
Supplementary Information: Conserved host genes act as anchors for fast-evolving piRNA clusters via promoter hijacking.
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Eutheria

Boreoeutheria

Euarchontoglires

Glires

Rodentia

Myomorpha

Muroidea

Cricetidae Cricetidae Cricetidae Cricetidae

Cricetinae Cricetulus Cricetulus Cricetulus_griseus

Arvicolinae

Microtus Microtus Microtus_pennsylvanicus

Arvicola Arvicola Arvicola_amphibius

Chionomys Chionomys Chionomys_nivalis

Neotominae Peromyscus Peromyscus
Peromyscus_maniculatus

Peromyscus_eremicus

Muridae Muridae Muridae Muridae

Gerbillinae Meriones Meriones Meriones_unguiculatus

Murinae

Rattus Rattus
Rattus_norvegicus

Rattus_rattus

Apodemus Apodemus Apodemus_sylvaticus

Mastomys Mastomys Mastomys_coucha

Arvicanthis Arvicanthis Arvicanthis_niloticus

Deomyinae Acomys Acomys Acomys_russatus

Dipodoidea Dipodoidea Dipodoidea Dipodidae Dipodinae Jaculus Jaculus Jaculus_jaculus

Castorimorpha
Heteromyidae Heteromyidae Heteromyidae Heteromyidae Perognathinae Perognathus Perognathus Perognathus_longimembris

Castoridae Castoridae Castoridae Castoridae Castor Castor Castor Castor_canadensis

Sciuromorpha Sciuridae Sciuridae Sciuridae Sciuridae

Sciurinae Sciurini Sciurus Sciurus_carolinensis

Xerinae Marmotini

Ictidomys Ictidomys_tridecemlineatus

Callospermophilus Callospermophilus_lateralis

Marmota Marmota_flaviventris

Urocitellus Urocitellus_parryii

Lagomorpha

Ochotonidae Ochotonidae Ochotonidae Ochotonidae Ochotonidae Ochotona Ochotona Ochotona Ochotona_princeps

Leporidae Leporidae Leporidae Leporidae Leporidae
Lepus Lepus Lepus Lepus_europaeus

Oryctolagus Oryctolagus Oryctolagus Oryctolagus_cuniculus

Dermoptera Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalus Cynocephalus Cynocephalus Cynocephalus_volans

Primates

Haplorrhini Simiiformes

Catarrhini

Cercopithecoidea Cercopithecidae

Cercopithecinae

Macaca Macaca

Macaca_thibetana

Macaca_fascicularis

Macaca_mulatta

Macaca_nemestrina

Chlorocebus Chlorocebus Chlorocebus_sabaeus

Papio Papio Papio_anubis

Theropithecus Theropithecus Theropithecus_gelada

Colobinae
Piliocolobus Piliocolobus Piliocolobus_tephrosceles

Rhinopithecus Rhinopithecus Rhinopithecus_roxellana

Hominoidea

Hylobatidae
Nomascus Nomascus Nomascus Nomascus_leucogenys

Symphalangus Symphalangus Symphalangus Symphalangus_syndactylus

Hominidae

Homininae

Gorilla Gorilla Gorilla_gorilla

Pan Pan Pan_paniscus

Homo Homo Homo_sapiens

Ponginae Pongo Pongo
Pongo_pygmaeus

Pongo_abelii

Platyrrhini Cebidae Cebidae
Saimiriinae Saimiri Saimiri Saimiri_boliviensis

Callitrichinae Callithrix Callithrix Callithrix_jacchus

Strepsirrhini

Lemuriformes

Cheirogaleidae Cheirogaleidae Cheirogaleidae Microcebus Microcebus Microcebus Microcebus_murinus

Lemuridae Lemuridae Lemuridae
Eulemur Eulemur Eulemur Eulemur_rufifrons

Lemur Lemur Lemur Lemur_catta

Lorisiformes Lorisidae Lorisidae Lorisidae Nycticebus Nycticebus Nycticebus Nycticebus_coucang

Laurasiatheria

Carnivora

Caniformia

Canidae Canidae Canidae Canidae

Canis Canis Canis

Canis_lupus

Canis_aureus

Vulpes Vulpes Vulpes
Vulpes_lagopus

Vulpes_vulpes

Pinnipedia

Phocidae Phocidae Phocidae Phocidae

Monachinae
Monachini Neomonachus Neomonachus_schauinslandi

Miroungini Mirounga Mirounga_angustirostris

Phocinae Halichoerus Halichoerus Halichoerus_grypus

Otariidae Otariidae Otariidae Otariidae Zalophus Zalophus Zalophus Zalophus_californianus

Musteloidea Musteloidea Musteloidea Mustelidae

Mustelinae

Mustela Mustela

Mustela_erminea

Mustela_nigripes

Mustela_lutreola

Neogale Neogale Neogale_vison

Lutrinae Lutra Lutra Lutra_lutra

Melinae Meles Meles Meles_meles

Ursidae Ursidae Ursidae Ursidae
Ursus Ursus Ursus Ursus_arctos

Ailuropoda Ailuropoda Ailuropoda Ailuropoda_melanoleuca

Feliformia

Felidae Felidae Felidae Felidae

Pantherinae

Panthera Panthera

Panthera_uncia

Panthera_leo

Panthera_onca

Panthera_tigris

Neofelis Neofelis Neofelis_nebulosa

Felinae

Acinonyx Acinonyx Acinonyx_jubatus

Prionailurus Prionailurus
Prionailurus_bengalensis

Prionailurus_viverrinus

Leopardus Leopardus Leopardus_geoffroyi

Lynx Lynx Lynx_canadensis

Felis Felis Felis_catus

Herpestidae Herpestidae Herpestidae Herpestidae Suricata Suricata Suricata Suricata_suricatta

Pholidota Manidae Manidae Manidae Manidae Manidae Manis Manis Manis
Manis_pentadactyla

Manis_javanica

Artiodactyla

Ruminantia Pecora

Cervidae Cervidae Cervidae

Cervinae

Cervus Cervus
Cervus_canadensis

Cervus_elaphus

Dama Dama Dama_dama

Odocoileinae
Rangifer Rangifer Rangifer_tarandus

Odocoileus Odocoileus Odocoileus_virginianus

Muntiacinae Muntiacus Muntiacus Muntiacus_reevesi

Bovidae Bovidae Bovidae

Bovinae

Bos Bos

Bos_indicus x Bos taurus

Bos_mutus

Bos_javanicus

Bos_taurus

Bos_indicus

Bubalus Bubalus
Bubalus_kerabau

Bubalus_bubalis

Caprinae

Capricornis Capricornis Capricornis_sumatraensis

Ovis Ovis
Ovis_canadensis

Ovis_aries

Budorcas Budorcas Budorcas_taxicolor

Capra Capra Capra_hircus

Whippomorpha

Cetacea

Mysticeti

Balaenopteridae Balaenopteridae Balaenoptera Balaenoptera Balaenoptera

Balaenoptera_ricei

Balaenoptera_acutorostrata

Balaenoptera_musculus

Balaenidae Balaenidae Eubalaena Eubalaena Eubalaena Eubalaena_glacialis

Eschrichtiidae Eschrichtiidae Eschrichtius Eschrichtius Eschrichtius Eschrichtius_robustus

Odontoceti

Delphinidae Delphinidae

Lagenorhynchus Lagenorhynchus Lagenorhynchus Lagenorhynchus_albirostris

Pseudorca Pseudorca Pseudorca Pseudorca_crassidens

Delphinus Delphinus Delphinus Delphinus_delphis

Globicephala Globicephala Globicephala Globicephala_melas

Orcinus Orcinus Orcinus Orcinus_orca

Tursiops Tursiops Tursiops Tursiops_truncatus

Physeteridae Physeteridae
Kogia Kogia Kogia Kogia_breviceps

Physeter Physeter Physeter Physeter_macrocephalus

Phocoenidae Phocoenidae Phocoena Phocoena Phocoena
Phocoena_sinus

Phocoena_phocoena

Ziphiidae Ziphiidae Mesoplodon Mesoplodon Mesoplodon Mesoplodon_densirostris

Ancodonta Hippopotamidae Hippopotamidae Hippopotamidae Hippopotamus Hippopotamus Hippopotamus Hippopotamus_amphibius

Tylopoda Camelidae Camelidae Camelidae Camelidae

Vicugna Vicugna Vicugna Vicugna_pacos

Camelus Camelus Camelus

Camelus_ferus

Camelus_bactrianus

Camelus_dromedarius

Suina Suidae Suidae Suidae Suidae Phacochoerus Phacochoerus Phacochoerus Phacochoerus_africanus

Chiroptera

Yangochiroptera

Emballonuridae Emballonuridae Emballonuridae Emballonuridae Emballonurinae Saccopteryx Saccopteryx
Saccopteryx_leptura

Saccopteryx_bilineata

Vespertilionidae Vespertilionidae Vespertilionidae Vespertilionidae
Eptesicus Eptesicus Eptesicus Eptesicus_fuscus

Myotis Myotis Myotis Myotis_daubentonii

Phyllostomidae Phyllostomidae Phyllostomidae Phyllostomidae
Phyllostominae Phyllostomus Phyllostomus Phyllostomus_discolor

Desmodontinae Desmodus Desmodus Desmodus_rotundus

Yinpterochiroptera Rhinolophoidea Rhinolophoidea Rhinolophoidea Rhinolophidae Rhinolophinae Rhinolophus Rhinolophus
Rhinolophus_ferrumequinum

Rhinolophus_sinicus

Eulipotyphla
Soricidae Soricidae Soricidae Soricidae Soricidae Soricinae Sorex Sorex Sorex_araneus

Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceinae Erinaceus Erinaceus Erinaceus_europaeus

Perissodactyla

Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Diceros Diceros Diceros Diceros_bicornis

Equidae Equidae Equidae Equidae Equidae Equus Equus Equus

Equus_quagga

Equus_asinus

Equus_caballus

Xenarthra

Pilosa
Folivora Megalonychidae Megalonychidae Megalonychidae Megalonychidae Choloepus Choloepus Choloepus Choloepus_didactylus

Vermilingua Myrmecophagidae Myrmecophagidae Myrmecophagidae Myrmecophagidae Tamandua Tamandua Tamandua Tamandua_tetradactyla

Cingulata Dasypodidae Dasypodidae Dasypodidae Dasypodidae Dasypodidae Dasypus Dasypus Dasypus Dasypus_novemcinctus

Afrotheria

Afrosoricida Tenrecidae Tenrecidae Tenrecidae Tenrecidae Tenrecidae Tenrecinae Tenrec Tenrec Tenrec_ecaudatus

Proboscidea Elephantidae Elephantidae Elephantidae Elephantidae Elephantidae
Loxodonta Loxodonta Loxodonta Loxodonta_africana

Elephas Elephas Elephas Elephas_maximus

clade clade superorder clade order suborder clade infraorder parvorder superfamily family subfamily tribe genus species subspecies
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Figure S1: Evolutionary landscape of the NOPCHAP1-associated piRNA cluster. Phylogenetic tree showing the conservation and divergence of the intergenic region downstream of NOPCHAP1. Overlays denote the downstream intergenic length (size of the circles), total Mobile Genetic Element (MGE) content categorized by strandedness (anti-sense to sense ratio, grayscale color), and the fraction of antisense MGEs within the downstream length and the first 10 Kb, 50 Kb, 100 Kb of the locus (green-red scale).
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Eutheria

Boreoeutheria

Euarchontoglires

Rodentia

Myomorpha Muroidea

Cricetidae Cricetidae Cricetidae Cricetidae

Cricetinae Cricetulus Cricetulus Cricetulus_griseus

Neotominae

Peromyscus Peromyscus

Peromyscus_leucopus

Peromyscus_maniculatus

Peromyscus_eremicus

Onychomys Onychomys Onychomys_torridus

Arvicolinae

Microtus Microtus
Microtus_pennsylvanicus

Microtus_ochrogaster

Arvicola Arvicola Arvicola_amphibius

Chionomys Chionomys Chionomys_nivalis

Muridae Muridae Muridae Muridae

Gerbillinae Meriones Meriones Meriones_unguiculatus

Murinae

Mus Mus
Mus_caroli

Mus_pahari

Rattus Rattus
Rattus_norvegicus

Rattus_rattus

Apodemus Apodemus Apodemus_sylvaticus

Mastomys Mastomys Mastomys_coucha

Arvicanthis Arvicanthis Arvicanthis_niloticus

Deomyinae Acomys Acomys Acomys_russatus

Castorimorpha
Heteromyidae Heteromyidae Heteromyidae Heteromyidae Perognathinae Perognathus Perognathus Perognathus_longimembris

Castoridae Castoridae Castoridae Castoridae Castor Castor Castor Castor_canadensis

Sciuromorpha Sciuridae Sciuridae Sciuridae Sciuridae

Sciurinae Sciurini Sciurus Sciurus_carolinensis

Xerinae Marmotini

Ictidomys Ictidomys_tridecemlineatus

Callospermophilus Callospermophilus_lateralis

Marmota Marmota_flaviventris

Urocitellus Urocitellus_parryii

Dermoptera Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalus Cynocephalus Cynocephalus Cynocephalus_volans

Primates

Haplorrhini Simiiformes

Catarrhini

Cercopithecoidea Cercopithecidae

Cercopithecinae

Macaca Macaca

Macaca_thibetana

Macaca_fascicularis

Macaca_mulatta

Macaca_nemestrina

Chlorocebus Chlorocebus Chlorocebus_sabaeus

Papio Papio Papio_anubis

Theropithecus Theropithecus Theropithecus_gelada

Colobinae
Piliocolobus Piliocolobus Piliocolobus_tephrosceles

Rhinopithecus Rhinopithecus Rhinopithecus_roxellana

Hominoidea

Hylobatidae
Nomascus Nomascus Nomascus Nomascus_leucogenys

Symphalangus Symphalangus Symphalangus Symphalangus_syndactylus

Hominidae

Homininae

Gorilla Gorilla Gorilla_gorilla

Pan Pan Pan_paniscus

Homo Homo Homo_sapiens

Ponginae Pongo Pongo
Pongo_pygmaeus

Pongo_abelii

Platyrrhini Cebidae Cebidae
Saimiriinae Saimiri Saimiri Saimiri_boliviensis

Callitrichinae Callithrix Callithrix Callithrix_jacchus

Strepsirrhini

Lemuriformes

Cheirogaleidae Cheirogaleidae Cheirogaleidae Microcebus Microcebus Microcebus Microcebus_murinus

Lemuridae Lemuridae Lemuridae
Eulemur Eulemur Eulemur Eulemur_rufifrons

Lemur Lemur Lemur Lemur_catta

Lorisiformes Lorisidae Lorisidae Lorisidae Nycticebus Nycticebus Nycticebus Nycticebus_coucang

Laurasiatheria

Carnivora

Caniformia

Canidae Canidae Canidae Canidae

Canis Canis Canis

Canis_lupus

Canis_aureus

Vulpes Vulpes Vulpes
Vulpes_lagopus

Vulpes_vulpes

Pinnipedia

Phocidae Phocidae Phocidae Phocidae

Monachinae
Monachini Neomonachus Neomonachus_schauinslandi

Miroungini Mirounga Mirounga_angustirostris

Phocinae Halichoerus Halichoerus Halichoerus_grypus

Otariidae Otariidae Otariidae Otariidae Zalophus Zalophus Zalophus Zalophus_californianus

Musteloidea Musteloidea Musteloidea Mustelidae

Mustelinae

Mustela Mustela

Mustela_erminea

Mustela_nigripes

Mustela_lutreola

Neogale Neogale Neogale_vison

Lutrinae Lutra Lutra Lutra_lutra

Melinae Meles Meles Meles_meles

Ursidae Ursidae Ursidae Ursidae
Ursus Ursus Ursus Ursus_arctos

Ailuropoda Ailuropoda Ailuropoda Ailuropoda_melanoleuca

Feliformia

Felidae Felidae Felidae Felidae

Pantherinae

Panthera Panthera

Panthera_uncia

Panthera_leo

Panthera_onca

Panthera_tigris

Neofelis Neofelis Neofelis_nebulosa

Felinae

Acinonyx Acinonyx Acinonyx_jubatus

Prionailurus Prionailurus
Prionailurus_bengalensis

Prionailurus_viverrinus

Leopardus Leopardus Leopardus_geoffroyi

Lynx Lynx Lynx_canadensis

Felis Felis Felis_catus

Herpestidae Herpestidae Herpestidae Herpestidae Suricata Suricata Suricata Suricata_suricatta

Pholidota Manidae Manidae Manidae Manidae Manidae Manis Manis Manis
Manis_pentadactyla

Manis_javanica

Artiodactyla

Ruminantia Pecora

Cervidae Cervidae Cervidae

Cervinae

Cervus Cervus
Cervus_canadensis

Cervus_elaphus

Dama Dama Dama_dama

Odocoileinae Odocoileus Odocoileus Odocoileus_virginianus

Muntiacinae Muntiacus Muntiacus Muntiacus_reevesi

Bovidae Bovidae Bovidae

Bovinae

Bos Bos

Bos_indicus x Bos taurus

Bos_mutus

Bos_javanicus

Bos_taurus

Bos_indicus

Bubalus Bubalus
Bubalus_kerabau

Bubalus_bubalis

Caprinae

Capricornis Capricornis Capricornis_sumatraensis

Ovis Ovis
Ovis_canadensis

Ovis_aries

Budorcas Budorcas Budorcas_taxicolor

Capra Capra Capra_hircus

Whippomorpha

Cetacea

Mysticeti

Balaenopteridae Balaenopteridae Balaenoptera Balaenoptera Balaenoptera

Balaenoptera_ricei

Balaenoptera_acutorostrata

Balaenoptera_musculus

Balaenidae Balaenidae Eubalaena Eubalaena Eubalaena Eubalaena_glacialis

Eschrichtiidae Eschrichtiidae Eschrichtius Eschrichtius Eschrichtius Eschrichtius_robustus

Odontoceti

Delphinidae Delphinidae

Lagenorhynchus Lagenorhynchus Lagenorhynchus Lagenorhynchus_albirostris

Pseudorca Pseudorca Pseudorca Pseudorca_crassidens

Delphinus Delphinus Delphinus Delphinus_delphis

Globicephala Globicephala Globicephala Globicephala_melas

Orcinus Orcinus Orcinus Orcinus_orca

Tursiops Tursiops Tursiops Tursiops_truncatus

Physeteridae Physeteridae
Kogia Kogia Kogia Kogia_breviceps

Physeter Physeter Physeter Physeter_macrocephalus

Phocoenidae Phocoenidae Phocoena Phocoena Phocoena
Phocoena_sinus

Phocoena_phocoena

Ziphiidae Ziphiidae Mesoplodon Mesoplodon Mesoplodon Mesoplodon_densirostris

Ancodonta Hippopotamidae Hippopotamidae Hippopotamidae Hippopotamus Hippopotamus Hippopotamus Hippopotamus_amphibius

Tylopoda Camelidae Camelidae Camelidae Camelidae

Vicugna Vicugna Vicugna Vicugna_pacos

Camelus Camelus Camelus

Camelus_ferus

Camelus_bactrianus

Camelus_dromedarius

Suina Suidae Suidae Suidae Suidae
Phacochoerus Phacochoerus Phacochoerus Phacochoerus_africanus

Sus Sus Sus Sus_scrofa

Chiroptera Yinpterochiroptera Rhinolophoidea Rhinolophoidea Rhinolophoidea Rhinolophidae Rhinolophinae Rhinolophus Rhinolophus
Rhinolophus_ferrumequinum

Rhinolophus_sinicus

Perissodactyla

Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Diceros Diceros Diceros Diceros_bicornis

Equidae Equidae Equidae Equidae Equidae Equus Equus Equus

Equus_quagga

Equus_asinus

Equus_caballus

Eulipotyphla Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceinae Erinaceus Erinaceus Erinaceus_europaeus

Afrotheria Proboscidea Elephantidae Elephantidae Elephantidae Elephantidae Elephantidae
Loxodonta Loxodonta Loxodonta Loxodonta_africana

Elephas Elephas Elephas Elephas_maximus

clade clade superorder order suborder clade infraorder parvorder superfamily family subfamily tribe genus species subspecies
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Figure S2: Evolutionary landscape of the LONRF2-associated piRNA cluster. Phylogenetic tree showing the conservation and divergence of the intergenic region downstream of LONRF2. Overlays denote the downstream intergenic length (size of the circles), total Mobile Genetic Element (MGE) content categorized by strandedness (anti-sense to sense ratio, grayscale color), and the fraction of antisense MGEs within the downstream length and the first 10 Kb, 50 Kb, 100 Kb of the locus (green-red scale).
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Eutheria

Boreoeutheria

Euarchontoglires

Glires

Rodentia

Myomorpha

Muroidea

Cricetidae Cricetidae Cricetidae

Cricetinae Cricetulus Cricetulus Cricetulus_griseus

Arvicolinae

Microtus Microtus Microtus_pennsylvanicus

Arvicola Arvicola Arvicola_amphibius

Chionomys Chionomys Chionomys_nivalis

Neotominae

Peromyscus Peromyscus
Peromyscus_maniculatus

Peromyscus_eremicus

Onychomys Onychomys Onychomys_torridus

Muridae Muridae Muridae

Gerbillinae Meriones Meriones Meriones_unguiculatus

Murinae
Mus Mus

Mus_caroli

Mus_pahari

Rattus Rattus
Rattus_norvegicus

Rattus_rattus

Mastomys Mastomys Mastomys_coucha

Arvicanthis Arvicanthis Arvicanthis_niloticus

Deomyinae Acomys Acomys Acomys_russatus

Dipodoidea Dipodoidea Dipodidae Dipodinae Jaculus Jaculus Jaculus_jaculus

Castorimorpha
Heteromyidae Heteromyidae Heteromyidae Perognathinae Perognathus Perognathus Perognathus_longimembris

Castoridae Castoridae Castoridae Castor Castor Castor Castor_canadensis

Sciuromorpha Sciuridae Sciuridae Sciuridae

Sciurinae Sciurini Sciurus Sciurus_carolinensis

Xerinae Marmotini

Ictidomys Ictidomys_tridecemlineatus

Callospermophilus Callospermophilus_lateralis

Marmota Marmota_flaviventris

Urocitellus Urocitellus_parryii

Lagomorpha

Ochotonidae Ochotonidae Ochotonidae Ochotonidae Ochotona Ochotona Ochotona Ochotona_princeps

Leporidae Leporidae Leporidae Leporidae
Lepus Lepus Lepus Lepus_europaeus

Oryctolagus Oryctolagus Oryctolagus Oryctolagus_cuniculus

Dermoptera Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalidae Cynocephalus Cynocephalus Cynocephalus Cynocephalus_volans

Primates

Haplorrhini Simiiformes

Catarrhini

Cercopithecidae

Cercopithecinae

Macaca Macaca

Macaca_thibetana

Macaca_fascicularis

Macaca_mulatta

Chlorocebus Chlorocebus Chlorocebus_sabaeus

Papio Papio Papio_anubis

Theropithecus Theropithecus Theropithecus_gelada

Colobinae
Piliocolobus Piliocolobus Piliocolobus_tephrosceles

Rhinopithecus Rhinopithecus Rhinopithecus_roxellana

Hominidae

Homininae

Gorilla Gorilla Gorilla_gorilla

Pan Pan Pan_paniscus

Homo Homo Homo_sapiens

Ponginae Pongo Pongo
Pongo_pygmaeus

Pongo_abelii

Platyrrhini Cebidae

Saimiriinae Saimiri Saimiri Saimiri_boliviensis

Callitrichinae
Callithrix Callithrix Callithrix_jacchus

Saguinus Saguinus Saguinus_oedipus

Strepsirrhini

Lemuriformes

Cheirogaleidae Cheirogaleidae Microcebus Microcebus Microcebus Microcebus_murinus

Lemuridae Lemuridae
Eulemur Eulemur Eulemur Eulemur_rufifrons

Lemur Lemur Lemur Lemur_catta

Lorisiformes Lorisidae Lorisidae Nycticebus Nycticebus Nycticebus Nycticebus_coucang

Laurasiatheria

Carnivora

Caniformia

Canidae Canidae Canidae

Canis Canis Canis

Canis_lupus

Canis_aureus

Vulpes Vulpes Vulpes
Vulpes_lagopus

Vulpes_vulpes

Pinnipedia

Phocidae Phocidae Phocidae
Monachinae Monachini Neomonachus Neomonachus_schauinslandi

Phocinae Halichoerus Halichoerus Halichoerus_grypus

Otariidae Otariidae Otariidae Zalophus Zalophus Zalophus Zalophus_californianus

Musteloidea Musteloidea Mustelidae

Mustelinae

Mustela Mustela

Mustela_erminea

Mustela_nigripes

Mustela_lutreola

Neogale Neogale Neogale_vison

Lutrinae Lutra Lutra Lutra_lutra

Melinae Meles Meles Meles_meles

Ursidae Ursidae Ursidae
Ursus Ursus Ursus Ursus_arctos

Ailuropoda Ailuropoda Ailuropoda Ailuropoda_melanoleuca

Feliformia

Felidae Felidae Felidae

Pantherinae

Panthera Panthera

Panthera_uncia

Panthera_leo

Panthera_onca

Panthera_tigris

Neofelis Neofelis Neofelis_nebulosa

Felinae

Acinonyx Acinonyx Acinonyx_jubatus

Prionailurus Prionailurus
Prionailurus_bengalensis

Prionailurus_viverrinus

Leopardus Leopardus Leopardus_geoffroyi

Lynx Lynx Lynx_canadensis

Felis Felis Felis_catus

Herpestidae Herpestidae Herpestidae Suricata Suricata Suricata Suricata_suricatta

Pholidota Manidae Manidae Manidae Manidae Manis Manis Manis
Manis_pentadactyla

Manis_javanica

Artiodactyla

Ruminantia Pecora

Cervidae Cervidae

Cervinae

Cervus Cervus
Cervus_canadensis

Cervus_elaphus

Dama Dama Dama_dama

Muntiacinae Muntiacus Muntiacus Muntiacus_reevesi

Bovidae Bovidae

Bovinae

Bos Bos

Bos_indicus x Bos taurus

Bos_mutus

Bos_javanicus

Bos_taurus

Bos_indicus

Bubalus Bubalus
Bubalus_kerabau

Bubalus_bubalis

Caprinae

Capricornis Capricornis Capricornis_sumatraensis

Ovis Ovis
Ovis_canadensis

Ovis_aries

Budorcas Budorcas Budorcas_taxicolor

Capra Capra Capra_hircus

Whippomorpha

Cetacea

Mysticeti

Balaenopteridae Balaenoptera Balaenoptera Balaenoptera

Balaenoptera_ricei

Balaenoptera_acutorostrata

Balaenoptera_musculus

Balaenidae Eubalaena Eubalaena Eubalaena Eubalaena_glacialis

Eschrichtiidae Eschrichtius Eschrichtius Eschrichtius Eschrichtius_robustus

Odontoceti

Delphinidae

Lagenorhynchus Lagenorhynchus Lagenorhynchus Lagenorhynchus_albirostris

Pseudorca Pseudorca Pseudorca Pseudorca_crassidens

Delphinus Delphinus Delphinus Delphinus_delphis

Globicephala Globicephala Globicephala Globicephala_melas

Orcinus Orcinus Orcinus Orcinus_orca

Tursiops Tursiops Tursiops Tursiops_truncatus

Physeteridae
Kogia Kogia Kogia Kogia_breviceps

Physeter Physeter Physeter Physeter_macrocephalus

Phocoenidae Phocoena Phocoena Phocoena
Phocoena_sinus

Phocoena_phocoena

Ziphiidae Mesoplodon Mesoplodon Mesoplodon Mesoplodon_densirostris

Ancodonta Hippopotamidae Hippopotamidae Hippopotamus Hippopotamus Hippopotamus Hippopotamus_amphibius

Tylopoda Camelidae Camelidae Camelidae

Vicugna Vicugna Vicugna Vicugna_pacos

Camelus Camelus Camelus

Camelus_ferus

Camelus_bactrianus

Camelus_dromedarius

Suina Suidae Suidae Suidae
Phacochoerus Phacochoerus Phacochoerus Phacochoerus_africanus

Sus Sus Sus Sus_scrofa

Chiroptera

Yangochiroptera Emballonuridae Emballonuridae Emballonuridae Emballonurinae Saccopteryx Saccopteryx
Saccopteryx_leptura

Saccopteryx_bilineata

Vespertilionidae Vespertilionidae Vespertilionidae
Eptesicus Eptesicus Eptesicus Eptesicus_fuscus

Myotis Myotis Myotis Myotis_daubentonii

Phyllostomidae Phyllostomidae Phyllostomidae Desmodontinae Desmodus Desmodus Desmodus_rotundus

Yinpterochiroptera Rhinolophoidea Rhinolophoidea Rhinolophidae Rhinolophinae Rhinolophus Rhinolophus
Rhinolophus_ferrumequinum

Rhinolophus_sinicus

Eulipotyphla
Soricidae Soricidae Soricidae Soricidae Soricinae Sorex Sorex Sorex_araneus

Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceinae Erinaceus Erinaceus Erinaceus_europaeus

Perissodactyla

Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Diceros Diceros Diceros Diceros_bicornis

Equidae Equidae Equidae Equidae Equus Equus Equus

Equus_quagga

Equus_asinus

Equus_caballus

Xenarthra

Pilosa
Folivora Megalonychidae Megalonychidae Megalonychidae Choloepus Choloepus Choloepus Choloepus_didactylus

Vermilingua Myrmecophagidae Myrmecophagidae Myrmecophagidae Tamandua Tamandua Tamandua Tamandua_tetradactyla

Cingulata Dasypodidae Dasypodidae Dasypodidae Dasypodidae Dasypus Dasypus Dasypus Dasypus_novemcinctus

Afrotheria

Afrosoricida Tenrecidae Tenrecidae Tenrecidae Tenrecidae Tenrecinae Tenrec Tenrec Tenrec_ecaudatus

Proboscidea Elephantidae Elephantidae Elephantidae Elephantidae
Loxodonta Loxodonta Loxodonta Loxodonta_africana

Elephas Elephas Elephas Elephas_maximus

clade clade superorder clade order suborder clade infraorder parvorder family subfamily tribe genus species subspecies
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Figure S3: Evolutionary landscape of the ORC6-associated piRNA cluster. Phylogenetic tree showing the conservation and divergence of the intergenic region downstream of ORC6. Overlays denote the downstream intergenic length (size of the circles), total Mobile Genetic Element (MGE) content categorized by strandedness (anti-sense to sense ratio, grayscale color), and the fraction of antisense MGEs within the downstream length and the first 10 Kb, 50 Kb, 100 Kb of the locus (green-red scale).
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Eutheria

Boreoeutheria

Euarchontoglires

Glires

Rodentia

Myomorpha

Muroidea

Cricetidae Cricetidae Cricetidae Cricetidae

Cricetinae Cricetulus Cricetulus Cricetulus_griseus

Arvicolinae

Microtus Microtus Microtus_pennsylvanicus

Arvicola Arvicola Arvicola_amphibius

Chionomys Chionomys Chionomys_nivalis

Neotominae

Peromyscus Peromyscus
Peromyscus_maniculatus

Peromyscus_eremicus

Onychomys Onychomys Onychomys_torridus

Muridae Muridae Muridae Muridae

Gerbillinae Meriones Meriones Meriones_unguiculatus

Murinae

Mus Mus
Mus_caroli

Mus_pahari

Rattus Rattus
Rattus_norvegicus

Rattus_rattus

Apodemus Apodemus Apodemus_sylvaticus

Mastomys Mastomys Mastomys_coucha

Arvicanthis Arvicanthis Arvicanthis_niloticus

Deomyinae Acomys Acomys Acomys_russatus

Dipodoidea Dipodoidea Dipodoidea Dipodidae Dipodinae Jaculus Jaculus Jaculus_jaculus

Castorimorpha
Heteromyidae Heteromyidae Heteromyidae Heteromyidae Perognathinae Perognathus Perognathus Perognathus_longimembris

Castoridae Castoridae Castoridae Castoridae Castor Castor Castor Castor_canadensis

Sciuromorpha Sciuridae Sciuridae Sciuridae Sciuridae

Sciurinae Sciurini Sciurus Sciurus_carolinensis

Xerinae Marmotini

Ictidomys Ictidomys_tridecemlineatus

Callospermophilus Callospermophilus_lateralis

Marmota Marmota_flaviventris

Urocitellus Urocitellus_parryii

Lagomorpha

Ochotonidae Ochotonidae Ochotonidae Ochotonidae Ochotonidae Ochotona Ochotona Ochotona Ochotona_princeps

Leporidae Leporidae Leporidae Leporidae Leporidae
Lepus Lepus Lepus Lepus_europaeus

Oryctolagus Oryctolagus Oryctolagus Oryctolagus_cuniculus

Primates

Haplorrhini Simiiformes

Catarrhini

Cercopithecoidea Cercopithecidae

Cercopithecinae

Macaca Macaca

Macaca_thibetana

Macaca_fascicularis

Macaca_mulatta

Macaca_nemestrina

Chlorocebus Chlorocebus Chlorocebus_sabaeus

Papio Papio Papio_anubis

Theropithecus Theropithecus Theropithecus_gelada

Colobinae
Piliocolobus Piliocolobus Piliocolobus_tephrosceles

Rhinopithecus Rhinopithecus Rhinopithecus_roxellana

Hominoidea

Hylobatidae
Nomascus Nomascus Nomascus Nomascus_leucogenys

Symphalangus Symphalangus Symphalangus Symphalangus_syndactylus

Hominidae

Homininae

Gorilla Gorilla Gorilla_gorilla

Pan Pan Pan_paniscus

Homo Homo Homo_sapiens

Ponginae Pongo Pongo
Pongo_pygmaeus

Pongo_abelii

Platyrrhini Cebidae Cebidae

Saimiriinae Saimiri Saimiri Saimiri_boliviensis

Callitrichinae
Callithrix Callithrix Callithrix_jacchus

Saguinus Saguinus Saguinus_oedipus

Strepsirrhini

Lemuriformes

Cheirogaleidae Cheirogaleidae Cheirogaleidae Microcebus Microcebus Microcebus Microcebus_murinus

Lemuridae Lemuridae Lemuridae
Eulemur Eulemur Eulemur Eulemur_rufifrons

Lemur Lemur Lemur Lemur_catta

Lorisiformes Lorisidae Lorisidae Lorisidae Nycticebus Nycticebus Nycticebus Nycticebus_coucang

Laurasiatheria

Carnivora

Caniformia

Canidae Canidae Canidae Canidae

Canis Canis Canis

Canis_lupus

Canis_aureus

Vulpes Vulpes Vulpes
Vulpes_lagopus

Vulpes_vulpes

Pinnipedia

Phocidae Phocidae Phocidae Phocidae

Monachinae
Monachini Neomonachus Neomonachus_schauinslandi

Miroungini Mirounga Mirounga_angustirostris

Phocinae Halichoerus Halichoerus Halichoerus_grypus

Otariidae Otariidae Otariidae Otariidae Zalophus Zalophus Zalophus Zalophus_californianus

Musteloidea Musteloidea Musteloidea Mustelidae

Mustelinae

Mustela Mustela

Mustela_erminea

Mustela_nigripes

Mustela_lutreola

Neogale Neogale Neogale_vison

Lutrinae Lutra Lutra Lutra_lutra

Melinae Meles Meles Meles_meles

Ursidae Ursidae Ursidae Ursidae
Ursus Ursus Ursus Ursus_arctos

Ailuropoda Ailuropoda Ailuropoda Ailuropoda_melanoleuca

Feliformia

Felidae Felidae Felidae Felidae

Pantherinae

Panthera Panthera

Panthera_uncia

Panthera_leo

Panthera_onca

Panthera_tigris

Neofelis Neofelis Neofelis_nebulosa

Felinae

Acinonyx Acinonyx Acinonyx_jubatus

Prionailurus Prionailurus
Prionailurus_bengalensis

Prionailurus_viverrinus

Leopardus Leopardus Leopardus_geoffroyi

Lynx Lynx Lynx_canadensis

Felis Felis Felis_catus

Herpestidae Herpestidae Herpestidae Herpestidae Suricata Suricata Suricata Suricata_suricatta

Pholidota Manidae Manidae Manidae Manidae Manidae Manis Manis Manis
Manis_pentadactyla

Manis_javanica

Artiodactyla

Ruminantia Pecora

Cervidae Cervidae Cervidae

Cervinae

Cervus Cervus
Cervus_canadensis

Cervus_elaphus

Dama Dama Dama_dama

Odocoileinae
Rangifer Rangifer Rangifer_tarandus

Odocoileus Odocoileus Odocoileus_virginianus

Muntiacinae Muntiacus Muntiacus Muntiacus_reevesi

Bovidae Bovidae Bovidae

Bovinae

Bos Bos

Bos_indicus x Bos taurus

Bos_mutus

Bos_javanicus

Bos_taurus

Bos_indicus

Bubalus Bubalus
Bubalus_kerabau

Bubalus_bubalis

Caprinae

Capricornis Capricornis Capricornis_sumatraensis

Ovis Ovis
Ovis_canadensis

Ovis_aries

Budorcas Budorcas Budorcas_taxicolor

Capra Capra Capra_hircus

Whippomorpha

Cetacea

Mysticeti

Balaenopteridae Balaenopteridae Balaenoptera Balaenoptera Balaenoptera

Balaenoptera_ricei

Balaenoptera_acutorostrata

Balaenoptera_musculus

Balaenidae Balaenidae Eubalaena Eubalaena Eubalaena Eubalaena_glacialis

Eschrichtiidae Eschrichtiidae Eschrichtius Eschrichtius Eschrichtius Eschrichtius_robustus

Odontoceti

Delphinidae Delphinidae

Lagenorhynchus Lagenorhynchus Lagenorhynchus Lagenorhynchus_albirostris

Pseudorca Pseudorca Pseudorca Pseudorca_crassidens

Delphinus Delphinus Delphinus Delphinus_delphis

Globicephala Globicephala Globicephala Globicephala_melas

Orcinus Orcinus Orcinus Orcinus_orca

Tursiops Tursiops Tursiops Tursiops_truncatus

Physeteridae Physeteridae
Kogia Kogia Kogia Kogia_breviceps

Physeter Physeter Physeter Physeter_macrocephalus

Phocoenidae Phocoenidae Phocoena Phocoena Phocoena
Phocoena_sinus

Phocoena_phocoena

Ziphiidae Ziphiidae Mesoplodon Mesoplodon Mesoplodon Mesoplodon_densirostris

Ancodonta Hippopotamidae Hippopotamidae Hippopotamidae Hippopotamus Hippopotamus Hippopotamus Hippopotamus_amphibius

Tylopoda Camelidae Camelidae Camelidae Camelidae

Vicugna Vicugna Vicugna Vicugna_pacos

Camelus Camelus Camelus

Camelus_ferus

Camelus_bactrianus

Camelus_dromedarius

Suina Suidae Suidae Suidae Suidae
Phacochoerus Phacochoerus Phacochoerus Phacochoerus_africanus

Sus Sus Sus Sus_scrofa

Chiroptera

Yangochiroptera

Emballonuridae Emballonuridae Emballonuridae Emballonuridae Emballonurinae Saccopteryx Saccopteryx
Saccopteryx_leptura

Saccopteryx_bilineata

Vespertilionidae Vespertilionidae Vespertilionidae Vespertilionidae
Eptesicus Eptesicus Eptesicus Eptesicus_fuscus

Myotis Myotis Myotis Myotis_daubentonii

Phyllostomidae Phyllostomidae Phyllostomidae Phyllostomidae
Phyllostominae Phyllostomus Phyllostomus Phyllostomus_discolor

Desmodontinae Desmodus Desmodus Desmodus_rotundus

Yinpterochiroptera Rhinolophoidea Rhinolophoidea Rhinolophoidea Rhinolophidae Rhinolophinae Rhinolophus Rhinolophus
Rhinolophus_ferrumequinum

Rhinolophus_sinicus

Eulipotyphla
Soricidae Soricidae Soricidae Soricidae Soricidae Soricinae Sorex Sorex Sorex_araneus

Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceidae Erinaceinae Erinaceus Erinaceus Erinaceus_europaeus

Perissodactyla

Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Rhinocerotidae Diceros Diceros Diceros Diceros_bicornis

Equidae Equidae Equidae Equidae Equidae Equus Equus Equus

Equus_quagga

Equus_asinus

Equus_caballus

Xenarthra

Pilosa
Folivora Megalonychidae Megalonychidae Megalonychidae Megalonychidae Choloepus Choloepus Choloepus Choloepus_didactylus

Vermilingua Myrmecophagidae Myrmecophagidae Myrmecophagidae Myrmecophagidae Tamandua Tamandua Tamandua Tamandua_tetradactyla

Cingulata Dasypodidae Dasypodidae Dasypodidae Dasypodidae Dasypodidae Dasypus Dasypus Dasypus Dasypus_novemcinctus

Afrotheria

Afrosoricida Tenrecidae Tenrecidae Tenrecidae Tenrecidae Tenrecidae Tenrecinae Tenrec Tenrec Tenrec_ecaudatus

Proboscidea Elephantidae Elephantidae Elephantidae Elephantidae Elephantidae
Loxodonta Loxodonta Loxodonta Loxodonta_africana

Elephas Elephas Elephas Elephas_maximus

clade clade superorder clade order suborder clade infraorder parvorder superfamily family subfamily tribe genus species subspecies
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Figure S4: Evolutionary landscape of the SAYSD1-associated piRNA cluster. Phylogenetic tree showing the conservation and divergence of the intergenic region downstream of SAYSD1. Overlays denote the downstream intergenic length (size of the circles), total Mobile Genetic Element (MGE) content categorized by strandedness (anti-sense to sense ratio, grayscale color), and the fraction of antisense MGEs within the downstream length and the first 10 Kb, 50 Kb, 100 Kb of the locus (green-red scale).
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