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In this study, 4847 expressed sequenced tags (ESTs) from mixed stages of the migratory plant-parasitic
nematode Ditylenchus africanus (peanut pod nematode) were investigated. It is the first molecular survey
of a nematode which belongs to the family of the Anguinidae (order Rhabditida, superfamily Sphaerular-
ioidea). The sequences were clustered into 2596 unigenes, of which 43% did not show any homology to
known protein, nucleotide, nematode EST or plant-parasitic nematode genome sequences. Gene ontology
mapping revealed that most putative proteins are involved in developmental and reproductive processes.
In addition unigenes involved in oxidative stress as well as in anhydrobiosis, such as LEA (late embryogen-
esis abundant protein) and trehalose-6-phosphate synthase were identified. Other tags showed homology
Gene ontology to genes previously described as being involved in parasitism (expansin, SEC-2, calreticulin, 14-3-3b and
Anhydrobiosis various allergen proteins). In situ hybridization revealed that the expression of a putative expansin and
RNAI a venom allergen protein was restricted to the gland cell area of the nematode, being in agreement
with their presumed role in parasitism. Furthermore, seven putative novel candidate parasitism genes
were identified based on the prediction of a signal peptide in the corresponding protein sequence and
homologous ESTs exclusively in parasitic nematodes. These genes are interesting for further research and
functional characterization. Finally, 34 unigenes were retained as good target candidates for future RNAi
experiments, because of their nematode specific nature and observed lethal phenotypes of Caenorhabditis
elegans homologs.
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1. Introduction

Expressed sequence tag (EST) analysis is a relatively cheap and
rapid method to obtain a first molecular impression of a species.
The technique consists of a random selection of clones from a cDNA
library and sequencing of their inserts. Although it is mainly used
for gene discovery [1], it can also be used for other goals, e.g. esti-
mation of gene expression level [2], detection of single nucleotide
polymorphisms [3], or improving genome annotation [4]. In nema-
tology, the technique is widely used and to date over 1 million ESTs
from over 60 species are available (dbEST, NCBI GenBank). Some of
these ESTs are derived from cDNA libraries generated from spe-
cific life stages or from specific tissues of the nematode. In the
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case of plant-parasitic nematodes, the transcriptional activity of
the pharyngeal glands is of particular interest since gland proteins
are injected in the plant tissue during the nematode-host inter-
action. EST analyses have led to the discovery of many of these
parasitism genes that code for hydrolytic enzymes, such as pec-
tate lyase [5] and xylanase [6]. They are involved in maceration of
the plant cell walls during migration of the nematode in the plant
tissue.

The peanut pod nematode Ditylenchus africanus (Wendt, Swart,
Vrain and Webster, 1995) was first found in hulls and seeds of
groundnut (Arachis hypogea L.) in South Africa [7]. It was initially
identified as Ditylenchus destructor, the potato rot nematode, but
experiments showed that it caused no damage to different potato
varieties [8]. Therefore the South African population was eventually
considered a new race, but later molecular data revealed that this
organism rather had to be considered as a new species [9]. Within
the nematode order of the Rhabditida, it belongs to the family of
the Anguinidae and superfamily Sphaerularioidea [10]. D. africanus
is a migratory endoparasite with peanut as the main host, causing
black discoloration of the seeds and pods. Besides being a parasite
of plants, it can also feed and reproduce on the hyphae of com-
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mon plant pathogenic fungi such as Aspergillus parasiticus, Fusarium
oxysporum, Botrytis cinerea and Rhizoctonia solani. It has a short life
cycle of only 6-7 days at its optimal temperature of 28 °C and can
survive long periods of drought by anhydrobiosis [8]. Of several eco-
nomically important genera in the Anguinidae family, Ditylenchus
spp. have the widest impact on agriculture [11]. Ditylenchus dipsaci,
a species complex with an extremely wide host range, is one of the
most devastating plant-parasitic nematodes, especially in temper-
ate regions (www.eppo.org). D. destructor is an important pest of
potato tubers in Europe and North America, while D. africanus is a
huge problem in the cultivation of groundnuts in South Africa. It
was shown that 73% of the seeds collected from different growers
was infected [7], and that this mainly has a qualitative effect on the
groundnuts leading to a significantly lower income for the farmers
[12].

D. africanus is an interesting nematode to subject to EST analysis
for several reasons. First, no molecular knowledge is available for
this species or any other member of the Anguinidae. Second, it has
a different taxonomic classification in contrast to other EST stud-
ies examining plant-parasitic nematodes, which focused mainly on
species from the superfamily Tylenchoidea (grouping cyst and root-
knot nematodes as well as migratory nematodes such as Radopholus
and Pratylenchus). Third, it is a plant-parasitic nematode faculta-
tively feeding on fungi. Only one nematode with a similar feeding
habit has been investigated using a comparable approach (Bur-
saphelenchus xylophilus; superfamily Aphelenchoidea) [13]. Finally,
it adds to the EST dataset of migratory nematodes, therefore
empowering comparative studies. The focus for small-scale EST
projects is gradually shifting from sedentary nematodes towards
migratory nematodes. In the last few years, EST data have become
available for several migratory nematodes such as Pratylenchus pen-
etrans [14], Radopholus similis [15], B. xylophilus [13] and Xiphinema
index [16].

2. Materials and methods

2.1. Nematode culture, cDNA library construction and EST
generation

D. africanus was cultured at 25°C on carrot discs in small
Petri dishes (@ 35 mm) under sterile conditions. Carrot discs were
infected with approximately 100 individual nematodes. Six weeks
after inoculation, nematodes were collected by rinsing the carrot
discs with sterile water. RNA was extracted from approximately
10,000 individuals with TRIzol (Invitrogen, Carlsbad, CA, USA) as
described by Jacob et al. [15]. A cDNA library was constructed
using the SMART cDNA Library Construction Kit (Clontech, Palo
Alto, CA, USA) according to the manufacturer’s instructions, start-
ing from 1 g RNA. The resulting D. africanus mixed stage library
contained over 8 x 10° primary transformants. Random colonies
were sequenced using the M13 forward or reverse primer at
the Genome Center (Washington University, St.-Louis, MO, USA).
Resulting sequences were submitted to the EST division of GenBank
(dbEST).

2.2. Cleaning and clustering of the EST sequences

The sequences were cleaned using Seqclean (www.tigr.org) with
a locally downloaded vector database and default parameter set-
tings. The cleaned dataset was clustered using the TIGR Gene
Indices Clustering Tool (TGICL) [17] and sequences were assem-
bled by CAP3 [18] using default settings. The fragmentation (i.e. the
percentage of unigenes which are redundant) was estimated with
ESTstat [19]. The obtained unigenes served as a basis for following
analyses.

2.3. Homology searches

Basic Local Alignment Search Tool (blast) analyses [20] were
done both locally and by using netblast. Blastx and blastn
searches were conducted with all unigenes against the NCBI pro-
tein and nucleotide database. Additionally, blastn and tblastx
searches were done against the genomes of Meloidogyne incognita
(http://meloidogyne.toulouse.inra.fr/) [21] and Meloidogyne hapla
(http://www.hapla.org/) [22]. Since most data available for nema-
todes are in the EST database, a tblastx search against all nematode
ESTs was done. In-house perl scripts parsed the resulting hits for
species names and unigenes were subsequently classified into dif-
ferent categories (nematodes, invertebrates, plants, animals, fungi,
prokaryotes) according to the species names derived from the blast
hits. In parallel, a blastx search was conducted against proteins of
the model organism Caenorhabditis elegans. Resulting top hits were
searched for RNAi phenotypes using WormBase [23]. For all C. ele-
gans homologs with an RNAI lethal phenotype, gene ontology (GO)
terms were retrieved and visualized with WEGO [24]. Blastn against
all mitochondrial nematode genes revealed putative mitochondrial
unigenes.

To annotate GO terms, BLAST2GO [25] was used on all uni-
genes using default parameters. Blastx value cut-off was chosen
at E<1e—4. GOSlim view was used and GO graphs were generated
with a node scoring filter of 25 for “molecular function”, 50 for
“biological process” and 12 for “cellular component”.

2.4. Translation into putative proteins

All unigenes were translated with OrfPredictor [26]. The blastx
output was used to select the correct reading frame for trans-
lation. The minimum amino acid number for predicted protein
sequences was set to 40. Nucleotide sequences were trimmed to
their coding parts and the overall GC content as well as the average
GC content of the first (GC1), second (GC2) and third nucleotide
(GC3) of the codons was calculated. Unigenes without predicted
open reading frame were considered to be non-coding, and for
these sequences only the GC content was calculated. Signal pep-
tides for secretion in the predicted proteins were predicted by
SignalP 3.0 [27]. A signal peptide was only assigned to a sequence
when both the Hidden Markov Model (HMM) and the neural net-
work predicted its presence. Moreover, a transmembrane domain
search (http://protfun.net/servicessTMHMM]/) on the mature puta-
tive proteins revealed whether the protein was retained in the
membrane.

2.5. Dot blot analysis

Forward (F) and reverse (R) primers were developed to amplify
fragments of CL1, CL7, CL270, CL371, CL406, FE921742 and FE922861
(Table 1) by polymerase chain reaction (PCR). The reaction mix-
ture contained 300 ng purified plasmids of the cDNA library as
template, 0.5uM of each primer, 4mM dNTPs, 1.5mM MgCl,,
20mM Tris-HCl (pH 8.3), 50 mM KCl and 1U of Taq DNA poly-
merase (Invitrogen, Carlsbad, CA, USA). PCR conditions were as
follows: 35 cycles of 30s at 94°C, 30s at 54°C and 40s at 72°C.
PCR products were loaded on a 0.5x TAE 1.5% agarose gel and the
resulting fragments were ligated into pGEM-T (Promega, Madison,
WI, USA) and the ligation mixture was used for transformation
into Escherichia coli DH5a cells. Transformed cells were selected
on LB agar plates supplemented with 100 pg/ml carbenicillin. Plas-
mids of positive colonies were extracted using the Nucleobond
AX Kit (Macherey-Nagel, Diiren, Germany) and the inserts were
sequenced at AGOWA (Berlin, Germany). Probes were generated
by a PCR under conditions as described above with purified plas-
mid with the correct insert as template. Resulting PCR products
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Table 1
Primers used for dot blot analysis and in situ hybridization.

Primer Primer sequence Primer Primer sequence
CL1-F TTGTGAATTTCGGCTCACTG CL1-R AAGTTTTTCCTGCCGAGTTG
CL7-F CAGCAGACTACTGGGCATCA CL7-R TTCCTTCGGCTGGAATAATG
CL14-F TCGATATGATCTGCGAGCTG CL14-R GCGGATGATTATGACGAGGT
CL270-F TCTTCAGGTGATGGTCGATG CL270-R TTGTTCCATATAAATAATCTTTGCATT
CL371-F TGGGTTGTTGTGAAGGTCAA CL371-R TCCGTTTTCTTTTGACACTCTG
CL406-F CACCAGGTCCAGCCATTAGT CL406-R AAGCTGGACCGGAAGAAGAT
CL496-F GTTTCCCGTGGCTAACAAAT CL496-R CATCCAGAATTTTGTTCACTGC
FE920532F CAACCAACCTGTCTACCAGAGG FE920532R TCAGCCTGATCCGATAGTGCAAG
FE921742F AATTAACCGGGGTTGGAAAA FE921742R GAAAACCGGTTCGAAGGTG
FE922861F CAAGACTGACTACGGCCACA FE922861R CCATAGTCCTCACCGTGCTT
were radioactively labeled with [a-32P]-dCTP with the DecaLabel 10000
DNA Labeling Kit (Fermentas, St. Leon-Rot, Germany) according
to the manufacturer’s instructions. As a positive control, 100 ng
of unlabeled PCR product was spotted on a Hybond N+ mem-
brane (GE Healthcare, Uppsala, Sweden), together with 1.5 g carrot 1000
RNA as a negative control and 1.5 ug D. africanus mixed popula-
tion RNA, both extracted with TRIzol (Invitrogen) according to the
manufacturer’s instructions. The membrane was baked at 80°C
for 2h and prehybridized for 1h at 65°C in hybridization solu-
tion (5x SSC, 5x Denhardt’s solution, 0.5% SDS, 100 pg/ml salmon o 100
sperm DNA). After prehybridization, the hybridization buffer was %
replaced and the corresponding probe was added for hybridization -g o)
overnight at 65°C. Washing was done at hybridization tempera- S E
ture for 5min in 2x SSC with 0.1% SDS and 15min in 2x SSC. 5 & 10
The blots were exposed to a Fujifilm Imaging Plate for 6 h and -g g
scanned with a FLA-5100 imaging system (Fujifilm, Diisseldorf, Ger- 2 I
many).
. e 1
2.6. In situ hybridization T
[+
A whole mount in situ hybridization was carried out accord- £
ing to Vanholme et al. [28] with minor modifications. Nematodes l /\
were fixed in 4% paraformaldehyde for 4h at room temperature, 0 % ‘ ‘ T Vama T

16 h at 4°C, and again 4 h at room temperature. Permeabilization
was performed by incubation in 0.5 mg/ml proteinase K (Merck,
Whitehouse Station, NJ, USA) for 1h 30min at room tempera-
ture. Hybridization was done overnight at 47°C. The templates
for the production of DNA probes against unigenes with homol-
ogy to expansin-like proteins (CL496) and venom allergen proteins
(FE920532) were generated by a first PCR under standard conditions
as described above on the plasmid pGEM-T containing the cDNA
clone of the corresponding unigene. Subsequent linear PCRs using
the first PCR products as templates with digoxigenin(DIG)-labeled
oligonucleotides (Roche, Mannheim, Germany) and a single primer,
generated single strand DNA probes (F-primers: sense probes; R-
primers: antisense probes) (Table 1).

3. Results
3.1. Cleaning and cluster analysis

A total of 4847 ESTs were obtained from a cDNA library prepared
from mixed stages of the plant-parasitic nematode D. africanus.
Cleaning the EST sequences resulted in the removal of 602 ESTs,
due to vector contamination, poly(A) tails and sequences shorter
than 100 nucleotides. The average length of the 4245 retained ESTs
was 286 bp. Clustering to reduce data redundancy resulted in 2456
ESTs forming 807 contigs (merged overlapping sequences) clas-
sified into 778 clusters (groups of contigs with minor sequence
variation) and 1789 singletons, resulting in a total of 2596 unigenes.
After clustering, the average length of a unigene increased to 335 bp
and the average GC content is 38.9%. A graphical representation

1 4 7 10 13 16 19 22 73 76 79 82 85

cluster size

Fig. 1. Cluster size distribution. The chart shows the number of clusters with a par-
ticular cluster size (the number of ESTs present in this cluster) in the EST dataset of
Ditylenchus africanus.

of the cluster size distribution is shown in Fig. 1. The largest sin-
gle cluster represents 84 ESTs, which is 2.0% of the total number
of ESTs. Most of the clusters (88.0%) consist of 4 or less ESTs. The
fragmentation or underclustering of the dataset was estimated at
3.5%, which means that the dataset represents approximately 2505
genes.

3.2. Transcript abundance and homology searches

The 20 most abundant unigenes in the EST dataset represent
9.6% of the total number of ESTs (Table 2). Eight of these uni-
genes, including cluster 1, showed no significant hit in any of
the blast searches conducted (E<1e-3). In Table 3 unigenes are
shown which have homologs involved in anhydrobiosis, oxidative
stress and parasitism. Classifying the unigenes based on species
names of blastx homologous sequences revealed 298 animal spe-
cific sequences of which 160 unigenes were nematode specific.
These nematode specific unigenes were classified according to their
homologs in the blastx search and in the nematode EST database
(Fig. 2). Most of these sequences have homologs in both free-
living, animal-parasitic and plant-parasitic nematodes, suggesting
arole in general nematode development and metabolism. Only one
unigene (CL496) has homologous protein sequences exclusively
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Table 2

The 20 most prevalent unigenes in the Ditylenchus africanus EST dataset.

CL ESTs Top hit species and descriptor Accession E-value db %id %GC
1 84 No hit (longest ORF: 159 bp) 329
2 74 Meloidogyne incognita major sperm protein homolog BM880927 6.00e—79 EST 91.9 51.5
3 22 Drosophila melanogaster IP15837p ABC86319 1.00e—-07 Prot 54.2 394
4 21 Pratylenchus vulnus ferritin homolog CvV200280 4.00e-33 EST 53.8 45.1
5 20 Ascaris suum translation elongation factor homolog CB014976 1.00e-141 EST 89.8 51.0
6 18 Heligmosomoides polygyrus tropomyosin homolog EU131541 1.00e-100 Nuc 92.4 51.4
7 15 No hit (longest ORF: 996 bp) 36.5
8 14 Meloidogyne chitwoodi putative expansin-like protein homolog CB831016 6.00e—16 EST 46.4 43.1
9 14 Caenorhabditis elegans D1086.9 NP-001023754 3.00e-05 Prot 34.1 35.7

10 14 Zeldia punctata fatty acid and retinol binding protein homolog AW783768 4.00e-72 EST 76.3 46.4

11 13 Pratylenchus penetrans LEA5 protein homolog BQ627245 1.00e—-21 ESI} 55.4 47.8

12 13 Anisakis simplex hypothetical protein homolog EH005299 6.00e—41 EST 38.4 42.4

13 12 Globodera rostochiensis hypothetical protein homolog BM356077 1.00e-35 EST 49.2 431

14 12 No hit (longest ORF: 204 bp) 43.8

15 12 No hit (longest ORF: 114 bp) 53.5

16 11 No hit (longest ORF: 171 bp) 40.7

17 10 No hit (longest ORF: 72 bp) 41.9

18 10 No hit (longest ORF: 213 bp) 35.0

19 9 A. suum translationally controlled tumor protein homolog CB039336 8.00e—-85 EST 75.8 44.4

20 9 No hit (longest ORF: 204 bp) 39.2

From left to right: cluster number, number of ESTs the cluster contains, best blast hit description (either derived from blastx against the Protein division of GenBank with
cut-off 1e—3, blastn against the Nucleotide division of GenBank with cut-off 1e—5 or tblastx against all nematode ESTs with cut-off 1e—3), accession number, blast E-value,
database of the top blast hit (Protein, Nucleotide or EST), percentage protein identity and GC content.

from plant-parasitic nematodes, i.e. an expansin (top blastx hit:
expansin-like protein BAG16537 from B. xylophilus, E=1e—20). Uni-
genes with homologs to animal-parasitic nematodes exclusively (4)
are all homologous to proteins with unknown function. Twelve uni-
genes are found in both animal- and plant-parasitic nematodes

exclusively, and include several allergen homologous sequences
(Table 3) as well as sequences with unknown function. Remarkably,
some unigenes had unexpected blastx homologs originating from
prokaryotic sequences exclusively (15). Similarly, two unigenes
matched fungal hypothetical proteins only: one (FE921742) with

Table 3

Some selected unigenes based on homology results.

Unigene Top hit species and descriptor Accession E-value db %id

Anhydrobiosis
CL23 Aphelenchus avenae LEA1 Q95V77 6.00e—23 Prot 48.4
CL11 P. penetrans LEA5 homolog BQ627245 1.00e-21 EST 55.4
CL79 P. vulnus fatty acid desaturase (fat-6) homolog EL890688 1.00e—-83 EST 77.4
FE922042 Haemonchus contortus C-type lectin homolog CB333334 6.00e—10 EST 353
FE921359 C. elegans C-type lectin (clec-53) NP_491247 4.00e—04 Prot 28.2
CL475 G. rostochiensis stomatin (sto-5) homolog EE268121 4.00e-51 EST 74.8
FE922269 Aphelenchus avenae trehalose 6-phosphate synthase homolog AJ811572 1.00e-11 Nuc 75.6

Oxidative stress
FE922062 Wauchereria bancrofti Cu/Zn-superoxide dismutase homolog CK726411 7.00e—-07 EST 54.8
FE925119 Bursaphelenchus xylophilus glutathione reductase homolog CJ987986 3.00e—45 ST 75.9
CL450 G. rostochiensis glutathione-S-transferase homolog BM344760 1.00e-18 EST 36.8
FE924154 M. incognita glutathione-S-transferase homolog CK983784 4.00e-23 EST 42.4
CL500 Dictyocaulus viviparus peroxiredoxin homolog EV850422 5.00e—28 EST 87.0
CL130 Heterodera glycines peroxiredoxin homolog CA940959 4.00e-98 EST 75.4
CL452 Ancylostoma caninum superoxide dismutase EX542471 6.00e—-13 EST 61.4
CL226 Chlamydomonas reinhardtii superoxide dismutase XM_001699025 1.00e-21 Nuc 83.3
CL21 H. contortus superoxide dismutase CB018828 8.00e—41 EST 74.7

Allergens
CL752 Toxoascaris leonina ABA-1 allergen homolog ES880608 6.00e—10 EST 54.0
FE923927 Meloidogyne paranaensis polyprotein allergen homolog CN477518 5.00e—11 EST 429
CL43 Globodera pallida major allergen homolog BM415278 3.00e-33 EST 52.6
FE923357 Heterodera glycines vap-1 AAK60209 5.00e-23 Prot 61.7

Putative parasitism genes
CL10 Z. punctata SEC-2 protein homolog AW783768 4.00e-72 EST 76.3
FE922606 P. vulnus transthyretin-like protein homolog EL889277 2.00e—-20 ESI} 64.9
CL678 G. rostochiensis transthyretin-like protein homolog BM355233 5.00e—10 EST 80.0
CL536 M. chitwoodi transthyretin-like protein homolog CD682816 5.00e—-52 EST 72.6
CL112 M. chitwoodi transthyretin-like protein homolog CF801754 6.00e—10 EST 48.3
CL665 H. contortus calreticulin homolog Al723603 2.00e—-69 EST 86.4
CL573 Strongyloides ratti 14-3-3b protein homolog FC819840 1.00e-70 EST 57.5
CL301 G. rostochiensis 14-3-3b protein homolog EE267463 1.00e-103 EST 95.8
CL8 M. chitwoodi putative expansin-like protein homolog CB831016 6.00e—16 EST 46.4
CL496 B. xylophilus expansin-like protein homolog CJ981766 4.00e-26 EST 57.5

From left to right: best blast hit description (either derived from blastx with cut-off 1e—3, blastn with cut-off 1e—5 or tblastx against all nematode ESTs with cut-off 1e—3),
accession number, blast E-value, database of the top blast hit (Protein, Nucleotide or EST) and percentage protein identity.
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Fig. 2. Classification of the 160 nematode specific unigenes with blastx homology
(E<1e-3) into animal-parasitic (APN), plant-parasitic (PPN) and free-living (FLN)
nematodes based on nematode EST homology. The number of unigenes in each class
is given, including the percentage of the total nematode specific genes.

hits from Coprinopsis cinerea (E=3e—04) and the other (FE922861)
with hits from fungal plant pathogens (Gibberella sp., Sclerotinia sp.
and Botryotinia sp.; E=4e—14). Searching the genomes of M. incog-
nita and M. hapla revealed a tblastx homolog for respectively 30.6
and 35.4% of the unigenes (E < 1e—3). Thirty unigenes of putative
mitochondrial origin were retrieved corresponding to 40 ESTs or
0.94% of the total dataset. The GC content of the putative mitochon-
drial unigenes is 34.5%, which is lower than the overall GC content
of 38.9% (Fig. 3).

For 1113 unigenes (42.9%), no homologous sequences could be
found in either protein, nucleotide or nematode EST databases
or in the genomes of M. incognita and M. hapla (E<1e-3). These
sequences had a shorter average sequence length (260bp) com-
pared to unigenes with homologs (391 bp) (Fig. 3), which is the
most obvious reason why no homology is found. These unigenes of
unknown origin could correspond either to non-coding sequences
(e.g.UTRs), regulatory and structural RNA or to novel protein coding
genes.

3.3. Gene ontology

To have a general overview of the functions of the unigenes, GO
terms were assigned to the unigenes with BLAST2GO. Of the 931
unigenes for which BLAST2GO could identify at least one blast hit,
801 were annotated with at least one GO term. The number of GO
terms per unigene varied from 1 to 53. In total, 2648 different GO
terms were retrieved: 1658 of biological process, 653 of molecular
function and 337 of cellular component (Fig. 4). In the molecular
function category the majority of the putative proteins are involved
in protein binding (43.7%) whereas other GO terms occur between

—.—-unigenes without ORF
0.06 -eeeeeeeme unigenes with ORF
—— all unigenes o~ f
mitochondrial F N
unigenes H :

000 2 _,...-" .
10 20 30 50 60

40
GC content (%)

5.8% (hydrolase activity) and 10.9% (structural constituent of ribo-
some). For the biological process category, 23.0% of the terms are
involved in embryonic development and 17.9% in larval develop-
ment. The most prevalent cellular component terms are protein
complex (25.1%), integral to membrane (16.7%) and mitochondrion
(13.6%).

3.4. Translation into putative proteins

Unigenes were translated into putative protein sequences on
the basis of the blastx output or based on the longest ORF in case
of no blastx homology. For 1769 unigenes a putative ORF of mini-
mum 40 AA was found, while 827 were predicted to be non-coding
by OrfPredictor. Overall GC contents of the coding sequences is
41.4%, while GC1, GC2 and GC3 are 50.8, 38.5 and 48.5%, respec-
tively. The overall GC content of putative non-coding sequences
is 33.6% (Fig. 3). A signal peptide for secretion was found in 101
of the 1769 putative proteins (5.7%). Of these, 90 had no trans-
membrane domain (5.1%). These are possibly being secreted by
the nematode and hence could play a role in parasitism. Only 13
showed similarity to known, mostly hypothetical, proteins (blastp
search; E<1e-3). The majority (72) of these 90 putative secreted
proteins did not show any similarity to other known nematode
ESTs (tblastn search; E<1e-3). Only seven candidate parasitism
genes were retained which had homology restricted to parasitic
nematode ESTs (Table 4).

3.5. RNAi phenotypes

RNAIi phenotypes were assigned to the unigenes by homology
with C. elegans proteins. 965 unigenes had a C. elegans homolog
(blastx search; E<1e-3). After removing redundant protein hits,
815 different C. elegans proteins were retained. For 473 or 58.0%
of the total number of unigenes with a C. elegans homolog, an
RNAIi phenotype was retrieved from the Wormmart database. The
majority (333) of these proteins have a lethal phenotype (WBPheno-
type0000050, WBPhenotype0000054, or WBPhenotype0000062).
GO terms for these C. elegans proteins were retrieved and the
terms of the second level of the “biological process” category are
shown in Fig. 5. All of them have the GO terms “developmental pro-
cess” and “multicellular organismal process”, suggesting that the
corresponding genes are involved in the general development of
the organism. Other GO terms that occur in the majority of these
genes are “reproduction”, “metabolic process”, “cellular process”,
“growth” and “biological regulation”. Three hundred and sixty-six
unigenes (14.1% of the total number of unigenes) correspond to C.
elegans genes with lethal phenotype. A subset of these unigenes
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——— all unigenes
unigenes with homology
0.004 unigenes without homology
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Fig. 3. Density plots of the GC content and length of different subsets of unigenes.
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(34) are promising future candidates for parasitic control due to
their nematode specific nature.

3.6. Dot blot analysis

To find out whether the largest clusters without any homology
werereally present in the mRNA pool, a dot blot analysis was carried
out. Correct fragments were obtained by PCR on the cDNA library
for both CL1 and CL7. The dot blot analysis showed a clear signal
for both fragments against RNA extracted from D. africanus nema-
todes, while no signal was obtained against carrot RNA (Fig. 6). This
shows that these clusters are not artifacts or contaminants from the
cDNA library since they are also present in independently isolated
nematode RNA.

Some sequences showed similarity to prokaryotic or fungal
sequences exclusively in a blastx search, for example CL270, CL371,
CL406, FE921742 and FE922861. To check if these sequences are
derived from contamination, a similar dot blot analysis was done.
For three of the five selected sequences (CL406, FE921742 and
FE922861), the corresponding fragment could not be amplified
from the cDNA library. This most likely means that these sequences
are not present in the cDNA library, and are probably the result of
contamination. For CL270 and CL406, the correct fragment could
be cloned, however in a dot blot, no signal was obtained neither
for nematode nor carrot RNA (Fig. 6). This suggests that CL270 and
CL406 are from contaminating origin, although it cannot be ruled
out that the detection limit of the dot blot is too low to detect the
corresponding mRNA.

Table 4

Novel candidate parasitism genes.

Unigene EST hits Top hit species Accession E-value %id AA SP Start M?
CL454 PN H. contortus CB012354 2.00e—-09 35.8 173 17 Yes
CL578 APN Brugia malayi BE758361 4.00e—04 36.2 84 22 Yes
FE922893 APN A. suum CB014479 6.00e—06 51.2 43 18 Yes
FE925095 PN A. suum CB014479 3.00e—06 48.8 72 18 No
FE925011 PN M. incognita BQ519557 1.00e—07 62.3 71 24 Yes
FE924589 PPN Heterodera glycines CB299361 6.00e—-07 37.7 139 16 Yes
FE922853 PPN B. xylophilus CJ981856 2.00e—04 40.0 108 23 Yes

Putative proteins of these unigenes have a predicted signal peptide and tblastn searches against nematode ESTs (E < 1e—4) reveal hits with parasitic nematodes only (PPN: EST
hits in plant-parasitic nematodes only; APN: EST hits in animal-parasitic nematodes only; PN: EST hits in both animal- and plant-parasitic nematodes). The top hit species,
accession number, blast E-value, percentage protein identity, the number of amino acids, the length of the putative signal peptide (SP) and the presence of a start methionine

are given.
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Fig. 5. Graphical representation of the occurrence of GO terms of biological process
(level 2) among the Caenorhabditis elegans homologs of D. africanus unigenes with a
lethal RNAi phenotype.

3.7. In situ hybridization

An in situ hybridization with probes against CL496 (putative
expansin-like protein) and FE920532 (putative venom allergen pro-
tein) was carried out. Both probes showed staining in the gland
cell area of the nematode, while the corresponding sense probes
showed no staining (Fig. 7). Whether the expression was located in
the subventral or dorsal gland cells could not be determined. These
results suggest that both proteins are possibly being secreted by the
nematode and hence could play a role in parasitism.

4. Discussion

An increasing amount of sequence information derived from
plant-parasitic nematodes is becoming available through EST

+ -

cL1 | *

cL7 | - Q,

CL270

CL406

Fig. 6. Dot blot analysis with probes against the selected unigenes CL1, CL7, CL270
and CL406. (+) PCR fragment of the corresponding probe; (—) carrot RNA; (Da) RNA
isolated from mixed stages of D. africanus.

Fig. 7. In situ hybridization on D. africanus. (a) CL496 (expansin-like protein) anti-
sense probe; (b) FE920532 (venom allergen protein) antisense probe; (c) CL496
sense probe (negative control). Scale bars: 15 pm.

projects, especially from sedentary nematodes from the superfam-
ily Tylenchoidea within the order of the Rhabditida. In contrast, D.
africanus is a migratory endoparasite belonging to the family of the
Anguinidae, superfamily Sphaerularioidea. This family comprises
important seed and stem nematodes such as Anguina tritici and
D. dipsaci. This study is the first molecular survey of a nematode
in this family, D. africanus, by means of a small scale EST analysis.
Only 57% of the clustered unigenes showed homology to known
proteins, nematode ESTs and the genomes of the plant-parasitic
nematodes M. incognita and M. hapla. This means that at least 43%
of all unigenes did not have any homology to either all known
proteins, nucleotide sequences, nematode ESTs or the Meloidogyne
genomes. The amount of unigenes without homology is unusually
high, as compared to for example B. xylophilus (27% unigenes with-
out homology) [13], a nematode which is phylogenetically further
removed from the heavily sampled cyst and root-knot nematodes
than D. africanus. The most obvious reason for this high amount
of orphan sequences is the relatively short average length of the
inserts of the cDNA library. The shorter the insert, the less likely it
is to find a significant homolog. Moreover, the length distribution
of unigenes with homology is similar to unigenes which are pre-
dicted to be coding. Other sequences without homology are shorter
in length and could be either non-coding regions, regulatory or
structural RNAs or pioneer sequences. The sequences predicted to
be non-coding have a lower average GC content (34%) compared
to coding sequences (41%). In C. elegans, the GC content of coding
sequences is around 45%, while it is only 34% in intergenic regions
[29]. These similar numbers suggest that a large portion of the D.
africanus non-coding sequences are 5’ or 3’ UTRs. On the other hand,
since we are dealing with the first sequences from a representative
of the Anguinidae family, it is to be expected that there are a number
of species or family specific unigenes without any homology in cur-
rently available sequence databases. Interestingly, a considerable
number of these unknown unigenes seems to be highly expressed.
Eight of the 20 most abundant clusters including the most abun-
dant cluster (CL1) have no homologs at all. A dot blot for two of these
unknown, highly expressed unigenes confirmed that these are truly
present in the nematode mRNA pool. A high fraction of the largest
clusters lacking homology has also been observed in other nema-
tode EST datasets, and these ESTs are thought to be of mitochondrial
origin [15,30]. Other highly expressed genes represented by a large
number of ESTs are for example major sperm protein (important in
the motility of sperm), ferritin (iron-storage protein), tropomyosin
(an actin-filament regulator) and sec-2 or far (fatty acid and retinol
binding protein, previously hypothesized to be involved in defense;
[31]). The latter two have been reported earlier as highly abundant
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transcripts in ESTs [1,13,15,32]. Gene ontology mapping revealed
that most unigenes are involved in the biological processes of repro-
duction and development. This is not surprising, since D. africanus
has a short life cycle of only 6-7 days and has a high reproductive
rate.

Interestingly, nematode specific unigenes predominantly had
EST homologs from animal-parasitic species (95%), while 79%
also had homologs in plant-parasitic nematodes. This apparent
closer relationship to animal-parasitic nematodes can be due to
the fact that there is more sequence information available for
animal-parasitic compared to plant-parasitic nematodes (24,575
vs. 1227 proteins and 294,843 vs. 143,883 ESTs). Only one unigene
(CL496) had homologs within plant-parasitic nematodes exclu-
sively (an expansin identified in B. xylophilus). In addition, CL8
shows the highest similarity to an EST from Meloidogyne chitwoodi
with homology to expansins. Although plant-parasitic nematodes
are known to secrete an arsenal of different cell wall modifying
enzymes [33], unigenes similar to expansin genes were the only
ones found in the EST dataset. The expression of CL496 was demon-
strated to be in the gland cell region of the nematode, pointing
towards the secretion of the protein. The relatively low occurrence
of cell wall modifying enzymes in EST datasets was previously also
observed for the migratory nematodes R. similis [15] and P. penetrans
[14]. This observation suggests that cell wall modifying enzymes
only form a very small part of the transcriptome. Some unigenes
showed similarity to putative parasitism genes such as sec-2 [31],
calreticulin [34] and 14-3-3b protein [35]. However all of these
enzymes should be more thoroughly investigated in order to find
out their true role in parasitism. For example, calreticulin and 14-
3-3b protein have been linked to the formation of a feeding site
by sedentary nematodes, but non-secreted homologs of these pro-
teins are also involved in the general metabolism of the nematode
[34]. The unigenes were searched for new putative parasitism genes
which should code for proteins equipped with a signal peptide. In
addition, the best candidates should only have homologs in para-
sitic nematode ESTs. Although this approach rules out the finding of
species or family specific parasitism genes, since it is dependent on
available nematode EST data, this condition was included to reduce
the number of false positives. Seven promising novel candidate par-
asitism genes were found (Table 4). These genes are interesting for
future functional studies and could reveal new insights about plant
parasitism.

Several nematode parasitism genes have been proposed to
originate through horizontal gene transfer (HGT) [36]. New HGT
candidates should have homology with prokaryotes or fungi
exclusively, although prokaryotic sequences could also point to
contamination or the presence of an endosymbiont [15]. Sev-
eral unigenes identified in our EST dataset showed similarity to
prokaryotes exclusively, but most of these unigenes show homol-
ogy to widely occurring non-endosymbiotic and non-pathogenic
species, suggesting some bacterial contamination. For other uni-
genes resembling prokaryotic and fungal sequences, it could not be
demonstrated that these were present in independently isolated
RNA of the nematode, hence these are probably of contaminating
origin as well.

Our EST dataset contains several genes that are predicted to
be involved in anhydrobiosis, a dehydrated state of the nematode.
One of these genes is a LEA (late embryogenesis abundant protein)
homolog, proteins found to be highly expressed in the anhydrobi-
otic nematodes Aphelenchus avenae and Steinernema carpocapsae,
as well as in plants where they prevent protein aggregation during
seed desiccation [37,38]. In addition, fatty acid desaturase, stomatin
and trehalose-6-phosphate synthase were found, mainly involved
in maintaining the integrity of the cell membrane [38]. Other uni-
genes commonly upregulated in anhydrobiotic stages are involved
in oxidative stress, such as superoxide dismutase, glutathione-

S-transferase and peroxiredoxin. These enzymes and also LEA
proteins are represented by a quite large number of ESTs, which
indicates that oxidative stress as well as drought stress are impor-
tant factors affecting the nematode. In agreement with this finding,
as much as 8% of the GO mappings in the “molecular function” cate-
gory (node score >25), are associated with oxidoreductase activity.

Another group of unigenes showed remarkable similarities to
polyprotein allergens from animal-parasitic nematodes and the
venom allergen protein (VAP) of Heterodera glycines. Gao et al. [39]
found that the latter is expressed in the gland cells, which was con-
firmed for a vap homolog in D. africanus by in situ hybridization. In
M. incognita it was shown that a venom allergen AG5-like protein
is expressed during preparasitic and parasitic J2 stages exclusively
[40]. Animal-parasitic allergen genes have been associated with the
immune response of the host animal [41]. However, their presence
in plant-parasitic nematodes suggests a more general role for these
proteins in parasitism.

The RNAI gene knockout technique has shown promising results
in sedentary plant-parasitic nematodes [42]. Transcript levels of a
certain gene can be reduced when dsRNA homologous to that gene
is fed to the nematode. Interesting RNAI targets for experiments
with D. africanus were identified by looking for C. elegans homologs
with lethal RNAi phenotypes. Retained unigenes were all involved
in major biological processes (development, metabolic processes,
reproduction) as revealed by the Gene Ontology terms of their
C. elegans homologs. Most of these unigenes have homologs both
in free-living and animal-parasitic nematodes, due to the limited
genomic data available for plant-parasitic nematodes. Unigenes
showing homology to nematodes exclusively (34) are interesting
targets for control measures since these are very unlikely to have
off-target effects on other organisms. Future experiments will have
to prove the efficacy of these candidate RNAi targets and whether
or not RNAI has similar effects in migratory nematodes as in seden-
tary nematodes, although the technique was shown to be effective
in the migratory nematode R. similis [43].

In conclusion, these EST data from D. africanus are the first
molecular data from a nematode from the Sphaerularioidea.
Although the dataset suffered from the short insert length, it may
still provide useful information about biological processes such
as parasitism or anhydrobiosis. Furthermore, the data contribute
to the ESTs from migratory nematodes, interesting for compara-
tive analyses. Nevertheless, in the future, better quality sequences
should be generated by either ESTs or next generation sequencing.
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FE923823  FE923835  FE923857  FE922209  FE924763  FE923964
FE922261  FE924548  FE922371

>CL4

FE921311  FE921337  FE920692  FE92102/  FE921657  FE921673  FE921482
FE920845  FE920875  FE923208  FE923506  FE924714  FE923018
FE923064  FE924729  FE925012  FE925031  FE924018  FE924034
FE922350  FE923785

>CL5

FE921553  FE924626  FE924635  FE923206  FE922044  FE924348  FE924912
FE923849  FE923574  FE923317  FE922516  FE922524  FE924475
FE924167  FE923692  FE922280  FE925026  FE922852  FE924030
FE923713

>CL6

FE920945  FE92127/6  FE921922  FE920538  FE920890  FE921193  FE925111
FE923454  FE923483  FE922716  FE924642  FE922154  FE923046
FE924214  FE923146  FE922849  FE925055  FE922306

>CL7



FE920644 FE920418 FE921893 FE921964 FE920510 FE921763 FE922060
FE924314 FE924384 FE924667 FE923622 FE922863 FE924868
FE924230 FE922366

>CL8

FE921606 FE920383 FE920775 FE921768 FE925102 FE923444 FE922067
FE924932 FE923858 FE923869 FE922163 FE923643 FE923148
FE924845

>CL9

FE920931 FE920949 FE921838 FE921278 FE920356 FE920397 FE920437
FE921748 FE921758 FE921190 FEQ22717 FE922113 FE924688
FE925080

>CL10

FE920562 FE921801 FE921062 FE921371 FE920481 FE922908 FE924719
FE923023 FE923056 FE922473 FE924749 FE924196 FE924308
FE923775

>CL11

FE921562 FE920737 FE922968 FE924337 FE922471 FE923794 FE922759
FE924471 FE923399 FE923426 FE922837 FE922890 FE924019

>CL12

FE920973 FE921529 FE921240 FE923449 FE922916 FE924352 FE923814
FE923826 FE923840 FE922202 FE924165 FE923400 FE922862

>CL13

FE921291 FE920991 FE921621 FE920774 FE923194 FE922467 FE922511
FE922535 FE924787 FE923101 FE923995 FE924033

>CL14

FE920393 FE921869 FE921645 FE920782 FE920529 FE921733 FE924916
FE922193 FE923629 FE923118 FE922866 FE924883

>CL15

FE921549 FE920678 FE921878 FE920740 FE920771 FE920504 FE921474
FE924405 FE922159 FE924457 FE922799 FE924010

>CL16

FE921536 FE920748 FE921524 FE924349 FE924940 FE924706 FE924755
FE923365 FE923113 FE925053 FE924539

>CL17

FE921599 FE921338 FE920652 FE921047 FE920772 FE921522 FE923182
FE923795 FE924723 FE924004

>CL18

FE921539 FE920688 FE920724 FE921887 FE920515 FE921516 FE922729
FE923062 FE923653 FE922874

>CL19

FE921325 FE921078 FE925163 FE923821 FE924420 FE923907 FE923935
FE925042 FE922030

>CL20

FE920987 FE921377 FE921085 FE924580 FE924637 FE922743 FE923913
FE923395 FE924870

>CL21

FE920680 FE921487 FE924350 FE924136 FE924746 FE923628 FE923878
FE923355 FE922825

>CL22

FE920965 FE921404 FE921138 FE921224 FE924370 FE922423 FE922741
FE924854



>CL23

FE920585 FE921022
FE922341

>CL24

FE921347 FE924636
FE922603

>CL25

FE921054 FE921349
FE924905

>CL26

FE921605 FE920682
FE924535

>CL27

FE921835 FE921419
FE925009

>CL28

FE920661 FE921479
FE924285

>CL29

FE920671 FE921483
FE923771

>CL30

FE920658 FE921019
FE923374

>CL31

FE920624 FE921563
FE921979

>CL32

FE920622 FE923227
FE921989

>CL33

FE920970 FE921070

>CL34

FE921543 FE921289

>CL35

FE921705 FE920828

>CL36

FE921891 FE921631

>CL37

FE921550 FE920741

>CL38

FE920687 FE920700

>CL39

FE921794 FE920369

FE921944

FE922683

FE921679

FE920795

FE921079

FE923525

FE922978

FE921358

FE920729

FE924946

FE921365

FE921306

FE922105

FE920783

FE921124

FE921498

FE921328

FE921343

FE924327

FE920856

FE921513

FE920473

FE922411

FE923013

FE921480

FE925139

FE924979

FE920521

FE921017

FE924150

FE920508

FE921447

FE921519

FE922952

FE924632

FE922123

FE922727

FE923235

FE923845

FE923843

FE923645

FE922673

FE922933

FE922143

FE921227

FE921033

FE925025

FE924569

FE922454

FE924175

FE925082

FE923587

FE923600

FE922086

FE922110

FE924082

FE922501

FE922216

FE922551

FE923555

FE923147

FE924086

FE924709

FE922582

FE922142

FE922151

FE925069

FE922556

FE924302

FE922588

FE923680

FE925030

FE924418

FE924516

FE923154

FE922552

FE922575

FE924500

FE923165

FE924502

FE924235

FE924856

FE922489

FE924899

FE924523



>CL40
FE923181
>CL41
FE921526
>CL42
FE921829
>CL43
FE920657
>CL44
FE920929
>CL45
FE921591
>CL46
FE920571
>CL47
FE921908
>CL48
FE920679
>CL49
FE921824
>CL50
FE921402
>CL51
FE925114
>CL52
FE921545
>CL53
FE922116
>CL54
FE921388
>CL55
FE920370
>CL56
FE920686
>CL57
FE920357
>CL58
FE921816
>CL59
FE920561
>CL60
FE921618
>CL61
FE921861
>CL62
FE920420
>CL63
FE920559
>CL64
FE921305
>CL65

FE922401

FE920736

FE920447

FE921489

FE921535

FE920806

FE920927

FE920525

FE921382

FE920479

FE921151

FE924640

FE921548

FE922407

FE921116

FE921734

FE921465

FE921730

FE920480

FE921920

FE920816

FE921303

FE921773

FE920574

FE921056

FE924068

FE923474

FE923471

FE924316

FE921201

FE922076

FE921936

FE924633

FE921093

FE922419

FE921713

FE924390

FE921425

FE925165

FE924638

FE922144

FE924701

FE924933

FE924582

FE922987

FE924074

FE920513

FE923238

FE921864

FE923288

FE923059

FE923489

FE924981

FE922809

FE924601

FE922822

FE921171

FE924669

FE921450

FE922198

FE920866

FE924163

FE920727

FE923269

FE922050

FE924107

FE922170

FE924469

FE924956

FE923874

FE924106

FE922830

FE923522

FE921324

FE923065

FE924807

FE923069

FE924886

FE922835

FE923801

FE922644

FE923505

FE924812

FE922532

FE922206

FE922169

FE923135

FE921115

FE923281

FE924156

FE924427

FE922002

FE923965

FE924543

FE922637

FE923649

FE922834

FE924914

FE921951

FE923940

FE922845

FE922601

FE923779

FE923731

FE923900

FE922304

FE923717

FE922634

FE922859

FE923915

FE923609

FE924538

FE922192

FE924209

FE922312



FE920577
>CL66
FE924612
>CL67
FE920919
>CL68
FE921926
>CL69
FE920966
>CL70
FE920887
>CL71
FE924391
>CL72
FE920995
>CL73
FE921703
>CL74
FE924424
>CL75
FE920990
>CL76
FE924704
>CL77
FE921841
>CL78
FE921361
>CL79
FE922158
>CL80
FE921255
>CL81
FE921819
>CL82
FE921597
>CL83
FE920959
>CL84
FE920714
>CL85
FE921413
>CL86
FE921671
>CL87
FE921558
>CL88
FE924991
>CL89
FE923501
>CL90
FE924571

FE921952

FE924131

FE921856

FE920551

FE921241

FE921210

FE924401

FE921397

FE920834

FE923646

FE921614

FE923530

FE920462

FE922444

FE923573

FE924909

FE920451

FE920818

FE921795

FE921484

FE921134

FE920835

FE920738

FE923312

FE924345

FE924624

FE921406

FE924168

FE920463

FE924318

FE925159

FE924413

FE924966

FE921087

FE920895

FE923385

FE920811

FE924277

FE922901

FE924699

FE923612

FE924434

FE924998

FE923324

FE921282

FE924145

FE923112

FE920879

FE920743

FE923686

FE922390

FE923292

FE921100

FE922819

FE921160

FE924273

FE923152

FE923363

FE923963

FE921243

FE921198

FE924522

FE921238

FE924292

FE924501

FE923081

FE923627

FE923903

FE922503

FE924847

FE920395

FE923943

FE922631

FE922402

FE923401

FE922288

FE924087

FE925075

FE924274

FE924514

FE924251

FE922339

FE923719

FE923751

FE924549

FE922581

FE923919

FE924872

FE922722

FE922318

FE922360

FE922645

FE924879

FE925021

FE922309

FE924271

FE924000

FE923954

FE924820

FE925044

FE923432

FE924547

FE922363

FE922343



>CL91
FE925152
>CL92
FE920564
>CL93
FE921825
>CL94
FE921691
>CL95
FE924692
>CL96
FE923493
>CL97
FE920377
>CL98
FE921808
>CL99
FE921002
>CL100
FE920978
>CL101
FE924619
>CL102
FE921379
>CL103
FE920570
>CL104
FE923184
>CL105
FE921534
>CL106
FE921787
>CL107
FE920908
>CL108
FE921318
>CL109
FE921259
>CL110
FE924460
>CL111
FE925092
>CL112
FE921594
>CL113
FE921559
>CL114
FE921143
>CL115
FE922071
>CL116

FE922445

FE921868

FE920484

FE920820

FE923001

FE924333

FE921778

FE921326

FE921231

FE921272

FE922418

FE921109

FE921960

FE923476

FE920646

FE920719

FE920407

FE921074

FE921000

FE922876

FE923447

FE920799

FE920405

FE921440

FE924808

FE924193

FE925173

FE922930

FE924596

FE923060

FE924945

FE923934

FE921029

FE922694

FE921310

FE924062

FE921208

FE924313

FE922492

FE920751

FE921453

FE921737

FE922414

FE920762

FE922355

FE922093

FE923291

FE921779

FE922277

FE923617

FE923888

FE922760

FE922433

FE923556

FE922886

FE924789

FE922021

FE920485

FE922178

FE921020

FE924778

FE924817

FE922257

FE923408

FE921965

FE924884

FE921185

FE924105

FE923899

FE923757

FE923304

FE923117

FE923377

FE924565

FE922032

FE924298

FE924437

FE922846

FE923909

FE924252



FE920362
>CL117
FE922404
>CL118
FE920593
>CL119
FE921175
>CL120
FE921571
>CL121
FE920478
>CL122
FE920557
>CL123
FE922435
>CL124
FE921656
>CL125
FE921001
>CL126
FE923232
>CL127
FE920822
>CL128
FE922108
>CL129
FE920583
>CL130
FE924610
>CL131
FE921541
>CL132
FE923465
>CL133
FE921267
>CL134
FE923201
>CL135
FE921786
>CL136
FE922415
>CL137
FE920988
>CL138
FE922383
>CL139
FE921669
>CL140
FE920920
>CL141
FE921881

FE921312

FE924713

FE921970

FE923931

FE920739

FE922958

FE921860

FE923652

FE920826

FE921250

FE923039

FE921715

FE922610

FE921945

FE923186

FE920731

FE925191

FE921434

FE923503

FE920394

FE923816

FE921288

FE924727

FE920843

FE921374

FE921422

FE921057

FE922583

FE923234

FE925035

FE920755

FE922512

FE920428

FE925023

FE922906

FE925198

FE923100

FE920883

FE924512

FE924341

FE923259

FE920747

FE922133

FE921112

FE922988

FE922664

FE922245

FE921226

FE922640

FE922037

FE921149

FE920495

FE921732

FE922018

FE924908

FE925051

FE923529

FE923436

FE921886

FE923732

FE922521

FE924750

FE923171

FE922945

FE924560

FE924153

FE923978

FE924363

FE924080

FE925136

FE922242

FE923568

FE923724

FE924310

FE924253

FE924110

FE921159

FE925151



>CL142
FE924653
>CL143
FE921552
>CL144
FE925180
>CL145
FE920655
>CL146
FE920922
>CL147
FE920676
>CL148
FE921628
>CL149
FE920590
>CL150
FE920598
>CL151
FE924765
>CL152
FE924954
>CL153
FE921683
>CL154
FE921405
>CL155
FE921799
>CL156
FE920632
>CL157
FE921294
>CL158
FE924913
>CL159
FE920963
>CL160
FE920880
>CL161
FE920977
>CL162
FE921587
>CL163
FE920625
>CL164
FE920594
>CL165
FE921796
>CL166
FE921319
>CL167

FE924479

FE925094

FE923279

FE921515

FE922527

FE921400

FE920779

FE921961

FE921946

FE924769

FE924815

FE920821

FE921152

FE920354

FE921275

FE921006

FE923876

FE921290

FE920881

FE921262

FE921607

FE921540

FE923442

FE920361

FE921018

FE923924

FE922955

FE923674

FE922589

FE923361

FE921110

FE922488

FE922117

FE922693

FE924208

FE924862

FE922177

FE922963

FE922046

FE921957

FE922180

FE922022

FE920432

FE921186

FE924340

FE920789

FE920728

FE924415

FE923851

FE922308

FE923783

FE924321

FE924840

FE924559

FE922267

FE921472

FE924199

FE923602

FE922827

FE922823

FE924047

FE923014

FE925168

FE923041

FE922598

FE924256

FE922365

FE923187

FE921220

FE922244

FE920800

FE921977

FE921987

FE923168



FE923521
>CL168
FE921608
>CL169
FE920645
>CL170
FE922758
>CL171
FE922187
>CL172
FE925183
>CL173
FE920372
>CL174
FE920410
>CL175
FE920703
>CL176
FE923250
>CL177
FE923575
>CL178
FE923017
>CL179
FE921393
>CL180
FE920422
>CL181
FE924911
>CL182
FE920566
>CL183
FE925018
>CL184
FE922089
>CL185
FE923998
>CL186
FE921701
>CL187
FE922912
>CL188
FE920706
>CL189
FE921409
>CL190
FE921420
>CL191
FE921603
>CL192
FE922993

FE923848

FE920803

FE924385

FE924783

FE923930

FE923862

FE921761

FE921781

FE921477

FE924312

FE924733

FE922789

FE921136

FE921736

FE923579

FE921934

FE924896

FE922470

FE923722

FE920833

FE922140

FE921520

FE921123

FE921121

FE921613

FE924220

FE922815

FE922461

FE922000

FE925007

FE922828

FE924800

FE922786

FE923283

FE923285

FE923822

FE922564

FE924786

FE923941

FE922677

FE924831

FE925133

FE924297

FE922608

FE923764

FE923346

FE924860

FE923435

FE922011

FE922785

FE923462

FE923891



>CL193
FE921929
>CL194
FE920374
>CL195
FE921723
>CL196
FE920683
>CL197
FE920612
>CL198
FE925137
>CL199
FE921623
>CL200
FE921876
>CL201
FE920589
>CL202
FE920638
>CL203
FE920640
>CL204
FE920894
>CL205
FE924594
>CL206
FE925156
>CL207
FE921685
>CL208
FE920710
>CL209
FE920588
>CL210
FE921865
>CL211
FE925148
>CL212
FE921265
>CL213
FE924967
>CL214
FE923975
>CL215
FE920709
>CL216
FE920888
>CL217
FE920891
>CL218

FE920547

FE921744

FE923885

FE921459

FE924975

FE923536

FE920776

FE920545

FE921949

FE921947

FE923818

FE921172

FE923450

FE923607

FE920873

FE921514

FE921940

FE920544

FE923286

FE921014

FE923852

FE923982

FE921469

FE921214

FE921202

FE922028

FE922328

FE923782

FE924989

FE921984

FE923155

FE924132

FE922868

FE925110

FE924936

FE921991

FE924756

FE924715

FE923642

FE924012

FE922558

FE921784

FE923806

FE923323

FE924205

FE923311

FE923996

FE924703

FE923164

FE923597



FE920627
>CL219
FE920584
>CL220
FE921837
>CL221
FE921877
>CL222
FE924446
>CL223
FE921394
>CL224
FE921719
>CL225
FE923695
>CL226
FE921321
>CL227
FE920363
>CL228
FE921153
>CL229
FE921807
>CL230
FE921301
>CL231
FE922038
>CL232
FE923193
>CL233
FE921665
>CL234
FE924641
>CL235
FE922449
>CL236
FE921048
>CL237
FE921041
>CL238
FE920884
>CL239
FE921269
>CL240
FE921009
>CL241
FE924716
>CL242
FE921298
>CL243
FE921335

FE921942

FE921966

FE920472

FE920531

FE924814

FE921101

FE920847

FE923383

FE921030

FE921776

FE920893

FE921560

FE921069

FE924694

FE922922

FE920865

FE924102

FE923897

FE921342

FE921367

FE921195

FE921011

FE921246

FE924472

FE921007

FE921072

FE924250

FE924948

FE924521

FE922670

FE922358

FE924172

FE925038

FE924864

FE923438

FE922184

FE923898

FE920474

FE923403

FE922122

FE924288

FE922548

FE922625

FE924243

FE924813

FE924685

FE922562

FE924996

FE922768

FE924016

FE924077

FE923667



>CL244
FE925181
>CL245
FE921071
>CL246
FE923033
>CL247
FE921681
>CL248
FE921583
>CL249
FE920651
>CL250
FE921923
>CL251
FE921626
>CL252
FE920592
>CL253
FE924628
>CL254
FE921866
>CL255
FE921533
>CL256
FE921712
>CL257
FE921602
>CL258
FE922888
>CL259
FE925109
>CL260
FE921427
>CL261
FE921635
>CL262
FE921663
>CL263
FE921699
>CL264
FE920983
>CL265
FE920663
>CL266
FE921707
>CL267
FE921675
>CL268
FE921633
>CL269

FE924745

FE921369

FE924144

FE920829

FE920746

FE921499

FE920536

FE920792

FE921980

FE922056

FE920506

FE920749

FE920854

FE920788

FE924265

FE923859

FE921145

FE921677

FE922726

FE920827

FE921293

FE921473

FE920872

FE920840

FE920804

FE922900

FE922821

FE923910

FE924249

FE924439

FE923551

FE923708

FE924904

FE924882

FE923968

FE924028

FE923515

FE924986

FE921769

FE923762

FE924894

FE922586

FE920807

FE922085

FE923540

FE924576

FE923700

FE922838

FE924450

FE924003



FE923864
>CL270
FE923036
>CL271
FE920409
>CL272
FE920976
>CL273
FE921716
>CL274
FE921789
>CL275
FE920412
>CL276
FE925143
>CL277
FE920967
>CL278
FE921854
>CL279
FE922775
>CL280
FE920381
>CL281
FE920424
>CL282
FE924397
>CL283
FE921205
>CL284
FE921561
>CL285
FE920643
>CL286
FE920980
>CL287
FE924972
>CL288
FE923542
>CL289
FE924994
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