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Morphology and ASAP analysis of the
important zoonotic nematode parasite
Baylisascaris procyonis (Stefahski and
Zarnowski, 1951), with molecular phylogenetic
relationships of Baylisascaris species
(Nematoda: Ascaridida)

Xiao-Hong Gu'?, Hui-Xia Chen'2, Jun-Jie Hu® () and Liang Li'?

"Hebei Key Laboratory of Animal Physiology, Biochemistry and Molecular Biology, Hebei Collaborative Innovatior
Centre for Eco-Environment; College of Life Sciences, Hebei Nomal University, 050024 Shijiazhuang, Hebei
Province, People’s Republic of China; *Hebei Research Centre of the Basic Discipline Cell Biology, Ministry of
Education Key Laboratory of Molecular and Cellular Biology, 050024 Shijiazhuang, Hebei Province, People’s
Republic of China and *School of Ecology and Environmental Sciences, Yunnan University, 650091, Kunming,
People’'s Republic of China

Abstract

Species of Baylisascaris (Nematoda: Ascarididae) are of great veterinary and zoonotic signifi-
cance, owing to cause Baylisascariosis or Baylisascariasis in wildlife, captive animals and
humans, However, the phylogenetic relationships of the current 10 Baylisascaris species
remain unclear. Moreover, our current knowledge of the detailed morphology and morpho-
metrics of the important zoonotic species B. procyonis is still insufficient. The taxonomical
status of B. procyonis and B. columnaris remains under debate. In the present study, the
detailed morphology of B. procyonis was studied using light and scanning electron microscopy
based on newly collected specimens from the raccoon Procyon lotor (Linnaeus) in China. The
results of the ASAP analysis and Bayesian inference (BI) using the 28S, ITS, cox1 and cox2
genetic markers did not support that B. procyonis and B. columnaris represent two distinct
species. Integrative morphological and molecular assessment challenged the validity of B. pro-
cyonis, and suggested that B. procyonis seems to represent a synonym of B. columnaris.
Molecular phylogenetic results indicated that the species of Baylisascaris were grouped into
4 clades according to their host specificity. The present study provided new insights into
the taxonomic status of B. procyonis and preliminarily clarified the phylogenetic relationships
of Baylisascaris species.
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Homage to Linnaeus: How many parasites?

How many hosts?

2008

Andy Dobson**, Kevin D. Lafferty*, Armand M. Kuris®, Ryan F. Hechinger’, and Walter JetzT

YEEB, Guyot Hall, Princeton University, ‘"Washington Read, Princeton, M) 08544; ®Western Ecclogical Research Center, U.5. Geolegical Survey, Marine Science
Institute, University of California, Santa Barbara, CA 93106; iDepartment of Ecology, Evelution, and Marine Biolegy, and Marine Science Institute, University
of California, Santa Barbara, CA 93106; and TDivision of Biological Sciences, University of California at 5an Diego, 9500 Gilman Drive, La Jolla, CA 92093

Estimates of the total number of species that inhabit the Earth have
increased significantly since Linnaeus's initial catalog of 20,000
species. The best recent estimates suggest that there are ~b
million species. More emphasis has been placed on counts of
free-living species than on parasitic species. We rectify this by
quantifying the numbers and proportion of parasitic species. We
estimate that there are between 75,000 and 300,000 helminth
species parasitizing the vertebrates. We have no credible way of
estimating how many parasitic protozoa, fungi, bacteria, and
viruses exist. We estimate that between 3% and 5% of parasitic
helminths are threatened with extinction in the next 50 to 100
years. Because patterns of parasite diversity do not clearly map
onto patterns of host diversity, we can make very little prediction
about geographical patterns of threat to parasites. If the threats
reflect those experienced by avian hosts, then we expect dimate
change to be a major threat to the relatively small proportion of
parasite diversity that lives in the polar and temperate regions,
whereas habitat destruction will be the major threat to tropical
parasite diversity. Recent studies of food webs suggest that ~75%
of the links in food webs involve a parasitic species; these links are
vital for regulation of host abundance and potentially for reducing
the impact of toxic pollutants. This implies that parasite extinctions

pragmatic reasons: vertebrates are a small component of host
diversity, vertebrates are parasitized by a subset of the helminths,
and helminths are not the most fully described parasite taxa.

How Many Species Are There on Earth?
Beginning in 1988, Robert May (2, 3, 9) cogently argued that our
malnmj, to estimate the diversity of species on Earth provided a
sad and somewhat self-centered testimony to human mqumrw*
ness. After collating data on the numbers of species in each
major taxon, May (2) concluded that our knowledge of verte-
brates far exceeded that of invertebrates and protists. The
principle reason for the deficient quantitative assessment of
diversity in invertebrates and protists was the limited number of
trained taxonomists (especially in the tropics, where most of the
world’s biodiversity resides). Although strides have been made to
build capacity in these areas over the last 20 years (10, 11), the
number of taxonomists working in the museums of most tropical
countries today is roughly comparable to the number that
worked in Sweden’s museums 250 years ago (in Linnaeus’s time,
at the dawn of taxonomy). Consequently, classifying and naming
species continues to proceed at a slow and uneven rate.
Erwin’s (12) work on beetles in tropical forest canopies
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Table 1. Estimates of mean number of parasite species per host, mean host specificity, and global species richness for the parasitic
trematodes, cestodes, nematodes, and acanthocephalans that parasitize each of the major vertebrate taxa of hosts (after ref. 7)

Host species (known no. of host species)

Chondrichthys Osteichthys Amphibia Reptilia Aves Mammalia Total

Parasite species (843) (18,150) (4,975) (6,300) (9,040) (4,637) (43,945)
Mean parasite species per host species
Trematoda 0.12 2.04 1.27 1.06 3.24 1.61
Cestoda 2.71 1.57 0.27 0.39 3.67 1.89
Acanthocephala — 1.01 :
Nematoda 0.48 1.49
Trematoda 2.00 6.35 5.40 1.77 2.97 2.01
Cestoda 1.69 6.38 4.75 2.21 2.36 1.89
Acanthocephala — 14.95 6.74 12.50 8.35 4.32
Nematoda 2.67 10.28 5.27 2.12 3.28 6.07
Estimated global species richness

Trematoda 51 5,831 1,170 3,773 9,862 3,714 24,401
Cestoda 1,352 4,466 283 1,112 14,058 4,637 25,908
Acanthocephala — 1,226 140 212 779 301 2,658
Nematoda 152 2,631 2,662 6,389 9,150 2,979 23,963

Total 1,555 14,154 4,225 11,486 33,849 11,631 76,930
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Ancylostoma ailuropodae n. sp. (Nematoda: @
Ancylostomatidae), a new hookworm

parasite isolated from wild giant pandas in
Southwest China

Yue Xie', Eric P. Hoberg?, Zijiang Yang®, Joseph F. Urban Jr* and Guangyou Yang'"

Abstract

Background: Hookworms belonging to the genus Ancylostorna (Dubini, 1843) cause ancylostomiasis, a disease of
considerable concern in humans and domestic and wild animals. Molecular and epidemiological data suppon
evidence for the zoonotic potential among spedes of Ancylostorna where transmission to humans is fadilitated by
rapid urbanization and increased human-wildlife interactions. It is important to assess and describe these potential
zoonotic parasite species in wildlife, especially in hosts that have physiological similarities to humans and share
their habitat. Moreover, defining species diversity within parasite groups that can circulate among free-ranging host
species and humans also provides a pathway to understanding the distribution of infection and disease. In this
study, we descaribe a previously unrecognized species of hookworm in the genus Angylostoma in the giant panda,
induding criteria for morphological and molecular characterization.

Methods: The hookworm specimens were obtained from a wild giant panda that died in the Fengtongzai Natural
Reserve in Sichuan Province of China in November 2013, They were microscopically examined and then genetically
analyzed by sequencing the nuclear internal transcribed spacer (ITS, ITS1-5.85-TS2) and mitochondrial cytochrome ¢
oxidase subunit 1 (cox1) genes in two representative specimens (one female and one male, FTZ1 and FTZ2,
respectively).

Results: Ancylostoma ailuropodae n. sp. is proposed for these hookworms. Morphologically the hookworm
specimens differ from other congeneric species primarily based on the structure of the buccal capsule in males and
fernales, characterized by 2 pairs of ventrolateral and 2 pairs of dorsolateral teeth; males differ in the structure and
shape of the copulatory bursa, where the dorsal ray possesses 2 digitations. Pairwise nucear and mitochondrial
DNA comparisons, genetic distance analysis, and phylogenetic data strongly indicate that A ailuropodae from giant
pandas is a separate species which shared a most recent common ancestor with A ceylanicum Looss, 1911 in the
genus Ancylostorna (family Ancylostomatidae).

(Continuad on next page)
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Dujardinascaris gigantea sp. n. (Nematoda:
Ascaridida) from the critically endangered
crocodile Alligator sinensis Fauvel
(Reptilia: Crocodylia)

Liang Li, Yan-Ning Guo & Lu-Ping
Zhang

Parasitology Research
Founded as Zeitschrift fur
Parasitenkunde

ISSN 0932-0113
Volume 114
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Morphology, genetic characterization =0

and molecular phylogeny of pinworm
Skrjabinema longicaudatum n. sp. (Oxyurida:
Oxyuridae) from the endangered Tibetan
antelope Pantholops hodgsonii (Abel)
(Artiodactyla: Bovidae)

¥i-Fan Cao'"?*, Hui-Xia Chen®', Yang LP, Dang-Wei Zhou'#', Shi-Long Chen'* and Liang Li™"

10 um Abstract

Background: The Tibetan antelope Pantholops hodgsonii (Abel) {Artiodactyla: Bovidae) is an endangered species of
mammal endemic to the Qinghai-Tibetan Plateau. Parasites and parasitic diseases are considered to be important
threats in the conservation of the Tibetan antelope. However, our present knaowledge of the compasition of the para-
sites of the Tibetan antelope remains limited.

Methods: Large numbers of nematode parasites were collected from a dead Tibetan antelope. The morphology of
these nematode specimens was observed using light and scanning electron microscopy. The nuclear and mitochon-
drial DNA sequences, i.e. small subunit ribosomal DNA (185), large subunit ribosomal DNA (285), internal transcribed
spacer (ITS) and cytochrome ¢ oxidase subunit 1 (cox1), were amplified and sequenced for molecular identification.
Moreover, phylogenetic analyses were performed using maximum likelihood (ML) inference based on 285 and 185 +
285 + cox1 sequence data, respectively, in order to clarify the systematic status of these nematodes.

Clade 1

Syphabule

Syphac R
- ! Clade Il
] Syphacia frederici

wo | gymiacio obvelata

Oxyuris equi

Skejabimema sp. Clade 111

Results: Integrated morphological and genetic evidence reveals these nematode specimens to be a new species of
pinworm Skrjabinema longicaudatum (Oxyurida: Oxyuridae). There was no intraspecific nuclectide variation between
different individuals of 5. longicaudatum n. sp. in the partial 185, 285, ITS and cox1 sequences. However, a high level of
nuclectide divergence was revealed between the new species and its congeners in 285 (8.36%) and TS (20.3-23.7%)

I “K%ﬁﬁ' K g&‘ i I | regions, respectively. Molecular phylogenetic results suggest that the genus Skrjabinema should belong to the )

—
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axonomy of thelastomatoid nematodes from cockroaches in Yunnan

Province and phylogenetic analysis of Oxyuridomorpha

4 4

i Leidymemelln Chitwood & Chirwood, 1934
15 ERFEHDE, 98 Longipapilionama gen nov

% 5

T Malaspinanena Jex, Schmeider, Rose & Cribb 2003
17 KRR, T Psendoblaticola gen nov. .

28 (IR Preudodesmicola Jex, Schueider, Rose & Cribb, 2006.......

ST Siifimema Chitwood, 1932
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2 \'-F @ gﬁ' ﬁa ;]-'1{ 7H— . 6%1’ Taxonomy of Rhigonematida from two species of diplopods
i?l ;% & (s ]

(Arthropoda: Myriapodia) in China

)

Zhamy et al Parasites & Vectors (2022) 15427
hitps//dolorg/10.1186/513071-022-05544-9

Parasites & Vectors

RESEAR Open Access
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Molecular identification of a new species =L
of Rhigonema (Nematoda: Rhigonematidae)
and phylogenetic relationships
within the infraorder Rhigonematomorpha

Yu Zhang'*?, Lian-Di Wang'-*7, Koichi Hasegawa®, Seiya Magae®, Hui-Xia Chen'-*?, Lin-Wei Li'** and
Liang Li'%*"

Abstract

Background: The infracrder Rhigonematomorpha comiprises a group of obligate parasitic nematodes of millipedes
{Arthropoda: Diplopoda). The current species identification of Rhigonematomarpha nematodes remains mainly basad
on morphological features, with molecular-based identification stll in its infancy. Also, current knowledge of the phy-
logeny of Rhigonematomorpha is far from comprehensive.

Metheods: The morphology of Rhigonematomorzha nematodes belonging to the genus Rhiganema, collected

from the millipede Spirobalus bungi Brandt (Diplopoda: Spirobolida) in China, was studied in detail using light and
scanning electron microscopy. Five different genetic markers, including the nuclear small ribosomal subunit (185),
internal transcribed spacer (ITS) and large ribosomal subunit (285) regions and the mitochondrial coxl and cox2 genes
of thesa Rhigonematomorpha nematodes collected from China and Rkigonema naykae collectad from Japan were
sequenced and analyzed using Bayesian inference (B} and Assemile Species by Automatic Partitioning (ASAP) meth-
ads. Phylogenatic analyses that incduded the most com prehensive taxa sampling of Rhigonematomorpha to date
ware also performed based on the 185+ 285 genes using maximum likelihood (ML) and Bl methads.

Results: Tha specimens of Rhiganema collected from 5 Bungii in China were identified as a new spacies, Rhigonema
52 . sp. Striking variability in tail morphology was observed among individuals of F ense n. sp. ASAP analyses
based on the 285, ITS, coxl and cax? sequences supported the species partition of £ sinense nsp. and A naylae, but
showed no evidence that the different morphotypes of . sinense n. sp. represent distinct genetic lineages. Bl analyses
alsoindicated that R sinense n. sp. represents a separated species from A, naykee based on the coxl and cox2 genes,
but showed that & naylae nested in samples of A sinense n. sp. based an the TS and 285 data. Phylogenatic results
showed that the representatives of Rhigonematomorpha formed two large clades The monophyly of the families
Camoyidae and Ichthyocephalidas and the genus Rhigonema was rejected. The reprasentatives of the family Ran-
somnematidae clustered together with the family Hethidae with strong support.

©The Authons) 2022 Opam Aocass This article ik boensed| under a Creative Commons #

peenits e, sharing, adaptason. cistribution and reprmduct
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Rhabdias macrocephalum sp. n.
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HJFEOS81E ACGCGCACGSCTITITCCATGTGCACCGTATACGETGAGCCECECAGCEAGTTECACACATETGEE 60
FJOOBE68Z2 ACCGCECACCGC I I TCCAT TG CACGTATACSTEASCOCECECASCEASTTECACACATETESE S0
JHI0Z2362 ACGCeGCACECTITITCCATGTIGCACETATACETGAGCCECECAGCEGAGSTTGCACACATETGEE €0

JFB09816 TG TGCETIEECC e T CAGCCEGTIGC TICC T TC I TCCGAGCGAGEAGEECAGACAATEETCTECAGE 120
FJOO8682 TECETIGCETIGEECCeETCAGCCETIGCTICC I TCITCCGAGEAGEGAGCEECAGACAATEETCTECAG 120
JHIOZIEZ2 TG TG TGCECCeGTCAGCCETGCTICC I TC I TCCGAGCGAGSEAGEGECAGACARATGETICTECASE 120

JFEDSE1E CTTGCTGTST ST T ITAGAGSECATACESTCACGCETITESCCEESTITAGARAASATESESTCSEST 120
FJ00S88Z2 CTTSCTSTSTET ECETTACARACATESCSTCECT 180
JN102362 CTTSCTSTST TTASARACATSCSTCOSCT 180

JFBDOB1E ASCSCCTARCCT SCOESTCTRACARACCTCRCCOCTR 240
FJDO9E8Z ASCSOCTRARCSCOT SOESTCTRACARACCTCACCTR 240
JHI102382 ASCSCCTAROCOT SECSTOCTACRCCTCARACOCTRAR 240

JFBOEE1IE GC T AT CGSCC I GEGAC O G TICEGG T AGCGAT GAARAAGGSTIGEGESGACASASCTCOCTTISCTITSCC ACS 300
FJOOBE68Z2 GC T AT CSCC T GEGAC OGS I CGG T AGCGA T GAARAAGGSTGSESGACAGASCTCOCTTSCTITSCCACS 300
JNID2362 GO T AT CGCC T GEGAC O I CGEG T AGSCGATGAAAGS T GGESGACAGSGASCTCOTTISCTTSCOOACS 300

JFEDEE16 T o T C T IO GG AGGGGSC oG GAGS T CGAST AGACT TAATSASCCTCAGSCTASSASSOCSES 380
FJ008682 TCror @G CGGAGCGEGEC oGO SAGSTCGAGTAGAC T TAATGASCCTCAGSCTAGSSAGSCCSES 380
HANT02382 T O T C T I GO GEAGEGGEU G G GAG T CGAGTAGAC T TAATGAGCCTICAGC TAGGEAGSCCGE 3280
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ASAP+BIZ 1T (MR SiE) . “12kbp Rhabdias kafunata

Mitochondrion genome
15437 bp

4 kbp-

BRAY PR

(Al

il




‘ 03 | SHEZRDFRAF




Eh%%ﬁﬁ%ﬂf"ﬁﬁ

RGF

(HKEYS TO
THE NEMATODE PARASITES
OF VERTEBRATES

EDITED BY
ROY C. ANDERSON
ALAIN . CHABAUD
SHEILA WILLMOTT

Key to
Parasitic Nematodes

VVVVVVV

OXYURATA AND ASCARIDATA

K.I. Skryabin, N.P. Shikhobalova,
A.A. Mozgovoi

Edited by
Academician K.I. Skryabin

e

@@@@@@O@( )

AR

m@@@@@@@Q@@

TR

VA




S EERD FRAFHR

Mippostrongylus brasiiensis i

: Trophic ecology . )
A molecular evolutionary Ostertaga ostrtagl == Strongyiis
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q. -

Syngamus trachea
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e Ribdiitis blUMi 257 Rhabditida (Rhabditoidea)

. entomopathogen o .

Mark L. Blaxter*, Paul De Leyt:, James R, Garays, e ) _[%’;j;ifr:zigﬁ'; ZE;;E: oy

Leo X. Liuls, Patsy Scheldemant, Andy Vierstraetet, puerienrEe paraste Diploscapter sp £t

Jacques R. Vanfleterent, Laura Y. Mackey#, Mark Dorris*, 4, [ vertebrate parasite Pristionchus Iheritieri 4%
l: A

L

Linda M. Frisse®, ). T. Vida* & W. Kelley Thomas* Pristionchus pacificus (% Diplogasterida

duncospiculum halicti #:!

* Institute of Cell, Animal and Population Biology, King's Buildings, Teratorhabditis palmarum 25 ) Rhabditida (Rhabditoidea)
SRR : AT T Panagrellus redivivus =2
:r '€ ! 1 0 THTE ; / { g ) " It - I I
J[rgmsar} of E:;r;[;rnb?,{Erhn!surtdr EHQ.]T.J EKI — Panagrolaimus sp PS1159 2 | Rhabditida (Panagrolaimidae)
E’PI’NI?‘”(‘”I or '(?VP 10 GE{}J. }’\ﬁ’f”ﬂﬂu ARG Lol (?S}", .-fi‘.'l«'l’?'.ﬁ.'f}’ [ E?HI. Strﬂng'}f|0|des Stercu ra“s ‘-' . . .
B-9000 Gent, Belgium —_ Strongyloides rafti s, Rhabditida (Strongyloididae)
+International Institute of Parasttology, St Albans AL4 0XU, UK | S StE|r';1er|nen1ha carpocapsae [] Rhabditida (Steinermematidae)
. . ._‘ R SN Pt ) . ursapnelencnus sp ,;lul__.l .
9Da’fnﬁrmu‘.rrr of Biological Sciences, University of South Florida, Tampa, Aphelenchus avenae - Aphelenchida
Florida 33620, USA L[ Globodera palida o Tylenchida
| Harvard-Thorndike Laboratory, Department of Medicine, Beth Israel Deaconess b M?'i'dqg‘;“ﬂe arenaria %" | |
. - \ e TTE [ 2ldla puncilata -;.
Medical Center, Harvard Medical School, Boston, Mrzssm‘hrrscm 02215, USA Acrober;lhes complexus 33 Rhabditida (Cephalobidag)
§ NemaPharm, Inc, 26 Landsdowne Street, Cambridge, Massachusetts 02139, Ascaris suum s m
USA -FT‘E"”'S‘F’”'“Er Sp == I Ascaridida
. , , - . oxocara canis
# Department of Molecular Physiology and Biophysics, Baylor College of Medicine, Brugia malayi :
Huusmn Texas 77030, USA b Dirofilaria immitis sy I Spirurida
* Division of Molecular Biology and Biochemistry, School of Biological Sciences, - —BPhllo?emql_sp 'T' ,
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Phylum-Wide Analysis of SSU rDNA Reveals Deep Phylogenetic Relationships
among Nematodes and Accelerated Evolution toward Crown Clades

5w b I als | = ata I s
Martijn Holterman,* Andre van der Wurff,*" Sven van den Elsen,* Hanny van Megen,*
Tom Bongers,™ Oleksandr Holovachov,t Jaap Bakker,* and Johannes Helder*

“Laboratory of Nematology, Department of Plant Sciences, Wagenmngen University, Wageningen, The Netherlands; and
+tDepartment of Zoology, Biology Faculty, Ivan Franko National University, Lviv, Ukraine

i’E‘L‘E ETE

terence of evplutionary relationships between nematodes is severely hampered by their conserved morphology, the high
frequency of hmlm%asy. and the scarcity of phylum-wide molecular data. To study the origin of nematode radiation and to
i@BBunravel the phylogenetic relationships between distantly related species, 339 nearly full-length small-subunit rtDNA
HLL]].LLIL%}FL\ were an {&Jw;d from a diverse range of nematodes. Bavesian inference revealed a backbone comprising 12
co ltive dichotomies that subdivided the phylum toda into 12 clades. The most basal clade 1s dominated by
the subclass Enoplia, and members of the order Tl"lplf.‘.!r%lﬁdd {‘.!LLLlp‘v pﬁ,ﬁjﬁg& most close to the common ancestor of
the nematodes. Crown Clades 8—12, a group formerly indicated as “Secernenica” that includes Caenorhabditis elegans
and virtually all major plant and animal parasites, show significantly higher nucleotide substitution rates than the more
basal Clades 1-7. Accelerated substitution rates are associated with parasitic lifestyles (Clades 8 and 12) or short generation
times (Clades 9-11). The relatively high substitution rates in the distal clades resulted in numerous dLl'[dpGII{[‘.! phies that
allow in most cases DNA barcode—based species identification. Teratocephalus, a genus comprising terrestrial bacteri-
2006 vores, was shown to be most close to the starting point of Secernentean radiation. Notably, fungal feeding nematodes were
ui%%;.%émund basal to or as sister taxon next to the 3 groups of p dI‘l'[ %r_};%% ncnmt{?dcm nam_l;jy; Tru:lzngiurldac.%ﬂ!ﬁ#
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MOLECULAR B1oLOGY AND EVOLUTION
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Rhabditida (incl. Muspiceida)

Plectida (incl. Benthimermithida)

Araeolaimida
Monhysterida
Isolaimiida —— — —

no name ] /‘%%gﬂ\l >Fig.3

Desmoscolecida
no name
Desmodorida
Microlaimida*
Chromadorida

Dorylaimida 3

Mononchida  livuraun ]

Mermithida 4 Fig. 20l 7 ZR 4]

Dioctophymatida —

Trichinellida J

incl. Marimermithida
and Rhaptothyreida

Triplonchida

Enoplida (

) Fig. 2a

Strongylida

(YA Rhabditina
Diplogasterida

100,

Strongyloididae

\EW Steinernematidae
Panagrolaimidae
Cephalobidae

Ascaridida
Rhigonematida

Chromadorida

) Enoplida
Triplonchida

Dorylaimida

Mermithida

Mononchida

Trichocephalida

L Qutgroups
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Ascarididae
Toxocaridae*
Acanthocheilidas®
Raphidascarididae
Anisakidae
Heterocheilidas
Kathlaniidae (P)
Aspidoderidae (P)
Ascaridiidae
Heterakidae
Aspidoderidae (P)

Ascaridoidea

Heterakoidea

Rhigonematidae

Rhigonematoidea { Ichthyocephalidae

Ransomnematidae
Hethidae
Carnoyidae

Clade Il
7 Aproctidas

T Chitwoodchabaudinidae
7 Guyanemidae

? Hartertiidae

? Hedruridae

? Maupasinidae

? Dswaldofilaridae

? Phiyctainophoridae
? Pneumospiruridas

? Schneidernematidae
T Spiruridas

7 Subuluridae

7 Xystrostomatidae®

Ransomnematoidea {

1784624

>~

Tetrameridae (P)
Onchocercidae
Filaridae
Selaridae™
Thelaziidae
Desmidocercidae
Diplotroaenidae
Spirocercidag
Habronematidas

Gongylonematidae

Acuaridaea
Tatrameridae (P)
Rhabdochonidae
Cystidicolidae
Rictularidae
Physalopteridae

Dracunculidas
Micropleuridae

; Daniconematidae
Skrjabillanidae
Philometridae

Robertdollifusidae
Camallanidae

Cosmocercidae
T Heteroxynematidae
Pharyngodonidae Oxyurnidea
Oxyuridae
Thelastomatidae
7 Travassosinematidae
? Hysfrignathidae Thelastomatoidea

7 Protrelloididae
Pseudonymidae®

Atractidae
Anguillicolidae
Seuratiidag
Gnathostomatidae
Cucullanidae
Kathlaniidae (P)
Cuimperiidae

R1

Clade VI

R3

R4

R2

6.5 FF294+

Trichostrongylidae ‘1
Heligmosomidae
Metastrongylidae
Ancylostomatidae
Strongylidae >
Diaphanocephalidae
Molineidae
Heterorhabditidae

? Rhabdiasidae A
Diploscapteridae
Angiostomatidae*
Agfidae
Rhabditidae

? Carabonematidae
Peloderidae
Mesorhabditidae

Mehdinematidae

vaaoLa ~—v

Pseudodiplogasteroidida

Cylindrocorporidae
Tylopharyngidae™
? Longibuccidae™*

V3CIOTAINOYLS

‘GYHYOSIW  V3dIOL

\

0]

? Heteropleuronematidae™

7 Cephalobiidae
Meodiplogastridae
Diplogastridae
Diplogasteroididae

Poikilolaimus

Bunonematidae
? Pterygorhabditidae

L

YHJUON
"01VININONNE

108VHY

YHJYOWQLI8YHY

YH4YOWNOY3LSY901dId
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BLbE Chabirenia BRI R
T FEE

B R Acanthorhabdias

Trichostrongylidae \
Heligmosomidae
Metastrongylidae
Ancylostomatidae
Strongylidae >
Diaphanocephalidae
Molineidae
Heterorhabditidae )

? Rhabdiasidae

Y3AIOTAONOYLS

4%[® Kurilonema

R7

¥3dioL

TR0 =], Ud
Angiostomatidae*
RS Agfidae
Rhabditidae

__.v.._
VHdHOWO LIagvHY

-lagvHy

Eﬁﬂ IIOﬂI Ik&EE Entomelas
Rhabdiasidae

g ﬂﬂiﬁE Preumonema

Ahmed & Holovachov (2021)

RENSBNRRLEXR?

3—(4) Buccal capsule subspherical in shape,
chitinized walls dense, of uniform thick-

pl;m ness.
Eﬁﬁ Rhabdias 96# ?E‘ gt Buccal capsule with onchia or unarmed.
=]

Entomelas Travassos, 1930
(= Angiostoma Dujardin, 1845 in part;
= Hexadontophorus Kreis, 1939;

mﬁﬁﬁ Serpentirhabdfas = Kurilonema Szczerbak & Sharpilo, 1969;
Kuzmin (2013) - Baker (1980) = Paraentomelas Sharpilo, 1976)

FIKER Neoentomelas




BRI R AT

OG Toxocara caff

£F 12PCCsEEBRF

I ER ML+BI

OG Toxocara catf

clade I Aphelenchoides besseyi A hoides besseyl clade T
Bursaphelenchus xylophitus Bursaphelenchus xylophilus G956
Bursaphelenchus mucronatus Bursaphelenchus mucronatus 1
Strongyicides vituli Acrobeles 7
Strongyloides cebus tr ides vituli
* ' N comy Strongyloides cebus —— [
Globodera ellingtonae Heterodera giycines
Heterodera glycines Globodera ellingionae
1 Pratylenchus vuinus Fratyfenchus vulnus
100 Meloidogyne javanica Meloidogyne javanica
Mefoidogyne graminicola Meloidogyne graminicola
y T o
(— 70 100 Caenorhabditis tropicalis Caenorhahditis tropicatis
58 Caenorhabditis els elega
T y N i = = FiSiaaus pron subdlade I
= Aldplogaster sudhausi _y L _Alodplogaster sudha i
macr J: sp. n Rhabdias macrocep sp. n.
100) kongr 1S kongmo S i
100 100 Rhabdias xiaowutaishanense sp. n. Rhabdias xiaowutaishanense sp. n.
s Rhabdias bufonis Rhabdias bufonis &
Rhabdias gigantea sp. n Rhabdias gigantea sp. n. [1
9 il Rhabdias capitum sp. n. Rhabdias capitum sp. n. I
100: Rhabdias megophrysas sp. n. Rhabdias megophrysas sp. n. 1
100 Rhabdias kafunata Rhabdias kafunata 1
clade II Dﬁ‘cfyocaulus wwparyus Dictyocaulus viviparus :l 0.996
Dictyocauus eckerti Dictyocatilts eckerti 1
subclade II Parafitaroides normant Paran ides nofmeani subclade II
Metastrongylus salmi Metasfrongylus salmi :l_lq PEED
Metastrongylus pudendotectus Metastrongylus pudendotectus 1
Aeluiro, Aslurostrongylus abst !
Varestrongylus efeguneniensis Varestrongylus eleguneniensis :|_11
Protostrongylus rufescens Protostrongylus rufescens 1
L 100/ Nippostrongylus brasiliensis Nt 1gpus [ RLILL
subclade III @ Nematodirus spathiger Nematodirus spathiger subclade III 0.996
Nematodirus oiratianus Nematodirus oiratianus :|1 1
/ Cooperia oncophora Cooperia oncophora
Teladorsagia circumeincta Teladorsagia circumcineta
/ Marshallagia marshalfi Marshallagia marshallf
Trichostrongytus vitrinus Trichostrongylus vitrinus
= Trichostrongytus axei Trichostrongylus axe C
Mecistocirrus digitatus Mecistocirus digitatus
Haemonchus confortus Haemanchus contortus
Syngamus trachea Syngamus trachea
e - E,—E ge'm'([:?a?én?:;?f !' il ': :' 'E' il 'N&S&jfwfa'né E:;IWM
unostomum phlebotomt unostornum phiebotomum
subclade IV oy % Uncinaria sanguinis : : Unginaria sanguinis —l—l subclade IV
100 : Ancylostoma tubaeforme : : Ancylostoma rubaefon—nstl_“
Ancylostoma caninum 1 I Ancylostoma caninum 1
9 o ,—: Strongylus vulgaris : : Strongylus vulgaris :—‘
Coronocyclus labratus I 1 Coronocylus Jabratus ——1
= Stephanurus dentatus =TT Stephanuras dentatus —
Chabertia ovina Chabertia ovina :|
Chabertia erschowi Chabertia erschowi 1 T
Oesophagostomoides stirfoni Oesophagostomoid; tirtoni
Phascolostrongyius furleyi Phascolostrongylus turteyi
0 stomoides Oesop idles longispiculari; :|0‘999
Paramacropostrongylus typicus Paramacropostrongylus typlcus ——
Paramacropostrongylus iugalis Paramacropastrongyius iugafis —‘1
Macropostrongyioides dissimilis Macropostrongyloides dissimilis T

ML

Torquenema toraliforme
Macropaostrongyioides woocdi

52 I: Macropicola ocydromi
Hypodontus macropi

Torquenema toraliforme
Macropastrongyloides woodf
Macropicola ocydromi 1 B |
Hypodonius macropi 0.999
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OG Toxocara cati

Steinernema carpocapsae

Aphelenchoides besseyi

90 100
100 Bursaphelenchus xylophilus
; - atus
é L 100] Bg: Strongyloides vituli * &ﬂ
r; Strongyloides cebus >N :
= crobeles complexus
93 100 Globodera ellingtonae
E 100 Heterodera glycines
1N Pratylenchus vulnus
100 Meloidogyne javanica
Meloidogyne graminicola
r 70
| 100 ﬁ N I
58 IJ \ *-I'
I D rr sty agiaysfae. comepninngint 1
subclade I o I 99 "
— — — — — —] To—" " —— — A
;I I 100
A 100 100
> 89 N
Rl
97
=
100

Nirtunecanliie vivinarne

OG Toxocara cati
Steinernema carpocapsae
Aphelenchoides besseyi
Bursaphelenchus xylophilus
Bursaphelenchus mucronatus
Acrobeles complexus

= .

0.996

Strongyloides vituli

Strongyloides cebus

Heterodera glycines
Globodera ellingtonae
Pratylenchus vulnus
Meloidogyne javanica
Meloidogyne graminicola

Fe——mcc e —-

——

e
-

0.994
! 1

Nirtuncanlie vivinarnie

subclade I

‘T

=
=
=

> BEHETHREAEESRE, SRS HEE.

Zeng et al. (2024a)
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OG Cagnorhabditis elegans

=T ITS+28Sx515 32y ML+BI

OG Caenorhabditis efegans

ﬁ [ Neoentomelas asatol ;-h-. Neoentomelas asatol ——
Clade I 100l Kunitonems markovi Kuritonemns markow — 1 | Clade 1
& 95 Serpentirhabdias of. fuscovenosa Serpentichabdias of. fuscovenosa | |
— o Serpentirhabdias elaphe Serpentirhabdias elaphe i
N Serpentirhabdias fuscovenosa Z-Q' Serpentichabaias fuscovenosa
S Serpentirhabdias moi Serpentirthabdiss mussuranse G813
*4 T Sarpentirhabdias viperdicus Serpentirhabdias vipandicus
Serpentirhabdias mussuranae Sarpentirhabdias mol
*E Clade 1T Lot — .'m.'a.s entormelas I L Entomelas enic;.r_r.le.ljas Clade II I
1y 0 Entomelas kazachstanica Entomelas kazachstanica ]
Entomelas cphisaurd = o Entomealas ophisaurd
% I Entomelas dufaraini Entomelas dujardini 0005 Y
e Clade III T Tl = ﬁ Clade 111
a9 h e 0,985
m l_gg—:.— nonema sp. 1 % L ]2 sp. 1 -
— a5 R. macrocephalumn sp. n. ,.’\ R. macrocephalum sp. n.
Rhabdias sylvesins FRhabdias sylvestins 1
"'E &8 98 L— Rhabdias picardiae Rhabdias picardiag — 1
Clade IV Rhabdias guaianensis Rhabdias gualanensis Clade IV
) — —— Rhabdias pseudosphaerocephala ” Rhabdias pseudosphaerocephala ——
1 j' o0 83— Rhabdias fuellebomi Rhabdias fuslleborn —0.975 1T
] Rhabdias elegans Rhabdias elegans lnsza |
ﬂ] Rhabdias nicaraguensis 9‘9\ Rhabdias micaraguensis f
a1 Rhabdias bakeri % FRhabdias bakeri TEEE
Rhabdias ambysfomas -G, Rhabdias ambystomae
65| ‘@_E Rhabdias sphaerocephala Rhabdias sphasrocephala :—Iu_ggz 0813
I Rhabdias amercanus } ” { Rhsbdiss americanus 0.896
Rhabdias ranae Rhabdias ranae
B Fal Rhabdias tarichas [ A Rhabdias tarichae TR
n Rhabdias joaquinensis e Rhabdias joaguinensis 0,241
i Rhabdias cf. joaguinensis Rhabdias cf. joaquinensis 1
Rhabdias rubrovenosa Rhabdias rubrovenosa
ﬁ %l Rhabdias delangsi Rhabdias delange — 0-952
Rhabdias matogrosensis Rhabdias mafogrosensis
m ’—1®‘|: Rhabdias breviensis >— ” -< Rhabdias breviensis ©.908
£ { Rhabdias cf. africanus Rhabdias cf. africanus
d Rhabdias alticanus Rhabdias afticanus R
- o7 R Rhabdias kongmongthasnsis Rhabdias kongmongthasnsis —
a5 l—gg": Rhabdias bulbicauda Rhabaias bulbicauda 0244
. kafunata / e . kafunata 0.999
m e Rhabdias bermarni g’ Rhabdias bermari | Lk
a5 Rhabdias engelbrechii Rhabdias engelbrechii | |
— BY Rhabdias nipponica Fhabdias nipponica TEeT
En M L \—‘W‘E Rhabdias cf. bufonis } ” { Rhabdias of. bufonis B I
m Rhabdias bufonis Rhabdias buforis
2l R. bufonis R. bufonis 0.952
5y
Sk
- Host: % Scincomorpha as‘ Serpentes =2y Anguimorpha % Iguania & Anura % Caudata
Zeng et al. (2024Db)
1t Genus: Neoentomelas Kurilonema - Serpentirhabdias Prieurmonema Enfomelas Rhabdias
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Ascarididae
Toxocaridae*
Acanthocheilidae*
Raphidascarididae
Anisakidae
Heterocheilidae
Kathlaniidae

Ascaridoidea

Anisakiasis
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Hystercthyilaciun sp.

L Complete support Hysterothyiacium Ffabri
( BS=100; BPP=1 ) Hysterothyiaciunt aduricurns
—a trorce < 1D D OT s Hysterothyiacium religucers
S r— — fchthyascaris longfspicula a>
o | I L ichthyascaris lophil (2=
- I =0.93) Hy=fterothylacium longilabrom =
- Moderate support Hystorothy Inaiun Hiparis £,
o I ! Hysterothylaciumn sinense |
= =
(B0=BS=50; Hysterothylacium thalassing =
0. 98=BPP=0.95) Goexia petagia mu
— Not Su pport Raphidascaroides nipponensis L]
=1 Absent in Bl tree Maricoethia tatrapoary -—
Raphidascarcides brasiliensis =
Tl Raphidascarcildes moravec! .
Hy=storothyiaciumnm poelagicournm mm:

Hystorothylacium zhoushaneonsa
Hy s terothylaciun amoyense
Hy sterothylacium deardorffove rstrectoriin

thering ascaris inguies

Raphidascaris acus
Bavilsascaris allurf

Bayviisa=cari=s transrugs

A6/0.79O Bayiisascaris schroeder!

Baylisascaris colummnaris

¥ e | Baylisascaris procyocris ASC = ri d id = e
Ascaris SwuLnT
— el —— e
Parascarlis eguorunt

3 110- 67 e Toxuscar!;.:-_;con!na

w wvitesloresrry

Toxocoarsa coatli

Toxocaras canis

Porrocaecunt oepresson

Toxocaridae

36/0.95

Anyisakis ziphicdaruns
Aryvisakis typica
Anisakis brevispiculastsas
Arrisakis physeteris
Anisakis paggias
Pseudoterrancovea azarasi

Pseudoterrancova cattarf

Pscudoterranova declplens
-
8 2’ 1 - o Terranova caballerol

Ascaridoidea

Pulchrascarlis chiloscy il

Anisakidae

Contracaccunt rudolpiril

Confracaccurn bicoccal

secum milcrocephaliny

Contracaecunt nrultipapliifato e

Comniracaecurr radistunry
_ l:-.lic_, ascaris cystophoras

Contracaecunt osculaturny
Contracaeocurnt ogrrroriring

99/1.0 = =

! = = - " ascaricia gerr  Heterakoidea
causwasinen=i= | Cosmocercoidea

b Crixia americans
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300 m 300 m

Parasite-Host Associations

present sea level present sea level

=100 m =100 m

RAP: Hysterothylacium ap. —\
- . RAP: e fabri } ‘
RAP: Hysterothylacium aduncum
Ascaridoidea RAp. e \ - Hosts
= RAP: ¥ is lophii
RAP: Ichtt aris longispicul - r
RAP: Hy yiacium longilabrum

Ursidae Ursus

v ¥ ; J Host habitats:
Hysterothylacium liparis \ Ursidae

Host types: —1
samiaquatic tetrapods RA
—=_

thalassini /;/ Ailuridae Al

s ¥
Raphidascarcides nipponensis -
el el o et . {// MAMM: 0
P MAMM: Procy Procy
_//;’ MAMM: Canidae Canis

./ 4 /‘/— - == == —— MAMM: Felidae Felis
”/ MAMM: Felidae Panthera
A

aquatic

R5

: Rap

teleosts multiple ’— o .
RAP: Hy ¥
aquatic tetrapods — RAP: Maricostula tetrapteri
RAP: i is acus
RAP: Hysterothylacium deardorffoverstreetorum
| —

Carnivora
|
— -

/,

/l MAMM: Equius
MAMM: Delphinidae Delphinus
MAMM: Delphinidac Stenolla

RAP: Hys hylacium zhoush,

RAP: MHy: ¥ v

Laurasiatheria

RAP: Goeria

RAP: therl i Ingules MAMM: Delphinidae Pseudorca

ASC: Bay aris alfurt MAMM: Ziphii hil . .
ASC: Baylisascaris schroederi MAMM: Physeteridae Physeter ” Boreoeutheria
ASC: Baylisascaris transfuga MAMM: Kogiidae Kogia »

ris procy Cetartiodactyla

y i h 4 MAMM: Balaenopteridae Balaenoptera
aylisascaris col is

s @
<
a @
<>
s 4
>4
b o
@
b d
@
¢
<@
<
¢
<
*>
<>
*>
< >
4 >
b 4 >
:si <>
é scaris suum - T T T T mamm Bos & |‘F—J—-“/
searis lumbricoides MAMM: Suidae Sus <> = Th 2
is equorum - y MAMM: Hominidae Homo < » eria
ASC: T ris \ » y ¢ e— — MAMM: T) -
TOX: Toxocars cati —— —— —— — — — ——  —— AVES: Accipitridae e
TOX. Toxocara came o — T T T T s PrRAMM; D p4 -
TOX: Parrocacum reticulatum — AVES: - * [ = »  Amniota
2 TOX: Porrocaecum depressum —— AVES: e Arduidan A : Neognathae
_— H eidae Ardea 1
< AVES: Phasianidae Gallus < —— ——
< REPT: Alligatoridas Al & -
.§_> : Pseudanisakis rajae — — — — REPT:T @9 _‘F'T_/
<@ — — — — REPT:C = <> - | P -
: Anisakis simplex
P — —— — REPT: Colubridae Natrix & DlapS|da
¢ Anisakis pegreffi ACTI: Par dae P -
: Anisakis ziphidarum ACTI: Paralichthyidas Parali v A I l
: Anizakis typicn ACTI: Liparidae Liparis 4
: dadgakle pag o ACTI: Istiophoridae Kajikia 4 —_— 11 ‘
: :m_sa:r_s ,-,;-._».{ ,ru ulata ACTI: Lophiidae Lophius 4
: Anisakis physeteris AGTE: Og halldas Halleutasa ..4—1:'_[_
P ANL: Tarrancva cam!llb.rn.‘ — .— —_— WY ACTI: Siganidae Sig <> T
! """.’ 7/ ACTI: Priacanthidaa Pri L *> . [ep]
va deciy : / -"// ACTI: Corypl Coryp & =
< : Lt rascars SCy — —_— = ACTI: Rachyc dae 1
g Pulch is chiloscyliil . B 1 } [+
: Contracaecum rudalphii f‘ g P A \ ACTI: Urar p U pus 4 1 ==
| Sommssseum somentit — — — — U (71 N ACT: Soledes Srvchinie $ -
. b ACTI: Esocidae Exsox ¥ . +
g micr rAS Ny ACTI: Doradidae Platydoras 4 —— Teleostei 28
Phocascaris cystophorae / Vi VR . ACTI: Doradidae Prerodoras 4 — [=]
: Contracaecum osculatum Y ~ N ACTI: Muraer Conger 4 ———— 3
: Contracascum radiatum / V4 ~ N\ \ | W ACTI: Congridaa U ger @ T o
HETC: Ortleppascaris sinensis s o
HETC: Dujardinascaris gigantea / /! ~ N \ : B ——— Elasmobranchii
HETC: Krefftascaris sharpilol — — — — < Vi ~ LY p—— .
HETC: Heterochollus tunicats —— w  co o fﬁ; - Q o d : T P
OGHETK: Ascaridia galli - :
» x OGCOS: Cruzia americana — — — — ./, ~. —— CHON: Carchar i &> ' |
- & OGCOS: Falcaustra sinonsis — —— —— —— —— —— —— CHON: Sphyrnidae Sphyrna @ ——
[s] o T ¢ T e [ 7 [ J 1 K [ Pg [N]| Pericd Pericd [N] Pg | K [ o T 7 [T » 1T © T ©_ Ts]
400 300 200 100 o Ma Ma 0 100 200 300 400

Time tree of the Ascaridoidea and their hosts (Li et al. 2018, Syst Biol)
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Sea Level Change Gnathostomata

= higher than present

=ESEI g———"—
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7

A -
SR ST 492 5T, fﬁ
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o.., T T 0B R g
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marine mammals semiaquatic tetrapods teleosts

Scheme of the main host switches of high-level ascaridoids (Li et al. 2018, Syst Biol)
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Kathlaniidae

Subuluroidea

%

T W

B e Cucullanidae Seuratoidea

N/A N/A
Heterocheilidae

Seuratascaris numidica
- Metangusticaecum sichuanensis
Metangusticaecum fuji o

Ortleppascaris sinensis
o

Dujardinascaris gigantea

Conra ecum asculaium

P — )
I ( 2 racdecumm e { MWL

Anisakidae

i

Pseudanisakis rajae Acanthocheilidae Ascal‘ldOIdCa

Mawsonascaris zhoui

0.987 S e ~ X
Taxocara: vitdorim lToxocaridae
loxocara can
Ophidascaris wangi

!

Toxascaris leonina

Bavlisascaris procyonis

Baylisascaris schroederi
Bavlisascaris fransfuga

Baylisascaris ailuri Ascarididae

Parascaris equorum

|scaris suum

Phylogeny of the Ascaridoidea based on AAs of 12PCGs (unpublished data)
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10y

1w

o 1O

Ly

Seurafascaris numidica Seur
10 Seuratascaris alafa Sal
E AMetangusiicaecim sichuanensis SCD
La Aderangusticaecur figianensis WIT

Duardinascaris gioanitea Duajar
frd H(ﬁ) f:m

Opphidascaris wangi W2
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