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Table 1. Results of Shimodaira-Hasegawa (SH) tests of tree topologies and alternative hypotheses of the  phylogeny of the
Criconematina

Cladistic analyses of Criconematina have been limited to one attempt with a few morphological
characters by Siddiqi (2000). DNA sequence data have never been explored to reconstruct phylogeny of this
group. The goal of the present study was to analyze phylogenetic relationships of the main groups or lineages
presently recognized in Criconematina based on morphological characters and the partial LSU rRNA
sequences using a secondary structure model.

Tree comparisons using the Shimodaira-Hasegawa test
did not find any differences in topology generated from ML,
MP, or both BI analyses for D2 and D3 alignment and the
combined data set (Table 1). Constraining Mesocriconema
and Hemicriconemoides to be monophyletic resulted in trees
not significantly different from the ML tree. Validity of
monophyly of the subfamily Macroposthoniinae sensu Siddiqi
(2000) and a single origin of criconematids having a cuticular
sheath were rejected.

The phylogenetic tree obtained using a complex model
that considers paired nucleotides in stems and unpaired in
loops showed reduced statistical support compared to our
other analyses.  This reduction is expected by the reduced
number of independently evolving characters considered.
Such topology is expected to reflect a  more realistic picture
of criconematid evolution  inferred from D2-D3 dataset.

Generally, analyses with molecular and combined data
sets tend to support the classification proposed by Geraert
(1966), where five main lineages have been distinguished:
Criconematida e , Hemicycliophoridae , Paratylenchidae,
Sphaeronematidae and Tylenchulidae.

Our analysis includes 35 populations of 20 nominal species, five
unidentified species, and two outgroup taxa from the families Tylenchidae and
Eutylenchidae. We tested monophyly of proposed taxa using a maximum
likelihood test. Because different methods available for building a phylogenetic
tree can affect the outcome of the analysis, we analyzed our data using
maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference
(BI) under two different models of sequence evolution.

The secondary structures of D2 and D3 expansion fragments for all
sequences were predicted by MFold. A largely homologous folding pattern was
observed for all studied species; homologies include folding of the D2 domain
into several helices C1-C1/e4 and the D3 includes folds D2-D6 (Fig. 1).

ClustalX generated an alignment of 573 positions; after manual
improvement according to secondary structure, the model alignment length
included 632 positions (Fig. 2). The number of transitions and transversions
were plotted against uncorrected percentage sequence divergence (p-distance)
and no saturation was found (Fig. 3).

All phylogenetic methods generated similar topology patterns, with
differences primarily in positions of some poorly supported clades (Figs. 4, 5).
All analyses of molecular data place Sphaeronema at a basal position (with
varying levels of statistical support) relative to all other ingroup species.
Positions of other genera of Tylenchuloidea were less clearly defined on most
trees, but where it was resolved, the genus Tylenchulus was the second basal
lineage.  Positions of other genera were not always well resolved.
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Fig. 3. A pairwise sequence comparison scatter plots with the number of transversion (A) and transition (B)
substitutions plotted against uncorrected sequence distance.

Fig. 1. Putative secondary structure of D2 (A) and D3 (B)
expansion fragments of the LSU rRNA for Meso-criconema
xenoplax. C: Three-dimensional model of  ribosomal LSU
with rRNA.
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Fig. 4. A. Strict consensus of 308 equally parsimonious trees resulting from the analysis of the D2-D3 sequence alignment of the Criconematina and two outgroup taxa (tree length = 1614). B. Strict consensus of 228 equally parsimonious trees
resulting from the analysis of the combined morphological, biological and molecular data set for the Criconematina and two outgroup taxa (tree length = 1655). Bootstrap values more than 50% are given on appropriate clades.

Fig. 5. The 50% majority rule consensus trees from Bayesian analysis generated with (A) the GTR+G+I model and (B) the complex models considering the secondary structure.

Fig. 2. Fragment of D2 alignment for C1/e1 helix generated by Clustal X (A) and the same fragment manually
corrected according to the secondary structure model (B).
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Topology evaluated Best log likelihood
(Tree number)

∆ lnL P

ML tree 7279.40171 best -
MP trees (D2 and D3  fragments) 7281.19088 1.7892 0.999
MP trees (combined data set) 7280.32297 0.9216 1.000
BI trees (GTR model) 7279.40186 0.0001 1.000
BI trees (complex model) 7286.11106 6.7093 0.962
Monophyly of Mesocriconema 7288.92125 9.5153 0.681
Monophyly of Hemicriconemoides 7280.32297 0.9212 0.987
Validity of Tylenchulidae sensu R aski et al. (1 987) or T ylenchuloidea sensu S iddiqi (2000)
(Paratylenchus + Tylenchulus + Trophonema  +  Sphaeronema)

7297.19772 17.760 0.338

Validity of Tylenchulinae sensu Raski & Luc (1987) (Tylenchulus + Trophonema  +
Sphaeronema)

7285.21532 5.81360 0.847

Validity of Criconematoidea sensu Siddiqi (2002) or Criconematinae sensu Raski & Luc (1987) 7295.81484 16.4131 0.423
Validity of Macroposthoniinae sensu Siddiqi (2000) (Mesocriconema + Criconemoides +
Xenocriconemella)

7319.07653 39.67482 0.015*

Monophyly of cr iconematins having double cuticle (sheath) (Hemicycliophora +
Hemicriconemoides)

7331.55803 51.7738 0.001*

Monophyly of criconematins inducing syncytium (Trophonema + Sphaeronema) 7287.80023 8.39851 0.765

The suborder Criconematina Siddiqi, 1980 includes more than 750 species of ecto- and semi-endo plant-parasitic soil-inhabiting nematodes. Several
species, including the citrus nematode, Tylenchulus semipenetrans, and the ring nematode, Mesocriconema xenoplax, are considered to be of major agricultural
importance. Due to their morphological peculiarities the criconematids have been considered to be a separate lineage within the order Tylenchida, their origin
and relationship to other tylenchids remaining controversial. In the classification by Maggenti et al. (1987) the criconematids constitute the superfamily
Criconematoidea Taylor, 1936; according to another commonly used classification by Siddiqi (2000) the group is considered to constitute the suborder
Criconematina Siddiqi, 1980.
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ANALYSIS OF D2-D3 EXPANSION REGIONS OF THE 28S rRNA


