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Abstract 
For the purpose of broadening the available genetic resources to improve 
wheat breeding and to elucidate wheat evolution, 16 accessions of Aegilops 
tauschii newly collected in North Caucasia named NCT accessions were cha-
racterized genetically based on morphology, chloroplast SSR variation and 
AFLP. Ae. tauschii is one of the most important wild wheat genetic resources 
because it is the progenitor of the D genome of hexaploid wheat. Since Cauca-
sia is considered to be a center of diversity of both cultivated and wild wheat, a 
lot of studies have been conducted to evaluate the diversity of Caucasian ge-
netic resources including Ae. tauschii. Such kind of analyses, however, fo-
cused on Transcaucasia but little attention has been paid to North Caucasia 
because of the lack of available genetic resources. Based on the molecular 
analyses in this study, the 16 NCT accessions were generally divided into two 
groups although morphologically those are classified into the same subspecies. 
The grouping also represented geographical distribution, that is, the northern 
part group and Derbent group. This division is consistent with the two major 
genepools in Ae. tauschii reported in previous studies. The northern part and 
Derbent groups correspond to Eurasian wide genepool (called Tauschii gene-
pool) and Caucasia and Caspian coast limited genepool (Strangulata gene-
pool), respectively. Regarding to chloroplast, all the 16 accessions were geno-
typed as HG7, the most major haplogroup of the species. Although all the 16 
NCT accessions were categorized into ssp. tauschii morphologically, acces-
sions of Derbent group showed a tendency to have larger spikelets. Among 
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them, especially NCT3 had the quite large size of spikelets and grains that are 
at almost the largest level in ssp. tauschii. The results of this study filled the 
missing information of Ae. tauschii and will be helpful for future utilization. 
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Aegilops tauschii, North Caucasia, Spikelet Morphology, Chloroplast SSR, 
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1. Introduction 

The most cultivated wheat Triticum aestivum L. has the A, B and D genomes 
that has originated in the interspecific hybridization followed by polyploidiza-
tion between tetraploid Emmer wheat T. turgidum L. and Aegilops tauschii 
Coss. [1] [2]. Ae. tauschii is a wild diploid goatgrass species with the DD genome 
and considered to be one of the most important genetic resources among wheat 
wild relatives because of its donation of the D genome to bread wheat. Ae. tau-
schii is distributing from Syria to western China throughout central part of Eu-
rasian continent and inhabits various environmental conditions in dry grass-
lands, fallow, steppes, roadsides, woodlands, marginal forests and stony slopes, 
and even can be found in irrigated field and river valleys [3]. Several studies re-
vealed the high level of genetic diversity of Ae. tauschii regarding several useful 
traits, i.e., seed storage protein [4], flowering time [5], disease resistance [6] and 
biotic and abiotic stress tolerance [7] [8], suggesting the usefulness for im-
provement of wheat production. 

Based on spike morphology, Ae. tauschii is divided into two subspecies, ssp. 
tauschii, and ssp. strangulata [9] [10]. Subspecies tauschii has vertically elon-
gated rectangle glumes and internodes between spikelets are not much con-
stricted, on the other hand ssp. strangulata has square or wide glumes and its in-
ternodes are markedly constricted. Subspecies tauschii is widely distributing 
throughout Eurasian continent, whereas ssp. strangulata has a restricted distri-
bution in Caucasia and coastal region of Caspian Sea in northern Iran. 

Because of its importance in wheat genetics and breeding, the diversity of Ae. 
tauschii has been studied extensively using various techniques, that is, isozyme 
[11] [12] [13], RFLP [14], chloroplast SSR [15] [16], AFLP [17] [18] and DNA 
array [19] [20] [21]. Based on RFLP, Dvorak et al. (1998) reported that Ae. tau-
schii could be divided into two genepools namely Tauschii and Strangulata [14]. 
This molecular-based classification is not completely consistent with the morpho-
logical one. The Strangulata genepool consists of morphology-based ssp. stran-
gulata and some accessions of ssp. tauschii collected in Caucasia and Caspian 
coastal region in Iran. Tauschii genepool includes all other ssp. tauschii acces-
sions covering the entire species distribution including the area where accessions 
of Strangulata genepool inhabit. The subsequent nuclear DNA-based molecular 
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analyses supported the division of two genepools and added the evidence for 
presence of the third minor groups limitedly distributing in Georgia. Sohail et al. 
(2012) reported the two major groups A and C that are corresponding to Tau-
schii and Strangulata genepools in Dvorak et al. (1998), respectively, and the 
minor third group B [19]. Contrary to the nuclear DNA-based analyses, Matsu-
oka et al. (2009) revealed that the Ae. tauschii genepool are classified into 18 
haplogroups based on sequencing of chloroplast SSR loci [16]. The classification 
based on nuclear and chloroplast DNAs are not consistent with each other. The 
most major chloroplast haplogroup HG7 contains accessions collected in entire 
distribution areas, and both genepools are included in this major chloroplast 
haplogroup. 

Caucasia, the area lying between Black Sea and Caspian Sea, is an important 
place in wheat science because the area is a candidate of the origin of bread 
wheat and one of the centers of diversity for both cultivated and wild wheat. As 
mentioned above, Caucasia is also important for Ae. tauschii since it is the area 
where both genepools distribute, therefore can be regarded as a center of diver-
sity of this species [14] [16]. Thus there are several previous studies intensively 
using Caucasian Ae. tauschii, but they focused on mainly Transcaucasia but not 
on North Caucasia. Caucasia is generally separated into two regions, that is, 
Transcaucasia consisting of Georgia, Armenia and Azerbaijan on the south side 
of the Great Caucasus Mountains with altitude above 5000 m, and North Cauca-
sia that is the Russian territory on the north of the mountains. The plants in 
these two regions may be generically differentiated because of the geographical 
isolation by high mountains. There are some accessions in genebank collected in 
North Caucasia, for example, KU20-1 used in several previous studies [16] [18] 
[19] that is the firstly numbered accession of Ae. tauschii in Kyoto University 
collection probably provided from Dr. Vavilov to Dr. Kihara before World War 
II, but number of accessions are limited. Unique genetic resources are possibly 
discovered in North Caucasia since it is a margin of the center of diversity of Ae. 
tauschii. To elucidate the genetic diversity of Ae. tauschii, the investigation using 
a set of considerable number of the North Caucasian materials is important. 

In this study, we conducted genetic characterization of 16 accessions of Ae. 
tauschii that we newly collected in North Caucasia supported by the internation-
al exchange program between Japan and Russia (Figure 1). Here we called these 
materials NCT, meaning North Caucasian Ae. tauschii. The 16 NCT accessions 
were collected from Stavropol Province, the northern part of North Caucasia to 
Derbent the second biggest city in Dagestan Republic in the Russian Federation 
located in the southern border with Azerbaijan on western coast of Caspian Sea. 
We evaluated the genetic diversity of these genetic resources based on morpho-
logical traits and two molecular techniques chloroplast SSR and AFLP that was 
used as a tool detecting the nuclear-based DNA variation. Based on the results 
obtained, the features of the North Caucasian Ae. tauschii are discussed. 
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(a) 

 
(b) 

 
(c) 

Figure 1. Collection site of the North Caucasian Ae. tauschii. (a) Map of 
the sites, (b) Natural habitat of Aegilops species including Ae. tauschii 
covering the slope of the world heritage Derbent Citadel and, (c) the na-
turally growing Ae. tauschii on the roadside in Derbent. 

2. Materials and Methods 
2.1. Plant Materials 

Totally 39 accessions of Ae. tauschii were used in this study. Among them 16 ac-
cessions were NCT (North Caucasian Ae. tauschii) accessions collected in North 
Caucasia by the international exchange program between Japan and Russia, in 
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June-July 2010. The other 23 accessions were provided from National BioRe-
sources Project (NBRP) KOMUGI maintained in Kyoto University, Japan 
(numbered as KU), and International Center for Agricultural Research in Dry 
Areas (ICARDA) (numbered as IG). These 23 accessions were selected to cover 
general entire genetic variation of the species in consideration of geographical 
distribution, morphological classification, and genetic diversity on nuclear DNA 
reported by Sohail et al. (2012) [19]. The passport data of the accessions are 
shown in Table 1 and Table 2. For molecular analyses, T. aestivum cv. Chinese 
Spring and an accession of Ae. caudata (KU6-1), the CC genome diploid, were 
used as reference and outgroup. 

2.2. Investigation of Morphological Characters 

The morphological characters of original specimens collected in North Caucasia 
were investigated. Glume length (GL), glume width (GW), glume height, spike-
let length, awn length, grain length, grain width were measured. Five spikelets 
were investigated for each accession. Since the spikes were shattered at the har-
vesting time, the positions of the measured spikelets in the spikes were un-
known. We chose seemingly well matured large size spikelets. As for qualitative 
traits, hairiness of glumes and color of spikelets were checked. 

2.3. Genotyping of Chloroplast SSR Loci and IGS Region 

Total DNA of the NCT accessions were extracted from leaves using CTAB  
 
Table 1. Passport data of 16 accessions of Ae. tauschii collected in North Caucasia. 

Accession Number Location Latitude (N) Longitude (E) Altitude (m) 

NCT1 Stavropol Province 44˚27" 045˚19" 18 

NCT2 Derbent, Dagestan 41˚59" 048˚17" 133 

NCT3 Derbent, Dagestan 42˚00" 048˚17" 216 

NCT4 Derbent, Dagestan 42˚01" 048˚15" 554 

NCT5 Derbent, Dagestan 42˚01" 048˚15" 686 

NCT6 Derbent, Dagestan 41˚59" 048˚18" 13 

NCT7 Derbent, Dagestan 42˚03" 048˚16" 152 

NCT8 Derbent, Dagestan 42˚02" 048˚15" 348 

NCT9 Derbent, Dagestan 41˚56" 048˚09" 301 

NCT10 Derbent, Dagestan 41˚57" 048˚06" 575 

NCT11 Derbent, Dagestan 41˚58" 048˚02" 592 

NCT12 Derbent, Dagestan 42˚01" 048˚02" 438 

NCT13 Derbent, Dagestan 41˚59" 048˚19" −2 

NCT14 Northern Dagestan 43˚41" 046˚42" −9 

NCT15 Northern Dagestan 44˚25" 046˚30" −36 

NCT16 Stavropol Province 44˚13" 043˚32" 232 
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Table 2. Accessions used in AFLP analysis. 

Country Accession Subspecies Variety Sohail et al. (2012)a 

Dagestan (n = 1) KU20-1 tauschii typica C 

Georgia (n = 1) KU2829A tauschii typica B 

Azerbaijan (n = 1) KU2806 tauschii typica C 

Armenia (n = 1) KU2809 tauschii anathera A 

Syria (n = 1) IG46623 tauschii typica C 

Turkey (n = 1) KU2132 tauschii typica A 

Iran (n = 10) KU20-10 tauschii meyeri C 

 KU2109 tauschii meyeri A 

 KU2144 tauschii typica A 

 KU20-8 tauschii typica C 

 KU2157 tauschii typica - 

 KU2159 tauschii typica C 

 KU2074 strangulata strangulata C 

 KU2076 strangulata strangulata C 

 KU2088 strangulata strangulata C 

 KU2096 strangulata strangulata C 

Afghanistan (n = 5) KU2059 tauschii anathera - 

 KU2636 tauschii anathera A 

 KU2012 tauschii typica - 

 KU2022 tauschii typica A 

 KU2039 tauschii - B 

Uzbekistan (n = 1) KU20-3 tauschii typica - 

China (n = 1) IG48976 tauschii - - 

a: A, B and C mean to the clusters in Sohail et al. (2012). A and C correspond to the Tauschii and Strangu-
lata genepool, respectively, and B is the third minor cluster. 

 
method [22]. According to Matsuoka et al. (2005, 2009) [15] [16], nine chlorop-
last SSR loci (WCt1, 4, 5, 6, 8, 10, 12, 17 - 18 and 24) that demonstrated inters-
pecific repeat number variation in Ae. tauschii and two chloroplast intergenic 
spacer regions(trnT-L and trnL-F) that showed interspecific nucleotide poly-
morphisms in Ae. tauschii were amplified by PCR. The primer sequences used in 
this study followed the Ishii et al. (2001) [23] and Taberlet et al. (1991) [24] in 
which the markers had been originally developed. The PCR condition was 25 
cycles of 1 min at 94˚C, 1 min at 55˚C, 30 sec at 72˚C. Takara Taq polymerase or 
Takara ExTaq polymerase were used for amplification. The products of nine SSR 
loci were electrophoresed in 6% polyacrylamide gel to detect the variation in 
length. Since Matsuoka et al. (2009) reported that chloroplast haplotypes of Ae. 
tauschii could be distinguished by diallelic polymorphisms in four SSR loci 
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(WCt6, 10, 17-18, 24) and two intergenic spacer regions, the PCR products of 
the six loci were sequenced [16]. The PCR products were purified using Wizard 
SV Gel and PCR Clean-Up System (Promega) and sequenced via DNA se-
quencing service, eurofins Genomics. 

2.4. AFLP Analysis 

To clarify the phylogenetic relationship of NCT collection, AFLP analyses were 
carried out. Although we used total DNA for the AFLP analyses, it can be re-
garded that the results represent the nuclear DNA-based genetic variation be-
cause most of DNA in the whole genome is nuclear DNA whereas the propor-
tion of organelle DNAs is extremely small. Five primer sets (E-TGTC & M-GTA, 
E-CTGA & M-GTA, E-AGCG & M-CCA, E-ATAT & M-ACC and E-ATAT & 
M-CCA) were used for selective amplification, in which E and M mean the 
common sequences for EcoRI and MseI digested adapter annealing sites, respec-
tively. Takara Taq polymerase was used for the amplifications. The amplified 
products were electrophoresed in 6% acrylamide gel and visualized by silver 
staining. The detailed experimental procedure was following the description in 
Sasanuma et al. (2002) [25]. After manually scoring the bands, genetic distance 
using DICE index (1-proportion of sharing bands) were calculated for all the 
combination pair of the accessions. A Neighbor-Joining phylogenetic tree was 
reconstructed using PAUP version 4.0b10 [26]. 

3. Results 
3.1. Morphological Characters 

The morphological characteristics are shown in Table 3. The traits related to 
glume showed about 1.3 - 1.6 times difference between the minimum and max-
imum values. The maximum values of glume width (3.87 mm), glume length 
(7.11 mm) and glume height (1.37 mm) were observed in NCT3. This accession 
also had the largest value in grain width. On the other hand, NCT2 showed the 
minimum values in glume length (5.34 mm), glume height (0.84 mm), spikelet 
length, grain width and grain length. For all the measurement, the difference 
between the maximum and the minimum values are statistically significant at 
0.1% level. Generally three values representing glume size, i.e., glume width, 
glume length and glume height, and spikelet length and grain width showed 
positive correlations, therefore the features indicated by these five values can be 
regarded as spikelet size. Three accessions NCT1, NCT15 and NCT16 collected 
in Stavropol Province and northern part of Degestan had smaller spikelets than 
the accessions collected around Derbent. There was an exception of NCT2 that 
was collected in Derbent but had small spikelets. The principal component anal-
ysis based on the five spikelet size related traits mentioned above indicated an 
apparent differentiation of these accessions (Figure 2). NCT14 collected in 
northern part of Dagestan showed average size of glume but spikelet length and 
grain width were relatively small. Thus NCT14 somewhat had the feature of  
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Table 3. Morphological characterization of 16 NCT accessions. 

Accession 
Glume width 

(GW) 
Glume length 

(GL) 
GL/GW Glume height 

Spikelet 
length 

Awn length Grain width Grain length 
Spikelet 
colora 

Glume 
hair 

NCT1 2.83 *** 5.66 *** 2.02 * 0.92 ** 7.96 *** 11.39 *** 1.92 *** 4.49 ** bright − 

NCT2 2.69 *** 5.34 *** 2.00 ** 0.84 *** 7.12 *** 7.74 *** 1.77 *** 3.35 *** bright − 

NCT3 3.87  7.11  1.84 *** 1.37  11.28  12.23 ** 2.68  5.03  bright − 

NCT4 3.16 *** 6.59  2.10 * 1.23  10.30  11.02 *** 2.31 * 4.79  bright − 

NCT5 3.42 ** 7.10  2.08 ** 1.06  11.34  12.65 ** 2.65  5.38  
dark 

(mixed) 
− 

NCT6 3.31 *** 6.20 ** 1.87 *** 1.17  7.81 *** 8.10 *** 2.27 * 4.53 * bright − 

NCT7 3.35 * 6.56  1.98 ** 1.18  8.81 * 16.46  2.39  5.16  bright + 

NCT8 3.59  7.03  1.96 *** 1.13  9.09  8.81 *** 2.27  4.81  dark − 

NCT9 3.58 * 6.71 * 1.88 *** 1.31  9.29 * 8.99 *** 2.53  5.23  bright − 

NCT10 3.29 ** 6.60  2.02 ** 1.14 * 9.70  24.25  2.28 * 5.39  dark − 

NCT11 3.16 *** 6.61 * 2.09 ** 1.18  9.31 * 13.05 ** 2.49  5.13  dark − 

NCT12 2.88 *** 6.30 ** 2.20  1.16  9.01 * 21.18 * 2.21 ** 5.04  
dark 

(mixed) 
− 

NCT13 3.23 ** 6.28  1.98  1.27  8.93 * 19.40  2.30 * 4.61 * dark + 

NCT14 3.26 *** 6.64  2.04 *** 1.16  8.68 ** 7.21 *** 2.01 *** 3.85 *** bright − 

NCT15 2.55 *** 5.60 *** 2.20 * 0.91 *** 7.13 *** 7.54 *** 1.78 *** 4.05 *** bright − 

NCT16 2.64 *** 6.29 ** 2.38  0.91 *** 7.48 *** 4.79 *** 1.83 *** 4.34 *** bright − 

                   
Average 3.18  6.41  2.04  1.12  8.95  12.18  2.23  4.70    

Standard 
deviation 

0.36  0.50  0.13  0.15  1.25  5.36  0.28  0.56    

All units of quantitative traits are in millimeters. Maximum and minimum values are shown in red and blue, respectively. Statistical significance for differ-
ence from the maximum value is indicated on the right. *, ** and *** mean significantly different at 5%, 1% and 0.1% level by t-test, respectively. a: Dark and 
bright spikelets were mixed in NCT5 and NCT12. 

 

 
Figure 2. Principal Component Analysis of five spikelet size related 
traits, glume width, glume length, glume height, spikelet length and 
grain width. The contribution ratio of PC1 and PC2 were 84.01% 
and 7.44%, respectively. The numbers in the graph means NCT 
numbers. 
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northern part accessions. Awn length and grain length exhibited their own ten-
dency. With respect to the qualitative traits, two accessions NCT7 and NCT13 
had hairy awns. Six of 16 accessions had dark colored spikes. In addition, one 
accession NCT2 flowered in the pot without vernalization, suggesting that this 
accession has spring type heading trait and the remaining are winter type. 

The ratio of glume length and glume width (GL/GW) is the key character to 
distinguish two subspecies. In this study the GL/GW ratio were ranged in 1.84 - 
2.38. In the previous study the GL/GW ratio for subspecies tauschii and stran-
gulata are around 2.0 and 1.2, respectively [16]. Thus all the 16 NCT accessions 
are categorized into ssp. tauschii. 

3.2. Variation in Chloroplast SSR Loci 

Among the nine chloroplast SSR loci, eight exhibited length polymorphism in 
polyacrylamide gel electrophoreses (Figure 3 and Table 4). Six loci showed di-
morphism among which WCt4, 6, 10 and 12 showed an identical pattern of se-
paration, that is, NCT1, 2, 6, 14, 15, 16 and the others, and WCt8 and 24 showed 
a different pattern of separation, that is, NCT6 and the others. WCt5 exhibited 
three types of bands distinguishing NCT1, 2, 14, 15, 16 and NCT6 and the oth-
ers. WCt17-18 is the most variable loci having detected four types of bands dis-
tinguishing NCT1, 6, 15 and NCT 2, 13, 14 and NCT16 and the others. WCt1 
was only the loci monomorphic. The average number of Nei’s gene diversity [27] 
was 0.358. Based on the polymorphisms detected in the chloroplast SSR loci, 16 
NCT accessions were classified into eight haplotypes. The relationship of the 
haplotypes is shown in Figure 4. Generally eight haplotypes can be separated 
into three groups. NCT6 formed a single separated group. Five accessions NCT 
1, 2, 14, 15 and 16 collected in the northern part of North Caucasia with an ex-
ception of NCT2 formed another group. The remaining ten accessions formed 
the most major group in which nine accessions had an identical haplotype and 
NCT13 was different from them by one locus. Hence as well as the spikelet size, 
 

 
(a) 

 
(b) 

Figure 3. Profiles of polyacrylamide gel electrophoresis of (a) WCt5 and 
(b) WCt24. 
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Table 4. Chloroplast SSR polymorphism detected among 16 NCT accessions. 

Locus 

Length in bp compared to T. aestivum cv. Chinese Spring (CS) 
Repeat 
number  

in CS 

Number 
of  

Alleles 

Gene 
diversity 

N
C

T1
 

N
C

T2
 

N
C

T3
 

N
C

T4
 

N
C

T5
 

N
C

T6
 

N
C

T7
 

N
C

T8
 

N
C

T9
 

N
C

T1
0 

N
C

T1
1 

N
C

T1
2 

N
C

T1
3 

N
C

T1
4 

N
C

T1
5 

N
C

T1
6 

C
S 

WCt1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 (A)10 1 0.000 

WCt4 −1 −1 0 0 0 −1 0 0 0 0 0 0 0 −1 −1 −1 0 (T)11 2 0.469 

WCt5 0 0 1 1 1 2 1 1 1 1 1 1 1 0 0 0 0 (A)10 3 0.508 

WCt6 −1 −1 −2 −2 −2 −1 −2 −2 −2 −2 −2 −2 −2 −1 −1 −1 0 (C)10 2 0.469 

WCt8 −1 −1 −1 −1 −1 0 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 0 (T)10 2 0.117 

WCt10 1 1 2 2 2 1 2 2 2 2 2 2 2 1 1 1 0 (A)12 2 0.469 

WCt12 −1 −1 0 0 0 −1 0 0 0 0 0 0 0 −1 −1 −1 0 (T)10 2 0.469 

WCt17-18 0 −1 −2 −2 −2 0 −2 −2 −2 −2 −2 −2 −1 −1 0 1 0 (T)11 4 0.609 

WCt24 −1 −1 −1 −1 −1 −2 −1 −1 −1 −1 −1 −1 −1 −1 −1 −1 0 (A)14 2 0.117 

                     
Average                   2.22 0.358 

 

 
Figure 4. Haplotype network based on the chloroplast SSR polymorphism. Size of the 
circles reflects the number of accessions. Black solid circles indicate deduced hypothe-
sized haplotypes. 

 
chloroplast SSR variation also divided NCT accessions by collection sites, that is, 
the northern part of North Caucasia and around Derbent with a unique separa-
tion of NCT6. 

To determine the chloroplast haplogroup of NCT accessions, sequences of the 
four SSR loci and two IGS regions were determined. Matsuoka et al. (2009) [16] 
reported genetic resources of Ae. tauschii can be classified into 18 chloroplast 
haplogroups based on diallelic sequence polymorphism (nucleotide substitutions 
and indels) at 21 diagnostic sites. The comparison of the sequences at the 21 
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diagnostic sites indicated that all the 16 NCT accessions belong to HG7 that is 
the most common haplotype in the species. The sequences of the 16 NCT acces-
sions are basically the same except for the SSR repeat number but a single nuc-
leotide substitution was detected at 278th nucleotide position at trnL-F IGS re-
gion. At this site consensus sequences is T but six accessions NCT1, 2, 3, 14, 15 
and 16 had A. Since Matsuoka et al. (2009) [16] ignored multiallelic polymor-
phisms (more than three types at a site) for genotyping, this site may be multial-
lelic in the species, but if not, the chloroplast haplotype of these six accessions is 
a new derivative of HG7. 

3.3. AFLP Analysis 

Totally 274 bands were scored in the five primer combinations. Based on the 
AFLP detected, a Neighbor-Joining phylogenetic tree for 39 accessions of Ae. 
tauschii was reconstructed (Figure 5). There are two major clusters A and B in 
the tree. This clustering generally well fits with the classification reported in the 
previous study [19]. According to the positions of the previously used acces-
sions, it is considered that clusters A and B correspond to groups A and C in 
Sohail et al. (2012) [19], respectively. The accession of minor group B in the pre-
vious study is located on the outgroup position of cluster B in the present study 
that is also consistent with the previous result. Cluster A in this study is consi-
dered to be Eurasian wide genepool since it covered the whole distribution of the 
species from Turkey to China, in other words this is Tauschii genepool reported 
in Dvorak et al. (1998) [14]. Cluster B is the Caucasia and Caspian coast limited 
genepool that is equivalent to the Strangulata genepool reported in Dvorak et al. 
(1998) [14]. The four accessions of ssp. strangulata formed a subcluster in this 
cluster. The 16 NCT accessions were present in both major clusters. Five acces-
sions NCT1, 2, 14, 15, 16 collected in the northern part of North Caucasia with 
an exception NCT2 are located in cluster A and the other in cluster B. This divi-
sion of the 16 NCT accessions into two groups is generally consistent with 
spikelet size and chloroplast SSR variation. 

4. Discussion 

In this study, 16 accessions of Ae. tauschii newly collected from North Caucasia 
in 2010 were genetically characterized. Chloroplast and AFLP based nuclear 
DNA analyses indicated a distinct separation of the 16 NCT accessions into two 
groups. One consists of NCT1, 2, 14, 15 and 16 mainly collected from Stavropol 
Province and the northern part of Dagestan that can be called the northern part 
of North Caucasia. The other is composed of the remaining 11 accessions col-
lected from Derbent in the southern border of North Caucasia adjacent to Azer-
baijan, Transcaucasia. NCT2, an exception for this geographical grouping, was 
collected in Derbent but classified into the northern part group. It is possible 
that this contradiction was due to a recent introgression via human activity since 
NCT2 was collected on a roadside. As well as molecular analyses, morphological  
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Figure 5. Neighbor-Joining tree reconstructed based on AFLP. Varieties anathera, meyeri 
and strangulata are indicated on the right of the accession number. NCT accessions and 
ssp. strangulata are shown in red and blue, respectively. More than 50% bootstrap proba-
bilities obtained from 1,000 replicates are shown beside the branches. 

 
evaluation also showed a tendency of differentiation in spikelet size between the 
northern part group and Derbent group although the separation is not so ob-
vious. This difference could be caused by the genetic differentiation but it is also 
possible that the environmental condition generated it because we compared the 
spikelets originally collected in North Caucasia. 

The AFLP analysis revealed that the two groups in NCT accessions are 
representing the two major genepool in entire species of Ae. tauschii reported in 
several previous studies [14] [18] [19]. The northern part group corresponds to 
Eurasian wide genepool namely Tauschii genepool and the Derbent group to 
Caucasia and Caspian coast limited genepool namely Strangulata genepool. Since 
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all the 16 accessions had vertically elongated rectangle glumes based on GL/GW 
ratio, they are categorized into ssp. tauschii not ssp. strangulata morphologically. 
This result is supported by the fact that the Derbent group NCT accessions are 
separately located from the subcluster of ssp. strangulata in cluster B. Thus, the 
NCT accessions in cluster B are belonging to ssp. tauschii morphologically but 
Strangulata genepool genetically as several Transcaucasian accessions reported 
in previous study by Dvorak et al. [14]. These results indicate that the southern 
part of North Caucasia is a margin of the distribution of Strangulata genepool, in 
other words, the end of the center of diversity of Ae. tauschii. From the observa-
tion during our exploration in North Caucasia, the area around Derbent cer-
tainly has richer diversity for Aegilops than the northern part. Ae. tauschii and 
another tetraploid Ae. cylindrica seemed to be dominant grass species in the area 
and three other tetraploid Aegilops species, Ae. triuncialis, Ae. biuncialis and Ae. 
triaristata were also found. On the other hand, in the northern part of North 
Caucasia Aegilops were not so often discovered. Ae. cylindrica was relatively 
common but Ae. tauschii was rare and other Aegilops species could seldom 
found in the northern part of North Caucasia. 

The results of this study indicated that the entire level of genetic variation in 
NCT accessions was considerably high. For example, the gene diversity for 16 
NCT accessions based on nine chloroplast SSR loci was 0.358 that is almost 
equivalent to 0.375 for 63 accessions of Ae. tauschii covering the major part of 
the species distribution reported in Matsuoka et al. (2005) [15]. This high level 
of diversity in North Caucasia is, however, due to the presence of two major ge-
nepool. The variation in each group is not necessarily high. The chloroplast ge-
notyping showed that all the NCT accessions belonged to HG7 the major haplo-
group of Ae. tauschii found in the entire distribution. This result suggests that 
the level of diversity in North Caucasia is less than in Transcaucasia. Even if so, 
however, we would like to emphasis that North Caucasian Ae. tauschii includes a 
level of variation and potential of unique genetic traits, for example, variation in 
glume hair and spike color, and a unique chloroplast genotype detected in 
NCT6. The large spikelet and grain size observed in the Derbent group suggests 
the usability for future breeding of these genetic resources. It is noteworthy that 
the largest size of spikelet detected in NCT3 is at the maximum level for ssp. 
tauschii. 

Ae. tauschii is one of the most important wild genetic resources for wheat ge-
netics and breeding since it is the D genome donor of bread wheat. As 
represented by whole genome sequencing of Ae. tauschii [28], the recent ad-
vance of molecular researches has accumulated the genetic information and en-
larged the availability to utilize wild genetic resources for wheat improvement, 
therefore the importance of genetic resources is also increasing nowadays. Ae. 
tauschii is one of the wild species that has been extensively collected but North 
Caucasia had been a missing zone. We must note that previous studies also used 
a few accessions collected in North Caucasia but those were mainly collected 
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around Derbent [16] [18] [19] [20] [21]. Thus the northern part group used in 
this study is really new materials for diversity study of Ae. tauschii. Needless to 
say, it is important for diversity analysis to cover entire species distribution. The 
recent studies indicated the sublineage division within the major two genepool 
of Ae. tauschii that is generally related to the geographical distribution [18] [20] 
[21]. In this study we genetically characterized the new materials collected in 
North Caucasia where only limited samples have been analyzed. The present 
study is the first report of a series of evaluation studies on genetic resources of 
North Caucasian Ae. tauschii. Currently we are conducting more practical eval-
uation concerning bread-making related traits and it is suggested that some of 
them might have suitable traits (data not shown). It must be emphasized that the 
basic morphological and molecular diversity evaluation carried out in this study 
can be a foundation for using the genetic resources for more practical purpose. 
We believe that the results of this study added novel valuable information to 
elucidate the genetic diversity in Ae. tauschii and should be helpful for future 
wheat improvement. 
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