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List of Figures 

Fig. 1.1:  Map of north-east India showing the north-east Indian plains. 

Fig. 1.2:  Virus infected bottle gourd (a), tomato (b) and cucumber (c) 

fields of north-east Indian plains. Red circles in the 

photographs indicate the infected plants in the fields. 

Fig. 2.1:  Genome organization of Potyvirus showing different proteins 

coding regions: N-terminal protein (P1 protein), helper 

component protein (HC-Pro), P3 protein, 6 kDa protein 1 (6K1), 

cytoplasmic inclusion protein (CI), 6 kDa protein2 (6K2), 

nuclear inclusion A linked VPg protein (NIa-VPg), nuclear 

inclusion protein A (NI-a), nuclear inclusion protein B (NI-b), 

coat protein (CP).  

Fig. 2.2:  Genome organization of Potexvirus showing different proteins 

coding regions: RNA dependent RNA polymerase (RdRp), Triple 

gene block 1 (TGB1), Triple gene block 2 (TGB2), Triple gene 

block 3 (TGB3), coat protein (CP). 

Fig. 2.3:  Genome organization of Emaravirus showing different protein 

coding RNA particles: RNA dependent RNA polymerase (RdRp), 

glycoprotein precursor, necleocapsid, movement protein and 

three RNA particles (p5, p6 and p7) of unknown function. 

Fig. 3.1:  (a) Map of northern West Bengal and (b-g) regions of collection 

of infected plant samples from different districts of North 

Bengal: (b) Siliguri, (c) Jalpaiguri, (d) Islampur, (e) Malda, (f) 

Cooch behar and (g) Balurghat. The red pins showing the 

collection spots. 

Fig. 3.2:  (a) Map of Tripura and (b) region of collection of infected plant 

samples from Agartala, Tripura. The red pin is showing the 

collection spot. 
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Fig. 3.3:  (a) Map of northern Assam and (b-o) regions of collection of 

infected plant samples from different districts of Assam: (b) 

Silchar, (c) Sapotgram, (d) North Salmara, (e) Nayagaon, (f) 

Bilasipara (g) Talguri, (h) Jagdoi, (i) Anthaibari, (j) Dhaligaon, 

(k) Dibrugarh, (l) Silchar, (m) Goalpara, (n) Guwahati and (o) 

Sonitpur. The red pins showing the collection spots. 

Fig. 3.4:  Leaves of the plants used for the management of Papaya 

ringspot virus disease in bottle gourd: (a) Azadirachta indica, 

(b) Bougainvillea spectabilis, (c) Clerodendrum infortunatum, 

(d) Lantana camara and (e) Camellia sinensis. 

Fig. 4.1.A:  Naturally infected papaya (Carica papaya) leaf samples 

collected from different places of West Bengal (WB) and Assam 

[Pa=Papaya; Isl= Islampur, WB; Blg= Balurghat, WB; Guw= 

Guwahati, Assam; Ran= Siliguri, WB; Fsd= Siliguri, WB; Lnp= 

Siliguri, WB; Jpg= Jalpaiguri, WB; An= Anthaibari, Assam and 

Cob= Cooch behar, WB]. 

Fig. 4.1.B:  Naturally infected papaya (Carica papaya) leaf samples and 

papaya fruit with ring spot symptom collected from different 

places of West Bengal and Assam [Pa= Papaya; PaF= Papaya 

fruit; NS= North Salmara, Assam; Sa= Sapotgram, Assam; Ng= 

Nasyagaon, Assam; Gp= Goalpara, Assam and Mld= Malda, 

WB] 

Fig. 4.2:  Naturally infected common bean (Phaseolus vulgaris) leaf 

samples collected from different places of West Bengal (WB) 

and Assam [Be= common bean; Dbg= Dibrugarh, Assam; Slg= 

Siliguri, WB; Cob= Cooch behar, WB; Dg= Dhaligaon; Bs= 

Bilasipara, Assam; Sr= Srirampur, Assam and Ng= Nayagaon]. 

Fig. 4.3:  Naturally infected field bean (Dolicos lablab) leaf samples 

collected from different places of Assam [Fb= Field bean; Guw= 

Guwahati, Assam and Dg= Dhaligaon, Assam]. 
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Fig. 4.4:  Naturally infected potato (Solanum tuberosum) leaf samples 

collected from different places of West Bengal (WB) and Assam 

[Po= Potato; Slg= Siliguri; Dg= Dhaligaon, Assam and An= 

Anthaibari, Assam]. 

Fig. 4.5:  Naturally infected tomato (Lycopersicon esculentum) leaf 

samples collected from different places of West Bengal (WB) 

and Assam [To= Tomato; An= Anthaibari, Assam; Slg= Siliguri, 

WB and Guw= Guwahati, Assam]. 

Fig. 4.6:  Naturally infected chili (Capsicum annuum) leaf samples 

collected from different places of West Bengal (WB) and Assam 

[Ch= Chili; Snt= Sonitpur, Assam; Blg= Balurghat, WB and 

Sa= Sapotgram]. 

Fig. 4.7:  Naturally infected ash gourd (Benincasa hispida) leaf samples 

collected from different places of West Bengal (WB) and Assam 

[Ag= Ash gourd; Guw= Guwahati, Assam; Mld= Malda, WB and 

Slg= Siliguri, WB]. 

Fig. 4.8:  Naturally infected coriander (Coriandrum sativum) leaf samples 

collected from different places of West Bengal and Assam [Co= 

Coriander; Ng= Nayagaon, Assam; Gp= Goalpara, Assam and 

Cob= Cooch behar, WB]. 

Fig. 4.9:  Naturally infected bottle gourd (Lagenaria siceraria) leaf 

samples collected from different places of West Bengal (WB), 

Assam and Tripura [L= Bottle gourd; Phn= Siliguri, WB; Agt= 

Agartala, Tripura; Cob= Cooch behar, WB; Ng= Nayagaon, 

Assam; Tg= Talguri, Assam; Jd= Jagdoi, Assam; An= 

Anthaibari, Assam; Slg= Siliguri, WB and Slc= Silchar, Assam].  

Fig. 4.10:  Naturally infected cucumber (Cucumis sativus) leaf samples 

and cucumber fruit with curling and mosaic symptom 

collected from different places of West Bengal (WB), Assam and 

Tripura [Cu= Cucumber; CuF= Cucumber fruit; Slc= Silchar, 

Assam; Slg= Siliguri, WB and Agt= Agartala, Tripura]. 
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Fig. 4.11:  Naturally infected garden rose (Rosa sp.) leaf samples collected 

from West Bengal [Ro= Garden rose and Slg= Siliguri, WB]. 

Fig. 4.12:  Total RNA isolated from plant samples on 1% agarose gel 

under UV-transilluminator (a) From healthy plant samples and 

(b) From infected plant samples. 

Fig. 4.13:  Amplified PCR products from infected plant samples on 1% 

agarose gel under UV-transilluminator: (a), (b) and (c) 

 

Fig. 4.14:  (a) Healthy bottle gourd plant before mechanical sap 

inoculation; (b) Infected bottle gourd plant after 7 days of 

mechanical sap inoculation; (c) Healthy papaya plant before 

mechanical sap inoculation and (d) Infected papaya plant after 

7 days of mechanical sap inoculation.  

Fig. 4.15:  Transmission electron microscopic photograph of (a) infected 

papaya leaf showing the presence of ~700 nm long filamentous 

rods of Potyvirus; (b) and (c) infected bottle gourd leaves 

showing presence of 500-700 nm long filamentous rods of 

Potexvirus; (d) and (e) infected rose leaves showing the 

presence of 120-150 nm double membrane bodies (DMBs) of 

Rose rosette virus. The bar given at the bottom right corner of 

each photograph represents 200 nm in cases of (a), (b) and (c); 

and 100 nm in cases of (d) and (e).  

Fig. 4.16:  (a) Vector map of pGEM-T vector (https://www.promega.com/-

/media/files/resources/protocols/technical-manuals/0/pgem 

-t-and-pgem-t-easy-vector-systems-protocol.pdf, Website 

reference 4); (b and c) Blue-white screening of the cloned insert 

into pGEM-T vector on IXA (LB agar supplemented with IPTG, 

X-gal and ampicillin) plate. 
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Fig. 4.17:  Nucleotide sequence identity matrix of CP gene of PRSV 

isolates of the present study and other PRSV isolates 

worldwide infecting different hosts. Identity percentages are 

indicated on the right side corner of the matrix. 

Fig. 4.18:  Phylogenetic tree generated by Neighbour-Joining method 

consisting of CP gene of PRSV isolates of the present study and 

other PRSV isolates worldwide infecting different hosts. Values 

at the nodes indicate percentage of bootstrap support (out of 

1000 bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers along with their hosts have been 

indicated at the end of each branch. 

Fig. 4.19:  Nucleotide sequence identity matrix of CP gene of PVY isolates 

of the present study and other PVY isolates infecting different 

hosts. Identity percentages are indicated on the right side 

corner of the matrix. 

Fig. 4.20:  Phylogenetic tree generated by Neighbour-Joining method 

consisting of CP gene of PVY isolates of the present study and 

other PVY isolates infecting different hosts. Values at the 

nodes indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers along with the hosts of the 

viruses have been indicated at the end of each branch. 

Fig. 4.21:  Nucleotide sequence identity matrix of CP gene of SMV isolates 

of the present study and other SMV isolates infecting different 

hosts (G. max, V. unguiculata, P. edulis and L. siceraria). 

Identity percentages are indicated on the right side corner of 

the matrix. 

Fig. 4.22:  Phylogenetic tree generated by Neighbour-Joining method 

consisting of CP gene of SMV isolates of the present study and 

other SMV isolates infecting different hosts (G. max, V. 

unguiculata, P. edulis and L. siceraria). Values at the nodes 
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indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers along with the respective hosts 

have been indicated at the end of each branch. 

Fig. 4.23:  Nucleotide sequence identity matrix of RdRP gene of LaMMoV 

isolates of the present study and other Potexvirus isolates. 

Identity percentages are indicated on the right side corner of 

the matrix. 

Fig. 4.24:  Phylogenetic tree generated by Neighbour-Joining method 

consisting of RdRP gene of LaMMoV isolates of the present 

study and other Potexvirus isolates. Values at the nodes 

indicate percentage of bootstrap support (out of 1000 

bootstrap replicates) and are indicated if greater than 50. 

GenBank accession numbers along with the respective viruses 

have been indicated at the end of each branch. 

Fig. 4.25:  Nucleotide sequence identity matrix of RdRP gene of RRV 

isolates of the present study and other Emaravirus isolates. 

Identity percentages are indicated on the right side corner of 

the matrix. 

Fig. 4.26:  Phylogenetic tree generated by Neighbour-Joining method 

consisting of RdRP gene of RRV isolates of the present study 

and other Emaravirus isolates. Values at the nodes indicate 

percentage of bootstrap support (out of 1000 bootstrap 

replicates) and are indicated if greater than 50. Acronym of the 

viruses along with their collection spots (acronym) have been 

indicated at the end of each branch. US/USA=United States of 

America; SLG=Siliguri, India; IND= India; SRV= Serbia; 

ITL=Italy; JPN=Japan; CAN= Canada. 

Fig. 4.27:  (a) Relationship between effective number of codons (ENC) and 

GC3 content of the coat protein genes of the four virus isolates. 

The continuous curve represents the expected curve between 
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GC3 content and ENC under random codon usage; (b) 

Relationship between the GC1/2 content and GC3 content of 

four virus isolates; (c) Contributions of 40 axes based on the 

correspondence analysis; (d) Correspondence analysis of the 

CP and RdRP genes. x and y axes correspond to Axis 1 and 

Axis 2 respectively. The coloured circles represent the values of 

different viruses as indicated at the top right corner of the 

graphs. 

Fig. 4.28:  Correlation between effective number of codons (ENC) of CP 

genes of PRSV with (a) adenine and thymine at 2nd codon 

position (AT2); (b) guanine and cytosine at 2nd codon position 

(GC2); (c) number of synonymous codons (L_sym); (d) 

frequency of aromatic amino acids (Aromo) and (e) Axis 4. 

Fig. 4.29:  Correlation between effective number of codons (ENC) of CP 

genes of PVY with (a) thymine at 3rd codon position(T3); (b) 

adenine at 3rd codon position(A3); (c) guanine at 3rd codon 

position(G3); (d) codon bias index (CBI); (e) frequency of 

optimal codon (Fop); (f) adenine and thymine at 1st codon 

position (AT1); (g) total percentage of guanine and cytosine 

(%GC); (h) adenine and thymine at 3rd codon position (AT3); (i) 

number of synonymous codons (L_sym) and (j) Axis 1. 

Fig. 4.30:  Correlation between effective number of codons (ENC) of RdRP 

genes of LaMMoV with (a) adenine and thymine at 2nd codon 

position (AT2); (b) guanine and cytosine at 2nd codon position 

(GC2); (c) total percentage of guanine and cytosine (%GC); (d) 

number of synonymous codons (L_sym); (e) frequency of 

aromatic amino acids (Aromo) and (f) Axis 1. 

Fig. 4.31:  Correlation between effective number of codons (ENC) of RdRP 

genes of RRV with (a) adenine and thymine at 2nd codon 

position (AT2); (b) guanine and cytosine at 2nd codon 

position(GC2) and (c) Axis 1. 
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Fig. 4.32:  (a-e) Myzus persicae on the undersurface of infected leaves; (f) 

Mature M. persicae under simple microscope (10X) and (g-i) 

Different parts of mature M. persicae under compound 

microscope (100X). 

Fig. 4.33:  (a) Amplified PCR products from M. persicae on 1% agarose gel 

under UV-

Healthy bottle gourd plantlet before vector inoculation and (c) 

Infected bottle gourd plant after 17 days of vector inoculation. 

Fig. 4.34:  Efficacy of BTH in bottle gourd plants for reducing disease 

severity following challenge inoculation with PRSV. (a) Healthy 

bottle gourd plants (untreated-uninoculated control); (b) 

Infected bottle gourd plant after 9 days post PRSV inoculation 

(untreated-PRSV inoculated); (c) Healthy bottle gourd plant 

after 9 days post-treatment (BTH treated-uninoculated); (d) 

Healthy bottle gourd plant after 9 days post-treatment and 

inoculation (BTH treated-PRSV inoculated). 

Fig. 4.35:  Efficacy of AABA in bottle gourd plants for reducing disease 

severity following challenge inoculation with PRSV. (a) Healthy 

bottle gourd plants (untreated-uninoculated control); (b) 

Infected bottle gourd plant after 9 days post PRSV inoculation 

(untreated-PRSV inoculated); (c) Healthy bottle gourd plant 

after 9 days post-treatment (AABA treated-uninoculated); (d) 

Infected bottle gourd plant after 9 days post-treatment and 

inoculation (AABA treated-PRSV inoculated). 

Fig. 4.36:  Efficacy of GABA in bottle gourd plants for reducing disease 

severity following challenge inoculation with PRSV. (a) Healthy 

bottle gourd plants (untreated-uninoculated control); (b) 

Infected bottle gourd plant after 9 days post PRSV inoculation 

(untreated-PRSV inoculated); (c) Healthy bottle gourd plant 

after 9 days post-treatment (GABA treated-uninoculated); (d) 
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Healthy bottle gourd plant after 9 days post-treatment and 

inoculation (GABA treated-PRSV inoculated). 

Fig. 4.37:  Reduction of disease in bottle gourd plants (of Gadda-1 variety) 

caused by Papaya ringspot virus (PRSV) after application of 

chemical inducers: (a) BTH; (b) AABA and (c) GABA. 

Fig. 4.38:  Efficacy of Azadirachta indica ethanolic extract in bottle gourd 

plants for reducing disease severity following challenge 

inoculation with PRSV. (a) Healthy bottle gourd plants 

(untreated-uninoculated control); (b) Infected bottle gourd 

plant after 9 days post PRSV inoculation (untreated-PRSV 

inoculated); (c) Healthy bottle gourd plant after 9 days post-

treatment (A. indica treated-uninoculated); (d) Healthy bottle 

gourd plant after 9 days post-treatment and inoculation (A. 

indica treated-PRSV inoculated). 

Fig. 4.39:  Efficacy of Bougainvillea spectabilis ethanolic extract in bottle 

gourd plants for reducing disease severity following challenge 

inoculation with PRSV. (a) Healthy bottle gourd plants 

(untreated-uninoculated control); (b) Infected bottle gourd 

plant after 9 days post PRSV inoculation (untreated-PRSV 

inoculated); (c) Healthy bottle gourd plant after 9 days post-

treatment (B. spectabilis treated-uninoculated); (d) Healthy 

bottle gourd plant after 9 days post-treatment and inoculation 

(B. spectabilis treated-PRSV inoculated). 

Fig. 4.40:  Efficacy of Camellia sinensis ethanolic extract in bottle gourd 

plants for reducing disease severity following challenge 

inoculation with PRSV. (a) Healthy bottle gourd plants 

(untreated-uninoculated control); (b) Infected bottle gourd 

plant after 9 days post PRSV inoculation (untreated-PRSV 

inoculated); (c) Healthy bottle gourd plant after 9 days post-

treatment (C. sinensis treated-uninoculated); (d) Healthy bottle 

gourd plant after 9 days post-treatment and inoculation (C. 

sinensis treated-PRSV inoculated). 
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Fig. 4.41:  Efficacy of Clerodendrum infortunatum ethanolic extract in 

bottle gourd plants for reducing disease severity following 

challenge inoculation with PRSV. (a) Healthy bottle gourd 

plants (untreated-uninoculated control); (b) Infected bottle 

gourd plant after 9 days post PRSV inoculation (untreated-

PRSV inoculated); (c) Healthy bottle gourd plant after 9 days 

post-treatment (C. infortunatum treated-uninoculated); (d) 

Infected bottle gourd plant after 9 days post-treatment and 

inoculation (C. infortunatum treated-PRSV inoculated). 

Fig. 4.42:  Efficacy of Lantana camara ethanolic extract in bottle gourd 

plants for reducing disease severity following challenge 

inoculation with PRSV. (a) Healthy bottle gourd plants 

(untreated-uninoculated control); (b) Infected bottle gourd 

plant after 9 days post PRSV inoculation (untreated-PRSV 

inoculated); (c) Healthy bottle gourd plant after 9 days post-

treatment (L. camara treated-uninoculated); (d) Healthy bottle 

gourd plant after 9 days post-treatment and inoculation (L. 

camara treated-PRSV inoculated). 

Fig. 4.43:  Reduction of disease in bottle gourd plants (of Gadda-1 variety) 

caused by Papaya ringspot virus (PRSV) after application of 

botanicals: (a) A. indica; (b) B. spectabilis; (c) C. sinensis; (d) C. 

infortunatum and (e) L. camara. 

  


