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Figure 1. Restriction digestion pattern of fungal DNA prepared from mycelium. Lane 1 shows uncut gDNA
and lanes 2, 3, and 4 were cut with BamHI, EcoRI and HindIIl, respectively. Molecular weight marker is

shown in lane 5.
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Table 1. Primers used in this study.

('<-0") J R al

Sequence (5°->3") Name Region
TCCGTAGGTGAACCTGCGG (Forward) (<s,) ITS1 SSuU
GCTGCGTTCTTCATCGATGC (Reverse) (.23 ) ITS2 5.8S
GCATCGATGAAGAACGCAGC (Forward) (<s,) ITS3 5.8
TCCTCCGCTTATTGATATGC (Reverse) (=25 ) ITS4 LSU

.A. Tubingensis \ A. Niger ;5 -J 55535 05 g 31 s 25 gl p 485 4 jasw PCR b el 5 Y Jjd>
Table 2. Species-specific PCR primers for amplification of partial sequence of the calmodulin gene in A. niger

or A. tubingensis.

('<-o") Jigs
Sequence (5°->3")
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PUCHH

Name Region

TCCGTAGGTGAACCTGCGG

GCTGCGTTCTTCATCGATGC

GCATCGATGAAGAACGCAGC

TCCTCCGCTTATTGATATGC

(Forward) (=s,) NIG1 Calmodulin :,Js 5Ji8

(Reverse) (c.i8 ) NIG2 Calmodulin -Js ;)i
(Forward) (=s,) TUB1 Calmodulin :,Js 5Ji8

(Reverse) (c.i5 ) TUB2 Calmodulin -Js ;)i
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Figure 2. Halo zone formation by colony in NBRIP-BPB culture medium.
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Table 3. Estimation of solubilization index by fungal isolates on NBRIP-BPB medium.

Dol ol (cm) i, dla (cm) S a3 b ali
Solubilization index Halo zone Colony diameter Fungal isolate
1.46£0.14° 0.7+ 0.1 1.5+0.3 (isolate 1)) 4.~
1.14£0.11° 0.5£0.2 3.5+1.1 (isolate 2) ¥ «li>
1.08+0.07° 0.240.1 2.340.2 (isolate 3) ¥ 4lu>
1.13£0.11° 0.3£0.2 2.3+0.1 (isolate 4) ¢ «la>
1.25+0.16° 0.7+0.3 2.8+ 0.7 (isolate 5) 0 4l

sl £ 515w Sla @l s (S5 Oe31 bl 0, gl 2 Dl O BB alie G~ S Blas shls gla Sl

il o 3,5kl

Averages with at least one letter have no significant difference at the 5% level based on the Tukey test. Results are means of

three repetitions + standard errors.
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Table 4. Phosphate solubilization by fungal isolates and pH changes in culture medium containing 2% (w/v) of
rock phosphate during 6 days of incubation.

B alo
P(mgL") pH S
Fungal isolate
112.2+4.4% 3.23+ 044" (SANRU isolate) SANRU 1
272+ 1.6° 424+0.17° (isolate 2) Y &la=
29.9£2.0° 4.44%0.05° (isolate 3) ¥«
24.6+3.7° 4.33+0.14° (isolate 4) ¢ w1
41.6£2.20° 4.83+0.24° (isolate 5) 0 &)~

sl £ 1S5 Sl @ A S5 Oga3l bl 0 Clanﬂ 55 b pme Ol BB alie O S Bl lls sla Sils
e 51k

Averages with at least one letter have no significant difference at the 5% level based on the Tukey test. Results are means of
three repetitions + standard errors.
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Figure 3. PCR amplification of the ITS regions. Genomic DNA obtained from mycelium was subjected to
amplification of the (1) ITS1 region (ITS1_ITS2), (2) ITS2 region (ITS3_ITS4), and (3) the entire ITS region
(ITS1_ITS4) and was electrophoresed on a 2.0% agarose gel. Molecular weight marker is shown in lane 4.
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Figure 4. Species-specific PCR product obtained amplifying A. niger DNA (245 bp) in lane 2. Genomic DNA
obtained from mycelium was subjected to PCR amplification of a partial sequence of calmodulin gene using
NIG1 and NIG2, lane 2, or TUB1 and TUB2, lane 3, primers and was electrophoresed on a 2.0% agarose gel.
Molecular weight markers are shown in lanes 1 and 4.
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Abstract

Background and Objectives: Phosphate is one of the macronutrients and involved in many
essential plant processes such as respiration, cell division, root development, photosynthesis,
sugar decomposition, nutrient transfer inside the plant, the transfer of genetic characteristics
from one generation to the next and the regulation of metabolic pathways. Deficiency occurs
when phosphorus content in the soil reaches less than 0.1%. Today, in order to achieve
sustainable development, the use of low-cost natural nutrients such as rock phosphate is
necessary. In recent years, the use of phosphate solubilizing microorganisms has been studied
for dissolution of rock phosphate. The aim of this study was to isolate indigenous phosphate
solubilizing fungi and identify the most effective isolate at the species level.

Materials and Methods: Samples were taken from the soil around the Dalir phosphate mine
located in Chalous, (Mazandaran). After preparation of the dilution series from soil suspension
and culture in NBRIP-BPB and PVK, phosphate-solublilizing fungal colonies were isolated.
The ability of phosphate solubilization of fungal isolates was also studied in NBRIP liquid
medium. The phosphate solubilized was measured in the liquid medium and the pH of the
samples was measured using pH meter. An isolate (named by SANRU) that significantly
reduced the pH of the environment, released more phosphorus and had a higher solubility index,
was selected. The selected isolate was identified by ITS polymerase chain reaction and then
calmodulin-based PCR methods.

Results: The results indicate that the use of the NBRIP-BPB medium is more efficient than
PVK medium for P solubilizing fungi isolation. Screening was carried out in solid and liquid
media for each isolate and SANRU isolate was more prominent phosphate solubilizers compare
to the other isolates. The results of comparing the sequence of the ITS gene with the sequences
in the gene bank showed that SANRU strain had a similarity of 100% with A. niger and
A.tubingensis species. In order to overcome this uncertainty, a calmodulin-based PCR method
was carried out. The replication of a part of the Calmodulin gene sequence revealed that the
SANRU strain belongs to the tubingensis section and the sequencing sample was registered with
the access number KT222864 at the World Gene Bank.

Conclusion: According to the results of this study, simultaneous screening in solid and liquid
medium is recommended to determine phosphate solubilizing ability. According to the results of
this study, the method of sequencing of calmodulin in comparison with ITS has a much higher
accuracy for differentiation of Aspergillus species, therefore, it is recommended for accurate
identification of Aspergillus species.
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