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|  ABSTRACT |

Genotyping of 14 Citrus accessions was carried out using RAPD and SCAR markers.The
genetic variability among the 14 Citrus accessions was estimated using forty decamer RAPD
primers. The total number of amplicons detected was 531, including 349 polymorphic amplicons.
This represents a level of polymorphism of 65.7% and an average number of 8.7 polymorphic bands
per primer. RAPD markers detected genetic similarity ranging from 10.8% to 87.7% between TC
and each of WM, AWM and BSO and between MSG and RRG, respectively. The similarity matrices
were employed in the cluster analysis to generate a dendrogram using the UPGMA method. The
dendrogram separated Troyer citrange from the other Citrus genotypes. Moreover, accessions
belonging to the same species always clustered together. Thirty-four out of the forty RAPD primers
identified 13 out of the 14 Citrus accessions by unique positive and or negative markers.Each of the
three primers OPCO4, OPKI16 and OFO0OI13 revealed unique markers characterizing five different
accessions. While, the other primers identified 1 to 4 accessions. Seven out of the eight RAPD
primers and one out of three SCAR primers detected markers known to be linked to Citrus tristeza
virus resistance in four and one Citrus accessions, respectively. On the other hand, three RAPD
primers and one SCAR primer were used to detect markers linked to low fruit acidity with the 14
Citrus accessions.
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[ INTRODUCTION ] not bear fruits until 3-4 years after planting.
Moreover, isozyme markers can be mediated

itrus is one of the major fruit crops all by secondary processes so that the normal

‘ over the world. The coventional patterns of expression are suppressed.
methods in Citrus cultivars Phenotypic diversity, polyembryony,

identification relied on morphological features
and isozymes (Protopapadadis, 1988). Using
morphological traits, it is difficult to
distinguish between many Citrus cultivars
because some cultivars are distinguishable
only by fruit traits and Citrus trees usuaily do

hybridization and mutations have prevented
cosensus on systematic classification of Citrus
(Coletta et al., 1998) and hampered Citrus
improvement programs.

The development of molecular markers
based on DNA sequences has provided an
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ideal means for identifying genotypes,
estimation of relatedness between different
accessions and following inheritance of
economically important characters. A wide
variety of DNA-based markers have been
developed in the past few years. RFLPs
(Restriction fragment length polymorphism)
were the first molecular markers {(Botstein et
al., 1980) generated for DNA fingerprinting
and genome mapping.However, the
development of PCR-based markers has
revolutionized the repertoire of genotype
identification. Randomly amplified
polymorphic DNA (RAPDs) or genetic
markers resulting from PCR amplification of
genomic DNA sequences recognized by ten-
mer primers of arbitrary nucleotide sequence
(Williams et al., 1990) have already proved to
be valuable in Citrus genotype identification
(Deng er af., 1995} and estimation of
relationships (Machado er al., 1996). RAPDs
have been extensively used in assessing
relationships amongst various accessions of
different plant species (Ahmed, 1999; Nebauer
er al., 2000, Besnard er al., 2001; Iruela et al.,
2002). Moreover, in Citrus several traits of
horticultural importance, including resistance
to Citrus tristeza virus (Crv) (Gmitter et al.,
1996), nematode resistance (L.ing et ai., 1994)
and dwarfing (Cheng and Roose, 1995) have
been tagged with RAPD markers. In addition,
most of these markers could be converted into
reliable sequence specific PCR-based markers
or sequence characterized amplified region
(SCARs) (Deng er al., 1997, Fang er al.,
1997). The converted SCARs are highiy
reliable and can be easily manipulated. Thus,
they are valuable in marker-assisted selection
(MAS) and map-based gene cloning.

The objectives of the present study are to
determine the genelic variability among 14
Citrus genotypes using RAPD markers and to
assess ihe genetic relationships among these
geniotypes.  Additionally, we are aiming to

identify unique RAPD markers characterizing
the different accessions and attempting to
identify accessions resistant to Citrus tristeza
virus and/ or containing low fruit acidity using
specific RAPD and SCAR primers.

[ MATERIALS AND METHODS i

Plant material

Fourteen Citrus  accessions collected
from the Citrus orchard of the Horticulture
Research Institute, ARC,Giza, Egypt were
included in this study. These accessions
comprised 7 rootstocks and 7 budded
accesstons belonging to different species. The
rootstocks were: Balady, Spanish and
Brazilian sour orange (C. aurantiun),
Rangpure lime {C. limonia), Volkamer lemon
(C. volkameriana), Cleopatra mandarin (C.
reticulata) and Troyer citrange (C. sinensis X
P. rrifoliata). The scion accessions were
Washington navel orange, Robertson navel
orange and Valencia orange (C. sinensis),
Willowleaf and Abd El Razek willowleaf
mandarin (C. deliciosa) and Marsh seedless
and Ruby red grapefruit (C. paradisi).

Extraction and purification of genomic
DNA

A modified CTAB (hexadecyl trimethyl
ammonium bromide) procedure based on the
protocol of Porebski er al. (1997) was the
method of choice for obtaining good quality of
DNA.

Randomly amplified polymorphic DNA
(RAPD)

A set of forty-six random 10mer primers
(Table 1) was used in the detection of
polymorphismm among the fourtcen Citrus
genotypes. RKAPD-PCR was  carried  out
according to the procedure given by Williams
et af. (1990) with minor modifications. The
amplification was carried out in 30 p! rcaction
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volume containing 1x PCR buffer, 1.5 mM
MgClz, 0.2 mM dNTPs, 1 uM primer, 1U Tag
DNA polymerase and 25 ng template DNA.
PCR amplification was performed in a Perkin-
Elmerf DNA  Thermal Cycler 2400
(Norwalk,CT) programmed to fulfill 40 cycles
after an initial denaturation cycle for 5 min at

94 °C. Each cycle consisted of a denaturation
step at 94 °C for 1 min, an annealing step at
37°C for 2 min , and an elongation step at
72°C for 2 min. The primer extension segment
was extended to 7 min at 72°C in the final
cycle.

Table (1): Sequences of the 46 decamer arbitrary primers used in RAPD-PCR.

Primer Sequence (5°-3") Primer Sequence (5°-3%)
QPAO1 CAGGCCCTTC OPHOL GGTCGGACAA
OPAD2 TGCCGAGCTC OPK16 GAGCGTCGAA
OPAD5 AGGGGTCTTG OPO03 CTGTTGCTAC
OPAOG GGTCCCTGAC OPOO4 AAGTCCGCTC
OPAOS GTGACGTAGG ‘OPO05 CCCAGTCACT
OPALl35 TTCCGAACCC OPOO7 CAGCACTGAC
OPBO1 GTTTCGCTCC OPOO8 CCTCCAGTGT
OPB1i0 CTGCTGGGAC OPO09 TCCCACGCAA
OPB11 ~ GTAGACCCGT OPO10 TCAGAGCGCC
OPB12 CCTTGACGCA OPO13 GTCAGAGTCC
OPB14 TCCGCTCTGG OPO16 TCGGCGGTTC
OPB17 AGGGAACGAG OPQ20 ACACACGCTG
OPCO0O2 GTGAGGCGTC OPW18 TTCAGGGCAC
OPCO4 CCGCATCTAC OPX18 GACTAGGTGG
orPCo7 GTCCCGACGA OPZ11 . CTCAGTCGCA
QPC09 CTCACCGTCC OPZ12 7 “TCAACGGGAC
OPC10 TGTCTGGGTG OPZ14 g TCGGAGGTTC
OPC15 GACGGATCAG OPZ15 : CAGGGCTTTC
oPC17 TTCCCCCCAG OPZ16 TCCCCATCAC
OPC138 TGAGTGGGTG OPZ17 CCTTCCCACT
OPF06 GGGAATTCGG OPZ18 AGGGTCTGTG
OPG17 TCCCAGAGAC OPZ19 GTGCGAGCAA
OoPGI18 AGACCAGTTC OPZ20 ACTTTGGCGG

The amplification products were
resolved by electrophoresis in a 1.5% agarose
gel containing ethidium bromide (0.5 pg/ml )
in 1X TBE buffer at 95 volts for two hr. PCR
products were visualized on UV light and
photographed using a Polaroid camera.

Sequence characterized amplified regions
(SCARs)

Four published sets of SCAR primers were
used (Table 2) and tested with the 14 Cirrus
accessions. One of these sets (SCZ20) was
reported to be linked to fruit acidity (Fang et
al., 1997), while the remaining three sets were
linked to Citrus tristeza virus resistance gene
(Deng et al., 1997).
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Table (2): A list of SCAR loci, their flanking sequences, the corresponding GC%, melting and

annealing temperatures.

Locus Primer sequence
5 3)

GC% Melting
temperature (°C)  (°C)

Annealing temperature

SCTO8 F=AACGGCGACATATAATAACGA
R=AACGGCGACAGTCTTGGGAAT

SCAA10  F=TCGGGTGATGGCAGAGGAATT
R=AAACCCCAATTACAGAAGACACA

SCAD0Z F=AACCGCTATATTGTTTTGAATTGA
R=GAACCGCTGAAAATITACTCGAC

SCZ20 F=TTTGGCGGCCCCATAAATCCCTAAT

R=GGCGGGAAATCATGACCCTAAACTA

38.1 58 70-50
324 64
524 64 70-59
39.1 64
28.2 62 70-57
43.5 66
48.0 74 60-50
48.0 74

The PCR reaction was carried out in 25
ul reaction volume containing !X PCR buffer,
2mM MgCls, 2 mM of dNTPs, 1 uM of each
of the forward and reverse primers,1X of Q
solution, 1.25 U hot start Tag polymerase
(GIBCO,BRL) and 25 ng genomic DNA. Hot
start and touch down temperature profile was
used as follows: An initial hot start and
denaturing step at 94 °C for 15 min, followed
by forty cycles at 94 °C for 1 min, annealing
temperature {Ta) (Table 2) for 1 min, and
primer elongation at 72 °C for 2 min. A final
extension step at 72 °C for 7 min was
performed. The PCR products were separated
on 1.8% - 2.0% agarose gel in 1X TBE buffer
containing ethidium bromide and
photographed with a Polaroid camera.

Data analysis

The banding patterns generated by
RAPD-PCR analyses were compared to
determine the genetic relatedness of the 14
Citrus genotypes. The amplified fragments
were scored either as present (1) or absent (0).
Bands of the same mobility were scored as
identical. The genetic similarily coefficient
(GS) between two genotypes was estimated

according to Dice coefficient (Sneath and
Sokal,1973) .Dice formula: GS(ij)=2a/(2a + b
+c).Where GS (1)) i1s the measure of genetic
similarity between individuals I and j, (a) is
the number of bands shared by I and j, (b} is
the number of bands present in I and absent in
j- and {c) is the number of bands absent in I
and  present m j.The genetic similarity
matrices based on the Dice coefficient were
used in the cluster analysis to generate a
dendrogram using the UPGMA analysis.

| RESULTS AND DISCUSSION |

Polymorphisms as detected by RAPD
markers

To assess the genetic uniformity of the
different trees belonging to each accession, a
preliminary assay was performed. In this
respect, five leaf samples of each Citrus
variety and ten samples of each rootstock were
collected from different trees and tested with
10 different RAPD primers. A lower number

of samples were taken from the varieties since’

they are vegetatively propagated while,
rootstock accessions are propagated through
seeds. In Cirrus, it is well known that seeds
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contain a number of embryos (polyembryony),
one of these embryos is usually of a zygotic
origin, while, the remaining are of nucellar
origin. The latter embryos are of special
interest in Citrus propagation since they
produce trees of genotype similar to the
mother tree. Therefore, it was useful to assess
the genotypic stability of the seedlings of the

different rootstocks. The results revealed that

all the examined varieties exhibited umiform
patterns with the ten examined primers.
However, with rootstock accessions only two
samples of the Brazilian sour orange accession
exhibited minor differences in their patterns
with only one of the tested primers (OPO03).
Therefore, five uniform DNA samples were
pooled to represent each accession and all the
subsequent analyses were performed on the
pooled samples.

One of the most important features of the
RAPD technique is detecting of high levels of
polymorphism and this feature has been met in
the present study (Fig.l). Forty-six primers
were screened with the DNA of the 14 Citrus
genotypes. Among the forty-six tested primers,
forty primers generated reproducible and
easily scorable RAPD profiles with a number
‘of amplified DNA fragments ranging from 8 to
26 (Table3). The total number of fragments
produced by the forty primers was 531 with an
average of 13.3fragments / primer. While the
number of polymorphic fragments ranged
from 2 to 21. In this respect, Deng er af
.(1995) used thirty-six 10-mer arbitrary
primers to detect RAPD markers in mutants of
lemon, and reported that twenty two of the
tested primers  generated  polymorphic
profiles.As shown in Table(3), a maximum
number of 26 amplicons was amplified with
primer OPAO8, while the minimum number of
fragments was amplified with primers OPO04,
OPO09 and OPZ12. The highest number of
polymorphic bands (21) was obtained with
primer  OPAOB. However, the highest

percentage {(100%) of polymorphism was
exhibited by OPO08. The average number of
polymorhpic fragments / primer among the 14
Citrus accessions was 8.7.In this respect,
Machado et al.{1996) and Coletta et al.(1998)
found that in mandarins the average number of
polymorphic bands/primer was 2.2 and 1.95,
respectively. This  discrepancy could be
interpreted, as these authors used accessions
belonging to one species, whereas, the present
investigation included accessions representing
8 species. Moreover, the size of the amplified
fragments varied with different primers,
ranging from 150 to 5000bp. Different authors
working on Citrus reported variable fragment
sizes, e.g. 100-3200bp (Deng et al., 1995), 274
to 3006bp (Machado er al., 1996} and 400-
3000bp (Coletta er al, 1998). These
differences could be attributed to the use of
different primers and different reaction
conditions.

Genetic relationships as revealed by RAPD
markers

To determine the genetic relationships
among the 14 Citrus genotypes, the scoring
data were used to compute the similarity
matrices according to Dice (Sneath and Sokal,
1973). These genetic similarity matrices were
then used in the cluster analysis to generate a
dendrogram using the UPGMA analysis. The
genetic  similarity ranged from 10.8% to
87.7%. The highest genetic similarity revealed
by the RAPD analysis (87.7) was between
Marsh seedless grapefruit (MSG) and Ruby
red grapefruit (RRG), both belonging to the
species C. paradisi. On the other hand, the
genetic similarity between Troyer citrange
(TC) and any of the other accessions ranged
from 10.8% to 12.6%.The low percentage of
similarity between Troyer citrange and the
other accessions might be due to its origin as a
hybrid between two different genus, ie.
(Citrus  sinensis x Poncirus trifoliata).
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Therefore, Poncirus trifoliata constitutes a Troyer citrange genotype from all the other
substantial amount of its genetic background Citrus accessions, thus demonstrating the
resulting in the genetic divergence from the distinctiveness of the genetic background of
studied Citrus genotypes. Consequently, the the Troyer citrange.

RAPD-based dendrogram (Fig.2) separated the
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Fig. (1): RAPD profiles of the 14 Citrus genotypes amplified with RAPD primers OPBI1I(A),
OPG17(B), OPO07(C), OPOI3(D), OPO20(E) and OPF06 (F). Lanes 1 to 14 refer to
Citrus genotypes, WNO, MW, VO, AWM, MSG, RNO, RRG, BSO, 550, RSO, RL,
VOL, TC and CM, respectively. M: molecular weight marker (1 Kb ladder plus).
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Fig. (2): Dendrogram for the 14 Citrus genotypes constructed from RAPDs data using
Unweighted Pair-group Arithmetic Average (UPGMA) and similarity matrices computed
according to Dice coefficients.
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Table (3): Total number of amplicons, monomorphic amplicons, polymorphic amplicons and
percentage of polymorphism as revealed by RAPD markers among the 14 Citrus

accessions.

Primer Total # of amplicons Monomorphic amplicons  Polymorphic amplicons % of pelymorphism
OPAOG G 7 2 222
OPADS 26 5 21 - 80.8
OPAIS 14 4 10 714
OPBOI 9 2 7 77.8
OPBi0 i2 2 10 83.3
OPBI1 22 3 19 86.4
OPB12 10 7 3 300
OPBl4 16 7 9 56.3
OPCO2 18 8 10 55.6
OPCO4 14 6 8 57.1
OPCO7 12 4 8 66.7
OPC09 10 4 6 60.0
OPCI0 9 3 6 66.7
OPC15 14 2 12 85.7
OPCI138 12 4 8 066.7
OPFO6 18 1 17 94.4
OPGI7 18 10 8 444
OPG18 11 4 7 63.6
OPHO! 12 4 8 66.7
OPK16 19 7 12 63.2
OPOG3 15 7 8 533
OPOO4 8 3 5 62.5
OPOQ7 13 4 9 69.2
OPOO03 14 0 14 100
OPOM 3 2 6 75.0
OPOI0 18 9 9 50.0
QPO13 18 6 12 66.7
OPQlé6 13 10 3 23.1
OPQO20 13 3 10 76.9
OPW18 16 1 15 93.8
OPX18 12 | 11 91.7
OPZi1 9 2 7 77.8
CPZ12 8 5 3 37.5
OPZ!14 9 4 5 556
OPZ15 10 2 8 30.0
OPZig 14 3 11 786

- - OPZ17 10 6 4 . 400 .
OPZ18 13 6 7 538
QPZ19 11 9 2 18.2
OPZ20 14 5 9 64.3

Total 531 182 349 65.7 %
Average 13.3 - 4.55 8.7

The other Cirrus accessions cluster
comprised two subclusters . One subcluster
was subdivided into two groups, the first
included the two mandarin varieties

[Willowleaf mandarin (WM) and Abd el-
Razek mandarin (AWM)], while the other
group was divided into two subgroups.The two
accessions of grapefruit, Marsh seedless
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grapefruit (MSG) and Ruby red grapefruit
(RRG) clustered together in one group.While,
the other subgroup included the three
accessions of sweet orange [Washington navel
orange (WNO),Valencia orange (VO) and
Robertson navel orange (RNO)]. The second
subcluster grouped the remaining accessions
which represent all the rootstocks used in this
study. This subcluster was divided into two
groups. One group contained the accessions of
sour orange [Balady sour orange (BSO),
Brazilian sour orange (RSO) and Spanish sour
orange(SSQO)], while the other group contained
the Rangpure lime (RL), Volkamer lemon
(VOL) and Cleopatra mandarin (CM)
rootstocks. In this respect, Cameron and Frost
{1968) and Coletta et al. (1998) mentioned that
genetic variability in Cifrus is related to high
number of taxonomic units (species and
hybrids), as well as frequent mutations
resulting in bud variation and limb sports.

The results obtained by the RAPD
technique showed that RAPD assay clustered
the accessions of each species together. This
finding is in accordance with Coletta er al
(1998), they showed that the RAPD technique
could be used to cluster mandarin into groups
of similar accessions.

Genotype identification by unique RAPD
markers

As shown in Tables (4 and 5}, the RAPD
assay permitted the identification of 13 Citrus
accessions by unique positive and/or negative
markers. Twelve accessions were characteri-
zed by 79 positive unique RAPD markers.
Among these twelve accessions, seven were
also characterized by negative RAPD markers.
On the other hand, one accession (Spanish
sour orange) was distinguished by negative
RAPD markers only. Among the tested
primers, 17 exhibited negative markers and 31
revealed positive markers.These identified 167
unique markers across the 14 Citrus

accessions. The RAPD primers generating the
different markers and the markers approximate
size are listed in Tables (4 and 5). Troyer
citrange was characterized by the highest
number of positive unique markers (14) and
negative markers (7). On the other hand, the
lowest number of unique markers was detected
in Spanish sour orange and Valencia orange
which were identified by only two unique
negative and two  positive  markers,
respectively.Certain  primers were more
informative than the others e.g., OPCO04,
OPK16 and OPOI13 since they identified the
highest number of genotypes (5), these primers
together had the potential to identify 8
genotypes.In this respect, Koller er al. (1993)
developed a key for 11 apple cultivars based
on 14 RAPD markers amplified by 2 primers.
Similarly, Wolf and Rijn (1993) demonstrated
that, only two primers were necessary o
distinguish 18 Chrysanthemum cultivars.
Aruna et al. (1995) presented a key for 7
biucberry genotypes based on 11 markers
amplified by four primers. The origin of these
unique markers may be attributed to mutation
at the priming site of the primers or to
insertion/deletion mutation in the distance
between the reverse and forward priming sites
of the primers. The presence of unique RAPD
markers among the various Citrus genotypes
confirms the utility of the approach for
fingerprinting purposes. RAPD fingerprinting

"has a number of potential applications

including the determination of cultivar purity,
efficient use and management of genetic
resources collection, particularly n
identification of mislabeled  accessions
{Ahmed, 1999).

Identification of Cifrus accessions resistant
to Ctv and/ or with acitric fruits as revealed
by RAPDs and SCARs
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Table (4): The seven Citrus rootstock genotypes characterized by unique positive and / or
negative RAPD markers, marker size and total number of markers identifying each rootstock.

Unique positive markers Unigue negative markers Grand
Size of the Primer Total # of mar- | Size of the marker Primer Total # of markers/ Tokal
Genotype marker band kers/ accession band (bp) accession
(bp)
Troyer citrange 400, 650 OPAILS 2500 OPAIS
750 OoPB11 550 OPCo4
1200 OPCd 14 400 OprGl18 7 21
1000 OPCI0 1650 OPKl6
1853 OPF06 650 OPOO4
400, 1450 OPG18 850 OPZ12
1300 OPOO8 590 OPZ20
603 opP013
1450 OPX18
1200 OoPZ12
650 OPZ18
500 OPZ20
Balady sour orange 650 oPBi10
165, 745 OPFO6
1050, 1430 OPHIG 12 12
450 OPO13
430, 640.850  OPWI
1690, 1755 8
1500 OPW1
8
OPZ12
Spanish sour 935 OPBi2
orange 2390 OPO16 2 2
Brazilian sour  1520,1830, OPHOI
orange 3000, 1000 OPKl16 4 4
Cleopatra 300 OPBO1 450, 500 OPBi4
mandarin 750 OPB10O 7 900 OFCo4 5 12
950 oPCo4 850, 1650 OPZ16
1455 OoPC10
1650 OPOI3
350, 1353 OPZi6
Rangpure ime 1950 OPALS
1000 OPCO7
1350, 1650, OPC10
3000 OPKI16 10 10
1600.3000 OPQ13
1000 OPO20 e
1680,1590 OPZ20
Volkamer lemon 590 OPAlS 700 opO13
255 OPB12 800 OPOI13
1000 OPBl4 12 850 OPO13 5 17
700 OPCO4 1078 OPO13
150 OPK16 930 OPO20
700 QOPO07
750 OPOL3
620, 650,900  OPO20
T rootstocks 59 19 78

Arab J. Biotech., Vol
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Table (5): The budded Citrus genotypes characterized by unique positive and/ or negative RAPD
markers, marker size and total number of markers identifying each genotype.

Unigque positive markers Unique negative markers
Genotype Size of the Primer Total # of Size of the marker Primer Total # of Grand
marker band markers/ band (bp) markers/ accession Total
(bp) accession e
Valencia orange 150 OPAO3 2 2
1950 OPG138
Washington 1550 OPGI3 1 1250 QPBOi 2 3
navel orange 400 OPBlO
1700 OPGI8 2 1650 OPBIO 5 7
Robertson niavel 3000 0POO3 1353 OPBI10
ne 1200 OPB14
2027 OPZ11
1850 OPZ11
2000 GQPB11 5 200 OPOI6 1 6
. 400 OPOO7
Wlllowle.af 250 OPCO4
mandarin 200 OPC04
2255 Qprzis
Abdel- Razek
willowleafl 150 OPCOZ 3 250 oPZ19 1 4
mandarin 850 OPK16
450 OPZ20
300 OPADO
Marsh seedless 3000 OPCO2 7 7
grapefruit 1432 OPC4
2150 QPCo9
2000 OPX18
1600 OPZ)2
1078 OPZ14
6 Budded 20 [ 29
accessions

Among several marker systems currently
available, randomly amplified polymorphic
DNA (RAPDs)represents a type of genetic
markers that can be generated efficiently and
simply, thus, enabling quick tagging of traits
of agricultural importance. In Citrus, genome
maps containing RAPD loci have been
constructed {Cai ef al., 1994) and several traits
of  horticultural  importance  including
nematode resistance {(Ling er al., 1994),
dwarfing (Cheng and Roose, 1995) and Crv
resistance (Gmitter ef al., 1996) have been
tagged with RAPD markers. To enhance their

usefulness in marker-assisted selection and
map based cloning, most of these markers
were converted into SCAR markers by cloning
of the RAPD/PCR- product and sequencing.

In the present study, eight 10 mer RAPD
primers and three SCAR primer pairs
previously published as markers linked to
Citrus tristeza virus, were used in an attempt
to identify accessions resistant to this virus.
Fig. (3 A) illustrates the RAPD marker iinked
to Cwv as revealed by primer OPBI1l. As
shown in Table (6), all the examined primers
amplified fragments with the exact size as
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reported by Gmitter er al. (1996) except
OPHO! which failed to amplify the expected
marker with any of the examined accessions.
This may be due to the absence of the target
sequence in the examined accessions, or a
mismatching at the priming site in the resistant
accessions. Troyer citrange revealed the
highest number of RAPD markers known to be
linked to resistance to Crv (siX out of eight
tested primers). Moreover, only one of the
SCAR primer pairs amplified the expected
fragment (650ph) only in Troyer citrange; this
might be due to the gene flow from its parent
{(Poncirus trifoliata) which is known to be
resistant to Ctv. Volkamer lemon revealed 3
markers identified by RAPD primers OPF06,
OPO07 and OPX18. While, Rangpure lime and
Spanish sour orange exhibited only one marker
each with primers OPF06 and OPOO7,
respectively.

Concerning the absence of the SCAR
markers, Deng er al. (1997) stated that no
amplification by SCADO2Z was observed in
several Cirrus  varieties including Foster
grapefruit (Cirrus paradisi Macf), Valencia
and Hamlin orange (Citrus sinensis L.osb).
and Nova tanglo [(Citrus reticulata. Blanco) x
(Citrus paradisi) x (Citrus reticulara)]. On the
other hand, three RAPD primers and one
SCAR primer pairs were used to screen Citrus
accessions for markers linked to the aciftric

A

Fig. (3): RAPD (A) and SCAR (B)
profiles ilfustrating
markers linked to Citrus
fristezaa virus resistance
in Troyer citrange as
defected by  primers
OPBll and SCTOS, ]
respectively.

character. The tested primers were OPCI10,
OPB12, OFZ20 and SCZ20. The primer,
OPC10 amplified a marker at the expected size
as reported by Fang et al. (1997). This marker
was detected in Willowleaf mandarin and
Abdel Razek willowleaf mandarin, however,
these two accessions are known to have a
moderate fruit acidity.In this respect, Fang et
al. (1997) stated that, the intermediate acidity
of acitric heterozyotes (dcac) could be
interpreted as indicating that acitric is not fully
recessive. They also demonstrated that these
three markers (OPB12, OPCI10 and OPZ20)
did not appear in Pummelo 2240, Red
mandarin-lime, vellow sweet lime, Kinnow
mandarin, or Rubidoux trifoliate orange. On
the other hand, these markers appeared in
Chandler and Pummelo 2241, and they stated
that it is evident that the amplified sequences
must originate from Pummelo 2241].
Therefore, they concluded that, these RAPD
markers are only informative in certain crosses
involving Pummelo 2241 or its hybrids such as
Chandler.

In the present study, 7 RAPD and one
SCAR markers linked to Crv were useful in
detecting resistant accessions. Identification of
trait linked markers that allow selection at the
seedling stage is highly advantageous to Cirrus
breeder.
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Table (6): RAPD and SCAR markers linked to Cv resistance, size of the corresponding band and
Citrus accessions revealing the markers.

Marker type  Primer Ba?lfpgm Genotype
RAPD OPA1S 650 Troyer citrange (TC)
OPB11 700 Troyer citrange(TC)
OPFG6 750 Rangpure lime, Volkamer lemon
OPHO1 _ -
OPOO7 650 Spanish sour orange, Volkamer lemon, TC
OPO16 650 Troyer citrange (TC)
OPW18 450 Troyer citrange (TC)
OPX18 550 Volkamer lemon, Troyer citrange (TC)
SCAR SCTO08 650 Troyer citrange {TC)
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