701

Original Article

DIVERSITY OF TUNISIAN BREAD WHEAT GENOTYPES REVEALED BY
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ABSTRACT: The genetic diversity of a set of 21 hexaploid wheat germplasm from the National Agronomic
Institute of Tunisia were investigated by applying 26 agro morphological traits and 10 wheat microsatellites molecular
markers (Simple Sequence Repeat). The morphological variability was analyzed using the Principal Component Analysis
(PCA) and the cluster analysis based on ward’s method and square Euclidean distance. Eighteen microsatellites primer
pairs were tested for all genotypes, among them 10 primers generated polymorphic and reproducible profiles. They
revealed a total of 414 reducible bands among which 373 were polymorphic. The polymorphic information content (PIC)
values per locus varied from 0,33 to 0,94 with an average of 0,72. Genetic similarity values between genotypes, calculated
by the molecular derived data, were used to produce a dendrogram. The genotypes were clustered in four clear groups
according to their origin, pedigree and in some cases to phenotypic characters similarities.

KEYWORDS: Genetic diversity. Hexaploid Wheat. Morphological Traits. Microsatellites.

INTRODUCTION

Bread wheat (Triticum aestivum L.) is a
staple food and the major source of calories and
protein for a large world population, and is among
the most important grain crops in Tunisia. The
genetic variability in bread wheat is important for a
better improvement of this crop and for the increase
of cereal yield in the context of sustainable
agriculture to face human needs in the next decades.
In Tunisia, the analysis of the agro-morphological
traits is an important prerequisite for a responsible
and efficient use of germoplasm collections in a
breeding program. Moreover, in conjunction with
agronomic and morphologic characteristics, the
analysis of genetic variability would be a significant
contribution to the actions aiming at safeguarding,
conservation and breeding. Thus, preservation of
genetic diversity of the national wealth could be
used by breeders for a future variety development.
In order to reach a better characterization of the
genetic diversity, it is imperative to use a reliable
molecular biology tool for plant breeding and
genetic resources management. The molecular
diversity study allows us to understand the
differences and similarities between the ecotypes,
according to their genes. In addition, it describes the
structure of genetic variability within populations.
Several molecular techniques, to achieve these
objectives, are currently available in several
laboratories worldwide. Among these techniques,
the Simple Sequence Repeats (SSRs) or

microsatellites that have been proven to be the
markers of choice during the last decade in plant
research because of their hyper variability and ease
of detection (SINGH et al., 2011). Microsatellites
are short sections of DNA where a simple motif,
generally 1-5 bp long is repeated up to about 100
times.  Microsatellite  markers are  highly
polymorphic, abundant and fairly evenly distributed
throughout eukaryotic genomes (ARIF et al., 2010).
There are numerous reports suggesting the
usefulness of microsatellite markers for measuring
the genetic variability in a wider taxonomic range
(CHAN et al, 2008; BANHOS et al., 2008;
AZEEM et al., 2012; SPANIC et al., 2012).

Few studies (CHAABANE et al.,, 2009;
CHAABANE et al., 2012) have analysed the pattern
of genetic diversity by SSR markers within Tunisian
cereals landraces but none was done on bread wheat
commonly cultivated in Tunisia. In the present
study, we used the SSR markers and the agro-
morphological traits to investigate the diversity
among 21 genotypes within the INRAT germplasm
collection. The experiments were conducted at the
National agronomic Institute of Tunisia (INAT).

MATERIAL AND METHODS

Twenty one bread wheat (Triticum aestivum
L.) genotypes from the INRAT collection were used
in this study (Table 1). The genotypes were sown
and grown under rainfed condition in a randomized
complete-block design with two replicates per
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genotype, at the experimental field of INRAT,
during 2008-2009 season. For data collection the
basic morphological data has been compiled from
standardized codes of the International Union for
the Protection of New Varieties of Plants (UPOV).
Twenty qualitative traits were used. These traits
were (Growth habit, Flag leaf anthocyanin
coloration of auricles, Flag leaf glaucosity, Ear
shape, Spike density, Lower glum shoulder
width, Glum shape ,Glum color, beak shape of glum
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,Grain shape, Grain colour, Presence of awn, awn
divergence, Awn color, Beak thickness, pith in cross
section of Straw, Length of first rachis segment,
Position of first rachis segment) and nine
quantitative (Plant height (cm), Time of emergence,
1000 kernel weight (g), Ear length, Beak length,
Flag leaf length, Length of brush hair of grain, Awn
length and Beak length ).

Table 1. Pedigrees, origins and years of obtaining of the studied genotypes

Genotypes Pedigrees Locality/Year
Florance Aurore Florence/ Aurore France (Versaille, 1920)
Ariana66 Kenaya338 / Etoile De Choisy France (Versaille, 1962)
Dougga72 Klein Petiso /Rafaela//2*8156® Cimmyt/Mexico (1969)
Soltane72 Sonora64/Klein Rendidor Cimmyt/Mexico (1960)
Carthage74 Napo 63 /Tob "S” // 8156® Cimmyt/Mexico (1969)
L(BT2559) Fn//K50/N/3/Yr70 | e
Yr70 (Yecora 70) Cno//Sn64/Klein Rendidor/3/8156® Cimmyt/Mexico (1970)
Sonora64 Yaktana54/N10b/2*YaquiS4 Mexico (1964)
Saada Butte //Arthur/Butte Maroc
Richelle Hativel10 Selected From Wheat “Tuzelle Allora” Australia
Castan Mara, Ita//Crystal/Champlein/3/Rallye France (1976)
Mona Plowmans-3/Canberra Australia (1933)
Soudous1 | e e

Tebica Seri/Buc “S* Icarda/ Syria (1990)

Utique (Nd/Vg9144//Kal/Bb/3/Yaco/4/Vee) Cimmyt/Mexico (1989)

T88-255 (Pvns /Sprw”S”/5/Pata/On// Cimmyt/Mexique

Maya74/4/Bb/3/Pato//Inia/Napo)

Kavkaz (Kvz / Buho // Kal / Bb) Russia (1972)

Fath 75 (Cno/Gll) Tunisia (1973)
Bow”S” (Bobwhite) (Au//Kal/Bb/3/Wop) Cimmyt/Mexico (1973)
Wop (Woodpecker) (Inia66/Napo//2*Cal/3/Pv18/Cno) Cimmyt/Mexico (1975)

Blue Bird (Bb) (Cno//Sn64/Klre/3/8156 Cimmyt/Mexico (1969)
Mahon 73 Old Tunisian variety Tunisia (1937)
"Baroota52” Mixture Introduced From Australia Tunisia (1913)
"Guelma" =Eap Mentana-26/Florence 46 Tunisia
Florence 46 White-Naples//Fife/White-Naples/3/Fife/Eden Australia(1906)
Tas-20-Pato Tas20/Pato Brazil

For each genotype, the extraction of total
genomic DNA was performed from leaves
according to protocol used by Kiran et al. (2008).
Ten microsatellite primer pairs were selected (Table
2). PCR reactions were carried out in total reaction

mixture of 25pul containing 50-100 ng of DNAg as
template, 1X Green GoTaq Reaction Buffer
(Promega), 0,2 mM dNTPs and 0.25 pM of each
primer and 1 Unit of GoTaq DNA Polymerase
(Promega). The amplifications were performed in a
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Biometra Thermocycler (Germany) with the
following cycling: one cycle of 95°C for 3 min, 35
cycles of 1 min denaturing step at 94°C, 1 min
annealing temperatures between 51 and 61°C (Table
2) depending on the primers and 2 min extension at
72°C, followed by 10 min of final extension at
72°C. Amplified PCR products were separated by
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using 3% agarose gel electrophoresis in 1xTris-
Borate-EDTA buffer (pH 8.3). To confirm some
results, SSR products were also separated using 6%
non-denaturing polyacrylamide gel electrophoresis
in 1x TBE buffer. A 100bp DNA Ladder (Promega)
was used as a molecular size standard.

Table 2. Primers used, their chromosomes locations, PIC values, allels number generated polymorphism

percentage and annealing temperature
Primers Chr PIC | Nb Allels Poly Ta(C°
(%) )

WMC14 7D 0,77 6 0.30 61
WMC 17 TA 0,69 8 0.28 56
WMC 18 2D 0,87 5 0.23 61
WMC 21 - 0,84 | 4+1(null) 0.25 61
WMC 24 1A 0,92 5 0.20 51
WMC 25 2B 0,33 4 0.50 51
WMC 27 2B, 2D 0,48 6 0.46 60
WMC 48 4A,4B,4D | 0,59 7 0.42 61
WMC 50 3A 0,94 5 0.19 61
WMC 283 4A,TA 0,76 3 0.36 61

Chr: chromosome. PIC: polymorphism information content; Nb: number. Ta: temperature of annealing.

The morphological variability was analyzed
using the Principal Component Analysis (PCA). The
Pearson correlation coefficients (o = 0.05, standard
PCA without rotation of axes) were calculated by
using the software XLSTAT 7.5.2 (Addinsoft,
http://www.xlstat.com/en/home). The SSR profiles
were transformed into a binary matrix where the
presence of the generated band at a precise level is
scored as 1 and its absence is scored as 0. A data
matrix was prepared for the analyses. A pair-wise
similarity matrix was generated with the software
NTSYSpc-2.02j (NTSYS-Numerical Taxonomy and
Multivariate Analysis; ROHLF 1998) using the
simple matching coefficient (SOKAL et al., 1958).
A dendrogram was then drawed using the UPGMA
(Unweighted Pair-Group Method using Arithmetic
Averages) cluster analysis.

The PIC (Polymorphism Information
Content), according to BOSTEIN et al. (1980), is
calculated by the following formula: PIC =1 - X

p’i where Pi is the proportion of the population
carrying the ith alleles, scored for each locus.

RESULTS AND DISCUSSION

The first three PCA axes accounted for 47%
of the total variability expressed by morphological
traits. The first component accounts for 23.1% of
the total variation. It is determined mainly by the
presence of awn, awn divergence and Beak
thickness. The second, which absorbs 12.3% of the
total variation, is strongly correlates with
characteristics (length of first rachis segment and
flag leaf length). By absorbing 11.6% of the
variability, the third component is also defined by a
strong correlation to the glum shape and Time of
emergence. The major correlated variability of
genotypes is showed by the axes 1 and 2 which
explained 35.37% of the total variability and
revealed 6 groups (Figure 1).
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Figure 1. Principal component analysis (PCA) of morphological data (Axes 1 and 2)
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The Euclidean distance ranged from 1.27 to
24.87 between Fath 75 and Bow”s”,and between
Ariana and Bow’s”, respectively (Figure 2). The
range of Euclidean distance among the genotypes
was relatively wide. This result indicated that the
amount of phenotypic variation among these
genotypes was relatively high. These, also reflect
the genetic diversity of the loci controlling these
traits. Cluster analysis was done based on ward’s
method and square Euclidean distance, and the
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genotypes were separated in two distinct clusters.
According to this analysis,whereas, genotypes Fath
75, Bow”S”, T88-255, Utique, Tebica, Soudous,
BT2559, Soltane72, Dougga72, las-20/Pato, Mona,
Kavkaz and Carthage74 were placed in the first
group, genotypes Florence Aurore, Guelma,
Baroota52, Richelle Hative, Castan, Saada and
Ariana in the second group. A genotype Mahon73
remains out of groups since it is morphologically
very different from all others (Figure 2).
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Figure 2. Cluster analysis using ward method and squared Euclidean distance (Morphological traits)

The percentage of the phenotypic variation
is explained by the first three components. The
analysis of the agro-morphological traits, apparently
was not very efficient through the PCA procedure,
this is can be explained by the relatively large
number of morphological parameters (29 characters)
used and the variation of the origins of genotypes
(Table 1). This phenotypic diversity reflects the
board genetic diversity between genotypes.

All the agro-morphological characteristics
recorded have shown a significant F for the factors
analyzed (i.e., years, locations, accessions and the
interactions among them). Therefore, well-defined
cultivars adapted to local environments are
developed for specific areas. These results
confirmed the previously published by Acharya et
al. (2010) which reported that the characteristics of
plant material can vary depending on the genotype,
environment under which they are grown and the
interaction between the previous two factors.

Eighteen microsatellites primers pairs were
tested for all genotypes. Among these primers six
primers generated monomorphic profiles; two
primers showed null alleles and 10 primers (table 2)

generated polymorphic and reproducible profiles,
covering 10 wheat chromosomes. These profiles
generated were used to study the genetic diversity
among the 21 wheat genotypes. Thus, a total of 414
reducible bands among which 373  were
polymorphic, with an average of 18.81
bands/genotype and 0.72 PIC average. A PIC values
for all primers is provided in table 2.The
dendrogram obtained using these microsatellites
data, based on the similarity matrix. At genetic
similarity (GS) of about 74%, the dendrogram based
on SSR data discriminated the variety "Kavkaz" and
the genotype IAS-20-Pato from the rest of the
analysed genotypes, which were clustered in four
major groups of similar genotypes (Figure 3). The
first group (Grl) is composed of the following
varieties: "Florence Aurore” "Ariana 66", "Douga
74"."Soltane  72"," Carthage 74", "BT2559",
"Saada" and "Richelle hative 110". The second
group (Gr2) contains "Castan","Mona", "Soudous1",
"Tébica","L (T88-255)"and"Utique96". The group
(Gr3) is formed by the varieties "Fath75", L (BOW
"S") and "Mahon 73". The fourth group (Gr4) is
composed of two varieties "Baroota52" and
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"Guelma". After reviewing the origin and the
pedigree of the varieties collected in these groups,
we noticed that some grouped varieties have
common relative parents or same origin. In fact, the
varieties "Florence-Aurore” and "Ariana 66",
grouped at high genetic similarity (GS=85%), are
both from Versailles (France) and their selection
was held in same period (1922). Furthermore, there
is a relationship between "Ariana 66" and our bread
wheat varieties, in particular "Douga 74" (Deghais
et al. 1997). "Douga 74", "Carthage 74" and
"Soltane 72» are from CIMMYT and have some
parents in common. "Douga 74" and "Carthage 74"
are in the same group (Grl) at high genetic
similarity coefficient (CS=91%). Both "Douga 74"
and "Carthage 74» have a same direct parent
(8156®). Klein Rendidor parent of "Soltane 72" is
was often used in programs of CIMMYT as a source
of resistance to septoria. Klein Rendidor has the
same parent of Klein Petiso (KLEIN-33) and both
are from Argentina. Klein Petiso is one of the
parents of "Douga 74”. This may explain the high
degree of similarity (83%) between "Douga 74” and
"Soltane 72”."YR70" is a direct parent of
"BT2559", its pedigree is NOC // SN64/Klein

Similarity
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rendidor/3/8156®. This can explain firstly its
proximity to "Soltane72” (SN64 / rendidor Klein)
with a high genetic similarity coefficient (about
91%) through their direct relatives It confirms its
high genetic similarity (GS=89%) with the variety
"Carthage 74» through a direct relative ("8156 ®”).
The varieties "soltane72" and "BT2559" have a
common parent ("Sonora64"), which stemmed from
crossing:  Yaktana54 /N10B /2*Yaqui54. By
Yaqui54 and Yaktana54, it goes back to wheat
"Marroqui588" (synonym to "Florence-Aurore")
(DEGAIS et al.,, 1997). This could explain the
clustering of "Soltane72" and "BT2559"with
"Florence-Aurore" in the first group. The variety
"Saada" is also in the first group, the only
information we have about, is obtained from a
breeding program of INRA Morocco. "Richelle
Hative 110" and "Florence 135" are from Australia.
Florence 135 was expelled in the early 40’s and
used like a parent of "Florence Aurore" (very high
quality). These two varieties are phenotypically very
similar. The Australian origin of "Florence-Aurore",
the name and these phenotypical similarities explain
the clustering of "Richelle Hativell0" and
"Florence Aurore".
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44—: CarthageT4 Grl
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Richelle hative |

Castan

Sond
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% Utique96
Kavkaz
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| Bow« S» Gr3
I—‘ Mahon73
L(Ias20/Pato)
r Baroota52
1 EAP=Guelma | Gr4
T T T T T T T T T T T T T T 1
054 on o 091 100

Coufficent

Figure 3. Dendrogram of genetic similarities based on UPGMA method

In the second group (Gr 2) (Table 1),
Tébica, Utique 96 and "T88-255" have a similarity
coefficient around 85%. These genotypes derived
from crosses made in CIMMYT (Mexico), share the
same agronomic traits, namely the productivity and
diseases tolerance (especially Septoria, leaf rust,
stripe rust and powdery mildew). Furthermore, they
have some common parents. "Utique96" and "T88-

255" have "BLUE BIRD" (Bb) as a common
ancestor (Table 1). Similarly, "Tébica" and "Utique
96" have a common ancestor which is the variety
Veery (VEE)(Veery = Seri). Physiologically, these
two varieties ("Utique 96" and "Tébica") showed a
high tolerance to salinity (Hannachi 2008). "Mona"
and "Soudousl" belong to the second group, their
genetic similarity at microsatellites level reflect their
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similarity for several measured traits such as: Height
of stalks, length of flag leaf, length and colour of
beard; Length, colour, beak shape of the glume and
the same grain characteristics.

The Russian variety "Kavkaz" (KVZ)
discriminated from all the others, its widely used in
breeding programs at CIMMYT. It is genetically
closer to groups 2 (GS=72%) than others groups. Its
proximity to Gr 2 could be explained by the fact that
Veery (VEE) (parent of "Utique 96" and "Tébica" )
derived from the crossing; KVZ / BUHO // KAL /
BB.

The Third group with (GS=75%) is formed
by the varieties "Fath 75", "Bow"S" and "Mahon
73”. "Mahon 73", from the Balearic Island, is the
oldest and the most cultivated wheat variety in
Tunisia (1910). The variety "Bow"S" called
(Bobwhite) has long been used in crosses and
genetic improvement of wheat in Tunisia. Their
direct parents are "WOP" and "Bb" (Table 1).The
variety "Bow"S" has the same rear parents "CNO"
from both paternal and maternal sides. This could
explain its high similarity with the variety "Fath75"
(CNO/GLL). The three varieties "Fath75", "Bow"S"
and "Mahon 3" share some phenotypic
characteristics (several traits for the spike: same
length of the ears, shape and length of beak shape of
glume. etc.). This could explain their genetic
clustering within the same group.

The fourth group contains two varieties
"Baroota52" and "Guelma" with a high coefficient
of similarity (87%). "Baroota52" is from Australia,
introduced in Tunisia in 1913 and cultivated after
selection in 1923. "Guelma" is the result of crossing
of Mentana-26 and Florence 46 (from
Australia). These two varieties (Gr4) share more
several morphological and physiological traits that
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could explain more their high genetic similarity. For
example, they have the same height of the stems and
the same length of the ears and brush. They also
stand upright leaf flags.In addition, the two
varieties are resistant to septoria and great
sensitivity to lodging. All these factors could
explain the clustering of "Guelma" with
"Baroota52".

CONCLUSIONS

Both molecular and agro-Morphological
techniques are complementary to better characterize
and study the diversity of wheat and all cereal
species.

The genetic diversity obtained by SSR
marker is relatively consistent and compatible with
a pedigree and a geographical origin of genotype.
SSR  molecular-marker can be successfully
employed in assaying the level of polymorphism
and diversity.

The characterization of some bread wheat
genotype using morphologic and SSR markers may
provide useful information for long term
improvement in yield, qualities, resistance (biotic
and abiotic stresses) and for germplasm
identification and conservation.
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RESUMO: A diversidade genética de um conjunto de 21 hexapldides em germoplasma de trigo oriundo do
Instituto Nacional da Tunisia foi investigada pela aplicagdo de 26 caracteres morfoldégicos e 10 marcadores de
microsatélites (Sequéncias simples repetidas). A variabilidade morfolégica foi analisada pelo uso da andlise de
componentes principais (ACP) e andlise de agrupamento baseada no método de Ward e o quadrado da distincia
Euclidiana. Dezoito primers de microsatélites foram testados para todos os gendtipos, entre os quais 10 geraram
polimorfismo e grupos distintos. Eles demonstraram um total de 414 bandas entre as quais 373 foram polimérficas. Os
valores de polimorfismo encontrados por locus (VPL) variaram entre 0,33 a 0,94 com uma média de 0,72. Os valores da
similaridade genética calculada para os dados moleculares originaram um dendograma. Os genétipos foram agrupados em
quatro grupos de acordo com sua origem, pedigree (descendéncia) e em alguns casos pelos caracteres da similaridade

fenotipica.

PALAVRAS-CHAVE: Diversidade genetic. Hexapléide. Caracteres morfoldgicos. Microsatélites.
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