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Abst rac t  The cereal cyst nematode (CCN) (Heterodera 
avenae Woll.) is an economically damaging pest of wheat 
in many of the worlds cereal growing areas. The develop- 
ment of CCN-resistant cultivars may be accelerated by the 
use of molecular markers. The Cre gene of the wheat line 
"AUS 10894" confers resistance to CCN. Using a pair of 
near-isogenic lines (NILs) that should differ only in a small 
chromosome segment containing the Cre locus, we 
screened 58 group-2 probes and found two (Tag605 and 
CDO588) that detect polymorphism between the NILs. 
Nulli-tetrasomic and ditelosomic lines confirmed that the 
restriction fragment length polymorphism (RFLP) mark- 
ers identified were derived from the long arm of wheat 
chromosome 2. Crosses between "AUS10894" and 
"Spear" and the NIL "AP" and its recurrent parent "Prins" 
were used to produce F 2 populations that gave the expected 
3:1 segregation ratio for the resistance gene. Linkage anal- 
ysis identified two RFLP markers flanking the resistance 
gene. Xglk605 and Xcdo588 mapped 7.3 cM (LOD=6.0) 
and 8.4 cM (LOD=6.7), respectively, from the Cre locus. 
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Introduction 

The cereal cyst nematode (CCN) (Heterodera avenae 
Woll.) attacks cereals worldwide (Meagher 1977) and 
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causes serious economic loss to wheat growers in many 
countries. Yield losses in an intolerant cultivar may be up 
to 30% (Fisher 1982a). Host resistance is the only econom- 
ically viable and environmentally acceptable method of 
keeping nematode numbers below damage thresholds. Re- 
sistance to CCN has been identified in Triticum tauschii 
(Eastwood et al. 1991), Aegilops spp. (Brown 1973; Dosba 
et al. 1978; Eastwood et al. 1991), and Secale cereale 
(Asiedu et al. 1990), although to-date there has only been 
one resistance gene reported in hexaploid wheat (Nielsen 
1966; O'Brien and Fisher 1974). This dominant allele at 
the locus Cre is located on chromosome 2B in the lines 
"Loros" (Stootmaker 1974) and "AUS 10894" (O'Brien et 
al. 1980; Nielsen 1982). The gene Cre confers resistance 
to H.avenae by arresting female development at about 15 
days by causing the degeneration of feeding sites in the 
root stele (Williams and Fisher 1993). The introgression 
of Cre into commercial cultivars is currently constrained 
by the test for resistance, a bioassay which is time-con- 
suming and expensive. An improved asssay based on mo- 
lecular markers is necessary. 

RFLP markers linked to genes conferring nematode re- 
sistance have previously been identified in potato (Geb- 
hardt et al. 1993), sugarbeet (Jung et al. 1990), tomato 
(Messeguer et al. 1991) and T. tauschii (Eastwood et al. 
1994). Near-isogenic lines (NILs) carrying different alleles 
for disease resistance can facilitate the identification of 
closely linked RFLP markers, as reported by Schuller et 
al. (1992) for the Mla locus in barley, Klein-Lankhorst et 
al. (1991 ) for the Mi locus in tomato, and Hartl et al. (1993) 
for the Pm3 locus in wheat. 

In this paper we present the idenification of Cre-linked 
RFLP markers using near-isogenic lines. 

Materials and methods 

Plant material 

A set of near-isogenic lines was used to screen for probes that pro- 
duced RFLPs. The NIL "AP" was developed by Prof. James MacK- 
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ey (Upsalla, Sweden) after seven backcross generations with "Prins" 
as the recurrent parent and "AUS 10894" as the donor line. "Chinese 
Spring" nulli-tetrasomic (Sears 1966) and ditelosomic lines (Sears 
and Sears 1978) were used to localise RFLPs to chromosomes and 
chromosome arms. For linkage analysis, F 2 progeny of the crosses 
"AUS 10894" x "Spear", and "AP" x "Prins", were kindly supplied 
by E Green. 

Nemotode assay 

F 2 progeny were tested for their resistance to H.avenae using the bi- 
oassay developed by Fisher (1982b). Seedlings were planted in 
3-cm tubes filled with sterile soil, and inoculated five times at 3-day 
intervals with 100 second-stage juveniles. After 12 weeks at 15~ 
the number of cysts formed on roots were counted. To confirm the 
resistance score, six to eight F 3 progeny of each F e individual were 
also assayed by the same procedure. 

DNA clones 

Clones were obtained through the Australian Triticeae Mapping In- 
itiative. Group-2 cDNA and genomic clones were selected from maps 
of barley (Heun et al. 1991) and wheat (Liu and Tsunewaki 1991). 

RFLP analysis 

DNA extraction, restriction digestion, Southern blotting, and hybrid- 
ization were carried out as described by Guidet et al. (1991). NIL 
leaf DNA was digested with HinDIII, EcoRI, EcoRV, DraI, BamHI 
and XbaI. DNA membranes of F 2 progeny were screened with RFLP 
probes and the results analysed with Mapmaker (Lander et al. 1987) 
and Joinmap (Stam 1993) software using the Kosambi map unit func- 
tion (Kosambi 1944). 

Results 

Segrega t ion  of  the nematode  res is tance gene 

A total  of  89 F 2 p rogeny  were  tested for res is tance to H. 
avenae. The segregat ion  of  indiv iduals  f rom the cross 
"AUS10894"  x "Spear"  was 34 resis tant  : 18 suscept ib le  
(2=2.56) and that of  " A P  x Prins"  was 30 resis tant  : 7 sus- 
cept ib le  ()~2=0.42). The )~2 values  indicate  that the segre-  
gat ions  fit the expected  3:1 ratio for a s ingle dominant  gene 
for res is tance to CCN.  

R F L P  analysis  

F i f ty -e igh t  probes  were  screened using the NILs  and the 
donor  parent  "AUS 10894" in order  to ident i fy  those  show- 
ing po lymorph i sms .  Thi r ty -e igh t  o f  the c lones detected 
RFLPs  be tween  the parenta l  lines. Two clones,  CDO588 
and Tag605, ident i f ied  R F P L s  be tween  the NIL  "AP"  and 
its recurrent  parent  "Pr ins"  (Fig. la) .  A third clone,  
ABC451,  gave  an ident ica l  res t r ic t ion pat tern to CDO588.  
Part ia l  sequencing of  these clones showed 79% h o m o l o g y  
in 530 bases,  indica t ing  that they may  be products  of  iden-  
t ical  loci,  a l though ABC451  is a c D N A  clone f rom bar ley  
whi le  CDO588 is f rom oats. 

Fig. l a  Southern analysis of NILs. DNA was digested with three 
restriction enzymes, and hybridised to Tag605 and CDO588. The ar- 
row indicates the polymorphic band. A AUS 10894, AP AUS 10894 
x Prins 7, P Prins. b Chromosomal localisation of RFPLs. Southern 
blot of nulli-tetrasomic (N2AT2D - nulli 2A tetra 2D) and ditelosom- 
ic (2BL) lines digested with EcoRV and hybridised to Tag605 and 
CDO588. Absence of polymorphic bands (arrow) in N2BT2D and 
their presence in 2B L indicates that the RFLP is derived from 2B L 

To ver i fy  that the RFLPs  p roduced  by these informa-  
t ive probes  were  der ived  f rom ch romosome  2B, the clones 
were  hybr id i sed  to D N A  membranes  of  nul l i - te t rasomic  
and d i t e losomic  l ines of  Chinese  spr ing wheat.  The restr ic-  
t ion pat terns  ind ica ted  that these probes  ident i fy  loci  on 
ch romosomes  2B and 2D, and that the R F L B s  observed  
were  der ived  f rom the long arm of  ch romosome  2B (Fig. 
lb) .  

L inkage  analysis  of  the R F L P  loci  re la t ive  to the Cre 
locus was conducted  on 52 F 2 ind iv idua ls  of  the cross 
" A U S  10894" x "Spear" .  CDO588 l inkage  was also meas-  
ured on 37 F 2 p rogeny  of  a "AP"  x "Prins"  cross and the 
results  in tegra ted  into a consensus  map der ived  f rom both 
popula t ions .  

A l inkage  group conta in ing the Cre locus was ident i-  
fied, which  pos i t ioned  the markers  Xcdo588/Xabc451 and 
Xglk605 8.4 cM and 7.3 cM, respectvely,  f rom the res is-  
tance locus (Fig. 2). Two other  f lanking markers  were also 
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Fig. 2 Partial linkage map of the long arm of wheat chromosome 
2B derived from linkage analyses of progeny from crosses between 
"AUS 10894" and "Spear", and "AP" and "Prins". Map distances, in 
centimorgans (Kosambi 1944) were determined using Mapmaker and 
Joinmap software. The shaded area represents the estimated maxi- 
mum size of the "AUS 10894" chromosome segment that was intro- 
gressed into the "AP" backcross line 

conta ined  in the l inkage  group,  but  were  not p o l y m o r p b i c  
be tween  the NILs,  g iv ing  an indica t ion  of  the size of  the 
D N A  segment  in t rogressed  f rom "AUS10894"  into 
"AP"(F ig .  2). 

Discussion 

R F L P  markers  can p rov ide  powerfu l  tools  for indi rec t  se- 
lec t ion o f  an ag ronomica l ly  impor tant  gene in a b reed ing  
p rog ram (Beckman  and Sol ler  1983; Tanks ley  1983). This 
s tudy has used NILs  to ident i fy  R F L P  markers  l inked to 
the cereal  cyst  nematode  res is tance gene Cre. As the near- 
i sogenic  l ines should  be ident ica l  apart  f rom a segment  of  
D N A  conta in ing  the gene se lec ted  for, any RFLPs  be tween  
the NILs  should  be, and are, c lose ly  l inked to Cre. Cre and 
its c loses t  l inked  markers  res ide  on a smal l  segment  of  
"AUS 10894" that  has been in tegra ted  into "AP"  chromo-  
some 2B. 

The  R F L P  markers  Xglk605 and Xcdo588/Xabc451 can 
be used in a se lect ion p rog ram in p lace  o f  the b ioassay  cur-  
rent ly  used. Unl ike  this b ioassay,  the R F L P  markers  can 
detect  h o m o z y g o u s  res is tant  ind iv idua ls  and can also be 
used in a b reed ing  p rogram to py ramid  CCN res is tance 
genes,  such as the T. tauschii gene (Eas twood et al. 1994) 
and the Aegilops ventricosa gene which  has recent ly  been 
t ransferred into whea t  (Del ibes  et al. 1993). 

Work  is current ly  underway  to conver t  the R F L P  mark-  
ers repor ted  here into PCR markers ,  to further reduce the 
cost  and t ime required to deve lop  new CCN-res i s tan t  wheat  
cul t ivars .  
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