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Summary. A molecular method is described for the identification of nematode species from the Heterodera 
scbacblli sellsu stricto group. Based on the ITS-rONA sequence information obtoined from more than 40 cyst 
rorming nematode species, a primer SG RI \vas designed, which is specilk for species from the H. scbacbtii sen
su stricto group . This specific primer in combination with the universal primer T\'<'81 amplified a fragment of 
850 bp from nematode DNA extracts. The primer was evaluated with 30 populations and species of the H. 
scbachtii sellsu stricto group and several other parasitic nematode species. Subsequen! digeStiOn of amplified 
peR products by Mlla[ :lOd P/Ju[1 allowed the separation of H. schachlii, H. betae and H. tIl/alii from each oth
er. This method of identification is highly sensitive since amplification was obtained when a single second stage 
juvenile or <l single cyst \vere mixed with Pratylenchus penelrans or other nematode species. 

Baldwin and Mundo-Ocampo (991) listed 
23 species w ithin the Schachtii group of the 
genus Heterodera. Within the H. schachNi sen
Sll stricto group, Heterodera schaehlii, H . betae, 
H. gl;vcines, H. wjalli, H. cieeri, H. tri/olii, H. 
mediterrallea and H medfcaginis are \videly 
distributed and some of them are major pests 
in certain countries (Evans and R(l\ve, 1998). 
Identification of these species is based on mi
nor morphological and morphometricaI differ
ences and is difficult, time cons uming, and re
quiring a lot of skill and taxonomic expertise. A 
so lution to this problem are the molecular tech
niques developed during the last decade and 
w hich are becoming a popu lar tool for species 
and subspecies identification of plant-parasitic 
nematodes (Ferris et al., 1993; Vra in and McNa
mara, 1994 ; Thi€:1y and Mugniery, 1996; Sza lan
ski et al. , 1997, Subbolin et al. , 1997; 2000) . Re-

cently, mu ltiplex PCR techniques were devel
oped for qu ick identification of several nema
tode species ( Mulholland et al., 1996; Set
terquist el al ., 1996; Bulman and Marshall, 
1997; Petersen et aI. , 1997; Williamson et aI. , 
1997; Uehara et aI , 1998; Fullando el aI. , 1999), 
The objective of the present study was to de
velop primers specific for the H. scbachtii sen
su stricto group and to combine them with uni
versal primers in a mUltiplex PCR based identi
fication method . 

Materials and methods 

Sequences of the ITS region o f the ribosomal 
gene cluster of species of the Heterodera 
scbachti; sensu stricto group (H. glycines !chi
noe , H. /IIedicaginis Kirjanova , H . schacbtii 
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Schm id t, H . trifolii Goffa n ) and other Hel· 
erodera species IN. avenae Wollenweber, H ca· 
jCllli Koshy , J-I. a/rotae Jones, H. ciceri Vovhts , 
Greco et Di VilO, H cfllciferae Franklin, H ficf 
Kirjanova, H. filipjevi Ste lter, H goetting/aua 
Liebscher, fJ. b1l1llt/li Filipjev, H . lal/pOllS 
Fran klin, /-J. rifJaria Sllbbolin et al., H o/YZiCOlt1 
Ran el j ayaprakash, Globodera roslocbiensis 
(Wollenweber) Beh rens , G. pal/ida (Slone) 
Behre ns} we re obta ined from Genbank 
(AF274384~AF2744 1 7). These sequences we re 
alignedllsing ClLlstalW (version 1.7; Thompson 
et aI. , 1994) along with other sequences of H. 
scbacblii and /-J. betae WOUIS, Rlimpenhorsl et 
Sturhan obtained by S. Amid. S. A. Subbotin 
and M, Mnens (unpublished), Five putative 
primers were selected on the base of sequence 
homology. 

TAill.E I - Nematode populations II~>{I til/his s/lldy. 

For (he testing of these putative prime rs, 
eight species :loci 32 populations from the H. 
schachtii sensu stricto group a long with seve"tl 
other plant parasitic nematodes were used 
(Table I). 

TIle methods used for the DNA extraction and 
peR amplificat ion were similar to those de
sClibed by $ubbotin et al. (2000). four microliucs 
of the DNA suspension were used as a template 
and added to 21 pi of the peR mb:ture contai n· 
ing 2,5 pi of lOX Q iagen peR buffer, 1 pi of 25 
111M MgCh, 0.5 pi of 10 mM of each dNTl>, 0,15 
pi of the putative group specific primer (Table I) 
<md of the universa l primer TW8l (O.IS nlvVpl) 
as desnibed by joyce el al. (1994), 0.15 I·ti of Qi· 
agen Taq DNA polymerase (Su/ pi) and double 
distilled water added to the fi nal volume. 

For the mUltiplex peR, two universal primers 
D3A and D3B (0.15 ruWpi) as described by AI
Banna el al. (1997) were added [0 the peR mix· 
(Ure (T<.Lble II). The combination of the group 
specific primer :Lnd the universa l primer lW81 
amplifies a fragment beginning at the end of the 
185 gene up to a few bases inside ITS2 region of 
the ribosomal duster (Fig. n. 111C D3A and D3B 
primers amplify the D3 expansion region of the 
large subunit of the ribosomal gene 285. Amplifi· 

H£1erot/era schachtif 
H. schlicht;; 
H. schocb/ii 
H. scbacblii 
H. selJacblii 
H schuch/Ii 

H. scbacblii 
H scbacbtii 
H. sc/}(Icbl/i 
H. scbacbtii 
H. scmlcblii 
H. scbacbtii 
H. scbacb/li 
H scbacblii 
If. scbllcblii 
11. sclwcbtii 
H. bettie 
H. beta/! 
H. Irifolii 
H. m/oJii 
H. gfydlles 
H R{)'CiIll!S 

H glycin('s 

H B~l'cilles 

H. glycill£'s 

H. g(),cilles 

II. rllx/ria 
H. b/llllldi 

H. medicagillis 
H. ClIjlllli 

H. eic(,rj 

11. sOllcoofJbyla 
Heterodera sp. 1 

Helenxlem. sp. 2 

H. (we/we 

H. avellae 
Globodera rostocbiellsls 
G.p(llIitia 

R(/dopl)o(us simili.'> 
PmlylencbllS pelle/llills 
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Pupul:llion origin 

Molembaix, Belgium 
Henne, Belgium 
G6ttingcn, Gennany 

Sch!aden, Germ.my 
Aisne, France 
Nord, france 
Marne, Fmce 
Outed l\Ioorek, Tadla, .\loroCt.:O 

Madagh, Berkane, Morocco 
Rutten, Netherland 
BOIsel, t\'(1herland 
Teckom3torp. Sweden 
Slonaquirden, S\\'e<!en 
BBA, Gemlany 
Kern):! , city Kerman. Imn 
Bologna, Ita ly 
Gelber, Gcrm:my 
Berk.ane, Moulyia, Morocco 
f.loscow region, Russia 
Merelbcke, Belgium 
Arkansas, USA 

Ping-Jnlin, Gong7Jmling, Jinkin pro
vine China 
Klanha, Gong:.:h~!ing, Jinkin pro
vine China 
Hezc. Shanong province, Chin;1 

Zhangjiakou, HL"i::>ei provint't', China 
Brazil 
/'I'loscow region, Russia 

dlUvashija, Russia 
Sl:I\nJpol region, Russia 
India 

Syri~ 

f.'ilonia 
Knokke, Belgium (A/rip/ex li/oraliS) 
Gennany (RulII(').·sp.) 

Charb, Morocco 
II loufslede, Belgium 

Po(X'ringe, Belgium 
KoekeJare, Belgium 
Villa Clara, Cubit 
Lokeren, J3eJgiUfll 



T AIJW " - .5!!qllellces of pn'mers IIsed ill lilli/lip/ex PCRfor 
deleclill,~ ]-ktercxk:w ~<.:hachtii gl'Oup species. 

I'rinK'r 

TW"81 
D3A 

D3B 
SGRJ 

,~ 

--> 
Twal 

ITS] 

Sequence 

5'-GTrrCCGTAGGTGAACCTGC-3' 

5'-GACCCGTCITGAAACACGGA-3' 

5'-TCGGAAGGAACCAGCfACTA-.)' 

S'-GTACATGATCCCACGAAGC-3' 

<
SGR( 

--> <-
DM DJS 

Fig, 1 - Position of the primer USt'1:l in the multiplex peR. 

calion \Vas performed in a 1\1} Re.5earch PTC-200 
Peltier Thermal Cycler eM] Research, Inc. , MA, 
USA) , The PCR programme consisted of four 
minutes at 94°C followed by 35 cycles of 30 sec
onds at 94 °C, 30 seconds at 55 °C and 1.5 min
utes at 72 0c. An additional ten minutes exten
sion <II 72°C completed the programme, A nega
rive control containing the PCR mi:'i:ture \vithout 
DNA template was also run. Five microlitres of 
each amplified sample were analysed by elec
trophoresis ill a 0.8% agarose gel (100 V, 30-45 
mLn), sta ined with ethidium bromide, visualised 
and photographed under UV lighL Multiplex 
PCR was_ repeated several times with the same 
sample to verify [he results, 

In a Further step, 2-5 microlitre:; of each PCR
product obtained with the comb ination of 
T\\f81 and the group specific primer SGRl were 
digested ~vith .Moai. PUlfil or Rsal in the buffer 
.stipu lated by the manufacrurer. The digested 
DNA was loaded on a 1.5% agarose gel (lOOV 

for 1.5 h), stained with ethiclium bromide, visu
alised and photographed under UV light. 

To examine the sensitivity of the method at
tempts were made to identify .species of the H. 
schachtit' sensu stricto group in different combi
nations with other nematode species. Therefore, 
combinatiom were made of a single cyst of H. 

schachtll sensu stricto species with (1) a single 
cyst of a species not belonging to this group, or 
with (2) 12 individuals of Pratylenchus pene
trans (Cobb) FiUpjev et Shuurmans Stekhoven, 
AJeloidogyne arena ria ( Neal) Chitw. (J:a , 
Radopholus similis (Cobb) Thorne or dory
laimids. Fina ll y, combinations of a single sec
ond stage juvenile of H. scbachlii (Morocco) 
\vith difFerent numbers of P penefrtll1s individu
als were examined. The experiments were rc
peated four times. 

Results and discussion 

For three of the five putative group specific 
primers, the PCR repeatedly yielded more than 
one banel: the PCR with a FOl1lth primer failed 
to amplify a DNA fragment for some samples. 
N; a consequence these fOllr primers were dis
carded. Only primer SGRl CTable IT) yielded a 
single fragment of 850 bp for all samples and 
\vas used for funher tests of the large list of H. 
schachlii group populations (Table I). AI] 
species belonging to this group yielded a s imi
lar DNA fragment (Fig . 2). Fig . 3 shows a fmg
menl of the sequence :.tlignmenl of cyst nema
(Ode species indicating the sequence of [he 
SGR1 primer. 

For the development of the multiplex PCR, 
the two universal primers D3A and D3B were 
added to the primers SGRI <lnd T\'(181. The 
combination 03A and D3B amplified the 03 ex-

Fig. 2 - Testing the combination of primer T'i'l'BI and the 
grollp specific primer SCR I on speck's ~nd poplil:Hions 
bdon:;:ing to the H"telyxiem sc);m:htii sensu stricto grO\lp. 
L: 100 Ill? Dl\'A lad der 1-13: H , sc/Jac/Jlii; 14,15: H . 
glycflles; 16-17: H. befae: 18: H. frijolii. 
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H.glycines 
H.medicaginis 
H. tritolii 
H.schachtii 
H.Cajani 
H.cruciferae 
H. carotae 
H. goettingiana 
H .avenae- France: 
H. tilipjevi 
H.l a tipons 
H.riparia 
H.humuli 
H. fici 
H.oryzicola 
G.rostochiensis! 
G.pallida 
C.estonica 

GTGC- G--T--TGCT---T--CGTGGGATCATG- -TAC T- -- - T- -GT- ---ACGTGTTC-TTAC 

. -.--.-- ---. -- ........... . 
.... - .- -.-- ---.-- ........... . . . . . . . . . - . . . . 

- .-- .-- --- .- -....... . ... . . . . . . . . . - . . . . 
- ... -. -- .GT .... C--. - - ... AT... . . -C.TT. - ---. -- .A----G .... ... - A .. . 

A .. . -. -- .GT.TAAC- -. -- ... T ... .... . -CGGAC---AC--. ------ .... . . . - .. T. 

A ... - . - - .GT . TM C - -. -- ... T . ... . ... -CGGAC--- AC- -. ----- - .... . .. - .. T. 

A ... -. -- .GT.ATAC--. -- ... A . ..... .. - CGGAC---AC-- . - ----- • •••. .. - .. T. 

· ... -C- - .GT .ATGT--. --G ... A . . .... . TCGG.A--- -. - -. - ---- ••...... - .. G. 
· ... -C- - .GT .ATGT--. - - G ... A ..•.... T C .G.A--- -G--. -- --- • ....... - .. G. 

· ... - . - - . GT. ATGT - - . - -G ... A ... .. .. TC. G .. - - - - . - - . - - - - - ........ - .. G. 

· ... - . - - . GT . . A. C- - . - - . . . . .... ... TC. GT . - - - - . - - . - - - - - . ....... - . . G. 
· .. . - . - - . GT . . A. C- - . - - ....... .... . TC. GT . - - - - . - - . - - - - - ..... ... - .. G . 

· ... - . - - . GT .. T . C - - . - - . . .. . .. ... TC . GT . - - - - . - - . - - - - - ...... . . - .. G. 

· ... - A- - .GT. -TGCAA.GA ........ . G . . TG.GA . --GA. - - - -A-AC .. . C . .. . -c--. 
· ... - . - - .GT. TT- - TT .G-. - .M ... .. C . - - -- .. -- -TC - - .G- -- -- ... . ... - .. G. 
· ... -. -- .GT. TTA-TT .G- _ - .M .. .. . C. ---- .. --- Te-- .G - -- - - ... ___ . -. _G. 

· ... - _ -- .GT . TTG-AC .G-. - . M .. .. _ C. - ---. - ---ce- - .GT - - - - ....... - .. G. 

Fig. 3 - Alignmo.::nt (If ;J fragment o f rDNA S(.'(lllences H . schm;blii group ~pl:t:ic:> and 50nlC other p!:lm p:Ir.J.sitic nematodl.: 
s pedcs. The bold d l:lracto.::rs lndl<'::ll(' the :ie'lll !;:nce or pri1l11.:r SCI{ I 

------- ! --- I: 
850bp 

- .. .. ---- -.--- -
• • • • • •• • .. • 

345 bp 

2 , , , 
" 

, " w " 

Fig. -I • Multiplex pel( with the group f; pedfic prhncr of 
the f-1. scbachlif group; I. : 100 bp DNA bddcr 1·3; II . 
scb(/cblii: 4: N. I){!I{I(:, 5: H. Il'ijuli/: fi: I/. &{l'Cille.<;: 7; H. ci
ccri: 0: H . b/llllllfi; 9: N. (fI'eIl(/(!', 10: GJo/.x)dcra />lI/Jil/a 
;md I I: Tlt:')I,:ui\'(:" contrOl. 

pansion region o f rhe 28S gene (ca. 345 bp; AI
Banna e/ ( II" 1997) and ind ic~tted the presence 
of template nematode DNA in the sample. Mul
tiplex peR with these twO sets of primers was 
performed on single cyst sam p les of all J-J , 
scbacbli i group species being studied and on 
eigh t popu lalions of o ther cyst fo rm ing and 
non-cyst forming nematode species. Samples 
from the f-I. scbachlii group always yidded twO 
distinct I'ntgments (345 hp and 850 bp); all olh

er samples showed a single fnlgmcnt (345 bp) 
( Fig. 4). 

8S4l bp -+ 

Fig, 5 - Tes t of till: sensitivity ur the group ~~ci fk prim,.; t· 
SGRI: L: 100 hp DNA ladder 1\: I: ~inglt: c)':>t of fl. scho
chlif. 2+5: .,ingl~ cyst of / I, .~cbacbli/ l!lixcd with 12 indi"!
dual,~ of RlI(lopboills silllih", .1f£'/oilioBYlle arT:Jllm'lI. dory
bimi(l" and Prtl/.l'/(,lIcblls pe"elmIlS. re:,pt:t.1ht.:ly; 6-9: 12 
R. similis. M. flr('IUlri(l. doryl:dmkb ;m d p , jX>1I('lrfIl1S 
withOut H , sc/)m:h lii; 10-14: ~in)o;l(' cyst of H_ SCblll:I)/i/, 13: 
1: ~inglc jUH:nile of II .~cb{/cbtii: 1-;: singlt: jUI'<.:nilc in 
mixture witli incrcas ing nllllll'>c'rs of f' , !Jt:II('lf(IIIS 1:1. 1:10, 
1:100 3n{1 1:200. re.<;pt:<.1ivdy; 6 and 7: 100 ;md 200 P. pc
IlelIYlIIS wltho\ll /-1. scbacblii. 
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fig. 6 - ITS-RfI.Ps lIf "pcci<.::ll belonging of Ihe H. scbaC/)lii 
grQup from the PCI{ pn:xllict obtaillt.:d with the group spe
cific primt.:r arlL·r restriction with MIll/r , P, 'I/I! or k.WlI. 
I.: 100 bp ONA I:Jdder 1-2: H. .l"dlflc/Jlf/, j: fI. bellle, 4: 
H. In/ulii. 5: N . g~rc/I/l.'S and 6: H. c/cc"". 

The primer combination was able [ 0 detect 
single cysts ~nd even single second stage juve
niles of the ,-,. scbacblii group in mixtu res with 
other nematodes. Onl y samples containing one 
of these stages yielded the group specific band 
(850 bp) afte r amplification with Ihe SGH 1-
T\X/81 primer (;ombination (Fig. 5). 

Subsequent ly, the peR product oblained with 
lhe cOl11bin:ltion of SGR 1 and T\'V81 was digest
eel with Mila!, FUll ! I or Rsal. MvaJ cle<1 rI y sep~l

rated H. scbacblii from the closely related and 
morphologica ll y poorly diSTi nguished species 
from the H. scbacbtii group. Pm/II separated !-l. 

bettie from !-l. Ir(lolii. Rsal did not distinguish 
the !-l. scbacblfl group species (Fig. 6). 

The development of the specific g ro up 
primers is based essentially on sequence infor
marion , w hich is needed from l11<1ny popula
tions belonging to the same group or to other 
groups. 111is informat ion can allow the separa
tion of popu lations with sma ll or large differ
ences in SCQl1CIKCS. This ledlllique is pal1icu
lady inrcrest ing :tS:I firsl step in the detection of 
species belonging to lhe H. scbacbl ii group 
with a si mple peR. i n a second s lep , the 
species can be ide lllified using RFLP pauerns 
oblai ned with ~lppropriate enzymes. Our group 
specific primer SGR! scpa r:lles ull tested species 
belonging TO the H. scbacbtii seils II stricto 
group which were at Ollf disposa l. Th is rapid 

and reliable method of idenlific:1tion of the H 
scbacbtii group species based on multiplex PCR 
allows a precise detection of juveniles and t.)lsts 
either ~done or in a mixtu fe wi th other nema
tode species. 
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