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Summary. Two gall-forming nematodes, Mesoanguina amsinckiae and Anguina danthoniae, collected in 
California were molecularly characterised. Phylogenetic relationships of these species with other plant 
parasitic Anguinidae based on the analysis of the ITS rRNA gene sequences are given as inferred from 
Bayesian analysis. Mesoanguina amsinckiae parasitising Amsinckia spp. from the family Boraginaceae 
formed the lineage within the clade with Ditylenchus and Heteroanguina. The position of A. danthoniae
is not well resolved with the genus Anguina. The molecular dataset does not contradict the proposal of 
synonymision of the genus Cynipanguina with Anguina.
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The family Anguinidae Nicoll, 1935 includes 
mycophagous and plant-parasitic nematodes. 
The latter are obligate specialised parasites of 
higher plants, mosses and seaweeds on which 
they often induce swellings and galls (Subbotin 
& Riley, 2012). Anguinids are found in all 
continents except for Antarctica. Several species 
have been found and described from California, 
USA including Mesoanguina amsinckiae
(Steiner & Scott, 1934) Chizhov & Subbotin, 
1985 and Anguina danthoniae (Maggenti, Hart 
& Paxman 1973) Brzeski, 1981.

Mesoanguina amsinckiae was discovered on 
the host plant Amsinckia intermedia and firstly 
described by Steiner and Scott (1934) under the 
name Anguillulina dipsaci var. amsinckiae.
Godfrey (1940) referred to the nematode as 
Ditylenchus dipsaci var. amsinckiae and 
Filipjev and Schuurmans Stekhoven (1941) 
named it as Ditylenchus amsinckiae. Thorne 
(1961) reclassified the nematode as a species of 
Anguina. Brzeski (1991) and Siddiqi (1996, 
2000) also listed this species in this genus. 
Chizhov and Subbotin (1985) transferred it to 
the genus Mesoanguina.

Anguina danthoniae was firstly described 
under the name Cynipanguina danthoniae
Maggenti, Hart & Paxman 1973 from California 
oatgrass, Danthonia californica, from central 
California coast. The nematode indices 
spherical galls ranging in size from 0.5 to 3.0 
mm and varying in colour from green to straw 
yellow (Maggenti et al., 1973). Maggenti et al.
(1973) proposed a new genus for this species 
considering that this species differed from 
Anguina and all other anguinid-like nematodes 
by having a digit-like process extending from 
the posterior glandular portion of the pharynx 
and having spicules with the discrete suture 
between calamus and lamina. The genus 
Cynipanguina was synonymised with Anguina
by Brzeski (1981). Later this synomisation was 
supported by Chizhov and Subbotin (1985, 
1990), Krall (1991) and Siddiqi (1996, 2000); 
however, it was rejected by Fortuner and 
Maggenti (1987). 

The goal of this work is to provide 
molecular characterisations of A. danthoniae
and M. amsinckiae collected in California, 
USA.
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Fig. 1. Leaf galls of Anguina danthoniae (Scale = 0.5 mm). 

MATERIAL AND METHODS 

Nematode populations, DNA extraction, PCR, 
and sequencing. Dried galls of Danthonia 
californica with Anguina danthoniae (Fig. 1) 
collected by the first author from the type locality 
and dried Amsinckia plant fragments infected by 
Mesoanguina amsinckiae obtained from the CDFA 
collection were used in this study. DNA was 
extracted from several nematodes using proteinase 
K protocol (Tanha Maafi et al., 2003). The ITS 
rRNA gene was amplified with the forward TW81 
(5’-GTT TCC GTA GGT GAA CCT GC-3’) and 
the reverse AB28 (5’-ATA TGC TTA AGT TCA 
GCG GGT-3’) primers as described by Tanha Maafi 
et al. (2003). PCR products were purified using 
QIAquick PCR Purification Kit (Qiagen) and 
directly sequenced. New sequences were deposited 
in the GenBank under accession numbers: 
MK032869 and MK032870. 

Phylogenetic analysis. Sequences of ITS rRNA 
genes of M. amsinckiae and A. danthoniae were 
aligned using Clustal_X 1.83 (Thompson et al.,
1997) with published gene sequences of anguinid 
nematodes (e.g., Powers et al., 2001; Subbotin et
al., 2004, 2005; Bertozzi & Davies, 2009; 
Mobasseri et al., 2017; Barrantes-Infante et al.,
2018). Alignment was analysed with Bayesian 

inference (BI) using MrBayes 3.1.2 (Ronquist & 
Huelsenbeck, 2003). Models of DNA evolution for 
BI were estimated using MrModeltest 2.2 and the 
best-fit was chosen using the Akaike Information 
Criterion (Nylander, 2002). BI analysis under the 
GTR + G model was initiated with a random 
starting tree and run with the four Metropolis-
coupled Markov chain Monte Carlo (MCMC) for 3 
× 106 generations. The MCMC were sampled at 
intervals of 100 generations. After discarding burn-
in samples and evaluating convergence the 
remaining samples were retained for further 
analysis. The topologies were used to generate a 
50% majority rule consensus tree. Posterior 
probabilities (PP) more than 70% are given for 
appropriate clades. 

RESULTS AND DISCUSSION 

The ITS rRNA gene sequence alignment 
contained 51 sequences including sequences of 
Orrina phyllobia and Cephalenchus cephalodiscus
selected as outgroup species. It was 829 bp in a 
length. Mesoanguina amsinckiae clustered with a 
moderate statistical support (PP = 81%) in the clade 
containing Ditylenchus species and Heteroanguina
ferulae. Anguina danthoniae formed a separate 
lineage and its relationships with other anguinids 
were unresolved (Fig. 2). 
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Topology of the obtained tree is congruent with 
those published by Subbotin et al. (2004) and 
Barrantes-Infante et al. (2018). Subbotin et al.
(2004) noticed a paraphyly of the genus 
Mesoanguina parasitising Asteraceae and found that 
the studied species of this genus clustered into two 
distinct groups in an agreement with their 
peculiarities of morphology and host plant range. In 
our tree the genus Mesoanguina parasitising 
Asteraceae is also divided in these two groups; 
moreover, M amsinckiae parasitising Amsinckia spp. 
from the family Boraginaceae formed the lineage 
within the clade with Ditylenchus and 
Heteroanguina. Thus, the revision of the non-
monophyletic genus Mesoanguina is still needed to 
transfer these groups in different taxon units. 

The genus Anguina is monophylic according to 
Subbotin et al. (2004) and Barrantes-Infante et al.
(2018). Two species, A. australis and A.
microlaenae inducing leaf and stem galls in plants 
of the subfamily Bambusoideae, occupied a basal 
position within Anguina species parasitising 
Poaceae in the tree published by Subbotin et al.
(2004) and Barrantes-Infante et al. (2018). In the 
present tree the positions of A. australis plus A.
woodi and A. microlaenae as well as A. 
danthoniae are not resolved with the genus 
Anguina. However, the monophyly of the genus 
Anguina including A. danthoniae is not rejected 
based on this ITS rRNA topology. Thus, the 
molecular dataset does not contradict the proposal 
to synonymise the genus Cynipanguina with 
Anguina made by Brzeski (1981). 

Comprehensive morphological and molecular 
analyses are still needed to understand relationships 
within anguinid nematodes and replace the present 
artificial classification by a natural one reflecting 
evolutionary trends in this group (Subbotin & Riley, 
2012).

ACKNOWLEDGEMENTS

This work was supported by a FarmBill19 grant, 
CDFA Agmt no. 18-0346-000-FR. 

REFERENCES

BARRANTES-INFANTE, B.L., SCHROEDER, B.K.,
SUBBOTIN, S.A. & MURRAY, T.D. 2018. Afrina
sporoboliae sp. n. (Nematoda: Anguinidae) associated 
with Sporobolus cryptandrus (Torr.) A. Gray from 
Idaho, USA. Phylogenetic relationships and 
population structure. Phytopathology 108: 768-779. 
DOI: 10.1094/PHYTO-12-17-0395-R 

BERTOZZI, T. & DAVIES, K. 2009. Anguina paludicola sp. 
n. (Tylenchida: Anguinidae): the nematode associated 
with Rathayibacter toxicus infection in Polypogon 
monspeliensis and Lachnagrostis filiformis in 
Australia. Zootaxa 2060: 33-46. DOI: 
10.5281/zenodo.186813 

BRZESKI, M.W. 1981. The genera of Anguinidae 
(Nematoda, Tylenchida). Revue de Nématologie 4: 
23-34. 

BRZESKI, M.W. 1991. Review of the genus Ditylenchus
Filipjev, 1936 (Nematoda: Anguinidae). Revue de 
Nématologie 14: 9-59. 

CHIZHOV, V.N. & SUBBOTIN, S.A. 1985. [Revision of the 
nematode from the subfamily Anguininae (Nematoda, 
Tylenchida) on the basis of their biological 
characteristics]. Zoologichesky Zhurnal 64: 1476-
1486 (in Russian). 

CHIZHOV, V.N. & SUBBOTIN, S.A. 1990. [Phytoparasitic 
nematodes of subfamily Anguininae (Nematoda, 
Tylenchida). Morphology, trophic specialization, 
taxonomic]. Zoologichesky Zhurnal 69: 15-26 (in 
Russian).

FILIPJEV, I.N. & SCHUURMANS STEKHOVEN, I.H. 1941. A
Manual of Agricultural Helminthology. The 
Netherlands, E.J. Brill. 878 pp. 

FORTUNER, R. & MAGGENTI, A.R. 1987. A reappraisal of 
Tylenchina (Nemata). 4. The family Anguinidae Nicoll, 
1935 (1926). Revue de Nématologie 10: 163-176. 

GODFREY, G.H. 1940. Ecological specialization in the 
stem- and bulb-infesting nematode, Ditylenchus
dipsaci var. amsinckiae. Phytopathology 38: 41-53. 

KRALL, E.L. 1991. Wheat and grass nematodes: Anguina,
Subanguina and related genera. In: Manual of 
Agricultural Nematology (W.R. Nickle Ed.). pp. 721-
760. Marcel Dekker Inc., New York, USA. 

MAGGENTI, A.R., HART, W.H. & PAXMAN, G.A. 1973. A 
new genus and species of gall forming nematode from 
Danthonia californica, with a discussion of its life 
history. Nematologica 19: 491-497. DOI: 
10.1163/187529273X00493 

MOBASSERI, M., PEDRAM, M., POURJAM, E. & BERTOZZI,
T. 2017. Description of a new species of seed-gall 
nematode, Anguina obesa n. sp. (Nematoda: 
Anguinidae) from northern Iran, and its phylogenetic 
relations with other species and genera. European 
Journal of Plant Pathology 148: 423-434. DOI: 
10.1007/s10658-016-1101-9 

NYLANDER, J.A.A. 2002. MrModeltest 2.2. Evolutionary 
Biology Centre, Uppsala University, Uppsala, Sweden. 

POWERS, T.O., SZALANSKI, A.L., MULLIN, P.G., HARRIS,
T.S., BERTOZZI, T. & GRIESBACH, J.A. 2001. 
Identification of seed gall nematodes of agronomic 
and regulatory concern with PCR-RFLP of ITS1. 
Journal of Nematology 33: 191-194. 



Gall-forming anguinids from California 

113

RONQUIST, F. & HUELSENBECK, J.P. 2003. MrBayes 3: 
Bayesian phylogenetic inference under mixed models. 
Bioinformatics 19: 1572-1574. DOI: 10.1093/ 
bioinformatics/btg180 

SIDDIQI, M.R. 1986. Tylenchida: Parasites of Plants 
and Insects. UK, Commonwealth Agricultural 
Bureaux. 645 pp. 

SIDDIQI, M.R. 2000. Tylenchida: Parasites of Plants and 
Insects. UK, CAB International. 833 pp. 

STEINER, G. & SCOTT, C.E. 1934. A nematosis of Amsinckia
caused by a new variety of Anguillulina dipsaci. Journal 
of Agricultural Research 49: 1087-1092. 

SUBBOTIN, S.A. & RILEY, I.T. 2012. Stem and gall 
forming nematodes. In: Practical Plant Nematology
(R.H. Manzanilla-López & N. Marban-Mendoza Eds). 
pp. 521-577. Biblioteca Básica de Agricultura, Grupo 
Mundi-Prensa, Ciudad de México, Mexico. 

SUBBOTIN, S.A., KRALL, E.L., RILEY, I.T., CHIZHOV,
V.N., STAELENS, A., DE LOOSE, M. & MOENS, M. 
2004. Evolution of the gall-forming plant parasitic 
nematodes (Tylenchida: Anguinidae) and their 
relationships with hosts as inferred from internal 
transcribed spacer sequences of nuclear ribosomal 

DNA. Molecular Phylogenetics and Evolution 30: 
226-235. DOI:10.1016/S1055-7903(03)00188-X

SUBBOTIN, S.A., MADANI, M., KRALL, E., STURHAN, D. &
MOENS, M. 2005. Molecular diagnostics, taxonomy 
and phylogeny of the stem nematode Ditylenchus
dipsaci species complex based on the sequences of 
the ITS-rDNA. Phytopathology 95: 1308-1315. DOI: 
10.1094/PHYTO-95-1308 

TANHA MAAFI, Z., SUBBOTIN, S.A. & MOENS, M. 2003. 
Molecular identification of cyst-forming nematodes 
(Heteroderidae) from Iran and a phylogeny based on 
the ITS sequences of rDNA. Nematology 5: 99-111. 
DOI: 10.1163/156854102765216731 

THOMPSON, J.D., GIBSON, T.J., PLEWNIAK, F.,
JEANMOUGIN, F. & HIGGINS, D.G. 1997. The 
Clustal_X windows interface: flexible strategies for 
multiple sequence alignment aided by quality analysis 
tools. Nucleic Acids Research 25: 4876-4882. DOI: 
10.1093/nar/25.24.4876 

THORNE, G. 1961. Principles of Nematology. USA, 
McGraw-Hill Book Company Inc. 553 pp. 

Cid Del Prado Vera, I., V.N. Chizhov and S.A. Subbotin.
, Mesoanguina amsinckiae Anguina danthoniae (Anguinidae: Tylenchida) 

, .
.

Mesoanguina amsinckiae Anguina danthoniae, , .
 ITS 

Anguinidae. Mesoanguina amsinckiae, Amsinckia spp. 
Boraginaceae, Ditylenchus Heteroanguina. A.
danthoniae Anguina .

Cynipanguina Anguina.


	Anguina-2018-1
	Anguina-page
	Anguina-2018-3a

