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Fig. S1.  Comparison of cell clusters involved in the early and late asexual blood stages using two sets of marker genes: the previously reported marker genes (MSP8 and MSP1) and our identified marker genes. (A) The t-SNE plot illustrates the expression patterns of the MSP8 marker genes across all clusters in the mixed samples from the artemether and control groups. (B) The expression pattern of the MSP1 marker gene is presented. (C) The t-SNE plots at 12 hours post-infection, based on the marker genes PY17X_0826700 and PY17X_1218800, closely resembled those of MSP8. (D) The t-SNE plots at 42 hours post-infection, determined by the marker genes PY17X_0944400, PY17X_0110400, and PY17X_0944300, resembled those of MSP1. This comparison indicates that the selected marker genes used in this manuscript are similar to those reported previously.
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Fig. S2. t-distributed stochastic neighbor embedding (t-SNE) plots and 15 marker genes. (A) The t-SNE plots illustrate the distribution of 18 clusters and the changes in these clusters across 6 stages (6 h, 12 h, 18 h, 30 h, 36 h, and 42 h post-infection) following 6 hours of ATM treatment. (B) The violin plots depict the expression levels of 15 marker genes within the 18 clusters. These marker genes reflect the correlation between malaria parasite clusters and infection stages. (C) Following 6 hours of ATM treatment, the proportion of parasites at 18 hours post-infection was 9% in the treated group compared to 43% in the control group, indicating a more rapid decline in parasite quantity, as evidenced by the t-SNE analysis.
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Fig. S3. Distribution of parasites expressing glycolysis-related genes across all clusters in UMAP plots at 0, 3, 9, and 24 hours after artemether (ATM) treatment. The genes include: PY17X_1312400, fructose-bisphosphate aldolase 2; PY17X_1217500, enolase; PY17X_1127000, pyruvate kinase; PY17X_1124300, hexokinase; PY17X_0819700, ATP-dependent 6-phospho fructokinase.
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Fig. S4. Distribution of parasites expressing protein synthesis-related genes across all clusters in UMAP plots at 0, 3, 9 and 24 hours after artemether (ATM) treatment. The genes include PY17X_1336600, eukaryotic initiation factor 4a, putative; PY17X_1246200, eukaryotic translation initiation factor 3 subunit E, putative; PY17X_0833100, transcription initiation factor TFIID subunit 7, putative; PY17X_0607300, eukaryotic translation initiation factor 3 subunit C, putative; PY17X_0915300, DNA-directed RNA polymerase I subunit RPA2, putative; PY17X_0810200, DNA-directed RNA polymerase II subunit RPB1, putative; PY17X_0607700, DNA-directed RNA polymerase III subunit RPC2, putative. 
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Fig. S5. Distribution of parasites expressing DNA synthesis-related genes across all clusters in UMAP plots at 0, 3, 9, and 24 hours after artemether (ATM) treatment. PY17X_1027300, DNA replication licensing factor MCM2, putative; PY17X_0612700, DNA replication licensing factor MCM5, putative; PY17X_1133000, DNA replication licensing factor MCM6, putative; PY17X_0805800, DNA replication licensing factor MCM7, putative; PY17X_1114900, ATP-dependent DNA helicase UvrD, putative; PY17X_1306400, DNA primase small subunit, putative; PY17X_1330700, DNA polymerase alpha subunit B, putative; PY17X_1130600, DNA polymerase epsilon catalytic subunit A, putative.
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Fig. S6. Distribution of parasites expressing thioredoxin-related genes across all clusters in UMAP plots at 0, 3, 9 and 24 h after artemether treatment.  PY17X_1433000, thioredoxin peroxidase 2, putative; PY17X_1247100, thioredoxin-like protein, putative; PY17X_1025900, thioredoxin-like protein, putative; PY17X_0829600, thioredoxin-like protein 2; PY17X_0820400, thioredoxin 3, putative; PY17X_0618300, thioredoxin-like protein.
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Fig. S7. Distribution of parasites expressing pentose-phosphate-pathway-related genes across all clusters in UMAP plots at 0, 3, 9 and 24 hours after artemether treatment. PY17X_1437500, ribulose-phosphate 3-epimerase, putative; PY17X_1115400, ribose-5-phosphate isomerase, putative; PY17X_0110700, transketolase, putative.
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Fig. S8. The interaction between artemether (ATM) or dihydroartemisinin (DHA) and iron sucrose or ferrous sulfate. (A) and (B)The interaction between ATM or DHA and ferrous sulfate was observed at 0, 6, and 24 hours post-mixing. The results indicated a time-dependent decrease in the concentration of ATM or DHA, with near-complete disappearance after 24 hours. (C) and (D) The interaction between ATM or DHA and iron sucrose was observed at 0, 6, and 24 hours after their mixing. The results showed that the concentrations of ATM and DHA remained stable over time.

Method:
Comparison of the interaction between artemether or dihydroartemisinin (DHA) and iron sucrose or ferrous sulfate.
Ferrous sulfate or iron sucrose was dissolved in DMSO reagent to prepare a 1000 mmol/L mother liquor, respectively. Then, the liquor was diluted with Tris-HCl buffer (50 mmol/L pH 8.5) to 100 mmol/L, respectively, and stored in darkness. Artemether and DHA were also weighed and dissolved in MeOH to prepare 100 mmol/L mother liquor, respectively. Subsequently, ferrous sulfate solution (100 mmol/L) was mixed with artemether (100 mmol/L) and DHA (100 mmol/L) solutions at equal volumes, respectively, after which the solution was incubated at 37℃ in darkness for 0, 6 and 24 h at 250 rpm /min, respectively, and then stored in darkness. Iron sucrose solutions (100 mmol/L) were mixed with artemether (100 mmol/L) and DHA (100 mmol/L) solutions at equal volume, respectively, then incubated at 37℃ in darkness for 0, 6 and 24 h at 250 rpm/min, respectively, and then stored in darkness. HPLC analysis was conducted on an Agilent 1260 HPLC system (Agilent Corporation, USA). Next, a 5 μm Agilent Ecllipse SB-C18, 4.6 mmol/L × 250 mmol/L analytical column was used to analyse samples. The chromatographic conditions were as follows: flow rate of 1.0 mL/min; column temperature of 30°C; detection wavelength at 254 nm; solvent A, 0.1% acetic acid, v/v; solvent B, CH3OH; 0-40 min, 70% - 95% B (v/v); 40-50 min, hold at 95% B (v/v); injection volume: 10 µL. (Figure S9)
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Fig. S9. Flow cytometry analysis of asynchronous parasites in vitro demonstrated the effects of Vitamin E (Ve), iron sucrose, ZnPPIX, and their combinations on the antimalarial activity of DHA at 48 and 72 hours post-treatment. The results indicated that the supplementation of iron, ZnPPIX (haem), and their combination significantly diminished the antimalarial efficacy of DHA. Notably, ZnPPIX reduced DHA’s antimalarial activity to a greater extent than iron sucrose, and their combination further decreased DHA’s antimalarial activity compared to either iron sucrose or ZnPPIX alone. This finding suggests that ZnPPIX has a distinct role in diminishing the antimalarial effects of DHA, differing from that of iron sucrose. In contrast, Vitamin E (Ve) exhibited a weaker influence on DHA’s antimalarial action compared to iron or ZnPPIX (haem).
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Fig. S10. Comparison of the expression of iron- and haem- related genes between P. falciparum 3D7C580Y and P. falciparum 3D7WT at various time points (0, 6, 12, 18, 24, 30, 36, and 42 h) post-infection with erythrocytes.  (A) The heatmap illustrates the expression levels of iron-related genes in P. falciparum 3D7C580Y compared to P. falciparum 3D7WT (see supplementary Data 5 for gene details). (B) The heatmap depicts the expression levels of haem-related genes in P. falciparum 3D7C580Y versus P. falciparum 3D7WT (see supplementary Data 6 for gene details). These results indicate that the expression of haem- and iron-related genes in P. falciparum 3D7C580Y was downregulated, particularly at 18 hours post-infection with erythrocytes, compared to P. falciparum 3D7WT.



	




Table S1. Genes expressed specifically during various stages of Plasmodium yoelii 17XNL infection.
	6 ha
	12 h
	18 h
	24 - 30 hb
	36 h
	42 - 48 hb

	PY17X_1458600
	PY17X_0826700
	PY17X_0712800
	PY17X_0604400
	PY17X_1445800
	PY17X_0944400

	PY17X_1328200
	PY17X_1218800
	　
	
	PY17X_0418800
	PY17X_1118100

	PY17X_1232700
	
	　
	
	　
	PY17X_0944300

	PY17X_0524200
	
	　
	
	　
	

	PY17X_1021000
	
	　
	
	　
	

	PY17X_0410200
	
	　
	
	　
	

	　
	　
	　
	　
	　
	　


a, These genes function as markers for identifying the clusters associated with a specific stage of malaria parasite infection, and were derived from the previous publication (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc= GSE61252 (GEO Series accession number GSE61252).
b, The two stages share the common marker genes. 
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Supplementary Data 1.  Cell Ranger analysis of all samples 
Supplementary Data 2.  GO enrichment scatterplots of 18 clusters
Supplementary Data 3.  157 iron- and 79  haem- and 141 Calcium-related genes in P. yoelii yoelii 17X
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