SUPPLEMENTARY INFORMATION

Supplementary figures
Fig. S1 Flowchart showing the analytical pipeline in the present study.
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Fig. S2 Boxplots of diagnostic character, body length, comparing among the three species of A. najas group: (a) male, (b) female; (c) photograph of apterous dorsal view of A. najas. Significant differences are indicated with asterisks (*P < 0.05, **P < 0.01, ***P < 0.001) and NS. means no significance.
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Fig. S3 De novo Genome Assembly, Scaffolding, and Hi-C results. (a) The distribution of genome GC Depth. The horizontal axis represents GC content, while the vertical axis represents sequence depth. These values are calculated sequentially using a 10 Kb window; (b) The intra-chromosomal interaction strength across different regions. Twelve distinct chromosome groups are clearly identified, with interaction intensity along the diagonal being significantly higher than that off-diagonal. This pattern indicates that, in the Hi-C assembled chromosomal results, the interaction strength between adjacent sequences (diagonal positions) is higher compared to non-adjacent sequences (off-diagonal positions). This observation aligns with the principles of Hi-C assisted genome assembly. Additionally, the lack of significant noise (strong interaction signals) outside the diagonal region reflects the high quality of the genome assembly; (c) The results of evaluating the predicted gene set using BUSCO, which utilizes conserved single-copy orthologs from the insecta_odb10 database to assess the assembly completeness of the genome sequences.
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Fig. S4 Phylogenetic trees inferred from the SNP_dataset_2 and MT_dataset, respectively. Mito-nuclear discordance is highlighted by links between the two trees.
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Fig. S5 The ML phylogenetic tree inferred from 179 COI fragments (COI_dataset). The outer semicircles, represented in different colors, denote different species.
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Fig. S6 LD decay graphs of three species, with each species represented by a distinct colored lines.
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Fig. S7 Sampling locations of the Aquarius najas species group across Europe and Maghreb used for whole genome sequencing and population structure analysis, estimated using the ADMIXTURE method for K=4 based on the SNP_dataset_1. Sample locations are color-coded to represent the genetic lineages identified by population structure analysis.
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Fig. S8 Population structure inferred from BAPS analysis with (K=5), based on the MT_dataset. Sample locations are color-coded to represent the genetic lineages identified by population structure analysis.
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Fig. S9 Population structure inferred from ADMIXTURE analysis with (K=5), based on the 4DTV_dataset. Sample locations are color-coded to represent the genetic lineages identified by the population structure analysis.
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Fig. S10 Spatial interpolation analysis of genetic diversity indices in A. najas. (a) Nucleotide Diversity (π) of each population with Adaptive_regions_dataset. N_A. najas and S_A. najas represent the northern and southern populations of A. najas, respectively; (b) nucleotide diversity (π) with MT_dataset; (c) expected heterozygosity (HE) with Adaptive_regions_dataset; (d) Haplotype Diversity (Hd) based on the MT_dataset.
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Fig. S11 Schematics of the 8 demographic models compared using fastsimcoal2. Detailed descriptions of models M0 to M7 are provided in the demographic model testing section of Materials and methods. Each model simulated demographic history between A. cinereus and A. najas and demographic history within the A. najas. The best-fit model (minimum AIC value) is highlighted with a blue frame.
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Fig. S12 Heatmaps illustrating the results of f4-ratio statistics (b) and D-statistics (a), respectively, calculated using Dsuite. The color of each block represents the magnitude of gene flow, with darker colors indicating higher levels of gene flow between the two populations.
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Fig. S13 Evaluation of migration rates using two methods in TreeMix analysis. (a) The Evanno method based on the second-order rate of change in likelihood weighted by the standard deviation; (b) The linear method (estimates of the optimal M based on a piecewise linear (change point), bent cable (alpha), simple exponential (threshold, default 5%), or non-linear least squares (threshold, default 5%) models.
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Supplementary tables

Table S1 Collecting information of 146 individuals used for whole-genome sequencing and morphological measurements in this study.
	Species
	Sample code
	Genome sequences
	Morphological measurements
	Collection sites
	Latitude
	Longitude
	Data
	Legit

	Aquarius cinereus
	CSAY1
	√
	√
	Spain: Albacete, Yeste, Segura River
	38.36665
	-2.31968
	n/a 
	Andrés Millán

	Aquarius cinereus
	CSAY2
	√
	√
	Spain: Albacete, Yeste, Segura River
	38.36665
	-2.31968
	n/a 
	Andrés Millán

	Aquarius cinereus
	CSAY3
	√
	√
	Spain: Albacete, Yeste, Segura River
	38.36665
	-2.31968
	n/a 
	Andrés Millán

	Aquarius cinereus
	CSMQ1
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CSMQ2
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CSMQ3
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CSMQ4
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CSMQ5
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CSMQ6
	√
	√
	Spain: Murcia, Quípar River
	38.22877
	-1.59731
	14.ix.2022
	Andrés Millán

	Aquarius cinereus
	CISF1
	√
	
	Italy: San Fratello, Messina, Sicilia
	38.01291
	14.59733
	ix.2002
	O. Karsholt

	Aquarius cinereus
	CISF2
	√
	
	Italy: San Fratello, Messina, Sicilia
	38.01291
	14.59733
	ix.2002
	O. Karsholt

	Aquarius cinereus
	CISF3
	√
	
	Italy: San Fratello, Messina, Sicilia
	38.01291
	14.59733
	ix.2002
	O. Karsholt

	Aquarius cinereus
	CISF4
	√
	
	Italy: San Fratello, Messina, Sicilia
	38.01291
	14.59733
	ix.2002
	O. Karsholt

	Aquarius cinereus
	CIS609
	√
	
	Italy: Sicily, 85 km E Messina
	38.20503
	15.55670
	2002
	O. Karsholt

	Aquarius cinereus
	CM481
	√
	
	Morocco: Immouzer des Ida Outanane, Assil Tamil 
	32.58169
	-7.20413
	2001
	I. Ribera

	Aquarius cinereus
	CM563
	√
	
	Morocco: Immouzer des Ida Outanane, Assil Tamil 
	32.58169
	-7.20413
	2001
	I. Ribera

	Aquarius cinereus
	CT120
	√
	
	Tunisia: E. Tabarke
	36.94585
	8.75405
	1988
	ZMUC Exp. 

	Aquarius najas
	NABV1
	
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NABV2
	√
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389                    
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NABV3
	√
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NABV4
	√
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NABV5
	√
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NABV6
	√
	√
	Austria: Baden Vienna,"Helcnental"
	48.01139
	16.20389
	03.ix.2001
	Isidor Olonski

	Aquarius najas
	NBHM1
	√
	√
	Bosnia & Herzegovina: Mokro
	43.89192
	18.62227
	18.viii.2015
	Gavril Marius Berchi 

	Aquarius najas
	NBHM2
	√
	√
	Bosnia & Herzegovina: Mokro
	43.89192
	18.62227
	18.viii.2015
	Gavril Marius Berchi 

	Aquarius najas
	NBHM3
	√
	√
	Bosnia & Herzegovina: Mokro
	43.89192
	18.62227
	18.viii.2015
	Gavril Marius Berchi 

	Aquarius najas
	NCRN1
	√
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NCRN2
	
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NCRN3
	
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NCRN4
	√
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NCRN5
	√
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NCRN6
	√
	√
	Czech Republic: N. Moravia
	49.73675
	18.11566
	13.ix.2001
	Petr Kment

	Aquarius najas
	NDKN1
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDKN2
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDKN3
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDKN4
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDKN5
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDKN6
	√
	√
	Denmark: Køge Å, Lellinge
	55.53586
	12.17345
	07.xii.2018
	J. Damgaard

	Aquarius najas
	NDSL1
	
	√
	Denmark: Stavis Å, Langesø Skov
	55.43248
	10.20186
	11.ix.1996
	J. Damgaard

	Aquarius najas
	NDSL2
	
	√
	Denmark: Stavis Å, Langesø Skov
	55.43248
	10.20186
	11.ix.1996
	J. Damgaard

	Aquarius najas
	NDSL3
	
	√
	Denmark: Stavis Å, Langesø Skov
	55.43248
	10.20186
	11.ix.1996
	J. Damgaard

	Aquarius najas
	NDSL4
	
	√
	Denmark: Stavis Å, Langesø Skov
	55.43248
	10.20186
	11.ix.1996
	J. Damgaard

	Aquarius najas
	NFL1
	√
	√
	France: La Bruyère, Les Eyzies
	44.92893
	1.02970
	16.x.2003
	B.V. Pedersen

	Aquarius najas
	NFL2
	
	√
	France: La Bruyère, Les Eyzies
	44.92893
	1.02970
	16.x.2003
	B.V. Pedersen

	Aquarius najas
	NFL3
	√
	√
	France: La Bruyère, Les Eyzies
	44.92893
	1.02970
	16.x.2003
	B.V. Pedersen

	Aquarius najas
	NFL4
	√
	√
	France: La Bruyère, Les Eyzies
	44.92893
	1.02970
	16.x.2003
	B.V. Pedersen

	Aquarius najas
	NFL6
	√
	
	France: La Bruyère, Les Eyzies
	44.92893
	1.02970
	16.x.2003
	B.V. Pedersen

	Aquarius najas
	NGBW1
	
	√
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGBW2
	
	√
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGBW3
	
	√
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGBW4
	√
	√
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGBW5
	√
	
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGBW6
	√
	
	G.B.: Wales
	53.26935
	-3.82270
	n/a 
	R. Preziosi

	Aquarius najas
	NGNC1
	
	√
	Greece: Nteres, Crete
	35.23084
	24.80273
	01.vii.2004
	J. Damgaard

	Aquarius najas
	NGNC2
	
	√
	Greece: Nteres, Crete
	35.23084
	24.80273
	01.vii.2004
	J. Damgaard

	Aquarius najas
	NGNC3
	
	√
	Greece: Nteres, Crete
	35.23084
	24.80273
	01.vii.2004
	J. Damgaard

	Aquarius najas
	NGNH1
	√
	√
	Germany: Niedersachsen, Huntlosen
	52.99114
	8.26730
	31.iii.2021
	Michael Raupach

	Aquarius najas
	NGNH2
	√
	√
	Germany: Niedersachsen, Huntlosen
	52.99114
	8.26730
	31.iii.2021
	Michael Raupach

	Aquarius najas
	NGNH3
	√
	√
	Germany: Niedersachsen, Huntlosen
	52.99114
	8.26730
	31.iii.2021
	Michael Raupach

	Aquarius najas
	NGNH4
	√
	√
	Germany: Niedersachsen, Huntlosen
	52.99114
	8.26730
	31.iii.2021
	Michael Raupach

	Aquarius najas
	NGNH5
	√
	√
	Germany: Niedersachsen, Huntlosen
	52.99114
	8.26730
	31.iii.2021
	Michael Raupach


	Aquarius najas
	NGS1
	√
	√
	Greece: Simos Ioannidis
	40.77871
	21.35898
	09.ix.2021
	Gavril Marius Berchi 

	Aquarius najas
	NGS2
	√
	√
	Greece: Simos Ioannidis
	40.77871
	21.35898
	09.ix.2021
	Gavril Marius Berchi 

	Aquarius najas
	NGS3
	√
	√
	Greece: Simos Ioannidis
	40.77871
	21.35898
	09.ix.2021
	Gavril Marius Berchi 

	Aquarius najas
	NGS4
	√
	√
	Greece: Simos Ioannidis
	40.77871
	21.35898
	09.ix.2021
	Gavril Marius Berchi 

	Aquarius najas
	NGS5
	√
	
	Greece: Simos Ioannidis
	40.77871
	21.35898
	09.ix.2021
	Gavril Marius Berchi 

	Aquarius najas
	NICB1
	
	√
	Italy: Coscia di Ponte, Baranello, Molise
	41.52979
	14.53857
	28.iv.1999
	F.N. Buneli

	Aquarius najas
	NICB2
	
	√
	Italy: Coscia di Ponte, Baranello, Molise
	41.52979
	14.53857
	28.iv.1999
	F.N. Buneli

	Aquarius najas
	NICB3
	
	√
	Italy: Coscia di Ponte, Baranello, Molise
	41.52979
	14.53857
	28.iv.1999
	F.N. Buneli

	Aquarius najas
	NIER1
	√
	√
	Italy: Emilia-Romagna, Berceto
	44.53257
	9.97475
	23.v.2008
	I. Ribera 

	Aquarius najas
	NIER2
	√
	√
	Italy: Emilia-Romagna, Berceto
	44.53257
	9.97475
	23.v.2008
	I. Ribera 

	Aquarius najas
	NIER3
	√
	
	Italy: Emilia-Romagna, Berceto
	44.53257
	9.97475
	23.v.2008
	I. Ribera 

	Aquarius najas
	NIER4
	√
	
	Italy: Emilia-Romagna, Berceto
	44.53257
	9.97475
	23.v.2008
	I. Ribera 

	Aquarius najas
	NILC1
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC10
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC2
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC3
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC4
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC5
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC6
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC7
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC8
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NILC9
	
	√
	Italy: Longobucco, Calabria, Trionto River
	39.44964
	16.60943
	23.vi.1999
	F.N. Buneli

	Aquarius najas
	NIMT1
	√
	√
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NIMT2
	√
	√
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NIMT3
	√
	√
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NIMT4
	
	√
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NIMT5
	
	√
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NIMT7
	√
	
	Italy: Miane, Treviso
	45.94166
	12.08995
	21.vi.2002
	F.N. Buneli

	Aquarius najas
	NLM1
	√
	√
	Lithuania: Varėna, Merkys River
	54.23724
	24.54786
	13.viii.2019
	Denis Copilaș-Ciocianu

	Aquarius najas
	NLM2
	√
	√
	Lithuania: Varėna, Merkys River
	54.23724
	24.54786
	13.viii.2019
	Denis Copilaș-Ciocianu

	Aquarius najas
	NLM3
	√
	√
	Lithuania: Varėna, Merkys River
	54.23724
	24.54786
	13.viii.2019
	Denis Copilaș-Ciocianu

	Aquarius najas
	NLM4
	√
	√
	Lithuania: Varėna, Merkys River
	54.23724
	24.54786
	13.viii.2019
	Denis Copilaș-Ciocianu

	Aquarius najas
	NLM5
	√
	√
	Lithuania: Varėna, Merkys River
	54.23724
	24.54786
	13.viii.2019
	Denis Copilaș-Ciocianu

	Aquarius najas
	NMT1
	√
	√
	Morocco: Taza (Tazzeka National Park)
	34.09013
	-4.18395
	22.iii.2008
	Ribera, Hernando & Aguilera 

	Aquarius najas
	NMT2
	√
	√
	Morocco: Taza (Tazzeka National Park)
	34.09013
	-4.18395
	22.iii.2008
	Ribera, Hernando & Aguilera 

	Aquarius najas
	NPG1
	
	√
	Poland: Grudziądz
	53.4892
	18.74626
	25.ix.2020
	Denis Copilaș-Ciocianu

	Aquarius najas
	NPG2
	√
	√
	Poland: Grudziądz
	53.4892
	18.74626
	25.ix.2020
	Denis Copilaș-Ciocianu

	Aquarius najas
	NPG3
	√
	√
	Poland: Grudziądz
	53.4892
	18.74626
	25.ix.2020
	Denis Copilaș-Ciocianu

	Aquarius najas
	NPG4
	√
	√
	Poland: Grudziądz
	53.4892
	18.74626
	25.ix.2020
	Denis Copilaș-Ciocianu

	Aquarius najas
	NPG5
	
	√
	Poland: Grudziądz
	53.4892
	18.74626
	25.ix.2020
	Denis Copilaș-Ciocianu

	Aquarius najas
	NRCB1
	√
	√
	Romania: Caraș-Severin, Bozovici
	44.92532
	21.99725
	01.viii.2013
	Gavril Marius Berchi

	Aquarius najas
	NRCB2
	√
	√
	Romania: Caraș-Severin, Bozovici
	44.92532
	21.99725
	01.viii.2013
	Gavril Marius Berchi

	Aquarius najas
	NRCB3
	√
	√
	Romania: Caraș-Severin, Bozovici
	44.92532
	21.99725
	01.viii.2013
	Gavril Marius Berchi

	Aquarius najas
	NRCB4
	√
	√
	Romania: Caraș-Severin, Bozovici
	44.92532
	21.99725
	01.viii.2013
	Gavril Marius Berchi

	Aquarius najas
	NRCB5
	√
	√
	Romania: Caraș-Severin, Bozovici
	44.92532
	21.99725
	01.viii.2013
	Gavril Marius Berchi

	Aquarius najas
	NSAT1
	√
	
	Spain: Albacete, Tus River
	38.37025
	-2.42528
	14.ix.2022
	Andrés Millán

	Aquarius najas
	NSAT2
	√
	√
	Spain: Albacete, Tus River
	38.37025
	-2.42528
	14.ix.2022
	Andrés Millán

	Aquarius najas
	NSAT3
	√
	√
	Spain: Albacete, Tus River
	38.37025
	-2.42528
	14.ix.2022
	Andrés Millán

	Aquarius najas
	NSAT4
	√
	
	Spain: Albacete, Tus River
	38.37025
	-2.42528
	14.ix.2022
	Andrés Millán

	Aquarius najas
	NSAT5
	√
	
	Spain: Albacete, Tus River
	38.37025
	-2.42528
	14.ix.2022
	Andrés Millán

	Aquarius najas
	NSBG1
	
	√
	Spain: Beget, Girona
	42.32059
	2.48114
	21.vi.2007
	Andrés Millán

	Aquarius najas
	NSBG2
	
	√
	Spain: Beget, Girona
	42.32059
	2.48114
	21.vi.2007
	Andrés Millán

	Aquarius najas
	NSBG3
	
	√
	Spain: Beget, Girona
	42.32059
	2.48114
	21.vi.2007
	Andrés Millán

	Aquarius najas
	NSBG4
	
	√
	Spain: Beget, Girona
	42.32059
	2.48114
	21.vi.2007
	Andrés Millán

	Aquarius najas
	NSJ1
	
	√
	Sweden: Jönköping
	57.78356
	14.16407
	23.vii.2006
	O. Sesers

	Aquarius najas
	NSJ2
	
	√
	Sweden: Jönköping
	57.78356
	14.16407
	23.vii.2006
	O. Sesers

	Aquarius najas
	NSJ3
	
	√
	Sweden: Jönköping
	57.78356
	14.16407
	23.vii.2006
	O. Sesers

	Aquarius najas
	NSMA1
	√
	√
	Spain: Murcia, Alhárabe River
	38.19615
	-2.11737
	21.ix.2022
	Andrés Millán

	Aquarius najas
	NSMA2
	√
	√
	Spain: Murcia, Alhárabe River
	38.19615
	-2.11737
	21.ix.2022
	Andrés Millán

	Aquarius najas
	NSMA3
	√
	√
	Spain: Murcia, Alhárabe River
	38.19615
	-2.11737
	21.ix.2022
	Andrés Millán

	Aquarius najas
	NSMA4
	√
	√
	Spain: Murcia, Alhárabe River
	38.19615
	-2.11737
	21.ix.2022
	Andrés Millán

	Aquarius najas
	NSMA5
	√
	√
	Spain: Murcia, Alhárabe River
	38.19615
	-2.11737
	21.ix.2022
	Andrés Millán

	Aquarius najas
	NSSK1
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NSSK2
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NSSK3
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NSSK4
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NSSK5
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NSSK6
	√
	√
	Sweden: Svanshult
	57.52871
	12.32106
	25.ix.2001
	Lonng Askenmo

	Aquarius najas
	NUKR1
	√
	√
	Ukraine
	48.78004
	30.40501
	n/a 
	n/a 

	Aquarius najas
	NUKR2
	√
	√
	Ukraine
	48.78004
	30.40501
	n/a 
	n/a 

	Aquarius ventralis
	VBA1
	√
	√
	Bulgaria: Ahtopol
	42.1
	27.92984
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBA2
	√
	√
	Bulgaria: Ahtopol
	42.1
	27.92984
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBA3
	√
	√
	Bulgaria: Ahtopol
	42.1
	27.92984
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBA4
	√
	√
	Bulgaria: Ahtopol
	42.1
	27.92984
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBA5
	√
	√
	Bulgaria: Ahtopol
	42.1
	27.92984
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBYP1
	√
	√
	Bulgaria: Yasna Polyana
	42.28106
	27.61319
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBYP2
	√
	√
	Bulgaria: Yasna Polyana
	42.28106
	27.61319
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBYP3
	√
	√
	Bulgaria: Yasna Polyana
	42.28106
	27.61319
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VBYP4
	√
	√
	Bulgaria: Yasna Polyana
	42.28106
	27.61319
	14.vii.2022
	Gavril Marius Berchi

	Aquarius ventralis
	VGSA1
	√
	√
	Greece: Samothraki Island, Ano Meria
	40.46588
	25.67140
	30.v.2002
	N. Simov

	Aquarius ventralis
	VGSA2
	√
	√
	Greece: Samothraki Island, Ano Meria
	40.46588
	25.67140
	30.v.2002
	N. Simov

	Aquarius ventralis
	VTK1
	√
	√
	Turkey: Karaburun
	38.64707
	26.51280
	02.vi.2011
	n/a 

	Aquarius ventralis
	VTK2
	√
	√
	Turkey: Karaburun
	38.64707
	26.51280
	02.vi.2011
	n/a 

	Aquarius ventralis
	VTT1
	√
	√
	Turkey: Tunceli
	39.09826
	39.51556
	05.vi.2011
	n/a 

	Aquarius ventralis
	VTT2
	√
	√
	Turkey: Tunceli
	39.09826
	39.51556
	05.vi.2011
	n/a 


Table S2 Sequencing information for the 108 individuals used in whole-genome sequencing, including mapping rate and genomic coverage depths of whole-genome sequencing metrics.
	Sample code 
	 Clean_bases(bp) 
	 Mapped rate（%） 
	 Depth 

	CIS609
	12,026,473,135
	57.75
	6.67344

	CM481
	12,036,832,271
	59.7
	8.97591

	CM563
	12,396,238,694
	61.13
	8.94806

	CSAY1
	11,743,682,552
	55.16
	6.87419

	CSAY2
	11,774,171,424
	61.13
	8.94806

	CSMQ1
	11,285,629,230
	49.71
	6.13176

	CSMQ2
	11,337,938,767
	49.75
	6.27377

	CSMQ3
	11,442,506,660
	48.97
	5.91328

	CSMQ4
	11,573,417,204
	51.07
	6.11642

	CSMQ5
	11,596,958,914
	49.34
	6.16414

	CSMQ6
	11,649,239,938
	26.51
	3.9276

	CT120
	12,700,409,614
	68.22
	7.75854

	NGS1
	10,127,781,380
	53.07
	6.93107

	NGS2
	10,132,306,196
	54.85
	6.75206

	NLM1
	10,211,285,292
	51.76
	6.67344

	NLM2
	10,227,042,552
	53.89
	6.49946

	NMT1
	10,452,976,762
	56.42
	6.41744

	NMT2
	10,495,445,508
	56.3
	6.47704

	NSAT2
	9,940,709,189
	59.02
	6.13492

	NSAT3
	9,964,570,167
	60.21
	6.70405

	NSAT4
	9,996,661,491
	60.93
	6.13584

	NSMA1
	10,036,064,932
	59.96
	6.36117

	NSMA2
	10,072,825,220
	60.32 
	6.10 

	NSMA5
	10,125,672,612
	62.57 
	6.91 

	VBA1
	12,828,664,201
	60.4
	7.21399

	VTK1
	15,025,421,154
	68.36
	7.27889

	CISF1
	11,834,478,366
	59.66
	7.65604

	CISF2
	11,869,039,226
	60.6
	7.71266

	CISF3
	11,896,182,688
	56.4
	6.7834

	CISF4
	12,015,438,836
	54.02
	6.44299

	CSAY3
	11,788,543,391
	50.15
	5.88103

	NABV2
	10,567,051,138
	65.75
	10.5705

	NABV3
	10,600,721,582
	66.94
	10.6157

	NABV4
	10,636,220,950
	65.18
	10.7584

	NABV5
	10,636,878,498
	70.91
	8.73896

	NABV6
	10,637,040,544
	68.08
	9.50896

	NBHM1
	10,172,216,470
	58.23
	6.47368

	NBHM2
	10,184,047,035
	54.58
	6.88908

	NBHM3
	10,207,690,952
	57.8
	6.85076

	NCRN1
	10,662,135,808
	67.79
	7.65372

	NCRN4
	10,666,139,099
	64.4
	8.83875

	NCRN5
	10,673,231,158
	70.53
	7.04192

	NCRN6
	10,691,843,364
	74.39
	7.06951

	NDKN1
	11,009,876,558
	63.84
	8.64778

	NDKN2
	11,012,186,088
	61.85
	8.77714

	NDKN3
	11,027,941,602
	63.45
	8.79127

	NDKN4
	11,031,877,137
	61.2
	9.50297

	NDKN5
	11,051,916,770
	62.09 
	8.71 

	NDKN6
	11,142,309,472
	60.72
	8.99762

	NFL1
	9,488,730,274
	60.88
	8.15512

	NFL3
	9,531,153,608
	63.92
	6.80459

	NFL4
	9,610,326,958
	59.22
	7.70977

	NFL6
	9,683,048,074
	59.75
	8.57022

	NGBW4
	7,612,529,211
	59.93
	7.12581

	NGBW5
	8,968,506,315
	61.53 
	7.51 

	NGBW6
	9,026,903,633
	62.8
	7.53952

	NGNH1
	11,152,095,294
	61.73
	8.74894

	NGNH2
	11,166,116,647
	61.34
	8.68378

	NGNH3
	11,177,487,596
	55.78
	11.0435

	NGNH4
	11,228,220,536
	57.37
	9.21336

	NGNH5
	11,285,359,926
	58
	9.03208

	NGS3
	10,146,910,768
	53.56
	7.33114

	NGS4
	10,158,424,066
	55.15
	6.16676

	NGS5
	10,163,109,294
	54.35
	6.92589

	NIER1
	10,328,615,092
	56.68
	6.70015

	NIER2
	10,343,944,280
	56.04
	6.70308

	NIER3
	10,354,174,220
	56.37
	6.40185

	NIER4
	10,376,070,236
	53.09
	6.62461

	NIMT1
	9,043,207,950
	59.76
	7.91933

	NIMT2
	9,116,490,432
	62.1
	8.1013

	NIMT3
	9,143,124,004
	61.94
	8.02538

	NIMT7
	9,342,727,139
	63.53
	6.91949

	NLM3
	10,237,231,441
	58.62
	6.49667

	NLM4
	10,254,899,129
	59.9
	5.7466

	NLM5
	10,261,371,002
	60.13
	6.59462

	NPG2
	10,268,766,878
	61.07
	7.63944

	NPG3
	10,283,675,068
	60.65
	9.58869

	NPG4
	10,287,774,070
	66.98
	7.53329

	NPG6
	10,294,139,632
	67.27
	7.83667

	NRCB1
	10,391,365,254
	56.68
	6.22672

	NRCB2
	10,403,182,454
	57.01
	6.19675

	NRCB3
	10,414,236,223
	57.77
	6.49309

	NRCB4
	10,416,114,174
	62.04
	6.38658

	NRCB5
	10,449,703,764
	58.23
	6.40401

	NSMA3
	10,083,565,614
	55.73
	6.02008

	NSMA4
	10,085,262,482
	44.78
	4.89737

	NSSK1
	10,708,874,692
	58.64
	6.50613

	NSSK3
	10,795,910,577
	66.89
	8.45284

	NSSK4
	10,885,938,575
	77.44
	7.80371

	NSSK5
	10,956,012,400
	73.66
	7.50297

	NSSK6
	10,994,617,862
	70.96
	8.73679

	NUKR1
	10,525,777,843
	76.15
	7.77687

	NUKR2
	10,549,942,222
	69.19
	13.0845

	VBA2
	12,832,336,400
	64.6
	10.6222

	VBA3
	12,920,695,770
	58.04
	6.32656

	VBA4
	13,240,751,546
	56.61
	6.69298

	VBA5
	13,321,713,744
	56.84
	6.10771

	VBYP1
	13,356,727,362
	56.91 
	6.18 

	VBYP2
	14,628,016,904
	56.23
	6.3296

	VBYP3
	14,759,085,718
	60.64
	6.42077

	VBYP4
	14,910,759,814
	58.5
	6.4365

	VGSA1
	12,740,584,210
	58.31
	6.27236

	VGSA2
	12,815,906,332
	62.2
	7.75802

	VTK2
	15,919,787,077
	68.9
	8.01509

	VTT1
	16,591,769,281
	68.36
	7.27889

	VTT2
	18,507,446,680
	67.37
	6.86123

	NSAT1
	9,933,028,863
	58.9
	6.50324

	NSAT5
	10,021,307,340
	57.28
	6.43272


Table S3 COI fragments of 71 individuals downloaded from NCBI.

	Species
	Sample code
	Collection sites
	Data
	Legit
	Genbank Acc. No.

	Aquarius najas
	NIW488
	Ireland: Wicklow, Liffey River
	2002
	J. Juste
	DQ231171

	Aquarius najas
	NFV332
	Finland: Varkaus (N)
	199?
	P. Alroth
	DQ231172

	Aquarius najas
	NFH334
	Finland: Hankasalmi (N)
	199?
	P. Alroth
	DQ231173

	Aquarius najas
	NFJ331
	Finland: Jäppilä
	199?
	P. Alroth
	DQ231174

	Aquarius najas
	NWB351
	Wales: Betws Y Coed
	2001
	R. Preziosi
	DQ231175

	Aquarius najas
	NWB352
	Wales: Betws Y Coed
	2001
	R. Preziosi
	DQ231176

	Aquarius najas
	NFN338
	Finland: Niemisjärvi (Häppälä)
	199?
	P. Alroth
	DQ231177

	Aquarius najas
	NFT122
	Finland: Tammela (S)
	199?
	P. Alroth
	DQ231178

	Aquarius najas
	NFJ121
	Finland: Joroinen (N)
	199?
	P. Alroth
	DQ231179

	Aquarius najas
	NFV337
	Finland: Virolahti (S)
	199?
	P. Alroth
	DQ231180

	Aquarius najas
	NFL333
	Finland: Leivonmäki, Rutajoki (N)
	199?
	P. Alroth
	DQ231181

	Aquarius najas
	NFS335
	Finland: Sivatio
	199?
	P. Alroth
	DQ231182

	Aquarius najas
	NFP336
	Finland: Pohja II(S)
	199?
	P. Alroth
	DQ231183

	Aquarius najas
	NFE339
	Finland: Espoo
	199?
	P. Alroth
	DQ231184

	Aquarius najas
	NSL423
	Sweden: Lindomån, Hällesåker 50 km. S of Gothenburg
	2001
	C. Askenmo
	DQ231185

	Aquarius najas
	NSL1jd6
	Sweden: Lagan nr. Bäck
	1996
	J. Damgaard
	DQ231186

	Aquarius najas
	NDF7jd1
	Denmark: Gudenå, Klostermølle
	1997
	J. Damgaard
	DQ231187

	Aquarius najas
	NDF2jd3
	Denmark: Funen, Stavis Å. Langesø Skov?
	1996?
	J. Damgaard
	DQ231188

	Aquarius najas
	NAB353
	Austria: Boden near Vienna, “Helental”
	2001
	I. Plonski
	DQ231189

	Aquarius najas
	NAM357
	Austria: Melkenv., Pielach
	2001
	H. Zettel
	DQ231190

	Aquarius najas
	NLP680
	Lithauania: Puvo Ciaé, River Merskys
	2002
	J. Turcinaviciene
	DQ231191

	Aquarius najas
	NFL706
	France: La Bruyere, Les Euziers, Sirevil
	2003
	B.V. Pedersen
	DQ231192

	Aquarius najas
	NIV555
	Italy: Veneto, Colpello del Campio
	1999
	F.M. Buzzetti
	DQ231193

	Aquarius najas
	NIV556
	Italy: Veneto, Castelpomberto de Poscole
	1999
	F.M. Buzzetti
	DQ231194

	Aquarius najas
	NIV896
	Italy: Veneto, Villorba, Varago
	2004
	F.M. Buzetti
	DQ231195

	Aquarius najas
	NSS611
	Sweden: Småland, Bråkentorpasjön 10 km SE Ljungby
	2002
	J. Damgaard
	DQ231196

	Aquarius najas
	NSH349
	Sweden: Halland, Smedjeån, Kornhult nr. Hishult
	2001
	H. Dreisig
	DQ231197

	Aquarius najas
	NST350
	Sweden: Tranemo
	1996
	J. Damgaard
	DQ231198

	Aquarius najas
	NDV348
	Denmark: Vedbøl Sø, outlet
	1997
	J. Damgaard
	DQ231199

	Aquarius najas
	NCRN363
	Czech Republic: N. Moravia, Studénka, Mlynka
	2001
	P. Kment
	DQ231200

	Aquarius najas
	NFB573
	France: Bretagne, St. Renan Aber Ildur, River Filustere
	2002
	P. Magnien
	DQ231201

	Aquarius najas
	NFA649
	France: Alpes Maritimes
	2002
	I. Ribera & A. Cieslak
	DQ231202

	Aquarius najas
	NGN346
	Greece: Nomos Drama Rhodope Mts., Arkondoemma
	1997
	K. Helversen
	DQ231203

	Aquarius najas
	NGN11jd2
	Greece: Nomos Drama Rhodope Mts., Arkondoemma
	1997
	K. Helversen
	DQ231204

	Aquarius najas
	NSSG570
	Spain: Sierra Canara
	2002
	T.J. Simonsen
	DQ231205

	Aquarius najas
	NSSG574
	Spain: Sierra Guara
	2002
	T.J. Simonsen
	DQ231206

	Aquarius najas
	NPV612
	Portugal: Vila Nove de Paiva
	2002
	X. Pinto
	DQ231207

	Aquarius najas
	NPS125
	Portigal: Serra do Geres, P. de Leonte
	1996
	O. Martin
	DQ231208

	Aquarius najas
	NSA131
	Spain: Avila, N. Arenas de San Pedro, 1200 m
	1996
	V. Michelsen
	DQ231209

	Aquarius najas
	NSM130
	Spain: Malaga, 3 km N Canillas de Albeida
	1999
	V. Michelsen
	DQ231210

	Aquarius najas
	NSE342
	Spain: Eastern Pyrenees
	1997
	V. Michelsen
	DQ231211

	Aquarius najas
	NSM848
	Spain: Mallorca, Torrent de Sa Parra nr. Espórles
	2004
	J. Damgaard
	DQ231212

	Aquarius najas
	NSM402
	Spain: Malaga, 4 km. W Sedella
	1999
	V. Michelsen
	DQ231213

	Aquarius najas
	NPR610
	Portugal: Rio Cabrum E Porto
	2002
	X. Sa Pinto
	DQ231214

	Aquarius najas
	NPR547
	Portugal: Rio Sabor (to Douro) nr. Sampais
	2002
	X. Sa Pinto
	DQ231215

	Aquarius najas
	NPR455
	Portugal: Ribeiro de Ceres S Aljezur
	2002
	J. Damgaard
	DQ231216

	Aquarius najas
	NMA128
	Morocco: Azrou/Ifrane Area, 1500-2000m
	1989
	ZMUC Exp.
	DQ231217

	Aquarius najas
	NTT341
	Tunisia: 15 km E Tabarka
	1986
	ZMUC Exp.
	DQ231218

	Aquarius najas
	NTA129
	Tunisia: Ain Draham Area
	1988
	ZMUC Exp.
	DQ231219

	Aquarius najas
	NBP548
	Bulgaria: South Pinin Mt.
	2002
	N. Simov
	DQ231220

	Aquarius najas
	NGP126
	Greece: Pelóponissos, Mt. Taigetos 120 km SW Spartis
	1998
	V. Michelsen
	DQ231221

	Aquarius najas
	NGA565
	Greece: Aistena (Arcadia) Sieros, 650m
	2002
	P. Magnien
	DQ231222

	Aquarius najas
	NFC558
	France: Corsica, Valle Di Restonica
	2002
	Sommagio
	DQ231223

	Aquarius najas
	NFC123
	France: Corsica, Gorges du Spelunga nr. Evisa, 200m
	1999
	P. Unger
	DQ231224

	Aquarius najas
	NFC124
	France: Corsica, Bocea a Lavu nr. Piana, 400 m
	1999
	P. Unger
	DQ231225

	Aquarius najas
	NFC329
	France: Corsica, Gorges du Tavigano nr. Corte, 900m
	1999
	P. Unger
	DQ231226

	Aquarius najas
	NFC328
	France: Corsica, Gorges du Spelunga nr. Evisa, 500m
	1999
	P. Unger
	DQ231227

	Aquarius najas
	NFC679
	France: Corsica, River Fargu nr. Galeria
	2003
	J. Örnborg
	DQ231228

	Aquarius najas
	NGC893
	Greece: Crete (NW), Deres, 15 km S Tavronitis
	2004
	F.E. Klausen
	DQ231229

	Aquarius najas
	NGC571
	Greece: Crete (W), stream at road Sfinari-Kampos
	2002
	V. Diaz
	DQ231230

	Aquarius najas
	NGC127
	Greece: Crete, Prassies Gorge 6 km S Perivóla
	1999
	V. Michelsen
	DQ231231

	Aquarius cinereus
	CMA4jd6
	Morocco: Azrou/Ifrane Area
	1989
	ZMUC Exp.
	DQ231233

	Aquarius cinereus
	CMA5
	Morocco: Azrou/Ifrane Area
	1989
	ZMUC Exp.
	AF200248

	Aquarius cinereus
	CIS609D
	Italy: Sicily, 85 km. E Messina below San Fratello, 400m
	2002
	O. Karsholt
	DQ231232

	Aquarius cinereus
	CMIA481
	Morocco: Immouzer des Ida Outanane, Assil Tamil
	2001
	I. Ribera
	DQ231234

	Aquarius cinereus
	CMIA563
	Morocco: Immouzer des Ida Outanane, Assil Tamil
	2001
	I. Ribera
	DQ231235

	Aquarius cinereus
	CTT120
	Tunisia: 21 km. E Tabarke
	1988
	ZMUC Exp.
	DQ231236

	Aquarius ventralis
	VBSM361
	Bulgaria: Strandzha Mts. 
	2001
	N. Simov
	AY425249

	Aquarius ventralis
	VBSM362
	Bulgaria: Strandzha Mts. 
	2001
	N. Simov
	DQ231237

	Aquarius ventralis
	VCTM374
	Cyprus: Troodos Mts., Kalidonia Waterfall
	2000
	A.I. Cognato
	DQ231238

	Aquarius ventralis
	VTP13
	Turkey: Pamphylia
	1991
	B. Pedersen
	AF200246


Table S4 Results of reference genome assembly.
	Sample
	Aquarius paludum

	Assembly approach
	HTS + Nanоpore + Hi-C

	Assembly level
	Chromosomes

	Genome size (Gb)
	1.01

	Coverage depth (X)
	91.51

	GC content (%)
	30.40%

	Scaffold N50 (Mb)
	92.89

	Contig N50 (Mb)
	5.66


Table S5 The statistics of contig clustering of 12 chromosomes by length.
	Chr_ID
	Length
	Scaf Num

	Chr01
	132240817
	47

	Chr02
	100642862
	21

	Chr03
	94287281
	29

	Chr04
	94113471
	40

	Chr05
	92884011
	45

	Chr06
	87909212
	40

	Chr07
	86365337
	28

	Chr08
	85114873
	36

	Chr09
	76778307
	39

	Chr10
	66932741
	20

	Chr11
	54430465
	30

	Chr12
	35152265
	14

	Total
	1006851642
	389


Table S6 Average genetic diversity indices of the three species in the A. najas group.
	Populations
	average Ho
	average He
	average π

	N_A. najas
	0.4054
	0.3579
	1.42E-05

	S_A. najas (without NMT)
	0.3521
	0.3289
	1.39E-05

	NMT
	0.5536
	0.5386
	2.07E-05

	A. cinereus
	0.6022
	0.5889
	2.34E-05

	A. ventralis 
	0.5058
	0.4702
	1.90E-05


Supplementary methods

High-quality Reference Genome for Congeneric Species A. paludum
DNA Extraction

Due to the lack of a reference genome for the A. najas group, we de novo sequenced and assembled the genome of a closely related species, Aquarius paludum. Genome sequencing samples were collected at Nankai University, Tianjin, China. High molecular weight genomic DNA was performed using the QIAGEN Genomic kit (Cat#13343, Qiagen) for long-read and short-read sequencing. The degradation and contamination of the extracted DNA were monitored on 1% agarose gels. DNA purity was then assessed using a NanoDrop™ One UV-Vis spectrophotometer (Thermo Fisher Scientific, USA), where the OD260/280 ratio ranged from 1.8 to 2.0, and the OD 260/230 ratio was between 2.0 and 2.2. Finally, DNA concentration was measured using a Qubit® 3.0 Fluorometer (Invitrogen, USA).

Library Preparation and Sequencing 

A total of 2 µg of DNA per sample was used as input material for the ONT library preparations. After the sample was qualified, long DNA fragments were size-selected using the BluePippin system (Sage Science, USA). Next, the ends of DNA fragments were repaired and an A-ligation reaction was conducted using the NEBNext Ultra II End Repair/dA-tailing Kit (Cat# E7546). The adapter from the LSK109 kit was used for further ligation reactions, and a Qubit® 3.0 Fluorometer (Invitrogen, USA) was used to quantify the size of library fragments. Sequencing was then performed on a Nanopore GridION X5/PromethION sequencer (Oxford Nanopore Technologies, UK) by Nextomics [82].

Data Quality Control

Nanopore sequencers output FAST5 files containing signal data. Base calling was first performed to convert the FAST5 files to FASTQ format using Guppy v.3.2.2+9fe0a78 [83]. Raw reads in FASTQ format with mean_qscore_template < 7 were filtered out, resulting in passing reads.

Genome size estimation

To explore the genomic characteristics of A. paludum, k-mer analysis was conducted using 39.26 Gb of clean Illumina short-read data prior to genome assembly to estimate genome size and heterozygosity. Quality-filtered reads underwent 17-mer frequency distribution analysis using the KMC program. The 17-mer depth distribution from the 350-bp library was analyzed using gce and FindGSE software [84] to estimate the genome size using the equation: G = K-num/K-depth (where K-num is the total number of 17-mers, K-depth denotes the k-mer depth, and G represents the genome size). The results show that the genome size is 939.02 Mb, the heterozygosity is 2.60%.
De novo Assembly

For de novo genome assembly, a ONT-only assembly was constructed using an OLC (overlap layout-consensus)/string graph method with NextDenovo v.2.3.1 (https://github.com/Nextomics/NextDenovo.git). Considering the high error rate of ONT raw reads, the original subreads were first self-corrected using NextCorrect module, obtaining consistent sequences (CNS reads). The CNS reads were then compared using the NextGraph module to capture correlations among them. Based on these correlations, the preliminary genome was assembled. To improve the assembly's accuracy, the contigs were refined using Racon with ONT long reads and Nextpolish v.1.3.0 [85] with Illumina short reads, using default parameters. To discard potentially redundant contigs and generate the final assembly, similarity searches were performed with the parameters “identity 0.8 –overlap 0.8”.

The completeness of the genome assembly was assessed using BUSCO v.4.0.5 (Benchmarking Universal Single Copy Orthologs) [86] and CEGMA v.2 (Core Eukaryotic Gene Mapping Approach) [87]. To evaluate the assembly's accuracy, all Illumina paired-end reads were mapped to the assembled genome using BWA v.0.7.12-r1039 (Burrows-Wheeler Aligner) [88], and the mapping rate and genome coverage of sequencing reads were assessed using SAMtools v.0.1.1855 [89]. Additionally, the base accuracy of the assembly was calculated using BCFtools v.1.8.0 [90]. The coverage of expressed genes within the assembly was examined by aligning all RNA-seq reads against the assembly using HISAT with default parameters. To avoid including mitochondrial sequences in the assembly, the draft genome assembly was submitted to the NT library, and aligned sequences were eliminated.

Chromosome Assembly by Hi-C Data

In total, 370 million paired-end reads were generated from the libraries. Quality control of Hi-C raw data was performed using Hi-C-Pro, as in previous research. First, low-quality sequences (quality scores < 20), adaptor sequences, and sequences shorter than 30 bp were filtered out using fastp v.0.19.4 [91]. The clean paired-end reads were then mapped to the draft assembled sequence using bowtie v.2.3.2 [92] (-end-to-end --very-sensitive -L 30) to obtain the unique mapped paired-end reads. Valid interaction paired reads were identified and retained by HiC-Pro v.2.8.1 (https://github.com/nservant/HiC-Pro) from the unique mapped paired-end reads for further analysis. Invalid read pairs, including dangling-end, self-cycle, re-ligation, and dumped products, were filtered out by HiC-Pro v.2.8.1 [93]. The scaffolds were further clustered, ordered, and oriented onto chromosomes by LACHESIS (https://github.com/shendurelab/LACHESIS), with parameters ‘CLUSTER_MIN_RE_SITES=100, CLUSTER_MAX_LINK_DENSITY=2.5, CLUSTER_NONINFORMATIVE_RATIO=1.4, ORDER_MIN_N_RES_IN_TRUNK=60, ORDER_MIN_N_RES_IN_SHREDS=60’. Finally, placement and orientation errors exhibiting obvious discrete chromatin interaction patterns were manually adjusted.

Repeat elements and ncRNAs annotation

We first annotated the tandem repeats using GMATA v.2.2 [94] and Tandem Repeats Finder (TRF) [95]. GMATA v.2.2 identifies simple sequence repeats (SSRs), while TRF detects all tandem repeat elements across the entire genome. An ab initio repeat library for A. paludum was predicted using MITE-Hunter [96] and RepeatModeler v.1.0.11 [97] with default parameters. The obtained library was then aligned to the TEclass Repbase (http://www.girinst.org/repbase) to classify each repeat family type. For further repeat identification across the genome, RepeatMasker v.1.0.11 was employed to detect both known and novel transposable elements (TEs) by mapping sequences against the de novo repeat library and the Repbase TE library. Overlapping transposable elements within the same repeat class were collated and combined.

To identify non-coding RNAs (ncRNAs), two strategies were employed: database searching and model-based prediction. Transfer RNAs (tRNAs) were predicted using tRNAscan-SE with eukaryotic parameters. MicroRNAs, rRNAs, small nuclear RNAs, and small nucleolar RNAs were detected using Infernal cmscan to search the Rfam database. Ribosomal RNAs (rRNAs) and their subunits were predicted using RNAmmer v.1.2 [98].
Genome annotation

Gene structure prediction in a repeat-masked genome was performed using a combination of three methods: ab initio prediction [99], homology-based prediction [100], and transcriptome-based prediction [101]. In detail, GeMoMa v.1.6.1 [102] was used to align the homologous peptides from related species to the assembly and then got the gene structure information, which was homolog prediction. For RNAseq-based gene prediction, filtered mRNA-seq reads were aligned to the reference genome using STAR v.2.7.3a [103]. The transcripts were then assembled using stringtie v.1.3.4d [104] and open reading frames (ORFs) were predicted using PASA v.2.3.3 [105]. For the de novo prediction, RNA-seq reads were de novo assembled using stringtie v.1.3.4d and analyzed with PASA v.2.3.3 to produce a training set. Augustus with default parameters was then utilized for ab initio gene prediction with the training set. Different predicted gene sets were obtained from ab initio prediction, homology annotation, and transcriptome prediction. These data were integrated using the EVM v.1.1.1 (Evidence Modeler) [105] software to obtain a non-redundant exon set, thereby defining a more reliable gene structure. 

The final annotated gene information may contain some genes inserted by transposons, which are annotated in the structural annotation but are actually inactive in the genome. Therefore, in the annotation of functional genes, TransposonPSI [103] (default parameters) is used to compare the corresponding gene's protein sequence with the database integrated by the software, and genes that match this database are removed. Additionally, genes with lengths that are not multiples of three (which cannot be translated using triplet codons) and genes with stop codons in the middle of the sequence are also removed from the annotation results. 

Gene function information, motifs and domains of their proteins were assigned by comparing with public databases including SwissProt, NR, KEGG, KOG, and Gene Ontology [104–109]. The putative domains and GO terms of genes were identified using the InterProScan v.5.32-71.0 program [110] with default parameters. For the other four databases, BLASTp v.2.7.1 (https://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to compare the EVM-integrated protein sequences against the four well-known public protein database with an E value cutoff of 1e−05 and the results with the hit with lowest E value was retained. Results from the five database searches were concatenated and evaluated for gene set completeness using BUSCO v.3.0.1 [109].
