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ABSTRACT

A field survey was conducted during the barley growing season 2019 in the Karbala Province of Iraq. Barley
plants with severe leaf spot symptoms were collected from several barley fields. The associated fungus was
isolated and purified from those symptomatic leaves. The fungus colonies were aeriform mycelia in grey to
black color. Conidia observed that they were light to dark brown and formed different-length chains. The
causal agent was confirmed as Alfenaria alternata via the PCR amplification and sequencing of the rDNA-
ITS region, actA, and tefl genes. Pathogenicity test showed that 4. alternata isolated was pathogenic by pro-
ducing light to dark brown spots on barley foliage. This is the first record of this pathogen causing Alternaria
spot blotch on barley crops in Iraq.
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INTRODUCTION

The Barley (Hordeum vulgare L.) is the fourth most common cereal crop after maize, rice, and wheat in the
grass family Poaceae, !. It is currently grown worldwide and can be grown in summer and winter in some
temperate and subtropical regions; . Barley production worldwide in 2019 amounted to 142,910,932 tons, of
which the Russian Federation continues to be the world's leading producer, 11,88 %, then France, at 7,83%
and Germany at 6,70%. However, Iraq produced only 571,283 tons, representing 0.39% of global production’.
Besides, the average production per hectare was low at 16062kgg/ha compared to the average of
67930.4kgg/ha in the top 10 producers, >.

Various abiotic and biotic stresses, including fungal diseases, can lead to a significant loss in different plant
hosts, including barley crops, *. Alternaria alternata (Fr.) Keissl is one of those fungi that infect a broad range
of hosts, including barley, and causes different diseases. For instance, it was reported to cause leaf spots on
Houttuynia cordata, °, Ipomoea purpurea, ® and apricot, ’. Furthermore, it was recorded infecting potatoes,
lily and Catharanthus roseus, causing leaf blight, #1°.

The Alternaria genus comprises 299 species with a significant morphological variety, !!. Conventionally, the
identification of these species is based on their cultural and morphological characterizations, '*. However, this
identification is complex and needs to be improved for most Alternaria species '2. Thus, these morphological
descriptions should be combined with molecular techniques for obtaining accurate and price identification
13,14 Therefore, multiple DNA barcode genetic markers have been employed to detect, identify, and classify
fungi comprising Alternaria species. For example, the internal transcribed spacer (ITS) region is a standard
universal barcode applied successfully for fungal taxonomic differentiation and identification (add a
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reference). As well as the translation elongation factor 1-alpha (tefl), actin (actA), and DNA-directed RNA
polymerase II (rpb2) genes are also frequently utilized for the same purpose, '°. However, occasionally, for
some species, a specific alternative barcode is needed for sufficient identification, '°.

In Iraq, the etiology of spot blotch disease on barley has been rarely explored. Thus, the present study aimed
to identify the fungus associated with this disease in Karbala province/ Iraq based on its morphological and
molecular attributes.

MATERIALS AND METHODS

The Fungal isolation and morphological identification

In 2019, leaf samples of different barley varieties with typical spot blotch symptoms (Figure 1) were collected
to determine the related causal agent. These samples were gathered from several barley fields in Al-Hussainiya
territory (latitude 32°40'25.5" N and longitude 44°09'47.3 "E), Karbala Province, Iraq. The symptomatic
leaves were cut into small pieces (1-1.5 cm long), their surfaces disinfected with 2% sodium hypochlorite
solution for 2 minutes and rinsed three times with sterile distilled water. The sterilized leaf pieces were then
placed on a water agar medium (WA) and incubated at 25+2 °C for three days. To obtain pure colonies, the
hyphal tip of each colony that emerged was transferred to Petri dishes containing potato dextrose agar media
(PDA) and incubated at 25+2 °C. After one week, the morphological characteristics of the fungal isolates were
examined through microscopic observations using a HumaScope PremiumLED compound microscope with a
Digital Camera 5 Megapixel attached (HUMAN Gesellschaft fiir Biochemica und Diagnostica Germany). The
average length and width of conidia were obtained by random measurement of 50 conidia, !7-18,

Figure 1. Typical symptoms of spot blotch on barley leaf samples.

Molecular characterization

The genomic DNA of the pure mycelia of seven-day-old colonies was extracted based on a developed protocol,
19 The quality and quantity of DNA extracted were evaluated via NanoDrop™ 2000/2000c Spectrophotome-
ters device (Thermo Fisher Scientific, Waltham, MA). Subsequently, Polymerase chain reaction (PCR) test
was executed using the internal transcribed spacer regions (ITS) primers, 2° (ITS1: 5°-TCCGTAGGTGAAC-
CTGCGG-3" and ITS4: 5°-TCCTCCGCTTAT TGATATGC-3"), partial actin (actA) gene primers,?! (ACT-
512F: 5-ATGTGCAAGGCCGGTTTCGC-"3 and ACT-783R: 5-TACGAGTCCTTCTGGCCCAT-"3), and
partial translation elongation factor 1-alpha (tefl) gene primers 21(EF1-728F'S-CATCGAGAAGTTCGA-
GAAGG-"3 and EF1-986R:'5-TACTTGAAGGAACCCTTAC C-'3). The PCR amplicons of ITS, actA and
tefl were sequenced employing their primers at Macrogen Inc. (Seoul, Korea; http://www.macrogen.com).
Sequences were then edited via BioEdit version 7.0.5.3 and ?* and compared by the nucleotide BLAST
(www.ncbi.nlm.nih.gov) software with the GenBank database sequences. Phylogenetic analyses were con-
gi4ucted in MEGA-X, 2* using the maximum-likelihood model for the obtained ITS, actA and tefl sequenced,

Pathogenicity assessment
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The pathogenic potential of fungal isolates was verified on barley leaves of Al-Warkaa cv. Utilizing the de-
tached leaf assay, 2. A conidial suspension at a concentration of 2000 conidia per ml was prepared from 7-
day-old pure cultures. A 50-pul of this suspension was applied onto the adaxial side of each healthy leaf (n=12)
that was surface disinfected with 70% ethanol. Other disinfected leaves were treated with distilled water only
for control purposes. The treated leaves were then sited on moist tissues into plastic containers that were
incubated at 25+2 °C in darkness and periodically observed until disease symptoms appeared. The fungal
pathogen was re-isolated from spots blotch of inoculated leaves, and its morphological features were re-ex-
amined to complete Koch's postulates. The test was repeated twice to confirm the results obtained, 6.

RESULTS

Morphological identification

A total of 20 fungal isolates were obtained consistently from the diseased barley leaves. However, no appar-
ent differences in cultural or morphological characterizations were noticed among these isolates. At the be-
ginning of the fungal development, the colony's growth on PDA was abundant airy mycelium in white-grey-
ish color with light to dark green in internal areas extending from the colony's center. Laterally, the mycelium
color converted to dark brown or dark olivaceous bounded with light grey mycelium. However, the colonies
were dark brown to black on the reverse surface.

Furthermore, the microscopic analysis showed that the conidiophores were typically branched or simple,
usually curved with a length of 12 to 15 um and a width of 4 to 6 pm. Conidia (Figure 2) were pale to light
brown and typically formed in branched chains of different shapes. They were generally ovoid, obclavate or
ellipsoidal shape with an average length of 22—30 um and a width of 16—18 um developing a short conical
beak at their tips and owned 2-5 transverse septa and 1-2 longitudinal septa. According to these characteris-
tics, which agreed with the previous description12, the fungus was initially identified as 4. alternata.

6@5&69

Figure 2. The culture and morphology of A. alternata were isolated in this study. (a) Colony morphology of the representative
isolate, Alhusseiniya, cultured on PDA; (b) Microscopic observation of the A. alternata conidia.

Molecular characterization

The initial identification of the 4. alternata isolated was confirmed through successful amplification and se-
quencing generated for the ITS region, tefl and actA genes, respectively. The BLAST analysis revealed 99-
100% similarity of the sequences obtained in this study with those of numerous A. alternata isolates deposited
in the GenBank database, as the phylogenetic analysis confirmed the identification of this species by clustering
it with other references of 4. alternata in the three genetic markers (Figure. 3,4,5). Accordingly, they were
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deposited in the GenBank and had specific accession numbers (ITS-MT874979.1; TEF1-MT875391.1; actA-
MT875390.1).

ol MG250608.1 Alternaria alternata isolate RG3 (South Korea)

- KF731832.1 Alternaria alternata strain BL-7 (China)

- MK385595.1 Alternaria alternata isolate SAUAF1 (Pakistan)

3
- KY075666.1 Alternaria alternata isolate 27 (Iran)
n KT223345.1 Alternaria alternata strain J-1-9 (China)

KT223359.1 Alternaria alternata strain M-2-5 (China)

MT174142.1 Alternaria alternata isolate 2 (Mexico)

L—— MT312756.1 Alternaria alternata strain G28 (Spain)
MH992147.1 Alternaria alternata isolate ET 61 (Turkiye)
® MT874979.1 Alternaria alternata strain Alhusseiniya-1 (Iraq)
MK311253.1 Pythium aphanidermatum isolate CTS

Figure 3. Phylogenetic tree created by neighbor-joining process gathered from I'TS-rDNA region sequences present-
ing the relationships among isolates of A. alternata isolate Alhusseiniya-1 (indicated with a black dot) and related Al-
ternaria species. The out-group fungus is Pythium aphanidermatum.

@ MTR875391.1 Alternaria alternata strain Alhusseiniya-1 (Iraq)
KY565241.1 Alternaria alternata isolate LH-4 (China)
KJ638245.1 Alternaria alternata strain DUCC5021 (South Korea)
KY094926.1 Alternaria alternata strain KFRD-13 (China)
KY094927.1 Alternaria alternata strain KFRD-14 (China)
MN258023.1 Alternaria alternata strain 19-24 (Italy)

MK841517.1 Alternaria alternata strain AM-14 9 (Pakistan)
MN692925.1 Alternaria alternata strain PaF-2 (China)
MN692926.1 Alternaria alternata strain PaF-3 (China)

MNG692924.1 Alternaria alternata strain PaF-1 (China)

KP297924.1 Anthanassa drusilla ssp. BLU642
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Figure 4. The phylogenetic tree produced by the neighbor-joining procedure collected from tefl gene sequences dis-
plays the relationships among isolates of 4. alternata isolate Alhusseiniya-1 (indicated with a black dot) and related
Alternaria species. The out-group fungus is Anthanassa drusilla.

MEK451996.1 Alternaria alternata strain GSJP6 (China)
MK451994.1 Alternaria alternata strain GA18 (China)
MF564199.1 Alternaria alternata strain Alt4Jag (Poland)
MK637425.1 Alternaria alternata isolate JYD3-1 (China)
MH892480.1 Alternaria alternata strain AA2-8 (China)
MK637426.1 Alternaria alternata isolate JDD14-3 (China)
MK451995.1 Alternaria alternata strain GR1 (China)

@ MT875390.1 Alternaria alternata strain Alhusseiniya-1 (Iraq)
MK695681.1 Alternaria alternata isolate AWS-1 (India)

KY676197.1 Alternaria alternata strain AE1 (Italy)

JN038402.1 Pythium aphanidermatum

Figure 5. Phylogenetic tree constructed by neighbor-joining procedure collected from actA gene sequences showing the
relationships among isolates of A. alternata isolate Alhusseiniya-1 (indicated with a black dot) and related Alternaria species.
The out-group fungus is Pythium aphanidermatum.

Pathogenicity assessment

The A. alternata isolate Alhusseiniya tested was pathogenic, producing symptoms on the detached leaves
(Figure 6) starting after about one week. The typical symptoms initially appeared as small brown necrotic
lesions that subsequently extended to be more prominent in oval shapes with distinct chlorotic or straw-color
edges. These lesions ultimately combined and caused the drying of leaves. However, control leaves did not
develop any disease symptoms. The fungal pathogen was re-isolated from the symptomatic barley leaves, and
the microscopic observation demonstrated that its morphological features were similar to those of the initially
obtained isolate.

Figure 6. Pathogenicity test on barley leaf. The inoculated leaf showed typical symptoms after 14 days post-inoculation.

Clinical Biotec, Universidad Catolica del Oriente (UCQO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.56 6

DISCUSSION

In this study, A. alternata isolate Alhusseiniya isolated from barley leaves was identified based on its mor-
phological, molecular, and pathogenicity characteristics. 4. alternata is supposed to be worldwide distributed,
causing various plant diseases such as root rots, blights and leaf spots on a wide range of host plants, 3'°. To
distinguish Alternaria spp., morphological characters comprising sizes and shapes of conidia and chain for-
mation are categorized the genus into 14 species, 2. However, diverse morphologic flexibility has been ob-
served among Alternaria spp due to the influence of numerous factors such as temperature, light and humidity.
As well as, an extensive morphological variation of septation number, shape, color, and size of conidia was
based on differentiation in conidium age, 2. Therefore, identifying Alternaria species based on their morpho-
logical features is complex, insufficient, and inaccurate. Due to these limitations, several molecular methods
were suggested to be applied besides morphological characterizations for accurately identifying Alternaria
species and other microorganisms, '>23.

The sequencing of numerous universal genetic barcodes besides morphological traits has been used success-
fully in identifying Alternaria spp—pathogens, including A. alternata. For example, A. alternata causing leaf
spots on quince trees and Rehmannia glutinosa plants was identified relying on the morphological character-
izations and sequencing of the translation elongation factor 1-alpha (tefl), internal transcribed spacer (ITS),
actin (actA), glyceraldehyde-3-phosphate dehydrogenase, RNA polymerase II second largest subunit, major
allergen Alt a 1 gene, endopolygalacturonase gene and anonymous gene region, 2. The sequences of the In-
ternal transcribed spacer and B-tubulin were utilized in identifying the same species causing fruit Rot of opium
poppy and black spots on pink lapacho, 2%.

The pathogenicity assessment proved that A. alternata isolates Alhusseiniya were pathogenic to this crop by
producing varying spot blotch symptoms. The disease incidence was estimated to be around 20-30% in all
barley fields surveyed in the Alhusseiniya region of Karbala province, where the disease was noticed. How-
ever, previous studies have recorded A. alternata associated with different diseases on various crops, »°. It has
been reported only as one of the causal agents of spot blotch disease on barley crops, **. However, this re-
search's findings and prior reports suggest the polyphagous aspect of this species and its adaptation to more
significant geographic regions. The leaf spot blotch disease of barley caused by 4. alternata is occurring in
Karbala province and possibly in barley-producing regions of Iraq. However, it was undetected by the farmers
until it was reported in the present study. Thus, this is the first record of A. alternata causing spot blotch on
barley in Iraq. This discovery is highly significant regarding the fungal epidemiology and management of the
disease using new control and management methods that were proved to be efficient against various plant
pathogens such as biological agents and nanoparticles, 31>,

CONCLUSIONS

In this study, the etiology of spot blotch disease on barley crops has been identified as the fungus A. alternata
for the first time in Iraq. This identification was based on the fungal pathogen's morphological, molecular and
pathogenicity characteristics.
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