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Nematode Diversity, Classification and Phylogeny

n Nematodes (roundworm) can 
be found in almost everywhere
(free-living in sea and 
freshwater, soil; plant parasitic, 
animal parasitic)

n Approximately 5~10 million 
species are believed to exist 
on the earth

n Very few are parasites of 
plants
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Nematode Morphology

Anterior regions of nematoda; A. Tylenchida B. Rhabditida and 
C. Dorylaimida

A B C

n Nematodes are 
extremely similar in 
morphology, plant 
parasitic ones differ 
from animal parasites 
by only the presence of 
stylet

n Currently accepted 
classification is based 
mostly on morphological 
and ecological traits

n Current identification 
method is also based 
on morphological 
characteristics which 
needs much expertise
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Yield Loss due to Nematode

• Estimated losses to world agriculture: about $100 
billion per year

• Estimated losses in USA: > $5 billion per year

• Estimated losses in USA in soybean: > $1 billion

Ref: Agnema Technical Newsletter, December 2016

Soybean cyst nematode Potato cyst nematode Stem and bulb nematode
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Economically Important Nematodes in Canada

• Potato cyst nematode: Can reduce yields of potatoes and other host crops 
such as tomatoes and eggplants by up to 80%

• Soybean cyst nematode: Losses to SCN in Ontario have ranged from 5%-
100% 

• Stem and bulb nematode: Significant damage in recent years and some 
growers have lost whole crops

• Root-knot nematode in carrot: 50% grade-out due to crooked, broken or 
damaged carrots (normal is 20%) lower the total value in market

• Root-lesion nematode:  Affects most of the major vegetable crops grown in 
Canada. Yield reductions of 10 to 40% 

• Dagger nematode: Frequently associated with strawberry, raspberry and 
grapes rather than with vegetable crops, which tend to be more soft-rooted
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Nematode Damage 

Root-knot nematode infected potatoes, carrot and ginseng Onion and garlic bulbs infected 
with stem and bulb nematode

• Nematodes can cause serious damage to root vegetables 
such as: potato, carrot, onion, garlic, ginseng etc.
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Nematode affected vineyard Nematode affected fruit orchard Nematode affected cereal fieldNematode affected strawberry plant

• Nematodes also cause severe yield loss in various economically 
important fruits and cereals 



• Nematodes are vectors of certain plant viruses such as: 
tobacco ringspot virus (TRSV) and tomato ringspot
virus (ToRSV) in blueberry and other plants

Ringspot on blueberry leaf 

Nematode as Vector

Declining grapes clusters 
due to virus infection

Ringspot on tomato
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• It causes severe losses to production or market

• It is difficult to control or manage once established

• It is soil-borne and long survival

• It is seed-borne

• It is not endemic in the region

When Should We Consider a Pest as “High 
Risk”?
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Parasitic Nematodes Regulated by CFIA

Scientific name Common name

Ditylenchus destructor Potato rot nematode 

Ditylenchus dipsaci Stem and bulb nematode 

Globodera rostochiensis Golden Nematode 

Globodera pallida Pale Cyst Nematode 

Longidorus spp. Needle nematodes 

Meloidogyne chitwoodi Columbia root-knot nematode

Trichodorus spp. Stubby root nematodes 

Xiphinema spp. Dagger nematodes 
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• No specific symptoms 
–stunting, wilting, yellowing 

• Chaotic soil distribution 

• Species identification by standard morphometric 
requires highly trained people and time

• Interpretation of damage thresholds 

• Very few management tools available 

Plant Parasitic Nematodes Challenges
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Tylka & Marett, 2017

• Nearly all the soybean-producing 
counties in the U.S.

• First report Canada in 1987

• At the Manitoba-North Dakota 
border

• MB = highest increase in soybean 
acreage!

Tylka & Marett, 2014
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SCN Distribution in North America

Thanks to:
Benjamin Mimee

Research Scientist, AAFC
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Nematode Identification

• Nematode extraction from soil by-
Baermann Funnel method
Sucrose centrifugation method
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Nematode Identification

Root knot nematode

Cyst nematode Root lesion nematode Stunt nematode

Ring nematodeSpiral nematode Dagger nematode
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Nematode
Identification
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Nematode Identification:
Style of Stylets
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Nematode Identification:
Shape of Tail
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Nematode Identification:
Esophagus Position
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Nematode Identification
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Nematode Identification
Position of Ovary
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Nematode Identification: Species Level
Example: Paratylenchus spp.
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Morphological Based Discrimination of 
Bursaphelenchus xylophilus and 

Bursaphelenchus mucronatus (Presence of 
mucron in female tail)

Bursaphelenchus xylophilus (♀) 

Virulent

Bursaphelenchus mucronatus (♀)

Mostly non-virulent
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• SCN: Good tool for species ID but marker for pathotypes are still 
missing. Identification of pathotype is important to control spread

• SCN: Virulent population identification

• Xiphinema sp.: X. americanum in present in Canada not X. index (?) 
X. index is present is northern US states

• Meloidogyne chitwoodi is regulated by CFIA, could be introduce to 
Canada

• Pratylenchus crenatus is widespread is NB not P. penetrans: growers 
use fumigation to prevent potato early dying problem

• Root-knot nematodes (Meloidogyne sp.) used to not occur in the field 
in Canada, but they can persist in greenhouses when imported from 
warmer climates

Nematode Species Identification

Thanks to:
Benjamin Mimee

Research Scientist: AAFC
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• Rapid and accurate diagnosis of nematodes 
right on time

• Avoid false positives which has significant 
economic consequences

• Develop new and improved diagnostic methods 

How Laboratory Research Can Help
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• PPN molecular identification, quantification and characterization  
PCR – qPCR – qRT-PCR 

• Easy identification by anybody 

• Fast, cheap, precise 

• Quantification without visual enumeration 

• Egg viability evaluation (SCN, PCN) 
• Races/pathotypes identification 

• In-field diagnostics tools 

Nematode Species Identification
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Introducing New Technologies

DNA sequencing: Prepare 
database for nematode 
sequences
Approaches:
Sanger Sequencing: Barcode, 
Target enrichment, short length 
sequencing
Next Generation Sequencing 
(NGS): Generate millions of 
sequences per run
Challenges: Data storage and 
BIOINFORMATICS
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Systematics of Entomophilic Nematodes 

Taxonomy of Plant Parasitic Nematodes 

Curator CNC-Nematode and NIS-Nematode

Qing Yu Research Scientist
1. Molecular systematics of Ditylenchus
2. Taxonomic revision of Criconematidae
3. Molecular diagnostic of cyst nematode in 

subfamily Heteroderinae 

1. Curate the Canadian National Collection of 
Nematodes

2.     Provide authoritative identification            
service (NIS) of nematodes

1. Taxonomy revision of nematode family 
Neotylenchidae (Nematoda: Tylenchida)

2. Describing new species of Deladenus

• Taxonomy-Nematoda

• Curator of CNC-Nematode

• NIS-Nematode

Research projects:  
- Invertebrate biodiversity and systematics
- Plant Parasitic nematodes on pulse crops
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KY907662 Delatylus andersonis n. gen. n. sp. 
FJ004889 Deladenus siricidicola
EU545475 Deladenus siricidicola
FJ004890 Deladenus siricidicola
LC147027 Tylenchomorpha sp.

KF155283 Rubzovinema sp.
DQ915805 Bradynema listronoti

KC875397 Parasitylenchus bifurcatus
JX291137 Howardula phyllotretae

AF519233 Howardula sp.
AF519231 Howardula sp.

AF519228 Howardula cf. neocosmis
AF519224 Howardula aoronymphium

AY589295 Fergusobia sp.
FJ393270 Fergusobia sp.

KJ636357 Hexatylus sp.
FJ969113 Aglenchus agricola

KJ869313 Coslenchus rhombus
0.01 length units
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