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Abstract
The fungal genus Alternaria is a relevant pathogen for several commodities including citrus and pomegranate fruits. On 
citrus, it mainly causes brown spots on fruits and leaves, whereas on pomegranate, it mostly causes a fruit heart rot. In the 
present study the presence of Alternaria rots on citrus and pomegranate fruits cultivated in Albania was assessed. Repre-
sentative fruits were collected from different regions. Nineteen and thirteen Alternaria spp. isolates were obtained from 
pomegranate and citrus samples, respectively. The isolates were identified at species and morphotype level. Micro and 
macroscopic features separated isolates into four morphotypes. BLAST and phylogenetic analysis using the SCAR Marker 
OPA1-3 confirmed the isolate identity. All 32 isolates proved to be Alternaria alternata and belonged mainly to morphotype 
alternata, followed by limoniasperae and tenuissima. All Alternaria strains proved to possess the pksI gene of alternariol 
biosynthesis. Citrus isolates were tested for the presence of genes of the biosynthesis of the phytotoxins ACT and ACR, 
but none of them proved to possess them. Concluding, Alternaria spp. might represent a treat to pomegranate and citrus 
production in Albania, and thus effective control means are needed.
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Introduction

Although pomegranate (Punica granatum L.) has an ancient 
origin, it is considered an emerging crop because of the 
beneficial effects that its fruit might have on consumers’ 
health, given its high content in polyphenols with potential 
antioxidant, anti-inflammatory, and antiproliferative effects 
(Zarfeshany et al. 2014). Moreover, pomegranate tree is 
adaptive to a wide range of climate and soil conditions, and 
this has facilitated the spreading of its cultivation (Chan-
dra et al. 2010). In Albania, pomegranate is mostly sold as 
fresh fruit in the local markets. The most widespread local 
cultivars are Devedishe, Tivaresh, and Majoshe, which are 

cultivated almost all over the country (Xhuveli 2012). How-
ever, recently, even some commercial cultivars, as Wonder-
ful and its clone Wonderful One, started to be cultivated.

Another relevant fruit crop for Albania is citrus 
(FAOSTAT 2019). Although citrus is native to East Asia, 
citriculture has expanded in tropical, subtropical, and Medi-
terranean regions too (Ollitrault and Navarro 2011). Albania 
has a strong tradition in the production of citrus fruits, which 
is concentrated in coastal areas (Skreli and Imami 2019). 
Even citrus fruits are known for their high nutritional, thera-
peutic, and ornamental value (Chandra et al. 2010; Ollitrault 
and Navarro 2011).

Traditionally, Mediterranean climate is not particularly 
conducive to epidemic outbreaks of fungal diseases. How-
ever, in the last years, the Mediterranean areas are experi-
encing the emergence or re-emergence of new and endemic 
diseases by fungal phytopathogens, such as Alternaria spp. 
This is reasonably due to climate change, circulation of peo-
ple and goods among countries, and cross-contaminations 
among crops (Gilardi et al. 2018). The genus Alternaria is 
distributed worldwide and includes saprophytic, endophytic, 
and pathogenic species (Woudenberg et al. 2013). Species of 
Alternaria can cause significant decreases in crop yields and 
therefore considerable economic losses. According to the 
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classification system proposed by Woudenberg et al. (2015), 
the Alternaria section Alternaria counts 11 small-spored 
species including the type-species Alternaria alternata, and 
one species complex (Alternaria arborescens). The former 
species were reclassified as morphotypes, and morphologi-
cally indistinguishable isolates of a species infecting specific 
hosts as forma specialis (f. sp.) (e.g. A. alternata f. sp. mali 
or A. alternata f. sp. citri).

The relevance of this genus is also due to the produc-
tion of more than 70 secondary metabolites that are toxic to 
plants (phytotoxins), some of which have been chemically 
characterized (Pavon et al. 2012). Furthermore, Alternaria 
spp. produce secondary metabolites classified as mycotox-
ins, such as tenuazonic acid, alternariol, alternariol mono-
methyl ether, altenuene, and tentoxin, which are considered 
a threat to humans and animals (Escrivá et al. 2017), hence 
the recommendation of monitoring by EFSA (EFSA 2011, 
2016).

Alternaria brown spot (ABS) is one of the most impor-
tant diseases of citrus (Garganese et al. 2016), associated 
with the production of host-specific toxins (HSTs), as ACT-
toxin (ACTT) on mandarins and tangerines and ACR-toxin 
(ACRT) on rough lemon, which induce necrotic lesions on 
fruit and young leaves, as well as fruit drop in susceptible 
genotypes (Meena et al. 2019). Alternaria is also relevant 
to pomegranate fruit production, being the primary cause 
of an inner rot called black heart or Alternaria rot, in which 
the internal part of the fruit shows brown to black decay 
of the arils and connective tissues. In fact, airborne spores 
of Alternaria spp. can cause infections of flowers during 
bloom, remaining eventually latent for most of the growing 
season (Luo et al. 2017).

The general objective of this study was to assess the pres-
ence of Alternaria infections on citrus and pomegranate 
fruits grown and commercialised in Albania, and eventually 
collect Alternaria spp. isolates, identifying them at species 
level, as a contribution to the prevention of disease spread in 
two economically relevant crops for the country.

Materials and methods

Sampling and isolation

Fruits with characteristic Alternaria rot symptoms were col-
lected in open fields and local markets in different regions 
of Albania. Symptomatic fruits were surface sterilized by 
dipping in 2% sodium hypochlorite for 2 min followed by 
1 min in sterile water, or by spraying a 70% ethanol solution, 
if severely rotted. Then, they were aseptically air-dried on 
clean bench paper.

For the preparation of potato dextrose agar (PDA), 200 g 
of sliced potatoes were boiled in 1 L of distilled water for 
30 min. Then, the potato infusion was filtered through 
cheesecloth, and added with 20 g  L−1 of dextrose (DIFCO 
Laboratories, Detroit, USA) and 20  g   L−1 agar (Fisher 
BioReagents, Basingstoke, Hampshire, England). The 
medium was autoclaved at 121 °C for 20 min, and once 
the temperature dropped to 50 °C, it was amended with 
250 mg  L−1 of both ampicillin and streptomycin (Appli-
Chem GmbH, Darmstadt, Germany) before pouring to pre-
vent bacterial growth.

A sterilized scalpel was used to cut 3 × 3 mm pieces at 
the edge of the lesions. In case of fruit with severe and liq-
uid rot, a sterile lancet was used to collect some rotted tis-
sue or fungal spores. Then, rotted tissues or spores were 
then plated on the amended PDA plates, and incubated in 
the dark at 24 ± 1 °C for 3–5 days. Fungal colonies were 
then transferred to new PDA plates, purified as required, 
and deposited in the Fungal Collection of the Agricultural 
University of Tirana (Albania) in their monoconidial form. 
To obtain single-spored colonies, a conidial suspension of 
each isolate was streaked on water agar medium (20 g agar in 
1 L distilled water) and then incubated at 24 ± 1 °C for 48 h.

Morphological identification

To identify isolates by morphology, one germinated conid-
ium was transferred to Potato Carrot Agar (PCA; 20 g 
potatoes, 20 g carrots, 20 g agar in 1 L of distilled water) 
for micro-morphology and PDA for macro-morphology, 
following indications by Simmons (2007) and Pryor and 
Michailides (2002), respectively. Macroscopic features 
were observed after 10 days of incubation at 22 °C in the 
dark, whereas for micromorphology, after 5 days of incuba-
tion in the dark, fungal cultures were exposed to daylight 
for 24 h and then returned to the dark until day 10. After 
the period of incubation, PDA cultures were examined for 
colony growth (diameter, mm), colour, margin, texture, and 
the production of pigments or crystals in the agar medium. 
Whereas fungal structures from PCA cultures were exam-
ined at 40× magnification and substage illumination by a 
microscope (OPTECH Microscope Service, Thame, Oxford-
shire, UK) for characteristics of the sporulation apparatus, 
including conidia size, presence and number of septa, length 
of conidial chains, presence of elongated secondary conidi-
ophores, and manner by which branching of conidial chains 
(if present) occurred.

Molecular identification

Selected pomegranate (n = 19) and citrus isolates (n = 13), 
representing the range of morphological groups, were 
molecularly identified following Garganese et al. (2016). 
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For DNA extraction, the representative isolates were grown 
in Potato Dextrose Broth (PDB; 200 g potatoes and 20 g 
dextrose in 1 L of distilled water) at 25 ± 1 °C in the dark 
on an orbital shaker (150 rpm) for 7 days. The mycelium 
was collected, air-dried, and stored at − 20 °C until use. 
DNA extraction was performed from 100 mg of mycelium 
grinded in a mortar with liquid nitrogen by Plant/Fungi DNA 
Isolation Kit (Norgen Biotek Corp, Thorold, ON, Canada) 
following manufacturer recommendations. Sample concen-
tration and purity were determined by a spectrophotometer 
(VWR International srl, Milan, Italy). The purified genomic 
DNA was diluted at 50 ng µl−1 and stored at − 20 °C until 
use. PCR amplification of the SCAR marker OPA1-3 was 
performed for sequencing purposes (Table 1). Each reac-
tion mixture contained 50 ng of template DNA, 0.2 μM of 
both forward and reverse primer, 1 × DreamTaq™ Hot Start 
Green PCR Master Mix (ThermoFisher Scientific, Milan, 
Italy) in a 50 μl reaction volume. PCR reactions were per-
formed in a T100 thermal cycler (Bio-Rad, Hercules, CA, 
USA) according to the following conditions: 95  °C for 
3 min, 35 cycles of 95 °C for 30 s, 56 °C for 30 s, 72 °C for 
1 min and 72 °C for 7 min. Amplicons were resolved in 1.7% 
agarose gel in TAE buffer (1×), pre-stained with GelRed® 
(Biotium, Landing Parkway Fremont, CA, USA), and visu-
alized by Gel Doc™EZ System (Bio-Rad). Primers were 
synthesised by Macrogen Europe (Amsterdam, The Nether-
lands), which also purified and sequenced amplicons. The 
nucleotide sequences were submitted to the online BLAST 
search engine of the National Centre for Biotechnology 
Information (NCBI) and deposited in GenBank database.

Assessment of toxigenicity potential

The extracted DNA of the selected strains was assayed for 
the presence of pksI, key gene of the biosynthetic pathway 
of the mycotoxin alternariol, act1 and act2 genes of ACT 
phytotoxin biosynthesis, and acr1 and acr2 genes of ACR 
phytotoxin biosynthesis. Primers used and synthesised by 
Macrogen Europe are reported in Table 1. PCR reaction mix 
and conditions, and amplicon resolution and visualization 
were arranged as reported above.

Pathogenicity assay

To fulfil Koch’s postulates, one representative strain of the 
most common morphotype for both citrus and pomegran-
ate was tested on its host of isolation. Conidial suspensions 
were prepared by flooding plates with 5 ml sterile 0.02% 
Tween20 solution and gently rubbing the colony surface 
with a sterile spatula. For pomegranate ‘Wonderful’ fruits, 
the conidial suspension (100 µL of  104 conidia  ml−1) was 
injected by a syringe into one side of a fruit (10 fruits per 
isolate). Control fruits were injected with sterile distilled 
water. For citrus fruit, each clementine fruit was wounded 
with a sterile nail (3 × 3 mm) in two equidistant points on 
the equatorial surface. A drop (10 μl) of conidial suspen-
sion  (105 conidia  ml−1) was applied into the wounds of 10 
fruit. Samples were incubated at 24 ± 1 °C and high relative 
humidity (85–95%) for 10 days. Pomegranate fruits were 
cut open longitudinally into two halves to observe heart rot 
symptoms.

Table 1  Primers used for sequencing barcoding regions and detecting toxin biosynthetic gene 

Gene/region, primer name and sequence, reaction information and bibliographic source are reported

Gene/region Primer name Sequence (5’–3’) Product size 
(bp)

Annealing T 
(°C)

Source

OPA1-3 OPA1-3L CAG GCC CTT CCA ATC CAT 900 56 Peever et al. (2004)
OPA1-3R AGG CCC TTC AAG CTC TCT TC

pksI pksI-F CCT CTC TAT CCC AAA CTC CACAC 249 58 Sanzani et al. (2021)
pksI-R CAC AGA TTA TGG CAA GGT TC

act1 HACT-1F ATG CGC GAG ATT TTC TGA CC 197 60 Garganese et al. (2016)
HACT-1R CTG TCT CCC CGG TAC AAA GT

act2 HACT-2F TGA CAT TAC GAC GTA GGA CGC 186
HACT-2R GCT CCT GAT ATC GTC CTG TGA 

acr1 ACR1-F TCG CTG TAC CCC GTA TCT TC 188 58 This study
ACR1-R GAC ATG GAC GTC GTT GAT GG

acr2 ACR2-F GCG GAT TTT CTG GAG TCG AC 230
ACR2R CTT GAT GTC GGC GAA TCG TT
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Data analysis

The evolutionary history of isolates was inferred by using 
the Maximum Likelihood method and Tamura–Nei model 
(1993). Sequences were aligned using ClustalW (Higgins 
and Sharp 1988). Analyses were performed with 1000 
bootstrap replications. The percentage of trees in which the 
associated taxa clustered together was reported next to the 
branches. Initial tree(s) for the heuristic search were obtained 
automatically by applying Neighbour-Join and BioNJ algo-
rithms to a matrix of pairwise distances estimated using the 
Maximum Composite Likelihood (MCL) approach, and then 
selecting the topology with superior log likelihood value. 
The tree was drawn to scale, with branch lengths measured 
in the number of substitutions per site. Evolutionary analy-
ses were conducted in MEGA X (Kumar et al. 2018). The 
Markov chain Monte Carlo (MCMC) algorithm was per-
formed to generate phylogenetic trees with Bayesian pos-
terior probabilities for the alignment using MrBayes 3.2.6 
(Ronquist et al. 2012). Four MCMC chains were run simul-
taneously for random trees for 1,000,000 generations and 
sampled every 500 generations. The first 25% of trees were 
discarded as burn-in phase of each analysis and posterior 
probabilities were determined from the remaining trees.

Results and discussion

Sampling and isolate collection

During the inspections in the main pomegranate and citrus 
production areas of Albania, characteristic symptoms of 
Alternaria rot were observed. Infected pomegranate fruits 
were characterized by a brown to black, soft to dry rot of the 
arils, visible when the fruit was cut open. Typically, the rot 
was confined to some aril compartments and did not affect 
the peel and the septa. The epicarp showed non-specific 
symptoms in correspondence of the internal rot, such as a 
dark-red discoloration and wrinkling. Heavily affected fruits 
were asymmetric and lighter in weight. Thirty-five repre-
sentative pomegranate samples were collected from Tirane, 
Durres, Fier, Shkoder, Berat, and Gjirokaster areas, and 
taken to the laboratory for fungal isolation. They belonged 
to local (Majoshe, Devedishe, and Tivaresh) and commer-
cial (Wonderful One) cultivars. From the above-mentioned 
pomegranate samples, 19 Alternaria isolates (AP) were 
obtained (Table 2).

Citrus fruit symptoms varied from light brown, slightly 
depressed spots, to circular and dark brown areas on the 
external surface, often surrounded by a yellow halo. 
Infected young fruits often fell from the tree and the 
mature fruits were unmarketable due to lesions. Thirty-
nine representative samples of different citrus species, 

including sweet oranges (Citrus sinensis, cv. Valencia 
Olinda), lemons (Citrus limon, cv. Cerza), and clemen-
tines (Citrus clementina, cv. Comune ISA), were collected 
in Vlore, Durres, Tirane, Elbasan, and Berat areas. From 
citrus samples, 13 Alternaria isolates (AC) were obtained 
(Table 2).

Morphological characterization of isolates

Since only a polyphasic approach could allow the pre-
cise identification of the Alternaria genus (Andersen 
et al. 2008; Brun et al. 2013), both morphological and 
molecular approaches were used. Regarding morphologi-
cal features, PCA and PDA were used as recommended 
by Simmons (2007) and Pryor and Michailides (2002). 
Macro and microscopic characteristics of the colonies 
of the 32 selected isolates were evaluated. Ten isolates 
from pomegranate (AP2, AP3, AP9, AP10, AP14, AP15, 
AP16, AP17, AP18, and AP19) and ten isolates from cit-
rus (AC21, AC22, AC23, AC26, AC27, AC28, AC30, 
AC31, AC32, and AC33) exhibited colonies that were flat, 
woolly, and with colours ranging from brown to black. The 
colonies had a sporulation pattern with a single sub-erect 
conidiophore and the production of olivaceous-dark brown 
conidia arranged in branched chains. Conidia appeared 
oval-ellipsoidal with 3–5 transverse septa. These features 
matched those of A. alternata morphotype alternata. 
Furthermore, isolate AC24 from citrus presented a differ-
ent sporulation pattern with broadly ovate, subovate, or 
oblong-elliptical, beakless conidia resembling that of ex 
A. citri now A. alternata morphotype alternata f. sp. citri 
(Woudenberg et al. 2015).

Three isolates from pomegranate (AP5, AP6, and AP8) 
and one isolate from citrus (AC25) were characterized by 
greenish colonies with white margins; conidia appeared 
elongated with a long-tapered beak and with short chains 
of terminal sharp-beaked conidia. This characteristic spor-
ulation pattern matched that of A. alternata morphotype 
tenuissima.

Finally, six isolates from pomegranate (AP1, AP4, 
AP7, AP11, AP12, and AP20) and one isolate from cit-
rus (AC29) showed a colony that was pale brown, flat, 
granulated with undulating edges. Conidia appeared long 
and ellipsoidal with 1–3 transverse septa. The sporulation 
pattern resembled that of A. alternata morphotype limoni-
asperae. The finding of morphotype limoniasperae, gener-
ally associated with citrus (Simmons 2007), among strains 
of pomegranate fruit, is not surprising as often pomegran-
ate and citrus fields where sampling was conducted, were 
bordering (M. Cara, personal communication), thus cross-
contamination might have occurred.
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Molecular characterization of isolates

For all Alternaria isolates, sequencing of the barcoding 
region OPA1-3 was conducted. Sequences were deposited 
in GenBank database (Table 2) and underwent BLAST 
analysis. They showed 99–100% identity with NCBI 

reference sequences (data not shown). Moreover, the phy-
logenetic analysis, conducted including CBS and reference 
strains for comparison or as outgroups (Table 3), allowed 
to confirm that all 32 isolates belonged to species A. alter-
nata (Figs. 1, 2).

Table 2  Alternaria strain, host, 
cultivar, location of isolation, 
and GenBank accession 
numbers

Strain Host Cultivar Location Accession no pksI

AP1 Punica granatum Majoshe Tirane (Ndroq) OM283829  + 
AP2 Punica granatum Majoshe Tirane (Ndroq) OM283830  + 
AP3 Punica granatum Majoshe Tirane (Ndroq) OM283831  + 
AP4 Punica granatum Majoshe Tirane (Mullet) OM283832  + 
AP5 Punica granatum Devedishe Fier (Lushnje) OM283833  + 
AP6 Punica granatum Devedishe Fier (Lushnje) OM283834  + 
AP7 Punica granatum Majoshe Fier (Lushnje) OM283835  + 
AP8 Punica granatum Tivaresh Shkoder (Stajke) OM283836  + 
AP9 Punica granatum Devedishe Berat (Syzez) OM283837  + 
AP10 Punica granatum Devedishe Berat (Syzez) OM283838  + 
AP11 Punica granatum Wonderful one Tirane (Laknas) OM283839  + 
AP12 Punica granatum Devedishe Tirane (Laknas) OM283840  + 
AP14 Punica granatum Wonderful one Berat (Banaj) OM283841  + 
AP15 Punica granatum Wonderful one Berat (Banaj) OM283842  + 
AP16 Punica granatum Wonderful one Fier (Divjake) OM283843  + 
AP17 Punica granatum Devedishe Durres (Kallm) OM283844  + 
AP18 Punica granatum Devedishe Durres (Kallm) OM283845  + 
AP19 Punica granatum Wonderful one Gjirokaster OM283846  + 
AP20 Punica granatum Majoshe Durres (Shkallnur) OM283847  + 
AC21 Citrus limon Cerza Elbasan (Librazhd) OM283848  + 
AC22 Citrus sinensis Valencia olinda Vlore (Konispol) OM283849  + 
AC23 Citrus clementina Comune ISA Vlore (Mursi) OM283850  + 
AC24 Citrus clementina Comune ISA Vlore (Mursi) OM283851  + 
AC25 Citrus clementina Comune ISA Durres (Manze) OM283852  + 
AC26 Citrus sinensis Valencia olinda Durres (Manze) OM283853  + 
AC27 Citrus limon Cerza Berat (Syzeze) OM283854  + 
AC28 Citrus sinensis Valencia olinda Tirane (Kavaje) OM283855  + 
AC29 Citrus clementina Comune ISA Tirane (Kavaje) OM283856  + 
AC30 Citrus sinensis Valencia olinda Vlore (Xarre) OM283857  + 
AC31 Citrus limon Cerza Vlore OM283858  + 
AC32 Citrus clementina Comune ISA Vlore OM283859  + 
AC33 Citrus clementina Comune ISA Vlore OM283860  + 

Table 3  Reference strains 
used in phylogenetic analyses 
and their GenBank accession 
numbers

Strain Accession no

Alternaria alternata morphotype limoniasperae strain A42 KU933223
Alternaria alternata morphotype alternata f.sp. citri strain CBS10727 MG063726
Alternaria alternata morphotype alternata strain A65 KU933229
Alternaria alternata morphotype alternata strain CBS 112,249 MG063725
Alternaria alternata morphotype limoniasperae CBS 102.595 MG063729
Alternaria alternata morphotype tenuissima isolate 37FrB JQ800561
Alternaria solani KY561993
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For pomegranate batch of isolates (19), sequence align-
ment displayed 865 characters, of which 45 were parsi-
mony informative. Five haplotypes were identified using 
the genetic variation, with a pairwise identity of 97.40% 
(Table 4). The 45 Single Nucleotide Polymorphisms (SNPs) 
corresponded to transitions (29) and transversions (16). 
There were insertions at nucleotides 227–237 (AP5, AP6, 
and AP8) and 792 (AP10), and deletions at 524 (AP1, AP4, 
AP7, AP11, AP12, and AP20). For those isolates, the tree 

with the highest log likelihood (− 1747.91) was reported 
(Fig. 1). This analysis involved 26 nucleotide sequences 
including reference strains. Ten isolates (AP19, AP18, 
AP17, AP15, AP14, AP3, AP2, AP9, AP10, and AP16) 
confirmed to belong to morphotype alternata, three (AP5, 
AP6, and AP8) to morphotype tenuissima, and six (AP1, 
AP4, AP7, AP11, AP12, and AP20) to morphotype limoni-
asperae. A similar Alternaria population was reported on 
tomato (Sanzani et al. 2021).

Fig. 1  Phylogenetic tree for 
pomegranate Alternaria strains 
based on SCAR Marker OPA1-
3. Numbers on nodes represent 
the Maximum Likelihood 
bootstrap percentages. Branch 
lengths are proportional to the 
numbers of nucleotide substitu-
tions and are measured using 
the bar scale (0.02)

Fig. 2  Phylogenetic tree for 
citrus Alternaria strains based 
on SCAR Marker OPA1-3. 
Numbers on nodes represent the 
Maximum Likelihood bootstrap 
percentages. Branch lengths are 
proportional to the numbers of 
nucleotide substitutions and are 
measured using the bar scale 
(0.02)
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Whereas, for citrus isolates (13), sequence alignment dis-
played 864 characters, of which 14 were parsimony informa-
tive. Eight haplotypes were identified using the genetic vari-
ation, with a pairwise identity of 98.70% (Table 4). The 48 
SNPs corresponded to transitions (30) and transversion (18). 
There was an insertion at nucleotides 229–236 (AC25) and a 
deletion at nucleotide 524 (AC29). The tree with the highest 
log likelihood (− 1748.46) was reported (Fig. 2). This anal-
ysis involved 20 nucleotide sequences including reference 
strains. Eleven isolates (AC32, AC31 AC28 AC23, AC33, 
AC27, AC21, AC22, AC26, and AC30) belonged to mor-
photype alternata, of which one (AC24) clustered with the 
CBS representative of f. sp. citri, one (AC26) to morphotype 
tenuissima, and one (AC29) to morphotype limoniasperae. 
The presence of a supposed f. sp. citri strain was of interest 
since generally considered of higher virulence because of 
the putative production of a phytotoxin (Meena et al. 2017). 
For example, it has been reported that the citrus leaf may 
be killed by the host-selective ACTT even without tissue 
colonization by the fungus (Timmer et al. 2003). However, 
to confirm the belonging of an isolate to a forma specialis, 
the presence of biosynthetic genes or the actual production 
of the relevant phytotoxin should be assessed.

Considering the evolutionary analysis of the whole 
batch of isolates (32 nucleotide sequences), sequence 
alignment displayed 865 characters, of which 48 were 
parsimony informative. Nine haplotypes were identified 
using the genetic variation, with a pairwise identity of 
97.80% (Table 4). The tree with the highest log likelihood 
(− 1758.10) was reported (Fig. 3). This analysis involved 
39 nucleotide sequences including reference strains. Pome-
granate and citrus Alternaria strains belonging to the same 
morphotypes clustered readily and consistently together, 
without differences according to host (citrus or pomegran-
ate) or geographical provenience (Fig. 3). This finding seems 
to further support the cross-infectivity hypothesis related 
to the neighbouring fields of the two commodities where 
sampling was conducted.

All strains from citrus and pomegranate included in the 
study proved to match with A. alternata, which is the most 
widespread Alternaria species across plants, seasons, and 
geographical regions, and that includes host-specific patho-
genic strains, as well as opportunistic and saprophytic forms 
causing the spoilage of freshly harvested crops (Huang et al. 

2015). Within this species, in the present study, four mor-
photypes were identified according to colony and sporulation 
apparatus features, as well as sequence similarity and phy-
logenesis analysis with CBS and reference strains included 
for comparative purposes; minor differences among isolates 
within each morphotype were recorded. Besides, indepen-
dently from geographical or tissue origin, the most abundant 
morphotype proved to be alternata. This finding agrees with 
other reports on the same and other hosts (Garganese et al. 
2016; Sanzani et al 2019, 2021; Aloi et al. 2021).

Assessment of toxigenicity potential

Additionally, strains were tested for the presence of pksI, a 
key gene of the biosynthetic pathway of the mycotoxin alter-
nariol, by a specific PCR assay. All 32 isolates confirmed 
the presence of pksI (Table 2). Although specific evaluation 
of the actual production of alternariol should be conducted, 
this finding confirmed the genetic ability of the strains to 
produce the toxin. This ability represents a risk for consum-
ers, as although flavedo seems to work as a barrier for such 
substance (Magnani et al. 2007), when rot reaches the pulp 
or when the disease starts as heart rot, the edible parts might 
contain the main Alternaria toxins alternariol, alternatiol 
monomethyl ether and tenuazonic acid (Logrieco et  al. 
2003). Similarly, in 2014–2015, the presence of Alternaria 
toxins was detected in 65.2 and 64.0% of maize and wheat 
samples, respectively, analysed in Albania (Topi et al. 2019). 
Furthermore, the contamination might have a significance 
from a disease control perspective, as the role of alternariol 
as pathogenicity factor has been recently highlighted (Wen-
deroth et al. 2019).

On the contrary, none of them proved to possess act1 and 
act2 (key genes of ACTT biosynthesis) or acr1 and acr2 
(key genes of ACRT biosynthesis) (data not shown). Thus, 
none of them could be classified as f. sp. citri according to 
recent bibliography (Woudenberg et al. 2015). In particu-
lar, the ability to produce ACTT would have characterised 
the f. sp. citri strains as belonging to pathovar tangerine, 
whereas the ACRT as f. sp. citri pathovar rough lemon. This 
discrepancy between identification of AC24 strain as f. sp. 
citri and actual genetic ability to produce the phytotoxin 
is not surprising as the genes coding for the biosynthesis 
of phytotoxins are contained on Conditionally Dispensable 

Table 4  Genetic information of 
the sequences produced

Isolates no Haplo-
types no

Alignment 
length

Sites

Conserved Variable Parsimony-
informative

Singletons

Pomegranate 19 5 865 819/865 45/865 45/865 0/865
Citrus 13 8 864 808/864 48/864 14/864 34/864
Combined 32 9 865 816/865 48/865 45/865 3/865
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Chromosomes (CDC) that may be gained or lost by the fun-
gal strain (Meena et al. 2017).

Pathogenicity assays

The selected strain of A. alternata from citrus (AC28) 
caused necrosis around the inoculation points of all inocu-
lated clementine fruit, expanding into surrounding tissues. 
The lesions were fast-growing, almost circular, brown water-
soaked spots, quickly turning into dark brown, necrotic 
spots. No symptoms were observed on control fruit. The 
fungus was reisolated and identified.

Similarly, the representative strain of A. alternata from 
pomegranate (AP18) induced typical symptoms of heart rot 
on artificially inoculated pomegranate fruits and was rei-
solated from rotten arils. In each symptomatic fruit, the rot 
extended to about half of the entire longitudinal section. No 

symptoms were observed on control fruit. Those symptoms 
were those observed on naturally contaminated fruits and 
associated with Alternaria spp. infections in similar studies 
on citrus and pomegranate fruits (Garganese et al. 2016; 
Aloi et al. 2021).

Conclusions

The presented findings highlight the presence of the genus 
Alternaria as pathogen of citrus and pomegranate fruits cul-
tivated and marketed in Albania with a certain geographi-
cal distribution. To the best of our knowledge, no previ-
ous reports exist in Albania. Although further large-scale 
studies would be needed to further evaluate the conditions 
that favour the disease in Albania, this study provides a first 
indication of its relevance. The strains could compromise 

Fig. 3  Phylogenetic tree for 
pomegranate (in red) and citrus 
(in yellow) Alternaria strains 
based on SCAR Marker OPA1-
3. Numbers on nodes represent 
Bayesian posterior probabilities 
and the Maximum Likelihood 
bootstrap percentages. Branch 
lengths are proportional to the 
numbers of nucleotide substitu-
tions and are measured using 
the bar scale (0.02)
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fruit quality and safety being genetically able to produce the 
mycotoxin alternariol. As such, attention should be paid to 
its detection and control by national governing authorities.
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