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ABSTRACT 

The New Year began with a new threat to the human health, Severe Acute Respiratory Syndrome (SARS)-CoronaVirus (CoV)-2. 

SARS-CoV-2 is a novel virus (identified as the cause of coronavirus disease 2019 (COVID-19) that began in Wuhan, China in 

late 2019) belonging to the Coronavirus family, the 7th recognized as a human pathogen and the 3rd causing a severe clinical 

syndrome after SARS-CoV (identified in 2002 as the cause of an outbreak of severe acute respiratory syndrome (SARS) and 

Middle East Respiratory Syndrome (MERS)-CoV1(was identified in 2012 as the cause of Middle East respiratory syndrome 

(MERS).[ Lai CC et al; 2020]. Intermediate host played an important role in transmission of coronaviruses from them to 

humans such as in case of COVID 19 (pangolins or bats yet to be confirmed), SARS-CoV (masked palm civets), MERS (camel) 

which arises many questions that why there is need of changing the intermediate host for its survival. In this review we will see 

the modifications done in respect for its survival which includes S protein , nucleotide, amino acid substitution, genetic similarity  
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I INTRODUCTION 

In December 2019, there was an outbreak of pneumonia 

with an unknown cause in Wuhan, Hubei province in 

China, with an epidemiological link to the Huana Seafood 

Wholesale Market, which is alive animal and seafood 

market. Clinical presentations of this disease greatly 

resembled viral pneumonia. Through deep sequencing on 

the lower respiratory tract samples of patients, a novel 

coronavirus named the 2019novel coronavirus 

(2019nCoV) was identified [SongZ. et al; 2019]. As of 16 

April 2020, more than 2.06 million cases [CSSE 2020] of 

RED QUEEN HYPTOTHESIS  
 (The hypothesis that organisms are 

constantly struggling to keep up with one 

another in an evolutionary race  
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COVID-19 have been reported in 210 countries and 

territories,[Worldometer 2019] resulting in more than 

1,37,000 deaths. More than 5,12,000 people have 

recovered [SongZ. et al; 2019] although there may be a 

possibility of relapse or reinfection.[ Politi , Daniel 2020 ; 

Feng, Emily 2020] The deaths per diagnosed cases varies 

significantly between countries.[ Centre for Evidence-

Based Medicine., 2020] SARS-CoV first emerged in 

2002–2003 in Guangdong, China as an atypical pneumonia 

marked by fever, headache and subsequent onset of 

respiratory symptoms such as cough and pneumonia, 

which may later develop into life-threatening respiratory 

failure and acute respiratory distress syndrome [Graham. et 

al., 2013] . Being highly transmissible among humans, it 

quickly spread across 29 countries, infecting more than 

8000 individuals with a mortality rate of about 10% 

[Frieman 2008; Peiris. et al., 2004]. Originally, palm civets 

were thought to be the natural reservoir for the virus 

[Wang et al 2005]. However, subsequent phylogenetic 

studies pointed to the bat origin of SARS-CoV based on 

sequences of SARS-like virus found in bats [Hu. et al., 

2005]. The MERS-CoV epidemic surfaced in Saudi Arabia 

in 2012 with similar clinical symptoms as SARS-CoV but 

with a much higher mortality rate of about 35% [Kim. et 

al., 2016] MERS-CoV specific antibodies were only found 

in dromedary camels [Reusken.et al., 2013]. Another 

evidence to link MERS-CoV to dromedaries was found 

after two human cases of MERS-CoV infection, diagnosed 

in October of 2013, and were linked to a farm in Qatar 

[Haagmans BL.et al., 2013 ]. In response, all the 14 

dromedary camels on that farm were tested with RT-PCR. 

Eleven dromedary camels had positive nasal swabs for 

MERS-CoV which suggest that dromedary camels were 

responsible for transmission and considered as host.[ 

Haagmans BL.et al., 2013] Unlike SARS-CoV, which 

exhibits super-spreader events, transmission of MERS-

CoV is geographically limited [Graham. et al., 2013]. In 

fact, reported cases of MERS-CoV often stem from 

outbreaks within the Middle Eastern countries or recent 

travel to the region [Oboho. et al., 2015] 

Why there is a need to keep changing a pathogen host 

for the sake of survival: Insights to some 

modifications!!!  

The pathogen's evolutionary survival depends on infecting 

new hosts - and jumping to other species is one way to do 

this. The new host's immune systems try to kill off 

pathogens, meaning the two are locked in an eternal 

evolutionary game of trying to find new ways to vanquish 

each other. For example, about 10% of infected people 

died during the 2003 SARS epidemic, compared 

with under 0.1% for a "typical" flu epidemic. 

Environmental and climate change are removing and 

altering animals' habitat, changing how they live, where 

they live and who eats whom. While there might be 

pathogens that can infect other hosts and cause disease, the 

inability to pervade, or spread, throughout the infected host 

species indicates that the pathogen is not adapted to that 

host species. In this case, the ability or lack thereof a 

pathogen to adapt to its host environment is an indicator of 

the pathogen's fitness or virulence. If a pathogen has high 

fitness in the host environment, or is virulent, it will be 

able to grow and spread quickly within its host. For 

instance, in what's called the red queen hypothesis, hosts 

are constantly shifting genetically via sexual reproduction 

in order to continue changing so pathogens have less of a 

chance to be well adjusted to the host. If the host keeps 

changing via gene shuffling in the form of reproduction, 

then hosts will have to continuously evolve with the host to 

keep up with its changes. This sets up a moving target for 

co-evolving pathogens. [Den Bakker et al., 2011] This 

would be the reason why the pathogens continuously 

change their host in order to sustain itself by doing some or 

the other modification. As we know the new coronavirus 

continues to spread around the globe, researchers say the 

virus is changing its genetic makeup slightly like all 

viruses — change small parts of their genetic code all the 

time. They proofread their own genomes when they copy 

themselves, cutting out things that don't seem right. “They 

maintain this ability to keep their genome pretty much 

intact by doing some or the other modification," 

says Vineet Menachery, a virologist at the University of 

Texas Medical Branch.”  

So, according to the research it seems that the 

modifications are done in respect to genetic makeup, 

receptor binding domain, receptors and some nucleotide 

substitution in order to survive in different intermediate 

host so that it could percolate and result in spillover to 

humans. 

Comparison of the changes done while changing the 

[host for the sake of spillover to humans (SARS-CoV1 , 

SARS-CoV2 , MERS) … 

 

 In case of SARS-CoV the host were considered to be 

Masked palm civet [Wang.et al., 2005] and when the 

genome sequences of masked palm civets were compared 

with 92 human SARS-CoVs (Song et al., 2005), a total of 

212 single-nucleotide variation (SNV) sites with multiple 

https://en.wikipedia.org/wiki/2019%E2%80%9320_coronavirus_pandemic_by_country_and_territory
https://en.wikipedia.org/wiki/2019%E2%80%9320_coronavirus_pandemic_by_country_and_territory
https://en.wikipedia.org/wiki/2019%E2%80%9320_coronavirus_pandemic_deaths/WHO_situation_reports
https://en.wikipedia.org/wiki/2019%E2%80%9320_coronavirus_pandemic_deaths/WHO_situation_reports
https://en.wikipedia.org/wiki/Case_fatality_rate
https://en.wikipedia.org/wiki/Centre_for_Evidence-Based_Medicine
https://en.wikipedia.org/wiki/Centre_for_Evidence-Based_Medicine
https://www.nhs.uk/conditions/sars/
https://www.nhs.uk/conditions/sars/
https://wwwnc.cdc.gov/eid/article/12/1/05-0979_article#r3
https://en.wikipedia.org/wiki/Virulence
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occurrences were identified, among which 209 sites were 

in the protein coding regions . At least one of the 

mutations, aa 487 in the spike protein, was shown to be 

important in the adaptation of SARS-CoV to human cells 

(Li et al., 2005c; Qu et al., 2005). Analysis of the structures 

of the spike protein and its cellular receptor angiotensin 

converting enzyme 2 (ACE2) (Li et al., 2003) indicated 

that aa 487 of spike is important for spike-ACE2 

interaction and a mutation from Ser487 (civet) to Thr487 

appeared to enhance human-to-human transmission of the 

SARS-CoV .Residues 344 and 360 of the spike protein are  

 

distant from the binding interface in the spike-ACE2 

complex (Li et al., 2005a), and these two mutations do not  

affect binding affinity or infectivity of the SARS-CoV (Li 

et al., 2005c; Qu et al., 2005). Whether the rest of the 

amino acids residues play important roles during cross 

species transmission or human-to-human transmission 

shall need further investigations. The genome sequences of 

SL-CoVs isolated from horseshoe bat shared a sequence 

identity of 89–90%. Similar sequence identity, 87–92%, 

exists between bat and human or civet isolates. (Wu et al., 

2005; Kan et al., 2005). 

 

 

ACCORDING TO THE DATA PUBLISHED  AND THE INFORMATION  IT SUGGEST THAT SARS-CoV2 MAY  BE A MUTATED FORM OF SARS-

CoV1 AS IT SEEKS MANY SIMILARITIES WITH THE NOVEL CORONAVIRUS 2019 AND THE ALSO THAT PANGOLINS SHOW MORE 

RESEMBLANCE TO THE SARS-CoV2 AND COULD BE CONSIDERED AS AN INTERMEDIATE HOST. 

 

RECEPTORS 

 

ACE2 

 

DPP4 

                        

                       ACE2 

 

SPIKE PROTEIN 

 -                        

                        97.5% 

 

NUCLEOTIDE SIMILARITY 

 

99.4% 

>99.5

% 

                       

                       93.27% 

 

AMINO ACID SIMILARITY 

 

93% 

-                          

                        94.1% 

 

AMINO ACID 

SUBSTITUTION 

 

 

SER 487  [HOST]      ARG/LYS479 

 

THR 487 [HUMANS]  ASP 479 

-              

            PRO 38   [HOST]     GLUT268 

 

            SER 38   [HUMAN]     ALA268 

 

 



|| Volume 5 || Issue 3 || March 2020 ||              ISO 3297:2007 Certified                         ISSN (Online) 2456-3293 

 

                                                         WWW.OAIJSE.COM                                                           28 

In similar way in case of SARS-CoV2 it is not confirmed 

whether the spread was from Pangolins or  Bats the 

evidences and information shows that  Pangolin-CoV 

showed high overall genome sequence identity to SARS-

CoV-2 (91.02%) throughout the genome also preprint 

studies found that CoVs in pangolins shared 90.3% 

[K. Xiao.et.al;2020] and 92.4% [T.T.-Y. Lam.et.al;2020] 

DNA identity with SARS-CoV-2, approximating the 

91.02% identity to SARS-CoV-2.Pangolin-CoV genes 

shared high average 93.2% nucleotide identity , higher 

amino acid sequence identity to SARS-CoV-2 genes 

including the spike (S) protein (97.5%) which suggest that 

high S protein amino acid identity implies functional 

similarity between Pangolin-CoV & SARS-CoV-2, 

[P. Liu, W. Chen, J.-P. Chen 2019] also the  two amino 

acid sites (38P  and 268Q) are shared by Pangolin-CoV,  

and SARS-CoVs, which are mutated to 38S and 268A in 

SARS-CoV-2 which[Tao Zhang,et.al;2020] indicate that 

Pangolin-CoV  might be the common origin of SARS-

CoV-2 and also the coronavirus isolated from pangolin is 

similar at 99% in a specific region of the S protein, which 

corresponds to the 74 amino acids involved in the ACE 

(Angiotensin Converting Enzyme 2) receptor binding 

domain, the one that allows the virus to enter human cells 

to infect them. [Alexandre Hassanin 2020] Dipeptidyl 

peptidase 4 (DPP4, also known as CD26) was identified as 

a functional receptor for MERS-CoV [Wang. Et al., 2004] 

and it is relatively conserved among mammalian species, 

DPP4- recognizing RBD is localized to the S1 C-terminal 

portion of S protein of MERS-CoV [Lu g.at al.,2013; 

Wang N.et al.,2013; Chen Y. et al.,2013]. The core 

subdomain of MERS-CoV RBD is structurally similar to 

that of the SARS-CoV  RBD, but the external subdomain 

(also named as RBM) is different to that of the SARS-

CoV. 

II CONCLUSION 

The relationship between a virus and its host is a 

complicated affair: a myriad of factors from the virus and 

the host are involved in viral infection and consequential 

pathogenesis. As intracellular obligate parasites, viruses 

have also evolved various strategies to hijack the host 

machineries. In this review, we saw the modification in 

various factors responsible for the survival of 

Coronaviruses in different intermediate host as it keeps 

changing its host in order to sustain itself. For years, 

HCoVs have been identified as mild respiratory pathogens 

that affect the human population. However, it was the 

emergence of SARS-CoV that thrust these human viruses 

into the spotlight of the research field. Therefore, most of 

the HCoV research today is pertained towards SARS-CoV. 

While the recent MERS-CoV outbreak has been mostly 

limited to the Middle East region, it is more likely that 

more emerging of remerging HCoVs might surface to 

threaten the global public health as seen from the high 

mortality rates in past two outbreaks :SARS-CoV(10%) 

and MERS-CoV(35%). Therefore, study of the 

pathogenesis of all HCoVs would gain more insights for 

the development of antiviral therapeutics and vaccines 

REFERENCES 

[1] Lai CC, Shih TP, Ko WC, Tang hJ, hSueh PR. Severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 

and coronavirus disease-2019 (COVID-19): the epidemic 

and the challenges. Int J Antimicrob Agents 2020 Feb 

17:105924. DOI: 10.1016/j.ijantimicag.2020.105924. 

[Epub ahead of print]. 

[2] SongZ, XuY,BaoL, ZhangL,YuP, QuY,etal. From 

SARS to MERS, thrusting coronaviruses into the 

spotlight.Viruses.2019;11(1):59.https://doi.org/10.3390/v1

1010059 

[3]"Coronavirus COVID-19 Global Cases by the Center 

for Systems Science and Engineering (CSSE) at Johns 

Hopkins University (JHU)". ArcGIS. Johns Hopkins 

CSSE. Retrieved 15 April 2020. 

[4] Coronavirus Update (Live) – Worldometer". 

ncov2019.live. 

[5] Politi, Daniel (11 April 2020). "WHO Investigating 

Reports of Coronavirus Patients Testing Positive Again 

After Recovery". Slate. Retrieved 11 April 2020. 

[6] Feng, Emily (27 March 2020). "Mystery In Wuhan: 

Recovered Coronavirus Patients Test Negative ... Then 

Positive". NPR . Retrieved 11 April 2020. 

[7] Global Covid-19 Case Fatality Rates". Centre for 

Evidence-Based Medicine. 17 March 2020. Retrieved 10 

April 2020. 

[8] Graham, R.L.; Donaldson, E.F.; Baric, R.S. A decade 

after SARS: Strategies for controlling emerging 

coronaviruses. Nat. Rev. Microbiol. 2013, 11, 836–848. 

[CrossRef] [PubMed] 

[9] Frieman, M.; Baric, R. Mechanisms of Severe Acute 

Respiratory Syndrome Pathogenesis and Innate 

Immunomodulation.  Microbiol. Mol. Biol. Rev. MMBR 

2008, 72, 672–685. [CrossRef] [PubMed] 

[10] Peiris, J.S.M.; Guan, Y.; Yuen, K.Y. Severe acute 

respiratory syndrome. Nat. Med. 2004, 10, S88–S97. 

[CrossRef] [PubMed 

[11] Wang, M.; Yan, M.; Xu, H.; Liang, W.; Kan, B.; 

Zheng, B.; Chen, H.; Zheng, H.; Xu, Y.; Zhang, E.; et al. 

SARS-CoV Infection in a Restaurant from Palm Civet. 

Emerg. Infect. Dis. 2005, 11, 1860–1865. [CrossRef] 

[PubMed] 

[12] Hu, B.; Ge, X.; Wang, L.-F.; Shi, Z. Bat origin of 

human coronaviruses. Virol. J. 2015, 12, 221. [CrossRef] 

[PubMed] 



|| Volume 5 || Issue 3 || March 2020 ||              ISO 3297:2007 Certified                         ISSN (Online) 2456-3293 

 

                                                         WWW.OAIJSE.COM                                                           29 

[13] Kim, Y.; Cheon, S.; Min, C.-K.; Sohn, K.M.; Kang, 

Y.J.; Cha, Y.-J.; Kang, J.I.; Han, S.K.; Ha, N.Y.; Kim, G.; 

et al. Spread of Mutant Middle East Respiratory Syndrome 

Coronavirus with Reduced Affinity to Human CD26 

during the South Korean Outbreak. mBio 2016, 7. 

[CrossRef] [PubMed] 

[14] Oboho, I.K.; Tomczyk, S.M.; Al-Asmari, A.M.; 

Banjar, A.A.; Al-Mugti, H.; Aloraini, M.S.; Alkhaldi, K.Z.; 

Almohammadi, E.L.; Alraddadi, B.M.; Gerber, S.I.; et al. 

2014 MERS-CoV Outbreak in Jeddah—A Link to Health 

Care Facilities. N. Engl. J. Med. 2015, 372, 846–854. 

[CrossRef] [PubMed] 

[15] The Korean Society of Infectious Diseases; Korean 

Society for Healthcare-associated Infection Control and 

Prevention. An Unexpected Outbreak of Middle East 

Respiratory Syndrome Coronavirus Infection in the 

Republic of Korea, 2015. Infect. Chemother. 2015, 47, 

120–122. 

[16] Reusken CB, Haagmans BL, Muller MA, Gutierrez C, 

Godeke GJ, Meyer B, et al. Middle East respiratory 

syndrome coronavirus neutralising serum antibodies in 

dromedary camels: a comparative serological study. Lancet 

Infect Dis. 2013;13:859–66. doi:10.1016/S1473-

3099(13)70164-6 

[17] Haagmans BL, Al Dhahiry SHS, Reusken CBEM, Raj 

VS, Galiano M, Myers R, et al. Middle East respiratory 

syndrome coronavirus in dromedary camels: an outbreak 

investigation. Lancet Infect Dis. 2013;14:140–5. 

doi:10.1016/ S1473-3099(13)70690-X 

[18] Den Bakker, Henk C., Switt, Andrea I. Moreno, 

Govoni, Gregory, Cummings, Craig A., Ranieri, Matthew 

L., Degoricija, Lovorka, Hoelzer, Kari, Rodriguez-Rivera, 

Lorraine D., Brown, Stephanie, Bolchacova, Elena, 

Furtado, Manohar R., Wiedmann, Martin. Genome 

sequencing reveals diversification of virulence factor 

content and possible host adaptation in distinct 

subpopulations of Salmonella enterica. BMC Genomics 

2011, 12:425 doi:10.1186/1471-2164-12-425 

[19]Song, H.D., Tu, C.C., Zhang, G.W., Wang, S.Y., 

Zheng, K., Lei, L.C., Chen, Q.X., Gao, Y.W., Zhou, H.Q., 

Xiang, H., Zheng, H.J., Chern, S.W., Cheng, F., Pan, C.M., 

Xuan, H., Chen, S.J., Luo, H.M., Zhou, D.H., Liu, Y.F., 

He, J.F., Qin, P.Z., Li, L.H., Ren, Y.Q., Liang, W.J., Yu, 

Y.D., Anderson, L., Wang, M., Xu, R.H.,Wu, X.W., 

Zheng, H.Y., Chen, J.D., Liang, G., Gao, Y., Liao, M., 

Fang, L., Jiang, L.Y., Li, H., Chen, F., Di, B., He, L.J., Lin, 

J.Y., Tong, S.,Kong, X., Du, L., Hao, P., Tang, H., Bernini, 

A.,Yu, X.J., Spiga, O., Guo, Z.M., Pan, H.Y., He, W.Z., 

Manuguerra, J.C., Fontanet, A., Danchin, A., Niccolai, N., 

Li, Y.X., Wu, C.I., Zhao, G.P., 2005. Cross-host evolution 

of severe acute respiratory syndrome coronavirus in palm 

civet and  human.Proc. Natl. Acad. Sci. USA 102, 2430–

2435. 

[20] Li,W., Zhang, C., Sui, J., Kuhn, J.H., Moore, M.J., 

Luo, S.,Wong, S.K., Huang, I.C., Xu, K., Vasilieva, N., 

Murakami, A., He, Y., Marasco, W.A., Guan, Y., Choe, 

H., Farzan, M., 2005c. Receptor and viral determinants of 

SARScoronavirus adaptation to human ACE2. Embo J. 24, 

1634–1643 

[21] Li, W., Moore, M.J., Vasilieva, N., Sui, J., Wong, 

S.K., Berne, M.A., Somasundaran, M., Sullivan, J.L., 

Luzuriaga, K., Greenough, T.C., Choe, H., Farzan, M., 

2003. Angiotensin-converting enzyme 2 is a functional 

receptor for the SARS coronavirus. Nature 426, 450–454 

[22] Li, F., Li, W., Farzan, M., Harrison, S.C., 2005a. 

Structure of SARS coronavirus spike receptor-binding 

domain complexed with receptor. Science 309, 1864–1868 

[23] Wu, D., Tu, C., Xin, C., Xuan, H., Meng, Q., Liu, Y., 

Yu, Y., Guan, Y., Jiang, Y., Yin, X., Crameri, G., Wang, 

M., Li, C., Liu, S., Liao, M., Feng, L., Xiang, H., Sun, J., 

Chen, J., Sun, Y., Gu, S., Liu, N., Fu, D., Eaton, B.T., 

Wang, L.F.,Kong, X., 2005. Civets are equally susceptible 

to experimental infection by two different severe acute 

respiratory syndrome coronavirus isolates. J. Virol. 79, 

2620–2625. 

[24] Kan, B., Wang, M., Jing, H., Xu, H., Jiang, X., Yan, 

M., Liang, W., Zheng, H., Wan, K., Liu, Q., Cui, B., Xu, 

Y., Zhang, E., Wang, H., Ye, J., Li, G., Li, M., Cui, Z., Qi, 

X., Chen, K., Du, L., Gao, K., Zhao, Y.T., Zou, X.Z., 

Feng, Y.J., Gao, Y.F., Hai, R., Yu, D., Guan, Y., Xu, J., 

2005. Molecular evolution analysis and geographic 

investigation of severe acute respiratory syndrome 

coronavirus-like virus in palm civets at an animal market 

and on farms. J. Virol. 79, 11892–11900  

[25] Xiao K, Zhai J, Feng Y (February 2020). "Isolation 

and Characterization of 2019-nCoV-like Coronavirus from 

Malayan Pangolins. BioRxiv (preprint).  

doi:10.1101/2020.02.17.951335 

[26] Wong, S.K., Li, W., Moore, M.J., Choe, H., and 

Farzan, M. (2004). A 193-amino acid fragment of the 

SARS corona virus S protein efficiently 318 binds 

angiotensin-converting enzyme 2. J. Biol. Chem. 279, 

3197-3201. 

[27] Lu G, Hu Y, Wang Q, Qi J, Gao F, Li Y, et al. 

Molecular basis of binding between novel human 

coronavirus MERS-CoV and its receptor CD26. Nature. 

2013;500(7461):227–31. doi:10.1038/nature12328. 

[28] Wang N, Shi X, Jiang L, Zhang S, Wang D, Tong P, 

et al. Structure of MERSCoV spike receptor-binding 

domain complexed with human receptor DPP4. Cell Res. 

2013;23(8):986–93. doi:10.1038/cr.2013.92. 



|| Volume 5 || Issue 3 || March 2020 ||              ISO 3297:2007 Certified                         ISSN (Online) 2456-3293 

 

                                                         WWW.OAIJSE.COM                                                           30 

[29] Chen Y, Rajashankar KR, Yang Y, Agnihothram SS, 

Liu C, Lin YL, et al. Crystal structure of the receptor-

binding domain from newly emerged Middle East 

respiratory syndrome coronavirus. J Virol. 2013; 

87(19):10777–83. doi:10.1128/JVI.01756-13. 

[30] P. Liu, W. Chen, J.-P. Chen Viral metagenomics 

revealed sendai virus and coronavirus infection of Malayan 

Pangolins (Manis javanica) Viruses, 11 (2019), p. 979 

[31] Alexandre Hassanin(March 19, 2020) Coronavirus 

origins: genome analysis suggests two viruses may have 

combined (pg 1-7) 

[32]Tao Zhang , Qunfu Wu, Zhigang Zhang(2020) 

Probable pangolin origin of SARS-CoV-2 associated with 

the COVID-19 outbreak. State Key Laboratory for 

Conservation and Utilization of Bio-Resources in Yunnan, 

4 School of Life Sciences, Yunnan University, No.2 North 

Cuihu Road, Kunming, Yunnan, 5 650091, China, DOI: 

10.1016/j.cub.2020.03.022 

AUTHOR’S INFORMATION:  

1 Ashwini .A. Mankar (Assistant Professor) 

mankarashwini3@gmail.com 

Department of Biotechnology 

Kamla Nehru Mahvidyalaya , Nagpur  

CSIR NET , ARS NET, ICAR JRF AIEEA 

2 Vijay.S. Harode (Assistant Professor)  

vijayharode29@gmail.com 

Department of Biotechnology 

Kamla Nehru Mahvidyalaya , Nagpur  

CSIR NET , ARS NET, GATE, SET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1  

 

 

 

 

 

 


