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Abstract - No available information is on the inter-relatioigsibetween Maltaise of TunisigCitrus
sinensis L.) orange genotypes and their genetic backgraondnable their implication in appropriate
germplasm management programs. Phylogenic rel&iipnand genetic diversity in citrus are considered
to be important in clarifying their genetic relatghips, germplasm characterization and the retjmtraf
new varieties. Two molecular markers, RAPD and S®Bre used to evaluate genetic diversity of
nineteen Tunisian sweet oranges genotypes. Gepationeters consisted of effective alleles; observed
and expected heterozygosity (Ho; He) and polymarpiformation content (PIC) were calculated based
on molecular data. The values of similarity coédfit obtained in SSR analysis ranged from 0,386 1
among the genotypes studied, while the same vahmged from 0.33 to 0.84 in RAPD analysis. A
combined RAPD/SSR dendrogram grouped the 19 acrsssito eleven clades with a coefficient of
0.60. Combined data of three markers showed higéeetic diversity than two SSR and RAPD markers.
Dendrogram showed that all the accessions wergimisated with various degree of subclustering
within the clusters. These results will have imglions for Maltaise breeding and conservation.

Keywords: Tunisian Maltaise orange / RAPD / SSR / Genetiedity.

1. Introduction

Citrus is one of the most important and widely gnofrwit crop in the world. Among the 10.9 million
tons of citrus products traded in 2012, sweet aed@grus sinensis) accounted for approximately 60% of
citrus production for both fresh fruit and procekgeice consumption (FAO, 2012). Citrus is widely
grown in most areas with suitable climates tropisaibtropical, and borderline subtropical/temperate
(Kahn et al., 2001). The genus Citrus (2n=18), withre than 10 major species contains the mandarin
(Citrus reticulate), lemon Citrus medica), and pummelo Gitrus maxima), species which are the
ancestors of today’s commercial varieties. The ggamas its origin in South East Asia, and its dbri
nature appears to originate in a cross betweemtralarin and the pummelo (Barrett & Rhodes, 1976;
Nicolosi et al., 2000; Xu et al., 2012). Barkleya¢t(2006) suggested that sweet orange has aitgajbr

its genetic makeup from mandarin and only a snrajp@rtion from pummelo. In Tunisia, the area under
citrus cultivation was estimated to be about 19,A&0with a yearly production of over 230,000 tons
(FAO, 2012). Tunisia is the only world producer axgborter of orange “Maltaise” half-blood; espéegial
suited to coastal and semi-continental countridseres winter frosts may be harmful to citrus. The
characterization of germplasm banks, genetic variaind the improvement of oranges and other citrus
species, has not been successfully carried outaweits related to the reproductive biology oéth
species, for example high interspecific fertiligpomictic reproduction, polyembryony, a large julen
phase, and a scarcity of polymorphic DNA markerse{(® et al., 2001; Corazza-Nunes et al., 2002).
Understanding the taxonomy, phylogenetic relatigpgsshand genetic variability ifitrus is critical for

the determination of genetic relationships, chardmdtion of germplasm, control of genetic erosion,
design of sampling strategies for core collecti@ssablishment of breeding programs, and registradf
new cultivars (Herrero et al., 1996). The genetewsity of C. sinensis is diminishing rapidly because of
a number of factors, such as displacement of tharadagene pool due to selection and introductibn o
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genotypes suitable for intensive horticulture fargia limited gene pool (Agora, 2000). DNA markees a
being widely used in studying polymorphism betweegrcies or in populations. In Citrus, PCR-based
markers have been used for genetic mapping (Calietl994), to study genetic relationship among
species or cultivars ( Luro et al.,, 1995; Coletifad- et al., 1998; Abkenar and Isshiki, 2003) to
discriminate Citrus hybrids (Elisiario et al., 199%d to identify Citrus mutants (Deng et al., 1986d
periclinal chimeras (Sugawara et al., 2002). RAParkars that result from the PCR amplification of
genomic DNA fragments using short oligonucleotideatbitrary sequence as primers (William et al.,
1990) provide a speedy and easy approach for taicndassification and cultivar-typing of fruit &s.
This assay has the advantage of being readily grag|aequiring very small amounts of genomic DNA,
and eliminating the need for blotting and radidvecidetection (Cipriani et al., 1996). Factors sash
speed, efficiency and amenability to automation enitkone of the most appropriate methods for
germplasm management with respect to estimatingrsity, monitoring genetic erosion and removing
duplicates from germplasm collections (Khadarilet2003). Besides of RAPD, simple sequence repeats
(SSRs) has been also used in the analysis of geditrsity of many plant species such as apple
(Guilford et al., 1997) and grape (Thomas and $d@93). Citrus microsatellites have been used for
different purposes (Barkley et al. 2006; Luro et 2008; Jannati et al., 2009; Ollitrault et al1@Psuch

as screening of zygotic seedlings among nucelladisey population (Oliveira et al. 2002) and
germplasm characterization (Jiang et al. 2006; Nioczteal. 2006). The present study aims to evauhée
genetic variation within Maltaise orange genotypeadivated either commercially or traditionally in
Tunisia, as well as to investigate their interdielaships by using RAPD and SSR ‘fingerprint'.

2. Materials and methods

2.1. Plant materials

A total of 19 Maltaise orangé&C( sinensis L.) genotypes (Table 1) were investigated in tresent study.
Leaf samples were collected from the citrus orchéwdated at Cap Bon region in North East of Tanisi

Table 1.Tunisian Maltaise genotypes used for molecular erark

AnalysisCode Genotypes Site Origin

Al Sotam 8 Hchicha Takelsa
A2 SP 18 Ben hachem Bni khalled
A3 Sotam 2 Hchicha Takelsa
A4 F 19 Ghars mrad Chrifet

A5 H20 Béchir Chrifet

A6 F7 Ahmed Chrifet

A7 H8 Tarak bekir Chrifet

A8 M5 Béchir Mrayssa
A9 SM 1 Bchira Bni khalled
A10 M1 Béchir Mrayssa
All F 10 Ahmed Chrifet
Al12 F 25 Ahmed Chrifet
Al13 Sotam 7 Hchicha Takelsa
Al4 H 16 Tarak bekir Chrifet
Al5 F5 Gaddour Chrifet
Al6 F 39 Ahmed Chrifet
Al7 SP9 Ben hachem Bni khalled
Al8 S1 Bchira Bni khalled
A19 Sotam 3 Hchicha Takelsa

2.2. DNA extraction

The isolated leaf material was used for genomic D#t&action by using a citrus specific protocolat.e
samples were ground with liquid nitrogen in sepataiml eppendorf tubes. Extraction buffer [100 mM
Tris-Hcl, 50 mM EDTA, 500 mM NaCl, SDS (20%) and(014nM B-mercaptoethanol] was added,
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vortexed and incubated at 65°C for 30 min. Afteattlpotassium acetate (5M) was added in each tube
and the mixture was incubated on ice for 30 mirbsgquently, all tubes were centrifuged at 12000 rpm
for 30 min. Then, isopropanol was added to the agsiéayer, the DNA was pelleted by centrifugating
for 20 min and washed with 80 % ethanol. The DNA wi&ssolved in TE buffer and quantified before a
dilution step to obtain uniform concentration of ’5@/ml.

2.3. RAPD analysis

Twelve decamer primers were used for PCR reagfiable 2). PCR was carried out in a 15 pl reaction
mixture containing 25-50 ng total DNA, 0.8 uM prim2.0 mM MgCI2, 200 uM dNTPs, 10 x Buffer and
1U Taqg-DNA polymerase. PCR conditions were 3 mi@2#C followed by 40 cycles, each consisting of
1 min at 93°C, 1 min at 37°C, and 2 min at 72°Ce Tdmplification products were separated by
electrophoresis on 1.5% agarose gel in TAE buffer.

Table 2. List of the RAPD primers used for the investigataf genetic diversity within Maltaise orange gemats.
Primer name Total amplified bands Polymorphic bands % of polymorphism
OPA-01 14 10 71.0
OPA-04 21 21 94.0
OPA-05 15 12 43.0
OPA-08 16 16 60.8
OPA-09 11 11 69.8
OPA-11 22 22 95.0
OPA-14 11 8 66.0
OPB-02 15 12 94.4
OPB-10 16 14 60.0
OPC-05 17 16 90.0
OPC-06 19 18 94.0
OPC-11 18 14 60.0
Total 195 174 89.8

2.4. SSR analysis

Nine markers (Table 3) presented proper and cisaits (Kijas et al.1997; Froelicher et al. 2008rd_et

al. 2008) were used for the diversity study. PCR warformed in a final volume of 15 ul. Each PCR
reaction consisted of 1,5 mM of Mgt R,5 mM of dNTPs, 0,2 uM of each primer and 1UDdfA Taq
polymerase with 50 ng of DNA. Cycling conditionsr&e94°C for 5 min as an initial denaturation step
before entering 40 cycles each composed of 30ts84°€, 30 sec at annealing temperature, 1 min at
72°C and a final extension step of 4 min at 72°C.

Table 3 Polymorphism information for SSR markers usedvaluate genetic diversity among maltaise accession
Primers Allele number  Genotype number He Ho Gene diversity Pic
TAAL 3 16 0.5391 0.0000 0.575 0,539
TAA27 2 15 0.1244 0.0000 0.133 0,125
GTO03 2 19 0.4321 0.6316 0.439 0,433
CT02 2 18 0.4012 0.5556 0.408 0,41
CAGO01 2 19 0.4654 0.7368 0.471 0,467
CATO1 1 19 0.0000 0.0000 0.000 0.000
ATCO09 3 19 0.5831 1.0000 0.588 0,584
CT21 2 18 0.0540 0.0556 0.056 0,049
CAGG9 2 19 0.5000 1.0000 0.500 0.500
Total 10 94

Mean 211 0,344 0,442 0,3165
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2.5. Statistical analysis

The patterns at all RAPD loci were scored for epatymorphic band as 1 for band presence and O for
band absence. Scores were entered into a binanxrmatthe subprogram NTedit of NTSYSpc v.2.10e
program (Rohlf, 2002). The data were analyzed withdule SIMQUAL to generate genetic similarity
coefficients and then ordered in a similarity matdaccard, 1908). The similarity matrix was run on
module SAHN (sequential, agglomerative, hierardhiaad nested) (Sneath and Sokal, 1973) by using
the Unweighted Pair group method with arithmetierage (UPGMA) clustering algorithm (Sokal and
Michener, 1958) to generate a dendrogram. For SSRBIETIX 4.02 computer package (Belkhir, 1999)
was used to calculate gene diversity per locuseebeo heterozygosity (He; Nei, 1973) and observed
heterozygosity (Ho) over 9 loci. Polymorphism imfation content (PIC) values were calculated, for
RAPD and SSR loci, according to Smith et al. (1988)ng the algorithm for all primer combinatiorss a
follows: PIC =1 2 Pi¢, wherePi“is the frequency of the ith allele. PIC providesemtimate of the

discriminatory power of a locus by taking into agof) not only the number of alleles that are exgeds
but also the relative frequencies of those alldkemcipal Coordinate analysis (PCA) was perforrted
identify accession groups using XLSTAT softwarethis procedure, the similarity matrix was used to
generate Eigen values and scores for the accessidis multivariate approach was chosen to
complement the cluster analysis information; beeauligster analysis is more sensitive to closelgteel
individuals, while, the PCO is more informative aedjng distances among major groups.

3. Results

3.1. RAPD analysis

Twelve primers (Table 2) were selected for the RARRIlysis based on the reproducibility and banding
patterns. PCR amplification of the genomic DNA &el from 19 cultivars of Maltaise oranggé. (
sinensis) yielded a total of 195 bands, of which 174 weréymporphic (Table 2). The total number of
amplified DNA bands ranged from 11 (OPAQ9 and OPA422 (OPA1l), with an average of 16.25
bands per primer. The polymorphism percentage chfrgen 43 (primer OPAQ5) to 95% (OPA11) with
an average of 74.83 %. The pair-wise similarityueal obtained between 19 Maltaise cultivars ranged
from 0.333 (between A9 and A10) to 0.845 (betwedd And A12). The average similarity across all the
cultivars was 0.58. A dendrogram was constructétgudPGMA method cluster analysis on the basis of
Jaccard’s coefficients grouped the 19 cultiviats three major clusters (Figure 1). The firststér was
the biggest comprising 17 cultivars. Within thisster, the cultivars A11 and A12 were geneticalbsin
similar, showing 84.5% of genetic similarity. Thecend cluster consisting of the cultivars A10 aridA
while the cultivars A9 was individually separatetbi distinct group from the rest of cultivars.
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Figure 1. Dendrogram illustrating the phylogenetic relatidqpsamong the nineteen Maltaise genotypes based ARPDR
markers
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3.2. SSR analysis

The polymorphism level of the 9 SSR loci was inigged in all 19 citrus accessions. The number of
putative alleles per locus ranged from 1 (CAGG9B tATC09, GT03) with an average of 2.11 alleles
per locus (Table 3). The observed heterozygosit) (tdnged from 0.00 (ATC09, CAGO01 and CAGG9)

to 1.00 (GTO03, TAA27) with a mean of 0.44. The estpd heterozygosity (He) ranged from 0.00

(CAGG9) to 0.583 (GT03) with a mean of 0.344. GV@s the most informative marker and CAGG9

was the least informative marker. The PIC valuegtfe 9 markers ranged from 0.000 (CAGG9) to 0.584
(GTO3) with a mean of 0.372. The cluster analysigasated all the accessions, at similarity index of
0.694, into four main clusters (Figure 2).

EBEER A

{ na

T T T T T T T T T T T T T T T T 1
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Figure 2. Dendrogram illustrating the phylogenetic relatiapsamong the nineteen Maltaise genotypes based SR |S
markers

3.3. Genetic diversity displayed by RAPD and SSRs

In order to find out the genetic relationship betwalifferent sweet orange accessions, SSR and RAPD
data sets were combined together for analysis.Jabeard’s similarity coefficient, for the combingata,
ranged from 0.36 to 0.84 with an average of 0.66ragall the 19 accessions used.

r T T T T T
0.44 054 064
Coefficient

Figure 3. Dendrogram illustrating the phylogenetic relatitipsamong the Maltaise genotypes based on comii@drD and
SSR marker:
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The genetic relationship between the accessionscieasly depicted in the dendrogram (Figure 3) and
grouped the accessions in eleven main clustersimite first cluster, two subgroups consistindoofr
genotypes were observed. The second and thircecloshsisted of 3 and 4 genotypes, respectivelg. Th
other remaining genotypes (8) were differentiated farmed various degree of sub-clustering. Theas w
no relationship between the spatial and genetigimity of the germplasm. The Mantel test (Figure 4)
performed among the genetic distance matrices ridairom RAPD and SSR analyses, showed a
significant correlation (p<0.05) between RAPD ar®RS(R=0.272) which indicated good concordance
between the clusters that were suggested by theateosets.

1.2
1
o.8
[
= 0.6 -+
o
o.4 -+
0.2 —+ r(AB)=0.272
p-value =0.001
o =0.05
(0]
o o.2 o.4 0.6 0.8 1
SSR
Figure 4. Regression plot revealing between RAPD and SSRermmatrices across the studied genotypes.

PCA is more adapted than tree representation iorithesy the organization of genetic diversity when
hybrids between differentiated groups are frequenhe sample. Data generated from SSR and RAPD
genotyping of 19 maltaise cultivars were subjedte®rinciple Coordinates Analysis (PCA) (Figure 5).
The first two axes explain 31.10% of the total &ade. Roughly, cultivar plotting is independent of
geographic origin and Maltaise accessions fromegjiions were broadly overlapped.

3. Discussion

Our results showed that out of 195 bands, 90% artteerg were polymorphic (Table 1) which represents
the most important polymorphism proportion compatedother previous reports o@itrus genetic
diversity. In fact, 65% polymorphism was found in Gitrus varieties in Vietnam (Nhan et al., 2003),
39% of polymorphic bands obtained in 33 Volkameri@amon in Mexico (Andrade-Rodriguez et al.,
2004) and 51.51% polymorphism was detected witRirs\®eet orange accessions in India (Malik et al.,
2012). The level of polymorphism of the same primmaty depend on both conditions and varieties, for
example, using OPA04 primer, we found a very higbel of polymorphism (94 %) within Tunisian
sweet orange, while, no polymorphism was recof@e%b) among 22 Indian sweet orange (Malik et al.,
2012). Pair-wise similarity analysis of 12 RAPD kexs in the 19 cultivars &. sinensis revealed a wide
genetic background for Tunisian sweet orange. €ig@most universally propagated by budding scion
cultivars onto apomictic seedling rootstocks (Bligi et al., 1999) leading to a high level of genet
uniformity either in the same plantation (Fang &wabse, 1997; Elisiario et al., 1999). However, im o
study, the Maltaise genotypes investigated didchatter according to the geographical origin, sinee
observed a high level of genetic polymorphism amitragn. That could be explained by the occurrence
of a high rate of cross pollination influenced Ine trelatively-limited distribution area of this spes.
With respect to DUS (distinctness, uniformity anabdity) criteria for cultivar identification, these of
RAPD bands for distinguishable inter-varietal vioia could be of genetic and agronomic importance.
This would have an importance for the establishnodnproperty rights and determination of variety
purity. Such unique bandings would be especiallyalale if they are linked to agronomically impottan
traits.
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The efficiency of 9 SSR markers for the characition of sweet orange has been tested and evaluated
using SSR markers in citrus (Novelli et al., 20@Bynsidering all the 9 SSR markers used in theeptes
study, a relatively low polymorphism was detectedbss the analyzed germplasm. In terms of alleles'
number, all the markers could detect a relatively humber of alleles (19 alleles), with an averafie
2.11 per locus (Table 2). This result was simitathat found by Valdenice et al. (2006) when stagyi
sweet oranges. Recently, Pireseyedi et al. (20d)d similar results (2.9 alleles per locus) ac®@s
Iranian pomegranate accessions using 12 SSR mafkech as low number of detected alleles is often
found in cultivated fruit species, especially thasgetatively propagated, fig (Giraldo et al., 20GHhd
peach (Cheng and Huang, 2009), while a higher nurabealleles could be found in other perennial
species, including olive (Carriero et al., 20024 dychee (Viruel and Hormaza, 2004). Polymorphic
information content (PIC) is a measure of a magkarformativeness. The PIC values for the 9 markers
ranged from 0 (CAGG9) to 0.58 (GT03) with a mea® &7, which was lower to that found in previous
study (Golein et al., 2012). The overall heterozjtyocalculated on the studied set of Maltaiseicais

is found to be quite low (Table 3). Self-pollinatjdfollowed by vegetative propagation in production
may have shaped the current diversity structurénéncitrus germplasm. The relatively low level of
diversity detected by microsatellite markers refleatnarrow genetic background of the local studied
germplasm in Tunisia. This result was describedplievious studies (Luro et al., 2001). The low
intraspecific diversity found in cultivated specgsh as sweet orange contrasts with the highhilitya

of agriculturally important traits such as ripenipgriod and color and size of fruits (Bret6 et 2001).
Because of these factors and the general lackratanolecular markers the distinction betweenivans

is still based mainly on morphological traits, esphy fruit traits (Fang and Roose, 1997). Theadat

the present study is comparable with others (Bgréteal., 2006; Uzun et al., 2009) which reporteere

is close molecular relationship among sweet orangjhe sweet orange genetic resources in Tunisia
apparently have been subjected to human seleatiorehturies. Therefore, only a small part of geapm
coding for fruit traits (agronomic characters)jngolved. These results suggest that the cultivateds
germplasm in Tunisia, which is considered as difieation center of this crop, may share a common
genetic bottleneck. The polymorphic SSR loci alldwihe detection of three synonymous groups
involving 8 accessions (Figure 2), suggesting atutial amount of genetic redundancy in the Tanisi
maltaise collection. The case of this high levelreflundancy is a common problem in many plant
germplasm collections (Engels and Visser, 2003;nghet al., 2009), which impede the accuracy and
efficiency of conservation and utilization of plagegnetic resources. It is known that the there leas b
extensive exchange of maltaise oranges plantingnmabtcuttings) in Tunisia, both among farms and
among regions. Cultivars were often named accorttintfpe places where the cuttings were taken. This
practice of cutting introduction can easily leadduplicates in the germplasm collection. Accordiag
Luro et al. (2000) microsatellites could be consédea useful maker for citrus taxonomic studiesrimit

so powerful for cultivar identification in citrug @ther species where mutations or human selectiomns
the basic mechanism for intra-specific differemdiat Difficulties in obtaining markers for the
characterization of sweet oranges was reported thgrdDet al. (1995) who identified no differences
among sweet orange cultivars analyzed using meilgatmarkers and similar results were observed by
Novelli et al. (2000) using isozymes and RAPD mesK&argon et al., 2000).

The data obtained from RAPD and SSR were combimel phnonetically analyzed to determine the
genetic similarity among the accessions of the cwmitection. Each type of marker possesses distinct
advantages and disadvantages, and it is more igffdct use a combination of different marker system
to characterize genetic diversity in plants thasingle system. Furthermore, the use of differepesyof
molecular markers, which analyze different regiohthe genome, permits a better and deeper analfysis
genetic variations, as strongly recommended inraéwmaclonal variability studies (Hvarleva et al.
2008). RAPD primers quickly scan the whole genatatecting point mutations and insertion-deletion
events (Milbourne et al., 1997). In fact, The dimgram obtained with RAPD markers was diffiére
to that obtained with SSRs (Figure 1-2). Wheimgi both markers the dendrogram were divided into
eleven cluster and all the accessions were wdkrdifitiated (Figure 3). Indeed, when all two sdts o
markers were combined into a single data set aatyzad together, the cophenetic correlation wa,0.6
which is generally considered to be a high valueh{R 2002). This indicates that a combination fuoé t
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two marker systems gives a better estimate of aiitl than any single marker type alone. The

fingerprint of each genotype is defined by multif&PD and SSR bands presumably at multiple genetic
loci. This is important for cultivar characterizati since each cultivar is not defined by a singbrkar

but by a set of several markers. This level of payphism probably reflects the outcrossing natudre o

citrus since similar results have been obtainedgusbmbination of SSR and RAPD markers in other
crops (Mir et al.. 2008; Ebrahimi et al., 2011). it test showed weak but significant, correlation

among the RAPD and SSR similarity matrices (R 7B;2<0.05) and good concordance between the
clusters that were suggested by the two data sets.

ALE

Al D

F2{14,38%)

Fi1 (16,72 2a)

Figure 5. The plot of the two first components of PCA basadRAPD and SSR markers of the 19 Maltaise genst

Similar low correlation was obtained in soybearaft@pla et al., 2002) and sorghum (Geleta et a0
while, high correlations between genetic distangetined from different markers classes were also
reported for fig (Salhi-Hannachi et al., 2005) aadum wheat (Maccaferri et al., 2007). The quiteaa
scattering area of Maltaise cultivars on the PC# (Figure 5) can be explained by the decreaseddst

in cultivating Maltaise trees in the cap bon regiosince several decades, in aid of other comaibrci
interesting crops (mainly grapevine). Besidesggional level, results of the present study indidhat
there is no discernable genetic difference witldnheregion as well as among regions. The reasohtmig
be associated with dominant or co-dominant natdrehe two markers and the different types of
polymorphism detected (Belaj et al., 20@8ariot et al., 2007

4. Conclusion

The results in this study illustrate the combindfticiency of the SSR and RAPD techniques in
discriminating the Maltaise genotypes analyzed. Hignificance of this bifurcation is currently
unknown. But the current findings can be exploiteduture once these findings will be correlatedhwi
traits of interest. Our report is the first to d#se genetic diversity within Tunisian Maltaise pga
germplasm. The combination of SSR and RAPD markethads also guarantees some additional
benefits and seem to be suitable for the fineletuidentification of tightly linked Maltaise genpss,
indicating their usefulness for an accurate idaifon of plants with tight genetic relations, att
results presented can form the basis for the dedifrtureCitrus genetic improvement projects.
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