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From 2014 to 2024, soybeans have been the most popular crop in
Kazakhstan's agriculture, especially in the northern grain-growing regions.
However, in terms of the yield of this crop, Kazakhstan lags behind the
largest-producing countries because of the spread of diseases caused by fungi,
which lead to lower yields and seed quality. Therefore, the main objective of
the study was to identify fungal pathogens affecting soybean crops in the
forest-steppe zone of North Kazakhstan, with a focus on isolating and
characterizing strains of the Alternaria genus. To identify the fungal strains,
the method of determining the direct nucleotide sequence of the internal
transcribed spacer region was used, followed by the determination of the
nucleotide identity with sequences deposited in the international GenBank
database, as well as the method of constructing phylogenetic trees with
nucleotide sequences. Fungal isolates were obtained from infected soybean
tissues, cultured on potato dextrose agar, and identified through direct
sequencing of the ITS region and partial sequencing of the TEF-1a and Tub2
genes, followed by BLAST analysis and phylogenetic tree construction. As a
result of the analyses, the authors identified a phytopathogenic strain of
Alternaria tenuissima. The analyses revealed that the isolates belonged to 4.
tenuissima, confirmed through both sequence identity and phylogenetic
analysis. The identification of A. tenuissima as a soybean pathogen provides
essential data for the development of effective disease management strategies
in Kazakhstan’s soybean production.

Published by Arab Society for Fungal Conservation

Introduction

protein content in seeds (33-44%) (Tleulina et al.

Soybeans are a widespread crop worldwide. Its primary
purpose is industrial processing to produce oil with
high nutritional and industrial value (Jacob, Karikalan
2021, Kazeem et al. 2023, Brandibur et al. 2024).
According to the international technical classification,
soybeans belong to oilseeds, and according to
biological taxonomy, they are legumes with a high
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2024). Therefore, another important area of its use is
the production of high-protein cake and meal for food
additives and the needs of livestock production (Arinov
et al. 2016; Makulbekova et al. 2017; Mussynov et al.
2017, Zhakyalkov et al. 2023).

In the Republic of Kazakhstan, the main areas of
soybean cultivation are concentrated in the south, while
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the acreage in the northern regions is insignificant
(Kenenbayev et al. 2023). Producing soybeans is
profitable since their price is several times higher than
that of monoculture wheat, which occupies about 80%
of the acreage in this grain-growing region (Bureau of
National Statistics 2014).

Soybean acreage has shown unstable trends in
recent years, with sharp increases and decreases,
reflecting ongoing challenges in the industry (Tirono,
2022; Smirnova et al., 2024). This instability points to
issues in cultivation practices and highlights the need to
improve the phytosanitary condition of crops. One of
the key barriers to achieving stable, high-quality yields
is the widespread occurrence of soybean diseases
(Shumenova et al., 2024)

Research shows that soybeans are vulnerable to a
number of serious diseases, many of which can
significantly reduce crop yields. Among the most
common and harmful are black stem—caused by
several types of fungi like Ascochyta sojaecola—as
well as Fusarium blight, downy mildew (Peronospora
manshurica), white rot (Sclerotinia sclerotiorum), and
Alternaria blight (Alternaria tenuis). Stem blight,
caused by Diaporthe phaseolorum (var. caulivora and
var. sojae), is also a major concern. On top of these,
bacterial and viral infections contribute to a wide range
of other diseases that threaten soybean health (Yorinori
et al., 2005; Mueller et al., 2016; Utelbayev et al., 2021;
Kuldybayev et al., 2023).

Among these diseases, Sclerotinia disease, root rot,
and late blight are the most common among leading
soybean producers in Canada and China (Lerch-Olson,
Robertson 2020; Yang et al. 2020). Fusarium blight
and root rot, Alternaria leaf spot, seed rot, and
anthracnose are more often mentioned in soybean
regions of Ukraine, Russia, India, and Africa (Kurilova
2010, Hailemariam et al. 2019, Mykhalska et al. 2020,
Nataraj et al. 2020, Ouedraogo et al. 2024).

However, there are no comprehensive studies on
soybean diseases in Kazakhstan (Kuldybayev et al.
2023). To fill the gap, in 2023-2024, field studies to
assess the phytosanitary condition of soybean crops in
the forest-steppe zone of North Kazakhstan were
conducted.

The primary objective of this study was to
investigate the species composition of soybean diseases
in the forest-steppe zone of North Kazakhstan and to
identify the key pathogens affecting soybean crops.

Materials and Methods

Study area and sampling
According to field surveys conducted during the
2023-2024 growing season in the forest-steppe zone of
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North Kazakhstan, symptomatic soybean plants (leaves
and stems) exhibiting signs of Alternaria blight were
identified within the fields of Kamenka & D LLP in the
Sandyktau district of the Akmola region. These samples
were collected for laboratory analysis in accordance
with standard phytopathological survey protocols
(Agrios, 2005).

Phytopathological analysis and fungal isolation

Fungal isolates of the Alternaria genus were
obtained from infected soybean leaves and stems
exhibiting symptoms of Alternaria blight (Fig. 1). The
infected plant fragments were surface-sterilized and
placed on potato dextrose agar (PDA). After incubation,
fungal colonies were examined under a microscope.
Morphological identification of Alternaria spp. was
done based on colony appearance and conidial
characteristics under a compound microscope, as
described in Simmons (2007).

Fig 1. Soybean leaves showing visible signs of infection
caused by Alternaria spp.

Molecular characterization and phylogenetic analysis

Genomic DNA was extracted from fungal mycelia
using the cetyltrimethylammonium bromide (CTAB)
method according to Abdel-Azeem et al. (2019). The
DNA concentration and purity were determined using a
NanoDrop 1000 spectrophotometer. Absorbance was
measured at 260 nm and 280 nm to assess nucleic acid
and protein content, respectively.

To identify fungal species, polymerase chain
reaction (PCR) was used to amplify two gene regions:
TEF-1la and Tub2. For the TEF-1a gene, amplification
was carried out using universal primers TEF-la F
(geyceygghcaycgtgayttyat) and TEF-la_R
(achgtrccrataccaccratctt). Each 30 pL reaction included 5
uL of DNA template, 1 unit of Tag DNA polymerase
(ThermoFisher), 0.2 mM of each dNTP, 2.5 mM MgCl.,
10x KCI buffer, and 10 pmol of each primer. The PCR
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cycling conditions started with an initial denaturation at
95°C for 5 minutes, followed by 35 cycles of 95°C for 30
seconds, 58°C for 45 seconds, and 72°C for 1.5 minutes.
A final extension was performed at 72°C for 10 minutes.

Amplification of the Tub2 gene followed a similar
protocol, using primers TUB2 Bsens
(atcacwcactcictiggtggtgg) and TUB2 Brev
(catgaagaartgiagacgiggg). The reaction components
were the same as for TEF-1a, with the only difference
being the annealing temperature, which was set at
55°C.

To check the success of the PCR, the amplified
products were run on a 1.5% agarose gel in TAE buffer
and stained with ethidium bromide. The DNA bands were
then visualized under UV light using a PowerPac
electrophoresis system (Bio-Rad). No bands appeared in
the negative controls, confirming that there was no
contamination in the reactions (Fig. 4).

After amplification, the PCR products were purified
using magnetic silica-coated beads, following the method
described by Berdimuratova et al. (2020). The DNA
bound to the beads in a solution containing 20%
polyethylene glycol and 2.5 M NaCl. The beads were
washed with 70% ethanol, and the clean DNA was then
eluted in either TE buffer or deionized water.

The purified DNA was sequenced using the
BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems), and the sequencing was carried
out on an ABI 3730x] DNA Analyzer, following the
manufacturer's guidelines (Vegas et al., 2006).

Once the raw sequence data were obtained, they
were assembled and cleaned up using SeqMan software
(DNASTAR). Low-quality ends and leftover primer
sequences were trimmed off. The final cleaned sequences
were identified by comparing them with those in the
GenBank database using the BLAST algorithm. To
strengthen the identification, phylogenetic trees were also
built using ITS gene sequences from known reference
strains.

Results

The recovered isolates of Alternaria were first
examined based on their physical characteristics using the
identification key developed by Simmons (2007) and
were identified as 4. tenuissima.

The electropherogram displays the results of PCR
amplification for fragments of the Tub2 and TEF-la
genes. Clear, distinct bands were observed for both
targets, indicating successful amplification of the
expected DNA fragments. The consistency and clarity of
these bands confirm the reliability of the PCR process
and suggest that the extracted DNA was of good quality
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(Fig. 2). These results provide a solid foundation for
further genetic analysis and species identification
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Fig 2. Electrophoregram of PCR amplification products
of a fragment of the Tub2 and TEF-1a genes.

To confirm this identification, BLAST analysis was
performed on the nucleotide sequences (Table 1). The
results showed a high degree of similarity between the
sample and several species within the Alternaria genus.
However, sequence similarity alone is not always enough
for precise species identification, as closely related
species can share highly conserved regions of their
genomes.

Phylogenetic trees based on the TEF-1a and Tub2
gene sequences are shown in figures 3 and 4,
respectively. In both analyses, the test specimen clusters
on the same branch as A4. tenuissima, indicating a close
evolutionary relationship. This strong genetic similarity
supports the conclusion that the specimen most likely
belongs to the species 4. tenuissima.

MN078931.1 Alternaria tenuissima isolate BAT3 translation elongation factor 1a (TEF alpha) gene partial cds
{ Sample 1

ON993388.1 Alternaria burnsii isolate Alt-2 translation elongation factor 1-alpha (tef) gene partial cds
MZ152113.1 Alternaria consortialis isolate BR41 translation elongation factor (TEF) gene partial cds

—
o

Fig 3. Phylogenetic tree based on the analysis of a
fragment of the TEF-1a gene.

The sample clusters analyzed on the same branch as
A. tenuissima and Alternaria alternata in the
phylogenetic tree shown in Figure 4. In Figure 3, based

MN078929.1 Alternaria alternata isolate BAA1 translation elongation factor 1a (TEF alpha) gene partial cds
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Table 1 Gene fragments, corresponding sequences, BLAST-based identification from GenBank, accession numbers,

strain names, and sequence identity percentages.

Name of the gene

Identification of nucleotide sequences in an
international database (http://www.ncbi.nlm.nih.gov),

Fragment sequence BLAST algorithm
GenBank accession Strain name Matching %
number

TEF-1a GGGTCTTACCAGTGGCCTTGGCCTTGGTC KP009004.1 Alternaria 100
TCCTTCTCCCAACCCTTGTACCAGGGGCA alternata
GTTGGATGAGGCCTCAATCATGTTGTCAC
CGTTGAAACCGGAGATGGGGACGAAGG '
GAACGTGCTTGGGGTTGTAGCCGACCTT —~ JQ672478.1 Alternaria 100
CTTGATGAAGTTGGAGGTCTCCTTGATGA loxicogenica
TCTCCTGGTAACGCTCCTCGGACCACTTG
GTGGTGTCCATCTTGTTGATGGCAACGAT ~MNO78931.1 Alternaria 100
GAGCTGCTTGACACCGAGGGTGTAAGCG tenuissima
AGGAGAGCGTGCTCACGAGTCTGGCCAT
CCTTGGAGATACCAGCCTCGAACTCACC
AGTACCGGCGGCAATGATGAGAATAGCG
CAGTCGGCCTGGGAGGTACCAGTGATCA
TGTTCTTGATGAAAT

TUB2 GTACGCTTCTCATCTCCAAGATCCGTGAG  MT003125.1 Alternaria 100
GAGTTCCCCGACCGCATGATGGCCACCT alternata
ACTCCGTCGTGCCTTCCCCCAAGGTCTCC
GACACCGTTGTCGAGCCCTACAACGCCA OM674441.1 Alternaria 99.16

arborescens

CACTCTCCATCCACCAGCTGGTTGAGAA
CTCAGACGAGACCTTCTGCATTGACAAC
GAGGCTCTCTACGACATCTGCATGAGGA
CTCTCAAGCTGAACAACCCCTCCTACGG
CGACCTGAACCACCTCGTTTCCGCCGTCA
TGTCGGGTGTCACTACCTGCCTGCGTTTC
CCTGGTCAGCTCAACTCTGACCTGAGGA
AGTTGGCCGTCAACATGGTTCCCTTCCCC
CGTCTCCACTTCTTCATGA

on the TEF-1a gene sequence, the sample appears most
closely related to A. tenuissima. Similarly, the Tub2 gene
analysis in figure 4 also places the sample near both A.
tenuissima and A. alternata, suggesting a close genetic
relationship with these species. However, when both gene
sequences are analyzed together, the evidence more
strongly supports that the sample belongs to A.
tenuissima (Table 2).

0 Samplet

TO03125.1 Atemearia ahemata isolate ALT beta-tubuln (BT) gene partl cds

ONG74441.1 Atemana arborescens stran PAR1S beta-tubuln (1) mRNA partal ds
1833438 1 Atemana aponica srain CBS 118390 eta-ubulin (FIsZ) gene partal cds

‘{ JQ905222 1 Atemearia tenuissima beta-ubulin (bta-ubuiin) gene partal cds

i
0009

Fig 4. Phylogenetic tree based on a fragment of the
TUB2 gene, illustrating the genetic relationship
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between the studied specimen and other known
Alternaria species.

Overall, the phylogenetic analysis provides a clearer
picture than BLAST alone, confirming that the studied
strain is most likely A. tenuissima based on its
evolutionary placement among closely related species
(Saitou & Nei, 1987; Tamura et al., 2021).

Table 2 Summary of strain identification based on
sequence analysis of TEF-1a and TUB2 gene fragments.

No. Taxa Note
1 Alternaria tenuissima Determined based on
TEF-1a a phylogenetic tree
constructed by the
neighbor-joining (N-
J) algorithm
1 Alternaria Determined based on
TUB2  tenuissima/Alternaria a phylogenetic tree
alternata constructed by the N-

J algorithm
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DISCUSSION
The genus Alternaria is very adaptable and serves
many purposes in different ecosystems. It is well
known as a plant pathogen that causes diseases in many
crops, but it can also act as a saprobe by eating dead
organic matter and as an endophyte by living safely
inside plant tissues. Some types of Alternaria even act
as natural recyclers, breaking down plant waste and
putting nutrients back into the soil (Abed et al. 2020,
Abo Nouh et al. 2021, Yadav et al. 2021, AL-Ziadi et
al. 2024, Mansour et al. 2025, Alzahrani 2025). This
ability to change lets Alternaria live in a variety of
places and interact with plants in both good and bad
ways, depending on the situation.

The control of Alternaria  tenuissima, a
phytopathogen affecting soybean (Glycine max)and a

host of plants, requires a multi-faceted approach
integrating chemical, biological, and agronomic
measures. The increasing prevalence of

Alternaria species in Kazakhstan’s soybean production
underscores the necessity for effective disease
management strategies, and this section aims to highlight
the current control measures and their effectiveness in
mitigating the impact of Alternaria tenuissima on crop
production.

Chemical control strategies such as the application
of fungicides remain a widely acceptable strategy for
managing  Alternaria  infections. = For  instance,
naphthyridine-based oxadiazole derivatives have shown
significant antifungal activity against Alternaria alternata
and may hold potential for broader applications against
related pathogens (Domala et al., 2022). A study by Lan
et al. (2023) concluded that hymexazol fungicide was
able to control Alternaria tenuissima leaf spot disease in
Luobuma. Their study showed that A. fenuissima had a
relatively higher sensitivity to the hymexazol fungicide
and displayed a 98% inhibition rate. Tang et al. (2023b)
in their study concluded that 10% difenoconazole WDG,
a triazole, had the best inhibition effect on 4. tenuissima
during in vitro testing. Further conclusion stated that 10%
difenoconazole and fludioxonil in a 2:8 ratio exhibited
great synergy and resulted in control of A. tenuissima.
Recent studies has shown that for optimal results
chemical methods should be combined a different
strategy such as biological or agronomic. Utelbayev et al.
(2021) achieved efficient results by combining chemical
and Extrasol biofungicide, while Liu et al. (2023)
achieved results by combining fungicides and crop
rotation practices.

Biological control using antagonistic
microorganisms offers an environmentally friendly
alternative to chemical fungicides. Narendrakumar et al.
(2021) report that chitinase enzymes extracted from
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Serratia marcescens su05 exhibit significant
antifungal activity against Alternaria alternata. Some soil
bacteria have shown antagonistic effects up to >90%
efficiency in controlling the growth of 4. tenuissima in
spring wheat seeds (Tarar et al., 2022; Puchkova &
Alekseeva, 2024). In a recent study, Manea et al. (2023)
presented results showing the effect of Trichoderma
harzianum and its combinations in inhibiting the growth
of A. tenuissima. A study by Abbas et al. (2020) reported
on a biochemical approach in controlling A. tenuissima.
Vicilin, a glycoprotein isolated from chickpeas, displayed
an inhibitory effect on the growth of A. tenuissima in
postharvest fig fruits. Studies such as Carrascal-
Hernandez et al. (2022) have shown the potential of
applying CRISPR/Cas9 and RNAi technologies in
controlling the Alternaria fungi. Practices such as
silencing the 4bSte7 gene have shown significant effects
in reducing pathogenicity.

Cultural practices play a vital role in reducing
Alternaria infections. Practices like proper irrigation and
crop rotation with non-host species, such as cereals or
legumes less susceptible to fungal infections, help break
the disease cycle (Al-Rawashdeh, 2025). Another
strategy is the use of resistant varieties, which has been
shown to be the easiest, safest, and cheapest approach to
controlling Alternaria infections (Nsah et al., 2024).

An integrated disease management system that
combines all three approaches will be highly efficient in
controlling Alternaria infections (Zhang et al., 2022).
While fungicides provide immediate disease suppression,
the integration of biocontrol agents, resistant cultivars,
and cultural practices ensures long-term sustainability.
Future studies need to be directed towards understanding
the molecular mechanisms of Alternaria
tenuissima pathogenicity, identifying new biocontrol
agents, and strengthening plant resistance using advanced
breeding methods (Kone et al., 2023). In addition, farmer
education and awareness development on best
management practices are also needed to attain successful
disease management in agricultural systems.

Conclusions

The Tub2 and TEF-la genes were amplified and
sequenced to study the fungal strain. Using the GenBank
database, a BLAST analysis of the resulting sequences
showed that they were very similar to a number of
species in the Alternaria genus. The strain had a 100%
sequence match with the TEF-la gene in Alternaria
alternata, A. tenuissima, and A. toxicogenica. A.
alternata had a 100% match with the Tub2 gene. The
phylogenetic tree made it clear what species the strain
belonged to, even though the BLAST data showed that it
was very similar to a number of other species. It was
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most likely A. tenuissima. Using the Neighbor-Joining
(N-J) method for phylogenetic analysis, it was found that
the strain is most closely related to A. tenuissima.
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