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INTERNET BANKING

Online payment gataway, electronic funds
transfers and mobile payments
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INTERNET BANKING

PERSONAL DETAILS: 35
NAME : ﬁ&nﬂw'_bﬂm AGE:
M OCCUPATION: O esk.

GENDER:_M__
QUESTIONNAIRE
1.In which year your bank started online service?
J0032
2.Does your competitors also provides similar services with respect to you?
Yes
e No
3.Does online banking helps you to retain your customer and helps into discover new customer?
Yes
e No
4.Have your competitors already built m-commlfnerce sites?
e Yes
e No
5.Is the security always updated to protect any theft or fraudlent?
v Yes
e No
6.Does online banking provide more revenue than traditional banking?
Yes
e No

7.What kind of services are you providing in online banking?
e Online bill payment
e Mobile recharge
e Online fund/money transfer
All of the above
8.Do you advertise your bank on other websites?
No
e Yes
9.Is online banking well fitted in your long term strategy?
G Yes
e No
10.Did online banking done well according to your expectations?

" Yes

e No
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Online Banking Chart

Preferred banking method of all ages

® Online Banking
# Branches
BATM
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Transaction Flow

Association
%{ VISA/MasterCard tm

VISA

Issuing Banks Aquiring Banks
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INTERNET BANKING

PERSONAL DETAILS, ' s
- name SO Molwant  Acin 25
GENDER:_H. oceupATIon: o Lestk
QUESTIONNAIRE
1.In which year your bank started online service?

0025
2.Does your competitors also provides similar services with respect to you?
Yes

e No
3.Does online banking helps you to retain your customer and helps into discover new custormer?

Yes
e No
4.Have your competitors already bullt m-commifierce sites?
" Yes
e No
5.1s the security always updated to protect any theft or fraudlent?
Yes
e No
6.Does online banking provide more revenue than traditional banking?
Yes
* No
7.What kind of services are you providing in online banking?
e Online bill payment
e Mobile recharge
e Online fund/money transfer
All of the above
8.Do you advertise your bank on other websites?
o No
e Yes
9.Is online banking well fitted in your long term strategy?
Yes
e No
10.Did online banking done well according to your expectations?

e Yes

e No
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MASTER OF SCIENCE
IN
BIOTECHNOLOGY

Submitted By
ANKITA BADHAI
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CERTIFICATE

This is to certify that the Dissertation report entitled “Molecular studies on Wolbachia clearance
from fruit fly Drosophila melanogaster using tetracycline” was carried out by Miss Ankita

Badhai, M.Sc. (Biotechnology) student from January to June, 2021 at the Division of Virology
and Zoonotic Diseases, Indian Council of Medical Research, National Institute for Research in
Tribal Health (ICMR-NIRTH), Jabalpur (M.P.) for the partial fulfilment of the requirements
for the degree of Master of Science in Biotechnology, St. Aloysius’ College (Autonomous),
Jabalpur, (M.P). It is a record of candidate’s own work carried out by her under my supervision

and guidance. The matter embodied in this report has not been submitted for award of any

degree.

DATE: | L[’HZ | Dr. Vidhan Jain
Scientist - ‘C’

ICMR-NIRTH, Jabalpur (M.P)

Place: Jabalpur, M.P.

i = Tel: +91-761-2370800
U3 SR AN 2VO ) (ETHRtRTEF RosH arERlinoTamBgr HEIRITSY - 482003, WA 1oy SE aaTansE

NIRTH Complex, Nagpur Road, P.0. Garha, Jabalpur, Madhya Pradesh - 482 003, India director@nirth.res.in | www.nirth.res.in

Collaborating Centre for the Health of
Indigenous Populations

Scanned with ACE Scanner




ST. ALOYSIUS' COLLEGE [+%w
AUTONOMOUS +
1. Ahllya Bal Marg, Sadar, Cantt., Jabalpur - 482 001 (M.P.)
College with Potential for Excellence by UGC (COPR-3 (A D,
DST FIST SUPPORTED

Phone : 0761-2620738, 2624631, Fax : 0761-2629655
Emall : slaloysiuscollege 1951 @gmail.com, Website : wiwvw.sialoysiuscollege.ac.in

This is to certify that Ms. Ankita Badhai who is a regular student of M.Sc I V semester
(hiotechnology) of this college carried out her dissertation work entitled “Molecular studies
on Wolbachia clearance from fruit fly Drosophila melanogaster using tetracycline” under thc?
supervision of Dr.Vidhan Jain (Scientist ‘C’) at ICMR-National Institute of Research in
Tribal Health , Jabalpur (M. P)

This dissertation is submitted for partial fulfillmént for an award of the degree Master
of Science in Biotechnology to St. Aloysius College (Autonomous) Jabalpur (M.P).

Jabalpur Dr.LtLvn(ngegln)t) Pandey
Date /2
/;/2/ Department of Biotechnology
St. Aloysius College, Jabalpur

pz

HMEAD. oloay

fment of Biotechno o9
%tosmsius (Autonomus) College
Jabalpu~ (M. PJ

Scanned with ACE Scanner



DECLARATION

[ Ankita Badhai, declare that the dissertation report entitled “Molecular studies on
Wolbachia clearance from fruit fly Drosophila melanogaster using tetracycline” is submitted
by me for the partial fulfillment of the award of degree of Master of Science in
Biotechnology from the Department of Biotechnology, St. Aloysius’ College, Jabalpur
(M.P.). It is an authentic record of my work done under the supervision of Dr. Vidhan Jain

(Scientist - ‘C*), National Institute of Research in Tribal Health, Jabalpur (M.P.).

I have not submitted this report or any part of it for any other degree or diploma.

7

o>

DATE: | }‘/1"{ IL{ ANKITA BADHAI

Place: Jabalpur, M.P. M.Sc. Biotechnology (IV Sem.)

St. Aloysius’ College (Autonomous),

Jabalpur, M.P.

Scanned with ACE Scanner



ACKNOWLEDGEMENT

Before everything, | would like to thank God for his immense love & mercy. His soul grace
was my strength in all my knowledge & work. 1 wish to regard each and every one who

physically or spiritually have contributed to making my study successful.

[ express my sincere gratitude to Dr Aparup Das, Director & Scientist-G at ICMR-NIRTH,
for giving me the opportunity of this dissertation training in one of the most prestigious and
well-equipped institutions and also for the critical suggestions.

direction. A major part of my

The mentors are the ones who pave your way in the right
pur. I am

success can be attributed to Dr Vidhan Jain, Scientist-C, ICMR-NIRTH, Jabal

greatly indebted for constant supervision, inspiring guidance, enlightening discussions,

precious advice, during my dissertation work. ’
| extend my heartiest gratitude to Dr Pradip V. Barde, Scientist-E, Head, Division of
_NIRTH and his senior staff Mr. Subhash Godbole sir, Mr.

Virology and Zoonoses. [CMR
g with guidance,.

Lalit Sahare sir. Mr. Mahendra Uikey sir for providing scientific inputs alon

encouragement and support in the successful completion of my dissertation work.

[ would like to express my sincere thanks to Dr Laxmikant Pandey, Head of the Department,
ogy. St. Aloysius’ College. Jabalpur [M.P.] for providing dexterous

Department of Biotechnol
rse and for bringing me up to the

support and constant encouragement throughout the cou
present status.

| cordially thank my-friends for being with me in my good and hard times and for giving me

their compassionate company.

The acknowledgement would be incomplete without mentioning my loving parents. Words
would not be enough to express my heartiest gratitude towards them, as it is their true love,

noble guidance and sincere effort that shaped my life.

Ankita Badhai




- ,

LIST OF CONTENTS

Page no-

Result

Discussion

Conclusion

Bibliography

Scanned with ACE Scanner




LIST OF FIGURES

Fig A: Life cycle of Mosquito
Fig C: Life cycle of Plasmodium.

Fig 2: Drosophila melanogaster
Fig 3: Lifecycle of Drosophila

Fig 6: Effect of Cif genes on €]
. Fig 7: Female Isolines
. Fig 8: Isoline 2
. Fig 9: Isoline 5
. Fig 10: Isoline 6
- Fig 11: Drosophila Fly Culture

SR NSO AL~

® NGRS

- Fig 15: PrimerBlast result of FtsZ
. Fig 16: PrimerBlast result of Orf7
. Fig 17: PrimerBlast result of CifA
. Fig 18: PrimerBlast result of CifB
. Fig 19: Gel run of 12SrRNA

- Fig 20: Gel run of Wspec

. Fig 21: Gel run of WSP§1

25. Fig 22: Gel run of FtsZ

26. Fig 23: Gel run of Orf7

27. Fig 24: Gel run of CifA and CifB

B MNN O  —
S N g )

Fig B: Differentiating Mosquito larvae of Anopheles, Aedes, Culex.

Fig I: Epidemiological trends of Malaria in India.

Fig 4: Unidirectional and Bidirectional CI
Fig 5: Cytoplasmic Incompatibility in Aedes Mosquito

- Fig 12: PrimerBlast result of 12SrRNA
- Fig 13: PrimerBlast result of Wspec
. Fig 14: PrimerBlast result of WSP§I

Scanned with ACE Scanner



LIST OF TABLES

1. Table 1: Structural modules of Cif Proteins.
2. Table 2: Hatching time of [sofemale lines.

Scanned with



e R

—_— e e et e = \D
wth A W N~ o °

WHO - World Health Organisation
DENV - Dengue virus
API - Annual Parasite Index
NVBDCP - National Vector Borne Disease Control Programme
NMEP - National Malaria Eradication Programme
) - Cytoplasmic Incompatibility
WMR - World Malaria Report
NFME - National Framework for Malaria Eradication
cDNA - Complementary Deoxyribose Nucleic Acid
. CIF - Cytoplasmic Incompatibility Factors
. AA - Amino Acids
. CHIKV - Chikungunya virus
. PCR - Polymerase chain reaction
. EtBr - Ethidium bromide

.UV

ABBREVIATIONS

- Ultra Violet

Scanned with ACE Scanner




7 . WOLBACHIA INFECTION AMONG INSECT HOSTS-2021

INTRODUCTION

Mosquito borne diseases like dengue, malaria, filariasis, yellow fever etc. cause enormous gl
health problems for people living in Subtropical and Tropical parts of the world. Even after years
of extreme research, and efforts being put to control them. it seems like that some of these
‘diseases are increasing in geographical distribution, prevalence, and severity. Malaria is a

‘treatable and preventable disease caused by bites of infected female Anopheles mosquito. Most of

‘the time disease is presented with mild to moderate symptoms (fever with chills and rigor,
;headnche. vomiting) but Sometime disease becomes severe and presented with organ

~ complications. Severe malaria is associated with complications like cerebral malaria, acute renal

' failure. acidosis, hypoglycemia, pulmonary edema, severe anaemia and/or bleeding, all of these

' could be life threatening. Thus, adequate personal protection measures using mosquito repellent

" and chemoprevention must be used to avoid the disease (WHO World Malaria Report 2019).

According to the World Health Organization, 2020 (world malaria report), around 229 million

malaria cases and 0.4 million deaths were recorded all over the world (majority of the infections

" due to P. falciparum). More than 94% of this burden inclined in WHO African regions. Most of

this disease burden is bear by preschool children and expectant mothers. Three percent (3%)

global burden is accounted by the WHO South-East Asia region. Malana cases reduced by 73%

(India contributing to the largest reductions about 72% compared to year 2000) in this region and

Sri Lanka, Maldives and Timor-Leste reported zero malaria cases.

Dengue is another mosquito borne disease which has affected all WHO regions. It is transmitted

primarily by Aedes aegypti and Aedes albopictus to an extent. Fever i1s the most common
symptom which is also associated with headache, body ache (muscle, joint, bone pain and pain at

the back side of eyes) and sometimes rashes. There are 100-400 million infections caused by

dengue viruses and approximately 22.000 people die from severe dengue every year. Dengue

esearch in Tribal Health
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virus comes [rom the family of Flaviviridae and has 4 scrotypes i.c DENV-1. DENV-2. DENV-3

and DENV-4 which cause discase (Gupta, et al, 2012)

In India major Anophelines vectors includes Anopheles baimaii, An.culicifacies, An.stephensi,
An.dirus, An.minimus, An fluviatilis, An.sundaicus those are involved in (ransmitting malaria in
diverse geo-ecological locations (Tiwari et al, 2019). India contributes 77% of the total malaria
cases in Southeast Asia. The six Anopheline vectors spreading three plasmodium species: P.
Jalciparum, P. malariae, P.vivax, and P. ovale. In India about 75-80% malaria burden is caused
by An. culicifacies (mainly in plains) and An. fluviatilis (in forested areas) where An. culicifacies
alone is responsible for 60-70% of the disease. In rural areas Anopheles culicifacies is the
principle cause of malaria whereas An. stephensi is mainly responsible for causing disease in
urban areas. Primary breeding sites of An. stephensi are overhead tanks, construction sites etc

(Subbarao, et al, 2019, Dev Vas & Sharma VP, 2013).

In the north eastern states of India, An. minimus was the main vector species however studies

revealed, that due to deforestation for agricultural purposes An. culicifacies was also found in

higher sporozoite rates than An. minimus (Subbarao, et al ;2019). In the Andaman and Nicobar

Islands An. sundaicus is mainly responsible for the cause of disease.

There exist five sibling species of An. culicifacies are A, B, C, D, E (order of predominance

C>D>B>E>A) whereas of An. ﬂuviafi/r’s are mainly S and T. Among the five siblings of An.

culicifacies, species B is found predominantly in rural India but species A is predominantly

found in the northern parts of the country and species B in southern regions. Sibling species
C is mainly found in the Western and Eastern regions of India along with species D

throughout Central and Western Indian regions. Species E (highly anthropophilic) is mainly
found throughout southern [ndia and is thought to be occupying other endemic states. Among
o

the sub species specie B may be a less effective vector as it is mainly zoophilic biting taste,
e su ,
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| A. C and D are of moderate importance, whereas specie E is also considered as malaria
vector. The sibling species of An. fluviatilis S is mainly found in the districts of Odisha
" whereas specie U predominantly cover northern India. Specie T rests in cattle sheds and
found across India, Nepal, Pakistan and Iran. V form is found in Haridwar, Uttarakhand

I states of northern India (Dev Vas & Sharma VP, 2013).

' In order to express malaria cases per thousand population, the annual parasite incidence (API) is

used as malariometric index. As per the NVBDCP records of the year 2004, in majority of India

_ the API was less than 2, 2-5 API was in dispersed regions (mainly Madhya Pradesh, Gujarat,
Chattisgarh, Karnataka, Andhra Pradesh and North Eastern states) whereas >5 API were scattered

" in some parts of Rajasthan, Gujrat, Odisha, Jharkhand, Karnataka and Goa and in North Eastern

states. According to World Malaria Report 2020, India reported a sharp reduction of 17.6% in

2019 as compared to 2018 and has maintained API Less than 1 since 2012.

Indiscriminate use of insecticides like DDT (Dichloro-Diphenyl-trichloroethane),

’ organophosphates, pyrethroids, malathion, carbamates etc. to control mosquitoes in order for
controlling various vector borne diseases can be effective, but is sometimes unsustainable,
expensive and environmentally undesirable. A book “SILENT SPRING™ wrote by Rachel Carson
where the adverse effects of pesticides were stated referring pesticides as biocides. Furthermore,

continuous exposure of mosquitoes to these insecticides may increase chances of further
development of insecticide resistance (WHO, 2008). Sometimes double and triple resistance have
been recorded seen in mosquitoes as reported from Odisha in Anopheles culicifacies (Sahu, et

al,2015). Alternative environmental friendly approaches for controlling of mosquitoes such as

elimination of oviposition sites, the use of bioenvironmental control methods like mosquito

predators (fish and copepods) could also work in some areas but these are also not self-sustainable

(Kay & Vu, 2005).

ICMR-National Institute of Research in Tribal Health
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In 1947, India has population of 330 million, and every year malaria used to cause about 75

million infections, direct mortality due to the malaria in 1950’s was estimated at 0.8 million per

annum. National Malaria Control Programme was launched to combat this menace, by the Govt.

of India in April 1953. Use of DDT and Chloroquine made high impact on disease burden and

| programme was proven highly advantageous as the number of malaria cases remarkably reduced

to around 2 million by 1958. Further, the name of the programme was changed and National

. Malaria Eradication Programme was launched in 1958 with more ambitions. Interestingly by 1961

the malaria cases further dropped to a mere 49151 cases, without recorded deaths.

But, due to technical, operational and administrative reasons the programme suffered and the

cases started rising again (DDT shortages, mosquito resistance, chloroquine etc.). Later malaria

resurgence badly hit the country in late 1970s and in 1976, there were nearly six and half million

cases were noted by the National Malaria Eradication Programme (NMEP). Further, intense

malaria control program has limited the disease burden 2-3 million in subsequent years.

In the growing years of research, a new approach has been made in the direction of controlling

mosquito borne diseases by the use of an endosymbiotic group of bacteria called WOLBACHIA.

The potential application of this maternally transmitted endosymbiotic bacteria is that the strains

of Wolbachia induce CYTOPLASMIC INCOMPATIBILITY, which is the crucial tool to control

medically important insects. Due to the cytoplasmic incompatibility numbers of eggs hatching
either decreases or eggs do not hatch. Some strain of Wolbachia also causes shortening of the
lifespan of adults (wMelPop) and interfere with pathogen replication. Some other insects are also
targeted for CI like analysis like in medfly, cherry fruit fly, mites, wasps and woodlice (Perrot-

Minnot et al., 1996; Rasgon and Scott, 2003, Riegler M, et al.2004 ).

Wolbachia belongs to the class alpha-proteobacterium, this was first identified in the year
ousehold Culex mosquitoes by Hertig and

1924 during dissection of the ovaries of common h
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Wolbach. It is the most common known endosymbiotic microbe in the biosphere. About 76% of
the insect species in the biosphere are infected with it (Hilgenboeker et al, 2008; Jeyaprakash &
hoy, 2000). This intracellular bacterium ranged in size 0.6-1.2 micron and because of Wolbachia’s
ability to cause a series of reproductive alterations in their hosts which includes feminism
(transformation of genotypic males into phenotypic females), cytoplasmic incompatibility
| (altering male sperms such that female cannot produce offsprings unless they cross with a male
“ infected with the similar strain of bacteria) cytoplasmic incompatibility and parthinogenetic
induction (female produce progeny without male partner). It increases the reproductive efficiency
* of Wolbachia infected females, increasing the maternal transmission of bacteria (Stouthamer et al,

1999).

All this information and data gave us a promising vision to conduct work on WOLBACHIA

for future prospective with following objectives.

ICMR-National Institute of Research in Tribal Health
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AIMS & OBJECTIVES

To study the effects of antibiotic (tetracycline) treatment on Wolbachia over three generations

in fruit fly Drosophila melanogaster.
Objective:
e To determine prevalence of Wolbachia infection among local Drosophila
species using Isofemale lines preparation and PCR.
e To culture Drosophila melanogaster (a species already maintained in the lab)

in Tetracycline medium in order to clear Wolbachia.
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Malaria
Malaria 1s caused by parasite of genus Plasmodium. Malana, commonly spread by the bite ol

mosquito (infected female Anopheles). Dunng biting mosquito introduces the parasites nto

or within 30 minutes

person’s bloodstream. The sporozoite form of the parasite travels to the hve

for further maturation and reproduction. Five species of Plasmodinm can infect humans Most

deaths are caused by P. falciparim. The most severe falciparum malaria are cercbral malana,

severe anaemia and acute respiratory syndrome. Other malaria species like P ovale, P.ovivax

? -y » ¥ 1) ) PR [ ' o ¥ -
and P malariae generally cause a lenient form of the discase (except some case scries of

severity due to P vivax malaria is also reported). Relatively newer species known fo wfect

human is P knowlesi, which is recently reported to be transmitted through Anopheles

sundaicns in Andaman and Nicobar Islands in India. P. knowlesi s distributed  across

Southeast-Asia and extend from Malaysia Borneo to Peninsular Malaysia (Singh B, 2004).

Life cycle of mosquito:
Mosquitoes undergo through four different stages in their life cycle:

Egg — Under optimum condition hatches within 24 hours in shallow water.

.

o Larva — Move continuously in water; exhibit moulting several times; usc surface
siphon to breathe air. The larva matures through stages.

. Pupa - It does not feed; adult emerges from this stage.

« Adult — After floating for very short time on water surface it flies for shorter distance

and rest till hardening of its parts of body.

The initial three stages occur in water, but the adult form is an actively flying msect. Only the

females bite and survives on the blood ol animals or humans.

ICMR-National Institute of Research in Tribal Health
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Fig A: Life cycle of Mosquito
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Fig B: Differentiating mosquito species of medical importance

Acdes, Culex and Anopheline mosquito

The eggs of Anopheles and Aedes mosquito is laid singly where as in Culex it is laid in rafis,

the eggs of Anopheles mosquito floats where the rest two do not. The larval forms of Aedes and

Culex rest on the water surface in an angle whereas Anopheles vest on the surface of water being

parallel. Anopheles has rudimentary breathing tube, Acdes has shortand stout breathing tube with

one pair of hair tuft and Culex has a long and slender breathing tube with several hair tufts.,
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The pupal forms are more or less same in all three. In both Aedes and Culex both body and

proboscis are at an angle whereas in Anopheles it is straight. Maxillary palps are of same length
in Anopheles but in Aedes and Culex they are shorter than proboscis. Wings are spotted in

Anopheles and uniform in rest two with pointed tip of abdomen in Aedes and blunt tip of

abdomen in Culex.

The Transmission cycle:

A female Anopheline mosquito becomes infected by taking blood meal from a person who
has sexual stages of malaria parasite in its blood. While taking blood meal mosquito takes
male and female gametocytes. In the wall of stomach and intestine, after fusion male and
female gametocyte forms zygote. Motile form of the zygote is called ookinete which

ultimately forms oocyst and release sporozoites. If infected mosquito bites to any person, it

further transmits the malaria parasites.

1. In Liver: As the parasites enter our body, it travels to our liver — where some types

can remain dormant for as long as a year.

Through the bloodstream: Once the parasites mature i.e schizonts, they rupture the

(8]

liver cells releasing merozoites and invade red blood cells. This is when people
typically develop malaria symptoms. The incubation period for the malaria parasite is

between 7-30 days (usually short for P. falciparum). Gametocytes development takes

place in human.

3. To next person: At this time, if an uninfected mosquito bites the infected person (with
malarial gametocytes), it will become infected with malaria parasites and can easily

transmit malaria to others by subsequent biting.

ICMR-National Institute of Research in Tribal Health 10
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Other means of malarial transmission:

Individuals can also get malaria infection by exposure to infected blood, including

(https://www.cde.gov/malaria/about/fags.html).

o Through blood transfusions

By same needles on different patients.

From pregnant females to unborn child (placental rupture leads congenital malaria)

Malaria
(Plasmodium spp.)

Mosquito Stages
O Ruptured

Rm

.’

aowm/'

/"5

@“é‘é““

Microgamels entanng
macrogamets @) 1

Fig C: Plasmodium lifecycle.Source: CDC

Symptoms:

In general. fever with chills and headache. nausea.

vomiting. abdominal pain, diarrhoea,

muscle or joint pain. fatigue. rapid heart rate. rapid breathing. and sometimes cough and

seneral feeling of discomfort. If not treated some people who having malarial infection

ICMR-National Institute of Research in Tribal Health
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experience cycles ol malarial "attacks™, which usually starts with rupturing of RBCs releasing
asexual parasites causing chills & rigor (cold stage), followed by high fever (hot stage) and
then by sweating (sweating) and returning to normal temperature. Malarial symptoms usually
start appearing in the following weeks after the bite of a carrier mosquito. However, several

types of malaria parasites can lie dormant in the body for a year (Bruce-Chwatt, et al. (1986).
«» Diagnosis:

Malaria is typically diagnosed by blood smear microscopy where stains like Giemsa,
Field’s, Wright’s and Leishman’s stain are used or with antigen-based rapid diagnostic tests.
Recently new detection method like colorimetric Loop Mediated Isothermal Amplification
method i.e LAMP where primers are designed to amplify segment of Plasmodium genes are
used for detection. The loop-mediated isothermal amplification (LAMP) could be a reliable
alternative of detecting low parasitemia in field condition (Jaymin C. Patel, 2014) as it is

more sensitive and specific in detecting all five plasmodial species as compared to

conventional PCR.
% Treatment

Malaria is curable and preventable disease. The main aim of treatment is to ensure
complete cure (full and rapid elimination of parasite from the patient’s blood), in order to
prevent development of severe malaria or death, or to chronic infection which leads to
malaria-related severe anaemia. However, types of drugs and the course of treatment can

vary. depending on the type of malarial parasite, transmission setting, age, pregnancy status

and the severity of symptoms.
*» Medications

Most commonly used antimalarial drugs include:

ICMR-National Institute of Research in Tribal Health 12
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Chloroquine phosphate — Although chloroquine was the preferred treatment for any

malaria parasite but in many parts of the world, due to P. falciparum resistance to
chloroquine the drug is no longer an effective treatment. However. it is still choice to

treat P. vivax malaria in many parts of the world. It is given in 10mg/kg body weight

per day for first three days.

2

Artemisinin-based combination therapies (ACTs) - ACTs are combinations of two
or more drugs which work against the malaria parasite in differently. This is basically
used for chloroquine-resistant P. falciparum malaria. Examples: Artisunate—

Sulfadoxine & Pyrimenthamine. Artemether-lumefantrine and Artesunate-mefloquine

combinations.

Quinine sulfate — It is a cinchona alkaloid and is given 10 mg/kg by body weight in

every 8 hours for a week. Loading dose is administered fast. It is slightly soluble in

ether. water and chloroform. odorless and bitter.

4. Primaquine phosphate — [t is basically given to cure both blood stage (gametocytes)
and liver stage infection. It is given in 0.75mg/kg body weight of adult.

+» Preventive measure:

Some of the preventive measures which can help to prevent disease include wearing full
sleeve protective clothing. Spraying insect repellent on skin is also possible (20-35% N N, N-
Diethyl-meta-toluamide - DEET). Use a mosquito net is most common measure to prevent
biting of mosquitoes. For additional safety, Bednets can be treated with the different
insecticide like permethrin (long lasting insecticide bednets). Along with spraying insect

repellents on skin it is better to spray it on clothes as well.

It is easy for mosquitoes to Dbite through thin clothing. Also keeping home and
surroundings clean without any junks or wastes further prevent mosquito breeding and
ultimately disease preventive. Further it is important to be vigilant for fever symptoms and go

[(CMR-National Institute of Research in Tribal Health 13
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for proper diagnosis when developing signs of mal

. ; | |
aria ifection. Other common measure to i

prevent mosquito entry to household is to keep your windows and doors close at evening and
night time.

-
e

Malarial burden across the w orld:

Globally. around 3.4 billion people across 92 countries are bearing perpetual danger of being
mfected with malara. As per the World Malaria Report 2018. there were 219 million

mcidences of malara globally in 2017 (95°, confidence interval: 203-262 million) and 435
000 recorded malarial deaths. The burden was inclined to the WHO African Region. where

approximately 93% of all malaria deaths happened (61% of all deaths among children).

According to the WMR 2019 (Warld Malaria Report). India represents 3% of the global

malana burden. The World Malaria Report (WMR) 2020 has been released by WHO. gives

the estimate

ed cases for malana across the elobe including India. India being the only high

endemic country has reported a reduction of 729

2% of malana compared to the baseline year

2000. India has also contributed to the largest drop in deaths of about 73 92, between vears
P 50 N i th . i - iy =
2000 to 2019. India is on track to achieve 6 ol the Millennium Des clopment Goals (30-75%,

dechne i cases between 2000 and 2019) After the lanch of Natonal Framework for

Malana Ehmmation (NFME) i 2016, Malaria Flimination efforts w ere intensified in India

(https: ‘pib.gov.in 286:21)

|
|
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% Mosquito vectors:

In India more than 58 Anopheles species are recognized and only six are of high
epidemiological importance. Anopheles culicifacies Giles is a predominant malaria vector in
rural areas (in the plains) and is responsible for an around 65-70% of malaria across India. It is
zoophagic and prefers to breed in plain-land ecosystem (Dev, Vas & P., Vinod. (2013)

Anopheles stephensi is primary vector of malaria in urban areas and it is zoophagic. An
minimus (forested regions), is exophilic and Anopheles dirus (forested hilly areas), is
exophagic. In forested areas of northeast regions, Anopheles minimus exhibits exophilic and

zoophilic behavior. Anopheles fluviatilis James, which is zoophagic and anthropophagic, acts
as the main vector in hill and foothill areas. Anopheles sundaicus is the predominant malarial

vector in Andaman and Nicobar islands, which is zoophagic (Dev, Vas & Sharma VP, 2013).

Insecticide sprays & resistance:

Insecticides like DDT, Malathion, Deltamethrin, Cyfluthrin are used to control the spread of
mosquito. Many species of vectors particularly 4nophelines (Mortality rates <90%) are now
resistant towards the effects of insecticides like DDT by mutation or natural selection and are
less susceptible. According to the latest World malaria report. 70 countries and many more

reported mosquito resistance to any or more of the 4 commonly-used insecticide classes within

ICMR-National Institute of Research in Tribal Health
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2010-2019. squito resistance was reported i )
Mosquito resistance was reported in 28 countries to many ol the main insecticides

groups. A new class of insccticide called spinosads was developed by Clarke Internationals

LLC., USA against organophosphate resistant insccts. Spinosad 1s a combination of spinosyn
A and spinosyn D. which targets nicotine acetylcholine rcceptor subunits. On semi field
application in Brazil. no cross resistance was found between temephos and spinosads proving

it as an alternative approach against organophosphate resistant insects (Corbel, V: et al.2017).

<+ New approach:

As the preventive measures using insecticides was neither eco-friendly nor cost effective,
several other approaches were made by the scientists, where the vectors causing the discase
were modified. In one of the method, this modification was made using a bacterium named

“WOLBACHIA™ which is an endosymbiont of nearly 76% of insects residing on carth

(Hilgenboeker et al, 2008; Jeyprakash & Hoy, 2000).

This approach exploits the ability of this organism to distort or modify the reproductive
phenotypes of its host which prevents the host from spreading some of the mosquito borne

diseases like dengue, chikungunya and malaria along with providing resistant against some

viruses and parasite (Iturbe-Ormaetxe I, et al; May 6, 2011).
Drosophila hosting Wolbachia strains (wMel) can infect and sustain themselves in mosquito

populations, reducing adult lifespan (wMelpop), and also affecting mosquito reproduction

and interfering with pathogen replication. Wolbachia-infected Aedes aegypti mosquitoes have
been released in some regions of Australia where incidences of dengue fever occur, it was

seen that the acquired cases of dengue plummeted causing a 95% reduction in dengue cascs

in Wolbachia treated populations,(Scott L. O'Neill, 2019).

ICMR-National Institute of Research in Tribal Health 16
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< WOLBACHIA

Wolbachia falls under class a-protcobacterium. Hertig & Wolbach, 1924 identified it inside

the ovaries of Culex mosquitoes in 1924, Probably this is the most-commonly found

endosymbiotic microbe in biosphere. Approximately, 76% of the around 2—5 million inscct

species on Earth are thought (o be infected with it (Hilgenboecker et al, 2008; Jeyaprakash &
Hoy. 2000). Wolbachia is vertically transferred from a mother to its offsprings through the
egg cytoplasm (by chromosomal latching on spindle fibre). Wolbachia is often referred to a
‘reproductive parasite’ as it optimizes its transmission by the manipulation of its host’s

reproductive mechanism.

< INSECTS :

As a large population of insects residing on earth is infected with Wolbachia, therefore it
Is necessary to study this class to get an idea over the expansion of Wolbachia in class
[nsecta. _Class Insecta is under kingdom Animalia and under phylum Arthropoda, this class
of organisms basically has body developed into Head, Thorax and Abdomen, 3 pairs of legs,
compound eyes and one pair wings (not specifically). Based on the characteristics of
organisms and similarity between them, this class is further divided into 30 orders: Le.,
thysanura (e.g. silver fishes), diplura (primitive insects with ability of regeneration e.g.
Diplurans), Ephemeroptera (Mayflies), protura (e.g. telsontails), collembolan (e.g.
Springtails), Odonata (Dragon flies), Grylloblatodea (Rock crawlers), Plecoptera (Stoneflies
Phasmida (stick insects), Embioptera (Webspinners), Dictyoptera, [soptera (termites).
Zoraptera (angel insects), Orthoptera (Grasshoppers, Crickets), Psocoptera (booklice),
Mallophaga (The louses), Dermaptera (Earwigs), Siphunculata (e.g. Sucking lice), Hemiptera

(e.g. true bugs aphids), Thysanoptera (e.g. Thrips), Neuroptera (e.g Snakeflies and antilions),

Mecoptera (Ex: Scornflies.), Siphonaptera (eg: Fleas), Coleoptera (beetles), Strepsiptera (eg:

ICMR-National Institute of Research in Tribal Health 17
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i Stylopids). Diptera (c.g. Drosophila. house flics. mosquiloes), Lepidoptera (e.g moths and

butterflies), Trichoptera (e.g. Caddis flies), Hymenoptera (c.g. ants, bees).

o Drosophila and its Life Cycle:

[ e Classification:

! v Kingdom : Animalia

! v" Phylum : Arthropoda

: v Class : Insecta

i v Order : Diptera

| v" Family : Drosophilidae
1 v" Genus  : Drosophila

i v" Species : melanogaster

Fig2: Drosophila melanogaster (female)

Commonly known as fruit fly (Drosophila) can be casily seen on fruits, kitchen and gardens.
‘ They are unusually brown coloured with black bands on abdominal segments and red colored
compound eyes. Its body is divided into head thorax and abdomen: It has three patrs of legs,
one pair of compound eyes and one pair of wings. It undergocs metamorphosis from larval

stage till adult flies. It is mainly an African native but is found in all continents and countries.

18
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and likes to live in moist and cold place. Hawaiian Islands has the highest diversity of
Drosophila with 500 species (Bennett et al. 2012, Singh BN. 2015). Reproduction is sexual

mode and sometimes parthenogenesis.

e Male individuals of this species have combs in their forearms whercas females have
avipositor which is absent in males. Males are smaller than females.
e It is the most common and feasible insect for research study as due to short life span of

30-50 days.

e lts life cycle has 4 stages i.e. Embryo, larval, pupa, adult:

I. Embryo: After fertilization egg is laid by the female on a solid and moist place.

2. Larva: 1™ instar larva is released after one day and by 3" day 3™ instar larva is formed.

3. Pupa: As the 3" instar larvae is released it feeds and grows, after 2-3 days it starts

pupariating.

4. Adult: From the pupa adults are released on 9-11" day of egg release.

The life cycie of Orosoghita Mmelaropasier

pups

260 instar larva

Jrdl metmr larves

Fig 3: Lifecycle of Drosophila
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Transinfected strains of Wolbachia in Aedes aegypii mosquitoes, the primary vector of dengue
fever, inhibit pathogen replication (Plasmodiun gallinaceum). In addition, transient Wolbachia

infections in Anopheles gambiae remarkably reduce Plasmodium levels (Moreira er al, 2009a).

DYNAMICS OF WOLBACHIA:

In mosquitoes, Wolbachia induces cytoplasmic incompalibility (CI) a form of embryonic death

or lowering hatch rate. This results due to incompatibility between sperm-egg happening

when Wolbachia-infected males cross with uninfected females (unidirectional CI) or infected

females carrying incompatible Wolbachia strain (bidirectional CI) (Fig. 1B). CI can be

complete or partial, different and complex patterns of incompatibility with a number of

different crossing types can be seen between infected populations, specifically in the Culex

pipiens group (e.g.Irving-Bell, 1983, Laven, 1967b, O'Neill and Paterson. 1992, Magnin et al.,

1987, Guillemaud et al., 1997).

Therefore, CI has been studied by different investigators as a mechanism to control field

populations of insects of medical importance or to help in driving transgenes into field

populations. In addition, recent researches showed that Wolbachia can affect virus transmission

both by interfering with the arthropod-borne parasite and by reducing the lifespan of the

infected vectors.

Unidirectional and Bidirectional CI:

Unidirectional CI:
T &
Qv =

®

Bidirectional CI-

S——.

Fig 4: Unidirectional and Bi-directional CI
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In unidirectional CI, the crossing between infected males and uninfected females are
incompatible. Whereas in bidirectional CI. crossing between males and females carrying

different strains of Cl-inducing Wolbachia are incompatible. Sometimes, unidirectional CI is

also observed between hosts carrying different strains of bacteria).

? 4

Matings between urban '% Produceyrab(enon-
non-Wolbachia-carrying “ !ﬁ — A )“ Wolbachio-carrying
Aedes gegypt T s ’ | offsping,
mosquitoes ’

Met:pgs u;tween urpan * 3* VAN Produce eggs that do
e an - 1 1

emateans Wolochi ) N t - \-'. A not hatch. No viable
carrying male Aedes aegypti * AY 2 °A

mosquitoes

|
Wolbachio-carrying male
Aedes aegyptimosquitaes

Matings oetween Wolbachig- ﬁ ;
carrying Aedes aegypti R % e /&;A %

/

masquitoes

Matings between Wolbachi- A ) ‘
carrying female and non- - M\"’ - A W Wolbachia-carrying
1 v \

Walbacnio-carrying

Fig 5: Cvtoplasmic incompatibility in Aedes mosquito World Mosquito Project:

Cytoplasmic Incompatibility (CI) and Its Factors

= The genes responsible for cytoplasmic incompatibility are present in the eukaryotic

association module of phage residing inside Wolbachia. Temperate phage can modify

CT effects in the primary host caused by Wolbachia, so when the host carrying same

strains of Wolbachia produce offsprings CT is rescued.

®* The two genes responsible for cytoplasmic incompatibility are referred to as CIF A

and B. A study showed that one of the protein products was present in the

spermathecae of infected female mosquitoes (Beckmann and Fallon, 2013) and

ICMR-National Institute of Research in Tribal Health
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B

has last C1 like

interestingly absence of these genes i Au strain of Waolbachia & hich

function (Sutton ¢t al., 2014,

s Both the genes are present as a hicistrontc genes but do not function as a traditional

aperon where all the genes are indis idually transcribed w ith one promoter

«  Somewhere copy number of these genes correlates with C1 levels, Also. CIFA and

CIFB genes are single transcriptional umt under onc promoter control, referred to as
ossible but

an operon (amplification of both genes using cDNA 10 single run 18 P

simultaneously flanking regions could not be amplified).

= CIF A and CIF B genes are homologous to CidA and CidB genes naturally found n

common houschold Culex Mosquitoes. having the similar tendency of inducing CL.

s (CidA has rescue effect on the function of Cid B (toxin) as CidB codes for
ls in region

deubiquitylase protein and CidA codes for a anti toxin protein which binc

of CidB and the transcription gets restricted resulting in the inhibition of C1. Here

hoth CidA and CidB play a toxin-antitoxin role for the induction of CL.

= However, from the molecular analysis of flies it cannot be said that it goes the same

way for CifA and CifB in Wolbachia’s WO phage mediated C1 as both CIF genes arce

required for the induction of CL.

are required to induce CI. genes are not transcribed equally,

=  Though both the genes

CifA is transcribed in high number as compare to CifB in different stages like n

adults and late embryogenesis whereas CifB is produced in high levels in larval stage
and early embryogenesis.

= From the RT-PCR studies of both the genes together and separately it was found that

there is a junctional unit is present between them, which is also transcribed in high

levels as compared to CifB.

» Both Cif genes have three structural modules of proteins:
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: ' Maodule Size Range " Homologs 1
H— A |
! Gint type 1) | ® Catalase-rel, |
f | | ™ hvddroner
l . roxide inte water ane
! I e o
| E T et ,“{:I‘]—_‘- [ e F‘){ Fir4n ‘l\r\Hw{‘-”‘ !
[ i | unknown function
| | o \
| ; { - jil‘fl\'\lﬂ'\ RNA i
| } ’ | . binding |
| ‘ |
! ey ,Lf_ PP ,f..__:f D S PO e
] 4 ‘ &  STE-hike transcaption
r : B S L factor
2. CifB ModB-1 103-133 |« PDDEXK.PDA(DF) |
XK nuclease \
superfamaly [
s  Endonuclenses NucS ~
e Restriction
endonucleases hike
family.
e HSDR N, type |
restrichion enzyme R
protein N terminus.
ModB-2 122-205 * PDDEXK, PD-(D/E)
XK NUCLEASE
superfamily.
e MmcB-like DNA repair
protein,
s COGS321,
uncharacterized protein
« HSDR N, type |
restriction enzyme R
protein N-terminus,
¢ Endonuclease NucS.
ModB-3 05-147 e Ulp-1. ubiquitin-like
(only in type 1) proteases.
e Various proteases and
pepudases (C5, €57,
Sentrin-specilic
proteasc)

ol

Table I: Structural modules of Cif proteins
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Genes encoding Cif' proteins further divides into five phylogenetic clades (types 1-5)
( Lindsey ef al. 2018: LePage er al. 2017: Bing ¢r al. 2020; Chen er al. 2019; Shropshire and
Bordenstein 2019; Beckmann er al 2017: LePage et afl 2017: Martinez et al. 2020}, and
distant homologs of Cif proteins are found in Rickertsia and Orientia bacteria, which are
usually not known to induce CI. wMel (type 1 of CI), wRi (type 2 of C1), wNo (type 3 of CI),

wPipPel (type 4 of CI).

* Two by one model :

The Two-by-One genetic model of Cytoplasmic [ncompatibility: ¢ifd;: B causing C1 which

can be rescued by females expressing cifA (Shropshire and Bordenstein et al., 2019)

B D ’
=] < > ]

L =— A T AV = |

/\

rnwhRec virFX i

ot / SR S \

Ly o Ry e 0 4

F — i P rescuae=s i
i Hoes ot rescuies i |

Fig 6: effect of Cif genes on Cl

Catalase-rel DUF STE

B
100 aa

PDDEXK PDDEXK Ulp1

CifAwmel

CifBwmel

100 aa

From the Fig, CifA protein has three structural modules: first is Catalase-rel which breaks
hydrogen peroxide into hydrogen and oxygen and has 21-22 amino acids. The second module
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is a globin like Puf family RNA binding domain with unknown function and has 65-264

amino acids. The third module is a STE like transcription factor having 47-74 amino acids.
CifB also has three structural Modules where the first having 103-133 amino acids and
second module PDDEXK having 122-205 amino acids, belongs to a class of nuclease

superfamily and matches with other endonucleases like NuCS, HSDR N, nd MmcB. Third

module Ulpl has 95-147 amino acids and codes for several peptidases and ubiquitin like
proteases.

It is quite interesting that CifA and CifB genes synteny is maintained throughout prophage

WO regions, despite high level of recombination and rearrangements in the genome of

prophage and Wolbachia.

WOLBACHIA AGAINST VIRUS AND HUMAN PATHOGENS:

Ability of Wolbachia to restrict arbovirus transmission (West Nile virus, dengue and

chikungunya viruses etc.) in its host makes it a useful tool to combat various vector borne-

transmitted diseases. Some Wolbachia strains can interfere with insect viruses

in Drosophila (like Drosophila C RNA virus or DCV, Cricket paralysis virus, Flock House
and Nora viruses and also fungal infection caused by Beauveria bassiana and range of human

pathogens in mosquitoes such as ( Osborne et a/, 2009; Hedges et al, 2008 Glaser & Meola,

2010, Teixeira ez al, 2008, Panteleev et al, 2007).

Wolbachia can interfere with a wide range of disease causing microorganisms in
paratransinfected mosquitoes (Kambris ef a/, 2009) and nematodes, viruses like Chikungunya
(CHIKV; Moreira et al, 2009a; Bian e/ a/, 2010 ) and DENV, including the avian and rodent

malaria parasites (Moreira et al, 2009a) and P. berghei (Kambris ef al, 2010).
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wMelPop-CLA  provides greater protection against West Nile virus in  C

quinquefasciafits  mosquitoes compared to normal Wolbachia pipientis (Glaser & Meola,

2010, Moreira et al, 2009a).

Mechanism of wolbachia protection
Wolbachia mediated mechanism of pathogen interference remains unclear. Although,

Wolbachia is known to cause induction of antimicrobial peptides and pre-activation of the

innate immune response in the insect (Kambris et al, 2010; Moreira et al, 2009a; Kambris et

al. 2009). The presence of wMelPop-CLA Wolbachia in A. aegypti also led to the expression

of several immune effectors molecules (cecropin, defensing ete.) Moreira et al, 2009a).

RECENT TRIALS:

The trial, conducted in Yogyakarta, Indonesia, demonstrated that the release of mosquitoes

modified to carry a bacterium called Wolbachia, which stops reduced the cases of dengue

fever in the city (77%) (Utarini, Adi et al, 2021).
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INSECT HOSTS-2021

MATERIALS AND METHODS

Following equipment’s were handled during the work

Laminar Air Flow. Binocular

Micr -
Icroscope, Thermal cycler PCR, Weighing machine,

I ; ; .
Autaclave, Nanodrop, Water bath, Centrifuge (Fixed angle rotor), Spinfuge, Vortex m

achine,
Microwave, Electrophoreti . Wi
phoretic Chamber with Gel Casting tray, Gel documentation system, -20
Deg deep freezer
Fly culture:

Reagents required:

For media preparation:
® For 100ml media:

Agar agar

- 3 gms
Com flour -13.3 gms
Yeast Extract  -1.33 gms

Methyl Paraben - 0.2 gms
Mix fruit juice  -100 ml

For Tetracyclin treatment:

e (.25 mg/ml and 0.5 mg/ml Tetracycline in 30ml media:

Stock - 25mg/ml
0.25 mg/ml = 0.3 ml in 30ml
0.50 mg/ml = 0.6 ml in 30ml
For Dissection:
e Distilled water, 70% ethanol
For DNA Isolation:

e 6 M NaCl,

ICMR-National Institute of Research in Tribal Health
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70% ethanol
- Distilled water

e ForPCR

e Master mix (purcgene genexy) - 125 ul
e Nuclease (ree water - 9.5 ul

e Fornvard primer - 1l

e Reverse primer -1 ul

e Template -2 ul

For Gel Electrophoresis:

e IX TBE Tris borate EDTA tor 2 litres

Tns base - 21.6 gms
Boric acud - 1 lgms
I'ms EDTA -8 ml (0.5 M)

')l.‘\““l,’(l Wwoaler ,’ I s
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¢ Bromophenol Blue:
Tris HCL — 10mM
Bromophenol blue — 0.03%,
Xylene cynol — 0.03%
Glycerol -- 60%
EDTA — 60mM

e Agarose (1.5% in TBE)

edia Preparation: i i

M paration: Add all the contents of media were poured in a conical flask and mixed.
Once the contents are mixed, liquid media was poured in glass bottles for isofemale linc
generation and fly rearing. Plug all the bottles with cotton plug and cover them with

aluminium foil. Media was then autoclaved for further use.

a) For tetracycline pouring 25-30 pores were made in the media using a sterile

needle.

b) 0.3 ml tetracycline was poured for 0.25mg/ml final concentration and 0.6 ml

for 0.5 mg/ml final concentration.
& PREPRATION OF FEMALE ISOLINES AND FLY REARING:

a) Flies were catched from local locations using flasks with fruits as traps.

b) Flies were separated from fruit bottles to a new empty bottle and sedated using

ether.

Flies were visualized under stereomicroscope and female flies were separated.

c)

d) Gravid females were transferred for isofemale line preparation to new bottles

containing media.

a) Adult hatching time was observed.

29
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! s on Tetracvely i
racyoline media
1
. [
b) /hn\r)[)/”/ﬂ Melimosasies fTies ha h 1 |
Vo RAve been translerred to Fresh moedia | |
! ¥ 3 Ee g 5] s.l!“- |
contaiming ().25§
<2 and 0.5 mg/ml tetrac veline aned labeled as Parents with dat i
. Beled as Parents wath date {
3 - 7 7 o) ‘
¢) After 7 days when new flics ar

e about to hateh parents were transterred o
another bottle and pupa were allowed to hatch
d) Agamn afier 7 S : ‘

€ dﬂ,\—\ when new adults are about to appear older paracnts were
transferred to other hotile for 1

generatton. 025 Tetracychne and 0.5
Tetracycline 1

genceration,

¢) Asabove steps were followed up till 3

generation appear
o2

DISSECTION OF FLY ABDOMEN-

Following items we 6 . - .
£ rems were user during this work - Eppendorf tubes. surgical blades

petridishes, small cylindrical and large cuboidal

glass bootles. PCR  tubes,

micropestle, pipettes -2 micro Itr. 15 micro ltr, 100 micro Itr and 200 micro Iy,
graduated falcon tubes, conical flask, Forceps and Needle, Syringe. Aluminium foil

a) Samples were taken [rom respective generation i.¢ Parents. parents 0.25

tetracycline, parents 0.5 tetracycline, 1"

gen 0.25 tetracycline and 0.5
tetracycline, 2™

gen 0.25 tetracycline and 0.5 tetracycline, 3 gen 025

tetracycline and 0.5 tetracycline.

b) From each bottle 10-15 flies were transferred to graduated falcon tube and

sedated using diethyl ether.
¢) Flies were washed in falcon tubes with Iml 70% ethanol.

d) After, flies were transferred to Petri dishes and distilled water was added to the

flies to avoid drying up.

¢) Carefully the abdomen of flies was dissected using surgical blade under

stercomicroscope.

ICMR-National Institute of Research in Tribal Health
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)

b)

c)
d)

€)

=

1]
S’

1)

7)

k)

0)

p)
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The abdomens were transferred tq 100u] of 70% ethanol in Eppendorf’s.

Tubes were labeled carefully and stored in 4°C

DNA ISOLATION FROM ABDOMEN:

. .
2-10 dissected abdomen were taken in 100 il of STE buffer i g
Eppendorfs.

Using a micro pestle, the abdomens were crushed to break the tissues inside

laminar air flow.

After micro pestle grinding, volume of the tubes was raised to 350pul.

40 ul of 20% SDS solution was addedther to the tubes.

Then 16 pl of proteinase K(10mg/ml) was added to the tubes.

The tubes were kept in 55°C for 1.30 hrs.

Removal of the tubes from water bath and vertexing for 30 seconds was done.
After vertexing. the tubes were centrifuged at 12500g for 5 min.

Addition 300ul 6M NaCl to the supernatant obtained after centrifugation.
Vortexing of the tubes for another 30 seconds and then centrifugation for 20
min at 12500g was done after the addition of NaCl.

The clear supernatant appeared without debris.

To the supernatant equal amount of isopropanol was added in 1:1 ratio and

incubated overnight.
After incubation, the tubes were centrifuged at 12500¢g for 20 min.

Isopropanol was discarded and the tubes were inverted on tissue paper to air

dry.

Now 100ul of 70% ethanol was added and again the tubes were centrifuged

for 5 min at 12500¢.

Supernatant was removed and the pellet was allowed to air dry.
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q) After air drying, the pellets were dissolved in 50 I TE
. ul TE.

< PCR AM PLIFICATION:

Following items were used during this work

1) Eppendorf tubes
2) Surgical blades

3) Petri dishes

4) Small cylindrical and large cuboidal glass bottles

5) PCR tubes

6) Micro pestle

7) Pipettes -2 micro ltr, 15 micro Itr, 100 micro Itr and 200 micro ltr.
8) Graduated falcon tubes

9) Conical flask

10) Forceps and Needle

11) Syringe

12) Fruits

13) Aluminum foil

14) Gel Electrophoresis chamber

15) ABI Thermal Cycler

a) According to the number of samples all the reagents for PCR were mixed i.e

master mix, nuclease free water, forward and reverse primers in an Eppendorf

and labeled.

b) The mixture was vortexed for 30 sec and then centrifuged it in 2100 rpm for

30 sec.

¢) 23ul of mixture was transferred to PCR tubes and labelled accordingly.

d) Now 2ul of DNA samples were transferred to respective tubes.
32
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another 30 seconds.
< GEL ELECTROPHORESIS OF PCR PRODUCT:

a) The PCR products were spinfuged for 30 sec after removing from

thermocycler,

b) 1.5% of agarose gel was made in 40m] TBE buffer.

c) 15ul EtBr was added in the agarose and casted in a gel casting tray making
wells using combs.

d) As the gel got solidified, it was placed in gel electrophoresis chamber filled
with TBE.

e) 8ul of PCR products were loaded accordingly with bromophenol blue in
wells.

f) 2ul ladder was loaded and the power supply was switched on.

g) Bubbles can be seen in the edges of the chamber.

h) The samples were allowed to run till they reached the desired length of the

tray.
i) The power supply was switched off and the bands in the gel were visualized
under UV m GelDoc.
j) The readings of the bands appearing were taken.

. 33
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RESULTS

i ‘M
» To prepare female isolines, Drosophila flies were trapped from the premises of
ICMR-NIRTH.

> After selecting gravid females, total 11 Isolines were prepared i.e Iso 1. 150 2. 150 3

Iso 4, Iso 5, Iso 6, Iso 7, Iso 8, Iso 9,1Is0 10, Iso 11.

» After preparing 11 isolines only 5 isolines were successfully generated from Iso 1, Iso

2, Iso 3, Iso 5, Iso 6 after 9-11 days.

Fig 7: Female Isolines

¢ Characteristics of Isoline Species:

1. Isoline 1: It had two claws at the end of its forearms but no combs.
| 2. Isoline 2: It had two sharp claws and one pair of combs in its forearms, one of the
pair had 6 bristle while the other had 8, there were two more bristles a little below

forearm. It was identified as Drosophila bipectinata.
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Fig 8: Isoline 2

3. Isoline 3:The upper body of the fly had two parallel lines in white and single claw at
the end of forearm. It was identified ag Drosophila zaprionus.
4. 1

Isoline 5: The fly had hair like structures on its forearms and two claws at the end of

forearm.

Fig 9: Isoline 5
5. Isoline 6: It had one pair of combs in its forearms, one of the pairs had 7 bristles
while the other had 8 bristles, there were two more bristles below forearms and two

claws. It was identified as a sub species of Drosophila bipectinata.

Fig 10: Isoline 6
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Table 2: Hatching time of eges till adults:

e CHUA INFECTION AMONG INSECT HoSTS 2031

Sno [Allquotno. [ Dute ol Egging | Dateor Aduli [ Daysinse
appearance
8 . "-_\_-\b__“ . W— = R T RO TS
" P. j Isoline | 23/3/21 174721 T 10" day
2. | Isoline 2 20/3/21 28/3/21 9™ day
, 3. |Isoline 3 20/3/21 303721 1™ day
f 4. |lIsoline 5 20/3/21 28/3/21 9™ day
’i [ Isoline6 203721 28/3/21 9™ day
|

% Thegi-

the abdomen were dissected and DNA was isolated from them, the DNA was subjected to
PCR for all the samples i.e parents (untreated), parents 0.25 and 0.5 Tetracycline treated,
1* generation 0.25 and 0.5 tetracycline treated, 2™ generation 0.25 and 0.5 tetracycline
treated, 3" generation 0.25 and 0.5 tetracycline treated. PCR was conducted using primers

of Wspec, WSP 81, ftsZ and ORF 7 genes to check clearance of Wolbachia and phage by

their surface protein genes.

inle of Drosophila melanogaster flies were reared and maintained for three

generations including parents under 0.25 mg/mal and 0.5 mg/ml Tetracycline diet. After

Fig 11: Drosophila fly culture

ICMR-National Institute of Research in Tribal Health

Scanned with ACE Scanner




ICMR-National Institute of Research in Tribal Health 37

IN‘;I( ] Hr}"[’ ‘Z

s+ BLAST RESULTS OF PRIMERS USEJ, .

prior to the amplification and detection of ingecy Wolbachia and h
) and phage specific genes,
the primers were blasted using BLAST (o] OF NCBI to know the locati
ation, position and
size of genes going to be used. following are the b
ast results of primers us
ed

A. 12SrRNA: This amplifies a region of 400bp insect specific gene J‘

Drosophila ananassae strain IND_DANA_KL8 1 1 '
mitochondrial ~1125 ribosomal RNA gene, partial sequence;

GenBank MK216799 1
GeBank  FASTA

Ak To This Yew | [ tadad
0 40 v ) 0 Wi e =
z 2 R y -
¢

1) 20 w9 |
_ 7 HK26799.1 ¢ v (o g, A mees
20 140 . - ARl A Tods - oT'K'Jv L
S - A o0 |iee |46 160 T 5 3 %
. sr —_— = Y D 8 M w0 me wm
% - - - - p— - - |

MKQ16799.1: 1.432 (432 )

Fig 12: Blast result of 12SrRNA |

B. Wspec: The primers used for this amplifies a Wolbachia specific gene of 438bp \

Forward primer F: CATACCTATTCGAAGGGATAG

Reverse primer R: AGCTTCGAGTGAAACCAATTC

|
olbachia endosymbiont of Drosophila simulans strain wMa isolate KB154 chromosome |
5enBank: CP069054 1

enBank  FASTA

|09 K |200K @00 K lqm K

Ink To Thes View | Eaadhach
[sonr ;:OIOK |7mx 20K

b1 T N T TR
nll"lllulll .
[

" e
O [ R | i i i e 0o I
Jiaw vy " 1
I 1 1)
i
1

| i
B

==Y [ @ mes A Tools e £ Tracks « @ Dowmizag - T

s62.260 |528.400 [S68600  [66£60  [SBR N S09ZW0 900 seveen o

Wty r 007
QUEZD42) |

e
I ClE23422 |

[S87.600 567,000 556 K 569,200 s ane

Fig 13: Blast result of Wspec primer
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:. wspsl: 'l hlg nmpliﬁes a W H I f r T 3]
WSPS1: d U'b(lChia Spcci IC 51 f:'lCC r) ()lein Eene D

| 4 0 ‘)”‘ h .
l'orwald pr 'rrnen F:

r(iG‘l'C(.‘/\/\'l‘/\ AGTGAT (jAA(i/\A‘I'\C’

Reverse primer R: AA/\/\ATTA/\AC(E('T/\("l'(‘('/\

Quefasciatys p
Lenbank AMG9938T 1 ®l strain wPip complete genome
fank  FAST
0 j200% [ ok S0 e -
PALPLATIATY RN e T A
£ % sirwmnr1 | P M= O aaen;
o0 [1O0S5ER LONSEE 105 700 ) ons ong e T

e — — ——
= O 2 Wp0937

Gene: \WP0937
Location: complement(1,005,930..1,006,616)
Length: 6387 nt

[Positional info)
AM999887.1 position: 1,006,390
Gene position: 277

CDS: CAQ55045.1
Name: surface antigen Wep

Location: complement(1,005,930.. 1,006,616)
[Length)

Fig 14: Blast result of WSP81

D. FtsZ: This also amplifies a Wolbachia specific surface protein of 200 bp.

in Tri ealth
ICMR-National Institute of Research in Tribal H

Forward primer F: TTTTGTTGTCGCAAATACCG

Reverse primer R: CCATTCCTGCTGTGATGAAA
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ulans s
train wTe) Isolate KB156 chromosome

Lok 12 (o Yian | | andbacy

I loosceo 100740 |LOIPGR0 1009600 e
052,10 LIAL.L1M (2,608 nt) e

3arae

__[te79.200
078,20 L0400 jovce

__poice  Leaiaem

Y2V
= {191,406

- W Tracks shewe,

Fig 15: Blast result of Fts7,

E. Orf7: This primer is specific for capsid protein gene of wo phage of 400 bp

Forward primer F: CCCACATGAGCCAATGACGTCTG

Reverse primer R: CGTTCGCTCTGCAAGTAACTCCA'ITAAAAC

enBank KX522565 1

| 2

Eylbachia phage WO, complete genome

ink To This View | Feedhack
S K ROK
i N il - [ 125K 139K 35K 40K 48 K |50k 55k 80K e5gs|
= = " .m ET——e— L] = = =2 ooz = L} -x""_‘“_"
m= mx 1 zo: Gf o= = i A i e Y
' e a Ll [ | (-] ) [] =
- x b
o 2 osasesa - Foo v o ] Qmsz T A Tods = £ Tracks = ¥ Doemload + Q0
5,200 [5.900 6K [f160 6200 |6R00  gde  |5500 esed 5760 [sses o |
v 1102

AOR4S231 s

Fig 16: Blast result of Orf7

CifA primers used is:
F:ATAAAGGCGTTTCAGCAGGA

R:AGCAAAGCGTTCACATTTCC

ICMR-National Institute of Research in Tribal Health
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WOLBACHIA INFE

|
|
CTION AMON |
i} G INSECT HOSTS-2021 i |
| |
Graphes ~ |
%
. B ) . Serdto -
wglbachlgbﬁ!p|(afggtsotryge lr ;:tyticmlasmic Incompatibility factor A (cifa |
! e
mcompatl‘ g"Y protein (cifB) genes, complete cds )2nd type | eytoplasmic |
(GanEank ”3::”{5’_‘ i
|
F e W 1200 140 1600 1an e TR Lo o Thes View | Fosdhacy '
2 : . l P00 A0 aae aam asm A |
% mesoresza - Frd . “.,9' @ a Qamez o e ==
| e e pm e [0 L 10 0w 40 ) [ e g s s s
» : e L0 DY D280 1999 12588 13500 (47 14200 14 T
. R T
= afe
AVE928231 =
‘|.amﬁ;l_am 1503 12¥ Ag_zge;zinige&y_@“;; 3200 3460 3809 |2 500 4% 420 (4400 (4k09
— L ex ST DID AN [A260 (4400 aew | sees
¢ ¥ Tradks shoum: 28

i Gene: cifA

39 Location: 33..1,457

= Length: 1,425 nt

'E ([ Positiona/ Info]

MGB807657.1 position: 1,337

-4 Gene position: 1,355 =
{ Links © Tools
~LAST nr: MG807657.1 (33..1,457)
k Fio 2 record: MG807657.1 (33..1,457)
P Gen™ = record: MG807657.3 (33..1,457)
\ e —— -
Fig 17: Blast result of Cif A
i

» CifB: CifB is around 350Int in length and it binds at around 1533 and 5033 bp

Primers used for PCR are as follows:
F-TACGGGAAGTTTCATGCACA

R:-TTGCCAGCCATCATTCATAA

ICMR-National Institute of Research in Tribal Health
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Giaphics =

Sedto ~
Wolbachia pipientis type | cytoplasmic incom
incompatibility factor B protein (cifB) genes,

GenPank WMGA07657 1

Gentlank  FASTA - PopSal

Link To TS View | Feedback
00 Ao eun 0o 1200 \A00 V600 a7y 90 2400 2 £
0 2 LI 2500 2600 2440 :

patibility factor A (cifA) and type | cytoplasmic
complete cds

AN 3Y 3200 400 A IE0 &Y SN 350 4500 =) |
= = e : 3
~ MGo07637,L - Find: v o) q amee ATrze QTaose ¥ Coemoae
= Toois v 1203 Downigad s = /v
& 4 2 |1 0 >

b |SO0L 00 OO0 P90 WK, [L209, [La%0 1800 ises EY, _|62% (299 240 2720 3v 3289 3490 36D 199 4T aZER 4am 4L ses

- - - - V-———-_E,AA,;_’ 17 = &

Sanes o = T

afg > > e y— O I S e = S e
R
E— -

[ ]

T Pt e |

(P00 |00 LK [1200 (1400 |16 |1£6D (2¥ (2209 (2400 12699 12790 [3¥ DL 1465 3583 1 4T

4200 4428 LB sesg
1K (5,088 nt)

/" QY Trds sronr: 3

e R N =
a2 A cifA
:_f‘; Gene: cifa
-9 Location: 33..1,457
Length: 1,425 rnt
[ Positional Infol
p MGB807657.1 position: 1,337 -
e Gene position: 1,355 =

Links & Tools
BLAST nr: MG807657.2 (33..1,457)
FASTA record: MG807657.2 (33..1,457)
GenBank record: MG807657.1 (33..1,457)

Fig 17: Blast result of Cif A

» CifB: CifB is around 3501nt in length and it binds at around 1533 and 5033 bp.
Primers used for PCR are as follows:
F:TACGGGAAGTTTCATGCACA

R:TTGCCAGCCATCATTCATAA
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. inienti | cytoplasmic incompatibili . I’
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Fig 18: Blast result of CifB

, 47T ECTROPHORESIS :
s RESULTS ‘' GEL ELECTROPHORESIS :

| For128 A :This gave+ve results for Isoline 1, 2, 3, 6 and 10(0.5 tetracycline 1%

gen) and sirong bands of 400 bp can be seen.

Fig 19: Gel run of 12sRNA PCR products

: —Isoline 5, Lane 6 -
(Lane 1 - Isoline 1, Lane 2 - Isoline 2, Lane 3 - Isoline 3, Lane 4~ 150

: 16 - Negative
; nd 5 Tetracycline, Lane
; Parents 0.25 Tetracycline, Lane 10 - 27 geft 025

: Control NC, Lane L — 100bp Ladder) "
1 ICMR-National Institute of Research in Tribal Health
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 _anl

ce I was showing band for 50 ] j¢ Fve wh
§ = Whereas for
OF ¢

e NFECTION AMONG 1 Ky
. - - il ) LT HO 20
—— 05T 5-2021

02,5,6 it was not

f showing any band i.¢ —ve. For parentg (untreated)

H way showi i
showing an Intense band, byt
b

. tra -y J]“( ﬂnd ). - y 1 p €nt: th€ Y sta
cyc cng f 2
% ( 5 I("I[d( ({ I e rea (,(l aren g mten Ity o ])d, ld nacd

ng and it finally disappeared in 0.5 tetracycline 3 generation. The intense band were

around 444 :p.

(Lane 1 - ' ‘ine 1, Lane 2 - Isoline 2, Lane 3 - Isoline 3, Lane 4 — Isoline 5,Lane 5 —

Isoline 6, i.ane 6 - Parents 0.25 Tetracycline, Lane 7 - Parents 0.5 Tetracycline, Lane

8 - 1¥' gen 0.25 Tetracycline, Lane 9 - 1* gen 0.5 Tetracycline, Lane 10 - 2™ gen 0.25
Tetracycline, Lane 11- 2" gen 0.5 Tetracycliné, Lane 12 - 2™ gen 0.5 Tetracycline,
Lane 13 - 3" gen 0.25 Tetracycline, Lane 14 - 3" gen 0.5 Tetracycline, Lane 15 -
Parents untreated, Lane 16 - Negative Control NC, Lane L — 100bp Ladder)

For WSP 81: For this it was giving a +ve result for Isoline 1 but the band was very

1.
light, whereas for Iso 2, 5,6 it was —ve. Untreated parents had an intense band of

around 600 bp, 0.25 and 0.5 tetracycline treated parents were also giving bands at

around 600bp but the band produced by 1" 0.25 tetracycline was a lighter band. for

2" and 3"0.25and 0.5 tetracycline treated flies it was —ve i.e no band.

'\CMR-National Institute of Research in Tribal Health
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Fig 21: Gel rup of WSP81 PCR products

(Lane 1 - Isc’ve 1, Lane 2 - Isoline 2, Lane 3 - Isoline 3, Lane 4 — Isoline 5, ane 5
Isoline 6, L+ & - Parents 0.25 Tetracycline, Lane 7 - Parents 0.5 Tetracycline, Lane 8 -
1" gen 0.25 Tetracycline, Lane 9 - 1% gen 0.5 Tetracycline, Lane 10 - p"¢ gen 0.25
Tetracycline, Lane 11- 2™ gen 0.5 Tetracycline, Lane 12 - 2™ gen 0.5 Tetracycline, Lane
13 -3¢ gen 0.25 Tetracycline, Lane 14 - 3 gen 0.5 Tetracycline, Lane 15 - Parents

untreated, Lane 16 - Negative Control NC, Lane [, — 100bp Ladder)

For ftsZ : For this also there was a strong band for untreated parents and a lighter
band for 0.25 and 0.5 tetracycline treated parents. however, there was a lighter band

for 0.25 tetracycline treated 1% generation as compared to treated parents. It was —ve

result for rest of the generations.

*National Institute of Research in Tribal Health
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Fig 22: Gel run of FtsZ PCR products

(Lane 1 - Isoline 1, Lane 2 - Isoline 2, Lane 3 - Isoline 3, Lane 4 — Isoline 5, Lane 5 —
[soline 6, Lane 6 - Parents 0.25 Tetracycline, Lane 7 - Parents 0.5 T. etracycline, Lane 8 -
1* gen 0.25 Tetrzcycline, Lane 9 - 1™ gen 0.5 Tetracycline, Lane 10 - 2™ gen 0.25
Tetracycline, Lar = :1- 2nd gen 0.5 Tetracycline, Lane 12 - 2™ gen 0.5 Tetracycline, Lane

13 - 3% gen 0.2 [etracycline, Lane 14 - 3™ gen 0.5 Tetracycline, Lane 15 - Parents

untreated, Lane 16 - Negative Control NC, Lane L — 100bp Ladder)

V. For Orf7: Untreated parents for WO phage gave a high intensity strong band whereas

there were a little lighter band for tetracycline treated parents and a subsequently

lighter band for 1% tetracycline treated generation. There was no band for rest of the

generations of tetracycline treated flies.

'CMR-National Institute of Research in Tribal Health
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Fig 23: Gel run of Orf7 PCR products

(Lane I - Isoline 1, Lane 2 - Isoline 2, Lane 3 - Isoline 3, Lane 4 —

[soline 5, Lane 5 -
Isoline 6, Lane © - Parents 0.25 Tetracycline, Lane 7 - Parents 0.5 Tetracycline,

Lane & -

1% gen 0.25 Teti “cline, Lane 9 - 1% gen 0.5 Tetracycline, Lane 10 - 2" gen 0,25

Tetracycline, 1. 11-2™gen 0.5 Tetracycline, Lane 12 - 2™ gen 0.5 Tetracycline, Lane
13 - 3" gen 0.27 Tetracycline, Lane 14 - 3™ gen 0.5 Tetracycline, Lane 15 - Parents

untreated, Lane 16 - Negative Control NC, Lane L — 100bp Ladder)

VI.  CifA and CifB: The primers used for screening CifA amplified a segment of 160 bp

whereas for CifB it amplified a segment of 185 bp.

i ts
Fig 24: Gel run of CifA and CifB PCR produc

45
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size whereas for isofem
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S e algg
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- ’ Cycline treat
ated P

arents the imcnsily of b

: . and starte
decreasing and it finally disappeare(l s 4 started
-9 letra

Cycling 3™ generat; 4
ation. Th .
band were around 44( bp. € intense

§ v For WSP BI: For this it Was giving a +ye result for 5o}

ne | but the band w
light, whereas for Iso 2, 5,6 it was

as very

—ve. Untreated parents had an intense band of

around 600 bp, 0.25mg/m| ang 0.5 mg/m| tetracycline treated parents were also giving
bands at around 600bp byt the band produceq by 1% generation 025 mg/ml

tetracycline was a lighter band and wha about 0.5 mi/ml. for 2 g 3 0.25and 0.5

tetracycline treated flies it was —ve j.e no band.
. IX. For ftsZ : For this also there was a strong band for untreated parents and a lighter
' band for 0.25 and 0.5 tetracycline treated parents. however, there was a lighter band
for 0.25 treated 1°* generation as compared to treated parents. It was —ve result for rest
of the generations.
X.  For Orf7: Untreated parents for WO phage gave a high intensity strong band whereas

: s entl
there were a little lighter band for tetracycline treated parents and a subsequently
w

generations of tetracycline treated flies.

w08 . .
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XL For 12SrRNA: As it was an insect Spec
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Through the experiment
al analysis_ i
=
YSIS, it can be interpreted I
| - ed t S
melanogaster s treated wi o
L v ibi -
vith antibiotjc Tctracycl' —
| | ne, the
cleared up at third generation o o
< N gc S

from the results of PCR
and Gel elc
1 eleclrophoresis it was int
s : erpreted that isoli
at 1soline | has

Wolbachia infection as it w
It was clearly indicated by the pri
primers of Wspec and W
spec g SP81.

L Out of 6 successfully generated jsol;
olines only one h
ad Wolbachia infection i
ection 1.e 16.6%

in the generated isoli
soline po ion i
population in our work, In Bloomington D
on Drosophila Stock

ant 0, .
Centre 30% of laboratory stocks were infected with Wolb
olbachia.

A This sort of experiment was previously d
o Y done using tetracycline and rifampicin to
check the clearance an i
and to establish a comparative data on clearance of Wolbachia of
achia o

the host (Miller, Wolfgang J et al., 2010)
Phage is an integ :
g an integral part of Wolbachia genome as it is absent in Wolbachia uninfected

host, pre ' ar
present in D. ananassae and D. melanogaster. (Kopal Singhal and Sujata

Mohanty*, 2019).

In Kopal Singhal and Sujata Mohanty* 2019, it was stated that there was a complete
sequence of CifA of 474 aa in all Wolbachia genome whereas Cifb having 1173 aa

was limited in wMel. In wRi CitB segment had a mutation in 637nt (T*C) position

resulting in a change of codon to stop codon TGA which resulted in two sequence of

CifB having 200 and 900 aa. This can rescue the bidirectional CI induced by wMel.

fferent concentrations ie 0.25 and 0.5

2 In this work, tetracycline was used in two di
st 9™ and 3" generations to study the effect of antibiotic on

mg/ml over parents, 1

Drosophila host.

Wolbachia in its associated phage 1n
tment starts. the survival environment and conditions of

a As the tetracycline trea
arts deteriorating.

generation and its machinery st

bacteria starts changing with each
47

Tribal Health

ICMR-National Institute of Research in

Scanned with ACE Scanner



|

——

ICMR-National Institute of Research in Tri

wOlbﬂChia somehow Manages tq, keep itgalp )
alive
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up by low concentration of e,
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alion by ECLs cleared
of Wolbachia becomes diff

mechanism might be a st

to hosts phage inside it making phage unable o

licate and sysy
Aﬂer [his

ain,
hatch rates can be Studied from the offsprings of w l
0

bachia cle

ared maleg
and Wolbachia carrying female and/or Wolbachjq cleared fey

Males and Wolbachia
carrying males to give evidence of maternal transmissiop of bac

teria,
Attempt to clear Wolbachi

a infection can also be further proceeded by

analyzing the
effect of different antibiotics like ampicillin, rifamycin, clindamycin on different

concentrations for more specific quantitative and comparative data.

After the Wolbachia and phage gets cleared up in the flies, partially Wolbachia

cleared flies can be reared in the absence of antibiotic to check the possibility of the

reappearance of Wolbachia. It would be further interesting to clear phage infection
from Wolbachia.
As Wolbachia has phage and phage has the ability of incorporating its genome in the

h further genomic analysis can be done to explore the possibility of tripartite
ost,

association of Phage-Host-Wolbachia.

. . alysis.
diseases like zika, malaria etc. for field analy:
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From the results and discussions,
o

Itis concluded thy, as the frujt fly ie Drosophila
relanogasier is kept on tey
N :

acycline djeg for few Eenerations,

its Wolh
ts cleared subsequently thereby clearing the ph
gets

achia infection

age infection alongwith it.
Amongst the markers y

sed i.e WSpec, WSP g

> ftzZ and O the bands produced by
wSpec and WSP81 were intense ag Compared to figz indicating that WSpec is the
best marker to check the clearance of Wolbachia, WSP81
NES

being the second in line.

Therefore, as the Wolbachia infection gets cleared under the influence of tetracycline
1CT )

hage also gets cleared up, which can be best detected by Wspec and Orf7.
p 14 e B
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Questionnaire for the survey Sa_r)“pjg Copg g
! rJ

Q) [ow many languages do vou speak?

5 One ) Two C) Three ') More than Three

Q2) How much percentage of knowledge of English is required to make a
successtul career?

A) 100per ,B{ 15per C) SOper . D) 25per . |

3) i rom which area of Jabalpur do you belong? | . l
/() I'rom urban area B) From rural area | \

C) Fron' another city D) From aiwther state

4) Besides standard Hindi, how many dialects of 1lindi can vou speak?
Ragheli dialect A) Bundeli dialct r

C) Begheli. Bu 1deli and more D) None of these

Q3) The proficiency in English is helpful in,
A) In professional life  B) i personal life

?)/Bnlh azdb D) Neitheraand b

Q6) What makes people coming from rurai areas suffer in English language in
city?? i

A) Lack of English knowledge B) Fear of making mistakes ‘
£ Not having confidence - D)Alloftheabove - : S
Q7) Why people avoid use of regional language to show them modern ?

A) Societal Pressure © _  B)llesitation S 3 ' - -

C) Will not gcl respect M/\”-Oflhc above —"
|
\
:
i
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' regl uage?
Q8) Where do you usually prefer to speak your regional languag

' here.
A) At workplace B) With family C) Nowhere ) Everywhe

9) The vouth prefer western media instead of regional media for entertainment,

_A)Yes B) No C) Both D) Neither

Q10) Regional languages are facing a threat of extinction due to the dominance
of Fnglish?

A) Definitely B) A big No

C) Baseless argument D) Over exaggeration

(11) Do you think regional languages deserve to be saved from extinction?
_Aj)Yes B) No
C)Partially D) No idea

A)  They should be used at working places

B) The government should make ryleg to promote them

~

_C) Large amount of liter

D) All of the above

ature and cinemg should be produced
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| 1 usnally prefer to speak your regional Iilllglulgg'}
Oy Whe're do vou usnahy

Y With familv - C) Nowhere "'ﬁ':"'c".\'\\'hcm_
A) Atworkplace  13) Wath fanni)

The vouth prefer wester media instead of regional media for c"lc”ilinm
) €A\ ‘

Y] \ g 13) No () Both D) Neither

QO10) Regional Tanguages are facing a threat of extinction due to (he doming,
of nglish?

AT Definitely B) A big No

() Bascless argument D) Over exaggeration

Q11) Do vou think regional languages deserve to be saved from extinction?
(\l/YL's B3) No

C)Partially: D) No idea

Q12) What steps are required 1o enhance
A)

the reach of regiorial languages?
They should be used at working places

B) The government should make rules to promote them

C) Large amount of literature an

d cinema should be produced
A0 Al of the above

Q13) What is the importance of regional languages?
AMirror of culiure b() Personal identity
C )Hvuc_r way ()fcg‘nnmuniczllin_n D) All of the above
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Questionnaire for the survey e ple Copy +2

al) How many languages do you speak?

A) One .« Tweo C) Three D) More than Three

Q2) How much percent

age ol knowledge of English is required to make a
successful career?

A) 100per B) T5per C)S0per D) 25per

Q3) From which area of Jabalpur do you belong?
‘;Xf From urban area B) From rural area

C) From another city D) From another state

4) Besides standard Hindi, how fnany dialects of Hindi can you speak?

A) Bagheli dialect B) Bundeli dialect
C) Begheli, Bundeli and more D{ None of these

Q5) The proficiency in English is helpful in,
A) In professional life  B) In personal life
) Both a and b D) Neither a and b

Q6) What makes people coming from rural areas suffer in English language in
City??

A) Lack of English knowledge _B) Fear of making mistakes
C) Not having confidence D) All of the above

Q7) Why people avoid use of regional language to show them modern ?
A) S()Cieta] Pressure ,B)'T-Iesitation

C) Wl“ not get respect D) All of the above
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Questionnaire for the survey &mrlc copy <3

Q1) How many languages do you speak?

A) One B3) Two CF Three D) More than Three

Q2) How much percentage of knowledge of English is required to make a
successful career?

A)100per  BXY 75per C) 50per D) 25per

Q3) From which area of Jabalpur do you belong?
A) From urba:i area \B’f IFrom rural area

C) Froru arother city D) From another state

1) Besides <tandard Hindi, hov many dialecs of Hindi can you speak?
A Bagheli dia'ect B) Bundeli dialect
C) Begheli. Bundeli and more D) None of these

Q5) The proficiency in Eng'ish is helpful in,
A) 'n professionat life  B) In personal life

£J Both a and b D) Weither « and b

Q6) What makes people coming from rural areas suffer in Figlish language in

city??
M) Lack of Enghsh knowledge B) Fear of making mistakes
& Not having confidence D) All of the above- ) :

-\

: Q7) Why peop!: avoid use of regional language to_show them modern ?

A) Societal Pressure B) Iesitation- . : S
C) Will not get respect JY Al of the above ~ -
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