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Summary

A wide range of bacteria were obtained from the exterior, and from the body fluids, of
insects collected locally, and Lepidoptera species obtained from an Entomological supplier.
The insects were found to contain a wide range of bacteria, both internally and externally
including Bacillus thuringiensis, a bacterium used in the biocontrol of larval pests. Although
not major pathogens, many of the bacterial isolates can cause infection in immune-
compromised patients, a possibility which is discussed.

Larvae of the Peacock butterfly (Vanessa io) were fed nettle leaves which were deliberately
covered with a range of bacteria. Feeding with B. thuringiensis not surprisingly, lead to the
death of all of the larvae after 4 hours. The results show that feeding with B. subtilis and E.
coli can lead to larval death, while MRSA was shown to be less toxic. Feeding the larvae
with the other bacteria killed some larvae, with the death rate after feeding B. subtilis and E.
coli being identical. Bacillus cereus was isolated from the larvae fed B. thuringiensis and
B.subtilis.

Bacteria were isolated from the Dermestidae (beetle larvae) obtained from human
cadavers. The dominant species of bacteria was Enterococcus faecalis which was isolated
from inside the larvae extracted from a human corpse. Two species of Clostridium were also
isolated; Clostridium cochlearium was isolated from the Dermestid larva, the other,
Clostridium paraputrificum was isolated from inside the larva. Brevibacterium
ravenspurgense, Staphylococcus hominis, Lishizhenia tianjinensis and Bacillus safensis, were
also isolated from inside larvae, extracted from human body.

The biocontrol agents Bacillus thuringiensis and Paenibacillus popiliae were shown to be
capable of mediating in vitro, transformations which are important in the major
environmental mineral cycles These bacteria are likely to reach the agriculture soils following

treatment and, on germination can presumably participate in mineral cycling Both bacteria
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were shown to be capable in vitro hydrolysis of urea, and were shown to oxidize ammonium
and elemental sulphur and also to solubilize a source of insoluble phosphate. It is not clear
however, to what extent the ability of these bacteria to participate in these reactions in vitro
correlates with the same activity in soils and other environments.

Insects were sampled at a height of 120 meters using a drone—towed fabric sleeve and their
microbial content studied. The major point of interest behind this work is the use of a drone-
towed sleeve to sample the insects. As far as can be determined, this is the first reported use
of this approach to sample high flying insects in relation to a study of their microbiology. The
use of a drone was shown to be ideal for the high altitude sampling of insects since it proved
to be both powerful and highly manoeuvrable and there is no doubt that the drone used could
have been used to sample at greater heights than the 120 m used here. The results relating to
the microbiology of the insects sampled using the drone are not surprisingly similar to those
obtained using other sampling methods, since the drone, of course, does not necessarily
sample insects which differ from those obtained using more traditional approaches.

An octanol-based midge sampler (Predator) was used to obtain large numbers of midges
from the air, in relations to studying their microbiology this approach appears to be novel.
The midge-biomass collected was found to contain microbes and was shown to break down
in an agricultural soil to release ammonium and nitrate. The potential use of this material as
an agricultural or home fertilizer is discussed. Finally, larger moths were trapped using a
Robinson UV light trap. The moths were found to carry filamentous fungi on their bodies,

some of which are plant pathogens, notably of trees.
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CHAPTER ONE: ISOLATION OF BACTERIA FROM INVERTEBRATE
SURFACES

1: Introduction

Countless numbers of insect species occur around the world. With the exception of some pest
species, surprisingly little is known however, about the relationship between insects and
bacteria (Broderick et al. 2004, Robinson et al, 2010). Insect comprise some 53.1 percent
(751,000 species) of all the known species (1.4 million) living species found on this planet.
Furthermore, beetles constitute 20.5 percent of all living species (290,000) and Lepidoptera
like those shown in Figl.l make up approximately 9.9 percent (140,000) of insects

(Shalaway, 2004).

Fig.1:1. An Elephant Hawk Moth (Deilephila elpenor) and a Silk Moth (Hyalophora

cecropia) (obtained from an entomological supplier).

16



Insects possess very efficient immune system allowing them to deal with pathogenic
infections and consists of a wide range of defence mechanisms which can act individually or
in combination in order to stop foreign organisms entering or to suppress pathogens after they
have gained access to their tissues. The epithelium is the first line of defence, which acts as a
barrier and produces local antimicrobial peptides (AMP) following infection or wounding
(Davis and Engstrom, 2012). The innate immune system provides a second line of defence
which involves a) the systemic production of AMP largely from the fat body (the insect
equivalent to the mammalian liver) (Ganesan et al., 2011); b) cellular responses by insect
haemocytes (equivalent to mammalian white blood cells) that are involved in immune
surveillance, c) phagocytosis, and the encapsulation of foreign intruders (Marmaras and
Lampropoulou, 2009); d) melanization and clotting or coagulation of the haemolymph
(equivalent to vertebrate blood), which needs active phenoloxidase and the involvement of
both humoral and cellular factors that bring about the rapid production and deposition of
melanin around wounds (Eleftherianos and Revenis, 2011); e) the generation of large
amounts of reactive oxygen species (ROS) and AMP in epithelial cells and the production of
nitric oxide (NO) which is involved in the regulation of innate immune responses both to
bacteria and parasites (Ryu et al.,2010) and which is stimulated by the gut microbiota; and
finally f) RNA interference (RNAI) and inducible innate immune responses against invading
viruses (Kemp and Imler, 2009).

In addition to their native microflora, insects carry symbiotic bacteria which can occupy
specialized cells and tissues within the host. These symbiotic microbes live under an active
immune system and therefore must devise approaches allowing them to avoid the negative
effects of the host’s immune defence systems (Gross et al., 2009). Such symbiotic bacteria
present in various insect species are associated with increased host resistance to both

pathogens and parasites.
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Although we have made advances in the field of insect innate immunity, our recognition
of the part played by endosymbiotic bacteria in the host immune response to pathogenic
infections is incomplete. Studies have begun to determine the phenotypic response of a
variety of insects carrying endosymbionts to infection by pathogenic bacteria, viruses as well
as parasites. Substantially more detailed and comprehensive knowledge is needed to show
exactly how endosymbiotic bacteria regulate insect immune defence mechanisms against
pathogens and parasites. A further challenge is to characterize the interplay between different
endosymbionts, including Wolbachia, which co-exist in an insect host, and effectiveness of
the immune function. It is also important to determine the precise mechanisms used by
endosymbiotic bacteria to modulate insect immune signalling. From a more applied
viewpoint, the discovery that the presence of Wolbachia endosymbionts in mosquitoes has a
direct effect on insect sensitivity to pathogens has suggested the possibility that they might be
used in medicine (Hancock et al., 2011), including potential implementation in the field of
practices that are effective disruption of dengue transmission by mosquitoes.

1:1 Aim of the work described in Chapter 1

The aim of the research discussed in this Chapter is to study the relationship between insects
and bacteria, by isolating bacteria from insects and identifying the isolates using 16S rRNA
gene sequencing via PCR amplification for the identification and characterization of the
isolates. The study initially focused on moths and butterflies which are likely to be
associated with Bacillus thuringiensis (du Rand, 2009, Roh, et al, 2007), and other bacteria
and determine if these occur throughout the developmental life cycle of Lepidoptera, i.e. ova,
larva, pre-pupa, pupa and adult (imago).

1:2 PCR techniques

DNA is required for all cellular life cell and contains four nitrogen bases (pyrimidine)

cytosine (C), thymine (T) and (purine) guanine (G), adenine (A). DNA bases pair up with
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each other, A with T and C with G, to form units called base pairs. Each base is attached to a
sugar molecule and also a phosphate molecule. A base, sugar, and phosphate molecule are
together called a nucleotide. Nucleotides are organized in two long strands forming a spiral.
i.e. a double helix. The structure of the double strand helix resembles a ladder, with the base
pairs forming the rungs of the ladder and the sugar and phosphate molecules forming the
vertical components of the ladder (Sinden, 1994, Baker et al., 2006).

The PCR (polymerase chain reaction) is a tool now routinely used in most diagnostic and
medical and biological research laboratory. This technique has been used in forensic
investigation, sequencing mutations and pathogens, eukaryotic classification, and the
sequencing of the human genome (Prada-Arismendy, 2011, Hadidi and Candresse, 2003,
Erlich, 1988). It is an excellent method for use in the detection of nucleic acids, eukaryotic
species, human identification, disease identification, forensic science and to the identification
of pathogens (Chambers, et al. 2014, Randall et al., 1985). The identification of organisms to
the species level has usually been allocated to specialist field of taxonomists, providing a
classification as key prerequisite and mainstay for numerous biological studies. In 1990s
there emerged the idea of a consolidated molecular identification system with the
development of PCR-based approaches for species identification, particularly. The great
benefit appeared in molecular identification Studies and surveys on microbial biodiversity is
done by the use of bacteria in these applications (e.g. Kyrpides, 1996 and Zhou et al., 1997)
and the routine identification of pathogens (e.g. Maiden et al., 1996, Sugita et al., 1998 and
Wirth et al., 2006), all of which are based on the need for systems based on culture-
independent identifications. Methods which are based on the use of PCR have also been
regularly applied to taxonomy, also food such is Food and Drug agencies around the world
and forensic molecular identification (Teletchea et al., 2008) and for eukaryotic pathogens

and vector identification.
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1:3 Materials and Methods
The entomological samples were obtained from the local environment. Moths were collected

using light traps, while others were sampled from vegetation and flowers using nets (Fig.1:2).

Fig.1:2. Example of moth traps and an entomological net used in these studies

After the insects were collected they were photographed to aid in future identification.

1:4 Bacterial isolations

A wet cotton swab was used to isolates bacteria from the surface of insects, arthropods, a
shield bug and slugs. The swab was then spread onto the surface of the isolation medium, in
addition by using a fine hypodermic needle to isolate bacteria from haemolymph.

1:5 Nutrient agar media

Nutrient agar medium was prepared by dissolving 23 g of Nutrient Agar (Oxoid) in 1000 ml
of distilled water in a flask and autoclaving at 121°C for 30 min.; the medium was then

poured in Petri dishes and allowed to cool.
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Identification of isolates

1:6 Gram stain

Bacteria are divided into two types depending on the interaction with the Gram Stain.
Bacteria that retain the primary stain crystal violet (purple) are "Gram-positive,” while those
that de-stain and are coloured red with safranin or carbol fuchsin are "Gram-negative". This
response is based on the staining chemical composition and structural walls of the cells from
both species of bacteria. Gram-positives have, relatively impermeable thick wall resists the
removal of colour and consists of peptidoglycan polymers and mucopeptide. Gram-negatives
have a thin layer of peptidoglycan in addition to the bi-layer overlying fat, protein, known as
the outer membrane, which can be disrupted to allow by the removal of colour.

1:7 LB media

LB is one of the most commons used bacterial culture medium used today. It was developed
by Guiseppi Bertani while attempting to optimize plaque formation on a Shigella indicator
strain. LB broth was prepared here from 10 g peptone, 5 g yeast extract and 5 g sodium
chloride in 1000 ml distilled water, with autoclaving at 121°C for 30 min.

1:8 DNA quality and quantity

Agarose gel electrophoresis

Agarose (1%) is use to separate DNA fragments. The gels were prepared as follows: 0.5g of
molecular biology grade agarose was dissolved in 50 ml of 1x TAE buffer by heating in a
microwave on a medium high power for approximately 2 minutes and then 2.5 ul ethidium
bromide (after the temperature decline to 60°C to avoid ethidium bromide steam) to visualize
the DNA before setting the solution in a gel tray and then the gel was poured in the gel rack.
The comb was inserted at one side of the gel and left at room temperature. The gel then was
immersed in TAE buffer 1x and the DNA samples (10 pl) were added, mixed with 2 pl

loading dye, to wells. To determine the size of fragments, 6 ul of Hyper Ladder was used.
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The samples were then electrophoresed for 40 minutes at 80V. The DNA was visualized on
the gel and all PCR products were analysed on agarose gels to check for the successful
amplification of the 16S rRNA gene in the samples band and a digital image was taken using

UVitec ““Uvidoc”, attached to a digital camera (Fig.1:3; 4).

SIZE (op1 | ng/BAND

— Tl
—— 8000 60
et — 5000 | 23
E 4000 40

— 3000 | 30
P 2500 | 50
by —— 2000 40

——500/517 | 25/25

50

250

Fig.1:3. A standard hyper ladder | with 14 lanes indicating higher intensity bands, 1000 and

10,000 and each lane (5pul) provides 720ng of DNA (BIOLINE supplier)

ACd. . 0.800 5&C(SAT)
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Fig.1:4. Shows a successful 16-DNA amplification genomic DNA from bacteria extraction
from ten bacteria (taken from haemolymph) which were unknown prior to DNA sequencing
Bacillus  licheniformis, Bacillus thuringiensis, Bacillus cereus, Bacillus sp,
Stenotrophomonas, Microbacterium sp, Bacillus weihenstephanensis, Bacillus safensis,
Bacillus pumilus and Bacillus mycoides.

Nanodrop

DNA concentration and purity was determined by electrophoresis after DNA extraction for
quality and quantity of the genomic DNA was evaluated spectrophotometrically by using a
Nanodrop 1000 spectrophotometer. A 1 ul sample was used to measure the quantity of DNA
(NanoDrop Technologies, Wilmington, DE, USA); DNA absorbance was measured at 260

nm.

1:9 PCR Techniques

PCR is a molecular procedure for amplifying the target gene and permit accessing to the
genomic information from eukaryotic and prokaryotic cells. Three main stages are performed
in PCR, which are repeated for a number of cycles to significantly increase the number of
copies of a specific goal area (Henson and French, 1993).
1: Initial denaturation (melting of DNA), involves the denaturation of the double stranded
DNA into two single strands of template DNA by heating the DNA to 94 °C during 3 min.
2: annealing of primers (annealing of two oligonucleotide primers to the denatured
DNA strands), encompass lowered the temperature around 60°C during 1 min to allow the
primers to match DNA fragments.

3: involves the extension by a polymerase (primer extension by a
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thermo-stable DNA polymerase) involves the incorporation of (dNTPs; A, C, G, T), thereby
extending the DNA sequence in the 5 ~ to 3 directions by raised the temperature (72-

75°C) .5 min time which depends on the period DNA polymerase used.

1:10 Methods for DNA extraction used QIA prep Spin miniprep kit from Qiagen.

The following is provided in a “manual style™:

The DNA extraction procedure was as follows: Add lyse Blue reagent to Buffer P1 at ratio of
1 to 1000.Add RNase A solution (200ul) to Buffer Plat ratio 1-100 and store at 2-8 °C. Add
ethanol (96-100%) to buffer PE. After being incubated, in LB overnight take 1-5 ml from LB
culture then centrifuge at 8,000 rpm for 3 min at room temperature. Decant the supernatant
and keep residual (suspended).Add 250 ul Buffer P1 (Resuspension buffer) mixed the
solution gently by inverting 4-6 time. Add 250 pl buffer P2(Lysis buffer it contains salts used
to break down the cell and nuclear membranes allowing the DNA to be released); mix the
solution gently by inverting 4-6 time the solution became blue colour (protein denaturation)
Add 350 pl Buffer N3 (After the addition of acetate-containing neutralization buffer the large
and less supercoiled chromosomal DNA and proteins precipitate, but the small bacterial DNA
plasmids stay in solution) and mix immediately by inverting 4-6 time the solution became
colourless. (Homogenization)Centrifuge for 10 min at 13,000 rpm.

Apply the supernatant from previous step to QIA prep spin column (filter) by decanting.
Centrifuge for 30-60 s and discard the flow through. (Loading to column)Wash the filter by
adding 750 pl Buffer PE (washing buffer) Centrifuge for 30-60 s and discard the flow
through. Centrifuge for 1 min to remove residual wash Buffer. Transfer the filter to the new
1.5 ml micro centrifuge tube. Add 50 pl buffer EB (Elution buffer) to elute DNA incubate for
1 min then centrifuge for 1 min. Through the filter and the DNA extract was stored at -4 °C

(DNA elution).

24



Glass bead

Glass beads were used for the extraction DNA:

add a small amount of cultured of bacteria by loop to Eppendorf tube containing 100 pl of
molecular water and mixed by Pipette up and down the suspension then added glass beads
diameter of 0.1 mm ( ten balls) then rubbing gently by pipetting up-and-down repeatedly.
Vortex for ten second subsequently centrifuges at 13 rpm for 5 minutes then carefully

discharges the supernatant to new Eppendorf tube

1:11 PCR Amplification

The 16S rRNA gene was amplified with the universal bacterial forward primer (5° CCG AAT
TCG TGG ACA ACA GAG GAT CCT GGC TCA G 3Y) (34) and universal reverse primer
(5 CCC GGG ATC CAA GCT TAC GGC TAC CTT GTT ACG ACT T 3°) Table 1:1)
(Weisburg et al., 1991)

A typical PCR mixture (20 pl in volume) contained the following components: 6 pl sterile
molecular water, 10 ul Ampli Taq Gold or Master Mix, 1 pl forward Primer, 1 ul Reverse
primer (before using the primer need to diluted to 90% with molecular water by add 90 pl
molecular water to 10 ul from primer stock) 2 ul dNTPs. The following standard conditions
were used for bacterial 16S rRNA gene amplification: initial denaturation at 94°C for 3 min;
35 cycles of denaturation for 1 min at 94 °C, annealing for 1 min at 60°C, elongation for 1
min at 72°C; and a final extension at 72°C for 5 min. various process are available now to
isolate DNA from many different samples. Such as, tissues or cells are broken then the cells
are lysed by using enzymes or detergents then centrifuged to separate the DNA from other

components followed by cleaning from other molecules (Amann et al., 1995).
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1:12 Quantities
Add 47 pl molecular water for volume 100pmol/ul to 16s reverse primer Add 69 pul molecular

water for volume 100pmol/ul to 16s forward primer Storage in the freezer at -4°C (Stock)

Steps Temperature | Time Cycle
No
Initial denature 94°C 3 min to separate the double strand | 1

of DNA to single strand

RNA.denature 94°C 1 min. Annealing

Annealing 60°C 1 min to allow primers to match 35
DNA fragments

Elongation 72°C 1 min

Final elongation 72°C 5 min by using Tag polymerase 1

Hold 4°C Until continue procedure

Table 1:1. The PCR process

1:13 16SrRNA sequencing

DNA was extracted from bacteria then amplification and copy to bacteria by using a PCR
protocol with the suitable primers to produce large quantities of the 16SrRNA gene then by
genotyping machine and protocols we can identify the genus or species from specific loci in
DNA strand. Genomic DNA was isolated by using (Qiagen- Bacterial DNA Extraction) the

following procedures. DNA was extracted from the bacterial cells using a commercial kit

(Qiagen)
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1:14 Identification of unknown bacteria:

This stage was achieved by sending samples to the University of Sheffield Medical School
Genetics Unit for more sequencing. Finch TV software was used to check the nitrogen base
sequencing result after that used BLAST software to identify gene sequences of bacteria

determination from 16SrRNA (NCBI) (http://www.ncbi.nlm.nih.gov). The bacteria, isolated

from the relevant species of Lepidoptera, and their potential pathogenicity are shown in Table

1:2.
Model 3730 File:012_aa_7_F.abl Signal G:1381
A KB.bcp o3 KB_3730_POF
BIO 6258050-03 6258002-04 6258008303 6258005-00 27 no 'MTXF fie
TRAC Lane 12 Points 2380 to

BioEdit version 7.1.3.0 (11!4/2011)

20 30 40 50 60 70 80 90 100 110

‘ " L\ “)ni"&‘lﬁ ‘L‘Mau“ \““M““M WL L,Jﬂ

C NN W N N NNN NN NGNNNNNC NNANNNT N NN NCGNGNNAATGG NN TAA NAGCTTGCTCTTANG ANGT NCGGNGGACGGGTGAGTAACACGTGGGTAACCTGCCCA AGACTG

[T CG GCTG TCACTTATG GATGGACCCG CG TCG CATTAG CTAGTTGGTGAGGTAACGGCTCAC CAAGGCAACG ATG CGTAG CCGACCTG AG AGGGTGATCGGCCACACTGGG ACTG AG ACACGGCCC

! mlmm T A luﬂmlhhnm i

GATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGG AAGAACAAGTGCTAGTTGAATAAGCTGGCACCT TG ACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTA/
400 410 420 430 440 450 460 470 480 490 500 510

Fig.1:5. Shows Finch TV software as ladder for nitrogen base pair
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TRAAGACTGEEATALRCTCCGEGAARCCGEEGCTARTACCGEATARCATTTTGARCCEEAGE

Crrerrrerrrerrrerrrererreereerrrerrrerrrererererrerrer 1t
TAAGACTGEEATARCTCCGGGARACCEGEECTAATACCGEATARCATTTTGAACTGCATG

GTTCCARATTGARLGECGECTTCGGCTEGTCACTTATGGATGGACCCGCETCGOAT TAGCT

R Tt ree e e e e e et e e e e e e
GTTCGAAATTGARAGGCGECT TCGECTGT CACT TATGGATGGACCCELGT CGCAT TAGCT

AGTTGEETGAGETALCEGCTCACCALGGEAACGATEEGTAGCCGACCTGAGAGEGTGATCE

Lrrrrrrerererrreerrererreerererrrrr et et re e eer e
AGTTGETGAGGTALACGECTCACCARGECAACGAT GCGTAGCCGACCTGAGAGGETGATCE

GCCACACTGEGACTGAGACACGEOCCAGACTCCTACGGGAGGCAGCAGTAGGEGAATCTTC

Crrerrrerrrerrreerrererreererrrrrrr et et re e e
GCCACACTGGEACTGAGACACGECCCAGRCTCC TACGGEAGGCAGCAGTAGEEAATCTTC

CGCRAATGGACGARLGTCTGACGEGAGCARACGCCGCETGAGTGATGARGGCTTTCGGETCET

CEErrrrerr et et e e e b e e e
CGCRATGGACGARAGTCTGACGEAGCAACGCCECETGABTGATGRARGECT TTCGEETCGT

ARARCTCTGTTGT TAGGGARGAACRAGTGCTAGT TGARTARGCTGGCACCTTGRCGETAC
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AARACTCTGTTGT TAGGEARGAACAAGTGCTAGT TGAATARGC TGGCACCTTGACGETAC
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AGGCGACTTTCTGETCTGTARCTGACACTGAGGCECGAARGCETGEEEAGCARRCAGEAT

TAAATACCCTGGTAGTCCACGCCGTAAACGATGATTGCT 761

LD trrrrrrrerrreerrererrerree et
TAGATACCCTEGTAGTCOACGOCGTARACGATGAGTGCT B19

Fig.1:6. Shows example of Bacillus thuringiensis gene sequences
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1:15 RESULTS AND DISCUSISON

No Bacteria Insects and arthropods Repetition
1 | Bacillus thuringiensis Butterfly pupa and butterfly (Aglais io) 7
larva, Garden Snail(Cornus asperum)
and slug (Lehmannia valentiana)-
external wet swab, Shield Bug
(Paromena prasina)
2 | Bacillus cereus Snail, Housefly, Earthworm 7
(Lumbricus terrestre)
3 | Stenotrophomonas maltophilia | External butterfly larva swab (Aglais 2
i0), Shield bug(Paromena prasina)
4 | Microbacterium sp Moth (Abraxas grossulariata) 2
5 | Bacillus weihenstephanensis Moth (Abraxas grossulariata 1
6 | Bacillus sp. Snail (Cornus asperum) 1
7 | Enterococcus sp. Slug (Lehmannia valentiana)- 1
8 | Bacillus licheniformis Moth (Abraxas grossulariata 1
9 | Bacillus safensis Ladybird (Adalia bipuncta) 1
10 | Bacillus pumilus Ladybird (Adalia bipuncta) 1
11 | Exiguobacterium sibiricum Butterfly larva(Aglais io) 1
12 | Staphylococcus succinus Moth (Abraxas grossulariata 1
13 | Vagococcus sp. External swab butterfly pupav(Aglais 1
i0)
14 | Bacillus mycoides Moth (Abraxas grossulariata 1
15 | Clostridium litorale External swab butterfly pupa (Aglais 1
i0)
16 | Enterococcus mundtii Slug, external dry swab (Lehmannia 1

valentiana)

Table 1:2. Bacteria isolated from external surface of insects and arthropods.

29




Bacteria Sp. and Repetition
8 -
7 -
6 -
5 -
4 -
3 -
2 - M Repetition
1 -
0 .
) } Q I TR I BN AN
F P L RS KRR F L& N
& & G o‘@ & V& S X SIS &
N (l?/ OQ K\\) ,b(\ §\ O(' {\ > \o\\ o(a O \\(1 \{\‘ &
FF X &L S 5’ & o2 O o
SN RV YWY Y N R >
N & @Y & 07 (& A N & O N O
S o & & & N S & PN F
N AR S Y TP & & & O
S IR S & X T &
® o = ® S
Q \0{9 Q(\? x®
° & g9
S R
¥

Fig.1:7. Bacteria (number of isolates) obtained from the surface and from haemolymph of

a range of insects and arthropods species.

As the results given in Table 1:2 and Fig.1.5 show, Bacillus thuringiensis was the most
commonly isolated bacterial species from the insects and the other invertebrates studied
(being isolated from all samples). The next most frequently isolated species of bacterium was
B. cereus (which is closely related to B. thuringiensis). Bacilli in general were widely
represented amongst the isolates, with Bacillus weihenstephanensis, Bacillus licheniformis
and Bacillus mycoides being isolated from moths and Bacillus safensis and Bacillus pumilus
from a Ladybird and Bacillus sp from the snail sample. Other bacterial species isolated
include Stenotrophomonas maltophilia, Microbacterium sp, Enterococcus sp,

Exiguobacterium sibiricum, Staphylococcus succinus, Vagococcus sp and Clostridium
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litorale all these bacteria were found outside the bodies of butterflies and moths and other
arthropods. Most of the bacteria shown in Table 1:2 are capable of causing opportunistic
bloodstream infections, and problems with the respiratory tract, urinary tract and surgical-
sites (Cunha, 2011). The association of Enterococci with a variety of insects points to the
potential of these organisms as transmitters of gastroenteritis, i.e. food poisoning.
Enterococcus sp bacteria also cause important clinical urinary tract infections, bacterial
endocarditis, bacteraemia, meningitis, and diverticulitis. The Gram positive bacterium,
Staphylococcus succinus is not generally regarded as a pathogen, but could doubtless cause
problems in immunocompromised patients. The Gram positives, Exiguobacterium sibiricum
and Vagococcus sp are similarly not reported to be human pathogens, the same applying to
Bacillus safensis and Bacillus pumilus. In contrast, Bacillus thuringiensis and Bacillus cereus
can cause non-serious infections of the digestive tract; again, any problem they may cause in
immunocompromised patients is not immediately evident.

The work described relates to the isolation of bacteria from a wide range of entomological
specimens obtained from the local environment. This initial screening programme allowed
the author to become acquainted with the handling of insects and arthropods and with their
anatomy. The results show that bacteria are present in all of the entomological specimens
sampled. Some of these bacteria are potential pathogens of humans and therefore could
present a risk in hospital settings, especially in relation to immunocompromised patients. The
most frequently isolated bacteria were two bacilli, B.thuringiensis and B. cereus. This is
perhaps not surprising, since Bacillus species are spore formers and are known to survive in a
wide variety of environments. The finding that B. thuringiensis is widely distributed amongst
insects and arthropods is of particular importance because they produce an anti-larval protein

which may impact on the survival of these entomological specimens (du Rand, 2009, Roh, et
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al.2007). The finding of bacteria (Bacillus thuringiensis, Enterococcus mundtii and

Clostridium litorale) in the intestines of the slug confirms early work by Walker et al. (1999).

It is surprising that relatively little attention has been given to the microbiology of
insects, especially, since these organisms are frequently found in medical settings, both
as living and dead specimens. Of course it is unlikely that large insects like the ones
studied here would provide a major focus, and route, for infection when compared with,
for example, blowflies or biting insects. A perhaps surprising means of transfer of
potentially pathogenic bacteria from insects to man relates to the entomophagy, i.e. the
consumption of living or dead insects (Ramous Elorduy 2009). The human consumption
of insects provides a major source of nutrition for people in some 130 countries. In
Mexico, for example, some 100 varieties of edible insects have been consumed over a
period of some 500 years, from the Spanish conquest until modern times. The
consumption of insects is becoming increasingly fashionable in rich Western societies
and has even been considered as a source of nutrition during space flight, and

colonization planets like mars (Katagama et al., 2005).
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CHAPTER TWO-ISOLATION OF BACTERIA FROM THE HAEMOLYMPH OF
LEPIDOPTERA

The Lepidopteran life cycle

There is generally no problem in distinguishing between butterflies and moths, because:

1. Most butterflies are active during the day, while most moths are active at dusk or at night
(there are however day flying moths)

2-Most butterflies have clubbed antenna, while in moths they tend to be feather-like.

3-Most butterflies have slender bodies covered with hair, while most moths have fuller
bodies, and have a fur-like covering.

4. Most butterflies rest with upright wings, while the majority of moths rest with their wings
flat.

Butterflies and moths have a worldwide occurrence, with the majority being found in tropical
rainforests. These insects however, range from fields and forests and some live on cold
mountain peaks or even hot deserts. Many butterflies (and fewer moths) migrate to spend the
winter in warmer areas, the classic example being the annual migration of the Milkweed or
Monarch butterfly from the USA and Canada to central Mexico. The life cycle of butterflies
and moth ( Fig.2:1) begins with the egg which is produced after the female is fertilized by
sperm which is stored in her body after mating; eggs vary in size from one to two millimetres
and are usually deposited, from an ovipositor, onto the underside of a food plant leaf or stem.
Within the egg the embryo grows quickly and hatches, usually within a week, although some
species overwinter in the egg stage. The eggs eventually hatch and produce tiny larvae (i.e.

caterpillars) which then feed voraciously and grow rapidly.
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Fig. 2:1.The Lepidopteran life cycle (showing a Monarch Butterfly, Danaus plexippus) (F.W.

Frohawk, 1914, out of Copyright).

Larvae have soft bodies and covered by hair or spines; on the head they also have small eyes,
tiny antennae and relatively massive jaws consisting of keratin which allows for chewing of
even tough plants. The larval stage is essentially an “eating machine”. The first meal is the
shell of the egg, followed by the food plant on which it was deposited. Larvae often eat their
equivalent weight several times per day. Metamorphosis, the transformation from the egg via
the larva and pupa, to the adult then occurs; the caterpillar often shedding its skin three to five
times. Eventually hormonal changes take place which stop the larva from eating and allow its
digestive system to empty before it finds a suitable pupation site. Moth pupae are often
covered in a silk cocoon while butterfly pupae (i.e. chrysalides) are usually naked and
attached to the substratum by a single silk thread. The pupal stage may overwinter, or occupy

only a few days. The pupal-case then splits and the adult butterfly or moth emerges. The
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wings unfurl and harden in several hours to allow the imago to begin its primary mission to
life, i.e. reproduction. Most butterfly and moths have a short life span depending to the
species, with some living only days to a few weeks. Some species also exhibit more than one
brood over a single year and may overwinter as eggs, pupae or adults (Shalaway, 2004). The
male Emperor moth (Saturnia pavonia) can detect a female-released pheromone over a
distance of some 1.5 km.

Relatively little is known is about the microbiology of insects, notably species of
Lepidoptera (Goff, 1987, Schoenly, Reid, 1987, Ashworth and Wall, 1994).
What is known relates largely to species which are pests or which transmit disease in humans.
For example, it is unclear if bacteria and other microbes persist for long periods within the
growth stages of Lepidoptera (ova, larva or pupa and imago and whether or not bacteria, for
example bacteria can be transmitted throughout the Lepidopteran life cycle.
2:1The aim of the work described here
The aim of this research was a) to determine the bacteria present in Lepidoptera-imago-
haemolymph, b) to study the bacteria in the haemolymph of larvae and pupae and c) the
passage of bacteria supplied on the food plant to the larvae.
2:2 Study focus
The study initially focused on moths and butterfly species (i.e. Lepidoptera) in order to
determine if bacteria can be isolated throughout the developmental life cycle, i.e. ova, larva,
pre-pupa, pupa and adult (imago). Various species and life-stages of Lepidoptera were
obtained locally or from entomological suppliers. Where killing was required, ethyl acetate
was used in a standard glass killing bottle. Samples from the inside of the organisms were
obtained using a fine, sterile, hypodermic syringe (the surface was first sterilized with a
bleach (10%v/v) swab. Bacteria were then isolated from the extracted contents and

subsequently identified.
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After obtaining the haemolymph, the imagoes were immediately set for future identification
and use. If the imagoes could not be directly set they were stored and then relaxed, using
relaxing fluid (Worldwide Butterflies), in a relaxing box. The gut contents were then

transferred to Nutrient Agar plates which were incubated at 37°C overnight.

2:3 PCR Techniques

PCR (polymerase chain reaction) is a tool used routinely in every diagnostic and medical
and biological research laboratory. This technique has been used in the detection of forensic
investigations, sequencing mutations and pathogens, eukaryotic classification, human
genome (Prada-Arismendy,2011) to exponentially DNA sequencing profiling involved and
producing millions copies from specific area on DNA profiling or specific gene to be able for
us to study the genetic information (Hadidi and Candresse,2003, Erlich,1988) it is an
excellent method for the detection of nucleic acids, eukaryotic species, human identification,
disease identification, forensic science and to the discovery of pathogens their use in
determining multiple paternity, relies on Alec Jeffreys' pioneering work (Chambers, et al.
2014, Randall et al., 1985). In 1990s the idea emerged of using a consolidated molecular
identification system with the development of PCR-based approaches for species
identification. The great benefit appeared in Molecular identification applied to bacterial
studies, microbial biodiversity surveys (e.g. Kyrpides, 1996 and Zhou et al., 1997) and
routine pathogenic strains diagnoses (e.g. Maiden et al., 1996, Sugita et al., 1998 and Wirth et
al., 2006) due to a need for culture-independent identification systems. PCR-based methods
have also been frequently applied to areas of study related to taxonomy, food and forensic
identification (Teletchea et al., 2008) and for the identification of eukaryote which are

pathogens and vectors.
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2:4 Materials and Methods

Fig.2:2. Author collecting samples using a sweep net (The Ponderosa Park Sheffield).

The samples where obtained locally in the Sheffield region from vegetation (Fig.2.2) and
where required killed using ethyl acetate in a killing bottle (Fig.2.3); other species obtained

from Entomological supply houses.
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Fig.2:3. A killing bottle used with ethyl acetate to kill imagoes (Showing European
Swallowtail butterfly).

Chrysalids, pupae and larvae were kept in perspex boxes contains a wetted wad of cotton
wool to maintain humidity (Fig.2:4); examples of typical moth pupae and a butterfly

chrysalid are shown in Fig 2:5.

Fig.2:4. A perspex container showing a variety of chrysalids.
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2:5. Setting of imagoes for future use

The imagoes were set using standard entomological setting techniques (Fig.2:4, 2:5, 2:6). A
steel entomological pin was inserted into the thorax at a slight forward angle and the imago
was then pinned into the grove of an adjustable pinning board (Worldwide Butterflies). The
wings were then spread and tracing paper strips and pins were used to keep them in place.
After an appropriate period of drying the images were transferred to a mite-tight collection

box for storage.

Fig.2:5. A European Swallowtail butterfly being prepared for setting, showing setting board
groove to left.
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Fig.2:6. A, a moth undergoing setting and B, the resultant on-going collection of insects,

mainly Lepidoptera.
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2:6 Isolation of bacteria from larvae and chrysalids of the Peacock Butterfly (Aglais io,
formally Vanessa io)

The larvae (first instar) were collected from local nettle patches and transferred to Perspex
boxes in which were placed fresh nettle leaves and beaker containing water (added to
maintain the desired humidity). When the larvae reached the second instar their stomach
contents were removed by using a fine hypodermic needle (Fig.2:7) and the contents were
spread on Nutrient Agar (as above) and any bacteria which grew were isolated. The same
procedure was used for chrysalids obtained from pupae obtained by allowing members of the

same batches of larvae to pupate (Fig: 2.8).

Fig.2:7. The isolation of bacteria from chrysalis body fluid.
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Fig.2:8. Moth pupae (first three) and a butterfly chrysalis (extreme right).

2:7 Feeding of Peacock larvae with bacteria and subsequent isolation of the same
bacteria from the larval gut contents

Samples of fresh nettle leaves from local nettle patches were soaked in Nutrient Broth
cultures of various bacteria (MRSA Staphylococcus aureus, Bacillus thuringiensis, Bacillus
subtilis, and Escherichia coli) and allowed to dry at room temperature. The bacteria-treated
leaves were then transferred to separate plastic food containers (which had fine holes made in
the lid to allow for gas exchange). Ten, third instar larvae were then added to each container.
Control leaves, which were not treated with bacteria, were also included in a separate
container. After 48 hours, fresh nettles which had not been treated with bacteria were added.
After a further 24 hours, the bacterial contents of the larvae were then determined as
described above.

2:8 Nutrient agar media

Nutrient agar media was prepared by weighing 23 g nutrient agar then dissolved in 1000 ml
Distilled water in a flask with magnetic spin-bar until the solution dissolved than transfer

class flask with covered or lid into autoclave at 120°C for 30 min for sterilization. Then the
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solution was poured in Petri dishes carefully when solution temperature decline to 60-55 C.
Preliminary identification is based on the colour the isolated bacterial colony developed when

samples are grown on nutrient agar medium.

2:9 LB medium

LB is a most common used bacterial culture medium today. LB broth media was prepared by
dissolving 10 g Peptone 140, 5 g yeast extract and 5 g of sodium chloride in 1000 ml distilled
water in flask, followed by autoclaving at 121°°C for 30 min. When cooled to room
temperature, it was the inoculated with a loopful of culture and incubated at 37°C (Sambrook
and Russell, 2001 Gerhardt, et al. 1994).

2:10 Nutrient Broth medium

Nutrient Broth medium (25g) was dissolved in a litter of sterile water, mixed thoroughly and
then autoclaved at 121 °C for 30 minutes. Then it will be ready to grown the bacteria which is
transformed from nutrient agar media cultured, by using loop attach with bacteria culture and

dipping in nutrient broth after that incubate at 37 °C for 18 hours.
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2:11 Agarose gel electrophoresis

Agarose gel electrophoresis was conducted as described above.

Fig.2:.9. An example of electrophoresis band in expected region 1500 bp.

2:12. Results and Discussion

The following Tables show that bacteria were isolated from the pupae and imago-body fluids
of both butterflies and moths. Table 2:1(see also Appendix), shows that Bacillus subtilis was
isolated from the chrysalid of the European Swallowtail. Species of the broad family of
Streptococci, Staphylococcus (including MRSA) and Stenotrophomonas were also isolated
from the body fluid of the imago of this butterfly has the highs repetition. Species of these

Genera also predominate in the LGS of moths as shown in Table 2.1 and Fig.2.9.

44



No Bacteria sp. Repet Isolate
ition
1 | Bacillus subtilis strain 168 3 Pupa(chrysalis) European Swallowtail Butterfly
(Papilio machaon)

2 | Granulicatella elegans 1 Body fluid, European Swallowtail Butterfly
strain B1333 (Papilio machaon)

3 | Enterococcus mundtii QU 1 Body fluid, European Swallowtail Butterfly
25 (Papilio machaon)

4 | Staphylococcus 5 Body fluid, European Swallowtail Butterfly
saprophyticus strain (Papilio machaon)
ATCC 15305

5 | Staphylococcus 5 Body fluid, European Swallowtail Butterfly
saprophyticus subsp

6 | Staphylococcus capitis 2 Body fluid long tail Zebra Swallowtail
strain ATCC 27840 Butterfly.

7 | Staphylococcus capitis 2 Body fluid European Swallowtail butterfly
strain JCM 2420

8 | Staphylococcus aureus 3 Body fluid European Swallowtail butterfly
subsp. aureus N315 strain yellow and black

9 | Stenotrophomonas 8 Body fluid European Swallowtail butterfly
maltophilia R551-3 strain yellow and black
R551-3

10 | Stenotrophomonas 8 Body fluid European Swallowtail butterfly,

maltophilia R551-3 strain

yellow and bright green
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R551-3

11 | Brevibacterium Body fluid from Eyed Hawk-Moth (Smerinthus
frigoritolerans strain DSM ocellatus ).
8801

12 | Staphylococcus aureus Pupa chrysalis Eyed Hawk Moth Smerinthus
subsp. aureus N315 strain ocellatus
N315

13 | Bacillus subtilis strain 168 Pupa chrysalis Eyed Hawk Moth (Smerinthus

ocellatus).

14 | Staphylococcus sciuri Body fluid Elephant Hawk Moth (Deilephila
strain DSM 20345 elpenor).

15 | Stenotrophomonas Body fluid, Silk Moth Bombyx mori
maltophilia R551-3 strain
R551-3

16 | Solibacillus silvestris Body fluid from Atlas Moth (Attacus atlas)
strain HR3-23

17 | Staphylococcus Body fluid, Elephant Hawk Moth (Deilephila
saprophyticus strain elpenor).
ATCC 15305

18 | Stenotrophomonas Body fluid Elephant Hawk Moth (Deilephila
maltophilia R551-3 strain elpenor).
R551-3

19 | Stenotrophomonas pavanii Body fluid, Elephant Hawk Moth (Deilephila
strain LMG 25348 elpenor).

20 | Staphylococcus succinus Body fluid, Elephant Hawk Moth (Deilephila
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strain AMG-D1

elpenor).

21 | Staphylococcus sciuri Body fluid, Elephant Hawk Moth (Deilephila
subsp. carnaticus strain elpenor).
GTC 1227

22 | Staphylococcus Body fluid Eyed Silk moth
saprophyticus strain
ATCC 15305

23 | Staphylococcus Body fluid Small White
saprophyticus strain
ATCC 15305

24 | Pantoea agglomerans Body fluid, Atlas Moth
strain ATCC 27155 (Attacus atlas).

25 | Bacillus subtilis strain 168 Body fluid Silk moth

26 | Micrococcus yunnanensis Body fluid Silk moth
strain YIM 65004

27 | Bacillus licheniformis Body fluid, Comma Butterfly (Polygonia c-
strain DSM 13 album)

28 | Stenotrophomonas Wet swab from butterfly larvae(outside)
maltophilia R551-3 strain
R551-3

29 | Staphylococcus sciuri Wet swab from butterfly larvae(outside)
subsp. carnaticus strain
GTC 1227

30 | Lysinibacillus fusiformis Isolated from inside butterfly larvae body

strain NBRC15717
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31 | Stenotrophomonas Isolated from inside butterfly larvae body
rhizophila strain e-p10

32 | Bacillus cereus ATCC Isolated from inside butterfly larvae body
14579

33 | Lysinibacillus macroides Isolated from inside butterfly larvae body
strain LMG 18474

34 | Bacillus cereus ATCC Isolated from inside die butterfly larvae body
14579 treated by B. thuringiensis

35 | Stenotrophomonas Isolated from inside die butterfly larvae body
maltophilia R551-3 strain treated by E.coli
R551-3

36 | Bacillus cereus ATCC Isolated from inside butterfly larvae body
14579 treated by B. subtilis

37 | Staphylococcus aureus Isolated from inside die butterfly larvae body
subsp. aureus N315 strain treated by MRSA bacteria
N315

38 | Stenotrophomonas Isolated from inside butterfly larvae
maltophilia strain IAM body(Control )
12423

39 | Stenotrophomonas Isolated from inside butterfly adult

maltophilia R551-3 strain

R551-3

body(Control)

Table 2:1. Bacteria isolated from the Lepidoptera (butterfly) haemolymph.
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Unusual species of bacteria such as Granulicatella elegans, Solibacillus silvestris, Pantoea
agglomerans and Lysinibacillus fusiformis were also isolated.

Figure 2:10 provides a summary of the bacterial species isolated from butterfly haemolymph,
which emphasises the predominance of species of Staphylococcus. Stenotrophomonas
maltophiliait is a Gram negative species which is an important cause of nosocomial infection
in the respiratory tract and urinary catheters. Staphylococcus saprophyticus despite its name
can cause urinary tract infections and Staphylococcus sciuri bacteria species is an important
human pathogen responsible for endocarditis, peritonitis, septic shock, urinary tract infection.
(Chen, et al., 2007). Granulicatella elegans is a part of the normal microflora of the oral
cavity, the genitourinary and intestinal tracts (Luca, 2013), and Enterococcus mundtii, is a
gram positive non-pathogen (Esteban, 2012). Brevibacterium frigoritolerans, is a gram
positive species which is of interest because it is present on the human skin, where it causes
foot odour. Micrococcus yunnanensis, is a gram positive bacteria which is also found in
human skin, animal and dairy products. Lysinibacillus fusiformis is gram positive and causes
infections in humans relating to tropical ulcer formations and dermal and respiratory
infections (Calandrini, et al., 2014). Pantoea agglomerans is gram negative and causes
wound, blood, and urinary-tract infections. It is frequently isolated from the surface of a
variety of plants and is linked with bacteraemia associated with the use of catheters. (Cruz, et
al.,2007). Finally, Lysinibacillus macrolides is associated with infections such as
periodontitis and has previously been isolated from butterfly larvae (Coorevits, et al.2012).

Nearly all of these bacteria are capable of causing pathogenicity in humans, especially
amongst immunocompromised patients. Lepidopteran species do not, of course, generally
interact closely with humans, so it is unlikely that these insects will form reservoirs of

pathogenic bacteria which could infect patients having reduced immunity, who reside in
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hospitals, so the pathogenicity of these isolates is likely to be of passing interest only, except

perhaps where dead Lepidopteran imagoes are not removed from the medical setting
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Fig.2.10. Summary of bacteria isolated from various butterflies and moth species (for more detail

see appendix table 2).
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Feeding larvae from different bacteria species

Perhaps of more scientific interest is the question of how these bacteria survive inside the
body fluids of chrysalids and imagoes. This is especially true of the pupal stage, where
complex body fluid transformations which involve a complex mixture of enzymes are taking
place. As a result of these changes, one might assume that the LGS is sterile, which is clearly
not the case. Again, it might be incorrectly assumed that the only bacteria which can survive
inside Lepidopteran growth stages would be species of Bacilli, which produce resistant
endospores. Again, the prevalence of non-spore forming species of Staphylococcus runs

contrary to this view (Fig.2:10).
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2:13 Results of feeding larvae from different bacteria species:

Bacteria Fed | Larvae Larvae Larvae Alive | Result of isolation
To Larvae Alive Alive after72hours | (from 2 dead larvae)
after after
24hours | 48hours
MRSA 10 10 5 Staphylococcus aureus
Bacillus 1 0 0 Bacillus cereus.
thuringiensis
Bacillus 8 6 3 Bacillus cereus
subtilis
E. coli 8 6 3 Stenotrophomonas
maltophilia
Control 10 10 10 Stenotrophomonas
maltophilia

Table: 2.2. Results obtained following the feeding of larvae of the Peacock butterfly with

leaves covered in various bacteria.
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Larvae of the Peacock butterfly were fed nettle leaves covered with a range of bacteria
(Table 2:2). The number of larvae reaming alive after 24, 48 and 72 hours varied with the
type of bacteria used. None of the control larvae died when fed non-contaminated nettles over
the length of the experiment. Feeding of the larvae with MRSA covered leaves lead to a fifty
per cent death rate after 72 hours, although no larvae were killed after 24 and 48 hours; S.
aureus was isolated. Not surprisingly, since it is toxic to many insect larvae, feeding with B.
thuringiensis lead to the death of all of the larvae after 4hours. The results how that feeding
with B. subtilis and E. coli can lead to larval death, while MRSA was shown to be less toxic.
Feeding the larvae with the other bacteria killed some larvae, with the death rate after feeding
B. subtilis and E. coli being identical. Bacillus cereus was isolated from the larvae fed B.

thuringiensis and B. subtilis.
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CHAPTER THREE-ISOLATION OF BACTERIA FROM A DERMESTIDAE LARVA
OBTAINED FROM HUMAN CADAVERS DURING FORENSIC ANALYSIS IN
SAUDI ARABIA
3:1 Introduction

Forensic entomology is the study of the application of insects and other arthropods to
criminal investigations (Catts and Goff, 1992). Insects or arthropods are located on or within
decomposing vertebrate corpse or carrion (LeBlanc, 2010) These insect colonizers can be
used to make a crude determination of a) the time of death i.e., the time interval between the
corpse and its discovery which is generally referred to as the post-mortem index (PMI), b)
whether or not the corpse has been moved at the scene of death. As soon as death occurs,
cells start dying and enzymes begin to digest the body cells from the inside via the process of
autolysis, i.e. the body starts decomposing. Bacteria which are present in the gastrointestinal
tract begin destroying the soft tissue producing liquids and gases such as hydrogen sulphide,
carbon dioxide, methane, ammonia, sulphur dioxide and hydrogen. Volatile molecules
referred to as apeneumones escape from the decomposing body and attract insects.
Researchers have been able to isolate these volatile chemicals which are liberated at different
stages of cadaver- decomposition. Volatiles, released during each stage, can also modify
insect behaviour and putative sulphur compounds are responsible for initiating the process
which attracts flies to the decomposing carcass. Subsequent egg laying by flies is induced by
ammonium-rich compounds present on the carrion (Ashworth et al.1994).

Four categories of insects can be found on decomposing bodies: a) necrophagous species
which feeding on the carrion; b) predators and parasites feeding on the necrophagous species;
¢) omnivorous species feeding on the carrion and other arthropods such as ants, wasps and
some beetles; d) species such as springtails and spiders which use the corpse as an extension

of their environment. The first two groups are generally most important in relation to forensic
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entomology, i.e. mainly species of the order Diptera (flies) and Coleoptera (beetles) (Fig.3:1)
and the waves of succession whereby arthropods colonize the carrion relates to the
decomposition state of the carrion (LeBlanc, 2010). The insects which are mainly involved in
forensic investigations are true flies or Diptera, with main species in this order being
Calliphoridae (blow flies), Sacrophagidae (flesh flies) and Muscidae (house flies).
Calliphoridae (blow flies), Sacrophagidae (flesh flies) often arrive within minutes after death.
Muscidae (house flies) do not however, begin colonizing until the body reaches the bloat
stage of decomposition. The fresh stage (Days 1-2) begins at the point of death and
terminates with the observation of carcass-bloating. Autolysis occurs at this stage, but this
process is not associated with gross morphological changes at this juncture. The estimation of
the time of death using entomological data (after a period of 24 hours) is notably more
accurate than is soft tissue examination by a medical examiner. Insects arrive at the cadaver
within ten minutes of death. Insect larvae which then develop on the dead body can be used
to determine the post-mortem interval (PMI) for up to a period of one month (LeBlanc,
2010). The initial step of the forensic process is the correct identification of insect species,
since different species vary in their growth rates and maturation, so that it is necessary to
determine the correct age of the cadaver-invading larvae. The age of the larvae can be
estimated by measuring the length or dry weight of the most mature larvae and comparing it
with the reference data; larval development rates are recognized as being dependent on the
surrounding ambient temperatures

3:2 Using insect data for determining the site of crime

There occur differences in the range of insects involved with decomposing corpses located in
a variety of habitats and environments and such differences can often be used to determine
the geographical location of a corpse at time of death if it has been transported long distances

and into different ecological zones following death.
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3:3 Entomotoxicology

Those fly larvae which feed on carrion can accumulate drugs ingested by the dead person.
However, it is almost impossible to determine the presence of toxicological substance such as
drugs when the cadaver is in an advanced state of decomposition, or is skeletonized. Toxins
can have a major impact on the stages of development of larvae; cocaine and heroin for
example are both known to accelerate the development of larvae while poisons, including
Malathion often reduce the rate of insect colonization of carrion and cadavers (Tullis, Goff,

1987, Schoenly, Reid, 1987, Ashworth and Wall, 1994).

Fig.3:1. Dermestid larvae and Blow fly obtained from human cadaver.
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3:4 Aims

The aim of the work reported in this section of the Report was to determine the surface and
gut-related bacteria of larvae associated with a human cadaver (sampled in Saudi Arabia).
This work is currently preliminary in nature and relates to the possibility of using insect-

associated bacteria in Forensic Entomology.

3:5. Materials and Methods

Dermestid fly larvae (Dermestidae) and adult Blow fly (calliphoridae) were obtained from a
decomposed human body by a forensic entomologist working in Riyadh, Saudi Arabia. They
were then separately placed in a sterilised plastic tube and stored at — 20°C. Bacteria were
isolated from the surface of the imagoes and larvae using a cotton wool swab, moistened with
sterile distilled water. Some of the samples were then surface-sterilized by rapid transfer to
sterile ethanol (70% v/v).In addition by using a fine hypodermic needle to isolate bacteria
from haemolymph the contents were removed and their bacterial content determined as

described above.
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3:6 Results and Discussion

Table 3:1Results of bacteria species isolate from larvae of Dermestidae and Blow fly

obtained from a human cadaver.

No Bacteria sp. Repeti Isolate
tion
1 | Brevibacterium 1 Isolated from inside larvae of Dermestidae extracted
ravenspurgense strain 20 from human dead body.
2 | Staphylococcus hominis 1 Isolated from inside larvae of Dermestidae extracted
subsp. novobiosepticus from human dead body.
strain GTC 1228
3 | Enterococcus faecalis V583 1 Isolated from inside adult blow fly (Calliphora)
strain V583 extracted from human dead bodly.
4 | Lishizhenia tianjinensis 1 Isolated from inside larvae of Dermestidae extracted
strain H6 from human dead body
5 | Clostridium cochlearium 1 Isolate from inside larvae of Dermestidae extracted
strain JCM 1396 from human dead body.
6 | Bacillus safensis strain 1 Isolated from inside larvae of Dermestidae extracted
NBRC 100820 from human dead body
7 | Enterococcus faecalis strain 1 Isolated from inside larvae of Dermestidae extracted
NBRC 100480 from human dead body.
8 | Clostridium paraputrificum 1 Isolated from inside blow fly (Calliphora)

strain JCM 1293
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Fig.3:2. Bacteria extracted from the Dermestid larva and Blow fly isolated from a human

cadaver.

Insects have considerable potential position in this science for use in apprehending criminals,
especially those involving toxins and drug intake by the victim; more commonly, they can be
used to determine time and broad location of death. Dermestidae like the ones studied here
are a family of beetles (Coleoptera) commonly known as skin, larder, leather or hide beetles,
of which there are 500 to 700 species worldwide. They can range in size from 1-12 mm.
Most Dermestids scavenge on dry animal or plant material, including skin, pollen, animal

hair, feathers, dead insects and natural fibers and are found in animal carcasses, and a variety
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of nests. These beetles are significant in forensic entomology since some are associated with
decaying carcasses, which aids criminal investigations. Dermestes maculatus, hide beetles,
can offer investigators an estimation of the time since death in homicide or questionable
cases. This use is based on the fact that the arrival to carrion and cadavers of D.
maculatus generally takes place in a regular succession; for example, adultD.
maculatus beetles usually arrive some five to ten days after death. The appearance of
Dermestids is temperature dependent, being optimal at 30°C. Of particular interest to forensic
scientists is the fact that the feaces and shed larval skins of this beetle can be analyzed for

toxins, including drugs.

Figure 3:2 and Table 3:1 show eight bacteria species were extracted from the Dermestid
larvae obtained from a human decomposed body. The dominant species of bacteria was
Enterococcus faecalis which was isolated from inside the adult blow fly and from inside
larvae extracted from the human corpse. Two species of Clostridium were also isolated,
Clostridium cochlearium was isolated from outside larvae blow fly (Calliphora) removed
from the human cadaver; the other, Clostridium paraputrificum was isolated from inside the
blow fly (Calliphora) larvae obtained from the cadaver. Brevibacterium ravenspurgense,
Staphylococcus hominis, Lishizhenia tianjinensis and Bacillus safensis, were also isolated
from outside and inside larvae, extracted from the human body.

Microbes play major and sometimes essential roles in the growth and development of
insects. Insects which harbour endosymbionts depend on them for reproduction, digestion
and for the supply of essential nutrients and also in the production of pheromones (Gil and
Moya, 2004, Wernegreen, 2002). Bacteria present on the gut of some specialized niche
feeders like termites and aphids, have been widely studied because of interest in the diverse
microbial enzymes involved (Brauman et al.1992). In comparison, relatively little is known

about the microbiology of foliage—feeding insects which involve no strict symbiotic
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interactions. Since most lepidopteran larvae are herbivores their gut content (food bolus) is
far from sterile (Dillon and Dillon, 2004). The gut flora of lepidopteran and other insects
plays a role in detoxifying harmful secondary metabolites (Morrison et al., 2009) and also
protects the host against the pathogen colonization. The gut flora is also involved in a) the
aggregation pheromones of locusts (Dillon et al.2000) b) maintenance of the host
fitness (Freitek et al.2007) and c¢) homeostasis of plant defence elicitors in certain
lepidopteran larvae (Ping et al.2007).

Whether or not autochthonous bacterial strains exist in these insect guts is largely
unknown (Dillon and Dillon,2004).The problems of isolating the total microbiota of insect
guts is illustrated as follows: Less than half of the bacterial phylotypes identified with
terminal-restriction fragment-length polymorphism of 16S rRNA genes from gypsy moth
(Lymantria dispar) have been found to grow in the laboratory (Broderick et al.,2004),while
none of the bacteria isolated from the laboratory-bred tobacco hornworm (Manduca
sexta) (van der Hoeven, 2008) belong to the abundant phylotypes revealed by PCR-single-
strand conformation polymorphism of the 16S rRNA genes (Brinkman,2008). Denaturing
gradient gel electrophoresis coupled with 16S rRNA gene sequencing has shown that 72% of
the mid gut bacteria of the “old world” cotton bollworm (Helicoverpa armigera) share less

than 98% sequence identities to known species (Xiang et al. 2006).
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CHAPTER FOUR-POTENTIAL ROLE OF B. THURINGIENSIS AND

PAENIBACILLUS POPILLIAE IN ENVIRONMENTAL MINERAL CYCLING

4:1 INTRODUCTION

As has already been mentioned, Bacillus thuringiensis is widely used as an insecticide,
notably in the USA. As a result, it is inevitable that this bacterium will reach soils,
particularly those of the rhizosphere, and here can grow and be able to participate in mineral
cycling. Martin and Travers (1999) found that Bacillus thuringiensis. Bacillus
thuringiensis occurs naturally, and has a world-wide distribution and was found in some three
quarters of all soils tested; over 60% being toxic to the larvae of Lepidoptera and Diptera
(Martina and Travers, 1999) Saleh et al (1970) isolated the bacterium from muck soil which
had been treated with Thuricde (Fig.4:1) to control insect pests on lettuce and cabbage;
spores of the bacterium added to soil, remained viable for at least a month. The fact that
Bacillus thuringiensis remains viable in treated soils means that it can germinate, grow and
contribute to the major biochemical cycles involving the most important plant nutrients, i.e.

nitrogen phosphorus and sulphur.
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Fig.4:1. Containers showing commecial Thuricide and Milky Spore powders.

4:2 Bacillus thuringiensis

Bacillus thuringiensis (or Bt) is a gram positive, soil-living bacterium which is frequently
used as a biological pesticide (du Rand, 2009, Roh, et al.2007) During sporulation many Bt
strains produce insecticidal crystal protein inclusions called 3-endotoxins which can be used
to control caterpillars on crops, especially when genetically modified (Yamamoto and Dean,
2000, da Silva and Valicente, 2013). Bacillus thuringiensis and several strains of B. cereus
cause gastrointestinal diseases in insect larvae that are attributed to enterotoxins (Hansen and
Hendriksen, 2001). This bacterium is common throughout the world (Vilas-Boas et al.
2002). Bacillus thuringiensis is a gram positive, bacterium which is readily isolated from soil
and in the gut of a variety of caterpillars of Lepidoptera species; it can also occur on leaf
surfaces, in aquatic environments, animal faeces, insect-inhabited environments, and in grain-
storage facilities and on associated dead insects. B. thuringiensis was first isolated from a
silkworm larva in Japan, 1901 by Ishiwata Shigetane; some ten years later it was
rediscovered in Germany, by Ernst Berliner who isolated it from the Mediterranean flour

moth in the town of Thuringia. Bacillus thuringiensis species have been isolated and
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classified into subspecies primarily based on the flagella antigenicity. B. thuringiensis is
closely related to B. cereus, a soil bacterium, and B. anthracis, the cause of anthrax in Man
and animals, the three organisms differing mainly in their plasmid content; all three grow
aerobically and reproduce by the production of endospores. On sporulation, B.
thuringiensis forms crystals of the protein insecticide d-endotoxins (also referred to as crystal
proteins or cry proteins), which are encoded by cry genes. In most strains of B. thuringiensis,
the cry genes are located on a plasmid and the gene is generally not chromosomal. Cry toxins
specifically attack insect species of the orders Lepidoptera, Diptera, Coleoptera,
Hyymenoptera, and nematodes. This bacterium provides an important reservoir of Cry toxins,
which can be utilized to produce biological insecticides and genetically modified crops in
which insect-resistant is induced. Insects consume the toxin crystals insoluble crystals are
denatured in their digestive tract making them soluble and able to be cut by proteases present
in the insect gut, thereby liberating the toxin from the crystal. The cry toxin then enters the
insect gut cell membrane and causes marked paralysis of the digestive tract and produces a
pore which prevents the insect eating, leading to death by starvation. An active mid-gut
bacterial population of susceptible larvae needs to be present in order to induce B.
thuringiensis insecticidal activity. Spores and crystalline insecticidal proteins produced by B.
thuringiensis have been used in insect to control since the 1920s and are today, are often
applied in the form of liquid sprays under trade names such as the formulations, DiPel and
Thuricide. Because of their specificity, these bio-pesticides are considered to be
environmentally friendly, and appear not to affect humans, wildlife and, insect pollinators,
and other useful insects and so can be utilized in organic farming. Bacillus thuringiensis
serovar israeliensis is now extensively employed as a larvicide for the control of mosquito
larvae and is considered to provide an environmentally friendly form of mosquito control

(Hellmich, et al. 2001)
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4:3 Uses of Bt in agriculture

In 1995, potato plants producing CRY 3A Bacillus thuringiensis toxin were approved safe for
use by the US Environmental Protection Agency, thereby making it the first human-modified
pesticide-producing plant to be successfully approved in the USA. A number of naturally
growing plants are also able to produce the pesticide, including tobacco, coffee and cocoa. In
1996, a corn plant was genetically modified to produce Cry protein which killed the
European corn borer and related species; subsequent Bacillus thuringiensis genes were
introduced which endowed it with the ability to kill corn rootworm larvae. The Bacillus
thuringiensis genes which have been engineered into crops and approved for release include,
singly and stacked: CrylA.105, CrylAb, CrylF, Cry2Ab, Cry3Bbl, Cry34Abl, Cry35Abl,
mCry3A, and VIP, while the engineered crops include, corn and cotton; corn, genetically
modified to produce VIP was first approved in the USA in 2010. Monsanto then produced a
soybean which expresses CrylAc and the glyphospate -resistance gene which was accepted
for use in Brazil. (Roh, et al. 2007) (Ars et al, 2014)

4:4 Development of insect resistance

Monsanto-based scientists found that, in India, the pink bollworm has developed resistance to
the first-generation Bacillus thuringiensis cotton- which expresses one Bt gene, CrylAc. This
turned out to be the first case of Bacillus thuringiensis resistance anywhere in the world. The
company immediately introduced second-generation cotton with a number of Bacillus
thuringiensis proteins, which was rapidly adopted. Bollworm resistance to first-generation
Bacillus thuringiensis cotton has also been reported in Australia, China, Spain, and the USA
(Cheng and Thomas, 1984)

4:5 Potential Lepidopteran toxicity

The most publicised problem which is claimed to be associated with the use of Bt crops is

that pollen derived from Bt maize can kill the Monarch Butterfly. However, by 2001 the
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USDA had shown that the most common types of Bt maize pollen are not toxic to Monarch
larvae in concentrations the insects would encounter in the field environment.
4:6 Milky Spore (Paenibacillus popilliae )

Milky Spore contains Paenibacillus popilliae (formerly known as Bacillus popilliae) is a
gram positive, rod shaped soil bacterium (Glare and Callaghan, 2003; Fig.4:1). It is
responsible for milky spore disease of the white grubs of the Japanese beetle. The adult
beetles feed on flowers and leaves of shrubs and garden plants, where they mate, with the
female laying eggs under the soil in late July — early August. The eggs hatch soon afterwards
and in the larval (grub) stage, feeds on the roots of grasses and other plants. At the approach
of winter, the grubs move deeper in the soil and stops feeding in order to over-winter. It is
during August when the grubs are close to the surface and actively feeding that they succumb
to infestation by Milky Spore. The Milky Spore biological control agent is applied during this
period. The spores contained in the product are swallowed by grubs as they feed on roots.
The spore then germinates and reproduces rapidly to produce internal bacteria which
eventually kill the grub. Within a period of 1-3 weeks, the grub dies and as it decomposes
vast numbers of new spores are liberated into the soil. The presence of Milky Spore in the
soil does not however, harm beneficial insects, birds, bees, pets or man. Milky Spore-derived
bacteria are capable of surviving in drought conditions but suffer when exposed to low
temperatures.

The aim of the work described in this Chapter was therefore to determine if Bacillus
thuringiensis (as Thuricide) and Paenibacillus popilliae (as Milky Spore) can participate in
major nutrient transformations in vitro, namely urea hydrolysis, the oxidation of ammonium

to nitrate (nitrification) and the solubilisation of a source of insoluble phosphate
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4:7 Nitrogen cycles
Nitrogen is the predominant component of amino acids which are themselves the building
blocks of peptides and proteins, and since this element is essential for growth and
reproduction in both plants and animals the N-cycle is regarded being the most important
biogeochemical cycle (Pidwirny, 2004). Nitrogen is part of the genetic make-up of cells, the
nucleic acids and as a result, makes up about 80% of the Earth's atmosphere and some 12%
of cell dry weight (Maier et al, 2009).
Five main processes operate in the N-cycle (Harrison, 2003):
1) Nitrogen fixation: the process by which atmospheric nitrogen (N;) is converted to
ammonia (NHz).
2) Nitrogen uptake (organismal growth or assimilation): where microorganisms make
use of ammonium to build organic nitrogen compounds
3) Nitrogen mineralisation (decay): which organic nitrogen is converted to inorganic
nitrogen (ammonium NH, ).
4) Nitrification: the ammonium (NH,4") is oxidized to nitrate (NO5).
5) Denitrification: the reduction of nitrate (NO3’) and nitrite (NOy"), to nitrous oxide
(N20), then to a nitrogen gas into the atmosphere (Figure 2.1).
4:8 Ammonification
In the decomposition processes, the nitrogen component of proteins is transformed to
ammonia (NHs) or ammonium (NH,;) by a wide range of microorganisms (bacteria and
fungi). This brings about the release of N from the organic matter which makes up
decomposing plants and dead animals or dung (Hart et al., 1994).
4:9 Nitrification
Nitrification is of major importance for the N-cycle in both aquatic and terrestrial

environments; it involves the oxidation of ammonia (NH4") to nitrite. (NO,") then nitrite to
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nitrate (NO3) by chemoautotrophic bacteria and by some heterotrophic organisms including,
fungi and bacteria, which can also bring about these oxidations (Maier et al., 2009). Two
types of nitrification exist (Killham, 1994): The first relies upon the activity of
chemoautotrophic nitrifying bacteria (Nitrosomonas) by which ammonia (NHs3) or
ammonium (NH, ™) ions are oxidised to nitrite (NO,).

NH," + 1.50, — NO, + 2H+ + H,0 AG = -267.5 kJ.mol™*
The second, involves the activities of chemoautotrophic Gram-negative bacteria which
oxidize nitrite (NO;") is oxidized to nitrate (NO3’) Nitrobacter.

NO, +0.50, — NO3’ AG = -86.96 kl.mol™
4:10 Urea hydrolysis
Urea has a highly water-soluble fertilizer whose nitrogen content is higher than that of
ammonium, nitrate and ammonium sulphate (Ferguson et al., 1984). Ureases are enzymes
which are released by microorganisms into soil, plants and animals. Urea is converted to
carbon dioxide and ammonia by soil ureases by a diverse range of microorganisms which are
able to hydrolyse urea, including bacteria, predominantly Pseudomonas, Achromobacter,
Bacillus, Micrococcus and some fungi, including Penicillium species as well as most other
members of the Deuteromycetes (Maier et al., 2009).
4:11 Sulphur cycle
Sulphur, the tenth most abundant element in the earth’s crust is an essential element for the
growth of all organisms being essential for the synthesis of the amino acids, cysteine and
methionine, and vitamins such as vitamin B1 (thiamine), hormones, including biotin,
coenzymes and lipoid acid (Maier et al, 2009). The S-cycle can be summarized as a) the
mineralization of organic sulphur to inorganic sulphate, b) the oxidation of reduced, inorganic
forms to sulphate, ¢) the anaerobic reduction of sulphate to sulphides, and finally d) the

immobilisation of sulphate as organic sulphur.
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Filamentous fungi also play a major role in the S- cycle; the soil fungus Fusarium solani for
example, oxidizes elemental sulphur to polythionates, thiosulphate and sulphate (Wainwright,
1984; Wainwright and Killham, 1980). Fungi are also able of oxidizing sulphur to sulphate
with the production of tetrathionate and thiosulphate. It has been suggested that these
oxyanions protect fungi from the toxic effects of heavy metals (Wainwright et al., 1997).

Several factors affect sulphur oxidation in environment, including:

=

pH: sulphur oxidation can take place between pH 2 and 9 and sulphur oxidation

increases with increasing pH (Vitolins and Swaby, 1969).

2. Temperature: the optimum temperature for S-oxidation range is between 25°C to
40°C, while some thermophilic bacteria and fungi can also grow at 55°C (Wainwright,
1984).

3. Microbial composition: S-oxidation is influenced by the size and composition of the
soil microbial community (Soomro, 2000).

4. Moisture and aeration: the moisture content for most rapid sulphur oxidation

processes is near field capacity (Mahfouz, 2005).

4:12 Phosphorus cycle

Phosphorus is an element which is essential to the growth of all organisms and as a result it is
essential that we gain a thorough understanding of how it is cycled in the environment
(Goldstein, 1994). This is vital because phosphorus plays a central role in many important
biomolecules, especially adenosine triphosphate (ATP), DNA (deoxyribonucleic acid) and in
phospholipids (Hyland et al., 2005). Bacteria, actinomycetes and fungi, can all solubilise
insoluble phosphates (Hattori, 1973; Paul and Clark, 1996). Such microbes release
phosphorus when growing in culture amended with calcium phosphate, apatite or other

insoluble source of phosphate; phosphate solubilizing fungi include species of Aspergillus,
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Fusarium, and Penicillium (Al-Turk, 1990). Microbial processes which play a role in the
transformation of phosphorus into an available nutrient source include:

1) Altering the solubility of inorganic P compounds.

2) The mineralization of organic compounds to form inorganic phosphorus.

3) The immobilisation of inorganic phosphorus into cell components.

The aim of the work presented below was to determine if Bacillus thuringiensis (as
Thuricicde) and Paenibacillus popiliae (as Milkyspore formulation) can participate in some

of the important nutrient cycling transformations when grown in vitro in soil.

4:13 Materials and Methods

The two bacteria were separately inoculated into 100 of autoclaved medium (Nutrient broth)
in 250 ml sterile Erlenmeyer flasks. The medium was then amended with 0.25 gm of the
individual substrate, i.e. urea, ammonium sulphate, elemental sulphur and calcium phosphate.
The flasks were set up in triplicate and un-amended controls were also included (No element
added to inoculate). Triplicates were used throughout and the flasks were incubated at 25°C.
At seven day intervals the presence of the various ions in the medium was checked using the

relevant Quantofix dipstick.
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Fig. 4:2.(A). Dipsticks container containing dipsticks used for ion determination showing
concentration chart, 22.(B), Dipsticks used for ion determination showing concentrtation

chart set used for determination of phosphate.

4:14 Results and Discussion
A note on the use of Dipsticks for ion analysis. Over the last forty years, the standard
approach in this laboratory to the determination of ions (such as nitrate and sulphate) which
are important in environmental geochemistry has been to use colorimetric methods of
analysis. These approaches have served us well, but of late we have gone over to the use of
Dipsticks (Fig.4.2). These cheaper, less dangerous (i.e., when replacing the use of
chromotropic acid) and can be used to quickly test a large number of samples. They also tend
to be less influenced by interference. For example, the use of chromotrophic acid to measure
nitrate is often hindered by the presence of carbohydrates in the soil or medium sample; this
is not the case with Dipsticks.

It could be argued that the use of this approach sacrifices accuracy, but in most case, as
when determining if a bacterium or fungus participates in a particular biogeochemical cycle,

the result needed is generally a plus or minus, and it is not relevant to measure the exact
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concentration to one or two decimal places. Tests showed that results from Dipsticks were
between 5 percent, plus or minus, of those obtained by the colorimetric methods previously
employed. Of course it assumed here that the colorimetric methods provide the gold standard,
and this may not be the case; in any event, the closeness of the results shows that, for the

purpose of the experiments described here; dipstick analysis is both simple and appropriate.

Table 4:1 provides data showing that Bacillus thuringiensis (as Thuricicde): a) hydrolyze
urea to ammonium, b) oxidize ammonium to nitrate, c) oxidize elemental sulphur to sulphate
and d) solubilize insoluble phosphate. In all cases, the amount of ion released increased over
the incubation period and these increase were significantly different from the control
(p=0.05), where small amounts of the products were produced as the result of non-microbial
processes. The data given in Table 4:2 shows that Paenibacillus popiliae, growing from the
Milky spore formulation, was also able to a) hydrolyze urea to ammonium, b) oxidize
ammonium to nitrate, ¢) oxidize elemental sulphur to sulphate and d) solubilize insoluble
phosphate. In all cases, the amount of ion released increased over the incubation period and
these increase were significantly different from the control (p=0.05), where small amounts of

the products were produced as the result of non-microbial processes.
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Table 4:1. Effect of Bacillus thuringiensis (Thuricide) on in vitro transformations relevant to
the major nutrient cycles (all changes after day 0 are significantly different from control,

p=0.05) pug ml™
Oxidation Oxulaftlon Solubilisation
Hydrolysis of Elemental of Insoluble
Days control | ofureato | control | Ammonium | control Sulohur control | Phosphate to
ammonium to Nitrate tpo Soluble
(Nitrate N) Sulphate Phosphate
0 1 1 5 5 2 5 2 15
7 2 15 5 12 5 15 4 15
14 5 25 5 35 5 30 5 35
21 5 35 5 50 5 40 2 60
28 10 40 10 55 15 65 10 80
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Fig. 4:3The Effect of Bacillus thuringiensis (Thuricide) on in vitro transformations relevant

to the major nutrient cycles.
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Table 4:2. Effect of Paenibacillus popiliae (Milky Spore) on in vitro transformations relevant
to the major nutrient cycles (all changes after day 0 are significantly different from control,

p=0.05). pg ml™*
Oxidation Oxuia\ftlon Solubilisation
Hydrolysis of Elemental of Insoluble
Days | control | of ureato | control | Ammonium | control Sulohur control | Phosphate to
ammonium to Nitrate tpo Soluble
(Nitrate N) Sulphate Phosphate
0 5 1 5 15 2 5 2 5
7 5 30 2 20 2 35 2 35
14 5 35 5 35 5 60 5 65
21 8 40 10 70 5 80 2 80
28 10 60 10 85 10 120 5 110
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Fig.4:4 The Effect of Paenibacillus popiliae (Milky Spore) on in vitro transformations

relevant to the major nutrient cycles.
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The use of analytical dipsticks (Quantifix) as opposed to the more complicated colorimetric
analysis proved highly successful in providing data on the ability of these two bacteria to
participate (in vitro) in some important process involved in the major biogeochemical
transformations which occur in the environment. While not as accurate as the colorimetric
analysis techniques used previously in this laboratory, this approach, as was mentioned
above, is less time consuming and does not involve the use of dangerous reagents (such as
chromotropic acid), nor are the results readily subject to interference from media constituents.
The dipsticks used have been checked for accuracy by previous workers in this laboratory
and have been shown to give results which are broadly comparable to colorimetric analysis.
As a result, for merely demonstrating the ability of microorganisms to participate in these
important environmental reactions in vitro, this approach proved ideal.

The rationale behind these experiments is that, following spraying onto crops and other
plants, some spores of Bacillus thuringiensis and Paenibacillus popiliae will reach soils (and
other environments, including fresh waters) either directly in the sprays, by rain wash off, or
in when the plant degrades. This means that potentially significant numbers of spores of these
bacteria will reach the soil and be able to germinate, from where cells can potentially
participate in various component parts of the major biogeochemical cycles, including carbon,
nitrogen, sulphur and phosphorus.

While showing the potential to participate in reactions in the soil, in vitro studies do not
provide confirmatory evidence that a bacterium, or other microorganism which can, for
example oxidise ammonium in culture medium will do so in soil. A variety of factors will of
course influence the ability of any microbe introduced into the soil, or environment in general
(by accident or by purposeful inoculation) to grow and participate in biogeochemical
transformations. Factors such a competition from indigenous organisms, environmental

parameters such as a suitable ambient temperature and water regime, will markedly influence

77



microbial growth. However, the fact that the in vitro studies discussed above show that the
bacteria under investigation can perform essential environmental reactions in vitro show that
they have the potential to do so in the environment. Clearly if these organisms were shown to
be incapable of mediating these transformations when growing in culture it would be highly
unlikely that they would be able to do so in the environment where conditions are likely to be
far more challenging. Two important features of in vitro work which are likely to be far more
variable in most environments is the presence of large amounts of carbon and a constant
temperature. Most natural environments are considered to contain only small amounts of
available nutrients for which both indigenous and introduced bacteria will have to compete.
In contrast, large, often “pathological” amounts of carbon substrates are generally provided in
nutrient media and bacteria growing in the presence of such large amounts of carbon are
unlikely to show the same physiological responses likely to be seen in the highly rigorous,

low nutrient, conditions present in most environments.
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Table 4:3. Effect of Bacillus thuringiensis Paenibacillus popiliae (Thuricide and Milky Spore

respectively) on transformations relevant to the major nutrient cycles when added to an
agricultural soil and incubated for 28 days at 25°C (all changes are significantly different
from control, p=0.05) ug ml™

. Oxidation of Oxidation of Solubilisation of
Hydrolysis of . Insoluble
Ammonium to Elemental
Process urea to . . Phosphate to
. Nitrate (Nitrate Sulphur to
ammonium N) Sulbhate Soluble
P Phosphate
Control 22 15 15 30
Bacillus 50 25 40 50
thuringiensis
Paenibacillus 120 40 65 90
popiliae
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Fig.4:5 The Effect of Bacillus thuringiensis Paenibacillus popiliae (Thuricide and Milky
Spore respectively) on Transformations Relevant to the major nutrient cycles when added to

an agricultural soil and incubated for 28 days at 25°C
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Table 4:3 shows that, when added to soil, the two bacteria used here were able to participate
in the nutrient transformations. This suggest that when these bacterial formulations are
applied to vegetation an additional benefit is potentially provided (when the spores reach the
soil) in that the bacteria can contribute to mineral cycling and improve soil fertility following

the spraying of these biological insecticides.
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CHAPTER FIVE- ISOLATION OF BACTERIA AND FILAMENTOUS FUNGI

FROM INSECTS SAMPLED DURING FLIGHT

5:1 Introduction
Up to this point, this Thesis has described studies of Lepidopteran larvae, sampled in the
field, and imagoes sampled in the same way or else obtained from dealers. The following
discussion is devoted to an evaluation of two novel techniques used for the isolation of
insects in flight and a subsequent study of their bacterial and yeast outer body flora. The
main rationale behind this work was to determine if these techniques can be usefully
employed in studies such as these. The following techniques were used for in-flight sampling:
1) A drone elevated sampler.
2) An octanol-based midge/mosquito sampler.
These are novel approaches to sampling airborne insects. The rationale behind the studies is
based on the fact that 1) insects are known to be transported over long distances in the upper
atmosphere and can thereby transmit a wide variety of human, animal and plant pathogens
over long distance, including across continents and (2) that vast amounts of midges and
mosquitoes are hatched each year (in the UK, being mainly found in Western Wales and the

Scottish Highlands) and act as carriers of microbes.

5:2 Aims- The aim of the work discussed here is to evaluate the use of the two sampling
approaches mentioned above to isolate bacteria, filamentous fungi and yeasts from the
surface of airborne insects. Using the drone sampler, insects were isolated at a height of 120
meters (the drone had remote-activated solenoid opener/closure devise), while the octanol-
based sampler isolates a large number of female midges/mosquitoes from the air when placed

at ground level.
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Glick (1939) collected insects from high altitudes by means of special traps fitted to
various types of airplanes over Southern USA during 1926 to 1931, Some 30,000 specimens
of insects were sampled from altitudes ranging from 20 to 4500 metres. Eighteen orders of
insects and the orders of spiders and mites were collected and represented 216 families, 824
genera, 4 new genera, 700 species, and 24 new species. The order Diptera was the most
abundant order in the air, nearly three times as many specimens being taken than any other
order. Coleoptera followed next after Diptera, Homoptera and Hymenoptera were sampled at
4,270 meters, the highest altitude at which insects were found, while the highest altitude at
which any specimen was taken was 4,570 meters, at which a spider was caught. Not
surprisingly, insect numbers decreased with sampling height. The size, weight, and buoyancy
of an insect were shown to contribute directly to the height to which it is carried by air
currents. Many species of the other orders represented at high altitudes were also small
insects. Evidence showed that insects taken in the upper air were alive at the time of
sampling. The relative distribution and abundance of insects in the upper altitudes depended
on weather conditions with temperature being undoubtedly the most important The intensity
of air currents is a great factor in the distribution and dispersal of insects. Most insects were
taken at the lower altitudes when the surface wind velocity was from 5 to 6 miles per hour,
and fewest when it was calm. The direction of the wind has influenced to a great extent the
migrations of insects. In the airplane flights at Tallulah it was found that the greatest numbers
of insects were taken when the surface wind direction was from the north-northeast,
southeast, or southwest. Some insects were apparently moving with the wind during the
spring and summer when the surface prevailing winds were from a southerly direction, and
again with the wind from a northerly direction in the fall. Convection and turbulence was

shown to play an important role in determining the insect population in the upper air.
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As has already been noted, millions of metric tons of insects exist in the Earth's atmosphere
at any given moment, most of which comprises insects involved in high-altitude, wind-borne
migration, often at heights several hundred meters above ground level, where they take
advantage of the strong winds found in this region to cover considerable distances, frequently
tens or even hundreds of kilometres (Drake and Farrow, 1988, Holyhoak, 1997). This vast
aerial “bioflow” has major implications for ecological, physiological, and genetic studies of
insects, and added applications relevant to pest management, conservation, and
environmental change programs (Drake and Gatehouse, 1995). In the past, the study of insect
migration has relied primarily on data from long-distance flights, catches in light traps and
other ground-based observations. Maintaining sampling platforms in the air) is however,
expensive and impracticable over long periods. The insect fauna flying at high altitude can
now be monitored continuously and for long time periods, using autonomous vertical looking
radar systems (VLR systems) (Smith et al. 2000). Combined with aerial sampling technology
and sources of bio-meteorological information, these systems have considerable potential for
area-wide monitoring of economically important pests and could clearly be used for pest
management and forecasting systems (Smith et al.2000). VLR is clearly a powerful new tool
that will revolutionize the study of insect migration and provide us with significant new

information on both pure and applied entomology.

5:3 Methods used to detect airborne microbes

Microbiological air quality is critical in the medical and pharmaceutical sectors, where
maintaining sterility is the aim. Both passive and active methods exist for monitoring the
microbial population of the air (extensive details are given in Gregory 1973 and Schulster and

Chinn, (2003). Active sampling methods have become an essential environmental monitoring
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tool in the pharmaceutical and medical device sectors, but much of the food industry still
relies on passive monitoring.

Passive monitoring

Passive monitoring typically employs ‘settle plates’ — petri dishes containing culture media,
which are opened and exposed for a given time and then incubated. This approach is
obviously only capable of monitoring biological particles that sediment out of the air and
settle over the exposure time period and, as a result, they do not detect smaller particles or
droplets remaining suspended in the air. They are also unable to sample specific volumes of
air, so the results, at best, can only be considered semi-quantitative. Settle plates are also
vulnerable to interference and contamination and may become easily overgrown in heavily
contaminated conditions. Settle plates are however, inexpensive and easy to use and require
no specialised equipment. By employing a range of culture media, they can also estimate the
numbers of specific groups of micro-organisms in the air. They are generally useful for the
qualitative analysis of airborne microbes and they produce data which indicates underlying

trends in airborne contamination and they can provide an early warning of problems.

5:4 Active monitoring
An Octanol-based midge sampler was used for the following experiments. However, as the
following discussion shows, other airborne-insect sampling devises is available.

Active monitoring requires the use of a microbiological air sampler to physically draw a
pre-determined volume of air over, or through, a particle collection device. Two main types
are in general use:

Impingers
Impingers use a liquid medium for particle collection, sampled air being drawn by a suction

pump through a narrow inlet tube into a small flask containing the collection medium; speeds
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up the air towards the surface of the collection medium, the flow rate being determined by the
diameter of the inlet tube. When the air hits the surface of the liquid, it changes direction
abruptly and any suspended particles impinge into the collection liquid. Once the sampling is
deemed finished, the collection liquid can be cultured to determine the number of viable
micro-organisms in the sample. Since the sample volume can be calculated using the flow
rate and sampling time, the result is quantitative.
Impactors
Impactor samplers use a solid or adhesive medium, such as agar gel, rather than a liquid for
particle collection. Typically, air is drawn into a sampling head by a pump or fan and
accelerated, usually through a perforated plate (sieve samplers), or through a narrow slit (slit
samplers). This produces a laminar air flow onto the collection surface, generally a normal
agar plate filled with a suitable medium. Air velocity is determined by the diameter of the
holes in sieve samplers and the width of the slit in slit samplers. When the air hits the
collection surface it changes its direction and any suspended particles are thrown out by
inertia, impacting onto the collection surface. When the correct volume of air has been passed
through the sampling head, the agar plate is removed and incubated directly without further
treatment. Following incubation, the number of visible colonies gives a direct quantitative
estimate of the number of colony forming units in the volume of air sampled. Impaction
samplers are convenient and can handle the higher flow rates and large sample volumes
necessary to monitor air quality in controlled environments where microbial numbers are
likely to be low; microbial cells may however, be damaged by stress induced by the sampling
process and become less viable.

One of the best known impact samplers is the Andersen sampler, a multi-stage ‘cascade’
sieve sampler that uses perforated plates with progressively smaller holes at each stage,

allowing particles to be separated according to size. Another is the Casella slit sampler, in
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which the slit is positioned above a turntable on which is placed an agar plate. Air is drawn
through the slit and an e agar plate rotates, so that particles are deposited evenly over its
surface. Automated air sampling

Semi-automated systems usually based on sieve type impaction samplers, for monitoring
clean rooms and controlled production areas. Such devices typically use a number of sampler
heads linked to a central control unit, which can be programmed to follow a pre-set sampling

programme.

5:5 MATERIALS AND METHODS

Fungi media

Czapek Dox Agar media was prepared by suspend 50 g Czapek Dox agar then dissolved in
1000 ml Distilled water in a flask with magnetic spin-bar until the solution dissolved than
transfer class flask with covered or lid into autoclave at 120°C for 30 min for sterilization.
Then the solution was poured in Petri dishes carefully when solution temperature decline to
60-55 °C. Preliminary identification is based on the colour the isolated Fungi colony

developed when samples are grown on Czapek Dox agar medium.

5:6 Drone samplers

The drone sampler consisted of a piece of muslin sleeve (length) (used for a pipe cover)
sealed at one end and held open by a circular piece of wire (diam.). The sampling sleeve was
attached to the drone which possessed a thin plastic circular cover which, on command from
the ground, could open and close the circular end (i.e. aperture) of the sampling sleeve; small
flying insects were caught inside the sleeve and sampled on its return to the surface. The

drone was fitted with a camera, an altimeter and GPS (Fig.5:1). The done was launched as
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single event in open field near Bakewell, Derbyshire to a high 120 meters and horizontal

distance of 500 meters (to comply with current regulations) above the town for 3 minutes.

B

Fig.5.1. (A).Drone used to capture airborne insects and (B). muslin sleeve (length).

5:7 Octanol-based midge samplers

A commercial midge sampler (Predator Dynamic) (Fig.5:2) was used to catch large quantities
of airborne midges and mosquitoes. It contains a strong vacuum fan which sucks the insects
into the trap and dehydrates them.

The Predator Dynamic midge collector mimics a perspiring person by producing the
following 6 cues to attract the female:

Breath-carbon dioxide, moisture and heat

Heat-body skin temperature

Sweat —Rapid Action Attractant.

Movement-Blinking LED light

Moisture—wet tray in collector
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Light UV-LED Lights

Fig.5:2. The Predator midge collector.

The manufacturers claim that it can collect vast numbers of females (i.e. the ones that bite)
from a large area of up to 5000 square meters. It uses octanol, which is produced by heat
evaporation, as a lure and to mimic human breath and sweat. The machine was located at
Tan y Bedw, (OS 254, 437508), Caernarfon, Gwynedd, North
Wales and left running for 7 days, following which time the contents were transferred to

polythene bags; 20 g. of biomass were isolated.
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5:8 Bacterial isolation

The total bacterial load of the midges and high flying insects was obtained by macerating the
whole body in a small amount of sterile % strength Ringers’ solution, plating onto Nutrient
Agar and then incubating overnight at 25°C. Identification was achieved by the use of
16SrRNA and classical methods following Bergey’s Manual (aided by Professor
Wainwright).

5:9 Fungi isolation

Using a cotton wool swab, moistened with sterile distilled water to isolates fungi from the
surface of midges. The swab was then spread onto the surface of the isolation Czapek Dox

Agar media.

5:10 Results and Discussion

Three types of insects were obtained at a height of 120 meters using the drone—towed
sampler, namely a Hoverfly, a Vinegar Fly and an Aphid (Table 5:1). It is likely that these
insects were carried to this height by a combination of flying and uplift on wind currents.
Table 5:1 also shows the bacteria obtained from these sampled insects. The bacteria are
commonly isolated environmental organisms, showing a preponderance of spore forming
Bacilli, an expected finding considering the high level of resistance to adverse conditions

shown by Bacilli-endospores.
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Table 5:1. Insects and associated bacteria isolated using a drone from a height of 500 meters.
Bacteria (identified using classical methods).

Insects Hoverfly (Eristalis Vinegar fly (Drosophila Aphid (Pemphigus
intracarius) funebris) burarius)
Acetobacter aurantius Azotobacter vinelandii Bacillus licheniformis
Actinomyces israelii Bacillus licheniformis Bacillus megaterium
Bacteria | Bacillus brevis Bacillus megaterium Enterococcus faecium

Bacillus licheniformis

Bacillus mycoides

Psedomona aeruginosa

Bacillus megateroium

Enterococccus durans

Rothia dentocariosa

Bacillus mycoides

Streptococcus sanguis

Wolbachia

S. sobrinus

In contrast, no Bacilli were isolated from the midge samples sampled at ground level (Table

5:2), the reasons for which are not immediately apparent.
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Table 5:2. Bacteria isolated from midges-identified to species level using classical methods.

Insects Midges
Pseudomonas aeruginosa
Wolbachia sp.
Moraxella catarrhalis
Bacteria Staphylococcus pasteuri

Acinetobacter baumannii

Stenotrophomonas maltophillia

Comommonas terrigena

Flavobacterium columnare

Chryseobacterium indologenese

Citrobacter brakkii

Ehrlichia ewinii
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Of interest is the isolation of Stenotrophomonas maltophillia, a bacterium which is
increasingly being recognized as an important pathogen of immunocompromised patients.
Stenotrophomonas maltophillia. Stenotrophomonas infections have been associated with high
morbidity and mortality in severely immunocompromised and debilitated individuals (Denton
and Kerr, 1998). Risk factors associated with this pathogen include: HIV infection,
malignancy, cystic fibrosis, the use of catheters, recent surgery and trauma. It is also

enhanced by the use of broad spectrum antibiotics

Table: 5:3. Fungi isolated from midges-identified using classical methods.

Insects Midges

Aspergillus niger

Penicillium brevicopmatcum

Fungi Penicllium citrinum

Penicllium chrysogenum

Aternaria tenuis

Fusarium oxysporum

Fusarium solanum

Fungi were also isolated from the midges. Table 5:3 shows that the isolates are common
spore-forming Deuteromycetes, all of which are commonly found on most environmental

samples.
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5:11 Fertilizer Potential of collected midge biomass
The vast quantity of midges which can be collected by octanol-based midge collectors, like
the one used here, opens up the potential of using midge biomass as a fertilizer. The aim of

the following experiment was to test this possibility.

5:12Materials and Methods

A sieve less than (5 mm) was sued to screen an agricultural loam soil (previous crop potatoes,
pH 6.4) which used in these studies. It was amended with fresh midge biomass (5g per 100 g
soil) and moistened (circa 10% water content) and incubated at 25°C in polythene bags with a
small hole to allow for gas exchange. Controls without biomass were included and all
treatments were set up in triplicate. At weekly intervals, 5g of soil was transferred to 1M KClI
(100ml) to extract N-ions; the container was then vigorously shaken by hand. On settling, the
concentration of ammonium and nitrate in the extract was determined using dipsticks as
described above.

5:13 Results and Discussion

Octanol- based midge collectors are used in areas of the world which have very large midge
and mosquito populations, i.e. wet, relatively warm mountainous areas, such as N. Western
Scotland, North Wales and British Columbia and Nova Scotia, Canada. Most of the large
amounts of biomass caught by individual traps are likely to be casually dumped, sent to

landfill or incinerated.
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Control (un-

Davs Amended soil Amended soil amended Control (un-
v Ammonium Nitrate . . amended soil)Nitrate
soil)Ammonium
0 25 10 20 10
7 60 25 25 15
14 105 30 30 10
21 110 45 25 12
28 125 60 30 20

Table 5:4. Concentration of ammonium and nitrate (ug ml™ dry weight) extracted from soil

amended with midge-biomass (Means of triplicates, all treatment values significantly

different from control, p=0.05).

The results of this short study suggest however, that such biomass could have fertilizer

potential. Table 5:4 shows that the addition of fresh midge biomass to an agricultural loam
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led to a substantial increase in the concentration of the two main fertilizer sources of nitrogen,
i.e. ammonium and nitrate, with ammonium predominating. It is likely that dried biomass
would provide even larger amounts of fertiliser-nitrogen. This practice would have the
advantage of reducing transport costs, but of course the amount of such dried material would
be limited by the high costs of heat-drying. For this reason, only wet midge biomass was
evaluated here for its fertilizer potential. Such biomass could be applied to soils directly or
after a period of composting and could be used alone or together with waste plant materials.
One could envisage large amounts of such biomass being produced by individuals or perhaps
council-run midge collectors (and co-operatives) and, as a result, relatively large amounts of
material could be made locally available to farmers and the public. Transport costs might
however, limit the wide-spread collection and use of midge biomass on an industrial scale.
Certainly however, an individual octanol-based collector, when located in a high midge area,
could supply useable nitrogen fertiliser to homes, allotments, and even small to medium sized
fruit and commercial fruit and vegetable growers. The production costs of midge biomass
could be offset by local authorities, hotels or other tourist locations, where the waste is
produced when attempts are being made to reduce the tourist-nuisance potential of vast
numbers of midges or mosquitoes. The fact that this study shows that the midge of biomass
collected here does not contains major pathogenic bacteria means that its use need not be
limited by safety reasons and, as a result, there is no obvious need for it to undergo expensive
sterilization; heat-based sterilization could however, be advantageous in producing a
concentrated product, capable of being economically transported, which could be bagged and

sold by garden—supply shops.
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5:14 DISCUSSION
The UK supports some 40 species of biting midge, but only five are thought to regularly
attack people, with the Highland midge, Culicoides impunctatus, being the most troublesome,
and only the bloodthirsty female causing problems (Hendry, 2011). This midge is particularly
common around dawn and dusk and in the Highlands and north-west Wales, where damp
conditions provide it with perfect breeding grounds. Individual midges are almost invisible to
the human eye, at about a millimetre long. The male feeds on plants and nectar, while his
mate requires blood in order to form her eggs. Midges become aware of humans when they
detect carbon dioxide on the breath and a swarm can inflict about 3000 bites each hour using
a distinctive feeding technique. While mosquitos pierce the skin and suck up blood through a
syringe-like mouthpiece, midges cut the skin, and then lick up the resultant pool of blood. A
midge's saliva stops the blood in the wound from clotting allowing it keep on drinking
indefinitely. It is the saliva which irritates the human body and leads to skin reactions and
swelling at the site of a bite. Some people appear immune to midge bites; women tend to
react more badly than men to the bites and the tendency to be targeted is hereditary. Midges
also attack cattle, deer, sheep, cats, dogs, rabbits and mice, and spread bluetongue, a
debilitating disease affecting sheep and cattle caused by a virus belonging to the family
Reoviridae. Midges prefer damp, sheltered conditions, woodland and forest areas, avoid
breeze, and unlike most other insects, prefer dark-coloured clothing to light (Hendry, 2011).
Chemical solutions are available to deter midges, including insect repellents containing
DEET, or the natural alternative, citronella, a product of lemongrass extract which can be
bought as a spray or infused into candles. These work by blocking the insect’s odour
receptors on the antennae and mouthparts, thereby confusing the midge so that it avoids the
person. Homemade repellents include bog myrtle which grows wild in the Highlands, and

thyme. There are also several traps on the market, including the Predator (i.e. the trap
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employed here), which it is claimed, simulates a large smelly cow and attracts midges by
replicating breath, heat, body odour and movement - then catching the creatures on sticky
paper. In trials during 2010, a single Predator trap collected 800,000 midges over a five-day
period. Midges cost Scotland's tourist industry an estimated £286m per year and midges are
threatening the economy of the Lake District and North Wales and as far south as Cornwall.
However, midges play a crucial role in the Scottish ecosystem, providing food for bats, birds
and even carnivorous plants like sundews and butterworts, and they may have been partially
responsible for restricting the development of the Highlands, and thereby maintaining this
area as a remarkable wilderness (Hendry, 2011).

Of particular interest was the isolation of Wolbachia from the trapped midges. Wolbachia is
a bacterial genus which infects arthropods, including insects and nematodes and is therefore
one of the most common parasites in the biosphere (Werren et al., 2008). It sets up a
mutualist, rather than parasitic relationship with its host, some of which cannot survive and
reproduce in its absence. It is estimated that some 25 to 70 percent of all insects are potential
hosts. The genus was first identified in 1924 by Hertig and Wolbach in the common house
mosquito and is now of considerable interest, not least as a potential biocontrol agent.
Wolbachia. Bacteria can infect many different organs, but most notably the testes and
ovaries. They are ubiquitous in mature eggs, but not mature sperm and as a result, only
infected females pass the infection on to their offspring (Werren et al., 2008).

Wolbachia has been linked to viral resistance in Drosophila and mosquito species, flies
infected with the bacteria being more resistant to RNA viruses, including the West Nile virus
and can also confer insecticide resistance (Li et al., 2014). In species of Phyllonorycter
blancardella (leaf miners), Wolbachia bacteria help produce green islands on yellowing tree
leaves, allowing the hosts to continue feeding while developing into their adult forms and

larvae treated with an antibiotic which kills Wolbachia, lose this ability and as a result only
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13% emerge as adult moths. In parasitic filarial nematodes which cause elephantitis,
Wolbachia has become an obligate endosymbiont and supplies the host with the chemicals
required for its reproduction and survival; elimination of the Wolbachia symbionts by
antibiotics therefore prevents nematode reproduction, and eventually results in death.
Some Wolbachia that are infect arthropods and mediate iron metabolism under nutritional
stress, and can also help the host to synthesize vitamin B.

Wolbachia species infect a variety of isopods, including spiders, mites and filarial
nematodes including those causing River Blindness and elephantitis in humans and heat
worms in dogs. The elimination of Wolbachia from filarial nematodes generally results in
either death or sterility of the nematode; as a result, these diseases can be controlled using the
antibiotic doxycycline to kill the bacterium (Li et al., 2014). Wolbachia can also be used to
control dengue and malaria and a recent study has shown that Wolbachia can prevent the

spread of Zika virus in mosquitos in Brazil.
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CHAPTER SIX-FUNGI ASSOCIATED WITH THE SURFACE OF LARGER
MOTHS CAUGHT USING A MERCURY VAPOUR LAMP TRAP

6:1 Introduction

The aim of the work was to isolate fungi from the body surfaces of some larger moths
isolated using a Robinson mercury vapour light trap. This type of moth trap is very successful
at trapping some of our most attractive, large moths. It relies on the use of a mercury vapour
lamp. The lamp is housed in a large, clear plastic funnel which is itself contained in a plastic
bowl, inside which is placed foam pieces or broken cardboard egg boxes which provide cover
for the trapped moths (Fig.6:1). The lamp is covered by a circular piece of perspex which
protects it from rain.

6:2 Materials and Methods

The moth trap was set up during fine weather during June, 2016 at Tann y Bedw, Caernarfon
in North Wales and left running overnight. The trapped moths were removed using sterile
forceps and their bodies were gently rubbed onto the surface of either Potato Dextrose or
Czapek Dox agar in petri dishes, which were incubated at 25°C for 7 days. Any isolated fungi
were then identified using traditional morphological characteristics (Aided by Professor

Wainwright).
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Fig.6:1 Mercury Vapour (Robinson) Trap used to catch large night flying moths.

Fig. 6:2. Lesser Yellow Underwing Moth (Noctua comes).
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Fig. 6.3. Garden Tiger Moth (Artia caja).

Fig.6.4. Small Elephant Hawk Moth (Deilephilia porcellus).
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RESULTS AND DISCUSSION

Fungal species isolated from the body surfaces of three larger moths, caught during
June 21016 (Figs.6.2-4), are shown in Table 6:1. Fungi were found to be associated
(presumably mainly as spores) on all of the moths examined. Of particular interest are
the human pathogen Aspergillus flavus (found on the Lesser Underwing and the
Garden Tiger) and the plant pathogens Botrytis cinerea (Garden Tiger), Erysiphe
alphitoides, Marssonina betulae and Ceratocystis fimbriata, The spores of
Aspergillus flavus cause farmer’s lung, but only when inhaled in large quantities over
extended periods, so its presence on individual moths is unlikely to be of any pathogenic
significance to humans (Reboux et al.,2001) The plant pathogen Botrytis cinereais of
economic importance as a nectrotroph on soft fruits such as strawberries, as well as tomatoes;
it could therefore be spread by the moths examined. Interestingly, Botrytis cinerea on grapes
can also cause "winegrower's lung”, a rare form of allergic reaction in predisposed
individuals (Williamson et al. 2007). The moth-associated fungi which are likely to be of
most importance are the three tree pathogens, Erysiphe alphitoides, Marssonina betulae and

Ceratocystis fimbriata:
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Table 6:1. Filamentous fungi isolated from the body surface of larger moths.

Insects | Lesser Yellow Garden Tiger Moth Small Elephant Hawk
Underwing Moth (Artia caja) Moth (Deilephilia
(Noctua comes) porcellus)
Aspergillus niger Botrytis cinerea Aspergillus flavus
Aspergillus flavus Erysiphe alphitoides Erysiphe alphitoides
Fungi Ceratocystis fimbriata | Verticillium albo-atrum | Marssonina betulae
isolated

Penicillium
brevicompactum

Erysiphe alphitoides

Fusarium oxysporum Penicillium italicum

Penicillium citrinum

Erysiphe alphitoides

This is a species of fungus which causes powdery mildew on oak trees. Oak powdery mildew
is one of the most common fungal diseases in the forests of Europe (Mougou et al., 2008).
Only young developing leaves are susceptible to colonization by E. alphitoides and it only
causes necrosis when infection occurs during the very earliest periods of leaf development. It
also tends to be more common on the second and third flushes of leaves which appear in July
and August, a feature which reduces the severity of the disease on mature trees. The disease

can be very severe on Quercus robur and Quercus petraea, notably on young trees, while in
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mature trees the disease is usually less severe. A study of the effects of E.
alphitoides on Quercus robur found that it led to impairment of stomatal conductance by
some 15-30%, decreased leaf N-content and stimulated dark respiration. Carbon fixation was
also impaired by about 40-50% in fully infected leaves and these tended to be shed earlier
than uninfected ones. Generally speaking, the disease has only moderate consequences on

tree health despite the general appearance of heavy infections (Mougou et al., 2008)

Marssonina betulae

Birch Leaf Spot is a leaf disease affecting Birch, Aspen and Cottonwood trees and other
members of the Betulaceae family. Dissemination is usually considered by wind-borne spores
which overwinter in dormant buds and twigs, to become active during the following spring.
Early symptoms include the presence of small black spots that grow bigger and join to form a
mass of necrotic tissue which can lead to complete defoliation during summer in affected
trees. Untreated trees tend to weaken over consecutive years of defoliation allowing them to

become open to secondary insect pests and diseases.

Ceratocystis fimbriata
Ceratocystis fimbriata causes oak wilt a major disease of forest trees.

The fungus achieves entry into the xylem vessels of trees through newly formed wounds to
which it is transferred by air or insects as well as via natural root grafts. Tree parts beyond
then point of infection begin to wilt, become brown, wilt and die, while dark streaks appear in
newly infected wood. The fungus then spreads to uninfected trees by nitidulid beetles such as
Carpophilus lugubris, Colopterus niger and Cryptarcha ample, and several species of
Glischrochilus.

The fact that moths carry these tree pathogens on their bodies obviously means that they

could act as vectors of these diseases. This is of particular interest in the case of oak wilt,
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since this fungus causes obvious signs of this disease on some small oak trees at Tan y Bedw.
Although insects (notably wood boring beetles) can transfer pathogenic fungi to trees, there

appears to have been no published interest in the potential role of moths in transmitting such

infections.
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CHAPTER SEVEN-GENERAL DISCUSSION

While the microbiology of insects, such as mosquitoes and house flies, which carry important
human pathogens, has been widely studied, the distribution of saprophytic microbes on non-
disease carrying insects has been largely ignored. This is of course not surprising, since the
study of the epidemiology of major disease is a fundamental subject for study and non-
pathogenic microbes, unless they are of biotechnological importance are of lesser interest.
The insects studied in the first Chapter of this thesis are not generally regarded as disease
carriers and no evidence was found here to show that that the species of Lepidoptera studies,
for example, carry major disease-causing bacteria on their surface or within their body fluids.
They do however carry organisms which could cause problems in immune-compromised
patients. The question then becomes; since Lepidoptera do not regularly interact with humans
in the same way as mosquitoes, midges or house flies is the fact that thy carry bacteria of any
significance to human health. House flies in contrast are commonly found in the home and
also, if not controlled, in hospital settings, where they can contaminate surfaces and food with
bacteria which cause food poisoning. Butterflies and moths, while entering these indoor
environments do not usually settle on foodstuffs and are therefore not important vectors of
intestinal disease. In the same way, Lepidoptera species are not biting insects and therefore
do not directly transmit disease. So while the results of this study show that insects carry
bacteria they are not transmitters of major human disease and their ability to carry organism
causing disease in immune-compromised patients is likely to be of limited importance.
Nevertheless, it remains of academic interest to study the relationship between insects and
microorganisms, not least because of the possibility of finding new bacteria which have the
potential for controlling insect pests. This study confirmed the fact that Bacillus thuringiensis

is a commonly carried by insects and the fact they are not killed or impaired by such
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contamination presumably suggest that they are either immune to such pathogens, or that the
bacteria are not present in sufficiently high numbers to cause pathogenicity.

Larvae of the Peacock butterfly were fed nettle leaves which were deliberately covered with a
range of bacteria. Not surprisingly, since it is toxic to many insect larvae, feeding with B.
thuringiensis lead to the death of all of the larvae after 4 hours. The results how that feeding
with B.subtilis and E.coli can lead to larval death, while MRSA was shown to be less toxic.
Feeding the larvae with the other bacteria killed some larvae, with the death rate after feeding
B.subtilis and E.coli being identical. Bacillus cereus was isolated from the larvae fed
B.thuringiensis and B.subtilis.

As had already been discussed, insects have considerable potential position in forensic
science for use in apprehending criminals. The dominant species of bacteria was
Enterococcus faecalis which was isolated from inside the adult blow fly and from inside
larvae extracted from the human corpse. Two species of Clostridium were also isolated,
Clostridium cochlearium was isolated from outside larvae blow fly (Calliphora) removed
from the human cadaver; the other, Clostridium paraputrificum was isolated from inside the
blow fly (Calliphora) larvae obtained from the cadaver. Brevibacterium ravenspurgense,
Staphylococcus hominis, Lishizhenia tianjinensis and Bacillus safensis, were also isolated
from outside and inside larvae, extracted from human body.

The biocontrol agents Bacillus thuringiensis and were shown to be able to mediate, in
vitro, transformations which are important in the major environmental mineral cycles The
background to these experiments is that, following spraying onto crops and other plants,
spores of Bacillus thuringiensis and Paenibacillus popiliae will reach soils (and other
environments, including fresh waters) either directly in the sprays, by rain wash off, or in
when the plant degrades. As a result, potentially significant numbers of spores of these

bacteria will reach the soil and be able to germinate, from where bacterial cells can
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potentially participate in the various reactions which make up the major biogeochemical
cycles, including carbon, nitrogen, sulphur and phosphorus.  As was discussed above while
the potential to participate in reactions in the soil was demonstrated, in vitro studies do not
provide direct confirmatory evidence that a bacterium, or other microorganism which can, for
example oxidise ammonium in culture medium, will do so in soil. Numerous factors will of
course influence the ability of any microbe introduced into the soil, or environment in general
(by accident or by inoculation) to grow and participate in biogeochemical transformations.
These factors include competition from indigenous organisms; environmental parameters
such as a suitable ambient temperature and water regime will markedly influence microbial
growth. However, the fact that the in vitro studies discussed above show that the bacteria a
under investigation can perform essential environmental reactions in vitro show that they
have the potential to do so in the environment. Clearly if these organisms were shown to be
incapable of mediating these transformations when growing in culture it would be impossible
for them to do so in the environment where conditions are likely to be far more challenging.
Two important features of in vitro work which are likely to be far more variable in most
environments is the presence of large amounts of carbon and a constant temperature. Natural
environments are generally considered to contain only small amounts of available nutrients
for which both indigenous and introduced bacteria will have to compete. In contrast, large,
often “pathological” amounts of carbon substrates are generally provided in nutrient media
and bacteria growing in the presence of such large amounts of carbon are unlikely to show
the same physiological responses likely to be seen in the highly rigorous, low nutrient,
conditions present in most environments.

The latter part of this Thesis was devoted to a study of microorganisms associated with
insects sampled from a height of 120 meters. The main point of interest behind this work is

the use of a drone-towed sleeve to sample the insects. As far as can be determined, this is the
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first reported use of this approach to sample high flying insects in relation to a study of their
microbiology. A discussion is given above of the standard approaches to sampling flying
insects and while these approaches have been widely and successfully used over a long
period there is always utility in the use of different sampling approaches. The use of a drone
was shown to be ideal for the high altitude sampling of insects since it proved to be both
powerful and highly manoeuvrable. There is no doubt that the drone used could have been
used to sample at greater heights than the 120 meters used here. The results relating to the
microbiology of the insects sampled using the drone are not surprisingly similar to those
obtained using other sampling methods, since the drone, of course, does not necessarily
sample insects which differ from those obtained using more traditional approaches. The use
of drones for high-altitude sampling of microorganisms, insects and other organisms (such as
pollen) is of considerable future potential. The use of an octanol-based midge sampler
(Predator) to obtain large numbers of midges from the air, in relation to studying their
microbiology, also appears to be novel. This approach worked extremely well and although
the biomass of midge’s samples did not approach that reported by the makers of the Predator
machine it was sufficient to study the microbiology of these insects and also to suggest a
possible agriculture use for such waste biomass. As was mentioned in the Introduction of
Chapter five, the presence of vast numbers of biting midges in the Highlands of Scotland and
other damp mountainous regions of the world which support an active tourist industry acts as
an important economic loss that runs into millions. While Predator-like machines are used
locally by homes and hotels to successfully reduce midge populations locally, it would appear
uneconomic to use them on an industrial scale in order to completely remove the midge
population of a large area, mainly because of the cost of octanol and the butane (propane)
fuel which is required. One could imagine however that large midge collector could be

powered by their own wind turbine or river-based electric generators. Midge biomass could
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also be fermented to produce methane which could then be burned directly or used to
generate electricity to power the midge collectors, so that large—scale collection systems
could be self-reliant in energy. While the reduction, or better still, elimination of midges from
tourist regions would be of enormous benefit to the economy it might have a negative
environmental impact because of the use of midges as a food source for wildlife. There might
therefore be considerable opposition to the use of large-scale midge collectors from
environmentalists or planners. As was pointed out above, biomass collected could be put to
good use as a fertiliser either directly or following composting. While this approach could be
used on an agricultural scale it is more likely to be used locally on a small scale for gardens
and allotments. The fact that midge biomass can be used as a fertilizer and or soil conditioner
in this way has an obvious positive environmental impact in that it reduces the amount sent to
landfill.

Finally, larger moths were trapped using a Robinson UV light trap. The moths were found
to carry filamentous fungi on their bodies, some of which are plant pathogens, notably of
trees.

In conclusion, this Thesis contains results relating to the isolation of bacteria and fungi
from insects. The work described has implications for the transfer of potential human
pathogenic bacteria, notably to immunocompromised patients and also plant pathogenic
fungi, in this case notably of trees. The use of, what appear to be, novel insect collectors, i.e.
a drone-carried sampler and the Predator midge collector has been described; further studies
will determine if these methods can be added to, and improved upon, the large number of

insect collectors already in use.
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Suggestion for Future Work

As was mentioned in the Introduction to this Thesis, relatively little is known about the

interplay between bacteria and non-disease carrying insects (e.g. mosquitos); As a result this

Thesis has taken a broad brush approach where various aspects of this topic have been

studied. As a result, nearly every Chapter could be revisited and the work detailed within

could be studied in greater detail and could even form the basis of an individual Thesis. Of

particular potential interest are:

1)

2)

3)

The possibility that bacteria, and other microbes, could be used in forensic studies to
determine the time of death of a cadaver. Because of the ubiquitous distribution of
bacteria, it seems unlikely however, that microbes could be used to determine the
previous location of a body.

It would be of particular interest to study the ways in which moths and larvae can
transmit tree diseases. While then major insect-related diseases are, in the main,
caused by tree boring beetles and their larvae it is likely, as has been shown here, that
moths transmit plant diseases on their outer surfaces.

It would also be interesting to study the transmission of bacteria through the life cycle
using mutants or bacterial cell which have in some way been labelled, so as to
properly determine if they can be carried from the egg through the larval and pupal
stages into the imago. Similarly, it would be interesting to determine how bacteria

evade any immune protection afforded at each stage of the life cycle.
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APPENDIX

Table 1. Bacteria species brief demonstrate in relation to pathogenicity isolate from

Invertebrate surfaces and internal body fluids

Repeti
No Bacteria sp. Activity Note
tion

1 | Bacillus thuringiensis 7 Gram positive | The active ingredient in some insecticides.

2 | Bacillus cereus 7 Gram positive | Diarrheal and emetic

3 | Stenotrophomonas 2 Gram negative | Present in the hospital environment and may
cause infections including those that affect the
bloodstream, respiratory tract, urinary tract and
surgical-sites(Cunha.2011)

4 | Microbacterium sp 2 Gram positive | TB TB bacteria can attack any part of the body such as
the kidney, spine, and brain. If not treated properly,
TB disease can be fatal.

5 | Bacillus 1 Gram positive | Diarrhea(Lechner.1998)

weihenstephanensis

6 | Bacillus sp 1 Gram positive | Some species are pathogens

7 | Enterococcus sp 1 Gram positive | Important clinical infections caused by Enterococcus
include urinary tract infections, bacteremia, bacterial
endocarditis, diverticulitis, and meningitis.

8 | Bacillus licheniformis 1 Gram positive | B. licheniformis is not a human pathogen nor is it

toxigenic cultured in order to obtain protease for use in
biological laundry detergent. well adapted to grow in

alkaline conditions
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9 | Bacillus safensis Gram positive | Highly resistant to salt.not a pathogen in humans

10 | Bacillus pumilus Gram positive | Salt tolerance and inhibits the growth of marine
pathogens.Not pathogenic to human

11 | Exiguobacterium sibiricum Gram positive | Not a recored pathogen

12 | Staphylococcus succinus Gram negative | Not a pathogen

13 | Vagococcus sp Gram positive | Not a pathogen

14 | Bacillus mycoides Gram positive | Found in common pesticides

15 | Clostridium litorale Gram positive | Generates ethanol. It is able to utilize amino acids such
as glycine, sarcosine, proline, and betaine as sole
carbon and energy sources via Stickland reactions
(Poehlein A,2014)

16 | Enterococcus mundtii Gram positive | Endophthalmitis caused by Enterococcus mundtii

(Tomomi,2005) and non-pathogen (Esteban,2012)
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No Bacteria sp. Repeti | Activity Note Isolate
tion
1 | Bacillus subtilis strain 168 3 Gram Endospore-forming, | Pupa(chrysalis)
positive not a recorded European Swallowtail
pathogen Butterfly (Papilio
machaon)
2 | Granulicatella elegans strain 1 Gram This bacterium was | Body fluid, European
B1333 positive first described as a Swallowtail Butterfly
member of a family | (Papilio machaon)
of nutritionally
variant streptococci.
Part of the normal
flora of the oral
cavity, the
genitourinary tract,
and the intestinal
tract (Luca, 2013).
3 | Enterococcus mundtii QU 25 1 Gram Endophthalmitis Body fluid, European
positive caused by Swallowtail Butterfly
Enterococcus (Papilio machaon)
mundtii
(Tomomi,2005) and
non-pathogen
(Esteban,2012)
4 | Staphylococcus saprophyticus 5 Gram urinary tract Body fluid, European
strain ATCC 15305 positive infections Swallowtail Butte}ﬁZ/




(Papilio machaon)

Staphylococcus saprophyticus Gram urinary tract Body fluid, European
subsp positive infections Swallowtail Butterfly,
yellow spot

Staphylococcus capitis strain Gram Coagulase negative | Body fluid long tail
ATCC 27840 positive staphylococci are the | Zebra Swallowtail

principal cause of Butterfly .

prosthetic valve

endocarditis but are

a rare cause of native

valve infections
Staphylococcus capitis strain Gram Coagulase negative | Body fluid European
JCM 2420 positive staphylococci are the | swallowtail butterfly

principal cause of

prosthetic valve

endocarditis but are

a rare cause of native

valve infections
Staphylococcus aureus subsp. Gram Methicillin-resistant | Body fluid European
aureus N315 strain N315 positive Staphylococcus swallowtail butterfly

aureus (MRSA) yellow and black

responsible for many

infections such as

skin and heart valve
Stenotrophomonas maltophilia Gram An important cause | Body fluid European
R551-3 strain R551-3 negative | of nosocomial swallowtail butterfly
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infection. The
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.

(2009).

yellow and black

10

Stenotrophomonas maltophilia

R551-3 strain R551-3

Gram

negative

Present in the
hospital environment
and may cause
infections including
those that affect the
bloodstream,
respiratory tract,
urinary tract and
surgical-

sites(Cunha.2011)

Body fluid European
swallowtail butterfly,

yellow and bright green

11

Brevibacterium frigoritolerans

strain DSM 8801

Gram

positive

Catalase positive
.non spore and non-
motile and aerobic
.Present on the
human skin which is
causes foot odour
also, report
infections in
immunocompromise

d patients.(Bal,et

Body fluid from Eyed
Hawk-Moth (Smerinthus

ocellatus ).
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al,2015)

12 | Staphylococcus aureus subsp. Gram Methicillin-resistant | Pupa chrysalis Eyed
aureus N315 strain N315 positive Staphylococcus Hawk Moth Smerinthus
aureus (MRSA) ocellatus
responsible for many
infections such as
skin and heart valve.
13 | Bacillus subtilis strain 168 Gram endospore-forming, , | Pupa chrysalis Eyed
positive Not a recorded Hawk Moth (Smerinthus
pathogen ocellatus).
14 | Staphylococcus sciuri strain Gram Important human Body fluid Elephant
DSM 20345 positive pathogens Hawk Moth (Deilephila
responsible for elpenor).
endocarditis,
peritonitis, septic
shock, urinary tract
infection.(Chen,et,al.
2007)
15 | Stenotrophomonas maltophilia Gram An important cause | Body fluid, Silk Moth
R551-3 strain R551-3 negative | of nosocomial Bombyx mori

infection. The
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.

(2009).

130




16 | Solibacillus silvestris strain Gram Not pathogen Body fluid from Atlas
HR3-23 positive undetermined, rod- Moth (Attacus atlas)
shaped, yellow, non-
motile, non-spore-
forming (Shivaji, et
al. 2014)
17 | Staphylococcus saprophyticus Gram Urinary tract Body fluid, Elephant
strain ATCC 15305 positive infections Hawk Moth (Deilephila
elpenor).
18 | Stenotrophomonas maltophilia Gram An important cause | Body fluid Elephant
R551-3 strain R551-3 negative | of nosocomial Hawk Moth (Deilephila
infection. The elpenor).
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.
(2009).
19 | Stenotrophomonas pavanii Gram Non-motile and do Body fluid, Elephant
strain LMG 25348 negative | not form spores. Hawk Moth (Deilephila

Catalase-positive
and oxidase-
negative. Growth is
observed at 20-37
°C (Ramos, et al.,

2011).

elpenor).
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20 | Staphylococcus succinus strain Gram Not a pathogen Body fluid, Elephant
AMG-D1 positive Hawk Moth (Deilephila
elpenor).
21 | Staphylococcus sciuri subsp. Gram Important human Body fluid, Elephant
carnaticus strain GTC 1227 positive pathogens Hawk Moth (Deilephila
responsible for elpenor).
endocarditis,
peritonitis, septic
shock, urinary tract
infection.
(Chen,et,al.2007)
22 | Staphylococcus saprophyticus Gram Urinary tract Body fluid Eyed Silk
strain ATCC 15305 positive infections moth
23 | Staphylococcus saprophyticus Gram Urinary tract Body fluid Small White
strain ATCC 15305 positive infections moth
24 | Pantoea agglomerans strain Gram Causing wound, Body fluid, Atlas Moth
ATCC 27155 negative | blood, and urinary- (Attacus atlas).

tract infections. It is
commonly isolated
from plant surfaces
Associated with
penetrating trauma
by vegetative
material and
catheter-related
bacteraemia.

(Cruz,et al.,2007)
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25

Bacillus subtilis strain 168

Gram

positive

endospore-forming, ,
Not a recorded

pathogen

Body fluid Silk moth

26

Micrococcus yunnanensis

strain YIM 65004

Gram

positive

Found in human
skin, animal and
dairy products
catalase positive.
non-spore-forming
spheres (Bergan, and
Kocur, (1982) Cause
infection and hosts
with compromised
immune systems
Public Health

Agency of Canada

www.publichealth.g

C.Ca.

Body fluid Silk moth

27

Bacillus licheniformis strain

DSM 13

Gram

positive

B. licheniformis is
not a human
pathogen nor is it
toxigenic cultured in
order to obtain
protease for use in
biological laundry
detergent. well

adapted to grow in

Body fluid, Comma
Butterfly (Polygonia c-

album)
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alkaline conditions

28

Stenotrophomonas maltophilia

R551-3 strain R551-3

Gram

negative

An important cause
of nosocomial
infection. The
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.

(2009).

Wet swab from butterfly

larvae(outside)

29

Staphylococcus sciuri subsp.

carnaticus strain GTC 1227

Gram

positive

Important human
pathogens
responsible for
endocarditis,
peritonitis, septic
shock, urinary tract
infection.(Chen,et,al.

2007)

Wet swab from butterfly

larvae(outside)

30

Lysinibacillus fusiformis strain

NBRC15717

Gram

positive

causes infection in
humans relating to
tropical ulcer
formations and
dermal and
respiratory
infections(Calandrini

.e,al,2014)

Isolate from inside

butterfly larvae body

31

Stenotrophomonas rhizophila

Gram

Attack Plant roots

Isolate from inside
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strain e-p10 negative | rhizospheres butterfly larvae body
Multiple resistances
against antibiotics
are not only found
with clinical strains
but also with strains
isolated from the
rhizosphere
(Alavi,et al.2013)
32 | Bacillus cereus ATCC 14579 Gram Diarrheal and emetic | Isolate from inside
positive butterfly larvae body
33 | Lysinibacillus macroides Gram Strictly aerobic, Isolate from inside
strain LMG 18474 positive Gram-positive and butterfly larvae body
and Gram | Gram-negative
negative | motile rods.

(Coorevits, et
al.2012).

The association of
infections such as
periodontitis with
atherosclerotic
diseases is well
documented. In spite
of the high diversity
of the human oral
microbiota, and its

close contact with

135




the circulatory

system
34 | Bacillus cereus ATCC 14579 Gram Diarrhea and emetic | Isolate from inside die
positive butterfly larvae body
treated by B. thuringiensis
35 | Stenotrophomonas maltophilia Gram An important cause | Isolate from inside die
R551-3 strain R551-3 negative | of nosocomial butterfly larvae body
infection. The treated by E.coli
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.
(2009).
36 | Bacillus cereus ATCC 14579 Gram Diarrhea and emetic | Isolate from inside
positive butterfly larvae body
treated by B. subtilis
37 | Staphylococcus aureus subsp. Gram Methicillin-resistant | Isolate from inside die
aureus N315 strain N315 positive Staphylococcus butterfly larvae body
aureus (MRSA) treated by MRSA bacteria
responsible for many
infections such as
skin and heart valve.
(Deurenberg, et
al.,(2007).
38 | Stenotrophomonas maltophilia Gram An important cause | Isolate from inside
strain 1AM 12423 negative | of nosocomial butterfly larvae
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infection. The
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.

(2009).

body(Control )

39

Stenotrophomonas maltophilia

R551-3 strain R551-3

Gram

negative

An important cause
of nosocomial
infection. The
respiratory tract and
indwelling urinary
catheters. Denton
and Kerr (1998)
Looney, et al.

(2009).

Isolate from inside

butterfly adult

body(Control )

Table 2. Bacteria isolated from Lepidoptera and information regarding pathogenesis.
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Table 3. Results of bacteria species isolate from larvae of Dermestidae from a human cadaver.

No Bacteria sp. Repeti Activity Note Isolate
tion
1 | Brevibacterium 1 Gram_positive | They are catalase- Isolate from inside
ravenspurgense strain positive, non-spore- larvae of
20 forming, non-motile, Dermestidae
aerobic Present on the extracted from
human skin, where it human dead body.
causes foot odor.
Reports of infections in
immunocompromised
patients had been
published.( Bal, et
al.2015)
2 | Staphylococcus hominis 1 Gram_positive | Found on human skin Isolate from inside
subsp. novobiosepticus and is usually harmless, | larvae of
strain GTC 1228 but can sometimes cause | Dermestidae
infections in people with | extracted from
abnormally weak human dead body.
immune systems.(
Pfaller, et al.1999)
3 | Enterococcus faecalis 1 Gram positive | Commensal bacteria Isolate from inside

V583 strain V583

inhabiting the

gastrointestinal tracts of

adult blow

Dermestidae
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humans and other

mammals (Ryan KJ, Ray

CG 2004).

extracted from

human dead body.

Lishizhenia tianjinensis

Gram negative

isolated from coastal

Isolate from inside

strain H6 seawater of Tianjin City, | larvae of
China( Chen,et al.,2009) | Dermestidae
extracted from
human dead body
Clostridium Gram positive | Generates ethanol. It is Isolate from inside

cochlearium strain JCM

1396

able to utilize amino
acids such as glycine,
sarcosine, proline, and
betaine as sole carbon
and energy sources via
Stickland reactions

(Poehlein,2014)

larvae of
Dermestidae
extracted from

human dead body.

Bacillus safensis strain

NBRC 100820

Gram positive

Highly resistant to salt.
Not a pathogen in

humans

Isolate from inside
larvae of
Dermestidae
extracted from

human dead body

Enterococcus faecalis

strain NBRC 100480

Gram positive

Important clinical
infections caused by
Enterococcus include
urinary tract infections,
bacteraemia, bacterial

endocarditis,

Isolate from inside
larvae of
Dermestidae
extracted from

human dead body.
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diverticulitis, and

meningitis.

Clostridium
paraputrificum strain

JCM 1293

Gram positive

Generates ethanol. It is
able to utilize amino
acids such as glycine,
sarcosine, proline, and
betaine as sole carbon
and energy sources via
Stickland reactions

Poehlein,2014)

Isolate from inside
blow fly
(Calliphora) larvae
extracted from

human dead body.
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Range 1: 61 to 819 SenBank Graphics

Score

1294 bits{143<)

Expeact Idemn as Gaps Strand
0.0 FA4Z/759(28%) 1,/752{0%) Plus/Plus

Cusry
Sbhijct
Cusry
Shjct
Cusry
Sbijct
Cusry
Shjct
Cusry
Sbijct
Cusry
sShjct
Cusry
Sbijct
Cusry
sShjct
Cusry
Sbijct
Cusry
sShjct
Cusry
sSbjct
Cusry
Shjct
Cusry

Sbjct

4a

[

63

121

123

181

183

241

243

201

3203

261

263

4271

123

4871

483

541

543

(el

a3

eel

EEe3

F21

F23

J81

AGAGCTTGCTCTr T ATGAGET TCOCCGEEEEACGEETGACTA—CACGTGEETALRCCTGOCTI

tirrrrreerrrr 1onEo1el Ll rerrenerrer o orrrerrrrrrrrerinrnl
AGAGCTTGC IO CAAGARGT TAGCGGEUGGACGEETGAGTARCACGTGEETARCCTGOCCE

T AnGACTGEEATARCTCCGGGARAACOGEEGEU T AR TACCGEEATAACATTTTGARCCGOAGE
Lirrrrrnerrrrerrreerrerrrrerrrerrrrrrrerrrrrrrrrerrrrerrerr e |
A GO TG EA T A RO T OO GG GAR A CCGEECC T AR T ACCEEATAACATTTTGAACTGOATC

GTTCCARARTTGARAAGECGECTTOCGECTETCACTTATGEATEGACCCGEOETCGOATTAGTT

N N N N N N N N N N N N |
GTTCGARA T TGAAAGGCGECTTOGGC TG TCAC TTATGGATGGACCCEOGTOGOR T TAGCST

ACTTGOTGAGCGTAACGGC TCACCARGECARCCAT GCGTACCCGACCTGAGASESTGATCS
Lirrrreerrrrerrreerrerrirrrerrrerrrrrrrerrrerrrerrrrrerrrer il
AT TGO TCAGCCTAACGGC TCACCARGECARCCAT GO TACOCGACCTGAGASESS TGATCS

GoCACACTGGEACTCAGACACGEEGCCCAGRCTCCTACGEGAGGCAGCAGTAGEGLATOTTC
frrrrrrerirrerrrrrrrrrrrrrerrrerrrrerrrrrrrnrrrrrrrrrrrrelrrnnil
GoCACACTGGEACTGAGACACEEOCCAGRCTOCOTACGEGAGGCACSCAGTAGEEAATOTTC

AR TR AN AT CTCACCEASCARCCOCSCETEACTGATCARCCOTTTOCSGETCET

Lirrrrrnrerrrerrreerrerrirrrerrrprrnrrrrrerrreerrrrrrrrerrrenrirnil
AT GGACCGANAGTCT GACGEAGCARCGOCECETEAGTEATGARGEOT T TOGESGTTET

AAANCTCTETTGT TAGGGARGAACAAGTGCTAGT TEAATARGOCTGEEGCACC T TG CGETAC
rrrrrirrerirerrreerrerrrrrrrrrrrrrerrrrrrrirnrrrrrrrrrrrrelrnninl
AN TC TG T TG T T AGCGGALGA A A A CTGCTAGT TEAATARGOTEGCACCTTEACGETAC

AN CC A A T C A SCC TR AC T AR C T SCCACGCACSCC oSG TARTACGTAGGTGECRDG

Lirrrrrnrerrreirreerrerrrrnrerrrrprrnrrrrrerrrerrrerrrrrerrrenr il
O AN AGA A ACCCACGEO AL C T ACG T GCCAGSCAGCCGUGGTARATACGTAGCE T GGOADNG

T TATOCSEA T T AT T CEECET AN A COSCEOECACESTEETTTOTTARGT CTERTETEIAT
frrrrrrrrirrerirreprreprrrp et rr el
oeTTATOCGEA T T AT T GEEOET AR A GOGOGOGCAGETEETTTOTTAAGT OTEAR T ETE IS

ACCCCACGEC T CAC OGS T GCACSC T CAT TCEARAC TEGCAGRC T TGACTGCATRACAG G
tirrrrrrerrrel o rrerrerrirrrerrrrerrrrrrrrrrrrrrrerrrrerr o orrirnil
ACCCCACCECTCAACCGTGEAGGETCAT TG CTECEAGAOT ITGAGCTGCAGR GRS G

T STAECEET G CTANL AT ATCEASEA RO OO GCTEEIEI

ARCTGEARTTOCATET =N sl el
Lirrrrrerrrrerrreerrertrrnrerrrprrnnl rerrrerrrerrrrerrrerirnil
ANCGTGCEART TCCATG TG TAGCCETGAR TGO TAGRAGATATGGAGGARCACCAGTGECGE

ACGCGAC T T IO T GeTC TG T AnC PEACAC TCACGCGCGARAGCETEGEEAGCCARDCAGGSAT
tirrrrrrerrrreirrrererrrrrirrerrrrrrrrrrrrrrrrrrrrrrrrrerrrrnr il
AGGCGACT T TCTGETC TG I AAC TGACACTGAGECGUEARAGCETEGEEAGCARN CAGGEAT

TAOCCTEETAGSTCCACSCOETAL A CEATEARTTSCT Fel

TR
L1 rrrnrerrrerrrneerrerrrrrrrererrnrntr i
TAGCATACCCTIGETAGT CCACGCOGTAARCGATGASTECT 819

Fig. 2 Shows Bacillus thuringiensis gene sequences
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Bacillus cereus ATCC 14579 16S ribosomal RMNA (mMmA) gene, complete sequence
Sequence ID: refNRE_074540.1] Length: 1512 MNumber of Matches: 1

Range 1: 100 to 903 SGenBank Graphics ra

Score

1402 bits{1554)

Expect Identities Gaps Strand
0.0 F93/804(99%) 0/ 804{0%0) Plus/Plus

Cuery
Shjct
Cuesry
Skbjct
CuersT
Sbjct
CuersT
Sbhijct
Caer sy
Shjct
Caer sy
Skhjct
Cuesry
Sbjct
CuersT
Sbjct
CuersT
Sbhijct
Caer sy
Skhjct
Caer sy
Skhjct
Cuery
Sbjct
CuersT
Sbjct
CuersT

sShbjct

=

100

(=<3

1e0

iz23

220

183

280

243

240

3032

400

363

40

423

520

483

580

o423

(=L 3]

e03

hriele)

663

Tae0

T23

2820

Ta3

880

GCGGEEEACGEGTGAGT ARG ACGTSGETAACCHNGCCCAT AR GACTGEEATARCT COGGER
Lrrr orrrrrrrrrrrrrreerrerrerrer e orrrrrrrrerrrrrrrrrrrrrrerrnl
GCGGCoGGRCGEGTGAGT ARG ACGTGGETAACCTGCCCATARGACTGGEATARCTCOGGER

AN EEEEC AT A EEAT A AC AT T T TEAACOGCATEET T OCGEAR A TTEAE A AGECEETTT

trrrrrrerrirrrrrrrrirrerrrrirrnrerrrerrrrrrrrerrrerrrrrrrrrr el
AN CGEEEC T AT ACCGEAT A AC AT T T TGALAC SO ATGE I TCGARATTEAARGECEEOSTT

T AT TATCGCATEGCACCOGCOGETCGCATTAGOTACTTGETGAGETALOGECOTCRT

trrrrrrrrrrrrrrrrrrererrrrrrrerrrrrrrrrrrrerrrrrrrrrrrrrrernl
CeGCTGTCACTTATGGATEGACCCGCETCGOATTAGCTAGT TGETGAGETARCGGOTCAC

ARG AR CGAT G G A GACCTGACAGEETGATCGGCCACACTGEERCTGAGACRCG
trrrrrrrrrrrrrrrrrrererrrrrrrerrrrrrrrrrrrerrrrrrrrrrrrrrrrtl
CAAGGOA R CGATGC G AGUCGACCTGAGAGEE TGATCGECCACACTEEEACTGAGACRACE

GO AR T A G A CAG A T AGSGEARTC T TCOGCAATGEACERA ARG TCTERCE

trrrrrrrrrnrrrirrrrrreerrnrrrrrerrrrrirrrrrrerrrrrrrrrrrrirertl
GCCCAGACT OO AL GGEAGGCAGCAGTAGGGARTCTTCCGCAATGGRACGRARGTCTGRCG
GAGCRACGCCECEGTGAGTEATGARGGC T T TCEEGTCGTAARACTCTEGTTSTTAGGGRARGR
trrrrrrrrrrrrrrrrrreerrrrrrrerrrerrrrrrrrerrrrrrrrrrrrrrenrtl
GAGCAACGOCGCE TG T EATCARGGC T T TCGGGTCGTARAR ACTCTETTET TAGGERIGH

ACALGTECTAGTTGAATAAS T EECACCT TEACGETACCTAACCAGAA R GOCACEEETA DL

trrrrrrerrrrrrrrrirrrerrrrrrrertrrerrrrrrrrrerrrertrrrrrrrerrrnennl
ACALGTECTACGTIGARTAAGCTIGECACC T T GACGETACCTARCCAGARMGCCACGGCOTAR

Cr AT CACCACGOO GGG TAATACGTAGETGGCARGOCTTATCCGEARTTATTGEECE

trrrrrrrrrrrrrrrrrreerrrrrerrerrrerrrrrrrrerrrrrrrrrrrrrrernrnl
CTACGTGCCAGCAGCCGCES TAATACGTAGETGGCARGOGTTATCCGEARTTAT TGEGCG

ThAAAGOCCGCGCANGTGGTT TC T TAAGTCTGATGTGAARGOCCACGGCTCARCCGTEGAG
trrrrrrrrrrrr rrrrrrerrrrrrrerrrrrrrrrrrrerrrrrrrrrrrrrrrnrnl
TAARGOGOGOGCAGETGETT TC T TAAGTCTGATGTGARAAGOCCACGEOTCARCCGTGGAS

G AT A A TG EEACAC T TR TECAGA RGACGEALACETEEAATTOCATETETASCE

trrrrrrrrrrrrrrrrrreerrnrrrrrerrrrrrrrrrrrerrrrrrrrrrrrirrnrtl
GETCAT T GEARACTGGEAGACT TGAGTGCAGRA MGAGGARAGCTGEAATTCCATCGTGTAGCG

STGA AL TGO T ACAG AT AT GAGGARLAC ACCAGTGECGAAGECGACTTTCTGETCTGTAARC
trrrrrrerrirrrrrrrrrrrerrrrrrrerrrerrrrrrrrerrrerrrrrrrrrrrrrnd
STCALA TGO AGAGE T ATGGAGGALC ACCAGCTGEOGALGCECGACTTTCTGETCTGTARC

TEACACTCAGECGOCEAAAGOGTEEEECAGC A AN TAGGATTAL AT ACCCTEETAGTCCATET

rrrrrrrerrerrrrrrrirrrerrrrirrerrrerrrrrrr o vrrrertrrrrrrrrrrrnnd
TEACACTGAGCEC GO AR GG TEEGGAGCARACAGEAT TAGATACCC TGS TAGTCCACSC

AL AT e T T AT T T AR A ST T T OO T T T AATGOTEAATT TALO GO

rrrrrrrrrrerr o rrerrrroerrer orrerrrerr orrrrrerorrrrrrr orrrrernrnl
CeTA R CGATGAC TGO T ARG T T TAGAGGGTTTCCSOCOT T TAGTGOTGRAGTTRALOGOR

TTARCCACTCCGCCTGGEEAGTAC BO06
L rrrrrrrrrrrrrreeinl
TTARGCACTOCOGCOTGSGEGEAGTAS  S03

Fig. 3 Shows Bacillus cereus gene sequences
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—Bagills pancoireat seain Ceoil 1317 165 ibasomal RNA e, patal sequenee
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Fig.4 Shows Bacillus cereus tree
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Enterococcus silesiacus strain R-23712 165 nbosomal RMA gene, complete sequence
Sequence ID: refiINR_042405.1] Length: 1513 Mumber of Matches: 1

Range 1: 614 to 1407 SenBank Graphics ™

Score

1371 bits(1520)

Expect Identities Gaps Strand
0.0 FI7I704(089%) 0/ 724 0%) Plus/Minus

Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbijct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry

Sbjct

1

1407

Gl

1247

121

1287

181

1227

241

1167

301

1107

36l

1047

4271

|87

481

[z27

541

867

[{u

807

a6l

Ta7

F21

(1=

Fal

o227

TCETEENGETEACEEECEETETETACARGEGNOOGEEALCETATTCACCECEEOGETEITEAT

frerrr o rrrerrreerreerrrerrrer rer et r et et et
TCGTEETETGACGEGCEETGTETACARGGCCCGEGARCGTATTCACCGCGELGTGLTGAT

CoGCEATTACTAGCEATTCCGEOTTCATGTAGGCEAGTTECAGCCTACARATOCGLALCT G

frrrrrnr e ettt rer et vttt rerr et rrerrrrrrrnenl
CCGCGATTACTAGCGATTICCGECT TCATGTAGGCGAGTTGCAGCCTACAATCCGARCTGR

GAGRAAGCT TTAAGAGATTTGCATGACCTCGOGECCTAGCGRCTCGTTETACTTCCCAT TS
rrerrrrerrerrreerrrerrrer et rertrrer e et et r e el

GAGARLGCTTTARGASATTTGCATEGACCTCEOGGCOTAGOGRECTSGETTETACTT OO AT TS

TAGCACGTETGTAGCCCAGETCATAAGEGEEATGATGATTTEACGTCATCCOCACITTOD

rrerrrrerrerrreerrrer et rer et et r et et e r et
TAGCACGTETGTAGCCCAGGTCATAAGGGECAT GATGATTTGACGTCATCOCCACCTTOC

TCCEETTTETCACCEECAGTCTOGCTAGACGTGCCCALCTERATEATEGECALCTALCA LTS

I][II]III]IIIII[III[II][II][II]III]IIIII[III[II][II][II]III
TCCGETTTGTCACCGGCAGTCTCGCTAGRGTGCCCARC TGRATGATGECAACTARCART,

AGGGTTGCGOTCGTTGCEGEACTTAACCCARCATCTCACGACACGAGCTGACGRACARCCR
rrrrrrrrrrerrrrerrrrrrrerrrrr et rerrrertrrrerrrerrrrnl
AGGGTTGCGOTCETTGOEGEACTTAACCCARCATCTCACGACACGAGCTGACGRACARCCR

TGCACCACCTGTCACTTTGTCCCOCGARGGEARAGOTCNATCTCTCGAGT GETCALAGGLT
frrrrrrerrerrreerreerrrerrrerrrer e rrri ettt rrrrrrend

TECACCACCTETCACT T TETCCOCEARACGEEARANGOTCEATCTOTCEAGT GETCALAGEAT

GrCAAGACCTEETARGETTCTTCGCETTGCTTCEAATTARACCACATECTCCACCOESIT TS

rrerrrrrrrerrreerrrerrrerrrertrrerrrertr et et et el
GTCAAGRCCOTGGTARGETTCTTCGCETTGCTTCEART TARRCCACATGCTCCACCGOTTS

TEoEEECCCoCETCAATTCCTTTGACGTTTCAACCTTGCESTCETACTOCCCAGEGOEEAGT

rrerrrrerrerrreerrrrerrrer et rerrrer e et et e r et
TGCEEECCOCCETCARTTCCTTTGAGTTTCARCCTTGCGGTCGTACTCCCCAGGOGGAGT

GCTTARTGCETTAGCTGCAGC A TGALRGEEOEEAR A CCOCTCCAR CARCTTANCACTCATCE

rrrrrrerrrerrrrerrrerrrrrrrrr e rre et rerrrerr e rrrrrrnl
GCTTARTGCGTTAGCTGCAGCACTGARAGGEOGGARACCCOTCCARCACTTAGCACTCATCS

TTTACGGCETGNACTACCANGETATC TALATCCTGNTT GOTCCCCACGCTTTCGAGCCOTCR
rrerrreerrr o rreerrrorrrerrrerrrer o et rrrtr et et et

TTTACCCGCETGEACTACCAGEGETATCTALTCOOTCTTTGCTCCOCACGOTTTOCGAGODOTCR

NCGTCAGTTACAGACCANANAGT CGCOTTCEICACTGETET T TCCATATAT CTACTICR

frrrrerrrerrreer rorrrrerrrrtrrerrrerrrerrrerrrrrrrrrrrnrn |l
GCGTCAGT TACAGACCAGRGAGTCGCCTTCGCCACTGETGTTCCTCCATATATCTACGCR

TTTCACCECTACACATGEAATTOCACTCTCONCN T TGHNACTCNAGTCTCOCAGTTTCCN

rrerrrrerrerrreerrreerrrerrrerrr vt vt rrrrrrrrrrrrnd
TTTCACCGOTACACATGEAATTCCACTCTCCTCTTCT GCACTCARGTCTCOCAGTTTCCR

ANGRCCCTCOCOCCEE 754
I rrrrrrrrnrnd
ATGRCCCTCOCOCCEE 614

Fig. 5 Shows Enterococcus silesiacus gene sequences
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Bacillus pumilus strain ¥S5 185 ribosomal RMNA gene, partial sequence
Sequence ID: gbh|KF941203.1] Length: 1490 Number of Matches: 1

Range 1: 77 to 864 GenBank Graphics Mest P

Score

1400 bits{753)

Expect Identitias Gaps Strand
0.0 F73/788({98%) 0/ 783{0%%) Plus/Plus

Cusrs
Sbjct
Cuasersy
Sbjct
Cusriyy
Shjct
Cusriyy
Shjct
Cusriyy
Sbhjct
Cuearsy
Sbhjct
Cuearsy
Sbhijct
Cusrs
Skhjct
Cuery
Skhjct
Cuery
Shjct
Cusriyy
Shjct
Cusriy
Shjct
ey
Sbhjct
(S S oy Vg

Sbhjct

32

i

ez

137

123

197

183

257

243

317

303

377

363

437

423

457

483

So7

543

GE17

sE03

s7F7

563

a7

T3

To7

TE3

857

GeeTGAC AL AT T ANCC TSI TARGACTGECATALCTCOCEGALACCEERAGC
ftrrrrrirrrrrrrrrerirrrerrrrrrerrrrrerirrrrrrerrrrrrrrrerrrrrrnertl
GEeTGAC TA LG AT GG T ANCC TSCCTG T ARGACTGEEATARCTCOGEGARACCEERAGC

AT AT AT T T T A A AT T T LA AT EARLACGACEETTTOCESCTET O

frrrrrirerrnrrrrerirreerrrrrrnrrrrerrrerrrrrrrrrrrrerrrrrrnentl
AATACCSGAT AT T T T GARC O CCATGE T T CALGEATCARAGACGETTTCESCTETCA

CTrTACACARTGEACCOCCEEOGC AT T AGO TAGTTGETGEGEETAELTCGGCTCACCARGGIGA T

frrrrrirerrrrrrrrerirrrerrrrrrrerrrrrerrirrrrrrrrrrrrrrerrrrrrnertl
T TP CAGETGEACCCGCEECGCAT T AGCTAGTITGETGEEETARTG GO TCACCAD GEUGHRT

GATGCCTAGCOEGACCTGAGRGGETGATCGECCACACTEGEEACTGAGACACGEOCCIGRCT

frrrrrrerrrrrrrrerrrrerrrrrrrrrrrerrrerrrerrrirrrrrrerrrrrrneretl
CATGCCTAGCCGA OO TGAGAGEETGATCGGOCACACTEEEACTGAGRACACGEGOCCAGRCT

CCTACGEEAGECAGCAGTAGGGARTCTTCCGCAATEEACGAAAGTCTGACGEAGCALACET

frrrrrrrrrerrrrrerirrrerrrrrrerrrrrrrrrrrrrerrrrrrrrerrrrrrrrtl
CCTACGEEAGECAGCAGTAGGEART CTTCCECAATGEACGARAGTCTGACGEAGCARCEC

oG TEAGTGATGAAGG T T T TCEGATCETARAGC TCTG T TG T TAGGGARGAACAMGTGCE
trrrrrrerrrerrrrrerirrrerrrerrrerrrrrerirrrrrrrrrrrrrrrerrrrrrnrtl
oG TEAGTGATGAAGG T T T TCEGATCETARAGC TCTG T TG T TAGGGARGARACAAGTGCE

AGAGTARCTGOTCGCACC T TGACGE TACC TAACCAGARARGCCACGGCTARCTACGTGECCA
lrrrrrrerrrrrrrrerirrerrrrrrerrrrrerrrrrrrrrrrerrrrerrrrrrneetl
AGAGTARCTGOTCGCACC T TGACGE TACC TAACCAGRAARAGCCACGGCTARCTACGTGCCA
GCAGCCCCGE T AL T ACG T ANG T CECARGCETITGTCOGEAATTATTGEEOGTARRGEEITC

frrrrrirerrrerrrrrerir orrrrrrrerrrrrerirrrrrrrrrrrrrrrerrrrrrnertl
GCAGCCECGE T AL T ACG T AGG T EECARGCETITGTCOGEAATTATTGEECGTARRGEEITC

AT T T T TARGTCTGATE T GAnnGCOCOEECTCARCCEEEEAGEETCATTEE

trrrrrrrrrnrerrrerrreerrnrrrrrrrrrerrrerrrrrrreerrrerrrrrirnril
GOAGGCGGTTTC T TARGTC TGATG T GARAGCCCCCGECTCARCOGGEEAGGETCATTEGN

AACTGEEAARCT T GAGT GO ANARGANGAGAGTEGART T CCACGTG TAGCSGTEARATECGE
rrrrrrrrrrrrrrrerrre ot orerrrrrerrrrrrrrrrrrerrrrrrrrrrrnrid
A AT GEGRAACT T GAG TGO AGAAGRGEAGAGSTGGARTTCCACGTS TAGOGGTSAARTCSCOG

ATCT NS GRDCR il COCACTOTOTGSTOTGTARCTCACSOTCIN

TANDG CORGTGGOGRIN
frorrrrrrr rrrrerrrrerrrrrrrr orrerrrrrrrerrrrerrrrrrrrnrrni
T AGAGATGT GEACEARCACCAGTGSCGAMGGOCGACTOTOTGS TOTGTARCTCACSOTCRG

GAGCGAR RGO TEEEEAGCECOAAC ACGGANTANATA CCCNGETAGTCCACGOOGTAELLLOSAT

frrrrrrerrrrrrrrerirreerrrerr o rerirr o rrrrrrrrrrrerrrrrrneenl
CRAGCGARLGOCTEEEGAGUGAAC AGGATTAGATACCCOCTGETAGTCCACGCCGTAARCGAET

GANTGCTAEANTGT TNGGEETTTCCSCCOCT TANNGO TGCAGC TALCGECAT TARGCACTCC
Frorrrrer e orrrrrerrrrrrerrrnd frrrrrrrrrerrrrerrrrrrnrtl
GAGTGCTAAGTGT TAGGEET TTCCSCCCCT TAGT GOTGCAGCTALRCGECATTARGCACTCC

GOOTEEEE 730

Lrrrrrna
GLOTGEGEE SG4

Fig. 6 Shows Bacillus pumilus gene sequences
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Bacillus subtilis strain 168 165 ribosomal RNA gene, complete sequence
Sequence ID: reflNE_102783.1] Length: 1555 Number of Matches: 1

Range 1: 109 to 269 GenBank Graphics

Score Expect Identities Gaps Strand
279 bits(308) 4e-75 159/161{99%) 1/161{0%) Plus/Plus

Cusry 36 GEETGACTALC - CETGGETARCCTGCCTETAAGACTGEEATALACTCCEEEALRCCEEEET

Crrert ettt e e et e e e e e e e e
Sbjct 10% GGGTGAGTAACACGTGGGTARCCTGCCTGTARGACTGEGATAACTCCGEGRAARCCEEEGEE

Cusry 93 TAATACCGGAT GG TTGT I TGRACCGCATGGTTCRAAACAT AR RAGETGEOTTCEGCTACCA

. CEEETT e e e e e et e e e e et
Sbjct TAATACCGEATGETTGTT TEAACCGCATGETTCAARCATARAAGGTGGCTTCGECTACCE

Query CTTACAGATGGACCCGCEGCECATTAGCTAGTTGETGAGET 195

CEEEETEEr et e e e rre e r et e et eyl
Sbjct CTTRACAGRTGGACCCGCGGCGCATTAGCTAGTTGETGAGET 269

Fig. 7 Shows Bacillus subtilis gene sequences

013 16S ribosomal RNA gene, partial sequence
BRC 13719 165 ribosomal RNA gone, partial sequence

ICM 1465 168 rilrosomal RNA gene, partial

. partial sequence
w1 RNA gene, partial sequence
asomal RNA ene, partial sequence
Strain DSM 10 165 ribosomal RNA gene, partial sequence

cillus sublilis strain NCDO 1769 165 ribosomal RNA gene, partial sequence

%amx..,. F

4 firmicutes | 2 keaves

Fig. 8 Shows Bacillus subtilis tree

147



Bacillus subtilis strain 168 165 ribosomal RNA gene, complete sequence

Sequence ID: ref|NR_102783 1] Length: 1555 Mumber of Matches: 1

Range 1: 109 to 269 GenBank Graphics Mext Match

Score Expect Identities Gaps Strand
279 bits(308) 4e-75 150/161{99%) 1/161(0%) Plus/Plus

Cusry 36 GEETGACTAARC - CETGEETARCCTGCCTGTAAGRCTGGEATAACTCCEGEGRAARCCEEGETC

Crreer e e eer e e e e e et e e e e
Sbjct 109 GGGETGAGTARCACGTGGETALCCTGCCTGTARGACTGGEATRACTCCGGGAARCCEEGED

Ouery 95 TAATACCGGATCETTGTTTGAACCGCATGETTCALACATARRAGETEEOTTCEGCTACCA

. CEPEETEEr ettt e e e e e e e e et v et e e e
Sbjct TAATACCGEATGET TG T TTGRAACCGCATGETTCAARCATARRAGGTGGCTTCGGCTACCA

Query CTTACAGATGEACCCGCEECGCATTAGCTAGTTGETGAGET 195

CEEEETEEr et e e e e eyl
Sbjct CTTACAGAT GEACCCGCEGECGCATTAGCTAGTTGETGAGET 269

Fig. 10 Shows Bacillus subtilis gene sequences

> Bacillus coagulans 2-6 strain 2-6 165 ribosamal RNA, complete sequenoe

~l fiemicutes | 7 leaves
{ + ] firmicutes | 37 leaves

firmicutes | 39 leaves
ius subtilis stin 168 165 ribosomal RNA pene, complete sequence

Bacillus sublilis subsp, spizizenii sirain ATCC 6633 165 ribosormal RNA gene, partial sequence
Bacillus tequilensis atrain 10b 165 ribosomal RNA gene, partial sequence

Bacillus subtilia sirain NERC 13719 165 ribosomal RNA pene, pariial sequence

Bacillus subtilis strain JCM 1465 168 ribosomal RNA gene, partial sequence

Baci 5. SUBLLLS 3168 OS-105 165 ribosomal KNA pene, partial sequence
Bacillus sublilis strain BORC 10255 165 ribosomal RNA gene. partial sequence

Bacillus subtilis mbt ilis strain OS- 14K 165 ribosomal RNA pene, part ial

Bacillus subtilis subsp. subi il 1 OS-63.a 168 ribosomal RNA g

1 OS-44.5 168 ribosomal RNA pene, partial sequence

1 0562 168 ribosomal RNA gene, partial sequence

SM 10 165 ribosomal RNA gene, partial

in NCDO 1769 168 ribosomal RNA gene, partial sequence

Fig. 11 Shows Bacillus subtilis tree
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Enterococcus silesiacus strain R-23712 165 nbosomal RMNA gene, complete sequence
Sequence ID: reflNR_042405.1] Length: 1513 Number of Matches: 1

Range 1: 614 to 1407 GenBank Graphics Mext Match Previous Match
Score Expect Identities GCaps Strand

1371 bits{1520)

0.0 FI7794{98%) 0 7940%) Plus/Minus

Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbhjct
Cusry
Sbjct
Cuery
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cusry
Sbjct
Cuersy
Sbjct
Cusry
Shjct
Cusry
Sbjct
Cusry

Sbjct

1

1407

Gl

1247

121

1287

181

1227

241

117

301

1107

36l

1047

421

287

481

az27

541

367

a0l

307

a6l

Fa7

T2l

a8’

Tal

a7

ToSTEENGTEACEGEECEETETETACARGENCCGEEAACEGTATTCACCECEEOEGTEITEAT

frrrrr rrrerrrerrrrrrrrerrrrrr o rerrrrrrrrrrrrrrrrrrrrrrrrrrl
TCGTEETETGACGEGCEETGTETACARSGCCCGEGARACGTATTCACCGCGEOGT GOTGAT

CoOGCEATTACTAGCGAT T CCOGEC T TCATGTAGGCEAGTTGCAGTCTACARATOCEARCT R

Frrrrrrerrerrrerrrerr et rrertrrrrtrrrtrrertr ettt rnrerrnreinl
COGCGATTACTAGCGATTCCGEC T TCATGTAGGCGAGTTGCAGCCTACAATCCGARCT GR

GAGAAGCTTTAAGAGATTTGCATGACCTCEOGECITAGCEACTOGTTETACTTCCCAT TS

frerrrrrrrrrrreerrrrerrrerrrerrrrrtrrrrrrrrr et et rrrrl
GAGRAGCT TTALGAGATTTGCATGACCTCGOGECCTAGCGRACTCGTTGTACTTCCCAT TG

TAGCACGT GTGTAGCCCAGSTCATAAGSGECATGATGATTTGACGTCATCCCCACCTTCC
frerrrrrrrrrrreerrrrerrrerrrrrrrrrtrrrrrrrrr it rrrrrrrrrrrrl
TAGCACGT GTGTAGCCCAGGTCATAAGSGECATGATGATTTGACGTCATCCCCACCTTCC

TCCGETTT GTCACCGECAGTCTCGCTASAGTGCCCARC TGAATGATGGCARCTARCAA TR
Prrrrrretrre ettt et rrrrtrrertrrrtrrertr ettt rrrrrnrrnnl

TCCoGETTTETCACCOCEECACTCTCECTACGARGTECCCARCTEAATEATGECARCTA A AN TR

AGEETTECEOTCETTGCEEEACTTARCCCARCATCTCACGACACGAGITGADGACARCCR

rrerrrrerrerrrrerrrrerrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrnl
AGGETTGCEOTCETTGCGEEACT TAACCCARCATCTCACGRACACGAGCTGACGACRARCCR

TrECACCACCTCGTCACT I TG TCOCCEALGEEAALGCTCNATCTCTCEAGTEETCALAGELT

frrrrrrrrrerrrerrrrrrererrrrrrrrr e reerrerirrrrrrrrrrrernl
TGCACCACCTGT CACTTTGTCCCCGARSGEARAGCTCGATCTCTCEAGTGETCARAGGAT

GCICALAGACCTEETAAGETTCTTCEGCETTEGCTTCEALRTTARACCACATECTCCACCEITTE

rrrrrrrrrrerrrrerrrerrrrrrrrrrrrerrrrrrrrrrrrerrrerrrerrnrrrnl
GTCAAGRCCTGETARGETTCTTCGCGTTGCTTCGAAT TARACCACATGCTCCACCECTTG

TECEEECCOCETCARTTCCT TTGAGTTTCARCCTTGCEEFTCETACTOCCCAGECEEAGT

frerrrrcrrrrrrrerrrrerrrerrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnl
TGCEEGCCCCCETCARTTCCTTTGAGT T TCARCCTTGECGGTCGTAC TCCCCAGGCEGAGT

GO TAATGCETTAGC TGCAGCACTGARGEEOGEAA L CCCTCC AR CACTTANCACTCATCS

frrrrrrerrrrrrerrrrrrrrerrrrrrrrrrrrrrreerrerrrnrl rerrrrinl
GOTTAATGCGTTAGCTGCAGCACTGARSGECGEARRACCCTCCARCACTTAGCACTCATCS

TTTACGGCETGHNACTACCANGGTATCTARTCCTGN T TGCTCCCCACGOT T TCGAGOCT CR
frerrrrerrr o rreerrr o orererrrerrrrrtr rrrrrrrrrrrrrrrrrrrrrrnnl
TTTACGGCETGEACTACCAGSGETATCTAATCCTGTTTGCTCCCCACGOT TTCGAGOCTCR

NCGTCAGT TACAGACCANANAGTCGCC T TCGCCACTGETGTTCCTCCATATATCTACNCR
Trrrrrrrrerrreenr rrrnrerrrertrrrrrrrrtrrerrrerirrerrrerrnrr Il

COoGTCACGTTACACGACCACGARGACTCGCOTTCEOCACTEETETTCOTCCATATATCTACSGCR

TTrTCACCGCTACACATEGEANTTCCACTCTCONCHN T CTGHNACTCNAGTOTCCOCAGTTTCCN

rrerrrrcrrerrreerrrrerrerrrrrerrr vt et o rirrrrrrrrrrnnd
TTTCACCGCTACACATGEGAATTCCACTCTCCTCTTCTGCACTCARGTCTCCCAGTTTCCR

ANGARCOOTCODCEE 754

I rrrrrrrrninl
ATGRCCCTCOCCEE 614

Fig. 12 Shows Enterococcus silesiacus gene sequences

60
1348
120
1228
180
1228
240
11a8
300
1108
3e0
1048
420
Sas
480
Sz2a
540
Be3
600
803
660
743
720
cag
7ao

G628

149



Bacillus cereus ATCC 14579 165 ribosomal RMNA (mMmA) gene, complete sequence
Sequence ID: reflNE_ 074540 1] Length: 1512 Number of Matches: 1

Range 1: 100 to 903 SenBank GSraphics rd

Previous M

Scora

1402 bits{1554)

Expect Identities Gaps Strand
0.0 Fo3/804(99%) 0 E04{0%) Plusy/Plus

cusry
Skhbjct
Cuery
sbhjct
Cae s
sbhjct
Cae s
Sbjct
Cusery
Sbjct
Cusery
Sbjct
cusry
Sbjct
Cuery
Sbjct
Cuery
shjct
Cuasrys
Skbjct
Cuasrys
Skbjct
cusry
Skbjct
Cuery
Skbjct
Cuery

sbhjct

32

100

a3

1s0

123

220

183

Z80

243

340

303

200

363

460

423

520

483

S8O

543

40

03

FOo

eEe3

Ted

T23

s8z20

FTe3

s80

CCGGGGEGRCGEGTCAGTARC ACCTGGETANCCNGCOCATARGACTGGEGATARCTCOGGER
trrr o orrerrrrrrrrrrrrerrrrrreerrr o orrrerrrrerrrrrrrrrrrrrrernrtl

CrOEECEEACCEEETEAG A A ETEEETAACCOTEOCCAT A R GACTEEEA T RO T COEE G0

A e T AT A AT AL C AT T T TGAA GO AT T T CGAR AT TEALAESCEEST T

frrrrirrerrrerrrrrrrrerrrrrrreerrrrrirrerrrrerrrrrrrrrrrrirenrtl
A CCGGEGCTAATACCGEAT R AC AT TTTGAACCGUATGSTTCGAR ATTGAARCSGOGESCTT

CGEC T GTCOAC T T AT CGATGGACCCGCETCEOAT TAGOTAGTTGETGAGSTARCGGOTCAC
trrrrrrerrrrrrrrrrrrerrrrrrrerrrrerrrerrrrerrrrrrrrrrrrrrenrl

T AT TATCEATEEACC GO TCGC AT T AGCTAGT TGS TGAGEGTAAROGGOT TR T

ARG AR TGO T A GACC T GACACEETGATOGEOCACACTGEERACTEAGARCRCE

trrrrirrerrrrrrrrrrrerrrrrrrrererrrrrrrerrrrerrrrrrrrrrrrrrrrnl
CARGGCARCEATGC O T AGCCGACCTGACAGEETGATCGECCACACTGEERACTEAGACACE

GCOoCAGATTCOTACGEEGAGG CAGCAGTAGGEGAATCTTCCGOAATGEALCGADRAGT CTERA O

frrrrirrerrrerrrrrrrerrrrrerererrrr ittt rrrrrrnrirertl
GCCCAGACTCCTACGGEAGGCAGCAGTAGEGAATC T TCOGCRATGGACGRARGTCTGRACE
CAGCRAACGCCSOGTGAGTEATEARAGGUTTTOGGGTOGTARARCTOTGTTGSTTAGGGRARGE

trrrrrrerrrrrrrrrrrrerrrrrreerrrrrrrerrrrerrrrrrrrrrrrrrrrnl
GAGCAACGCOGCGTEAGTEATEARGGCTTTCGESGTOGTARARCTCTGTTSTTAGGEGRARGR

ACANGTGCOTAGT T GARTARGCTGECACC T T GRACGETACCTARCCAGRARCSCCACGEOTAR
frrrrirrerrrerrrrrrreerrrrrroererrrrrirrerrrrerrrrrrrrrrrrirenrtl

ACALGTEITAGSTTEAATALAGCTGECACC T T GACGETACCTAACCAGAA R GOCACGEIT A D

CTACGTGCCAGCAGCCGOGG TAATACETAGETGGCARAGOGTTATCCGEGARTTAT TGEGCE
rrrrrirrerrrrrrrrrrrrrerrrrerroererrrrrrrerrrrerrrrrrrrrrrrrrrrnl

CTrAaCETECAECAGCOEOEETAATAECGETAGETEGGCAAGOETTATOCGEAATTAT TEEECE

TAALGCGCGCGCANG TSI T O T T A ACTC T GATG TCAALGOCCACGECTCALCCGTEGAS
frrerrrerrrrlr o rrrrrrerrrrrrrererrrrrrrrrrrrrerrrerrrrrrrrrrnrnrnd
TAAnGCCOGOCCACE TG T T IO T A ACTC T GATG TGALAGCOCCACGGUTCARCCGTEGAS

GETCATT GG ACTEEEAGE T TEAGTECAGAAGAGEALAGTEEALTTCCATETETAGCE

trrerrrrerrrrrrirerrrrrerrrrrrnrerrrrr e rrrrrrr et rernl
ST AT GG AN CT CEGAC AT TCAG T CAGARGAGGALASTGEAATTCCATGTGTAGCE

GTELAAATECETAGAGR TATGEAGEAACACCAGSTEEOEAAGECEACTTTOCTGETCTGET AL T

trrrrrrerrrrrrrrrrrrrerrrrrerrererrrrerrrerrrrerrrrrrrrrrrrrrerrnl
T EAR AT GO T AGAGA TATGGAGEAACACCAGTGEOGARAGECEGACTTTCTGETCT GTARC

TEACACTEAGGOGC AR AGCGC TG GACCALACAGEAT TARA T ACCOTEETAGTCCRACSSC

frrrrirrerrrerrrrrrrerrrrrrreerrrprirretrrr prrrerrrrrrrrirrnrtl
TeACACTCAGESCGC A A MGG TEEGGAGCAA A AGEAT TAGATACCOTGSTAGT CCRCGC
CeTARACCEATCAATCCTART TG T TA A ACGETTTCCOCCOT T TARTGOTGRATTTALCGCR

B e N N e e e |
CeTA R AT AT T ARG TG T TAGACGETTTCCGOCOT T TAGTGOTGRAGTTRALOGOR

TTAARCCACTCOCCGCCTSEEEAGSTAC 806
e o rrerrrrrrrrrrrrrrnl
TTALRGCACTCOGCOCTSGEEAGTAC S03

Fig.13 Shows Bacillus cereus gene sequences
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4 Bacilospanacterae st Gioil 1317 108 ebosomal RNVA pene, petel saence

Afirnicues | v

rﬂrmicum | Bl

Afimices | 4leaves

et | 2 ks

fmucues | laves

Afimicues |2 leves

Bl cylotovicus steain NVH 39195 5 tibosornel RNA pene, compiets saguence

 Baclus manlpanenis sein BL4 165 thosomal RN pene, paral spence

. Fﬂrmwmﬁl&m
{

e | 12 v

P —

Baillus aocs st A stain A 165 tisomel RNA, corplefe sqpence
Baillus cereus ATCC 4579 155 ibasomal RNVA trad)gee, complfe gl
Baillus cereus st JCAE 2132 163 eiasaimal RNA e, partl sequene
Baillus ceres st NBRC 13305 163 tibasomal RNA i, partal seuence
Baillus ceres st in CCA 2010 105 ibosomal RNA pene, complee sequence
Baillusaocs st ATCC 14578 165 nbosamal RNA pene, paral sequence
Y Baclls oeusstain ATCC 1457 165 sl RN 381, il saguenct

)umq;‘ S

" Bacilus cereus e 1AM 12005 163 rbsomal RNA g, prtl wquence

Fig .14 Shows Bacillus cereus tree
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Granulicatella elegans strain B1333 165 rnbosomal RMNA gene, complete sequence
Sequence I1D: ref|[NR_028682.1] Length: 1538 MNumber of Matches: 1

Range 1: 863 to 1382 GenBank Graphics Mext Match

Score Expect Identities Gaps Strand
848 bits(940) 0.0 500/520(96%) 0/520(0%) Plus/Minus

Cuery 82 AACGTARTCCCCEOETCGTSCTEATCOGSCEATTACTAGCGATTCCGACT TCATGTAGGECS
trrrrr e rrrrrorrerrrrrrrrerrrrrrrerrreerrrerr o rrrrrrirrrrrnl
Sbjct 13282 ARCGTATTCACCGCGGCGTGCTGATCCSCGATTACTAGCEATTCCGGCOTTCATGTAGGCS

Cuery 142 AGTTECAGCCTACA R TCCERACTEAGARCTEECT TTCAGRGEATTCECTTECCCTCEOEAGT

i I]III]III]IIIIIIIII[II]III] Lrrnrrr rrreerrrerer rrrrirrerrel
Sbjct 1322 TGCRGC ARTCCGRACTGAGARATGGCT TTALAGAGATTCGCTTACCCTCGOGAGT

Query 202 TTGCTGCTCGTTGTACCATCCATTGTAGCACGTGTGTAGCCCAGGTCATARGEGGOAT G
Lorrrrerrrrrrrerrrrrrrrerrrerrrrrrrrrrrrerr o rrrrerrrrrrrrrnd
skjct 1262 TCGCTGCTCGTTGTACCATCCATTGTAGCACGTETGTAGCCCARGTCATARGGGGTATGR

cuery 262 TEATTTGACGTCATCCCCACCTTCCTCCGETTTGTCACCGGCAGTCTCACTAGAGTGCCOC
. frrrrrerrrrrrrreeirrirrerrrrer i et rerrrrrrrrrrrrrrrrrrnd
Skjct 1202 TEATTTGACGTCATCCCCACCTTCCTCCGETTTETCACCGGCAGTOCTCACTAGAGTGCOCOD

Cuasry 322 AACTGEAATCATGEC AR TAATAATALGEGTTECEOTCETTGCGEEACTTAACCCRACETC

Frrr e nrrrrrrrr rrrrrrreirreirrrrrrrerrrrrrrrrrrrrirrrrtl
Sbjct 1142 AACTCARATGCTGGCAACTAGTAATAAGSGTTGCGOTCGTTGCGEGACTTARCCCAROATC

Cuery 382 TCRCGACACCGRAGCTEACGRACAACCATECACCRACCTETCACTTTEGECCOCGARGGERART T
rrrrrrerrrerrreerrrerrrrrrrrerrrrrrrerrorerrr o orrrrrrrrrrrer ol
Sbjct 1082 TCRCGACACGRAGCTGACGRCAACCATGCACCACCTGTCTCTTTETCCCOCGARGGGRARTGS

cusry 442 TCrATCT o AT EET T CEEEA TG TCARGRC TTEETALGETTCTTCOECETTGCTTC G

. frrrrrrrir rrrretd frrrrrerrrrrrrrrrrreirrrrrrerrrr rrrel
Skjct 1022 TCTATCTCTAGAGTGGTCRAAGGATGTCARGRCTTGGTARGGTTCTTCGCETTGEGTTCER

Cusry 502 ATTALACCACATECTCCACCECTTETECEEETCCOCETCAATTCCT T TEAGSTT T CARCCT

trrrrrerrrrrrrrrrrrrrrrrrrrerrrrrrrerrrrrrrrrrrrrrrrrrrrrrnl
Sbjct 962 ATTRARCCACATGOTCCACCGOTTGTGCGEETCCCCGTCARTTCCTTTGAGTTT CARCOT

Cusry 562 TECGETOGTACTCOOCAGSCGEAGTGOTTAATCGOGTTARS 601
trrrrrerrrerrrerrrerrrrrrrrrirrrer el
Sbjct 902 TEOGEGTCGTACTCCCCAGEOGEAGTGOTTAATGOGTTARS 863

Fig. 16 Shows Granulicatella elegans gene sequences

0.003

Fig. 17 Shows Granulicatella elegans tree
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Enterococcus mundtil QU 25 165 ribosomal RNA, complete sequence
Sequence ID: reflNR_121694.1] Length: 1564 Mumber of Matches: 2

Range 1: 170 to 271 GenBank Graphics ¥ Hext Match

Scora Expect Identities Gaps Strand
163 bits{180}) Je-40 02/93(99%) 0/93(0%) Plus/Flus

Cuesry 135 TGCTRATACCGTATAACRATCGAARCCGCATGGTTTCGTTTIGAARGGCGCTTTACGGTG 158

NN RN RN R R RN RN RN AR R RN RN RN R RN
sbjct 179 TGCTRATACCGTATARCAATCGARACCGCATGGITTCGTITTGARRGGCGCTITACGGIG 238

Query 1599 CCGCTGATGGATGGACCCGCGGTGCATTRACTR 231

LETECTEEEEEEE et re 1
Sbjct 239 CCGCTGATGGATGGACCCGCGGTGCATTAGCTA 271

Range 2: 1513 to 1535 GenBank Graphics Mest Match A Previous Mateh b First Match

Score Expect Identities Gaps Strand
37.4 hits{40) 0.030 22/23(96%) 0/23(0%) Plus/Plus

Query 63 GARGTCATRACRAGGTAGCCGTA A5

TR TEEEEET R e
Sbjct 1513 GRAGTCGTAACAAGGTAGCCGIA 1535

Fig.18 Shows Enterococcus mundtii gene sequences

oo T

<l firmicutes | 22 leaves

< firmicutes | 6 keaves

‘,,, ~firmicutes | 7 leaves

5
‘ H

< femicutes [ 45 boaves

firmicutes |12 leaves

rococcus mundtii strain ATCC 43186 168 ribosomal RNA gene, partial sequence

2006_sa 3 F

Fig.19 Shows Enterococcus mundtii tree
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Staphylococcus saprophyticus strain ATCC 15305 165 nbosomal RNA gene, complete sequence
Sequence ID: ref[NR_074999.1] Length: 1555 Mumber of Matches: 1

Range 1: 101 to 5360 GenBank Graphics

Score Expect Identities Gaps Strand
791 bits(876) 0.0 452/460{98%) 1/460{0%) Plus/Plus

Cuery 1s CEETEEARAGETGAGTGCTA-GTEEETALCCTACCTATARGRCTGEGETATARCTTCGEEAN

PEr rrr 1rrrrni orrrerrrerrrerererrree e rrerrrrrrrnnd
sbjct 101 CGGECEGACGGETGAGTAACACGTGGEGTALCCTACCTATAAGACTGEGATALCTTCGEGRL

Cusry 77 ACCGEAGCTRAATACCGGATARCATTTCGEAACCGCATGETTCTAARGTCARAGATCCTTTT

. frrrrrrerrrrrrrrrrrrrr et rrerrrrrrr et rrrrrrrrnnnl
sbijct ACCGGAGCTAATACCGGATARCATTTGGAACCGCATGETTCTAARGTGARAGATGETTTT

Cusery GCTATCACTTATAGAT GGACCCEGOGCCGTATTAGCTAGTTGETARGETARCGECT TRAICH

PTREErre e et ey r et e v et et e et
sbjct GCTATCACTTATAGAT GGACCCGOGCCETATTAGCTAGTTGGTARGGTARCGGCT TACCR

Cuery LACCCGACGATACGTAGCCGACCTEGRAGAGGETEATCGEC CACACTEGGAACTGAGRCACGET

PIREE et r et ety e v et v et e et
sbjct AGGCGACGATACGTAGCCGACCTGAGAGGETGAT CGGCCACAC TGGARCTGAGACACGET

Cusery CCAGRCTOCTACGEEAGECAGCAGTAGGGRAATCTTCCGCAATGEGCGRARRGCOTGACGER

. RN N N N N N N N N NN
8bjct CCRAGACTCCTACGEEAGEGCAGCACGTACGGRATCTTOCGCARTGEGCCAARGOOTGACGGE

Cuery GCARCCOCOGCETCACTGATEAAGECTTTCCEOTCETAR A ACTCTETTATTAGEGRALGARC

PIREE et ety vt e re v e et e et
sbjct GCARCGCCGCGTGAGT GATGRAAGGGTTTCGGECTCETRAARACTC TGTTATTAGGGRAAGRRC

Cusery AMRTGTGTAAGTRAACTGTGCACGTCTTGACGETACCTAATCRAGRARAGCCRCGECTARITR

. NN N N N N N N N N N NN
8bjct A AATGTGTAAGTEACT GTGCACCTCT TCACGETACCTAATCACARAGCCACCGCTAACTA

Cusry CETGCCAGCAGCCEOGETAATACGTAGGTGGCARGOGTTA 476

PIREETE et e e ettt
sbjct CGTGCCAGCRAGCCGCGGTARTACGTAGGTGGCAAGCGTTA 560

Fig.20 Shows Staphylococcus saprophyticus gene sequences

> Bacillus niabensis strain 4T19 165 ribosomal RNA gene, partial sequence
firmicutes | 8 leaves
\—w —<fimicutes | 7 leaves
> Staphylococcus simulans strain MK 148 165 ribosomal RNA gene, partial sequence
9 ‘ < firmicutes | 35 leaves
‘ L firmicutes | 3 leaves
3 <firmicutes | 12 leaves
3 < firmicutes | 2 leaves
< firmicutes | 2 leaves
< firmicutes | 11 leaves
-9 Staphylococcus loosii strain ATCC 43959 16 ribosomal RNA gene, partal sequence
“firmicutes | 2 leaves
> fimicutes | § leaves
l A firmicutes | 3 leaves
L

— firmicutes | 2 keaves

|
s
0.009 |

 — L

“fismicutes | § leaves

Fig.21 Shows Staphylococcus saprophyticus tree
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Staphylococcus saprophyticus strain ATCC 15305 165 nibosomal RNA gene, complete sequence
Sequence ID: ref[NR_074999.1] Length: 1555 Mumber of Matches: 1

Range 1: 106 to 849 GenBank Graphics Mexk Match

Score Expect Identities Gaps Strand
1226 bits{1470) 0.0 741/744(99%) 1/744(0%) Plus/Plus

Query 25  GRCGGGTGAGTARCACGTGGGTAACCTACCTATAAGACTGGGATARCTTCGGGRARARCCGE
Crrrrrrerrrrrrreerrrerrrerrrerrrerrrrerrerrrrrrrrerrrer e
Sbjct GACGGGTGAGTAACACGTGEETARCCTACCTATAAGACTGGGATARCTTCGEEARACCGE

Cuery AGCTAATACCEGATAACATTTGEARCCECATGGT TCTAAAGTGARRGATGGTTTTGOTAT

. CEREEr et et e e e e e e ettt
Sbjct AGCTAATACCGGATARCATTTGGARCCGCATGGTTCTAAAGTGARRAGATGGTTTTGCTAT

Cuesry CACTTATAGATGGACCCGOGCCGTATTAGCTAGT TGETAAGGTARCGELTTACCARGECE

Creerrrerrrerrreerreer et errer e e e e e et
Sbict CACTTATAGATGGACCCECGCCGTATTAGCTAGT TGGTAAGGTARCGGCTTACCRAGGCE

Cuery ACGATACGTAGCCGACCTEAGAGEGTEATCGECCACACTGERACTGAGACACGET CCAGH

treerrrerrrerrreerreerrrererrerrer e e e e e et
Sbict ACGATACGTAGCCGACCTGAGAGGETGATCGECCACACTGGAACTGAGACACGGT CCAGR

Cuery CTCCTACGEEAGGCAGCAGTAGGEALATCTTCOGCARATGGEOGALARGCCTGACGEAGCARD

CEREET e e e e e e et e et e e el
sbict CTCCTACGGGEAGGCAGCAGTAGGGAATCTTCCGCARTGEECGARRGCCTGACGGAGCRAC

Cuery GCCGCGTGAGTGATGARGGGETTTCGECTCETARARCTCTGTTATTAGGGARAGARCARATE
freerrrerrrerrreerreerrrerrrrerrrr e e e et

Sbjct GCCGCGETGAGTGATEAAGESTTTCGEGCTCGTAAAACTCTEGTTATTAGGEAAGARCARATG

Cusry TETAAGTALCTGTGCACGTCTTGACGETACCTAATCAGARA RGO CACGEGETAACTACETGEE

CEEEETEEr e et e e e e et e e e et
Sbjct TGTAAGTAACTGTGCACGTCTTGACGGTACCTARTCAGARRGCCACGECTAACTACGTGE

Cusry CAGCAGCCGCEGTAATACGTAGETGEGCARGCGTTATCCGEGARTTATTGEGCETARALGIGT

Crrrrrrerrrrrrreer et e e e rrer e e e e e et
Sbjct CAGCRAGCCGCGGTAATACGTAGETGGCARGCETTATCCGERAATTATTGEGGCGTRRRGCGC

Cuery GLETAGGCGETTTCTTAAGTCTGATGTGRRAGCCCACGGCTCRARCCCGTEEAGEETCATTG
Crrerrrerrrrrrreerrrerrrerr e rrer e e err e e e
Sbjct GCGTAGGCGETTTCTTAAGTCTGATGTGRRAGCCCACGGCTCARCCGTGEAGGETCATTE

Cuery GARACTEGEARACTTGAGTGCAGARGAGGARAGTGEAATTCOCATCTGTAGCGETGARATS

. CEEErrrrrrrrrrree et r e e e e et
Sbjct GARRACTGGGRRRCTTGAGTGCAGRAGRGGAAAGTGEAATTCCATGTGTAGCGETGARATG

Cuery CoCARAGATATGGLGGAACACCAGTGECGARNGCGACT TTCTGETCTGTALCTGACGCTE
Crre rrerreerrreerrrerrrerrrerr rerrrr e e rerrrre et
Sbjct CGCRGAGRTATGGAGGRACRCCAGTGECGRAGGCGACT TTCTGETCTGTAACTGACGCTG

Cuesry ATGTGCG-AAGCETEEEEGATCARARACAGEAT TAGATACCCTGEGTAGTCCACGCCOGTARRCE

. CEREErr e e e e e e e e e et
Sbjct ATGTGCGRRAGCGTGGGEATCARRCAGGATTAGATACCOTGETAGTCCACGCCGTARRCE

Cuesry ATGAGTGCTAAGTGTTAGGGEGTT 767

CEEEETEEr e rrrerreennl
Sbict ATGAGTGCTAAGTGTTAGGGGETT £49

Fig.22 Shows Staphylococcus saprophyticus gene sequences
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Staphylococcus capitis strain JCM 2420 165 ribosomal RMA gene, partial sequence
Sequence ID: reflNR_113348.1] Length: 1473 MNumber of Matches: 1

Range 1: 46 to 652 GenBank Graphics

Score
1070 bits{(1186)

Expect Identities Gaps
0.0 5602/607{99%) 1/607(0%) Plus/Flus

Cusry 27
Sbjct 46
Cuasrsy (=3
Sbijct 10&

Cuery 146

Sbjct 166

CcCuasry 206
Skbjct 226
Cuery 266
Sbjct 286
Cuersy 3z2e
Skbjct 346
CcCuasry 386
Sbijct 406
Cuery 446
Skbjct 46&
Cusry 506
Skjct 526
Cuasrsy 566
Sbjct S8&
Cusry EZ2e

Skjct 646

GACGAGG-GOTTEOTCCTOTGACGTTOGCGECGEACGEETGAGTARCACGTCEATARCCT
Frerrrr rrrrrreeerrerr e orerrrrrrerrrrrrrrrrrrrrrrrrrrrnn
GACGAGGARGCTTGOTCCTOTGAC G TTAGCGECGEACGEETGAGTARCACGTCGATARCCT

ACCTATARGACTEEEATARCTTCGEEARRCCGEAGCTAATACCEEATARCATGTTEARCC

NN N N N N N N N
ACCTATALGACTGEEATARCTTCSGEARACCGEAGC TALTACCGEATARCATSTTGARCC

GCATGETTCALCAGTGAALRGARCGGTCTTECTGTCACTTATAGATEEGATCCGCGCCEOATT

rrrrrrerrrrrrrreerrrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrend
GOATGETTCARCAGTGEALAGACGGTCTTGCTGTCACT TATAGATEEATCCGOGCCGCATT

AGCTACTTGETA GO TAACGECT T ACCARGECALACGATGOGTAGCCGACCTCAGACGSTE
trrrrrerrrrrrrreerrrrrrrrerrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrnn
AGCTACTTGETAAGETAACGECTTACCARGECALCGATGOGTAGCCGACCTEAGACGETE

LTCGECCACACTEEARCTEAGACACGETCCAGRACTCCTACGEEAGECAGCACGTAGEERAT

IIIIIIIIIIIIIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIIIII
GGARCTGAGACACGETCCAGACTCCTACGEGAGGCAGCAGTAGEGALT

CTTCCGCARTGEEOGARNGCCTGACGEAGCARCEUCGCETGAGTGARGARGET CTTCGEA
frrrrrerrrrrrrrererrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrnn
CTTCCGChATGEECGAAAGCCTCACGEAGCARCGOOSCOTGACTGARGARCETCTTOG G

TCGTAAALRCTCTGTTATT AGCEARCGAACARATCTCTARCTARCTATGCACCGTCTTEACGE

IIIIIIIIIIIEIIIIIIJIIIIIEIIIEIIIIIIIIIIIIIIIIIIJIIIIIIIIIEII
TCOGTAARLCTC TG T TAT T AGGEARGALCA A ATGTCTAACTARACTATGCACGTCTTGROGE

TACCTARTCAGARAGOCACGECTARCTACGTGCCAGCAGCCGUEETALTACETAGETEGEC

trrrrrrerrrrerrerrrerrrerrrrrereerrrrrrrrrrrrrrrrrrrrrrrrnrnl
TACCTAATCAGARAGCCACGECTARCTACGETGCCAGCAGCCEUGETAATACGTAGETGET

AGCOTTATCCGEAATTATTGECCGTARAGOGCELGTAGGCGETTTTTTALNT CTCATGT
trrrrrerrrrrrrrerrrrrrrrrrrrrrrrrrrerrrrrrrrerrrrer rrrrrenl
AAGCOTTATCCGEAATTATTCECCGTARAGOGCCCGTAGGOGETTTTTTAACTCTCATGT

GAARRGOCCACGECTCARCOGTGEAGEETCATTGEARACTEGAALACTTGACGTGCRAAL DG

IIIIIIIIIIIIIIIIIIJIIIIIEIIIEIIIIIIIIIIIIIIIIIIJIIIIIII 1111
GAALGOCCACGECTCALCCG T GEAGEETCATTGEARL CTECARARCTTGAGTGCAGRR G

GGAAAGT 632
el
GGARRGT 652

Fig.23 Shows Staphylococcus capitis gene sequences

T e~

Fig.24 Shows Staphylococcus capitis tree
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Staphylococcus capitis strain JCM 2420 165 ribosomal RNA gene, partial sequence
Sequence ID: ref[NE_113348.1] Length: 1473 Mumber of Matches: 1

Range 1: 47 to 818 GenBank Graphics

Score Expect Identities Gaps Strand
1359 bits{1506) 0.0 766/773(99%) 1/773(0%) Plus/Plus

Cusry 21 ACCAGGAGCTTGCTCCTCTGAGETTCGOGGEEGACGEGTGAGTAACACGTGGATARCCTA

CEPEEreerrereree et tee teet Perreee e e e e e e e
Sbjct 47  ACGRGGAGCTTGCTCCTCTGACGTTAGCGGCGGACGGETEAGTARCACGTGSATARCCTA

Query 81 CCTATARGACTGGEATAACTTCGEGRARCCGEAGCTARTACCGEATAACATGTTGARCCE

. CEEELTEEE et et e b e e e e e e e e e e e ey
Sbjct CCTATARGRACTGGGATAACTTCGGGAANCCGEAGCTARTACCGEATAACATGTTGAACCE

Cusry CATGGTTCAACAGTGARAGACGETCTTGCTGTCACTTATAGATGGATCCGCGLCGCATTA

CEEEETEEE et e v e e v e e e e e e e e e e e e e e e e ey
Sbict CATGGTTCRACRGTGAAAGACGETCTTGCTGICACTTATAGATGGATCCGCGCCGCATTA

Query GCTAGTTGETARGGTAACGGCTTACCAAGGCARCGATGCETAGCCGACCT GAGAGEETGA
CEEEEEEEE e e e e e e e e et e e e e e e e e e
Sbjct GUTAGTTEETAAGGTARCGGCTTACCARGGCARCGATGCGTAGCCGACCTGAGAGGGTGA

Cuery TCGGCCACACTGGRRCTGAGRCACGGTCCAGACTCCTACGEGAGGCAGCAGTAGGGRATC

CEECCTEEE TR e e e e v e e e e e e e e e e e e e e e e e e e
Sbjct TCGGCCACRCTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTAGGGRARTC

Cusry TTCCGCAATGEGCERARGOCTGACGGAGCARCGCCGCGTGAGTGARGARGGTCTTCGEAT

CEEEEEETE e e e e e e e e e e e e et e e e e e e e e e e e
sbjct TTCCGCARTGGGCGARAGCCTGACGGAGCAACGCOGCGTGAGTGARGARGGTCTTCGGAT

Cuery CeIRRAACTCTGTTATTAGGGAAGALC AR TGTGTARGTARCTATGCACGTCTTGACGET

. CEEEET R e et b e e e e et e e et e e e e ey
Sbjct CETARAACTCTGT TATTAGGGAAGRACARATGTGTARGTARCTATGCACGTCTTGACGET

Cusry ACCTAATCRAGRARGOCACGGCTARCTACGTGOCAGCAGCCGCGETARTACGTAGGTGGCR

CEEEETEEE e er e et e e e e e e e e e et e e e e ey
Sbjct ACCTAATCAGARAGCCACGGCTARCTACGTGCCAGCAGCCGCEETAATACGTAGETGGCA

Cuery AGCGTTATCCGGRATTATTGGGCGTAARGCGLGCETAGGCGGTTTTTTAAGTCTGATGT G

CEECETEEE e E et et e et e e e e e e e e e e e e e e
Sbjct AGCGTTATCCGEAATTATTGGECGTARAGCGCGCETAGGCGETTTTTTARGTCTGATGTG

Query BARGCCCACGGCTCARCCGTGGAGGGTCATTGGARACTGGARRACTTGAGTGCAGARAGAG

CEECETEEE e et e e b e e et e e b e e e e e e e e e ey
Sbict ARRGCCCACGGCTCARCCETGEAGEGTCATTGGARACT GEARAACT TEAGTGCAGAAGAG

Cusry GAALGTGGAATTCCATGTGTAGCGGTGARATGOGCAGAGATATGGAGGACCACCAGTGGEE

CEEEEEETE e et eer e e e e e e et e e e e e et
sbjct GRARGTGGRATTCCATGTGTAGCGGTGARATGCGCAGAGATATEGAGGARCACCAGTGEE

Cuery GAAGGCGACTTTCTGETCTGTAACTGACGC TGAT GTGCGARRGCGTGEEGATCARACARG

. CEECLTEEE TR EEE e e e b e b e e i e e et e i e e e |
Sbjct GAAGGCGACTTTCTGGTC TGTAACTGACGCTEATGTGCGARAGCGTGGGGATCARAC-AG

Cusry GATTAGATACCCTSETAGTCCACGCCGTARACGATEASTGCTRAGTETTARGS 753

CEECETEEE e e et v e e e e e e e e e e e e e 1l
Sbjct GATTAGATACCCTGETAGTCCACGCCETARACGATGAGTGCTAAGTGTTAGEG 18

Fig.25 Shows Staphylococcus capitis gene sequences
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Staphylococcus aureus subsp. aureus N315 strain N315 165 ribosomal RNA, complete sequence
Sequence ID: ref[NR_075000.1] Length: 1555 MNumber of Matches: 1

Range 1: 71 to 738 GenBank Graphics

Score Expect Identities Gaps Strand
1193 bits(1322) 0.0 665/668(99%) 0/668(0%) Plus/Plus

Cuery 12 ACGGACGAGAGGCTTGCTTCTCTGAT GTTAGCGEGEGACGGGTGAGTARCACCTGGATAR
PIEErreer e et ettt et e e et et e rrnd
Sbjct 71  ACGGACGRGARGCTTGCTTCTCTGATGTTAGCGGCGGACGGGTGAGTARCACCGTGGRATARL

Cuery 72 CCTACCTATARGACTGEGATARCTTCGEGAACCGEAGCTAATACCGEATAATATTTTGR

) RN NN NN RN NN S RN R NN NN NNy
Sbjct 131 CCTRCCTATAAGACTGGGATAACTTCGGGAAACCGGAGCTARTACCGGATAATAT TTTGE

Cuery 122 ACCGCATGGTTCAARAGTGRARAGACGETCTTGCTGTCACTTATAGATGGATCCGCGOTGEC

PTREEEEer et v e e e e e v e et e el
Sbjct 191 ACCGCATGGTTCAARRGTGARAGACGGTCTTGCTGTCACTTATAGATGEGATCCGCGCTED

Cusry 192 ATTRGCTAGTTGGTARGGTARCGGCTTACCARAGGCARCGATGCATAGCCGACCTGRAGRAGS
RN AR NN RN RN NN R RN R NN AR NN
Sbjct ATTAGCTAGTTGGTAAGGTAACGGCT TACCARGGCARCGATGCATAGCCGACCTGAGRGE

Cuery GTEATCEGCCACACTEEARCTGAGACACGGTCCAGACT CCTACGGGAGGCAGCRAGTAGGE

) RN RN N NN N N R NN AN NN NNy
Sbjct GTGATCGGCCACACTGGARCTGAGRCACGETCCAGRCT CCTACGGGAGGCAGCAGTAGES

Cusry AATCTTCCGCRATGEGCGARAGCCTGACGGAGCARCGCCGCGTGAGTGATGRARGGTCTTC
RN N NN R N NN R RN R AR AR N R
sbjct AATCTTCCGCRAATGEGCGARAGCCTGACGGAGCALCGC CGOGTEAGTGATGARGG TCTTC

Cuery GEATCGETAARACTCTGT TATTAGEGAAGA L CATATETGTARGTARCTGTGCACATCTTGR

) RN N N N NN N NN R AN SRR ANy
sbjct GGATCGTAAAACT CTGT TATTAGGGARGAACATATGTGTARGTARCTGTGCACAT CTTGE

Cuery CEETACCTARTCAGARAGCCACGECTARCTACGT GCCAGCAGCCGCGETARTACGTAGET
IRt e et e e et b e vty rrnd
sbjct CGETACCTARTCAGARAGCCACGECTARCTACGT GCCAGCAGCCGCGETAATACGTAGET

Cuery GECRAGCGT TATCCGGAATTAT TEGGCETARRGCGUGCGTAGGCGGTTTTTTAAGTCTGR
AR RN N NN RN R RN RN R
sbjct GGCRAGCGT TATCCGGRATTATTEGECETABRGCGCGCGTAGGCGGTTTTTTARGTCTGA

Cuery TETGAARGCCCACGECTCARCCETGGAGGGTCAT TEGAAACTGEARALACTTGAGTGCAGR

) RN RN N NN N N N NN N NN NN NNy
Sbjct TGTGAARGCCCACGGCT CARCCGTGGAGGETCAT TEGRAAACT GEARAACT TGAGT GCAGA

cusry AGANGARRGTGGLATTCCATGT GTAGCGGT GARATGCGCAGRGATAT GEAGERARCACCAG
PP TPty e et e e v e e e e et el
Sbjct AGAGGARAGTGGAATTCCATGT GTAGCGGT GARA TGCGCAGAGATAT GEGAGGRRCACCAG

Cusry TGECGARG 679

[REARRRN
Sbjct TEECGRAG 738

Fig.26 Shows Staphylococcus aureus gene sequences

SBacillus anthracls str- Ames straln Ames 168 ribosomal RNA, complete sequence

| Bleaves
 firmicutes | 7 leaves
—I =l firmicutes | 46 leaves

- < firmicuies |3 leaves

< firmicutes | 160 leaves
3 < firmicutes | § leaves
< firmicuies | 12 leaves

‘ 3 Staphylococcus simiae strain CCM 7213 165 ribosomal RNA gene. partial sequence

T * Staphylococcus aureus strain ATCC 12600 168 ribosomal RNA gene, complete sequence
¥

@001 _aa_8_F_copy

|
“ firmicuies | 6 leaves

Fig.27 Shows Staphylococcus aureus tree
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Stenotrophomonas maltophilia R551-2 strain R551-3 168S ribosomal RNA, complete sequence
1D: refINR_074875 1| Length: 1540 Number of Matches: 1

Range 1: 727 to 1466 GenBank

Score Expect Identities Gaps Strand
1278 bits(1416) 0.0 723/732(99%) 2/732(0%) Plus/Minus

Cuery 3 TGETCARGCRAACT TCCCGUGAGEETTARGCTACCTEGC T TCTGETECARCARACTCCCATES
I rrrni I 11nni Forrrrrrrrrrerrrerrreerrrerrrrrrrerrrernd
Skijct TEGECAAGCECCCTCCCGE —RAAGGTTARGCTACCTGC T TOTGETGCAACARACTCCCATGSE

Cuery TGETGACGEEOGETGTGTACRRGGCCCEGEGAACGTATTCACCGCAGCARTGCTGATO TGOS
I][II]III]I\III[IH[II][II][II]II Frinrrirernn

I]I\III[III[II]
sbjct TGTGACGGGEOG EXer ¥ Xelel GTATTCRASCG TGCTGATCTGOS

Cuery ATTACTAGCGAT TCOGACTTCATGGAGT CGRAGT TGCAGACTCCARTCCGGACTGAGATAG
N N N N N N N |
skijct ATTACTAGCEAT TCCGACTTCATGGAGTCGAGT TGCAGACTCCARTCCGGACTGAGRTAG

Cuery GETTTCTEEEAT TEECTTACCETCEOCGECTTGCAGCCOTCTETCCOTACCATTGTAGTA
N N N N N N N e
Shjct GGITTCTGGEGAT TGEGCTTACCGTCGCCGGOTTGCAGCCOCTCTETCCCTACCATTGTAGTA

Cuery CeTGTGTAGOCCTGECCGTAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGS

. NN N N N N N N N N N SR |
sbijct CeTGTGTAGCCCTGGCCGTARGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGS

Cuery TTTGTCACCGGCGEICTCCT TAGRGTTCCCACCATTACGIGOTEECARCTARGEGACRLGSE
NN N N N N e Ny |
Skijct T IGTCACCGGCEEICTCCT TAGAGTTCCCACCAT TACGTGOTGECARACTARGGACARGSE

Cuery STTGCGCTOGTTGOGEGACT TALCCCARCATCTCACGACACGASCTGACGACAGCCATGES

. I]III]III]I\III[I\IIII][II][II]III]I\III[III[II][II][I\]III]
Sbhjct GTTGCGCTCESTTGCGGGACTTARACCC GACGRCAGCCRATGS

Cuery AGCACCTGTGTTCGAGTTCCCGARGECACCARTCCATCTCTGEARAGTTCTCGACATGTS
BN N N e N N N e |
Skijct AGCACCTGIETTCEAGT TCCCEARGECACCAATCCATCTCTGEARAGTTCTCGACATGETC

Cuery AAGGECCAGGTAAGETTCTTCGCGT TECAT CEARTTARACCACATACTCCACCGCTTGTGS
I][II]III]I\III[I\I[II][II][II]III]I\III[III[II][II][I\]III]
Sbhjct ARGGCCAGETALGGTTCTTCGCGT TGCAT CGARTTALRCCACATACTCCACCGCTTGTGS

Cuery GGGCCOCCETCAATTCCTTTGAGTTTCEGTCTTGOGACCEGTACTCCCCAGEOGGCERACT

. I][II]III]I\III[I\IIII]III][II]III]I\III[III[II][II][I\]III]
Sbjct GTCARTTCOTTTGRAGTTTCAGT CORGGCGGOGRAC

Cuery TARCGCETTAGC T TCGATACTEOGTGCCARATT GCACCCARCATCCAGT TCECATOGTTT
[N N N N N N N Ry
Shjct TAACGOGTTAGCTTCGATACTEOGTGCCARRATTGCACCCALCATCCAGT TCECATCGTTT

Cuery AGGGCGTGGACTACCAGGGTATCTARTCCTETTTGOT COCCACGCSTTTCTTESCCTEATTS

. N R N N N N N N ey |
sbijct AGGGCGTGEACTACCAGGSTATCTAATCCTSTTTGCT CCCCACGCTTTCGTGCCTCRAGTS

cuery TCAGTGTTGETC 734
Trrrrrnrrnrnd
Skijct TCRGTGTTGEETC 737

Fig.28 Shows Stenotrophomonas maltophilia gene sequences

- proteobacieria |3 keaves

<« proteobacteria | 69 leaves

< proteobicteria | 4 kaves

sanguinis strain 2301083 165 ribosomal RNA gene, partal sequence

Agprowobacieia| 3 eaves

[ 4g-proweobacteria | 3 leaves

2014 9 R

0,003

Fig.29 Shows Stenotrophomonas maltophilia tree
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Stenotrophomanas maltophilia R551-3 strain R551-3 165 ribosomal RNA, complete sequence
Sequence ID: ref]NR_074875.1 Length: 1540 Number of Matches: 1

Range 1: 989 to 1410 GenBank Graphics

Score Expect Identities Gaps Strand
735 bits(814) 0.0 416/422{99%) 0/422(0%) Plus/Minus

Cuery 33 GETGTGATGETCT GTGTGRARAAGGCCCGEEARCGTATTCCCCGCAGCARTGCTGATCTG

NN N RN O R RN AR RN RN RN A RN N RN R A RN RN RN
Sbjct 1410 GGIGIGACGGGCGGTGTGTACAAGGCCCGGERACGTATTCACCGCAGCAATGCTGATCTG

Cuery 113  CGATTACTAGCGATTCCGRCTTCATGEAGTCGAGTTGCAGRC TCCAATCCGGACTCAGAT

. LELCEEELEET T e e e e e e e e e ey
Sbjct 1350 CGATTACTAGCGATTCCGACTTCATGGAGTCGAGTTGCAGACTCCAATCCGEACTGAGAT

Query 173  AGGGTTTCTEGGEATTGGCTTACCGTCECCGECTTEGCAGCCCTCTGTCCCTACCATTGTAG

LEEEEEEEEEEE T e e e e e e e e e e e e e e e e e e e e e
Sbjct 1290 AGGGITTCTGGGATTGGCTTACCGTCGCCGECTTGCAGCCCTCTGTCCCTACCATTGTAG

Cuery 233  TACGTGETGTAGCCCTGGCCETAAGGGCCATEATGACTTGACGTCATCCCCACCTTCCTOC

LECCEEETEEEE T r e e e e eee e e e e e e e e e eyl
Sbjct 1230 TACGIGTGTAGCCCTGECCGIAAGGGCCATGATGACTTGACGTCATCCCCACCTTCCTCC

Cuery 253  GGTTTETCACCGGCGGTCTCCTTAGAGTTCCCACCATTACGTGCTGECARCTARGEACAR

. LECCEERCEET L TE TR e e eee e e e e e e ey
Sbjct 1170 GGITTGICACCGGCGGTCTCCTTAGAGTTCCCACCATTACGTGCTGECAACTAAGGACAR

Query 353  GGGTTGCGCTCGTTGCGGGACTTRACCCARCATCTCACGACACGAGCTGRCGACAGCCAT

LEECEEEEEEEE T e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct 1110 GGGTTGCGCTCEITGCGGGACTTAACCCARCATCTCACGACACGAGCTGACGACAGCCAT

Cuery 413  GCAGCACCTGTGTTCGAGTTCCCGAAGGCACCAATCCATCTCTGGARACTTCTCGACATG

LELCERECEEET TR P e e e e P Ty
Sbjct 1050 GCAGCACCTGTGITCGAGTTCCCGAAGGCACCARTCCATCTCTGGRARGTTCTCGACRTG

Cuery 473 TC 474

)
Sbjct 990 TC 989

Fig.30 Shows Stenotrophomonas maltophilia gene sequences
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Fig.31 Shows eyed hawk-moth used to isolate the bacteria (authour’s image)

[Brevibacterium] frigoritolerans strain DSM 8801 165 nbosormal RMNA gene, partial sequence
Sequence ID: reflINR_ 117474 1] Length: 1503 MNumber of Matches: 1

Range 1: 134 to 800 GenBanlk Graphics e Pres

Score

1173 bits{1300)

Expect Identities Gaps Strand
0.0 S60/667{99%) 0/667{0%) Plus/Plus

cusry
sSbict
cusry
sSbict
cusry
Sbijct
Cusry
Sbijct
Cusry
Sbijct
Cuery
Sbict
Cuery
Sbict
Cuery
Sbict
cuery
Sbict
Cuery
sSbict
cuery
sSkict
cuery

Sbjct

55

124

115

124

175

254

235

314

295

374

355

434

415

454

475

S54

525

c14

595

s74

[=3=3-3

T=24

715

To4a

T CTTCGT: G T TR GATACGTTCTTETCTCGCATGANAGRAGATS
trrrrrerer vt rrrerrrrrerrirerrrrrrrrrrrrerrrerrrrr el o rerrrena
T fatika] Lol G T TR GATACGTTCTTETCTCGCATGAGRAGRAGATS

CAAAGACGETTT CGGCTGTCACTTATAGATGGGUCCGCGGCGUATTAGOTAGTTGET GAG
trrrrrrernnl frrrrerrrer et rrerrrrerrrrrrrrrrrrerrnnnd
CARAAGACGETTTACGCTGTCACTTATAGATGGGUUCGCEGCGUATTAGOTAGTTGET GAG
CTAATGGCTCACCARGECGACGATGOGTAGCCGACCTGAGRGEGGTGATCGGUCACACTGSE
frrrrrrrrirrrrreerrrrrrrerrrnrrrrerrrrrr e
GTAATGGCTCACCARGGECGACGATGOGTAGUCGACCTGAGRGEGGTGATCGGUCACACTGSE
GACTGAGACACGGCCCAGAC TCOTACGGGAGGCAGCAGTAGEEGAATCTTCCGCALTGGRC
il ftrrrrerirnrrrrerrrrrrrerrrrrrrrrrrrerrrrrrrrerrrrrrrend
GACTGAGACACGGCCCAGAC TCOTACGGGAGGCAGCAGTAGEEARATCTTCCOCGCALTGGRC

GACGGAGCAACGCCOGCGT fal CTTCGGETCGTARAGTTCTET

GRARGTOT GRALCGADGRAGGEC
trrrrrrerrrpeerrnn ettt rr e it rrnrrrrrerrrnrnd
GAAAGTCTGACGGAGCAACGCCGOG TGARCGRAAGARGGCCTTCGGETOGTARRAGTTCTGET

PG TAGGEGLAGAACARGT ACCAGAG TAACTGC TGETACCT TGACGETACCTARCCRAGRDN
[N N N N N N N N
P TAGGGRAAGAACARGT ACCAGAG TAACTGC TGETACCT TGACGETACCTARCCRAGRDS

GCCACGGCTAACTACGTGCCAGCAGCCGCGETARTACGTAGETGECARGCETTGTCCGGR
trrrrrrrrrprerrnnrtrrerrnrrrrinrrrrrrrprer ittt errrirrerrrnenl
GCCACGGCTAACTACGTGCCAGCAGCCGCEETARTACGTAGETGECARGCETTGTCCGGER
ATTATTGGECGTARAGCECGCEGCAGETGETTCCTTARGTCTGATGTGARDGCCCACGSCT
frrrrrrrrreerrnrectrrerrrrerirnr it rr et ittt re i rrrrrrerrrrnd
ATTATTGGECETARAGCECGCECAGETEETTCCTTARGTC TGATGTGARAGCOCACGSCOT

TTC
[Ny
TTC

CARCCETGEAGEETCATTEEALRCT GEEEAACTTGAGTGORG lclc AT
R N N N N N N e ey
[=F% e SAARCTGEE GCRG. e e

=
11
COTGERAGEETCATTG: GAACTTGRAGT GTECE

G GCATTTEEAGE CACCAGTGECEANGEEEHROTTTC
trrrrrrreerreertrrrrrrrerrrertrrrrrrrerinetl
G GCATTTEEAGE CACCAGTGECEANGEEEROTTTC

CRAAGT GTAGCGEE T GRARIUT G
trrrrrrrrrpeerirnertl
CRAAGT GTAGCGEE T EGRARIT G

CrGTAACTGACACTGAGECGCGARMGCG WSO
frrrrererrrrrrrrerrrrr bt rrrrrrrrrnenl
CrGTAACTGACACTGAGECUGCGARMGCG WSO

CCInT
[

[
CRAGGRTT

STCC 800

Fig.32 Shows Brevibacterium frigoritolerans gene sequences

 fmicules | 3leaves

e i

A omicuies [ 6 keaves

Fig.33 Shows Brevibacterium frigoritolerans tree
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Staphylococcus aureus subsp. aureus N315 strain MN315 165 ribosomal RMA, complete sequence
1D: refiINR_075000.1] Length: 1555 Mumber of Matches: 1

Range 1: 142 to 581 GenBank Graphics

Score Expect Tdentities Gaps Strand
767 bits(850) 0.0 435/440{99%) 1/440(0%6) plus/Plus

Cusry 84 GACTGCITATARCTTCAGGAR COGGACCTARTACCGGATARTATT T TGARCCGCATGETT
Plrnerrr et rerrrerrrrrerrerirrerrerrrrrrrnrend
Skhijct 142 GEATARCT TOCGEARRCCGGAGOTARTACCSGATARTATTTTGARCCSCATESESTT

Cusry 143 CARARAGTGRARAGALOGGTCTTGOTETCACTTATEGATSGATOCGOSCTGOATTAGCTAGTT

. N N N N N N N Ny |
Sbjct 202 CRARRAGTGARRGACGGTCTTGCTGT CACTTATAGATGGATCCGOGCTGCATTAGCTAGTT

Cusery 203 GOTAAGCTAACGGOTTACCARGGCRACCATGOATACCCGACCT GAGRGEGTEATCGECCE

Lrnrrrrerreerrrrerrrerrrrrerrrrrtrrrrrrrrrreerrirrrrreerrrrrinnil
Skjct 262 GOTRAGESTAACGGOTTACCARGESOAMCGATGOATAGCCGACCTGACGAGEGTEATCGEOCR

Cuery 263 CACTGGARCTGAGACARCGSTCCAGRCTCCTACGGEAGGCAGCAGTAGGERATCTTCCGC

trrrrirrrrirrerrrrrrrerrrrerrrrrrrerrrrrrre e e el rrrr e rnnnl
Sbjct 322 CRACTGGARCTGRGACECGETCCAGRCTCCTACGGEGAGGCAGCAGTAGGERATCTTCCOGCR

Cusry 323 ATGGGCGRARGCCTGACGGRAGCARCGCCGOGTGAGTGATGRAAGETCTTCSGATCGTARDR
. NN N N N N N N N N N NN N |

Sbijct 3282 ATGGGUGARAGCCTGACGGAGCAACGCCGCETGAGTGATGARGGTCTTCGGATCGTARARR

Cuery 3283 CTCTGTTATTAGGGARGARCATATGTGTAR STGCACATCTTGACGESTACCTRAT

GTRACT
trrrrirrerirrerrrrrrrerrrrerrrrrrrrrrrrrrrrrr e rrerrrrrrnnnl
sbijct 442 CTCTGTTAT TAGGGARGARCATATG TETAAGTAACTGTGCACATCTTGACGETACCTRAT

Cusry 443 C CACGEOTARCTACGTEC CAGCAGOOGOGGTARTAC

X
. Lrerrrrerreerirerrrerrrrertrerrrerirerrrntl
Sbjct 502 CAGRAAGCCACGGCTAACTACGTGCCAGCAGCCGCESTARTAC

CTAGGTGGCARGOGTTA
Lrrrrnrrrrrrrnentl
GTAGGTGGCARGOGTTA

Cuery 503 TCOGGELATTATTGEGEOGTRRE 522
ftrrrrrrerrrerrrrerna
Sbjct 562 TCCGGAATTATTGGECGTAR 581

Fig.35 Shows Staphylococcus aureus gene sequences
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Bacillus subtilis strain 168 165 ribosomal RNA gene, complete sequence
Sequence ID: reflNR_102783.1] Length: 1555 Mumber of Matches: 1

Range 1: 148 to 499 GenBank Graphics lext Mztch Pravious Match
Score Expect Identities Gaps Strand
618 hits(684) Qe-177 348/352(99%) 0,/352{0%) Plus/Plus

Cusry 77 ATARCTCCGEGARACCGEEGUTAATACCGEATGETTGTTTGRACCGCATGEGTTCARACAT

. CLEEEPEEETEEE R e e e e e e e e e e e e e e e e e e e e eyl
sbjct ATAACTCCGGEARACCEGEGCTAATACCGGATGETTGT TTGAACCGCAT GETTCAARCAT

Query AAAAGHTGECTTCEGCTACCACTTACAGATGGACCCGUGECGCATTAGC TAGTTGETGRAG

. CEPEETTEETEE e e e e e e e e e et e e e e e ity
sbjct ARARGETGGCTTCEGCTACCACT TACAGATEGACCCGCGECGCATTAGCTAGTTGETGAG

Query GTRAACGGCTCACCARGGCAACGATGCEGTAGCCGACCTGAGAGGETGATCGGCCACACTEG

CEREEEREETErrr e terr et e e e e e e e v e e e e e e e ey
Sbjct GTAACGGCTCACCAAGGCGACGATGCETAGCCGACCTGAGAGEGTGATCGECCACACTGE

Query GACTGAGACACGGCCCAGACTCCTACGGERAGGCAGCAGTAGGGRATCTTCCOCARTGGRAL

CEPEETTEEE R et e e e e e e e e e e e e e e e e e e ey
sbjct GACTGAGACACGGECCCAGACTCCTACGGEAGGCAGCAGTAGGERATCTTCCGCARTGGAL

Query GARAGTCTEACGGAGCAACGCCECGTGAGTGATGARGETTTTCGGATCGTARRGCTCTET

. CERELTREETEE P et e et e e e bt e e e e e ey
Sbjct GARAGTCTGACGGAGCAACGCCGCGTEAGTGATGARGGTTTTCGGATCGTARRGCTCTGT

Query TGTTAGGEAAGRACARGTGCCGETCEAATAGGECEGTATCTTGACGETARCT 428

. CLECEPEEETEE e e e e Prr e e e e Teereeener 1
sbjct TGTTAGGGAAGAACAAGTGCCETTCGRATAGGGCEGTACCTTGACGETACCT 499

Fig.36 Shows Bacillus subtilis gene sequences

Bacillus licheniformis srain NCDO 1772 165 ribosomal RNA gene, partial sequence
< Bacillus amyloliquefaciens strain ATCC 23350 165 ribosomal RNA gene, partial sequence
o firmicutes | 56 leaves
[ fimicutes | S keaves
T [ Baclls nematocida srin B-16 165 ribosomal RNA gene. partia sequence
*H [ fimicutes | 2leaves

3 Bacillus tequilensis strain 10b 165 ribosomal RNA gene, partial sequence

" Bacillus sublilis subsp. spizizenii strain NRRL B-23049 168 ribosomal RNA gene. partal sequence

3 Bacillus subils subsp.siziznis strin ATCC 6633 165 ibosorral RNA gene,partial sequence

¥ Bacillus malacitensis strain CR-95 165 ibosomal RNA gene, partial sequence

¥ Bacillus sublilis strain JCM 1465 165 ribosomal RNA gene, partial sequence

A frmicucs | 6 kaves

;a Bacillus sublilis subsp. spizizenii train ATCC 6633 168 ribosormal RNA gene. partial sequence

9 Bacillus subrilis strain DSM 10 165 ribosomal RNA gene, partial sequence

A firmicutes | 10 leaves

3 Bacillus axarquiensis strain CR-119 165 ribosomal RNA gene, partal sequence

 Bacillus sublilis subsp. spizizeni Strain NBRC 101239 165 ribosomal RNA gene. partial sequence
%Bxillm axarquiensis strain LMG 22476 165 ribosomal RNA gene, partal sequence
9 Bacillus sublilis subsp, subtiis strain 05-6.2 16 ribosomal RNA gene, partal sequence
9 Bacllus subiis subsp. subilsseain 05109 165 ribosomal RNA gene,partisl sequence
% Bacillus vallismorts strain DSM 11031 165 ribosomal RNA gene, partial sequence
S Bacllus subiis subsp. subils s 0563 165 ribosomal RNA gene, prtalsequence
39 Bacillus subtilis subsp. spizizenii strain NRRL B-23049 168 ribosormal RNA gene, partal sequence
(S — subtilis subsp. insquosorum strain NRRL B-23052 168 ribosomal RNA gene, partial sequence
L3 Bl valisori srain NRRL 1489 16S rbosom RNA gene, partial sequence

*

§
¥ Baillus subtilis strain NRRL B-4219 16S ribosomal RNA gene, partial sequence

Fig.37 Shows Bacillus subtilis tree
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Fig.38 Shows Elephant Hawk- moth used to isolate the bacteria (authour’s image)

Sequence ID: ref|NR_0265520.1

Staphylococcus sciurn strain DSM 20345 165 ribosomal RNA gene, partial sequence

Length: 1528 Number of Matches: 1

Range 1: 02 to 610 GenBank

Graphics

Score

953 bits(1056)

strand
Plus/Plus

Identities
528/528(100%)

Expect
0.0

Gaps
0/528(0%)

Cusry
Skbjct
Cusry
Skbjct
Cusry
Sbict
Cusxry
Sbjct
Cusxry
Sbjct
Cusry
Skbjct
Cusry
Skbjct
Cusry
Sbjct
Cusxry

Sbjct

3

22

a2

CACGTGGGTAACC TACCTATARAGACTGEGATARC TCOGGEARRACCGEEECTARTACCEGER
trrrrrrerrrerrrerrrrrrrrrerrrerirrrirrer el rrrrrrerrrrr el

CACGTCEE AR T ACC T A TR ACACTEECATARCTOCGCEERARACCGEEECTAATACOGGR

TAATATTTTGARACCGOATGGT TCAR TAGT GAARGACGG TTTCGECTGTCACTTATAGATS
R N N N N N N NN |
AT AT T T T GARCCCCATGG T T AR TACTGARRGACGG TTTCGECTGTCACTTATAGRATS
CACCCGCGCCGTATTAGCTAGTTGETAAGGTARCGECT TACCAAGGCGACGATACGTAGT

trrerrrrerrrerrrrerrrerrrrerrrerrrrrirrrrrrrerrrrrrrerrrrrrrnnd
GACCCGOGCCGTATTAGCTAGT TGETAAGG TARCGECT TACCAAGGCGACGATACGTAGT

CEACCTCACGACGETEATCGGCCACAC TECAACTGACGRCACGGTOCAGACT COTACGEGAS
trrerrrrerrrrerrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd
CEACCTGAGAGGETGATCGGCCACACTEEAACTGAGACACGGTCCAGACT CCTACGEGEAS
CCAGCACTAGCSGAATC T TCCGCARTGEECGARRGOCTGACGGACCRAACGCCSOGTGRAGTS

Lrrrrrrerrererrrerrrerrrrrnd Lrerrrerrrerrrrerrrrererrrrrrend
GCCACGCAGTAGGGARATCTTCOGCARTG AR ACGCCOTCACGGAGCARCGCCGOGTGAGTG

Ll
telelales
ATGAAGETCTTCGGATCGT. CTCTGET T GTTA
| Lrrrrrrrrrrerrrerrrerrrerrrel

T GEGIR CARARTTTGTTAGTARCTG
11l L1nnl 111
ATGRAGCGTCTTCGEATCGTARARCTCTGTT ST TAGEG.

GRR
111l Lrrrrrrerrrend
A ACARCARATTTGTTAGTARCTS

A AT CT TGACGE TACC TAACCAGARNGOCCACGECTAACTACGTGOCA GCAGCCGOGE

N N N N N N N N NN N |
A AT T TGACGE T ACC T AAC CAGA R ARG OO ACGECTARCTACGTGUCAGCAGCCGS OGS

TAATACGTAGE TGECARGCGTTATCCGEAATTAT TEGEGCETALAGCEOGCETAGGECGETT

trrerrrrerrrerrrrrrrrrrrrerrrerrrrrrrerrrrrrrrrrrrerrrerrrnnd
TAATACGTAGE TEGCARGCGT TATCCGEAATTAT TEGEGCETARAGCGECGCETAGGCGET T
T T ARG TCTCATGTGRRAGCCCACGGOTCARCCGTGGAGSGGTCATTS
trrrrrrerrrerrrrrrrrrrrrrerrrerrrrrirrrrrrrrrrend
ToTTAACGTCTGATGTGARAGCCCACGECTCARACCGTGGAGGGTCATTE

520

615

Fig.39 Shows Staphylococcus sciuri gene sequences

= firmicutes | § leaves

<t rirmicutes | B4 leaves

~ firmicutes | 2 leaves

A firmicutes | 2 leaves

[ firmicutes | 2 leaves

¥003_an 13 F

#Staphylococeus sciuri strain DSV 20345 165 ribosomal RNA gene, partial soquence.

Fig.40 Shows Staphylococcus sciuri tree




Fig.41 Shows Silk moth used to isolate the bacteria( authour’s image)

Stenotrophomanas maltophilia R551-3 strain R551-3 165 ribosomal RNA, complete sequence
Sequence ID: reflNE_074875.1] Length: 1540 Number of Matches: 1

Range 1: 188 to 363 GenBank Graphics

Score Expect Identities Gaps Strand
174 hits(192) 2e-43 150/181(B3%) 6/181(3%) Plus/Plus

Query 123 TGARCGTATGGGATCTTCCGERACTTGCCCEATTGAGTGAGCCARTGTCGGATTAGgY

CEE 0 e e e reerr Ceeeerer teeeer PErrerr ey
Sbjct 188 TGAAAGCAGGEGATCTTC-GGACCTTGCGCGATTGARTGAGCCGATGTCGGATTAGCTAG

Query 999999999999 TARAGGCCCACC-AGGCARCARCCCGTACCTGGACCGAGAGGATGATC

. IR RN N N N R
8bjct TTGECEEGE-——TAARGGCCCACCARGGCGACGATCCOTAGCTGGTCTGAGAGGATGATC

Cuery ATCCTCARCTEGARCTGRARCACGGCCCARACTCCTACGGGAGGCACCAGTGEGEARTAT

e b rereee e teerr e tee Peee e e e P e
Sbjct AGCCAC-ACTGGAACTGAGACACGGTCCAGACTCCTACGEGAGGCAGCAGTGGGGARTAT

Query T 302
|
8bjct T 363

Fig.42 Shows Stenotrophomonas maltophilia gene sequences
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Solibacillus silvestris strain HR3-23 1685 ribosomal RNA gene, partial sequence

Sequence ID: refI[NR_028865.1] Length: 1507 Number of Matches: 1

Range 1: 22 to 782 Grachics Pre,
Expect Identitie= Gaps Strand
0.0 741/751(99%) 0/751{0%) Plus/Plus

TTTATTGTAGC T TGCACCTTTGAATCTTTAGCGECGEGACGGE TGRS c
Lrnrrna frrrrrrrrrer trrrrrerirrerreerrrrrrrerrrerrrrenl
TTTATTGETEGOT TGCACCTTTAARATTTTECCGEOGGAT e

e CGGGGOT.

L ) Llelel T GAnmnAm
N N N N N N N RNy
T T, TCCG CEGGGOTAAT GAATAAT

CCTACCTTAT:

Lrnrrrrerrnnd
COTACCTTAT

CATGTTT kil GRCGETTICGGCTGTCACTATARRATGGACCCGCGEGCE
trerrrrerrrerrrerrrrrrrerrrnrrrrerirerrrerrrrr rrerrrrrrrretd
CATGTTT T T e

GETTTCGECTGTCACTATAAGATGEAOCCGOEEOE

CATTAGCTAGTTGEGTGAGGTAACGGCTCACCARGGCAACGAT GUGTAGCCGACCTGAGAS
et

rrerrrnnd trrrrrrrrrrerrrerirrerrrrrrrrrrerrrrrrrrend
CATTAGCTAGT TGETGAGETARCGGCTCACCAAGGCALCGATGCGTAGCCGACCTGRAGRE

ATCGGOORAC O B T
trrrrrrrrreerrnernrnel
TCCTACGEE. CRG =i

=Xel fal
terrrrnrrer ettt
GETGATCGGCCRCAC! Pati e CACGECCC o

TCTTCC TEEIC CAACGOCECETGAGTGALGAMGEATTT
Trrrrrerrrrrrnrrrrrerreerrerrrrerrrerrrrrrrrrrrrerirerrrrenl
TCTTCC, TEGROG GTC CAACGOCGCETGAGTGARGRAGGRATTT

CTEECECTLOCTTE

rrreerrnrrreetnd
CTGGCGCTACCT TG

CEGTTCGTARARMCTCTGTTG! e S TAGCGTLET,
R N N N N R N
CGGTTCGTAARACTCTGTTG! G STAGCGTAGT,

ACGGTACCTTGT TAGAAAGCCACGGCTARCTACGTGCCAGCAGCCGECGGTARTACGTAGE
trerrrrerrreirrrrrrrrrrreetrrrrrrrerierrrrrrrrerrrerrrrrrrrend
ACGGTACCTTGT TAGRRAAGCCACGECTARCTACGTGCCAGCAGCCGCGGTARTACETAGE

TGEGECAAGCETTGTCCGGARAT AT TGGECG TARAGUGCGUECAGETGETICCTIARCTCTE
trerrrrerrreirrrrrrrrrreerrrrrrrerirerrrrrrrrerrrerrrrrrrrend
TEECAAGCETTGTCCGEAAT TATTGEECGTARAGCGCGCEGCAGGTEETTCCTTARGTCTE
PEEARACTGGEECARCTTGAGTGCAS

ATGTGARAGUCCCOEGCTCARCCGGGEAGGETCRT!
TTErrrrnrrnnl el
ATGETGRRRGCCCC =] et lark

Lerrrrrnd TLErrrrrrrrrrreerinrinnel
CEECTCARCCGGEEAGEETCATTGEAARCTEGEEANCT TGAGTGECRE
TAGTGGAATTCCARGTGTAGT TGCET. GATTT C&
Lrrrrrerrrrerrrerreerrerrrrer e rrrerrreirrerrrrend
TAGTGGARTTCCARCTGTAGT TGCCTAGRGRTTT CR

GTEEC A CTSTCTGGTC TG TACCTGACACTGAGECGCGARA MGG TGGGGRGCRR
Lrerrrrerrnerrnerrneerneel trrrrrieerreerrrrrrreerrnerrnnl
GTGGC GACTGTCTGETCTGTARCTGACACTGAGECGCGARAGTUGTGEGERG
STCCRCGCSCE 751

Lrrrrrnnna

STCCARCGCCGE 782

f-Nal TRCOCOT
trerrrrer rerrrerrnnl
f.Nal TRCC

~lfmicuies | 34 lsves

Aemicunes | Seaves

~fmicutes | 14 kaves

demices |13 enves

A 26 s

et [l

e | 4 eaves

Fig.45 Shows Solibacillus silvestris tree
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Staphylococcus saprophyticus strain ATCC 15305 165 ribosomal RNA gene, complete sequence
Sequence ID: ref|NR_074999.1] Length: 1555 Number of Matches: 1

Range 1: 883 to 1399 GenBark Graphics

Score Expect Identities Gaps Strand
902 hits(1000) 0.0 511/517(99%) 1/517(0%) Plus/Minus

Query &3 AGACGAGGGAACATATTCACCGTACCATGCTGATCTACGATTACTAGCGATTCCAGCTTE

LEEE 0 FEEETE e e P e e e e e e e e e e ey
Shjct AGACCCGGEARCGTATTCACCGTAGLATGCTGATCTACGATTACTAGCGATTCCAGCTTC

Query ATGTAGTCEAGT TECAGACTACAATCCGRACTGAGRACAACTTTAT GEGATTTGCATGRAC

. LECCTEEEEEEEREE R R P e e e e e e e e e e e e e e ey y
sbict ATGTAGTCGAGTTGCAGACTACAATC CGAACTGAGRACAACTTTATGGGATTTGCATGAC

Query CICGCGGET TTAGCTGCCCTTTGIATTGTCCATTGTAGCACGTGTGTAGCCCARATCATAR

LEECEREEEEE P EE P e e P e e e e e e e e e e e e e e ey
Shjct CTCGLGGITTAGCTGCCCTTTGTATTGTCCATTGTAGCACGTGTGTAGCCCARATCATAR

Query GGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGRTTTGTCACCGGCAGT CARCCT

LECCCEEEEEREEEEEEE TP T e e e e e e e e e EeeE e e e e e e bl
ghjct GGEGGCATGATGATTTGACGTCATCCCCACCTTCCTCCGETTTGTCACCGGCAGTCAACCT

Query AGAGTGCCCAACTTAATGATGGCARCTRAAGCTT AAGRGTTGCGETCOTTGCGGGRCTTAL

. LEECTPTEL PR EEEET P L e e e e T e e e e ey
Shict AGAGTGCCCARCTTARTGATGGCARC TAAGCTTAAGGETTGCGCTCGTTGCGGEGACTTAR

Query CCCRACATCTCACGACACGAGCTGACGRACAACCATGCACCACCTGTCACTTTGTCCCCES

FEEETEEEEEEEEEE e e E e e e e e e e e e e e et e e e e e e e e e e e ey
sbict CCCAACATCTCACGACACGAGCTGACGACAACCATGCACCACCTGTCACTTTGTCCCCCG

Query ARGGGEARGECTCTATCTCTAGAGT TTTCARAGGATGTCARGAT TTGETARGGTTCTTCG

. LEECLPEELEEEE PR L P PP E P PR ey
shict AAGGGGARGECTCTATCTCTAGAGT TTTCARAGGATGTCAAGATTTGGTAAGGTTCTTCG

Query CGETTGCTTCGAATTARACCACATGCTCCRCCGCTTGTGCGGETCCCCETCARTTCCTTTG

LECCEEEEEEREEEEEEEEE LT e e e e e e e e e Eee e e e e vl
ghjct CGTTGCTTCGRATTARACCACATGCTCCACCGETTGTGLGEETCCCCEICARTTCCTTTG

Query AGTTTC-ACCTTGCGETCETACTCCCCCGELGERGTG  ST7A

LEECTE PO EREE T e Fererrr
Shict AGTTTCARACCTTGCGGETCGTACTCCLCAGGCGGAGTG 883

Fig.46 Shows Staphylococcus saprophyticus gene sequences
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Stenotrophomonas maltophilia R651-3 strain Rb51-3 165 ribosomal RNA, complete sequence
Sequence ID: refNR_(074875.1] Length: 1540 Number of Matches: 1

Range 1: 979 to 1379 GenBank Graphics

Score Expect Identities Gaps Strand
693 hits(768) 0.0 394/401(98%) 0/401(0%) Plus/Minus

Cuery 1 AACGTATTCCCCGCATCAATGCTNAT CTGCGAT TACTAGCGATTCCGACT TCATGEAGTC

LEECEREED EEEEE PP PO E e e e e e e e e e e e e e e e e e e e
Sbjct 1379 AACGTATTCACCGCAGCARTGCTGATCTGCGATTACTAGCGATTCCGACTTCATGEAGTC

Query 61 GAGTTGCAGACTCCAATCCGGACTGAGATAGGGETTTCTGGGATTGGCTTACCGTCGCCGE

. LEECLRLCTEEEEETER PR e e e e e e e e ey
gbjct GRAGTTGCAGACTCCAATCCGEACTGAGRTAGGETTTCTGGGATTGGCTTACCGTCGCCEE

Cuery CTTGCATCCCTCTGTCCCTACCATTGTAGTACGTGTGTAGCCCTGGCCGTARGGGCCATG

LEECEE TEEEEEEEE PR E e e e e e e e e e e e e e e e e e e e er
gbjct CTTGCAGCCCTCTETCCCTACCATTGTAGTACGTGTGTAGCCCTGGECCGTARGGGCCATG

Query ATGACTTGACGTCATCCCCACCTTCCTCCEETTTRTCACCGELEGTCTCCTTARAGTTCC 240

LEECERECTEEEEET P T E e e e e e e e e e e e e e e e e Feerr
gbjct ATGACTTGACGTCATCCCCACCTTCCTCCGETTTGTCACCGEOGETCTCCTTAGAGTTCC 1140

Cuery CACCATTACGTGCTGGCARCTARGGACRRGEGTTGCGCTCGTTGCEEEACTTARCCCRAC 300

. LEECERLETEEEEE TR e e e e e e e e e ey
gbjct CACCATTACGTGCTGGCARCTARGGACRAGEGTTGCGCTCGITGCGEEACTTAACCCAAC 1080

Cuery ATCTCACGACACGAGCTEACGACAGCCATGCAGCACCTETGTTCTAGTTCCCGAAGGCAC 360

LEECERECTEEEEET PR TR e e e e e e e e e e e e Pee e e e er
gbjct ATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCGAGTTCCCGAAGGCAC 1020

Cuery CAGTCCATCTCTGGARAGTTCTCGRCATGTCAAGGCCAGGT 401

. LECTPEE TR e e
gbjct CRAATCCATCTCTGEAARGTTCTCGACATGTCAAGGCCAGET 979

Fig.47 Shows Stenotrophomonas maltophilia gene sequences
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Stenotrophomonas pavanii strain LMG 25348 163 ribosomal RNA gene, partial sequence
Sequence ID: reflNR_118008. 1] Length: 1497 Mumber of Matches: 1

Range 1: 70 to 619 GenBank Graphics Mesxt Match

Score Expect Identities Strand

Gaps
948 bits(1050) 0.0 536/542(00%) 1/542(0%) Plus/Plus

Cusry 36 COTACGEGT GAGGALTACATCTGEAATCTACT T BT CGTGEGEEATAACGTAGGGARRCT
e e e et e v e e e e e e e e e
sbjct 79 CGGRCGGGT GAGGRATACATC-GGAATCTACTCTGTCETGGEEGATAACGTAGGGARACT

Cusry 96 TACGCTAATACCGCATACCACCTACGEETGARAGCAGGEEATCTTCGEACCTTGCEOEAT

FITETT R et e e i e rreetr rrrrerinnl
Sbjct 138 TACGCTARTACCGCATACGRCCTACGGGTGARRGCAGGGGRCCTTCGGECCTTGCGOGAT

Cuery 156 TGAATGAGCCGATGTCGGATTAGCTAGTTGECGEGEETAARGGCCCACCARGGCGACGATC

R R N R R N
Sbjct 1%8 TGRATGRGCCGATGTCGEATTAGCTAGTTGECGEECTARAGGCCCACCRAGGOGACGATC

Cuery 216 CGETAGCTGGTCTGAGRGGLTGATCAGCCACACTGEARCTGAGACACGGTCCAGRCTCCTA

PITETTEE e e e e e e e et e e e il
Sbjct 258 CGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTA

Cusry 276 CGEGEGAGGCAGCAGTGGEEAATATTGEACARATGGECGCAAGCCTGATCCAGCCATACCGLE

. II]III]III]IIIIIIIIIIII]III]III]III]IIIIIIIIIIII]III]III]III
sbjct 318 CAGCAGTGGGEAATATTGGACAATGGGCGCARGCCTGATCCAGCCATACCGCG

Cusry 336 TGGEGTGARGARGGCCTTCGGGTTGETARAGCCCTTTTGTTGGGARARGARRTCCAGCCGGCT

PITETT e e e e e e e e e e e el 1l
Sbjct 378 TGGGTGARGARGGCCTTCGGGTTGTRAARGCCCTTTTGTTGGGAARGRARTCCAGCTGGCT

Cuery 356 AATACCTGGTTGGGATGACGGTACCCRAAAGRATARMGCACCGGCTARCTTCGTECCAGCAG

PITEL PR e b e e e e b e b et el
Sbjct 438 AATACCCGGTTGGGATGACGGTACCCARAGRATARGCACCGGCTAACTTCGTGCCAGCAG

Cusry 456 CCOGCGGTAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGOGTARARGOCGTGOCTAS

PITETT e e et e e e e e e b e e e e el
Sbjct 498 CCGCGGTRATACGRAGGGETGCRAGCGTTACTCGGRATTACTGEGCGTARRGCGTGCGTAG

Query 516 GTGGTCCTTTAAGTCCGTTGTGARAGCCCTGEECTCARCCTGGEARCTGCAGTGGATACT
RN N N RN By
Sbjct 558 GTGGETCGTTTAAGTCCGTTGTGRARGCCCTGGECTCRACCTGEERACTGCAGTGGATACT

Cuery 57& GGE 577

I
sbjct 618 GG 6195

Fig.48 Shows Stenotrophomonas pavanii gene sequences

Dokdonells fugitiva strain A3 165 ribosormal RNA pene, complete sequence
A g-proteobacteria | 2 leaves
geprotcobacteria | 8 leaves

A g-proteobacieria | 6 keaves

fegebensis sirain ICGEB-L1S 165 ibosomal RNA gene, partial sequence

¢ ‘ A g-proteobacteria | 3 leaves

L ‘ 9 strain JAA0 165 ribosoma| RNA gene, partial sequence

L A g-proweobucteria | 4 leaves

g-proieobactenia | 43 leaves

4 g-proteobacteria | § leaves

4 g-proieobacieria | 10 leaves
4 A Stenotrophomonas chelatipha g strain LPM-5 163 ribosomal RNA pene, partial sequence
Stenotrophortionas pavaiti sttain ICB 89 165 ribosomal RNA gene, partial sequence
2 Stenotrophomonas matiophilia R551-3 steain RS51-3 168 ribosomal RNA, complete sequence
-l g-proleobucteria | 4 leaves
 Pyeudomonas hibiseicola strain ATCC 19867 168 ribosomal RNA gene, partial sequence
A g-proteobacteria | 2 leaves
2006 m 19 F

@ Slenotrophomonas maltophilia sirain ATCC 19861 165 ribosomal RNA gene, complele sequence

Fig.49Shows Stenotrophomonas pavanii tree
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Fig.50 Shows Elephant Hawk-moth Deilephila elpenor used to isolate the bacteria(authour’s

own image)

Staphylococcus succinus strain AMG-D1 165 nbosomal RNA gene, complete sequence
Sequence ID: refl]NR_028667.1] Length: 1548 Number of Matches: 1

Range 1: 137 to 773 GenBank Graphics lext Match

Score
1108 bits{1228)

Expect Identities Gaps Strand
0.0 628/637(99%) 0/637(0%) Plus/Plus

Cuery 68

Sbijct 137
Cusry 128
Sbjct 157
Cusry 188
Sbjct 237
Cusry 248
Sbjct 317
Cuery 308
Sbijct 377
Cusry 368
Sbijct 437
Cusry 428
Sbjct 457
Cusry 488
Sbjct 557
Cusry 548
Sbjct €17

Cusry 608

Sbijct 677

Cusry 668

Sbjct 737

GACAGCACTAACTTCTGCCARCCTGATCTAATGCCEGEATAACATATAGAACCGCATGETT

Crr o rrreecrr o rerr rr rrrrrrerrer et e errrrrrrend
GACTGEAATARCTTCGEEARACCGEAGCTAATGCCGEATARCATATAGAACCGCATGGETT

CTATAGTGAAAGATGEGTTTTGCTATCACT TATAGATGGACCCEOGCCGTATTAGCTAGTT

Crrerrerrrrerrrerrre et ettt et et e et inerrrnll
CTATAGTGAARGATGGTTTTGCTATCACTTATAGATGEACCCEOGUCGTATTAGCTAGTT

GETAAGGTAAAGGCTTACCARGECGACGATACSGTAGCCEGACCTGAGAGGGTGATCGEGZCA

frrerrrerr eeererererrreerrrerrrerrrerrrerrrerrreerrrrrrrrnd
GETRAGGTAATGECTTACCAAGGCSACGATACGTAGCCGACCTGRGAGGGTGATCGGCCA

CACTEEARCTEAGACACGETCCAGACTOCTACSGEAGEECAGCAGTAGEEAMTOTTOCOGCRA

rrrrrrrerreerrrrrererrreerrrerrrerrrerrrerrrerrrerrrrrrrrnnd
CACTGGAACTGAGACACGGTCCAGACTCCTACGEGAGECAGCAGTAGGGARTCT TCCGCA

ATGEECGARAGCCTCGACGEAGCARCGCCGCETGACTGATGARGEGTTTTCGEGATCGTARID

Frrrrrrerreerrrrrerertre ettt ettt et el
ATGGECGARAGCCTGACGGAGC ARCGLCGCETGAGTGATGRAGETTTTCSGATCETARRR

CTCTGTITATTAGGEGAAGARCAMATGCETARGTALCTGTGCGCATCTTGACGETACCTALT

trrerreerrrecrrerrrrerrrerrrrr et rer et rerrrrerrrerrreld
CTCTETTAT TAGGGAAGARCARATGCGTARGTALCTGTGOGCATCT TGACGETACCTART

CAGALMGZCACGECTAACTACGTECCAGCAGCCGCEGETAATACGTAGETGEGCARGOGTTA

Frrrrrrerreerrrrr et et b e ettt ettt
CAGRAAGCCACGECTAACTACGTGCCAGCASCCECGETRAATACGTAGGTGECARGCGTTA

TCCGEAATTATTGEECETAARGOGCEGLGTAGECEETTTCTTAAGTCTGATETGARAGZCC

frrerrerrrrecrrerrreerrr et et et rer et e el
TCCGEARTTATTGEECETARAGCGCGUGTAGGCGETT TCTTARGTCTGATSCTGARAGCCT

AOCGGCTCARCCETGEAGEETCATTGEAAACTESEARACTTGAGTGCAGANGRAGERAAGTE

Frrrrrrerreererrrererrreerrrerrrerrrerrrrrrrerrreerrrrrrrend
ACGECTCARCCETGEAGEGTCATTGEGARACTGEEGARACTTGAGTGCAGARGAGGARRGTG

GAATTCCATGTGTAGCEETGALATGCECAGAGATATEEAGGAARCACCAGTEHOGRAGECE

Frrerrrerreerrrererrrrre e ettt rrr e ettt el
GARTTCCATGTGTAGCGETGARATSCECAGAGAT ATGEAGGAACACCAGTGGCGARGECE

ACTTTCTGETCTETARCTGACGCTGATGTGOGAARGT 704

frrrrrrerrerrerrrerrrtrrer e rrerint
ACTTTCTGETCTGTRAACTGACGCTGATGTGOGRARGS 773

Fig.51 Shows Staphylococcus succinus gene sequences
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Staphylococcus sciun subsp. carnaticus strain GTC 1227 165 ribosomal RNA gene, partial sequence
Sequence ID: reflNE_041327.1] Length: 1454 Mumber of Matches: 1

Range 1: 834 to 1302 GenBank Graphics Next Match

Score Expect Identities Gaps Strand
1009 bits(1118) 0.0 559/559(100%) 0/559{0%) Plus/Minus

Cusry 3% GTGETETGACGGECEETGTETACARGROOCGEGAACGTATTCACCETAGCATECTGA

I]I|I]III]II||IIIII|||]III]||I]III]II||IIIII|||]III]I||]III]
Sbjct 1392 CTCGTGGTGTGACGGECGGTGTETACRAGACCCGEGARCGTATTCACCGTAGCATGCTGR

Cuery 95 TCTACEATTACTAGCGATTCCAGCTTCATGTAGTCGAGTTGCAGACTACAATCCGARCTS

. FEETEET e e e et et e e e e e e e e e e ety
Sbjct 2 TCTACGATTACTAGCGATTCCAGCTTCATGTAGTCGAGTTGCAGRCTACARTCCGRACTG

Cusry AGRATAATTTTATGEEATTTGCTTGECCTCECGEATTCGETGCCCTTTGTATTATCCATT

LEETERrer e e et et e et e et e e e e e e e e e e et
Sbjct 2 AGRATARTTTTATGGGATTTGCTTGGCCTCGCGEATTCGCTGLCCTTTGTATTATCCATT

Cuery GTAGCACGTGTGTAGCCCARATCATAAGGEECATGATGATTTGACGTCATCCCCACCTTC

LEEETEEErr e e e et e et e e e e et e e eee e e eer et
Sbjct 2 GIAGCACGTGTGTAGCCCARATCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTC

Cuery CTCCGGTTTGTCACCGECAGTCARCCTAGAGTGCCCARCTTAATGATGECAACTARGCTT

. I]I|I]III]II||IIIII|||]III]||I]III]II||IIIII|||]III]I||]III]
Sbjct 2 GCAGTCAACCTAGAGTGCCCARCTTAATGATGGCARCTARGCTT

Cuery ACGRCACGAGCTGACGRACRACC

I]I|I]III]II||IIIII|||]III]||I]III]II||IIIII|||]III]I||]III]
Sbjct 2 BAGGETTG CACGACACGAGCTGACGACRACT

Cuery ATGCACCACCTGTCACTTTGTCOCCCEAAGEGGAAGACTCTATCTCTAGAGCGETCARAG

. I]I|I]III]II||IIIII|||]III]||I]III]II||IIIII|||]III]I||]III]
Sbjct 2 CACCTGTCACTTTGTCCCCCGRAGGGGRAGACTCTATCTCTAGAGCGGTCARAG

Cusry GATGTCALGATTTGGTAAGGTTCTTCECGTTGCTTCGAATTAARCCACATGCETCCACCEE

LEEETreerrrr e et ree e e et e e e e e e e e e et e e b
Sbjct GATGTCRAGATTTGGTAAGGTTCTTCGCGTTGCTICGARTTARRCCACATGCTCCACCEL

Cusry TTGTEOEEETCCCOGTCAATTCCTTTEAGTTTCAACCTTEGCEETCGTACTCCCCAGGCES

CEETEEEer e e e et e e et et e e e e e e e e e e et
Sbjct TTGTGOGEETCCOCETCART TCCTTIGAGTTTCARCC T TGCGETCGTACTCCCCRAGGCGE

Cusry AGTGCTTAATGECGTTAGCT 557

NESRRRRNARRERREENN
Sbjct AGTGCTTRATGCGTTRAGCT 834

Fig.52 Shows Staphylococcus sciuri gene sequences
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Fig.53 Shows Rosy Maple Moth (Dryocampa rubicunda) moth used to isolate the

bacteria(authour’s own image)

Staphylococcus saprophyticus strain ATCC 15305 165 ribosomal RNA gene, complete sequence
Sequence ID: ref[NR_074999.1] Length: 1555 Number of Matches: 1

Range 1: 114 to 839 GenBank Graphics

Score Expect Identities Gaps Strand
1207 bits{1438) 0.0 723/726(99%) 0/726(0%) Plus/Plus

Cuery 1 AGTAACRCGTGGGTAACCTACCTATAAGACTGGGATAACTTCGEGARACCGGAGCTRARATA
FEEEETTer e e e e e e e e e e e e e e e el
sbjct 114 AGTAACACGTGGGTARCCTACCTATAAGRCTGGGATARCTTCGGGARACCGGAGCTARTA

Cusry @l CCGEATAACATTTGEARCCGCAT GG TICTALAGT GRARGATGETTT TGCTATCACTTATL

II][II]III]IIIII[III[II][II][II]III]IIIII[III[II][II][II]II
Sbjct 174 CCGGATAACATTTGGARCCGCATGGTTCTAARAGTGRRARGATGETTTTGCTATCACTTATA

Cuery GATGGACCCEIGCCETATTAGCTAGTTGGETAAGETRAACGECTTACCARGGCALCGATACE

FEREEETE et et e e e e e e e e et e e el
sbjct GRATGGACCCGCGCCGTATTAGCTAGTTGGTARGGTARCGECTTACCARGGCGACGATACG

Cuery TAGCCORACCTGRGAGGGTCATCGGCCACACTGEARCTGAGACACGETCCAGACTCCTACG
PRt e v ee e e e e e e e et e e b
sbjct TAGCCGACCTGRAGAGGGTEATCGGCCACACTGGAACTGAGACACGGTCCAGACTCCTACE

Cuery GEAGGCAGCAGTAGEGRATCTTCOGCARATGEECGARAGCCTGACGGAGCARCGCCEEGTE

) FTREETTE E et e e ee e e e e e e e e
sbjct GGEAGGCAGCAGTAGGGRATCTTCCGCAATGGGCGARAGCCTGACGGAGCAACGCCGCGTE

Cuery AGTGATGAAGGGTTTCGGCTCGTARAACTCTGTTATTAGGGAAGRACARRTGTGTARGTE
FEREEETRE Rt e et e e e b e e e et e e e e
sbjct AGTGATGRAGGGT TTCGECTCGTARAACTCTGTTATTAGEGAAGAACARATGTGTARGTA

Cuery ACTGTECACATCTTGACGETACCTAATCAGAR AGCCACGECTAACTACGSTGCCAGCAGCT

. BN R N N RNy
Sbjct ACTGTGCACGTCTTEACGETACC TR ATCAGARAGCCACGECTARCTACGTGCCAGCAGCC

Query GCEETAATACGTAGETGGCARGCGT TATCCGEAATTAT TEGEGCETAAAGCGLECGETAGEC

FEEEETTer e e r e v e e e e e et e e e e e el
sbjct GCGGTAATACGTAGETGGCARGCGT TATCCGGAATTAT TGGGCGTARAGCGCGCGTAGET

Cuery GGTTTCTTRAAGTCTGATGTGRAAGCCCACGEOTCARCCETGGAGGGTCATTGGRRACTGE

FEREEETE et e e e e e e e e e e e ey e e el
sbjct GGTTTCTTAAGTCTGATGTGARAGCCCACGGCTCARCCGTGGRAGGGETCATTGGARACTGE

Cusry GAARNCTTGAGTGCAGRAGAGGRAARGTGEARATTCCATGTGTAGCGGTGARARTGOGCAGAGR

IR e et b b e e e e e i ey e el
sbjct GRARCTTGAGTGCAGRARGAGGAAAGTGEAATTCCATGTGTAGCGGTGARATGCGCAGAGE

Cuery TATGGAGGRACRCCAGTGECGRANGCGACT TTCTGETCTGTARCTGACGCTGATGTGCGR
FTEEEEEEr et et e e P e e e e e el
sbjct TATGGAGGRACACCAGTGECGAAGECGACT TTCTGETCTGTAACTGACGCTGATGTGCGE

Cuery AAGCGTGEEEATCARACAGGATTAGATACCCTGETAGTCCACGOCGTARRCEATGAGTEC

) FERRETTEL Rt e et e e e b e e e e e e e i
sbjct AAGCGTGGGGEATCARRCAGGATTAGATACCCTGGTAGT CCRACGCCGTARACGATGAGTGC

Cusry TRAGTG 726

[REEEE
Sbjct TAAGTG 835

Fig.54 Shows Staphylococcus saprophyticus gene sequences
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Staphylococcus saprophyticus strain ATCC 15305 163 ribosomal RNA gene, complete sequence
Sequence ID: ref|[NR_074993 1| Length: 1555 Number of Matches: 1

Range 1: 114 to 839 GenBank Graphics

Score Expect Identities Gaps Strand
1297 bits(1438) 0.0 723/726(99%) 0/726(0%) Plus/Plus

Query 1 AGTAACACGTEEETARCCTACCTATAAGACTCECATARCTTCGEGEN CGGRGCTRART.

PEREETTRE et e e e e v e e e e e e b e bbb et e e
sbjct 114 AGTAACACGTGGGTAARCCTACCTATAAGACTGGGATAACTTCGGGRAAACCGGAGCTARTA

Qusry 61 COGGATARCATTTGEARCCGCATGETTCTARAGTGAARCATGCTTTTGCTATCACTTATA

. II][\\]III]I\III[III[II][I\JIII]I\\]IIIII[III[II][II][I\JHI
sbjct 174 COGGEATAACATTTGGARACCGCATGGTTCTARAGTGARAGATGGTTTTGCTATCACTTATA

Query GATGGACCCGCGCCGTRATTAGCTAGTTGGTARGGTARCGECTTACCARGGCARCGATACE

PEREETTEE et e e e v e e e e e e e b e e e T il
sbijct GATGGACCCGCGECCETATTAGCTAGT TGETARGETARCGECTTACCARGECGACGATACG

Query TAGCCGACCTEAGAGGGTCATCGGCCACACTEEAACTGAGACACGGTCCAGACTCCTACG
FEREETTE e e r e e e e e e b e b e e e e
Sbjct TAGCCGACCTEAGAGGGTGATCGGCCACACTEGAACTGAGRCACGGTCCAGACTCCTACG

Query GGRAGGCAGCAGTAGGGRATCTTCCGCARATGGECGAARGCCTGACGGAGIALCGCCGEGTE

. PEREETTE et e e e e e e e b b e e e il
sbjct GGAGGCAGCAGTAGGGRATCTTCCGCARTGGECGAAAGCCTGACGGAGCRACGCCELGT G

Query AGTGATGAAGEETTTCGECTCETARAACT CTGTTATTAGEGAAGARCARATGTGTALGTA

PRI e e e b i e i b e e e b el
Sbjct AGTGATGALGEGTTTCGEOTCETARRACTCTGTTAT TAGCSAAGARCAAR TGTCTARGTA

Query ACTGTGCACATCTTGACGETACCTARATCAGRRAGCCACGECTAACTACGTGOCAGCAGCC

. PEREETTRE TR e e e e e e e e b e e e el
sbjct ACTGTGCACGTCTTGACGETACCTARTCAGARAGCCACGECTAACTACGTGCCAGCRAGCT

Query GCGGETAATACGTAGETGECARGCGT TATCCGERAATTAT TEEGCETRARGCGOGCGTAGGT

PEREETTEE et e e r e e e e e e e e e b e e et e e
sbjct GCGGTAATACGTAGGTGECARGCGT TATCCGEARTTAT TGGGCGTARAGCGLGCGTAGET

Query GETTTCTTAACTCTCGATCTGARAAGCCCACGELTCARCCETGGAGGCTCATTGCGARARCTGE
PEREETTEE R e e e e e e e e e e b e e e e e iy
sbjct GETTTCTTARGTCTGATGTGAARGCCCACGGLTCAACCCETGGAGGCTCATTGEARRCTGE

Query GRRACTTGAGTGCAGARGAGGARRGTGEGEATTCCATGTBTAGCGGTEARATGCGCAGAGH

. FTREETTE et e et e e e e b e e e e it
sbhjct GARACTTGAGTGCAGARGAGGARAGTGGAATTCCATGT GTAGC GGTGARRTGCGCAGAGA

Query TATGGAGGAACACCAGTGECGRAANGCGACT I TCTGEGTCTCTAACTGACGCTGATGTGOGA
FEREETTEE e e e v e e e e e e e e e ey
Sbjct TATGGAGGARCACCAGTGECGARGGCEACT TTCTGETCTETARCTGACGCTGATGTGCGA

Query BAGCGTGGGGATCARRCAGGATTAGATACCCTGGTAGT CCACGCCGTRARLCGATGAGTGC

. PIREETTRI TRt e e e e e e b e e b e e e il
sbjct AAGCGTGGGEATCAARCAGGAT TAGATACCCTGETAGT CCACGUCGTARACGATGAGTGE

Query TARGTG 726

1111
Sbjct TAAGTE B39

Fig.56 Shows Staphylococcus saprophyticus gene sequences
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Fig.57 Shows Atlas moth (Attacus atlas) moth used to isolate the bacteria(authour’s own

image)

Pantoea agglomerans strain ATCC 27155 165 ribosomal RNA gene, partial sequence
Sequence ID: refiINE_114505.1] Length: 1271 Number of Matches: 1

Range 1: 705 to 1170 GenBark Graphics

Score

820 bits(918)

Expect Identities Gaps Strand
0.0 467/475(98%) 0/475(0%) Plus/Minus

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Cuery
Sbjct

Query

Sbjct

1

CTATTGCAACCCACTCCCATGETGT GACGGGCGETGTGTACAAGGCCCGGGRACGTATTC

FUTEREEERE e e e e e e e e e e e e e e e et rl
CTTTTGCRACCCACTCCCATGETETGRCGEACGETGTGTACRAAGGCCCGGERACGTATTC

ACCGTGGCATTCTGATCCACGATTACTAGCGATTCCGACTTCACGGAGTCGAGTIGCAGR

FLELERECEREE e e e e e P e F e e e it r
ACCGTEGCATTCTGATCCACGATTACTAGCCATTCCGACTTCACGEAGTCGAGTTGCAGR

CTCCGATCCGEACTACGACGCACTTTGTGAGGTCOGCTTGCTCTCGCEAGGTCGCTTCTE

FLCEEREEREE P e et e e e e e e e e e e e e e e e e e e e r
CTCCEATCCGEACTACGACGCACTTTGTGAGGTCCGCTTECTCTCGCEAGGTCGOTTCTC

GTGTAGCCCTACTCGTALGGGCCATGATGACTTGRAC

|][|I]I|I]I|\II[\|I[||][||][|\]II|]II||I[I\I[II][|I][\|]I||]
GTGTAGCCCTACTCETAAGGGCCATGATGACTTGAC

GTCATCCCCACCTTCCTCCGGTTTATCACCGGCGETCTCCTTTGAGTTCCCGACCGRATE

CLEPERECEREE T e e e e e LR e e e et
GTCATCCCCACCTTCCTCOGGTTTATCACCGECAGTCTCOTTTGAGTTCCOGRACOGRATC

GCTGECARCARAGEATARGGETTGCECTCEITGCEGEACT TAACCCARCATTTCACARCA

FLCEEEEEREEE P e et e e e e e e e e e e e e e e e e e e e
GCTGGCARCARAGGRTAAGGGTTGCGCTCETTGCEGEACT TAACCCARCATTTCACRACE

CERGLTGERCCACAGOCATGCAGCACCTGT CTCAGEGT TCCCEARGGCACARRRGCATCTC

FLCELREEREE PEEE e e e e e e e Terrrnn
CGAGCTGACGACAGCCATGCAGCACCTGTCTCASCGTTCCCEARGGCACCARRGCATCTC

TGCTARATTCGETGEATGTCARAGAGTAGGTARGETTCTTCGCGTTGCATCGRATT 475

FEE T LR PP e e e e e e e e ey
TGCYAARTTCGSTGGATGTCAAGAGTAGGTARGGTTCTTCGCGTTGCATCGRATT 705

60

1120

120

Fig.58 Shows Pantoea agglomerans gene sequences
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Bacillus subtilis subsp. epizizenii strain ATCC 6633 165 ribosomal RNA gene, partial sequence
Sequence ID: (2fNR_112485.1] Length: 1424 Number of Matches: 1

Range 1: 14 to 856 E=nsek Grapnics

Score Expect Identities Gaps Strand

1546 bits(837) 0.0 240/843(99%) 0/B43(0%) Plus/Plus

Query 1 CRACRCATCEEAGCTICCTCCCTCATCT TAGCEGCEEACCEETCACTARCACCTGECTALT
RELRLTTEE TP PR TR L LR T i
GRCAGATGEEAGC TTGCTCCCTCATCT TAGCGAC AR GGG TEACTARCACETGEETARS

Sbjet 14

QJuery CTECCTCTARCACTCCGATARCTCCOEGAR MCCECECCTARTACCCGATCETTGTITGER
LA N NN NN N N NN NN AR NN RN
Sbhject CTGCCTETALGACTEGERTARCTCCEGEAR ACCEREECTARTACCEEATGETTGTTTGAR

QJuery 2 COGCATGETTCAR RCATA AR RGETEECTTCGECIACCACTTACAGRTGRACCCGCEECGT
LA N NN NN R NN NN RN NN R RN
Sbject COCCATCETICAR RCATRAR A RCCTCECTTCCCCTRCCACT TRCACATCEACCCCCEEOGC

Juery ATTAGCTAGTTGETCAGETARCGECTCACCAR GECARCEATECETAGCCCRCCTGRGRGE
[N NN NN NN N AN NN AR RN
Sbject ATTAGCTACTTGCTCACCTARCCECTCACCARCCCARCCATCCEIAGCCCRCCTCRCRGE

Juery GTEATCGECCACRCTGEEACTGAGRCACGECCCRGACTCCTACGECAGECAGCAGT ARG
BELELEEE R R P e e b e e e
Ebject GIEATCCGCCACACTOSCACTCAGACACCCCCCACACTCCTACCECACGCACCACTACEE

Query AATCTTCCGCAATGEACCARACTCTCACGGRGCRRACGCCECETGAGTGATGARGETTITC
BELRLEE LR PR e b i b e i
Ebjet AATCITCCECARTCOACCARRCTCTCACCEACCARCCCCECETCACTCATCARGETITTITC

Qduery GGATCGTARAGCTCIGTTGTTAGGGRAGARCR AGTACCGTTCGRATAGGCCGETACCTTG
IIII:IEIIII\II:IIIIIH:IIIIIIlll\IIII:IIIHIEIIIIIIHIIIIH:IIIH
Sbict GEATCCTARAGCTCTIGTTET: RGGECEETA

Query RCCCTACCTARCCRACRARGCCACCECTARCTACCTGCCAGCACGCCGCCETRATACCTRAGE
BELRLTTEEE PR R LR e e e bbb b b e g
Sbict ACGGETACCTARCCAGR AR GOCACGECTAACTACETGOCAGCAGCCGCEETRATACETAGE

Query TCECARCCCT TGTCCGERATTATIGECCETARACGECTCGCAGGCCETITCTTARCTCTG
IIII:IIIIII\II:IIIIIH:IIIIIIlll\IIII:IIIHIEIIIIIIHIIIIHIIIH
Sbict TGEECARGT CCEERATTATT CGTARACEECTC GECEETTICTTARGTCTG

Query ATCIGARAGCCCCCEGCTCARCCGEECACGETCATTCCARACTCECEARCTTCACTGCAG
BELRLTTTE R PR TR e P e e e e
Sbict ATETEARAGCCCCCOGCTCRRCOGEEEACEETCATTGEARARCTEEGERACTTGAGTGCRG

QJuery AR CACCACACTECARTTCCACCTETACCOETCARATCCCTAGACATCTGEACCARCACCE
LA N NN NN N NN NN RN AN NN R RRRA RNy
Sbhject AR GCAGERGAGT AR TTOC AL TGTRGCGATCAR A TECATAGAGATETGERGEARCACCE

QJuery TEECERAGECEACICTCIGETCTGIARCTGRCECTEAGGAGCERA RGCCTGEECAGCER
LA NN NN NN NN RN AR RN RN
Sbject CTECCCRACCCCACTCTCTCETCTCIARC TCACCCTEACCACCEARACCCTECECRCOGR

Juery 2 ACAGEATTAGRTACCCTGETAGTCCACGCCETARRCGATGAGTGCTARGTGTTAGEEEET
BETRLELE R R e v b e b e i
Ebject ACACCATTACATACCCTCETACTCCACCCCCTARRCCATCACTCCTARGTCTTACGECEET

Juery TTCCECCCCTTANTCCTGCRGC TARCECAT TR ANCACTCCGCCNGEEEACTACGETCRCR
BELRLEEEEEE L PR TR e b e b bl A i
Sbject TTCCECCCCTTACTCCTECACC TARCCCATTARCCACTCCCOCTECECACTACCCETCECR

Juery AGAR  B43

11
Ebjet ACA BEe

Fig.60 Shows Bacillus subtilis gene sequences
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Micrococcus yunnanensis strain YIM 65004 165 ribosomal RNA gene, partial sequence
Sequence ID: reflNR_116578.1] Length: 1426 Mumber of Matches: 1

Range 1: 719 to 1338 GenBank Graphics

Score Expect Identities Gaps Strand
1115 bits(1236) 0.0 619/620(99%) 0/620{0%) Plus/Minus

Cuery 1 TGACTTGACGEGCGETGTGTACARGGCCCGEEARCATATTCACCGCAGCGTTGCTGATCT 60
CEEETTECETEEE e e e e e e e e e e e e e e e e e ey
Sbjct 1338 TEACTTGACGGGCGGTGTGTACRAGGCCCGGEEARCGTATTCACCGCAGCETIGCTGATCT 1279

Cuery 61 GCGRTTACTAGCGACTCCGACTTCATGGGETCGACTTGCAGRCCCCAATCCGRACTGARA 120

. FEEETTEECTEECEEC TR EE TP R TP PP ETT L
sbjct GCGATTACTAGCGACTCCGACTICATGEGETCGAGTTGCAGACCCCARTCCGARCTGAGR 1219

Query CCGGCTTTTTGGEATTAGCTCCACCTCACAGTATCGCAACCCATTGTACCGGCCATTGTA 180

CEEEETECEEEEE e e e e e e e e e e e e e e e e e e e
Sbjct CCGECTTTTTGGEATTAGCTCCACCTCACRGTATCGCARCCCATTGTACCGGCCATTGTA 1159

Cuery GCATGCGTGAAGCCCARGACATANGGGGCATGATCAT TTGACGTCGTCCTCACCTTCCTC 240
CEEEETECETEEE e e e e et e e e e ee e e e e e e e
Sbjct GCATGCGTGAAGCCCANGACATARGGEECATGATGATTTGACGICGTCCTCACCTTCCIC 1099

Query CERGTTGACCCCGGCAGTCTCCCATGAGTCOCCACCATTACGTGCTGECRACATGRARCG 300

. CEELTTEECTEEC TR EE T e C R TP LT EErTETTT
Sbjct CGRGTTGACCCCGECARTCTCCCATGAGTCCCCACCATTACGTGCTGECARCATEGARCG 1039

Query AGGGTTGCGLTCGTTGCGEGACTTARCCCARCATCTCACGACACGRGCTGACGACRRCCN 360

LEEETTECCTEE TR Er e e e e e e e ee e e e e e e e ey
Sbjct AGGETTGCGCTCETTGCEGEACTTAACCCAACATCTCACGACACGAGCTGACGACAACCA 579

Query TGECRCCACCTGTGARCCCGCCCCARAGGGEARACCGTATCTCTACGGCGATCGAGAACAT 420

. CECPEERCTTEE TP E R T T
Sbjct TGCACCACCTGTGARCCCGCCCCARAGGGEARACCGTATCTCTACGGCGATCGAGARCAT 919

Query GTCRAGCCTTGETARGETTCTTCGCGTTGCATCGART TAATCCGCATGCTCCGCCECTTE 480

CEEEEPECETEE P e e e e et e e e e e ee e e e e e e ey
Sbject GTCAAGCCTTGGTARGGTTCTTCGCETTGCATCGART TARTCCGCATGCTCCGCOSCTTG 859

Query TGCGEGCCCCCGTCAAT TCCTTTGAGTTTTAGCCTTGCGGCCETACTCCCCAGGCGGGET

CEEETTECETEEE e e e e e et e e e e e e e e e e e e e
Sbject TGCGEGCCCCCGTCRATTCCTTTGAGT T TTAGCCTTGCEGCCETACTCCCCAGGOEGEEC

CQuery ACTTAATGCGTTAGCTGCGECECGGARACCETGGRATGATCCCCACACCTAGTGCCCRAAC

. FECCTEECTEEEP PR EE TR EE TP e
sbict ACTTAATGCETTAGCTGGGCGCEGAARCCGTGEAATGETCCCCACACCTAGTGCCCRAC

Query GTTTACGGCATGGACTACCE 620

ARRRRARRRARRRRARARY
sbijct GITTACGGCATGGACTACCE 719

Fig.61 Shows Micrococcus yunnanensis gene sequences
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Fig.62 Shows Eastern Comma(Polygonia comma) moth used to isolate the bacteria(authour’s

own image)

Bacillus licheniformis strain DSM 13 165 ribosomal RNA gene, complete sequence
Sequence ID: reflNE_118996.1] Length: 1545 MNumber of Matches: 1

Range 1: 62 to 854 GenBank Graphics

Score Expect Identities Gaps Strand
1459 bits(790) 0.0 792/793(99%) 0/702{0%) Plus/Plus

Cuery 1 GRACCGACGGGAGCTTGCTCCCTTAGGTCAGCGGCEEACGEETGAGTARCACETGGETARC
AR R R R Ry
Sbijct &2 GACCGACGGGAGCTTGCTCCCTTAGGTCAGCGGCEEACGEGTGAGTARCRCGTGGETARC

cusry al CTGECCTETAAGARCTEEEATARCTOCGEEARACCGEEECTAATACCGEATGCTTGATTGAS

. PTTET I e e e e e e e e b e e b e e b et rnnl
Sbjct CTGCCTGTARGACTGGGATARCTCCGEGRARARCCGEEGCTARTACCGGATGCTTGATTGRA

cusry COGCATEETTCAATCATARAAGETGEGCTTTTAGCTACCACTTACAGATEEACOCGCEECE

AR RN N N N N N RN
Sbjct COGCATGGT TCAATCATARRAGETGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCG

Query CATTAGCTAGT TGETGAGETALCGECTCACCARGEOGACGATGCGTAGCCGRCC TEAGAS
AR R R RN R R R N R RNy
sbjct CATTAGCTAGT TGGTGAGETARCGGCTCACCARGECGACGATGCGTAGCCGACCTGAGAG

Cusry GETGATCGGCCACACTECEACTEAGRCACCGEOCCAGACTOCTACGSEAGGCAGCACGTAGS

. AN N N N N N N NN NNy
Shijct GGTGATCGGOCRACACTGGEACTGAGACACGEOCCAGACTCCTACGGGAGGCAGCAGTAGG

Cuery GAATCTTCCGCRAATEGRACEARAGTCTGACGEAGCAACGCCGCETGAGTGATGARGETTTT
AR R R R R RNy
Sbjct GAATCTTCCGCAATGGACGARAGTCTGRACGEAGCARACGCCGCEGTGAGTGATGARGETTTT

cusry CEEATCETAARACTCTGTTGT TAGGGARGARCAMGTACCETTCEGAATAGGGCEGTACCTT

. II][II]III]IIIII[III[II][II][II]III]IIIII[III[IIJ[IIJ[IIJII
Sbjct CGGATCGTARARCTC TG TTGTTAGGGARGAACAAGTACCGTTCGARTAGEGCGGTACCTT

cusry GACGETACCTAACCAGALMMGCCACGGCTARCTACGTGCCAGCAGOCGOEETAATACETAG

PEEETTrrE et e e e e et e e et et
Sbjct GACGGTACCTARCCAGAAAGCCACGECTAACTACGTGCCAGCAGCCGUGETARTACGTAG

Query GTGEGCRAAGCGTTGTCCOGGAATTATTGEECGTARRAGOGCEOGCAGGCGETTTCTTAAGTCT
AR R R R R R R R
sbijct GTGGCAAGCGT TG TCCGGARTTATTGGGCGTARAGCGCGCGCAGGCGETTTCTTARGTCT

Cusry GATGTGAARGCOCCCEECTCALDCOGEEEAGEETCATTGEARRCTGEEEARCTTGAGTGCR

. N N N N N N N N N R NNy
sbijct GATGTGARAGCCCCCGGCTCARCCGGGEAGGETCATTGGARACTGGGEARCTTGAGTGCR

Cusry CARGAGGAGACTGEARTTCCACCTGTAGCGOTGALAATCCCTACAGATCTGCAGGRACACT
AN R R N R RN
Shijct GAAGAGGRAGAGTGGARTTCCACGTGTAGCGETGALATGC GTAGAGATETGGAGGRACRACC

Cusry AGTGGOERAAGECGACTCTCTGETCTGTAACTEACGLTGAGGCECGARMGCETEEGEAGCE

. A N N N N N NN N N RNy
sbjct AGTGGCGRAGGCGACTCTCTGETCTGTARCTGACGCTGAGGCGUGRARGCGTGEGERAGCE

cusry AACARGGATTAGATACCCTEETAGTCCACGCCETARRCGATGAGTGCTARGTETTALRAGGEE

. PEEETTEE e e e e e et e e et et i
Sbjct AACAGGATTAGATACCCTGGTAGTCCACGCCGTARACGATGAGTGCTAAGTGTTAGRGEE

Query TTTCCGCCCTTTA 793
TP rrrrnnd
Sbjct TTTCCGCCCTTTA B854

Fig.63 Shows Bacillus licheniformis gene sequences
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Fig.64 Shows Eastern Comma(Polygonia comma) which used to isolate the bacteria

(authour’s own image)

Stenotrophomaonas maltophilia R551-3 strain R551-3 165 ribosomal RNA, complete sequence
Sequence ID: refINR_0F4875.1] Length: 1540 Number of Matches: 1

Range 1: 759 to 1386 GenBank Graphics

Score Expect Identities Gaps Strand
1128 bits(1250) 0.0 627/628(99%) 0/628(0%) Plus/Minus

Cusry 1 GLCCEEGARACGTATTCACCGCAGCAATGCTGATCTGCCATTACTRAGUGATTOCGACTTCR

PREETEEE e e e e et e e e e et e e e et et
skjct GCCCGEGARCETATTCACCGCAGCAATGCTGATCTECEATTACTAGUGATTCCGACTTCR

Cuery TGEAGTCGAGTTGCAGRCTCCAATCCSGACTGAGATAGGSTTTC TEGEEATTGECTTACCE

. TREETREE e et e e e e e e e e e bbb e e el
Sbjct TGGAGTCGAGTTGCAGACTCCARTCCGGACTGAGATAGGGTTTCTGGGATTGGCTTACCS

Cusry TCGCCEECTTGCAGCCCTCTGTCCCTACCATTGTAGTACGTETGTAGCCCTEGCCETALG

PRCETEEE et e e e et e e e e e et e ey e e el
Sbjct TCGCCGGCTTGCAGCCCTCTGTCCCTACCATTGTAGTACGTGTGTAGCCCTGECCGTARG

Query GGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGETTTGTCACCGGCGGTCTCCTTA
RN RN N N N R N R N R R RN
Sbjct GGCCATGATGRACTTGACGTCATCCCCACCTTCCTCCGETTTGTCACCGGCGGTCTCCTTA

Cusry GAGTTCCCACCATTACGTGCTEECAACTALAGGACARGEETTGCGCTCSTTEGOGEERCTTA

. NN N N N N N N N N R NN
Sbjct GAGTTCCCACCATTACGTGCTGGCARCTAAGGACARGEGTTGCGCTCGT TGCGGERACTTA

Query ACCCARCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTEGT TCGAGTTCCCG
AR R R N R R R N R RN RN
Sbjct ACCCARCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCGRGTTCCCG

Cusry AAGGCACCAATCCATCTCTGEARAGTTCTCEACATGTCARGGCCAGEGTALGETTCTTCED

. Il[lIIIIIIIIIII[III[IIl[lIl[IIIIIIIIIIII[III[III[III[IIIIIH
Sbjct GGCACCARTCCATCTCTGGARRGTTCTCGACATGT CARGGCCAGGTAAGGTTCTTCES

Cusry GITGCATCGRARATTARACCACATACTCCACCGCTTETGCGEEGCCCCCETCAATTCCTTTGR

TREETEEE e e e e e e et e e e e et et e e e e el
sbjct GTTGCATCGRAAT TARACCACATACTCCACCGCT TETGCGEGCCCCCGTCARTTCCTTTGR

Cuery GITTCAGTCTTGCGACCEGTACTCCCCAGGCGECEGRAACTTARCGCGTTAGCTTCGATACTS

PREETEEE et e e et e e e b et b e e e el
skjct GTTTCAGTCTTGCGACCGTACTCCCCAGGOGGCGARACTTARCGCGTTAGCTTCGATACTS

Cuery CoTGCCARATTECACCCARCATCCAGTTCEOATCETTTAGGEOCTEEACTACCAAGETAT

. TREET IR e e e et e e e e b b et e ey e e e il
Sbjct CGTGCCARATTGCACCCARCATCCAGTTCGCATCGTTTAGGGOGTGGACTACCAGGGTAT

Cuery CTAATCCTGTTTGCTCCCCACGOTTTCG 628
PREETREE Rttt
Sbjct CTAATCCTGTTTGCTCCCCACGCTTTCG 759

Fig.65 Shows Stenotrophomonas maltophilia gene sequences
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Staphylococcus sciuri subsp. carnaticus strain GTC 1227 165 ribosomal RNA gene, partial sequence
5 1D: reflNR_041327.1] Length: 1454 Number of Matches: 1

Range 1: 855 to 1398 GenBank Graphics
Score Expect Identities Gaps Strand
895 bits{992) 0.0 525/544(97%) 0/544(0%) Plus/Minus

Query 3 CRAGCGCTCGTGEGGTGROGEGCGETGTGTACAAGACCCGGARACGTATTCACCGTACCR
PEE et reenert e et rrer et reerirrr e i
Sbijct CAALCTCTCGTGETGTGACGEEECEETGTGTACAAGACCCGEEGAACGTATTCACCETAGCA

Cusry TECTGATCTACGATTACTAGCGATTCCARCTTCATGTACGTCGAGTTGCAGACTACART OO

. RN N N N N NN NNy
Sbjct TGCTEATCTACGATTACTAGC GAT TCCAGCT TCATGTAGTCGAST TECAGACTACART OO

Cuery GRACTGAGLRATAATTTTATGEGATTTGCTTGGCCTCGOGEATTCGCTGCCCTTTGTATTA

PR Err et e e e e e e e et et e et reerenetnl
sbijct GRAACTGAGAATAATTTTATGEEATTTGCTTGECCTCGUGGATTCGCTGCCCTTTETAT TA

Query TCCATTGTAGCACCTGTCTAGCCCAGATCATARCGGGGCATGATGATTTGACGTCATCCCC
AR N e N N NN N NNy
Sbjct TCCATTGTAGCACGTETETAGCCCARATCATALGGGGCATGATGATTTGACGTCATCCOD

Cusry ACCTTCCTCCGETTTGTCACCGGCAGTCTACCTAGRAGTGCCCRRACTTAATGAGGEGARCT

. PEETTTEET e et v et reer et v et e il
Sbijct ACCTTCCTCCGETTTETCACCGGCAGTCAACCTAGAGTGCCCARCTTARTGATGECALCT

Query ARACTTARGGGTTGCECTCGTTGOGEGACTTATCCCARCATCTCACGACACGAGCTGALR
N N N N N NNy
sbjct ARGCTTAAGGGTTGCGCTCET TECGEGACTTALCCCARCATCTCACGRACACGAGCTGACG

Query ACAACCATGCGCCRACCTGTGAGTTTGACCCCCGARAGGGRAACACTCTATCTCTAGRGCGG

. N N N N N N A NN NNy
Sbijct ACARCCATECACCACCTETCACT T TETCCCCCEARGEEEAAGACTCTATCTCTAGAGCGSE
Query TCARAGGATGT CARGATTTGCTARGCTTCTTCGCGTTGOTTCCARTTARACCACATGCTC

PR et e e e e e e e et et et e it
sbjct TCARAGGATGT CARGATTTGGTARAGETTCTTCGCGTTGCTTCGARTTRARACCACATECTC

Query CRCCGCTTGTGCGEGTCCCCGTCARTTCCTT TGAGT T TCARCCTTGCGGTCGTACTCCCC
AR N N N NN NNy
Sbijct CACCGOTTETGCEaGTCOCCETCAATTCCTT TGAGTTTCARCCTTEOGETCGTACTCCOD

Cusry AGGC 546

11l
sbjct BGGC 855

Fig.67 Shows Staphylococcus sciuri gene sequences
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Lysinibacillus fusiformis strain NBRC15717 16S ribosomal RMNA gene, partial sequence
Sequence ID: refINR_112569 1| Length: 1474 Number of Matches: 1

Range 1: 625 to 1393 GenBank Graphics

Score

Expact Identities

Gap= Stran,
1377 bits(1526) 0.0 766/769(99%) 0/769(0%) Plus/Minus

Cusry
Shjct
Cusry
Sbijct
Cuery
Sbjct
Cuery
Skbijct
Cusry
Skbjct
Cusry
Sbijct
CQuery
Skbjct
Cusry
Skbjct
Cusry
Shjct
Cusry
Sbijct
Cusry
Sbjct
Cuery
Skbijct
Cusry

Sbijct

1 TGTGACGEECGETGIGTACAAGGCCCGGGARCGTATT CACCGCGGCATGCTGAT COGUGR
frrrrrerrrerrreerreerrrrrrrerrrerrrnrrreerrrerrrerrrerrrernd
TETGACGEECGETEIGTACRAGCECCCGGEARCGTATTCACCEGUGGCATGCTGATCOGCGR.

TTACTAGCGATTCCGGECTTCATGTAGGCEGAGTTGCAGCCTACARTCCGARCTGRG

\IllIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIII\\IIIIIIIIIIIH
TGCRGC

CTTTATCGGATTAGCTCCCTCTCGCGAGT IGGCARCCETTTGTATCGTCCATTGTAGCAS
frrrrrerrrerrreerreerrrrrrrerrrerrrrrrreerrrrrrrerrrerrrernd
CTTTATCGGATTAGCTCCCTCTCGCGRAGTTEGCARCCGTTTGTATCGTCCATTGTRAGCRS

COCAGETCATAAGEEGCATGAT TGACGTCATCCCCACCTTCCTOCGET
\IIIIIIIIIIIIIII:IIII:IIIlIIII:IIIIIIIIIIIII:IIIH\II:IIII:IIIIIII
GTGTGTAGCCCAGGTCATALGGGGCATGATEGAT TTGACGTCATCCCCACCTTCCTCCGET

TTGTCACCCECAGTCACCT TAGAGTGOCCAACTARARTGATGGCARCTARGATCARGGGTT

frrrrrerrrerrrerrreer ettt rrreerrrerrrerrrerrneertl
TTGTCACCEECAGTCACCTTAGAGTGOCCARCTARAT GATGECARCTARGATCARGEETT

GOGCTCGTTCOGEEACTTARCCCRACATCTCACCGACACGAGOTGRACGACAACCATCOACT
\IllIIIIIIIIIIII:IIII:IIIlIIII:IIIIIIIIIIIII:IIIH\II:IIII:IIIIIII
GOGCTCGT T TTARC CRACE GOTGAS CATGCRCC

ACCTGTCACCGT TGCCCCCGRANGGGARACNATATC T CTACAGTGGTCALCGGGATGTCR

it rreerreerr rrreelnl IIIIIIIIII:IIIH\II:IIII:IIIIIII
ACCTGTCACCGTTGCCCOCG GGGARACT. CAGTGETCAACGGGATGTCR

AGACCTGETARAGGTTCTTCGCGTTGOTTCGAATTARARCCACATGCTCCACCGCTTEGTGCG

Prrrrrerrrrerrerrreerrrrrrrerrrrrtrrrirrerrrerrrrrrrerrrernl
AGACCTGETAAGETTCTTCGCETTGCTTCEARAT TARACCACATGCTCCACCECTTGTGCS

GGCCCCCGTCAATTCCTTTGAGTTTCAGT CTTGCGACCGTACTCCCCAGGCGGAGTGCTT
frrrrrerrrerrrerrreerrrrrrrer i rerrrrrrreerrrerrrerrrrrrnernd
CECCCOCCTCRATTCCTTTGASTTTCAGTCTTGCOGACCETACTOCCCAGGLEGRACTECTT

AATGCGTTAGCTGCAGCACT. CCCCT. CTTAGCACTCATCGTTTA

\IIIIIIIIIIIIIII:IIII:IIIlIIII:IIIIIIIIIIIII:IIIH\II:IIII:IIIIIII
AATGCGTTAGOTGCAGCACT CTTAGCACTCATCSTTTE

CGGCGTGGACTACCAGGETATCTLATCCTGTTTGOTCCCCACGOTTTCGCGOCT CAGT
\IIIIIIIIIIIIIII:IIII:IIIlIIII:IIIIIIIIIIIII:IIIH\II:IIII:IIIIIII
CEGCGTGGRCTACCAGGETATCTAATCCTGTTTGOTCCCCACGCTTTCGCGOCT CAGT

GTTACAGACCAGATAGTCECCT TCGCCACTGETGT TCCTCCARATCTCTACGCATTTC

TR
frrrrrerrrerrrerrreerrrrrrrer e rreerrrerrrerrrerrnernd
CAGTTACAGACCAGATAGTCGCCTTCGCCACTGGTGT TCCTCCARATCTCTACGCATTTC

ACCGCTACACTTGCRAATTNCACTATCCTCTTCTGCRACTCARGTOTCCOCA 769
BN N N N .
ACCGCTACACTTGGARTTCCACTATCCTCTTCTGCACTCRAGTCTCCCA 625

Fig.69 Shows Lysinibacillus fusiformis gene sequences

in BLY6 165 riboomal RNA
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Fig.70 Shows Lysinibacillus fusiformis bacteria Tree
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Stenotrophomonas rhizophila strain e-p10 16S ribosomal RNA gene, complete sequence
Sequence ID: reflNR_121739 1] Length: 1546 MNumber of Matches: 1

Range 1: 838 to 1389 GenBank Graphics Mext
Score Expect Identities Gaps Strand
906 bits{(1004) 0.0 502/502(100%) 0/502(0%) Plus/Minus

Cuery 7O CEGEAACGTATTCACCGCAGCARTGCTGATCTGCGAT TACTAGCGATTCCGACTTCATCS
trrrrrrrrrrrrrerrrrrrrreerrrrrrirrerrrrrrrrrrrrrrrrrrrrrirrrnl
Sbjct 1389 CGGEARACGTATTCACCGCAGCAATGECTGATCTGUGAT TACTAGCGATTCCGACTTCATEGE

Cusry 120 AGTCEAGTTGCAGARCTCCAMNTCOGEACTEAGATAGEETTTCTEGEEATTGEOTTEOOCTOE

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH
Sbjct 1329 GTTGCAGACTCCARTCCGEACTGAGATAGEGETTTCTGGGATTGECTTGOCCTCG

cusry 190 CEEETTTGCAGCCCTCTEGTCCCTACCATTGTAGTACETETETAGCCCTEETCETARGEEC

) RN N N N N N N N N |
skbijct 1269 CGGETTTGCAGCCCTCTGTCCCTACCAT TGTAGTACGTETGTAGCCOTGETCGTARGGED

Cuery 250 CATGATSACTTGACGTCATCCCCACCTTCOTCCGEGTTTCTCACCEECGGTCTCCTTAGRAG
trrrrrrrrrrrrererrrrrrrreerrrrrrrrerrrrrrrrrrrrrrrrrrrrrirrrnl
Sbjct 1209 CATGATGACTTGACGTCATCCCCACCTTCCTCCGGTITGTCACCEEUGETOCTCCTTAGRG

Cusry 310 TrCCCACCATTACCTGCTGECARCTAAGCEACAACEETTEGOECTCETTGCCEERCTTRAACT

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH
Sbijct 1149 TTCCCACCATTACGTGCTGGCARCTARGEACAAGGGTTECGCTCETTGCGEGACTTAACT

cusry 370 CAACATCTCACEACACGRGUTEACEACACGCCATCCAGCACCTETETTCEAGTTCOOGAIG

) ISR N N N N N N |
sbjct 108% CAMNCATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCGAGTTCCCGARG

Cuery 430 GCACCAARTCCATCTOTGEALAGTTCTCGACATEGTCALGACCAGETARGGTTCTTOEGSETT

. trrrrrrrrrrrreerrrrrrrrrrrrrrirerrrrrrrrrrrrrrrrrrrrrirrrral
Sbhjct 1029 GOACCALTCCATCTCTGGALAGTTCTCGACATGTCAAGACCAGGTARGETTCTTCGCETT

Cusry 490 GCCATCEAATTALACCACATACTOCACCECTTETEOCEEOCCCOGTCARATTOOTTTERGTT

HEREE RN R R
sbict 969 GCATCGRATTAMACCACATACTCCACCGCTTGTGOGGECCCCOGTCAATTCCT T TGAGTT

Cusry 550 TCACGTOTTEOEACCETACTCOOS 571

Trrrrrerrrrrrrerrrnrtl
sbjct 909 TCAGTCTTECOGACCGTACTCCC 888

Fig.72 Shows Stenotrophomonas rhizophila gene sequences
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Fig.73 Shows Stenotrophomonas rhizophila tree
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Bacillus cereus ATCC 14579 165 nbosomal RNA {rmA) gene, complete sequence
Sequence ID: refl[NR_074540.1] Length: 1512 Number of Matches: 1

Range 1: 120 to 637 GenBank Graphics Mext Match Previous Match
Score Expect Identities Gaps Strand
8§52 bits(944) 0.0 502/518(97%) 3/518{0%) Plus/Plus

Cusry 63 ACCTGEETATC-TELCCEEA-GACTGEEATARCTCOGEEARACCGEEECTAATACCGEAT

e et b Pree et e e e
Sbjct 120 ACGTGEGTAACCTGCCCATAAGRCTGGGATARCTCCGEGRARACCGEEECTAATACCGGAT

Cusry 121 AACATTTTGRAACCGCATGGTTCGARATTGRARGGLGECTTCGECTGTCACTTATGEATGE

) RN N N NN NN NNy
Sbjct 180 AAMCATTTTGAACCGCATGGTTCGAARTTGARAGGOGECTTCGGCTETCACTTATGGATGE

Cusry 181 ACCCGCGTCGCATTAGCTAGTTGGTGAGGTARCGECTCACCAAGGCARCGATGCETAGCT

BN RN R N R R R N N R NN R N RN RE R RR RN
Sbjct 240 ACCCGLGTCGCATTAGCTAGTTGGTGAGGTARCGECTCACCAAGGCARCGATGCETAGCT

Cusry 241 GACCTEACAGGGTGATCGGCCACACTGEGACTGAGACACGGCCCAGACTCCTACGEGRAGE

) FPTErrr rree e e e e e e e e e e el
sbjct 300 GACCTGRGAGGETGATCGGCCACACTGGGEACTGAGACACGGCCCAGACTCCTACGGGAGE

Cusry 301 CAGC-GTAGGGAATCTTCCGCAATGGACGRARGTCTGACGGAGCATCGCOCGLGTGRAGTGR

PP e et e e e et e e et e et trerrrrrrrrnd
Sbjct 360 CAGCAGTAGGGAATCTTCCGCARTGGACGAARGTCTGACGGAGCARCGCCGLGTGRAGTGR

Cusry 360 TGAAGECTTTCGEGTCGTARRACTCTGTTGTTAGEGALGRARCARGTGCTAGTTGAATALG

PTEEETre e e e e e e e e e e e e v el
Sbjct 420 TEAAGECTTTCGGGTCGTALALCTCTGTTGTTAGCGGAAGRRCARGTGCTAGTTGARTARG

Cusry 420 CTGGCACCTTGACGGTACCTARCCACAGAGCCACGGCTARCTACGTGCCARCATCCGCGE

. frrerrrrrrerrr e e e o rrreer e 1t
Sbjct 480 CTGGCACCTTGACGGTACCTARCCAGARAGCCACGGCTARCTACGTGCCAGCAGCCGCGE

Cuesry 480 TARATACTTAGCTGGCARGCGTTATCCGEAATTATTGEGOCTALAGCGOGCECAGETESTT

PP e e e e e e e e e e e e e el
Sbjct 540 TAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGECETALRAGCECGCELAGETGGETT

Cusry 5S40 TCTTAAATCTGATGTGARATCCCACGGCTCARCCETEE S77

PP e e Prrre e reernnl
Sbjct 600 TCTTAAGTCTGATGTGAAAGCCCACGGCTCARCCGTGE 637

Fig.75 Shows Bacillus cereus gene sequences
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Bacillus licheniformis strain DSM 13 165 ribosomal RNA gene, complete sequence
Sequence ID: ref[NR_118996.1] Length: 1545 Number of Matches: 1

Range 1: 62 to 563 GenBank Graphics
Score Expect Identities

Strand

Gaps
926 bits{501) 0.0 501/501{100%) 0/501{0%) Plus/Plus

Cuery 1 ACCGACGGEGAGCTTGCTCOCT TAGGTCAGCGECGEACGEETGAGTRAACACGTGEGTARCT

. AR N Ry
sbjct 63  ACCGACGGGAGCTTGCTCCCTTAGGTCAGCGGCGGACGGETGAGTARCACGTGGGETARCT

Cuery 61 TGECCTETARGACTGEEATARCTCCGGEARACCGGEEECTAATACCGGATGC T TGAT TGAAC

. [ N N N NN any|
sbjct 123 TGCCTGTRAGACTGGGATARCTCCGGGARACCGGGECTARTACCGGATGCTTGATTGRAC

CQuery CECATGGTTCAATCATARARGETGGCTITTAGCTACCACTTACAGATGEACCCGCGECGET

R N NNy
sbjct CGCATGETTCAATCATAAMAGGTGGCTTTTAGCTACCACTTACAGATGEACCCGCOGECGE

Cuery ATTAGCTAGTTGGTGAGGTARACGGCTCACCARGGCGRACGATGCGTAGCCGACCTGRAGRAGE

RN N N N N N N NNy
sbjct ATTAGCTAGTTGGTGAGGTRRCGGCTCACCARGGCGRACGATGCETAGCCGACCTGRAGRGE

Cuery GTGATCGGCCACACTGGGACTGAGRCACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGE

. [ N N NNy
sbjct GTGATCGGCCRCACTGEGACTGAGRCACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGE

Cuery ARTCTTCCGCART GEACGARRGTCTGACGGAGCRACGCCECGTGAGTGATGAAGGTTTTC
R N e R Y]
sbjst ARTCTTCCGCARTGEACGARAGTCTGACGGAGCAACGCCECGTGAGTGATGRAGGTTTTC

Cuery GGATCETARAACTCTGTTGT TAGGGAAGARACARGTACCETTCEGAATAGGGCGGTACCTTE

. R N N N N N NNy
sbjct GEATCGTARARCTCTGT TGT TAGGGRAGRACAAGTACCGTTCGARTAGGGCGETACCTTG

Cuery ACGETACCTARCCAGARRGCCACGGCTARCTACGTGCCAGCAGCCGCGETAATACGTAGE

BN N N N N N N Y]
sbjct ACGGTACCTARCCAGRARGCCACGGCTARCTACGTGCCAGCAGCCGCGGTAATACGTREGE

Cuery TGECARGCGTTGTCCGGRATT 501

FTEEETEEE T
sbjct TGSCAAGCGTTGTCCGGRATT 563

Fig.77 Shows Lysinibacillus macroides gene sequences
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Fig.78 Shows Lysinibacillus macroides tree
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Fig.79 Shows Nettle leaf which treated by Bacillus thuringiensis used to feed butterfly

larveas(authour’s own image)

Bacillus cereus ATCC 14579 165 ribosomal RNA (rmA) gene, complete sequence
Sequence ID: reflNR_074540.1] Length: 1512 Number of Matches: 1

Range 1: 82 to 794 GenBank Graphics tc
Score Expect Identities Gaps Strand
1261 bits{1398) 0.0 707/713(99%) 0/713{0%) Plus/Plus

cuery 1 CTTGCTCTTATGAGESTTCGCGEEGGACGEETGAGTARCACGTGEGGTAACCTGCCCATALG
freerrreerrer rrr teer rerrrrrrrer e e e e et e e
Sbjct 82 CTTGCTCTTATGAAGTTAGCGGCGGACGGGETGAGTARCACGTGEGTAACCTGCCCATARG

Cusry ACTGEEATAACTCCEEEAARCCEEGECTARTACCGEATARCATTTTGARCCEGCATGETTC

. PITETTRR e e et v e e e e e e b e e et v e e
Sbjct ACTGGGATARCTCCGGGARRCCGEGECTAATACCGGATAACATTTTGARACCGCATGGTTC

Cusry GAARTTEARAGGCEECTTOGGCTGTCACTTATGEATGGACCCGCETCGOATTAGCTAGTT

PREETT et e e e e e e e v e b e e et e e
Sbjct GARATTGARAAGGCGECTTCGGCTGTCACTTATGEATGEACCCGCGTCGCATTAGCTAGTT

Cusry GETGAGETAARCGECTCACCARGECARACGAT GOGTAGCCEACCTGAGAGEGTEATCGECCA

IR e et e e e e v e b e e et
sbjct GETGAGGTAACGECTCACCARGGCARACGAT GCGTAGCCGACCTGAGAGGGTGATCGGCCA

Cusry CACTGEEACTGRAGACACGECCCAGRCTOCTACGGEGAGGCAGCAGTAGGEAATCTTCOGCA

FEEEETrer et et e et e e et e e e e ey et e eyl
Sbjct CACTGGGRACTGAGACACGECCCAGRCTCCTACGGGAGECAGCAGTAGGGAATCTTCCGCA

Cuery ATGGACGARAGTCTGACGRAGCARCGOOGCGTGAGTGATGAAGGETTTOGGETCGTARRL

PRIt e e e e e e e e e b e e et v e e
Sbjct ATGGACGRARGTCTGACGEAGCARCGCCGCGTGAGTGATGAAGGC TTTCGGETCGTARAR

Cusry CTCTGTTGTTAGGEARGAACAAGTGCTAGTTGAATARGCTGEGCACCTTGACGETACCTAL

) II][II]III]IIIII[III[II][II][II]III]IIIII[III[II][II][II]III
Sbjct TETTGTTAGGGARGARCARGTGCTAGT TCAATARGCTGGCACCTTGACGETACCTAL

Cusry CCAGRARGCCACGECTAACTACGTGCCAGCAGCCGOGETARTACGTAGETGECRAAGIGTT

PEEEETErer e et r e e e e e e e e r et et eyl
Sbjct CCAGARRAGCCACGGUTRAACTACGTGCCAGCAGCCGCGGTARTACGTAGGTGECARGCGTT

Cuery ATCCGEAATTATT GEGCETARMGCGCEOGCAGGTGETTTCTTAAGTCTGATGTGARAAGCC

. PITETTRR e e et e e e e e e e b e e et rrnnd
Sbjct ATCCGGRATTATTGEGCGTARAGCGCGCGCAGGTGETTTCTTAAGTCTGATGTGRARGCC

Cusry CACGGUTCACCCETEGAGEETCATTGEAAL CTGEEAGACTTGAGTGCAGRAGRAGEGARAGT

FEEEETre v e e v e e e e e e e e e e e et
Sbjct CACGGCTCRRCCGTGGAGEGTCATTGEARACTGGEAGACTTGAGTGCAGRAGAGGARRGT

Cusry GEAATTCCATGTGTAGCGETGAALTGCGTAGAGATATGEAGGAACACCAGTEGECGARGGEN

Frrerrrerreerrreer et e e e et e e re e e e el
Sbjct GGARTTCCATGTGTAGCGETGARATGCUGTAGRGATATGEAGGRACACCAGTGGCGARGGC

Cuery GANTTTCTGGTCTGTARCTGACACTGAGGCGOGARAGCETGGEEAGCRARARCAS T13

. PP e e e e e e e e e b ennl
Sbjct GACTTTCTGETCTGTARCTGACACTGAGGCGOGRRARGCETGGGGAGCARRCAG 754

Fig.80 Shows Bacillus cereus gene sequences
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Fig.81 Shows Nettles leave treated by E.coli and feed butterfly larvae then Isolate from

inside larvea died body (authour’s own image)

Stenotrophomonas maltophilia R551-3 strain R551-3 16S ribosomal RNA, complete sequence
1D: refINR_074875.11 Length: 1540 Mumber of Matches: 1

Range 1: 760 to 1408 SenBank it

re Expect Identities Gaps Strand
1171 bits{1298) 0.0 549/6429{100%) 0/649(0% ) Plus/Minus

cuery 1 TETEACGEECEETET
trrrrrrrrrerrna
sbjet TETGACGEECEETET

GTACARGECCCGGERAACG TATTCACCGECAGCAATGOTGATCTGOS
IR N
GTACARGECCCEGEAACG TATTCACCGCAGCARTGOTGATCTGOS

Cusry ATTACTAGCGAT TCCGACTTCATGGAGSTCGAST TECAGACTCCARTCCEGACTCAGATAS
N N N N N N

sbijct ATTACTAGCGAT TCCGACTTCATGGAGST CGAGT TECAGACTCCARATCCGGACTGAGATAS

Cusry GGTTTCTGGGAT TGGCT TACCGTCGOCGGCTTGCAGCCOTCTGTCCCTACCAT TGTAGTA
I N N N N N N N N
Sbget GETTTCrGEEAT TEECTTACCEICGCOGGEOUTTGCAGCCOTCTEICCOTACCATT GTAGTA
Cusry CETSTETAGCOCTES:
trerrrrrrrnrriaa

A ACESCCATGATGACTTGACSTCATCCCCACCTTCCTOCGS
THEITT]
sbijct COTGTGTAGCCCTES cas

SCOT o
Lrrernd | trerirrrrrrrrrreerrnerrrerreeria
CCGTARGEGCCATGATGACTTGACGTCATCCCCACCTTCCTCCGS

cusry TTTGTCACCGGCGEETCTCCT TAGRGTTCCCACCATTACGTGCTGGEC ARGGRCARGS
Ll

T ARCTARG
. [N N N N N R N N |
Sbget T GTCRACCEECEETPCTCCT TAGAGTTCCCACCATPACGETGCTGGCARCTARGGA G

Cusry GTTGCGST TTARCCC TOTCACGACACGAGCTGACGACAGCCAT GS
Lrerrrerrnrrrreerrerrrrerrrrrrrrrrrerrrrrrrrrrrrerrrerrrerin
sbjct GTTGCGCTCETT G GACTTAACCC TCTCACGACACGAGCTGACGACRGCCAT G

cuery AGCACCTGTGTTCGAGTTCCCGARGGCACCARTCCATCTCTGEARAGTTCTCGACATGTC
. L1 I e U e U U U I T A I O O O o I U I O R T |
Skbjet AGCACCTETETTCGAGTTICCCEARGECACCARTCCATCTCTEEARAGTTCTCGACATETS

Casry

ENY=T1 STTCTTCEC TOGARTTARACCACATACTCCACCGOTTET G

I N N NN N N
sbjct ARGGCCRGH GETTCTTCGECET TEOAT CEARTTARACCACATACTCCACCGCTTGT G
GooGRACT
Lrrrrria
SGECERARCT

cusryr GeGCCCCCETCARTTCCOTTTIGAGTTTCAGTOTTGOGACCGETACTCCCCRGEIX
) [ N N N N N N N N |
Skjct CEGCCCCCeTCARTTCOTTTGACT T TCAGTOT T GOGACCESTACT OO CCRGEIY

cusry TARCGOGT TAGCTT: TECGT GO TTGCACOC TCCAGT TCGECSATCGT TT

NN N N N N N NN N N
sbjct TARCGCGT TAGCTT: TACTGECGTGEST TTGECACCCARACATCCAGTTCECATCETTT

Cusry AGEGCETGEACTACCAGEETATCTAATCCTETTTEOTCCOCACSSTTTS 649
] N N N N AN N Y
Sbijct ACSGGCSTGEACTACCAGGESTATCTAATCCTESTT TGO T COCOCACSSTTTC Te0

Fig.82 Shows Stenotrophomonas maltophilia gene sequences
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L
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|
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Fig.83 Shows Staphylococcus saprophyticus tree
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Fig.84 Shows Nettles leave treated by by B. subtilis and feed butterfly larvae then Isolate

from inside larvea died body (authour’s own image)

Bacillus cereus ATCC 14579 165 nbosomal RNA {rmA) gene, complete sequence
sSequence ID: reflNR_074540.1] Length: 1512 Mumber of Matches: 1

Range 1: 81 to 820 GenBank Graphics

Score Expect Identities Gaps Strand
13392 bits{1484) 0.0 FA7/750({99%) 0/750({0%) FPlus/Plus

Query 1 GLTTGCTCTTATGAGGTTCGCEEGGEERCEEETGAGTARCACGTGEGTARCCTGCCCATAR
AR N N N e
sbijct 81 GCTTGCTCTTATGARGT TAGCGECGEACGEETGAGTARCACGTGGETARCCTGCCCATAR

Cuery 61 GACTGEGATARCTCOCGEERARCCGEEECTALTACCGGATARCATTTTGALCCGCATGETT
Trrrrrerrrererrrerrrrerer et e et rerrrrrrrrrirrrrrend
Sbijct GRCTGEGATAACTCOGEGAARCCGGEGCTAATACCGGATARCATTTTGARCCGCATGGTT

cuery CEAAATTEARAGGCEECTTCEECTETCACTTATGEAT GERCCCECETCECATTAGCTAGT

. BN N N N N N N NN NN R |
sbjct CEARRTTGAAAGGOGGCTTCGGCTGTCACTTATGEAT GEACCCGCETCGCATTAGCTAGT

Cuery TGGTGAGETAACGGOTCACCAAGGCARCGATGCGTAGCCGACCTGAGRGEGTGATCGGCC
TPt e e e e e e et ettt et rrerrnntl
Sbict TGGTGAGETAACGEOTCACCAAGGCARCGATGCETAGCCGACCTGAGRGEETGATCGGCT

Cuery LACACTEEEACTEALGLCACGECOCAGRCTCCTACGEEAGECAGCAGTAGGEAATCTTOCEC

. BN N N N N N N N NN |
Sbjct ACACTGGGACTGAGACACCGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTOCET

Cusry AATGEACGARRGTCTGACGGACCARCGOCGCGTGAGTGATGAAGGCTTTCGGGTCGTARR
RN N N N R Ry
sbijct AATGEACGARAGTCTGACGGAGCARCGCCEGCGTGAGT GATGAAGGCTTTCGGGTCGTARR

Query ACTCTGTTGTTASGGARGARCARGTGCTAGTTGAATARGCTGECACCTTGECGETACCTA
NN N N N N NN N
sbjct ACTCTETTET TAGGGARGANCAAGTGCTAST TGARTANGCTGECACCTTGROGGTACCTA

Caery ACCAGARAGOCCACGEGEITARCTACGTEGOCAGCAGCCGCEETARTACGTAGETGGCALGCET

. IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
sbijct COAGAARGCCACGGCTARCTACGTGOCAGCAGCCGCEGETAATACCTAGGTGGCARGCET

Cusry TATCOGGAATTATTGEECETALLGCECGCGCAGETGGTTTCTTARGTCTGATGTGARAGT
RN N N N RN R e
sbjct TATCOGGALATTATTGGECETALAGCECGCGCAGETGETTTCTTARGTCTGATGTGAARGT

Cusry CCACGECTCAACCETGEAGEETCAT TCEALACTGEEAGATCTTGAGTCGCAGARGAGERAD AG

. Pt rreerenet e ettt rerrrerrrrrirerrrentl
sbict CCRCGECTCARCCEGTGEAGGETCATTGGRARCTGEGGAGACT TGAGTGCAGAAGAGEGAALG

Cuasry TEEARTTCCATETGTAGCGSTGAAATGOGTAGAGATATGEGAGEGARCACCAGTGGCEARGE

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbijct TCGAATTCCATGTCTAGCGG TGARA TGOS TAGAGATA TCCASCARCACCAGTGSCGARGE

Cusry CGACTTTCTCGTCTGTARCTGACACTGAGGCGCEARAGCETEEEGACCARLCAGEATTAG
RN R R R R e
Sbjct CEACTTTCTGEGTCTGTARACTGACACTGAGGCGOGALAGOCTEGEGEGAGCARLCAGEGATTAS

Cusry ATACCOCTGETAGTCCACGCCGTARRCGATE 750

. TIRRET et nrrrnnl
sbijct ATACCCTGETAGTCCACGCCGTARARMCEATE 830

Fig.85 Shows Bacillus cereus gene sequences
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Fig.86 Shows Nettles leave treated by MRSA bacteria and feed butterfly larvae then Isolate

from inside larvae died body (author's own image)

Staphylococcus aureus subsp. aureus N315 strain N315 16S ribosomal RMNA, complete sequence
Sequence ID: ref|[NR_075000.1] Length: 1555 Number of Matches: 1

Range 1: 79 to 729 Graphics

Score Expect TIdentities Gaps Strand
1135 bits{1258) 0.0 542/651(99%) 0/651{0%) Plus/Plus

Cuery 1 GRAAGCTTGCCTCOTCTEATSGTAGCEEEEGACGEEETEAGTARCACGTGEATARCCTACCTA
Lt rrrrreerrnr rrrnel ][II]II\]IIIII[\II[II][II][II]III
sbjct 79 GRRGCTTGCTTCTCTGATGTTAGCGGCGCRCGGGTGRGT, CGTGGATARCCTACCTR

Cusry 61 TAAGACTGGGAT: TTCGGGARRCCGGAGCTRAATACC TARATATTTTGARCCGCATG

N N N N N N N NN |
T ACT TARCTTCGS COGRAGCTRAT TAATATTTTGARCCGOATG

Sbijct

Cuery GITCAARAGTEANRGACGETCT TGC TG TCACTTATAGATGEATCCGCGOTGCATTAGS TR
[EE N N N N N N N |
Skjct GITCAARRGTEARAGACESTCTTGC TS TCACTTATAGATGEATCCGCGOTGCATTAGSTR

cuery GTTGGTARGGTEACGGCTTACCARGGCARCGATGCATAGCCGACCTGARAGGESTGATCGE
frrrrrrerrerrrreerrrerreerrrer et i et et rrrnrrrrrnd
sbjct GTTGGTARGGTEACGGCTTACCARGGCARCGATGCATAGCCGACCTGAGRAGGESTGATCGE

Cuery CCACACTGGARCT GACTCCOTAC e GCRGT. GARTCTTCC
. II][II]III]IIIII[III[II][II][II]II\]IIIII[\II[II][II][II]III
Skjct e GCRGT. GARTCTTCC

Cuery GCARRT CEARRGCCTGACGEAGCAACGCCECGTEGRAGTEATNARGETCTTCGGEGATOGTA
II][II]III]IIIII[III[II][II][II]II\]IIIII[ Trrrrrerrrrerrrend
sbjct GCRAT CGARAGCCTGACGGRGCRRC TGRAGTGATGARGGTCTTCGGATCGTA

Cusry ALACTCTGT TATTAGGGEAGAACATATGTGTARGTARCTGTGCACATCTTGACGGTACCT

. N NN N S N N N R NN NN |
Skjct ARACTCTGT TATTAGGGAAGARCATATGTGTARGTARCTETGCACATCTTGACGGTACCT

Cusry ARTCAGRRAGCCACGGCTARCTACGTGCCAGCAGCCGCGETAATACGTAGGTGGCARGCE
N N N R N NNy
Skjct AT CAGRARAAGCCACGECTARACTACGTGCCAGCAGCCGCEETAATACGTAGETGGCARGCE

Cusry TTATCCGGAATTATTGGEOGTARRGCGOGCETAGGOGE! BAGTCTG: G
II][II]III]IIIII[III[II][II][II]II\]IIIII[\II[II][II] Lirrni
sbjct TTATCCGGRATTATTGGGCGTARRGH ARGTCTGATGT G

Cuery COCACGECT CARCCET GTCRTT T G- T TGRGT G e}
[ N N N N RN
sbijct COCARCGGOTCARCCGTGEAGGETCATTGGRARCTG: CTTGRAGTGCAGRRGRG:

cuery GTGGAATTCCATGTGTACCGGTGARATGCGCR AT ncrccn 651
II][II]III]IIIII[II[II][II][II]I]IIIII[\II[II][I
sbjct GTGGAATTCCATGTGTAGCGGTGALAT AGATATGGS DCACCE  T29

Fig.87 Shows Staphylococcus aureus gene sequences
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Fig.88 Shows Nettles leave (Control )feed butterfly larvae then Isolate from inside larvea

died body (author's own image)

Stenotrophomaonas maltophilia strain 1AM 12423 165 ribosomal RNA gene, complete sequence
Sequence ID: ref[NR_041577.1] Length: 1538 Mumber of Matches: 1

Range 1: 182 to 722 GenBank Graphics

Score Expect Identities Gaps Strand
933 bits{1034) 0.0 531/540{98%,) 0/540(0%) Plus/Plus

Cusry & GGGTGAARGCATGTGATCTTCGGACCTTGCGCGATTGARTGAGCCGATGT CGEATTAGCT
FEPEETEEErr e r e b e e e e e e e e e e e e ey v v e
Sbjct 183 GGGTGARRGCAGGGEATCTTCGEACCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCT

Cusry &b AGTTGGEGGEETARAGGCCCACCARGGOGACGATCCGTAGCTGETCTGAGAGEAT GATCR

. FEREETTLCE R e et p e e e e b et e e
Sbjct 243 AGTTGGCGGGETRARAGGCCCACCARGGCGACGATCCGTAGCTGGTCTGAGAGGATGATCR

Cuery 126 GCCARCACTGGAACTGAGACRCGGTCCAGACTCCTACGGGAGGCAGCACTGEECRATATTG

FETEETTEE TR e e e e b e e e e e e e e e ey e el
Sbjct GCCACACTGGARC TGAGACACGGTCCAGACTCCTACGEGAGGCAGCAGTGGGERATATTG

Cuery GACAATGGGCECRAGCCTGATCCAGCCATACCGCGTGEETGARGARGECCTTCGGGTTGT
FETEETTEE T e e e b e b e e e e e e e e e e e ey v e e
Sbjct GACRATGGGCGCAAGCCTGATCCAGCCATACCECETGEETGAAGAAGECCTICGGETTGT

Cuery RAAGCCOTTTTSTTGEGRAARGRAATCCAGCCEGCTAATACCGEETTEGEEATGACGETACT

. FIREECTTLEREEE R e e et i b P b e L e
Shjet AARGCCCTTTTGT TGGGARRGAARTCCAGCTGGTTARTACCCGGTTGEGATGRCGETACC

Cuery CARRGRATARGCACCGGCTAACTTCGTGCCAGCAGCCGCEGTAATACGARGGGTGCARGE
FETEETTEE TR e e e e e e e e e e e e e e e ey v e e
Sbjct CARRGARTAAGCACCGGCTAACTTCGTGCCAGCAGICGUGETARTACGRRGEGTGCARGT

Cuery GITACTCGGRATTACTGEECGTARAGCGTGCETAGETGETCGTITAAGTCCGTITGTGARA

. I\][II]III]IIIII[III[II][I\1[II]III]IIIII[III[II][II][II]IH
Shict CGGRATTACTGGGCGTARRGCGTGCGTAGETGETCGTTTAAGTCCGTTGTGARA

Cuesry GGECCTEEGCTCARACCTGEEARCTGCAGTGEATACTGGECEACTAGAGTET GETAGAGGET

PPt e e e e e e e e e e e e e e e e e e e
Sbjct GCCCTGGGCTCRACCTGEEAACTGCAGTGEATACTEGECGACTAGAGTGTGETAGRGGGT

ouery AGCGRAATTCCTGETGTAGCAGTGAAATGCGTARAGAT CAAGAGGRACATCCATGEOGRA
FERE TP EEr e e e et v e e reee e terr e e e
Shict AGCGGAATTCCTGETGTAGCAGTGARATGCGTAGAGATCAGGAGGAACATCCATGECGRR

Fig.89 Shows Stenotrophomonas maltophilia gene sequences
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Fig.90 Shows Nettles leave (Control )feed butterfly larvae then Isolate from inside larvea

died body (author's own image)

Stenotrophomanas maltophilia R551-3 strain R551-3 165 ribosomal RNA, complete sequence
Sequence ID: reflNB_074875 1] Length: 1540 Mumber of Matches: 1

Range 1: 828 to 1261 GenBank Graphics MNext Mztch

Score Expect Identities Gaps Strand
551 hits[298) 2e-156 389/434(90%) 1/434(0%]) Plus/Minus

Query 185 GGCETGCAACCCTTTTTCTT TACCACGEGAATACTTGTGCAGLCCTGGCCGTATLGGCCA

R N e e N e e A R R A R RN
Sbjct 1261 GGCTTGCAGCCCTCTGETCCCTACCATTGTAGTACGTETGTAGCCCTGGCCETARGGECCA

Cuesry 245 CGAGEARATGACATCATCCCCACCTTCCTOCGETTTGT CACGEGTAGTCTOCT TAGAGTT

) N R N N N RN N e N AN
Sbjct 1201 TGEATGACTTGACGTCATCCCCACCTTOCTCCGETTTGTCACCGECEETCTCCT TAGAGTT

Cuery 305 CCCACCATTATGTGCTGEEAACTAACGACARRAGETTGCGCTCGTTGCGGEACTTARRACCR

feerreerrr rereerr eeeeer reerr trerrr et e eer e e rerrr el
Sbjct 1141 CCCRCCATTACGTGCTGGCAACTARGGACARGGETTGCGCTCGTIGCGGEACT TARCCCR

Query 365 ACATCTCACGACACGAGCTGACGACCGCCATGCACCACCTGTGTTCGAGTTCCCARAGET

FREETTErrrrereeerree e e e rerrrerr eerree e e e e et
Sbjct 1081 ACATCTCACGACACGAGCTGACGACAGCCATGCAGCACCTGTGTTCGAGTTCCCGARGED

Cuesry 425 ACCAATCCATCTCTGEARAGTTCTCEACATGTCARGECARGETARCGCTCTTCACGATES

) R N e e A R Y
Sbjct 1021 ACCRATCCATCTCTGGAARGTTCTCGACATGTCAAGGCCAGGTARGETTCTTCGLGTTES

Cuery 485 GTCARRATTTARCCACATACTCCACCGCTTGTGCEGGCCCCCETCAATTCCTTTGAGTTTC

LE T reerrerreeereee e e ettt e e e et el
Sbjct 961  ATCGRATTARACCACATACTCCARCCGCTTGTGCGGGCCCCCETCAATTCCTTTGAGTTTC

Cuery TTTCTTGCGACCETAC-CCCCAGGCGGTGARCTTAACGCGTTAGCTTCGATACTGCCTGS

) PETEEETTEE e pe e et et et e et e e ety 1l
sbict AGTCTTGCGACCETACTCCCCAGGCEGCGAACTTAACGCGTTAGCTTCGATACTGCGTGS

Cuery AAARTTGRACCCRA 617

TEEEEE Tl
sbject CAARTTGCACCCAA 825

Fig.91 Shows Stenotrophomonas maltophilia gene sequences
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Fig.92 Shows larvae blow fly (Calliphora) appeared from human body(author's own image)

Fig.93 Shows Brevibacterium ravenspurgense gene sequences
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Fig.94 Shows Brevibacterium ravenspurgense tree
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Staphylococcus homims suasp. novobioseptius sran GTG 1226 165 nbosomal RNA ene. partal sequence
Sequence 0: eANR 041323.1) Length: 1454 Number of athes: 1

Range 1: 208to 203 Genfank Graphis Nt Vetch A Prvious Match
Score Expect  [dentities Gaps Strand

1194i{142) O O

Query 198 TGCGCGRGAT-ACTAGATGATAACGTARCGACTTACCAAGGCARCEATACCRARCCEAL 256

LT TETHTET T TITHTHTETTITTTHTE T
Shict 208 TGCGOCGTATTAGCTAGTIGGTAMGATRACGGCTIAC CRAGGCAACGATACKTAGCUGAC 267

Query 257 CTGARACGRTGATCGECCACAATARRACTGAGACACEE 294

T THTTHTHTHT
Shjct 268 CTGAGRAGRTGATCGGCCACACTGRACTERRACACGS 305

Fig.95 Shows Staphylococcus hominis gene sequences

| — S —pr—

Fig.96 Shows Staphylococcus hominis tree
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Fig.97 Shows adult blue fly (Calliphora) appeared from human body(author's own image

Enterococcus faccalis V583 strain W583 165 ribosomal RMNA, complete soequenoes
Seaquence 1D rellMI2_OFAGIF. 1] L th: 1522 or 1
Fange 1 S0 e 1E0e Ssnoenk  Sreohes Maxt Match b (=
B o Smee e
a3un bitsClsas) oo Fuose11{e99n) /811 (o) Pliamrin s
Cramey 81 1an
I O O AN O O R I N B R |
Slng ot L0096 CoSa RO SR T D R S S S ST B TwoATGe 1330
Cuaery 1Al A P R D 5 2 A S I P B T R pe e moo
. N N N ]
e e imTe
Cramaey 2oL z&0
N N N N N
Slegon AZFT e =t e LT X e 1zaa
ey 2el D P 3 T P 58 58 I 0 £ 0 % T % 03 0 T I S G A D D DA s 252 O
N A N N N ]
Slaget 1R1T s 1asae
Crasy 331 WSO R N s} o CrAACCOR 380
NN N N NN
Smgen 1157 ToccoaRnom T R T R P e TrAACccoR 1090
Cramay @A XX aan
N N N R
Skt 1057 1oza
Cnamay 441 e e e s5a0
A N N N A AN
Slndet 1037 AAAGOTODATCT Tacrees sra
Sramy SO PP P ez se0
O N
e AT mAAT s1m
it e e =t et R S s Gzo
. L O T O T I O R R N N |
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Fig.98 Shows Enterococcus faecalis gene sequences

Fig.99 Shows Enterococcus faecalis tree
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Fig.100 Shows Larvae blow fly (Calliphora) appeared from human body(author's own image

Lishizhenia tianjinensis strain HE 165 ribosomal RNA gene, partial sequence
Sequence I0: reflNB_116229.1] Length: 1423 Number of Matches: 1

Range 1: 211 to 245 GenBank Graphics ¥ Mext Match & Previous Match
Score Expeact Identities Gaps Strand
37 .4 bits{40]) 0.033 20/35(83%) 0/35(0%) Plus/Flus

Cuery 215 ATTALRCTARTTAGTGAGGTAACTGTTCAGCTRAGEC 245

L Tt trrerener ey e 1 1
Sbjct 211 ATTAGCTAGTTGETGRAGGTAACTGCTCRCCARGGD 245

Fig.101 Shows Lishizhenia tianjinensis gene sequences

Fig.102 Shows Lishizhenia tianjinensis tree
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Clostridium cochlearium strain JChM 1396 165 ribosomal RMNA gene, partial sequence
Sequence ID: reflNR_113026.1] Length: 1474 Mumber of Matches: 1

Range 1: 90 to 840 GenBank Graphics

Score Expact Tdentitias Gaps Strand
1314 bits{1456) 0.0 F45/752{99%) 3/752(0%) Plus/Plus
Cuery 41 GAGTAR—ACGTGGGCARCCTGCCTCACAGAGEGGARTASCCCTCCGARAGGRAGGATT 39
trrrrrrelr rereirrerrirrerrrerrrrr o rrerrirrrrrrrrrrrrrrrrrrrrrrrenl
Skbjct 99 GETGAGTALCACGTEGGCARCCTGCCTCARAGAGEEGARTAGCCCTCCGARAGGAGGATT 158
Ccusry 100 AATACCGCATAANAGTTAGAGTTTCGCATGAAACTTTAACCANAGGAGTARTCTGEGCTTT G 159
. trrrrirrerrrrrrrerrirrerrrerrrretrrrrrinerrrrrrrrrrrerrrrnrrrnntnl
Sbjct 159 ALTACCG TAADCGTTAG TTTCoECAT TTTAACCAAAGCGGACGTALTCTGCTTTGS 218
Cuery 150 CATGGGCCCGCGTCCCATTAGC TAGTTGGTAAGCTAATGGCTTACCARGGCARCGATGGEE 219
frrrrrrerrreerrerrrrrirrerrrrerrrrrrrrrrrrerrrrrrrrrrrrrirnen
Sbict 219 GATGEGEGCCCGCETCCCATTAGCTAGTTGETAAGGTAATGEECTTACCAAGECAACGEGATGEE 278
Cuery =220 TAGCCGACCTGAGAGSGTGATCGGCCACATTGEGAACTGAGACACGGTCCAGACTCOTACG 279
frrrrrrerrrrerrerrrrrirrerrrrerrrerrerrrrrrrrrrrrrrrrrrrirnen
Sbjct 27% TAGCCGRCCTGAGAGGGTGATCGGCCACATTGGAACTGAGACACGGTCCAGACTCCTACE 338
Cusery 280 GGAGGOAGCAGTGGGGAATATTGOGCAATGEGGGARRCCOTGACGCAGOARCGCCGOGTS 339
frrrrrrerrrrerrerrrrrrrerrrrerrerrrrrerrrerrrrrrerrrrerinet
Sbict 3329 GEAGEGCAGUAGTGEEEAATATTGOGCANATGEEEEARACCCTEACGCAGCAACGCCGEGOG TG 398
Cuery 340 GOTGATGARAGGTTTTCGGATCGTARAARCCCTGTTTTCTGGGACGATAATGACGGTACCAS 399
trrrrirrerrrrrirrrrirrerrrerrrrrerrrrrirrrrrrrrrrrrrrrrrrrrrrrnnl
Skbjct 392% GETGATGAAGGTTTTCGGATCGTARAACCCTGTTTTCTGEGACGATAATGACGETACCAS 458
Cusry 400 ATGAGGARGCCACGGCTALCTACGTECCAGCAGCUCGOGETANTACGTAGETEGCANAGTET 459
. trrrrrrerrrrerrerrirrerrrerrrrertrrrrirnerrrrrrrrrrrerrrrrrrnnnl
Sbjct 459 ATGAGGAAGUCCACGGOTAACTACGTGCCAGCAGCOCGOGETANTACGTAGGTEGCANAGTET 518
Cuery 460 TeCTCCGGATTTACTGGGCGTALAGGETGCGTAGGCGCATGCTTARGTGCAGATGTGARD T I 519
frrrrrrerrrrerrerrrrrirrerrrrerrrrrrrrrrrrerrrrrrrrrrrrrrren
Sbict 519 TETCCGEATTTACTEEECEGTAAAGEETGECETAGGCGEEATGOTT GT TGETE T 578
Cuery 520 COCTAGGCTTAACTTASGEGCCTGCCATTTCAAACTGEGCATC TAGAS TACAGGAGAGGEGGR AN 579
frrrrrrerrreerrerrrrrirrerrrrerrrerrerrrrrrrrrrrrrrrrrrrrren
Sbjct 57% COTAGGCTTAACTIAGGGGCTGCATTTCAAACTGGGCATCTAGAGTACAGGAGRSGGARRA 638
Cusery 580 CGGARTTCCTAGTGTAGOGGTGARARTGCGTAGAGATTACGAAGARCACCAGTGGCGARGE 639
X frrrrrrerrreerrrrrrerirrerrrrerrerrrerrrrrrrrrrrrrrrrrrriren
Sbijct &35 CEEAATTCCTAGTGTAGUGETEAAATGCETAGAGAT TAGGANGARCACCAGTGGUGEARGE c98
Cuery 640 CGGTTTCCTGGACTGTARCTGACGCTGAGGUACGARRAGCGTGGEGTAGCARRCAGGATTAR G99
trrrrirreirrrerirrrrrrerrrerrrrerrrrrrrerrrrrrrrrrrrrrrrrrrnnd
Skbjct 622 CEGTTTCCTGEGACTGTARCTGACGCTGAGEOACGARRMGOGTGGETAGCARACAGEATTAS 758
Cusry ToOo ATACCCTEETAGTCCACGCCETAALACGATG ATACTAGETGTAGEALGETCCCACCOSTTC T58
. trrrrrrerrrerrrrerrrrerrrerrrrer i rrrrrrrr orerorer o rniil
Sbjct 759 ATACCCTGETAGTCCACGCCGTAALACGCGATGAATACTAGETSTAGSAGGET—CCADCCTTC 817
Cuery T59 TETGCCGCAGTTALACACATTALGTATTCCGOC 780
frrrrrrerrreerrrerrrrrrrrrrrrrernl
Sbict gla TETECOCGECAGTTAACACATTAAGTATTCCGCS 849
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Fig.104 Shows Clostridium cochlearium tree
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Bacillus safensis strain NBERG 100820 16S ribosomal RNA gene, partial sequence
Sequence 1D: reflINR_113945 1] Length: 1474 Number of Matches: 1

Range 1: 344 to 1396 k Graphics Me: Previous Matc
Score Expect Identities Gaps Strand

733 bits(812)

0.0 406/553(90%) 2/553(0%) Plus/Minus

Cusry
Sbjct
Cuery
Sbijct
Cusry
Sbjct
Cuery
Skijct
Cuesry
Sbjct
Cusry
Sbjct
Cuery
Skijct
Cuery
Sbjct
Cusry
Sbjct
Cuery

Sbijct

17

13%a

75

1236

1235

127a

155

121e

255

115@

315

1086

375

103e

435

376

455

916

555

856

CTCEAGEEEEEACCGECEETEEGEA—AAGEGECCEGEAACGTATTC—CCGCEECATGTTGA

N N N N N N N ey
CTCETGETETGACGGECGETETGTACARGECCCGGGARCGTATTCACCGCGGCATGCTGR

TTCCCGATTARCAACGATTCCOGCTTCAATGAATOCAMNTTGCARACTGACATCCCARCTS

R NN R NNy Pl b e e reer rreinl
TCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGRARCTG

ALAACAGARTTTATGGEGATTGECTAAACCTTGCGETCTTGCATCCCTTTGTTCTEGTCCATT

RN R N R R N R N RN R any
AGRACAGATTTATGGGATTGECTARACCTTGCGETCT TGCAGCCCTTTGTTCTGTCCATT

GTAGCACGTGTGTAGCCCARAGRACATARGGEGCATGATGATTTGACGTCATCOCCACCTTC

PR REEr et e e et et e e e e et et
GTAGCACGTGTGTAGCCCAGETCATARGGEGCATGATGAT TTGACGTCATCCCCACCTTC

CTCCGGETTTGT CACCGECAGTCACCTTAGAGTGCTCARCTGAATGCTGEGCARCTARCATC

PRIt e e e e e e e et b et e e 1l
CTCCGEGTTTGTCACCGECAGTCACCTTAGAGTGLCCARCTGAATGCTGGCARCTARGATC

ALGEGETTECGCTCETTECGEEACTTARCCCARCATCTCACGACACGAGCTGACGACAACT

RN R R N R N R R R RN RN R OEN
ARGGETTGCGCTCGTTECGGERCT TARCCCARCATCTCACGACACGAGCTGRCGRCRACC

ATGCACCRACCTETCTCTCTGTCCCCGARGGGRAATCCCTATCTCTATGEGTTGTCAGAGER

PEEETERE T trrn e e e et b e e el
ATGCACCARCCTGTCACTCTGTCCCCGRAGGGARRGCCCTATCTCTAGGETTGTCAGAGGR

AGGCALRGARCCTEEEARGEETCTTCCCGTTGOCTCCAATTARACCACATGETCCACCGCTT

orrrerrrerr veer v reerrr rr rerrrrr e e e Trei e
TGTCARGACCTGETAAGGTTCTTCGCGTTGCTTCGRAATTARLCCACATGCTCCACCGCTT

gggggggCCCCCETCRATTTCTTTGARAT TTTAATCCTEGECAACGTACTCCOCAGEEGEAR

e reeerr ey v rr rr ey ol
GTGCEGECCCCCETCAATTCCTTTGAGT TTCAGTCT TGCGACCGTACTCCCCAGGCGRAG

TGATTARTGGGTT 567

PETrrerr il
TGCTTRATGCGTT 844

Fig.105 Shows Bacillus safensis gene sequences

Fig.106 Shows Bacillus safensis tree
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Enterococcus faecalis strain NBRG 100480 165 ribosomal RNA gene, partial sequence
Sequence ID: reflNR 113901.1] Length: 1426 Number of Matches: 1

b See 1 more fitle(s)

Range 1: 135 to 472 GenBank Graphics Next Match A Pravious Match

Score

544 bits(602)

Expect Identities Gaps Strand
2e-154 311/318(98%) 0/318(0%) Plus/Plus

Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Shict
Query

8bjct

118

153

178

215

238

275

258

335

338

385

418

455

TACCACAGAGCTGTTTATGCCGCATGECATARGRGTGAARGECGCTTTCGGGTGTCGCTR

L TEE 0 FEREE T E PR PP E R
TACCGCATARCAGTTTATCCCGCATGECATARGARTGARAGGC CCTTTCGGETGTCGCTG

ATGGATGGACCCACGETGCATTAACTAGT PR GAGGTARCGECTCACCARGGCCACGAT

LEECEELEEEE TECEEEEEE PEREEE R EE PR
BTGGATGGACCCGCEGTELATTAGCTAGTTGETGAGGTARCGECTCACCARGECCACGAT

GCATAGCCEACCTGAGAGGGT GATCNGCCACACTGGGACTGRAGACACGGCCCAGRCTCCT

CEELEEEPEECEEEEERE TR R FEEERE P E TR e
GCATAGCCGACCTGAGAGEGTGATCEGCCACACTGGEACTGAGACACGGCCCAGACTCCT

ACGGGAGGCAGCAGTAGGEAATCTTCGGCAATGACGAAAGT CTGACCGAGCAACGCCGL

CEECEEEEEEEEEEC PP PR E PP PR EE T
BCGGGAGGCAGCAGTAGERARTCTTCGGCARTGRACGARRGTCTGACCGAGCARCECCEL

GTGAGTGAAGARGHTTTTCGGATCGTARAACTCTGTTGTTAGRGARGAACRAGGACGTTA

LEEEEELEEEECECEEELE PR PP EE T
GTGAGTGAAGAAGETTT TCAGATCGTARAACTCTGTTGTTAGAGRAGRACRAGGACGTTA

GTAACTGRACGICCCCTG 433

RERRRRNRRRRRARANY
GTRACTGAACGICCCCTG 472

Fig.107 Shows Enterococcus faecalis gene sequences
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Clostridium paraputrificum strain JCM 1293 165 ribosomal RNA gene, partial sequence
Sequence ID: refINR_113021.1] Length: 1476 Number of Matches: 1

Range 1: 131 to 488 GenBank Graphics lext Match Previous |

I

Score

619 hits{686})

Expect Identities Gaps Strand
2e-177 353/358(99%) 1/358(0%) Plus/Plus

Cuery
Sbijct
Cuery
Sbict
Cuery
Sbijct
Cuery
Sbict
Cuery
Sbjct
Cuery

Sbjct

33

131

94

151

154

231

214

311

274

371

334

431

GGGGATATCCTTCCGAG—GEAAGATTATTACCGCATARGATT GTAGCTTCGCATGARGTA

L Pt reereeerr teree e e e e e e e e e
GGGAATAGCCTTCCGRARGGARGATTARTACCGCATARGATTGTAGCTTCGCATGARGTA

GCAATTARLGGAGCAATCCGCTATARGATGEGCCCGCGECGCATTAGCTAGTTGETGAGE

CEPEETTEETRE e e e e e e et e e e e e e e e e
GCRAATTAARGGAGCARTCOGCTATAAGATGEGCCCGCGECECATTAGCTAGTTGETGAGE

TAACGECTCACCRAGGCGACGATGCETAGCCGACCTGRGAGGETGATCGGCCACATTGEE

CEPEETEEET et e et e e et e e e e e et e e e e e e e e e |
TARCGECTCACCARGGCGACGATGCETASCCGACCTGAGRAGGETGATCGECCACATTGEE

ACTGAGACACGGCCCAGACTCCTACGEGAGECAGCAGTGEGEGAATATTGCACARTGGEEE

CERETTRErr e er et e e e e e et e e e e e et e e et ety
ACTGAGACACGGCCCAGRCTCC TACGGGAGECAGCAGTGEGEAATATTGCACRATEGEEE

ALACCCTGATGCAGCARCGICGOGTGAGTGATGACGGCCTTCGEGTTGTARRGCTCTGTC

EPEETEEET e e e e e e et e e e e e e ey
ARRCCOTGATGCAGCAACGCCGCGTRAGTGATGACGGCCTTCEEGTTGTARAGCTCTGTC

a3

150

153

250

213

310

273

370

323

420

TTTGEEGACGATALTGACGGTACCCARGEAGGRRAGCCACGGCTARCTACGTGCCAGCR 391

TTTGEEGACGATALTGACGGTACCCARGEAGGARGCCACGGCTARCTACGTGCCAGCR 488

Fig.108 Shows Clostridium paraputrificum gene sequences
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Fig.109 Shows Clostridium paraputrificum tree
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