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Supplementary Table S1. Primers used to amplified the whole mitogenome. 
	Gene or region
	Primer name
	Sequence (5’-3’)
	Tm (℃)
	Length (bp)

	COX1
	GSF1
	GTCATATTTGTTTAAGCATAGG
	45.86 
	664

	
	GSR1
	GACTCTCATAAGATAAACAC
	43.88 
	

	COX1-COX2
	GSF2
	CAGTGTCAGTGTGTGATATCGC
	55.85 
	2589

	
	GSR2
	GTATTACATCAGCAGATGTTAC
	47.77 
	

	COX2
	GSF3
	CATCAGTGGTATTGAAGATACG
	50.18 
	194

	
	GSR3
	CGTCCAGGAATGGCGTCCATC
	61.53 
	

	COX2-NAD5
	GSF4
	GAGTTGATAAGCCGTTACG
	50.37 
	2056

	
	GSR4
	CAACATATTCCAGTTATGAG
	44.48 
	

	NAD5-CYTB
	GSF5
	CACCAGTTAGCTCACTAGTG
	52.33 
	3144

	
	GSR5
	CCTAAACACACATGAACAG
	47.75 
	

	CYTB
	GSF6
	GTCATATTGAGCTGCTACTG
	50.10 
	339

	
	GSR6
	GGCTTTATAGAAACTGGTGTAC
	50.35 
	

	CYTB-NAD4
	GSF7
	CATTCTTACTTTACTGTAAAGG
	45.20 
	1496

	
	GSR7
	CCTAAGAAAGGTACAACG
	46.54 
	

	NAD4-NAD1
	GSF8
	GGTTTATTGGGTGTATATCG
	47.21 
	2639

	
	GSR8
	GAAATACAACTACGTCTTTG
	45.18 
	

	NAD1
	GSF9
	GGTGAGCGTAAGATACTTGG
	52.70 
	784

	
	GSR9
	CCAAAATCCTTAAACCCACAG
	51.21 
	

	NAD1-COX1
	GSF10
	GCTCTATAATGTTGTTTGGTG
	48.44 
	1889

	
	GSR10
	CTATGATCATAGTAACTGAGC
	46.50 
	


Supplementary Table S2. Monogenean species and outgroups (*) were used for comparative mitogenomic and phylogenetic analyses.
	Taxon
	Accession number
	Whole Genome
	PCGs
	rRNA
	tRNA

	
	
	Size
(bp)
	AT%
	AT-
Skew
	GC-
Skew
	Size
(bp)
	AT%
	AT-
Skew
	GC-
Skew
	Size
(bp)
	AT%
	AT-
Skew
	GC-
Skew
	Size
(bp)
	AT%
	AT-
Skew
	GC-
Skew

	Bothriocephalidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Bothriocephalidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Schyzocotyle acheilognathi
	NC_0303161
	13903
	69.2
	-0.327
	335
	10074
	69
	-0.388
	0.367
	1820
	67.7
	-0.174
	0.252
	1417
	67.3
	-0.117
	0.214

	        Schyzocotyle nayarensis
	NC_0303171
	13852
	69.3
	-0.307
	327
	10095
	69
	-0.368
	0.356
	1820
	68.7
	-0.158
	0.27
	1426
	67.9
	-0.132
	0.231

	Caryophyllidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Capingentidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Breviscolex orientalis
	NC_035634.1
	14011
	58.6
	-0.348
	0.281
	9969
	57.4
	-0.46
	0.321
	1654
	57.5
	-0.182
	0.223
	1379
	55.6
	-0.186
	0.232

	    Lytocestidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Atractolytocestus huronensis
	NC_035635.1
	15130
	62.3
	-0.28
	0.294
	9984
	60
	-0.397
	0.338
	1655
	60.5
	-0.189
	0.217
	1366
	60.5
	-0.179
	0.259

	        Khawia sinensis
	NC_034800.1
	13759
	60.3
	-0.285
	0.183
	9996
	59.5
	-0.354
	0.192
	1687
	60.1
	-0.146
	0.195
	1360
	58.7
	-0.179
	0.234

	    Hymenolepididae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Cloacotaenia megalops
	KU641017.1
	13887
	71.6
	-0.264
	0.314
	10062
	71.3
	-0.316
	0.331
	1681
	72.2
	-0.135
	0.242
	1404
	70.5
	-0.118
	0.253

	        Drepanidotaenia lanceolata
	KR817910.1
	13573
	69.9
	-0.317
	0.342
	10062
	70
	-0.36
	0.362
	1674
	69.6
	-0.21
	0.267
	1399
	68
	-0.188
	0.259

	        Hymenolepis diminuta
	AF314223.1
	13900
	71
	-0.285
	0.334
	10041
	71.1
	-0.33
	0.344
	1676
	70
	-0.186
	0.247
	1424
	69.3
	-0.174
	0.292

	        Rodentolepis nana
	AP017666.1
	13618
	72.9
	-0.263
	0.343
	10092
	73
	-0.309
	0.362
	1692
	71.5
	-0.152
	0.27
	1409
	71
	-0.129
	0.25

	    Mesocestoididae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Mesocestoides corti
	AP017667.1
	13670
	72.5
	-0.393
	0.428
	10104
	72.3
	-0.45
	0.461
	1706
	71.1
	-0.242
	0.306
	1410
	72.9
	-0.202
	0.288

	        Mesocestoides vogae
	LC102498.1
	13892
	72.5
	-0.388
	0.438
	10107
	72.3
	-0.45
	0.461
	1706
	71.1
	-0.241
	0.313
	1419
	72.8
	-0.204
	0.29

	    Paruterinidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Cladotaenia vulturi
	KU559932.1
	13411
	74.7
	-0.256
	0.36
	10056
	74.8
	-0.3
	0.402
	1679
	73.7
	-0.134
	0.255
	1395
	72.6
	-0.127
	0.236

	        Paruterina candelabraria
	NC_039533.1
	13634
	73.2
	-0.295
	0.369
	10092
	73.5
	-0.343
	0.413
	1706
	71.7
	-0.164
	0.275
	1415
	71.8
	-0.152
	0.223

	    Taeniidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Hydatigera parva
	AB731760.1
	13482
	71.4
	-0.285
	0.419
	10086
	71.4
	-0.344
	0.459
	1691
	71
	-0.117
	0.347
	1374
	70.4
	-0.146
	0.287

	        Hydatigera taeniaeformis
	FJ597547.1
	13647
	72.9
	-0.265
	0.39
	10056
	72.7
	-0.319
	0.416
	1676
	72.5
	-0.12
	0.333
	1410
	73.1
	-0.113
	0.319

	        Taenia arctos
	AB905199.1
	13650
	71.5
	-0.306
	0.413
	10095
	71.7
	-0.355
	0.443
	1704
	70.1
	-0.199
	0.345
	1427
	71.1
	-0.148
	0.327

	        Taenia crocutae
	AB905201.1
	13711
	72
	-0.3
	0.403
	10092
	72.3
	-0.35
	0.428
	1709
	70.6
	-0.176
	0.323
	1425
	70.6
	-0.144
	0.306

	        Taenia hydatigena
	FJ518620.1
	13489
	70.8
	-0.293
	0.385
	10041
	70.8
	-0.35
	0.41
	1679
	69.5
	-0.16
	0.318
	1413
	71.8
	-0.092
	0.302

	        Versteria mustelae
	AB732957.1
	13582
	71.4
	-0.35
	0.445
	10098
	71.2
	-0.407
	0.488
	1690
	70.7
	-0.202
	0.309
	1416
	70.9
	-0.183
	0.335

	Diphyllobothriidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Diphyllobothriidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Dibothriocephalus latus
	NC_008945.1
	13608
	68.2
	-0.309
	0.245
	10071
	68
	-0.364
	0.248
	1708
	69.1
	-0.155
	0.245
	1418
	66.6
	-0.153
	0.235

	        Dibothriocephalus nihonkaiensis
	NC_009463.1
	13747
	67.8
	-0.301
	0.225
	10047
	67.4
	-0.354
	0.219
	1706
	69.4
	-0.15
	0.234
	1396
	66.9
	-0.158
	0.231

	        Spirometra erinaceieuropaei
	NC_011037.1
	13643
	66.4
	-0.388
	0.348
	10065
	66.9
	-0.456
	0.361
	1703
	62.9
	-0.198
	0.306
	1428
	66.2
	-0.203
	0.303

	Nippotaeniidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Nippotaeniidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Nippotaenia chaenogobii
	JQ268550.1
	8930
	70.7
	-0.225
	0.224
	6441
	70.9
	-0.278
	0.234
	1590
	71.3
	-0.061
	0.212
	934
	68.5
	-0.13
	0.22

	        Nippotaenia mogurndae
	ON640728
	14307
	72.2
	-0.218
	0.284
	10086
	71.4
	-0.282
	0.281
	1693
	71.3
	-0.046
	0.214
	1408
	69.4
	-0.098
	0.209

	Phyllobothriidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Phyllobothriidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Anindobothrium anacolum
	NC_044664.1
	13693
	69.6
	-0.289
	0.297
	10035
	69.5
	-0.334
	0.32
	1646
	68.1
	-0.183
	0.23
	1406
	68.3
	-0.15
	0.22

	        Clistobothrium montaukensis
	JQ268541.1
	9048
	68.8
	-0.285
	0.174
	6489
	68.5
	-0.344
	0.161
	1618
	70.4
	-0.128
	0.201
	813
	67.2
	-0.147
	0.236

	        Scyphophyllidium guariticus
	MZ594649.1
	13675
	73.3
	-0.275
	0.292
	10071
	73.3
	-0.331
	0.308
	1689
	72.6
	-0.096
	0.192
	1418
	70.9
	-0.167
	0.252

	Plagiorchiida
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Dicrocoeliidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        *Dicrocoelium chinensis
	NC_025279.1
	14917
	62.1
	-0.417
	0.473
	10041
	62.2
	-0.52
	0.482
	1675
	59
	-0.245
	0.386
	1385
	57.6
	-0.212
	0.33

	        *Dicrocoelium dendriticum
	NC_025280.1
	14884
	62.2
	-0.414
	0.466
	10041
	62.4
	-0.516
	0.471
	1677
	59.3
	-0.221
	0.388
	1375
	57.4
	-0.3
	0.386

	Proteocephalidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Proteocephalidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Gangesia oligonchis
	NC_046386.1
	13958
	66.3
	-0.307
	0.235
	10122
	65.4
	-0.368
	0.232
	1707
	66.9
	-0.149
	0.211
	1417
	64.5
	-0.172
	0.23

	Rhinebothriidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Rhinebothriidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Rhinebothrium megacanthophallus
	MZ594574.1
	13402
	68.1
	-0.275
	0.239
	10080
	68
	-0.322
	0.244
	1667
	67.2
	-0.145
	0.209
	1414
	67.4
	-0.151
	0.235

	        Rhodobothrium cf. paucitesticulare DJM-2021
	MZ594637.1
	13540
	67.4
	-0.294
	0.244
	10074
	67.2
	-0.348
	0.252
	1667
	66.1
	-0.123
	0.218
	1393
	66.8
	-0.156
	0.208

	        Scalithrium magniphalum
	MZ594572.1
	13516
	66.9
	-0.308
	0.255
	10074
	66.6
	-0.356
	0.263
	1669
	66.5
	-0.161
	0.239
	1432
	66.5
	-0.194
	0.19

	Tetraphyllidea
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	    Caulobothrium
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Caulobothrium sp. MZUSP 8009
	MZ594648.1
	13458
	69.6
	-0.311
	0.298
	10059
	69.7
	-0.357
	0.309
	1685
	68.3
	-0.159
	0.24
	1421
	67.7
	-0.185
	0.242

	    Onchobothriidae
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	        Potamotrygonocestus sp. MZUSP 7996
	MZ594639.1
	13613
	72.4
	-0.266
	0.257
	10116
	72.6
	-0.314
	0.27
	1669
	70
	-0.14
	0.23
	1413
	70.6
	-0.141
	0.197


Supplementary Table S3-1. The best partitioning scheme selected by ModelFinder for phylogenetic analyses of Bayesian inference using the PCGs, tRNA and rRNA genes of cestodes species in nine orders inferred with 34 genes.
	Subset
	Best model
	Partition names

	1
	GTR+F+I+G4
	rrnL_mafft_gb, rrnS_mafft_gb, trnP_mafft_gb

	2
	GTR+F+I+G4
	trnA_mafft_gb, trnC_mafft_gb, trnD_mafft_gb, trnE_mafft_gb, trnG_mafft_gb, trnH_mafft_gb, trnL1_mafft_gb, trnL2_mafft_gb, trnQ_mafft_gb, trnR_mafft_gb, trnS1_mafft_gb, trnS2_mafft_gb, trnT_mafft_gb, trnV_mafft_gb, trnW_mafft_gb, trnY_mafft_gb, nad1_mafft_NT_removed_chars_gb_codon1, nad4L_mafft_NT_removed_chars_gb_codon1

	3
	GTR+F+I+G4
	trnF_mafft_gb, trnI_mafft_gb, trnK_mafft_gb, trnM_mafft_gb, trnN_mafft_gb, cox1_mafft_NT_removed_chars_gb_codon1, cox2_mafft_NT_removed_chars_gb_codon1

	4
	GTR+F+I+G4
	atp6_mafft_NT_removed_chars_gb_codon1, cox3_mafft_NT_removed_chars_gb_codon1, cytb_mafft_NT_removed_chars_gb_codon1, nad2_mafft_NT_removed_chars_gb_codon1, nad3_mafft_NT_removed_chars_gb_codon1, nad4_mafft_NT_removed_chars_gb_codon1, nad5_mafft_NT_removed_chars_gb_codon1, nad6_mafft_NT_removed_chars_gb_codon1

	5
	GTR+F+I+G4
	atp6_mafft_NT_removed_chars_gb_codon2, cox3_mafft_NT_removed_chars_gb_codon2, nad2_mafft_NT_removed_chars_gb_codon2, nad3_mafft_NT_removed_chars_gb_codon2, nad4L_mafft_NT_removed_chars_gb_codon2, nad4_mafft_NT_removed_chars_gb_codon2, nad5_mafft_NT_removed_chars_gb_codon2, nad6_mafft_NT_removed_chars_gb_codon2

	6
	GTR+F+I+G4
	atp6_mafft_NT_removed_chars_gb_codon3, cox1_mafft_NT_removed_chars_gb_codon3, cox3_mafft_NT_removed_chars_gb_codon3, cytb_mafft_NT_removed_chars_gb_codon3, nad1_mafft_NT_removed_chars_gb_codon3, nad2_mafft_NT_removed_chars_gb_codon3, nad3_mafft_NT_removed_chars_gb_codon3, nad4L_mafft_NT_removed_chars_gb_codon3, nad6_mafft_NT_removed_chars_gb_codon3

	7
	GTR+F+I+G4
	cox1_mafft_NT_removed_chars_gb_codon2, cox2_mafft_NT_removed_chars_gb_codon2, cytb_mafft_NT_removed_chars_gb_codon2, nad1_mafft_NT_removed_chars_gb_codon2

	8
	GTR+F+I+G4
	cox2_mafft_NT_removed_chars_gb_codon3, nad4_mafft_NT_removed_chars_gb_codon3, nad5_mafft_NT_removed_chars_gb_codon3


Supplementary Table S3-2. The best partitioning scheme selected by ModelFinder for phylogenetic analyses of Maximum likelihood using the PCGs, tRNA and rRNA genes of cestodes species in nine orders inferred with 34 genes.
	Subset
	Best model
	Partition names

	1
	GTR+F+I+G4
	rrnL_mafft_gb

	2
	GTR+F+I+G4
	rrnS_mafft_gb

	3
	TPM3u+F+G4
	trnA_mafft_gb

	4
	SYM+I+G4
	trnC_mafft_gb

	5
	TPM2+F+G4
	trnD_mafft_gb

	6
	TN+F+G4
	trnE_mafft_gb

	7
	TIM2+F+I+G4
	trnF_mafft_gb

	8
	HKY+F+G4
	trnG_mafft_gb

	9
	HKY+F+R3
	trnH_mafft_gb

	10
	TVM+F+G4
	trnI_mafft_gb

	11
	TIM3e+G4
	trnK_mafft_gb

	12
	K3Pu+F+R3
	trnL1_mafft_gb

	13
	TPM3u+F+G4
	trnL2_mafft_gb

	14
	TPM3u+F+I+G4
	trnM_mafft_gb

	15
	TIM3e+G4
	trnN_mafft_gb

	16
	TVM+F+G4
	trnP_mafft_gb

	17
	TPM3+F+G4
	trnQ_mafft_gb

	18
	TIM3+F+G4
	trnR_mafft_gb

	19
	TPM3u+F+I+G4
	trnS1_mafft_gb

	20
	TN+F+G4
	trnS2_mafft_gb

	21
	HKY+F+I+G4
	trnT_mafft_gb

	22
	TIM3+F+G4
	trnV_mafft_gb

	23
	HKY+F+G4
	trnW_mafft_gb

	24
	HKY+F+G4
	trnY_mafft_gb

	25
	TVM+F+I+G4
	atp6_mafft_NT_removed_chars_gb

	26
	TVM+F+I+G4
	cox1_mafft_NT_removed_chars_gb

	27
	K3Pu+F+I+G4
	cox2_mafft_NT_removed_chars_gb

	28
	TVM+F+I+G4
	cox3_mafft_NT_removed_chars_gb

	29
	TIM+F+I+G4
	cytb_mafft_NT_removed_chars_gb

	30
	GTR+F+I+G4
	nad1_mafft_NT_removed_chars_gb

	31
	GTR+F+I+G4
	nad2_mafft_NT_removed_chars_gb

	32
	TPM3u+F+G4
	nad3_mafft_NT_removed_chars_gb

	33
	GTR+F+G4
	nad4L_mafft_NT_removed_chars_gb

	34
	TVM+F+I+G4
	nad4_mafft_NT_removed_chars_gb

	35
	GTR+F+I+G4
	nad5_mafft_NT_removed_chars_gb

	36
	TPM3u+F+I+G4
	nad6_mafft_NT_removed_chars_gb


Supplementary Table S4. Nucleotide composition and skewness comparison of different elements of the mitochondrial genome of Nippotaenia mogurndae.
	Regions
	Size (bp)
	T(U)
	C
	A
	G
	A+T(%)
	G+C(%)
	G+T(%)
	AT-skew
	GC-skew

	PCGs
	10086
	45.8
	10.3
	25.6
	18.3
	71.4
	28.6
	64.1
	-0.282
	0.281

	1st codon position
	3362
	41.3
	9.5
	27.6
	21.5
	68.9
	31
	62.8
	-0.199
	0.386

	2nd codon position
	3362
	47.2
	13.8
	18.5
	20.5
	65.7
	34.3
	67.7
	-0.438
	0.194

	3rd codon position
	3362
	48.9
	7.4
	30.9
	12.8
	79.8
	20.2
	61.7
	-0.226
	0.27

	atp6
	516
	46.3
	12.8
	25.6
	15.3
	71.9
	28.1
	61.6
	-0.288
	0.09

	cox1
	1602
	43
	12.1
	24.7
	20.2
	67.7
	32.3
	63.2
	-0.27
	0.25

	cox2
	580
	39.5
	11.9
	27.4
	21.2
	66.9
	33.1
	60.7
	-0.18
	0.281

	cox3
	645
	47.3
	9.6
	24.3
	18.8
	71.6
	28.4
	66.1
	-0.32
	0.322

	cytb
	1098
	44.1
	11.5
	25.5
	18.9
	69.6
	30.4
	63
	-0.267
	0.246

	nad1
	885
	47
	8.5
	23.4
	21.1
	70.4
	29.6
	68.1
	-0.335
	0.427

	nad2
	876
	51.3
	8
	24.4
	16.3
	75.7
	24.3
	67.6
	-0.354
	0.343

	nad3
	348
	49.4
	7.8
	23.9
	19
	73.3
	26.8
	68.4
	-0.349
	0.419

	nad4
	1248
	46.9
	10.7
	26
	16.3
	72.9
	27
	63.2
	-0.286
	0.207

	nad4L
	261
	49.4
	7.3
	28.4
	14.9
	77.8
	22.2
	64.3
	-0.271
	0.345

	nad5
	1572
	44
	10.5
	28.7
	16.9
	72.7
	27.4
	60.9
	-0.21
	0.233

	nad6
	456
	51.3
	5.9
	23.9
	18.9
	75.2
	24.8
	70.2
	-0.364
	0.522

	rrnL
	966
	37.3
	11.6
	33.4
	17.7
	70.7
	29.3
	55
	-0.054
	0.208

	rrnS
	727
	37.3
	10.9
	34.8
	17.1
	72.1
	28
	54.4
	-0.034
	0.222

	rRNAs
	1693
	37.3
	11.3
	34
	17.4
	71.3
	28.7
	54.7
	-0.046
	0.214

	tRNAs
	1408
	38.1
	12.1
	31.3
	18.5
	69.4
	30.6
	56.6
	-0.098
	0.209

	Full genome
	14307
	44
	9.9
	28.2
	17.8
	72.2
	27.7
	61.8
	-0.218
	0.284


Supplementary Figure S1. RSCU and codon family proportion of Nippotaenia mogurndae.
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