Rassin et al. Iragi Journal of Science, 2015, Vol 56, No.4A, pp: 2788-2797

N/
Iraqi
Journal of

Science
ISSN: 0067-2904
GIF: 0.851

Molecular Identification of Aspergillus fumigatus Using ISSR and RAPD
Markers

Nawras Kadhim Rassin'”, Neamat J. Al- judy®, Batol Imran Dheeb?
'Department of Biology, College of Science, University of Baghdad, Baghadad, Iraq
“Department of Biology, College of Education, Iragia University, Baghadad, Iraq

Abstract

The aim of this stud to isolate and identified of A. fumigatus from different
sources and study the genetic diversity among these isolates by using RAPD and
ISSR  markers.Collected 20 samples from 7samples were isolated A.
fumigatusisolates were characterized depending on its morphological, then extracted
DNA from its.RAPD markersrandomly bandingwith sitesof genome more than ISSR
markers where the primer OPN-07 achieved discriminative power (19.1) and 43
bands, while ISSR6 achieved discriminative power (17.1) with 32 bands.ISSR were
more efficiency in specific binding then RAPD, ISSR primers has great a binding to
production unique band, when 9 primers from 10 primers, ISSR9 was produce (5)
unique bands, while RAPD markers was low ability to production unique bands,
3primers from 9 primers were produced unique bands.The dendrogram of RAPD
was reverted than isolates number 5 and 7 had the great genetic diversity 0.33361
while the isolates number 5 and 6 had the lowest genetic similarity 0.98521 in
contrast with ISSR markers was show isolates humberl and 2 greats genetic
diversity 0.97826whilethe isolates number 5 and 7 had the lowest genetic similarity
0.10253.
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Introduction

Aspergillusfumigatus is an opportunistic fungus, responsible for approximately 90% of invasive
Aspergillosis infections for immune-compromised individuals or allergic for individuals with atopic
immune system [1]. A.fumigatuscan cause infection on inhaling of 100 spores. After inhalation, it
reaches the alveoli of the lung and then reaches the whole body through the bloodstream, including
kidney, liver, and brain.[2,3]. the pathogen city of A.fumigatus is due to presence of virulence
associated genes in the genome which can be divided into four clusters depending on phylogenomic
analysis [4].0One of the diagnostic methods for A.fumigatus is Polymerase Chain Reaction (PCR),
which can amplify some specific fragment of DNA into millions of copies[5]. In recent years,
different molecular typing techniques have been applied to study the genetic diversity of
Aspergillusspp. and the possible occurrence of similarity and difference between them, Random
Amplified Polymorphic DNA (RAPD) analysis can be performed as a method for study genetic
diversity with large number of different strains of microorganisms. It is inexpensive and requires less
amount of DNA [6]. Moreover, RAPD analysis is technically being commonly used as an indicator for
determination the genetic diversity, whilelnter-simple sequence repeattechnique ISSR analysis based
on variation found in the regions between microsatellites it has been used in genetic fingerprinting
gene tagging and detection of clonal variation [7]. This technique whichinvolved amplification of
DNA segment present in between two identical microsatellite repeat regions by addition the oriental in
opposite direction with suitable distances ISSR method has been reported produce more complex
markers patterns than the RAPD markers In addition, ISSR method are more reproducible than RAPD
method Because ISSR primers designed to anneal temperature to a microsatellite sequences are long
than RAPD primers, allowing higher annealing temperature to be used. It also because of multilocus
fingerprinting profile obtained ISSR has been found to be an efficient, low cost, simple operation, high
stability and abundance of [8].The aim of the study Detection of the unique bands and polymorphism
between isolates and Comparative study between RAPD and ISSR markers for genetic diversity
between different A. fumigatus isolates.
Materials and Methods
Aspergillusfumigatus isolates

A total of 7 A. fumigatus clinical and environmental isolates as shown in table-1 were examined
according to their microscopic features, and were sub cultured on sabouraud Dextrose Agar, for using
in DNA extraction.

Table 1- Aspergillusfumigatus isolates examined during this study

A.fumigatusisolates Samples type Sources
AFU1 Aspergillosis(Sputum) Clinical
AFU2 River Water sample Environmental
AFU3 Contaminationhospital (Swap) Clinical
AFU4 Soil rounded plant root Environmental
AFU5 Zea mays grain Environmental
AFU6 Otitis externa (Swap) Clinical
AFU7 Air sample Environmental
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Genomic DNA extraction

The DNA was extracted by small-scale method commercial kit (Bionner-Korea) DNA Purity was
measured depending on optical density by spectrophotometer. DNA quality was visualized by agars
gel electrophoresiswith ethidium bromide and visualized under UV light [9]
Molecular Analysis
RAPD assay

Six of RAPDprimers were used in this study,the primers was synthase by (Bioneer-Korea) in
Iyophilized form and dissolved in sterile distilled water to get final conc. of (10pmol/ml)[10].The
primers and their sequences are listed in table-2.

Table 2- The names and sequences of the primers used in this study

No. Primers name Sequences('5 -'3)
1. OPI - 06 AAGGCGGCAG
2. OPE-16 GGTGACTGTT
3. OPN-07 GAGCCCGAG
4, OPQ-17 GAAGCCCTTG
5. OPD-20 ACCCGGTCAC
6. OPL-05 ACGCAGGCAC

Amplification of genomic DNA was performed with the following master amplification reaction:

Materials Final concentration Volume for 1 tube
PCR pre mix 1x 5ul
Deionised D.W S 11l
Primer(10pmol/ 10pmol /ul 2ul
DNA template 100ng 2ul

RAPD — PCR premix (final reaction volume = 20 ul).No. of cycles = 40 cycles between initial
denaturation and finalextension, following table shows the RAPD program

Steps Temperature (°C) Time (min.)
Initial denaturation 94 5
Denaturaion 94 1
Annealing 36 1
Extension 72 2
Final extension 72 10

Followed by a hold at 4°C[10]. Each PCR amplification reaction was repeated twice to ensure
reproducibility the products analyzed by electrophoresis in 1.5% agars gels with 0.5ul stained
ethidium bromide at 5vt/cm for 3hours.

ISSR assay

Six of ISSR primers were used they were provided by (Bioneer — Korea) in lyophilized form and
dissolved in sterile distilled water to get final conc. of (10pmol/ml) [10].Recommended by provider
the primers which tested in this study which list in table-3.

Table 3- The names and sequences of the primers used in this study

No. Primers Name Sequence('5-"3)

1. ISSR, GACAGACAGACAGACA
2. ISSRg AGAGAGAGAGAGAGAGAGAGC
3. ISSR; AGAGAGAGAGAGAGAGAGAGT
4. ISSRg CTCTCTCTCTCTCTCTCTCTA
5. ISSRyg CTCTCTCTCTCTCTCTCTCTG
6. ISSRyo CTCTCTCTCTCTCTCTCTCTT
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Following master amplification reaction

Materials Final concentration Volume for 1tube
PCR Premix 1x 5ul
Deionised D.W. — 17 ul
Primer(10pmol/ml) 10pmol/ml 2ul
DNA template 100ng 1l

Final concentration was performed in a volume of 25ul. PCR program for ISSR assay using the
following program: No. of cycles= 40 cycles between initial denaturation and final extension, the
following table shows the ISSR program:

Steps Temperature(°C) Time (min.)
Initial denaturation 94 5
Denaturation 94 1
Annealing 50 1
Extension 72 1
Final extension 72 10

Each PCR amplification reaction was repeated twice to ensure reproducibility the products
analyzed by electrophoresis in 1.5% agars gels with stained ethidium bromide 0.5ul at 5vt/cm for
2hour.

Data analysis
Estimation of molecular weight

Computer softwarePhoto-Capture M.W. program was used to determine molecular weight based on
comparing the RAPD-PCR and ISSR-PCR products depending on molecular weight of bands and
number bands of a 2000bp DNA ladder Bioneer (which consist of 13 bands from 100 to 2000 bp.).
Estimation of polymorphism, efficiency and discriminatory power

Data generated for molecular weight RAPD and ISSR markers result bands were a score for each
bands on the molecular size (1 for present, O for absence) the commercial soft word [11]. Only major
bands consistently amplified were scored. Polymorphism of each primer was calculated based on the
following formula:

Polymorphism % = (Np/Nt)x100
Where Np= the number of polymorphic bands of random primer, Nt= the total number of bands of the

same primer. Efficiency and discriminatory power of each primer calculated according to the formula
below:

* Efficiency =number of polymorphic bands to each primer / total number of bands to the same
primer.

* Discriminating power= number of polymorphic band to each primer /total number of
polymorphic band to all primer X100 %o.

Primer efficiency ranged between (0-1). Discrimination power of each primer
Results and discussion
RAPD-PCR analysis

Based on RAPD assay the data developed from the PCR analysis demonstrated that some primers
generate several bands, while other generates only a few bands. A total of six RAPD primers were
used for study the genetic differences between seven A.fumigatus isolates, amplified341 bands,126
bands were polymorphic, with average of (3-43) polymorphic bands, that OPD-20 produce 3
polymorphic bands only ,were OPN-07 can be produce 43 polymorphic bands with average range size
(100-2000)bp,(figure -1). Some isolates could be distinguished from all other isolates with selection of
these primers, for instance OPN-07 primers can be produce higher discrimination power 19.1 bands
only, while OPL-05 gave 2 unique bands patterns table -4.
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OPD-20 0OPQ-17 OPQ-06

Figure 1- PCR producedRAPD primer on 1% agars gel electrophoresis with ethidium bromide,M=1000bp.,N=
negative control, Lines= A.fumigatus isolates (AFUL1,AFU2, AFU3, AFU4, AFU5, AFU6, AFU7), (1X
TBE,7Volt,2hr,0.5ethidium bromide)

Table 4- Distinct characteristics of RAPD primers including in the study: primers name, total number of bands,
number of polymorphic bands, number of unique bands, percentage of polymorphism,primer efficiency
and discrimination value.

Vel Number Numberof
NO Name of number of unidue olvmorohic Polymorphism Primer Discrimination
) primer of main q polymorp (%) efficiency Power (%)
bands bands
bands
1 OPI-06 7 0 18 39.1 0.39 8
2 OPE-16 12 1 35 50 0.5 15.5
3 OPQ-17 9 0 8.4 0.08 2.22
4 OPD-20 10 0 45 0.04 1.33
5 OPL-05 12 2 42 85.7 0.85 18.6
6 | OPN-0O7 12 0 84.3 0.84 _
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Figure 2- Dendrogram illustrated genetic fingerprint and relationship between A.fumigatus isolates developed
from RAPD data.

Table-5 summarized the in formations which can be obtained from RAPD analysis, and from
genetic distance the ration genetic diversity among the A.fumigatus isolates from 0.9852 to 0.3336.The
highest similarity 0.9852 (98.5%) was obtained between isolates numbers (5 and 6) while 0.48562
(48.5%) similarity between isolates numbers (2 and 6), the lowest level of similarity 0.3336 (33.3%)
was obtained between isolate number (5 and 7). [12].

Table 5- Values of genetic distance amongA.fumigatus Isolates calculated according to Nei and Lei, 1979).

1 2 3 4 5 6 7
1 0.00000
2 0.69226 0.00000
3 0.85701 0.69857 0.00000
4 0.64981 0.97773 0.97398 0.00000
5 0.10389 0.62219 0.95737 0.45770 | 0.00000
6 0.64708 0.48562 0.56583 0.87972 | 0.98521 0.00000
7 0.74012 0.69881 0.92887 0.67972 | 0.33367 0.58919 0.00000

Cluster analysisillustrated genetic relationship among seven of A.fumigatus isolates showing two
major clusters figure-2, the first cluster contained two main groups, first group,5 and 7 isolated in one
sub group cluster with low genetic distance 0.3336. These were introduced from environmental
sources and isolated number 1 formed separated line due to different in isolate source, while isolate
number 2 and 6 formed another sub clusters with genetic distance 0.48652 these isolates introduced
from environmental and clinical source, second group contained isolate number 3 only, during clusters
analysis showing the levels of genetic relatedness also dendrogram indicates difference between
isolates based on source of the isolates, present result appeared multiple difference in isolates of A.
fumigatuscame from two factors including genetic factor and environment factor, also the results
indicate that the clinical isolate have greater genetic variability than the environment isolates during
gene distance and dendrogram, genetically different may be come from clinical ones on the other hand
the clinical isolates of patients constitute one group according to genetic characteristic with the
environmental isolates, genetic difference observed in this study come from adept fungi to grow and
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ability isolates that infected patients to reactive and general more variability in relation to the original
strain [13]. Geneticdiversity may be attributed to mutation or recombination that occurs in fungal cell
into resistance to anti-mycotic treatment or under environmental stress [14]. Environmental and
clinical isolates of A.fumigatus may be different in genotype consisted of gene involved in transport,
regulation of transcription, metabolism of molecular with 1-3 carbon and paroxysm all proteins
[15,16].
ISSR-PCR analysis

In this study, ISSR-PCR technique was used to reveal the genetic diversity among different
studiedA.fumigatusisolates in order to search the genetic diversity between A.fumigatus isolates and
study the differences that come from environment.A total of 178 use full bands were scored from the
amplifiedproducts with the seven Inter Simple Sequence Repeat (ISSR), 120 bands were polymorphic,
with average of (6) polymorphic bands ISSR10,and ISSR6 produce 32 polymorphic bands with average
range size (100-2000)bp. figure-3. ISSR9 primers can be produce high unique bands can be produce 5
unique bands, table-6.

ISSR8

8 8 55838838 5§
¢ & 53888 §

100

ISSR2 ISSR9 ISSR10

Figure 3- PCR produced ISSR primer on 1.5% agars gel electrophoresis with ethidium bromide,M=1000bp.,
N=negative control, Lines =A.fumigatus isolates (AFU1, AFU2, AFU3, AFU4, AFU5, AFU6, AFUY),
(1X TBE,5Volt,3hr,0.5ethidumbbromide).
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Table 6- Distinct characteristics of ISSR primers including in the study: primers name, total number of bands,
number of polymorphic bands, number of unique bands, percentage of polymorphism,primer efficiency

and discrimination value.

Total

number | Number of Numberof Polymorphis - S
NO. '\Fl)??:ﬁegf of unique polymorphic m efpﬁréir:ﬁgy Dlggur::?(%l)on

main bands bands (%)

bands
1 ISSR2 7 4 12 52.1 0.52 6.41
3 ISSR7 10 4 25 83.3 0.83 13.3
4 ISSR8 11 2 30 93.7 0.39 16
5 ISSR9 10 5 15 75 0.57 8.02
6 ISSR10 11 1 6 8.5 0.85 3.2

h

0.96

0.83

0.72

0.60

0.48

coefficient

0.36

0.12

0.00

Figure 4- Dendrogram illustrated genetic fingerprint and relationship among A.fumigatus isolates developed
from ISSR data.

From genetic distance, the ratio of genetic similarity among the seven A.fumigatus isolates from
0.97868 to 0.1025,showing table-7.The highest similarity 0.97868 (99.8%) was obtained between
isolates number (1 and 2)while 0.21556 (21.5%) genetic similarity between isolate number 3 and 6,
but lowest level of similarity 0.1025 (10.2%) was appearsbetween isolate number (5 and 7).
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Table 7- Values of genetic distance amongA.fumigatus Isolates calculated according to Nei and Lei, 1979).

1 2 3 4 5 6 7
1 0.00000
2 0.99826 0.00000
3 0.81082 0.68246 0.00000
4 0.86553 0.4055 0.7 0.0000
5 0.54189 0.94553 0.94855 0.86744 0.0000
6 0.78038 0.74189 0.21556 0.55687 0.70305 0.0000
7 0.55263 0.8465 0.98682 0.87868 0.10251 0.7613 0.0000

During dendrogramwere constructed based on Nei and Lei (1979).Genetic distance using UPGMA
cluster analysis and depicted genetic relationship among seven A.fumigatus isolates showing two
major cluster,first cluster contained two maindistance, these were introduced from patients sources
and isolate number 2 formed separated line that came from environmental sources, and second cluster
contained isolate number (7,5) with lowest genetic similarity 0.1025.These isolates introduced from
patients and environment sources, figure-4 group, first group contain isolates number (1,2) with higher
genetic similarity 0.9782

In this study, each of genetic distance based on ISSR and on RAPD markers don’t show geographic
profiling between isolates.It has been reported that the dendrogram generated by ISSR better with
genealogy and the know pedigree of the ISSR than RAPD results,on the another hand, it has been
found that the data on RAPD genetic distance have more relationship with the geographic distribution
in comparative with ISSR data that based on number of chromosomes, ISSR markers are highly
polymorphic and are useful in studies on genetic diversity [17]. Numbers of analysis studies used both
ISSR and RAPD technique were found that ISSR produce more information with fewer number
primerthan number RAPD primer, during among study found a number polymorphic bands was still
higher with less number [18,19]. ISSR less primers means less time, less DNA, less supplied and less
samples, RAPD markers don’t have the specific target comparing to ISSR markers.In fact ISSR
markers are known to be more sensitive than RAPD markers, in this study it was obvious that the
dendrogram based on RAPD markers was not in according with the dendrogram based on ISSR
markers, thus, both dendrogram are in agreement with the groups of geographic origin, but RAPD
markers greatly agree with these group than ISSR markers, the differences in clustering pattern of
genotypes using RAPD and ISSR markers also may be attributed to markers sampling error and the
level of polymorphic detected [20].

Conclusion

ISSR markers produced high rate from polymorphism depending on polymorphic rate, the ISSR
technique can be produce high level from unique bands a comparative with another markers, ISSR
lessefficiency in dendrogramresults.

References

1. Marr, K. A, Carter, R. A., Boeckh, M. Martin, P. and Corey, L. 2002.Invasive Aspergillosis in
allergeneic stem cell transplant recipients: changes in epidemiology and rasik factor. Blood100:
4358-4366.

2. Segal, B. H. 2010.Role of macrophages in host defense against aspergillosis and strategies for
immune augmentation Onc.12 (Suppll12): 7-13.

3. Dixon, D. D.,and T. J. Walsh.1992.” Human pathogenesis, pp: 249-267. In J. W. Bennett and M.
A. Klich (ed.), Aspergillus, biology and industrialapplication " Butterworth-Heinemann, Boston,
Mass.

4. Nireman, W. C., Anderson, M. J., Wortman, J. R., Arroyo, J., Berriman, M., Galayan, J. E. 2012.
Genomic sequence of the pathogenic allergic filamentous fungusAspergillusfumigatu Nature
438(7071): 1151-6.

5. McPherson, M.J. and Magller, S.G. 2001.PCR the basic background to bench.Cornwell Press,
Trowbridge, UK.

2796



Rassin et al. Iragi Journal of Science, 2015, Vol 56, No.4A, pp: 2788-2797

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Panepinto,J.C.,Pardo, J., Urban, C., and Galvez, E.M. 2010. The mitochondrial protein Bak is
pivotal for gliotoxin-induced apoptosis and a critical host factor of Aspergillusfumigatusvirulence
in mice. J. Cell Biol, 174:509-5109.

Bornet, B. and Branchard, M.2001.Nonanchoredinter Simple Sequence Repeat (ISSR) markers:
reproducible and specific tools for genome fingerprinting.Plant Mol.Biol. Rep.19:209-215.
Zietkiewics, E.; Rafalski, A. and Labuda, D. 1994. Genome fingerprinting by Simple Sequence
Repeat (SSR) anchored polymerase chain reaction amplification. Genomics.20: 176-183.
Sambrook, J. and Russell, D. W. 2001.Molecular Cloning. In: "A Laboratory Manual”. Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y.

Hatti, A. D., Taware, S. D., Taware, A. S., Pangrikar, P. P., Chavan, A. M. and Mukadam, D. S.
2010.Genetic diversity of toxigenic and non-toxigenic.

Bibi, S., Dahot, M. U., Khan, I. A, Khatri, A.,Naqgvi, A. 2011. Study of genetic diversity in wheat
(Triticumaestivum L.) using random amplified polymorphic DNA (RAPD) markers. Pakistan J.
Botany, 41, 1023-1027.

Nei, M. and Li, W. H. 1979.Mathematical model for studying genetic variation in terms of
restriction Endonucleases.Pro.NalAcy of Sci, USA. 74, 5269-5273.

Latge J. P.2010.Aspergillusfumigatusandaspergillosis.Clin.Microbiol.Rev.12:310-350.

Tramutoli, V. 2005. Robust Satellite Techniques (RST) for natural and environmental hazards
monitoring and mitigation: ten years of successful application, in: The 9™ International
symposium on physical Measurements and Signatures in Remote Sensing, Beijing (China), edited
by: Liang, Liu, J., X., Liu, R., andschaepmen, M., 1.S.P.R.S., Vol. (7/W20), 792-795.

Gercia de Viedma D, Marin Ruiz Serrano MJ, Alcala L, Bouza E. 2011. Polyclonal and
compartmentalized infection by Mycobacterium tuberculosis in patients with both respiratory and
extrarespiratory involvement. J. Infect. Dis.187: 695-899.

Hynes MJ, Murray SL, Duncan A, Khen GS, Davis MA, 2006. Regulatory Genes Controlling
fatty acid Catabolism and peroxisomal Functions in the filaments fungus Aspergillusnidulans.
Eu.Cell 5: 794-805.

Wu, K. S., Jones, R., Damebergel, L. and Scolnik, P.A. 1994." DetectionMicrosalcPolmorphic
without clone " Nucleic Acids Res. Vol. 22, no. 15, pp. 3257-3258

Lanham P.G. and Brennan R. M. 2000.Genetic characterization of goosber (Ribesgrassularia
subgenus grossularia) germplasm using RAPD and ISSR J.of Horticlntre Science and
Biote.74:361-366.

Nagoaka T,Ogiharay.1997. Applicability of inter simple sequence repeat polymorphisms in wheat
foruse as DNA markers in comparison to RFLP and RAPD markers.Theory Appl. Gene.
44(5):597-602.

Ferandez, M. E., Figueriras, A. M., and Benito, C. 2012. The use of ISSR and RAPD markers for
detecting DNA polymorphism genotypy in detification and genetic diversity among barely
cultivar with known origin, Theory Appl. Gene.104(5): 845-851.

2797



