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Summary

In this study, doubled haploid lines generated from the durum wheat varieties, selections from Middle Anato-
lian landraces, ‘Çakmak-79’, ‘Berkmen-469’ and ‘Kunduru-1149’ (Savaskan et al., 1997), were analyzed using
ten highly polymorphic microsatellite markers for genotyping and evaluation of genetic relationships between
and within the doubled-haploid (DH) lines. The average PIC value was found to be 0.531. Populations of
doubled-haploid lines of landrace selected cultivars ‘Çakmak-79’ and ‘Kunduru-1149’, were the two most distant
populations with (δµ)2 = 1.42. ‘Berkmen-469’ × ‘Çakmak-79’ and ‘Berkmen-469’ × ‘Kunduru-1149’ yielded
similar genetic distances, (δµ)2 of 0.84 and 0.85, respectively. In addition, the genetic relationship between the
progenitors of the DH lines together with other durum wheat varieties was analyzed. A meaningful relationship
was obtained based on available pedigree information on the cultivars.

Introduction

Simple sequence repeat (SSR) DNA markers or mi-
crosatellites are tandem repeats with a core unit length
of 2–5 nucleotides in eukaryotic genomes. These re-
peat regions through locus specific PCR amplifica-
tion were used as molecular markers for applications
in many phylogenic and molecular genetics studies.
These markers are quite randomly distributed, abund-
antly present, highly reproducible and polymorphic.
In the last 5 years, many wheat microsatellite markers
became available (Röder et al., 1995, 1998).

‘Kunduru-1149’ and ‘Berkmen-469’ are old geno-
types of Middle Anatolia (Central region of Turkey),
which were improved by selection from local popula-
tions based on yield increase. Turkish farmers are still
using ‘Kunduru-1149’ for production due to adaptabil-
ity and high yielding natures. ‘Çakmak-79’, is a cross
of ‘Üveyik-162’ (also Middle Anatolian landrace se-
lection) and line 61–130 (US origin, semi-dwarf
durum wheat). In this study, the genetic relationship
of doubled-haploid (DH) individuals of three-durum
wheat cultivars, ‘Çakmak-79’, ‘Berkmen-469’ and

‘Kunduru-1149’ was investigated. Also, the genetic
relationship of the DH lines together with their pro-
genitor individual plants (‘Berkmen-469’; ‘Çakmak-
79’; ‘Kunduru-1149’) in the background of the other
Turkish durum wheat varieties were analyzed. Charac-
terizing the genetic distances of DH lines within and
between populations will be valuable for assessing the
genetic diversity, thus, facilitating the use of these
lines in breeding programs.

Materials and methods

Plant materials

In this study, a total of 18 individual DH lines; 3 DH
seeds from ‘Çakmak-79’; 3 DH seeds from ‘Berkmen-
469’ and 12 DH seeds from ‘Kunduru-1149’ (Savas-
kan et al., 1997) together with their progenitors and
some local durum wheat varieties (Dograr et al., 2000)
were investigated.
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Table 1. Allele sizes (bp) of DH lines using 10 microsatellite markers

DHs Markers
aWMS2 bWMS2 WMS5 WMS6 WMS6 WMS11 WMS18 WMS30 WMS46 WMS120 WMS131 WMS135

B1 nd nd 171 203 223 224 181 210 167 145 131 174

B3 118 220 171 203 223 224 181 210 167 145 131 174

B5 118 220 171 203 223 224 181 210 nd 145 131 174

Ç1 122 224 171 201 247 228 183 210 169 162 159 174

Ç2 122 224 171 201 247 228 183 210 169 162 159 174

Ç3 122 224 171 201 247 228 183 nd 169 162 157 165

K1 122 224 165 195 223 222 183 nd 169 148 155 174

K2 122 224 165 207 223 224 181 208 167 146 131 174

K3 122 224 165 195 223 222 183 208 169 148 131 174

K4 122 224 165 195 223 222 183 208 169 148 155 174

K5 122 224 165 207 223 224 181 208 169 148 131 174

K6 122 224 165 195 223 222 183 208 169 148 155 174

K7 122 224 165 195 223 222 183 208 169 148 155 174

K8 122 224 165 207 223 224 181 208 167 148 131 172

K9 122 224 165 199 207 224 181 208 167 146 131 174

K10 118 220 169 205 223 222 183 nd 167 143 131 172

K11 122 224 165 195 223 222 183 208 169 148 155 174

K12 120 222 169 199 207 201 189 210 149 146 131 174

PIC 0.381 0.381 0.568 0.790 0.438 0.667 0.537 0.480 0.527 0.715 0.599 0.291

(Ave: 0.531)

nd: not determined.
a : locus Xgwm2-3A (Röder et al., 1998).
b : locus Xgwm2-3D (Röder et al., 1998).

DNA isolation and PCRs

DNA was isolated from half cut seeds according to a
literature procedure (Plaschke et al., 1995) with some
modifications (Dograr et al., 2000). DNA samples
of genotypes were amplified with 15 different mi-
crosatellite primer sets; WMS2, WMS5, WMS6,
WMS10, WMS11, WMS18, WMS30, WMS43,
WMS46, WMS67, WMS88, WMS95, WMS120,
WMS131 and WMS135, the sequences of which
and the chromosome locations were reported earlier
(Röder et al., 1995, 1998). The PCR amplifica-
tion conditions, electrophoresis and detection of mi-
crosatellites were performed as previously reported
(Dograr et al., 2000).

Cluster analysis

Numerical Taxonomy and Multivariate Analysis Sys-
tem software (NTSYS, version 1.70) (Rohlf et al.,
1992) was used to generate UPGMA dendogram by
using the simple matching coefficient similarity mat-
rix of 18 DH individuals at 10 microsatellite loci
(Figure 2). The allele size data of the other durum

wheat cultivars and single individuals of the progen-
itors of the DH lines were also incorporated into the
analysis (Figure 3) at 7 of the 10 microsatellite loci
used in Figure 2. The genetic distances between the
populations of doubled-haploid durum wheat lines,
‘Çakmak-79’, ‘Berkmen-469’ and ‘Kunduru-1149’,
were standardized and processed using the software
RST-22 (Goodman, 1997) which calculates (δµ)2 as
defined by Goldstein (Goldstein et al., 1995). The
genetic distances were also calculated with ‘Nei72’
algorithm (Rohlf et al., 1992) using allele frequen-
cies. Polymorphism information content (PIC) values
(Table 1) were obtained according to the formula
below (Anderson et al., 1993).

PICi = 1 −
n

�
j=1

P 2
ij
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Figure 1. Autoradiograph of PCR products amplified with WMS6 primer set, separated on a standard DNA sequencing gel. The numbers
indicate the DH lines of each cultivar. Molecular weight size marker is the ‘A’ and ‘G’ sequence products of M13mp18 ssDNA. The fragment
sizes of size marker are indicated as bp on the left and the right of the autoradiograph image. The length of the PCR products are indicated on
the top or the bottom of the bands.

Results and discussion

The markers selected are from the published se-
quences of Röder and co-workers (Röder et al., 1995,
1998; Plaschke et al., 1995). The 15 wheat SSR
markers tested are WMS2, WMS5, WMS6, WMS10,
WMS11, WMS18, WMS30, WMS43, WMS46,
WMS67, WMS88, WMS95, WMS120, WMS131 and
WMS135. Among them, 10 markers showed high
level of polymorphism with PIC values ranging from
0.291 to 0.790. The allele sizes of polymorphic mark-
ers determined precisely are shown in Table 1. The
PCR amplifications of WMS10, WMS43, WMS67,
WMS88 and WMS95 markers resulted monomorphic
lengths, therefore, they were not included in char-
acterizations. SSR markers of WMS2 and WMS6
(Figure 1) amplified two alleles with each individual
plant. The primer set of WMS2 marker was reported
amplifying two independent loci at chromosomes 3A
and 3D as, Xgwm2-3A and Xgwm2-3D (Röder et al.,
1998). All of the DH individual lines in this study too,
resulted two PCR products. However, the larger PCR
products (Table 1) obtained with WMS2 primer set
cannot be amplifying a D genome locus in the durum
wheat varieties, thus the bands that we observe must
belong to another locus either in the A or the B gen-
ome, since the plant materials are DH lines. WMS6
marker primer set also amplified two PCR products
(Figure 1 and Dograr et al., 2000), however, there is
only one locus reported for the primer set at chromo-
some 4B, as Xgwm6-4B (Röder et al., 1998). Based on
the observations reported here, WMS6 is indeed amp-
lifying two independent loci, instead of heterozygous
alleles at a single locus. In this study, the locus of the

second WMS6 primer set PCR product has not been
identified. The allele sizes ranging from 195 bp to 207
bp were considered as alleles of one locus and the ones
ranging in 199 bp and 223 bp, as another locus.

The data in Table 1 shows that three of the
‘Berkmen-469’ DH lines (B1, B3, B5) represent the
same genotype. ‘Çakmak-79’ DH lines represent two
different genotypes, the first two (Ç1, Ç2) are the
same, Ç3 is a different genotype than the others. We
had four times as many ‘Kunduru-1149’ DH lines than
that of the other two varieties. ‘Kunduru-1149’ DH
lines were shown to represent a total of 8 different
genotypes. K1, K4, K6, K7, K11 gave identical al-
leles. All the others represent different genotypes.
These results were summarized in a dendogram (Fig-
ure 2). The highest variation within the cultivar was
observed in ‘Kunduru-1149’. Its DH lines show two
sub-clusters (Figure 2).

Further analysis was performed by incorporating
the individual progenitors of the DH lines (‘Berkmen-
469’; ‘Çakmak-79’; ‘Kunduru-1149’) using a single
plant as well as other 6 Turkish durum wheat varieties
(‘Kiziltan-91’; ‘Çeşit-1252’; ‘Gökgöl-79’; ‘Tunca-
79’; ‘Kunduru-414/44’; ‘Akbaşak-073/44’) of which
the allele sizes were previously reported (Dograr et al.,
2000). The genetic relationship presented in Figure 3
is based on the amplification of 7 microsatellite primer
sets (WMS5, WMS6 with two independent loci,
WMS11, WMS30, WMS46, WMS120 and WMS 131,
Dograr et al., 2000). The most homogeneous DH
population was that of the ‘Berkmen-469’ lines fol-
lowed by the ‘Çakmak-79’ lines (Figure 2). Both of
these populations were also precisely clustered with
their progenitors. As the ‘Kunduru-1149’, ‘Kunduru-
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Figure 2. UPGMA clustering of DH individual lines based on simple matching coefficient similarity matrix of microsatellite data set of 10
markers (WMS2, WMS5, WMS6, WMS11, WMS18, WMS30, WMS46, WMS120, WMS131 and WMS135).

Figure 3. UPGMA clustering based on simple matching coefficient similarity matrix of microsatellite data set of 7 markers (WMS5,
WMS6, WMS11, WMS30, WMS46, WMS120, WMS131) of DH individual lines (B1,3,5; Ç1-3; K1-12) together with their progenitors
(‘Berkmen-469’; ‘Çakmak-79’; ‘Kunduru-1149’, Dograr et al., 2000) and local durum wheat varieties (‘Akbaşak-073/44’; ‘Çeşit-1252’;
‘Gökgöl-79’; ‘Kiziltan-91’; ‘Kunduru-414/44’; ‘Tunca-79’, Dograr et al., 2000).
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Table 2. The genetic analysis between the populations: ‘Rho’ values, (
µ)2 and ‘Nei72’ genetic distances
(10000 permutations and bootstraps)

Populations ρa Pa ρb Pb (δµ)2 ‘Nei72’

‘Berkmen-469’ × ‘Çakmak-79’ 0.99620 0.02430 0.76655 0.02100 0.83527 1.4655

‘Berkmen-469’ × ‘Kunduru-1149’ 0.42741 0.04790 0.34975 0.06570 0.85153 0.9175

‘Çakmak-79’ × ‘Kunduru-1149’ 0.55916 0.01180 0.44143 0.02950 1.41930 0.8872

a averaging over variance components; b averaging over loci.

414/44’ and ‘Akbaşak-073/44’ were all landrace se-
lections from Anatolia, it was not a surprise that all
of them were clustered together with ‘Kunduru-1149’-
originated DH lines. From the DH samples, K10 has
the highest similarity to a single plant of ‘Kunduru-
1149’ while the remaining 11 lines were much similar
to ‘Kunduru-414/44’ and ‘Akbaşak-073/44’ branch.
K12 line remained the least related sample, in this
analysis, too. From the local durum wheat varieties
‘Kiziltan-91’ and ‘Çeşit-1252’ were found to be re-
lated to the ‘Berkmen-469’ population while ‘Gökgöl-
79’ and ‘Tunca-79’ were clustered closely to each
other and related to the population of ‘Kunduru-1149’.
The clustering results are in accordance with the
pedigree information available (Zencirci et al., 1992).

When assessing genetic relationships using mi-
crosatellite markers, especially for molecular ecology
and evolutionary studies, using an appropriate distance
or similarity algorithm specifically developed for the
mutation models of microsatellite markers would be
more proper. The algorithm used in this study (Good-
man, 1997) is based on the stepwise mutation model
applied to microsatellites (Slatkin, 1995) for ‘rho’
calculations and genetic distance is denoted as (δµ)2

(Goldstein et al., 1995). Thus, we believe a better es-
timation of genetic distance is obtained between the
populations of DH lines in this study. ‘Berkmen-469’
× ‘Çakmak-79’ and ‘Berkmen-469’ × ‘Kunduru-
1149’ pair-wise comparisons show a closer genetic
relationship, (δµ)2 of 0.84 and 0.85, respectively, than
the other pair-wise comparisons. This might be due
to a possible close relationship between ‘Üveyik-162’,
the parent of ‘Çakmak-79’, and ‘Berkmen-469’, since
they are both landrace selections. When K10 and K12,
which are clustered very differently than the other
‘Kunduru-1149’ DH lines, as can be seen in Figure 2,
were omitted in the calculations of (δµ)2 based genetic
distance, the ‘Berkmen-469’ and ‘Kunduru-1149’ be-
came closer with (δµ)2 value of 0.65. This distance is
probably meaningful, if K10 and K12 genotypes are
represented with much lower frequencies in the real

population than the one observed in this study. It is
shown that the differentiation between the populations
is the highest between ‘Berkmen-469’ and ‘Çakmak-
79’ with ‘rho’ values averaging over variance compo-
nents and over loci were 0.996 and 0.767, respectively.
On the other hand, ‘Nei72’ genetic distance calcu-
lations yielded different results, an opposite trend
in relationships between populations were found
(Table 2). The genetic relationship found between
‘Berkmen-469’ and ‘Çakmak-79’ using (δµ)2 is bet-
ter reflecting the distances between these populations
based on the accepted historical view and other studies
(Zencirci et al., 1992).

Conclusion

‘Berkmen-469’, ‘Kunduru-1149’ and one of the par-
ents of ‘Çakmak-79’ were developed as selections
from the local varieties, it is likely that they possess the
features of multiple lines or exist as populations. Be-
cause they are adapted to the land and the climate, they
can also offer a potential for the discovery of hidden
gene and/or gene families of agronomic importance.
Thus, DH lines can be exploited as pure sources of the
best agronomic characters in breeding.

DH lines evaluated in this study are also be-
ing studied as potential sources in wheat breeding
studies. ‘Kunduru-1149’ DH lines which showed dif-
ferent morphological characters, such as dark color
coleoptile or different spike and seed shapes, were
confirmed as different genotypes according to the res-
ults obtained in this study. These lines are also being
studied in terms of selecting best agronomic charac-
ters of plant height, spike length, ear heading date
and 50-grain weight. There are correlations with these
features and the genetic similarities obtained within
the DH lines. The completion of the evaluation of
agronomic characters, together with complete corre-
lation with DH genotypes discriminated as a result
of microsatellite marker analysis will allow breeding
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of new cultivars with desired agro-ecological prop-
erties. It will be possible to speed up the selection
process by using the microsatellite markers present-
ing polymorphism correlated with the characters of
importance.
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