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Summary. During surveys in 2003-2004 conducted in glasshouses in the Main Botanical Garden of the
Russian Academy of Sciences several fern plants infected by the strawberry crimp nematode,
Aphelenchoides fragariae; were found. The infected ferns belong to the following species: Aneimia
rotundifolia, Blecknum occidentale, B. gibbum, Pteris longifolia, P. cretica ¢v. wimsetti, P. cretica and
Stenochlaena tenuifolia. Nematode infection produced water-soaked bands that become dark brown to
black, usually between the leaf wveins. Several plants of Sambucus racemosa attacked by the
chrysanthemum- foliar nematode A. ritzemabosi were found in an outdoor arg¢a near the glasshouses.
Nematodes were extracted from the leaves and growing points of S. racemosa. Motphological and
morphometrical diagnostic characters and descriptions are given for A. frageriae and A. ritzemabosi.
Differenices in the 18S rRINA gene sequences allow a clear separation of these species from each other
and from other Aphelenchoides species. The phylogenetic relationships of these species with other

aphelenchids as inferred from analysis of the 18S-rRNA gene are presented and discussed.
Key words: 185-rRNA, fern, morphometrics, phylogeny, Russia, Sambucus racemosa.

During the summers of 2003 and 2004,
nematological surveys to detect foliar nematodes
were conducted in the Main Botanical Garden of
the Russian Academy of Sciences. Resulis from
the glasshouses revealed several fern plants infected
by the strawberry crimp nematode Aphelenchoides
fragariae (Ritzema Bos, 1891) Christie, 1932. In
1995, in an area about 50 m from the same glass-
houses, several plants of red elderberry Sambucus
racemosa L. infected by the chrysanthemum foliar
nematode Aphelenchoides ritzemabosi (Schwartz,
1911) Steiner & Buhrer, 1932 were detected by
Dieter Sturhan. This paper includes morpho-
metrical characterization of populations of these

two species as well as an analysis of phylogenetic
relationships of these nematodes with other species
of Aphelenchoides using 18S rRNA gene sequences.

MATERIAL AND METHODS

Nematode populations. Aphelenchoides fragariae
and A. ritzemabosi were collected from plants from the
Main Botanical ‘Garden of the Russian Academy of
Sciences. Nematodes were extracted from the leaves
and growing points. For comparison, two additional
Aphelenchoides species were obtained from the
nematological collection of the University of
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Fig. 1. Symptoms of infection induced by foliar nematodes of the genus Apheleachoides, Aphelenchoides fragarios,
| = F. longifolia, 2 - P, cretica, 3 — young leaves of 5. tenmifolia (a — old leal), 4 = P. cretica wiritentr, 5 = old leaves
of P. cretica. 7- infected fronds with A fragarice, § = Aneimis roremdifalie; A Afpesiabosi: & - infected leaves of

Srmvbrcus racenosg.
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Fig. 2. Phylogenetic relationships between Aphelenchoides species as inferred from maximum parsimony analyses
of the 188 rRNA gene sequences, One of the fifteen maximum parsimonious trees (tree length = 910; CI = 0.7692;
HI = 0.2308; total characters = 1709; informative characters = 364). Boutstrap value and-number of nucleotide
changes are given in brackets for appropriate ¢lades. Bold letters indicate new sequences.
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California, Riverside and one additional species
was from Clemson University, South Carolina.

Morphological study. Nematodes were killed and
fixed in hot 4% TAF and processed to glycerin by a
modified slow evaporation method (Seinhorst, 1959).
Specimens were mounted in dehydrated glycerin on
permanent slides and examined and measured with a
light microscope, Axio Imager, Cardl Zeiss
Microlmaging GmbH. :

Molecular study. To obtain DNA, several
nematode specimens of each sample were
transferred to an Eppendorf tube containing 16 pl
ddH20, 2 ul 10X PCR buffer and 2 gl Proteinase
K (600 ug mil-1) (Promega, Benelux, The
Netherlands) and crushed with an ultrasonic
homogenizer. The tubes were incubated at 65°C (1
h) and then at 95°C (15 min). Detailed protocols
for PCR, cloning and automated sequencing are as
described by Tanha Maafi er al (2003). The 18S
rRINA gene was amplified using two sets of primers
(two overlapping fragments): (i) forward G18SU
(5- GCT TGT CTC AAA GAT TAA GCC-3")
(Blaxter et al., 1998) and reverse RI18Tyll (5’-
GGT CCA AGA ATT TCA CCT CTC-3) (i)
forward F18Tyl2 (5’-CAG CCG CGG TAA TTC
CAG C-3’) and reverse R18Tyl2 (5’-CGG TGT
GTA CAA AGG GCA GG-3’) or forward F18Tyll
(5-GTG CCA GCA GCC GCG GTA ATT CC-3%)
and reverse DF18A-16 (5°-CAC CTA CTC GYA
CCT TGT TAC GAC T-3°) (Kiontke et al., 2004).
Five new sequences of the. 188 rRNA gene reported
here have been deposited in the GenBank under the
accession numbers: DQ901550-DQ901554.

New and known sequences of Aphelenchoides
were aligned using the ClustalX program with two
Bursaphelenchus  species as ~outgroup taxa,
Maximum parsimony (MP) analysis was performed
with PAUP* 4bda (Swofford, 2003). For MP, the
gaps were coded as missing data and molecular
characters were assessed as independent,
unordered and equally weighted. Heuristic search
settings were 10 replicates of random taxa,
addition, branch swapping, multiple tree retained
and without steepest descent. Robustness of the
clades was assessed by bootstrap analysis yielding

bootstrap percentage (BS) for each node estimated.

from 1000 replicates.

RESULTS AND DISCUSSION

Aphelenchoides fragariae
(Ritzema Bos, 1891) Christie, 1932
The ferns plants infected by A. fragariae and

detected during our surveys belong to the following
species: Aneimia rotundifolia, Blechnum occidentale,
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B. gibbum, Pteris longifolia, P. cretica cv. wimsetti,

P. cretica and Stenochlaena tenuifolia. The plant-
parasitic nematodes of the genus Aphelenchoides
have been recorded in glasshouses of the Main
Botanical Gardens since the 1950s (Sveshnikova,
1956; Ilinskaja, 1963; Kirjanova & Krall, 1971,
Matveeva, 1974; Matveeva & Shakhova, 1980).
According to Matveeva & Shakhova, (1980),
infection by strawberry crimp nematode was
recorded from the nine fern species: Aneimia
phyllitidis, Aneimia sp., Blechnum brasiliense, B.
occidentale, Callipteris prolifera, Dryopteris sieboldii,
Phanerophlebia  falcata, Pteris longifolia and
Stenochlaena tenuifolia. '

Symptoms of nematode diseases of fern leaves
are given in Fig 1. In the infected plants necrotic
fields with nematode infection were mostly limited
to veins. The colour of infected parts of leaves
varies from light brown to dark depending on
infection age. Over an eight month period, our
observation of infected leaves of P. longifolia
revealed that necrotic parts extended from a small
spot to large fields occupying 40-60% of the total
foliage.

Morphometrics of 4. fragariae from fern plants:

Females (n=25): L = 0.523-0.685 (0.579 %
0.043) mm; a = 37.1-59.8 (48.7 £ 4.8); b = 7.6-
9.1 (8.1 £ 0.3); ¢ = 15.2-20.6 (17.0 + 1.2); ¢’ =
3.6-5.7 (4.7 £ 0.3); V% = 65-74 (69 % 2); stylet
length = 8-11 (9) um; head region width = 4-5
pm, head region high = 3 um; distance from
anterior end to medial bulb base = 52-64 (58) pum,
nerve ring = 63-78 (72) pum, excretory pore = 68-
85 (76) um, oesophageal gland base = 100-150
(128) um; post uterine sac length = 58-98 (77)
pm; tail length = 28-40 (34) um; body width at
vulva level = 10-16 (12) um and anus level = 6-8
(7) pm. Lateral field with 2 incisures. Postvulval
uterine sac extending for more than half vulva-
anus distance. Tail conoid, acute terminus without
mucro.

Males (n = 24): L = 0.435-0.562 (0.493 *+ 0.037)
mm; a = 41.2-54.8 (46.8 + 3.1); b = 6.5-8.1 (7.2 £
0.4); ¢ = 15.9-24.1 (18.5 £ 1.8); stylet length = 8-10
(9) um; head region width = 4-5 um, head region
height = 3 um; spicule length = 10-13 (12) um;
distance from anterior end to: medial bulb base = 52-
62 (57) um, oesophageal gland base = 100-135 (118)
um, nerve ring = 68-77 (71) pm, excretory pore =
70-82 (76) um; testis length = 204-289 (250) pm;
maximal body width = 10-13 (11) um; tail length =
21-33 27) pm.

The description provided here generally corresponds
to that published for this species by Siddigi (1975).
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Aphelenchoides ritzemabosi (Schwartz,
1911) Steiner & Buhrer, 1932

Only plants of Sambucus racemosa were found
to be infected by this nematode. Extensive surveys
did not reveal any infection of other ncxghbourmg
plant species by A. ritzemabosi.

Morphometrics of A nitemabasi from leaves of S,
racemosa:

Females (n=15): L = 0.768-1.027 (0.916 *
0.067) mm; a = 43.4-60.5 (51.2 + 3.9); b = 8.1-
9.5 (9.1 £0.3); ¢ = 16.8-21.2 (193 £ 1L.1); ¢’ =
4.0-5.1 (4.6 £ 0.2); V% = 68-71 (69 + 0.2); stylet
length = 9-11 (10) um, head region width = 6-7
pm, head region height =3 um; distance from
anterior end to medial bulb base = 71-77 (74) um,
nerve ring = 95-108 (100) um, excretory pore =
108-130 (121) um, eesophageal gland base = 145-
185 (170) um; postuterine sac length = 105-160
(134) pm; tail length = 41-54 (48) um; body
width at vulva level = 16-23 (18) pum and anus
level = 8-12 (10) pm.

Postvulval uterine sac extending for more than
half wvulva-anus distance. Lateral field with 4
incisures.. Tail elongate-conoid having terminus
with 2-4 minute processes.

Males (n = 15): L = 0.625-0.852 (0.721 %
0.053) pm; a = 36.9-53.3 (46.3 + 3.3); b = 6.5-9.4
(7.9 £ 0.6); ¢ = 17.3-22.4 (19.9 £ L.1); stylet
length = 9-11 (10) um; head region width = 6-7
pm; head region height = 3 pum; spicule length =
15-18 (16) pm; distance from anterior end to
medial bulb base = 67-72 (69) um, nerve ring =
85-108 (93) pm ; excretory pore = 92-118 (105)
um, oesophageal gland base = 156-180 (169) um;
testis length = 353-512 (442) pum; tail length =
34-39 (36) pum.

Morphometrics of A. ritzemabosi from wintering
buds of S. racemosa:

Females (n=15): L = 0.972-1.165 (1.076 *
0.048) mm; a = 36.7-46.4 (41.3 £ 2.5); b = 13.2-
15.1 (13.8 £ 0.3); c = 18.9-21.9 (205 £ 0.4); ¢’ =
3.9-49 (4.1 £ 0.2); V% = 69-70; stylet length =
10-11 um; head region width = 6-7 um; head
region height =3 um; postuterine sac length =
125-192 (171) pm; maximum body width = 21-30
(27) pm; body width at anus level = 11-15 (13)
pm; tail length = 45-57 (53) um; eggs in uterus =
78-85 x 20- 24 pm.

The description of the A. ritzemabosi population
from §. racemosa is similar to that provided by
Siddigi (1974). Infected leaves are easily
distinguished by the presence of necrotic spots of
irregular forms and different sizes (Fig. 1)

Nematodes overwinter in leaf and flower buds.
From each bud more than 15 specimens have been
recovered with the following ratio: 60% females,
30% juveniles and 10% males. Young and old
stems are free from nematode infection.

Phylogeneﬁc reiatmnships between
Apiteletwha es species as inferred from the
‘ ne Sequences

Ibrahim et al (1994) used PCR-ITS-RFLP for
identification of Aphelenchoides species and clearly
showed the utility of this approach for diagnostics
of species of this genus. The present study also
confirms utility of the 188 rRNA gene sequence
for separation of agricultural important species of

Aphelenchoides from each other and from closely

related  species. Analysis of phylogenetic
relationships between species of the genus
indicated the presence several clades, and two of
these unite plant-parasitic aphelenchids: (i) A.
ritzemabosi and A besseyi and (ii) A. fragarige and
A. blastophthorus, together with two Aphelenchoides
sp., which seems to be a co-specific with the last

‘species (Fig. 2). Additional sequences and taxa

should be included in new analyses to create a
more  complete  picture of  phylogenetic
relationships within the genus Aphelenchoides.
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Chizhov V.N., Chumakova O.A., Subbotin S.A., Baldwin J.G. Mopdonoryyeckan 1 MONEKyspHas
XapaxTepUCTHKA NUCTOBBIX HOMaTOA pojia Aphelenchoides; A. fragariae w A. ritzémabosi (Nematoda:
Aphelenchoididae) ns ['masroro Beranudeckoro cans Poccnifckolt Akanelmn nayk, Mockea.

Pesiome,. Hposenennnie 8 2003-2604 r.

obcneioBanis: NANOPTHHMKOB. W3 Terul [aasHoro

Goranmaeckoro cagas PAH sussany npucytcrsue Hemarton Aphelenchoides. fragariae. TTopaxeninie
NanOPTHHKY TPHHAMNEKANN Kk BUAaM: Aneimia rotundifolia, Blechnum occidentale, B. gibbum, Pteris
longifolia, P. cretica cv. wimsetti, P. cretica w Stenochlaena tenuifolia. Hemaronsoe nopaxieHsue
(PUBOAKNO K 06pa3oBAHMIO HATIONHEHHBIX BOARHUCTON KHIKOCTEIO HOZOCTEN MEeXIY KHIKAMU
JIHCTHEB, NPUHUMABIUINX 3ATCM TEMHO-KODHMYHEBHIA win uepHuiik user. Hexoropsie pacrenus Gy3ubl
Sambucus racemosa, NPoON3pacTaBiliHe NOX OTKPHITHIM HEGOM DAAOM C TEMAHUAMH, MOABEPINHMCH
nopaxkeniio Hemaroaod A. ritzemabosi, ITNX HEMATOA W3BNEKAIM M3 JIHCTHEB U TOMEK pocta By3uHbL
TlpuBogaTes ONMCaHus ¥ AMATHOCTHYECKHE NPUSHAKH LS A. fragariae u A. ritzemabosi. Pasnuans B
nocnenosarensuocTax 188 JTHK no3sosnioT 9€TKO pasrpaHuyuTh 3TH BUASI APYr OT APyra M OT APYTHX
BuA0B. Aphelenchoides. Ha ocnose ampanusa 18S-JIHK sumBaeHs u oﬁayxmeﬂu tunoreHeTRUECKUE

OTHOUWIGHHS ITHX BUAOB C APYTUMHM BHAAMM POLa.




