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Abstract

Trayanov, K., Samaliev, H., Kostova, M., Bojinov, B. & Besheva, A. (2020). Morphological and molecular identi-
fication of potato cyst nematodes Globodera rostochiensis and Globodera pallida in Bulgaria. Bulg. J. Agric. Sci.,
26 (2),416-422

The potato cyst nematodes (PCNs), Globodera rostochiensisand Globodera pallida are economically important parasites
of the potato and are recognized as quarantine pests. In Bulgaria G. rostochiensis was identified for the first time in 1978, while
G. pallida in 1992. Identifications of PCNs populations have been based only on morphological characters and G. rostochiensis
is prevailing species in potato fields. The present work was aimed to introduce a faster and more reliable method for identifying
and differentiating the PCN species in three potato-producing regions in Bulgaria. For the morphological identification of both
PCN species, 30 cysts and 30 second-stage juveniles (J ) were studied. For a more accurate and rapid identification of G. ros-
tochiensis and G. pallida, polymerase chain reaction (PCR) based method was applied. Multiplex PCR reaction was performed
with primers designed for a small region between internal transcribed spacer 1 and the 5.8 S ribosomal RNA gene regions in
order to identify the Globodera species. The mean morphometric values of the 30 experimental cysts and J,; were common
within the expected range for G. pallida and G. rostochiensis with some variations observed. The present results demonstrate
the occurrence of both species of PCNs, as G. pallida was identified in 24 from the soil samples and G. rostochiensis in 6 of
them. The correct and rapid identification of PCN species in Bulgarian potato fields is essential for adopting more effective
measures for its control.
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Introduction

Potato cyst nematodes (PCN) — Globodera rostochiensis
(Wollenweber, 1923) Behrens and Globodera pallida (Stone,
1973) Behrens, 1975), are the major pests from this group
that cause the highest potato losses (Van Riel & Mulder,
1998). Both species of the PCNs are regulated by the Euro-
pean Directive 2007/33/EC from June 11, 2007. Globodera
rostochiensis and G. pallida are also part of A2 List — quar-
antine pests present in that area, but not widely distributed
there and being officially controlled. The A2 List is a part
of EPPO Standard PM 1/2(26) and includes the pests which

EPPO recommends to be regulated as quarantine pests, in
the national phytosanitary regulations of EPPO Member
Governments (EPPO, 2017).

Globally, PCNs are established in almost all potato-pro-
ducing countries. EPPO reports that PCNs have been estab-
lished in 71 countries for G. rostochiensis and 44 countries
for G. pallida (EPPO, 2014).

In Bulgaria G. rostochiensis was first identified in 1978
in the region of Samokov (Stoyanov, 1980). The species
spread very quickly and is one of the most important pests
of potatoes in all potato-producing regions in the country
(Stoyanov, 1980; Samaliev, 2011). The second type of pota-
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to cyst nematode G. pallida has been identified in the region
of Yundola (Samaliev et al., 1992; Samaliev et al., 1995) and
then in the region of Smolyan, and Pazardzhik but the distri-
bution is localized in distinct areas in mixed population with
G. rostochiensis (Samaliev, 1998, 2011).

However, in the course of time, the proportions of both
species are changing because of the use of potato varieties
resistant to G. rostochiensis. The increase in population of
G. pallida versus G. rostochiensis is also due to the less-
er impact of conventionally applied nematocides that are
likely to have less soil persistence than the longest peri-
od of living of G. pallida’s invasive J,s (Whitehead et al.,
1994). Because of high economic losses that they cause in
the potato production their correct identification is of rising
importance.

The main method of distinguishing the two species of
PCNs in Bulgaria is morphological, which is based on the
different characteristics of second-stage juveniles and peri-
nea area of the cysts, and with usage of plants from the In-
ternational host test.

To achieve more accurate and rapid identification of po-
tato cyst nematodes in recent years morphological analyzes
are combined with molecular ones. Several laboratory-based
methods were developed such as enzyme-linked immuno-
sorbent assays, protein analysis by isoelectric focusing, and
techniques based on polymerase chain reaction (Ibrahim et
al., 2001) and Real-time PCR (Bates et al., 2002; Madani et
al., 2008; Quader et al., 2008) in order to distinguish the two
species of potato cyst nematodes and can also be used to di-
rectly identify PCNs without morphological characterization
(Reid et al., 2010).

The aim of the present work was to introduce faster and
more reliable method for identifying and differentiating the
two species of PCNs in three potato-producing regions in
Bulgaria.

Materials and Methods

Soil samples were collected during 2016 and 2017 after
the harvest of the potato crops in three potato-producing re-
gions of Bulgaria in western (Koprivshtitsa and Samokov),
central (Ravnogor and Dragor) and southern (Smolyan,
Momchilovtsi, Davidkovo, Stoikite and Rudozem) parts of
the country. The total number of soil samples was 30. Soil
samples were processed in the laboratory of Nematology at
Agricultural University — Plovdiv. Extraction of the cysts
from the soil was performed by the Baunacke method, mod-
ified by Buhr (1954). The second-stage juveniles were ob-
tained after cutting the cysts with an ophthalmic scalpel for
their observation and determination. The cysts and J,s thus

obtained were stored at room temperature until used in the
morphological and PCR analyses.

For the morphological identification, 30 cysts and 30
second-stage juveniles (J, ) were studied. The morphologi-
cal identification of the two species of potato cyst nematodes
is based on differences in the main characteristics of cysts
and J s—body length, tail length, hyaline region length, stylet
length for the juveniles and distance fenestra to anus, fenes-
tra diameter, Granek’s ratio (the distance from the anus to
the nearest edge of the fenestra), number of cubicula ridges
between the vulva and anus for the cysts.

The perineal regions were obtained by cutting the cysts
with an ophthalmic scalpel and mounted into fixed microscop-
ic preparations. The J,  were pre-fixed and then also included
in preparation of permanent collection slides, used the rapid
method of Sainhorst (Sainhorst, 1959, 1962). The studied
cysts and J swere examined with Olympus CX 22 LEDRFSI
microscope with IDS uEye digital camera. Measurements of
the main cysts and J_s characteristics were made in pm using
Quick Photo Camera 3.1 software. All measurements of the
cysts and J_s were compared to the corresponding values for
both species from reference data (EPPO, 2013).

DNA extraction and PCR amplification

Total genomic DNA was prepared from cysts with eggs
and juveniles as well as from individual Js, used for the
morphological characterization described above. For the
molecular analyses, 5 J,s were individually hand-picked and
placed into 20-ul 10X PCR buffer (Sci Tech S) in a 1.5 ml
Eppendorf tube. The nematodes were ground with pestle and
5 uL of Proteinase K (20 ug uL™") was added to each tube,
incubated for 1 h at 60°C and 10 min at 94°C, briefly cooled
on ice followed by centrifugation to remove debris. Five ul
of the supernatant were used directly for PCR and the re-
mainder was stored at —20°C for further use.

A three primer system was designed for the present study
composed of: universal primer UNI 5°’-GCAGTTGGCTAG-
GGATCTTC-3’, which binds to the same locus in both
species, G. pallida specific primer GPA1 5> GGTGACTC-
GACGATTGCTGT-3’ and G. rostochiensis specific primer
GROI1 5’-ATGTTGTACGTGCCGTACCTT-3" (Zouhar et
al. 2000). PCR was performed in 25 pL reaction volume con-
taining 5 pL templates DNA, 0.2uM of each primer, 12.5 pl
PCR ready Mix (Bioline Meridian Life Science Inc.). PCR
was carried out in a QB-96 Thermal Cycler (Quanta Biotech,
London, UK). The cycling program consisted of an initial
denaturation step at 94°C for 3 min, followed by 35 cycles
of denaturation at 94°C for 30 s, annealing for 30 s at 62°C,
and extension at 72°C for 1 min, with a final elongation step
for 5 min at 72°C. After the completion of PCR, the products
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were separated electrophoretically using a 1.5% agarose gel
cast in TBE buffer, stained with Ethidium Bromide and pho-
tographed under UV light. DNA fragment sizes were deter-
mined by comparing with the 100bp DNA marker.

Results

Morphological identification

Measurements of cysts and J,s of potato cysts nematodes
from three main potato-producing region of Bulgaria are
presented in Table 1 and Table 2. The results obtained from

the morphological identification indicate the presence of two
species genus Globodera (G. rostochiensis and G. pallida).
The main features that distinguish both species of PCNs did
not always match with their values from reference data.
Samples 1,2, 3,4,6,7,9, 10, 11, 12, 15, 16, 17, 18, 19,
21, 22, 24, 25, 26, 27 and 30 were morphologically identi-
fied as Globodera pallida (Table 1 and Table 2).The mea-
sured mean values for second-stage juveniles such as body
length 476.06 um (395.22 — 519.85), and length of the stylet
22.87um (19.67 — 25.29) are within the range compared to
their values of reference data (Table 2) The mean values of

Table 1.Morphological and morphometric measurements of Globoderarostochiensis and Globodera pallida
cysts and second-stage juveniles from samples of Bulgarian populations. All measurements are in pm

Samples Second-stage juvenile Cyst

number Body Tail Hyaline Stylet Fenestra Fenestra Granek’s No cuticular
n* length length region length to anus diam. ratio ridges
1. 491.75 59.01 25.29 22.48 36.81 20.51 1.82 9
2. 463.65 53.39 28.10 25.29 38.74 21.82 2.12 8
3. 491.75 50.58 22.48 22.48 39.34 25.29 3.09 8
4. 519.85 50.58 19.67 25.29 50.58 36.53 3.09 9
5. 477.70 3091 11.24 25.29 70.25 22.48 5.34 15
6. 483.32 3091 16.86 22.48 56.20 3091 3.93 7
7. 488.94 36.53 16.86 19.67 53.39 33.72 3.93 8
8. 477.70 36.53 16.86 22.48 87.11 28.10 8.15 18
9. 492.65 33.78 16.86 20.32 52.19 31.92 3.93 8
10. 500.18 39.34 22.48 25.29 67.44 25.25 5.90 9
11. 483.32 42.15 25.29 25.29 78.68 22.48 5.62 10
12. 488.94 44.96 28.10 22.48 64.53 19.67 5.34 8
13. 474.89 47.77 28.10 22.48 109.59 14.05 7.02 18
14. 480.51 53.39 25.29 22.48 106.78 16.86 6.74 13
15. 474.89 53.39 28.10 22.48 81.49 25.29 7.02 10
16. 476.38 53.55 25.64 21.74 50.90 20.25 3.06 8
17. 455.88 49.13 26.03 22.76 36.58 18.60 2.44 8
18. 454.18 44.39 23.62 22.62 43.78 22.43 3.03 8
19. 465.21 45.14 22.66 22.82 49.86 23.84 3.36 9
20. 427.25 39.44 21.52 21.12 103.53 19.35 7.84 18
21. 469.85 32.45 19.62 24.64 56.42 20.16 4.31 11
22. 483.77 35.30 22.28 22.82 46.73 23.63 3.38 7
23. 440.26 48.19 22.14 19.24 91.39 17.43 6.32 13
24. 462.98 34.63 19.46 19.92 58.84 24.43 4.43 10
25. 491.35 36.76 18.43 22.24 69.03 24.03 5.98 16
26. 395.22 35.26 17.29 20.44 46.73 23.63 3.37 7
27. 457.06 45.11 24.83 23.76 74.22 24.12 6.35 10
28. 427.47 39.64 21.72 21.21 109.59 14.05 7.02 18
29. 440.25 48.20 22.15 19.24 91.30 17.43 6.32 13
30. 479.08 40.03 26.32 23.82 75.84 20.24 5.66 10
GRO** 392-468 44-51 20-27 20-22 51-70 ok 3.0-4.5 17-20
GPA** 452-486 50-53 26-27 23-24 48-54 HHE 2.1-2.5 12

*number of studied cysts/J,; **according to OEPP/EPPO Bulletin (2013); ***no data
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Table 2. Morphological and morphometric characteristics of second-stage juveniles and cysts from Bulgar-
ian populations compared to characteristics of OEPP/EPPO Buletin (2013). Measurements of second-stage
juveniles and cysts from Bulgarian populations are in pm and represented as mean = s.d. (range)

G. pallida* G. rostochiensis* G. pallida™* G. rostochiensis™*
(n=24) (n=06)
Second-stage juveniles
476.06 +23.10 448.43 +23.45
Body length (395.22 - 519.85) (427.25 - 480.51) 452- 486 392- 468
. 42244823 46.10 = 5.49
Tail length (30.91 - 59.01) (39.44 — 53.39) 30-53 44-51
. . 21.84 £4.50 23.48 +£2.65
Hyaline region (11.24 - 28.10) (21.52 - 28.10) 26-27 20-27
22.87+ 1.72 20.96 + 1.45
Stylet length (19.67 — 25.29) (19.24 —22.48) 23-24 20-22
Cysts
5773+ 14.92 102.03 +8.57
Fenestra to anus (36.58 — 87.11) (91.30 — 109.59) 48-54 51-70
. 24.55 +4.62 16.52 +2.09 s s
Fenestra diam. (18.60 — 36.53) (14.05 — 19.35)
L 436+ 1.62 6.87+0.56
Graneks’s ratio (1.82-8.15) (632 —7.84) 2.1-2.5 3.0-4.5
. . 9.62+2.84 15.50 +2.73
No. cuticular ridges (7.00 — 18.00) (13.00 — 18.00) 12 17-20

* values from Bulgarian populations of G. pallida and G. rostochiensis, **according to OEPP/EPPO Bulletin (2013), ***no data

the other characteristics of second-stage juvenile, such as tail
length and hyaline region of the tail have a differences com-
pared with their values indicated in the literature data (EPPO,
2013). The measured mean values for cysts such as fenestra
to anus 57.73 pm (36.58 — 87.11), and number of cuticular
ridges 9.62 um (7.00 — 18.00) are within the range compared
to their values of reference data (Table 2). The mean values
of the other characteristics of cysts — fenestra diameter and
Graneks’s ratio have a differences compared with their val-
ues indicated in the literature data (EPPO, 2013).

The remaining samples — 5, 8, 13, 14, 20, 23, 28 and 29 —
were morphologically identified as Globodera rostochiensis
(Table 1 and Table 2). The mean values of the characters of
second-stage juveniles — body length 448.43 um (427.25 —
480.51); tail length 46.10 um (39.44 — 53.39); hyaline region
of the tail 23.48 pm (21.52 — 28.10) and stylet length 20.96
pm (19.24 — 22.48), completely match with the mean values
of reference data (Table 2). The measured mean values for
cysts such as number of cuticular ridges 15.50 pm (13.00
— 18.00) are within the range compared to their values of
reference data (Table 2). The mean values of the other char-
acteristics of cysts — fenestra to anus, fenestra diameter and
Graneks’s ratio vary most compared with their values indi-
cated in the literature data (EPPO, 2013).

Therefore, from the morphological analyses it is also
clear that the basic characteristics distinguishing the two

species of PCNs may vary. This makes it very difficult to
determine G. pallida and G. rostochiensis in an individual
study of cysts and second-stage juveniles.

PCR Indentification

The multiplex PCR with the primers UNI, GPA1 and
GROL allows distinguishing G. rostochiensis and G. pallida
producing fragments of 391 bp for G. pallida and 239 bp
for G. rostochiensis respectively. Figure 1 presents electro-
phoretic profiles from multiplex PCRs of the analyzed PCN
samples. The three primers amplify products from a small
region between internal transcribed spacer 1 (ITS1) and the
5.8 S ribosomal RNA gene region that was shown to be high-
ly valuable.

This region was identified as suitable for classifying, mo-
lecular diagnostics and phylogeny reconstructions of diverse
organisms at various taxonomic levels, including plant-par-
asitic nematodes (Marek et al., 2010; Douda et al., 2013). In
our study we found this variation to be useful for fast deter-
mination of PCNs population structure. The method proved
highly sensitive as presence of only one cyst of different
species in the collection of cysts from particular locality ap-
peared detectable (data not shown). The performed multi-
plex PCR also allows correctly identifying each Globodera
species from mixed populations in one reaction tube and sin-
gle assay (Figure 2).
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Fig. 1. Molecular differentiation of PCN populations. Products from multiplex PCR using primers UNI, GPAI and
GROI. Line M —100bp Molecular marker. Lines 1-15, 16-30 — PCN samples, Line — negative control

Fig. 2. Multiplex PCR using primers UNI, GPA1
and GROI. Line M — 100bp Molecular marker, Line 1 —
G. pallida, Line 2 — G. rostochiensis, Line 3 mixed popu-

lations (G. pallida/G. rostochiensis) — negative control

Comparing the data obtained from morphological anal-
ysis with the data obtained from PCR analyses shows that
they did not always match. In the present study samples 5
and 8 are morphologically defined as the G. rostochiesis
(morphometric data are typical for this species of PCNs) but
the amplified PCR products correspond and identified the
samples as G. pallida.

Discussion

The results of this investigation indicate the presence of
G. rostochiensis and G. pallida, in the main potato-growing
regions of Bulgaria. These data are in conformity with Sa-
maliev’s results, reported during the period 2006-2008 about
the distribution of the both species of PCNs on potato plants
(Samaliev, 2011).

The study of the basic morphological characteristics
distinguishing the two species of PCNs from potato fields
vary and make it difficult to identify and distinguish potato
cyst nematode species. Therefore, for the more success-
ful and accurate determination of the PCNs it is therefore
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imperative to apply molecular identification methods. The
method applied here for PCR species-specific discrimi-
nation of PCN is reliable and easily applicable for rapid
identification in laboratory conditions. Multiplex PCR with
species-specific primers (UNI, GPA1 and GROL1) allows
both species to be distinguished. Samples 13, 14, 20, 23,
28, 29 were identified as G. rostochiensis as they contained
239 bp PCR product expected for that species (Figure 1).
The other 24 samples were identified as G. pallida with
amplified product of 391 bp. However, despite the develop-
ment of molecular identification methods, the morphologi-
cal approach remains useful as a complementary diagnostic
technique. The method of DNA extraction allows detection
and identification of just 5 nematodes per sample which
makes it appropriate for more sensitive and accurate dis-
crimination of PCNss.

The present study establishes a change in the compo-
sition of both species of PCNs with predominance of G.
pallida as compared to the data from 2006 — 2008 periods
when the prevalent species of PCN was G. rostochiensis
(Samaliev, 2011). We suppose that the change in composi-
tion of both PCNs species with predominance of G. pallida
is most likely due to the use of potato varieties resistant
to G. rostochiensis and with only a partial resistance to G.
pallida. This apparently allows for better development and
reproduction of the latter pest, thus increasing its propor-
tion in the PCNs population.

Conclusions

The method used in the present study is appropriate for
distinguishing of PCN species by multiplex PCR. Further-
more, it brings a benefit of amplification of different prod-
ucts from DNA mix thus allowing for detection of mixed
populations of PCN.

Based on the combined data from morphological char-
acteristics and molecular methods applied, the potato cyst
nematodes found in Bulgaria were found to contain G. pal-
lida as the most common PCN nematode species in the sur-
veyed regions.

The correct and rapid identification of PCNs in Bul-
garian potato fields is essential for adopting more effective
measures for its control.
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