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Abstract

Pomegranate (Punica granatum L.) is a significant fruit crop that has high nutritional, economic and genetic values. The genetic
relationships among 24 pomegranate accessions (18 local genotypes from Mardin, 5 registered cultivars and 1 Siirt Seedless genotype)
were analyzed using chloroplast trnL-F sequence and ISSR markers. The fragments of the trnL-F region were amplified and the
fragments were around 450 bp. All accessions were clustered together in the Neighbor-Joining analysis, except genotype 15 (accession
47 N 15), which was on a separate branch. Maximum likelihood analysis gave higher resolution, and yielded three large clusters with
genotype 15 appearing separately. Initially, a total of 23 ISSR primers were screened, and six of them were selected because they
produced clear, reproducible, and polymorphic band patterns. A total of 30 amplified bands were generated by these primers, with an
overall polymorphism level of 60%, which included 18 polymorphic bands. Polymorphism rates ranged from 33% to 83%, and PIC
values varied between 0.13 and 0.37, with the highest values obtained from primer UBC845. UPGMA clustering and PCoA revealed
genetic differentiation among the ac-cessions, with genotype 1 (accession 47 N 01) showing the most distinct position in the ISSR
dendrogram. Overall, ISSR markers provided higher discriminatory power than the chloroplast trnL-F region. The results indicate that
southeastern Turkish pomegranate germplasm contains detectable genetic diversity and includes divergent accessions that may be
useful for future conservation and breeding studies.
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Introduction

Pomegranate (Punica granatum L.) belongs to the family
Lythraceae and the order Myrtales. The genus Punica includes
two species, P. protopunica and P. granatum (Mars &
Marrakchi, 1999), of which the latter is the principal cultivated
species (Onur, 1988). Pomegranate is a deciduous or semi-
deciduous shrub or small tree whose fruits contain numerous
fleshy arils. The fruit is consumed fresh or processed into
products such as juice, jam, and pomegranate molasses. It is a
valuable source of vitamins, minerals, polyphenols, and other
bioactive compounds (Gil et al., 2000; Ebcioglu, 2003;
Simsek & ikinci, 2017). These compounds contribute to its
nutritional and commercial importance and have attracted
interest because of their reported antioxidant and other health-
related properties (Singh et al., 2023; Valero-Mendoza et al.,
2023).According to popular belief, the pomegranate, i.e., a
species that can grow both in tropical and subtropical climatic
zones, originated from Central Asia, particularly the
Transcaucasian-Caspian region of Iran, and spread from there
to the rest of the world (Levin, 1994; Verma et al., 2010).
While it is evergreen in tropical climates, it tends to shed its
leaves partially or completely in winter in subtropical
climates. Its high adaptability to adverse conditions and
especially its drought resistance make it an excellent tree for
cultivation in arid regions, as well.
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Pomegranate is widely cultivated in Mediterranean and
Asian countries under warm, dry climatic conditions and
across diverse soil types (Ismail et al., 2014; Simsek, 2017).
Tiirkiye is among the major pomegranate-producing
countries, with cultivation concentrated mainly in the
Mediterranean, Aegean, and Southeastern Anatolia regions
(Dursun et al., 2019). Breeding perennial fruit species is a
lengthy process because of their long generation times.
Molecular markers can be used to help characterize genetic
variation and to select breeding material, which is
genetically different (Yildirim & Kandemir, 2001). Random
amplified polymorphic DNA (RAPD), simple sequence
repeats (SSRs), inter-simple sequence repeats (ISSRs),
amplified fragment length polymorphisms (AFLPs), and
sequence-related amplified polymorphisms (SRAPs) are
some of the different marker systems used to estimate
genetic diversity and relationships among and within plant
populations (Reddy et al., 2002; Andersen & Liibberstedt,
2003; Kagar, 2004; Vardar-Kanlitepe et al., 2010).
Sequences of chloroplast DNA (cpDNA) are also common
in plant systematics (Hao et al., 2010). Regions of the
chloroplast genome, including rbcL, trnL and trnL-F, can be
useful for studies of the phylogenetic relationships, and
geographic origins, of germplasm of plants (Shaw et al.,
2007). The chloroplast trnL—trnF region includes the trnL
intron and the intergenic spacer located between the 3’ exon
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of trnL and the trnF gene. The universal e and f primers
specifically amplify the trnL-trnF intergenic spacer and have
facilitated the application of this region in plant systematics
and germplasm characterization (Taberlet et al., 1991).
Because non-coding chloroplast regions generally
accumulate more sequence variation than coding plastid
genes, trnL-trnF can provide useful information about
phylogenetic relationships. Nevertheless, its relatively
conserved nature may provide limited discrimination among
closely related genotypes or cultivars (Shaw et al., 2007).

Inter-simple sequence repeat (ISSR) markers amplify
anonymous nuclear DNA regions located between adjacent
microsatellite repeats using repeat-anchored primers;
therefore, prior genomic sequence information is not
required (Zietkiewicz et al., 1994; Reddy et al., 2002).
ISSR analysis produces multilocus fingerprints and is
relatively simple, cost-effective, and capable of detecting
polymorphism, making it wuseful for germplasm
characterization and genetic-diversity studies. However,
ISSRs are dominant markers, meaning that the presence of
a band cannot distinguish a heterozygous genotype from a
dominant homozygous genotype. Their reproducibility and
interpretation also depend on consistent PCR conditions
and careful band scoring (Reddy et al., 2002).

The genetic diversity described by chloroplast trnl.—
trnF sequences and ISSR markers are complementary. The
primers used in this region are universal and can be used to
amplify DNA from a variety of plant taxa; the region is
relatively conserved and could be used to reliably
distinguish closely related genotypes, but was selected
because it has been broadly employed in plant-systematics
studies and because it can be compared directly with
previous investigations of the molecular diversity of the
Turkish germplasm of pomegranate. Furthermore, trnL—
trnF is a generally uniparentally inherited plastid region
that offers information on maternal-lineage relationships
which cannot be derived from multilocus nuclear ISSR
profiles. The ISSRs, on the other hand, are able to sample
several areas of the recombining nuclear genome and can
detect more intraspecific variation. Also, Sevindik & Efe,
(2021) observed that higher polymorphisms were detected
using ISSR markers when compared to trnL—trnF
sequences in Turkish populations of pomegranate. Thus,
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both the marker systems were integrated to give a wider
preliminary evaluation of the regional germplasm of
pomegranate than an individual one could do.

Although several studies have investigated the genetic
diversity of Turkish pomegranate germplasm, regional
accessions from Mardin and neighboring areas of
southeastern Tiirkiye remain insufficiently characterized at
the molecular level. Moreover, relatively few studies have
jointly employed chloroplast sequence data and multilocus
nuclear markers to compare maternal-lineage variation
with broader nuclear genetic diversity in this regional
germplasm. Therefore, the present study combined
chloroplast trnL—trnF sequence analysis with ISSR
markers to characterize genetic diversity and relationships
among 24 pomegranate accessions.

Although several studies on diversity have been
conducted in Turkey on pomegranate using ISSR, SSR,
ITS or chloroplast markers, germplasm from the city of
Mardin is not adequately represented in national diversity
studies based on molecular markers. In the present study,
the use of nuclear ISSR variation was combined with
chloroplast trnL—F sequence differentiation in the same
regional collection. The aim of the study was to
characterize the genetic diversity and relationships among
the 18 local Mardin genotypes, Siirt Seedless genotype and
five registered cultivars, and to identify some of the
potentially divergent accessions for further evaluation for
conservation and breeding purposes.

Materials and Methods

Plant material: Eighteen different genotypes, naturally
growing in the region and collected from Artuklu (Kabala,
Yardere neighborhoods and Ahmetli village) and Kiziltepe
(Ayaz, Ulukéy and Erdem villages) districts of Mardin
province, along with five registered varieties named
Zivzik, Esin, Yilmaz, Hicaz and Onur, and the genotype
'Siirt Seedless' from the Siirt region, were used as plant
sources in this study (Fig. 1, Table 1). Leaf samples
obtained from these were immersed in liquid nitrogen at -
196°C, wrapped in aluminum foil, and stored at -80°C until
used in the studies.
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Fig. 1. Geographical locations of the pomegranate sampling areas in southeastern Tiirkiye. (A) Mardin Province, where 18 local
genotypes were collected from; (B) Siirt Province, the source of the Siirt Seedless genotype. The highlighted areas indicate the locations

of Mardin and Siirt provinces within Tiirkiye.
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Table 1. Local pomegranate genotypes and registered
cultivars used in the study, including their collection
districts and sampling locations.

No. Name of the District Neigh!)orhood /
sample Village
1. 47N 01 Kiziltepe Erdem
2. 47N 02 Kiziltepe Erdem
3. 47N 03 Kiziltepe Erdem
4. 47N 04 Kiziltepe Erdem
5. 47 N 05 Kiziltepe Erdem
6. 47N 06 Kiziltepe Ulukoy
7. 47N 07 Kiziltepe Ayaz
8. 47N 08 Artuklu Kabala
9. 47N 09 Artuklu Kabala
10. 47N 10 Artuklu Kabala
11. 47N 11 Artuklu Kabala
12. 47N 12 Artuklu Kabala
13. 47N 13 Artuklu Yardere
14. 47N 14 Artuklu Ahmetli
15. 47N 15 Artuklu Ahmetli
16. 47N 16 Artuklu Yardere
17. 47N 17 Artuklu Yardere
18. 47N 18 Artuklu Yardere
19.  Siirt Seedless Siirt Center
20. cv. Zivzik Siirt Zivzik
21. cv. Esin Antalya Center
22. cv. Yilmaz Antalya Center
23. cv. Hicaz Antalya Center
24. cv. Onur Antalya Center

Genomic DNA Isolation: DNA isolation was performed
using the CTAB (cetyltrimethylammonium bromide)
method, adapted from Doyle and Doyle, (1987) and
modified by Karaca ef al., (2005). The resulting pellet was
dissolved in 100 ul of TE buffer (pH: 8.0) and stored at +4
or -20°C for later use.

PCR for chloroplast-specific markers: The chloroplast
trnL—trnF  intergenic spacer was amplified using the
universal primers e and f developed by Taberlet et al.,
(1991). The PCR cycling protocol followed Altintas et al.,
(2019), with modifications to the reaction mixture.
Amplification was performed in a total volume of 50 puL
containing genomic DNA, Taq reaction buffer, MgCl,
dNTPs, forward and reverse primers, bovine serum
albumin, Taq DNA polymerase, and nuclease-free water.
A no-template negative control, in which genomic DNA
was replaced with nuclease-free water, was included in
each PCR run to detect possible contamination and verify
the reliability of the amplification results. The primer
sequences were as follows:

Forward primer (trnL-¢) 5'-GGTTCAAGTCCCTCTATCCC-3';
Reverse primer (trnF-f): 5-ATTTGAACTGGTGACACGAG-3".

PCR was performed by denaturating the samples at
95°C for 7 min, followed by 35 cycles of three steps: (i) 1
min of denaturing at 94°C, (ii) 1 min of annealing at 52°C,
and (iii) 2 min of elongation at 72°C. A final extension was
performed at 72°C for 10 min, after which the reactions
were held at 10°C until retrieval from the thermocycler.

Amplification products were separated on 1.5% agarose
gels in 1x TAE buffer and visualized using ethidium
bromide staining and a UV gel documentation system.

Because ethidium bromide is a hazardous mutagen, all
contaminated materials were handled and disposed of
according to institutional laboratory-safety procedures.

The purified PCR products were sent to Hibrigen for
Sanger sequencing in both the forward and reverse
directions using the trnL-e and trnF-f primers, respectively.
The forward and reverse chromatograms were analyzed and
edited using BioEdit; subsequently, the complementary read
data were merged to generate a consensus sequence for each
accession number. The resulting consensus sequences were
aligned using ClustalW prior to phylogenetic analysis to
determine the kinship relationships of species whose
sequences were aligned, a phylogenetic tree was constructed
using the MEGA6 computer program. For this purpose,
Neighbour-Joining (NJ) and Maximum-Likelihood
distance-based methods were used. The trnL-F sequences
obtained in this study have not been deposited in GenBank.

PCR for ISSR markers: A total of 23 ISSR primers were
initially screened for amplification quality and
polymorphism. Six primers-UBC807, UBC810, UBC820,
UBCR845, UBC847, and UBC850-were selected for the
final analysis because they produced clear, reproducible,
and polymorphic banding profiles across the examined
pomegranate accessions. ISSR amplification reactions
were performed in a total volume of 25 pL. PCR was
performed as follows: (i) denaturation at 95°C for 3 min,
(i1) 35 cycles of; (ii-a) denaturation at 95°C for 45 sec, (ii-
b) annealing at 55°C for 1 min, (ii-c) elongation at 72°C
for 45 sec, (iii) final extension at 72°C for 7 min, and (iv)
being held at 4°C until used. Amplification products were
resolved by electrophoresis on 2% agarose gels in 0.5% 1X
TAE buffer and stained with 0.1% ethidium bromide at 90
V for 3 hours and visualized on an UV transilluminator.
ISSR analysis was carried out as follows: each band
was scored as present (1) or absent (0) and the obtained
data were analyzed using the PAST version 4.09
(Paleontological statistics software package for education
and data analysis) computer package program developed
by Hammer et al., (2001). Ambiguous bands and reactions
showing unsuccessful amplification were recorded as
missing data rather than as band absence and were
excluded from the corresponding pairwise comparisons
during the similarity analysis. Cluster analyses were
performed using the UPGMA (Unweighted Pair Group
Method Using Arithmetic Average) method with the
similarity index, and dendrograms were obtained. The
similarity matrix was calculated with the Mantel Matrix
Correspondence Test (Mantel, 1967) and the cophenetic
correlation coefficient (r) value was obtained. In this study,
Rotala indica was used as the outgroup in all dendrograms.

AMOVA analysis: The molecular variance analysis
(AMOVA) was conducted using the binary matrix of ISSR
to analyze the genetic variations among and within the
Kiziltepe and Artuklu sampling districts. The 18 local
genotypes, seven genotypes from Kiziltepe and 11 from
Artuklu were included in the analysis. The five cultivars that
were registered and Siirt Seedless were not included because
they were not comparable district-level population samples.
If ISSR scores were missing, they were filled in with the
mean score of the appropriate locus. 9,999 permutations
were used to evaluate the significance of ®PT in R software.



Results

Phylogenetic analysis based on the chloroplast trnL-F
region: Amplification of the chloroplast trnL-F region
produced PCR fragments of approximately 450 bp for all
analyzed pomegranate genotypes. Both Neighbor-Joining
(NJ) and Maximum Likelihood (ML) methods were used
to reconstruct the phylogenetic relationships among 24
pomegranate accessions, comprising 18 local genotypes
from Mardin, the Siirt Seedless genotype, and five
registered cultivars.All the analysed genotypes were
clustered in a single major cluster except Genotype 15
(accession 47 N 15), which was separated from the other
accessions (Fig. 2).

Accession genotype 15 (47 N 15) was placed in a
single cluster, not among the other accessions, in the NJ
and ML trees. The other accessions revealed different
clustering patterns in the two analyses, with the NJ tree
clustering them into one large group, and the ML tree
forming several subsets. The difference in the topologies
might be due to the limited sequence variation in the
relatively conserved chloroplast trnL—trnF region, as well
as to the different assumptions used in NJ and ML methods.
Unfortunately, no bootstrap resampling was done, so the
statistical support for internal branches and the separate
placement of accession 47 N 15 could not be assessed.
Thus, the pattern observed should be considered
preliminary sequence affinities and should be confirmed
with the help of bootstrap-supported analyses and other
more informative chloroplast or nuclear markers (Fig. 3).

Genetic diversity analysis using ISSR markers: Genetic
diversity among the analysed pomegranate germplasm was
initially screened with 23 ISSR primers. These were chosen
to give clear, reproducible, polymorphic amplification
profiles: UBC807, UBC810, UBC820, UBC845, UBC847
and UBC850. The descriptive parameters of the informative

15
Rotala indica

Fig. 2. Relatedness of 24 pomegranate accessions according
to aligned chloroplast trnL-F sequences using neighbor-
joining (NJ) phylogenetic tree. As an outgroup for rooting the
tree, Rotala indica was added. The accession numbers are
assigned to the pomegranate genotypes and registered
cultivars in the Table 1.
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primers such as total number of amplified bands, number of
polymorphic bands, band size range, polymorphism
percentage and polymorphism information content (PIC) are
summarized in Table 2.

All six of the informative ISSR primers gave rise to 30
amplified bands, with the 18 polymorphic bands giving rise
to a range of polymorphisms of from 33% to 83%.
Amplified bands ranged in size from 300 to 1500 bp and
the number of amplified bands per primer ranged between
3 and 7. The polymorphism rate for Primer UBC845 was
83% with the highest PIC value (0.37), while for UBC847
the polymorphism rate was 33%, and the lowest PIC value
(0.13). PIC values were relatively low to moderate, which
meant that markers were relatively informative. The result
should be viewed with the understanding that ISSR
markers are dominant so that the presence or absence of a
band will score a locus as either the presence of the
dominant band or the absence of the recessive band,
resulting in lower resolution of genetic-diversity estimates.

Genetic relationships based on ISSR markers: UPGMA
analysis of ISSR data showed genetic subclustering of 24
pomegranate accessions into distinct genetic groups (Fig.
4). The local genotypes and registered cultivars were not
grouped in two distinct clusters, indicating a shared origin
or historical exchange of propagation material, or genetic
similarity between cultivated and locally-maintained
germplasm in the same major clusters. Meanwhile, several
local genes were present in relatively distinct positions,
suggesting that the region germplasm could show genetic
variation that is not adequately sampled by registered
cultivars. Such divergency accessions can be utilized to
expand the genetic base of the future germplasm of
pomegranate breeding but their breeding value needs to be
confirmed  with  complementary = morphological,
biochemical and agronomic evaluations.
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Fig. 3. Maximum Likelihood (ML) phylogenetic tree showing the
relationships among 24 pomegranate accessions based on aligned
chloroplast trnL-F sequences. Rotala indica was used as an
outgroup to root the tree. The accession numbers are the same as
the pomes listed in Table 1, with the exception of registered
cultivars which are numbered as in the accession list.
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Table 2. The total and polymorphic band numbers, amplified fragment-size ranges, polymorphism rates and
polymorphism information content (PIC) values of the six informative ISSR primers used to evaluate the
genetic diversity among the pomegranate accessions were presented.

. Total no. of No. of polymorphic Length of band  Polymorphism rate
Primer bands ganyds b i (bp) ' (&) PIC
UBC807 7 5 300-1050 71 0.30
UBCS810 6 2 350-1100 33 0.17
UBCS820 4 2 350-1100 50 0.19
UBCB845 6 5 300-1250 83 0.37
UBC847 3 1 750-1000 33 0.13
UBCS850 4 3 500-1500 75 0.20

Table 3. Analysis of molecular variance (AMOVA) of ISSR-based genetic variation among and within the
Artuklu and Kiziltepe sampling districts.

Source of variation df Sum of squares Mean square Variance component Variation (%)
Among districts 1 3.902 3.902 0.038 1.05
Within districts 16 57.253 3.578 3.578 98.95
Total 17 61.155 3.597 3.616 100.00

OPT =0.010; p =0.358, based on 9,999 permutations. df, degrees of freedom

Fig. 4. Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) dendrogram showing the genetic relationships among
24 pomegranate accessions-18 local genotypes from Mardin
Province, the Siirt Seedless genotype, and five registered
cultivars-based on ISSR marker data.

In the dendrogram, several pairs or small group of
genotypes had relatively high genetic similarity, such as
genotype 5 and 19, 10 and 12, 16 and 21 and 7 and 18.
Genotypes 1, 3, 6, and 9, on the other hand, were located
on branches that were genetically more distant from the
other genotypes. Typical of accessions, genotype 1
(accession 47 N 01) was the most distinct in the
dendrogram and thus one of the most divergent accessions
among the germplasm analyzed. Local genotypes and
registered cultivars are intermingled within the same
clusters, which is indicative of shared genetic background

or propagation material exchange in the past. However, the
somewhat distinct positions of some of the local genotypes
suggest they may offer further genetic variation for
expanding parental diversity in future breeding. The six
accessions selected using the ISSR primers resulted in
enough variation for initial discrimination among the
accessions. However, ISSRs are dominant markers and
cannot differentiate between heterozygous and dominant
homozygotes and thus do not offer much information about
allelic diversity. Therefore, the relationships and breeding
implications identified should be confirmed with the help
of codominant or genome-wide markers (SSRs or SNPs) in
combination with phenotyping.

A two dimensional coordinate analysis was also
carried out to support the hierarchical cluster analysis
carried out with the ISSR data (Fig. 5). The results of the
coordinate plot generally corroborated the relationships
seen in the UPGMA dendrogram, with accessions
genetically different from the remainder of the plot being
separated from the group and genetically similar
accessions being grouped together. A few genotypes, such
as 1, 18, 23, 24 and 9, were away from the central area of
the plot, indicating a higher level of genetic differentiation
compared to the rest of the plot. Another point of
comparison between the dendrogram and coordinate
analysis confirms the reliability of using the ISSR marker
system to assess genetic diversity among the genotypes
analysed. The first two axes of PCoA accounted for
38.00% of the total variation, with 20.01% and 17.99%
explained by Coordinate 1 and Coordinate 2, respectively.

It was found that Artuklu-Kiziltepe difference
accounted for 1.05% of the total ISSR variation, while
98.95% of the total ISSR variation was within the sampling
districts. There was little genetic difference between the
two districts, and not significant (PPT = 0.010, p = 0.358;
Table 3). The results showed that the two districts did not
have a strong difference in the genotypes obtained
according to the investigated ISSR markers.
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Fig. 5. Principal Coordinate Analysis (PCoA) of the distribution of 24 pomegranate accessions based on the ISSR marker data. The first
coordinate, Coordinate 1, accounted for 20.01% of the variation and the second coordinate, Coordinate 2, accounted for 17.99% of the
variation. Accession numbers are from the list of genotypes and registered cultivars in Table 1.

Discussion

In the present study, chloroplast trnL-F sequence
analysis and ISSR markers were used to assess the genetic
relationships among 24 accessions of pomegranate. The
two marker systems provided complementary but different
levels of resolution. In angiosperms, chloroplast DNA is
uniparentally (and mostly maternally) inherited, with low
levels of recombination, and is monophyletic. Thus, the
trnL-F region is relatively conserved and mostly reflects
differences in maternal ancestry and is of limited capacity
to discriminate between closely related accessions.
However, in contrast, ISSR markers target several
polymorphic regions located all over the nuclear genome.
These ISSRs can identify a wider range of genetic
variability due to the nuclear genome receiving genetic
material from both parents and being subject to genetic
recombination. Similar marker resolution differences were
found in Asparagus, where nuclear ITS sequences were
more informative for the phylogenetic analysis than the
chloroplast trnL-F region (Altintas et al., 2019). On the
other hand, Inal et al., (2017) found that the trnL-F region
discriminated between the various Turkish apple genotypes
from the local region and relationships among them were
inferred based on 1000 bootstrap replicates. The results of
the two studies combined show that the discriminatory
power of trnL-F is taxon-specific and depends on the
degree of the sequence variation of the germplasm under
study. This seems to account for the higher number of
discriminations that could be obtained from the ISSR
markers in the present pomegranate collection when
compared with the chloroplast trnL-F region.

The results of previous molecular study of the
pomegranate germplasm from the southeastern region of
Tiirkiye also illustrate the difficulties that can be faced in
distinguishing pomegranate accessions that are very close
together from a single sequence region. A Neighbor-Joining
analysis based on nuclear ITS sequence was used to assess
30 Pomegranate (Punica granatum L.) genotypes collected
from Siirt Province, Turkey with the bootstrap method
performed by Pakyiirek (2019). The study showed that most
accessions were very similar genetically, and that there was

little variability in ITS, even though there were differences
in their pomological characteristics. In this context, the
author suggested the use of nuclear and chloroplast markers
along with morphological, phenological and pomological
assessments to better define the germplasm of pomegranate
of a particular region. These results are consistent with the
present findings, and support the conclusion that the
resolution is restricted at the intraspecific level.

Paleotypographic differentiation was generally poor in
the chloroplast trnL-F region but genotype 15 was always
clearly differentiated from the others. The pattern indicated
that there may be a different chloroplast haplotype for
genotype 15, which may indicate that the maternal lineage
is different or that there is a different source from a seed
origin. It is an accession which may offer valuable
germplasm as well as further characterization due to its
unique location. Due to the lack of bootstrap support in the
single conserved chloroplast region, the genetic
distinctness of genotype 15 should be treated with caution
and needs to be further verified with other chloroplast
regions and more discriminatory nuclear markers. A
similar pattern of limited chloroplast resolution was
reported by Sevindik and Efe, (2021), who found that ISSR
markers detected higher polymorphism than trnL-F
sequences in Turkish pomegranate populations. Their
finding that the use of trnL.-F alone did not prove to be very
effective to distinguish closely related pomegranate
populations is similar to the results of the present study.

ISSR markers provided greater discriminatory power
than the chloroplast sequence analysis. The six informative
primers generated 30 bands, of which 18 were polymorphic,
corresponding to an overall polymorphism rate of 60%. This
value was lower than the approximately 78% ISSR
polymorphism reported for pomegranate populations from
the Aegean region of Tiirkiye by Sevindik and Efe (2021).
This difference may reflect variation in primer selection,
sample size, geographic coverage, and germplasm
composition between the studies. PIC values in the present
study ranged from 0.13 to 0.37, with an average of 0.23,
indicating moderate marker informativeness. UBCS845
exhibited the highest polymorphism rate and PIC value,
whereas UBC847 had the lowest values.
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The polymorphism detected in the present study was
moderate compared to other studies on pomegranate. In
Morocco, 27 cultivars were tested using 8 ISSR primers,
and 87.14% polymorphism was detected by Ajal et al.,
(2014) while Madadi ef al, (2017) found 83.23%
polymorphism amongst the 18 Iranian commercial
cultivars. Recently, Hajiyeva et al., (2018) found an
average of 78% ISSR polymorphism in 90 wild
pomegranate genotypes of Azerbaijan. Similarly,
substantially high ISSR diversity was observed within and
among the wild populations of PUN in Pir Panjal Himalaya
by Dar et al., (2022) with 58% variation between the
populations and 42% within populations. On the other
hand, Ahmed, (2018) and Ismail et al., (2014) reported
67.12% and 53% of polymorphism in Egyptian material,
respectively. The differences may be due to differences in
geographical coverage, germplasm type, sample size,
number of primers used, and the genetic diversity of the
collectable samples that were used for evaluation.

The moderate PIC results for the present study must also
be interpreted with care. The figures are not as high as some
SSR based studies but are within reasonable limits for
dominant ISSR markers and for a geographically restricted
germplasm set. In a study of 60 pomegranate genotypes,
Pirseyedi et al., (2010) calculated the PIC values ranging
from 0.26 to 0.61 which was an average of 0.43. In 127
Turkish pomegranate genotypes, Polat er al., (2025)
observed an average PIC of 0.48 while Patil et al., (2020)
observed an average PIC of 0.44 in this study using hyper
variable SSRs. The higher values are predicted due to the
multi-allelic and codominant nature of SSRs as compared to
the absence/presence data of ISSRs. However, Kadam et al.,
(2023) reported values of SSR between 0.13 and 0.37 with
an average of 0.25, almost similar to the present ISSR data
which showed marker informativeness between 0.15 and
0.36 with an average of 0.21. Hence, moderate PIC values
found in the present study should not be considered as a
limitation of the study but as the representative of the marker
type and germplasm composition.

Based on the dendrogram generated by the ISSR-
based UPGMA algorithm, there were several pairs of
closely related genotypes such as genotypes 5 and 19, 10
and 12, 16 and 21, and 7 and 18. Meanwhile, genotypes 1,
3, 6 and 9 were placed on more isolated branches, with
genotype 1 being the most distant from most of the
accessions. This trend was further evident in the PCoA, in
which several accessions (1, 18, 23, 24, 9) were separated
from the central cluster. This UPGMA-PCoA agreement
enhances the reliability of the ISSR data and indicates that
the markers selected were biologically meaningful and
showed variation among the accessions analyzed.

The clustering pattern was not entirely discriminating
between local genotypes and registered cultivars.
Pomegranate biology and cultivation history suggest that
the flow is likely to continue in this direction, as it has been
for centuries and is currently ongoing. The same results
were obtained by Ajal et al., (2014) when they sampled
pomegranate cultivars from different areas in Morocco,
which did not group in a strict geographical order.
Additionally, Madadi et al., (2017) demonstrated that
commercial Iranian cultivars might have different clones
that points to the cultivar names do not always represent

genetically uniform material. However, the population
structure based on geographical origin was well established
in a larger population of indigenous, exotic, and wild
accessions by Patil ef al., (2020). These distinctions imply
the geographic structure is more prominent when wider
ecological and domestication and wild-cultivated contrasts
are included.

It should therefore be interpreted with caution that
there is no strict geographical separation in the present
study. Cetinkaya et al., (2019) also observed clustering of
Turkish pomegranate cultivars into two groups using SSR
markers and some cultivars being closely genetically
similar. More recently, Polat e al., (2025) analysed 127
Turkish pomegranate genotypes and identified two
principal genetic clusters using both UPGMA and
STRUCTURE analyses. The present analysis was based on
a smaller number of accessions (24) from a fairly small
geographic area as compared to these general studies
carried out in Turkey. The size and geographical restriction
of the sample restricts the potential to identify rare alleles,
to draw generalizations about the larger population
structure and to draw generalizations about the
relationships observed among Turkish pomegranate
germplasm. Nevertheless, the study provides preliminary
molecular information on Mardin and neighboring
germplasm, which remains underrepresented in national
pomegranate diversity studies.

Recent studies demonstrate that marker choice
strongly influences the resolution of pomegranate diversity
analyses. SSR-based investigations of large germplasm
collections have revealed population structure and
supported the development of representative core
collections (Wang ef al., 2023), while studies integrating
molecular markers with morphological and biochemical
traits have identified both genetically divergent and
agronomically valuable accessions (Parashuram et al.,
2022; Lozano-Soria et al., 2025). Compared with dominant
ISSRs, codominant SSRs and genome-wide SNPs provide
more detailed information on allelic diversity and
population structure. However, molecular divergence
alone does not establish breeding value; molecular data
must be combined with pomological, biochemical, and
agronomic evaluations to identify useful parents and
support effective germplasm management.

The molecular findings can also be considered
alongside the previously published pomological
characterization of the same regional germplasm. Oztiirk et
al., (2019) identified six Mardin genotypes-47 N 02, 47 N
05,47 N 07,47 N 10,47 N 14, and 47 N 17-as promising
material for fresh consumption based on their pomological
characteristics. These phenotypically selected genotypes
did not completely correspond to the most divergent
accessions identified in the present molecular analysis.
This difference demonstrates that molecular distinctness
and agronomic performance represent complementary
dimensions of germplasm value and should be evaluated
together when determining breeding and conservation
priorities. The genetically divergent accessions identified
in this study may have particular value for pomegranate
germplasm conservation. In particular, genotype 1 was
well separated in the ISSR analysis, and genotype 15 had a
separate position in the chloroplast analysis.



From the regional conservation standpoint, accession
genotype 1 (47 N 01) that was relatively different in ISSR
analysis and accession genotype 15 (47 N 15) that was
isolated in the chloroplast analysis should be given special
attention for conservation in the local field collections and
germplasm repositories. The retention of these accessions
together with representatives of the major genetic groups
will contribute to the conservation of nuclear diversity as
well as perhaps of distinct chloroplast variation within the
regional gene pool. The high similarity at the molecular level
found in some accessions may also aid in the development
of a representative regional core collection without the need
for undue duplication. Genetically divergent accessions
might be assessed as candidate parents for commercial
cultivar development to expand the genetic base of the
breeding population, while accessions with molecular
distinctiveness and desirable fruit quality, yield, and
adaptation traits might be advanced for selection to serve as
elite parents for commercial -cultivar development.
However, the commercial value of these candidates cannot
be determined solely based on molecular divergence and
they should be subjected to standardized pomological,
biochemical, agronomic and  multi-environmental
assessments prior to their use in cultivar development.

The present ISSR analysis was used to characterize the
germplasm of the region for pomegranate using a relatively
simple and cost effective marker system. ISSRs are
dominant markers, however, and cannot differentiate
between heterozygous and dominant homozygotes, so they
are not very informative regarding allelic diversity and
population structure. An increased degree of accuracy in
the estimation of allelic diversity, population structure,
heterozygosity, and genetic differentiation would be
possible with the use of codominant genome-derived SSR
markers or genome-wide SNPs. The relationships found
here should thus be confirmed in the future through the use
of these higher resolution markers and combined with
pomological, biochemical and agronomic traits to
incorporate the molecular data. In addition, the increasing
genomic resources of pomegranate, such as the reference
genome and polymorphic SSR markers specific to each
chromosome (Luo et al., 2020; Patil et al., 2021), lay a
solid foundation for these analyses. The present study
extends the study on the pomegranate diversities in Turkey
by supplementing the existing information in the study
with complementary nuclear and chloroplast molecular
data for germplasm from Mardin region which is poorly
represented in the previous Turkish germplasm study. The
results from the combined analyses demonstrated a partial
genetic overlap in the local genotypes and the registered
cultivars as well as the presence of potentially divergent
local accessions. Accession 47 N 15 (genotype 15)
consistently had its unique position in both chloroplast-
based phylogenetic analyses, and accession 47 N 01
(genotype 1) was among the most distinct accessions in the
ISSR analysis. These accessions could be useful for
germplasm conservation and evaluation that is undertaken
for breeding purposes. Their genetic distinctiveness and
breeding value must, however, be verified by bootstrap-
supported phylogenetic analyses, by higher resolution
nuclear and/or genome-wide markers and by standardized
pomological, biochemical and agronomic evaluations.

The high level of variation within districts (98.95%)
and the non-significance of ®PT value indicate that there
is significant genetic similarity or gene flow between the
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Artuklu and Kiziltepe pomegranate populations. This low
level geographical structuring may also be due to exchange
of planting material between adjacent cultivation areas.
However caution should be used in interpreting this
because of the relatively small and unequal sample sizes of
the districts, and limited number of ISSR markers.

The most significant limitation of the chloroplast
analysis was that bootstrap resampling was not performed
for the NJ and ML trees. Consequently, the robustness of
the internal branches and the distinct positioning of the 47
N 15 samples could not be statistically evaluated.
Therefore, these findings should be considered preliminary
until they are replicated using bootstrap-supported analyses
based on additional chloroplast regions and higher-
resolution nuclear markers.

The distinctiveness of accession 47 N 15 (genotype
15) may be determined with a much greater resolution
using whole genome sequencing or complete plastome
sequencing. A completed plastome would be used to
decide if it is one of several distinct chloroplast haplotypes
or a distinct maternal lineage, while whole genome
sequencing would be used to determine if the apparent
difference is also in the nuclear genome.

Conclusions

In this study, the genetic relationships among 24
pomegranate accessions were evaluated using chloroplast
trnL-F sequence analysis and ISSR markers. The trnL-F
region showed limited sequence diversity among the
accessions; however, genotype 15 was consistently
distinguished from the other genotypes in both the
Neighbor-Joining and Maximum Likelihood analyses,
potentially indicating a distinct maternal lineage. In
contrast, the ISSR markers revealed a higher level of
polymorphism and were more effective in distinguishing
closely related accessions from one another. Six
informative ISSR primers generated 30 bands; 18 of these
were polymorphic, with an average polymorphism rate of
60% and PIC values ranging from 0.13 to 0.37. UPGMA
and PCoA analyses further confirmed the presence of
genetic diversity within the examined germplasm;
genotype 1 emerged as one of the most distinct accessions.
Generally, the combined use of cpDNA and ISSR markers
provided complementary information and revealed the
presence of detectable genetic diversity among the
pomegranate genetic resources studied from southeastern
Turkey. One limitation of the present study was that only
24 accessions were tested, a relatively small number of
interests and restricted geographically, and there was only
one conserved chloroplast region used, along with six
dominant ISSR primers. Furthermore, the NJ and ML trees
were not supported by a bootstrap, so no statistical
analyses of branch robustness could be performed. These
constraints limited the ability for allelic and phylogenetic
resolution and generalizability of the results to the rest of
the Turkish and Mediterranean pomegranate germplasm.
There is a need for future research that can validate the
observed relationships, by using larger and geographically
more representative collections from other parts of
Tiirkiye and neighbouring countries, bootstrap-supported
phylogenetic analysis, codominant SSR or genome-wide
SNP markers, complete plastome or whole genome
sequencing and complementary pomological, biochemical
and agronomic assessments.



ISSR AND CHLOROPLAST DNA ANALYSIS OF POMEGRANATE GENOTYPES 9

Acknowledgments

This article is adapted from the master’s thesis titled
“Determination of Genetic Polymorphism Among Some
Pomegranate (Punica granatum L.) Genotypes via
Analysis of the trnL-F Region,” written by Ziilfiye Emer.

Funding: This research was supported by the Office of
Scientific Research Projects Coordination at Siirt
University under project number 2022-SiUFEB-028.

Conflicts of Interest: The authors declare no conflicts of
interest.

Author’s Contribution: Conceptualization, Ziilfiye
EMER and Mine PAKYUREK; methodology, Mine
PAKYUREK and Zilfiye EMER; validation, Mine
PAKYUREK and Zilfiye EMER; software, Mine
PAKYUREK and Musab A. ISAK; formal analysis, Mine
PAKYUREK, and Musab A. ISAK; investigation, Ziilfiye
EMER; resources, Ziilfiye EMER; data curation, Ziilfiye
EMER and Elif Aylin OZUDOGRU; writing - original
draft preparation, Ziilfiye EMER; writing - review and
editing, Mine PAKYUREK, Musab A. ISAK, and Elif
Aylin OZUDOGRU; visualization, Mine PAKYUREK;
supervision, Mine PAKYUREK; project administration,
Mine PAKYUREK. All authors have read and agreed to
the published version of the manuscript. Please turn to the
CRediT taxonomy for the term explanation.

References

Ahmed, E.A. 2018. Molecular identification and fingerprinting of
some pomegranate cultivars grown in Egypt using ISSR and
SCoT analyses. J. Hort. Sci. Ornam. Plants, 10: 179-188.

Ajal, E.A., R. Jbir, P. Melgarejo, F. Hernandez, A. Haddioui and
A.S. Hannachi. 2014. Efficiency of inter simple sequence
repeat (ISSR) markers for the assessment of genetic diversity
of Moroccan pomegranate (Punica granatum L.) cultivars.
Biochem. Syst. Ecol., 56: 24-31. DOI: 10.1016/].bse.
2014.04.006.

Altintas, S., M. Pakyiirek, S. Sensoy, M.E. Erez and B. Inal. 2019.
Genetic diversity among some Asparagus species using
rDNA ITS, cpDNA #rnL intron sequence and screening for
antioxidant activity. Pol. J. Environ. Stud., 28: 2049-2055.

Andersen, J.R. and T. Liibberstedt. 2003. Functional markers in
plants. Trends Plant Sci., 8: 554-560.

Cetinkaya, H.K., D. Giivercin and Y. Karakurt. 2019. Molecular
characterization of pomegranate (Punica granatum L.)
genotypes with SSR markers. Siileyman Demirel Univ. Fac.
Arts Sci. J. Sci., 14: 345-351.

Dar, T.U.H., W.W. Tantray, S.U. Islam, Z.A. Mangral, A.A.
Khuroo, R. Ahmad, L. Tariq and B.A. Bhat. 2022.
Characterizing wild germplasm of neglected and
underutilized crops: A case study of pomegranate (Punica
granatum L.) from remote Pir Panjal Himalaya. Biochem.
Syst. Ecol., 105: 104524.

Doyle, JJ. and J.L. Doyle. 1987. A rapid DNA isolation
procedure from small quantities of fresh leaf tissues.
Phytochem. Bull., 19: 11-15.

Dursun, E., A. Ikinci and 1. Bolat. 2019. Tiirkiye ve Sanlurfa
ilinde nar yetistiriciliginin bugiinkii durumu ve gelecegi. In:
Proceedings  of the Ist International  Harran
Multidisciplinary Studies Congress, 8-10 March 2019,
Sanlwrfa, Tiirkiye. pp. 571-577.

Ebcioglu, N. 2003. Sagligimizin Yap: Taslar: Sebze ve Meyveler,
Besin Degerleri, Yararly Etkileri, Uretimi ve Yetistiriciligi.
Remzi Kitabevi, Istanbul, Tiirkiye. 208 pp.

Gil, M.1., F.A. Tomas-Barberan, B. Hess-Pierce, D.M. Holcroft
and A.A. Kader. 2000. Antioxidant activity of pomegranate
juice and its relationship with phenolic composition and
processing. J. Agric. Food Chem., 48: 4581-4589.

Hajiyeva, S.V., Z.I1. Akparov, N.A. Hasanov, Z.P. Mustafayeva,
E.S. Hajiyev, A.T. Mammadov and M.A. Abbasov. 2018.
ISSR analysis of variability of cultivated forms and varieties
of pomegranate (Punica granatum L.) from Azerbaijan.
Russ. J. Genet., 54: 188-197.

Hammer, @., D.A.T. Harper and P.D. Ryan. 2001. PAST:
Paleontological statistics software package for education
and data analysis. Palaeontol. Electron., 4: 1-9.

Hao, D.C., S.L. Chen and P.G. Xiao. 2010. Sequence
characteristics and divergent evolution of the chloroplast
psbA-trnH noncoding region in gymnosperms. J. Appl.
Genet., 51: 259-273.

inal, B., K. Ozrenk, M.E. Erez and S. Altintas. 2017. The
comparison of total phenolic content, antioxidant capacity and
molecular analysis of some selected Turkish apple (Malus
spp.) genotypes. Appl. Ecol. Environ. Res., 15: 2035-2044.

Ismail, O.M., R.A. Younis and A.M. Ibrahim. 2014.
Morphological and molecular evaluation of some Egyptian
pomegranate cultivars. Af. J. Biotechnol., 13: 226-237.

Kagar, Y.A. 2004. Use of molecular markers in Prunus species.
Alatarim, 3: 15-22.

Kadam, K., P. Sowjanya, A. Kadam, V. Sangnure, A. Mandave
and R. Marathe. 2023. Genetic diversity analysis of
indigenous pomegranate (Punica granatum L.) germplasm
lines. Bulg. J. Crop Sci., 60: 66-73.

Karaca, M., A.G. Ince, S.Y. Elmasulu, A.N. Onus and K. Turgut.
2005. Coisolation of genomic and organelle DNAs from 15
genera and 31 species of plants. Anal. Biochem.,343: 353-355.

Levin, G.M. 1994. Pomegranate (Punica granatum L.) plant
genetic resources in Turkmenistan. Plant Genet. Resour.
Newsl., 97: 31-36.

Lozano-Soria, A., A. Gadaleta, I. Marcotuli, G. Ferrara, A.
Mazzeo, J. Bartual and E. Zuriaga. 2025. Pomegranate
germplasm collections from Elche (Spain) and Bari (Italy):
Genetic  resources  characterization for emerging
Mediterranean challenges. Plants, 14: 3239.

Luo, X., H. Li, Z. Wu, W. Yao, P. Zhao, D. Cao and S. Cao. 2020.
The pomegranate (Punica granatum L.) draft genome
dissects genetic divergence between soft- and hard-seeded
cultivars. Plant Biotechnol. J., 18: 955-968.

Madadi, M., Z. Zamani and R. Fatahi. 2017. Assessment of
genetic variation within commercial Iranian pomegranate
(Punica granatum L.) cultivars using ISSR and SSR
markers. Turk. J. Agric. Food Sci. Technol., 5: 622-628.

Mantel, N. 1967. The detection of disease clustering and a
generalized regression approach. Cancer Res., 27: 209-220.

Mars, M. and M. Marrakchi. 1999. Diversity of pomegranate
(Punica granatum L.) germplasm in Tunisia. Genet. Resour.
Crop Evol., 46: 461-467.

Onur, C. 1988. Narda bir yenilik. Derim, 5: 148-150.

Oztiirk, 1., M. Pakyiirek and F. Celik. 2019. Mardin ili Artuklu ve
Kiziltepe ilgelerinde yetistirilen yerel nar (Punica granatum
L.) genotiplerinin pomolojik &zelliklerinin belirlenmesi.
Tiirk Tarim ve Doga Bilimleri Dergisi, 6: 925-933.

Pakyitirek, M. 2019. Genetic similarity of pomegranate genotypes
grown in Siirt Province. J. Biol. Agric. Health.,9: 14-18.

Parashuram, S., N.V. Singh, N.N. Gaikwad, G. Corrado, P. Roopa
Sowjanya, B. Basile and R.A. Marathe. 2022.
Morphological, biochemical and molecular diversity of an
Indian ex situ collection of pomegranate (Punica granatum
L.). Plants, 11: 3518.


https://img.mdpi.org/data/contributor-role-instruction.pdf

10

Patil, P.G., N.V. Singh, A. Bohra, K.P. Raghavendra, R. Mane,
D.M. Mundewadikar and J. Sharma. 2021. Comprehensive
characterization and validation of chromosome-specific
highly polymorphic SSR markers from pomegranate
(Punica granatum L.) cv. Tunisia genome. Front. Plant Sci.,
12: 645055.

Patil, P.G., S.M. Jamma, N.V. Singh, A. Bohra, S. Parashuram,
A.S. Injal and J. Sharma. 2020. Assessment of genetic
diversity and population structure in pomegranate (Punica
granatum L.) using hypervariable SSR markers. Physiol.
Mol. Biol. Plants, 26: 1249-1261.

Pirseyedi, S.M., S. Valizadehghan, M. Mardi, M.R. Ghaffari, P.
Mahmoodi, M. Zahravi and S.M.K. Nekoui. 2010. Isolation
and characterization of novel microsatellite markers in
pomegranate (Punica granatum L.). Int. J. Mol. Sci., 11:
2010-2016.

Polat, Y., H. Karci, F. Celik, S. Kafkas and N.E. Kafkas. 2025.
SSR markers-based molecular characterization and genetic
diversity in pomegranate (Punica granatum L.) genotypes.
Genet. Resour. Crop Evol., 72: 7269-7282.

Reddy, M.P., N. Sarla and E.A. Siddiq. 2002. Inter simple
sequence repeat (ISSR) polymorphism and its application in
plant breeding. Euphytica, 128: 9-17.

Sevindik, E. and F. Efe. 2021. Molecular genetic diversity and
phylogenetic analyses of Punica granatum L. populations
revealed by ISSR markers and chloroplast (cpDNA) trnL-F
region. Erwerbs-Obstbau, 63: 339-345.

Shaw, J., E.B. Lickey, E.E. Schilling and R.L. Small. 2007.
Comparison of whole chloroplast genome sequences to
choose noncoding regions for phylogenetic studies in
angiosperms: The tortoise and the hare I1I. Amer. J. Bot., 94:
275-288.

Simsek, M. 2017. A general overview of pomegranate (Punica
granatum L.) production potential, effects to health,
problems and solution proposals of Turkey. Mid. East J. Sci.,
3:51-58.

ZULFIYE EMER ET AL.,

Simsek, M. and A. Ikinci. 2017. Narin (Punica granatum L.)
insan saghgma etkileri. Harran Tarim ve Gida Bilimleri
Dergisi, 21: 494-506.

Singh, J., H.P. Kaur, A. Verma, A.S. Chahal, K. Jajoria, P. Rasane
and M.S. Durul. 2023. Pomegranate peel phytochemistry,
pharmacological properties, methods of extraction, and its
application: A comprehensive review. ACS Omega, 8:
35452-35469.

Taberlet, P., L. Gielly, G. Pautou and J. Bouvet. 1991. Universal
primers for amplification of three non-coding regions of
chloroplast DNA. Plant Mol. Biol., 17: 1105-1109.

Valero-Mendoza, A.G., N.P. Meléndez-Renteria, M.L. Chavez-
Gonzalez, A.C. Flores-Gallegos, J.E. Wong-Paz, M. Govea-
Salas and J.A. Ascacio-Valdés. 2023. The whole pomegranate
(Punica granatum L.), biological properties and important
findings: A review. Food Chem. Adv., 2: 100153.

Vardar-Kanlitepe, C., S. Aras and D. Cansaran-Duman. 2010.
Use of molecular markers in plant breeding and gene
transfer. Turk. J. Hyg. Exp. Biol., 67: 33-42.

Verma, N., A. Mohanty and A. Lal. 2010. Pomegranate genetic
resources and germplasm conservation: A review. Fruit Veg.
Cereal Sci. Biotechnol., 4: 120-125.

Wang, R., Y. Zhong, W. Hong, H. Luo, D. Li, L. Zhao and J.
Wang. 2023. Genetic diversity evaluation and core
collection construction of pomegranate (Punica granatum
L.) using genomic SSR markers. Sci. Hortic., 319: 112192.

Yildirim, A. and N. Kandemir. 2001. Genetik markorler ve analiz
metotlart. In: Bitki Biyoteknolojisi I1: Genetik Miihendisligi ve
Uygulamalari. (Eds.): Ozcan, S., E. Giirel and M. Babaoglu.
Selguk Universitesi Vakif Yayinlari, Konya, Tiirkiye.

Zietkiewicz, E., A. Rafalski and D. Labuda. 1994. Genome
fingerprinting by simple sequence repeat (SSR)-anchored
polymerase chain reaction amplification. Genomics, 20(2):
176-183. DOI: 10.1006/geno.1994.1151.



