
Pak. J. Bot., 48(1): 143-153, 2016. 

MOLECULAR PHYLOGENY OF TRITICUM AND AEGILOPS GENERA 
BASED ON ITS AND MATK SEQUENCE DATA 

 
AYTEN DIZKIRICI1, CIGDEM KANSU2 AND SERTAC ONDE2* 

 
1Department of Molecular Biology and Genetics, Yuzuncu Yil University, 65080, Van, Turkey 
2Department of Biological Sciences, Middle East Technical University, 06800 Ankara, Turkey 

*Corresponding author’s email: sertac@metu.edu.tr 
 

Abstract 
 

Understanding the phylogenetic relationship between Triticum and Aegilops species, which form a vast gene pool of 
wheat, is very important for breeding new cultivated wheat varieties. In the present study, phylogenetic relationships between 
Triticum (12 samples from 4 species) and Aegilops (24 samples from 8 species) were investigated using sequences of the 
nuclear ITS rDNA gene and partial sequences of the matK gene of chloroplast genome. The phylogenetic relationships among 
species were reconstructed using Maximum Likelihood method. The constructed tree based on the sequences of the nuclear 
component (ITS) displayed a close relationship between polyploid wheats and Aegilops speltoides species which provided new 
evidence for the source of the enigmatic B genome donor as Ae. speltoides. Concurrent clustering of Ae. cylindrica and Ae. 
tauschii and their close positioning to polyploid wheats pointed the source of the D genome as one of these species. As reported 
before, diploid Triticum species (i.e. T. urartu) were identified as the A genome donors and the positioning of these diploid 
wheats on the constructed tree are meaningful. The constructed tree based on the chloroplastic matK sequences displayed same 
relationship between polyploid wheats and Ae. speltoides species providing evidence for the later species being the chloroplast 
donors for polyploid wheats. Therefore, our results supported the idea of coinheritance of nuclear and chloroplast genomes 
where Ae. speltoides was the maternal donor. For both trees the remaining Aegilops species produced a distinct cluster whereas 
with the exception of T. urartu, diploid Triticum species displayed a monophyletic structure.  
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Introduction 
 

Triticeae (Poaceae) tribe with 330 to 360 (Watson & 
Dallwitz, 1994) species includes several valuable cereal 
crops such as wheat, barley, and rye. Sakamura (1918) was 
the first person who studied the polyploid genome structure 
of wheat and followed by large number of scientists who 
were interested in the complex genome compositions of 
wheat and their related genus Aegilops L. (Kihara, 1954; 
Wang et al., 1996). Although, earlier studies (e.g. Stebbins, 
1956) proposed that Aegilops and Triticum L. species 
should be considered as members of the same genus, van 
Slageren (1994) proposed that these species belonged to 
two distinct genera. The genus Triticum comprises 
common or bread wheat [Triticum aestivum L. (genome 
BBAADD, 2n=6x=42)] and other important cultivated 
species such as durum, emmer or einkorn wheats. Diploid, 
tetraploid and hexaploid chromosome numbers with a basic 
chromosome number n=7 are frequently seen (Sakamura, 
1918; Ke et al., 2014). Polyploidy is derived through 
intergeneric hybridizations and polyploidizations resulting 
in allotetraploids that occurred between species of Triticum 
and Aegilops (Dvorak & Zhang, 1990; Caligari & 
Brandham, 2001; Haider, 2013). Since genus Aegilops has 
been considered as an important gene pool for Triticum 
species, Aegilops species attracted the attention of various 
researchers. Extensive cytological studies have revealed 
that the genomes of the Aegilops species can be classified 
into seven basic genomes: C, D, M, N, S (B), T and U 
(Kimber & Tsunewaki, 1988). Kihara (1954) classified 
these basic genomes into three groups: C-group (C and U 
genomes), M-group (D, M, N and T genomes) and S-group 
(S and its modified versions) based on chromosome pairing 
during meiosis of the inter-specific hybrids. In the current 
study, several Aegilops species including different genome 

composition such as BB, CuCu, CuCuMbMb were especially 
selected to figure out positions and evolutionary 
relationships of these genome compositions compared with 
that of Triticum species. Origin of the B genome is still 
controversial (Haider, 2013). For example, various authors 
designate the genome of Aegilops speltoides Tausch as S, 
but not as B (Wang et al., 1996). Actually, S genome is 
used to indicate a group of Aegilops species such as Ae. 
speltoides, Ae. bicornis (Forssk.) Jaub. et Spach., Ae. 
searsii Feldman et Kislev ex Hammer contained in section 
Sitopsis (van Slageren, 1994). However in the current 
study, genome of Ae. speltoides samples was considered as 
B to prevent any confusion. 

Phylogenetic reconstruction in the Triticeae tribe 
began with cladistic analyses of both morphological and 
anatomical characters (Baum, 1983). Molecular 
information, which was obtained from sequences of both 
genomic and chloroplast DNA regions has recently 
provided the basis for phylogenetic reconstruction in 
grasses at the subfamily and lower levels (Davis & 
Soreng, 1993; Liang & Hilu, 1996; Sha et al., 2008; 
Dizkirici et al., 2013). Different genes from nuclear and 
chloroplast genomes are utilized to identify the 
phylogenetic relationships existing between plant species 
(Golovnina et al., 2007). Ribosomal RNA genes (rDNA) 
are found as parts of repeat units that are arranged in 
tandem arrays, located at the chromosomal sites known as 
Nucleolar Organizing Regions (NORs). Each repeat unit 
consists of transcribed regions (18S, 5.8S and 26S rRNAs) 
and non-transcribed spacer (NTS) regions (Al-qurainy et 
al., 2011). In the transcribed region, internal transcribed 
spacers (ITS) are found on either side of 5.8S rRNA gene 
and are called as ITS1 and ITS2 (Sharma et al., 2002). 
Their high copy numbers (up to-30000 per cell), relatively 
small sizes (600-700 bp) and availability of universal 
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PCR (Polymerase Chain Reaction) primers for easy 
amplification make them ideal for phylogenetic studies 
(Baldwin et al., 1995).  

Chloroplastic MaturaseK (matK) gene region (coding 
sequence) is one of the useful regions since it is the most 
rapidly evolving plastid gene, which provides sufficient 
information to identify the phylogenetic relationships at 
the intrageneric level (Young & dePamphilis, 2000). The 
matK gene is about 1500 base pair (bp) long, located 
within the intron of the chloroplast gene trnK, and 
functionally might be involved in the splicing group II 
introns (Neuhaus & Link, 1987). One of the main reasons 
why this region was preferred to understand the 
phylogenetic relations between species is its relatively 
high rate of substitutions compared with other genes used 
in grass systematics (Liang & Hilu, 1996).  

The aim of this study is to refine the phylogenetic 
structure of the Triticum and its close relative Aegilops 
genus by utilizing DNA sequences of both a chloroplast-
genome specific gene (matK) and a nuclear-genome 
specific gene (ITS, including the 5.8S gene of the rDNA) 
and therefore investigate the effects of both genomes on 
the phylogenetic structure of the investigated genera.  
 
Materials and Methods 
 
Plant materials: Triticum and Aegilops accessions were 
obtained from Department of Field Crops, Faculty of 
Agriculture, Ankara University, where an extensive field 
survey and sampling of the wild relatives of cultivated 
wheat were carried out by Özgen (1982). The materials 
from four Triticum species with 12 samples and eight 
Aegilops species with 24 samples were used in the present 
study. Generally, we have followed the classification 
system of van Slageren (1994) for the naming of the 
species in our study. However, ambiguities surrounding 
the naming of certain species were resolved by referring 
to the studies of others (Hammer et al., 2011; Kilian et 
al., 2011). To eliminate possible DNA contamination, 
each seed sample was germinated and grown in vitro 
under tissue culture conditions (Özgen et al., 1998). In 
addition to our samples, previously identified partial DNA 
sequence of matK region and complete DNA sequence of 
ITS region of Triticum and Aegilops species were 
obtained from the NCBI database and included in our 
analyses. Species names, their genomic compositions, 
chromosome numbers, locations of studied materials and 
GenBank accession numbers are listed in Table 1. 
 
DNA extraction, amplification of matK and ITS 
regions and sequencing: Genomic DNA was extracted 
from fresh leaves of in vitro grown plants by using a 
modified version of Cetyl trimethylammonium bromide 
(CTAB) method (Doyle & Doyle, 1987). Genomic DNA 
was quantified via spectrophotometry and each sample 
was diluted to 10ng/µL for amplification of the matK and 
ITS regions by PCR. Primer pair ITSL (forward: 5'TCG 
TAA CAA GGT TTC CGT AGG TG3') and ITS4 
(reverse: 5' TCC TCC GCT TAT TGA TAT GC 3'; Hsiao 
et al., 1995) were used to amplify the ITS region 
(ITS1+ITS2+5.8S). An amplified product of 
approximately 600 bp was used for constructing the 
phylogenetic tree. The primers matKF1 (forward: 5’ACT 

GTA TCG CAC TAT GTA TCA 3’) and matKR3 
(reverse: 5’GAT CCG CTG TGA TAA TGA GA 3’; Li et 
al., 1997) were used to amplify approximately 1120 bp at 
the 5' end of the matK gene. Left part of the region (about 
400 bp) was not amplified since 3' end of the gene harbors 
less variability compared to the 5' (Hilu & Liang, 1997).  

All reagents used for DNA manipulations were of 
molecular biology grade and obtained from Sigma-
Aldrich Co. PCR amplification of ITS region was 
performed in a 50 µl volume containing 20 ng template 
DNA, 5 µl of 10X PCR Buffer (750mM Tris-HCL (pH 
8.8), 200 mM (NH4)2SO4, 0.1% Tween 20), 3 µl of MgCl2 
(25mM), 2 µl of dNTP mixture (10 mM), 2 µl of each 
primer (10 µM), and 0.2 µl (5u/µl) of Taq polymerase. 
PCR program for amplifying this region had an initial 
strand separation step at 97°C for 5 min followed by 30 
cycles of denaturation at 94°C for 45 s, annealing at 49°C 
for 30 s and elongation at 72°C for 45 s and a final 
extension at 72°C for 10 min. For matK region, 
amplifications were carried out in 50 µl reaction volume 
with 5 µl of 10xPCR buffer (750mM Tris-HCL (pH 8.8), 
200 mM (NH4)2SO4, 0.1% Tween 20), 5 µl of MgCl2 
(25mM), 4 µl of dNTP mixture (10mM), 4 µl of each of 
the primers (10mM), 0.2 µl (5u/µl) Taq DNA Polymerase, 
and 30 ng template DNA. The PCR program had an initial 
DNA strand separation step at 94°C for 3 min followed by 
35 cycles of denaturation at 94°C for 50 s, annealing at 
45°C for 50 s and elongation at 72°C for 60 s and a final 
extension at 72°C for 10 min.  

Amplified products of the ITS and matK regions of 
Triticum, and Aegilops samples were sequenced with an 
ABI 310 Genetic Analyzer (PE Applied Biosytem) 
Automatic Sequencer in the RefGen Biotechnology 
laboratories (Teknokent, METU, Ankara). To construct 
the phylogenetic trees, available homologous sequences 
were obtained from GenBank database and included in 
the analysis. The DNA sequences of our samples were 
deposited in GenBank database under the accession 
numbers of KJ459874-KJ459909 for ITS and KC608184-
KC608219 for matK region (Table 1). 
 
Phylogenetic analysis: The chromatogram data were 
visualized by using the Finch TV (Version 1.4.0), 
developed by the Geopiza Research Team (Patterson et 
al., 2004-2006). The nucleotide sequences were aligned 
with Clustal W multiple sequence alignment program. 
The evolutionary history was inferred by using the 
Maximum Likelihood method based on the Tamura-Nei 
model (Tamura & Nei, 1993) and the phylogenetic trees 
were constructed by using MEGA version 5 (Tamura et 
al., 2011). One sample from genus Hordeum L. within the 
Triticeae tribe was selected as a potential out-group [for 
ITS: NCBI database accession number AF438195 from 
Hordeum vulgare ssp. spontaneum, and for matK: NCBI 
database accession number HM540019 from Hordeum 
marinum ssp. marinum] to construct the Maximum 
Likelihood phylogenetic trees. Statistical support for each 
constructed tree was provided by bootstrapping (1000 
replications). Total nucleotide length (bp), number of 
deletion/insertion, conserved and variable sites, and 
parsimony informative sites were also calculated by 
MEGA version 5 program (Tamura et al., 2011). 
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Table 1. Names of the plant species, their genome structures, chromosome numbers, locations and  
altitude informations and GenBank accession numbers. 

Species 
 

Genome 
Structure 

Chr. 
Number 

Location 
(Altitude) 

GenBank 
Acc. No. 

(ITS) 

GenBank 
Acc. No. 
(matK) 

Species in the current study      

Ae. biuncialis Vis. CuCuMbMb 2n=28 Kahramanmaras (750 m) 
KJ459880 
KJ459881 
KJ459882 

KC608190 
KC608191 
KC608192 

Ae. triuncialis L. CuCuCC 2n=28 Ankara (1100 m) 
KJ459883 
KJ459884 
KJ459885 

KC608193 
KC608194 
KC608195 

Ae. umbellulata Zhuk. CuCu 2n=14 Manisa-Kırkagaç (200 m) 
KJ459886 
KJ459887 
KJ459888 

KC608196 
KC608197 
KC608198 

Ae. cylindrica Host DDCC 2n=28 Ankara (1000 m) 
KJ459889 
KJ459890 
KJ459891 

KC608199 
KC608200 
KC608201 

Ae. neglecta Req. ex Bertol. CuCuMtMt 2n=28 Adana (80 m) 
KJ459892 
KJ459893 
KJ459894 

KC608202 
KC608203 
KC608204 

Ae. speltoides Tausch BB 2n=14 Tunceli (1100 m) 
KJ459895 
KJ459896 
KJ459897 

KC608205 
KC608206 
KC608207 

Ae. speltoides var. aucheri Boiss. BB 2n=14 Kahramanmaras (900 m) 
KJ459904 
KJ459905 
KJ459906 

KC608214 
KC608215 
KC608216 

Ae. speltoides var. ligustica (Savign.) Fiori BB 2n=14 Corum (800 m) 
KJ459907 
KJ459908 
KJ459909 

KC608217 
KC608218 
KC608219 

T. dicoccon Schrank AABB 2n=28 Ankara (850 m) 
KJ459898 
KJ459899 
KJ459900 

KC608208 
KC608209 
KC608210 

T. boeoticum Boiss. AbAb 2n=14 Ankara (850 m) 
KJ459874 
KJ459875 
KJ459876 

KC608184 
KC608185 
KC608186 

T. monococcum L. AmAm 2n=14 Ankara (850 m) 
KJ459877 
KJ459878 
KJ459879 

KC608187 
KC608188 
KC608189 

T. spelta L. BBAADD 2n=42 Ankara (850 m) 
KJ459901 
KJ459902 
KJ459903 

KC608211 
KC608212 
KC608213 

Accessions from the NCBI database      
T. monococcum AA 2n=14 - AJ301800* - 
T. urartu Thum. ex Gandil. AuAu 2n=14 - AY450265* FJ897889* 
T. aestivum L. BBAADD 2n=42 - DQ981410* AF164405* 
Ae. uniaristata Vis. NN 2n=14 - - FJ897867* 
Ae. bicornis (Forssk.) Jaub. et Sp. Sb Sb 2n=14 - AF149192* FJ897863* 
Ae. bicornis Sb Sb 2n=14 - - FJ897853* 
Ae. sharonensis Eig Ssh Sl 2n=14 - - FJ897865* 
Ae. comosa Sibth. et Sm. MM 2n=14 - AF149198* FJ897859* 
Ae. speltoides var. ligustica BB 2n=14 - - FJ897876* 
Ae. speltoides var. ligustica BB 2n=14 - - FJ897885* 
Ae. speltoides BB 2n=14 - - FJ897879* 
Ae. speltoides var. speltoides BB 2n=14 - AY450267* FJ897884* 
Ae. speltoides var. speltoides BB 2n=14 - - FJ897881* 
Ae. speltoides var. speltoides BB 2n=14 - - FJ897882* 
Ae. tauschii Coss. DD 2n=14 - FR716115* FJ897861* 
Ae. tauschii  DD 2n=14 - - FJ897888* 
Ae. longissima Schweinf. et Muschl. Sl S1 2n=14 - AF149196* FJ897862* 
Hordeum marinum ssp. marinum Huds.  2n=14  - HM540019 *
Hordeum vulgare ssp. spontaneum (K.Koch) Thell.  2n=14  AF438195* - 
*DNA sequences of matK and ITS regions that were obtained from the NCBI database 
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Table 2. Estimated molecular diversity parameters based on DNA sequences of ITS and matK regions. 
Numbers of species obtained from NCBI database are indicated by asterisks and they were  

excluded while calculating the number of variable sites and total lengths. 

ITS matK 
 

Triticum Aegilops Total Triticum Aegilops Total 

Total length (bp) 602/603 602 604 1120 1120 1120 

Conserved sites 578 584 568 1106 1109 1099 

Variable sites 25 18 36 14 11 21 

Parsimony informative sites 25 18 36 11 10 17 

Number of indels 3 - 3 - - - 

Number of sequence 12+3* 24+5* 36+8* 12+2* 24+14* 36+16* 

 
Results 
 

The length of the entire ITS region of Triticum 
species varied from 602 (T. dicoccon and T. spelta) to 603 
bp (T. monococcum, T. boeoticum), while it was 602 bp 
for all Aegilops species (Table 2). The length of ITS1 was 
221-223 bp, ITS2 was 216-217 bp and the 5.8S subunit 
was 164 bp long when aligned sequences were used. No 
substitutions or indels were detected in the 5.8S subunit 
region while almost similar number of variations were 
observed in ITS1 (17 substitutions; 2 indels) and ITS2 
subunits (19 substitutions; 1 indel). The alignment of 
1120 nucleotides of the matK region indicated that 21 
nucleotides were variable, but no insertions or deletions 
were identified. The lack of indels resulted in identical 
amplified sequence lengths (Table 2). 

Although one belongs to the nuclear (ITS), and the 
other to the chloroplastic (matK) component, the 
constructed phylogenetic trees consisted of three main 
clusters: Cluster 1 which is composed of polyploid wheats 
and Ae. speltoides species, whereas Cluster 2, comprised 
of other Aegilops species and finally the Cluster 3 
containing the diploid wheats (Figs. 1 and 2).  
 
ITS rDNA gene region: Presence of nine substitutions 
(some of which were shown in Table 3a) separated Ae. 
speltoides (BB) and its two varieties from other Aegilops 
species (Fig. 1). These species were clustered together 
with polyploid wheat species with a very high bootstrap 
value (Fig. 1) and hence designated as Cluster 1. 

With the exception of Ae. speltoides and its two 
varieties, all Aegilops species were clustered together 
and this group was named as Cluster 2 due to the 
common Cu (U) genome among them (Fig. 1). However, 
Ae. cylindrica and Ae. tauschii* (* denotes the DNA 
sequence of Triticum or Aegilops species that were 
obtained from the NCBI database) -D genome bearing 
species as well as two indigenous members of the 
Sitopsis section Ae. bicornis* and Ae. longissima*-S 
genome bearing species were also present in this cluster. 

ITS data separated the diploid T. monococcum (AA), T. 
boeoticum (AA), and T. urartu* (AA) from polyploid T. 
dicoccon (BBAA), T. aestivum* (BBAADD) and T. 
spelta [Synonym: T. aestivum ssp. spelta (L.) Thell.] 
(BBAADD) as Cluster 3, based on twenty-one 
substitutions (some of which were shown in Table 3a). 
With the exception of the sequence of T. urartu*, T. 
monococcum and T. boeoticum formed a monophyletic 
group in this cluster.  
 
matK gene region: Presence of five substitutions (Table 
3b) separated Ae. speltoides (BB) and its two varieties 
from other Aegilops species (Fig. 2). Also, three of these 
substitutions (positions of 54, 100, and 564) could be the 
reason of grouping of Ae. speltoides and its two varieties 
with polyploid Triticum samples (T. aestivum*, T. spelta 
and T. dicoccon) at the constructed phylogenetic tree as 
Cluster 1 (Fig. 2). 

Except Ae. speltoides and its two varieties, all of 
the Aegilops accessions were clustered in Cluster 2 
(Fig. 2). However, Ae. cylindrica and Ae. tauschii*-D 
genome bearing species, Ae. uniaristata*-N genome 
bearing species as well as three indigenous members of 
the Sitopsis section Ae. bicornis*, Ae. longissima* and 
Ae. sharonensis*-S genome bearing species were also 
present in this cluster. Cluster 3 included three samples 
of T. monococcum (AmAm) and three samples of T. 
boeoticum (AbAb) from the current study are noted to 
be monophyletic with the exception of T. urartu* 
(AuAu) (Fig. 2).  
 
Discussion 
 

Comparison of the gene analysis (Figs. 1 and 2) 
indicated that the two data sets were, with few 
exceptions, congruent. Although cpDNA data (matK) 
comprised low genetic variation compared to genomic 
DNA data set (ITS), both data included enough genetic 
information to understand phylogenetic relationships 
among studied wheat species. 
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Fig. 1. Maximum Likelihood-phylogenetic tree based on the comparison of DNA sequences of ITS region. Genome composition of 
each species is shown in parenthesis. Numbers at the branch show bootstrap values. (Empty circles: Aegilops sp., Filled squares: 
Triticum sp., Filled triangle: Hordeum vulgare ssp. spontaneum as an out-group, Asterisks: species from which the ITS sequences 
were obtained from GenBank).  
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Fig. 2. Maximum Likelihood-phylogenetic tree based on the comparison of partial DNA sequences of matK region. Genome 
composition of each species is shown in the parenthesis. Numbers at the branch show bootstrap values. (Empty circles: Aegilops sp., 
Filled squares: Triticum sp., Filled triangle: Hordeum marinum ssp. marinum. as an out-group, Asterisks: species from which the 
partial matK sequences were obtained from GenBank). 
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Table 3a. Regions of nucleotide substitutions in DNA sequence of ITS rDNA region. Only one representative for each species was shown. 
Numbers above each column depict the positions of the corresponding nucleotide in the whole alignment. Letters in parenthesis denote the 
genome constitution of the corresponding species. The sequences that were obtained from GenBank database were marked with asterisks. 

 

26
 

53
 

58
 

59
 

78
 

79
 

10
1 

10
6 

11
3 

11
7 

12
5 

17
1 

17
3 

18
6 

18
8 

19
3 

20
2 

20
8 

21
9 

41
2 

41
9 

42
8 

45
5 

46
2 

47
8 

48
9 

53
6 

54
9 

55
8 

56
4 

56
6 

57
2 

57
3 

57
4 

 ITS1 ITS2 
T. boeoticum 1-1 (AbAb) T T T T A T T T G T A C G G T T A T G - T A G G C C C A C G C C A A
T. monococcum 2-1 (AmAm) T T T T A T T T G T A C G G T T A T G - T A G G C C C A C G C C A A
T. monococcum (AA)* T T T T A T T T G T A C G G T T A T G - T A G G C C C A C G C C A A
T .dicoccon 9-1 (BBAA) C C C C - - C C G C A C G T T T G C G A A G T A T C T G T T T T T G
T. spelta 10-1 (BBAADD) C C C C - - C C G T A C G T T T G C G A A G T A T C T G T T T T T G
T. urartu (AuAu)* T G T T - - C T G T A C G G T T A T G - T A G G C C C A C G T C A A
T. aestivum (BBAADD)* C C C C - - A C G T A C G T T T G C G A A G T A T C T G T T T T T G
Ae. biuncialis 3-1 (CuCuMbMb) C C C C - - C C G T C A G G T C G C T A T G G G C T C A C T T C A G
Ae. triuncialis 4-1 (CuCuCC) C C C C - - C C G T A A G G T T G C T A T G G G C T C A C T C C A G
Ae .umbellulata 5-1 (CuCu) C C C C - - C C G T A A G G T C G C T A T G G G C T C A C T T C A G
Ae. cylindrica 6-1 (DDCC) C C C C - - C C G T A A G G C T G C T A T G G G C T C A C T C C A G
Ae. neglecta 7-1 (CuCuMtMt) C C C C - - C C G T A A G G T T G C T A T G G G C T C A C T T C A G
Ae. speltoides 8-1 (BB) C C C C - - C C T T A C A G T T G C G A A G G G C T T A T T T C T A
Ae. speltoides var. aucheri 11-1 (BB) C C C C - - C C T T A C A G T T G C G A A G G G C T T A T T T C T A
Ae. speltoides var. ligustica 12-1(BB) C C C C - - C C T T A C A G T T G C G A A G G G C T T A T T T C T A
Ae. speltoides var. speltoides (BB)* C C C T - - C C T T A C A G T T G C G A A G G G C T T A T T T C T A
Ae. tauschii (DD)* C C C T - - C C T T A C G G C C C T T A T G G G C T C A C T T C A G
Ae. bicornis (Sb)* C C T C - - C C T T A C G G T T G T G A T G G G C T C A C T T C A G
Ae. comosa (MM)* C G C C - - C C G T A A G G T T G C T A T G G G C T C A C T Y C A G
Ae. longissima (Sl)* C C T C - - C C G T A C G G T T G C G A T G A G C T C A C T T C A G
 

Table 3b. Regions of nucleotide substitutions in the partial DNA sequence of matK chloroplast DNA region.  
Only one representative for each species was shown. Numbers above each column depict the positions of the corresponding 

nucleotide in the whole alignment. Letters in parenthesis denote the genome constitution of the corresponding species.  
The sequences that were obtained from GenBank database were marked with asterisks. 
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10
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11
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28
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35
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35
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41
7 

42
3 

42
4 

53
7 

56
4 

60
8 

61
1 

63
6 

64
1 

75
0 

79
5 

92
7 

10
28

 

10
68

 

10
90

 

T. boeoticum 1-1 (AbAb) T C T T T C C A G G T T T A A T G C A T A 
T. monococcum 2-1 (AmAm) T C T T T C C A G G T T T A A T G C A T A 
T. urartu (AuAu)* T C T G T T C A G G T T T A A C T C A T A 
T. dicoccon 9-1 (BBAA) C G T G A C C T G G C T T A G C T A C T A 
T. spelta 10-1 (BBAADD) C G T G A C C T G G C T T A G C T A C T A 
T. aestivum (BBAADD)* C G T G A C T G A G C T T A G C T A C T A 
Ae. uniaristata (NN)* T C T G A C C A G G T T T A G C T C C T A 
Ae. umbellulata 5-1 (CuCu) T C T G A C C A G G T T T A G C T C C T A 
Ae. triuncialis 4-1 (CuCuCC) T C T G A C C A G G T T T A G C T C C T A 
Ae. neglecta 7-1 (CuCuMtMt) T C T G A C C A G G T T T A G C T C C T A 
Ae. cylindrica 6-1 (DDCC) T C T G A C C A G G T T T G G C T C C G G 
Ae. biuncialis 3-1 (CuCuMbMb) T C T G A C C A G G T T T A G C T C C T A 
Ae. tauschii (DD)* T C T G A C C A G G T T A G G C T C C G A 
Ae. tauschii (DD)* T C T G A C C A G G T T A G G C T C C G A 
Ae. speltoides 8-1 (BB) C G C G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. aucheri 11-1 (BB) C G T G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. ligustica 12-1 (BB) C G C G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. ligustica (BB)* C G C G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. ligustica2 (BB)* C G T G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. speltoides (BB)* C G C G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. speltoides3 (BB)* C G T G A C C T G A C T T A G C T C C T A 
Ae. speltoides var. speltoides2 (BB) * C G C G A C C T G A C T T A G C T C C T A 
Ae. speltoides (BB)* C G C G A C C T G A C T T A G C T C C T A 
Ae. sharonensis (Sl)* T C T G A C C A G G T A T A G C T C C T A 
Ae. longissima (Sl)* T C T G A C C A G G T C T A G C T C C T A 
Ae. bicornis2 (Sb)* T C T G A C C A G G T T T A G C T C C T A 
Ae. bicornis (Sb)* T C T G A C C A G G T T T A G C T C C T A 
Ae. comosa (MM)* T C T G A C C A G G T T T A G C T C C T A 
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ITS rDNA gene region: Analyses of the 604 bp 
sequenced ITS region for the 44 samples from Triticum 
and Aegilops species demonstrated high rates of 
substitutions. Phylogenetic relationships between and 
within studied species were revealed by using 36 (6%) 
variable sites. Of the three regions of the entire ITS, the 
sequence of 5.8S rRNA coding region, as expected, was 
conserved whereas ITS1 and ITS2 subunits had 17 and 19 
variable sites, respectively. Hsiao et al. (1995) studied the 
phylogenetic relationships of 30 diploid species of 
Triticeae and found that the length of the entire ITS region 
of the studied Triticeae species varied from 596 to 605 
nucleotides. Wang et al. (2000) studied nine diploid 
Aegilops species by using sequence of ITS region and 
they indicated the length of the region as 601-607 bp. The 
result obtained from present study confirmed to those of 
these studies. Wang and his colleagues also found the 
length of ITS1 as 221-226 bp, ITS2 as 215-217 bp and 
5.8S subunit as 164 bp in all the diploid species 
sequenced. Furthermore, they did not observe nucleotide 
substitution in 5.8S subunit. All of these results are in line 
with our results. In addition to these studies Zhang et al. 
(2002) used sequence of ITS region to understand the 
origin and evolution of tetraploid wheats. They showed 
the presence of a 2-bp indel in ITS1 and 1-bp indel in 
ITS2 sequences. This result was exactly the same with our 
results; there was a 2-bp indel in ITS1 sequences of T. 
monococcum and T. boeoticum (AT insertion) and a 1-bp 
indel (deletion) in ITS2 sequences of the aforementioned 
species (Table 3a).  

Within the constructed phylogenetic tree (Fig. 1), Ae. 
speltoides (BB) and its two varieties were grouped with 
polyploid Triticum species and designated as Cluster 1. 
This grouping, with a very high bootstrap value, indicates, 
Ae. speltoides as the enigmatic B-genome donor of 
polyploid wheats although the controversial nature of the 
source of the B-genome of polyploid wheats was reported 
previously (Zhang et al., 2002; Petersen et al., 2006; 
Dizkirici et al., 2013; Haider, 2013). 

Due to its out-breeding nature, Ae. speltoides is 
distinguished from other Aegilops species by displaying a 
broader genetic diversity (Friebe & Gill, 1996; Giorgi et 
al., 2002). Our results also supported this observation. By 
using RAPD analysis, genetic distance between Ae. 
speltoides and other Aegilops species within the Sitopsis 
section, and their closer relations with T. aestivum was 
also reported previously (Salina et al., 2006). 

Although placed within the same section, separation 
of Ae. speltoides from Ae. sharonensis, Ae. longissima 
and Ae. bicornis was also shown by using plant 
morphology, phytogeography, chromosome pairing and 
genetic marker studies (Kerby & Kuspira, 1987; Badaeva 
et al., 1996; Giorgi et al., 2002; Goncharov et al., 2009). 
Moreover, Giorgi et al. (2002) studied phylogenetic 
relationships among Aegilops species belonging to the 
Sitopsis section by using RFLP method and indicated the 
formation of two clusters, one containing all accessions of 
Ae. speltoides and the second containing the accessions of 
all other Sitopsis species such as Ae. bicornis, Ae. 
longissima and Ae. sharonensis.  

All studied Aegilops accessions except for Ae. 
speltoides and its two varieties were grouped within the 
Cluster 2 (Fig. 1) in the phylogenetic tree and included 
Ae. biuncialis (CuCuMbMb), Ae. umbellulata (CuCu), Ae. 
neglecta (CuCuMtMt), Ae. triuncialis (CuCuCC), Ae. 
cylindrica (DDCC), Ae. comosa (MM), Ae. tauschii (DD), 
Ae. longissima (Sl) and Ae. bicornis (Sb). High similarity 
between polyploid Aegilops species containing the C and 
M genomes (i.e. CuCuMtMt and CuCuMbMb) and the 
diploid Ae. umbellulata (CC) can be explained by their 
common Cu genome.  

Close relation among accessions of Ae. cylindrica 
and Ae. tauschii species in Cluster 2 demonstrates that the 
genome of Ae. cylindrica is more similar to the Ae. 
tauschii genome than to the genomes of the other species 
studied here. This close relation is meaningful because 
Ae. tauschii is putative donor of the D genome for Ae. 
cylindrica (Bakhshi et al., 2010; Bordbar et al., 2011) and 
the cytoplasm of Ae. cylindrica was also contributed by 
Ae. tauschii (Kimber & Zhao, 1983; Tsunewaki, 1989). 
This relationship was also observed in our previous study 
(Dizkirici et al., 2013). 

The diploid Triticum species; T. monococcum, T. 
boeoticum, and T. urartu with the genome designation of 
AA caused a single genomic group called Cluster 3. All 
genotypes of T. monococcum and T. boeoticum were 
clustered as a monophyletic group with a very high 
bootstrap value. As the A-genome donor of polyploid 
wheats, T. urartu attached to this cluster externally. Even 
though these three diploid wheats have the AA genome, 
T. urartu was separated from the other two species 
because of few nucleotide variations seen in the sequence 
of ITS as well as matK regions. Same phylogenetic 
relation was also demonstrated by different studies 
(Gulbitti-Onarici et al., 2009; Alnaddaf et al., 2013). 
 
matK gene region: Analyses of the 1120 bp sequenced 
matK gene of chloroplast genome for the 54 samples from 
Triticum and Aegilops species demonstrated low rates of 
substitutions. However, 21 (1.9%) variable sites in the 
sequences, of which 17 (1.5%) were phylogenetically 
informative and have contributed enough characters for 
resolving the phylogeny between and within Triticum and 
Aegilops species. Some authors indicated that indels in 
the sequence of matK gene region are informative to 
understand phylogenetic relationships between and within 
families (Johnson & Soltis, 1994; Steele & Vilgalys, 
1994; Plunkett et al., 1996; Xiang et al., 1998). However, 
still others (Plunkett et al., 1997) argued against this and 
claimed that indels are relatively rare in matK sequences, 
which is in line with our results.  

Although being a chloroplastic marker gene, the 
phylogenetic tree based on the sequences of the matK 
gene (Fig. 2) yielded a very similar clustering pattern as 
that of nuclear ITS gene marker.  

In this phylogenetic tree, Cluster 1 composed of T. 
aestivum, T. spelta and T. dicoccon species together with 
Ae. speltoides species and its two varieties (Fig. 2). This 
phylogenetic pattern was also noted in previous studies 
(Golovnina et al., 2007; Dizkirici et al., 2013) and was 
not unexpected since Ae. speltoides species is not only the 
B genome donor for all polyploid wheats, but also the 
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plasmon donor. This means that in the course of 
hybridization, Ae. speltoides as the maternal plant, 
provided both nuclear genome and plasmon together 
(Wang et al., 1997). Therefore, sequence of matK gene of 
chloroplast DNA showed a meaningful correlation with 
the genome composition of the species in phylogenetic 
analysis. Chen and his coworkers (1975) also proved the 
co-inheritance of nuclear and chloroplast genomes, by 
stating that B genome donor, Ae. speltoides (BB) 
provided the chloroplast genome as the maternal parent 
when tetraploid T. dicoccon (AABB) species was 
produced via possible hybridization with T. monococcum 
(AA). Subsequently, T. dicoccon was used as maternal 
parent in the cross with Ae. tauschii (DD), giving rise to 
the hexaploid wheat T. aestivum (BBAADD).  

Except for Ae. speltoides and its two varieties, all 
other Aegilops accessions including the accessions from 
the NCBI database [(Ae. biuncialis (CuCuMbMb), Ae. 
umbellulata (CuCu), Ae. neglecta (CuCuMtMt), Ae. 
triuncialis (CuCuCC), Ae. cylindrica (DDCC), Ae. 
uniaristata* (NN), Ae. comosa* (MM), Ae. tauschii* 
(DD), Ae. sharonensis* (Sl), Ae. longissima* (Sl) and 
Ae. bicornis* (Sb)] were grouped within the Cluster 2 in 
the constructed tree (Fig. 2). Isolation of Ae. cylindrica 
and Ae. tauschii species from the rest of Aegilops 
species in Cluster 2 is meaningful because Ae. tauschii 
is the putative donor of the D genome for Ae. cylindrica 
(Bakhshi et al., 2010; Bordbar et al., 2011) and the 
cytoplasm of Ae. cylindrica was also contributed by Ae. 
tauschii (Kimber & Zhao, 1983; Tsunewaki, 1989). This 
relationship was also observed in our previous study 
(Dizkirici et al., 2013). 

Three diploid species, T. monococcum (Gill & 
Kimber, 1974), T. boeoticum (Zhang et al., 2002) and 
T. urartu (Caldwell & Kasarda, 1978) were proposed 
as the possible A genome donors for some tetraploid 
wheats and constituted Cluster 3 (Fig. 2). All 
accessions of T. monococcum and T. boeoticum, with 
the exception of T. urartu, formed a monophyletic 
group with a very high bootstrap value. This result 
might be interpreted as T. monococcum being closely 
related to T. boeoticum and the chloroplast genomes of 
both diploid wheat species were differentiated from 
that of T. urartu (Dvorak et al., 1988).  
 
Conclusion 
 

Our study provided new evidence for clarifying the 
phylogeny of Aegilops and Triticum genera. The source of 
the controversial and enigmatic B genome in polyploid 
wheats was inferred as Ae. speltoides. In addition, Ae. 
speltoides species were also found to be the chloroplast 
donors for polyploid wheats. Therefore, our results 
supported the idea of coinheritance of nuclear and 
chloroplast genomes where Ae. speltoides was the 
maternal donor of the polyploid wheats.  

Detailed understanding of Triticum and Aegilops 
phylogenetic relationships is very important to figure out 
the origins of wheat, estimate diversity and develop better 
breeding programs. By combining a large number of 
Aegilops and Triticum accessions, the relationship 
between these genera will become clearer. However, 

additional molecular studies with more diverse markers 
and species will be required to clarify the ambiguities 
surrounding the phylogeny of these important genera.  
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