 511
tr\V7PTE7|VTPTE7 SAPIC 0.9987 2 PY17X 1351300 conserved Plasmodium protein, unknown function 492
tr\V7PMY2IVTPMY2 SAPIC | 0.9986 2 PY17X 1133200 histone-lysine N-methyltransferase. putative 511
tr|V7PPGEIVTIPPGE 9APIC | 0.9986 2 PY17X 0211200 conserved protein, unknown function 713
tr[V7PEET|VTPFET_9AFIC 0.9985 2 PY17X_1209400 histone deacetylase 2, putative 2032
tr[V7PGT8|VIPGTS8 9APIC | 0.9983 2 PY17X 0706000 conserved protein, unknown function 1006
tr[V7PCPO|V7PCP9 SAFIC | 0.9982 2 PY17X 0312800 conserved Plasmodium protein, unknown function 354
triV7PVZIIVTPVZ3 SAPIC 0.9981 2 PY17X 1231400 periodic tryptophan protein 2, putative 1040
tr[WV7TPCAT[V7TPCAT 9AFIC 0.998 PY17X 0303800 DNA-directed RNA polymerase Il 16 kDa subunit, 133
tr[V7PCB5|V7PCBS 9APIC 0.998 PY17X 0718600 histone acetyltransferase, putative 1028
tr[V7PDCOV7PDCO SAPIC 0.998 PY17X 1120400 ATP synthase-associated protein, putative 128
tr[V7PDN8|V7PDNS 9APIC 0.998 PY17X_ 1109600 conserved Plasmodium protein, unknown function 2719
tr[V7PDY6E[V7TPDYS SAPIC 0.998 PY17X 0715000 ribosome assembly protein RRB1, putative 441
tr[V7PEHG|V7TPEHSG SAPIC 0.998 PY17X 0933900 serine esterase, putative 1470
tr\V7PEZ8|VTPEZS SAPIC 0.998 PY17X 1105400 centrosomal protein CEP120. putative 525
tr[V7PEL4|V7PFL4 9AFIC 0.998 PY17X_ 0613900 pantothenate kinase 2 677
tr|V7PH11|V7PH11_9APIC 0.998 PY17X_0610000 mago-binding protein, putative 150
tr[V7PKB7|VIPKBT7_9APIC 0.998 1 PY17X_1038600 RNA-binding protein 8A, putative 107
trV7PLO0IV7PLO0D SAPIC 0.998 PY17X 0815500 conserved protein, unknown function 856
trVIPMQSIV7PMQ8 9APIC| 0.998 PY17X 0204600 bromodomain protein, putative 1337
trVIPNQY[V7PNQ7 SAPIC | 0.998 PY17X_ 1402800 ATP-dependent RNA helicase DHR 1, putative 1557
tr|V7PP89|V7PP89 SAFRIC 0.998 PY17X 0214900 ribosome biogenesis protein BRX1, putative 426
tr[V7PPX4[VIPPX4 9APIC 0.998 PY17X_1434600| cell traversal protein for ookinetes and sporozoites 185
tr[V7PPX5[VIPPX5 9APIC 0.998 1 PY17X 1138200 guanylyl cyclase beta 3015
tr[V7PPZO|V7TPPZ0_9AFIC 0.998 1 PY17X_0811500 E3 ubiguitin-protein ligase, putative 548
trlV7PQAQIV7PQAD SAPIC 0.998 PY17X 1146600 conserved Plasmodium protein, unknown function 2674
trV7PQU3|V7/PQU3 9AFIC 0.998 PY17X 1447700 WD repeat-containing protein, putative 434
tr[V7PR30|V7PR30_9AFIC 0.998 PY17X_0503800 pre-mRNA-splicing factor RDS3, putative 11
tr[V7PRGE|VIPRGE 9APIC | 0.998 PY17X_1219600 mRNA-capping enzyme subunit beta, putative 613
trlV7PRY1[V7PRY1 SAPIC 0.998 PY17X 1233800 zinc finger protein, putative 2333
tr[V7PSC4[V7TPSC4 9APIC 0.998 PY17X 1237800 zinc finger protein, putative 645
tr[V7PSCEIVTPSCE S9APIC 0.998 PY17X 1369000 conserved Plasmodium protein, unknown function 864
r[VTPSF4)VTPSF4_9APIC | 0998 1 |PY17X_1243200| Structural ma'"te”ancsu?;“c:éom“”mes protein 6, 1606
trlV7PT91|V7PT91 SARPIC 0.998 PY17X 1450800 homocysteine S-methyltransferase, putative 507
tr\V7PTT1V7PTT1 SAPIC 0.998 PY17X 1462800 conserved protein, unknown function 178
trV7PUX3VTPUX3 SAPIC 0.998 PY17X 1456500 DNA gyrase subunit B, putative 930
tr[V7PV18|V7PV18 SAFRIC 0.998 PY17X 1243000 zinc finger protein, putative 674
tr[V7TPVD4[V7PVD4 _9AFIC 0.998 PY17X_ 1368000 conserved Plasmodium protein, unknown function 2660
trV7PX398|V7PX398 9APIC 0.998 1 PY17X 0102600 MYND-type zinc finger protein, putative 262
tr|V7PEPSIV7PEPS SAPIC 0.9979 3 PY17X 0939500 conserved Plasmodium protein, unknown function 691
tr[V7P9G4[VIP9G4 9APIC | 0.9979 PY17X_ 1320000 syntaxin-6_putative 212
tr|V7PBF4|V7PBF4 SAPIC 0.9979 PY17X 1308100 zinc finger protein, putative 1223
tr[V7PBNI[V7PBNS 9AFIC | 09979 PY17X_1113900 conserved protein, unknown function 251
tr[WV7PCT70|V7PC70_9AFIC 0.9979 1 PY17X_ 1304100 tubulin epsilon chain, putative 500
trlV7PCT4|V7TPCT4 SARIC 0.9979 1 PY17X 0315400 SUZ domain-containing protein, putative 830
tr[V7PCWSV7TPCWS5S 9APIC| 0.9979 1 PY17X 1319100 LCCL domain-containing protein, putative 879
VTPEV2IVTPFV2_9APIC 0.9979 1 PY17X_0938000 endonu::Ieasefexonuclezfl?;;t)i:gsphatase family protein, 653
trlV7PGIM[V7PGI1 9APIC 0.9979 PY17X 0705600 SAYSvFN domain-containing protein, putative 151
tr[V7TPNG3|VIPNG3 9APIC | 0.9979 PY17X 1133600 splicing factor 3B subunit 5. putative 85
tr[V7PNH1|V7PNH1 SAPIC | 0.9979 PY17X 1005300 gametocyte-specific protein, putative 177
tr[V7PPKO[V7PPKO 9APIC | 0.9979 PY17X_ 1412100 M1-family alanyl aminopeptidase, putative 1064
tr[V7PQO2[VIPQ92 9APIC | 0.9979 PY17X 1129800 amino acid transporter AAT 1, putative 526
tr[V7PQP2|VIPQP2_9APIC | 0.9979 1 PY17X_1442900 small subunit rRNA processing factor, putative 418
trlV7PRI3V7PRI3 9AFIC 0.9979 PY17X 1463700 pre-mRNA-splicing factor RBM22, putative 393
tr\V7PTES|V7PTES SAPIC 0.9979 PY17X 1454700 periodic tryptophan protein 1, putative 528
tr[V7PUES|V7TPUES 9AFIC | 0.9979 PY17X_ 1225800 AP-3 complex subunit delta, putative 1436
tr|V7PHIS7|V7TPHS7 9APIC (0.9978 PY17X 0616200 conserved Plasmodium protein, unknown function 367
tr[W7PLF5|V7PLF5S _9AFIC 0.9978 PY17X 0822900 conserved Plasmodium protein, unknown function 585
tr[V7PNES|V7TPNES SAPIC 0.9978 1 PY17X 1132200 phosphoinositide phosphatase SAC1, putative 814
tr|V7PRS5|V7PRS5 9APIC 0.9978 1 PY17X_ 1229400 methionine aminopeptidase 1c, putative 680
tr[V7PSD6EVTPSD6 S9APIC 0.9978 1 PY17X 1459600 WD repeat-containing protein 82, putative 374
tr[V7PLQY|VIPLQY 9APIC | 0.9977 2 PY17X_1004000 B-cysteine protein 416
tr[V7PMBTVTPMET SAPIC 0.9977 2 PY17X 0837300 conserved Plasmodium protein, unknown function 743
tr[V7PQ77|VIPQ77_9APIC | 0.9977 2 PY17X_1443000] conserved Plasmodium protein, unknown function 782




tr[V7PE13|V7PE13 9AFRIC 0.9977 PY17X 03163800 Plasmodium exported protein, unknown function 248
tr[V7PGYB|VTPGYS 9APIC | 0.9977 PY17X 0521200 conserved Plasmodium protein, unknown function 710
tr[V7PNCBE|V7PNC6E_SAPIC | 09977 PY17X_0805100 phosphopantetheine adenylyltransferase 1270
tr[V7PNRO[V7PNRO SAPIC | 0.9977 PY17X 0811600 conserved Plasmodium protein, unknown function 113
tr[V7PPD4|V7PPD4 9AFPIC | 0.9977 PY17X 0214200 alpha/beta hydrolase. putative 561

tr[V7PQTOVIPQTO 9APIC | 0.9977 PY17X_ 1457700 ATP-dependent RNA helicase DBP9_ putative 867
trV7PWWV2IVTPWV2 SAPIC| 0.9977 PY17X 1365100 conserved Plasmodium protein, unknown function 562
tr[V7P9J2[V7TP9J2_9APIC 0.9976 PY17X_1317600| signal recognition particle subunit SRP54. putative 500
tr[V7PEN1|V7PEN1_9APIC | 0.9976 1 PY17X_0931900 heat shock protein 90, putative 852
trVTPFS2)VTPFS2_9APIC | 0.9976 1 |PY17x_0914700| Comserved P'asm"d'“’"gj:‘:uf‘;g’a"e protein, unknown 416
tr[WV7PKJ1|V7PKJ1_9AFIC 0.9976 1 PY17X_ 1033700 rhomboid protease ROMS, putative 637
tr[V7PKUTVIPKUT 9AFPIC | 09976 1 PY17X_ 1027500 conserved Plasmodium protein, unknown function 4192
tr[V7PNXSVTPNXS SAPIC 0.9976 PY17X 1409500 protein phosphatase PPM6, putative 658
trV7PQJE|VIPQJE 9AFIC 0.9976 PY17X 1137900 ER membrane protein complex subunit 3, putative 256
tr[V7PBS2|V7PBS2 SAPIC 0.9975 PY17X 1317500 serine/threonine protein kinase, putative 375
tr[V7PJE2|VTPJE2 9APIC (0.9975 PY17X 1028600 NADP-specific glutamate dehydrogenase, putative 470
tr[V7PQYO[V7PQY0D 9APIC | 0.9975 PY17X_1414800 lipoate-protein ligase 1, putative 411

trlV7PRQ4|V/PRQ4 9APIC | 0.9975 1 PY17X 1436000 thrombospondin-related apical membrane protein 349
wV7PBZOIVTPBZO 9APIC | 09974 | 1 |PY17X_1312200| SUkanyotic translation '";'J?;g:efador 2-alpha kinase 1, 1496
tr[WV7PLV1|VTPLV1_9APIC 0.9974 1 PY17X_0812000 GTPase-activating protein, putative 891

tr[V7PLVS|VTPLVE 9APIC 0.9974 1 PY17X_0215700 AP-4 complex subunit beta, putative 892
tr[V7PNSB[VIPNSE 9AFPIC | 09974 1 PY17X_0809800| cleavage and polyadenylation specificity factor, putative 954
tr[V7PQI0[V7PQ90 9APIC | 0.9974 1 PY17X 1145600 ribosomal protein L1, putative 312
tr[V7PS98|V7TPS98_9AFIC 0.9974 1 PY17X_1234000| conserved oligomeric Golgi complex subunit 4, putative 1058
tr[V7PTXIVTPTXS SAFIC 0.9973 1 PY17X_1466200| transcription initiation factor llA subunit 2, putative 177
tr[V7PUD3|V7TPUO3 9AFIC 0.9973 1 PY17X 1330800 DNA-directed RNA polymerase Il subunit RPC4, 339
tr]V7PU30[VTPU30_SAPIC | 0.9973 1 |PY17x_1328100| 'Nner membrane C"mp'iﬁtzg\?:ompa“me”‘ protein 3, 150
tr[V7PNX8|V7TPNX8 9AFIC 0.9972 2 PY17X 0804500 conserved Plasmodium protein, unknown function 3003
tr[V7PDB9|V7FPDB9_9AFIC | 09972 1 PY17X_0902700| membrane associated erythrocyte binding-like protein 1701
tr[V7PI34|V7PI134 9AFRIC 0.9972 PY17X 0414600 vesicle transport v-SNARE protein, putative 197
trV7PUKGEV7TPUKS SAPIC 0.9972 PY17X 0102000 reticulocyte binding protein, putative 611

trV7PLN3|V7PLN3 SAPIC 0.997 PY17X 1005700 conserved Plasmodium protein, unknown function 855
tr[V7PN97|V7TPNS7 9APIC 0.997 PY17X 0825400 conserved Plasmodium protein, unknown function 2161
tr[V7PTS5|VTIPTS5 9APIC 0.997 2 PY17X_ 1335900 rab GTPase activator, putative 1581
trlV7PK32|V7PK32 9APIC 0.997 1 PY17X 0408900 conserved Plasmodium protein, unknown function 280
tr|V7PPES|V7PPES SAPIC 0.997 1 PY17X 1423900 GTP-binding translation elongation factor, putative 756
tr[V7PER3|VVPER3_9AFIC | 09969 1 PY17X_1113000| CDK-activating kinase assembly factor MAT 1, putative 260
tr[V7PIG0|VT7PIG0 SAPIC 0.9969 1 PY17X_0406400 ubiguitin-conjugating enzyme E2_ putative 139
tr[V7PPUSIV7TPPUY SAFPIC | 0.9969 1 PY17X_ 1136000 conserved Plasmodium protein, unknown function 1446
tr[V7PULGBIV7PULE 9SAPIC 0.9969 PY17X 1232200 nucleolar protein 10, putative 568
tr[V7PGL4|VIPGL4 9APIC | 0.9968 PY17X_ 0942000 DNA repair protein RAD51, putative 349
tr[V7PPS8|V7PPSS SAPIC 0.9968 PY17X 0815800 conserved Plasmodium protein, unknown function 1219
tr[V7PDKO|V7PDKS SAPIC (.9966 2 PY17X 1112200 RNA pseudouridylate synthase, putative 9786
tr[WV7PS28|VIPS28 9APIC 0.9966 1 PY17X 1224600 protein transport protein USE1, putative 320
tr[V7TPMC4|VIPMC4 9APIC | 0.9965 2 PY17X 1033400 conserved Plasmodium protein, unknown function 980
triV7PT14|V7PT14 SAPIC 0.9965 PY17X 1356200 exoribonuclease, putative 812
tr[V7PUPOV7PUPO SAFPIC | 0.9965 PY17X 1233600 ribonuclease, putative 2677
tr|V7PIS8|VTPISS SAPIC (0.9964 PY17X 0524900 AP-4 complex subunit sigma, putative 146
#V7PSK3VTPSK3_9APIC | 09963 | 1 |PY17x_1431700| DNA-directed RNA polymerases |, Il, and lll subunit 143

RPABC3, putative

tr[V7PATO|VTPATY 9APIC 0.9962 PY17X 0711000 Snf2-related CBP activator_putative 1825
tr[V7PGX8|V7TPGXS8 SAPIC | 0.9961 PY17X 0607900 conserved Plasmodium protein, unknown function 678
tr|V7PPBY|V7PPBY SAPIC 0.996 PY17X 1406400 conserved protein, unknown function 512
tr[V7PNF4|VTPNF4 SAPIC (0.9959 PY17X 1006300 transcription factor, putative 373
trV7PRS3|VIPRE3 9APIC 0.9959 1 PY17X 1457000 polyadenylation factor subunit 2. putative 481

tr|V7PT86|V7PT86 9AFIC 0.9959 1 PY17X_ 1450400 conserved Plasmodium protein, unknown function 1545
tr[V7PKO2|VIPK92 9APIC 0.9957 PY17X_ 1006900 AAA family ATPase, putative 625
tr|V7PNOG|VTPNOE 9APIC (0.9957 PY17X 0503400 conserved Plasmodium protein, unknown function 252
tr[V7PGSTIVIPGS7 9APIC | 0.9956 PY17X 0523200 ribosome-recycling factor, putative 266
tr[V7PS12|VIPS12_9APIC 0.9954 PY17X_1222800 cg1 protein, putative 997
trV7PSD2[V7PSD2 9AFIC 0.9953 PY17X 1238900 conserved protein, unknown function 906
trlV7PHT7IV7TPHT7 SARPIC 0.995 PY17X 0613500| trafficking protein particle complex subunit 5, putative 184
trV7PQE1V7PQE1 9APIC 0.995 PY17X 1434400 conserved Plasmodium protein, unknown function 727

tr[V7TPWGSB[VTPWGS 9APIQ  0.995 PY17X 0116400 PIR protein 632

tr[V7PE24|VTPF24 9AFIC 0.9949 PY17X_1209900 protein GPR89, putative 985

trV7PHBO|V7PHBO_9APIC | 0.9949 1 |PY17x_0s520000| conserved P'asm"d'“’"gj:‘:uf‘;g’a"e protein, unknown 442

tr[V7PMT8IVTPMTS SAPIC | 0.9949 1 PY17X 1129700 polyadenylate-binding protein 3, putative 535

[VTPD44|VTPD44 9APIC | 09946 | 1 |PY17x 0604900 MaOr facilitator 5”"9”3;1"9;3\?8"“a'"":""ta'”'"g protein, 1040
tr[V7PRY5[V7PRY5 SAPIC | 0.9941 PY17X 1220200 peptidase. putative 873

tr[V7PACE|VTPACSE 9APIC 0.9939 PY17X 1306300 conserved protein, unknown function 298

tr[V7PDES|V7PDES SAPIC (0.9939 PY17X 0905900 SUMO-activating enzyme subunit 1, putative 369

tr[WV7PHN1|V7PHN1_S9APIC | 09939 PY17X 0511200 conserved protein, unknown function 1140
tr[V7PJI1|V7PJI1_SAPIC 0.9939 1 PY17X 0409600 dual specificity protein phosphatase, putative 471

tr[V7PKUSVTPKUS S9APIC 0.9939 PY17X 0829200 conserved Plasmodium protein, unknown function 362

tr\V7PB62|V7PB62 SAFIC 0.9938 PY17X 16200 conserved protein, unknown function 779

tr[V7PE12|V7PE12 9AFIC 0.9938 PY17X_ 1104300 protein kinase, putative 6584

trVTPJVIVTPJV1 _9AFIC 0.9938 PY17X_ 1017300 conserved Plasmodium protein, unknown function 1079
tr[V7PTX5|VTPTX5 9AFIC 0.9937 1 PY17X_1332300 zinc finger protein, putative 349

trV7PF90|V7PFS0 SAPIC 0.9936 PY17X 1215600 GDP-L-fucose synthase, putative 343

tr\V7PJREIVIPJRE SAFIC 0.9936 PY17X 1020400 conserved Plasmodium protein, unknown function 365

tr[V7PIZBVTPIZ6 9APIC 0.9926 PY17X_ 1031200 DnaJ protein, putative 381

triVTPKQ1IVTPKG1 SAPIC | 09926 PY17¥X 1029700 conserved Plasmodium protein. unknown function 1194




trV7PMY 3IVTPMY3 9APIC | 0.9926 PY17X 1018300 exosome complex component RRP41, putative 246
tr[V7TPRM7|VTPRM7_9APIC | 0.9926 PY17X_ 1224800 cell division cycle ATPase_putative 1162
tr[V7PDF8|VIPDFS_9APIC 0.9925 PY17X_ 1117000 conserved Plasmodium protein, unknown function 198
tr\V7PVI0|V7PV30 SARIC 0.9925 PY17X 1248600 conserved Plasmodium protein, unknown function 96

tr\V7PIVB|V7PIVE SAPIC 0.9921 PY17X 1215900 SPRY domain-containing protein, putative 2029
trV7PLNO|V7PLNO SAPIC 0.9916 PY17X 0803600 conserved Plasmodium protein, unknown function 255
tr[V7PSS8IVIPSSE SAPIC 0.9915 2 PY17X 1220000 conserved Plasmodium protein, unknown function 751
tr[WV7PK17|VIPK17_9APIC 0.9914 2 PY17X_1002800 pre-mRNA-splicing factor CLF 1, putative 703
tr[WV7PI2ZT|VTPI27 _9AFIC 0.9914 1 PY17X_0621000 Ham1-like protein, putative 196
tr|V7PFLG|V7PFLE 9APIC 0.9908 1 PY 17X _1215500| translation initiation factor elF-2B subunit delta, putative 1039
tr[V7PESS|VTPESS 9AFIC 0.9908 1 PY 17X 0935800 conserved Plasmodium protein, unknown function 700
tr[V7PEZ3|VIPFZ3 9APIC 0.9904 1 PY17X _0624200] Rab GTPase activator and protein kinase, putative 1634
trV7PQQ3|V7PQQ3_SAPIC | 0.9903 1 PY17X_1456800| vacuolar protein sorting-associated protein 16, putative 965
trV7PQT1V7/PQT1 9AFPIC | 0.9902 PY17X 1446300 multidrug resistance-associated protein 2, putative 1975
trlVIPTZ1|V7PTZ1 SAPIC (.99 PY17X 1430200 asparagine-rich antigen,_putative 993
trlV7PGT1|V7PGT1 SAPIC | 0.9897 2 PY17X 0911400 conserved Plasmodium protein, unknown function 1744
trVTPIW3IVTPIW3_9APIC | 0.9892 1 |PY17x_0s10300| EF-hand calcium-binding domain-containing protein, 908

putative

tr[V7PNSOVTPNS0 SAPIC 0.989 PY17X 0810300 stomatin-like protein, putative 398
tr[V7PVP2IVTRVP2 SAPIC (0.989 PY17X 1358700 ABC transporter B family member 5, putative 820
trlV7PKRI[VIPKRS 9APIC | 0.9888 PY17X 1028500 conserved Plasmodium protein, unknown function 2793
tr[V7PNZ8[VIPNZ8 9APIC | 0.9888 1 PY17X_1411000 RMA-binding protein, putative 154
tr[V7PED3|V7PED3 9AFPIC | 0.9882 1 PY17X 0942800 DEAD/DEAH box helicase, putative 1109
#V7PNU2IVZPNU2_9APIC | 0.9878 | 1 |PY17x_0807900| Mediater of RNA p“'ymzrjg?i\','e”a”Sc"p“"" subunit 10, 257
trV7TPMM4|V7PMM4_SAPIC| 0.9876 1 |Py17x_ogaro00| ~ DNA-drected RNA ‘:i:g;':se Il subunit RPBS3, 335
tr[V7TPWC1[VTPWC1 _9APIC] 09873 2 PY 17X 1240600 inner membrane complex protein, putative 486
tr[V7PI62|V7PI62_SAFIC 0.9873 1 PY17X_ 0416900 inorganic pyrophosphatase, putative 367
trlV7PUTOIVTPUTO SARIC 0.9872 1 PY17X 1345400 mitochondrial fission 1 protein, putative 141

tr\V7PKZOVTPKZ0 SAPIC (0.9869 2 PY17X 0834700 peptidyl-prolyl cis-trans isomerase, putative 590
tr\V7PD57|VTPD57 SAPIC (0.9868 1 PY17X 1105200 MOLO1 domain-containing protein, putative 275
tr|V7PUB2|VTPUGB2 9APIC (.9853 2 PY17X 1324900 conserved Plasmodium protein, unknown function 2979
tr[V7PMY5|VTPMY5 SAPIC | 0.9847 1 PY17X_0833100| transcription initiation factor TFIID subunit 7,_putative 389
tr[V7PRP3|VIPRP3 SAFIC | 0.9845 1 PY17X 1138500 protein arginine N-methyltransferase 5. putative 729
trVTPLY2|VTPLY2 9AFIC 0.9832 1 PY17X 1011200 conserved protein, unknown function 374
tr\V7PHJ7|V7PHJ7 SAFRIC 0.9823 2 PY17X 0607100 conserved protein, unknown function 1196
trlV7PJQ3|VTPJQ3 9AFPIC 0.9809 PY17X 1012000 conserved protein, unknown function 277
tr|V7PFHY|V7PEHS SAPIC 0.9808 PY17X 0910600 conserved Plasmodium protein, unknown function 2069
HVTPMS4VTPMS4 9APIC | 09806 | 1 |PY17x 1128400| SUkaryolic ranslation '23';:32 factor 2-alpha kinase, 2580
tr[V7PXKI[VIPXK3 9APIC | 0.9775 1 PY17X 0109300 zinc transporter ZIP1, putative 344
tr[VTPWHKEB|VTPWEKE_9APIC| 0.9761 1 PY17X_1248100| phosphoenolpyruvate/phosphate translocator, putative 518
tr[V7PDX1V7PDX1 SAPIC 0.9756 PY17X 0927200 calcium-dependent protein kinase 7 1913
tr[V7PRZ4|VIPRZ4 9APIC | 0.9745 PY17X 1235000 AP2 domain transcription factor AP2-02 2129
tr[V7PBNS|VTPBNS SAPIC 0.9743 PY17X 1102800 conserved protein, unknown function 381

tr[V7PEROIV7PERO SAPIC (0.9688 2 PY17X 0609100 conserved Plasmodium protein, unknown function 4285
tr[V7PX28|VTPX28 9APIC 0.967 1 PY17X 1358100 conserved Plasmodium protein, unknown function 271

tr[V7PEF2|VTPEF2_SAFIC 0.9652 1 PY17X_0306900 exosome complex component MTR3, putative 27

tr\V7PG51|V7TPG51 SAPIC 0.9651 1 PY17X 0926000 conserved protein, unknown function 492
tr|V7PHHO|V7PHHO SAPIC | 0.9632 2 PY17X 0928100 Jm|C domain-containing protein. putative 447
trV7PQIZ[VTPQIZ 9AFIC 0.9557 1 PY17X 1403200 methyltransferase, putative 227
wVIPTT3VIPTT3 9APIC | 09547 | 1 |PY17x_1337600| Mediator of RNA p“'yml‘?{?;'ﬁv'é transcription subunit 6, 205
trlV7PTDAIV7TPTDS SARIC 0.9531 PY17X 1415500 conserved protein, unknown function 524
tr\V7PMS3IVTPMS3 SAPIC | 0.9452 PY17X 0823100 gamma-glutamylcysteine synthetase 999
tr[V7PEMB|VTPEMGE SAPIC | 0.9447 PY17X 0312600 conserved Plasmodium protein, unknown function 830
tr[V7PJ48[V7PJ48 SAPIC 0.9413 PY17X 1035600 DMNA damage-inducible protein 1, putative 385
tr[V7PSDOV7PSDY 9APIC 0.9392 3 PY17X 1240400 conserved Plasmodium protein, unknown function 8949
tr[V7PDX8|V7PDX8 9AFIC 0.937 1 PY17X_0313900 autophagy-related protein 11, putative 1423
tr\V7PIS1|V7PIS1 SAPIC 0.933 PY17X 0513200 methyltransferase, putative 577
tr\V7PJES|VTPJES SAPIC 0.9298 PY17X 1020200 conserved Plasmodium protein, unknown function 364
tr[V7PZB8|VTPZBS 9AFIC 0.921 PY17X_1250700 PIR protein 316
tr[V7PES8|VTPESS 9APIC 0.9198 2 PY17X_0935400 GTPase-activating protein, putative iz
tr[V7PAK3|VIPAK3 9APIC | 0.9149 1 PY17X 1371500 fam-c protein 94

tr[V7PMSOIVIPMSS SAFPIC | 0.9094 1 PY17X 1128800 DNA methyltransferase 1-associated protein 1, putative 385
tr[V7PJBO|V7PJBO SAPIC 0.9063 1 PY17X 1031000 zinc finger protein, putative 697




Supplementary Table 3. Primers and oligonucleotides used in this study.

(Oligo sequence for candidate genes (except gep1) knockout plasmid construction

Left homologous arm

Right homalogous arm

Tarpet site of sgRNA

Gene size (bp)/
Gene ID Gene name deleted gene size (bp) E rd pri
2= P Forward primer Reverse primer orward primer Reverse primer Oligo (Forward) Oligo [Reverse]
) ; ) ) CGGGGTACCTATATGTGTA |CATGCCATGGAGCCACAAT |CCBCTCEAGGGAAGTGE | CCCCTTAAGCAGGTCTA | TATTGCAAATCAATCAAT [AAACCAATARATTGATTGA
FY1TX_1243400  |7-heloe-1 protein, putatve 14101758 ACTATTAGGG GACCTTTTATT ACATGGGTATGC TCTGGAATGTTA TTATTG TTTGC
viTx taatsgp [MEgrEl membrane protsin - CGGGGTACCTACATTAATG |CATGCCATGGCATATTCTAT|CCGCTCGAGCACTAANGE |COCCTTAAGTAAGCGTA |TATTGTTTATTCACAAAAT|AAACATACCATTTTGTGAA
= GPR12D, putative ! CTTGATATIG ATTGAATCC TATGGTATAACA TGARACATGCAC GGTAT TAAAC
T S CGGGGTACCTTAATTAGGA |CATGLCATGGACCTIGACT |CCBCICGAGCTAGTTGG |COCCTTAAGATARAGAC |TATTGGTAATACTATATC |AAACTATGTTGATATAGTA
- putative ! CCAATGTAA TGACGTATCC TGATGATARA AGACGATAT AACATA TTACC
v1T 1432000 receptor, N CGGGGTACCTICATGTATT |CATGCCATGGATATATATCA|CCBCTCAGCAGAACAT |CCCCTTAAGCACACTGA | TATTGTCATCTTCTICAT [AAACCTICTTATGAAGAAG
- putative ! AACARTGGA ceTCTRTE TCAGATTTGGA TATCCATACTT naGAAG ATGAC
viTx osa4sgp [STEETNe recsstor, 1221 43¢ CGGGGTACCTATATTGTTAT|CATGLCATGGGATTACACC [COBCTCGAGGATATAGA |CCCCTTAAGGTTTGATG |TATTGTATCATCAAAAGT |AAACTATACTACTTTTGAT
- putative ! GTGTGTACA AATTTGATATG CAATCAATTAGA ATTCTGTATCTC AGTATA GATAC
vimx 1421700 |GPCR-ke recepiar 1247 591 CGGGGTACCAGATTACTAC |CATGLCATGGAGTTCATCA |CCBCTCBAGGCCATCTTA| CCCCTTAAGTGACTTTT [TATTGAATTTGCTACTAT |ARACCATACTATAGTAGCA
- SR25, putative ! GTTGTCGATT CCACTGTCATC TTACAGTATGC GATGGTAAAGAC AGTATG
vim sosann |2 sasspece o131 450 CGGGGTACCTTAGTARCAL |CATGCCATGGGTGGTATAT |COBCTCGAGGCATGTAT |CCGGAATICGTATACCC |TATTGTAAATTTCGCTIC |AAACTAGCAATGAAGCGA
. protein G37, putative ! CTCAACTTATA CCTTARAGACC CAGTAGGTATAG CATAATGACGAT ATTGCTA AATTTAC
17X 0517400 ::;f:fep';‘szﬁd'”m 24001 215 CEGEGTACCCTATAATTCE |CATGCCATGEGATAGCAAT |COGCTCEAGGTATGTTTA |CCGRANTTCAAAGTTGA | TATTGTTAATTTCGTCTTA/AAACATAACTAAGAC GANA
o protein, TTGTAGACGT TCGTTTAACTA CAACTGTTGCA TACTGGTATCTA GTTAT TTAAC
unknown function
eviTX oataTon |ored P':"!"d'“r“ 12511343 CGGEETACCTTACACGTGE|CATGCCATGECGTAGTTCA |COGCTCGAGGECTTATTA|COGEAATTCGATGATAT | TATTGAATATAAAAGAAA |ASACCGACTCTTTCTTTTA
= membrane proten. CGAATGATAT CTAGTASATGA TCAATTATACTC AGCTGTACTTATC GAGTCG TATTC
N N CGGGG IACC ICC T ICGL T A |CATGCLAT GECAAGATATA [CUGCICGAGCGT TTATCT [COGGAAT TCGGLAGTT |[TATTGGT T T TTCTTGTATARARCT T TG TATACARGRA.
FY1TX_1128800 |protease, putative 21551383 TATGTGECGAT TGAAATTGAOCT TTATCTETTAG CTGTGTATICATT GLAAL ABACE
SYiTX 1313600 |Ponsenved Plasmodium P CGGEGTACCCGECATATGT|CATGLCATGEGCCCARACA | COBCTCEAGAGGGTAGT |COCCTIAAGCCATTTGT |TATTGTTTTGAAAAATATAlAAACAATTCTATATTTTTCA
= protein, uniknown function GGATGTTAGC ACAACAATCTT TGTTCAT TACTATATATGG GAATT (anac
vimx grazegy |PEER HEnsROEr T, I CCCAAGCTTATCATGTTTCC|CATGCCATGGAGGGTATAA |CCBCTCGAGGT TGTTGAA| CCGGAATICTGAACTGA | TATTGATACTTATCAGCT |AAACGGATGAAGCTGATA
! putative ! GTTACTA TATAATCGA AABAGGGAT CCATTACTGC TcaTCe AGTATC
vim oazasgy [P HEnsROEr 2, 1321 1404 CCCAAGCTTTGATGTCTITA|CATGCCATGGTATITGTGTT|CCOBCTCGAGATGAGTGE |CCBGAATICTGGGGTTT|TATTGGTTTCCGACCTTC [AAACATARARGAAGGTCG
! putative ! TGTATTTCG cTTeTTITCTe CARACCCARRAT TCGTCTCTACAA TTTTAT GARACC
v1Tx 030ed00 |EDF-Ciose: GV 13231 1323 CCCAAGCTTCCCCACACAT |CATGCCATGGTTGTCTATTT|COGCTCGAGATGAACAA |CCBGAATTCTACCAATT |TATTGTGGTAATTGAARA [ARACGTATTATTTTCAATTA]
! i putative ! ACATATCTTT GTTCAGCTTA GTCAGACAACAC TTGTGAAGARAC TAATAC ccac
v17x gaagang |IDPBaReEE 10427 1088 CCCAAGCTTAATTAACACCT|CATGLCATGGTCCTCACAT [COBCICGAGCCATT TCGT|COGGAATICAGARALTG | TATTGAPATGCATCARAC [ARACAATGTIGTTTGATGC
Jtransporter, putative / TAACAGC AGTTATCAA TTCGTACTT GAGGAGATGT AACATT aTTTC
V17K 1435400 |Phesphate transiocatar, [ CCCAAGCTICATACCTARA |CATGCCATGGAAATTAACA |CCBCICGAGTAAGTGCT |CCGGAATICGTTATIGT [TATTGATGTTTTTGATAC [AAACTTTTAAGTATCARAA
e putative ! GAGGAGAA GACTGTCTC cTcTeCTCET TGTAATCTGA TTAMAA lacaTC
major faciitator
PYITX Ga23700 [Superiamiy domain- 14707 1470 CGGGETACCTTGTTCTCTT |CATGCCATGGATTTTTGTAA|CCGCTCEAGTTTCACACT | COGGAATTCATTGAGTG |TATTGGATATGATATATG |AAACTCTGGGCATATATCA)
o containing proten, T TCTCCATCTA GGTACATCAT TATTCATTTTG CGAGAGTAGAAA CCCAGA TATCC
putative
major faciitator
Bv1TX gaagagg [HESTEmY domain- 03311312 CCCAAGCTTCACAAACAGA |[CATGCCATGGATCTCTAGA [CCBCTCOAGGANGAGAG |COGGAATTCATCGAAGA | TATTGAAGCTATAARACA [AAACTTTGCTTGTTTTATA
[ containing proten, / CACATAACAG ATCAGCTCAAT TAAMACCCCATT TATCATTGACGT AGCARA GCTTC
putative
] - ; CCCAAGCTTAATGAAAGGA |CATGLCATGGATTGGGGTA|CCGCTCGAGAATCGAACT| CCBGAATICGARTATGT |TATTGAGCATATTTTCAT |AAACTAGATARTGAARATA
PY1TX_0307300 Jtransporter, putative 3026363 TAAGAGTGT ACATGTGCTA ATACAMGAMG CCATTACCAG TaTCTA TeCTC
) — ; CCCAAGCTICTGTCTAATG |CATGLCATGGGAATAACAL |CCGCTCGAGATTTTGAGT |CCGGAATICATACATIT |TATTGTATCATGTICATG TGARCA
PY17X_0917400 famino acid transparter 4058 [ 444 GTCCCAATAA ctcceeTeTT TAGAAGAAG CAMCAGATGG CTCTTT TGATAC
17X 03094ag [FMTe 26 Fanspen=r, PR CCCAAGCTTCGTGCTCATT |CATGLCATGGAGCTTCAAT |COBCICGAGAARCATTCT |CCGGAATTCGALTTCAT |TATTGAGACATGTTARGA [AAACCATTTTCTCTTAACA
s putative ! TTeTGTIC TTGTCTETT GGTTGGCTA TTCATTTGCC GAAMATG TGTCTC
17X tasgagg [FMTe 26 anspen=r, o550 /338 CCCAAGCTTATTATGAGTAA|CATGCCATGGACTTAAACA |CCBCTCGAGGGARATCT |CCBGAATICTITTAATIG|TATTGTTTAATIGATGAA |AAACTCCTACTTCATCAAT
s putative ! CCTTCGC AACGCARAT GTTTGTATGC GTGTTGGAC GTAGGA TAAAC
17X 1241000 | PR CGGGGTACCGAMTCTACC |CATGCCATGGATTACACTTT|CCBCTCGAGTGBGTTCA |CCCCTIAAGGTTCAACT |TATTGTTGATAGARATCA [AAACTTATTTTGATTTCTAT
S protein 1, putative ! GTTGAGTTGT (CTCCACAAT ACTTGCATGG ATTACACTTCC [ ARATAA casc
1T 1443300 :‘;i'::iﬁftﬁ s028 /885 CGGGGTACCCTACATATCC |CATGLCATGGACACTATGE [COBCTCGAGTCGATATG |CCCCTTAAGGCATACTT |TATTGATTATTATGAATAT |AAACCTATTATATTCATAAT
e i . ! ATGATGAATG (GTAMCTATAT GAAGTAACTG GATATGAATTCAC AATAG
IEL"’EINE
V17K 1315500 |mUHER resistance . CGGGGTACCCACATTAGTT |CATGLCATGGGTATATGES |COBCICGAGGGTTTAGC |CCCCTTAAGAATTAGAT |TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
= protein 2, putative GACATGATTGC ATATCATTACC [ATCAACTGAAGT AATGCACCAC
BYVITX Ga04aqq JABC transporier B family P CGGGGTACCGGAAATCGAACATGLCATGECCTTAAMAG [COBCTCGAGTAGCACGT |COBGAATTCTCACCTTG |TATTGATTATTATGAATAT [AAACCTATTATATTCATAAT
o member 3, putative ! GTTATAGACA. ACACAACCCT CTACACACAACG GGAAAGTGGATC AATAG naTC
V17X 0403400 JABC transporier B family - CGGGGTACCGGAAATGCT |CATGCCATGGTTGGCTARA |COBCICGAGCACCACATT|CCCCTIAAGTGTAACTG |TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
! member 4, puative GAAGATGTAA TGTACTAATAT GTGACATATCC TGTGTTGGCTAG AaTAG lnatc
BVITX 1258700 |ABC transporer B family 24531670 CGGGGTACCGCTTGETTTA|CATGLCATGECATATAAGG |COBCTCGAGATGTTCATT | COCCTTAAGAACACACA |TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
e member 5, puative ! GGAATTGTTGG ACCTATTCAG [ATCATCTACC ATARATCTGC AaTAG lnatc
- . : , CGGGGTACCGAAGTATGE |CATGLCATGECCCCATATA |COBCICGAGCTTGGTTTT |COCCTIAAGCTCTTAAT |TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
FY17X 0928500 |protein GON20, putstive szl GTAATGAGAA TCTATGTGTG GACTCCAACCTTC CTGATAAGCACAC hATAG
BviTX 1370800 JABC transporier B family 30871552 CGGGGTACCGGOCTACAT |CATGLCATGGTACAAGATA [COBCTCGAGCAATGAAC |CCCCTIAAGGTAGTAAA [TATTGAATCGGCTGCATAIAAACCTTAATTATGCAGCC
e member 6, puative " GTATAAATGC TGAGAGAGT ATAGTANTGACG GACACTATTCC B GATTC
V17X 0810800 |ABC transporier B family 24181805 CGGGGTACCGCATATATGE|CATGLCATGECTACCTACT |COBCTCGAGATCTATGAT | CCCCTIAAGGAT TCACC | TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
> member 7., putative ! ATGTATGGG TTAACAATCC ATGTCTACTC ATTAAGGAATC AATAG
ByviTK 114540y |AEC ransgorer E famiy 2055 /830 CGGEGTACCCCGTTTATAT [CATGCCATGECGGTGETG [COBCTCAGTATGGGGA |COBGAATTCCGTGTTCG|TATTGAATGGCGAGATAT|AAACGATAATATATCTCGC
[ member 1, putative ! CAGTAAACCA CTACGATARATGG AAGGCAGGTGCA ACAACARRAGCTG ATTATC caTTC
v17K 1019300 [PEC Fansperter G famiy 10711700 CGGEGTACCCGACATAGA |CATGCCATGETCTAAGTTT |COGCTCEAGGANGARGN |CCCCTIARGAT TCAGTT | TATTGATTATTATGAATAT |AAACCTAT TATAT TCATAAT
e member 2, putative m CAATGAATGTATAGTG  |CCATTATCGACTG AGGATATTATATGGA | AATGCTTGTGACA AATAG lnaTc
v1TX 1425300 |PEC tansgorter F famiy 27021008 CGGGGTACCTATCATATGE |CATGCCATGGGCCAACTTT [COBCTCGAGCARTGGGT |COBGAATICTCACTICT [TATTGATGATGATAATGA [AAACACAATCATCATIATC
e member 1, putative e TGTATAAG CACACATATC GTEGAMAATCG TTTATCACTTC TGATTGT aTCATC
17K 1223000 |AEC transgorer | family 2548 /520 CGGGGTACCCTTGARATGA |CATGLCATGECATACANGE |COBCTCEAGCGACGCAT |COCCTIAAGGTCCTATG |TATTGCCCAARACGTTTAA [AAACAATAGTTTARACGTT
o member 1, putative ! ACTCAARTGCTC AAGATCTATG GCACATATATG GAGGTTTGTCGTAG  |ACTATT TGGGC
EviTK 103ta0g [R5 Bssembly ATPase 1083 /300 CGGGGTACCGCTCACAGAT|CATGCCATGGGATCATCTG |COBCTCGAGGCACAATTT| CCCCTIAAGCTCATTGA | TATTGATTATTATGAATAT [ARACCTATTATATTCATAAT
o SuC, putative ! AAGGATTAGTA TATTAGAATATTCC GTTGAGTAGATG CTATTGGTAGTG AATAG naTc
V17X 0407300 Efm";;":ﬁ':"fsm'" o — CCCAAGCTTGGGTTGTCAC |CATELCATGECCTTTATTTG|CCGCICEAGGTTATCATT [CCGRAATICGAGTTATT |TATTGCAGTTATGATAAL |AAACATCAAGGTTATCATA
[ iz " i ATATTTTAT TATTTCCTC GCCCeATTTE CCTTTAGCATTTTAG  |CTTGAT acTGC
- ﬁ;?éh;t‘gfmfein 16551538 CGGGGTACCAATAATACGT |CATGCCATGGTACGAATAT [CCGCTCGAGATAATAACE |CCBGAATTCTTTCCARA [TATTGTTGTTTGGTCTTA |[AAACTATGTTTTAAGACCA
L i GGTTGCTIAC CAACARACTCA [ACAACCCAACA TCACTACAATCTT AAACATA hACAAC
_ Corkiike M2+ ) CCCAAGCTTGGAAGATAAL |CATGCCATGGCGAATACAA |COBCTCGAGGTTCATAAG|COGGAATTCTATICGAG |TATTGAACGAAAGTGATA|AAACCATCACTATCACTTT
PY¥17X_1018500 |transporter protein, 14431478 TGTGTTCTGA TGGTTTAGTIT ATAAGTAACGGAS TAGCATTTCAGT GTGATG caTTC
|putative
17X G70330g |mRETESm FAnsganer, 1723 1990 CCCAAGCTTATTTTTACAAL |CATGCCATGGCAACAGT GA|CCBCTCGAGATGGTAATA| CCBGAATTCTAGACTAC | TATTGCAGT TGTTGCTCC|ARACACARACGGAGCAAC
™ putative 723 CTTCCAGTC TGTATAGAGCAG CTARRAGGTGC TAAGGAARACGAT GTTTGT lnacTee
17K 124030 | e memBrane compiex 1aat 1 1481 CCCAAGCTTTCCCTATTCAA|CATGCCATGEGTTTTCAATA|COBCTCEAGTAGCCATTT | COGGAATTCATAGATGT | TATTGGGATAATTTTGAC [AAACATTACGGTCAARATT
e protein, putative ! ACCTACAG TAATCACCCT TTTCATTGTTC GATGGGTGCTG CGTAAT aTcce
V17K 144110 |V@custar ion transporr, - CCCAAGCTITATGGGGTTT |CATGCCATGGATTATIGLC |COBCICGAGGCCGAACT |CCBGAATICTITACAAC |TATTGCAATTGTTTCCGG [AAACACACAACCBGARAC
e putative ! TGTCGTG AGTCAGGTTA AAATGARRAC ATCACCATTATT TTGTaT naTTGC
- - CCCAAGCTTTARCGAT TARA|CATGLCATGGGCCARTAGA [COGCTCGAGRATART GOA| CCBGRATTCATATGTAT [TATTGTCG TATGGARATA [RAACARRGGC TATT TCCAT
PYITX 1367300 |F1-E2 ATPase, putative 5705 11253 GAGATGTAG CAATAGARA ATAAACTCGG CTTCTAATCTTGGA GCCTIT ACGAC
[T — Y P —— COC ARG T AR AR | CATC L CAT CECGAE TCE G| COBCTCRAG TATTTTGOE CCGEAATTIC TG TGARTS |TATTGTG TECARTACCTT [AAACARATATARGETATTG
> |putative ! GCTGTGAT TAAATAAATAA cceTTTie CTGATGTGGAG ATATTT cacac
viTK 14243q0 |Fton difusion faciitator 1557 1 452 CCCAAGCTTAAATTACTACC|CATGCCATGETCGGAGETT|CCBCTCEAGATGTTTGTT | CCBGAATTCAAGAGGCT] TATTGACAGACCTCTAGT[ARACTTTCCANCTAGAGGT|
e family protein, putative m ACAGCGTAC ATATTTTTATG acTeCTTTTGT ATCATTACTCCT TGGARA cTeTC
CGGGGTACCCATITAATAC |CATGLCATGGACCTCGETC |COBCICGAGTGATICGTT | CCGGAATTCATGCAATA |TATTGTAGCAAT TAGATG [AAACTTTTCCCATCTARTT
7 1 As Lokt (B0 YIEE, SILE 5] ROl
FY1TX_1133200 |guanyil cyciase beta 111791 254 ACACACTTGTATGT TTTATTTTATCTG TAAAATCGATGGAT ATAATAGTTCAATCA  |GGAAAA GCTAC
v 17X 0219700 | ENGICOCE0 iy Jp— CGGGGTACCTACGARAT AR [CATGLCATGGACTATGTAL |CATG GCTCCARA|CCGRAATICCGARTTTT [TATTGGART TTTATATT TA|BAACAT TAT TARATATARAR.
s rotsi / ATACATGCTAAT ATTTTTTTATGACCCA TATTTATTTTAARATATG |ATAAT TTCC
17X 0210300 |-EMS/CDC0 iy 12211122 CGGGGTACCAGATCGAACA|CATGLCATGGATATATTATT |CATGCCATGGGACGAATA| CCGCTCGAGTCACTATG| TATTGGTAATGGGCTTG |AAACCCATT TCCAAGLCC
s protein, putative / AGTTGAGCATT AACATTTATCAGAAC |AATTAACATAATATA CAMATTGTACACTC  |GAAATGG aTTACC
- ! CGGGGTACCACACATATCG [CATGCCATGETCACATGAA |COGCTCGAGGGTAGARA |CCGRAATICTATGTGTT |TATTAAT TAGAGATTAAAT|ARACGATTTATTTAATCTCT|
PY17X_0803500 |P-type ATPase, putative 52851962 TTATCCCAATTA AGCGAMMAAGEA ATTTTTGCACACAAT  |TCTATACACATGTG  |AAATC naTT
_ aminaghiosphalipid- , CCBEAATTCATCCAATTATT [CCECTCGABCCTTTATETE |CATGCCATGGATC TGAAG | COGEETACCCATAGTAA TATTGAAACACAAATACG |AAACTTGATGC GTATTTET
FY1TX_1437200 [transporting P-ATPass, 433z /1011 TAAAAAATCTTGA TTGCGGCATT GATCAAGCCATAGA CAATTAAACASATAGG |CATCAA GTTTC



PY17X 1440300 |Phosholipid-transporting 597311030 COGEGTACCACATTATTTA |CATGCCATGECTTCARATC |[CCGLTCGASTGATGGAS |CCBEAATTCETTTCCAT [TATTGCTTTACGTTAAGE |AMACTTTTTTGCTTAACGT
- |ATPase, putatve ’ GATAATTCTGTAGS CGTTAAAATTTACA AMACTGATTGGA TTCCATCTCCTA Aasans AanGC
- ] CGBEGTACCCTTTCTGCAT [CATGLCATGEGTTATITTTA |CCGLICGAGCTGEATAT |COBEAATTGACTITACA |TATTGTCGARACATCGCT|AAACTTTACTAGCGATGTT
i . i
PY17X_0911700 |guanylyl cyciase, putative 11553 /864 TCTTAGAATTAAC TTGTTTCTTATITGE GTGAATARAGAATT AGTTTATCAAATGTGC  |AGTAAA TCGAC
BYITX 1105200 1504 /943 CCCAAGCTIGTTGGTATATA|CATGCCATGETGAAGGGCT|CCGCTCEASSCTRTAGE |CCCCTTAAGCGTETTGE|TATTGCATTCTTATTTTGT|AMACGCATTCTTATTTTGT
e ! TCTTTCCCA TTTAAATGGTT TATAGTACCAGA TCAGTTCTSTAA TTECT TTECT
17X 1315200 |PonErved protein, [ CGGGEGTACCCGTGAAGTIC|CATGCCATGGAGTGCCTTA |CCGCTCGAGGARACCAA |COGGAATICCTCAAAGG | TATTGATTGTGGAMAT TC [AAACGTAGATGAATTTCCA
- uniknown function o AATTTATCCC TCCAGAAAGTC ACAAGAGACGAA ACATATACTTAC ATCTAC CAATC
V17X 1339400 |FANSMEmErane protein 13597 1412 CCCAAGCTTTTTAAATGTCT [CATGCCATGGTATCAAACG |CCGCTCGAGCAGAAAGT |CCGGAATTCCCATTATC [TATTGTCTATAGTAGATC [AAACACCCACTGATACATT
A 43, putative ! TATGCTCTS CTAAACCATAT AAGATTACTAAA TACTTCGTTATT TARATG TCAAC
17X 1342800 |Ponserved protein, 23531 1213 COGEGTACCCETTATGEC |CATGCCATGEGTAATAATG [CCGCTCOAGGTAATATTS |CCGEAATTCCAACGTET [TATTGGTAGAAAGACAL [AAACCTCTTAGGTSTCTTT
A uniknown function ! GAAGARATTTT TTCCTTCACAA CATGAACACGT GTTGTAACTAAA CTAAGAG cTACC
17X 1366100 |Ponserved protein, 2803 1 1347 CCCAAGCTICTATTCAGTGT|CATGCCATGEGGATAACAA [CCGCTCOAGTAAGGACA |CCGRAATTCCAATTTGS TATTGGAGCAAATTGGAT|AAACGAGCAAATCCAATTT
A uniknown function ! TTATATTAAGC AMAGAGAAGTA GCCATATTARAG AACTCEGTTACA TTECTC GCTCC
BYITX 1483300 28001 1387 CCCAAGCTIGTATTTTTGGT [CATGLCATGGAATATAATG |CCGCTCGAGCAGAGTEE |COBBAATTCTGTAGCTT [TATTGATACTTCGGAACA |AMACCCACAATGTTCCGA
e 2, putative ’ TGTAGAGTG CCACTGTTCAG TATARAACAGAT ATCTTTGTCGAT TTETES AGTATC
Primers for PCR-genotyping parasite with o (except gepl)
Gene name Gene ID P1 P2 P3 P4 P3 P&
[ E—  |ATAACAT T TARRCAGATA|CAGGTCTATC TGGAATGT 12| GAGAAT AMAGGTCATIGT |CTATIARACCTGLATARG |GAGARACATGCAAATCA |CTATTARACC TGCATAAL
1243400 [7-helee1 protein, putative |50 e ot [ATCAR CTTC
rtearal membrane protein| [ CAAATARCGARGGTA |CTATGTATTTATGCTTACGT | TACATTARTGCTIGATATIG [CACAATITCATATIACGLA TACARRTEACGAAGG A |AACATACASCCATIACGT
PYi7x 1431500 IO outatve PRI TaGCa GG & TAGCA. GCTT
cerpentine receptor, (ATATGCCARATARACAT |ATAPAGACAGACGATAT  |TATGAACATATAMGRACGCC|CTCTCGT TARTARTTACGT [GTGTGTIACCARATTGA |CTCTCGT TARTAATIAGE
FYITX 01800 [0 e GCCAA an 455 TAGCA TAGG
s=rpantine recaptor, TCATTATGATTATICCE |TCCTCCARATCTGAGTGTTC|TICATGTAT IAACAATGGA |TGARATATCT ICAAT TGAA |TCATTATGAT TATTCLCG |CTCCTARCARAATATATE
FYITH 1423800 | o CAGCG TG T AGCG GCGC
serpentine receptor, GATGAGGTGTARAGACT|CTTCATACCTTIGCTCTTCAL [TATATTGT TATGTGTGTACA |ATTATTACAC TGAAGCGTT| GATGAGGTGTARAGACT | CACT TGARAGAATAACG
FYITH 0524800 | oive TCGET AT c TCGGT GATCC
evi7x 1421700 |GPCRHike receptor TGAAGTGARGTAGTTAG |ATGCATARACAGARAAETAG | CEAGTT TGGTARTARTGARA| ATGTGCACATATATATATA | TGARGTGAAGTAGTTAG |AGCARATTCTTGAATTA
- SRI5, putatve TTTTACT (AATATAAC GAGAT GTGC TTTTACT TAATGC
smual stagespechic | |AICAAGATAGATATGET |CTCTATACC TACTGATACAT [TTAGTARCACCTCARCTIAT [TTTARCC TGLTAC TACCA |ATCAAGATAGATATGET TG TATGOACARTTCGE
FYITH_0802800 | iein G37, putative GGTCC GC A GTGE GGTCC GACAA
conserved Flasmodium  |ATGTATGTICAGTATAC |APAGTTGATACTGGTATCTA|GTIACCATAGG TCANGLTC |GCCATACAAARTGLARER |GCTAGCCART ARCTARG |GUCATACAPARTGLARA.
FY17X_0617400 |membrane protein, ATACA TTA ccoa ACGAA Accca
unknown function
conserved Flasmodium | GTTATTTGGAGTIACAT |ATCTGTGCCCCARRCT CTA|GTTATGUGLAAT IARPATCA | AGGGCACCAR GTTATTTGGAGTTACATA|AT TGCCATGEACTIATIT
FY17X_D914700 |membrane protein, AASTGT ARAAG AACT Gan AATGT GTTTGCATC
unknown function
) TTGGATTCCTCACATTA |GARTCTATART T GARRACGE | TCCTTCGCTATATGTGC AT FATATARCCC TGC TGARG |TTGGATTCCTCACAT TAA|GIARTATCATGARTGLAL
PY17X%_1128800 |protease, putative AACTA e ey acca
=v17X 1313a00 |Ponserved Plasmedium  [TTTATTCGATGGCATTT CCATTTGTTACTATATATGE |AAGATTGTTGTTGTTTGEE [TTGTTTGCTATGTTTTATG [ATGATACCCAAGAAATT [TTGTTTGCTATGTTTTAT
= protein, unknown function |CAT CTT TCC GAGAG GTCC
v17x orazeng | Ensperter 1, (AAEACTGTTAATGCTCT |ACTAGATGGIGTTGACAT |TTTACATTTCLACCCGTT  |TCATGTCCATTTTCTGTG [TTTACATT TCCACCCGT 1| GLARAGARCC TCARETS
= putative T c
folate transporter 2, AAGGARRRATCARAGRA |CGTGLCTTAGTACGTGAT |ATACATGAGTCTGCACCLT |GATTCTCATCCAT TAGGT |ATACATGAGTCTGOACC |GTATTTCTGTAATGELTT
PY17X_(833500 putative T A TC CTA CA
GDP-fruciose: GMP ATARTGCC GAARGGT TA | PAATCCTGATCTCATCAT  |GTGCARACT TARCTARAETA |ATCATACT TTTTCACACAR |[ATARTGCCGARRGET A |CATCCTCCCTTTCTCTCT
FYITH_ 0309400 | orter, putative A cCcoco ACABACTG A
UDP-galaciose CATATCCATGTTTAGGT |TCACCAT TGAARCTAGAR | CAGCAAGTT TAGTAGAGCA |ATTGACAATGATGCARAT |CATATCCATGTTTAGGT T TTATCT TGTCTTGGTCCT
PY17X_0936300 o
A transporter, putative T AGT ATCCAAGE
hosghate transiocator, | CARACCCARAGGARGH |ATTGATACGAGCAGAGRG | TAGATCTATATACACATCCE |ATCACAGCACCGAGAGAT |CARACCCARAGGARGRA|GCTTCCTCGTIAGECTT
PYITX_ 1438400 [ otive AC TGTGAT ACARAGCC c G
mijor faciitator TATTIGTGTGTGCAGTC |AAARAT GEGCARATCTACA |TTTATACAREATGATGTACS |ATTCAATAGAAGEAGTTA [TATTTGTGTGTGCAGTC [TARAGOGGTATCCATAG
BY17 0a23700 |EupSrtamiy domain- T c TTAC cacTATG u u
e containing protein,
putative
major faciitator GGGTGTATGIATATATG |ACCGTARATGTATGCATGE |TARATAGTATGAGGGLARE |TGGTARATARACRACAGE | AGTCCARACAG T ACGRA | TG TARATARACARCAG
i superfamiy domain- TGTAAGTACTT CTCAC T cT GT
FY1TX_0820300 containing protein,
putative
) TTTCCGTATGTTTAGTAT|CTIGTICATAACTICTIGTA [TTTTGTATTATIGTTAGA  |GATATTTGTTCAGGTGTA |TTTCCGTATGTITAGTAT [TCTGTTTTCTCARATCTE
PY17X_0307300 |transporter, putative cT
— TRAGTGGT |GTTTTCTATCTGTITGCTCA [CLARRTATANGARAGAGEE |ATTCTATCTARTATIGGLT |ACAAREAAG TARGTGGT |ATGTICAGAATTTATCCT
PY17X_0917400 |aminc acid fransporter 575 GAGGTGT coo GG 1A
amino acid fransporier, |CCICGTGTGTACACATG|ATTTGGTATCAT IGTCATAG |TTGTGTICAT TTACACCCGT |TCAATATGAGGGTAAGCG | TTGTGTTCATT TACACT |CCCTTATGLCTATCACTT
PY17X_0309400 putative GCACCT GT cGT T
aming scd ransportar, | 1CGT 1T TATCGAGCATE TTGCTGCARTTCTATACATA |TCT TAGAACAALTTAACE |TTGCTGLAATTCTATACA| TCARAT AAGCC T ACAGA
PY17X_1443800 |00 T o Ta firvy
_ mukidrug resistance GTGATAATAATAAGAAT |CACTAGTTGTATTTCTCTTA |GAACAAGTARATGCAGGAA [TATCCATATITGTATCAGT |GTTGATAGARATCARAAT| TATCCATAT TTGTATCAG
PYITX 1241000 |0 2 o e (RATA TAG 2ac ) TAAC
mutidrug resistance- | |CTATGTATGLAAACAAT [ATTGTCGTGATATGGELTTA|GTAATTCATGEAATICATG |CCGAATTAACATCARTAT |GGACTGATTTCGGUATT |CCGAATTARCATCARTAT
PY17X_1448300 |sssocisted proten2, | TTGACAATGTT A [ GGCCTAT GATC
|putative
BY1TX 1315500 |Mutidrg resistance CTTATAGCGACATTTTTT|ACATGTGAATATAATACACE | GCTGTGTTAATAACATATAA [CAATAGTAGAATATAATCT [GATTTAGGTAAMAAATG [CAATAGTAGAATATAATG
- protein 2, putative GGATGTT folc] ccT Tce GGA TTCC
Y17 0904800 |EC tansporter B famiy |G1GTGTARAACACT TR CACCACTATGTATAGACATG|GART TATARGT T TAGGG 116 | PAAGCMARAT AAAGGGCT |GTG TG TAANACAC T TAR, |CAATTTTGATCARTAATA
= member 3, putative GGA TGTCT 4G GGA TC
BYITX 0403400 [ABC transporter B family |GAACAACAATATTCACG [ATTGTCTTCATTAGTGGATA |CTGGACATACAGATAACAA |CTATCTAAACAGACAATTT [TATACATGGTACTTCTA |CTATCTAAACAGACAATT
e member 4, putative GATTCAAGAAT TGTCAC CAC TGG GTC TTGG
[ABC transporter B famity | CORATAACACATGGACA| ACCCATAGERTGARERGET |CAGGARARTCGACCATAT A [GTCCAGGCTTATCTTGT|
PYITX 1358700 oo e P athe GCTTGTATCT AGATS GG csec
- - - |GATATAGTGACARAATG |ATTCTCATTCCTCCACT TAG [TGBCCT T TCACATAGCTTA |CTCGAGTCCATATCTACT TTTARAGA [CTCGAGTCCATATCTACT
PY1TX_0923300 |protein GON20. putative | oo rremamcar AGAGTTTAC Tc AT o
- [AEC transporier B family |TATGGCT GLATARARAT |GTTATIATACAAT TGARTAT [TTCOGGEATTGCT TTATICA|GTATTTTGTICTGACT 16T |AGTATACAATCGACATA |GTATITIGT ICTGACT TG
PYITX 1370800 | ember 6, puiate TGG AAGT TCAT Tcc TTCAT
[AEC transporter B family |GGTACTATATATICCTAT[AGTGTTICTICTTTITCCTCE |GTGATGARG TACAGTTAGR |TCCTAL TATAGCARCAGA |GLAGAT TCGAGT TG | TCCTAL TATAGLARCAGH)
PY17X_0810200 P
A member 7, putative GTAGT ATAC AG 1T
IABC transporter £ famity |G1RGTCTIGATITATGE |GGTARFAGAGTTCEATGTTT[CTGCGATACAGT IATATGAT [CATACCTGCTACTARTGT |GARTGGCGAGATATATT [CATACCTGCTACTRATGT
PY17X_1145400 membsr 1, puistive CA A TTGTG
Y17 1018300 |AEC tansportar G family |GIATATATGCATATATAA|ATTTCACTATCATGATCATT [ATGCATCATACCARTCACCT| GAATGATCCATATARTGE |GLATTTATAAGAGETAT | GARTGATCCATATARTGE
[ membsr 2, pustive AAGS ATGAATTATTG A
ABC tran=porter  famiy |CAIATATAART ACARACA|CAACTTTTCARARTCAGARA |GGCGCAATAGACGTTARCT [ATTCTICTICCTCATCAGA| GATGAGAATGATGAT GA [ATTCTICTICC TCATCAG
PY17X_1425800 ; TaT & GAATS "
member 1, putative
17 1222000 |PEC tansponer Ifamiy |GATARTATTGATITTTGT [CATITGCACTGAGATIGTC [ACTCACATATATACAGATAT |CTGTAACTATGCTACTAT |GCATTATGTCGAATAGT [CTGTAACTATGCTACTAT
e member 1, putative TCTC GA G CTG (ATA CTG
TR 1031800 [FeS assembly ATPaze | GAGTARRACGACACARA|ATTGTGARCCCTCATATATT [GGCTAGCTGTGTCATACTA [CGCATATTTCTICGCART |GTTAATCATAGATCAT TA| CGCATATTTCTICGCAAT
e SufC, putative TGTGAAAT GTACATGTTC T scTC ] GCTC
ER membrane protein | |CCTAAGAAT GTTGLACA | AGCAT TARCARAECTTGTICC | TAGTATGCTTCTTTTIGES |ATAGGTCTGICCTCTITG [ATGACTCARCTTTTGGT |ATAGGTCTGTCCTCTTIG|
PY17X_0407300 |complex suburit 5, CAGTAATACT GATTGATG c CcTA c
putative
CorAdike Mg2+ GTCTGAAGLGCTTCCG [ATCTTTTCGIAT TARRATTGT|TTTGAGT TTGTTGATATTCE | GOACCATACAGARACAER | GTAGC TGATGATGOARA| GGACCAT ACAGANECEA
PYY17X_0929900 |transporter protein, CCCCTCAACT TEEETTETEE A TG A
putative
CorAdike Mg2+ GCTAGCTATATATGTAA |GTAARAGATARTGAACATTT |AAACTAAACCATIGTATICG |GCTAATGTCCARMARATG |TGTAATGARAAAGAACT |GCTAATGTCCARARARTG|
PY17X_1012500 |transporter protein, ATATGTTTT TCTCCGTTAC T cA TA
|putative
magnesium tansporier, |GCIARATGCTGTARCAT [ATCTCTCCTITTTATCATCTT[ACGCTGCTCTATACATCACT|AARTAGARTACTGLGAAG |AGTTGTIGCTCCGTTTG | ARATAGARTACTGOGAA
PY17X_0703300 putative ATCGAAT CTTTIGTTTCGTC AT T GAT
inner membrane complex |CATTGAAAAT TTGTAAS |ATGCACATGCTGLAATAGT |AGGGTGATTATATTGARRAC|TTTTCTTACACT TGARCAL [CTCATATAGGAGATCAC |TTTTCTTACACT TGAACA
PY17X_1240800 |protein, putative GTTGAAGCATTTG AGCATATGTGAAC 3 CAT CA
- [P ————— AGGTTGGTARC T AARETGTT |TAACC T GAL TGOCARTEAT |GTARGACGATANEATGTE |G TAGCAGANAGACARR |[GTARCAC GATARAATGT
PYATX_1441100 1o tative ansmsceca 2 GAG GAA
) (ACCTGAATIGGTATIACCT |TTTTICTATIGTCTATIGE |CATGTTICTCTATIATITT |CTATTTCCATACGACTC |CATGTTTCTCTATIATITT
FY17X_1387300 |E1-E2 ATFase, puiatve | AAATTTGTATACAT GAGTTTATICC C TA C




Y17 0108300 [EC tenspaner ZIPT, |GTTGATGTCGTICTATA [ATCTIGAGAT TTTGGCTC 1G] GTAATAART FACTACGGTCA| GATARTARTGTGTCTICE [TTTCTARRGTCTATCARS [GATARTAATGTGTCTICE
- putative TTCATT AAAAAGAGTSCAC cT GC cT
cafion diusion Tachtator |CTTATTTTCAT TGATARA |ACARRAGCGETARATATATT |GAGCETCACAGT TACATGA |AT TGGATC TG TGAT TGAR |CARGT TGAGCAAET TGA |AT TGGATC TG TGAT T GAA
PY17X_1424200 |eamity protein, putative  |ACGCTGCCT TGCTAGTG ccaT TATTTAGGGTTATACC  [TGGAT TATTTAGGGTTATACC
- GTCTACACCTGACTGE |ATGUAATARTAATAGTTCAA |ATGGAGGCT TAATATIGEE [TAATTCTIAATGTATATAR |GTCTACALC TGACTGGA| TGLGTCGAGTGATATCA
PYITX 1133200 |guanylyl cyclase beta |0y TcA T AAGTATAGACA CATA A
17X 0819700 | EMSCOCS0 famity GGTCATTICTAATGTIAT |GABATGTTATTGCATATCCA |CAAGACGATTCCTCTATATG|TCTACATAATAAARGCATC |CACATTGTGTCTIAT TTA | TCTACATAATARAAGCAT
— rotsin (AAGA cc TATGC GC CAACC CGC
LEM3COCS0 famiy  |PATIICCCTTTGGGGTT [ACATGTTRATATTTATCCGHA |TGTGTGATTATACAATIGCT |GGRAATATATTACAREACE GGARATATATTACARAEC| TGGAT GATACCATCACC
PYITX 0918300 | e putative TCAC ATGGA TATGA TAGTE ATAGTE ATTTAG
 [GGARACGTGCATATATC [TGTGTTTACAAGTGATGTAC |ACT TAATGCATACCTICC TG [ATACATATATATAC GO TA| GGARAL GTGCATATATC | TAGTTGTAACGCCGATAT|
PY17%_0809500 [P-type ATPase, putatve | Jues cTcT TATTGTGT CACA CGA
aminaphosphalipid- TCCTCCACC T TATARAL [TAGGTGGTARTARTATCACT |TGAG TATARAGCAT AL TCAC | GO TAACT TABCATAT TTAT |CATGAATAT GG TARAAA TGAGTATARAGCATACTC
PY17X_1437200 |ransporting P-ATFass, |CATAT G AAAG CATCAT GGACGA ACANAG
|putative
phosgholipidtransportng | TCATCGARGARACARAT |ACCATATIGATTGTATTTAR |CACTGTCAACARARTTTATC |GAAGAGATTGTARATTTTA| TCATCOAAGAARCARAT |TCTTCATCTTTAGT TARAT
FY1TX_1440800 |ATPaze, putatve GAGTA ACAT ATAC A GAGTAA TTCGT
- N [ACACACCCAGCACACA |ATGTATTTAAATASACCATTT|ATATTGTTTGATGTIGGTIT |CTTGCTTACCTCTATTACT |ACACACCCAGCACACAT [TCCCATAATGGTTGATTA
PY17X_0811700 |guanylyl cyclase. putstive |TarTac GTAGC ATTTAG e
MOLOT domain- GTIATATCTACACATAT |CGTGTIGGTCAGTICTGTA |ATGTIGCTITATCGTCTT CETGTIGGETCAGTICTG
PY17%_1105200 |containing protein, GCATG A TAA
|putative
] conzerved protein, [ACTARCTCGCTATTTAG |CTCAPAGGACATATACT TAG |TATACGCATGTCAATCTT CTCARRGGACATATACTT
PY1TX_1315200 [So= e on coT A
iransmembrane protein | CATACACTATATGLATA |CATCTTTATICATGATAT TAR|BATAT TG TGGGEGTGG10 CATCTTTATICATGATATI]
FYITE_1332400 1z o e TATATAAGC cTE TTTA AACTG
protein, TGCCATTT TCCCCCALC | TARACATAETGOGART ARCC |GACGET TTACAACTIATT  |GIAATGATGGCTGTTCTA |GG TAGARAGACACC AR | ACTTCGGUCATCARAT TA
FYITX_1342800 | oo function CTTTTTGTTAGG ATATATGGG GAG TC
conserved protein, GTGTAACATAARAGEAA [CTAMATARACAAATGGACGT|GGTTTARMATACCTIGAT  |CTAACTCGATTTATAGGD |GGAATATTTACAATATIT [CTTTARTATGGCTGTCCT
(AT
TAGTTTGGTACTATITA |CATARAATATCCATCCTART |ACACCCATITTGCCTGAR | TCAACTGTT TCGLAANGEA |TACARAACCARTGICTA |AGAGATAGGLATCTTTG
GCE c acc
(Dligo sequence for gep1 (PY17X_1116200) knockout plasmid construction
& D ko Gene size (bp)/ Left homod 5 AMm ight homol us arm Tarpet site of sgRNA
ene ted gene size (bp) orward primer Everse primer Forward primer Reverse primer o [Forwa oo =]
] , CCCAAGCTTTTGGCTAAGE [CAT: CAAAACGA | COBCTCGAGAAACAAGAT|CC TGAAC [TATTGTGTTAGTAACAAT |AAACTTTATTTATTGTTACT
FY1TX 1118300 [gept N-terminal KO 331454 ARATGTAT AATTARATC AGAGTAGAA TTAATGTTGT AaATARA (AACAC
] , CGGEGTACCCCTITATELT |CATGLCATGET GTGLAAAR [CCECTCGAGGEGCTATT |CCCCTTAAGGTAGTGTT
FY17TX 1118300 [gept C-terminal KO 2331558 TATATCAGCA TGTACACATGC ACTATTATTGCA GTCCAATTTGAA
FY17X_1118300 |gept full length KO TATTGTTAAACCAGTCTA |AAACAATATATAGACTGGT
333373333 CGGGGTACCCACAACTCTA [CATGLCATGECTTTTTTTCA |CCGCTLGAGACARACATT |CCCLTTAASSTAGTGTT [TATATT TTAAC
gep? full length replsced CAAATARACA AACTTACARA TTTCATATTTT GTCCAATTTGAA
EvT 1116300 [0,
= with mScarlet
Primers for PCR-genctyping parasite with gepd (PY17X_1116300) knockout
Gene ID Ko P1 P2 P2 P4 PS5 P& P7
] ACGCACATTGGCCATAA CAAMGACACTTGCCATTTCA|GCTTGGCTAAGCAMATGTA [TCTTGCAATAAMATGGA |TATTGACATTAGGATTTC| TCTTGCAATAAAAATGGA
PY17X_1118300 |gep1 N-terminal KO ACATG AT TcA Fereete) GAAGTGT GCCG
] [ATATACTGCACATACCT [GGCACATACACATACACAT |ATATTCCGTCTTTCAATGEA [CTTAAGAGTACGCGATAT [ATATACTGCACATACCT [GAATTCGAGTTGGATAT
FY17TX 1118300 [gept C-terminal KO GATTG ATA ATAGACAAGA GATTG GCTTT
FYITK 1118300 [aept fulllength KO ACGCACATTGECCATAACCOCTTAAGGTAGTGTTGT |COGGETACCCACAACTCTA [CTTAAGAGTACGCGATAT |ACGCACATTGECCATAA [TCTTGCAATAAAAATGGA
17 1115300 [BeP1 Tl Engih replsced |ACATG CCAATTTGAA CAAATARACA ATAGACAAGA ACATG [ctetelcs b ickiposidoniid
with mScarlet A
Oligo fior gene plasmid
Gene ID Gene name Gene size (bp)/ Left homaod 5 AMm Right homologous arm Tarpet site of sgRNA
ted gene size (bp) Forward primer Reverse primer Forward primer Oligo (Forward) Oligo [Reverse]
17X 0510400 |neks 17081708 CCCAAGCTTGTAAGCAMAG |CATGCCATGETTGTGAGEA [CCGCTCOAGGAGTATAAT |CCOEAATTCGAAATGET [TATTGAACAAGTATGAM [AAACTTATTTTTTCATACTT
- i GTTAATACAC CGTGTATAATA ATTACAGTCCA ACACCCTGTTCT AaATAA GTTC
T — . PR CCCAAGCTTAGTCTCCCAA |[CATGCCATGGAAGGAGAAT [CCGCTCEASTATGTTTCS |COGGAATTCTTGGGAAT [TATTGARMAATTTATTCA |AAACGATTCGTGAATAAAT
= map ! TTTTTCTGTG GTGCGTATCTA TCGAGARAGGT ATGAGCATTCGT COAATC TTTTC
EviTX 0817800 lodeka 17021485 COGEGTACCGAAGTAGATG|CATGLCATGEETTCTAATG [CCGLTCEASCTGCAAAT |CCCCTTAAGTGTGTATA |TATTGACAGAAATGAATT AAACATTATTAATTCATTTC
= F CAGCTAGAATA CATCTCTTGCTG GAATTAGCTCAAT TTCCACGATATTT AATAAT TETC
Primers for PCR-genotyping parasite with gene knockout
Gene ID Gene name P1 P2 P3 P4 P3 P&
Ev1TX 0818400 |neks CTTTTGAAAACCGATAA |CCGGAATTCGAAATGGTAC |CCCAAGCTTGTAAGCANAS [TCACACCGTATCATATTG |GAGTAAGATTGTGTGAT [TCACACCGTATCATATTG
= AALGTG ACCCTGTTCT GTTAATACAC TETC TGS TETC
17 0835700 |manz GGGAAATACTGATAATA |CCGGAATTCTTGGGAATAT [CCCAAGCTTAGTCTCCCAA [AGACACACTCACATTACS |GATATATGGTCTACTGG [AGACACACTCACATTAC
= " GCGACAR GAGCATTCGT TTTTICTGTS aTTE TTGTA GATTG
ev1TX 0817800 lodeka GCTCTTCCTTTEGACAT |GEGCTGAAMACCAAATAAG [ GAAGTAGATGCAGCTAGAA |AGACGGATAAATGTCGG [ AGTACACARAAGTTAGE [CCTTTTCTAATETCTCAS
. F AGTTA TAT TA AT ACAAG TTGA
(Oligo sequence for gene knockout in P.berghei ANKA plasmid construction
Left arm Right arm Tarpet site of sgRNA
E=y e Forward primer Reverse primer Forward primer Reverse primer Oligo (Forward) Oligo [Reverse]
eaANKA 1115100 jgent J— CCCAAGCTIGCACATTGAT |CATGCCATGECTTETCTET [CCGCTCGAGCGAATTTCA|CCGGAATTCCATACATC [TATTGTTATAATATAAAAT [AAACCTCATATTTTATATTA
— = CATARACTTG ACATGGACAAA TAATTATGATG CCTATTGATATA ATGAS TAAC
EANKA 0933700 bman2 1572807 CCCAAGCTIGTCTCCCAAT |CATGCCATGETGATCGTAT [CCGCTCGASTCACGAAT |CCGEAATTCCATCTGAA [TATTGCAATGAAGAAGAT |AMACACTTTTATCTTCTTC
= " TTTTATGTGT GGEAARACGCT CAGGTATTATCC ATAGATGGGTAT AARAGT ATTGC
Primers for PCR-genotyping parasite with gene knockout in ANKA
Gene ID Gene name P1 P2 P3 P4 P3 P&
emankA 1115100 |ept GCACACACAMACTCTTA |[ACAMTCTCCCTCCATTTAT [CEAGATTTGTCCATGTACA [CTCAATAAGGGAGAAATC [GOAAMCGACAMTAAAG [CATTATATGATATACCAA
- s TGOGCATAC TTCTTG = AcGT s
emaNkA 0833700 |manz GCTATTATGAAAAAAGG |TTATGTGGCCCTGGTTCTT [CEATTTTGTCAATCCATATA |GCCTGETCAATTGTGATT |GATGATAGCACATATAT (GTCCGAATCGGCTATTT
L map AGCTAACAT CATTTTC T caTT AGAT CcTA
Oligo sequences for gene tagging plasmid construction
L Tl Ius arm Mo 5 _arm
Gene name Tag Gene ID Forward primer Rerverse primer Bl = primer
) CCCAAGCTTTTGCCTTTTTA [CATGCCATGEETGTRATGE [COCCTCGAGTTCTAATTT |COCCTTAAGCACGGTAL [ TATTGTATTAGTITETGS | AMACCOCGCACCAGARAD
sept (C-terminal 4Myc FY17X_i526200 TTGGCCATA TGGTGGATAA CTGATGGTTAT TACTTACAATAA
TECEES TAATAC
gept N-terminal GHA FYTX 1116300 CATGCCATGECACAACTCT |CCGGATATCCTTTTTTTCAA |CCGCTCGAGGAAACATC |CCCCTTAAGTATACCAA [TATTGAGCTATTTTATGA [AAACTTATTCTCATARAATA
o [TS——— ETX_1116300 (ACAAATAAACA ACTTACARA TAAAGAAAT TAGATACAAGAT GaATAA GCTC
gco C-erminal 8HA P17 0811700 CGGGGTACCGTGTATACCA |CATGCCATGGGCAAMTTG [CCGCTCGAGTACTTTTAG |CCGEAATTCCCATGTAL TATTAATCGTCATATARA [AMMCAAATATTTTATATGA
e [E—r— Y ITX 0811700 AATTTARATATGAGA IAACTTGTGTCTTTGGA AACTTTCTAATTTATG  [TGTGAACATATCA ATATTT COATT
CCCRAGCTIC T T TG TGCAT T |CATGLCATGEL T T TTATATC | CLGC ICGAGATGLAGAL [CLGGAAT TCACREG TG
gea M-serminal GHA FY17%_0811700 CTTAGAATTAACATGTATTA | TTTATCTGTTATTTTTATTGT | GAAAAAAGGAMATGAAM |ATCCATCTATGATGTGA KMCTC' TAGTAATATGA ~ ".I.I.G'“CGA CATATTACT]
TTGGAT AGT CATAATC
Primers for PCR-genotyping with gene tagging
Gene name Gene name Gene ID ]PS P10 P11 P12
eert -terminal aMtye FY1TX 0525200 CATGTGCAAMAATGARATTA [CCCCTTAAGCACGGTACTA [GCTAGCGCCGGTTCTGE |GTAATGGTGATTCAGGS
(GCAAAAGT CTTACAATAA TECTAGA T
oept M-terminal BHA FY1TX_1116300 GCTTGECTAAGCAAATGTA |COCCTTAAGTATACCAATAG|CATGCCATGECACAACTC |CARAGACACTTGCCATT
o [rs—rr— TR 1116300 TCA ATACAAGAT TACAAATARACA TCAAT
ki C-terminal 8HA FY172_0811700 TTAGAAATGECATATTCAAT |CCATGTACTETGAACATATE | GTETATACCAAATTTAAAT [ATGAAATTAATTTCCAAA
ca C-terminal 4Myc PY17X_0911700 G A ATGAGA ATGEA
_ CACACACCCAGCACACATA [ATCCAAGCAGCTICTGCTG |[CCTTGCTTACCTCTATTAC| ATCTGCAGGTACTIGCT
s N-terminal GHA FY17X 0911700 TTTAGAT TTGC TGCACCATTGAT CATTTTCTACTAAGCS

Oan

for aco




=i ET)
Gene name Tag Gene ID [ Forward primer T Rerverse primer Forward primer prim
ca [N-terminal 6HA & PY1TX 0911700 [CCCAAGCTTCTCAATATGG |CATGCCATGGAAGAAGATA |CCGCTCGAGCAGACGAA (CCGGAATTCCGAAGTTCA|TATTCAATAGTAATATGA GA CATATTACT|
9 promoter swag = [TTGCATATAT \TGTGCATACAC AAAAGGAAATGA [TCCATCTATGAT AAAATC
Frimers for PCR with gea pr swap
Gene name Gene name Gene 1D P2 P10 P11 P12 P13
[N-terminal GHA & PY1TX 0911700 [TCATCCAGGTGTAGACTAA |CCGGAATTCGAAGTTGATC |CCCAAGCTTCTCAATATG (AGCGTATAATACTACCT [AAACACAGACATAACTC
gea = AAT CATCTATGAT GTTGCATATAT [ACAGT CTTTAGA
Primers for RT-PCR
Gene name Gene ID Forward Primer Reversa Primer
- GG ATAATTGGAAT (ACGCTATTGGAGCTGGAAT
18s Rma FY17X_0522400 GATGGGEALT Tace
- GTTGTAATCATAGTGAT [TCACATGTTATTCTTCCTCT
FY17X_0911700 GETTC 2
in situ complementation
TS sght us_arm
T2 Gene ID igo (Reverse) rimer EVErSe primer
- TATTGCGGACGCTAATCGT |AAACTAGCTACGATTAGCG [CCGCTCGAGACAAMCAT |CCCCTTAAGGTAGTGTTG
Praset C-terminal GHA FY17X 1116300 AGCTA TCCGC TTTTCATATITT TCCAATTTGAA







