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Figure S1
Figure S1: Graphical representation of CMs of four representative microRNA familie, related to figure 2a A)
MIR-2, B) MIR-71, C) MIR-150, D) LET-7. Conserved base pairs are colored in green. Blue indicates a
compensatory mutation relative to the green pairs (dark blue for a double-sided mutation, light blue for a
one-sided mutation). Non-canonical paired bases are red, non-base-pairing bases are black. Graphical
representations of all CMs used by MirMachine can be found on github (10.5281/zenodo.7897616 &
https://github.com/sinanugur/MirMachine-supplementary/tree/main/CM_figures).
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Figure S2

Figure S2: MIR-1677 is a highly deviating microRNA family, related to figure 2b. A) Alignment of MIR-1677 genes from MirGeneDB shows low conservation that explains poor performance of B) MIR-1677 CMs in
MirMachine.
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Notamacropus eugenii
Tolypeutes matacus

Thylacinus cynocephalus
Gracilinanus agilis

Tachyglossus aculeatus
Ornithorhynchus anatinus

Monodelphis domestica
Didelphis virginiana
Antechinus flavipes
Phalanger gymnotis

Pseudocheirus occidentalis
Macropus fuliginosus

Pseudochirops cupreus
Pseudochirops corinnae

Osphranter rufus
Sarcophilus harrisii

Trichosurus vulpecula
Vombatus ursinus

Gymnobelideus leadbeateri
Macropus giganteus

Phascolarctos cinereus
Capra ibex

Ovis ammon
Moschus chrysogaster

Pteronotus parnellii
Tupaia belangeri

Cavia aperea
Redunca redunca

Tragelaphus imberbis
Hydrodamalis gigas

Microgale talazaci
Cynopterus brachyotis
Oryctolagus cuniculus
Erinaceus europaeus

Ovis canadensis canadensis
Neotragus pygmaeus

Uropsilus gracilis
Tursiops truncatus

Saiga tatarica
Pipistrellus pipistrellus

Tragulus kanchil
Apodemus sylvaticus

Ellobius lutescens
Neotragus moschatus

Myotis lucifugus
Sorex araneus

Eidolon helvum
Condylura cristata

Puma concolor
Raphicerus campestris

Artibeus jamaicensis
Muntiacus crinifrons
Sigmodon hispidus

Ellobius talpinus
Mesocricetus auratus

Lasiurus borealis
Mus spicilegus

Zapus hudsonius
Desmodus rotundus

Mastomys coucha
Myotis davidii

Tragelaphus scriptus
Myodes glareolus

Philantomba maxwellii
Cervus elaphus hippelaphus

Micronycteris hirsuta
Dipodomys ordii

Antrozous pallidus
Aeorestes cinereus
Murina aurata feae

Noctilio leporinus
Bison bison bison

Dasypus novemcinctus
Allactaga bullata

Dipodomys stephensi
Dolichotis patagonum

Lycaon pictus
Perognathus longimembris pacificus

Sturnira hondurensis
Myotis brandtii

Panthera tigris altaica
Acomys russatus

Antidorcas marsupialis
Carollia perspicillata

Hippopotamus amphibius
Microtus agrestis

Microtus fortis
Neotoma lepida

Nycticeius humeralis
Pipistrellus kuhlii

Procapra przewalskii
Ursus maritimus
Echinops telfairi

Balaenoptera physalus
Cricetomys gambianus

Felis nigripes
Macrotus californicus
Mormoops blainvillei

Mus caroli
Sylvicapra grimmia
Tonatia saurophila
Acomys cahirinus

Craseonycteris thonglongyai
Manis tricuspis

Meriones unguiculatus
Microtus arvalis

Mus spretus
Rattus norvegicus

Rhizomys pruinosus
Scalopus aquaticus
Manis pentadactyla

Elephantulus edwardii
Equus przewalskii

Ctenomys sociabilis
Microtus oeconomus

Thryonomys swinderianus
Microtus ochrogaster

Mus musculus
Anoura caudifer

Leptonycteris yerbabuenae
Miniopterus natalensis

Mus pahari
Myocastor coypus

Nanger granti
Rattus rattus

Eptesicus fuscus
Aepyceros melampus

Arvicola amphibius
Choloepus didactylus

Kobus leche leche
Myotis septentrionalis

Onychomys torridus
Petromus typicus

Cricetulus griseus
Ondatra zibethicus

Peromyscus leucopus
Peromyscus nasutus

Procyon lotor
Tragelaphus strepsiceros

Vicugna pacos
Gulo gulo

Marmota vancouverensis
Platanista minor

Ochotona princeps
Pantholops hodgsonii

Graphiurus murinus
Grammomys surdaster

Heterohyrax brucei
Hystrix cristata
Lepus timidus
Myotis myotis

Myrmecophaga tridactyla
Oryx gazella

Peromyscus crinitus
Phyllostomus discolor

Antilocapra americana
Arvicanthis niloticus

Balaenoptera bonaerensis
Madoqua kirkii

Peromyscus eremicus
Pontoporia blainvillei

Talpa occidentalis
Heterocephalus glaber

Inia geoffrensis
Lynx pardinus

Okapia johnstoni
Ovis canadensis

Psammomys obesus
Pteropus vampyrus

Suricata suricatta
Tadarida brasiliensis

Taxidea taxus jeffersonii
Xerus inauris

Ailurus fulgens
Bubalus bubalis

Camelus bactrianus
Cavia tschudii

Eudorcas thomsonii
Mungos mungo

Peromyscus polionotus subgriseus
Rhombomys opimus

Solenodon paradoxus
Tapirus indicus

Vicugna pacos huacaya
Cavia porcellus

Ailuropoda melanoleuca
Crocuta crocuta

Ctenodactylus gundi
Damaliscus lunatus

Kobus ellipsiprymnus
Litocranius walleri

Macroglossus sobrinus
Mesoplodon bidens

Miniopterus schreibersii
Oreamnos americanus
Oreotragus oreotragus

Peromyscus californicus insignis
Peromyscus maniculatus bairdii

Przewalskium albirostris
Spermophilus dauricus

Nannospalax galili
Balaenoptera acutorostrata scammoni

Chinchilla lanigera
Bassariscus sumichrasti

Bos frontalis
Camelus ferus

Connochaetes taurinus
Dugong dugon

Equus asinus
Erignathus barbatus
Eubalaena japonica

Fukomys damarensis
Giraffa camelopardalis

Kogia breviceps
Molossus molossus

Moschus berezovskii
Ovis nivicola lydekkeri

Rhinolophus sinicus
Rousettus madagascariensis

Jaculus jaculus
Leptonychotes weddellii

Physeter catodon
Balaena mysticetus

Dasyprocta punctata
Eidolon dupreanum

Eschrichtius robustus
Lama guanicoe cacsilensis

Neovison vison
Phocoena phocoena

Neomonachus schauinslandi
Octodon degus
Pteropus alecto

Ictidomys tridecemlineatus
Ammotragus lervia
Beatragus hunteri

Cynomys gunnisoni
Eonycteris spelaea
Giraffa tippelskirchi

Glis glis
Helogale parvula

Lama glama chaku
Manis javanica

Martes zibellina
Nasua narica

Pteronura brasiliensis
Vulpes lagopus

Orycteropus afer afer
Bos indicus
Bos mutus

Coendou prehensilis
Dinomys branickii

Equus asinus asinus
Eubalaena glacialis

Hipposideros galeritus
Hydrochoerus hydrochaeris

Lama glama
Lutra lutra

Lynx canadensis
Marmota marmota marmota

Megaptera novaeangliae
Moschus moschiferus

Muntiacus reevesi
Odocoileus virginianus

Ursus americanus
Odobenus rosmarus divergens

Canis lupus familiaris
Enhydra lutris nereis

Alces alces
Arctocephalus gazella

Balaenoptera edeni
Bos grunniens

Callorhinus ursinus
Camelus dromedarius

Capra hircus
Castor canadensis

Catagonus wagneri
Cephalophus harveyi
Hemitragus hylocrius

Hippotragus niger niger
Marmota himalayana

Mellivora capensis
Neophocaena asiaeorientalis asiaeorientalis

Odocoileus hemionus hemionus
Potos flavus

Rhinolophus ferrumequinum
Rousettus leschenaultii

Sousa chinensis
Syncerus caffer

Ursus thibetanus thibetanus
Vicugna vicugna mensalis

Sus scrofa
Tupaia chinensis

Bos taurus
Axis porcinus

Capra aegagrus
Capra sibirica

Dicerorhinus sumatrensis sumatrensis
Elaphurus davidianus

Equus burchellii boehmi
Halichoerus grypus

Megaderma lyra
Mirounga angustirostris

Muscardinus avellanarius
Mustela erminea

Mustela putorius furo
Odocoileus virginianus texanus

Oryx dammah
Ovis aries

Peponocephala electra
Phoca vitulina

Pteropus pselaphon
Rangifer tarandus

Rousettus aegyptiacus
Tragulus javanicus
Tursiops aduncus

Ursus arctos horribilis
Ziphius cavirostris

Orcinus orca
Chrysochloris asiatica

Aplodontia rufa
Balaenoptera musculus

Capreolus pygargus
Cervus hanglu yarkandensis

Cryptoprocta ferox
Eumetopias jubatus
Globicephala melas

Hippotragus equinus
Hyaena hyaena

Lagenorhynchus obliquidens
Mirounga leonina

Odobenus rosmarus
Ovis orientalis

Paradoxurus hermaphroditus
Pteropus giganteus

Tamandua tetradactyla
Zalophus californianus

Lipotes vexillifer
Carlito syrichta

Enhydra lutris kenyoni
Delphinapterus leucas
Hipposideros armiger

Hydropotes inermis
Lepus americanus
Lontra canadensis

Monodon monoceros
Mustela putorius

Panthera onca
Phataginus tricuspis

Phocoena sinus
Pteropus rufus

Puma yagouaroundi
Rangifer tarandus granti

Tapirus terrestris
Vulpes vulpes

Ceratotherium simum simum
Bos gaurus

Canis lupus dingo
Ceratotherium simum cottoni

Marmota flaviventris
Panthera pardus
Spilogale gracilis

Sylvilagus bachmani
Urocitellus parryii

Equus caballus
Felis catus

Choloepus hoffmanni
Erethizon dorsatum

Neofelis nebulosa
Panthera leo

Prionailurus bengalensis euptilurus
Procavia capensis

Rhinoceros unicornis
Marmota monax

Oryctolagus cuniculus cuniculus
Acinonyx jubatus

Pedetes capensis
Cheirogaleus medius

Diceros bicornis
Eulemur mongoz

Muntiacus muntjak
Otolemur garnettii

Loxodonta africana
Sciurus carolinensis

Sciurus vulgaris
Nycticebus coucang

Elephas maximus
Microcebus tavaratra

Trichechus manatus latirostris
Indri indri

Microcebus sp. 3 GT−2019
Mirza coquereli

Mirza zaza
Eulemur fulvus

Lemur catta
Galeopterus variegatus

Propithecus coquereli
Eulemur macaco

Prolemur simus
Nasalis larvatus

Eulemur flavifrons
Microcebus murinus

Daubentonia madagascariensis
Saguinus imperator

Semnopithecus entellus
Cebus albifrons

Gorilla gorilla gorilla
Pithecia pithecia

Plecturocebus donacophilus
Mandrillus leucophaeus

Cebus capucinus imitator
Ateles geoffroyi

Callithrix pygmaea
Saimiri boliviensis boliviensis

Aotus nancymaae
Colobus angolensis palliatus

Cercopithecus neglectus
Allenopithecus nigroviridis

Erythrocebus patas
Saimiri boliviensis
Callithrix jacchus

Pygathrix nemaeus
Trachypithecus francoisi

Alouatta palliata
Cercopithecus mona

Rhinopithecus bieti
Mandrillus sphinx

Papio anubis
Piliocolobus tephrosceles

Sapajus apella
Chlorocebus sabaeus

Macaca fuscata
Nomascus leucogenys

Pan paniscus
Cercocebus atys

Rhinopithecus roxellana
Theropithecus gelada

Macaca nemestrina
Pan troglodytes

Pongo abelii
Hylobates moloch

Macaca fascicularis
Macaca mulatta

Homo sapiens
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Notamacropus eugeniiTolypeutes matacusThylacinus cynocephalusGracilinanus agilisTachyglossus aculeatusOrnithorhynchus anatinusMonodelphis domesticaDidelphis virginianaAntechinus flavipesPhalanger gymnotisPseudocheirus occidentalisMacropus fuliginosusPseudochirops cupreusPseudochirops corinnaeOsphranter rufusSarcophilus harrisiiTrichosurus vulpeculaVombatus ursinusGymnobelideus leadbeateriMacropus giganteusPhascolarctos cinereusCapra ibexOvis ammonMoschus chrysogasterPteronotus parnelliiTupaia belangeriCavia apereaRedunca reduncaTragelaphus imberbisHydrodamalis gigasMicrogale talazaciCynopterus brachyotisOryctolagus cuniculusErinaceus europaeusOvis canadensis canadensisNeotragus pygmaeusUropsilus gracilisTursiops truncatusSaiga tataricaPipistrellus pipistrellusTragulus kanchilApodemus sylvaticusEllobius lutescensNeotragus moschatusMyotis lucifugusSorex araneusEidolon helvumCondylura cristataPuma concolorRaphicerus campestrisArtibeus jamaicensisMuntiacus crinifronsSigmodon hispidusEllobius talpinusMesocricetus auratusLasiurus borealisMus spicilegusZapus hudsoniusDesmodus rotundusMastomys couchaMyotis davidiiTragelaphus scriptusMyodes glareolusPhilantomba maxwelliiCervus elaphus hippelaphusMicronycteris hirsutaDipodomys ordiiAntrozous pallidusAeorestes cinereusMurina aurata feaeNoctilio leporinusBison bison bisonDasypus novemcinctusAllactaga bullataDipodomys stephensiDolichotis patagonumLycaon pictusPerognathus longimembris pacificusSturnira hondurensisMyotis brandtiiPanthera tigris altaicaAcomys russatusAntidorcas marsupialisCarollia perspicillataHippopotamus amphibiusMicrotus agrestisMicrotus fortisNeotoma lepidaNycticeius humeralisPipistrellus kuhliiProcapra przewalskiiUrsus maritimusEchinops telfairiBalaenoptera physalusCricetomys gambianusFelis nigripesMacrotus californicusMormoops blainvilleiMus caroliSylvicapra grimmiaTonatia saurophilaAcomys cahirinusCraseonycteris thonglongyaiManis tricuspisMeriones unguiculatusMicrotus arvalisMus spretusRattus norvegicusRhizomys pruinosusScalopus aquaticusManis pentadactylaElephantulus edwardiiEquus przewalskiiCtenomys sociabilisMicrotus oeconomusThryonomys swinderianusMicrotus ochrogasterMus musculusAnoura caudiferLeptonycteris yerbabuenaeMiniopterus natalensisMus pahariMyocastor coypusNanger grantiRattus rattusEptesicus fuscusAepyceros melampusArvicola amphibiusCholoepus didactylusKobus leche lecheMyotis septentrionalisOnychomys torridusPetromus typicusCricetulus griseusOndatra zibethicusPeromyscus leucopusPeromyscus nasutusProcyon lotorTragelaphus strepsicerosVicugna pacosGulo guloMarmota vancouverensisPlatanista minorOchotona princepsPantholops hodgsoniiGraphiurus murinusGrammomys surdasterHeterohyrax bruceiHystrix cristataLepus timidusMyotis myotisMyrmecophaga tridactylaOryx gazellaPeromyscus crinitusPhyllostomus discolorAntilocapra americanaArvicanthis niloticusBalaenoptera bonaerensisMadoqua kirkiiPeromyscus eremicusPontoporia blainvilleiTalpa occidentalisHeterocephalus glaberInia geoffrensisLynx pardinusOkapia johnstoniOvis canadensisPsammomys obesusPteropus vampyrusSuricata suricattaTadarida brasiliensisTaxidea taxus jeffersoniiXerus inaurisAilurus fulgensBubalus bubalisCamelus bactrianusCavia tschudiiEudorcas thomsoniiMungos mungoPeromyscus polionotus subgriseusRhombomys opimusSolenodon paradoxusTapirus indicusVicugna pacos huacayaCavia porcellusAiluropoda melanoleucaCrocuta crocutaCtenodactylus gundiDamaliscus lunatusKobus ellipsiprymnusLitocranius walleriMacroglossus sobrinusMesoplodon bidensMiniopterus schreibersiiOreamnos americanusOreotragus oreotragusPeromyscus californicus insignisPeromyscus maniculatus bairdiiPrzewalskium albirostrisSpermophilus dauricusNannospalax galiliBalaenoptera acutorostrata scammoniChinchilla lanigeraBassariscus sumichrastiBos frontalisCamelus ferusConnochaetes taurinusDugong dugonEquus asinusErignathus barbatusEubalaena japonicaFukomys damarensisGiraffa camelopardalisKogia brevicepsMolossus molossusMoschus berezovskiiOvis nivicola lydekkeriRhinolophus sinicusRousettus madagascariensisJaculus jaculusLeptonychotes weddelliiPhyseter catodonBalaena mysticetusDasyprocta punctataEidolon dupreanumEschrichtius robustusLama guanicoe cacsilensisNeovison visonPhocoena phocoenaNeomonachus schauinslandiOctodon degusPteropus alectoIctidomys tridecemlineatusAmmotragus lerviaBeatragus hunteriCynomys gunnisoniEonycteris spelaeaGiraffa tippelskirchiGlis glisHelogale parvulaLama glama chakuManis javanicaMartes zibellinaNasua naricaPteronura brasiliensisVulpes lagopusOrycteropus afer aferBos indicusBos mutusCoendou prehensilisDinomys branickiiEquus asinus asinusEubalaena glacialisHipposideros galeritusHydrochoerus hydrochaerisLama glamaLutra lutraLynx canadensisMarmota marmota marmotaMegaptera novaeangliaeMoschus moschiferusMuntiacus reevesiOdocoileus virginianusUrsus americanusOdobenus rosmarus divergensCanis lupus familiarisEnhydra lutris nereisAlces alcesArctocephalus gazellaBalaenoptera edeniBos grunniensCallorhinus ursinusCamelus dromedariusCapra hircusCastor canadensisCatagonus wagneriCephalophus harveyiHemitragus hylocriusHippotragus niger nigerMarmota himalayanaMellivora capensisNeophocaena asiaeorientalis asiaeorientalisOdocoileus hemionus hemionusPotos flavusRhinolophus ferrumequinumRousettus leschenaultiiSousa chinensisSyncerus cafferUrsus thibetanus thibetanusVicugna vicugna mensalisSus scrofaTupaia chinensisBos taurusAxis porcinusCapra aegagrusCapra sibiricaDicerorhinus sumatrensis sumatrensisElaphurus davidianusEquus burchellii boehmiHalichoerus grypusMegaderma lyraMirounga angustirostrisMuscardinus avellanariusMustela ermineaMustela putorius furoOdocoileus virginianus texanusOryx dammahOvis ariesPeponocephala electraPhoca vitulinaPteropus pselaphonRangifer tarandusRousettus aegyptiacusTragulus javanicusTursiops aduncusUrsus arctos horribilisZiphius cavirostrisOrcinus orcaChrysochloris asiaticaAplodontia rufaBalaenoptera musculusCapreolus pygargusCervus hanglu yarkandensisCryptoprocta feroxEumetopias jubatusGlobicephala melasHippotragus equinusHyaena hyaenaLagenorhynchus obliquidensMirounga leoninaOdobenus rosmarusOvis orientalisParadoxurus hermaphroditusPteropus giganteusTamandua tetradactylaZalophus californianusLipotes vexilliferCarlito syrichtaEnhydra lutris kenyoniDelphinapterus leucasHipposideros armigerHydropotes inermisLepus americanusLontra canadensisMonodon monocerosMustela putoriusPanthera oncaPhataginus tricuspisPhocoena sinusPteropus rufusPuma yagouaroundiRangifer tarandus grantiTapirus terrestrisVulpes vulpesCeratotherium simum simumBos gaurusCanis lupus dingoCeratotherium simum cottoniMarmota flaviventrisPanthera pardusSpilogale gracilisSylvilagus bachmaniUrocitellus parryiiEquus caballusFelis catusCholoepus hoffmanniErethizon dorsatumNeofelis nebulosaPanthera leoPrionailurus bengalensis euptilurusProcavia capensisRhinoceros unicornisMarmota monaxOryctolagus cuniculus cuniculusAcinonyx jubatusPedetes capensisCheirogaleus mediusDiceros bicornisEulemur mongozMuntiacus muntjakOtolemur garnettiiLoxodonta africanaSciurus carolinensisSciurus vulgarisNycticebus coucangElephas maximusMicrocebus tavaratraTrichechus manatus latirostrisIndri indriMicrocebus sp. 3 GT−2019Mirza coquereliMirza zazaEulemur fulvusLemur cattaGaleopterus variegatusPropithecus coquereliEulemur macacoProlemur simusNasalis larvatusEulemur flavifronsMicrocebus murinusDaubentonia madagascariensisSaguinus imperatorSemnopithecus entellusCebus albifronsGorilla gorilla gorillaPithecia pitheciaPlecturocebus donacophilusMandrillus leucophaeusCebus capucinus imitatorAteles geoffroyiCallithrix pygmaeaSaimiri boliviensis boliviensisAotus nancymaaeColobus angolensis palliatusCercopithecus neglectusAllenopithecus nigroviridisErythrocebus patasSaimiri boliviensisCallithrix jacchusPygathrix nemaeusTrachypithecus francoisiAlouatta palliataCercopithecus monaRhinopithecus bietiMandrillus sphinxPapio anubisPiliocolobus tephroscelesSapajus apellaChlorocebus sabaeusMacaca fuscataNomascus leucogenysPan paniscusCercocebus atysRhinopithecus roxellanaTheropithecus geladaMacaca nemestrinaPan troglodytesPongo abeliiHylobates molochMacaca fascicularisMacaca mulattaHomo sapiens
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Figure S3

Figure S3: Whole genome alignments miss many real microRNAs and include many false-positives, related to figure 5a. When comparing overall performance of (A) alignments reported for each of the 470
mammalian species, the overall impression is that many microRNA loci in human are aligned in a majority of mammalian genomes. However, when comparing to the MirMachine output (B), a number of bona fide
microRNA families are not reported (red arrows) due to their absence in the human reference (red box: murid microRNA families). Additionally, a high number families and genes that are not expected (pink
boxes) given the phylogenetic level of the species (i.e. not Eutherian, not Catharrini) is reported, which seems unlikely to be correct. This also goes for very high number of copies in a number of species (pink
arrows left site of A) that would indicate genome duplication, which have not been reported, and likely are false calls.
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A large number of likely false-positives in WGA-based microRNA calling

Figure S4

Figure S4: A large number of likely false-positives in WGA-based microRNA
calling, related to figure 5a. Comparison of the subset of species from the
470 MULTIZ WGA (A – pink) and our Ensembl based 90 eutherians analysis
(A –green). On average, more than 90 false positives are found per genome
using WGA (B).
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Whole genome alignments can identify orthologous loci, but cannot distinguish between real microRNAs and non-genes

Figure S5
Figure S5: While genome alignments can identify candidates of orthologues
loci, they cannot distinguish between real microRNAs and non-microRNA
loci, related to figure 5a. Alignments of identified microRNA loci show
strong variation especially in loci of species unknown to have the
corresponding microRNA. Examples shown for A) eutherian-specific and B)
Catharrini-specific microRNA families in non-eutherian and non-Catharrini
species shows that, while having alignment reported, there are substantial
differences indicating that these are either 1) incorrect alignments or 2) that
aligned loci do not contain microRNA genes. In C) (MIR-4677 detail) clear
differences in nucleotide composition shows the effect of these sequences
on the actual structure of the putative microRNAs clearly ruling out a
processing as microRNA. A&B) Each plot highlights the differences to the
human reference (white = 100% conserved sites)



Figure S6

Figure S6. A summary of MirMachine workflow: high-quality
CMs were generated using Infernal based on MirGeneDB v2.1
microRNA families, related to figure 2. Bitscore cut-offs were
determined using MirGeneDB to maximize MCC scores. We use
the cutoffs to filter out low quality predictions.


