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Abstract Primers complementary to simple sequence re- 
peats (SSRs) and with variable three-base 'anchors' at their 
5' end, were used in PCR analyses to compare pooled DNA 
samples from various Brass ica  napus and B. rapa cutti- 
vars. Amplification products were resolved on polyacryl- 
amide gels and detected by silver-nitrate staining. The re- 
suiting banding patterns were highly repeatable between 
replicate PCRs. Two of the primers produced polymor- 
phisms at 33 and 23 band positions, respectively, and could 
each discriminate 16 of the 20 cultivars studied. Combined 
use of both primers allowed all 20 cultivars to be distin- 
guished. The UPGMA dendrogram, based on the cultivar 
banding profiles, demonstrated clustering on the basis of  
winter/spring growth habit, high/low glucosinolate con- 
tent, and cultivar origin (i.e. the breeder involved). Intra- 
cultivar polymorphism was investigated using a minimum 
of ten individuals for each cultivar and was found to vary 
considerably between cultivars. It is concluded that an- 
chored SSR-PCR analysis is a highly informative and re- 
producible method for fingerprinting oilseed rape popula- 
tions, but that intra-cultivar variation should be investi- 
gated before using banding profiles from pooled samples 
for the identification of individuals. 
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Introduction 

Cultivars of oilseed rape (Brassica napus  L. ssp. olei fera) 
are difficult to distinguish on the basis of their morphol- 
ogy. Descriptive lists compiled from DUS (distinctness, 
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uniformity and stability) tests do not provide useful mor- 
phological markers. Performance traits recorded in VCU 
(value for cultivation and use) trials, such as yield, earli- 
ness of flowering and standing power, are of limited value 
for the identification of small populations (such as stands 
of crop volunteers or feral plants) and cannot be used to 
identify individuals. In addition, performance traits have 
comparatively low discrimination and high cost. These dif- 
ficulties are exacerbated by the large number of cultivars 
available and by their relatively short commercial life- 
span. 

Several biochemical methods have been investigated as 
alternative means of identifying B. napus cultivars. These 
include the comparison of seed oil fatty acid profiles by 
GLC analysis (White and Law 1991), HPLC analysis of 
leaf glucosinolates (Adams et al. 1989), and starch-gel 
electrophoresis of cotyledon isozymes (Mundges et al. 
1990). Such techniques detect only a limited degree of 
polymorphism and may be sensitive to environmental and 
developmental variation. In contrast, nuclear DNA is be- 
lieved to be unaffected by external influences and has been 
used to distinguish cultivars of many crop species includ- 
ing those belonging to the genus Brassica.  Restriction frag- 
ment length polymorphism (RFLP) analysis was the first 
molecular technique to be used for this purpose. This ap- 
proach is renowned for its reliability but generally pro- 
duces low numbers of discriminating loci (Waugh and 
Powell 1992). Hallden et al. (1994) used RFLP band pro- 
files to compare three B. napus breeding lines and found 
that a minimum of 30 probe/enzyme combinations were 
required to distinguish reliably between them and to de- 
scribe their relationship. In addition to the often protracted 
process of identifying suitable probe/enzyme combina- 
tions, the procedure also requires relatively large quantities 
of sample DNA. Randomly amplified polymorphic DNA 
(RAPD) analysis is a simple, quick and convenient proce- 
dure requiring much smaller quantities of template DNA. 
Mailer et al. (1994) used RAPD analysis to discriminate 
between 23 cultivars of B. napus and B. rapa. Polymor- 
phic band positions were noted from 22 of the 100 prim- 
ers screened and six of these were required to identify all 



of  the cul t ivars .  The use of  a more  in format ive  P C R - b a s e d  
me thod  wou ld  reduce  the need  to screen such large num- 
bers  of  pr imers .  

PCR analys is  us ing anchored  s imple  sequence  repea t  
(SSR) pr imers  has ga ined  at tent ion recent ly  as an a l terna-  
t ive means  of  charac te r i s ing  complex  genomes  (Wu et al. 
1994; Z ie tk i ewicz  et al. 1994). A n c h o r e d  SSR pr imers  are 
c omp lemen ta ry  to genomic  microsa te l l i t es  ( 1 - 4  nucleo-  
t ides occurr ing  in t andem repeats)  and conta in  short  o l igo-  
nuc leo t ide  ' a n c h o r '  sequences  that ensure the pr imers  an- 
neal  to e i ther  the 5 '  or 3 '  end of  the genomic  repeat .  Mi-  
crosa te l l i te  reg ions  are abundant  th roughout  the eukaryo t i c  
genome  (Tautz and Renz  1984) and are h igh ly  p o l y m o r -  
phic  in length  (Lev inson  and Gu tman  1987). SSR pr imers ,  
therefore,  target  h igh ly  var iable  and numerous  loci.  Lager -  
crantz  et al. (1993) repor ted  the occur rence  of  (GT) n and 
(CT)n repeats  in o i l seed  rape,  and Poulsen  et al. (1993) con-  
f i rmed the occur rence  o f  at least  six microsa te l l i t e  c lasses ,  
namely  (GATA)4, (GACA)4,  (GGAT)4 , (GTG)5, (CA)s  and 
(CT) 8. In te r -cu l t ivar  p o l y m o r p h i s m  was de tec ted  when the 
SSR (GATA) 4 was used  as a p robe  for Southern  analys is  
of  e ight  o i l seed  rape  cul t ivars  (Poulsen et al. 1993). Intra-  
cul t ivar  var iab i l i ty  was also revea led  by the analys is  and 
only 3 of  the 11 plants  of  cv Topas possessed  ident ica l  
band ing  prof i les .  

In the present  s tudy 5 ' - anchored  SSR pr imers  are used 
in the PCR analys is  o f  20 Brassica cul t ivars .  The ampl i f i -  
ca t ion products  were  r e so lved  on pre-cas t  p o l y a c r y l a m i d e  
gels and de tec ted  non- rad ioac t ive ly  us ing s i lver-n i t ra te  
staining.  Banding  prof i les  were  compared  to ident i fy  var i -  
a t ion at the inter-  and in t ra -cu l t ivar  levels .  
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Materials and methods 

Plant material 

Seed samples of oilseed rape cultivars were obtained from the sup- 
pliers listed in Table 1. The turnip rape cv Kova (B. rapa) was in- 
cluded for comparative purposes. All cultivars except those marked 
(*) were obtained from certified seed stocks and cvs Comet and Li- 
bravo were obtained from more than one source (Table 1). 

Twenty seeds of each cultivar were sown in a glasshouse and har- 
vested after the emergence of the fourth leaf. Four sets of 20 seed- 
lings of the cultivars Envoi, Samourai and Libravo were grown to 
compare banding profiles of pooled DNA samples. Two leaves were 
collected from each plant, one being stored individually and the sec- 
ond being pooled with leaves from other plants of the same cultivar. 
All leaves were placed on ice until collection was complete (30 min 
or less) and stored at -80~ until DNA extraction. 

PCR amplifications 

DNA was extracted from 150 mg of leaf material according to the 
procedure of Hu and Quiros (1991). The 14 primers screened during 
the present study are described in Table 2. Eight primers were ob- 
tained from UBC (University of British Columbia) set 9', and the re- 
maining six were synthesised by the Chemistry Department at SCRI 
(Scottish Crop Research Institute). 

PCR reaction mixtures (20 pl) contained the following compo- 
nents/concentrations: one unit of Taq DNA polymerase, 1.5 mM 
MgC12 buffer (supplied with the enzyme, Boehringer Mannheim), 
0.2 mM of each dNTP (all Boehringer Mannheim), with 0.3 pM of 
a single primer and 20 ng of genomic DNA. PCR amplifications were 
performed on a Hybaid Omnigene Thermocycler using the follow- 
mg programme: 30 cycles of (1 min at 94~ 2 rain at 55~ 30 s at 
72~ with a final 5-min extension at 72~ 

Table 1 Brassica cultivars 
raised for DNA extraction and 
fingerprinting 

Cultivar a W / S  b Type c Breeder Supplier 

Askari* W DH Lembke, Germany Semundo, UK 
Bienvenu W SL Serasem, France SCRI, UK 
Bristol W DL Cargill, France British Seed House, UK 
Cobra W DL Lembke, Germany SCRI, UK 
Comet S DL Svalof Weibull, Sweden (1) West Crop, UK 

(2) Sharpes, UK 
Envol W DL Cargill, France Cargill (UK) 
Express W DL Lembke, Germany Twyford Seeds, UK 
Falcon W DL Lembke, France Twyford Seeds, UK 
Forte S DL KWS, Germany Dalgety Agriculture, UK 
Hobson W DH Sharpes, UK Sharpes, UK 
Idol W DL Cargill, France Cargill (UK) 
Kova S DL Svalof Weibull, Sweden Dalgety Agriculture, UK 
Libravo W DL DSV, Germany (1) Nickerson Seeds, UK 

(2) SCRI, UK 
Lineker W DL DSV, Germany Nickerson Seeds, UK 
Martina* W DH Semundo West Crop, UK 
Pasha W SL Thomas, UK SCRI, UK 
Rafal W SL Serasem, France SCRI, UK 
Rocket W DL Twyford Seeds, UK Twyford Seeds, UK 
Samourai W DL Serasem, France Twyford Seeds, UK 
Tapidor W DL Serasem, France Twyford Seeds, UK 

a . ,  seed not obtained from certified stocks 
b W, winter cultivar (i.e. biennial); S, spring cultivar (i.e. annual) 
c DH (double high), high glucosinolate, high erucic acid in seed oil; DL (double low), low glucosino- 
late, low erucic acid; SL (single low), low erucic acid. Cultivar classifications were obtained from list- 
ings compiled by the National Institute of Agricultural Botany (NIAB), Cambridge, UK 
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Table 2 List of primer sequences screened with pooled oilseed rape 
cultivar DNA 

I.D. no. Sequence Source I.D. no. Sequence a Source 

882 VBV-[AT]7 UBC#9 
884 HBH-[AG]7 UBC#9 
886 VBV-[CT]7 UBC#9 
887 DVD-[TC]7 UBC#9 
888 BDB-[CA]7 UBC#9 
889 DBD-[AC]7 UBC#9 
880 VHV-[GT]7 UBC#9 

1417 BDT-[CA]7 SCRI 
1418 BVB-[GATA]4 SCRI 
1419 G-[GATA]4 SCRI 
1423 HVH-[TGT]5 SCRI 
1424 BDB-[CAC]5 SCRI 
1425 BDV-[CAG]5 SCRI 
891 HVH-[TG]7 UBC#9 

a Each primer comprises a repeat sequence preceded by a 5' anchor. 
All anchors, except those for primers 1417 and 1419, consist of three 
variable base positions. These are designated as follows: B=C,G or 
T (i.e. not A). Similarly, D=not C; H=not G; V=not T 

Electrophoresis of PCR products 

Amplification products were resolved on the Multiphor II (Pharma- 
cia Biotech) flatbed system using pre-cast polyacrylamide gels 
(Cleange148S, Pharmacia Biotech) re-hydrated in 112 mM Tris-ac- 
etate (pH 6.4) with 0.2 M Tris base, 0.2 M tricine, 0.55% (w/v) SDS, 
pH 8.0, as the electrode buffer. Electrophoresis was conducted us- 
ing a three-stage programme: (1) 20 rain at 200 Vmax, 20 mAmax, 
10 Wmax; (2) 50 rain at 380 Vmax, 30 mAmax, 20 Wmax; (3) about 
30 min at 450 Vmax, 30 mAmax, 20 Wmax, and was deemed com- 
plete when the blue dye front ran to the gel margin. 

Silver staining 

Bands were detected using the method of Bassam et al. (1991) with 
modifications as follows: (1) 30 min fixing in 250 ml of 10% acetic 
acid; (2) 3 x 2 min washings in 250 ml of distilled water; (3) 30 min 
silvering in 200 ml of freshly prepared 0.1% (w/v) AgNO 3, with 
200 pl of 40% w/v formaldehyde added immediately prior to use; 
(4) 20 s rinse in 250 ml of distilled water; (5) about 10 min develop- 
ing in 200 ml of freshly prepared 2.5% (w/v) Na2CO 3 with 200 pl 
of 2% (w/v) Na2SO 3 and 200 pl of formaldehyde added immediate- 
ly prior to use at 10~ in a pre-chilled dish; (6) 10 min stop/de-sil- 
ver in 200 ml of 2% (w/v) glycine, 0.5% (w/v) EDTA-Na2; and (7) 
10 min gel impregnation in 250 ml of 5% (v/v) glycerol. Glassware 
was used throughout the procedure. 

Gels were laid flat and air-dried at room temperature prior to ex- 
amination on a light box. 

Gel scoring and cluster analysis 

A cluster analysis was performed to confirm the distinction of cul- 
tivars on the basis of their banding profiles. Band positions and siz- 
es were scored from pooled-sample profiles with the aid of a BioIm- 
age System (Millipore UK Ltd) gel scanner including Kodak Meg- 
aplus CCD camera and Visage (4.2) software. Bands were recorded 
as present (1) or absent (0) at 67 positions and scores assembled in 
a data matrix. Pairwise comparisons, similarity matrices and the 
UPGMA cluster analysis were performed using the Genstat 5 soft- 
ware package (Genstat 1987). 

Individual plant banding profiles were scored by recording bands 
at 21 comparable positions. 

Results 

Detec t ion  of  in ter -cul t ivar  var ia t ion  us ing poo led  
D N A  samples  

Cul t ivars  Askar i  and Rocke t  differ  in a range of  b iochem-  
ical  and ag ronomic  traits and were  used to ident i fy  poten-  
t ia l ly  useful  pr imers  se lec ted  f rom UBC set 9. These  con-  
s is ted of  e ight  d i -nuc leo t ide  repea t  sequence pr imers ,  an- 
chored  at their  5 '  end and tota l l ing 17 bases  in length (Ta- 
b l e 2 ) .  Banding  prof i le  reproduc ib i l i ty  was assessed  
through a s ide -by-s ide  compar i son  of  independen t  PCR 
product  prof i les  in all ana lyses  ( lane pairs  ind ica ted  by  
brackets  in Figs .  1, 2 and 4). No dif ferences  were  ever  de-  
tec ted  be tween  repeat  pairs.  On the basis  of  these ini t ial  
analyses ,  four  pr imers  (888 ,889 ,  890, 891) were  screened 
further to compare  the fo l lowing  ten cul t ivars:  Askar i ,  Bi-  
envenu,  Cobra,  Envol ,  Fa lcon,  Forte ,  Libravo,  Rafal ,  Sa- 
moura i  and Tapidor.  Pr imer  888 revea led  the greates t  var i -  
a t ion in band ing  prof i les  and was se lec ted  for PCR ana ly-  
sis of  all 20 cult ivars .  These  reac t ions  p roduced  unique 
band ing  prof i les  in 16 of  the cul t ivars  (Fig. 1). The remain-  
ing four cul t ivars  d iv ided  into two ind is t inguishab le  pairs  
( Ido l -Envoi  and Pasha-Bienvenu) .  A further six pr imers  
(Table 2) were  then screened wi thout  success  in an a t tempt  
to type  all  20 cul t ivars  using a s ingle pr imer.  Pr imer  1423 

Fig. 1 Inter-cultivar variation. Banding profiles from pooled DNA samples of 20 cultivars using primer 888 (gel shown is approximately 
90% life size). Lane brackets indicate profiles produced by independent PCRs 
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(a tri-nucleotide repeat) could be used to identify 16 cul- 
tivars and could distinguish between the like-pairs unre- 
solved by primer 888 (Fig. 2). The combined use of prim- 
ers 888 and 1423 therefore enabled all 20 cultivars to be 
distinguished. Not all bands scored were informative for 
the purpose of visual discrimination of the cultivar band- 
ing profiles. This could be achieved by considering only 
17 major bands produced by primer 888 and three major 
bands produced by primer 1423. The fidelity of this system 
was investigated by scoring the banding patterns produced 
by six independent PCR products resolved on three inde- 
pendent gels for each cultivar. All scores remained constant. 

Cluster analysis 

Variation between seed samples 

Triplicate pooled DNA samples were prepared from the 
cultivars Envoi, Samourai and Libravo. Each sample was 
composed of a different set of 20 individual plants. No vari- 
ation was detected between banding patterns of pooled 
samples using either primer 888 or 1423. Cultivars Comet 
and Libravo were similarly investigated using pooled DNA 
samples from two different seed suppliers (Table 1). The 
banding profiles of cv Comet were identical :from both 
sources using either primer. Profiles of the different seed 
sources of cv Libravo were polymorphic at one band po- 
sition using primer 888 [i.e. absent from the banding pro- 
file for seed source (2), Table 1] although no variation was 
detected using primer 1423. 

The banding profiles obtained using primers 888 and 1423 
were scored and compiled as a data matrix. The majority 
of bands (56 out of 67 scored) were variable between cul- 
tivars. Disregarding the turnip rape (B. rapa) cultivar, 44 
bands were polymorphic for the 19 B. napus cultivars. The 
UPGMA dendrogram confirmed that all 20 cultivars could 
be distinguished following reference to their banding pro- 
files (Fig. 3). The turnip rape (cv Kova) separated from all 
the oilseed cultivars at 59.5%. The two spring (annual) oil- 
seed rapes (cv Comet and cv Forte) formed a distinct group 
although they had been produced by different breeders. 
This was also true of the double high cultivars Askari and 
Martina. The 11 double low, winter (biennial) cultivars 
showed a tendency to associate according to their breeder 
origin: cultivars Envol, Idol and Bristol, bred by Cargill, 
grouped together, as did the two DSV cultivars, Lineker 
and Libravo. Although cultivar parentage was not investi- 
gated here, Bienvenu was very closely associated with its 
orange-flowered variant, Pasha, suggesting additional 
clustering on the basis of pedigree. 

Fig. 2 Banding profiles ob- 
tained using primer 1423 from 
pooled DNA samples of the 
cultivars Bienvenu, Pasha, En- 
vol and Idol. Arrows indicate 
bands distinguishing the culti- 
var pairs: Bienvenu/Pasha and 
Envoi/Idol 

W/S Type Cult ivar 

w DL Cobra / 

W DL Falcon [ ~  

W DL Samourai - - - 3  
W SL Bienvenu - 7 - ~ 1  

W SL Pasha J 

W DL Envoi q 

W DL Idol 

I W DL Bristol - -  

W DL Express 

W DH Hobson 

W DL Lineker ] 

W DL Libravo J ~  

w DL Rocket - -  

W SL Rafal 

S DL Comet ] 

S DL Forte 

W DL Tapidor 

W DH Askari 

W DH Martina - -  

S DL Kova 

I I I 
1 oo 75 50 

% similarity 

Fig. 3 Dendrogram comparing 20 cultivars of Brassica napus and 
B. rapa on the basis of banding profiles generated using primers 888 
and 1423. Abbreviations as for Table 1 
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Discussion 

Fig. 4 The comparison of eight individuals of cv Libravo using 
primer 888 

Table 3 Number of intra-cultivar polymorphic bands detected us- 
ing primer 888 for the 20 cultivars studied 

Cultivar No. bands Cultivar No. bands 

Bienvenu 0 Idol 2 
Bristol 0 Tapidor 2 
Falcon 0 Askari 3 
Hobson 0 Comet 3 
Pasha 0 Forte 3 
Rafal 0 Lineker 3 
Envol 1 Cobra 5 
Rocket 1 Kova 9 
Samourai 1 Martina 9 
Express 2 Libravo 10 

Variation between individuals 

Profiles of 20 individuals representing the cultivars Envol, 
Samourai and Libravo were compared using primer 888. 
Banding profiles of all samples were identical between 
PCR repeats for the same plant. Profiles of cultivars En- 
vol and Samourai were invariable between all individuals 
except for a single polymorphic band. In contrast, the band- 
ing profiles of cv Libravo individuals (Fig. 4) varied in ten 
of the 21 band positions scored. The remaining 17 culti- 
vars were similarly investigated using ten individuals from 
each. The majority of cultivars exhibited little or no vari- 
ation between individuals. Six cultivars showed no poly- 
morphism in the 21 band positions and ten cultivars 
contained three or less polymorphic bands (Table 3). Indi- 
viduals of cv Cobra were more variable with five bands 
being polymorphic and three of the 20 cultivars were ex- 
tremely variable and contained at least nine polymorphic 
bands. 

The variability revealed using these techniques with prim- 
ers 888 and 1423 was far greater than reported previously 
using RAPD primers (Mailer et al. 1994) or RFLP probes 
(Hallden et al. 1994; Diers and Osborn, 1994) and was suf- 
ficient to enable either primer to distinguish 16 of the 
20 cultivars studied. The combined use of both primers al- 
lowed identification of all 20 cultivars. 

There was no variation between replicate DNA samples 
or between independent PCR amplifications during the 
course of the study. Several features of the protocol con- 
tribute to this repeatability, including the use of compara- 
tively long primers (17 bases compared to the 10-12 gen- 
erally used in RAPD analysis), the standardisation of band 
resolution and the use of a highly sensitive silver staining 
procedure for DNA detection. There were also no differ- 
ences between pooled samples originating from the same 
cultivar and very little variability between samples taken 
from different seed sources. In consequence, the repeat- 
ability of band profiles, the speed of analysis (PCR, prod- 
uct resolution and band detection in under 10 h), and the 
high levels of inter-cultivar polymorphism revealed, all 
suggest that this approach has considerable potential for 
the rapid identification of seed batches and populations of 
oilseed rape cultivars. 

The UPGMA dendrogram (Fig. 3) confirmed the dis- 
tinction of all 20 cultivars on the basis of their banding pro- 
files. The B. rapa sample gave a very distinct banding pat- 
tern and was clearly separated from the B. napus cultivars. 
Thus the variation between the two species exceeded that 
found between cultivars of oilseed rape. Similar results 
were obtained by Mailer et al. (1994) using RAPD analy- 
sis. It is also interesting to note that cultivars sharing such 
traits as seed oil composition (e.g. double high, single low 
etc.) and spring/winter habit, showed a tendency to asso- 
ciate together. Groupings were also found to contain cul- 
tivars with a common origin (cvs Lineker and Libravo bred 
by DSV, Germany, and cvs Envol, Idol and Bristol bred by 
Cargill, France) although these were also invariable for 
their agronomic traits (i.e. winter sown, double low culti- 
vars). In addition, the cultivars Bienvenu and Pasha, which 
have a common parentage, associated very closely, differ- 
ing in only one band. The close associations ofcvs Samou- 
rai with Bienvenu and Cobra with Falcon are in agreement 
with the more extensive survey of Diers and Osborn (1994) 
using 161 RFLP fragments. These associations, together 
with the excellent repeatability of the PCR profiles, sug- 
gest that the banding patterns genuinely reflect the culti- 
var genotypes. 

The applicability of the approach for the identification 
of individual plants required the investigation of variabil- 
ity within oilseed rape cultivars. Analysis of the banding 
profiles of over 200 individual plants revealed variability 
in 14 of the 20 cultivars studied. The degree of intra-cul- 
tivar polymorphism detected ranged between cultivars 
composed of individuals possessing identical banding pro- 
files (e.g. cv Rafal' to one which exhibited variability at 



447 

10 of  the 21 bands  scored  (cv Libravo) .  There  are severa l  
potent ia l  causes  of  such high levels  o f  in t ra-cul t ivar  po ly -  
morphism.  One poss ib le  exp lana t ion  is that  cul t ivars  which  
show accep tab ly  low pheno typ ic  var iab i l i ty  for the agro-  
nomic  traits scored dur ing DUS trials  (dis t inctness ,  uni for-  
mi ty  and s tabi l i ty)  may  never the less  conta in  substant ia l  
levels  o f  c rypt ic  genet ic  var iab i l i ty  as a resul t  of  the breed-  
ing methods  used  in their  deve lopment .  Equal ly,  whi ls t  
s tocks submi t ted  to DUS trials  might  be la rge ly  homoge-  
neous,  in ter -cul t ivar  hybr id i sa t ion  events  subsequent  to re- 
lease  may  increase  the levels  of  in t ra -cu l t ivar  genet ic  var-  
iab i l i ty  depend ing  on the source of  seed. The  var iable  lev-  
els of  in t ra -cu l t ivar  p o l y m o r p h i s m  de tec ted  indicate  that 
f ingerpr in ts  der ived  f rom poo led  samples  do not  necessar -  
i ly  p rov ide  a method  of  ident i fy ing  ind iv idua ls  or smal l  
popula t ions .  

The data  p resen ted  here demons t ra tes  that PCR analy-  
sis using 5 ' - anchored  SSR pr imers  can be used to ident i fy  
poo led  samples  of  o i l seed  rape cul t ivars  and also has the 
potent ia l  to ident i fy  ind iv idua l  plants.  
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