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Table S1. Short-read sequences used in E. tenella strains population study. 
	SRA*
	strain
	sample name
	Eimeria
	center name

	
	Maryland, USA
	ET_S13** (APU2)
	E. tenella 
	Animal Parasitic Disease Laboratory, ARS, USDA

	ERR019311
	Houghton
	ERS004356
	E. tenella 
	Wellcome Sanger Institute

	ERR019312
	Houghton
	ERS004356
	E. tenella 
	Wellcome Sanger Institute

	ERR296541
	Nippon
	Nippon Nt2
	E. tenella 
	Royal Veterinary College

	ERR019305
	Houghton
	ERS006630
	E. tenella 
	Wellcome Sanger Institute

	ERR296879
	Wisconsin, USA
	 
	E. tenella 
	Royal Veterinary College

	ERR019310
	Houghton
	ERS002383
	E. tenella 
	Wellcome Sanger Institute

	ERR019307
	Houghton
	ERS006630
	E. tenella 
	Wellcome Sanger Institute

	ERR019306
	Houghton
	ERS006630
	E. tenella 
	Wellcome Sanger Institute

	ERR019309
	Houghton
	ERS002383
	E. tenella 
	Wellcome Sanger Institute

	ERR6054480
	Houghton
	Cumbria, Hawkshead
	E. tenella 
	Royal Veterinary College

	ERR6054482
	Houghton
	Cumbria, Hawkshead
	E. tenella 
	Royal Veterinary College

	ERR6054483
	Houghton
	Cumbria, Hawkshead
	E. tenella 
	Royal Veterinary College

	ERR6054481
	Houghton
	Cumbria, Hawkshead
	E. tenella 
	Royal Veterinary College

	SRR23018153
	Houghton strain
	China, Nanning
	E. tenella 
	Guangxi University

	SRR23018155
	Houghton strain
	China, Naning
	E. tenella 
	Guangxi University

	ERR357127
	Houghton
	
	E. acervulina
	King Abdullah University of Science and Technology

	ERR357128
	Weybridge
	
	E. maxima 
	King Abdullah University of Science and Technology

	ERR357129
	Houghton
	
	E. necatrix 
	King Abdullah University of Science and Technology

	ERR357130
	Houghton
	
	E. brunetti 
	King Abdullah University of Science and Technology

	ERR357191
	Houghton
	
	E. mitis
	King Abdullah University of Science and Technology

	ERR357192
	Houghton
	
	E. praecox
	King Abdullah University of Science and Technology

	ERR4552264
	
	OTUx
	Eimeria sp. OTU-X
	Royal Veterinary College

	ERR4552265
	
	OTUy
	Eimeria sp. OTU-Y
	Royal Veterinary College

	ERR4552266
	
	OTUz
	Eimeria sp. OTU-Z
	Royal Veterinary College



* Short-read sequences were downloaded from the Sequence Read Archive (SRA, https://www.ncbi.nlm.nih.gov/sra).** The E. tenella  APU2 sequencing specimens were acquired from a local poultry form and maintained at APDL, USDA ARS Beltsville



Supportive Figures
Figure S1. Workflow for the E. tenella APU2 genome sequencing, assembly, and downstream analyses. The Sequencing Step involved sequencing of E. tenella APU2 with two different Technology, Illumina NextSeq (2nd Generation) and Oxford Nanopore MinION (3rd   Generation). Followed by downstream analyses.
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Figure S2.  A). BUSCO assessment for E. tenella APU2 sequenced genome. B).  Pfam annotations with number 5 and above annotation comparison between two reference chromosomal level assembly of E. tenella strains.

A). BUSCO assessment for E. tenella APU2 sequenced genome.
[image: Chart

Description automatically generated]
B).  Pfam annotation comparison between two reference chromosomal level assembly of E. tenella strains
    



Figure S3 Overview of the functional annotations Pfam (≥15 genes) and GO-teams (≥5 genes) in E. tenella APU2.  These proteins were classified based on Pfam annotation and GO annotation assignment to gain an overview of their biological function classification genome-wide and across the chromosomes. The GO-teams were generated based on InterPro2GO mapping. Highly variable 30 Pfam annotated variable genes between E tenella Houghton and E. tenella APU2 strains.
 




Figure S4 Chromosomal distribution of CpG sites between E. tenella Houghton and E. tenella APU2 genome. The Observed number of CpG patterns in a window is the number of times a 'C' is found followed immediately by a 'G' represented as per chromosomes a crossed the E. tenella strain.
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Figure S5. Phylogenomic analysis of organelle genomes of Eimeria species showed the monophyletic clustering of all E. tenella sequences analyzed in this study. Complete apicoplast (A) and mitochondria (B) genome phylogenies of Eimeria were constructed by downloading available whole genome sequences in Sequence Read Archive (https://www.ncbi.nlm.nih.gov/sra) and by comparing with the current chromosomal scaffolding of E. tenella  strain APU2 (ET_S13). Apicoplast and mitochondrial reference genomes were obtained from the Assembly accession number: GCA_905310635.1(4). Single nucleotide polymorphisms were identified by reference mapping and variant calling using the GATK pipeline(46). The phylogram was obtained by an unrooted neighbor-joining tree using Mega with a 50% majority rule and 1000 bootstrap replicates (indicated at each node as percentage values). Eimeria species are placed in brackets.
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Figure S6 Phylogeny analysis of avian parasites E. tenella APU2, T. gondii, E. acervuline, E. brunetti, E. maxima, E. mitis, E. nectrix, E. praecox, and E. falciformis shows E. necatrix are in one clade share close relatioship with E. tenella APU2, and E. tenella Houghton, likewise E. maxima and E. acervulina are in anther close group.
 [image: Shape

Description automatically generated with medium confidence]

Et-H and Et-A2 highly variable genes

Et-A2	
Pkinase	SUIM_assoc	TFIIA	SR-25	RskA	RRM_1	WD40	Surface_antigen	AP2	DEAD	AAA	DnaJ	DUF2722	MFS_1	CAP	RVT_1	Kinesin	SNF2-rel_dom	Macoilin	PP2C	Ras	zf-CCCH	Mito_carr	Ribosomal_60s	GTP_EFTU	Thioredoxin	Ank_2	DHHC	Myosin_head	UQ_con	128	123	92	75	74	70	64	54	46	41	27	27	26	24	22	22	21	21	20	20	19	19	18	18	17	17	16	15	15	15	Et-H 	
Pkinase	SUIM_assoc	TFIIA	SR-25	RskA	RRM_1	WD40	Surface_antigen	AP2	DEAD	AAA	DnaJ	DUF2722	MFS_1	CAP	RVT_1	Kinesin	SNF2-rel_dom	Macoilin	PP2C	Ras	zf-CCCH	Mito_carr	Ribosomal_60s	GTP_EFTU	Thioredoxin	Ank_2	DHHC	Myosin_head	UQ_con	121	169	126	131	141	59	53	50	44	38	24	25	42	24	16	23	22	16	35	20	15	15	16	32	14	13	17	5	13	9	



Et-A2

Pkinase	SUIM_assoc	TFIIA	SR-25	RskA	RRM_1	WD40	Surface_antigen	AP2	DEAD	AAA	DnaJ	DUF2722	MFS_1	CAP	RVT_1	Kinesin	SNF2-rel_dom	Macoilin	PP2C	Ras	zf-CCCH	Mito_carr	Ribosomal_60s	GTP_EFTU	Thioredoxin	zf-CCHC	Ank_2	DHHC	Myosin_head	UQ_con	ABC_tran	Metallophos	Proteasome	RabGAP-TBC	zf-RING_2	Collagen	EF-hand_7	Hydrolase_4	LRR_4	LSM	PDEase_I	Pro_isomerase	TPR_2	Apt1	CRAL_TRIO	DUF755	Dehydrin	His_Phos_1	RAP	RT_RNaseH_2	RVP_2	TPR_1	TSP1_spondin	UCH	ubiquitin	Actin	Cpn60_TCP1	EF-hand_1	F-box-like	MMR_HSR1	MORN	PCI	Peptidase_S8	SET	ACDC	Adaptin_N	Chromo	DUF4757	IMCp	K_channel_TID	PH	Presenilin	Pyr_redox_2	RCC1	adh_short	rve	AMP-binding	Asp_protease_2	CPW_WPC	DUF3446	E1-E2_ATPase	Ephrin_rec_like	Exo_endo_phos	HEAT	Helicase_C	Myb_DNA-binding	Aminotran_5	Arf	Bromodomain	CS	DDHD	DUF1180	DUF4179	Exonuc_VII_L	HECT	KH_1	MCM	Methyltr_RsmB-F	RT_RNaseH	Retrotrans_gag	Spt20	ThiF	AAA_6	AF-4	Acetyltransf_1	Activator_LAG-3	Arm	DSPc	DUF6338	NIF	OTU	PAT1	PI3_PI4_kinase	Peptidase_M24	tRNA-synt_1	AAA_23	ANAPC4_WD40	Abhydrolase_6	Androgen_recep	BT1	BTB	C2	COG6	DUF3273	DUF4692	DUF4834	DUF6465	FAM199X	HSP70	IMP2_N	Kelch_4	Kinase-like	LRR_9	Med3	Mucin	NUDIX	PHD	Patatin	Pentapeptide_4	Peptidase_C48	Radical_SAM	SMC_N	SPX	Saf4_Yju2	TTL	Tubulin	V_ATPase_I	Zip	cNMP_binding	tRNA-synt_2	zf-C3HC4_3	AAA_2	ABC1	Acyltransferase	Adap_comp_sub	Amino_oxidase	Asp	Brix	CDC45	CDK2AP	CDP-OH_P_transf	CKS	COPI_assoc	Clat_adaptor_s	CoV_nucleocap	Cullin	DLIC	DNA_pol_A_exo1	DUF2076	DnaJ_C	Dpy-30	ER_lumen_recept	Endonuclease_NS	FAM176	FHA	Glutaredoxin	Glycos_transf_2	Hamartin	Histone	LRR_8	Lin-8	Med15	Methyltransf_16	Methyltransf_25	Nucleoside_tran	PIP5K	PK_Tyr_Ser-Thr	Peptidase_C1	Prefoldin_2	PseudoU_synth_2	RNA_pol_Rpc4	RNase_PH	Rhomboid	Ribosomal_L7Ae	START	Sec1	SpoIIE	Sugar_tr	TMEM131_like	TRAM_LAG1_CLN8	eIF-3_zeta	tRNA-synt_2b	128	123	92	75	74	70	64	54	46	41	27	27	26	24	22	22	21	21	20	20	19	19	18	18	17	17	17	16	15	15	15	14	14	14	14	14	13	13	13	13	13	13	13	13	12	12	12	12	12	12	12	12	12	12	12	12	11	11	11	11	11	11	11	11	11	10	10	10	10	10	10	10	10	10	10	10	10	9	9	9	9	9	9	9	9	9	9	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	7	7	7	7	7	7	7	7	7	7	7	7	7	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	


Et-H

SUIM_assoc	RskA	SR-25	TFIIA	Pkinase	RRM_1	WD40	Surface_antigen	AP2	DUF2722	DEAD	Macoilin	Ribosomal_60s	DnaJ	AAA	MFS_1	RVT_1	Apt1	Kinesin	PP2C	Med3	Ank_2	Chromo	EF-hand_1	K_channel_TID	RT_RNaseH_2	CAP	DUF755	Helicase_C	Integrase_H2C2	Mito_carr	PAT1	SNF2-rel_dom	Spt20	Activator_LAG-3	BAF1_ABF1	Collagen	RT_RNaseH	Ras	zf-CCHC	ABC_tran	GTP_EFTU	Metallophos	Proteasome	zf-CCCH	Dehydrin	Hydrolase_4	Myosin_head	Presenilin	Saf4_Yju2	Thioredoxin	ACDC	Actin	Cpn60_TCP1	RabGAP-TBC	SET	rve	zf-RING_2	Androgen_recep	DUF6338	His_Phos_1	Lin-8	Pro_isomerase	RCC1	TPR_1	V_ATPase_I	ubiquitin	CRAL_TRIO	CoV_nucleocap	DUF4757	Ephrin_rec_like	Exo_endo_phos	Exonuc_VII_L	MMR_HSR1	Peptidase_S8	RAP	TMEM131_like	TPR_2	TSP1_spondin	UCH	adh_short	AMP-binding	Adaptin_N	Bromodomain	DDHD	EF-hand_7	IMCp	IMUP	LRR_4	Mucin	Myb_DNA-binding	PCI	Sporozoite_P67	UQ_con	Utp14	CCDC106	COG6	DUF4834	E1-E2_ATPase	F-box-like	FAM199X	HECT	LSM	Methyltr_RsmB-F	PDEase_I	PHD	Plasmodium_Vir	RVP_2	SPX	Secretin_N_2	eIF-3_zeta	tRNA-synt_1	AAA_23	AAA_6	AF-4	Arm	Asp_protease_2	DSPc	DUF1635	DUF2076	DUF4179	FHA	HEAT	KH_1	Kelch_4	LRR_9	MORN	Miga	NPR3	OTU	Pyr_redox_2	Retrotrans_gag	SMC_N	SOG2	Suf	TrbL_3	tRNA-synt_2b	ANAPC4_WD40	Abhydrolase_1	Amino_oxidase	Aminotran_5	Arf	C2	CCDC53	CDC45	DUF3273	DUF3446	HA2	HSP70	Hamartin	LCCL	LRR_8	MCM	Nucleoside_tran	Patatin	RAP1	SARAF	SMYLE_N	SRP-alpha_N	Sec1	ThiF	Zein	Zip	cNMP_binding	zf-rbx1	AAA_2	ABC1	ABC_membrane	Abhydrolase_6	Acyltransferase	Aldedh	Aldo_ket_red	Asp	BT1	BTB	CCSAP	CS	Cullin	DHHC	DUF1180	DUF4471	DUF4614	DUF4667	Dus	GCP_C_terminal	GHMP_kinases_N	Histone	IMP2_N	Kinase-like	Lactamase_B_2	MIC19_MIC25	Med15	Methyltransf_25	Mitofilin	NAD_binding_1	NIF	Neur_chan_memb	Nop14	PH	PI3_PI4_kinase	Peptidase_S49_N	RAB3GAP2_N	RNA_pol_Rpc4	RR_TM4-6	SpoIIE	Sugar_tr	Tic110	Tubulin	WW	eIF3h_C	tRNA-synt_2	zf-C3HC4_2	169	141	131	126	121	59	53	50	44	42	38	35	32	25	24	24	23	22	22	20	19	17	17	17	17	17	16	16	16	16	16	16	16	16	15	15	15	15	15	15	14	14	14	14	14	13	13	13	13	13	13	12	12	12	12	12	12	12	11	11	11	11	11	11	11	11	11	10	10	10	10	10	10	10	10	10	10	10	10	10	10	9	9	9	9	9	9	9	9	9	9	9	9	9	9	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	8	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	7	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	6	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	5	


Genes with GO-Ontology

Number of Genes	GO:proteinbinding;GO:0005515	GO:transcriptionfactorTFIIAcomplex;GO:0005672	GO:ATPbinding;GO:0005524	GO:integralcomponentofmembrane;GO:0016021	GO:regulationoftranscription,DNA-templated;GO:0006355	GO:membrane;GO:0016020	GO:zincionbinding;GO:0008270	GO:metalionbinding;GO:0046872	GO:ATPhydrolysisactivity;GO:0016887	GO:calciumionbinding;GO:0005509	GO:nucleus;GO:0005634	GO:tRNAaminoacylationforproteintranslation;GO:0006418	GO:GTPbinding;GO:0005525	GO:palmitoyltransferaseactivity;GO:0016409	GO:catalyticactivity;GO:0003824	GO:membranecoat;GO:0030117	GO:oxidoreductaseactivity;GO:0016491	GO:proteindeubiquitination;GO:0016579	GO:responsetowater;GO:0009415	GO:extracellularregion;GO:0005576	GO:DNAbinding;GO:0003677	GO:DNAreplication;GO:0006260	GO:biosyntheticprocess;GO:0009058	GO:rRNAprocessing;GO:0006364	GO:acyltransferaseactivity;GO:0016746	GO:cellularproteinmodificationprocess;GO:0006464	GO:eukaryotictranslationinitiationfactor3complex;GO:0005852	GO:exodeoxyribonucleaseVIIactivity;GO:0008855	GO:Golgitransportcomplex;GO:0017119	GO:N-acetyltransferaseactivity;GO:0008080	GO:cytoplasm;GO:0005737	GO:dephosphorylation;GO:0016311	GO:proton-transportingV-typeATPase,V0domain;GO:0033179	GO:viralnucleocapsid;GO:0019013	GO:ATP-dependentDNAdamagesensoractivity;GO:0140664	GO:DNAtopologicalchange;GO:0006265	GO:nucleicacidbinding;GO:0003676	GO:tRNAaminoacylation;GO:0043039	GO:ubiquitin-dependentproteincatabolicprocess;GO:0006511	GO:DNAreplicationinitiation;GO:0006270	GO:carbohydratemetabolicprocess;GO:0005975	GO:cyclin-dependentproteinserine/threoninekinaseregulatoractivity;GO:0016538	GO:hydrolaseactivity;GO:0016787	GO:lipidmetabolicprocess;GO:0006629	GO:nucleaseactivity;GO:0004518	GO:nucleobase-containingcompoundmetabolicprocess;GO:0006139	GO:vesicle-mediatedtransport;GO:0016192	154	92	83	58	49	47	43	36	35	31	28	23	15	15	13	13	13	12	12	11	10	9	9	9	8	8	8	8	7	7	7	7	7	7	6	6	6	6	6	5	5	5	5	5	5	5	5	


Genes with Pfam 

Et-A2	Pkinase	SUIM_assoc	TFIIA	SR-25	RskA	RRM_1	WD40	Surface_antigen	AP2	DEAD	AAA	DnaJ	DUF2722	MFS_1	CAP	RVT_1	Kinesin	SNF2-rel_dom	Macoilin	PP2C	Ras	zf-CCCH	Mito_carr	Ribosomal_60s	GTP_EFTU	Thioredoxin	zf-CCHC	Ank_2	DHHC	Myosin_head	UQ_con	128	123	92	75	74	70	64	54	46	41	27	27	26	24	22	22	21	21	20	20	19	19	18	18	17	17	17	16	15	15	15	


image3.png
Chromosomal distribution of CpG sites

4000
3500
3000
2500
2000
1500
1000
= wulll
nn
& & S @‘”@‘”&Q@ @«“'h@«”

WEtC-H WEG-A2




image4.tiff
ERR6054483
A SRR23018153
ERRB054482
ERR6054481
ERR6054480
ERR019310
ERR019309
ERR019307

0
ERR019306
- ERR019305
SRR23018155
- : ERR206879
ETS13
u ERR357127 (E. acervulina)
[ ERR357191 (E. miis)
w ERR4552266 (OUT-2)
ERR357192 (E. praecox)
ERR357128 (E. maxima)
100 ERR4552264 (OUT-x)
ERR4552265 (OUT-y)

£

E. tenella

ERR357130 (E. brunetti)
[XCHE XU T 1)

B ERR019305

ERR019306
ERR019307
ERR019309
ERR019310
ERR296879
ERR6054480 E. tenella

B

SRR23018153
SRR23018155
ERR357130 (E. brunett)
ERR4552265 (OUT-y)
ERR357192 (E. praecox)
ERR357191 (E. miis)
ERR357127 (E. acervulina)
ERR4552266 (OUT-2)
ERR357128 (E. maxima)
ERR4552264 (OUT-x)

G20 0.15 0.10 0.05 0.00




image5.png
= Ebrunetti

— 4o

< Emitis

— 4o

+ E.praecox

[ Eacervulina-EAH

L E.maximaWeybridge

R

< Etenella-H

—_—  douw

L« Etenella-APU2

— demm

 E.necatrix

« Efalciformis

 T.gondii. TGME49

02




image1.png
Sequencing

)

Assembly

Analyses

a N
Eimeria tenella propagations
(E. tenella APU2)
. J
+ +
( ™)
DNA extraction & DNA extraction
Library Prep. & Library Prep.
(Illumina-Hi-Seq) (ONT-MinION)
\. J
+ +
(" Quality Report/ i )
ity Rep! Quality Report/
Trimming Trimming
Multi QC & Nanoplot &
L Trimmomatic Porechop )
MaSuRCA
RagTag
BUSCO
Downstream
Analyses





image2.png
BUSCO Assessment Results
Complete (C) and single-copy (S) Complete (C) and duplicated (D)
| Fragmented (F) W wissing (v)

C:496 [5:496, D:0], Fi4, M:2, n:502

%BUSCOs




