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Ribosomal DNA sequence analysis of Heterodera
filipjevi and H. /atipons isolates from Russia and
comparisons with other nematode isolates
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Summary. Ribosomal DNA (ITS rDNA) sequence data for two geographically separated isolates of
Heterodera filipjevi from Russia were identical, and were 99.7% similar to rDNA sequence from Swedish
East and West Gotland strains of H. avenae. These data are consistent with the view that the ’Gotland
strain’ of H. avenae and H. filipjevi are conspecific. The ITS rDNA sequence from an isolate of H. lafipons
from the Rostov region of Russia was 98.1% similar to the ITS rDNA sequence of an isolate from Gilat,
Israel, the type locality of H. latipons, which suggests the possibility that the two morphologically similar,
but geographically separated, isolates might be sibling species.
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Heterodera filipjevi (Madzhidov, 1981) Stelter,
1984 is an important nematode pest of cereals in
European and Middle Asian countries (Subbotin, ef
al., 1999). It was believed that this species, described
from Tadzhikistan, had a limited geographic distri-
bution, but recent morphological, biochemical and
molecular studies indicate that populations from
widely dispersed geographic regions, originally iden-
tified as H. avenae Wollenweber, 1924, or strains of
H. avenae (Gotland and pathotype 3), or even as H.
mani (Mathews, 1971), are probably conspecific
with H. filipjevi. Ferris et al. (1989, 1994) compared
isolates of H. avenae sensu stricto from Sweden,
Australiaand Americawith isolates of the Swedish
’Gotland strain’ of H. avenae using 2-D PAGE
protein patterns and sequence data for the two in-
ternal transcribed spacers of the ribosomal RNA gene
(ITS rDNA). These researchers found significant
differences between the ’Gotland strain’ isolates of
H. avenae and H. avenae sensu stricto. Subbotin ef al.
(1999) reported that, based on canonical discrimi-
nant analysis of morphometric and restriction
fragment length polymorphism (RFLP) data, the
East Gotland strain from Etelhem Sweden was simi-
lar/identical to H. filipjevi populations from Russia.

An objective of the present research was to compare
sequence data for ITS rDNA from two populations
of H. filipjevi from Russiawith previously obtained
ITS rDNA sequence data from ’Gotland strain’
isolates of H. avenae, including an Etelhem isolate
(Ferris et al., 1994).

Heterodera latipons Franklin, 1969 is an impor-
tant cereal cyst nematode in many Mediterranean
countries (Franklin, 1969). Widespread geographic
populations have many morphological similarities,
but the extent of genetic diversity among these
populations is presently unknown. It is possible that
some of these populations might actually comprise
sibling species. A second objective of this study was
to compare ITS rDNA sequence from a Russian
isolate of H. latipons with ITS rDNA sequence for
H. latipons from the type locality in Israel.

MATERIALS AND METHODS

Nematode isolates. Populations used for this stu-
dy included two isolates of H. filipjevi and one of H.
latipons from Russia. The H. filipjevi isolates were
from Pushkin, Leningrad region (host: false wheat -
Elytrigia repens L.) and from Vad, Nizhnii Novgorod
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region (host: oats - Avena sativa L.). The H. latipons
isolate (host: false wheat - Elytrigia repens L.) was
from the Rostov region. Other isolates from earlier
work (Ferris ef al., 1989, 1994) used for compari-
sons in this study, included the following isolates
from Sweden: H. avenae sensu stricto of pathotype
Hal2 from Néssja, three isolates of the East Gotland
pathotype (from Etelhem, Stacketorp and Alnarp),
and two isolates of the "West Gotland’ pathotype
(from Hjelmsiter and N. Harene). All cereal cyst
nematodes used in the earlier studies were from
growth chamber cultures of barley cv. Varde (Hor-
deum vulgare L.). Details can be found in the original
publications (Ferris ef al.,, 1989, 1994). The isolate
of H. latipons from oats growing in Israel was from
Gilat, Israel, the type locality (Franklin, 1969).
Amplification, cloning and sequencing. The meth-
ods for handling the nematodes and obtaining the
IDNA were essentially as previously described by
Ferris et al. (1993, 1994, 1995), and are briefly
summarized here. Female nematodes (usually one
or two) taken from avial of 70% alcohol were rinsed
in sterile water and crushed in 20 ul cold TE buffer,
using a Radnoti (Thomas Scientific, Swedesboro, NJ s
USA) 25 pl-size glass homogenizer. The homogen-
ate was either used immediately or stored at -20° C.
Five such preparations were usually made for each
isolate. Prior to amplification by polymerase chain
. reaction (PCR), the homogenate was thawed briefly,
and spun in a microfuge for 3 minutes at 16,000 g.
About 15 pl of the supernatant was discarded, 60 ul
Instagene (BioRad, Hercules, CA, USA) was added
to the pellet, and the procedure completed according
to manufacturer’s directions for use of Instagene.
Usually, 10 ul of al:10 dilution of the preparation
was used for each 25pul PCR reaction, but occasion-
ally this was varied to improve amplification.
Standard PCR (Saiki, 1990), as described in Ferris
et al. (1993) was used with reagents from Perkin
Elmer (Norwalk, CT, USA) and Promega (Madi-
son, WI, USA), and a COY Tempcycler model 50
(COY, Inc., Ann Arbor, MI, USA). The PCR was
for 30 cycles with denaturation at 94 °C for 1 min,
annealing at 43 °C for 1 min, and extension at 72
°C for 1 min. The amplified DNA band was moni-
tored by electrophoresis in SeaPlaque GTG agarose
(FMC, Rockland, ME, USA), excised, and diluted
in 1 ml sterile water. Thereafter, approximately 1 ng
of the diluted DNA was amplified for 30 cycles as
described previously, except that annealing was at 60
°C. Primers for PCR amplification were those de-
scribed by Ferris ef al. (1993). The amplified region
of about 1 kb in length spanned the two ITS regions
and included the 5.8S gene that lies between them.
Multiple amplifications were carried out for each
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isolate in order to be able to detect any sequence
variation, but none occurred with these isolates.
Amplified rDNA was cloned into the pGEM-T
vector (Promega) and transformed into the E. coli
strain JM109 according to the manufacturer’s pro-
tocols. Clones were checked, using PCR, for the
correct insert of the predicted size (approximately
1kb), and plasmid preparations made using the
Wizard Plus Miniprep kit (Promega). Manual se-
quencing, using Sequenase version 2.0 (U.S. Bio-
chemical, Cleveland, OH, USA), was used for all
carlier isolates previously described (Ferris ef al.,
1994); but sequences were obtained for the isolates
from Russia with an automatic sequencing system
(ALFexpress, Pharmacia Biotech, Piscataway, NJ s
USA) used in the Purdue Sequencing Laboratory.
In each instance, the double-stranded sequencing
was from multiple clones, usually 2 to 4 clones were
sequenced per isolate, to assure accuracy. Internal
primers used for manual sequencing were those
reported previously by Ferris ef al. (1994). Sequence
obtained from the automatic system was long enough,
and of sufficient quality, that internal primers were
not necessary.

Sequence comparisons. Sequence data for each
isolate, including ITS1, 5.8S, and ITS2 tDNA, were
compared with the data obtained for the other
isolates, using the computer program GAP in the
Sequence Analysis Software Package of the Genetics
Computer Group, followed by PILEUP (Devereaux
et al., 1984).

RESULTS

Sequence data for the Pushkin isolate of H.
Jilipjevi, the Etelhem isolate of the Fast Gotland
strain, and the Russia and Israel isolates of H.
latipons, are shown in Fig. 1. The rDNA sequences
of the two isolates of H. filipjevi were identical. The
Swedish East and West Gotland sequences also were
identical, and differed from the sequence of the H.
Jfilipjevi isolates by only three base pairs (bp 952-954
in ITS2, Fig. 1). Pairwise percentage sequence simi-
larities for these isolates, and for H. avenae, are
shown in Table 1. The H. filipjevi sequence was
99.7% identical to the sequence from the Swedish
East and West Gotland strains. The rDNA sequence
of the isolate of H. latipons from Russia was 98.1%
similar to that from the type locality, Gilat, Israel.

DISCUSSION

Molecular and biochemical data have contrib-
uted to improvements in the identification and pla-
cement of nematode populations of species of the H.
avenae group. In addition to the research described
above, Bossis and Rivoal (1996), using 2-D PAGE,




DNA sequences of Heferodera filipjevi and H. latipons

1 50 100
FIL CCCAAGTGAT TCCATTCACC ATCTACCTGT GCTGTCCAGT TGGAACGTTG CTTGGECACCA CCACATGCCC CCGTCTGCTG TTGAGACGGG CACGGACCGG
7 L g T I T T
B ..T.GT G.C....T.. ...T ..... s A
LAT-I ...t iieiie i iiaeeen s ..T.GT G.C....T.. ...T...... B T....
101 150 200
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LAT-R ... ... en oo A.. T....... CA..... A ..T....... cC...C.....
LAT-I ..... e e A... i, A..... A T....... c...C.....
201 250 300
FIL GACTCGTTGC TGAGCAAAGT GATAATAAAA GCCTGAGGTT TG--GCTGCG AGGCAATTGA GTTGGTGGCG GACCGCTCGC TGETGGGTTT GCTGTACCGT
o L T
LAT-R  .......ivn ouoam=== === GLGL L. e G---. T, ...... - P C...AA
LAT-I ........ .. «onuwomm=== === BLGL L e G.CT. T, ...... Al o T...... T C...AR
301 350 400
FIL CGAAGGGAGC ACGCTCGTTG GGTAACCCAA CGGCTGTGCT GGTGTCTGTG CATCETTGAG CGGTTGTTGT GCCTGGCACA TGTGACACAC TGGCCTGGGA
T 1 . R N R I B
LAT-R Gl e e e Al i LG e e e JARL -~ AL A..... A.
LAT-I G.. . ... e G...A.. .......... e e e AR -- - S A.
401 450 500
FIL AGGTGETTCT -TTCCTGGCC TTACGAACCG TAACTAGCGG TGTGTCTGTG CTTGTGTGCT ACGTCCGTGG CCGTGATGAG ACGACGTGGT AGGGTCCAETG
GOT .......... T T I R SR
LAT-R TAT..... G. G....... T G..TG. < S R Co.
LAT-I TAT..... G. G....... T, ..... TG. TA..... «..... G. B L I CoLL.
501 550 600
FIL GCTAGGCACC GCCAGTGTTT TTTITCATTT A--TTTTTTT GACCACTTCT TTGTTGARGG
o e T T T IR T e e e e
LAT-R ..T....G.. . T & C . e T.A...... A C..... A
% e | ¢ T I - C .. T .. T.A...... A C..... A
601 650
FIL AAGAAATTCT AGTCTTATCG GTGGATCACT CGGCTCGTGGE ATCGATGAAG
o T
LAT-R - P
- A T
701 750 800
FIL AAACTTTCGA ATGCACATTG CGCCATTGGA GTTACATCCA TTGGCACGCC TGGTTCAGGG TCGTTATCAT AAAA-GCACT GCTGTGCCTG TTATGTTGGT
T T T e . e e et e
B %% A - T T T T T I T G.. ...
LAT-T ottt iiis triiaaenas wasnsoanen soaaanenas L Ca- e G.. ..
801 850 200
FIL GAGATCATGT CTGCAGGACG TGTTCTTGCG CTATTCTTGA AAATGCTCGG CCGTGGAGTG TGGTTGTGTT GGCGCGAAAC TGTCAGGTTC TTTCGCGTTT
' L1 T R I R N I
LAT-R  .......... R i RN TCATT G..... c T T.. ..... -..C. AL T -A...T TTGCG
LAT-T .......... N TCATT G..... C T T.. ..., -C.-. A........ T ..... A...T TCGCG
901 950 982

CGTGTTTGAA TT

Fig. 1. Nucleotide bases of rDNA sequence of ITS1, 5.8S (italics), and ITS2 for Heterodera filipjevi from Russia
(FIL); H. avenae, *East Gotland’ strain from Btelhem, Sweden (GOT); H. latipons from Russia (LAT-R); and H. latipons
from Isracl (LAT-I). All base notations are for the non-transcribed strand. Periods indicate sequence identity and hyphens
indicate gaps. Sequence differences are uncorrected for multiple changes at a site.

also showed clear genetic dissimilarities between H.
avenae sensu stricto and the *Gotland strain’ isolates.
Lopez-Brafia et al. (1996) used random amplified
polymorphic DNA (RAPD) patterns to separate H.
avenae sensu stricto from Gotland strain populations
from Spain (Torralba de Calatrava) and Sweden
(Etelhem).

Clarification of the taxonomy of strains and
populations of cereal cyst nematodes has been pro-
gressed through comparison of populations from the
type locality of H. filipjevi with other nominal H.
avenae and *Gotland strain’ populations. Subbotin ef
al. (1996, 1999) showed that cereal cyst nematode
populations from Russia and the Ukraine, previously
assigned to H. avenae, were morphologically and

morphometrically conspecific with the Tadzhikistan
population of H. filipjevi. The authors confirmed
these findings with biochemical data from isoelec-
tric focusing patterns of protein extracts. They
further showed that only H. filipjevi is widely distrib-
uted in the European part of Russia. On the basis of
electrophoretic and morphological studies, Rum-
penhorst ef al. (1996), Sturhan (1996) and Sturhan
and Rumpenhorst (1996) reported that most of the
cereal cyst nematode populations from Turkey, Iran
and Germany, previously identified as H. averae or
H. mani, were identical to H. filipjevi. Sturhan and
Rumpenhorst (1996) published identical protein
patterns from cysts of the ’Gotland strain’, the strain
known as pathotype 3, and H. filipjevi populations.
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Table 1. Pairwise percentage similarity values for the nucleotide bases shown on Figure 1 plus
comparable TDNA data for H. avenae (Ferris ef al., 1994)*.

FIL GOT LAT-R LAT-1 HAV
FIL - 99.7 90.2 894 96.5
GOT ~ — 90.0 89.5 96.8
LAT-R - - — 198.1 87.0
LAT-1 - - - - , 87.1
*Abbreviations for species/isolates are as in Figure 1. HAV = H. avenae.
Bekal et al. (1997), in a study in which internal REFERENCES

transcribed spacer (ITS) rDNA was cut with restric-
tion enzymes, found no differences in restriction
fragment length polymorphisms (RFLPs) between
H. filipjevi populations and ’Gotland strain’ popula-
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the Swedish Gotland strain isolates are conspecific
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isolates that appear to be similar to H. latipons.
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Ferris V.R., Subbotin S.A., Ireholm A., Spiegel Y., Faghihi J., Ferris JM. Agam3 mnocieJoBa-
tempHOCTedl pubocomansHoit JTHK wusomstos Heterodera filipjevi w H. latipons n3 Poccnu u
CpaBHCHYIE UX C IPYTUMHU M30/IITAMH HEMATOM.

Pesiome. ITocnenopatenpoct pubocomansHoit JJHK (ITS rDNA) mByx reorpaduiecky yAaneHHbIX
nsonsitop  Heterodera filipjevi u3 Poccuy okazanvich WACHTUYHBIMU M Ha 99.7% COOTBETCTBOBAIN
pHK mociegoBareasHocTM BocrouHoi u 3amannoit ['omanmekoit packl H. avenae us Ilpetun.
[oay4eHHEle JaHHBE MOATBEPXIAIOT, 9To I'omiaHAcKas paca H. avenae u H. filipjevi KoHcIelu-
duanst. IocrenosarensHocti pubocomanpbHoit JTHK usossra H. latipons w3 PocToBcKoli obnactut
Pocoun Goum Ha 98.1% cxomuel ¢ TochemopareabHocTamu ITS pAHK wusonsara sToro Buja U3
Iunarta (A3pauib) - TUIIOBOTO MecTa OOHapyXeHHMs 5TOro BUj@d. DTH TaHHBIE TIOKAa3bIBAIOT, ITO /Ba
5TUX MOPMOIOIUIECKN CXOMHBIX M reorpadMuecKyd YIaleHHBIX APYT OT Jpyra M30IsTa BO3MOXHO
MPEACTARISIIOT 000 BUABI-OIU3HEITHL.
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