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RLGS is a technique to detect DNA polymorphism using restriction sites as landmarks. It identifies the landmarks 
through direct end-labeling, two-dimensional electrophoresis and autoradiography, giving a profile with many spots to 
allow the scanning of numerous DNA loci. We successfully performed the technique on fungi using isolates of Col- 
letotrichum acutatum and C. gloeosporioides in anamorphic Ascomycotina, Rhizopus oryzae in Zygomycotina, 
Phytophthora nicotianae in Mastigomycotina (or Oomycota) and Rhizoctonia solani in anamorphic Basidiomycotina. 
RLGS of total genomic DNA digested with three restriction enzymes, Not I, EcoR V and Mbo I, reproducibly gave specific 
profiles of ca. 400 to 1 ,600 spots for each isolate. A polymorphic spot appearing to reflect a genetic difference be- 
tween the two Colletotrichum species was found in the profiles of the isolates. No other common spots were found in 
any combination of isolates of the two Col/etotrichum species, and thus the other spots on the profiles were regarded as 
unique to each isolate. These results indicated that RLGS could be applied, as a powerful fingerprinting technique based 
on genetic information from the whole genomic DNA, to search for useful DNA markers for taxonomic and genomic stu- 
dies on many fungal species. 
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Restriction landmark genomic scanning (RLGS) is a tech- 
nique to detect DNA polymorphism (Hatada et el., 1991 ). 
It uses certain restriction sites on genomic DNA as lan- 
dmarks, which are identified through direct end-labeling, 
two-dimensional electrophoresis and autoradiography. 
A single profile obtained by the technique consists of 
numerous spots scattered in two dimensions, allowing a 
large number of loci on genomic DNA to be scanned 
efficiently. Comparison of the profiles of closely related 
germplasms on the basis of differences in spot intensity 
can detect even minute changes of organization and/or 
modification of genomic DNA at a high rate, and RLGS 
has thus been utilized for various molecular biological stu- 
dies in animals and plants (Hayashizaki et el., 1993; 
Hirotsune et el., 1993; Asakawa et al., 1994, 1995; 
Kawase, 1994; Suzuki et al., 1994; Kuick et al., 1995; 
Kawase et al., 1999). We tried the technique on fungi to 
evaluate its util ity in fungal studies. 

Materials and Methods 

Fungi used Two isolates each of Colletotrichum acute- 
turn Simmonds ex Simmonds and C. gloeosporioides 
(Penzig) Penzig et Saccardo in anamorphic Ascomycotina 
and one isolate each of Rhizopus oryzae Went et Geerligs 
in Zygomycotina, Phytophthora nicotianae van Breda de 
Haan in Mastigomycotina (or Oomycota) and Rhizoctonia 
solani KQhn in anamorphic Basidiomycotina were used 
(Table 1). The isolates were maintained on a medium 
consisting of 2~ (w/v) agar, 0 .1~  NaNO3, O. 1~  MgSO4 �9 

7H20, 0.1% KH2PO4 and 1% oatmeal at 1 5~ (Weitzman 
and Silva-Hutner, 1967; Hosoya and Otani, 1997). 
DNA preparation Total DNA of each isolate for RLGS 
was prepared by the following procedure, which is based 
on the protocols reported by Murry and Thompson 
(1980), Garber and Yoder (1983) and Mills et al. (1994). 
About 5-8 g of mycelium grown in a liquid medium con- 
sisting of 0.1% NH4NO3, 0.1% KH2PO4, 0.1% MgSOr 
�9 7H20 and 1% dextrose, pH 4.8 at 25~ in the dark for 
1-3 wk was rinsed with sterilized distilled water, frozen 
in liquid N2, ground to powder with solid CO2 as soon as 
the N2 had evaporated, then stored with 0.5 g of sodium 
dodecyl sulfate (SDS) and 0.5g of insoluble poly- 
vinylpyrrolidone (PVP) at -80~ for more than 4h until 
the CO2 had evaporated. The powdered mycelium with 
SDS and PVP was suspended in 100/4 of 20fLg/pI 
proteinase K solution and lOml  of heated 2% 
cetyltrimethylammonium bromide containing 0.2 M Tris- 
HCl (pH 8.0), 0.1 M EDTA and 1.4 M NaCI and incubated 
at 56~ for 30min. The aqueous phase was clarified 
once with 15 ml of phenol/chloroform/isoamyl alcohol 
mixture (25 : 24 : 1, by vol.), then mixed with an equal 
volume of 2-propanol to precipitate the DNA. The DNA 
was washed with 70~ and 99~ ethanol, dissolved in 
1 mM Tris-HCI (pH 8.0) containing 0.1 mM EDTA, then 
treated with RNase. The DNA solution was adjusted to 
10 ng//4 for RLGS. 
RLGS RLGS was carried out by the following procedure, 
which is based on the protocols reported by Hayashizaki 
et al. (1993), Asakawa et al. (1994, 1995), Kawase 
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Fig. 1-4. RLGS profiles of the fungal isolates examined. The profiles obtained by 1D electrophoresis of 40 ng of DNA and auto- 
radiography for 14d are shown. 1. Colletotrichum acutatum, MAFF 306544; 2. C. acutatum, MAFF 306546; 3. C. 
gloeosporioides, MAFF 238043; 4. C. gloeosporioides, MAFF 306538. Arrowheads indicate the polymorphic spot appearing to 
reflect a genetic difference between C. acutatum and C, gloeosporioides. 

(1994) and Kawase et al. (1999). Eighty nanograms of 
total  DNA in 8/~1 of DNA solut ion was incubated w i th  
1.4 fLI of 10 units/ff l  Not I, 1.4 ~1 of 1 2 units/~l EcoR V, 
1 ~1 of 0.1 ~ bovine serum albumin (BSA), 1 ~1 of 0.1 ~ 
Tri ton X and 1 /~1 of 0 .45 M Tris-HCI (pH 7.5) containing 
0 . 0 9 M  MgCI2, 1 . 3 5 M  NaCI and 9 raM di thiothrei tol  
(DTT) at 37~  for 3 h. The Not I-cleaved ends of the 

DNA were then labeled w i th  radioisotopes by incubat ing 
the lysate w i th  1 ,ul of 6 ,000C i /mmo l  [o~-32p] dCTP 
(redivue; Amersham Pharmacia), 1 pl of 3 ,000 Ci/mmol 
[o~-32p] dGTP (redivue; Amersham Pharmacia), 1 /~1 of 1 M 
DTT and 0.2/~1 of 12uni ts / / f l  T7 DNA polymerase at 
25~  for 15 rain. The labeling reaction was stopped by 
adding 3/~1 of 0 .05 M EDTA (pH 8.0) containing 50% su- 
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Fig. 5-7. RLGS profiles of the fungal isolates examined. 5. Rhizopus oryzae, MAFF 238040; 6. Phytophthora nicotianae, MAFF 
305940; 7. Rhizoctonia solani, MAFF 238037. 

crose, 0.5% bromophenol blue (BPB) and 0.5% xylene 
cyanol (XC). For the first-dimension (1D) electrophore- 
sis, 10-40 ng of the DNA in 2 .5-10 yI of the final mixture 
was fractionated in a vertical gel (2.4mm in diam, 
610mm in length) in a 1D vertical electrophoresis 
system for RLGS (BioCraft). The gel consisted of 
0.8% agarose (SeaKem Gold; FMC) and 20% sucrose. 
1D electrophoresis was conducted in 0.1 M Tris 
(pH8.15) containing 0 .04M sodium acetate, 3 .6mM 

NaCI and 4mM EDTAat  100V for 40h .  The gel was 
then equilibrated with a buffer consisting of 0.05 M Tris 
(pH 7.4), 0.01 M MgCI2, 0.1 M NaCI and 0.01 M DTT, 
and the fractionated DNA was digested with Mbo I in situ 
by incubating the gel wi th 750 yI of the buffer containing 
200 units Mbo I and 0.01~ BSA at 37~ for 2 h. The 
resulting 1D gel was equilibrated with an electrode buffer 
consisting of 8.9 mM Tris, 8.9 mM boric acid and 2 mM 
EDTA (TBE buffer), and the portion (340 mm long) con- 
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Table 1. Fungal isolates used 

Species (Subdivision) Isolate designation a~ Isolation source Collection locality Reference 

Colletotrichum acutatum 
(Ascomycotina: anamorphic state) 

Colletotrichum acutatum 
(Ascomycotina: anamorphic state) 

Colletotrichum gloeosporioides 
(Ascomycotina: anamorphic state) 

Colletotrichum gloeosporioides 
(Ascomycotina: anamorphic state) 

Rhizopus oryzae 
(Zygomycotina) 

Phytophthora nicotianae 
(Mastigomycotina or Oomycota) 

Rhizoctonia solani 
(Basidiomycotina: anamorphic state) 

MAFF 306544 Malus pumila Chiba, Japan Sato et al. (1998) 

MAFF 306546 Malus pumila Ehime, Japan Sato et al. (1998) 

MAFF 238043 Maluspumila Ibaraki, Japan Sato et al. (1998) 

MAFF 306538 Malus pumila Nagano, Japan Sato et al. (1998) 

MAFF 238040 Vigna radiata Tokyo, Japan 

MAFF 305940 Nicotiana tabacum Kanagawa, Japan Yamaguchi (1976) 

MAFF 238037 Oryza sativa Kagawa, Japan - -  

a) Microorganism Section, Gene Bank, Ministry of Agriculture, Forestry and Fisheries, Japan. 

taining DNA fragments of approximately 1-10 kb was 
laid on the upper side of a slab gel (1 mm in thickness, 
440 mm in width, 450 mm in height) in an apparatus for 
the second-dimension (2D) electrophoresis (2D slab 
electrophoresis system for RLGS; BioCraft). The 2D gel 
consisted of 5 ~  polyacrylamide (acrylamide/ 
methylenebisacrylamide, 29 : 1) and 1 ~  glycerin. 
The 1D and 2D gels were fused together wi th 0.5~ 
agarose (SeaKem Gold; FMC), then covered with 0.5~ 
agarose (SeaKem Gold; FMC) containing 0.2~0 BPB and 
0.2~ XC. The DNA in the 1D gel was fractionated in 
the 2D gel by 2D electrophoresis in TBE buffer at 100 V 
for 40 h. The 2D electropherogram was vacuum-dried 
on a filter paper at 60~ for 80 min, then subjected to 
autoradiography by expose on an X-ray film (BioMax MS, 
350 mm x 430 mm; Kodak) wi th an intensifying screen 
(BioMax MS intensifying screen; Kodak) at -80~ for 2-  
21 d to get a RLGS profile. Specificity of the profiles 
from each isolate, as well as their reproducibility and 
clearness, were evaluated from 2-6 profiles for each 
sample. 

Results 

Specific RLGS profiles of total DNA from each isolate 
were obtained reproducibly regardless of the culture time 
of the isolates. Satisfactory RLGS profiles were obtain- 
ed by 1D electrophoresis of 20-40 ng of DNA and auto- 
radiography for 4 -14d  (Fig. 1). Satisfactory profiles 
were also obtained from the isolates of Phytophthora 
nicotianae and Rhizoctonia solani by 1D electrophoresis 
of 10ng of DNA, but this amount of DNA of the other 
isolates produced weak signals, resulting in unclear and 
irreproducible profiles even when the period of auto- 
radiography was extended to 21 d. The number of spots 
on the satisfactory profiles obtained under the same con- 
ditions varied from ca. 400 to 1,600, depending on the 
isolate (Fig. 1 ), and decreased in the order: Rhizopus ory- 
zae (ca. 1 ,600spots )>2spp.  of Colletotrichum (ca. 
1 ,100-1,400spots)>P.  nicotianae (ca. 800spots )>  
Rhizoctonia solani (ca. 400 spots). Comparison of the 

profiles of the two Colletotrichum species revealed a 
polymorphic spot that appeared to reflect a genetic differ- 
ence between the species (Fig. 1). This spot was de- 
tected on the isolates of C. gloeosporioides but not on 
the isolates of C. acutatum. No other common spots 
were found in any combination of isolates of the two Col- 
letotrichum species, and thus the other spots on the 
profiles were regarded as unique to each isolate. 

Discussion 

RLGS as a new DNA fingerprinting technique in fungi In 
this study, fungal RLGS was successfully performed on 
isolates belonging to the four subdivisions of the division 
Eumycota. RLGS of total genomic DNA digested with 
three restriction enzymes, Not I, EcoR V and Mbo I, 
reproducibly gave specific profiles of ca. 400 to 
1,600 spots for each isolate. Various kinds and combi- 
nations of restriction enzymes can be employed with 
RLGS to detect more DNA loci (Hayashizaki et al., 1993), 
and thus it should also provide a powerful fingerprinting 
technique based on genetic information from the whole 
genomic DNA in fungi. The present protocol from 
preparation of DNA materials to development of RLGS 
profiles should be applicable as a basal method to a large 
number of fungal species. Here, treated P. nicotianae as 
a fungus (Hawksworth et al., 1983; Farr et al., 1989), 
but if the proposal that it should be transferred from the 
kingdom Fungi to the kingdom Chromista in the 8-king- 
dom system of organisms (Cavalier-Smith, 1986; Dick, 
1990, 1995; Hawksworth et al., 1995; Alexopoulos et 
al., 1996; Erwin and Ribeiro, 1996) is adopted, the 
present success of RLGS on P. n/cotianae will represent 
the first demonstration of the technique in the kingdom 
Chromista. 
Utility of RLGS in fungal studies The present study 
found a polymorphic spot that appears to reflect a genet- 
ic difference between C. acutatum and C. 
g/oeospor/oides in the RLGS profiles of the isolates. 
Other spots on the profiles were regarded as specific to 
each isolate. These results imply that RLGS can be uti- 
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lized to search for useful DNA markers indicat ing intra- 
and/or interspecif ic genet ic var iat ions. In this study,  the 
number of spots on RLGS prof i les also var ied depending 
on the isolate in the fo l low ing  order: Rhizopus 
oryzae > 2 spp. of Colletotr ichurn > P. nicotianae > Rhizoc- 
tonia solani. The principle of RLGS shows that  organ- 
isms w i th  larger genomic sizes give RLGS profi les w i th  
the more spots (Hatada et al., 1991).  This impl ies that  
organisms whose profi les have more spots also have larg- 
er genomic sizes. A l though this logic cannot  be di rect ly  
applied to fungi such as Rhizoctonia spp. because of 
heterokaryosis,  the spot number may provide one 
cr i ter ion for  character izat ion of some fungal genera or 
species. RLGS prof i les can be easily and rapidly ana- 
lyzed by computer ized image systems (Asakawa et al., 
1 995;  Kuick et al., 1995; Kawase et al., 1 999). Cloning 
of DNA f ragments  corresponding to spots on the prof i les 
is possible (Hirotsune et al., 1993; Suzuki et al., 1 994). 
RLGS, therefore,  should also contr ibute to eff ic ient and 
accurate acquisi t ion of useful DNA markers for genomic 
study such as l inkage mapping,  base sequencing and 
gene isolat ion as wel l  as taxonomic  studies in fungi. 
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