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Abstract Synthetic hexaploid wheat (SHW) is
known to be an excellent vehicle for transferring large
genetic variations especially the many useful traits
present in the D genome of Aegilops tauschii Coss.
(2n = 2x = 14, DD) for improvement of cultivated
wheat (Triticum aestivum L., 2n = 6x = 42,
AABBDD). The objectives of the present study were
to (1) evaluate genetic diversity among 32 selected
SHW accessions with resistance to several fungal
diseases using Amplified Fragment Length Polymor-
phism (AFLP) and Simple Sequence Repeat (SSR)
markers and (2) identify diverse SHWs for pyramiding
genes conferring resistance to different diseases.
These SHW's containing different accessional sources
of the D genome were identified from about 1000
SHW accessions developed by the Wheat Wide
Crosses program at the International Maize and Wheat
Improvement Center, Mexico. Of the 32 SHW acces-
sions eight had resistance to Fusarium head blight
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(Fusarium graminearum Schw.), seven were resistant
to leaf rust (Puccinia triticina Eriks.), eight resistant to
Helminthosporium spot blotch [Cochliobolus sativus
(Ito et Kurib.) Drechsler ex Dastur (syn.: Bipolaris
sorokiniana (Sacc.) Shoem., Helminthosporium sati-
vum Pammel, King et Bakke)], seven resistant to
Septoria tritici blotch (Septoria tritici Roberge in
Desmaz.), while two were resistant to both Fusarium
head blight and leaf rust. Seventeen EcoRI/Msel
AFLP primer combinations and 27 highly polymor-
phic SSR markers including 20 D genome specific
markers were screened over all 32 SHW accessions.
Among the 703 AFLP fragments scored, 225 were
polymorphic across the 32 SHW accessions. Poly-
morphic information content (PIC) among the SHW's
for AFLP ranged from 0.06 to 0.50 with an average
PIC of 0.24. Major allelic frequency from SSR
analysis ranged from 0.23 to 0.81 with an average of
0.45. Number of alleles per locus for the SSR markers
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ranged from 3 to 15 with an average allele number of
7.4. Average gene diversity and PIC for the SSR
markers was 0.69 and 0.66, respectively, with the
highest values being for the D genome specific
markers. Cluster analysis showed distinct groups
among the SHW accessions studied. Mantel statistics
between the distance matrices from AFLP and SSR
analyses showed a moderate but significant correlation
(r = 0.52**), Our results indicate that the SHW
accessions studied possess substantial genetic diver-
sity and are valuable user-friendly pre-breeding
materials for breeding improvement of wheat with
resistance to Fusarium head blight, leaf rust,
Helminthosporium spot blotch, and Septoria tritici
blotch. The most diverse SHW accessions can be used
for pyramiding resistance genes for different diseases.

Keywords Aegilops tauschii - Amplified fragment
length polymorphism - Disease resistance - SSR -
Triticum aestivum

Introduction

In a global context, fungal diseases are major
constraints to wheat production. Therefore, breeding
wheat with biotic stress resistance is a major goal in
most wheat breeding programs that are global or
location specific. Since the variation for traits such as
disease resistance is limited in conventional wheat,
introgression of genes from wild relatives into elite
cultivars has been a major objective at International
Maize and Wheat Improvement Center (CIMMYT)
and in many other breeding programs (Mujeeb-Kazi
et al. 2013; Ogbonnaya et al. 2013). Aegilops
tauschii, the donor of the D genome of common
wheat has many desirable genes for wheat improve-
ment (Mujeeb-Kazi and Rajaram 2002). In fact, the
first attempt to use SHW in a breeding program was
inspired by the need to develop germplasm resistant
to biotic stresses (Mujeeb-Kazi and Asiedu 1990) and
specifically to Karnal bunt disease of wheat (War-
burton et al. 2006). Between 1987 and 2003 about
1000 SHW accessions were developed at CIMMYT
from a wide array of A. tauschii accessions (Mujeeb-
Kazi et al. 1996, 2001b). These CIMMYT SHWs
brought variations for morphological and agronomic
traits and resistance to biotic and abiotic stresses
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(Villareal et al. 1994; Rajaram and van Ginkel 2001;
Lage et al. 2004; Trethowan and Mujeeb-Kazi 2008;
Mujeeb-Kazi et al. 2008; Ogbonnaya et al. 2013;
Rasheed et al. 2014; Ali et al. 2015). High levels of
resistance were obtained for Fusarium head blight,
leaf rust, Septoria tritici blotch (Mujeeb-Kazi et al.
2000, 2001b), Karnal bunt (Tilletia indica Mitra)
(Mujeeb-Kazi et al. 2001c), tan spot (Pyrenophora
tritici-repentis (Died.) Drechs.), Helminthosporium
spot blotch (Mujeeb-Kazi et al. 2001a) and Stago-
nospora nodorum blotch (Phaeosphaeria nodorum
(Berk.) Castellani et Germano) (Cox 1998; Xu et al.
2004). In a study involving 282 synthetic backcross
derived lines, higher grain yield and kernel weight in
the SHWs as compared to their recurrent common
wheat parents were reported by del Blanco et al.
(2001). Cooper et al. (2013) reported use of
CIMMYT derived SHWs in backcrosses with two
winter wheat cultivars TAM111 and TAMI112 in
Texas. In this study SHWs producing progeny
superior to TAM 111 or TAM 112 were identified.
Recently, four wheat cultivars developed using
CIMMYT SHWs have been released in China (Yang
et al. 2009). CIMMYT SHW-derived wheat cultivars
have also been released in other countries including
Spain, Mexico and the USA.

The CIMMYT SHWs also possess great diversity at
the molecular level (Zhang et al. 2005; Warburton et al.
2006). Genetic diversity of germplasm can be assessed
through pedigree analysis (Cox et al. 1985; Martin et al.
1991) and DNA markers (Autrique et al. 1996; Barrett
and Kidwell 1998; Soleimani et al. 2002). Lage et al.
(2003) reported genetic diversity studies of SHWSs
using agronomic and AFLP data. They observed that
the SHWs had a considerably higher level of AFLP
diversity (39 %) than normally observed in conven-
tional hexaploid wheats (12-21 %). Based on AFLP
analysis, Das et al. (2007) observed substantial genetic
diversity among several conventional wheat and
CIMMYT derived SHWs with drought and salinity
tolerance. Sharma et al. (2014) reported presence of
genetic diversity for heat tolerance in CIMMYT
derived SHWs using phenotypic and molecular marker
data. The objective of the present study were to (1)
assess genetic diversity among 32 selected SHW
accessions from CIMMYT program based on AFLP
and SSR molecular markers and (2) identify diverse
SHWs for pyramiding genes conferring resistance to
different diseases. This selected germplasm set



Genet Resour Crop Evol (2016) 63:1285-1296

1287

contained different D genome accessional sources
conferring resistance to Fusarium head blight, leaf
rust, Helminthosporium spot blotch and Septoria tritici
blotch.

Materials and methods

Plant materials

Thirty-two SHW accessions with resistance to several
biotic stresses were used in this study (Table 1). These

SHWs were identified from a main set of 1014 SHW
accessions developed by the Wheat Wide Crosses
program at CIMMYT, Mexico as resistant to main
wheat diseases. Eight SHW accessions (1F to 8F,
Table 1) had resistance to Fusarium head blight (type
II) with mean scores ranging from 9 to 14 % infection
across 5 years of data. Seven SHW accessions (1L to
7L, Table 1) had leaf rust resistance with rust severity
ratings ranging from Trace to 5 MR-MS over several
years of testing in CIMMYT, Mexico. Eight SHW
accessions (1H to 8H, Table 1) were resistant to
Helminthosporium spot blotch with severity scores

Table 1 Thirty-two
synthetic hexaploid wheat

Accessions

Name (pedigree)

accessions used for the 1F
genetic diversity study IR

3F
4F
SF
6F
7F
8F
IFL
2FL
IL
2L
3L
4L
5L
6L
7L
H
2H
3H
4H
5H
6H
7H

Accession designations: 1F 8H
to 8F, Fusarium head blight IS
resistant; 1FL and 2FL, 2S
Fusarium head blight and 3S
leaf rust resistant; 1L to 7L, 4S
leaf rust resistant; 1H to 8H,

Helminthosporium spot 58
blotch resistant; 1S to 78S, 6S
Septoria tritici blotch 78
resistant

68.111/Rgb//Ward/3/Fgo/4/Rabi/5/A. tauschii (629)
Gan/A. tauschii (180)

LCK 59.61/A. tauschii (313)

Scoopl/A. tauschii (358)

Doy 1/A. tauschii (333)

Ceta/A. tauschii (172)
CPI/Gediz/3/Goo//Jo69/Cra/4/A. tauschii (1018)
Ae.tauschii (1026)/Doy 1

Mayoor//TK SN1081/A. tauschii (222)
Turaco/5/Chir3/4/Siren//Altar 84/A. tauschii (205)/3/3*Buc
D67.2/P66.270//A. tauschii (217)

Arlin_1/A. tauschii (218)

Dverd_2/A. tauschii (222)

Altar 84/A. tauschii (224)

Gan/A. tauschii (236)

Sora/A. tauschii (323)

Yuk/A. tauschii (434)

Fgo/USA 2111//A. tauschii (658)
68.111/Rgb-u//Ward/3/Fgo/4/Rabi/5/A. tauschii (878)
Sca/A. tauschii (518)

Yav_2/Tezl/A. tauschii (895)

Green/A. tauschii (458)

Sca/A. tauschii (409)
CP1/Gediz/3/Goo//J069/Cra/4/A. tauschii (409)
Altar 84/A. tauschii (502)

Croc 1/A. tauschii (205)

Altar 84/A. tauschii (219)

Altar 84/A. tauschii (J. Bangor)

Crocl/A. tauschii (213)

Crocl/A. tauschii (662)

Crocl/A. tauschii (224)
68.111/Rgb-u//Ward/3/A. tauschii (325)
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ranging from 2-1 to 3-2 on a double-digit severity
scale. Seven SHW accessions (1S to 7S, Table 1) were
resistant to Septoria tritici blotch with disease sever-
ities ranging from 2-1 to 2-2 on a double-digit severity
scale. Two SHW accessions (1FL and 2FL, Table 1)
were resistant to both Fusarium head blight and leaf
rust. Disease resistance levels of the SHW accessions
presented above are from A. Mujeeb-Kazi (unpub-
lished data).

DNA extraction and AFLP assays

Three leaves per entry were collected from wheat
seedlings that were grown for about 10 days. Genomic
DNA was extracted from these tissue samples using
the CTAB procedure (Saghai-Maroof et al. 1984).
AFLP analysis was done as described by Bai et al.
(1999) and Das et al. (2007). Briefly, 300 ng genomic
DNA from each of the wheat accessions was double
digested with the restriction enzymes EcoRI and Msel.
Adapters for both restriction enzymes were then
ligated to the digested DNA fragments. For pre-
amplification the ligated DNA was diluted tenfold.
Forty micro-L of PCR reaction mixture contained
10 pl of the diluted DNA, 4 pul of 10X PCR buffer,
4 ul MgCl, (25 mM), 1.6 pl ANTPs (5 mM), 0.75 pl
EcoRI  pre-amplification  primer (100 ng pl™h),
0.75 pl Msel pre-amplification primer (100 ng pl™"),
0.15 pl Tag polymerase and 18.75 pl of deionized
water. All PCR reactions were performed in an MJ
PTC-100 thermocycler (MJ Research Inc., Waltham,
MA, USA). The following thermal profile was used for
pre-amplification: 94 °C for 1 min followed by 30
cycles at 94 °C for 30 s, 56 °C for 60 s and 72 °C for
60 s. Pre-amplification was confirmed by analyzing
the PCR products on 1.5 % agarose gel.

The pre-amplified DNA was diluted tenfold and
selective amplification was done using the following
reaction mixture: 2 pl of the diluted DNA, 1 pl of 10X
PCR buffer, 1 pl of 25 mM MgCl,, 0.4 ul of 5 mM
dNTPs, 0.35 pl of Msel selective primer (50 ng ulfl),
0.4 ul fluorescence-labeled EcoRI selective primer
(1 pmol pl™") from LI-COR (LI-COR Inc, Lincoln,
NE, USA), 0.04 ul Taq polymerase, and 4.8 pl
deionized water. Thermal cycles were as follows:
2 min at 94 °C followed by 13 cycles at 94 °C for
30 s, 65 °C for 30 s, 72 °C for 60 s with the annealing
temperature lowered by 0.7 °C after each cycle; then
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followed by 23 cycles at 94 °C for 30 s, 56 °C for
30 s, 72 °C for 60 s. The PCR product was held at
72 °C for 5 min for final extension. Selective ampli-
fication was done with 17 AFLP selective primer
combinations (Table 2). Using a 6.5 % denaturing gel
(Li-Cor Inc., Lincoln, NE, USA) the PCR products
from the selective amplification was run in 1X TBE
buffer at 1500 V and 40 W for 3.5 h in a Li-Cor
automated DNA sequencer (Li-Cor Inc., Lincoln, NE,
USA) using DNA size standard from Li-Cor (Li-Cor
Inc., Lincoln, NE).

SSR assays

Twenty-seven highly polymorphic SSR markers
(Table 3) were analyzed for all 32 SHW accessions
in a Li-Cor automated DNA sequencer (Li-Cor Inc.,
Lincoln, NE) by labeling one primer with an infrared
fluorescence dye. Twenty of the markers were D
genome specific. For PCR, each 10 pl of reaction
contained 30 ng DNA, 1 X PCR buffer, 0.25 mM
dNTP, 2.5 mM MgCl2, 0.5 pmol each of labeled and
unlabeled SSR primers, and 1 unit of Tag polymerase.
The following touchdown thermal profile was used for
SSR amplification: 5 min of 95 °C followed by five
cycles of 45 s at 95 °C, 5 min at 68 °C and 1 min at
72 °C, in which the annealing temperature was
lowered by 2 °C in each cycle; five more cycles in
which the annealing time was 2 min and the temper-
ature was lowered by 2 °C in each following cycle;
followed by 25 cycles in which the annealing temper-
ature was held constant at 50 °C. Five minutes at
72 °C was used for final extension. Molecular size
determination of the SSR fragments was done by
comparison of amplified PCR fragments with the
DNA size standard (Li-Cor Inc., Lincoln, NE).

Data analyses

A present (1) or absent (0) scoring of the AFLP bands
ranging from 70 to 350 base pairs was used for the data
analyses. Unresolvable bands were entered as 0.5 for
missing data in the data matrix. For all possible pairs
of accessions polymorphism rates were estimated by
dividing the number of polymorphic bands by the total
number of bands. Estimation of polymorphic infor-
mation content (PIC) was done using the formula used
by Anderson et al. (1993):
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Table 2 List of total and polymorphic bands amplified by AFLP primers in 32 synthetic hexaploid wheat accessions

Primer pair Total bands amplified Polymorphic bands % polymorphism
e-ACT/m-CAC* 45 17 37.8
e-ACT/m-CAGT 55 20 36.4
e-ACT/m-CAT 32 7 219
e-ACT/m-TGC 32 11 344
e-AGT/m-CAC 58 15 259
e-AGT/m-CAGT 60 34 56.7
e-AGT/m-CAT 42 16.7
e-AGT/m-TGC 25 28.0
e-AAC/m-CAC 58 16 27.6
e-AAC/m-CAGT 40 16 40.0
e-AAC/m-CAT 40 10 25.0
e-AAC/m-TGC 25 20.0
e-GCTG/m-CAC 37 24.3
e-GCTG/m-CAGT 40 12 30.0
e-GCTG/m-CAT 23 7 30.4
e-GCTG/m-TGC 46 19 41.3
e-CTCG/m-CAC 45 13 289

Preamplification primers
EcoRI 5'-GACTGCGTACCAATTC-3’
Msel 5'-GATGAGTCCTGAGTAA-3'

? Where e and m represent the selective amplification primers of EcoRI and Msel, respectively

PIC =1 —En:pf
i=1

where p; is the frequency of the ith allele. An AFLP
locus can have a maximum PIC value of 0.5. Genetic
similarity between the SHW accessions was estimated
using the similarity coefficients of Jaccard (1908).
Similarity estimation was done for AFLP data set, SSR
data set and also for combined AFLP and SSR data
sets. Since 20 of the 27 SSR markers were D genome
specific, similarity estimates were also done using the
D genome specific SSR markers only. The resulting
distance matrices were used for cluster analysis by the
UPGMA (unweighted pair-group method with arith-
metic averages, Sneath and Sokal 1973) method. The
goodness of fit of the clustering to the data matrix was
assessed by cophenetic correlation. NTSYS-pc soft-
ware (Rohlf 2000) was used for cluster analyses and
calculation of cophenetic correlation. Major allelic
frequency, PIC and gene diversity for the SSR data
were determined by the PowerMarker software (Liu

and Muse 2005). Correlation between Jaccard’s sim-
ilarity matrices from AFLP and SSR data set was
calculated using the Mantel test (Mantel 1967) with
1000 random permutations.

Results

Analyses of 17 AFLP primer combinations produced
703 scorable AFLP fragments, 225 of which were
polymorphic across the 32 SHW accessions with an
average polymorphism of 32 % ranging from 16.7 to
56.7 %. The average polymorphic band per primer
combination was 13.2 with the highest (34) and lowest
(5) numbers of polymorphic bands produced by primer
combinations e-AGT/m-CAGT and e-AAC/m-TGC,
respectively (Table 2). Polymorphic information con-
tent for the AFLP markers ranged from 0.06 to 0.50
with an average PIC of 0.24.

Analyses of the 27 SSR markers produced 204
scorable fragments with 202 polymorphic fragments

@ Springer
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Table 3 Twenty-seven SSR markers used in this study and their chromosome locations

SSR Chromosome Major allele Number Gene Polymorphic
primers location frequency of alleles diversity information content
Xgwm642 1DL 0.31 4 0.73 0.68
Xgwm558 2A 0.81 3 0.33 0.31
WMC167 2DS 0.23 15 0.88 0.86
Xgdm5 2DS 0.25 10 0.85 0.83
Xgwm455 2DS 0.36 11 0.81 0.79
Xgwml61 3DS 0.44 8 0.74 0.71
Xgwm473 3A 0.44 7 0.68 0.62
Xgwm664 3DL 0.67 6 0.51 0.47
Xgwm341 3DL 0.47 10 0.73 0.71
Xgwm383 3DL 0.29 9 0.84 0.82
Xgwml183 3DS 0.52 5 0.65 0.60
WMC326 3BL 0.80 3 0.33 0.29
Xgdm93 4B 0.50 4 0.65 0.59
Xgdm40 4D 0.69 3 0.48 0.43
WMC331 4DL 0.31 9 0.83 0.82
Xgwm654 SDL 0.63 7 0.56 0.52
BARC144 SDL 0.31 7 0.77 0.73
WMC161 SDL 0.44 8 0.73 0.69
Xgwm544 5B 0.39 8 0.77 0.74
Xgwm334 6A 0.47 3 0.60 0.52
BARC173 6DS 0.35 10 0.82 0.80
Xgdm108 6DS 0.61 3 0.55 0.49
BARC175 6DL 0.40 9 0.78 0.80
Xgdm98 6DL 0.23 11 0.87 0.85
BARC125 7DS 0.53 7 0.63 0.58
Xgwml21 7DL 0.27 13 0.87 0.85
Xgwmo635 7A 0.43 8 0.73 0.70

(99 % polymorphism) across the 32 SHW accessions.
Major allelic frequency for the 27 SSR markers ranged
from 0.23 for the markers WMC167 and Xgdm98 to
0.81 for the marker Xgwm558 with an average allelic
frequency of 0.45 (Table 3). Number of alleles per
locus ranged from three for the SSR markers
Xgwm558, Xgwm334, Xgdml08, Xgdm40 and
WMC326 to 15 for the marker WMC167 with an
average allele number of 7.4. Gene diversity ranged
from 0.33 for the marker Xgwm558 to 0.88 for the
marker WMC167 with an average gene diversity of
0.69. Polymorphic information content ranged from
0.31 for the marker Xgwm558 to 0.86 for the marker
WMC167 with an average PIC of 0.66.

Based on AFLP data Jaccard’s similarity coeffi-
cients ranged from 0.23 to 0.84 with an average
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coefficient of 0.57. The highest similarity (0.84) was
between the SHW accessions 1S and 4S and the lowest
similarity (0.23) was between the accessions 2FL and
6F. Jaccard’s similarity coefficients for the SSR data
ranged from 0.018 to 0.97 with an average coefficient
of 0.19. The highest similarity (0.97) was between the
accessions 7H and 8H and the lowest similarity
(0.018) was between the accessions 1FL and 2L. The
20 D genome specific SSR markers produced 167
polymorphic fragments. Jaccard’s similarity coeffi-
cients produced by the 20 D genome specific SSR
markers ranged from 0.02 to 1.0 with an average
coefficient of 0.17. The highest similarity (1.0) was
between the accessions 1H and 2H while the lowest
similarity (0.02) was between the accessions 1FL and
2L. Jaccard’s similarity coefficients based on the
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combined AFLP and SSR data ranged from 0.198 to
0.80 with an average similarity coefficient of 0.47. The
highest similarity (0.80) was between accessions 7H
and 8H and the lowest similarity coefficient (0.198)
was between the accessions 6F and 2FL.

Cophenetic correlations for AFLP, SSR, D genome
specific SSR and combined AFLP and SSR data were
0.84, 0.93, 0.95 and 0.88, respectively. Cophenetic
correlation, r > 0.9 indicates a very good fit;
0.8 <r < 0.9 indicates a good fit; and 0.7 <r < 0.8
indicates a poor fit (Rohlf 2000). Pejic et al. (1998)
reported that 150 polymorphic fragments could provide
a reliable estimate of genetic similarities among geno-
types within a species. In our study, analyses on the 32
SHW accessions based on 225 (AFLP), 202 (SSR) and
167 (D genome SSR) polymorphic bands are expected
to provide reliable estimates of the similarity values.

Cluster analyses based on UPGMA are given in
Figs. 1, 2, 3, and 4. The dendrogram based on the 225
AFLP markers grouped the 32 SHW accessions into
several clusters (Fig. 1). Several of the clusters joined

together at similarity 0.58. The SHWs 1FL and 2FL
clustered together and joined rest of the SHW
accessions at similarity 0.40. The SHW 6F remained
by itself and joined rest of the SHWs except 1FL and
2FL at similarity 0.43. The dendrogram based on the
27 SSR markers also grouped the 32 SHW accessions
into several clusters each with a small number of
entries (Fig. 2). In this grouping also SHWs 1FL and
2FL clustered together and joined the cluster with
SHWs 4L and SL at similarity 0.19. The dendrogram
developed from the 20 D genome specific SSR
markers gave a similar grouping of the 32 SHW
accessions with few exceptions (Fig. 3). The dendro-
gram based on the combined data from 225 AFLP
markers and 27 SSR markers also grouped the 32
SHW accessions into several small clusters (Fig. 4). In
this dendrogram, like the dendrogram from the AFLP
markers the SHWs 1FL and 2FL clustered together
and the SHW 6F remained by itself. However, there
are some differences in the groupings of the SHWs in
the two dendrograms (Figs. 1, 4).

0.40 0.51 0.62

Coefficient

Fig. 1 Dendrogram from the Jaccard’s similarity coefficients
based on 225 polymorphic AFLP markers across 32 synthetic
hexaploid wheat accessions. Accessions 1F to 8F, Fusarium
head blight resistant; 1FL and 2FL, Fusarium head blight and

leaf rust resistant; 1L to 7L, leaf rust resistant; 1H to 8H,
Helminthosporium spot blotch resistant; 1S to 7S, Septoria
tritici blotch resistant
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3L
—| 7L
3H

0.11 0.33 0.54

Coefficient

Fig. 2 Dendrogram from the Jaccard’s similarity coefficients
based on 202 polymorphic SSR bands across 32 synthetic
hexaploid wheat accessions. Accessions 1F to 8F, Fusarium
head blight resistant; 1FL and 2FL, Fusarium head blight and

Discussion

The importance and usefulness of more than 1000
SHW accessions developed at CIMMYT in the genetic
improvement of wheat for biotic and abiotic stress
tolerances has been repeatedly emphasized (Rajaram
and van Ginkel 2001; Mujeeb-Kazi and Rajaram
2002; Warburton et al. 2006; Das et al. 2007;
Trethowan and Mujeeb-Kazi 2008; Mujeeb-Kazi
et al. 2008; Ogbonnaya et al. 2013; Sharma et al.
2014). In the present study, AFLP and SSR marker
data showed substantial genetic diversity among the
32 SHW accessions. The average polymorphism
(99 %) for SSR used was much higher than that of
AFLP (32 %). Lage et al. (2003) used a group of 54
SHW accessions for investigating genetic diversity
using AFLP. Based on polymorphism, they reported a
considerably higher level of AFLP diversity (39 %)
than normally observed in cultivated hexaploid wheats
(12-21 %), suggesting usefulness of SHWs in intro-
ducing new genetic diversity into bread wheat gene
pool. In the present study, average PIC for AFLP and
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leaf rust resistant; 1L to 7L, leaf rust resistant; 1H to 8H,
Helminthosporium spot blotch resistant; 1S to 7S, Septoria
tritici blotch resistant

SSR were 0.24 and 0.66, respectively. Using SSR
markers and 60 A. tauschii and 60 T. aestivum
genotypes, Lelley et al. (2000) reported an average
PIC of 0.68 for A. tauschii and that of 0.40 for T.
aestivum. This result suggests greater genetic diversity
in the D genome of A. rauschii than that of cultivated
wheat. In the present study, genetic similarity based on
Jaccard’s similarity coefficients ranged from 0.23 to
0.84 with an average coefficient of 0.57 for AFLP.
Using 78 wheat landraces from 22 countries and 5
AFLP primer combinations Strelchenko et al. (2004)
reported genetic similarity ranging from 0.43 to 0.98
with an average similarity of 0.69. Similarity coeffi-
cients for the 27 SSR markers in our study ranged from
0.018 to 0.97 with an average coefficient of 0.19. For
the 20 D genome specific SSR, the similarity coeffi-
cients ranged from 0.02 to 1.0 with an average
coefficient of 0.17. Using 19 SSR primer pairs and
the 78 landraces of wheat, Strelchenko et al. (2004)
reported genetic similarity ranging from 0.00 to 0.95
with an average similarity of 0.19. Although the
genetic diversity based on AFLP markers was slightly
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0.09 0.32 0.55

0.77 1.00

Coefficient

Fig. 3 Dendrogram from the Jaccard’s similarity coefficients
based on 167 polymorphic SSR bands from the 20 D genome
specific SSR markers screened across 32 synthetic hexaploid
wheat accessions. Accessions 1F to 8F, Fusarium head blight

higher in the present study as compared to the study of
Strelchenko et al. (2004), the genetic diversity among
the SHW accessions in the present study was similar to
the genetic diversity among the wheat landraces in the
Strelchenko et al. (2004) study based on SSR markers.
The low level of genetic similarity between the SHW
accessions reported in the present study based on the D
genome specific markers indicate that most of the Ae.
tauschi entries (Table 1) used to create these SHWs
are genetically diverse.

Major allelic frequency for the 27 SSR markers
ranged from 0.23 to 0.81 with an average allelic
frequency of 0.45. This numbers are greater than an
average allele frequency of 0.07 reported by Strel-
chenko et al. (2004). Number of alleles per locus
ranged from three to 15 with an average allele number
of 7.4. Strelchenko et al. (2004) reported a range from
4 to 21 for number of alleles per locus in wheat
landraces using SSR. Cluster analyses (Figs. 1,2, 3,4)
using UPGMA and Jaccard’s similarity coefficient
showed distinct groups among the wheat accessions
studied for both AFLP and SSR data. This indicated

resistant; 1FL and 2FL, Fusarium head blight and leaf rust
resistant; 1L to 7L, leaf rust resistant; 1H to 8H, Helminthospo-
rium spot blotch resistant; 1S to 7S, Septoria tritici blotch
resistant

presence of substantial genetic diversity among the
SHW accessions studied. Dendrogram based on the 20
D genome specific SSR markers showed that most of
the SHW accessions are distantly related and thus the
A. tauschii accessions used for those distantly related
accessions are genetically diverse (Fig. 3).

Results indicated that both AFLP and SSR markers
used in this study were effective for the assessment of
genetic variation among the 32 SHW accessions
studied. Mantel statistics between the distance matri-
ces from AFLP and SSR analyses was significant
(r = 0.52*%%) indicating that both types of markers
were similar in grouping the SHWSs. In the present
study, the Mantel test between Jaccard’s similarity
matrices from 27 SSR marker data and from the 20 D
genome specific SSR marker data was also significant
and high (r = 0.96**). Our findings suggest that both
AFLP and SSR markers indicated presence of sub-
stantial genetic diversity among the SHW accessions
studied. This greater level of genetic diversity among
the SHWs can be efficiently used in the improvement
of cultivated wheat. In a recent review on the current
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Fig. 4 Dendrogram from the Jaccard’s similarity coefficients
based on 225 AFLP markers and 202 SSR bands over 32
synthetic hexaploid wheat accessions. Accessions 1F to 8F,
Fusarium head blight resistant; 1FL and 2FL, Fusarium head

advances in research and utilization of SHWs, Li et al.
(2014) emphasized that the abundant genetic diversity
in SHWs can effectively make breakthroughs in
genetic improvements of wheat through the inclusion
of genetic diversity. However, considering the fact
that SHWs carry large number of unfavorable traits (Li
et al. 2014), the desirable traits need to be transferred
into cultivated bread wheat lines through backcross
breeding. Two of the 32 SHW accessions used in our
study possess resistances for leaf rust and Fusarium
head blight. By crossing the most diverse accessions
from the 32 SHW accessions, pyramiding of the
resistance genes for leaf rust, Fusarium head blight,
Helminthosporium spot blotch and Septoria tritici
blotch will be possible. Use of molecular markers will
certainly aid in this process.

Conclusion

Over the past two decades there has been a surge in the
search by researchers to use alien genetic resources for

@ Springer

blight and leaf rust resistant; 1L to 7L, leaf rust resistant; 1H to
8H, Helminthosporium spot blotch resistant; 1S to 7S, Septoria
tritici blotch resistant

exploiting unique allelic diversity that could be
harnessed for wheat improvement. As a result, wide
crosses between durum wheat and the D genome
diploid accessions created SHWSs for transferring
useful genes from these species into bread wheat
using their “homologous pairing” potential. This
allows the exchanges to take place across all three
(ABD) genomes when the SHWs are crossed onto
recipient conventional bread wheats. We have used
just one sub-set of 32 accessions and in this lot have
identified only 2 entries that have dual resistances. The
intrinsic potential of SHWs needs to be explored
further and elaborate phenotyping is a need to detect
SHWs with multiple resistances or tolerances. Our
study has mainly shown that excellent resistance to
different diseases and genetic diversity are present and
molecular tools can be used to efficiently select
“diverse” SHW parents for wheat breeding targets.
We conclude by expressing that an output balance of
productivity must recognize the applied needs and
these targets should dictate breeding efforts that use
novel diversity. Using resources that are not utilized or
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are so far under-utilized need re-visiting as we move
forward and face global wheat productivity challenges
of huge proportions.
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