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ABSTRACT
Nematode communities are potentially excelIent indicators of soil health.
Assessing these nematodes communities using molecular and morphological
techniques may seem straight forward. However, many challenges exist in
implementing molecular techniques. First, molecular techniques employed to study
nematode communities generally involve DNA extraction, peR, cloning and
molecular sequencing. Each of these steps can introduce bias into the analysis of a
nematode community. Using morphology to identify and assess nematode soil health
is cumbersome as welI. Systematic knowledge of the nematode fauna is essential in
order to assign nematodes to their appropriate classification. In new environments
permanent slides and colIaboration with laboratories that extensively work on
nematode taxonomy for adequate identification of nematodes is essential. As a result,
attempting to assess the health of soil should require multiple nematode faunal
analyses over time which includes I) comparison of two methods, 2) Gap analyses
and 3) extraction methods. It is believed that these experiments have provided
pertinent information to help in the quest of measuring and monitoring soil health.
However, there is not adequate information to confidently determine if the Manoa
Falls Trail sites were "healthier" in comparison to the Whitmore site.

xi

CHAPTER 1
Soil Health and Nematode Communities
A healthy soil is indicative of the capacity to function as a vital living system,
within ecosystem and land-use boundaries. This living system sustains plant and
animal productivity, mamtains or enhances water and air quality, and promotes plant
and animal health (Doran and Zeiss, 2000). Soil-borne plant disease outbreaks can be
considered as indicators of instability and poor ecosystem health. Ecosystem
stability, and by extension plant disease, has been related to biodiversity and
resilience in response to stress. A relationship between soil resilience, the ability of a
soil to recover from perturbation, and biodiversity has been suggested (Elliott and
Lynch, 1994) but methods to prove or disprove this relationship have not yet been
proposed. With the desire to develop agricultural management systems that balance
production needs with those for environment maintenance, a method to address this
challenge is needed (Doran, 2000). Soil quality is conceptualized as the major
linkage between the strategies for agricultural conservation management practices
and achievement of sustainable agriculture. In short, the assessment of soil biological
quality or health, and direction of change with time, is the primary indicator of
sustainable land management (Karlen et ai., 1997). Many different approaches are
available to assess and characterize soil health.
Examining biodiversity is a common approach used to characterize soil
health. Soil biodiversity is the variety of taxonomic groups including algae, bacteria,
diatoms, fungi, protozoa, nematodes, earthworms and arthropods found in the soil.
These taxonomic groups form a complex food web of many trophic levels (Metting
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and Blaine, 1993). Soil communities can be characterized by a plethora of diversity
indices. However, significant semantic, conceptual and technical problems limit the
usefulness of biodiversity indices as indicators of soil condition (Neher, 2001).
Computationally, these indices represent summation of taxon proportions without
differential weight for qualitative difference among taxa, which render the indices
insensitive to taxon composition. Therefore, soils with 100% exotic or 100010 native
species could have identical diversity values (Neher, 2001). It has been proposed that
soil quality can be assessed using soil microorganisms as indicators, since soil
microorganisms are the driving force for nutrient supply in soils (Smith and Paul,
1990). Specifically, the numbers, biomass. activity and community structure of the
organisms can be used as indicators of ecosystem health. Measurement of disrupted
soil processes, decreased bacterial or fungal activity, decreased fungal or bacterial
biomass, changes in the ratio of fungal to bacterial biomass relative to expected ratios
for particular ecosystems, decreases in the number or diversity of protozoa, and a
change in nematode numbers, nematode community structure or nematode maturity
index can indicate a problem long before soils become unproductive (Bongers, 1990;
Klopatek et ai, 1993).

Soil foodwebs are composed of a myriad of organisms, ranging from singlecelled bacteria, algae and protozoa to multi-celled mites, earthworms, collembola and
nematodes. The soil food web provides reservoirs of minerals and nutrients,
detoxifies pollutants, modifies soil structure, and regulates the abundance of pest and
other opportunistic species (Doran and Parkin, 1994; Kennedy and Smith, 1995; van
Stracilen and van Oestel, 1998). Each organism has a designated role within the food
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web structure and contributes to the overall functioning of the soil ecosystem.
Nematodes represent an important part of the soil microfauna that directly and
indirectly affect the size, activity and diversity of the other soil microflora (Waite et

ai, 2003). The direct contribution of nematodes to nitrogen mineralization and
distribution of biomass within plants has been demonstrated in controlled
experiments. Nematodes contribute to nitrogen mineralization indirectly by grazing
on decomposer microbes, excreting ammonium and immobilizing nitrogen in live
biomass (Beare, 1997; Ferris et ai., 1998; Ingham et al., 1985).
Overall, nematodes possess several attributes that make them useful
ecological indicators (Freekman, 1988). For instance, nematodes occupy key
positions as primary and intermediate consumers in soil food webs. Furthermore,
nematodes (a) occur in high diversity and density in every soil and sediment type, (b)
live in the soil capillary water, (c) react rapidly to disturbances, (d) are easily isolated
and identified as nematodes, (e) play an important role in soil nutrient cycling, (f) are
in direct contact with dissolved compounds in the soil water, (g) can be easily
allocated to trophic groups and (h) possess different life strategies. Yeates
established eight functional or trophic groups among soil nematodes (Yeates et al.,
1993), although the basic range extends to only 5 such groups -herbivores
(ectoparasites, endoparasites), bacterivores, fungivores, omnivores and predators
(Wasi1ewska, 1971). As soil nematodes are represented in each heterotrophic level of
a food web, the various species, genera and families will have specific significance
with particular levels.
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Trophic Groups
BACfERIVORES (B):

Many genera of nematodes feed only on prokaryotes. In these nematodes, the
stoma is a hollow tube for ingestion of bacteria. The cuticle surrounding the oral
opening may be modified elaborately to direct food toward the stoma. This group
includes many members of the Rhabditida as well as several others which are
encountered less often. Genera include Rhabditis, Caenorhabditis, Cruznema,

Pelodera, Bursilla, Steinemema and Heterorhabditis. Bacterial-feeding nematodes
contribute to nitrogen mineralization by feeding on and by dispersing bacteria
(Anderson et al., 1981; Bouwman et al., 1994; Freckman, 1988; Griffiths, 1994). The
extent of the contribution ofbacterivores is determined by their metabolic and
behavioral attributes, by their demography and physiology, and by the relative C-to-N
ratios of the nematodes and bacterial prey (Ferris et aI., 1995, 1996a, 1997; Ingham et
aI., 1985 Venette and Ferris, 1997). An increase in the abundance ofbacterivores is a

consequence of an increase in the abundance of readily decomposing organic matter
of plant origin (e.g. litter, compost, peatland undergoing moorshing, bumt grass)
(Sohlenious and Bostrom, 1984; Wasilewska and Bienkowski, 1985; Freekman,
1988; Freekman and Ettema, 1993; Wasilewska, 1999, 1992,1995; Todd, 1996), or of
animal origin (e.g. cow and chicken manure or slurry) (Wasilewska, 1974; Dmowska
and Kozlowska, 1988; Freekman and Ettema, 1993; Griffiths et al., 1994). An
increase in the abundance of this group is indicative of enhanced microbiological
activity, particularly in situations of increased supplies of nitrogen in the
environment.
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FUNGIVORES (F):

Feeding in this group involves penetration of fungal hyphae by a stomatostyle
or odontostyle. In addition to obligate hyphal feeders, these nematodes include the
alternate life cycle of some invertebrate parasites (e.g., Deladenus) (Yeates el aI.,
1993). Nematodes that belong to this feeding type include Filenchus spp., certain
species of Aphelenchus, and Aphelenchoides. The main function of fungivores in the
soil food web is to succeed opponunistic nematodes in mineralizing soil nutrients,
when CIN ratio or organic matter is high. This group of nematodes is strongly
associated with soil pH level and thus provides information on increased soil acidity.
In addition, fungal feeding nematodes contribute at some level to nitrogen
mineralization in fungus-based decomposing systems (Okada and Ferris, 2001).
Interestingly, these nematodes may contribute to biological control of the causa1
agents of some soil-borne phytopathogenic diseases (Gupta, 1986; Ishibashi and
Choi, 1991; Klink and Barker,1986).
PLANT FEEDING IOBUGATORY PLANT PARASITES (OPP):

These nematodes feed primarily on vascular plants. The nematodes in this
group are characterized by a tylenchoid stomatostyle or dorylaimoid odontostyle. The
group also includes algal feeders that have a narrow stylet and do not ingest
chloroplasts, in contrast to types that swallow unicellular algae more or less intact.
The group can be subdivided into: (a) sedentary parasites (e.g., females of

Helerodera, Globodera, Meloidogyne, Verurus, Sphaeronema); (b) migratory
endoparasites (e.g., Pratylenchidae, some Anguinidae); (c) semiendoparasites (e.g.,
Hoplolaimidae, Telotylenchus); (d) ectoparasites (e.g., Dolichodoridae,
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Criconematidae, Hemicycliphoridae, Paratylenchidae, Trichordoridae, Longidoridae);
(e) epidennal cell and root hair feeders (e.g. Tylenchidae, Psilenchidae,
Atylenchidae); and (f) algal, lichen (algal or fungal component), or moss feeders that
feed by piercing (e.g., Tylenchus, Laimaphelenchus, Anguinidae). Increases in the
abundance of OPP are associated with (1) long-term monocultures (Karg et a/., 1990)
(2) the intensification of agrarian measures, (3) disturbance of natural enemies of
PPN due to intensive agricultural inputs into soil and perhaps (4) contamination by
acid rain and the drying-out offen peat soils (Freckman and Ettema, 1993).
SUBSTRATE INGESTION (SI):

This type of feeding occurs in at least diplogasterids and Daptonema spp.
Substrate ingestion may be incidental to bacterial feeding, predation, and unicellular
eukaryote feeding in many groups, because more than a pure food source is ingested.
Although soil nematodes may ingest and lyse bacteria, limited evidence suggests
digestion of complex organic substrates occurs in the gut of soil nematodes (Yeates et

al., 1993). This lack of evidence for substrate feeding may reflect technical difficulty
to establish this concept. Consequently, no genera have been given primary
classification in substrate ingestion. The expression "non-selective deposit feeding" is
used for similar situations in aquatic nematodes (Yeates et a/., 1993).
PREDATORS (P):

Predatory nematodes represent the highest trophic level amongst soil
nematodes. These nematodes prey on other small animals including other nematodes,
tarigrades, rotifers, small oligochaetes, and protozoans (Jenkins and Taylor, 1967).
Predatory nematodes regulate nitrogen mineraIization by feeding on microbial
•
grazing nematodes. Predatory nematodes act as conduits by which resources pass
6

from bottom to top trophic levels (Wardle and Yeates, 1993). The majority of
predatory nematodes belong to four major taxonomic groups, the Mononchida,
Dorylaimida, Diplogastrida and Aphelenchida Each group has its own type of
feeding structure, feeding mechanisms and food penchant. The mononchids possess a
strongly sclerotized buccal cavity, which is often armed with one tooth, puncturing
teeth, numerous small grasping teeth or a combination of the above. Several

commonly occurring mononchids feed extensively, though not exclusively, on plant
parasitic and other nematodes. Dorylaimid predators have an odontostyle which is
used to puncture the prey organisms and then to feed. Dorylaimid predators are the

most ubiquitous group of predatory nematodes, occurring in all types of soils,
climates and habitats (Khan and Kim, 2007). Diplogasterid predators possess a
sma1ler buccal cavity than those of mononchids. Diplogasterids are generally found
abundantly in decomposing organic manure feeding on nematodes and other soil
organisms. Diplogasterids appear to be more prey-selective than other groups.
Aphelenchid predators possess a typical aphelenchid stylet. These predators penetrate
the cuticle of prey nematodes with their fine needle-like stylet and inject digestive
enzymes into the prey body, which paralyses the prey almost instantly (Hechler,
1963; Wood, 1974). Species of the genus Seinura are predatory among aphelenchids.
Yeates and Bird (1994) suggested that the bioindication potential of predatory
nematodes is limited due to their low abundance especially in cultivated soils. In
addition, these predacious nematodes can be excluded due to competition by other
representatives of the soil fauna.
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UNICELLULAR EUKARYOTE FEEDING (UF):

A wide range of nematodes reportedly feed on diatoms or other algae, but a
lack of marker structures in the nematode digestive system after ingestion and the
presence of globules, pigmentation, or inclusions in nematode intestines make
determination of unicellular eukaryote feeding nematodes difficult This feeding type
includes ingestion of fungal spores and whole yeast cells (Yeates et aJ., 1993).
DISPERSAL OR INFECTIVE STAGES OF ANIMAL PARASITES (AP):

Other stages of animal-parasitic nematodes outside their altemate or definitive
hosts may occur in the soil, e.g., Deladenus, Heterorhabiditis or Strongyloides. These
animal parasites genera1ly include entomopathogenic nematodes, and vertebrate
parasites found in animal grazing land. Nematodes of the Rhabditidae and
Diplogasteridae are not included in this category because they only use animals as
phoretic hosts.
OMNIVOROUS (0):

Some nematodes normally feed on a wide range offoods, such as a few
dorylaims which includes Aporcelaimellus spp., Eudorylaimus spp. and

Mesodorylaimus spp. Omnivores link severa1levels of food chains and enhance the
interconnections between trophic food webs (Coleman et aJ., 1983).
COMMUNITY ANALYSIS

Classification of each nematode taxon to a feeding group is an essential step
in a nematode community analysis (Okada and Kadota, 2003). Therefore, the
evaluation and interpretation of the abundance and function of nematode faunal
assemblages or community structure offers an in situ assessment of disruptive factors.
Nematode faunal composition has emerged as a useful monitor of environmental
8

conditions and ecosystem function in the soil. Analysis of in situ nematode faunae at
family level provides a wealth of information on the nature of decomposition
pathways and soil nutrient status. Interpretation of nematode community structure
offers excellent opportunities to assess the condition of soils in relation to the impact
of pollutants and other stresses and to monitor changes in the structure and
functioning of the below-ground food web.
While there are many general indices of biological diversity, specific
nematode tools have been developed. The Maturity Index (MI) (Bongers, 1990;
Bongers et aJ., 1991) and derived instruments such as CP-triangles (De Goede et al.,
1993), the sigma-MI (Yeates, 1994) and "guild"- concept (Bongers and Bongers,
1998) are some of the nematode specific tools available today. The MI has received
much attention in relation to soil health and sustainability.

MATURITY INDEX:
Maturity indices (MIs) have been developed on the basis of the principle of
succession and differences in the sensitivity of taxa to environmental stress (Bongers
and Ferris, 1999). The MI, and related parameters, is based on the allocation of
nematode taxa on the colonizer-persister scale, comparable to the r-K continuum in
the broad sense (Bongers, 1990). Taxonomic units (nematode genera and families)
have been classified into 5 groups each with differing life strategies from colonizers
(c) to persisters (P), and given a rank (c-p) value. Maturity index is calculated as MI
= I:vi Pi, where Vi is the value on the colonizers-persisters (cp) scale for the i-th taxon

and the Pi the proportion of the i-th taxon in the total community (Wasilewska,1997).
The MI is the weighed mean of the individual c-p scores for the individuals in a
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sample and in practice varies from I, under extremely enriched conditions, to a value
between 5 under undisturbed conditions (Bongers and Ferris, 1999).
Agricultural pmctices stimulate microbial activity and provide resources for
opportunistic nematode species. Agricultural pmctices that stimulate microbial
activity include application of organic fertilizers such as manures (livestock) and
composting. Even the application of inorganic nitrate fertilizers, ammonium and
sewage sludge can induce microorganisms to actively undergo metabolism. Minjmal
tillage, green manures, manipulation of crop rotations and strip cropping has also
proven to increase activity amongst microorganisms. Consequently, there is a mpid
decrease in the MI followed by a gradual increase during subsequent succession.
The basis for the original c-p scaling, besides personal communications, was
from the following observations:
-Members of the subclass Secernentea are generally less sensitive to pollutants
and other disturbances than members of the subclass Adenophorea (Zullini,
1976);
-Doryliams are particularly sensitive to site disturbances and can be
considered K-strategists. Rhabditids must be considered extreme r-stmtegists.
Tylenchids are intermediate to Dorylaims and Rhabditids (Johnson et al.,
1974);
-The suborder Dorylaimina is very sensitive to lead pollution (Zullini and
Peretti, 1986);

-The cuticle ofLongidoridae is much more permeable to dyes than the cuticle
ofTylenchida (Premachandmn et aI., 1988);
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-Omnivorous nematodes are sensitive to disturbance (Wasilewska, 1974);
-Rhabditidae and Diplogasteridae are the first nematodes to colonize cow
dung after disposition (Sachs, 1950);
-Rhabditidae is indicative of organic enrichment (Zu1lini, 1976); and
-K-strategists are generally more sensitive to disturbances in marine
meiobenthos than are r-strategists (Warwick, 1986).
Currently, the c-p scale generally adheres to these ramifications. The colonizers are
characterized by high reproduction and receive a low value. The persisters, on the
other band, reproduce slowly and are allocated a c-p value of 5 (Bongers, 1999). The
persisters are more sensitive to pollutants and other disturbances than are colonizers,
therefore the MI also serves to measure the impact of mixtures of pollutants, known
and unknown, including their complex interactions with the biotic and abiotic
enviromnent.
Organisms designated a value of c-p 1 have short generation times, small eggs
and high fecundity. These nematodes are mainly bacterivores and feed continuously
in enriched media. Nematodes with c-p 1 value form dauer larve as microbial blooms
subside. The c-p 1 group is composed of rhabditid, diplogastrid and panagrolaimid
bacterial feeders (Bongers and Bongers, 1998). A value of c-p 2 indicates a longer
generation time and lower fecundity than the c-p 1 individuals. The nematodes
assigned to c-p 2 are very tolerant of adverse conditions and may become
cryptobiotic. Feeding is more deliberate and continues as resources decline. Mainly
bacterivores (cephalobids, plectids and monhysterids) and fungivores (aphelenchoids
and anguinids) encompass the c-p 2 category. Nematodes assigned to the c-p 3
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category have a longer life generation and greater sensitivity to adverse conditions.
The c-p 3 group is composed of the bacterial feeding nematodes in Teratocephalida,
the Araeolaimida and Chromadorida; the larger tylenchid nematodes that feed on
deeper cell layers in the roots; the diphtherophorids (assumed to feed on fungi) and
the carnivorous tripyJids (Bongers and Bongers, 1998). Individuals with c-p 4
individuals have longer generation times, permeable cuticles, lower fecundity and
greater sensitivity to disturbance. Large carnivores, the bacterial feeding AIaimidae
and Bathyodontidae, the smaller dorylaimid nematodes and the plant-feeding
trichodorids characterize the c-p 4 group. Finally, c-p 5 organisms have the longest
generation times, largest body sizes, lowest fecundity and the greatest sensitivity to
disturbance. C-p 5 nematodes produce few but large eggs. Organisms in the cp-S
group are predominantly large dorylaimids: omnivores and predators (Bongers and
Bongers, 1998).
Several different approaches to the calculation of MI have been employed.
Maturity Index (MI)

I)

~

is a modified fonn of the origina1 MI proposed by Bongers (1990)

and is calculated using all taxa in the nematode community (yeates, 1994;
WasiIewska, I 994b) and is based on the cp scale ofl-S (Bongers, 1990).
The appearance of vascular plants is an inherent step as soils and sites
develop from raw sediments towards climax vegetation (Odum, 1969). So,
inclusion of nematodes feeding on these plants seems desirable if the MI is
to span the continuum of terrestrial ecosystems. Exclusion from the MI of

those nematodes known to be interacting with one other biological
component (higher plants) seems inconsistent with a holistic approach. In
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nutrient-rich agroecosystems a well-represented group of plant parasites
may mask the changes in the value of the index (Bongers, personal
communication).
2) Plant Parasitic Index (pPI) is constructed using phytoparasitic nematodes
(cp scale 2-5) (Bongers, 1990). Nematodes feeding on higher plants are

always linked with primary producers as opposed to free-living nematodes.
PPI seems to be positively correlated with primary production (Bongers,
1990) and higher values would thus indicate nutrient-enrichment
3) PPIIMI ratio (Bongers and Korthals, 1995) has also been used. Several
researchers have observed that where the nutrient status is greater MI
decreases and PPI increases. The PPIIMI ratio may thus be a sensitive
pammeter in the monitoring of agroecosystems, specifically comparison
among tillage regimes and indicating the nutrient status of a soil (Bongers,
1997).
4) Maturity Index for free-living nematodes (MINO) excludes opportunists
(cp =1) and includes only cp = 2-5 (Neher and Campbell, 1996). Opportunist

populations (cp = I) increase when nitrogen fertilizers and/or organic matter
are added to soil, changing the community only temporarily. Therefore, the
index does not measure ephemeral changes.
5) 1: MINO Maturity Index is for free-living nematodes and excludes
opportunist (cp =1). However it does include plant-parasitic nematodes (Neher
and Campbell, 1996).
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6) BaMI, FuM!, 0mMI, and CaMI (Bongers, personal communication; Ferris

et al., 1996; Wasilewska, I 996a) are indices which provide life strategies

within the trophic groups (bacterivores, fungivores, omnivores, carnivores).
These indices may be advantageous because a separate MI provides more
detailed information regarding shifts within trophic groups.
7) Cp- triangle provides a graphical representation of the MI (De Goede et al.,

1993a). This graphical approach allows the response of enrichment
opportunists (c-p 1), general opportunists (c-p 2) and persisters (c-p 3-5) to be
distinguished. Greater dominance of c-p 1 types indicates enrichment;
whereas increases of c-p 2 (decrease of c-p 1 and c-p 3-5) indicate stress; and
increases of c-p 3 to c-p 5 indicates naturaI succession mediated by increased
environmental stability. The graphical representation of nematode community
structure provides an integral synopsis of the state of the environment and is
much easier to interpret than a list of incumbent species.

0

The MI in soil nematode community investigations involves the isolation and
identification of nematodes. The identification of the various nematodes is based on
painstaking morphological determination. Overall, the MI is a good tool for
environmental monitoring. The MI has been used in many short-term experiments to
determine the effects of various arable/crop management practices on soil nematode
communities (Yeates et al., 1999). Perhaps, using these different indices approaches
in combination could render more valuable information about soil ecosystems,
including agroecosystems.
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Nematodes that feed on higher plants are omitted from the calculation of the
MI because their occurrence and abundance is largely determined by the community
structure, host status and vigor of plants growing in the soil. The more derived plant
feeders which have lower reproductive outPut than bacterial feeders, respond to
enrichment of the host plant Species that are sensitive to disturbance and pollutants,
such as plant feeders in the family Trichodoridae, can exhibit rapid resurgence in the
presence of a vigorous host Therefore, the equivalent of the MI for plant-feeding
nematodes is calculated separately (Bongers and Ferris, 1999).
Maturity indices are also subject to serious limitations. Notably, cp values are
inferred by morphology rather than confirmed by feeding preference experiments
(Bongers, 1990; Yeates et al., 1993). As a result, the cp values established for
particular taxa will likely be modified through time as detailed life-history
information becomes available (Wasilewska, 1995a; Bongers et al., 1995). Secondly,
maturity indices were proposed for implementation using the family level of
resolution. However, the index may be improved by increasing resolution through
application to genera (Ettema, 1998) to overcome problems associated with genera
within a family, or species within a genus, having contrasting life-history
characteristics and also. the incongruent rules for taxonomic nomenclature.
Other limitations include using a variety of methods for extracting nematodes
from soil in order to accurately assess nematode communities. However. there is
some imperfection with every extraction method for different types of nematodes and
various degree~ of inefficiency based on the mobility and size of the nematode
(McSorley and Frederick, 2004). However, extraction of nematodes using different
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methods can be laborious and time consuming. Therefore, there is a need to have an
alternative method that is less time consuming and most importantly, does not require
direct extraction of the nematode from the soil. Molecular techniques using direct soil
samples without any soil nematode extraction may provide this opportunity in
analysis of soil communities without the controversy of nematode extraction efficacy.
The application of molecular biology to the analysis of soil microbial
community diversity is already well established for bacterial communities (Felske et
al., 1998; O'Donnell and Goerres, 1999; Ritchie et al., 2000; McCaig et ai., 2001)

and is now used increasingly to study soil fungal communities (Kowalchuk et al.,
1997; Pennanen et aI., 2000; Vainio and Hantula, 2000). However, soils represent
probably the most complex and the most difficult of environments to study (Amann et
ai., 1995). While much work has been done using large subunit (LSU) 28S (Livaitis
et al., 2000) and internal transcribed spacer (ITS) (Szaianski et al., 1997; ZijIstra et
al., 1997) regions of the ribosornal RNA gene to determine differences between

species and differences at subspecies levels for plant-parasitic nematodes, there are
few reports of studies on the use of molecular techniques for studying nematode
diversity and community structure in soils.
RIBOSOMAL DNA:

Ribosome biogenesis is one of the central processes in cellular biology from a
functional perspective because of its close connections to the pace of growth and
development (Gourse et ai., 1996). Ribosomes are sites of protein synthesis in all
organisms. These organelles basically consist of two subunits composed of ribosomal
RNA and proteins. The ribosome is composed of a small and a large subunit In
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eukaryotic organisms, the smail subunit contains an 18S rRNA molecule; the large
subunit contains a 5.8S and a 28S rRNA molecule. The ribosomal RNA gene does
not produce a protein. Consequently, the ribosomal segment has regions that
accumulate mutations fairly rapidly and regions that change very slowly over
evolutionary time. Ribosomal ONA (rONA) in eukaryotes is arranged in tandemly
repeated units containing the coding regions for 18S, 5.8S, and 28S ribosomal RNA
(rRNA) (Fig.l.1). Each region is separated by spacers that are more variable and thus
provide for greater sensitivity (Ouschin et al., 1997). The large intergenic spacer
(lOS) which separates the 28S and 18S coding regions, contains signals for
transcription initiation and termination. The lOS often contains repetitive regions
which can vary in length due to variation in the number of repeated sequences. The
internal transcribed spacers (ITS), that separate the 5.8S gene from the 18S and 28S
genes, contain motifs responsible for the correct splicing of the mature 28S, 18S and
5.8S rRNA molecules from the primary rRNA transcript (Gerbi, 1985).
The ITS region is typically most useful for molecular systematics at the species level
and even within species (e.g. to identify geographic races). Most molecular
sYstematics studies only utilize the first 600-900 bases from the large subunit (LSU)
genes, that includes three divergent domains (01, 02, 03) which are among the most
variable regions within the entire gene. Therefore, ribosomal RNA (rRNA) genes are
useful taxonomic indicators (Weese, 1987). The 18S rRNA gene contains variable
regions flanked by conserved regions necessary for reliable primer design. The ITS
regions are highly divergent between taxa, which make alignment of ITS regions
between disparate taxa difficult. Although within species variations in ITS length
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make these regions suitable for taxonomic analysis (Foucher and Wilson, 2002), they
are less effective targets for soil community fingerprinting (Floyd et al. , 2002) .
Having an idea of what organisms are present can help in nematode faunal analysis
which can indicate soil health before soil condition become severely disturbed and
stressed.
Hypothesis and Objectives;
There is a direct relationship between nematode community composition and
ecosystem function. Consequently, nematode biological diversity in tropical soil
comm unities will be indicative of ecosystem heal th and stabi lity. Traditional methods
used to assess nematode communities within soi ls is labor intensive and requires
expertise in nematode identification.
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Figure 1.1 : Diagram of the ribosomal DNA gene family in anin1als (from Hillis and
Davis, 1986). The regions coding for the 5.8S, 18S and 28S subunits of rRNA are
shown by bars; ETS= external transcribed spacer, lTS= internal transcribed spacer
regIOns.
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Molecular tools, however, may be able to deliver a higher resolution (species level) in
community investigations, with less nematological expertise and in a faster time. The
hypothesis of this research is that the Manoa Fall Trail sites will be less disturbed and
stressed compared to the Whitmore Research Station site. The specific objectives of
the research are:
OBJECTIVE 1: To establish parameters associated with nematode DNA
extraction and amplification in a tropical soil system.
OBJECTIVE 2: To characterize an agricultural system and a natural system
with various nematode community indices.
OBJECTIVE 3: To assess similarities and differences between an agricultural
system and a natural system.
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CBAPTER2
DNA Extraction and Amplification for Nematode Communities

Most of the diversity studies conducted in complex ecosystems, such as soil,
has been biased essentially by the unculturability of many microorganisms and the

sensitivity of traditional microbiological methods (Hugenholtz e/ aI., 1998). Recently,
application of molecular biology methods based primarily on amplification of soilextracted nucleic acids have provided a relevant alternative to traditional culturebased microbiological methods, providing unique insight into the composition,
richness, and structure of microbial communities (Hill e/ aI.• 2000). However, the
results of molecular analysis ofterrestrlal communities rely not only on the extraction
ofDNAs representative of the indigenous community composition but also on factors
related to polymerase chain reaction (PCR), such as the choice of primers, the
concentration of amplified DNA, errors in the PCR, or even the method chosen for
analysis (Miller e/ al., 1999).
Nucleic acid extraction methods suffer from compounded inefficiencies in the
individual component steps, including incomplete cell lysis, DNA sorption to soil
surfaces, co-extraction of enzymatic inhibitors from soil, and loss, degradation, or
damage of DNA. Thus, studies of DNA have indicated that these techniques can
introduce biases of their own (Madsen, 1998; Madsen, 1996; Holben, 1994; More e/

aI., 1994). Extraction of DNA from sediments and soils involved either recovery of
cells from the soil matrix prior to cell lysis or direct lysis within the soil matrix.
Direct lysis techniques. however, have been used more frequently because they yield
more DNA and presumably a less biased sample of the microbial community
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diversity than cell extraction techniques yield. A major disadvantage of direct lysis
methods is that more PCR-inhibitory substances are extracted along with DNA. In
addition, the number and diversity of the direct lysis DNA extraction protocols used
for soils and sediments are daunting but each protocol usually includes from one to all

three of the following basic elements: physical disruption, chemical lysis, and
enzymatic lysis.
Despite the abundance of techniques that have been developed. the isolation
oftemp1ate DNA for PCR amplification from individual small organisms can be
tedious (Saiki et al., 1988). Metazoan taxa less than 1 mm in length have minute
amounts of target DNA, and generally the entire organism must be consumed in the
extraction protocol. For example, harpacticoid copepods are small (<500 J.1Illlong)
crustaceans associated with marine and aquatic sediments. Isolation and subsequent
amplification of the DNA of these organisms has been accomplished (Burton and
Lee, 1994), but can be problematic (Street and Montagna, 1996). It is speculated that
the difficulty arises due to the harpacticoids' small size and close contact with
sediment, fungi, bacteria and other contaminants that potentially interfere with
standard DNA extraction protocols. Moreover, many benthic taxa produce a mucous
substance that accumulates debris on their cuticle. The adult harpacticoids possess a
relatively thick chitinous cuticle that may also make their tissues less conducive to
DNA extractions (Schizas et al., 1997).
Similar difficulty is encountered in obtaining adequate nematode DNA for
molecular manipulation. Second-stage juveniles (J2s), the nematode stage often found
in soil, are proven to be more difficult to lyse. The most successful lysis methods
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involve manual disruption of individuals, which is time consuming, tedious, and
inconsistent. Harris et al. (1990) found that disrupting J2s with micro-pipette tips
resulted in amplification from fewer than 50% of J2s and was not improved by
subsequent boiling for 10 minutes, incubation in proteinase K or freezing and
thawing. No lysis method allowed subsequent amplification from all nematode
extracts. Several methods that could lyse Meloidogyne J2s for PCR amplification of
DNA quickly, consistently and with little manipulation were tested (Stanton et al.,
1998). The most consistent amplification followed lysis in NaOH for 24 hours at an
81 % success rate (Stanton et al., 1998). The objective of these experiments was to
establish parameters for the DNA extraction and PCR amplification oftropica1
terrestrial nematode communities.

Materials and Methods
Nematodes representing two trophic groups were used in the experiments:

Panagrellus redivivus and Steinernema feltiae representing bacterivorous nematodes
and Pratylenchus spp. and Rotylenchulus reniformis representing herbivores. These
nematodes were maintained in laboratory or greenhouse cultures. Nematode
suspensions of 1000, 100, 50, 10 and 1 individualslml were used in order to
determine the threshold for detection of nematode DNA in molecular assays. The
experiment was repeated three times with two replications in each except in the case
of P. redivivus and Pratylenchus spp. In the first and second times these nematodes,
had two replications but in the third time consisted of only one replication. Nematode
samples were subjected to three DNA extraction methods: (1) using CTAB buffer, (2)
NaOH digestion and (3) physical disruption followed by PCR amplification.
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Nematode culture
Production ofS. feltiae was accomplished in a two-dimensional system of
trays and shelves. Galleria mellonella were inoculated with S. jeJtiae on Petri dishes
lined with an absorbent substrate. Several days later, infected insects were transferred
to White traps. Following harvest, nematodes were concentrated by centrifugation
(Kaya and Stock, 1997). Different amounts ofvermifonn individuals were handpicked and dispensed into microcentrifuge tubes. Panagrellus redivivus were
maintained on solid media baited with Escherichia coli. An aliquot of the media with
nematodes was obtained and placed in a Petri dish with water. The media was rinsed
several times until the media dissolved and nematodes were visible in the solution.
The nematodes were hand-picked and delivered to microcentrifuge tubes.

Praty/enchus spp. was obtained from alfalfa callus and carrot disks (Ko et a/., 1996;
Huettel, 1985). The nematodes were extracted from the callus tissue Via a Baermann
funnel. Nematodes were obtained from a carrot disk by placing infected disks on a
Baermann funnel and collecting nematodes after 24 hours. Roty/enchuJus reniformis
grown on 'Black Eye #5' cowpea plants was collected from roots using NaOCI and

centrifugation method (Hussey and Barker, 1977). The majority of the soil adhering
to the roots was removed with gentle washing. The root system was placed into
plastic flasks completely covered with 10010 NaOCl, and was shaken vigorously for 4

minutes to dislodge the eggs from the root tissue. The mixture was then decanted over
a 100Jl.lll-pore screen nested over a 635J1.1ll-pore screen. The nematode eggs were
collected from the smaller screen and transferred into centrifuge tubes to centrifuge
for 4 minutes at 14,000 rpm. The supernatant was discarded and a sucrose solution
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was added to resuspend the pellet. The suspension was centrifuged again for I minute
at 14000 rpm and the upper phase of the solution was decanted into a mesh screen
with pore diameter of 635 1lID. The nematode eggs were rinsed several times and 20

ml of nematode suspension was collected.
DNA EXTRACTION from Pure CultUres
CTABBUFFER

AIl nematodes extracted from a sample were transferred to a 1.5 ml eppendorf
centrifuge tube and centrifuged for 5 minutes to pellet the nematodes at the bottom of
the tube. Excess water was removed and the nematodes were resuspended in 250 ).li
of cetytrimethylammonium (CTAB) buffer. After suspension in CTAB, glass beads
were added to disrupt the nematode cells. The solution was ground for 30 seconds
with a Kontes pestle. The nematode solution was incubated for 5 minutes at 65°C. A
250 III chlorofonn aliquot was added and this solution was vortexed for 5 minutes.
This mixture was centrifuged at 8000 X g for 5 minutes and the upper phase of the
solution was transferred to a clean eppendorftube. One volume ofisopropanol was
added to the supernatant which was then incubated at room temperature for 5
minutes. Homogenized samples were spun at maximum speed for 20 minutes. The
aqueous phase was discarded and the remaining pellet was washed with 70% ethanol
twice. The DNA pellet was resuspended in 50 III of distilled water. The lysate was

used immediately or stored at -20°C.
NaOH DIGESTION

DNA was extracted using a modification of the method described by Stanton
et al. (1998). A single nematode was picked using a dissecting microscope. The

nematode was then placed in 20 III of 0.25 M NaOH and incubated overnight at 25°C.
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Next the samples were heated to 99°C in a thermocycler for 3 minutes. After the
solution was cooled, 10 J.lI of2.S M HC!, 5 J.ll of 0.5 M Tris-HCI (PH 8.0) and 5.0 J.lI
of2% Triton X-I 00 was added to each tube. The samples were centrifuged briefly to
collect all of the solution at the bottom of the tubes. The samples were heated for 3
minutes at 99°C. The nematode lysate was used immediately or stored at -20°C.
PHYSICAL DISRUPTION

One nematode was picked and placed into 5 111 of2% Triton X-I 00 on a glass
slide. Utilizing a dissecting microscope, a pipet tip was used to disrupt the cuticle of
the nematode. Once the nematode was disrupted, 25 J.lI of2% Triton X-100 was
added to the original drop. The solution was mixed thoroughly by pipetting up and
down numerous times. Approximately 30 J.lI of the lysate was delivered into a clean
eppendorftube. Lysate was used immediately or stored at _20°C.
DNA EXTRACI10N from Soil
Soil that was collected from Whitmore Research Station, Wahiawa, Oahu, m

was sterilized in the autoclave for 60 minutes at 121°C. Steinemema glaseri was
surface-sterilized. One ml of 0.1% ofbenzethonium chloride was added to a I.Sml
eppendorf tube. A nematode suspension was repetitively pipetted onto a pile of paper
towels until there was a visible accumulation of nematodes. The nematodes were
then scraped off the paper towels and added to the eppendorf tube with the
benzethonium chloride. This solution was hand-shaken for 10 minutes at room
temperature. After shaking, the solution was centrifuged at 3000 X g for 2 minutes.
The supernatant was removed without disturbing the pellet. Then Iml of distilled
waster was added and the solution was shaken. The solution was centrifuged again at
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3000 X g for 2 minutes. This last step was repeated three times. Nematode
suspensions of 1000, 100, 50, 10 or 1 S. glaseri per O.lg of soil were made.
The SoilMaster DNA kit (EPICENTRE, Madison, USA) was used to extract
nematode DNA from soil samples. A 550 J1l aliquot of inhibitor removal resin was
added to an empty spin column. The column was centrifuged for 1 minute at 2000 X
g to pack the column. The flow-through was decanted and the column was placed in
the same collection tube. Another 550 III of inhibitor removal resin was added to each
packed column. The columns were centrifuged for 2 minutes at 2000 X g. The
columns were transferred to clean 1.5 m1 collection tubes. Soil DNA extraction buffer
plus 2 III of Proteinase K was added to 0.1 g of soil, and the tube was vortexed
briefly. Soil lysis buffer (50 Ill) was then added and the tube vortexed briefly. The
soil mixture was incubated at 65°C for 10 minutes followed by centrifugation for 2
minutes at 1000 X g. A 180 III aliquot of the supernatant was tmnsferred to a new
tube with 60 J1l of protein precipitation reagent The supernatant solution was
incubated on ice for 8 minutes and centrifuged for 8 minutes at maximum speed.
Between 100 and 150 III of the supernatant was transferred directly onto the prepared
spin column. The spin column was nested in a 1.5 ml eppendorf tube and centrifuged
for 2 minutes at 2000 X g. The spin column was discarded and 6 III of DNA
precipitation solution was added and incubated at room temperature for 5 minutes.
The solution was again centrifuged for 5 minutes at maximum speed. The supernatant

was carefully removed. The DNA pellet was washed with 500 III of pellet wash
solution and centrifuged for 3 minutes at maximum speed. The wash and centrifuged
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step was repeated three times. Finally, the DNA pellet was resuspended in 300 J.ll of
TEbuffer.
Amplification of the 18S rDNA gene
For PCR, 2 J.Il of each nematode lysate was added to a 25 J.ll PCR reaction.
The 5'-3'sequence of the forward primer (designated Nem_ISS]) is
CGCGAATRGCTCATIACAACAGC; the reverse primer (Nem_ISS_R) is
GGGCGGTATCTGATCGCC. The primer concentration was 0.5 J.lM. lmmoMix
(Bioline, United Kingdom) was used to conduct the PCR experiment A 7-minute
activation step eliminated non-specifics such as primer-dimers and mis-primed
products. The optimal thermocycling conditions were denaturation at 94°C for 5
minutes; 35 cycles of amplification (94°C for 30 seconds; 55°C for 30 seconds; 72°C
for 1 minute); followed by a final extension at 72°C for 10 minutes. A 900 bp PCR
product (10 J.l1) was loaded onto a 1% agarose gel and electrophoresed at SO volts
from 35 minutes to an hour depending upon the size of the gel. Size markers GelPilot
Low Range (Qiagen, Maryland, USA), HyperLadder II and IV (Bioline, UK) and
IllXI74 (Promega, Madison, USA) were co-electrophoresed with DNA samples in
order to determine fragment size. The gels were stained with ethidium bromide for 30
minutes and then de-stained for 10 minutes to enable fluorescent visualization of the
DNA fragments under UV light
Results
Different concentrations of nematodes gave varying results in both extraction and
amplification. With 1000 S. ftltiue and CTAB buffer amplification was positive five
out of six times, S3.3% of the time. With lOa S.ftltiae nematodes and CTAB, a
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positive amplification was observed only three out of six times, 50% of the time. This
decreasing frequency continued with 10 nematodes or I where a positive
amplification occurred in only 33.3% of the runs. Overall, amplification of 1000
nematodes extracted with CTAB usually produced a positive band of the appropriate
size. On the other hand, I nematode was usually unsuccessful. The same trend was
observed with R. reniformis and Pratylenchus spp. In contrast, visual confirmation of
amplification was evident for each amount of P. redivivus (Table 1.2). The loss of
amplification as initial nematode concentration decreased is shown with R. reniformis
(Fig. 1.2). At a concentration of lOP. redivivus, there was not a distinct DNA band
and the PCR reaction was negative. At a concentration of I P. redivivus, a faint band
was observed on the agarose gel and a positive PCR reaction occurred (Fig. 1.2). On
an agarose gel for Pratylenchus spp., a distinct band of the appropriate size occurred
with 50 and 1000 but not with other nematode concentrations. There were no other
bands apparent for this experiment (Fig. 2.2).
The NaOH DNA extraction method provided slightly better amplification of
DNA from single nematodes compared to CTAB extraction. For S. feltiae, 86.6% of
the time, a single nematode was lysed rendering adequate DNA to be detected via
PCR. However, when R. reniformis was exposed to NaOH, a band of the correct size

was not visualized as often. Overall, NaOH digestion yielded DNA detectable via
PCR only 43.3% of the time for R. reniformis (Table 2.2). The utility ofNaOH

digestion is evident in the successful amplification of S. fe/tiae and R. reniformis as
shown on agarose gels (Fig 2.3).
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Table 1.2: Amplification (%) of different population densities of four nematode
species subjected to CTAB DNA extraction three times with two replications.
Number of nematodes in suspension

Nematode species
1000

100

50

10

1

Steinernema feltiue

83.3%

50.0%

66.7%

33.3%

33.3%

Rotylenchulus reniformis

100.0%

83.3%

83.3%

66.7%

33.3%

Panagrellus redivivus

100.0%

80.0%

100.0%

60.0%

100.0%

Pratylenchus spp.

60.0%

20.0010

40.0010

0.0%

0.0%
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(A)

(B)

3 4 5 6

(C)

Figure 1.2: eTAB extraction of DNA from different population densities of nematodes. Subsequent peR amplification of an
approximately 600 bp fragment of the 18S rONA gene was conducted using primers neml and nem2. Agarose gel analysis consisted
of<I>X174 DNA marker (Lanes I and 8); Sleinernema positive control (Lane 2); 1000, 100,50,10 and 1 nematodes (Lanes 3-7
respectively) for SleinernemaJelLiae (A), ROlyienchu/us reniformis (B) and Panagrellus redivivus (e). In (e), Lane 7was a negative
water control.

w

'"

Figure 2.2: peR amplification ofan approximately 900bp fragment of the 18S rDNA
gene of P. spp. A 1% agarose gel was used to visualize DNA fragments from
different amounts of nematode suspensions of Pratylenchus. Lane I a water negative
control; Lane 2 a positive control, Sleinernema; Lane 3 I juvenile; Lane 4 (10
juveniles); Lane 5 (50 juveniles); Lane 6 (100 juveniles); Lane 7 (1000 juveniles) and
Lane 8 Hyper Ladder IV (Bioline).
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Table 2.2: The success rate percentage of peR amplification of two nematode species subjected to NaOH digestion for 24
hours for six extraction times. Each extraction time contained five replications for an overall total of 30 nematodes for each
species.
Nematode species
Sreinernema jelriae
Rotylenchulus reniformis

'-'

00

Extraction I
100.0%
20.0%

Extraction 2
80.0%
0.0%

Extraction 3
100.0%
80.0%

Extraction 4
80.0%
60.0%

Extraction 5
60.0%
60.0%

Extraction 6
100.0%
40.0%

2 3

4

5 6

900 bp I

(A)

(B)

Figure 2.3: Agarose gel analysis ofPCR amplification of the 18S rONA gene of individuals of nematodes. The primers amplified an
internal fragment of the 18S, approximately 900 bp in length. For Steinernema feltiae Lane I a GelPilot Low Range DNA ladder;
Lane 2 a positive control; Lane 3 negative water control; Lanes 4 thru 8 were PCR products of individuals digested with O.25M NaOH
(A). For Rotylenchulus reniformis, Lane I a HyperLadder IV DNA marker; Lane 2 a positive control; Lane 3 negative water contro l;
Lanes 4 thru 8 were PCR products of individuals digested with 0.25M NaOH (B).

w
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Table 2.3: Percentages of successful peR amplification of individuals of Steinernemafeltiae and Rotylenchulus reniformis
subjected to physical disruption in 2% Triton solution for six extraction times. Each extraction time contained five replications
for an overall total of 30 nematodes for each species.
Nematode species
Sleinernema feltiae
Rotylenchulus reniformis

..,.
o

Extraction I
0.0%
20.0%

Ex traction 2
80.0%
20.0%

Extraction 3
60.0%
100.0%

Extraction 4
80.0%
60.0%

Extraction 5
60.0%
60.0%

Extraction 6
40.0%
20.0%

1 2 3 4 5 6 7 8 91011 12 \3 14 15

, 900bp-,

(A)

(B)

Figure 2.4: Agarose gel analysis of peR amplification of the ISS rONA gene of single nematodes physically disrupted. The primers
amplified an internal fragment oftbe ISS, approximately 900 bp in lengtb. (A) Steinernemafeltiae. Lane I HyperLadder IV DNA
marker; Lane 2 positive control; Lane 3 negative water control; Lanes 4 tbru S peR products of individuals. (B) Rotylenchulus
reniformis, Lane I HyperLadder IV DNA marker; Lane 2 positive control; Lane 3 negative water control; Lanes 10 tbru 14 peR
products of individuals .

....

Manual disruption appeared to be less efficient in rendering adequate DNA for
detection in PCR than either CTAB or NaOH. For S. flltiae, amplification was
inconsistent (Table 2.3). Overall, employing this method yielded a positive PCR
result only 53% of the time. A similar trend was observed with R. reniformis. Positive
amplification was achieved an average of only 46.6% of the time fonowing physical
disruption (Table 2.3). Low success rates were obtained with manual disruption of S.

feltiae and R. reniformis (Fig. 2.4).
With 1000 S. flltiae spiked into sterilized soil, PCR amplification was
successful only 50% of the time. However, for the low nematode population
densities, there were no positive peR results throughout the entire experiment (Table
2.4 and Fig. 2.5).
Disenssion
In order to obtain a complete profile of a nematode community, molecular

techniques that assess all members of nematode communities are essential. Research
has been conducted to characterize the efficiency of most extraction techniques for

the assay of soil and plant samples for nematodes. However, rates of nematode
recovery can range from 10% to 100% depending on extraction technique used.
Extraction and recovery of juveniles of Meloidogyne spp. from the soil varied with
the technique employed. Baermann funnel was more efficient compared to centrifugal
flotation (Barker, 1985). However, the process of sieving plus incubation in
Baermann funnels provided a higher percent effectiveness for Meloidogyne.In order
to extract maximum numbers of Criconemel/a spp., the best method was elutriation
plus centrifugal flotation. As a result, many laboratories use methods that gives the
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most efficient and consistent results for local conditions and nematodes of particular
concern (McSorley, 1987, McSorley, 1998).
If the entire range of taxa present in a typical nematode community is

considered, then the choice of extraction method is very problematic. Centrifugal
flotation greatly underestimates many predators and omnivores, while Baermann
incubation is unsatisfactory in estimating several herbivores. In either case, bias will
be introduced and an inaccurate assessment of the composition of the nematode

community will be obtained. Therefore, a combination of methods aehieves a more
accurate account of the numbers and relative proportions of various taxa in a
community (McSorley and Frederick, 2004).
The variation in extraction efficiency also extends to DNA extraction from
nematodes.

vast variation in nematode morphology and biology has been

documented. The nematode cuticle exhibits diversity, not only among different
genera and families but also within species (Bird and Bird, 1991). Steinernema

feltiae was most successfully extracted by NaOH digestion in current study.
Rotylenchulus reniformis was most successfully extracted by physical disruption.
Some nematodes and developmental stages are more amenable to manual disruption
than others. Pratylenchus J2s and Meloidogyne J2s were individually disrupted

producing adequate DNA. However, when Radopholus J2s were subjected to manual
disruption, PCR failed at all times (Quintero unpublished). Physical disruption of
nematodes is time consuming especially for studying nematode communities.
Furthermore, this process is inconsistent even within the same species. There is a high
probability that rare species may not be represented in a community analysis.
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Table 2.4: 0.1 g of soil spiked with different numbers of Sieinernemajeltiae subjected
to SoilMaster DNA extraction kit (EPICENTRE, Madison, USA) and PCR (Bioline,
UK). (+) indicated a positive PCR result and (-) indicated a negative PCR
amplification.
Number of Sieinernemajeltiae
1000

100

SO

10

1

Extraction 1
Extraction 2

+

Extraction 3
Extraction 4

+
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"---,1 900 bp

Figure 2.5: Agarose gel analysis of amplification of the 18S rONA gene from 250
cm 3 soil spiked with different amounts of Sieinernema jelliae. DNA was extracted
using a SoilMaster DNA extraction kit. Lane I - 5 (1000 100, 50, 10 and 1
nematodes) respectively. Lanes 6 blank; Lane 7 positive control; Lane 8 HyperLadder
II.
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CTAB buffer extraction for single nematodes yielded a positive PCR result
inconsistently across the four nematode species. There is a protocol for CTAB buffer
extraction tailored for single nematodes; however, this recipe was not used.
Nonetheless, it is apparent that the CTAB extraction technique is not the best option.
CTAB buffer extraction technique was also used to determine the detection threshold
for nematodes. At lower concentrations, the success ofPCR was reduced amongst all
the nematode species. This mirrors ideas suggested by Foucher et aI., (2004) that taxa
that represent a low proportion of the total nematode community have a potential to
be omitted. Therefore, it can be concluded that as numbers of representatives of a

nematode species decreases, the probability of detecting that species also decreases.
Using soil DNA kits which only require 0.1 g to 1 g of soil is not a sound
method because of the unlikelihood of obtaining one nematode in such a minute
amount of soil. Soil DNA extraction kits that require larger amounts of soil on the
scale of 100 g would be a better option.
Overall, NaOH digestion may be the best method to use for nematode
community studies. This technique does not require additional equipment and is less
time consuming. More than 50% of nematodes collected from Manoa Falls Trail
responded positively to NaOH digestion (Quintero, unpublished) with subsequent
successfully PCR reactions. This finding amplifies the disadvantages of any method
with the potential to omit some species from the analysis of community structure.
However, some nematodes do not lyse using this method regardless of the time span
of digestion (UC Davis graduate student). Perhaps using several DNA extraction
techniques simultaneously such as CTAB buffer and NaOH digestion might give
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better representation of the different species of nematodes present in a community.
When assessing nematode diversity within terrestrial ecosystems, this is worthy of
investigation.

47

LITERATURE CITED
Burton, RS. and B.N. Lee. 1994. Nuclear and mitochondrial gene genealogies and
alIolyzme polymorphism across a major phylogeographic break in the
copepod Tigriopus cali/omicus. Proceedings of the National Academy of
Sciences of the United States of America 91: 5197-520l.
Harris, T.S., L.J. Sandall, and T.O. Powers. 1990. Identification of single

Me/oidogyne juveniles by polymerase chain reaction amplification of
mitochondrial DNA. JoumaI of Nematology 22: 518-524.

Hill, G.T.• N.A. Mitkowski, L. Aldrich-Wolfe, L.R Emele, D.O. Jurlonie, A. Ficke,
S. Maldona-Ramirez, S.T. Lynch and E.B. Nelson. 2000. Methods for
assessing the composition and diversity of soil microbial communities.
Applied Soil Ecology 15: 25-36.
Holben, W.E. 1994. Isolation and purification of bacterial DNA from soil, In. R W.
Weaver. S. Angle, P. Bottomley, D. Bezdicek, S. Smith, K.A. Tabatabai and
A. WoBum ed., Methods of soil analysis, Part 2. Microbiological and
biochemical properties. Soil Science Society of America, Inc.• Madison, WI,
pp.727-751
Hugenholtz, P., B.M. Goebel and N.R. Pace. 1998. Impact of culture-independent
studies on the emerging phylogenetic view of bacterial diversity. JoumaI of
Bacteriology 180: 4765-4774.
Huettel RN. 1985. Carrot disc culture. In: Zuckermann B.N. May WF. HarrisonMB.
(Eds.) Laboratory Manual for Plant Nematology. Amherst: University of

Massachusetts Agriculture Experiment Station, pp. 153-154.

48

Hussey, R.S. and K.R. Barker. 1973. A comparison of methods of collecting inocula
of Meloidogne spp. including a new technique. Plant Disease Reporter 57:
1025-1028.
Kaya, H.H. and S.P. Stock. 1997. Techniques in insect Nematology, in: Manual of
Techniques in Insect Pathology, L.A. Lacey, (Ed.) Academic Press, London,
PP.281-324.
Ko, M.P., D.P. Schmitt and B.S. Sipes. 1996. Axenizing and culturing endomigratory
plant-parasitic nematodes using pluronic F127, including its effects on
population dynamics of Pratylenchus penetrans. Journal of Nematology 28:
115-123.
Madsen, E.L. 1998. Epistemology of environmental microbiology. Environmental
Science Technology 32: 429-539.
Madsen, E.L. 1996. A critical analysis of methods for determining the composition
and biogeochemical activities of soil microbial communities in situ. Soil
Biochemistry 9: 287-370.
Miller, D.N., J.E. Bryant, E.L. Madsen and w.e. Ghiorse. 1999. Evaluation and
optimization of DNA extraction and purification procedures for soil and
sediment samples 65: 4715-4724.
McSorley, R. and John J. Frederick. 2004. Effect of extraction method on perceived
composition of the soil nematode community. Applied Soil Ecology 27: 5563.
McSorley, R. 1998. Population dynamics. In: Barker, K.R., G.A. Pederson, G.L.

49

Windham (Eels.), Plant and Nematode Interactions. American Society of
Agronomy, Crop science Society of America, Soil Science Society of
America, Madison, WI, pp. 109-113.
McSorley, R. 1987. Extraction of nematodes and sampling methods. In: Brown, R.H.,
B.R. Kerry (Eds.), Principles and Practice of Nematode Control in Crops.
Academic Press, Sydney, pp. 13-47.
More', M.I., J.B. Herrick, M.C. Silva, W.C. Ghiorse and E.L.Madsen. 1994.
Quantitative cell lysis of indigenous microorganisms and rapid extraction of
microbial DNA from sediment. Applied and Environmental Microbiology 60:
1572-1580.
Saiki, R.K" D.H. Gelfand, S. Stoffel, S.K. Scharf, R. Higuchi, G.T. Horn, K.B.
Mullis and H.A. Erlich. 1988. Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase. Science 239: 487-491.
Schizas, N.V., G.T. Street, B.C. Coull, G. T. Chandler, and 1.M. Quattro. 1997. An
efficient DNA extraction method for small metazoans. Molecular Marine
Biology and Biotechnology 4: 381-383.
Sipes, B.S. and D.P. Schmitt. 1996. Control of Rotylenchulus reniformis on Pineapple
with emulsifiable 1,3-Dichloropropene. Plant Disease 5: 571-574.
Stanton, I.M., C.D. McNicol and V. Steele. 1998 Non-manual lysis of second-stage

Meloidogyne juveniles for identification of pure and mixed samples based on
the polymerase chain reaction. Australasian Plant Pathology 27: 112-115.
Street, G. T. and P.A. Montagna. 1996. Loss of genetic diversity in Harpacticoida near
offshore platforms. Marine Biology 126: 271-282.

50

Urzelai, Arantzazu, A.J. Hernandez and J. Pastor. 2000. Biotic indices based on soil
nematode communities for assessing soil quality in terrestrial ecosystems. The
Science of Total Environment 247: 253-261.

51

CHAPTER 3
Gap Analysis of Four Nematode Communities
Molecular sequencing has recently been used to evaluate terrestrial nematode
communities (Griffiths et al.• 2006). Hundreds of clones are produced and must be
assessed to determine their classification status. Usual assessment includes Blast
analysis followed by phylogenetic analysis. Sometimes Blast analyses reveal that
multiple clones possess significant homology to the same species. Theses clones need
to be further analyzed to decipher their clone operational taxonomic units (OTUs).
Previously. Griffiths et aI.• (2006) used a separation of 0.01 substitutions per base
which allowed grouping of clone types. This was an arbitrary value. Perhaps. Gap
analysis could be a tool to investigate degrees of separation among clones OTUs. Gap
analysis creates an alignment to obtain the maximum similarity between two
sequences by the method of Needleman and Wunsch (1970). Gap reads a symbol
comparison table with values for every possible GCG symbol match. Gap considers
all possible alignments and gap positions and creates the alignment with the largest
number of matched bases and the fewest gaps. The objective of this experiment was
to use Gap to distinguish clone status of nematodes collected from Manoa Falls Trail
and Whitmore Pineapple Research Station.
Materials and Methods
Two communities were used; one an agriculture system and the other a natural
ecosystem. Details sampling and extraction procedures are found in Chapter 3.
Nematode DNA was collected, amplified and cloned (Quintero. Chapter 3). The
clones were then sequenced (Quintero. Chapter3).
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Known sequences representing different species within the same genus were
retrieved from Genbank and compared via gap methodology to determine percent
identity and similarity. Clones established in this study that possessed the same blastn
species nomenclature were compared to determine percent identity and similarity.
Determination of these values assisted in establishing parameters used to assign
particular clones into their operational taxonomic unit (OTUs). If the values of the
identity and similarity of the clones were slightly lowered than the identity and
similarity values of the known sequences, then the clones were considered dissimilar
(OS) and different biotypes. If the values were lower than 90%, the clones were
considered different (0) and different species. If the values equaled or were above the
values of the known sequences, the clones were deemed identical (I) or similar (S)
and the same species.
Results

Manoa Falls Site A
Clones A05, A16, A27, A29, A36, A44, A45 and A2-44 all showed significant
homology to Oxydirus oxycephalus according to the blast analysis. Known sequences
obtained from Oxydirus oxycephaloides and O. oxycephalus were aligned. The
percent identity was determined to be 98.318. Gap analysis provided percent
similarities and percent identities that ranged from 99.880 to 99.099 respectively. All
eight clones were considered to be genetically similar, probably belonging to the
same species. However, clone A2-47 was believed to be genetically different from
the others because of a significantly lower percent identity range (33.373 to 39.413)
(Table 3.1a). Morphological assessment of the samples did not reveal any Oxydirus.
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Table 3.1a: The percent similarity and identity of clones demonstrating significant
homology to Oxydirus oxycephalus.

Clone

v.

.j>.

A05

A16

A05
AI6
A27
A29
A36

A27
A29
A36
99.662199.662 99.550/99.550 99.663199.663 99.213/99.213
99.662199.662
99.550/99.550 99.663/99.663 99.325/99.325
99.550/99.550 99.663/99.663
99.663/99.663 99.213/99.213
99.663199.663 99.775/99.775 99.663/99.663
99.326/99.326
99.213/99.213 99.325199.325 99.213/99.213 99.326/99.326

A44

99.663199.663

A45

99.436/99.436 99.550/99.550 99.550/99.550 99.550/99.550 99.099/99.099

A2-44

99.325199.325

A2-47

37.850137.850 39.419139.419 39.373139.373

Clone
A05
AI6
A27
A29
A36
A44
A45
A2-44
A2-47

99.880199.880 99.663/99.663

99.775/99.775

99.326/99.326

99.438199.438 99.438/99.438 99.438/99.438 99.213/99.213
33.733133.733

A44

A45

A2-44

99.663/99.663
99.880/99.880
99.663/99.663
99.775/99.775
99.326/99.326

99.436/99.436
99.550/99.550
99.550199.550
99.550199.550
99.099/99.099
99.663/99.663

99.325199.325
99.438/99.438
99.438/99.438
99.438/99.438
99.213/99.213
99.438/99.438
99.438199.438

99.663199 .663
99.438/99.438 99.212199.212
37.529137.529 37.879137.879 37.806137.806

38.623138.623

A2-47
37.850137.850
39.419139.419
39.373/39.373
33.737133.373
38.623138.623
37.529137.529
37.529137.529
37.806137.806

Sequences of Aporcelaimellus spp. ill-2004 and A. cf. paraobtusicaudatus
were aligned and subjected to gap analysis providing a percent identity of98.6l9.
Two related species, A. obtusicaudatus and A. cf paraobtusicaudatus were also
aligned and produced a percent identity of99.594. These values were then used as
parameters to delineate the clones in this OTU. Clones A2-33. A2-36. A2-38. A2-40

and A2-45 all showed significant homology to Aporceiaimellus spp. Consequently.
clones A2-33. A2-36 and A2-40 were deemed genetically similar because of a
percent similarity and identity ranging from 99.888 to 99.768 and ranging from
99.880 to 99.768 respectively. Thus. these clones were most likely of the same strain
of this species. For clones labeled A2-38 and A2-45. they probably belonged to
different species due to a percent similarity and identity well below the set parameters
(Table 3.1 b). Aporcelaimellus was not identified morphologically in the sample.
There was only one sequence that represented the 18 sma1l subunit ribosomal
DNA gene of Pseudacrobeles in Genbank.. As a result, clones labeled A17. A18. A30.
A39 and A2-20 all showed homology to Pseudacrobeles variabilis. When clone A17

was compared to the other clones the percent identity ranged from 98.188 to 98.531.
suggesting that A 17 was genetically disparate and a different species. The other four
clones were considered Pseudacrobeles (Table 3.lc).
Sequences for Plectus aquatilis and P. rhizophilus were obtained from
Genbank. and produced a percent similarity and identity of99.417 to 99.359
respectively. Different strains of P. rhizophilus were also compared via gap analyzes
and produced a percent similarity and identity of99.534 and 99.359 respectively.
These values were used to distinguish clones of this group. Clones A01, A24, A2-12.
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Table 3.lb: The percent similarity and identity of clones demonstrating significant homology to Aporcelaimel/us spp.
Clone
A2-33
A2-36
A2-38
A2-40
A2-45

A2-33

A2-36
99.768/99.768

99.768/99.768
95.930/95.930
99.884/99.884
95.465/95.465

95.721195.721
99.888/99.888
95.270195.270

A2-38
95.930/95.930
95.721/95.721
95.838/95.838
98.541/98.541

A2-40
99.884/99.884
99.888/99.888
95.838/95.838

A2-45
95.465195.465
95.270/95.270
98.541198.541
95.388/95388

95.388/95.388

Table 3.lc: The percent similarity and of clones showing significant homology to Pseudacrobeles variabilis.
Clone
AI7
A18
A30
A39
A2-20

VI
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A17
98.531/98.531
98.528/98.528
98.531/98.531
98.188198.188

AI8
98.531198.531
99.774/99.774
99.887199.887
99.547/99.547

A30
98.528/98.528
99.774/99.774
99.660/99.660
99.546/99.546

A39
98.531198.531
99.887199.887
99.660/99.660
99.547/99.547

A2-20
98.188/98.188
99.547/99.547
99.546/99.546
99.547/99.547

A2-l7. A2-28 and A2-4l demonstrated significant homology to Plec/us spp.
according to the blast analysis. Gap analysis produced a percent similarity/ percent
identity ranging from 99.549/99.549 to 99.662199.662. These clones were genetically
similar and belonged to the same species. Clones A2-17 and A2-41 were considered
genetically different from each other and from the other clones in this group (Table
3.1d). These clones may belong to a different species.
The parameters set to distinguish clones that showed significant homology to
the 18S rONA gene of Ditylenchus brevicauda were based upon gap analysis between

three different species and two different strains of this genus. Alignment of D.

brevlcauda and D. destructor rendered a percent similarity and identity of 89.1 05 and
88.693 respectively. Alignment of D. brevicauda and D. spp. WY-2004 produced a
percent similarity and identity of 83.670 and 83.492 respectively. Gap analysis of D.

dipsaci strain OityDip4 and D. dipsaci DityOip5 produced a percent similarity and
identity of 99.764 and 99.705 respectively. As a result, it was determined that clones
All. A28, A2-l8, A2-22, and A2-29 were genetically similar and probably belong to
the same species. Furthermore, clones A28 and A2-29 were not only considered to be
genetically similar but also possibly of the same strain because of a percent similarity
and identity of99.778 and 99.778 respectively (Table 3.le).
Known sequences of the 18S rONA gene for Tylencholaimus were obtained
from Genbank. Two different species were aligned and their percent similarity and
identity results were 98.259 and 97.330 respectively. These figures were then used to
assign clones A14, A21 and A4l into their appropriate groups. The three clones
showing homology to Tylencholaimus were compared and the percent similarity and
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Table 3.1d: The percent similarity and identity of clones with significant homology to Plectus spp.
Clone
AOI
A24
A2-12
A2-17
A2-28
A2-41

'"
go

AOI

A24
99.662/99.662

99.662199.662
99.549199.549
98.985198.985
99.662199.662
97.169/97.169

99.662199.662
99.098199.098
99.775199.775
97.169/97.169

A2-12
99.549/99.549
99.662199.662
98.985/98.985
99.887/99.887
97.055197.055

A2-17
98.985/98.985
99.098/99.098
98.985/98.985
99.098199.098
97.062197.062

A2-28
99.662199.662
99.775/99.775
99.887199.887
99.098199.098
97.169/97.169

A2-41
97.169/97.169
97.169/97.169
97.005197.005
97.062197.062
97.169/97.169

Table 3.le: The percent similarity and identity of clones demonstrating significant homology to Ditylenchus

brevicauda.
Clone
All
A28
A2-18
A2-22
A2-29

v.

'"'

A!1

A28

99.000/99.00
99.000199.000
91.193191.193
89.787/89.787
99.000199.000

91.982191.982
90.460/90.460
99.778/99.778

A2-l8

91.193/91.193
91.982191.982
90.674/90.674
91.880191.880

A2-22

89.787/89.787
90.460/90.460
90.674/90.674
90.460/90.460

A2-29

99.000/99.000
99.778/99.778
91.880191.880
90.460/90.460

identity was above the similarity and identity values established. Therefore, the three
clones were genetically similar and most likely represented individuals of the same
species (Table 3.1f).
Sequence information pertaining to the 18S rONA gene was obtained for

Prlsmatolaimus. P. intermedius was compared to P. cf. intermedius producing a
percent similarity and identity of 99.756 and 99.573 respectively. A comparison of P.

intermedius and P. dolichurus was also conducted and produced a percent similarity
and identity value of 99.358. As a result, clones A40 and A47 were considered to
genetically similar and most likely of the same species. Clone A43 was considered to
be genetically different and possibly a biotype P. intermedius (Table 3.1 g).

The same parameters for P. intermedius were used here to assign clones
showing homology to Prlsmatolaimus dolichurus to their OTUs. Clones A23, A26
and A2-43 were considered to be genetically similar and probably the same species
(Table 3.1h).

Table 3.1 f: The percent similarity and identity of clones
demonstrating significant homology to Tylencholaimus spp.
Clone

Al4
A2l
A4l

AI4

A21

99.328199.328
99.328/99.328
99.664/99.664

A41

99.664/99.664
99.664/99.664

99.664/99.664
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Table 3.1g: The percent similarity and percent identity
of clones demonstrating significant homology to

Prismatolaimus intermedius.
Clone
A40
A43
A47

A40

A43

A47

96.267/96.267 99.660/99.660
96.267/96.267
95.475195.475
99.660/99.660 95.475195.475

Table 3.1h: The percent similarity and identity of clones
demonstrating significant homology to P. dolichurus.
Clone
A23
A26
A2-43

A23

A26

A2-43

99.659/99.659 99.660/99.660
99.659/99.659
99.660/99.660
99 .660/99 .660 99 .660/99 .660
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Table 3.1i: The percent similarity and identity
of clones demonstrating homology
to Ecphyadophora spp.

Clone
A2-02
A2-06

A2-02

A2-06

99.554/99.554
99.554199.554

Clones A2-02 and A2-06 showed homology Ecphyadophora spp. And were
considered genetically similar and a part of the same species (Table 3. Ii).
There was very little information pertaining to Acrobeles in Genbank.
However, there was information on 18S rDNA gene for A. ciliatus andA. complexus.
These species were aligned and the percent similarity and identity were determined to
be 96.558 and 96.558 respectively. Clones A34 and A2-39 were considered to be
genetically different and most likely represent different species (Table 3.Ij).
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Table 3.lj: The percent similarity and
identity of clones demonstrating
homology to Aerobeles complexus.
Clone
A34
A2-39

A34

A2-39
97.182/97.182

97.182/97.182

Table 3.lk: The percent similarity and
identity of clones showing homology to

Aerobeloides apicuJatus.

Clone

A32

A32
A2-46

99.434/99.434

A2-46
99.434/99.434
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There was very little information pertaining to Acrobeles in Genbank.
However, information on the 18S rDNA gene of A ciliatus and A. complexus is
available. These species were aligned and the percent similarity and identity were
determined to be 96.558 and 96.558 respectively. Clones A32 and A2-46 were
deemed genetically similar and probably belong to the same species of

Acrobeles (Table 3.1k).
Due to the marginal amount of sequence information for the 18S ribosomal
DNA gene for the genus Chronogaster, only three sequences were compared via gap
analysis. C. boettgeri and C. spp. isolate ChGaSpl produced a percent similarity and
identity of94.631. When C. boettgeri and C. spp. isolate ChGaSp2 were compared,
the percent similarity and identity produced were 94.875. When both isolates were
compared to each other, a percent similarity and identity of99.688 and 99.188
respectively were produced. Therefore, clones A25 and A31 were considered
genetically different and probably represented different species than Chronogaster

boettgeri (Table 3.11).

Table 3.11: The percent similarity and identity
of clones showing homology to

Chronogaster spp.

Clone
A2S
A31

A2S

A31

89.660/89.660
89.660/89.660
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Table 3.lm: The percent similarity and identity of
clones showing significant homology to

Prodorylaimus spp.

Clone
A03
AIO
A2-34

A03

AlO

A2-34

99.551199.551

99.551199.551

99.551199.551
99.551199.551

99.326/99.326
99.326/99.326

Scant information on the l8S rDNA gene for Prodorylaimus is available in

Genbank. Only two known sequences exist and these were compared. P. mas and P.
uliginosus were aligned and produced a percent similarity and identity of99.751 and
99.689 respectively. Clones A03, AIO and A2-34 were deemed genetically dissimilar
and probably represent biotypes of the same species (Table 3.lm).

Manoa Falls Trail site B
Seven clones were designated Ditylenchus brevicauda by blast analysis (Table
3.2c). All of the clones were considered to genetically similar with clones Blb-04 and
Blb-07 being completely identical. Furthermore, all of these clones probably belong
to the same species (Table 323).
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The same guidelines used for assignment of clones showing homology to

Orydirus were used here to place these clones into their particular categories. The
majority of the clones exhibiting homology to O. orycephalus were deemed
genetically similar and probably apart of same species. Clones Blb-02 and B2-41
were closely related to each other because of a high percent similarity and identity of
99.551. However, clone Blb-13 was most likely a member of a different species
altogether (Table 3.2b).
Clones B2-02, B2-11 , B2-12, B2-17 and B2-32 showed homology to

Dorylaimel/us virginianus. All of these clones were deemed genetically similar to
each other and thus the same species of Dorylaimellus (Table 3.2c).

Clones were homologous to Pseudacrobeles (Table 3.2d). The similarity of
the clones was below the threshold of 98.188 and thus the clones were different.
These clones are most likely of different species from each other (Table 3.2d).

Table 3.2a: The percent similarity and identity of clones
demonstrating homology to Ditylenchus brevicauda
Clone
Blb-04
Blb-07
B2-08

Blb-04

Blb-07

B2-08

100.00/100.00 99.889/99.889
99.889/99.889
100.0011 00.00
99.889/99.889

99.889/99.889

66

Table 3.2b: The percent similarity and identity of clones demonstrating
homology to Oxydirus oxycephalus.
Clone

Blb-02

Blb-02
Blb-09
Blb-\3
BIb-IS
Blb-22
B2-05
B2-41

98.878/98.878
97.865197.865
98.315198.3 15
99.102199.102
98.990198.990
99.551199.551

Clone
Blb-22
B2-05
B2-41

.....
'"

Blb-09
98.878/98.878
97.865197.865
98.427/98.427
99.327/99.327
98.541198.541
99.102199.1 02

Blb-22
98.765198.765
99.327/99.327

Blb-I3
97.865/97.865
97.865197.865
98.764/98.764
97.978/97.978
97.416/97.416
97.978/97.978

B2-05
98.765198.765
99.214/99.214

BIb-IS
98.315198.315
98.427198.427
98.764/98.764
98.427/98.427
97.865197.865
98.427/98.427

B2-41
99.327/99.327
99.214/99.214

Table 3.2c: The percent similarity and identity of clones showing homology to
Dorylaimellus virginanus
Clone
B2-02
B2-11
B2-32
B2-12
B2-17

c:-

oo

B2-02

B2-11
99.551/99.551

99.551199.551

99.439199.439 99.439/99.439
99.439/99.439 99.663/99.663
99.663/99.663 99.663/99.663

B2-12

B2-17

B2-32

99.439/99.439 99.663//99.663 99.439/99.439
99.663/99.663 99.663/99.663 99.439/99.439
99.327/99.327 99.551/99.551
99.551199.551 99.327/99.327
99.551199.551
99.551/99.551

Table 3.2d: The percent similarity and identity of clones
showing homology to Pseudacrobeles variabilis
Clone
BIb-08
Blb-19
B2-39

Blb-08
96.836/96.836
98.593/98.593

BIb-19

B2-39

96.836/96.836

98.593/98.593
96.749/96.749

96.749/96.749

Two known sequences of the 18S ribosomal DNA gene for the genus

Paracttnolaimus were attained from Genbank. P. macrolaimus and P. spp. PM-2002
produced a percent similarity and identity of 98.874. These values were then used to
place clones into OTUs. Clones that exhibited homology to Paractinolaimus

macrolaimus included BIb-OS, B2-38 and B2-42. Clone BIb-OS was deemed to be
genetically different from clones B2-38 and B2-42. Clones B2-38 and B2-42 were
considered genetically similar to each other and therefore probably of the same
species (Table 3.2e).
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Table 3.2e: The percent similarity and identity of clones
showing homology to Paractinoiaimus macrolaimus
Clone
BIb-05
B2-38
B2-42

BIb-05
97.515/97.5 I 5
97.865/97.865

B2-38

B2-42

97.5 I 5/97.5 I 5

97.865/97.865
99.527/99.527

99.527199.527

Table 3.2f: The percent similarity and
identity of clones showing homology
to Dorylaimoides limnophilus
Clone
B2-20
B2-35

B2-20

B2-35

99.551199.551
99.551199.551
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Known sequences of the 18S rONA gene for Dorylaimoides limnophilus and

D. micoletzkyi produced a percent similarity and identity 99.187 and 99.187
respectively. As a result, clones B2-20 and B2-35 which showed homology to

Dorylaimoides limnophilus were determined to be genetically similar (Table 3.2t).
Clones Blb-23 and B2-31 demonstrated homology to Diplolaimelloides meyli. These
clones were considered genetically similar and possibly of the same species (Table
3.2g).

Table 3.2g: The percent similarity and
identity of clones showing homology
to Diplolaimelloides meyli
Clone

Blb-23

Blb-23
B2-31

99.774/99.774

B2-31
99.774/99.774
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Manoa Falls Trail Site C
All of the clones showing significant homology to Cephalobus persegnis were
genetically identical (Table 3.3a).
Sequences for Rhabdolaimus cf terrestris and an uncultured Rhabdolaimus
clone were compared in order to establish criteria to assign these clones to their
appropriate groups. The percent similarity and identity were 99.089 and 9S.840
respectively. Clones CI-OS, CI-21, C2-22, Cl-32 and C2- 32 exhibited homology to

Rhabdolaimus cf. terrestris. It was more difficult to decipher the genetic status of
clones CI-OS, C2-22 and CI-21. Clones CI-OS and C2-22 were genetically similar to
each other but not similar to the rest. Clones Cl-21 and C2-32 were also genetically
similar to each other but not to the rest of the clones. However, all of the clones are
genetically similar and probably represent the same species (Table 3.3b).

•

Table 33a: The percent similarity and identity of clones
demonstrating homology to Cephalobus persegnis
Clone

CI-03

CI-14

CI-03
CI-14
CI-49

100.0011 00.00 100.001100.00
100.0011 00.00
100.00/100.00
100.00/100.00 100.00/100.00

CI-49
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Table 3.3b: The percent similarity and identity of clones showing homology to
Rhabdolaimus cf. te"estris.

...,....

Clone

C1-08

CI-21

C1-08
CI-21
CI-32
C2-22
C2-32

98.662198.662
98.551198.551
99.443/99.443
98.216/98.216

98.662198.662 98.551/98.551
97.436/97.436
97.436/97.436
98.328/98.328 98.885198.885
99.556199.556 96.990/96.990

CI-32

C2-22

C2-32

99.443/99.443 98.216/98.216
98328/98328 99.556/99.556
98.885/98.885 96.990/96.990
97.882197.882
97.882197.882

Sequences of the 18S rDNA gene for the Helicotylenchus dihystera and H.

dihystera isolated from Sl Albans were compared and produced a percent similarity
and identity of37.796 and 37.720. H. dihystera and H. vulgaris were compared as
well producing a percent similarity and identity of 36.198 and 36.198 respectively.
These results were used as criterion to separate clones into their OTUs. Clones C 1-16
and C2-02 demonstrated homology to Helicotylenchus dihystera and were considered
genetically similar belonging to the same species (Table 3.3c).

Tylenchorhychus leviterminalis and T. zeae were compared and provided a
percent similarity and identity of 81.119 and 81.119 respectively. T. maximus and T.

ieviterminalis were also aligned and the percent similarity and identity was 36.603
and 36.683 respectively. All clones showing homology to T. maximus were
considered genetically similar most likely belonging to the same species. However,
clones CI-42, CI-46 and C2-18 appeared to closely related to each other (Table
3.3d).

Table 3.3c: The percent similarity and
identity of clones demonstrating
homology to Helicotylenchus dihystera
Clone
CI-16
C2-02

CI-16

C2-02
99.552199.552

99.552199.552
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Table 3.3d: The percent similarity and identity of clones portraying
homology to Tylenchorhynchus maximus.

Vl

Clone

CI-26

CI-26
CI-42
CI-46
CI-47
C2-1O
C2-18
C2-34

98.911/98.911
97.646197.646
98.911198.911
98.767/98.767
98.990198.990
98.990/98.990

CI-42
98.991/98.991

CI-46

CI-47

97.646/97.646 98.911198.911
98.878/98.878 99.103199.103
98.878/98.878
98.204/98.204
99.103/99.103 98.204198.204
99.552199.552 98.653/98.653 98.879/98.879
99.102199.102 98.202198.202 99.102/99.102
98.878/98.878 98.202198.202 98.878198.878

Table 3.3e: The percent similarity and identity of clones showing
significant homology to Dorylaimellus virginianus.

-..J
0\

Clone

C2-04

C2-IS

C2-04
C2-15
C2-23
C2-26
C2-30
C2-38
C2-48

99.439199.439
99.663/99.663
98.878/98.878
99.439/99.439
99.5S1199.SS 1
99.214/99.214

99.439/99.439 99.663/99.663
99.776199.776
99.776/99.776
99.439199.439 99.214199.214
99.5S1/99.SS 1 99.776/99.776
99.663/99.663 99.888/99.888
99.776/99.776 99.5S1199.SS 1

Clone

C2-30

C2-04
C2-1S
C2-23
C2-26
C2-30
C2-38
C2-48

99.439/99.439
99.55 1199.5S 1
99.776/99.776
98.990/98.990

C2-23

C2-38

C2-26

98.878/98.878
99.439199.439
99.214/99.214
98.990/98.990
99.102199.102
99.214/99.214

C2-48

99.5SI199.SS1 99.214/99.214
99.663/99.663 99.776/99.776
99.888/99.888 99.551199.551
99.102199.102 99.214/99.214
99.663/99.663 99.327/99.327
99.663/99.663
99.439199.439
99.327/99.327 99.439/99.439

The same parameters that were established previous for D. virginianus were
implemented here. All of the clones were considered genetically similar (Table 3.3e ).
Clones C2-06 and C2-07 showed homology to Teratocephalus te"estris and
were determined to be genetically identical (Table 3.3f).
The Plectus parameters were used to separate clones into their DTUs. Clones
C2-13 and C2-41 produced similar percent similarity and identity of99.324 and were
considered genetically similar. However, clone C244 was genetically different from
the other clones (Table 3.3g).
Known sequences of the 18S rDNA gene for Xiphinema simile slovakia
isolate and X simile serbia isolate were compared producing a percent similarity and
identity of98.571 and 98.571 respectively. When two X krugi and X longicaudatum
were compared the percent similarity and identity were 97.680 for both.

Table 3.3f: The percent similarity and
identity of clones showing homology to
Teratocephalus te"estris
Clone

C2-06

C2-06
C2-07

100.0011 00.00

C2-07
100.00/100.00
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Table 3.3g: The percent similarity and identity of clones
demonstrating homology to Plectus spp.
Clone
C2-13
C2-41
C2-44

C2-13

C2-41

C2-44

99324/99.324 97.297/97297
99324/99324
97.072/97.072
97297/972976 97.072/97.072

Table 3.3h: The percent similarity and identity of clones
showing homology to Xiphinema krugi.
Clone
C2-20
C2-24
C2-46

C2-20

C2-24

C2-46

99.108/99.108 99.554199.554
99.108/99.108
99.554/99.554
99.554199.554 99.554/99.554
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Consequently, clones C2-20, C2-24 and C2-46 were determined to be genetically
similar and probably belong to the same species (Table 3.3h).
Known sequences of the 18S rDNA gene for Pratylenchoides magnicauda
and P. ritteri produced a percent similarity and identity of99.513 and 99.513
respectively. Clones CI-27 and CI-34 were deemed genetically different probably
representing different species of this genus (Table 3.3i).

Whitmore
Twenty-two clones showed homology to Globadera rastachiensis. Seventeen of those
clones were determined to be genetic similar and most likely of the same species.
However, clones TGQ-19 and TGQ-83 were genetically different from the other
clones in this group according to the parameters set. However. clones TGQ-19 and
TGQ-83 were considered genetically similar to each other. Clones TGQ-34. TGQ-39
and TGQ-46 were genetically different from the other clones in this group (Table
3.4a).

Table 3.3i: The percent similarity and
identity of clones demonstrating homology
to Pratylenchoides magnicautia
Clone
C I-27
C I -34

CI-27

CI-34
98.622198.622

98.622198.622
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Table 3.4a: The percent similarity and percent identity that showed significant homology to Globodera rostochiensis.
Clone

TGQ-18

TGQ-19

TGQ-20

TGQ-26

100.001100.00

98.746/98.746
98.746/98.746

99.327/99.327
99.327/99.327
98.744/98.744

TGQ-17
TGQ-18
TGQ-19
TGQ-20
TGQ-26

100.0011 00.00
98.746/98.746
99.327/99.327
99.215/99.2 I 5

98.746/98.746
99.327/99.327
99.215/99.215

98.744/98.744
98.404/98.404

98.990/98.990

99.215/99.215
99.215/99.215
98.404/98.404
98.990/98.990
99.103/99.103

TGQ-28

99.439/99.439

99.439/99.439

98.632/98.632

99.214/99.214

99.215/99.215

TGQ-30
TGQ-34
TGQ-37
TGQ-39
TGQ-42

99.552199.552
98.991198.991
99.664/99.664
98.991198.991
99.776/99.776

99.552199.552
98.991198.991
99.664/99.664
98.991198.991
99.776/99.776

TGQ-46
TGQ-47

97.194/97.194
99.432199.432
99.552199.552
99.776/99.776
99.664/99.664
99.439/99.439
99.552199.552
99.552199.552
99.664/99.664
99.552199.552
98.744/98.744

97.194/97.194
99.432199.432

98.746/98.746
98.176/98.176
98.860/98.860
98.176/98.176
98.974/98.974
96.119/96.119
98.613/98.613

99.327/99.327
98.765/98.765
99.439/99.439
98.765/98.765
99.551199.551
96.742196.742

98.655/98.655
99.327/99.327
98.655/98.655
99.439/99.439
96.633/96.633
99.091199.091

99.204/99.204
99.327/99.327
99.551199.551
99.439/99.439
99.214/99.214

99.215/99.215
99.439/99.439
99.327/99.327
99.103/99.103
99.215/99.215
99.327/99.327
99.215/99.215
99.327/99.327
99.215/99.215
98.402198.402

TGQ-48
TGQ-52
TGQ-59
TGQ-63
TGQ-67
TGQ-72
TGQ-79
TGQ-82
TGQ-83

gg

TGQ-17

99.552199.552
99.776/99.776
99.664/99.664
99.439/99.439
99.552199.552
99.552199.552
99.664/99.664
99.552199.552
98.744/98.744

98.746/98.746
98.974/98.974
98.860/98.860
98.632198.632
98.746/98.746
98.746/98.746
98.860/98.860
98.746/98.746
98.543/98.543

99.327/99.327
99.327/99.327
99.439/99.439
99.327/99.327
98.514/98.5 14

TGQ-28
99.439/99.439
99.439/99.439
98.632198.632
99.214/99.214
99.215/99.215

TGQ-30
99.552199.552
99.552199.552
98.746/98.746
99.327/99.327
99.215/99.215
99.439/99.439

99.439/99.439
98.879/98.879
99.552/99.552
98.879/98.879
99.664/99.664

98.991/98.991
99.664/99.664
98.991198.991
99.776/99.776

96.857/96.857
99.318/99.318
99.439/99.439
99.664/99.664
99.552199.552
99.327/99.327
99.439/99.439
99.439/99.439
99.552/99.552
99.439/99.439
98.630/98.630

96.970/96.970
99.432/99.432
99.552199.552
99.776/99.776
99.664/99.664
99.439/99.439
99.552199.552
99.552199.552
99.664/99.664
99.552199.552
98.744198.744

Table 3.4a continued: The percent similarity and identity that showed significant homology to Globodera rostochiensis.
Clone
TGQ-17
TGQ-18
TGQ-19
TGQ-20
TGQ-26

TGQ-34

TGQ-37

TGQ-39

TGQ-42

TGQ-46

TGQ-47

TGQ-48

98.991198.991
98.991198.991
98.176/98.176
98.765/98.765
98.655198.655

99.664/99.664
99.664/99.664
98.860/98.860
99.439/99.439
99.327199.327

98.991198.991
98.991198.991
98.176198.176
98.765198.765
98.655198.655

99.776/99.776
99.776/99.776
98.974/98.974
99.551199.551

97.194/97.194
97.194197.194
96.119196.119
96.742196.742

99.432199.432
99.432199.432
98.613/98.613
99 .204199.204

98.879/98.879
98.991198.991

99.552199.552
99.664/99.664

98.879/98.879
98.991198.991

99.103/99.1 03

98.430/98.430
99.103/99.103

96.633/96.633
96.857/96.857
96.970/96.970
96.633/96.633
97.082197.082
96.409/96.409
97.194/97.194

99.091199.091

TGQ-28
TGQ-30

99.439199.439
99.664/99.664
99.776/99.776

99.552199.552
99.552199.552
98.746/98.746
99.327/99.327
99.215199.215

TGQ-34
TGQ-37
TGQ-39
TGQ-42
TGQ-46
TGQ-47
TGQ-48
TGQ-52
TGQ-59
TGQ-63

99.103/99.1 03
99.888199.888
97.082197.082
99.545199.545
99.664/99.664
99.888/99.888
99.776/99.776
99.552199.552

99.215199.215
96.409196.409
98.864198.864
98.991198.991
99.215199.215
99.103/99.103
98.879/98.879

98.991/98.991

99.664/99.664
99.664/99.664

98.991198.991
98.991198.991

TGQ-79

99.103/99.103

99.776199.776

TGQ-82
TGQ-83

98.991198.991
98.174/98.174

99.664/99.664
98.976/98.976

TGQ-67
TGQ-72

00

99.103199.103
98.430/98.430
99.215/99.215
96.633/96.633
98.864/98.864
98.991198.991
99.215/99.215
99.1 03/99.1 03
98.879/98.879
99.215/99.215

99.215199.215
99.888/99.888
99.215/99.215
97.194/97.194
99 .659199.659
99.776/99.776
100.001100.00
99.888199.888
99.664/99.664

99318/99318
99.432199.432
98.864198.864
99.545199.545
98.864198.864
99.659199.659
97.042197.042

99.439/99.439
99.552199.552
98.991/98.991
99.664/99.664
98.991198.991
99.776199.776
96.970/96.970
99 .432199 .432

97.042197.042
96.970/96.970
97.194/97.194
97.082197.082

99.432199.432
99.659/99.659
99.545/99.545
99.318199.318
99.432199.432
99.432/99.432

99.1 03/99.103

99.776199.776
99.888/99.888

96.970/96.970
96.970/96.970
96.970/96.970
97.082197.082

99.545199.545

99.552199.552
99.664199.664

98.991198.991
98.174/98.174

99.776/99.776
98.973/98.973

96.970196.970
96.114196.114

99.432199.432
98.613/98.613

99.552199.552
98.744/98.744

99.776/99.776

99.776/99.776
99.664/99.664
99.439199.439
99.552199.552

Table 3.4a continued: The percent similarity and identity that showed significant
homology to Globodera rostochiensis.
Clone

TGQ-52

TGQ-59

TGQ-63

TGQ-67

TGQ-I7
TGQ-I8

99.776/99.776
99.776/99.776
98.974/98.974
99.551199.551
99.439/99.439
99.664/99.664
99.776/99.776
99.215/99.215
99.888/99.88
99.215/99.215
100.0011 00.00
97.1 94/97.194

99.664/99.664
99.664/99.664
98.860/98.860
99.439/99.439
99.327/99.327
99.552199.552
99.664/99.664
99.103/99.103
99.776/99.776
99.1 03/99.103
99.888/99.888
97.082197.082

99.439/99.439
99.439/99.439
98.632198.632
99.214199.214
99.103/99.103
99.327/99.327
99.439/99.439
98.879/98.879
99.552199.552

99.552199.552
99.552/99.552
98.746/98.746
99.327/99.327
99.215/99.215
99.439/99.439
99.552199.552
99.215/99.215
99.664/99.664
98.991198.991
99.776/99.776
96.970/96.970

99.659199.659
99.776/99.776

99.545199.545
99.664/99.664
99.888/99.888

TGQ-19
TGQ-20
TGQ-26
TGQ-28
TGQ-30
TGQ-34
TGQ-37
TGQ-39
TGQ-42
TGQ-46
TGQ-47
TGQ-48
TGQ-52
TGQ-59
TGQ-63
TGQ-67
TGQ-72
TGQ-79
TGQ-82
TGQ-83

~

99.888/99.888
99.664/99.664
99.776/99.776
99.776/99.776
99.888/99.888
99.776/99.776
98.783/98.783

99.552199.552
99.664/99.664
99.664/99 .664
99.776/99.776
99.664/99.664
98.858/98.858

98.879198.879
99.664/99.664
96.970/96.970
99.318/99.318
99.439199.439
99.664199.664
99.664/99.664
99.439199.439
99.439/99.439
99.552199.552
99.439/99.439
98.630/98.630

99.432199.432
99.552199.552
99.776/99.776
99.664199.664
99.439199.439
99.552199.552
99 .664/99.664
99.552199.552
98.74498.744

Table 3.4b: The percent similarity and identity of clones demonstrating homology to Globodera pallida.
Clone
TGQ-21
TGQ-36
TGQ-38
TGQ-40
TGQ-41
TGQ-55
TGQ-60
TGQ-62
TGQ-69
TGQ-84
TGQ-85
TGQ-86

e:

TGQ-21

99.776/99.776
99.440/99.440
99.552199.552
99.328/99.328
98.922198.922
99.664199 .664
99.552199.552
99.328/99.328
99.440/99.440
99.552199.552
92.286/92.286

TGQ-36

TGQ-38

TGQ-40

TGQ41

99.776/99.776

99.440/99.440
99.664/99.664

99.552199.552
99.776/99.776
99.440/99.440

99.328/99.328
99.552199.552
99.216/99.216
99.328/99.328

99.664/99.664
99.776/99.776
99.552199.552
98.992198.992
99.888/99.888
99.776/99.776
99.552199.552
99.664/99.664
99.776/99.776

92.567/99.567

99.440199.440
99.216/99.216
98.656/98.656
99.552199.552
99.440/99.440
99.216/99.216
99.328/99.328

99.440/99.440
92.146192.146

99.328/99.328

98.768/98.768
99.664199.664
99.552199.552
99.328/99.328
99.440/99.440
99.552199.552
92.286/92.286

98.768/98.768
99.440199.440
99.328/99.328
99.1 04/99.104
99.664/99.664
99.328/99.328
92.146192.146

Table 3.4b continued: The percent similarity and identity of clones demonstrating homology to Globodera pallida.

~

Clone

TGQ-55

TGQ-60

TGQ-62

TGQ-69

TGQ-84

TGQ-85

TGQ-86

TGQ-21
TGQ-36
TGQ-38

98.922198.922
98.922198.922
98.656/98.656

99.664/99.664
99.888/99.888
99.552199.552

99.552199.552
99.776/99.776
99.440/99.440

99.328/99.328
99.552199.552
99.216/99.216

99.440/99.440
99.664/99.664
99.328199.328

99.552199.552
99.776/99.776
99.440/99.440

92.286/92.286
92.567/92.567
92.146/92.1 46

TGQ-40

98.768/98.768

99.664/99.664

99.552199.552

99.328/99.328

99.440/99.440

99.552199.552

92.286/92.286

TGQ-41
TGQ-55

98.768/98.768

99.440/99.440
98.880/98.880

99.328/99.328
98.768/98.768

99.104199.104
98.544/98.544

99.664/99.664
98.880/98.880

99.328/99.328
98.768/98.768

92.146/92.146
91.304/91.304

TGQ-60

98.880/98.880

99.664199.664

99.440/99.440

99.552199.552

99.664/99.664

92.426/92.426

TGQ-62
TGQ-69
TGQ-84
TGQ-85
TGQ-86

98.768/98.768
98.544198.544
98.880/98.880
98.768/98.768
91.304/91.304

99.328/99.328

99.440199.440
99.216/99.216

99.552/99.552
99.328/99.328
99.440/99.440

92.426/92.426
92.146192.146
92.146192. I 46.
92.707/92.707

99.664/99.664
99.440/99.440
99.552199.552
99.664/99.664
92.426/92.426

99.328/99.328
99.440/99.440
99.552/99.552
92.426192.426

99.216/99.216
99.328/99.328
92.1 46/92.1 46

99.440199.440
92.146192.146

92.707/92.707

Table 3.4c: The percent similarity and identity of clones 22 to 35 showing significant homology to Prismatolaimus

intermedius.
Clone
TGQ-22
TGQ-23
TGQ-24
TGQ-25
TGQ-27
TGQ-32
TGQ-33
TGQ-35

e:

TGQ-22

TGQ-23

TGQ-24

TGQ-25

TGQ-27

TGQ-32

TGQ-33

99.436/99.436

99.662199.662

99.775/99.775
99.436/99.436
99.662/99.662

99.887/99.887
99.549/99.549
99.775/99.775

99.775/99.775
99.436/99.436

99.662/99.662
99324/99324
99.549/99.549
99.662/99.662
99.775/99.775
99.662/99.662

99.436/99.436
99.662/99.662
99.775/99.775

99.324/99.324
99.436/99.436

99.324/99.324

99.887/99.887
99.775199.775

99.549/99.549
99.436/99.436

99 .662/99 .662

99324/99.324

99.662199.662

99.324/99.324

99.662199.662
99.775199.775
99.662199.662
99.549/99549
99.549199.549

99.887199.887
99.887/99.887
99.775/99.775

99.662199.662
99.662199.662

99.887199.887
99.775199.775
99.775/99.775

99.662199.662
99.775199.775
99.887/99.887
99.662199.662
99.662199.662

99.549/99.549

Table 3.4c continued: The percent similarity and identity of clones showing significant homology to Prismatolaimus

intermedius.

Clone

TGQ-35

TGQ-43

TGQ-45

TGQ-49

TGQ-56

TGQ-65

TGQ-70

TGQ-22
TGQ-23
TGQ-24
TGQ-25
TGQ-27
TGQ-32
TGQ-33
TGQ-35

99.662199.662
99.324/99.324
99.549/99.549
99.662199.662
99.775/99.775
99.662199.662
99.549/99.549
99.549/99.549

99.662199.662
99.324/99.324
99.549/99.549
99.662199.662
99.775/99.715
99.662199.662
99.775/99.775
99.775/99.775

99.887/99.887
99.549/99.549
99.775/99.775
99.887/99.887
100.00/100.00
99.887/99.887
99.775199.775
99.21199.211

99.324/99.324
98.985/98.985
99.211199.211
99.324/99.324
99.436199.436
99.324199.324
99.211199.211
93.912193.912

94.025/94.025
93.687/93.687
93.912/93.912
94.025/94.025
94.138/94.138
94.025/94.025
93.912193.912
99.549/99.549

99.662/99.662
99.324/99.324
99 .546/99.546
99.662199.662
99.775/99.715
99 .662199.662
99.549/99.549
99.436/99.436

99.549/99.549
99.211199.211
99.436/99.436
99.549/99.549
99.662199.662
99.549/99.549
99.436/99.436

TGQ-22
TGQ-23
TGQ-24
TGQ-25
TGQ-27
TGQ-32
TGQ-33
TGQ-35

00
C>\

TGQ-76

TGQ-78

99.775/99.775
99.436/99.436
99.662199.662
99.775/99.775
99.887/99.887
99.775199.775
99.662199.662
99.662199.662

99.887/99.887
99.549/99.549
99.775/99.775
99.887/99.887
100.001100.00
99.887/99.887
99.775/99.775
99.775199.775

Table 3.4c continued: The percent similarity and identity of clones showing significant
homology to Prismatolaimus intermedius.
Clone

TGQ-43

TGQ-43
TGQ-45
TGQ-49
TGQ-56
TGQ-65
TGQ-70
TGQ-76
TGQ-78

00

-.l

99.775199.775
99.211199.211
93.912193.912
99.549199.549
99.436199.436
99.662199.662
99.775199.775

TGQ-45

TGQ-49

TGQ-56

99.775199.775

99.211199.211

93.912193.912

99.436/99.436

94.138194.138
93.799/93.799

99.436/99.436
94.138/94.138
99.775199.775
99.662199.662
99.887/99.887
100.0011 00.00

93.799193.799
99.211/99.211
99.098/99.098
99.324/99.324
99.436/99.436

93.912/93.912
93.799/93.799
94.025194.025
94.138/94.138

Table 3.4c continued: The percent similarity and identity of clones showing significant homology to

Prismato/aimus intermedius.

00
00

Clone

TGQ-65

TGQ-70

TGQ-76

TGQ-78

TGQ-43
TGQ-45
TGQ-49
TGQ-56
TGQ-65
TGQ-70
TGQ-76
TGQ-78

99.549/99.549
99.775/99.775
99.211/99.211
93.912193.912

99.436/99.436
99.662199.662
99.098/99.098
93.799/93.799
99.436/99.436

99.662199.662
99.887/99.887
99.324199.324
94.025/94.025
99.662199 .662
99.549/99.549

99.778/99.778
100.00/1 00.00
99.436/99.436
94.138/94.138
99.775/99.775
99.662/99.662
99.887/99.887

99.436/99.436
99.662199.662
99.775/99.775

99.549/99.549
99.662199.662

99.887/99.887

Table 3.4d: The percent similarity and identity of the clones showing significant homology to

Tylolaimophorus minor.

~

Clone

TGQ-53

TGQ-53
TGQ-73
TGQ-74
TGQ-75
TGQ-77

100.00/100.00
99.546/99.546
99.773199.773
99.656/99.656

TGQ-73

TGQ-74

TGQ-75

100.0011 00.00

99.546/99.546
99.546/99.546

99.773/99.773 99.656199.656
99.773199.773 99.656/99.656
99320/99.320 99.196/99.196
99.426199.426
99.426199.426

99.546199.546
99.773/99.773
99.656/99.656

99.320/99.320
99.196/99.196

TGQ-77

Table 3.4e: The percent similarity and identity of clones showing homology to
PJectus spp.

::g

Clone

TGQ-50

TGQ-50
TGQ-51
TGQ-58
TGQ-61

99 .662199 .662
99.775199.775
99.775199.775

TGQ-51

TGQ-58

TGQ-61

99.662199.662

99.775199.775
99.662199.662

99.775199.775
99 .662199 .662
100.0011 00.00

99.662199.662
99.662199.662

100.0011 00.00

Twelve clones demonstrated homology to Globodera pallida. Of those 12
clones, 10 were determined to be genetically similar belonging to the same species.
However, clones TGQ-55 and TGQ-86 were deemed genetically different from each
other and the other clones in this group (Table 3.4b).
Sixteen clones demonstrated homology to Prismatolaimus intermedius.
Fifteen of those clones were determined to be genetically similar according to the
established parameters. Clone TGQ-56, however, was determined to be genetically
different perhaps belonging to a different species of Prismatolaimus (Table 3.4c).
Clones that were determined to be homologous to Tylolaimophorus minor
were all genetically similar. Clones TGQ-53 and TGQ-73 were genetically identical

to each other (Table 3.4d).
Blast analysis indicated that clones TGQ-50, TGQ-5I, TGQ-58, and TGQ-61
were homologous to Plectus spp. All the clones in this group were considered
genetically similar with clones TGQ-58 and TGQ-61 being genetically identical
(Table 3.4e).
A small molecular sequencing project of nematodes belonging to

Rotylenchulus reniformis was conducted. The blast analysis revealed that these clones
demonstrated homology to G. pallida, G. rostochiensis and Heterodera glycines.
Discussion

Many clones demonstrated significant homology to the same species. For
instance, in the Whitmore site, many clones were significantly related to G.

rostochiensis. When these clones were aligned with known sequences of G.
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rostochiensis from Genbank, the percent similarity and identity were quite bigh.
These findings suggested significant similarity and perhaps close relatedness.
However, these clones do not belong to this species. Whitmore soils have been
studied extensively and thus far, there has been no documentation of Globodera.
These results indicated that there is some genetic variation within the same species of
nematodes. Occasionally, known sequences of nematodes representing the same
species were designated strains in Genbank. This is not a common term used in
nematology, as result closely related clones of the same species were deemed
biotypes in this study. Therefore, fifteen clones showing homology to G.

rostochiensis were probably biotypes of R. reniformis. Furthermore, it is known that
there is a limited amount of nematode sequence infonnation available in Genbank
with insufficient sequence information for R. reniformis. All of these factors
contributed to the Validity of Gap analysis.
Gap analysis is a good tool to use to visualize relationships between two
closely related sequences. This was supported by the occasional 100% identical
clones throughout the experiments. However, if the entire gene is sequenced, the
analysis may provide a more accurate genetic status of a clone. If partial sequences
are used, Gap analysis may only provide supporting evidence of the relatedness of
clones. Therefore, it is recommended that other analyses such as phylogenetic
analysis be conducted in conjunction to confidently assess the degree of separation of
clones.
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CHAPTER 4
Molecular Sequencing of Two Nematode Communities
Molecular methods for diversity assessment have been utilized in order to
comprehend groups of organisms that are difficult to study by other means. The
application of culture-independent methods for bacterial taxonomy has revealed
unexpected diversity in most habitats. For example, 70% of polymerase chain
reaction-amplified eubacterial 16S genes from Siberian tundra soil differed by more
than 5% from those in current databases and a finther 7% differed by more than 20%

from known sequences (Zhouet al., 1997). Zhou et al. (1997) concluded that the
majority of the tundra soil bacterial community had never been isolated. In addition,
the physiology and function of the tundra soil bacterial community dominant
members was unknown. Analysis of the sequenced, culture-independent bacterial
diversity suggests that only 1% of diversity may be culturable (Woese, 1996), and
that there exist widespread and ecologically important major groups (bacterial
divisions) for which no cultured isolates are available (Hugenholtz et al., 1998).
While it is unlikely that a meiofaunal group such as nematodes has been similarly
undersampled, it remains that a majority have yet to be described (Floyd et al., 2002).
In a large biodiversity inventory project in Cameroon, more than 90% of the 374
collected nematode morphospecies could not be assigned to known species (Lawton
el al.,

1998).

This finding also lends credibility to the speculation of many nematologists
that only a very small percentage of the world's nematode species are described
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(Bernard and Schmitt, 2005). It is even more certain that only a tiny minority have

any associated sequence data (Floyd et al., 2002).
Currently, molecular techniques are routinely used to assess genetic variation
and community profiles of nematodes. Vanderknapp et al. (1993) used an arbitrarily
primed PCR technique to differentiate closely related bacterial-feeding nematode
species that could not be morphologically distinguished and suggested that the
technique could be used in an ecological context. Eyulaem and Blaxter (2003) were
able to characterize five morphologically identical populations of Panagrolaimus into
two species by sequencing 18S rDNA. Floyd et al. (2002) developed a molecular

operational taxonomic unit approach in which PCR-amplified products from
individual nematodes were sequenced and suggested modifications to make the
method applicable to community analysis. One fingerprinting technique that has been
used to study biodiversity is denaturing gradient gel electrophoresis (DOGE). DOGE

allows the separation of DNA fragments of similar length but with different
sequences based on the decreased electrophoretic mobility of a partially melted
double-stranded DNA in gels containing a linear gradient of DNA denaturants, a
miXture of urea and formamide (Muyzer and Smal1a, 1998). Estimation of

biodiversity is achieved by counting the number of bands on the gel which represent
operational taxonomic units (OTUs). This technique has been used extensively in
microbial ecology, environmental microbiology and now is being used in
nematology. Thus far, DGGE has been used to separate laboratory cultures of
nematodes representing different trophic groups. The technique has advantages over
a morphological analysis which include hours of laborious microscopy and special
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training in taxonomy (Foucher and Wilson, 2002). In addition, Waite et al. (2003)
used DGGE to analyze nematode communities from DNA directly extracted from a
Ig soil sample.
DGGE is only capable of identifying relatively abundant taxa in an
environmental sample. This is suitable for identifying major changes in the species
composition between samples, but not for a direct assessment of species richness,
thus, the technique is useful as a rapid method for community analysis in a similar
manner as for microbial ecological studies. Nevertheless, it is possible to gather this
information to a limited extent using peR-DGGE. Because the 188 rDNA gene has
been used extensively in nematode phylogeny (Blaxter, 1998), hundred of sequences,
including many common soil nematodes, are available for comparison (Floyd et al.,
2002) with sequences of bands excised from DGGE gels.
Other molecular fingerprint systems have been proposed and tested for
nematodes, including length polymorphisms of PeR-amplified gene segments,
restriction fragment length polymorphisms (RFLP), randomly amplified DNA
polymorphisms (RADP), and amplified fragment length polymorphisms (AFLP)
(powers, 1992; Powers and Harris, 1993; Powers and Adams, 1994; FoIkertsma et al.,
1996; Powers et al., 1997; 8za1anski et aI., 1997; 8emblat el ai., 1998; 8emblat el ai.,
2000). These approaches have major disadvantages, however. peR and RFLP are
only applicable to a small subset of known taxa, as the methods display only a limited
amount of information. RADP and AFLP analyses can render huge amounts of
information, but it remains unclear what level of difference in fragment patterns
should be taken as defining an OTU. In all of these methods, when a novel pattern is
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•

observed there is no simple way of deducing the relationship of the individual from
which it derives, to known taxa. Molecular sequence data has been used several times
to define taxa of nematodes. Sequences from the nuclear ribosomal RNA repeat have

been used to demonstrate the probable identity of isolates from different parasitic
hosts (Elson-Riggins et aJ., 2001), and to unravel the relationships of species
complexes that suffer from confused published taxonomy (Adams, 1998; Adams et
al., 1998; Beckenbach et aJ., 2000).

Floyd et aJ. (2002) began the tedious task of developing a simplified,
molecular system that will permit diversity and abundance estimation of nematodes in
soils. The 5' end of the small subunit ribosomal RNA gene was determined to be the
molecular operational taxonomic unit (MOTU) identifier for soil nematodes. Many
MOTU could readily be assigned to classical, morphologically-defined taxonomic
units using a database of small subunit sequences from named nematode species.
The MOTU technique allows a rapid assessment of nematode taxon diversity in soils.
Correlation with a database of sequences from known species offers a use of the
technique in ecological surveys addressing biological as well as genetic diversity.
Blaxter (2004) recognized the advantages of high-throughput, sequence-based
molecular taxonomy, both for single specimens and for communities. As a result,
Griffiths et aJ. (2006) conducted a study combining morphological and molecular
sequencing to establish the potential for analyzing nematode communities by
molecular biological characterization. Griffiths et al., 2006 suggested that the
benefits of high-throughout and rapid quantification that the molecular techniques
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permit will continue to become better with continued identification and sequencing of
different nematodes.
Molecular analysis should provide a higher resolution of species without
taxonomic expertise compared to morphological analysis. Morphological
identification of species is often not taxonomically possible due to the absolute
number of nematodes to be identified, a lack of specialist knowledge and the fact that
most species can only be identified from adult characters (Floyd et al., 2002). The
objective of this experiment is to compare soil nematode communities from a natural
terrestrial ecosystem and an agricultural system using both molecular sequencing and
morphological analysis.
Materials and Methods

Two communities were chosen to study nematode communities. One site
represented an agriculture system and was located at the Whitmore Pineapple
Research Station in Wahiawa, Oahu, Ill. The other site represented a natural
ecosystem in the Manoa Falls Trail, Oahu, Ill. Within the Manoa Trail site, three
different sites were chosen with increasing altitude. Site A was dominated by trees.
Site B was characterized by trees and shrubs. Site C was characterized by grasses,
taro and wetland shrubs. Whitmore Research Station was characterized by an
unattended eight and half year old pineapple field where pineapple still growing

.

mixed with various species of monocot and dicot weeds. Soil was collected from each
site and nematodes were extracted from 250 cm3 of soil using a mist chamber (Baker,
1985). Nematodes were collected after 3 days. The nematodes were counted,
identified with the aid of an inverted microscope and then used for DNA extractions.
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DNA Extraction

All nematodes extracted from a sample were transferred to a 1.5 m1 eppendorf
centrifuge tube and centrifuged for approximately 5 minutes to pellet the nematodes.
The water was decanted and the nematodes were resuspended in 250 ,.1.1 of
cetytrimethylammonium bromide (CTAB) buffer. After suspension in CTAB, glass
beads (425-600 J.Un in diameter) were added to aid in the disruption of the nematode
cells. The solution was ground for 30 seconds with a Kontes Pestle. The nematode
solution was allowed to incubate for 5 minutes at 65°C. A 250 )ll chloroform aliquot
was added and this solution was

vortexed for 5 minutes. This mixture was

centrifuged at 8000 X g for 5 minutes and the upper phase of the solution was
transferred to a clean eppendorf tube. One volume of isopropanol was added to the
supematant which was then incubated at room temperature for 5 minutes.
Homogenized samples were spun at maximum speed for 20 minutes. The aqueous
phase was discarded and the remaining pellet was washed with 70% ethanol twice.
The DNA pellet was resuspended in 50 III of distilled water. The DNA was then
stored at -20°C until needed for analysis.
Amplification of the 18S rDNA Gene

For PCR, 2)l1 of each lysate was added to a 25 III PCRreaction. The 5'3'sequence of the forward primer (designated Nem_18S]) is
CGCGAATRGCTCAITACAACAGC;thereverseprimer(Nem_18S_Ris)
GGGCGGTATCTGATCGCC. The primer concentration was 0.5 )lM. The DNA
template, primers and water were added to a tube ofImmoMix (Bioline, UK). The
tube was activated for 7-minutes to eliminate the presence of non-specifics such as
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primer-dimers and mis-primed products. Thennocycling conditions were set at: an
initial denaturation at 94°C for 5 minutes; 35 cycles of amplification (94°C for 30
seconds; 55°C for 30 seconds; 72°C for 1 minute); followed by a final extension at
72°C for 10 minutes. Products (10 J.Ll) were visualized on 1% agarose gels stained
with ethidium bromide.
Ligation Reaetion

The PCR products were ligated into pGEM-T Easy Vector system (Promega,
Madison, USA). The ligation reaction included the PCR products from the four
different sites, a positive control and a background control. The standard reaction
contained 5 III of the 2X ligase buffer, 1 III of the pGEM-T Easy vector, 3 III of the
PCR product and 1 III of the T4 DNA ligase. The same volumes were used for both
positive and background control reactions adjusting the volumes with water. Prior to
the ligation experiment, each sample was centrifuged for 10-20 seconds. The ligation
reactions were incubated for 1 hour at room temperature.
Transformation into Escherichia coli
JM 109 competent cells were pipetted into each ligation reaction. The

reactions were placed on ice for 20 minutes. Subsequently, the cells were heatshocked for 45-50 seconds in a water bath set at 42° C. The tubes were immediately
returned to ice. After 2 minutes, 900 III of super optimal catobolite repression media
(SOC) was added to each tube which was then incubated at 37°C with shaking. After
1.5 hours, 100 III of each of the transfonnations were spread on MacConkey agar
plates augmented with ampicillin. The plates were incubated overnight at 37°C. Red
colored colonies were selected for miniprep of putative transfonnants.
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QIAPrep Miniprep
Ampicillin-resistant colonies were transferred into Luria-Bertani (Lb)
Medium with ampicillin and grown overnight at 37°C. A 1.5 m1 sample from each
culture was pipetted into a labeled microcentrifuge tube. The cultures were
centrifuged at maximum speed for 10 minutes. The supernatant was discarded and
250 III of resuspension buffer (PI) was added to each tube. A 250 III aliquot oflysing
buffer (P2) was added to each tube and mixed until a homogeneously colored
suspension was achieved. Neutralizing buffer (N3) (350 Ill) was added to each tube to
aid in the precipitation of sodium dodecyl sulfate (SDS) and cell debris, while the
smaller DNA renatured and remained in solution. The tubes were centrifuged for 10
minutes. The supernatant was delivered to a QIAprep Spin colunm (Qiagen,
Maryland, USA) and the columns were rotated in the microcentrifuge for 30-60
seconds. The flow-through was discarded. The QIAprep Spin columns were cleaned
by adding 750 III of washing buffer (PE). The tubes were centrifuged for 30-60
seconds and the flow-through was discarded. QIAprep spin columns were placed
into clean, labeled microcentifuge tubes and 50 III of elution buffer (EB) was added.
The microcentrifuge tubes were centrifuged for 1 minute and plasmid DNA was
collected.
Restriction digests
Restriction enzyme digestions with EcoRI were conducted on all samples to ensure
the plasmid DNA had, in fact, acquired the approximately 900 bp target DNA. The
samples were incubated at 37°C for an hour. A 1% agarose gel was prepared to
visualize the DNA. The DNA concentration was determined using a
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spectrophotometer for those samples that possessed the expected band profile. The
samples were then submitted to the Core Facility at the University of Hawaii at
Manoa for sequencing. Both forward and reverse reactions were carried out on each
sample.
Gap analysis

Clones that possessed the same B1astn species nomenclature were compared
to determine percent identity and similarity. Known sequences within the same genus

were retrieved from Genbank and compared via gap methodology as well.
Determination of these values assisted in the establishing parameters in order to
assign particular clones into their appropriate operational taxonomic units (OTUs).
Cluster Analysis
Sequence traces were trimmed of poor quality data using Bioedit The forward
and reverse reactions were aligned to pinpoint the homologous site and then a
consensus sequence was established for each clone. The sequences were of similar
length, approximately 870 base pairs (bp). All of the consensus sequences were
imported into Sequencher demo 4.7 where assemblage parameters were determined.
The sequences were assembled according to these parameters and a contig established
for each sample. The output displayed the orientation and the name of each sequence.
Those sequences that were not in the correct orientation were reverse complemented
and then a pairwise and multiple alignments were conducted using Clustal W in the
Molecular Evolutionary Genetics Analysis (MEGA4) program (Tamura el m., 2007).
MEGA was also was used to conduct phylogenetic analysis. The Neighbor-Joining
(NJ) method with bootstrapping was used to construct one phylogenetic tree for all
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four sites (Saitou and Nei, 1987). The maximum composite likelihood model was

used with 2000 replications. The rate of nucleotide substitution was homogeneous
with tmifonn rates.
Results

Morphological assessment of Manoa Falls, Site A provided a species richness of 12
(Table 4.1). Overall, the commtmity was dominated by bacterivores at 39% followed
by herbivores at 30% and lastly predators and omnivores contributing only 2%
respectively to the commtmity. Of those species, the most abundant nematode was

Prismatolaimus providing 20 individuals contributing over 20% to the nematode
commtmity. The most abundant nematode in the herbivore group was Pratylenchus
constituting nearly 16%. Filenchus was the most abundant nematode in the fungivore
group contributing 13% to the nematode commtmity.
For the molecular assessment, Manoa Falls, Site A gave 61 clones showing
significant homology to the 18S rDNA gene from the phylum Nematoda. Thirty-three
clones were empty cloning vectors, and one clone aligned to the insect Trichoniscus

pusillus. Of the 61 clones, a few represented multiple times. Operational taxonomic
tmit N.. for example, had nine duplicates (Table 4.2). The nematode commtmity was
characterized by a species richness of 30. None of these species were identified using
morphological assessment. Overall, the nematode commtmity was dominated by
bacterivores at 39%. The most abundant bacterivores were OTUs showing homology
to Plectus and Prismatolaimus. The omnivore constituted 25% of the nematode
commtmity with the most abundant belonging to OTUs showing homology to
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Table 4.1: Morphological analysis of the abwuiance and proportion of a nematode
community from a natural forest in Manoa, Oahu, m, Site A
Trophic group

Genus

Abundance

Proportion

Bacterivore

Cephalobidae

10

0.109

Prismatolaimus

20

0.217

Rhabditidae

6

0.065

Aphelenchoides

4

0.043

Aphelenchus

2

0.022

Filenchus

12

0.130

Tylenchus

4

0.043

Helicotylenchus

2

0.022

Longidorus

4

0.043

Paratylenchus

8

0.087

Pratylenchus

14

0.152

Belondirella

2

0.022

Dorylaimus

2

0.022

Predator

Mylonchulus

2

0.022

Total

12

92

1.00

Fungivore

Herbivore

Omnivore
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Table 4.2: Nematode species identified molecularly from a site A in Manoa, Oahu, Hawaii using DNA amplification and
cloning of the 18S rDNA gene.

Trophic group OTUs
Bacterivore
OTUAu.
OTUB.
OTUF.
OTUG.
OTUH.
OTUO.

Fungivore

OTUP.
OTUQ.
OTUS.
OTUT.
OTUU.
OTUY.
OTUZ.
OTUI.
OTUK,.
OTUBb.
OTUCe.

~

Clone
A34,A2-39
A32,A2-46
A2-30
A25
AJI
AOI, A24, A2-12, A228
A2-17
A2-41
A23. A26, A2-43
A40,A47
A43
A18, A2-20. AJO. A39
A17
All, A28, A2-18, A222,A2-29
A2-02, A2-06
A14, A21, A41
A42,A2-35

Nematode species similar to
Aerobeles complexus
Aerobeloides apiculatus
Cephalobus persegnis
Chronogaster spp.
Chronogaster spp.
Plectus spp.

Abundance
2
2
I
I
1
4

Proportion
0.033
0.033
0.016
0.016
0.016
0.066

Plectus spp.
Plectus spp.
Prismatolaimus dolichurus
Prismatolaimus intermedius
Prismatolaimus intermedius
Pseudacrobeles variabilis
Pseudacrobeles variabilis
Ditylenchus brevicauda

1
I
3
2
1
4
1
5

0.016
0.016
0.050
0.033
0.016
0.066
0.016
0.082

Ecphyadophora spp.
Tylencholaimus mirabilis
Tylenchus spp.

2
3
2

0.033
0.050
0.033

Table 4.2 (continued): Nematode species identified molecularly from a site A in Manoa, Oahu, Hawaii using DNA
amplification and cloning of the 18S rONA gene.

Trophic group
Herbivore
Omnivore

Predator

Unknown
Total

~

OTUs
OTURa
OTUJ.
OTUL.

Clone
A07
A37
A33,A38

Nematode similar to
Pratylenchoides magnicauda
Dorylalmaides spp.
Ecumencius monohystera

Abundance
I
I
2

Proportion
0.016
0.016
0.033

OTUM"

A05, A16, A27, A29,
A36, A44, A45, A2-44
A2-47
A03
AIO
A2-34
A2-33, A2-36, A2-40
A2-38
A2-45
A2-21
A08, A2-08, A2-19

Orydirus oxycephalus

8

0.131

Orydirus oxycephalus
Prodorylaimus spp.
Prodorylaimus spp.
Prodorylaimus spp.
Aporcelaimellus spp.
Aporcelaimellus spp.
Aporcelaimellus spp.
Sectonema spp.
Uncultured nematode Stype 5

1
1
1
I
3
1
1
1
3
61

0.016
0.016
0.016
0.016
0.50
0.016
0.016
0.016
0.050
1.00

OTUN.
OTUY.
OTUW.
OTUX.
OTUe.
OTUD.
OTUE.
OTUAaa
OTUDd.
30

Oxydirus. The fungivores followed with 20% and the most abundant nematodes being
similar (98%) to Ditylenchus brevicauda. Predators made up 10% of this community
with the most abundant nematode showing significant homology to Aporcelaimellus.
Only 2% were herbivores represented by a nematode demonstrating homology to

Pratylenchoides. 6% represented nematodes that were unable to be classified (Table
4.2).
Morphological assessment of Manoa Falls, Site B was characterized by a
species richness of 12 taxa (Table 4.3). Overall, this community was dominated by
fungivores at 80%, followed by omnivores at 9% and herbivores at 6%. Predators and
bacterivores constituted only 2% of the community. The most abundant fungivore in
this community was Filenchus with 50 individuals. Belondirella was the most
abundant omnivore and Rotylenchulus was the most abundant herbivore.
For Manoa Falls, Site B the cloning experiment was minimally successful
with fewer than a 100 clones produced. Therefore, only 72 clones were selected and
from those only 35 positive nematode clones were obtained. One clone aligned with

Isohypsibius cambrensis, a tardigrade. The other 36 clones were empty vectors. Of
the 35 clones, a few were represented multiple times. There were seven duplicates of
OTU Ab which was similar to Oxydirus oxycephalus, an omnivore (Table 4.4). Site B

was characterized by a species richness of20. Overall, the community was dominated
by omnivores at 34% followed by fungivores at 26% and bacterivores at 23%.
Predators constituted 11 % of the community while herbivores made up a mere 3%.

Californidorus spp. which made up 3% was not included in the trophic group
assessment due to the uncertainty of its feeding habits. Helicotylenchus and Tylenchus
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Table 4.3: Morphological analysis of the abundance and proportion of a nematode
community at Site B in Manoa, Oahu, HI.
Trophic group

Genus

Abundance

Proportion

Bacterivore

Prismatolaimus

2

O.oIl

Rhabditidae

2

0.011

Aphelenchoides

44

0.242

Aphelenchus

20

0.110

Filenchus

50

0275

Tylencholaimus

20

0.110

Tylenchus

2

0.011

Helicotylenchus

2

0.011

Mesocriconema

2

0.011

Rotylenchulus

6

0.033

Belondirella

16

0.088

Timmus

12

0.066

Predator

Mylonchulus

4

0.022

Total

12

182

1.00

Fungivore

Herbivore

Omnivore

108

Table 4.4: The clone analysis of nematode collected from site B in Manoa, Oahu, Hawaii that included abundance and
proportion.
Trophic group
Bacterivore

Fungivore

Herbivore
Omnivore

OTUs

Clone

Nematode species similar to

Abundance

Proportion

OTUCb
OTULb
OTUSb
OTUQb
OTUHb
OTUlb
OTUJb
OTUDt,
OTUPb

Blb-03
Blb-20
B2-30
Blb-23, B2-31
Blb-08
Blb-19
B2-39
Blb-04, Blb-07, B2-08
B2-02, B2-11, B2-12,
B2-17,B2-32
Blb-17
B2-33
B2-20, B2-35, B2-36
Blb-21
Blb-02, Blb-09, Blb-15,
Blb-22, B2-05, B2-41
Blb-13
Blb-14
B2-38, B2-42
Blb-05
B2-10
B2-07
35

Alaimus parvus
Aerobeloides apicu/atus
Chronogaster spp.
Diplolaimelloides meyli
Pseudacrobeles variabtlis
Pseudacrobeles variabilis
Pseudaerobeles varlabilis
Ditylenchus brevicauda
Dorylaimellus virginianus

1
1
1
2
1
1
1
3
5

0.029
0.029
0.029
0.057
0.029
0.029
0.029
0.086
0.143

Tylenchus sp. JH-2003 isolate
Heltcotylenchus dihystera
Dorylaimoides limnophilus
Ecumenicus monohystera
Oxydirus orycephalus

I
I
3
I
6

0.029
0.029
0.057
0.029
0.l7l

Oxydirus orycephalus
Prodorylaimus spp.
Paractinolaimus macrolaimus
Paractinolaimus maerolaimus
Trischistoma monohystera
Californidorus spp.

1
1
2
1
1
I
35

0.029
0.029
0.057
0.029
0.029
0.029
1.00

OTUKb
OTUTb
OTU~

OTUMb
OTU~

Predator

OTUBb
OTUGb
OTUEb
OTUFb
OTU~

Total

~

OTUNb
20

were two genera that were identified in both morphological and molecular
assessment
Morphological assessment of nematodes found in Manoa Falls Site C was
characterized by a species richness of 10 taxa Overall, the community was dominated
by herbivores contributing nearly 65% individuals followed by bacterivores making
up 22% of the community. Fungivores and omnivore constituted the remaining
community at 12% and 2% respectively. Helicotylenchus was the most abundant
herbivore constituting 34% of the community. The most abundant bacterivore
belonged to the family Rhabditidae making up 20% of the community.

Aphelenchoides spp. was the most abundant fungivore imparting nearly 8% to the
nematode community (Table 4.5).
In molecular assessment, 58% of the cloning was successful for Manoa Falls

Site C. Forty clones were empty vectors. Of the 58 clones many were duplicates. For
instance, OTUa. which was similar to Tylenchorhynchus maximus and possessed
seven clones. All were determined to be genetically similar (Table 4.6). Site C was
characterized by a species richness of30. Only two genera, Helicotylenchus and

Xiphinema, identified using molecular sequencing match those reported by
morphological aualysis. However, there was a different trend between the two
methods for most abundant trophic group. Site C's nematode community was
dominated by bacterivores at 42%. Although there is not documentation of

Tridentulus feeding habits, it was included in the bacterivores because it is a member
of the Monhysteridae family. Herbivores contributed 33% to the community followed
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Table 4.5: Morphological analysis of the abundance and proportion of Site C a
nematode community in Manoa, Oahu, ill.

Trophic groups

Genus

Abundance

Proportion

Fungivore

Aphelenchoides

18

0.016

Aphelenchus

4

0.011

Filenchus

6

0.025

Helicotylenchus

80

0.336

Rotylenchulus

68

0256

Xiphinema

6

0.025

Omnivore

Dorylaimus

4

0.017

Total

10

238

1.00

Herbivore
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Table 4.6: Nematode species identified from a site in Manoa, Oahu, Hawaii, using DNA amplification and cloning of the
18S rONA gene.

Included are abundance and proportion of clone Operational taxonomic units (OTUs) amongst the

nematode 18S rDNA sequences.
Trophic group
Bacterivore

OTUs
OTU A..,
OTUB.
OTUC.
OTUDc
OTUO.
OTUP.
OTUQc
OTUTc
OTUU.
OTUV.
OTUWc

Fungivore

-tv

OTUY.
OTUZe
OTUb.
OTUE.
OTUFc

Clone
Nematode species similar to
C2-16
Acrobeles complexus
CI-05
Aerobeloides apiculatus
CI-ll
Ascaridia galli
Cepha/obus persegnis
CI-03, CI-14,
CI-49
C2-12
Panagrobelus stammeri
C2-13, C2-41
P/ectus spp.
C2-44
Plectus spp.
C2-05
Prismatolaimus cf. dolichurus
C2-33
Prismatolaimus intermedius
C2-36
Pseudacrobe/es variabi/is
CI-08, CI-2I, CI- Rhabdolaimus cf terrestris
32, C2-22, C2-32
C2-06, C2-07
Teratocephalus terrestris
CI-35
Tridentulus spp.
C2-28
Wilsonema otopharum
C2-47
Ditylenchus brevicauda
Doryla/mellus virginianus
C2-04, C2-15,
C2-23, C2-26,
C2-30, C2-38
C2-48

Abundance

Proportion

I
1
1
3

O.oJ8
O.oJ8
0.018
0.055

I
2
I
I
I
I
5

0.018
0.036
0.D18
0.018
0.018
0.018
0.091

2
1

0.036
O.oJ8
0.018
O.oJ8
0.127

1
1
7

Table 4.6 continued: Nematode species identified from a site C in Manoa, Oahu, Hawaii that included abundance and
proportion ofOperationaI taxonomic units (OTUs) amongst nematode 18S rDNA sequences.
Trophic group
Herbivore

Omnivore
Predator
Unknown
Total

w

Nematode species similar to

OTUs

Clone

OTUGe
OTUIc
OTUJe
OTUK.,
OTUPe
OTULe
OTUMe
OTURc
OTUS e
OTUx.,
OTUac

C2-14
Ecphyadophora spp.
CI-Ol
Globodera rostochiensis
CI-16, C2-02
Helicotylenchus dihystera
CI-15
Helicotylenchus vulgaris
C2-13, C2-41
Plectus sp.
C2-01
Hirschmanniella cf. belli
CI-17
Neopsilenchus magnidens
Pratylenchoides magnicautia
CI-27
CI-34
Pratylenchoides magnicauda
CI-40
Rotylenchus robustus
CI-26, CI-42, CI-46, Tylenchorhynchus maximus
CI-47, C2-IO, C2-18
C2-20, C2-24, C2-46 Xiphinema krugi
C2-42
Oxydtrus oxycephalus
Ecumenicus monohystera
C2-40
CI-38, C2-19, C2-49 Uncultured nematode clone Stype 5

OTUCc
OTUNe
OTUHc
OTUde
31

Abundance

Proportion

I
1
2
1
2
1
1
1
1
1
6

0.018
0.018
0.036
0.018
0.036
0.018
0.018
0.018
0.018
0.018
0.109

3
1
1
3
55

0.055
0.018
0.018
0.055
1.00

with the most abundant herbivore being OTUa.. Similar numbers were reported for
fungivores and omnivores between the two analyses. Carnivores were recovered with
only the molecular assessment at 2% (Table 4.6).
Morphological analysis of the Whitmore site revealed a species richness of 15.
The community was dominated by 75% herbivores. Fungivores were next most
common (18%) and bacterivores constituted a mere 7% of the community. Nine
individuals were assigned to the Dorylaimidae, therefore it was impossible to
categorize these individuals as predators or omnivores. The most abundant herbivore

was Rotylenchulus constituting 47% of the community. Paratylenchus spp. was the
second most abundant nematode contributing 19% to this community. The most
abundant fungivore was Aphelenchoides spp. contributing 15% to the Whitmore
nematode community. Helicotylenchus spp., Cepholobus spp., and Pratylenchus spp.
imparted between 6 and 2",1, to the community (Table 4.7).
68 nematode clones were identified at the site designated Whitmore. A
number of the 68 positive clones possessed duplicates (Table 4.8). For example, 22
clones showed homology to Globodera rostochiensis. The majority of the clones
were determined to be genetically similar however, not identical (Table 3a-5). Only
three genera were in common between the two methods and include Helicotylenchus,

Mesocriconema and Tylencholaimus. Similarly, molecular sequencing revealed that
the Whitmore community was dominated by herbivores. However, bacterivores were
found to be the next most abundant trophic group at 36%. Fungivores and predators
constituted the remainjng community at 9% and I %. No omnivores were recovered
using molecular assessment. It was difficult to state this trend using morphological
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Table 4.7: Morphological abundance and proportion of nematode genera collected
from Site Whitmore, Wahiawa, ID.
Trophic group

Genus

Abundance

Proportion

Bacterivore

Aerobeloides

10

0.010

CephaJobus

29

0.028

EucephaJobus

8

0.008

Prismatolaimus

6

0.006

Rhabditidae

20

0.019

Helieotylenchus

60

0.057

Mesocriconema

4

0.004

Paratylenehus

196

0.187

Pratylenchus

22

0.021

Rotylenehulus

496

0.474

Xiphinema

2

0.002

Unknown

Dorylaimidae

9

0.009

Total

15

1046

1.00

Herbivore
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Table 4.8: Nematode species identified from site Whitmore in Wahiawa, Oahu, Hawaii using DNA amplification and cloning
of the 188 rDNA gene. Included abundance and proportion of clone Operational taxonomic units (OTUs) amongst the
nematode 188 rDNA sequences.
Trophic group
Bacterivore

OTUs
OTUOw
OTUMw
OTUPw
OTU1w
OTUSw

Fungivore
Herbivore

0-

OTUTw
OTUQw
OTUL,.
OTUJw
OTUAw

Clone
TGQ-66
TGQ-80
TGQ-64
TGQ-50, TGQ-5I, TGQ-58,
TGQ-61
TGQ-22, TGQ-23, TGQ-24,
TGQ-25, TGQ-27, TGQ-32,
TGQ-33, TGQ-35, TGQ-43,
TGQ-45, TGQ-49, TGQ-65,
TGQ-70,TGQ-76, TGQ-78
TGQ-56
TGQ-54
TGQ-29
TGQ-53, TGQ-73, TGQ-74,
TGQ-75, TGQ-77
TGQ-17, TGQ-18, TGQ-20,
TGQ-26, TGQ-28, TGQ-30,
TGQ-37, TGQ-42, TGQ-47,
TGQ-48, TGQ-52, TGQ-59,
TGQ-63, TGQ-67, TGQ-72,
TGQ-79, TGQ-82

Nematode species similar to

Abundance

Aerobeloides complexus
Alaimus parvus
Ceratoplectus armatus
PleclWi spp.

I
I
I

4

Proportion
0.D15
0.D15
0.D15
0.060

Prismatolaimus intermedius

15

0.224

Prismatolaimus intermedius
Rhabdolaimus terrestris
Tylencholaimus mirabilis
Ty/olaimophorus minor

5

0.D15
0.015
0.D15
0.075

Globodera rostochiensis

17

0.254

Table 4.S continued: Nematode species identified from site Whitmore in Wahiawa, Oahu, Hawaii using DNA amplification
and cloning of the ISS rDNA gene. Included Abundance and proportion of Operational taxonomic units (OTUs) amongst the
nematode ISS rDNA sequences.
Trophic group

OTUs

CLONE

Nematode species similar to

Abundance

Proportion

Herbivore

OTUB..
OTUe,.
OTUDw
OTUEw
OTUFw

TGQ-19, TGQ-83
TGQ-34
TGQ-39
TGQ-46
TGQ-2I, TGQ-36, TGQ-38,
TGQ-40, TGQ-4I, TGQ-60,
TGQ-62, TGQ-69, TGQ-84,
TGQ-85

Globodera rostochiensis
Globodera rostochiensis
Globodera rostochiensis
Globodera rostochiensis
Globodera pallida

2
I
I
I
10

0.030
0.015
0.015
0.015
0.150

OTUGw
OTUHw
OTU&..
OTUKw
OTUNw
20

TGQ-55

Globodera pallida
Globodera pallida
Helicotylenchus dihystera
Mesocriconema spp.
Labronema vulvapapi/latum

I
I
I
I
I
67

0.015
0.015
O.oJ5
0.015
0.015
1.00

Predator
Total

-

....

TGQ-S6
TGQ-44
TGQ-31
TGQ-68

assessment due to the inability to determine the trophic groups of the family
Dorylaimidae. OTU A w, a Globodera rostochiensis-like nematode, was the most
abundant at 25%. OTU Sw, a Prismatolaimus intermedius-like nematode was the
most abundant bacterivore (Table 4.8). OTU J w, a Ty/o/aimophorus minor-like
nematode, was the most abundant fungivore.
One Neighbor-Joining phylogenetic tree was constructed for all sites. The
phylogenetic tree contained 89 taxa including existing database sequences for the 18S
rDNA gene for nematodes and 18S rDNA gene sequences obtained in this experiment
(Fig.4.1). Operational taxonomic units OTU N. and OTU O. clustered significantly
with Oxydirus oxycephalus. These OTUs probably are omnivorous nematodes. OTU

0., appeared to be sister taxa of Trischistoma spp. Similarly, OTU Mwappeared to be
sister taxa of Alaimus parvus. OTU H.. clustered strongly with Chronogaster spp.
which is a bacterivore. OTU Bw which demonstrated homology to Globodera

rostochiensis clustered externally to both Globodera species. OTU Pw which
demonstrated significant homology to Ceratoplectus armatus clustered strongly with
OTU Kc which demonstrated homology to Helicotylenchus vulgaris. Both OTUs
clustered externally to Helicotylenchus vulgaris and Tylenchus davainei.
Discussion
Morphological identification and molecular sequencing of the 18S rDNA gene was

used to characterize the two soil nematode communities. The two methodologies gave
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Figure 3.4. Phylogenetic tree constructed using Neighbor-Joining method
87 taxa were represented including known nematode sequences of 18S rDNA
gene from Genbank and sequences obtained from this study. Phylogenetic analyses
were conducted in MEGA4.

OTUNa
69 0TUOa
Ozydirus oxycepholus
Ecumenicus monohystera
Dory/almo/des micoletzkyi
54 Aporce1a1mus spp.
Mesodorylalmus ce1II1'ocercus
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52

Labronemo vu/vapapillatum
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OTUNw
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58
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75
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, -__________________________________________________
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OTUHa
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64 OTUQa
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66
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72
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t----OTUOc
Aerobe1es complexus
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94 OTUZa
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98 OTUea
69 Cepholobus persegnis
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e

73

82
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Pratylenchus strae/eni
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83
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Neopsilenchus magnidens
OTUMc
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99
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64 G/obodera rostoch/ensis
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97
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OTUPw
02

quite different results for each of the communities observed. For both sites, the
percentage of trophic groups varied with the technique used. For example, for site A,
the morphological analysis provided a community profile dominated by bacterivores
followed by a significant number of herbivores. Similarly, the molecular analysis
demonstrated that the bacterivores were the major trophic group; however the
omnivores contributed a substantial number to this community with very few
herbivores. This result was disparate from the morphological assessment.
Furthermore, the species richness of the community varied with the techniques
employed. Among all sites, the morphological analysis provided a less rich
community compared to the molecular analysis. Perhaps, these differences can be
attributed to several circumstances. The morphological analysis could have suffered
from incorrect assignment of individual nematodes to their appropriate classification
due to a lack of expertise. As a result, nine nematodes were loosely placed in the
family Dorylaimidae which most likely skewed the trophic group dynamic within
Manoa Falls site A.
The primer set used, nem_18S] and nem_18S_R, flanked an internal
fragment of the 18S. The forward primer annealed at a site around 100bp inward from
the 5' end of the gene and the reverse primer at around 700 bp inward from the 3'
end. Therefore, the peR product was approximately 900 bp. A better resolution of the
community could have possibly been obtained by using the entire 18S gene. Griffiths
et al. (2006) observed that when the full length sequence and the first 600 bp of the
18S rDNA gene were used, fewer types were evident with the 600 bp primer set
compared to the full length sequence. As a result, valuable information was lost when
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considering only the fust section of the gene. The loss of information could be crucial
when attempting to delineate sequence groups from a complex mixture of nematodes
(Griffiths et al., 2006) Although, the nematode ribosomal database possesses over

900 core nucleotide sequence information, many nematodes either do not have
sequence information available, such as Paravulus heyns, or only sparse amounts of
sequence information are available. Therefore, some of the discrepancy was most
certainly due to the limited sequence information available in Genbank. For example,
with the Whitmore site, the CTUs which were similar to G. rostochiensis and G.

pallida were compared to R. reniformis 18S rDNA sequence in Genbank and no
significant homology was obtained. However, when the NJ tree was constructed,
these clones clustered strongly externally of the Globodera species suggesting
relatedness but not sister taxa. In addition, the sample was morphological identified
prior to molecular analysis. The majority of the sample contained R. reniformis.
Therefore, these CTUs can be confidently classified as such.
It is extremely important to morphologically assess sites many times in
coqjunction with molecular analysis due to this circumstance. Interestingly, G.

pallida and G. rostochiensis are present in the USA, but have very limited
distribution. At present, there is no documentation of these species in the Hawaiian
Islands. The Whitmore soil has been studied for many years and the most noted plant
-parasitic nematodes have been M javanica, R. reniformis, Paratylenchus, and

Pratylenchus. Globodera rostochiensis, a potato cyst nematode, has been extensively
studied molecularly. Nearly the entire 18S rDNA gene, approximately 1700 bps is in
Genbank.
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Differences in outcomes could also be attributed to methodology. One bias
could be the inherent error associated with peR and even the peR kit used. Some
variations could be due to the Taq DNA polymerase used during the peR reaction.
Other reasons could include the ligation which could have been incubated longer. A
longer incubation could have increased the efficiency providing more clones to be
sequenced. Other considerations included the cloning and sequence processes
themselves. It has been observed that DNA from rhabditids and tylenchids is underrepresented in both the high-throughput and individual analysis (Griffiths et aI.,
2006). A similar result occurred in this molecular assessment of the Whitmore site
where Paratylenchus spp., Aphelenchoides spp., Filenchus spp. and Pratylenchus
spp. were not detected. This is likely due to either a mismatch in sequence at the
primer site, or peR inhibition from the secondary structure of the template DNA or
co-extracted compounds. Foucher et aI. (2004) also observed that smaller nematode«
have a greater proportional mass of cuticle and a lesser proportion of ONA from
larger individuals. This inclination is crucial because of the potential to omit taxa that
represent a low proportion of the total nematode community. As a result, the
molecular analysis could provide an inaccurate ecological index of the nematode
community. Therefore, it is strongly recommended that at any given site, initial
identifications and sequencing are performed simultaneously.
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CHAPTERS
Ecologleal Analysis of Two Nematode Commmdties
The numerous functions of soil food webs are defined in terms of important
ecosystem processes or characterized relative to subjective perspectives. At global,
societal and ecosystem levels. organic matter decomposition, mineral and nutrient
cycling. and carbon sequestration are lIll\ior components of resource conservation,
environmental maintenance and even mediation of global climate change (Fenis et
ai., 2001). The soil food web renders reservoirs ofminem.ls and nutrients available,

detoxifies pollutants, alters soil structure and regulates abundance of pest and other
opportunistic species (Doran and Parkin, 1994; Kennedy and Smith, 1995; van
Straa\en and van Gestel, 1998). Knowledge of the function of the soil food web in
relation to the presence and abundance of its component organisms is a basic
requirement for soil stewardship. Alteration of the structure or function of the soil
food web may be a consequence of environmental perturbation. It may also be an
explicit management objective of environmental conservative and restoration
programs or of agricultural production practices (Ferris et ai., 2001). Evaluation of
the state of the food web may be accomplished by structural or functional analysis.
Structural analysis of the soil food web through determination of the presence and
abundance of individual taxa present challenges. Functional analysis of the soil food
web may not indicate how those function are being accomplished, or their
sustainability.
Nematodes are good indicators of the soil condition. Bacterial and fungal
feeding nematodes play significant roles in influencing the twnover of the soil
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microbial biomass and thus the availability of plant nutrients (Bardgett et oJ., 1999).
Nematode faunal analysis provides a useful tool in assessing the structure, function,
and probably the resilience of the soil food web (Ferris et oJ., 1999; Ritz and Trudgill,
1999; Wardle et al., 1995). Each soil sample contains an abundance and diversity of
nematodes and, consequently, has high intrinsic information value (Bongers, 1999;
Bongers and Bongers, 1998; Bongers and Ferris, 1999; Yeates et oJ., 1993). The
abundance and dynamics of nematode 1rophic groups have been described for various
habitats and levels of disturbance. However, results are often equivocal with few
conclusions as the trophic goups include an enormous diversity of life history and
physiological chamcteris1ics (Ferris, 1993). Application of community structure
indices to nematode faunae has been an important step in the development of
diagnostic tools for food webs (Freckman and Ettema, 1993; Gupta and Yeates, 1997;
McSorley, 1997; Neher, 1999; Pomzinsl<a et oJ., 1998; Sohlenius and Sandor, 1987).
Community indices, such as maturity of diversity, condense information regarding the
structure and composition of communities into a single metric. Soil health and quality

can be inferred from such indices by assuming that communities with different
structure and composition function different1y. Thus, these indices can be

instrumental in monitoring soil quality as well as assessing ecosystem sustainability
and biodiversity (Neher and Darby, 2005).
Initia\ly, simple indices of ablmdaDCC, proportions or ratios of nematodes by
trophic group were proposed. Subsequently, diversity indices were employed and a
maturity index (MI) was developed for terrestrial nematodes (Bongers, 1990, Ycates,
1970; 1984). The Basal Index (BI) is an indicator of soil food webs that are
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diminished due to stress and comprised mainly of opportunistic nematodes with
survival capabilities. Low Structure Index (SI) indicates lack ot: or recovery from.
stress and/or resource depletion. The SI is characterized by an abundance of predators

and omnivores with intricate food web connectance and length. The Enrichment

Index (EI) is based on the expected responsiveness of opportunistic non-herbivorous
nematodes to food resource enrichment High EI values are indicative of an increase
in bacterial feeders due to an increase in available resources via bacterial flushes.
Channel Index (CI) pertains to the percentage of opportunistic grazers feeding on
fungi or bacteria. and the predominant decomposition pathway (Ferris et aI., 2001).
High CI indicates a condition dominated by fungal decomposition.

Nematode communities have proved to offer a potent ecological tool for
assessing soil disturbances (Urzelai et aI., 2000). Agricultural practices such as tillage
and fertilization are known to adversely affect soil nematode ecosystems. Nematode
management in pineapple production in Hawaii primarily is intensive relying on
fumigant nematicide I, 3-dichloropropene application via drip irrigation (Sipes and
Schmitt, 1996). As a result, it is suspected that nematode communities in pineapple
agroecosystems are disturbed. Nematode communities in natural forest ecosystems.
on the other hand, are suspected to be undisturbed. The objective of this experiment is
to characterize and compare an agricultural system and a natural system with various
nematode community indices.
Materials and Methods

Two widely diverse communities were chosen. One represented an agriculture
nematode community and was located at the Whitmore Pineapple Research Station in
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Wahiawa, Oahu, ffi. The Whitmore site is a Wahiawa silty clay which is a very fine,
kaolinitic, isohyperthermic Rhodic (NRCS-USDA, 2000). The other site represented
a natural nematode community in the Manoa Falls Trail (MFT), Oahu, ffi. The MFf
site is a Lualualei clay which is a fine smectitic isohyperthermic typic gypsitorrerts
(NRCS-USDA, 2000). Within the Manoa Trail site, three different locations were
chosen with increasing altitude. Site A was dominated by trees. Site B was
characterized by trees and shrubs. Site C was characterized by grasses, taro and other
shrubs. Whitmore Research Station was characterized by an unattended 8.5 year-old
pineapple field in which pineapple plants growing with a mixture of monocot and
dicot weeds.

Six soil cores were collected representing the upper 15 em of the soil. The
cores were composited and nematodes were extracted from 250 em3 of soil via (1)
mist, (2) roiling and sieving, and (3) elutriation. In the mist chamber procedure

(Barker, 1985), five 50 em3 samples were wrapped in tissue and then placed into an
individual funnel. The samples were incubated for 72 hours and then the extracted
nematodes were collected into 250 ml beakers. For roiling and sieving procedures an
additional 250 em3 of soil was placed into a 5 L bucket and a generous amount of
water was added to the sample.

The soil solution was mixed for 30 seconds with a

wire whisk and then allowed to settle for another 30 seconds to I minute. The sample

was then decanted over a stacked 150 JUIl and 20 JUIl screens. The nematodes were
recovered from the 20 JUIl screen and put into centrifuge tubes. The tubes were
centrifuged for 4 minutes at 14000 rpm. The supernatant was removed and the pellet
was resuspended in a 1% sucrose solution and centrifuged again for 1 minute. The
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nematode suspension was collected on a 20 J1ID. screen and rinsed with tap water. The
nematodes were then transferred to a beaker. For the elutriation method (Byrd et al.,
1976) another 250 cm3 of subsample of soil was extracted using semi-automatic
elutriator and nematodes were collected on a 25 J1ID. screen, transferred to centrifuge

tube and centrifuged for 4 minutes at 14000 rpm (Jenkins, 1964). A second and third
set of samples were collected and processed from the same areas 5 and 9 months after
the first sampling.

For all samples, the nematodes were counted and identified to genus level.
whenever possible, with the aid of an inverted microscope. Nematodes were assigned
to one of five trophic groups: bacterivores, fungivores, herbivores, omnivores or
predators. The total number of nematodes in each trophic group and the percentage
of each trophic group in the nematode community were calculated.
Nematode richness was determined by the total number of taxa recorded per
sample. Simpson's index of diversity was calculated as VA.. Total MI was calculated
as l:v; Pi. The EI was calculated as 100 X (el (e+b» where (e) equals the weighted
abundance of nematodes that are bacterial-feeding enrichment opportunists of the Coop
1 class (Bal) and fungal-feeders in the Aphelenchidae and Aphelenchoididae (F1l2).
(b) equals the weighted abundance of nematodes that are bacterial-feeders of the Coop 2

class (Ba2) and fungal-feeders (FU2). The SI was calculated as 100 X (s/(s+b» where
(s) equals the weighted abundance of nematodes that are in the Coop classes 3-5. The
CI was calculated as 100 X (0.8Fu2/ (3.2Bal + O.8Fu2) (Ferris et aI., 2001).
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Results
At the first sampling date, on Feb. 2006, MFf site A contained four trophic groups
with the herbivores being the most abundant at 75% (Table 5.1). The soil food web at
site A tended to have the highest SI compared to the other three sites. Taxa richness
and diversity were also higher at this site than the other two MFf sites and Whitmore.
Eighteen nematode taxa were identified with Helicotylenchus being the most
abundant genus followed by Acrobeles and Rotylenchulus (Table 5.2). However, the
MI was extremely low suggesting that the soil conditions were unstable. However,
based on the EI and SI trajectory as suggested by Ferris et aI., (2001) site A was
considered stressed depleted and CI value suggested that site A was dominated by
fungal pathways (Table 5.1). Due to the low SI values and high EI values site B, site
C and Whitmore were considered highly disturbed and enriched. Low CI values
indicated that sites B and Whitmore were probably dominated by bacterial
decomposition channels.
At the second sampling date, July 2007, MFf site B tended to have the
highest SI value which suggests that it was more structured compared to the other
sites (Table 5.1). Taxa richness and diversity was higher at MFf site B as well.
Thirty-five nematode taxa were identified with the most abundant nematode
belonging to the Neotylenchidae. Filenchus and Helicotylenchus contributed
significant counts to MFf site B nematode community. The high CI value at MFf
site B indicated that the nematode community was dominated by the fungivores at
48%. In general, MFf site B was sti1I regarded as very stressed whereas MFf site C,
however, appeared better with a status of highly disturbed. MFf site A tended to
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have the lowest SI value among all of the sites with high CI values indicating that the
decomposition pathways were ftmgai-mediated according to Ferris et aJ., (2001). It

was considered stressed and degraded along the structure and enrichment trajectory.
Whitmore, in general, was considered stressed and degraded as well with bacteriaImediated pathways due to the low CI value.
At the finaI sampling date, on Nov. 2007, MFT site A, B and C seemed to be
similar due to the similar values of SI. Taxa richness at site A was higher than MFT
sites B and C; however, it was the same for Whitmore. Diversity was the same for all
sites. Site A was enriched with a value of 63.66 and the major decomposition
pathway was bacterial-mediated due to a CI value of 54.45. Out of all the sites,
Whitmore appeared to be less structured with a SI value of 7.41 (Table 5.2).

Rotylenchulus spp. was the most abundant genera at the first and last sampling date
followed by Prismatolaimus spp. This trend changed at the finaI sampling date when

Aphelenchoides became the most abundant nematode (Table 5.1).
Discussion

Ferris et aJ., (2001) proposed a model to characterize the soil food web
condition based on the location of nematode faunal composition in the fmmaI profile.
Inferred condition of the soil food web and its environment based on weighted
nematode faunal analysis includes four Quadrats, A.B,C and D. Quadrats refer to the
faunal ordination in the faunal profile, a graphical representation of the condition of a

food web in relation to structure and enrichment. As expected, the Manoa Falls Trail
sites were more structured and less stressed compared to the Whitmore site.

134

Table 5.1: Ecological assessment of four nematode communities on Oahu, III at three sampling dates.

February 2006

-

t.H
VI

July 2007

November 2007

A*

B

C

W

A

B

C

W

A

B

C

W

%BAC

18%

1%

3%

7"11.

25%

8%

13%

40%

38%

45%

32%

17"11.

%FUN

7%

83%

12%

18%

69%

48%

55%

15%

49%

45%

25%

63%

%HER

72%

6%

84%

75%

2%

24%

28%

41%

2%

4%

40%

19%

%OMN

0%

1%

0%

0%

0%

11%

0%

3%

3%

3%

2%

0.4%

%PRED

4%

5%

0%

0%

6%

8%

3%

0%

2%

2%

2%

0%

Richness

18

16

11

15

28

35

23

19

30

21

28

30

Diversity

0.99

1.00

1.00

1.00

0.97

0.98

1.00

1.00

1.00

1.00

1.00

1.00

MI

0.65

2.13

031

0.52

2.06

1.94

1.51

133

1.73

1.62

1.12

1.75

EI

29.53

5134

64.21

52.50

49.41

48.63

54.53

45.71

63.66

82.40

59.27

45.71

SI

46.56

26.80

23.05

22.59

17.16

45.52

16.78

28.67

34.10

30.71

32.70

7:41

CI

80.71

94.77

46.90

69.81

84.10

95.47

83.25

50,43

54.45

23.29

47.66

96.84

• A= Site A in Manoa Falls Trail. Oabu, HI,

B= Site B in MFr.

C= Site C in MFr.

W= Whitmore in Wabiawa, m.

Table 5.2: The number of nematodes representing taxa in four nematode communities in Oahu, HI at three sampling dates.
Feb 2006

July 2007

TRG

A·

B

C

W

A

B

C

W

A

B

C

W

Acrobeles

B

60

0

0

0

0

0

0

0

0

0

0

10

Aerobeloides

B

0

0

0

10

40

52

0

175

44

4

30

22

Alaimus

B

0

0

0

0

2

4

2

0

0

0

0

6

Anaronchus

P

0

0

0

0

0

4

0

0

0

10

0

0

Anonchus

B

0

0

0

0

0

0

4

0

0

4

4

0

Aphelenchus

F

2

20

4

0

44

10

6

8

0

0

4

40

Aphelenchoides

F

20

50

18

160

260

40

24

108

424

124

232

1612

Aporcelaimus

0

0

0

0

0

0

0

0

0

16

4

0

4

Aporce/aimellus

0

0

0

0

0

0

0

0

118

32

8

4

0

Belondirella

0

2

16

0

0

2

0

0

0

22

10

20

0

Taxa

'" A= Site A in Manoa Falls Trail. Oahu, HI. B= Site B in MFr.
Trophic group

W

0\

Nov 2007

C=Site C in MFr.

W=Whitmore in Wahiawa, HI. TR=

Table S.2 continued: The number of nematodes representing taxa in four nematode communities in Oahu, ill over three
sampling dates.
February 2006
Taxa

CephaJobus

TR
B

A
20

B
0

C
0

Ce1'1lidellus

B

0

0

ChJlenchus

F

0

Diplogastel'oides

B

Dipl08capte1'

July 2007

W

November 2007

B
24

C
42

W

29

A
44

0

0

16

4

0

0

0

0

0

0

0

0

B

0

0

0

Doryialmus

0

0

0

DrllocephaJobus

B

0

Ecphyodophol'a

F

EucephaJobus

W

0

A
0

B
4

C
4

32

10

378

0

0

0

136

0

0

0

0

0

0

100

0

4

4

0

8

0

0

0

0

0

0

0

0

364

0

252

0

0

0

12

104

2

0

4

12

0

0

0

0

0

0

0

0

0

0

0

0

30

0

0

0

0

0

0

0

0

0

10

10

4

B

0

0

0

6

28

16

54

0

18

8

22

144

Eudorylaimus

P

0

0

0

0

0

8

0

0

0

0

0

0

Filenchus

F

20

50

6

20

220

348

674

340

332

270

90

140

IN

-.l

•

Table 5.2 continued: The number of nematodes from taxa from four nematode communities on Oahu, ill three sampling dates.

February 2006

w

00

July 2007

November 2007

Taxa

TR

A

B

C

W

A

B

C

W

A

B

C

W

Helicotylenchus

H

370

20

650

60

6

256

70

116

22

60

204

30

Heterocephalobus

B

0

0

0

0

0

0

0

0

0

0

60

0

lomochus

P

0

10

0

0

0

0

0

0

0

0

0

0

Labronema

P

0

0

0

0

12

18

26

0

0

0

0

0

Leplonchus

F

0

0

0

0

0

28

0

0

0

0

0

0

Meloidogyne

H

0

0

0

0

0

224

0

172

0

0

4

30

Mesocrlconema

H

0

20

0

4

8

0

0

28

100

0

0

138

Mesodorylaimus

0

0

0

0

0

0

58

0

8

10

20

0

0

Mesorhahditis

B

0

0

0

0

36

0

0

0

0

0

0

0

M/Conchus

P

0

0

0

0

0

8

12

0

0

0

0

0

Monochus

P

0

10

0

0

12

4

4

0

10

4

0

0

Table 5.2 continued: The number of nematodes representing taxa four nematode communities in Oahu, ill over three sampling
dates.
February 2006
TR

A

B

C

W

A

B

C

W

A

B

C

W

MylonchuJus

P

2

4

0

0

0

0

0

0

0

0

0

0

Nygellus

U

0

0

0

0

2

0

0

22

0

0

0

0

Odontolaimus

B

0

0

0

0

0

4

0

0

0

0

0

0

Paraxonchium

P

0

0

0

0

0

0

0

0

0

0

0

10

Paratylenchus

H

8

0

0

196

0

4

0

0

10

0

10

100

Placodira

B

0

0

0

0

0

0

0

0

28

0

0

0

Plectus

B

0

0

0

0

0

0

0

0

0

0

20

0

Pris11U1loiaimus

B

20

2

2

8

4

4

14

520

16

0

12

60

Pratylenchus

H

0

0

0

22

14

0

124

214

0

0

0

0

Prodorylaimus

0

0

0

0

0

0

0

0

0

0

0

0

4

Taxa

-

IN

'"

November 2007

luly2007

Table 5.2 continued: The number of nematodes representing taxa in four nematode communities in Oahu. m over three
sampling dates.

Febrwuy 2006

-

~

July 2007

November 2007

Taxa

TR

A

B

C

W

A

B

C

W

A

B

C

W

Protorhobditis

B

0

0

0

0

12

0

0

0

0

0

12

0

Psilenchus

F

0

0

0

0

0

16

0

0

0

0

0

0

Rhobitis

B

0

0

0

0

8

0

0

0

44

0

0

0

Roty/enchulWi

H

70

10

180

496

0

0

208

1274

0

0

320

300

Seinura

P

0

0

0

0

4

0

0

0

4

0

0

0

Stege//etina

B

0

0

0

0

0

0

0

0

24

0

0

24

Teratocephalobus

B

0

0

0

0

0

12

16

0

0

4

10

0

Tetylenchus

F

0

0

0

0

0

8

0

0

0

0

0

0

Ti11l11lWi

0

0

10

0

0

0

148

0

0

0

20

16

0

Ty/encholaimus

F

0

20

0

4

12

0

0

0

52

10

12

28

Table 5.2 continued: The number of nematodes representing taxa in four nematode communities in Oahu,. mover

three sampling dates.
July 2007

Feb 2006
TR

A

B

C

W

A

B

C

W

A

B

C

W

Tylencholaimel11/.!l

F

0

0

0

0

0

0

0

0

10

0

0

10

Tylenchus

F

4

570

90

0

60

76

108

150

24

270

0

12

Tylolaimophorus

F

0

4

0

0

0

0

0

24

4

0

0

4

Wilsonema

B

0

0

0

0

0

0

0

0

4

0

0

16

Xiphinema

H

10

0

6

2

0

0

14

0

0

0

16

0

Zeldia

B

0

0

2

0

0

0

0

484

0

0

0

14

Cephalobidae

B

10

0

0

0

0

0

0

16

0

0

0

10

Chromadoridae

U

0

0

0

0

4

0

0

0

0

0

0

0

Diplogasteridae

U

0

0

0

0

0

0

0

0

10

60

4

4

Taxa

-.j:>.

Nov 2007

Table 5.2 continued: The number of nematodes representing taxa in four nematode communities in Oahu, Hawaii over three

sampling dates.

February 2006

November 2007

TRG

A·

B

C

W

A

B

C

W

A

B

C

W

DoryIaimidae

U

20

30

10

9

0

32

20

2

0

0

0

0

Monhysteridae

B

0

0

0

0

6

16

0

0

0

0

0

0

Neotylenchidae

F

0

0

0

0

6

436

12

0

0

0

0

0

Rhabditidae

B

6

10

30

20

20

8

50

168

92

610

20

20

Qudsianematidae

U

0

0

0

0

8

16

0

0

0

0

0

0

Tylenchidae

F

0

0

0

0

6

4

0

0

0

0

0

0

Taxa

~

July 2007

However, the MI, SI and E1 values were much lower compared to other natural forest
and woodland systems assessed previously using these parameters. Guidelines for

specific diagnostics and expected condition of soil food webs in a natural forest and a
woodland system are considered undisturbed with moderate enrichment and fungal
mediated decomposition pathways. Overall, the soil food web condition for a natural
forest and woodland is structured and stable (Ferris et al., 2001). In contrast, this
trend was not completely observed in the Manoa Fall sites which are considered
natural forest According to the limits established to evaluate the soil food web

condition, MFT sites A and B were considered disturbed with moderate enrichment
utilizing fungal decomposition pathways. In general, the soil food web condition was
structured. Some reasons which may explain the inconsistency among sampling time

include being unable to assign certain nematodes to their appropriate trophic groups.

NygeJlus spp. was encountered several times in these sites however, due to the
uncertainty of its feeding penchant; these nematodes were not included in the
calculation of the indices. These nematodes are closely related to Nygolaimus. So it is
suspected that these nematodes are probably predacious. In addition, Sites A and B

consisted of a significant number of herbivores, specifically Helicotylenchus.
Herbivorous nematodes are not included in the SI calcu1ation. Even though
herbivores can be arranged on the c-p scale and constitute guilds Ph and Pis, they
require separate analysis as indicators of environmental disturbance and the condition
of the soil food web (Bongers, 1990; Bongers and Korthals, 1995; Bongers et al.,
1997; Yeates, 1994). Another potential error came from the sampling strategy which
proved to be tedious. The landscape along the trail was cumbersome to access. MFT
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sites A and B had deep roots hindering sampling to a certain extent Most likely, this
affected the numbers and kinds of nematodes obtained.
Fluctuations in the indices values were evident in this experiment Sinillar
findings were reported by Sanchez-Moreno et aI. (2007) who found that the weighted

nematode faunal analysis obtained from a woodland in June differed significantly
from those obtained in October of the same year. The SI value was determined to be
60.7 in June and in October it changed to 23.6. Interestingly, bacterial-feeding
nematodes were uncommon in the Manoa Falls Trail's soil; however, larger
concentrations of ApheJencholdes and Filenchus were apparent This inclination was
also observed when Bernard et aI. (2005) sampled Molokai, Hawaii. Bacterivores

were scare but fungivores were common, especially Filenchus and Ditylenchus spp.
Whitmore soil behaved as expected. It was degraded, disturbed and structured
throughout the entire experiment
It is important to be careful in making concrete statements pertaining to
conditions of soil food webs in nematode communities. The characterizations, at this
point, are subjective based upon experience and interpIetation of published
information (Ferris et aI., 2001). The soil is a dynamic entity undergoing constant
changes. As a result, it is recommended that monitoring the same sites with higher
replication of samples via nematological analyses over time be pursed; perhaps then
more robust conclusions can be made about soil food web conditions and ultimately
soil health.
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CBAPTER6
Moleeu1ar and Morphological Analyses for Nematode Communities
Nematodes can be indicators of soil health. Nematodes possess several
attributes that make them useful. Soil nematodes can be placed into five functional or
trophic groups (Yeates et aI., 1993) demonstrating their central position in the detritus
food web (Moore and de Ruiter, 1991). In addition, most soil nematodes have
beneficial roles in ecosystem processes and are not parasites or pests (Neher, 2001).
Assessing these nematodes using molecular and morphological techniques may seem

straight forward. However, many challenges exist in implementing molecular
techniques. First, molecular techniques employed to study nematode communities
generaIly involve DNA extraction, PCR, cloning and molecular sequencing. Each of
these steps can introduce bias into the analysis of a nematode community. Nematode
DNA can be extracted directly from the soil or nematodes can be extracted from the
soil and then DNA extracted. Soils contain many inhibitors and did not produce
DNA of sufficient quality or quantity for PCR amplification in the studies reported
here. Consequently, nematodes should be extracted from soil prior to DNA
extraction. DNA extraction presents impediments as well. Recovering DNA from
nematodes of different trophic groups can be inconsistent as evidenced in this
dissertation work. DNA extraction is extremely crucial because omitting key species
in soil health assessment will result in an erroneous interpretation of the nematode
community. Subsequently, inaccurate recommendations for management practices
could be made.
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Amplification of the 18S rDNA gene of nematodes has been a successful and
useful tool in nematology. In order to obtain optimal resolution of nematode species,
several primers should be used to target the entire gene. The ribosomal nematode
database possesses numerous common plant-parasitic and bacterial-feeding nematode
sequences such as Meloiodogyne spp. and Caenorhabditis spp. However, sequence
information pertaining to uncommon nematode species such as Nygellus spp. and

Belondirella spp. are dearth. Sequencing numerous known nematode species from a
locality and submitting them to Genbank would aid in a more accurate community
analysis.
Using morphology to identify and assess nematode soil health is cumbersome
as well. Systematic knowledge of the nematode fauna is essential in order to assign
nematodes to their appropriate taxonomic and trophic classification. In new
environments permanent slides and collaboration with laboratories that extensively
work on nematode taxonomy for adequate identification of nmatodes is essential.
Knowledge of the actual feeding habits of many nematodes is meager. It is
worthwhile to conduct feeding studies in order to determine feeding preferences for
nematodes. Nematode faunal analysis is evolving as a powerful bioindicator of the
soil condition and of structural and functional attributes of the soil food web (Bongers
and Ferris, 1999; Neher, 2001). Many different nematode communities representing
various ecosystems should be evaluated in order to comprehend how these weighted
nematode faunal analyses really behave.
Soils are three-dimensional entities which vary from the landscape to the J.lIU
scale (Hooper et al., 2000; Tisdall and Oades, 1982) to the molecular scale (Waters
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and Oades, 1991). There is evidence that even at the landscape scale, spatial patterns
of soil biota are not static and not just controlled by environmental heterogeneity but
are also influenced by intrinsic population processes such as dispersal, reproduction
and competition and further modified by all kinds of disturbances (Ettema and

Wardle, 2002). Dynamic changes in soil biota were apparent throughout these
experiments. As a result, attempting to assess the health of soil should require
multiple nematode faunal analyses over time. It is believed that these experiments
have provided pertinent information to help in the quest of measuring and monitoring
soil health.
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