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Abstract Genetic variability among 49 accessions of
¹riticum urartu was estimated by RFLP and RAPD
marker analyses, and the two data sets were compared.
One ¹. timopheevii accession and two accessions of
¹. durum and ¹. aestivum, respectively, were included
to identify ¹. urartu accessions closely related to these
polyploid wheats. Twenty eight RFLP clones and 29
RAPD primers generated 451 and 155 polymorphic
bands, respectively. The three accessions from Armenia
clustered together and were well separated from all
other accessions, which showed less pronounced geo-
graphical patterns. Genetic similarity and co-phenetic
values calculated with RAPD markers were very sim-
ilar to those calculated with RFLP markers for the
intraspecific comparisons, but not for the interspecific
comparisons. The identification of individual ¹. urartu
accessions which are more related to polyploid wheats
than others was not possible.
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Introduction

¹riticum urartu Tum. is a wild diploid wheat
first described in 1938 as a rare endemic species of

Transcaucasia (Jakubizner 1959). Nevertheless, several
¹. urartu accessions were subsequently found in
Turkey, Lebanon, Iraq and Iran by Johnson (1975),
who demonstrated that this species is sympatric with
the wild tetraploid wheats. Initially, morphological,
electrophoretical and cytogenetical observations sug-
gested that ¹. urartu is the donor of the B genome of
polyploid wheats (Dhaliwal and Johnson 1976; Joh-
nson and Dhaliwal 1978). Dvorák (1976) and Chapman
et al. (1976), however, on the basis of the pairing behav-
iour of the different chromosome sets, showed that ¹.
urartu is the donor of the A genome of polyploid
wheats like ¹. durum and ¹. aestivum. This was also
supported by analysing the polymorphisms of repeated
nucleotide sequences (Dvorák et al. 1988, 1993). Fur-
ther indications in this respect were obtained from
RFLP data when examining the relative genetic dis-
tance between a few ¹. urartu accessions and different
polyploid wheats (Takumi et al. 1993; D’Ovidio et al.
1994).

The ¹. urartu-specific traits are small anthers,
a prominent second tooth on the sterile glume, a two-
awned spikelet, a pubescent leaf and reddish kernels.
These traits make it possible to distinguish this species
from ¹. boeoticum, a second diploid A-genome wheat
(Kimber and Feldman 1987; Morrison 1993). In
¹. urartu collections additional genetic variability has
been observed for several seed characteristics (Waines
et al. 1987; Blanco et al. 1994), for storage-protein
electrophoretic variants (Waines and Payne 1987), for
isozymes (Smith-Huerta et al. 1989; Nishikawa et al.
1992) and for different DNA molecular markers (Vier-
ling and Nguyen 1992; Dhaliwal et al. 1993; Castagna
et al. 1994; Le Corre and Bernard 1995). The aim of the
present work was: (1) to evaluate, by RFLP (restriction
fragment length polymorphism) and RAPD (random
amplified polymorphic DNA) marker techniques, the
genetic variability present in a wider ¹. urartu collec-
tion consisting of 49 accessions sampled from different
geographic areas, (2) to identify individual ¹. urartu



accessions more related to polyploid wheats, and (3) to
compare the results obtained using RFLPs with those
using RAPDs in order to establish the reliability of the
two methods when calculating genetic distances.

Materials and methods

Plant material

Forty nine ¹. urartu (2n"2x"14, AA) accessions obtained from
four germ plasm collections were analysed (Table 1). One accession
of ¹. timopheevii (2n"4x"28, AAGG) and two accessions each of
durum wheat (¹. durum, 2n"4x"28, AABB, cvs Creso and
Primadur) and of bread wheat (¹. aestivum, 2n"6x"42,
AABBDD, cvs Alpe 1 and Chinese Spring) were also included.

Field observation

The 49 ¹. urartu accessions, together with five ¹. boeoticum acces-
sions, were planted in one-row plots 1.5-m long in an experimental
farm near S.Angelo Lodigiano (Italy) on October 21, 1993. Mor-
phological traits were observed on five representative main tillers of
each accession. The length of the anther and of the awn of the second
floret were scored on the central spikelets, 5 days after heading,
which occurred between May 22 and June 10, 1994.

DNA isolation and RFLP procedures

DNA was isolated from freeze-dried leaf tissue, which was harvested
from about 15 plants per accession (according to a modified CTAB
procedure, Murray and Thompson 1980). For Southern blotting,
6—8 lg of DNA were digested with BamHI, EcoRI and HindIII
(Boehringer Mannheim, Germany) and by using two units of the
enzyme per lg DNA. DNA fragments were separated on 1%
agarose gels and alkaline blotted onto Hybond-N` nylon mem-
branes (Amersham, Buckingham, UK) for 12—15 h. Probes were
labelled with 32P by random priming (Feinberg and Vogelstein
1983). Pre-hybridizations and hybridizations were performed over-
night at 65°C in a solution containing 6]SSC, 0.5% SDS, 5]Den-
hart and 100 lg/ml of calf thymus DNA (Sambrook et al. 1989).
Membranes were washed at the stringency described by Castagna
et al. (1994). X-ray films were exposed at !80°C for 7—10 days.

RFLP clones

Twenty eight RFLP clones (Table 2) defining DNA polymorphisms
on all seven chromosomes of the ¹riticeae genome were chosen.
Genomic DNA clones originate from bread wheat (WG, Heun et al.
1991; TAG, Liu and Tsunewaki 1991; PSR, Devos and Gale 1993) as
well as from ¹. tauschii (KSU, Gill et al. 1991). A cDNA clone of
bread wheat, PSR 128, was supplied by Sharp et al. (1989). In
addition, four storage protein-encoding DNA sequences were used
for RFLP analysis.

RAPD procedures

PCR reactions were performed in a volume of 25 ll combining 20 ng
of genomic DNA, 200 lM each of the dNTPs, 0.2 lM of primer,
1 unit of ¹aq DNA polymerase (Perkin Elmer, Norwalk, USA),
1.5 mM of MgCl

2
and 1]¹aq DNA polymerase buffer (supplied

Table 1 List of the accessions used for RFLP and RAPD analyses

Code Species Accession Origin Source!

1 ¹. urartu HTRI 6735/83 Armenia IGK
2 ¹. urartu MG 26997 Armenia IDG
3 ¹. urartu MG 29386 Armenia IDG
4 ¹. urartu G3246 Lebanon KSU
5 ¹. urartu 101005 Lebanon AFRC
6 ¹. urartu MG 26994 Lebanon IDG
7 ¹. urartu G3221 Iran KSU
8 ¹. urartu MG 4256 Iran IDG
9 ¹. urartu MG 26992 Iraq IDG

10 ¹. urartu MG 29800 Iraq IDG
11 ¹. urartu 101004 Turkey AFRC
12 ¹. urartu MG 27001 Turkey IDG
13 ¹. urartu MG 27004 Turkey IDG
14 ¹. urartu MG 29404 Turkey IDG
15 ¹. urartu MG 29405 Turkey IDG
16 ¹. urartu MG 29406 Turkey IDG
17 ¹. urartu MG 29408 Turkey IDG
18 ¹. urartu MG 29409 Turkey IDG
19 ¹. urartu MG 29410 Turkey IDG
20 ¹. urartu MG 29414 Turkey IDG
21 ¹. urartu MG 29415 Turkey IDG
22 ¹. urartu MG 29422 Turkey IDG
23 ¹. urartu MG 29423 Turkey IDG
24 ¹. urartu MG 29424 Turkey IDG
25 ¹. urartu MG 29425 Turkey IDG
26 ¹. urartu MG 29426 Turkey IDG
27 ¹. urartu MG 29427 Turkey IDG
28 ¹. urartu MG 29431 Turkey IDG
29 ¹. urartu MG 29434 Turkey IDG
30 ¹. urartu MG 29453 Turkey IDG
31 ¹. urartu MG 29465 Turkey IDG
32 ¹. urartu MG 29468 Turkey IDG
33 ¹. urartu MG 29469 Turkey IDG
34 ¹. urartu MG 29478 Turkey IDG
35 ¹. urartu MG 29495 Turkey IDG
36 ¹. urartu MG 29497 Turkey IDG
37 ¹. urartu MG 29498 Turkey IDG
38 ¹. urartu MG 29499 Turkey IDG
39 ¹. urartu MG 29500 Turkey IDG
40 ¹. urartu MG 29501 Turkey IDG
41 ¹. urartu MG 29502 Turkey IDG
42 ¹. urartu MG 29503 Turkey IDG
43 ¹. urartu MG 29504 Turkey IDG
44 ¹. urartu MG 29505 Turkey IDG
45 ¹. urartu MG 29506 Turkey IDG
46 ¹. urartu MG 29507 Turkey IDG
47 ¹. urartu MG 29508 Turkey IDG
48 ¹. urartu MG 29509 Turkey IDG
49 ¹. urartu MG 29511 Turkey IDG
50 ¹. timopheevii W1899 ISC
51 ¹. durum Creso
52 ¹. durum Primadur
53 ¹. aestivum Alpe 1
54 ¹. aestivum Chinese Spring

! IGK Institut für Genetik and Kulturpflanzenforshung, Gater-
sleben, Germany; IDG Istituto del Germoplasma, Bari, Italy; KSU
Kansas State University, Manhattan, USA; AFRC Cambridge
Laboratory, Norwich, England; ISC Istituto Sperimentale per
la Cerealicoltura, Roma, Italy

with the polymerase). Twenty nine random primers (Operon Tech-
nologies Inc., Alameda, USA) were tested (Table 3). Amplifications
were carried out in a Perkin Elmer GeneAmp PCR System 9600 as
follows: 1 cycle of 1 min at 94°C followed by 44 cycles of 1 min at
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Table 2 List of the RFLP clones used

Clone Chromosome location!

pTag 1290 1AL, 1BL, 1DL
TAG 368 1B
TAG 365 1B
pTag 1436 1AS, 1BS, 1DS
pLMWTG2 1AS, 1BS, 1DS
WG 996 2H
KSU H9 2D
PSR 666 2AS, 2BS, 2DS
WG 178 3HL
WG 940 3HL
TAG 364 3B
TAG 366 3A
WG 464 4HL
WG 114 4HL
TAG 367 4A
WG 622 4HS
PSR 128 5AL, 5BL, 5DL
WG 541 5H
WG 364 5H
TAG 385 5A, 6A
PSR 915 6AL, 6BL, 6DL
TAG 387 6A
PSR 627 6AS, 6BS, 6DS
pTU1 6AS, 6BS, 6DS
WG 420 7HL
WG 686 7HL
TAG 361 7A, 7B, 7D
WG 719 7HS

!According to: Bartels et al. (1986) for the pTAG 1436 clone, which
corresponds to Gli-1; D’Ovidio et al. (1992) for the pTU1 clone,
which corresponds to Gli-2; Devos and Gale (1993) for the PSR
clones; Gill et al. (1991) for the KSU H9 clone; Heun et al. (1991) for
the WG clones; Liu and Tsunewaki (1991) for the TAG clones;
Sabelli and Shewry (1991) for the pLMWTG2 clone, which corres-
ponds to Gli-1/Glu-3; Thompson et al. (1983) for the pTAG 1290
clone, which corresponds to Glu-1

Table 3 List of the random primers used

Primer Sequence (5@—3@ )

OPA-01 CAGGCCCTTC
OPA-02 TGCCGAGCTG
OPA-03 AGTCAGCCAC
OPA-04 AATCGGGCTG
OPA-05 AGGGGTCTTG
OPA-07 GAAACGGGTG
OPA-08 GTGACGTAGG
OPA-09 GGGTAACGCC
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-12 TCGGCGATAG
OPA-13 CAGCACCCAC
OPA-14 TCTGTGCTGG
OPA-16 AGCCAGCGAA
OPA-18 AGGTGACCGT
OPA-19 CAAACGTCGG
OPA-20 GTTGCGATCC
OPB-03 CATCCCCCTG
OPB-06 TGCTCTGCCC
OPB-17 AGGGAACGAG
OPB-18 CCACAGCAGT
OPJ-09 TGAGCCTCAC
OPJ-10 AAGCCCGAGG
OPJ-15 TGTAGCAGGG
OPM-02 ACAACGCCTC
OPM-07 CCGTGACTCA
OPM-08 TCTGTTCCCC
OPM-09 GTCTTGCGGA
OPM-10 TCTGGCGCAC

94°C, 1 min at 36°C and 1 min at 72°C, followed by a final cycle of
8 min at 72°C. Amplification products were analysed on 1.2%
agarose gels run at 100 V for 3 h in TAE buffer (Sambrook et al.
1989) and stained with ethidium bromide. Reproducibility of ampli-
fication profiles was tested for each primer on a random sample of
five accessions; only clear and stable bands were considered.

Analysis of data

For each genotype, the presence of a band (1) or its absence (0) was
entered in a computer file as a binary matrix for all the markers
(RFLP and RAPD). Similarities for pairwise accessions were cal-
culated using Jaccard’s coefficient. Similarity matrices based on
different marker types were compared using the Mantel matrix-
correspondence test (Mantel 1967). Since the dimension of the two
similarity matrices was [n * (n!1)]/2, where n"number of acces-
sions analysed, the Mantel test was performed on 1431 pairs of
distance evaluation. Cluster analyses were computed on similarity
values using the unweighted pair-group method with arithmetical
averages (UPGMA) and the resulting clusters were represented as
dendrograms. Estimates of the differences between the two dendro-
grams, one from RFLP and one from RAPD data, were obtained by
computing the co-phenetic values and constructing the relative

co-phenetic matrix for each marker type. The co-phenetic matrices
were compared using the Mantel matrix-correspondence test. The
multivariate analyses were performed employing the NTSYS-pc
package, version 1.8 (Rohlf 1993).

Results

All 49 ¹. urartu accessions were grown under field
conditions to verify the typical traits of this species
(Kimber and Feldman 1987; Morrison 1993). All acces-
sions had a well-developed awn on the second floret of
the spikelet and a small second tooth on the outer
glumes. Leaf pubescence and short anthers
(1.5—3.0 mm long) characterised all accessions and
clearly distinguished them from the five ¹. boeoticum
accessions grown under the same conditions. These five
boeoticum accessions had longer hairs on the leaves and
longer anthers (about 5.0 mm). Since all 49 ¹. urartu
accessions showed the typical morphological traits,
they were considered for the molecular-marker ana-
lyses.

The RFLP analysis was based on 28 clones distrib-
uted throughout the ¹riticeae genome. Three different
restriction enzymes were used to give a total of 44
clone/enzyme combinations which generated 451 poly-
morphic fragments. The number of fragments detected
per clone/enzyme combination ranged from 2 (TAG
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Table 4 Comparison of genetic similarity estimates based on RFLP and RAPD analyses, calculated using Jaccard’s coefficient

Species compared RFLP RAPD

Mean Min Max Mean Min Max

Among ¹. urartu 0.727 0.477 1.000 0.718 0.423 0.982
¹. timopheevii vs ¹. urartu 0.159 0.124 0.219 0.263 0.211 0.356
¹. durum vs ¹. urartu 0.161 0.135 0.184 0.300 0.218 0.360
¹. aestivum vs ¹. urartu 0.135 0.110 0.165 0.304 0.236 0.363

Fig. 1 Comparison of the two dendrograms obtained with RFLPs
and RAPDs for the analysed 54 ¹riticum spp. accessions

366/BamHI and WG 464/BamHI) to 27 (WG 420/
HindIII), with an average number of 10.3. When the
clone pLMWTG2, corresponding to the Gli-1/Glu-3
genetic locus, was combined with EcoRI it revealed the
highest number of unique banding patterns and distin-
guished 35 out of the 54 accessions considered. A total
of 161 amplification products was observed using 29
RAPD primers. Primers OPA-02, 05, 13 and OPM-08
amplified 2, 1, 2 and 1 monomorphic bands, respective-
ly. Therefore, 155 polymorphic RAPD bands were ob-
tained. The average number of polymorphic bands per
primer was 6.2 with a range from 2 (OPA-03, 18 and

OPM-10) to 13 (OPB-03 and OPJ-15). The size of the
amplified products ranged from 0.3 to 2.8 kb. RAPD
markers were effective in distinguishing all 54 acces-
sions while RFLP patterns failed to distinguish two
¹. urartu accessions (i.e. 32 and 33).

Among the ¹. urartu accessions, the coefficient of
similarity ranged from 0.477 to 1.000 (accessions 32 and
33 were identical) for the RFLPs, and from 0.423 to
0.982 for the RAPDs (Table 4). The two methods re-
vealed the same range of similarity values (0.523 and
0.559) and a very similar average genetic distance (0.727
and 0.718) for the ¹. urartu accessions. The average
RFLP genetic similarity was 0.159 between ¹. tim-
opheevii and ¹. urartu, 0.161 between ¹. durum and
¹. urartu, and 0.135 between ¹. aestivum and ¹. urartu
for the RFLP data, whereas for the RAPD data the
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corresponding values were 0.263, 0.300, and 0.304, re-
spectively. Therefore, contrary to what we observed for
the intraspecific comparisons, the interspecific RAPD
estimates were twice as large as those calculated by
RFLPs (Table 4). With both the markers, genetic sim-
ilarity values for the interspecific comparisons were not
very different among the different ¹. urartu accessions
considered (see min and max genetic similarity values
in Table 4). Moreover, the three polyploid species were
so distant to all ¹. urartu accessions, that the identifica-
tion of a more related accession among the ¹. urartu
was not possible.

Cluster analysis (UPGMA) was used to generate two
independent dendrograms for the two types of molecu-
lar markers (Fig. 1). As expected, in both dendrograms
the accessions were grouped according to species. The
relative position of the ¹. timopheevii accession, how-
ever, was slightly different. Among the ¹. urartu acces-
sions several clusters were recognised. Some of them
were maintained in the same position in the two den-
drograms. Accessions 1, 2 and 3, collected in Armenia,
clustered together and were well separated from the
remaining accessions in both dendrograms. Only two
accessions from Lebanon (4 and 5), as well as the two
originating from Iraq (9 and 10), grouped closely. The
Lebanese accessions maintained the same relative posi-
tion in the two dendrograms. Accession 6, although
originating from Lebanon, did not cluster with the
others Lebanese accessions 4 and 5. Accessions 7 and 8,
both originating from Iran, did not group together.
Among the Turkish accessions one large cluster includ-
ing the accessions 11, 14, 16, 29, 39, 45 and 46 was
generated with both DNA markers. The Turkish acces-
sions 18, 37 and 42 clustered within this group based
only on RAPD data. In several cases a close relation-
ship between two accessions was observed in both
dendrograms, i.e. accession 37 resulted similar to 42, 38
to 40, 22 to 25, 48 to 49.

To compare RFLP with RAPD data, the correlation
between the Jaccard’s coefficients of similarity obtained
with both data sets was calculated (data not shown).
A significant but not very high correlation (r"0.575
P(0.01) was obtained for the intraspecific compari-
sons only. Interspecific correlations (¹. aestivum versus
¹. durum accessions and diploid versus polyploid spe-
cies) were not significant. To verify this, we also analysed
the correlation between the matrices of co-phenetic
values from the two dendrograms shown in Fig. 1.
Again, a significant correlation was evident only for the
intraspecific comparisons (r"0.586 P(0.01, data not
shown), but not for the remaining comparisons.

Discussion

Vierling and Nguyen (1992) analysed six ¹. urartu
accessions with RAPDs and found a range of similarity

of the Jaccard’s coefficient of 0.32—0.68, which is lower
than the range reported here for the RAPDs
(0.423—0.982). An even lower range (0.63—0.83)
was found by D’Ovidio et al. (1994) when studying
three genotypes by RFLP analysis. All this can be
explained by the larger number of accessions con-
sidered here, which was the initial reason for perform-
ing this study.

In respect of the geographical origin of the ¹. urartu
germ plasm considered here, we found a strong genetic
diversity between the three Armenian accessions on
one hand and the remaining accessions on the other. In
contrast, Vierling and Nguyen (1992) found large gen-
etic distances between one accession from Iraq and
their remaining five accessions. Le Corre and Bernard
(1995), analysing seven accessions (none from Iraq),
found that those from Armenia clustered together with
those from Lebanon, whereas those from Turkey
grouped together with one from Iran. We found only
minor differences among the ¹. urartu accessions from
Turkey, Iraq, Iran and Lebanon. Further analyses with
even larger collections of ¹. urartu are needed to draw
more precise conclusions about the geographical differ-
entiation of ¹. urartu. This should be done by consider-
ing also accessions of the other diploid A-genome
wheats like ¹. monococcum and ¹. boeoticum (work in
progress).

It was not possible with either RAPDs or RFLPs to
identify a ¹. urartu accession which was more similar
to the polyploid wheats than the others. As discussed
by Mori et al. (1995), the presence of more than one
genome in the polyploid wheat species generates addi-
tional RFLP or RAPD bands/products. Thus, the gen-
etic distance between diploid and polyploid species is
over-estimated and differences within species might be-
come less pronounced. An alternative method was ap-
plied by Dvorák et al. (1993) to demonstrate that
¹. urartu is the A-genome donor of polyploid wheat
species. In this case the variation in repeated nucleotide
sequences was assessed among different ¹riticum spe-
cies and the ‘‘repeated sequence correspondence index’’
was calculated. This index considers only the number
and the hybridization intensity of electrophoretic
bands observed in the diploid wheats which are also
present in the polyploids. The method, however, was
not used to identify which of the 14 ¹. urartu accessions
considered were more closely related to the polyploid
species (Dvorák et al. 1993). Finding individual A-
genome wheats closely related to polyploid wheats
would be a significant contribution to phylogenetical
studies of the ¹riticeae.

In several recent studies, fingerprints based on
RFLPs and RAPDs were compared using genotypes
from different species. In general, e.g. in Brassica by
Dos Santos et al. (1994), a satisfactory level of agree-
ment was found between data from the two markers.
This indicates that RAPDs alone could be used for this
type of analysis, which is very convenient considering
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the ease of RAPD experiments. However, Vierling et al.
(1994) found that RFLP data are more informative
than RAPDs in Sorghum. N’Gorang et al. (1994) ob-
tained particular information when using RAPDs or
RFLPs in cocoa; in fact, genotypes which had the same
geographical origin were grouped together when ana-
lysed with RAPDs, whereas some of them clustered
apart with RFLPs. The data presented in the present
paper, indeed, indicate that RAPDs overestimated the
genetic similarity when interspecific comparisons were
considered, because RAPDs give twice larger similarity
estimates than RFLPs. Similar results were found by
Thorman et al. (1994) who compared RFLPs and
RAPDs for analysing genetic relationships in different
cruciferous species. According to their hypothesis,
this ‘‘overestimation effect’’ observed when analysing
different species with RAPDs might occur, since bands
with similar mobility may represent different DNA
sequences. Therefore, non-homologous amplification
products may be erroneously considered identical. This
fact has also been stressed by Bachmann (1994). Our
results indicate that this error is more frequent when
distantly related accessions or genotypes are compared.
Nevertheless, the high correlation between similarities
within a species, here ¹. urartu, justify the use of
RAPDs for detecting genetic variation easily. More
advanced methods (like AFLP markers, Vos et al. 1995)
might offer new alternatives and could make the analy-
sis of larger collections more efficient.
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