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Flavonoids in potato cyst nematodes
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Swnmary - Eight compounds from a total of 23 phenolics present in both species of potato cyst nematodes (PCN) are flavonoids.
Three ofthem - a hydroxyflavone, an aurone and a chalcone - being yeUow in colour, are responsible for the coloration ofPCN. The
aurone (the strongest in colour) which is absent in Globodera pallida and present in G. TOstochiensis, is the golden yellow pigment
which is responsible for the vernacular name of the " golden nematode ".
Résumé - Flavonofdes des nématodes à kystes de la pomme de terre - Sur 23 composés phénoliques présents chez les deux
espèces de nématodes à kystes de la pomme de terre, huit sont des flavonoïdes. Trois d'entre eux, de couleur jaune - une
hydroxyflavone, une aurone et une chalcone - sont responsables de la coloration de ces nématodes. L'aurone - le composé le plus
coloré - absent chez Globodera pallida et présent chez G. roslOchiensis, représente le pigment jaune doré responsable du nom
vernaculaire du (C nématode doré ,) donné à G. TOslOchiensis.
Key-words : Flavonoids, Globodera, nematodes, pigments.

The two species of potato cyst nematodes (PCN),
Globodera TOslOchiensis and G. pallida differ in the colour
sequence, or chromogenesis, that occurs as the female
matures. ln G. ToslOchiensis, chromogenesis is from
white through yellow to brown. By contrast G. pallida
has no yellow phase. Since Chitwood (1951) coined the
name "golden nematode" for G. ToslOchiensis, many
workers have investigated the chromogenesis during
maturation (Ellenby, 1963; Wilski & Giebel, 1966;
Guile, 1967; Smith & Ellenby, 1967; Wilski el al., 1968;
Voinilo, 1975; Hominick, 1983). Using ethanolic extracts of yellow cysts, Smit (unpubl.) was able to demonstrate that there were a number of phenolic compounds present in the extracts that had the properties of
flavonoids. Further studies (Vlachopoulos, 1986) using
two dimensional TLC showed conclusively that there
were a large number of such compounds présent, sorne
in quite large quantities. Although TLC analysis demonstrated the presence of 23 compounds with a phenolic
basis, HPLC analysis indicated that there are many
more (Vlachopoulos, 1986). However, spectra obtained
from many of these compounds suggest that they are not
flavonoids but of a more simple phenolic structure.
At first the presence in animais, including nematodes,
of such secondary plant metabolites as the flavonoids
was considered to be rather unusual (Harborne, 1967).
However, subsequent studies have demonstrated the
presence of a wide range of secondary plant metabolites,
particularly flavonoids in insects (Morris & Thomson,
1963, 1964; Wilson 1986, 1987). Plant parasitic nematodes, and in particular the monophagous types or

forms with a restricted host range such as PCN, are
similar to monophagous insects as they are closely associated with and dependent on plants and must, therefore, come into contact with these secondary plant substances. As sorne of these substances are highly toxic
they must be metabolised by the nematodes.
This study examined the properties of the phenolic
coumpounds, previously isolated from PCN (Vlachopoulos, 1986), to determine their possible involvement
in chromogenesis and to compare the presence of flavonoid compounds in the contrasting chromogenesis in
the two species in PCN.
Materials and methods

Pot cultures of the international pathotypes Roi, Ro2,
Ro3, Ro4 and RoS of Globodera TOslOchiensis and Pa 1,
Pa2 and Pa3 of G. pallida were established on the potato
cultivars Majestic and Arran Banner and kept in the
greenhouse. AIl stages of the females were collected.
The females were removed from the roots with the aid of
a dissecting needle and placed in a watch containing tap
water at 4 oc. Cleaned females and early cysts were
placed in small (5 ml) snaptop vials containing approximately 1.5 ml of 96 % ethanol. Thus extracts of ail developmental stages of females were made and separated
by two dimensional thin layer chromatography (TLC).
The support material for the TLC procedure was cellulose without binder (Scheicher & Schuell Type F1440,
20 x 20 cm). For spot detection, chromatograms were
examined in an ultraviolet (UV) light cabinet (emitting
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at 254 and 365 nm) in the presence or absence of NB)
vapor (880 sp. gr.).
Pilot studies showed that the compounds were separated most effectively in benzene-acetic acid-water
(125:72:3 v/v) and 4 % acetic acid for the 1st and 2nd
dimension respectively. The solvent systems, isopropanol-ammonia-water (8: 1: 1 v/v) and 4 % acetic acid, and
chloroform-acetic acid-water (13:6: 1 v/v) and 4 % acetic acid were also used in order to isolate components
more distinctly from adjoining spots or to produce more
compact areas in the chromatograms for the purpose of
spectroscopy. The UV absorption spectra were scanned
using a Shimadzu scanning and recording spectrophotometer (Model UV 240). Ail samples were scanned
from 500 nm - 190 nm.

Results
From the 23 phenolic compounds detected by TLC
in both species ofPCN (Vlachopoulos, 1986) ofÙyeight
showed spectra with the properties of flavonoids. The
spectral analysis of these with their Rf values in benzenacetic acid-water and 4 % acetic acid for the 1st and 2nd
solvent systems respectively, are presented in Table 1.
The À max values in nm are foUowed by the shoulder
values in brackets.
Compounds 1, 2, 3,4 and 5 were eluted from chromatograms developed in chloroform-acetic acid-water;
compounds 6 and 8 were eluted from chromatograms
developed in benzene-acetic acid-water and compound
7 from chromatograms developed in isopropanol-ammonia-water.
Table 1. Rf values of PCN navonoids separated by TLC in
benzene-acetic acid-water (12572:3 v/v) and 4 % acetic acid
for the lst and 2nd solvent systems, respectively, and À max
values of spectral curves of the same compounds in methanol.
Compounds 7 and 8 were not present in Pa, and Pa) of G. palhda and Paz lacks 6, 7 and 8.
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Discussion

).. max (nm)

Rf values
2nd
solv.

Band li 240-280 nm

Band 1300-380 nm

No.

Ist
solv.

1
2
3
4
5
6
7
8

00
00
08
51
56
83
87
89

57
36
80
00
43
32
12
03

283
226, 277, (283), (293)
(250), 264),284
(218), 275, (291)
224,276, 284
(233), (279), 288
238

311,(330)

SPOI

Shoulder values are g.iven in brackers.
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In chromatograms heavily loaded (about 100 À) with
the ethanolic extract from yellow females, it was apparent under visuallight that three of the eight flavonoids those numbered 6, 7 and 8 - appeared in various shades
of yellow and are likely to be responsible for the coloration of the cysts of the " golden nematode". No
other pigment was observed in ail stages of cyst development of ail pathorypes of both species exarnined.
Ali flavonoids were present in ail pathorypes of G.
rosLOchiensis. Bowever compounds 7 and 8 were not
present in pathorypes Pal and Pa3 of G. pallida and
pathorype Pa2 lacks ail three (6, 7, 8) pigments.
From the charaeteristics of the UV absorption spectra
we grouped the compounds listed in Table 1 according
to the scheme of Marby el al. (1970) as foUows : compounds no. 1, 3, 4, 5 and 6 which absorb in both band
regions are flavones and/or flavonols. Compound no. 2
with an obvious band II but with an absence of band l
absorption belongs to isoflavones or flavonones or dihydroflavonols group. Compound no. 7 with no band II
but with band l in the range 370-430 nm is an aurone.
Compound no. 8 which also lacks band II absorption
but has an intense band 1 in the range 340-390 nm, is a
chalcone.
This general classification of the compounds is supported by their chromatographic behaviour. Comparing
the map of distribution of flavonoids in n'Vo dimension
paper chromatograms (Marby el al., 1970) with the distribution of PCN flavonoids (in similarly developed
chromatograms) the nature of Table 1 compounds is
approximately as foUows : no. 1 is a flavone or flavone
7-0-monoglycoside, no. 2 is an isoflavone 7-0-diglycoside, no. 3 is a flavonol 3-7-0-diglycoside, nO.4 is a
flavone or flavonol, no. 5 is a flavonol 3-0-monoglycoside, no. 7 is an aurone and no. 8 is a chalcone. Compound no. 6 was identified as quercentagetin 3, 5, 6, 3',
4' - pentamethyl ether or 3, 5, 6, 3', 4' - pentamethoxy-7 -hydroxyflavone due to its characteristic behaviour in UV light and UV + NB), its Rfvalues in various
solvent systems and its UV absorption spectrum
(Fig. 1).

308, (330)
313, (353)
315
338
308, (329),(350)
300, 348, 368

The presence of three coloured compounds (6,7 and
8) in G. rosLOchiensis is significant. Compound 6 is a
hydroxyflavone, specificaUy the pentamethyl ether of
quercetagetin, was very concentrated and present in
both PCN species with the exception of Pa2. The same
compound has a]so been isolated from the plant Proposis
spicigena L. by Sharma el al. (1964) and its chromatographic data and spectra are given by Marby et al.
(1970). Since this is the first record of this compound in
animais and mainly because this is the first record of a
flavonoid in nematodes, attempts were made to discover
its origin. Thus, analysis of potato roots - infected and
uninfected with nematodes - have demonstrated a number of compounds with phenolic properties (VlachoFundam. appl. NemalOl.
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Fig. 1. UVspectrum in methanol of compound no. 6 (see
Table 1) of potato cyst nematodes obtained by TLC.

poulos, unpubl.) but no traces of the above mentioned
ether were found. Quercentagetin is not present in potatoes although quercetin and kaempherol are common.
The pentamethyl derivative must therefore be synthesized by the nematode. The origin of this substance
must await the results of experiments using labelled
compounds.
Of greater significance from an evolutionary point of
view is the distribution of compounds 6, 7 and 8 which
are a hydroxyf1avone, an aurone and a chalcone respectively. Ali of these compounds are yeUow in colour;
compound 7 (aurone) being the strongest, the other two
are very pale yellow. The yeUow colour of G. rosLOchiensis cysts is due to the presence of compounds 6, 7 and 8
while G. pallida, with the exception of Pa2, lacks 7 and 8
and Pa2 lacks them ail. The most significant absence is
that of compound No. 7 (the aurone) since this imparts
the majority of the cyst colour.
Pathotype Pa2 of G. pallida is clearly different in that
it lacks ail three compounds. Cysts of this pathotype
appear much paler than the other pathotypes. Pa2 is
unique in other respects since differences can be detected by electrophoresis (Fox & Atkinson, 1984; Salame,
1985); Reynolds (pers. comm.) considers Pa2 differs
with respect to catecholase distribution. These observations, while explaining the difference in colouration of
G. rosLOchiensis and G. pallida, may also be of significance in relation to the metabolic pathways involved.
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The actual precursor of the f1avonoids is a chalcone,
often a dihydroxychalcone which is synthesized from
p-coumaric acid. The present study demonstrates the
presence of an aurone in G. rosLOchiensis. Aurones are
unusual products; the presence of an aurone indicates
that there is a block in the biosynthetic pathway from
chalcone to f1avone which can be by passed by the production of aurones (Siegelman, 1964). These can then
enter the biosynthetic pathway for f1avonoid production.
Ir is possible that variations in the biosynthetic pathway, depending on the presence or absence of the aurone, gives rise to the yellow and non-yellow forms of
PCN. The presence of aurones may be central to the
variations in chromogenesis in other cyst forming nematodes. Thus, apart from other differences in cyst types,
there may be a major dichotomy in the f1avonoid composition.
It is considered by Evans el al. (1975) that G. pallida
originated from the more mountainous regions of South
America. There has been a tendency to assume that G.
rosLOchiensis was the typical PCN. This assumption
probably arose because of the predominance of G. rosLOchiensis in earlier studies in Europe. The implications
from this study are that the aurone-containing G. rosLOchiensis is not the " normal" condition and that G.
pallida is more closely adapted to the host plant. Using
the dihydroxychalcone, phlorisin, Salame (1985),
Showed that G. rosLOchiensis did not possess the enzymes
necessary to metabolize this substance, while G. pallida
did. Additionally Pa2 had a different complement of
isozymes than the other pathotypes. The inference of
these findings is that G. pallida is earlier in origin and
that G. rostochiensis has arisen later as a separate line.
The marked uniformity of the G. rostochiensis pathotypes in many biochemical taxonomic studies compared
to the variability of G. pallida wouId appear to support
this observation.
References

CHITWOOD, B. C. (1951). The golden nematade ofpotatoes.
V.S.D.A., Circ. na 875, 48 p.
ELLENBY, C. (1963). The gold of the golden nematode of
potatoes. Proc. XVllnt. Congr. Zool. August 20-27, Washington, Vol. 1 : 139 [Abstr.].
EVANS, K., FRANCO,]. & DE SCURRAH, M. M. (1975). Distribution of species of potato cyst-nematodes in South
America. Nematalogica, 21 : 365-369.
Fox, P. C. & ATKINSON, H.]. (1984). Isoelectric focusing of
general protein and specific enzymes from pathorypes of
Globodera rosLOchiensis and G. pallida. Parasitology, 88 : 131139.
GUlLE, CT. (1967). On cyst colour changes, bionomics and
distribution of potato cyst-eelworm (Heterodera rostachiensis
Woll.) pathotypes in the East Midlands. Ann. appl. Biol., 60 :
411-419.
105

E. G. Vlachopoulos & L. Smith

HARBORNE, J. B. (1967). Comparative biochemistry of theflavonoids. New York, Academie Press: 123-125.
HOMlNICK, W. M. (1983). Oxygen uptake during tanning of
Globodera roslOchiensis. Revue NémalOl., 6: 199-206.
MARBY, T. j., MARKHAM, K. R. & THOMAS, M. B. (1970).
Tne systematic identification of flavonoids. Berlin, Heidelberg & New York, Springer Verlag, 354 p.

SMlTH, L. & ELLENBY, C. (1967). Sorne biochemical changes
in the contents of the cyst of Heterodera roslOchiensis during
its maturation. NemalOlogica, 13: 395-405.
VLACHOPOULOS, E. (1986). Phenolic metabolites as a chemotaxonomic aid for the identification of cyst forming nemalOdes.
Ph. D. Thesis, Univ. Newcastle upon Tyne, 190 p.

MORRls, S. T. & THOMSON, R. H. (1963). The flavonoid
pigments of the Marbled White Butterfly (Melanargia gulathea Seltz) J. InseCl Physiol., 9: 391-399.

VOINILO, V. A. (1975). [Phenol compounds in leaves of potatoes and changes in their contents as affected by nematode
infection]. Vetsi Akad. Navuk BSSR, Biyalagichnykh Navuk,
6 : 49-52.

MORRIS, S. T. & THOMSON, R. H. (1964). The flavonoid
pigments of the small health butterfly, Coenonympha pampilus L. J. InseCl Physiol., 10: 377-383.

WILSKl, A. & GIEBEL, J. (1966). 13 -glucosidase in Heterodera
rostochiensis and its significance in resistance of potato to this
nematode. Nematologica, 12 : 219-224.

SALAME, y. M. (1985). Differences in the glycosidase aaivity of
potato cyst nemalOdes and their pathotypes. Ph. D. Thesis,
Univ. Newcastle upon Tyne, 220 p.
SHARMA, R. c., ZA1Y\AN, A. & K.IDWAl, A. R. (1964). Chemical examination of Prosopis spicigena Linn. Indian J. Chem.,
2: 83-84.
SIEGELMAN, H. W. (1964). Physiological studies on phenolic
biosynthesis. In: Harborne, J. B. (Ed.). Biochemistry of phenolic compounds. New York & London, Academie Press:
437-458.

106

WlLSKl, A., GIEBEL,J. & GLOWINKOWSKA, A. (1968). [Phenolic compounds in roots of potatoes susceptible and resistant to Heterodera roslOchiensis Woll.) Pr. Nauk Inst. Ochr.
RoH, 10: 203-214.
WILSON, A. (1986). Flavonoid pigments and wing color in
Melanargia gulathea. J. chem. Ecol., 12: 49-68.
WILSON, A. (1987). Flavonoid pigments in chalkhill blue (Lisandra c01idon Poda) and other lycaenid butterflies. J. chem.
Ecol., 13 : 473-494.

Fundam. appl. NemalOl.

