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Mitochondrial DNA is a useful genetic marker for answering evolutionary questions due to its high copy
number, maternal mode of inheritance, and its high rate of evolution. The aims of this research were to
study the mitochondria noncoding region by using the sanger sequencing technique and establish the
degree of variation characteristic of a fragment FTA® Technology (FTA™ paper DNA extraction) utilized
to extract DNA. A portion of a non-coding region encompassing positions 37 to 340 for HVII was
amplified in accordance with the Anderson reference sequence. PCR products were purified by EZ-10
spin column then sequenced and detected by using the ABI 3730xL DNA analyzer. New polymorphic
positions G92C, C113G, C150G, T156A, C194G, C198G, G207C, G225C and G228C are described and
may in future be suitable sources for identification purpose. The data obtained can be used to identify
variable nucleotide positions characterized by frequent occurrence most promising for identification

variants.

Key words: D-loop, HVII, Middle and South of Irag, mitochondrial DNA.

INTRODUCTION

The mitochondrial DNA (mtDNA) is a small circular
genome located within the mitochondria in the cytoplasm
of the cell. The mitochondrial genome can be divided into
two sections: a large coding region, which is responsible
for the production of various biological molecules
involved in the process of energy production in the cell,
and a smaller 1.2 kb pair fragment, called the control
region. It is found to be highly polymorphic and harbors
three hypervariable regions (HV), HV1, HV2 and HV3
(Kraytsberg et al., 2004). Mitochondrial DNA comprising

of 37 genes coding for 22 tRNAs, two rRNAs and 13
MRNAs are a small circle of DNA (Helgason et al., 2004).
Mitochondrial DNA does not recombine and thus there is
no change between parent and child, unlike nuclear DNA.
MtDNA is only passed on from mother to child and this is
an important fact (Brown et al.,, 1993; Giulietta et al.,
2000). There is more sequence divergence in
mitochondrial than in nuclear DNA (Giulietta et al., 2000;
Stoneking et al., 2002).

Genetic analyses in population studies of the mitochon-
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drial genome can be done either by sequencing the
MtDNA or through the use of restriction fragment length
polymorphisms (RFLPs) (Young, 2009). RFLPs utilize
restriction enzymes that can recognize the presence or
absence of specific polymorphic DNA regions, and cut
sites in the coding region of the mtDNA. Mitochondrial
DNA is a wuseful genetic marker for answering
evolutionary questions due to its high copy number,
maternal mode of inheritance, and its high rate of
evolution. In modern population genetics research,
studies based on mitochondrial DNA (mtDNA) and Y-
chromosome DNA are an excellent way of illustrating
population structure while tracing uni-parental inheritance
and ancestry—mtDNA is maternally inherited while the Y-
chromosome is paternally inherited.

The aim of this study was to sequence the portion of
the noncoding region of mtDNA in order to ascertain the
degree of variation present in this fragment and to find
those particular polymorphic positions that fulfill the
conditions necessary for their future application in the
identification process.

MATERIALS AND METHODS
Sample collection, mitochonderial DNA extraction and
amplification

Population sample was collected from 380 healthy unrelated
volunteer donors, recruited from Middle and South of Iraq. DNA was
extracted from all dried blood samples on FTA cards following the
manufacturer's procedure as described in Whatman FTA Protocol
BDO1 except that the Whatman FTA purification reagent was
modified to half the volume (Dobbs et al., 2002).

A 1.2 mm diameter disc was punched from each FTA card with a
puncher. The discs were transferred to new Eppendorf tubes and
washed three times in 100 yl Whatman FTA purification reagent.
Each wash was incubated for 5 min at room temperature with
moderate manual mixing and the reagent was discarded between
washing steps. The discs were then washed twice in 200 pl Tris-
EDTA (TE) buffer (10 mM Tris-HCI, 0.1 mM EDTA, pH 8.0), the
buffer was discarded and the discs were left to dry at room
temperature for 1 h. Amplification of HVII region was carried out
using five sets of primers

A portion of a noncoding region for HVII was amplified in
accordance with the Anderson reference sequence (Table 1). 20 uL
of Master Mix was added into a PCR tube and 20 uL of Primer Mix
also added. To the same PCR tube, 10 pL of extracting DNA was
added after changing the pipette tip again. All the liquid were
allowed to settle at the bottom of the tube, and not elsewhere.
Check the volume in the PCR tube using the PCR tube with 50 uL
in it. 95°C hold for 10 min, 30 cycles of: 94°C for 30 s, 52.5°C for 30
s, 65°C for 1 min. 72°C hold for 10 min. 4°C hold, « infinity is the
cycling protocol for amplification of mMtDNA PCR.

Purification, cycle sequencing and sequence analysis of
mitochonderial DNA

Purification of mitochonderial DNA by EZ10-spin column DNA
cleanup kit 100 prep. The DNA Sequencing of the PCR products
was done using the BigDye TM Terminator. Utilizing POP-7
polymer (Applied Biosystems) polymer lot number 1206453. The

separation of the cycle sequencing products was carried out.
Detection was by using the ABI 3730xL DNA analyzer, cap array
size 96, cap array length 50. The reference sequence described by
Anderson et al. (1981) was compared to the data observed. Within
the coding region Mitochondrial DNA, sequencing results are
studied from a consensus sequence derived from multiple
sequence results. Data were analysed by Sequencher™
(SEQUENCHER™ 4.7 User Manual for Windows © 1991-2007)
and aligned with the Anderson sequence (Anderson et al., 1981)
using sequence Navigator software.

Statistical analysis

Genetic diversity for the analyzed DNA fragment was calculated
according to the formula:

h=(l Zx%)n.-"(n 1)

Where; n is sample size and xi is the frequency of i-th mtDNA type
(Gu, 2001).

The probability of two randomly selected individuals from a
population having identical mtDNA types was calculated.

(P=>_xi)
Where, p = frequencies of the observed haplotypes (Jones, 1972).

RESULTS AND DISCUSSION

The basic aim of this work was to assess the degree of
variation characterizing a selected segment of the
noncoding region of mtDNA of human populations from
Irag. The study enabled identification of 107 different
haplotypes and 38 polymorphic nucleotide positions
(Table 2).

The most frequent variant (H1) was consistent with the
Anderson sequence. Substitutions determined during the
study are transitions and transversion. This fact is
consistent with abundant literature data revealing
significant domination of transitions over transversions
(Brown et al.,, 1982; David et al., 2013; Imad et al.,
2015a; Mohammed and Imad, 2015). Sixteen (16)
polymorphic positions G92C, A95T, C113G, C150G,
T156A, T173A, G185C, C186G, A188G, C194G, T195A,
C198G, G203C, G207C, G225C and G228C have
transverse substitution (Table 3). All the other
substitutions determined during the analysis are
transitions. The number of analyzed markers has been
increased to compensate for the increasing number of
profiles in the databases in order to minimize accidental
matches between unrelated individuals. Progression of
new technology is therefore very slow and the use of
SNPs has sometimes met a reluctant reception (Imad et
al., 2015b and Mohammed et al., 2015.

Genetic diversity for the analysed DNA fragment was
calculated according to the formula: D= 1-} p? and
recorded 0.950%. The calculated value of the genetic
diversity should be understood as high in the context of



Table 1. Primer sequence, region amplified, fragment size (bp) and PCR product length for HVII.
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Primer name

Primer sequence (5’ - 3’) (forward; F, reverse; R)

Region amplified Fragment size (bp)

PCR Product length

845

HVII-1 F: 5- CACGCGATAGCATTGCGAGA -3 76-95 20 189
i R: 5’- GTGGCTGTGCAGACATTCAA -3 264-245 20
HVIL-2 F: 5- AGCACCCTATGTCGCAGTATC-3 108-128 21 158
i R: 5-AGTGGCTGTGCAGACATTCAA-3 265-245 21
HVIL-3 F: 5- GAGCACCCTATGTCGCAGTAT-3’ 107-127 21 160
i R: 5’-AAGTGGCTGTGCAGACATTCA-3 266-246 21
HVII-4 F: 5- GCGATAGCATTGCGAGACG -3 79-97 19 200
R: 5-TGTCTGTGTGGAAAGTGGCTG-3’ 278-258 21
HVIL-S F: 5- CGCGATAGCATTGCGAGAC -3 78-96 19 200
i R: 5-GTCTGTGTGGAAAGTGGCTGT-3’ 277-257 21
Table 2. Variable positions and Haplotypes for HVII.
8 23 8 8 338222380288 2888283828885853588883Y5 285  @Noo
Anderson — — — — — — — — — — — — — — — — — — — N N N N N N N N N (qV] (qV] N N N .
G T GAACCTGTCCTTACATGCAACTCAGSGA ATGGA ATTLCGA T A ndvduas
H1* S . oo oo oo oo oo e e e e e e e e e e e e e e e e e e e 220
H2 e o e 1
H3 - G - - - - - c - - G - - - - T - 3
H4 e - - - A - - - A - - - - - 1
H5 - 2 e 1
H6 e e 1
H7 T 1 TN 1
H8 e o 2
HO - 1
H10 - e o e 1
H11 e e T 3
H12 e e 2
H13 o o 2 2
H14 e o e 2
H15 N J S 1
H16 e T B ¢ 4
H17 I T T T T T T T T T T T 1
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H100 - - A - - - - - - A - - - 1
H101 - - - - N - - - 1
H102 A - - - e - - 1
H103 - - - - e 1 - - 2
H104 - - - - e A G 2
H105 - - - - e o - - 2
H106 - C - - S - - 1
H1007 - - - G e T - - 1
Total - - A - I T T - - 380

Table 3. Types of mutations in variable positions for HVII.

Positions Mutation Type of mutation Presence in Mitomap Frequency Frequency (%)

85 Transition G-A Presence 0.043 4.3

89 Transition T-C Presence 0.0375 3.75

92 Transition G-A Presence 0.05 5

92 Transversion G-C New* '

93 Transition A-G Presence 0.0375 3.75

95 Transversion A-T Presence 0.0405 4.05

113 Transition C-T Presence

113 Transversion C-G New 0.045 45

114 Transition C-T Presence 0.0475 4.75

131 Transition T-C Presence 0.0425 4.25

143 Transition G-A Presence 0.05 5

146 Transition T-C Presence 0.0325 3.25

150 Transition C-T Presence

150 Transversion C-G New 0.035 3.5

151 Transition C-T Presence 0.045 4.5

156 Transition T-C Presence

156 Transversion T-A New 0.0375 3.75

173 Transition T-C Presence

173 Transversion T-A Presence 0.0325 3.25

178 Transition A-G Presence 0.0225 2.25

182 Transition C-T Presence 0.015 1.5

183 Transition A-G Presence 0.0475 4.75

185 Transition G-A Presence

0.015 1.5
185 Transversion G-C Presence
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186 Transition C-T Presence
186 Transversion C-G Presence 0.0175 175
188 Transition A-G Presence 0.03 3
188 Transversion A-G Presence '
189 Transition A-G Presence 0.01 1
194 Transition C-T Presence
194 Transversion C-G New 0.015 1.5
195 Transition T-C Presence
195 Transversion T-A Presence 0.025 2:5
198 Transition C-T Presence
198 Transversion C-G New 0.0125 1.25
200 Transition A-G Presence 0.0175 1.75
203 Transition G-A Presence 0.03 3
203 Transversion G-C Presence '
207 Transition G-A Presence
207 Transversion G-C New 0.025 2.5
210 Transition A-G Presence 0.015 1.5
217 Transition T-C Presence 0.015 1.5
225 Transition G-A Presence
225 Transversion G-C New 0.015 1.5
228 Transition G-A Presence
228 Transversion G-C New 0.025 2:5
235 Transition A-G Presence 0.0405 4.05
239 Transition T-C Presence 0.0275 2.75
242 Transition C-T Presence 0.0225 2.25
247 Transition G-A Presence 0.035 3.5
248 Transition A-G Presence 0.045 4.5
250 Transition T-C Presence 0.02 2
257 Transition A-G Presence 0.0225 2.25
Genetic diversity* D=1->p2 =095 =95 %

New*: new polymorphic positions; Genetic diversity* Genetic diversity for the analyzed DNA fragment was

calculated according to the formula: D = 1-3 p2

noncoding function of the analysed DNA fragment. The
relatively high gene diversity and a relatively low random
match probability were observed in this study. Holland et
al. (2011) showed that the polymorphism of mtDNA
coding area is less than that of mtDNA control region.
Therefore, more efficient poly-morphic sites should be
used to provide an improved discrimination power for
forensic mtDNA testing (Nadia et al., 2011; Imad et al.,
2015c; Muhanned et al., 2015).

As forensic markers, they should be phenotypic neutral
to avoid landing investigators into serious situations of
medical genetic privacy and ethnics, especially for
mtDNA coding area whose mutation often correlated with
an increased risk of some disease. With the whole
mtGenome sequences being researched, we are
optimistic that the polymorphism sites within mtDNA
coding area will be useful in combination with control
region SNPs so as to increase the discrimination power
of mtDNA.

Conclusion

Sequence analysis of the noncoding region of mtDNA
(HVII) conducted on a population of 380 unrelated
individuals enabled identification 107 different haplo-
types. New polymorphic positions G92C, C113G, C150G,
T156A, C194G, C198G, G207C, G225C and G228C are
described may be in future be suitable sources for
identification purpose.
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The Y chromosome is becoming a useful tool for tracing human evolution through male lineages
marker. The aim of this study was to determine the genetic structure in Babylon province in Iraq and
evaluate the importance of these STRs loci for forensic genetic applications. FTA® Technology was
utilized to extract DNA from blood collected on FTA™ paper. We have analyzed 17 Y chromosomal STR
loci (DYS635, DYS437, DYS448, DYS456, DYS458, YGATA H4, DYS389l, DYS389ll, DYS19, DYS391,
DYS438, DYS390, DYS439, DYS392, DYS393, DYS385a and DYS385b) for evaluating allele frequencies
and genetic diversity. A total of 94 unique haplotypes was identified among the one hundred individuals
studied. The DYS456 had the highest diversity (GD = 0.752), while DYS392 locus had the lowest one (GD
= 0.185). The light has been focused and directed in this study to establish the basic forensic genetic
information, knowledge, data and statistics which might be so ultimately helpful practically in forensic
science and criminology and to let evaluate and present the DNA weight evidences in Irag medico-legal

institute and courts of law.

Key words: Allele frequency, FTA™ paper, Iraq, STR DNA typing, Y filer™.

INTRODUCTION

Microsatellites are a group of molecular markers chosen
for a number of purposes which include forensics
individual identification and relatedness testing polymor-
phic (Yamamoto et al., 1999; Nakamura, 2009). Low
guantities of template DNA is required (10 to 100 ng)
(Markoulatos et al., 2002), when using microsatellites.

There is a high genomic abundance of random
distribution throughout the genome. There is also an
abundance of polymorphism. A nuclear DNA present in
one copy per cell and only in males is called the Y
chromosome. It includes the sex determining region and
known as a paternal lineage marker (Butler et al., 2002;
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Carolina et al., 2010; Kuppareddi et al., 2010). The
genetic information is inherited from the father to the son,
and this information does not change except for
mutational events (Hanson and Ballantyne, 2007). The
individual STRs are inherited as a single unit because of
the lack of recombination and this is called a haplotype
and behaves as single allele per individual (Parson et al.,
2003; Kwak et al., 2005).

The Y - chromosome is specific to the male portion of a
male-female DNA mixed such as is common in sexual
assault cases (Park et al., 2007). These STRs can also
be useful in missing persons investigations, historical
investigations, some paternity testing scenarios, and
genetic genealogy (Park et al., 2007; Andrea et al., 2008).
Although, they are often used to suggest which
haplogroup an individual matches, STR analysis typically
provides a person haplotype. Most tests on the Y
chromosome examine between 12 and 67 STR markers
(Jobling et al., 1997; Kayser et al., 1997). The Y
chromosome is less variable than the other
chromosomes. Many markers are thus needed to obtain
a high degree of discrimination between unrelated males
marker. The Y chromosome is becoming a useful tool for
tracing human evolution through male lineages marker™
as well as application in a variety of forensic situations**
including those involving evidence from sexual assault
cases containing a mixture of male and female DNA
(Prinz et al, 1997; Prinz et al, 2001). Using Y-
chromosome, specific methods can improve the chances
of detecting low levels of male DNA in a high background
of female DNA.

MATERIALS AND METHODS
Preparation of blood stain samples

Blood samples were randomly collected from healthy unrelated
males living in middle and south of Iraq and sent to the genetic
laboratories.

DNA extraction

DNA was extracted from all dried blood samples on FTA cards
following the manufacture’s procedure as described in Whatman
FTA Protocol BDO1 except that the Whatman FTA purification
reagent was modified to half the volume. A 1.2 mm diameter disc
was punched from each FTA card with a puncher. The discs were
transferred to new Eppendorf tubes and washed 3 times in 100 pl
Whatman FTA purification reagent. Each wash was incubated for 5
min at room temperature with moderate manual mixing and the
reagent was discarded between washing steps. The discs were
then washed twice in 200 pl TE buffer (10 mM Tris-HCI, 0.1 mM
EDTA, pH 8.0), the buffer was discarded and the discs were left to
dry at room temperature for 1 h.

DNA amplification for Y- Chromosomal STR

PCR is the process used to amplify a specific region of DNA. It is
possible to create multiple copies from small amount of template

DNA. A commercial kit Y filer™ PCR amplification kit (Applied
Biosystems, Foster City, CA) that amplifies 17 Y-STR loci: DYS635,
DYS437, DYS448, DYS456, DYS458, YGATA H4, DYS389l,
DYS389Il, DYS19, DYS391, DYS438, DYS390, DYS439, DYS392,
DYS393, DYS385a and DYS385b and a segment of the
amelogenin gene was used, according to manufacturer's
instructions but in a total reaction volume of 25 ul. The master mix
was homogenized by vortex for 3 s, then centrifuged briefly, then 25
pl of PCR amplification mix was pipetted into each reaction well. 1.2
mm punch from a card containing whole blood was loaded into the
appropriate wells of the reaction plate. The positive amplification
control, 1 pl of 2800 M Control DNA (10 ng/ul) was added to a
reaction well containing 25 pl of PCR amplification mix. The
preferred protocol used with the GeneAmp® PCR System 9700
thermal cycler is provided below. The estimated total cycle time was
1.5 h. PCR program is as follows: 96°C for 1 min, then 94°C for 10
s, 59°C for 1 min, 72°C for 30 s, for 25 cycles, then: 60°C for 20
min 4°C soak. After completion of the thermal cycling protocol, the
amplified samples were kept or stored at —20°C in a light-protected
box.

PCR amplicon analysis (capillary electrophoresis)

The major application of CE in forensic biology is in the detection
and analysis of short tandem repeats (STRs). STR markers are
preferred because of the powerful statistical analysis that is
possible with these markers and the large databases that exist for
convicted offenders’ profiles. The ABI Prism1 3130xI Genetic
Analyzer 16-capillary array system (Applied Biosystems, Foster
City, CA, USA) was used following the manufacturer’s protocols,
with POP-7™ Polymer and Data Collection Software, Genemapper
version 3.5 software (Applied Biosystems). The allele designations
were determined by comparison of the PCR products with those of
allelic ladders provided with the kit. Nomenclature of loci and alleles
is according to the International Society of Forensic Genetics
(ISFG) guidelines reported in Gill et al. (2001). By comparison of
the size of a sample’s alleles to size of alleles in allelic ladders for
the same loci being tested in the sample, the STR genotyping was
conducted.

Quality control

Allelic ladders, male DNA (positive internal control), female DNA
(negative control) and the amelogenin (internal control), provided by
Reliagene (Reliagene Tech.), were used in each reaction with the Y
filer™ Kit.

Statistical analysis for Y- Chromosomal STR

Analysis of data

Allele frequencies were calculated by direct counting.

Allele diversity (genetic diversity)

Allele diversity was calculated as described by Nei (1987).

}j I .
D = l — N
n—1 Z"}‘

I=1

Where, n is the sample size and pi is the frequency of the ith allele.
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Table 1. Allele frequencies and genetic diversity of (DYS635, DYS437, DYS448, DYS456, DYS458 and YGATA H4) Y-STR loci.

llel DYS635 DYS437 DYS448 DYS456 DYS458 YGATA H4
Allele Freq. SE Freq. SE Freq. SE Freq. SE Freq. SE Freq. SE
9 - - - - - - - - - - -
10 - - - - - - - - - 0.050 0.020
11 - - - - - - - - - 0.260 0.043
12 - - - - - - - - - 0.550 0.049
13 - - - - - 0.010 0.009 - - 0.110 0.031
14 - - 0.540 0.049 - 0.070 0.025 0.020 0.014 0.020 0.014
15 - - 0.300 0.047 - 0.630 0.051 0.430 0.049 - -
16 - - 0.150 0.036 - 0.230 0.041 0.190 0.038 - -
17 - - - - - 0.050 0.020 0.100 0.030 - -
18 - - - - 0.160 0.037 - - 0.070  0.025 - -
19 - - - - 0.550 0.049 - - 0.010 0.030 - -
20 0.010 0.030 - - 0.230 0.042 - - 0.050 0.020 - -
21 0.080 0.027 - - 0.040 0.019 - - - - - -
22 0.070  0.025 - - 0.010 0.009 - - - - - -
23 0.360 0.048 - - - - - - - - -
24 0.330 0.047 - - - - - - - - -
25 0.020 0.014 - - - - - - - - -
GD* 0.729 0.595 0.617 0.752 0.751 0.615

Freq, Frequency; SE, standard error; GD, genetic diversity.

Standard error (SE)

The standard error (SE) of allele frequencies was calculated as:

SE (p) = VI(1 — p) p:)/N,

Where, pi denotes the frequency of the ith allele at any given locus
and N equals the total number of individuals screened at this locus.

RESULTS AND DISCUSSION

Y-STR-Allele frequency and genetic diversity

Allelic genotyping of STRs does not require the use of
complex molecular techniques, since amplifications and
visualization of PCR products make it easy. Y-
chromosome specific STRs (Y-STRs) are chosen as
more informative in paternity testing, forensic applications
and the study of population histories due to the haploid
state of Y chromosome which ensures both the
transmittance by the paternal lineages and the lack of
recombination in NRY, excluding pseudoautosomal
regions (PARs) (Betz et al.,, 2001; Corach et al., 2001;
Dekairelle and Hoste, 2001; Honda et al., 2001; Gill et al.,
2004). Allelic and haplotypic distributions of Y-STRs have
shown significant differences in different geographical
regions, ethnical groups and communities (Alaves et al.,
2003; Gusmao et al., 2003; Rustamov et al., 2004; Yan et
al., 2007). Therefore, allelic and haplotypic frequencies of
Y-STRs should be determined in a male population prior

to any interpretations of forensic analysis and paternity
testing (Budowle et al., 2003). In this study, allelic and
haplotypic frequencies involving 17 Y-STR loci have been
determined with such a necessity in a representative
group of lraq population in order to make comparisons
with other populations. Seventeen Y-STRs have been
analyzed for diversity in 100 healthy and unrelated male
individuals. Observed allele or genotype frequencies of
the 17 Y-STR loci have been given in Tables 1, 2 and 3.
Gene diversity values for each Y-STR loci have been
given (Table 1, 2 and 3). The lowest gene diversity
(0.185) has been found in DYS392 locus, wherein the
most frequent allele has been allele 11 with a frequency
of 0.90. The highest gene diversity (0.752) has been
found in DYS385 locus, wherein the most frequent allele
has been allele 15 with a frequency of 0.630. Data
comparison between our samples and a previously
published sample from the Iraq population was performed
for markers which are common to both studies using the
exact test for population differentiation implemented in
GENEPOP (Raymond, 1995). In another study on 17 Y-
STR Y-chromosomal short tandem repeat loci from the
Cukurova region of Turkey, the DYS391 recorded lowest
gene diversity in this region was 0.51 and the highest
was 0.95 for DYS385a/b and no significant differences
were found when this data was compared with haplotype
data of other Turkish populations (Ayse et al., 2011). In
Northern Greece the haplotype diversity was 0.9992 in 17
Y STR loci typed in a population sample of unrelated
male individuals. Haplotypes are presented for the



854

Afr. J. Biotechnol.

Table 2. Allele frequencies and genetic diversity of (DYS19, DYS385a, DYS385b, DYS389I, DYS3891l and DYS390) Y-STR loci.

llel DYS19 DYS385a DYS385b DYS389I DYS389ll DYS390
Allele Freq. SE Freq. SE Freq. SE Freq. SE Freq. SE Freq. SE
11 - - 0.100 0.030 - - - - - - - -
12 - - 0.040 0.019 - - 0.180 0.038 - - - -
13 0.390 0.046 0.540 0.049 0.030 0.017 0.500 0.020 - - - -
14 0.400 0.094 0.120 0.031 0.270 0.043 0.320 0.038 - - - -
15 0.140 0.036 0.010 0.009 0.150 0.036 - - - - - -
16 0.020 0.014 0.060 0.024 0.150 0.036 - - - - - -
17 0.010 0.009 0.070 0.025 0.020 0.014 - - - - - -
18 - - - - 0.190 0.039 - - - - - -
19 - - 0.020 0.014 0.150 0.036 - - - - - -
20 - - - - 0.030 0.017 - - - - - -
21 - - - - - - - - - 0.030 0.017
22 - - - - - - - - - 0.040 0.019
23 - - - - - - - - - 0.450 0.049
24 - - - - - - - - - 0.280 0.043
25 - - - - - - - - - 0.150 0.036
28 - - - - - - - 0.090 0.028 - -
29 - - - - - - - 0.200  0.040 - -
30 - - - - - - - 0.510 0.020 - -
31 - - - - - - - 0.100  0.030 - -
32 - - - - - - - 0.070  0.025 - -
GD* 0.668 0.670 0.819 0.608 0.727 0.693
Table 3. Allele frequencies and genetic diversity of (DYS391, DYS392, DYS393, DYS438, and DYS439) Y-STR loci.
Allel DYS391 DYS392 DYS393 DYS438 DYS439
ele Freq. SE Freq. SE Freq. SE Freq. SE Freq. SE
8 0.040 0.019 - - - - - - -
9 0.170 0.038 - - - 0.130 0.034 - -
10 0.570 0.045 - - - 0.650 0.048 0.420 0.049
11 0.110 0.030 0.900 0.030 - 0.130 0.034 0.320 0.038
12 0.060 0.024 0.010 0.009 0.240 0.043 0.070 0.025 0.130 0.034
13 - - 0.060 0.024 0.650 0.048 - - 0.100 0.030
14 - - 0.030 0.017 0.090 0.028 - - - -
GD* 0.624 0.185 0.504 0.531 0.694

Freq, Frequency; SE, standard error; GD, genetic diversity.

following loci: DYS456, DYS389l, DYS390, DYS389ll,
DYS458, DYS19, DYS385a/b, DYS393, DYS391,
DYS439, DYS635, DYS392, Y GATA H4, DYS437,
DYS438 and DYS448. This database study provides
additional information for the application of Y
chromosomal STRs to forensic identification efforts in
Greece (Leda et al., 2008).

Y-STR- Haplotypes and Haplotype frequency

The observed numbers of haplotypes and their frequencies

have been shown (Tables 4, 5 and 6). We identified 96
different haplotypes in our study sample. 89 of which
(93%) were unique, one was found twice and one was
found in three individuals. The most frequent haplotype
was haplotype number 77. Haplotype 77 seems to be
specific to Iraq. Haplotypes detected in this study group
have been compared with seven other populations:
German (n = 88), Indian (n = 25), Chinese (n = 36),
Italians(n = 100) (Manfred et al., 2001), Tunis (n = 105)
(Imen et al., 2005) and India (n = 154) (Kuppareddi et al.,
2010) (Table 7). Haplotypic comparisons have high-
lighted that significant differences from Iraq population



Kareem et al. 855
Table 4. Haplotypes and haplotypes frequency for the 17 Y-STR loci (haplotype 1- haplotype 32).

i X (5%} o —_ =

S 85 % 8 8 I 28 B 2 3 8 3 8 8% 38 3

= © < < < < < = X @ » @ ™ ™ ™ ™ < <

S v o 0o o o E 2 B 3 ¢ g o o 0o 0o o o N F

§ 5 56 & &5 & O & Z Z a » 6 b6 b & b b

T >

H1 24 15 20 15 14 12 13 11 16 12 30 23 10 11 13 10 13 1 0.0025
H2 24 15 18 15 14 13 13 11 16 12 30 23 8 11 13 9 13 1 0.0025
H3 24 15 20 15 15 12 13 11 16 12 31 23 11 12 10 1 0.0025
H4 24 15 19 15 15 11 13 11 14 12 31 23 8 11 13 11 10 1 0.0025
H5 24 15 19 16 15 10 13 13 14 12 31 23 10 11 13 10 10 1 0.0025
H6 24 15 19 16 17 12 13 13 14 12 28 23 10 11 13 10 13 1 0.0025
H7 24 15 19 14 17 12 13 13 14 12 28 23 9 11 14 12 13 1 0.0025
H8 24 15 19 16 17 11 13 13 14 12 28 23 10 11 13 12 10 1 0.0025
H9 24 15 20 16 17 14 13 13 14 12 29 23 10 11 13 9 10 1 0.0025
H10 24 15 19 16 15 14 13 13 14 12 29 23 9 11 14 12 11 1 0.0025
H11 24 15 19 13 15 11 13 13 14 12 29 23 9 11 14 10 11 1 0.0025
H12 24 15 21 15 15 10 13 13 14 14 29 23 10 11 12 11 11 1 0.0025
H13 25 15 21 15 15 13 13 13 14 14 29 23 10 11 13 10 11 1 0.0025
H14 21 15 22 15 15 12 13 13 14 13 29 23 10 11 14 10 10 1 0.0025
H15 21 15 19 15 20 12 13 13 18 13 29 23 10 11 12 9 10 1 0.0025
Hi6 21 15 19 15 16 12 13 13 18 13 28 23 9 11 13 9 13 1 0.0025
H1i7 21 15 19 15 18 12 13 13 18 13 28 23 8 11 13 12 10 1 0.0025
H18 21 15 19 14 18 13 13 13 16 13 28 23 10 11 13 12 10 1 0.0025
H19 21 15 19 16 18 12 13 14 16 13 31 23 10 11 13 10 10 1 0.0025
H20 24 15 21 16 15 12 13 14 16 12 31 23 10 11 13 10 10 1 0.0025
H21 24 14 21 16 16 12 13 14 16 12 31 23 10 11 12 10 10 1 0.0025
H22 24 14 19 15 15 12 13 13 13 12 28 23 10 11 12 10 10 1 0.0025
H23 24 14 19 15 20 12 16 13 13 13 28 23 10 11 14 9 10 1 0.0025
H24 24 14 19 15 15 12 16 13 13 13 30 23 10 11 14 10 10 1 0.0025
H25 24 14 20 15 15 12 15 13 18 13 30 23 10 11 13 10 10 1 0.0025
H26 24 16 18 15 19 12 15 13 14 13 30 25 10 11 13 10 10 1 0.0025
H27 24 16 18 16 15 12 15 13 14 13 32 23 10 11 13 10 10 1 0.0025
H28 21 14 19 15 15 12 15 13 18 13 33 23 11 11 13 10 10 1 0.0025
H29 24 14 19 15 20 12 15 13 18 14 30 21 10 11 13 10 10 1 0.0025
H30 24 14 20 15 19 12 15 13 18 14 29 24 10 11 13 10 10 1 0.0025
H31 21 14 20 16 15 12 15 13 18 13 29 24 11 11 12 10 11 1 0.0025
H32 24 14 20 15 15 11 15 13 18 14 29 25 10 11 13 10 11 1 0.0025

in this study (p < 0.05). Our data have also provided With these haplotypes, it is possible to analyze

additional information to the framework of variation
involving seventeen Y-STR loci as well as a further
contribution to the Y-STR database for Irag population.
This supports the observations, by others (Jorde et al.,
2000), that, especially among European populations, Y
STRs are very powerful in the detection of genetic
differences between populations, compared with
autosomal STRs. This can be attributed to the greater
sensitivity of nonrecombining Y-chromosomal markers to
founder effects and genetic drift. A similar conclusion was
reached recently by Forster et al. (2000), on the basis of
a phylogenetic approach only. The use of Y STRs allows
the simple construction of highly variable haplotypes.

differences in population structure by a comparison of
haplotype diversity and of the number of population-
specific haplotypes.

Conclusion

We identified 96 different haplotypes in our study sample.
94 of which (97.9%) were unigue, one was found twice
and one was found in three individuals. The DYS385b
and DYS458 had the highest diversity (GD = 0.8392 and
0.806, respectively), while loci DYS392 and DYS439 had
the lowest (D = 0.2695 and 0.2991, respectively).
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Table 5. Haplotypes and haplotypes frequency for the 17 Y-STR loci (haplotype 33- haplotype 64).
@ X (5] o _ =
S 8 2 3§ 8 38 1 28 828 2 38 2 g 8 8 8
g 8 3 3 & & 22 8 88 888883 3N ¢
§ & 5 6 & b O 6 3 3 5 5 & b b6 6 B B
T >
H33 22 16 20 15 15 11 16 13 18 14 29 21 10 11 13 10 11 1 0.0025
H34 24 15 20 15 16 12 14 13 18 14 29 23 10 11 13 10 11 1 0.0025
H3 24 15 18 15 16 10 14 13 18 13 29 23 10 11 13 10 11 1 0.0025
H36 22 15 18 14 16 13 14 13 18 12 29 23 10 12 12 10 11 1 0.0025
H37 22 15 19 15 16 11 14 13 18 14 29 24 10 11 13 10 11 1 0.0025
H38 22 14 20 15 15 12 14 13 16 13 30 23 10 11 13 10 11 1 0.0025
H39 24 14 19 15 15 10 14 13 19 13 28 23 10 11 13 10 11 1 0.0025
H40 24 14 19 14 15 12 14 13 19 13 30 24 10 11 13 10 11 1 0.0025
H41 24 14 19 15 15 12 14 13 19 13 32 21 9 11 13 10 11 1 0.0025
H42 24 14 19 16 15 12 14 13 19 13 32 25 9 11 12 10 11 1 0.0025
H43 22 14 19 15 16 12 14 13 15 13 31 25 10 11 12 10 11 1 0.0025
H44 24 14 19 15 20 12 14 13 15 13 29 25 10 11 12 10 11 1 0.0025
H45 24 14 19 15 19 12 14 12 15 13 32 25 10 11 13 10 12 1 0.0025
H46 24 14 18 15 16 12 13 12 15 13 30 25 10 11 13 10 12 1 0.0025
H47 24 14 18 15 16 11 13 12 15 13 31 23 10 11 12 10 12 1 0.0025
H48 23 14 19 15 16 13 13 12 14 13 31 23 11 11 14 10 12 1 0.0025
H49 23 14 19 15 15 12 13 13 14 12 31 24 10 11 13 10 12 1 0.0025
H50 23 14 19 16 15 12 13 13 14 13 30 24 10 11 12 10 10 1 0.0025
H51 23 14 18 16 15 11 13 11 14 14 30 24 10 11 12 9 10 1 0.0025
H52 23 14 20 15 15 11 15 11 14 14 30 25 11 11 12 10 13 2 0.0050
H53 22 14 20 15 16 11 15 11 14 13 30 23 10 14 12 10 14 1 0.0025
H54 22 14 18 15 20 11 14 11 14 12 30 23 10 14 13 10 10 1 0.0025
H55 23 14 20 15 19 11 13 13 19 14 30 24 11 14 13 10 13 1 0.0025
H56 23 14 20 15 18 12 13 13 19 13 30 24 11 11 13 10 12 1 0.0025
H57 23 14 20 14 18 11 14 15 16 12 30 24 11 11 14 11 10 1 0.0025
H58 23 14 20 15 17 12 13 17 16 14 30 24 11 11 13 9 10 1 0.0025
H59 23 14 19 17 17 11 13 17 15 13 32 22 12 11 14 10 10 2 0.0050
H60 23 16 19 15 17 11 14 17 15 13 32 24 10 11 13 10 10 1 0.0025
H61 23 14 19 16 17 13 13 17 15 13 30 25 10 11 13 9 10 1 0.0025
H62 23 14 18 16 17 11 13 17 15 13 30 25 10 11 13 11 10 1 0.0025
H63 23 15 19 15 17 11 13 16 15 14 30 25 9 11 12 11 12 1 0.0025
H64 23 15 19 14 15 12 17y 16 15 14 32 25 10 11 12 11 10 1 0.0025
Table 6. Haplotypes and haplotypes frequency for the 17 Y-STR loci (haplotype 65- haplotype 96).
g 1) ~ © © © I o S 38 > > o o o i) o) o
2 2 3 3 %2 %2 < 3 8 8 8 8 3 3 3 8 % ¢
9 » o o o o £ 2 F 3 ¢ F o o0 0o 0o o o N F
§ 52 & 56 & 6 O 6 z3 3 & » & b6 & 6 B A
I >
H65 23 15 19 17 16 12 14 16 15 14 29 25 10 13 13 10 9 1 0.0025
H66 23 14 20 17 19 12 14 13 15 14 30 23 12 13 13 10 9 1 0.0025
H67 23 14 20 15 19 11 13 13 15 14 30 23 10 13 12 10 14 1 0.0025
H68 23 14 19 16 19 13 13 13 15 14 30 24 9 11 13 10 13 1 0.0025
H69 23 14 19 16 15 12 13 11 18 13 30 24 9 11 13 9 10 1 0.0025
H70 23 14 19 16 18 12 13 13 18 14 29 24 9 11 13 12 10 1 0.0025
H71 20 14 19 15 15 12 13 13 18 13 29 24 9 11 13 11 10 1 0.0025
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H72 20 14 20 16 16 12 14 13 18 13 29 23 12 11 13 11 10 1 0.0025
H73 20 14 19 16 15 10 14 13 19 13 30 23 10 11 13 11 10 1 0.0025
H74 23 14 19 16 15 11 14 13 19 13 30 22 10 11 13 11 11 1 0.0025
H75 23 14 19 14 15 11 14 13 19 13 30 23 9 13 13 11 11 1 0.0025
H76 23 14 19 15 15 12 14 13 14 13 30 23 9 11 13 10 11 1 0.0025
H77 23 14 18 15 15 13 14 13 14 13 30 24 11 11 13 10 11 3 0.0075
H78 23 16 18 15 15 12 14 13 14 13 30 24 10 13 13 9 11 1 0.0025
H79 23 15 18 15 16 12 14 19 14 13 30 24 10 13 13 10 11 1 0.0025
H80 23 16 18 15 16 11 14 19 16 14 30 24 9 11 13 10 14 1 0.0025
H81T 23 16 19 15 19 11 14 13 16 14 30 23 11 11 13 10 14 1 0.0025
H82 23 16 19 15 19 12 15 16 19 14 30 25 10 11 13 10 10 1 0.0025
H83 23 16 19 15 16 12 14 16 19 14 30 25 10 11 13 9 10 1 0.0025
H84 23 14 19 15 15 12 14 16 19 14 30 25 10 11 13 10 10 1 0.0025
H8 23 16 20 15 15 11 14 14 19 14 30 24 9 11 13 10 10 1 0.0025
H86 23 16 20 16 16 13 14 14 17 14 30 24 11 11 13 10 14 1 0.0025
H87 23 14 19 15 16 11 14 14 17 14 30 24 12 11 13 10 14 1 0.0025
H88 23 15 19 15 19 12 14 14 20 14 30 24 11 11 12 11 12 1 0.0025
H89 23 14 19 15 15 12 14 14 20 14 30 25 9 11 12 10 11 1 0.0025
H9O 20 16 20 15 18 12 15 14 20 14 30 24 10 11 12 9 11 1 0.0025
H91 20 16 19 15 16 12 15 14 18 14 30 24 10 11 13 10 11 1 0.0025
H92 20 16 19 15 15 11 14 14 19 13 30 24 12 11 13 12 10 1 0.0025
H93 20 16 19 16 16 12 14 14 19 13 30 24 10 11 12 10 11 1 0.0025
H94 20 15 19 15 15 12 14 14 16 13 30 23 10 11 12 11 12 1 0.0025
H9S 20 14 19 15 16 12 14 17 16 13 30 23 9 117 13 10 12 1 0.0025
H9% 20 14 19 17 15 12 15 17 16 13 30 22 12 11 12 10 12 1 0.0025
Table 7. Comparison of the haplotypes and haplotype diversity in different human population groups.
Parameter lrag"  Tunis®  German® Italy” China® India® India’
Individuals number 100 105 88 100 36 25 154
Haplotypes number 96 81 77 82 34 16 152
Unique haplotypes 89 67 39 53 28 13 150
Proportion of unique haplotypes 0.93 0.83 0.51 0.65 0.82 0.81 0.98
Non-unique haplotypes 7 14 38 29 6 3 2
Proportion of non-unique haplotypes 0.07 0.17 0.49 0.35 0.18 0.19 0.01
Ratio (unique : non-unique) 12.71 4.88 1.03 1.83 4.67 4.33 98
Haplotypes diversity 0.892 0.9932 0.9963 0.9941 0.9968 0.950 0.9935

This study.’Reference: Imen et al. (2005); *Reference: Manfred et al. (2001); “Reference: Manfred et al. (2001); °Reference: Manfred et al.
(2001); ®Reference: Manfred et al. (2001); ‘Reference: Kuppareddi et al. (2010).
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Microbial insecticides are considered as the most sustainable and ecologically acceptable means of
crop protection. Here we report the ability of some Moroccan actinobacteria isolates to produce
larvicidal compounds against the Medfly (Ceratitis capitata Wied.). Thus, actinobacteria isolates were
tested for their insecticidal activity through biological and chemical screening. The primary biological
screening using the brine shrimp bioassay showed that 12 isolates out of 210 (5.71%) have been found
to be highly toxic at the concentration of 100 ug mL™. Among these, isolates 0S46, 37 and B62 were the
most toxic with an LCsy of 0.26, 0.34 and 0.84 ug mL™, respectively. The freeze-dried fermentation of the
selected isolates showed moderate to high insecticidal activity against the first instar larvae of C.
capitata, and the most important pupation reduction was obtained for isolates 37 and B89 (0 and 6% of
pupation, respectively). The chemical screening on thin layer chromatography of the crude extract of
the most important isolates using specific insecticide family’s reagents showed a variety of compounds
depending on isolate with at least one active spot for each tested specific reagent. Finally, the inhibition
of acetylcholinesterase activity test was carried out in order to assess the possible nature of
insecticidal activity of selected isolates. The obtained results show that, except the isolate 37 which
probably acts by a different mode of action, all other isolates were active. This finding could have an
applicative value for the potentiality of utilizing Moroccan actinobacteria isolates as an alternative to
chemical insecticides in pest management mainly against C. capitata.

Key words: Moroccan actinobacteria, insecticidal activity, biological screening, chemical screening, Ceratitis
capitata.
INTRODUCTION

With an ever-increasing of human population, the more food is one of the greatest challenges for the
demand placed upon the agriculture sector to supply agrarian community. An increased vyield potential of
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crops, however, is often constrained by different pest
attacks (Oerke and Dehne, 2004). In fact, an average of
35% of global crop production is lost due to insect pest
(Oerke, 2005). A case in hand concerns one of the most
economically costly pest species worldwide; the
Mediterranean fruit fly, Ceratitis capitata (Weidemann)
(Diptera: Tephritidae) (Malacrida et al., 2007; De Meyer
et al., 2008). This species shows a wide larval hosts
range comprising more than 200 different species of fruits
and vegetables (Lance et al.,, 2014). In Morocco, the
Medfly survives in large forests (800,000 hectares) of
endemic Argan trees and invades continuously bordering
agricultural areas (Alaoui et al., 2010). The control of the
Medfly has been mostly done with chemical insecticides
(especially malathion) (Bolognesi, 2003, Dominiak and
Ekman, 2013). However, their intensive use and abuse
have led to several problems such as the pollution of the
environment (Kumari et al. 2008; Ferencz and Balog,
2010), an increase in human diseases such as cancer
and several immune system disorders (Osman, 2011),
the selection of insect resistant populations (Rivero et al.,
2010), and important outbreaks of secondary pests
(Croft, 1990; Ruberson et al., 1998; Preetha et al., 2010).

Microbial insecticides have been recognized as an
important alternative to the use for pest control
(Ravensberg, 2015). Unlike most chemical insecticides,
bioinsecticides are often very specific for a particular
pest. They have less impact on the environment and
water quality, and they offer more environmentally
friendly alternative to chemical insecticides. They could
also be used where pests have developed resistance to
conventional pesticides (Popp et al., 2013). For these
reasons, there is an increasing concern in society for
lowering the use of chemical insecticides and moving to
safer practices in crop protection (Jeméa et al., 2010 ;
Chueca et al., 2013), such as the development of new
environmental friendly microbial insecticides (Aboussaid
et al., 2011). Among bacteria, actinobacteria are the most
prolific source for all types of bioactive metabolites,
including bioinsecticides (Berdy, 2005; Liu et al., 2008;
Herbert, 2010; Karthik et al.,, 2011; Omura, 2011;
Deepika et al., 2012; Saurav et al., 2013). Currently, the
control of C. capitata by actinobacterial insecticide is
based on spinosad (Barry et al., 2003; Vargas et al.,
2003; sStark et al, 2004). However, in laboratory
experiments, some pest insects have developed
resistance to this insecticide (Hsu and Feng, 2006; Su
and Cheng, 2013 ; Abbas et al., 2014). Thus, the use of
others actinobacteria as a biocontrol agent against the
Medfly could ensure environmental protection and
commercial sustainability.

The present study has been undertaken to select
Moroccan actinobacteria isolates with insecticidal activity

using a primary biological screening against Artemia
salina, successfully used as a model for biological
screening of insecticidal activity (Xiong et al., 2004 ;
Shiomi et al., 2005; Deng et al., 2008), and a secondary
biological screening against the first instar larvae of C.
capitata (Wiedemann). Finally, the chemical screening
through specific insecticide reagent was done in order to
assess the possible nature of insecticidal activity of
selected isolates.

MATERIALS AND METHODS
Microorganisms

The 210 actinobacteria isolates used in this study were from the
collection of Laboratory of Biology and Biotechnology of
Microorganisms, Cadi Ayyad University, Marrakesh, Morocco. They
were isolated from various Moroccan habitats including rhizospheric
soils and endophytic of endemic aromatic and medicinal plants
(Barakate et al., 2002). All strains were maintained in glycerol
(20%) at -20°C.

Fermentation

Selected actinobacteria isolates were inoculated into a 500 mL
baffled Erlenmeyer flasks containing 100 mL of the producing
Bennett's liquid medium (Beef extract, 1 g L™; glucose 10 g L™;
peptone, 2 g L™; yeast extract, 1 g L™; distilled water, 1000 mL ;
pH 7.2). Flasks were incubated on a rotary shaker (250 rev min™) at
30°C for 48 h. 2 L of this culture was used as inoculum for a 20 L
jar fermentor containing 18 L of the Bennett's liquid medium.
Starting pH is at about 7.2 and the aeration was of 5 L min™ with
agitation of 120 rev min™’. The fermentation was carried out at 30°C
for at least seven days. The bacterial culture received from the
fermentation was first filtered over the Celite and the water phase
was in part freeze-dried and used for larvicidal bioassay of C.
capitata. The remaining liquid fermentation was extracted three
times with acetic ester with a ratio of 1:1 (v/v). The organic phases
were collected together and evaporated in vacuum at 40°C until
they became dry. The obtained crude extract was suspended in
methanol for further uses in chemical screening and acetylcholine-
esterase test inhibition.

Primary screening: Brine shrimp bioassay

The brine shrimp lethality assay is considered as a useful and
effective tool for preliminary screening of insecticidal substances of
microbial origin (Liou, 2000 ; Zhiyu et al., 2000). Our primary
biological screening’s brine shrimp bioassay was conducted using
agar culture diffusion solution according to the method of (Xiong et
al., 2004) with some modifications. The agar culture diffusion
solution was prepared as follows: actinobacteria isolates were
grown on Bennett's agar medium (Beef extract, 1 g L™ ; glucose, 10
gL™; peptone, 2 g L™ ; yeast extract, 1 g L™ ;agar, 15 g L™ ; distilled
water, 1000 mL ; pH 7.2) and incubated for at least 7 days at 30°C.
The agar culture diffusion solution was prepared by picking out
under sterile conditions 1 cm? of agar culture of the isolates and
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put into Eppendorf tubes containing 1 mL of sterile distilled water.
The tubes were kept at 4°C for 12 h. The mixtures were centrifuged
at 1000 g for 15 min and the supernatants were pipetted out. Brine
shrimp eggs (0.5 g) were hatched in 500 mL sterile seawater. The
suspension was aerated by bubbling air and kept for 24 to 48 h at
room temperature. A volume of 0.5 mL of hatched nauplii
suspension (30 to 40 larvae) was transferred into separate wells of
a plastic 24-well tissue culture plate and filled with 0.5 mL of each
actinobacteria supernatant. The supernatant obtained from a free
isolates agar culture was used as negative control. All experiments
were conducted in six replicates. The mortality was adjusted using
the Abbott’s control-adjusted mortality (Abbott, 1925) expressed as
follow :

_ (A-B-N)
M= o x100

Where, M = percent of the dead larvae after 24 h; A = number of
the dead larvae after 24 h; B = average number of the dead larvae
in the blind samples after 24 h; N = Number of the dead larvae
before starting the test and G = Total number of larvae.

For the isolates showing a strong anti-brine shrimp activity, the
LCso and TLso were calculated.

Secondary screening: Laboratory bioassay of C. capitata
Insect rearing

C. capitata used in these tests was obtained from a mass-reared
stock maintained at the laboratory of Molecular modeling and
Ecophysiology, University Cadi Ayyad, Faculty of Sciences
Semlalia, Marrakesh, Morocco (Aboussaid et al., 2011). The flies
were maintained and all the experiments were carried out at 27 +
2°C and 75 to 85% relative humidity under 16:8 light and dark
cycles. Insects were reared in clear plastic containers (20 x 14 x 7
cm) on a diet composed of wheat bran, sucrose, brewer’s yeast,
Nipagin, Nipasol, benzoic acide, and water at a volumetric ratio of
(25:7:3:1:1:1:62). A mixture of sucrose and Brewer's yeast (4:1)
was used as adult food.

Insecticidal bioassay

A preliminary screening of C. capitata was performed using a
single-dose test according to Molina et al. (2010) with some
modifications. Thus, the first 10 instar larvae were transferred to
plastic recipients (30 x 70 mm) containing 5 g of diet (see insect
rearing) mixed with 0.5 g of freeze-dried fermentation of selected
actinobacterial isolates. The control receives 0.5 g of freeze-dried
Bennett's liquid medium. Five repetitions were conducted for each
experiment and the pupation was recorded after 14 days of
incubation.

Chemical characterization
Chemical reagents

Fast Blue B salt, physostigmine, and 1-naphthyl acetate were
purchased from Sigma (Germany). The palladium chloride (was
obtained from Riedel-de Haén, the methyl yellow from Acros
organics and the molybdatophosphoric acid from Fluka. Silica gel
G/UV254 plates were purchased from Macherey-Nagel & Co., with
the thickness between 0.2 and 0.25 mm. Other reagents were of
analytical grade.
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Detection of chemical insecticide families by TLC

The detection of chemical insecticide families was conducted for
the most promising isolates from the biological screening on thin
layer chromatography (TLC) using specific reagents of each
chemical insecticide family: (i) for the organophosphates (OP), the
crude extract was applied onto the TLC plate and chromatographed
in a mobile phase consisting of n-hexane-acetone (8:2 v/v). The
plates were first placed under UV radiation at the wavelength of 254
nm and sprayed with a 0.5% solution of palladium (II) chloride in
10% HCI then heated (Koujiro et al., 1997), an active yellow-brown
to black colored spots indicating a possible production of an
insecticide of organophosphate family. (ii) for the carbamates (CA),
developing solvent was benzene-ethyl methyl acetone (19:1 v/v).
The orange or purple specific spots were visualized after migration
by treating the chromatogram with an ethanolic solution of Fast
Blue B followed by 20% of aqueous solution of NaOH and viewed
under short UV light (254 nm) (Tewari and Singh, 1979); (iii) for the
pyrethroids (PY) family, the mobile phase consisted of n-hexane-
benzene-acetone (9:1:1 v/v) then after, plates were sprayed with
molybdatophosphoric acid and heated to 120°C to visualize gray
spots in a yellow background (Ogierman and Silowiecki, 1981); (iv)
for the detection of organochlorines (OC), the hexane-chloroforme-
acetone (9:3:1 v/v) was used as developing solvent. The TLC
plates were sprayed with the N,N-Dimethyl-p-phenylazoaniline
(methyl yellow), and red spots were viewed under UV radiation at
the wavelength of 254 nm (Krzeminski and Landmann, 1963). For
all tests, the colored spot positions were determined using the
retardation factor (Rf).

Screening for acetylcholinesterase inhibitors

In order to determine whether selected isolates have an insecticidal
activity on insect's nervous system a screening assay was
conducted for acetylcholinesterase (AChE) inhibition according to
the method of Zhongduo et al. (2009). Thus, 500 U of
acetylcholinesterase (EC3.1.1.7, Sigma product No. C2888) was
first dissolved in 500 mL Tris-hydrochloric acid buffer (0.05 mol L™,
pH = 7.8) containing 500 mg BSA (Sigma, Germany) and 100 pg of
crude extract of actinobacteria isolate was dissolved in 1 mL
methanol and applied to silica gel TLC plate. The plate was dried
and sprayed with enzyme and 1-naphthyl acetate solution (150 mg
of 1-naphthyl acetate dissolved in 40 mL of ethanol and diluted with
60 mL of distilled water). Then, it was put in a closed humid
environment and kept at 37°C for 20 min. Subsequently, the Fast
Blue B salt solution (50 mg dissolved in 100 mL of distilled water)
was sprayed onto TLC plate and the inhibition of the enzyme-
substrate reaction by the produced insecticide caused the formation
of an azo dye resulting in bright zones on a purple colored
background (Sherma and Fried, 2003). Physostigmine, known as
acetylcholinesterase inhibitor, was used as positive control and the
methanol as negative control.

Statistical analyses

All experiments were conducted in a randomized design and the
data obtained were compared by one way ANOVA, and means
were compared by Tukey's multiple range test, with the level of
significance set at p<0.05. The lethal concentration (LCso) values
were calculated using the EPA computer probit analysis program
(Version 1.5). The lethal time (TLso) were calculated according to
the SAS LIFEREG procedure fitting a Weibull model to the time
interval data with single censored-time observation using JMP
version 8.0.
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Figure 1. Toxicity of Moroccan actinobacterial isolates against A. salina. LT, low toxic isolate with
a corrected mortality less than 50%; MT, moderate toxic isolate with a corrected mortality ranged
from 50 to 80 %; HT, highly toxic isolate with a corrected mortality ranged from 80 to 100%.

Table 1. Lethal concentration LCso (ug mL™) and time mortality TLso (h) of the most

active isolates using brine shrimp bioassay.

Isolate LC50.1 95% confidence limits TLeo (M)
(ug mL™) Lower Upper

0S46 0.260 0.257 0.278 <1lh
37 0.342 0.293 0.445 5.20 £ 0.02
B62 0.840 0.811 0.932 <lh
B56 1.094 1.043 1.256 2.29+0.04
PH33 1.352 1.343 1.394 <lh
AS1 2.604 2.550 2.799 3.59+0.04
AS2 2.862 2.834 3.035 2.29+0.04
B89 5.285 4,949 6.130 <1lh

CB33 7.168 6.859 8.131 6.66 + 0.03
D51 10.893 10.429 12.358 7.94 +£0.03
0S5 11.265 10.641 12,354 22.79+£0.11
B42 23.775 21.154 26.986 11.21 + 0.06

RESULTS
Determination of anti-brine shrimp activity

The primary biological screening results show that out of
210 isolates, 22 (10.48%) were highly toxic against brine
shrimp with a corrected mortality that ranged from 80 to
100%, 9 isolates (4.29%) were moderately toxic with a
corrected mortality ranged from 50 to 80% while, 179
isolates (85.24%) have a corrected mortality less than
50% (Figure 1). Among the 22 highly active
actinobacteria isolates, only 12 showed 100% brine
shrimp mortality at the concentration of 100 pg mL™, and

their corresponding lethal concentration (LCso) and time
mortality (TLsg) are given in Table 1. Thus, the 12
selected actinobacteria can be divided into two groups: (i)
the highly toxic rapid group (HTR) including isolates
which caused 50% of A. salina mortality in less than 1 h.
Among these and except isolate B89 with a LCsg, of 5.285
Mg mL™, the others (0S46, B62 and PH33) were the most
toxic with a LCg, of 0.260, 0.840 and 1.352 ug mL™*
respectively ; (i) the highly toxic slow group (HTS)
includes isolates 37, B56, AS1, AS2, 0S5, B42, D51 and
CB33 which caused 50% of Artemia salina mortality in
more than 1 h. Among this group, the isolates 37 and
B56 were the most toxic with a respectively LCs, of
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Figure 2. Insecticidal activity of the most active actinobacterial isolates on larval pupation of
Ceratitis capitata after 7 days of exposure (means followed by different letters with in a column

are significantly different; Tukeys HSD, p < 0.05).

Table 2. Chemical screening of the most active isolates on thin layer chromatography; using four specific insecticide

reagents.
TCL with specific insecticide reagents
Isolate - .
Pyrethroids Organophosphates Organochlorines Carbamates
37 . . R (9.33; 22.67) -
G (12.68)

B89 G (10.53; 22.37; 39.47 R (30.88 O (28.38; 56.76
( ' ’ ) Y (19.72; 32.39; 50.70) ( ) ( ’ )

AS1 - G (32.05) - -

0S5 - G (25.64) - -

Color of reveled spot after staining with specific insecticide reagents are: G, grey; Y, yellow; R, red; O, orange; P, purple; -:

no active spot; numbers in brackets represent the Rfx100.

0.342 and 1.094 pg mL™,

Insecticidal activity against C. capitata

The biological control against the first-instar larvae of C.
capitata (Figure 2) showed that the percentage of
pupation ranged from 0 to 100%, and only isolates 37,
B89, AS1 and AS2 caused a significant reduction in larval
pupation compared to control as determined by Tukey's
Student range test (p < 0.05). No pupation was obtained
from treated larvae with isolate 37. On the other hand,
the remaining isolates showed no significant mortality in
comparison to the control with no pupation reduction for
isolates B42 and OS46.

Chemical screening

The thin layer chromatography (TLC) of crude extracts

showed a diversity of the bioinsecticide compounds
produced by the most promising active isolates against
the first-instar larvae of C. capitata as indicated in Table
2. The variety of colored bands on TLC after staining with
palladium (1) chloride, Fast Blue B, molybdatophosphoric
acid and methyl yellow showed that the selected
actinobacterial isolates gave at least one active spot on
TLC plate. Thus, isolate 37 gave a red spot after staining
with the methyl yellow indicating that these crude extracts
could contain chlorinated insecticide compounds.
Furthermore, the isolate AS1 gave a gray spot after
spraying with the palladium chloride, a specific reagent
for thiophosphate esters and other sulfur compounds.
While, isolate B89 exhibits a wide chemical variety with at
least one active spot for each specific reagent tested.

Acetylcholinesterase inhibitors

The screening of the most promising isolate as candidate
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Table 3. Acetylcholinesterase inhibition bioassay of the
crude extracts of the most active isolates at the
concentration of 100 pg mL™.

Isolate Inhibition of acetylcholinesterase
37 -

B89

AS1

0S5
Physostigmine
Methanol -

+ + + +

+, Active spot; -, no active spot.

for the production of acetylcholinesterase inhibitors
indicate that when the crude extract of the isolates AS1,
OS5 and B89 was used in the TLC-bioautographic assay
at the concentration of 100 ug mL™, a bright zones on a
purple colored background were clearly observed.
Conversely, both the isolates 37 and physostigmine failed
to give an active spots on the TLC plates (Table 3).

DISCUSSION

Trend in insect pest control have been shifted from the
reliance in conventional chemical pesticides to natural
product such as microbial insecticide. The discovery of
new active metabolites must be followed by adequate
biological testing (Naine et al., 2012). In this study, we
investigated the ability of Moroccan actinobacteria
isolates to produce insecticidal compounds against C.
capitata by combining several screening methods. From
the 210 investigated Moroccan isolates, 5.71% showed
100% anti-brine shrimp activity. These isolated could be
a potential candidate for the production of insecticidal
compounds, and also a source of cytotoxic substances
as described by many other authors (Xiong et al., 2004;
Anibou et al., 2008; Deng et al., 2008). According to
Meyer et al. (1982), LCs, value lower than 1000 pg mL™
indicated significant cytotoxic potentials. In our bioassay,
LCs, value of the twelve most active isolates ranged from
0.26 to 23.77 ug mL™* indicating a high anti-brine shrimp
activity. Similar toxicity values were obtained from
actinobacteria by many other authors using A. salina as a
model of screening bioinsecticides compounds from
actinobacteria (Tantithanagorngul et al., 2011; Kekuda et
al.,, 2012; Tanvir et al., 2014). However, the TLso values
obtained in our study were lower than those obtained by
the same authors. The 12 selected actinobacteria
isolates were there after tested against the
Mediterranean fruit fly C. capitata and especially against
the first instar which is considered to be, with the second
instar, the most crops damaging. In fact, the most food
intake is used to expand the cell and body size of first
and second instars during the life cycle of this Diptera
(Berni et al., 2009).
Our results show that the ingestion of freeze-dried fer-

mentation of the isolates 37, B89, AS1 and AS2 caused a
significant pupation reduction (P>0.05) compared to the
control after 14 days. Many works have demonstrated
that actinobacteria isolates are able to produce
bioinsecticides compounds against C. capitata (Karthik et
al., 2011; Deepika et al., 2012; Saurav et al., 2013). The
fact that selected bioactive isolates seem to be differents
regrading their morphological characteristics and
fermentation (data not shown) suggested that they could
produce different active compounds. Thus, a chemical
characterization was conducted using thin layer
chromatography (TLC) combined with chromogenic
reagents; in order to assess the nature and chemical
diversity of the produced bioinsecticide metabolites. The
chemical screening of the acetic ester extracts by thin
layer chromatography (TLC) helped to determine the
diversity of the chemical constituents produced by the
investigated isolate. The variety of the colored bands and
their Rf obtained on TLC plates after staining with specific
insecticide reagents represent secondary metabolites
diversity in the crude extract and could indicate the
mechanism of action of the respective actinobacterial
isolates. Indeed, the isolate B89 produce a wide chemical
variety of secondary metabolites, while the isolates 37,
AS1 and OS5 exhibit less diversity. On the other hand,
the production of organophosphate compounds could
indicate a mechanism involving the enzyme
acetylcholinesterase. Accordingly, only the isolates AS1,
OS5 and B89 could act on this enzyme. We also notice
that the isolate B89 produced compounds belonging to
the four insecticide families investigated and could have
therefore more than one mechanism of action. These
finding were confirmed by a screening of
acetylcholinesterase inhibitors. Indeed, the obtained
result showed that except the isolate 37, all selected
isolates inhibited the enzyme at the concentration of 100
Hg mL™. In fact the organophosphates acted primarily by
phosphorylation of the acetylcholinesterase enzyme at
nerve endings (Moss and Henderson, 1999; Walker and
Asher, 2005). Consequently, it allowed the accumulation
of acetylcholine at parasympathetic neuroeffector
junctions and caused insect poisoning (Waxman, 1998).
It can be conferred from the study that Moroccan
actinobacteria could be an important source of
compounds with insecticidal activity. The isolates 37,
B89, and AS1 showed a potential for controlling C.
capitata and could be useful in integrated control against
this Pest. The bioassay of selected isolates against the
other stages of C. capitata and the taxonomic
characterization of isolates with important larvicidal
activity against the Medfly as well as isolation, purification
and structural elucidation of the produced larvicidal
bioactive metabolites are under investigation.
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Fungi, in particular endophytes are a promising source of new antimicrobial compounds. The aim of this
study was to screen the extracts of conifer needle fungal endophytes for antimicrobial activity and
taxonomically place fungi producing ones to determined active metabolites. Seventy three strains of
endophytic fungi were isolated from plant samples, mainly from needles of conifers, and cultured.
Extracts of cultured endophytic strains were tested for antimicrobial properties using a microdilution
assay. Their activity was compared to that of the antibiotic ampicillin. Samples that exhibited
antimicrobial properties were further examined. Genomic DNA from five active fungal strains was
isolated and species-specific DNA regions (ITS regions) were amplified and sequenced allowing us to
determine the identity of the samples. Active endophytic fungi were two strains of Lophodermium
pinastri, two strains of Lophodermium seditiosum and one of Phoma herbarum. All of these strains are
known as parasitic and can be treated as endophytes only according to the lack of symptoms in their
host tissue. This work demonstrates an interesting bottom-up approach to the discovery of new

antimicrobial compounds.

Key words: Endophyte, antibiotic, parasitic, Lophodermium, antimicrobial, Phoma.

INTRODUCTION

The problem of drug-resistant pathogens and co-
dependent infectious diseases is substantial and still
growing. According to the World Health Organization
(WHO) Global Burden of Disease report from the year
2013, infectious and parasitic diseases were still the
second leading cause of death, causing 18.4% of all
deaths worldwide (WHO, 2014). This brings the need for
the search of new antibiotic compounds. Naturally,
derived products remain the most important source of
their discovery. Fungi are a versatile and precious source
with an enormous pharmaceutical potential (Schulz et al.,

2002; Vaz et al.,, 2009; Bhagobaty and Joshi, 2012;
Wang et al., 2012). Recently, there have been an
increasing number of publications regarding investiga-
tions of endophytic fungi producing antimicrobial subs-
tances (Jane$ et al., 2007; Xiaoye et al., 2012). This
niche should be meticulously examined and used as a
base for sustainable research and development of new
antibacterial substances that can both respond to current
antimicrobial resistance and anticipate evolving resis-
tance. Plant endophytic fungi have the ability to produce
the same or similar compounds to those originating
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from their host plants (Erbert at al., 2012), as well as a
great number of diverse bioactive compounds (Devaraju
and Satish, 2010), which have been implicated in the
protection of its host against pathogens and herbivores
(Wicklow et al.,, 2005). Since then several new such
substances were found (Xuanwei at al., 2010; Sumarah
et al., 2011; Radi¢ and Strukelj, 2012). Metabolic
interactions of endophytes with host can favor the
synthesis of biologically active secondary metabolites
(Owen and Hundley, 2004). Isolation of endophytes from
their natural habitat can influence their metabolism
(Raviraja et al., 2006). Certain factors can cause
production of biologically active compounds in culture.
Conditions like temperature, composition of culture
medium, amount of nutrients and level of aeration
influence growth and synthesis of secondary metabolites.
Method of fermentation and extraction technique
influences the amount and kind of compounds as well
(Strobel and Daisy, 2003). In order to identify novel
biologically active compounds; their biological activities
necesicates testing by a variety of means. In the case of
antibacterial activity it can be tested several different
ways including disk diffusion methods, E test, and
microdilution broth method. The last one, most common
and available was used in our case. The most efficient
method for determination of fungal species employs
amplifying and sequencing of species-specific regions of
fungal DNA. Among few such potential regions internal
transcribed spacer (ITS) region has the highest
probability of successful identification for the broadest
range of fungi, with the most clearly defined barcode gap
between inter- and intraspecific variation.

MATERIALS AND METHODS
Bacteria

Escherichia coli, strain ER2738, were obtained from the
Department of Pharmaceutical Biology, Faculty of Pharmacy,
Ljubljana, Slovenia.

Fungi

Conifer needles were collected from several plant species (Abies
sp., Cedrus sp., Juniperus sp., Larix sp., Metasequoia sp., Picea
sp., Pinus sp., Taxus sp.), samples of leaves, stalks, roots and
remaining plant parts of other plant species (Sambucus sp., Calluna
sp., Centaurea sp.) were also collected from unpolluted habitats
around Slovenia. Samples were kept in sterile test tubes or plastic
bags at 4°C and transported to the laboratory as soon as possible.
Once in the laboratory, samples were surface sterilized with 70%
ethanol for 2 min and 1% sodium hypochlorite for 3 min in a sterile
chamber with laminar flow of air to kill epiphytes (microorganisms
on surface of samples) and cut in half longitudinally with a sterile
razor. Internal surface was then exposed to a solid culture medium
comprised of potato dextrose agar (PDA). Explicitly, the PDA
medium was composed of potato extract, 0.4% (w/V); glucose,
2.0% (w/v); and agar, 1.5% (w/V) in water. After 2 to 5 weeks
incubation it was determined when the fungi from the plant samples
formed colonies, and every fungal colony was aseptically
transferred onto 3 new PDA plates. Every Petri dish was wrapped

with Parafilm and left in a chamber for cultivation of fungi at room
temperature (22 to 25°C). Fungal cultures were re-inoculated to a
new medium repeatedly every week for 1 to 3 times (Figure 1).
Replicates were removed and only strains which differed in
morphology (shape, patterns and color are distinguishing among
different microorganisms) were kept and submitted to a subsequent
antimicrobial test (Méndez et al., 2008). Solid PDA culture media
overgrown with fungus (15 ml in 90 mm diameter Petri dish), were
homogenized with an electric homogenizer to obtain a particle size
of approximately 5 mm. The homogeneous mixture was transferred
to a conical flask to which 70 ml of a solvent were added and
closed with a glass stopper. The extraction solvents utilized were
methanol, ethyl acetate or dichloromethane. The culture of every
fungal strain was extracted in each of the three solvents at room
temperature for 15 min in an ultrasonic bath, 24 h without
ultrasound, and after that 15 min in the ultrasonic bath again. The
mixture was filtered through a filter paper and washed three times
with 10 ml of the chosen solvent. Samples were completely dried by
rotary evaporation under reduced pressure to determine the weight
of dry extracts. The extracts were then dissolved in methanol (50%)
to a concentration of 1 mg/ml. The samples were stored in closed
tubes at -20°C until further analysis.

Broth microdilution method

Broth microdilution test was performed according to the standard
procedure (National Committee for Clinical Laboratory Standards,
2003). Bacteria from a freshly grown colony were transferred with a
sterile sling and suspended in 10 mL of a sterile 0.9% solution of
sodium chloride. The suspension was diluted with 0.9% of NaCl to
obtain the absorbance of the final suspension between 0.08 and 0.1
at A=625 nm. This corresponded to 10® CFU/mL of bacteria. 800 pL
of that suspension were diluted with 25 ml of 0.02% sterile solution
of Tween® 80 to obtain the bacterial suspension that was used as
an inoculum in a microdilution test. Broth microdilution method was
carried out in a 96-well microplate with round bottom wells and the
volume of each well of 200 pL. Each well consisted of 90 pL of
Mueller-Hinton broth, 10 pL of inoculum and 10 pL of tested extract
(or control). All tests were carried out in duplicates. Controls and
extracts were added in consecutive 2-fold dilutions. Sodium salt of
ampicillin (Sigma-Aldrich, Germany) with a starting concentration 1
mg/mL was used as an efficiency comparison and an extraction
solvent as a positive control. Starting concentration of fungal
extracts added were 1 mg/mL. The microplate was then incubated
for 24 h at 37°C before the results were evaluated.

Determination of endophyte species

Fungal samples were collected from permanent cultures
(approximately 100 mg of fungal tissue) and homogenized using
ultratorax homogenizer. QiagenDneasy plant mini kit was used to
isolate fungal DNA. ITS regions were amplified with GeneAmp2700
Thermal cycler, using two sets of primers ITS F 5'-
AGAAAGTCGTAACAAGGTTTCCGTAG-3, ITS R 5'-
TTTTCCTCCGCTCATTGATATGCTT-3' and ITS-g F 5-
TCCGTAGGTGAACCTGCGG-3' (White et al., 1990), ITS-g R 5'-
TCCTCCGCTTATTGATATGC-3' (White et al., 1990). The 30-cycle
amplification program contained 30 s of denaturation (95°C), 30 s of
annealing (55°C) and 1 min of elongation (72°C). PCR products
were analyzed with agarose gel electrophoresis, stained with Cybr
gold stain and detected under UV light. Samples were extracted
from gel and purified using Qiaex Il Gel Extraction Kit. Purity of
isolated DNA fragments was checked with spectrophotometer
NanoDrop 1000. Purified samples were sequenced by GATC labs.
Obtained sequences were analysed using NCBI BLAST software.
Strains 2 and 35 demonstrating the highest antimicrobial activity
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Strain 2: Lophodermium pinastri

ophodermium sedifiosum
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Figure 1. Fungal strains showing antibacterial activity growing on PDA plates.
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Table 1. Results of the broth microdilution test with extracts of solid
culture medium with mycelium with concentration 1 mg/ml and their

dilutions in ratio 1:1.

Extract 1

10 11

12

Ampicillin Na -
Dichloromethane extract 2

Dichloromethane extract 38
Dichloromethane extract 33
Dichloromethane extract 35
Dichloromethane extract 35C -
Positive control +
Negative control -

+
+

+ +
+ + + + 4+ o+
+ o+ + o+ 4+ o+

+
+

+ + + + + + +|O
+ o+ o+ o+ o+ o+ o+ N
+ + + + + + + |00
+ + + + + + + |

+ + 4+ + + + +

+ + 4+ + + + +

+ + 4+ + + + +

(+) Opaque culture medium after incubation indicating bacterial growth; (-)
clear culture medium after incubation, indicating bacterial growth inhibition.
Numbers 1 to 12 represent consecutive 2-fold serial dilutions. Starting

concentration of ampicillin/dichlormetane extracts in column 1 is 10 pg/well.

were also sent for morphological identification to CBS-KNAW
Fungal Biodiversity Centre, Netherlands.

RESULTS

Seventy three (73) fungal strains were isolated from 73
plant samples. Extracts were prepared from the culture

869

on the solid PDA medium of each of these strains.
Microdilution tests (Table 1) showed 5 of them (extracts
from strains marked: 2, 33, 35, 35C and 38) holding an
antimicrobial activity against Escherichia coli ER2738
(Table 2). Only dichloromethane extract, but not metha-
nol or ethyl acetate extracts, showed antibacterial activity.
The second strongest antibiotic effect after ampicillin was
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Table 2. Data about sampling of plant parts from host plants of endophytic fungi.

Sample number Host Herbal origins Location

Lophodermium pinastri (2) ZETEZT:;mgra L. Leaves : 1‘:: ii;ég
Lophodermium pinastri (33) E:‘rl;;;];gnril': LT(OFI)?ne Needles : 11‘510 i:ggi
Lophodermium seditiosum (35) Errlcj)spg;gnril': LT(OFI)?ne Needles '; ﬁ: jégig
Lophodermium seditiosum (35C) E:‘;;g;gnril': LT(O;)?ne Needles : 11‘51: i:gig
OSSR oges  NAS 02380

demonstrated by the extracts of samples 2 and 35,
followed by samples 33 and 38. Extract of sample 35C
has shown weaker antibiotic effect. Fungal DNA was
successfully extracted and amplified producing DNA
fragments of anticipated lengths of around 600 BP
corresponding to the ITS region. Sequencing of the
fragments was performed in 2 parallels to ensure the
correct nucleotide order. Sequences of all 5 samples
were analysed with BlastN tool. All of our sequences had
at least 99% identity to designated species and 92 to
98% identity to next related species. According to this
analysis sample 2 and sample 33 are two different strains
of Lophodermium pinastri, 35 and 35C are two different
strains of Lophodermium seditiosum and sample 38 is
Phoma herbarum. Morphological identification of samples
2 and 35 determined fungal species to be Lophodermium
pinastri and Lophodermium seditiosum which matches
the results of genetic species determination. All
sequences were submitted to the Genebank database
under the accession numbers: KC608049, KC608050,
KC608051, KC608052 and KC608053.

DISCUSSION

Over 70 isolated endophytic strains revealed a very
morphologically diverse coexistence of fungi in limited
number of host plant samples. Fungal extracts were
prepared with three solvents possessing different polarity
in order to enable extraction of a broad spectrum of
compounds. Dichloromethane as the least polar of them
showed the best results indicating that active antibiotic
compounds in the fungi are likely to be lipophilic. All of
the five sample extracts that demonstrated antibiotic
activity were less potent than ampicillin. However, active
compounds are likely to be diluted in these extracts and

could possess an even stronger antibiotic effect than
ampicillin if purified. Interestingly, four of the five
investigated fungal strains belonged to the same genus
and only two species. Furthermore, L. pinastri and L.
seditiosum are parasitic fungi rather than symbiotic and
can be treated as endophytes only by certain measures
(Rodriguez and Redman, 2008; Rodriguez et al., 2009).
None of these fungal species has previously been known
to produce antimicrobial substances. Small differences
between ITS sequences of samples 2 and 33 and
sequences of samples 35 and 35C showed that they
belong to different strains. Macroscopic observation of
the fungi growing on PDA plates also indicated that these
strains are not duplicate isolates of the same strain.
Further work towards isolation of active molecules from
these extracts should be performed in the future.
However, this study proves endophytic fungi to be an
important source of potential new antimicrobial drugs and
encourages the use of ITS region sequencing as a
suitable method for endophytic fungi systematization.

Conclusions

According to the growing need for new antimicrobial
compounds, endophytic fungi could represent a diverse
and rich source of new compounds. This research
resulted in discovery of five fungal strains that possess
the potential for potent antibiotic compounds. These
strains would be interesting candidates for upcoming
isolation of active compounds.
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Among the fungal diseases infecting tomato crops, early blight caused by Alternaria solani (Ellis and
Martin) Jones and Grout is one of the most catastrophic disease causing accountable losses. Further,
all of the tomato cultivars presently under cultivation have succumb more or less to early blight
disease. Therefore, the present studies were undertaken for the pathogenic, cultural, morphological and
molecular variability among the isolates of A. solani. The results reveal all of the eight isolates of A.
solani as pathogenic to tomato (Cv. Pusa Ruby) and showed variability amongst them. The test isolates
could grow better on the basic culture medium potato dextrose agar; however, highest mycelial growth
was recorded on the isolate AsLt (88.50 mm), followed by AsBd (82.36 mm) and AsHI (78.40 mm), with
excellent sporulation. All of the eight test isolates exhibited a wide range of variability in respect of their
mycelial and conidial dimensions and septation. RAPD-PCR analysis of the four most virulent A. solani
isolates, using 13 OPA primers revealed that the isolates AsBd (Beed) and AsLt (Latur) were closely
related with 85% genetic similarity whereas, the isolates AsHI (Hingoli) and AsJl (Jalna) were closely

related with 50% genetic similarity, but distinct from that of AsLt and AsBd isolates.

Key words: Tomato, Alternaria solani, isolates, pathogenic, molecular variability, virulent, primers.

INTRODUCTION

Tomato (Solanum lycopersicon) is one of the most
popular vegetable crops grown throughout the world.
India is one of the leading countries in tomato production
with an area of 8.65 lakh ha and productivity of 19.5
metric tonnes/ha (Anonymous, 2011). Maharashtra,
Bihar, Uttar Pradesh, Karnataka and West Bengal are the
major tomato growing states in India. In Maharashtra it
occupies an area of 5.20 thousand ha with the

productivity of 14.2 metric tonnes/ha (Anonymous, 2011).
Diseases are the major constraints in tomato cultivation
causing qualitative as well as quantitative losses. Among
the fungal diseases infecting tomato crop, early blight
caused by Alternaria solani (Ellis and Martin) Jones and
Grout, is one of the most catastrophic disease. The
disease induces the symptoms such as dark brown to
black spots with concentric rings giving a target board
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effect. The disease early blight have been reported to
inflict the yield losses to the tune of 48 to 80% (Datar and
Mayee, 1984; Mathur and Shekhawat, 1986; Pandey and
Pandey, 2002). Under natural epiphytotics, the pathogen
(A. solani) have been found to express a wide range of
variability in disease symptoms expression depending
upon the tomato cultivars, environmental conditions etc.
Pathogenic, cultural, morphological and molecular varia-
bility in A. solani was also documented earlier by many
workers (Kaul and Saxcena, 1988; Tong et al., 1994;
Weir et al., 1998; Babu et al., 2000; Ahmad, 2002; Naik
et al., 2010). The variability of A. solani isolates studied
under greenhouse conditions of several isolates infecting
14 tomato genotypes has been reported earlier by Castro
et al. (2000).

Therefore, the present investigations were attempted to
explore the pathogenic, cultural, morphological and
molecular variability among the eight isolates of A. solani,
isolated from the tomato crop affected with early blight
disease which were collected during survey in
Marathwada region of the state of Maharashtra, India.

MATERIALS AND METHODS
Collection, isolation and maintenance of A. solani isolates

A roving survey of the tomato crop fields was undertaken during
Kharif and Rabi seasons of 2010 to 2011. Tomato plant samples
(leaves, fruits and branches) showing typical symptoms of early
blight disease were collected from the eight districts viz., Parbhani,
Nanded, Hingoli, Latur, Osmanabad, Beed, Aurangabad and Jalna
in Marathwada region of the state of Maharashtra. These diseased
samples were brought to the laboratory washed thoroughly under
running tap water, blot dried, cut into small bits (2 mm), surface
sterilized (0.1% HgCly), washed in three sequential changes of
sterile water, blot dried, aseptically subjected to tissue isolation,
using autoclaved and cooled Potato dextrose agar (PDA) in sterile
glass Petri plates (90 mm dia.) and incubated at 27+2°C. After a
week of incubation, the culture growth was aseptically transferred,
applying hyphal tip method onto fresh PDA plates and incubated at
27+2°C temperature. Further, sub-cultured and the pure cultures of
each isolate thus obtained were maintained separately on PDA
slants in glass test tubes and stored in refrigerator for further
studies.

Pathogenicity test and pathogenic variability

The pathogenicity tests for A. solani eight isolates were attempted
under screenhouse, applying Koch’s postulates. For the purpose,
30 days old potted seedlings of susceptible tomato Cv. Pusa Ruby
were spray inoculated with the spore suspension (5 x 10° spores /
ml) of the test pathogen incubated in screen house and observed
for the development of early blight. Disease incidence was rated as
suggested by Pandey and Pandey (2002); symptoms expressed
were studied and reisolated from the infected stem. The
pathogenicity test as above was repeated twice to confirm results.
Pathogenic variability of A. solani eight isolates was studied by
applying detached leaf technique. The spore suspension (5 x 10°
spores / ml) of each test isolate was separately prepared from 5
days old pure culture of the representative isolates. Healthy
growing five tomato leaves of tomato susceptible Cv. Pusa Ruby
per moist chamber per isolate were inoculated separately with the
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spore suspension (5 x 10° spores / ml) and incubated at room
temperature. Observations on incubation period, number of spots,
frequency, size of lesions and typical symptoms induced etc. were
recorded and based on these characteristics, the test isolates were
categorized as highly virulent, moderately virulent and a mildly
virulent.

Cultural variability

All of the eight test isolates of A. solani were isolated aseptically on
the PDA plates, incubated at 27+2°C for a week and their cultural
characteristics were observed viz., colony diameter, colony colour /
pigmentation, mycelial growth etc., and sporulation was recorded
after 15 days of incubation, by observing under research micro-
scope (Make : Labomed, 2000).

Morphological variability

Morphological characteristics viz., mycelial width, size of conidia,
length of beak and number of transverse and longitudinal septa of
all the eight isolates of A. solani were measured using ocular
micrometer (Calibrated using stage micrometer) under 400 x
magnification of research microscope (Make : Labomed, 2000).

Molecular variability

Based on cultural, morphological and pathogenic studies of the
eight isolates of A. solani, only four highly virulent isolates (AsLt,
AsBd, AsJl and AsHI) were selected for studying their molecular
variability applying the following procedures and protocols. The
genomic DNA of the four test isolates of A. solani was extracted
using the protocol developed and standardized by Chakrabarty
(2003).

PCR amplification

PCR was carried out in a final volume of 25 pl containing 0.1 to 0.5
pm of oligonucleotide primer (2.0 pl), 25 mM of each of the
deoxynucleotide triphosphatases (0.2 pl), 50 mM MgCl; (1.5 pl), 0.3
pl of Tag DNA polymerase, 10 x PCR buffer (2.5 pl) and template
DNA (100 ng / 0.5 pl). The reaction mixture was overlaid in PCR
tubes except template DNA. Genomic DNA of each isolate was
added to individual tube containing the water mix. Amplification was
carried out in a thermocycler with initial denaturation at 94°C for 4
min, followed by 40 cycles of denaturation at 94°C for 1 min, primer
annealing at 35°C for 1 min and primer elongation at 72°C for 2
min, followed by an extended elongation at 72°C for 10 min. In
order to identify the most suitable RAPD primers for the study of
molecular variations among the isolates, 13 random primers from
OPA (Operon Technologies USA) series that is, OPA 1-13 were
used for analyses of all the isolates. The amplified PCR products
were separated on 1.2% agarose gel and visualized under
illumination by staining with ethidium bromide and photographed by
using Gel Doc. All amplifications were repeated at least twice and
only reproducible bands were considered for analysis. The data
was analyzed using the software NTSYS- pc to Plot Dendrogram.

RESULTS AND DISCUSSION
Pathogenicity test and pathogenic variability

Results of the pathogenicity tests for A. solani eight
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Table 1. Cultural variability among the isolates of A. solani, causing early blight in tomato.

Isolates / districts . Colony Cultural characteristics C.olony collour/ Sporulation
diameter (mm) pigmentation

AsPb (Parbhani) 76.25 Circular, smooth, without zonation Black +++
AsNd (Nanded) 65.80 Circular, smooth, with concentric zonation Brownish black ++
AsHI (Hingoli) 78.40 Irregular, smooth, with concentric zonation Dark grayish ++++
AsLt (Latur) 88.50 Irregular, smooth, with concentric zonation  Brownish black ++++
AsOb (Osmanabad) 75.60 Irregular, smooth, without zonation Olivaceous black ++
AsBd (Beed) 82.35 Circular, smooth with concentric zonation Pinkish red ++++
AsAb (Aurangabad) 70.42 Irregular, rough, without zonation Light gray ++
AsJl (Jalna) 78.20 Circular smooth, with concentric zonation Creamish white ++++

Sporulation: ++++, excellent; +++, good; ++, fair; +, poor. Cultural characteristics, colony colour and sporulation were also varied for
the test isolates. Irregular smooth colonies, with concentric zonation, brownish black (AsLt isolate) and dark grayish (AsHI isolate),
without zonation olivaceous black (AsOb isolate) and light grey (AsAb isolate) colonies were produced whereas, circular, smooth
colonies with concentric zonation brownish black (AsNd isolate), Pinkish red (AsBd isolate) and creamish white (AsPb isolate) colonies
were produced by the rest of the four isolates. The sporulation induced by all test isolates varied from poor (+) to excellent (++++).
However, the isolates viz., AsLt, AsHI, AsJl and AsBd showed excellent (++++) sporulation whereas, it was good (+++) in AsPb and

fair (++) in isolates viz., AsNd, AsOb and AsAb.

isolates conducted in screen house using susceptible
tomato Cv. Pusa Ruby revealed that after a week of
incubation period typical symptoms of early blight on the
foliage similar to these observed on tomato foliage
naturally affected with A. solani under field conditions
were produced. Based on the observation and recorded
data, four isolates (AsLt, AsBd, AsHI and AsJIl) were
found to be highly virulent due to short incubation period
(4 to 5 days), maximum number of lesion size (6 to 8 /
mmz) and maximum average lesion size (12 to 15/ mmz).
Other isolates were rated as moderately virulent and a
mildly virulent because these isolates were unable to
cause symptoms of the disease in screenhouse
experiments. Therefore, only four most virulent isolates
(AsLt, AsBd, AsHI and AsJl) of A. solani were subjected
for molecular variability study. The variation in
pathogenicity of A. solani isolates was also established
by Tong et al. (1994). The results are also in accordance
with those of Castro et al. (2000) who demonstrated the
variability of A. solani isolates on 14 tomato genotypes
and Verma et al. (2007) who reported that the test
isolates differed in the virulence pattern on ten tomato
genotypes under screen house conditions.

Cultural variability

The results (Table 1) reveal that all the eight isolates of
A. solani exhibited a great variability in respect of
mycelial growth, colony color, colony diameter, colony
zonation and sporulation. Maximum mycelial growth was
recorded by AsLt (88.50 mm), isolate, followed by AsBd
(82.35 mm), AsHI (78.40 mm), AsJl (78.20 mm), AsPb
(76.25 mm), AsOb (75.60 mm), AsAb (70.42 mm) and
AsNd (65.80 mm). Cultural characteristics, colony colour
and sporulation were also varied for the test isolates.
Irregular smooth colonies, with concentric zonation,

brownish black (AsLt isolate) and dark grayish (AsHI
isolate), without zonation olivaceous black (AsOb isolate)
and light grey (AsAb isolate) colonies were produced
whereas, circular, smooth colonies with concentric
zonation brownish black (AsNd isolate), Pinkish red
(AsBd isolate) and creamish white (AsPb isolate)
colonies were produced by the rest of the four isolates.
The sporulation induced by all test isolates varied from
poor (+) to excellent (++++). However, the isolates viz.,
AsLt, AsHI, AsJl and AsBd showed excellent (++++)
sporulation whereas, it was good (+++) in AsPb and fair
(++) in isolates viz., AsNd, AsOb and AsAb. These
results on cultural variability of A. solani isolates
observed in the present study are similar to the findings
of several earlier workers. Kaul and Saxcena (1988),
based on cultural variability identified four isolates of A.
solani. Similar cultural variability’s among the isolated A.
solani grown on PDA medium were reported earlier by
several workers (Tong et al., 1994; Babu et al., 2000;
Kumar et al., 2008; Naik et al., 2010).

Morphological variability

Studies on morphological characteristics of the eight test
isolates of A. solani exhibited variations with respect to
mycelial width, conidial size, beak length and septation
(Table 2). Conidiophores were solitary or in small groups,
straight or flexous, brown to olivaceous brown. The
conidia were solitary, straight or slightly flexous, muriform
and ellipsoidal tapering to a beak and pale or olivaceous
brown. The mycelial width was found to be highest in
AsJl (6.42 pm) isolate, followed by AsBd (6.20 pm), AsHI
(4.50 um) and AsLt (4.26 um) isolates. Whereas, it was
comparatively medium in the isolates viz., AsNd (3.73
pm), AsPb (3.64 pm) and AsAb (3.50 um) while, least in
AsOb (2.54 pm) isolate. The average conidial size (L x B)
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Table 2. Morphological variability among the isolates of A. solani, causing early blight in tomato.
] , o Number of septa
o Mycelial Average size of conidia (um) Beak length
Isolate (district) . .
width (um) (um) Horizontal Transverse
Length Breath
AsPb (Parbhani) 3.64 18.30 9.50 8.48 3-8 0-2
AsNd (Nanded) 3.73 22.20 9.91 10.34 4-7 1-2
AsHI (Hingoli) 4.50 28.35 12.90 12.21 4-8 1-3
AsLt (Latur) 4.26 37.57 13.21 12.81 5-9 1-3
AsOb (Osmanabad) 2.54 13.25 7.68 8.35 1-2 0-1
AsBd (Beed) 6.20 42.18 15.18 13.10 5-12 1-4
AsAb (Aurangabad) 3.50 18.28 8.82 9.10 3-5 0-2
AsJl (Jalna) 6.42 25.83 11.90 11.61 4-8 1-3

and their beak length were highest in the isolate AsBd
(42.18 x 15.18 and 13.10 um, respectively), followed by
the isolated viz., AsLt (37.57 x 13.21 and 12.81 um), AsHI
(28.35 x 12.90 and 12.21 pm) and AsJl (25.83 x 11.90
and 11.61 um) of conidial size and conidial beak length,
respectively. Whereas, in rest of the three isolates AsADb,
AsPb and AsNd, the conidial size and beak length were
medium in the range of 18.28 x 8.82 to 22.20 x 9.91 um
and 9.10 to 10.34 um, respectively, while, the isolate
AsOb showed small sized conidia (13.25 x 7.68 pm) with
short beak length (8.35 um). The conidial septation (No.
of horizontal and vertical septa) was also found to be
varied among the test isolates. However, the septation
was maximum in the isolate AsBd (5 to 12 and 1 to 4),
followed by the isolates viz., AsLt (5 to 9 and 1 to 3), AsHI
and AsHI (each 4 to 8 and 1 to 3), AsNd (4 to 7 and 1 to
2) and AsPb (3 to 8 and 0 to 2) and AsAb (3to 5 and 0O to
2) with number of horizontal and vertical septa,
respectively, while it was merge in the isolate AsOb.

These conidial features of A. solani test isolates
observed in the study are in accordance with the A.
solani spores characteristics originally described by Ellis
and Ellis (1985) whereas, Ahmad (2002) studied the
variations in conidial morphology of A. solani, causing
tomato early blight disease and reported comparatively
large sized (175 x 12.5 um) conidia and their larger beak
length (47 to 65 pm), which are contradictory to the
conidial measurements found in present study. Verma et
al. (2007), Kumar et al. (2008) and Naik et al. (2010) also
reported similar variations in the conidial morphology of
the isolates of A. solani. These variations may be due to
different kind of A. solani isolates that prevailed there,
season and tomato cultivars grown under the
environmental conditions prevalent there.

Molecular variability
Based on amount of mycelial growth, pathogenic, cultural

and morphological variability, only four most virulent A.
solani isolates viz., AsLt, AsBd, AsJl and AsHI were

subjected to molecular variability study, using RAPD-
PCR analysis and 13 random primers of OPA series
(OPA 1 to 13). The RAPD analysis (Figure 1) revealed
genetic variability in all four test isolates of A. solani. Of
the 13 primers tested, primers viz., OPA 4, OPA 7, OPA
9, OPA 11, OPA 12 and OPA 13 revealed amplifications.
The primer OPA 4 and OPA 7 also generated multiple
amplicons. Based on the efficiency of the individual
primers to amplify polymorphic DNA fragment, six
primers: OPA 4, OPA 7, OPA 9, OPA 11, OPA 12 and
OPA 13 were selected for fingerprinting of all these
species and provide representative profiles of isolates.
The dendrogram constructed based on similarity
coefficients grouped the isolates into two different groups
at a similarity coefficient of 0.50 (Figure 2). Group |
occupied by two isolates AsBd and AsLt and group I
occupied by rest of two isolates AsHI and AsJI. The AsBd
and AsLt were found more similar (85% similarity
coefficient) to each other whereas, the isolates AsHI and
AsJl were found closely related (50% similarity
coefficient) but distinct from AsLt and AsBd. Thus, the
present study based on RAPD-PCR analysis revealed
that there may be chances of prevalence of the
genetically variable populations amongst pathogen A.
solani, of tomato crop grown in Marathwada region of
Maharashtra State. However, isolates was found to be
lower than the previous reports which may be attributed
to less number of isolates used in this study.

Genetic variability in A. solani, causing early blight
disease in tomato / potato crop grown in various regions
was reported earlier by various workers (Weir et al.,
1998; Morris et al., 2000; Wang and Zhang, 2003). These
findings of the present study are in consonance with the
earlier study of Verma et al. (2007), Kumar et al. (2008)
and Naik et al. (2010). Naik et al. (2010) investigated
genetic variations among four isolates of A. solani and
indicated maximum similarity (73.78%) in isolates of
Northern Karnataka region (ASRs, ASD, and ASG3;) and
isolate ASB2 from Southern Karnataka region shared
only 45% genetic similarity indicating distinct polymor-
phism. Thus, from the foregoing results and discussion,
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Figure 1. Molecular Variability of four virulent isolates of A. solani.
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Figure 2. Dendrogram based on RAPD — PCR analysis depicting the relationship
among the four fungal pathogens inciting early blight of tomato.



it could be concluded that there may be possibility of the
existence of variability amongst A. solani isolates in the
Marathwada region; however, its further confirmation is
must. The future strategy could include collection of large
number of samples from different parts of country from
tomato, potato and other solanaceous hosts to get as
many isolates as possible. This possibly aid in screening
tomato and potato genotypes against broad spectrum of
pathogen populations towards durable resistance.
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The distribution of arsenic (As) and cadmium (Cd) in himematsutake was analyzed using scanning
electron microscopy-energy dispersive X-ray spectrometer (SEM-EDX). The atomic percentage of the
metals was confirmed by inductively coupled plasma-mass spectrometer (ICP-MS). Results show that
the accumulation of As in pileus was higher than that in stipe by both SEM-EDX and ICP-MS analyses.
The Cd level in pileus was higher than that in stipe by SEM-EDX analysis; whereas a higher level of Cd
was found in stipe by ICP-MS analysis. Results of regression analysis showed that there was a positive
correlation between the content of As and Cd in the piece samples by both SEM-EDX and ICP-MS
methods. Results suggest that the SEM-EDX is one of the potential tools for rapid detection of metals,

namely, As and Cd in himematsutake.

Key words: Arsenic (As), cadmium (Cd), scanning electron microscopy-energy dispersive X-ray spectrometer
(SEM-EDX), coupled plasma-mass spectrometer (ICP-MS), himematsutake.

INTRODUCTION

Agaricus brasiliensis Wasser mushroom is a native
species originated in the Sdo Paulo State, Brazil (Wasser
et al., 2002; Wasser, 2014). The name for A. brasiliensis
mushroom include “Sun mushroom”, “God's mushroom”
and “Almond Mushroom” in Brazil, “Himematsutake” and

“Kawariharatake” in Japan, and Ji Song Rong in China

(Largeteau et al.,, 2011; Wang, 2014; Wasser, 2014).
Himematsutake is widely known as a medicinal
mushroom in the world due to its abundant
polysaccharide content, such as a-D-glucan, 3-D-glucan,
B-galactoglucan and xyloglucan (Largeteau et al., 2011;
Firenzuoli et al., 2008; Mizuno and Nishitani, 2013).

*Corresponding author. E-mail: wenchung@dragon.nchu.edu.tw.

Abbreviations: SEM-EDX, Scanning electron microscopy-energy dispersive X-ray spectrometer; As, arsenic; Cd, cadmium; ICP-
MS, inductively coupled plasma-mass spectrometer; AAS, atomic absorption spectrometry.
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Clinical studies indicated that himematsutake has
antitumor activity and hypocholesterolemic effect and can
lower the diastolic and systolic blood pressure and
improve the liver function (Firenzuoli et al., 2008; Wani et
al., 2010; Wasser, 2011, Biedron et al., 2012). Because of
these pharmacological activities, himematsutake has high
market value with an annual production of 40 tons of
dehydrated mushrooms in Brazil during 2006 to 2007
(Tomizawa et al., 2007). Previous studies indicated that
certain mushrooms and macrofungi could easily
accumulate heavy metals in its fruiting body (Falandysz
et al.,, 2001; 2008; Soeroes et al., 2005; Tuzen, 2003;
Tlhzen et al., 1998). Kala¢ and Svoboda, reviewed the
literatures on heavy metal accumulation in mushroms
between 1970 and 2000 and indicated that Agaricus
campestris, Agaricus arvensis, Agaricus silvaticus,
Agaricus silvicola and other Agaricus spp., could
accumulate cadmium (Cd), mercury (Hg), lead (Pb),
copper (Cu) and silver (Ag) (Kala¢, 2010; Kala¢ and
Svoboda, 2000, Sun et al., 2012; Wang et al., 2014).
Moreover, the metals accumulated in wild macrofungi
were higher than those in farm grown macrofungi (Kala¢
and Svoboda, 2000). Thus, the ability to accumulate
heavy metals in these macrofungi are associated with
Agaricus species (Alonso et al., 2003; Svoboda et al.,
2000), polluted areas (Soeroes et al., 2005; Tuzen et al.,
1998), age of mycelium (Kala¢ and Svoboda, 2000),
composition and pH of soil and of type of heavy metal
(Baldrian, 2003; 2010).

Current analysis methods for detection of heavy metals
in mushroom include atomic absorption spectrometry
(AAS) (Tuzen, 2003; Kojo and Lodeniu, 1989; Behbahani
et al, 2014), and inductively coupled plasma mass
spectrometry (ICP-MS) (Falandysz et al., 2001; 2008;
Chudzynski and Falandysz, 2008; Rabinovich et al.,
2007). However, sample preparation and operation of
AAS and ICP-MS analyses are time-consuming and
costly. Recently, scanning electron microscopy modified
with energy dispersive x-ray spectrometer (SEM-EDX)
has been used to investigate heavy metals in mush-
rooms, and found that Cd accumulates in Pleurotus
platypus (Vimala and Das, 2011), the elements content in
different strains of himematsutake (Jian et al., 2009), and
the mechanism of cesium (Cs) accumulation in Pleurotus
ostreatus (Sugiyama et al.,, 2000; 2008). Furthermore,
Rumberger et al. (2005) used the SEM-EDX and ICP-MS
to trace the metal elements in ectomycorrhiza from
European beech (Fagus sylvatica L.) and Scots pine
(Pinus sylvestris L.) forests in northern Brandenburg, and
the results indicated that the amount of aluminum (Al),
calcium (Ca), magnesium (Mg) and sulfur (S) analyzed
by SEM-EDX were highly correlated with ICP-MS
analysis. Thus, the SEM-EDX is one of the alternative
equipment for the detection of the metal in bio-materials
(Rumberger et al., 2005).

In Taiwan, himematsutake is popular for its medicinal
activities (Wu, 2001). More than 35 tons are imported
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from different countries and the production area in
Taiwan has recently been increased (www.ir.tari.gov.tw:
8080/bitstream/345210000/4825/2/ nol155-all.pdf).
However, the accumulation of Cd in himematsutake has
also been reported in Taiwan and China, especially in the
last few years (Hsu et al., 2009; Huang et al., 2008). For
example, the Cd content exceeded the limit of 2 ppm
based on the regulation set for the “Standard for the
Tolerance of Heavy Metals in Edible Mushrooms” in
Taiwan (Anonymous, 2007). Currently, a report showed
that using sawdust bag-logs can reduce the heavy metals
content (Wu, 2001). However, the safety is still doubtful
due to the accumulation of heavy metals in edible parts of
himematsutake, especially As and Cd (Chu, 2010; Chu et
al., 2012). The high Cd content could damage the kidney
and liver and cause diarrhea, nausea and vomit (Faroon
et al., 2008; Das et al., 2010). The high As content could
cause Blackfoot disease or cancer (Ng et al., 2003). In
addition, the detection of heveay metals by AAS and ICP-
MS is considerded a high-cost and time-consuming
operation. The objectives of this study were to 1) analyze
the distribution of As and Cd in pileus and stipe, 2)
compare the detection efficacy of As and Cd with piece or
powder specimens, and 3) evaluate whether SEM-EDX
can be an althernative method for the detection of As and
Cd in himematsutake.

MATERIALS AND METHODS
Collection of dried himematsutake fruiting body

The dried fruiting bodies of himematsutake were collected from
three counties in Taiwan, namely Taichung, Changhua, Nantou, and
China during 2010 to 2011. A total of six strains were evaluated in
this study, including one USA strain collected from Taichung, two
Japanese strains collected from Taichung and Changhua, one
Taiwanese strain collected from Changhua, one unknown strain
collected from Nantou and one strain collected from Guangdong in
China (Table 1).

Analysis of arsenic (As) and cadmium (Cd) in piece and
powder tissues of himematsutake by SEM-EDX

The SEM-EDX method was used to measure the percentage of As
and Cd in pieces and powder of himematsutake. Each dried fruiting
body was separated into pileus and stipe, and three fruiting bodies
of each strain were selected for analysis. In the piece tissues
analysis, three 15 x 3 x 2 mm® size of tissue samples were obtained
from each pileus and stipe randomly, and then each tissue piece
was cut into five sub-pieces (3 x 3 x 2 mm®). The 45 tissue pieces
were mounted on a cupper stub with carbon tape. On the other
hand, the dried pileus and stipe tissues were milled, respectively by
a sterile mortar, and each powder from the pileus or stipe was
dusted moderately on the cupper stub with the carbon tape. The
mounted pieces and powder samples were coated with platinum by
a sputter coater (JEOL, JFC-1600, Japan) for 30 s at 20 mA and for
40 s at 10 mA, respectively. All samples were analyzed by SEM
(JEOL, JFM-7401F, Japan) and EDX (Oxford, 7585, England) at 8
mm working distance with 15 kV and 500 X magnification. The
atomic percentage of As and Cd was measured.
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Table 1. Analysis of arsenic (As) and cadmium (Cd) in the piece of the pileus and the
stipe of himematsutake strains collected from different areas by SEM-EDX method.

Himematsutake Collected place

Tested part

Atomic percentage (%)®

As Cd
. . . Pileus 0.009+0.01* 0.013%0.02
USA strain Taichung, Taiwan Stipe 00084001  0.014+0.02
Japanese strain ~ Taichung, Taiwan Pileus 0.008£0.01* 0.009:0.02
P g Stipe 0.006+0.01  0.010+0.02
Japanese strain  Changhua, Taiwan Pileus 0.011x0.01 ~ 0.01220.02
P ghua, Stipe 0.013+0.01% 0.015+0.02*
Taiwanese strain  Changhua, Taiwan Pileus 0.013:0.02* 0.014:0.02
ghua, Stipe 0.010+0.01  0.015+0.02
Unknown Nantou. Taiwan Pileus 0.015+0.02  0.015%0.02
' Stipe 0.013£0.02 0.025%0.03*
China Guanadon Pileus 0.015+£0.02* 0.010%0.02
gdong Stipe 0.012+0.02  0.015+0.02*

*Three dried fruiting bodies were used for analysis. *Paired-Samples t test, P<0.05

Analysis of As and Cd in himematsutake by ICP-MS

ICP-MS method was used to measure the concentrations of As and
Cd in the pileus and the stipe of himematsutake. The milled sample
of 0.25 g from pileus or stipe was put into polytetrafluoroethylene
(PTFE) vessels (MarsX, CEM, Company, USA) followed by adding
6 ml of nitric acid (65%) as wetting material. The PTFE vessels
were closed and micro-digested at 180°C for 15 min after pre-
digested at 25°C to 28 for 30 min. Then, the mixture was cooled at
25 to 28°C for 20 min, and diluted with 25 ml of deionized water.
The concetration of As and Cd was analyzed in the mixture by
using ICP-MS (Agilent 7500 Series, Taiwan). The ICP-MS operation
was accomplished by the following conditions (Radio frequency
power: 1,500 W, RF matching: 1.75 V, Sample depth: 9 mm,
Sample skimmer cones: Ni, Peristaltic pump: 0.10 rps, Argon flow
rate Plasma: 15 L/min; Auxiliary: 0.32 L/min, Nebulizer: 0.87 L/min,
Spray chamber temperature: 2°C, Integration time: 0.1 s, Mass
monitored: As 75 m/z and Cd 111 m/z). There were three repeats
for each treatment.

Statistical method

All sample analyses were run in quadruplicate. Statistical analysis
was done using the SAS package (version 10.0) developed by SAS
Institute Inc (SPSS Inc., Chicago, USA). Correlation analysis
between atomic percentage from SEM-EDX and concetration from
ICP-MS was conducted.

RESULTS

Analysis of As and Cd in pieces of the pelius and the
stipe of himematsutake by SEM-EDX

Results of SEM-EDX analyses showed that the

percentage of As in the pileus was significantly higher
than the stipe pieces among the most strains tested
(p=0.05). The percentage of As in the pileus was higher
than that in the stipe (Table 1). The percentage of As in
the pileus was high (0.015%) in the China strain and low
(0.008%) in the Japanese strain from Taichung. Similarly,
in the stipe, the percentage of As was high (0.012%) in
the China strain and low (0.006%) in the Japanese strain
from Taichung. On the other hand, the percentage of Cd
in the stipe was significantly higher than the pileus among
the Japanese strains from Changhua, the Taiwanese
strain from Nantou, and the China strain (p=0.05). The
percentage of Cd in the stipe was higher than that in the
pileus (Table 1). The percentage of Cd in the stipe was
0.015% for the Japanese strain from Changhua, 0.015%
for the China strain, and 0.025% for the Taiwanese strain
from Nantou, respectively. However, the percentage of
Cd in the pileus was 0.010% for the China strain, 0.012%
for the Japanese strain from Changhua, and 0.015% for
the Taiwanese strain from Nantou, respectively.

Analysis of As and Cd in the powder of pelius and
stipe of himematsutake by SEM-EDX

The percentge of As and Cd in the powder samples,
made from the dried fruiting bodies of himematsutake
were examined by SEM-EDX. The results showed that
the percentage of As in the pileus and stipe were
significantly different in Japanese strain from Taichung
and the China strain (Table 2). The percentage of As in
the pileus was 0.016% for the Japanese strain from



Table 2. Analysis of arsenic (As) and cadmium (Cd) in the powder of the pileus and the
stipe of himematsutake strains collected from different areas by SEM-EDX method.

Himematsutake Collected place

Tested part

Atomic percentage (%)?

As Cd
. . . Pileus 0.016+£0.02  0.022+0.03
USA strain Taichung, Taiwan Stipe 00134002  0.026+0.03
Japanese strain ~ Taichung, Taiwan Pileus 0.016:0.02*  0.023:0.02
P g Stipe 0.009+0.01  0.020+0.02
Japanese strain ~ Changhua, Taiwan Pileus 0.019+0.02  0.035:0.04
P ghua, Stipe 0.020+0.03  0.050+0.07*
Taiwanese strain  Changhua, Taiwan Pileus 0.01920.03  0.031x0.03
ghua, Stipe 0.018+0.02  0.037+0.04*
Unknown Nantou. Taiwan Pileus 0.013+0.01  0.019+0.03
' Stipe 0.012+0.01 0.017%0.02
China Guanadon Pileus 0.021+£0.02* 0.023%0.03
gdong Stipe 0.014+0.02  0.023+0.03

*Three dried fruiting bodies were used for analysis *Paired-Samples t test, P<0.05

Table 3. Analysis of arsenic (As) and cadmium (Cd) in the pileus and the stipe of

himematsutake strains collected from different areas by ICP-MS method.

Himematsutake Collected place

Tested part

Atomic concentration (mg/kg)®

As Cd

Pileus 1.440+0.86* 6.158+2.84*

USA strain Taichung, Taiwan .
Stipe 0.555+0.36 1.480+0.72
. . . Pileus 0.450+0.17 0.657+0.35

Japanese strain  Taichung, Taiwan .
Stipe 0.170+0.09 0.193+0.10
, . Pileus 2.27040.74* 2.393+1.54*

Japanese strain  Changhua, Taiwan .
Stipe 0.938+0.41 0.818+0.42
Taiwanese strain  Changhua, Taiwan Pileus 1.41820.26* 19.530+4.33%
ghua, Stipe 0.735+0.18 9.550+2.94
. Pileus 8.251+3.27 40.838+21.84*

Unknown Nantou, Taiwan .
Stipe 6.020+2.56 24.823+10.89
China Guanadon Pileus 1.570+0.84 0.663+0.33
gdong Stipe 0.850+0.47 0.348+0.36

881

*Three dried fruiting bodies were used for analysis. *Paired-samples t test, P<0.05.

Taichung and 0.021% for the China strain, respectively.
The percentage of Cd in the pileus and the stipe was
significantly different in the Japanese strain and the
Taiwanese strain from Changhua (Table 2). The
Japanese strain showed higher Cd percentage in the
stipe (0.05%) than that in the pileus (0.035%). In the
Taiwanese strain, the Cd percentage in the stipe was
0.037%; whereas in the pileus, it was 0.031%.

Analysis of As and Cd in the pileus and the stipe of
himematsutake by ICP-MS

The results indicated that As concentration in the pileus
and the stipe were significantly different between the USA
strain and the Taiwanese strain from Changhua. The
concentration of As in the pileus was higher than that in
the stipe (Table 3). The concentration of As in the pileus
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Figure 1. Correlation between the results of As in the pieces of the fruiting
body obtained from the pileus (upper) and the stipe (down) examined by

SEM-EDX and ICP-MS.

was 1.44 mg/kg for the USA strain and 0.450 mg/kg for
the Japanese strain from Taichung. However, the As
concentration in the stipe was 0.555 mg/kg for the USA
strain and 0.170 mg/kg for the Japanese strain from
Taichung. Similarly, the As concentration in the pileus
(2.270 mg/kg) was higher than that in the stipe (0.938
mg/kg) for the Japanese strain from Changhua. In the
Taiwan strain from Changhua, the As concentration in the
pileus (1.418 mg/kg) was higher than that in the stipe
(0.735 mg/kg). On the other hand, the Cd concentration
in the pileus and the stipe were significantly different
among the USA strain, the Taiwanese strains from
Changhua and from Nantou. The Cd concentration in the
pileus was higher than that in the stipe (Table 3). The Cd
concentration in the pileus was 6.158 mg/kg for the USA
strain and 2.393 mg/kg for the Japanese strain from
Changhua. However, in the stipe, the Cd concentration
was 1.480 mg/kg for the USA strain and 0.818 mg/kg for
the Japanese strain from Changhua. The Taiwan strain
from Changhua had higher Cd concentration in the pileus
(19.530 mg/kg) than in the stipe (9.550 mg/kg). In the
Taiwanese strain from Nantou, the Cd concentration in
the pileus (40.838 mg/kg) was higher than that in the
stipe (24.823 mg/kg).

The correlation between the results obtained by SEM-
EDX and ICP-MS

In order to find the relationship between the results
generated by SEM-EDX and ICP-MS, a correlation was
prepared with STATISTICA software. For the piece
samples, the results indicated that the atomic percentage
of As and Cd in the pileus or the stipe samples by SEM-
EDX analysis was positively related with the ICP-MS
analysis. The correlation coefficient in terms of the atomic
percentage of As and the concentration of As in the pileus
and the stipe with pieces sampling were 0.920 and 0.758,
respectively (Figure 1), and the correlation coefficient in
terms of the atomic percentage of Cd and the con-
centration of Cd in the pileus and the stipe with pieces
sampling were 0.771 and 0.835, respectively (Figure 2).
However, when the powdery samples were examined,
there was a low relationship between results generated
from SEM-EDX and ICP-MS analyses. The correlation
coefficient of the atomic percentage of As and the
concentration of As in the pileus and the stipe were 0.277
and 0.205, respectively (Figure 3); meanwhile, the
correlation coefficient of the atomic percentage of Cd and
the concentration of Cd in the pileus and the stipe were
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Figure 2. Correlation between the results of Cd in the pieces of the fruiting
body obtained from the pileus (upper) and the stipe (down) examined by

SEM-EDX and ICP-MS.

0.147 and -0.011, respectively (Figure 4).

DISCUSSION

The results indicate that the accumulation of As in the
pileus was higher by SEM-EDX analysis while similar
results were obtained by using ICP-MS analysis. Results
of previous studies revealed that the process of metals
accumulation started from the mycelial absorption of the
substrates and then transitted to the stipe, the pileus or
the gill (Kalag, 2010; Kala¢ and Svoboda, 2000; Thomet
et al., 1999). Consequently, the distribution of the metals
in different parts of the furiting body might show
variations, particularly in the stipe and the pelius, the
major accumulation sites (Chudzynski and Falandysz,
2008; Falandysz et al., 2003; Thomet et al., 1999 ). Our
results demonstrated that the As more offent accumu-
lated in the pelius of the himematsutake than the stipe

did, which is in agreement with previous studies (Huang
et al., 2007; Wang et al., 2009). Thus, the As can pass
through the stipe easily and accumulate in the pileus after
absorption from the substrate. In additon, the As content
analyzed by ICP-MS showed similar result as did by
SEM-EDX analysis. Brzostowski et al. (2011) indicated
that the cultural substrate or environment could affect the
accumulation of certain metals in the pileus or the stipe of
Paxillus involutus, such as Ag (silver), Cd, Cr (chromium),
Pb (lead) or Hg (mercury). In this study, the As content
varied among different strains. We consider that culture
substrates or production area could affect the As
accumulation. However, the components and sources of
the cultivate substrates used to culture the
himematustake are commercial confidentiality among the
growers, so the farmers would not provide them to us and
the As content of the substrates could not be exmained.
In the Cd analysis, the results of SEM-EDX analysis
were different from those of ICP-MS analysis. The results
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Figure 3. Correlation between the results of As in the powder of the fruiting
bodies obtained from the pileus (upper) and the stipe (down) examined by

SEM-EDX and ICP-MS.

of SEM-EDX analyses showed that the percentage of Cd
in the stipe was higher than that in the pileus, while the
Cd content in the pileus was higher than that in the stipe
based on ICP-MS analysis. Results of previous studies
indicated that the accumulation of Cd in the pileus of
himematsutake was higher than that in the stipe (Huang
et al., 2007; Wang et al., 2009). Moreover, Thomet et al.
(1999) examined the Cd accumulation in the pileus, the
stipe, and the gills of A. macrosporus and reported that
the accumulation of Cd was the least in the stipe. In this
study, the results of ICP-MS analyses showed that Cd
could accumulate in the stipe of mushroom as reported in
previous studies (Huang et al., 2007; Wang et al., 2009;
Brzostowski et a., 2011; Thomet et al., 1999). Thus, the
site of Cd accumulation in himematsutake is similar to As
accumulation. We consider that Cd might not be
distributed evenly over the pileus or the stipe and the
random piece or powder samples could not represent the
Cd content completely in himematsutake. Moreover,

SEM-EDX is always used for qualitative analysis of bio-
or nonbio-materials and not for quantitative analysis due
to sampling limitation (Jian et al., 2009; Rumberger et al.,
2005; Sugiyama et al., 2008; Vimala and Das, 2011).

The results of the analysis of the piece and the powder
samples demonstrated that the atomic percentage in the
piece samples using SEM-EDX was positively related to
that with ICP-MS analysis. Results of previous studies
indicated that the thickness of the specimen might
interfere with the penetration depth of the electron beam
and the surface electrochemistry of the specimens, and
the standard sample size for quantitative analysis by EDX
should be less than 0.1 uym (Goldstein et al., 2003).
Although, the powder specimen was smaller than the
piece specimen, the size of each powdery specimen
used in this study was greater than 50 ym. Thus, the size
of the powdery specimen is still too big for quantification
analysis by SEM-EDX completely. Moreover, it is difficult
to analyze each powdery specimen by SEM-EDX, and
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Figure 4. Correlation between the results of Cd in the powder of the
fruiting bodies obtained from the pileus (upper) and the stipe (down)

examined by SEM-EDX and ICP-MS.

the powdery specimens were selected randomly in this
study. Previous study indicated that the element
distribution in biological materials is not uniform (McCully
et al.,, 2010), and the random selection of powdery
specimens might cause the low correlation with ICP-MS
analysis. In the other hand, each piece specimen could
be observed in this study and the metals of As and Cd
could be detected with high reproducibility. Thus, the
piece samples will provide higher detection efficacy than
the powdery samples for SEM-EDX examination. In this
study, the results demonstrate that the accumulation of
both As and Cd could be detected by SEM-EDS with the
piece samples and the results represent the possible
content in himematsutake. Thus, SEM-EDX can be a
useful tool for the primary detection of metal in
himematsutake rapidly. For increasing the accuracy and
sensitivity of SEM-EDX, Tylko et al. (2004) suggested

using the standard specimen with similar matrix to
general specimen for the calibration of SEM-EDX.
However, the preparation of the standard specimen, the
stability and the accuracy of SEM-EDX technique warrant
further study.
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