New Approaches in Geographical Distribution,
Recombination and Strain Demarcation of Citrus Tristeza

Virus

Ayesha Masood

00000276618

MS (Plant Biotechnology)

Atta-Ur-Rahman School of Applied Biosciences (ASAB)
National University of Sciences & Technology (NUST)
Islamabad, Pakistan

2020



New Approaches in Geographical Distribution,

Recombination and Strain Demarcation of Citrus Tristeza

Virus

Ayesha Masood
00000276618
MS (Plant Biotechnology)
Supervisor
Dr. Muhammad Tahir

Associate professor Plant Biotechnology

Atta-Ur-Rahman School of Applied Biosciences (ASAB)
National University of Sciences & Technology (NUST)
Islamabad, Pakistan

2020



New Approaches in Geographical Distribution,
Recombination and Strain Demarcation of Citrus Tristeza
Virus
By
Ayesha Masood

00000276618

A thesis submitted in partial fulfillment of the requirements for the

degree of Master of Science in Plant Biotechnology

Supervisor:
Dr. Muhammad Tahir

Associate professor Plant Biotechnology

Atta-Ur-Rahman School of Applied Biosciences (ASAB)
National University of Sciences & Technology (NUST)
Islamabad, Pakistan

2020



THESIS ACCEPTANCE CERTIFICATE

Certified that final copy of MS/MPhil thesis written by Ms Ayesha Masood
(Registration No. 00000276618, of Atta-ur-Rehman School of Applied
Biosciences, NUST has been vetted by undersigned, found complete on all
respects as per NUST Statute/Regulations, is free of plagiarism, errors and

mistakes and is accepted as partial fulfillment for award of MS/MPhil degree.

Signature:

Name of Supervisor: Dr. Muhammad Tahir

Date:

Signature (HOD):

Date:




Certificate for Plagiarism

It is certified that MS Thesis Titled New Approaches in Geographical

Distribution, Recombination and Strain Demarcation of Citrus Tristeza
Virus by Ayesha Masood, Reg No. 00000276618 has been examined by me. |

undertake that:

a.

Thesis has significant new work/knowledge as compared already published
or are under consideration to be published elsewhere. No sentence,
equation, diagram, table, paragraph or section has been copied verbatim
from previous work unless it is placed under quotation marks and duly
referenced.

The work presented is original and own work of the author (i.e. there is no
plagiarism). No ideas, processes, results or words of others have been
presented as Author own work.

There is no fabrication of data or results which have been compiled /

analyzed.

. There is no falsification by manipulating research materials, equipment or

processes, or changing or omitting data or results such that the research is
not accurately represented in the research record.

The thesis has been checked using TURNITIN (copy of originality report
attached) and found within limits as per HEC plagiarism Policy and

instructions issued from time to time.

Dr. Muhammad Tahir
Associate Professor
ASAB, NUST



Copyright Statement

Copyright in text of this thesis rests with the student Ayesha Masood. Copies (by any
process) both in full or of extracts, may be made only in accordance with instructions
given by the Ayesha Masood (author); and lodged in the Library of Atta-ur-Rahman
School of Applied Biosciences (ASAB), NUST. Details may be obtained by the
Librarian. This page must form part of any such copies made. Further copies (by any
process) may not be made without the permission (in writing) of the author.

The ownership of any intellectual property rights which may be described in this thesis
is vested in Atta-ur-Rahman School of Applied Biosciences (ASAB), NUST, subject to
any prior agreement to the contrary, and may not be made available for use by third
parties without the written permission of the ASAB, which will prescribe the terms and
conditions of any such agreement.

Further information on the conditions under which disclosures and exploitation may
take place is available from the Library of Atta-ur-Rahman School of Applied
Biosciences (ASAB), NUST, Islamabad.



Dedicated to Baba and Fazal, for their immense Love and Support




Acknowledgment

My significant appreciation to Almighty "ALLAH" for giving me health and chance to achieve
this work and for continually favoring me with all that | have ever wanted. My unassuming
appreciation for our cherished Prophet Muhammad (P.B.U.H) who has consistently been a

motivation to me, of being an ideal individual.

| would like to express gratitude to my supervisor Dr. Muhammad Tabhir, for his invaluable

instructions and guidance, priceless dedication and advocacy through my research time.

I am thankful to Dr. Muhammad Qasim Hayat and Dr. Najam us Sahar Sadaf Zaidi for
their help and advice during my MS program.

| am also grateful to Principal Dr. Husnain Janjua who has kept up the environment to give
fantastic chances to students who emphatically wish to convey research at NUST.

I am highly thankful to my beloved husband (Fazal Shahzad), parents (Khalid Masood
Warraich, Dr. Nasim Akhtar) for their immense love, emotional support, encouragement and
prayers. | would also thank my brother (Dr. Usama Masood), sister (Dr. Urooj Fatima) for

their immense motivation and love.

| am grateful to all my friends especially Hareem Aamer, Maria Gillani, lab fellows,
Administrative and Examination staff, who collaborated and helped me through my research.

Ayesha Masood



Table of Contents

1

2

[e8)

4

INEFOAUCTION ..ttt bbb 1
1.2 Citrus and ECONOIMY .....cccvieiiiiieiiiee it e ctee e st sree e st etre e s eare e s bre e sbaeesareas 1
I I O | | Vo I 1Y (== YA T (O 2
1.4 GEeNOME OrQAIZALION ....cccvveeiereieiiriie ittt ettt sbb e s sba e e s bae e sareas 3
1.5 SYMPEOMS ...ttt 5
1.6 Transmission Of Citrus TrSItEZA VIFUS ......ccovveeeiviriiiiii ittt 5

1.6.1 Recombination of Citrus TriSteza VirUS.........ccccerverveirereerinenieieeeseseeeenens 6

LItEretUre REVIBW ...c..cuiieiieieiisiee ettt 8
2.1 FAMUlY RULACEAE ... ..ccuviiictiie ittt ettt s b e s s 8
2.2 GENUS CILIUS ...veieiirieictriecctreecetre e ettt e et e e sbe e e sbe e e sabe e e sabe e e sbbeeeebbessbeeesbeeesnbaeennreas 9
P T o 1151 (0] YA ) i O 1 (U RO 9
2.4 Nutritional Facts OF CItIUS........ccveiiieiiiriee e 9
T O | 1 Vo I 1Y (== VA1 1 SO 10

2.5.1 DiSEASE CYCIE ... 10

2.5.2 SYMPLOMOIOQY ..eovvireeieieiiieiiieieeee e 11

2.5.3 Distribuion 0f CTV ..o 13

Material and MENOAS .........cciviiieiriiriieere s 23
T R B - - W o] | [Tt (o] o O 23
I B |t W 1 £ 110 <] 0 A 1=] 0| APPSO 23
3.3  Geographical Distribution of CTV and Genome Mapping........cccceeeeevvveeenns 23
3.4 PhylogenetiC ANAIYSIS.......coiiiiuiiiiiiiiiiec ettt ebrae e 23
3.5  Recombination ANAIYSIS .....ccocviiiiiiiiiie it sbrae e 24
3.6 Strain DeamaraCliON .......cc.ecicueieiirie ettt e e bre e s bee e e baeeenns 24

RESUILS AN DISCUSSION ...ttt 25

4.1  POPUIAtION STUAIES ......veeicirieiiiee ettt ettt ebre e e are e e b e ens 25




4.2  Analysis of geographic basis 0f CTV .......cccceveiiiineiiinenee e,
4.3 Genome Map OF CTV ..o
4.4 Evolutionary Analysis 0Of CTV ..o
4.5 Recombination Analysis 0f CTV .....ccccoiiiiiiiinici e
4.6 Starin and Specie Demarcation .........ccccoeierererinieiieieese e
4.7 Conclusion and Recommendation..........ccccovveeiiieeeiiiee i

5 References



List of Figures

Figure 1.1: Scheme of CTV QENO0ME ...c.ccveuiiuiiiiiiiiiiiicicctscc e 3
Figure 1.2: Seasonal Transmission of CTV by APNidS........cocvcineiiiiiiiiiiiiiciicne, 6
Figure 2.1: Symptomology 0f CTV .....ceieiiiiiiiiiiiiiiiicccc 13
Figure 2.2: Spread of CTV in Punjab and KPK.........cccoeviiiiiiiiiiiiiiiiicicccice, 21
Figure 2.3: Spread of CTV in PAKISTAN ..ccciiiiiiiiiiiiccccssscccce 22
Figure 4.1 CTV spread across the globe .........coeeviiiiiiiiiiciiiiiiiicsccccccee, 29
Figure 4.2 CTV GENOME IMAP ...ttt 30
Figure 4.3: Phylogenetic Full Genome Tree of CTV with Countries........c.ccoceeevieeinecnnenee. 33
Figure 4.4: Phylogenetic Full Genome Tree of CTV with Strains ..........c.ccocceeiieieiiiennenee, 34
Figure 4.5: Phylogenetic ORFl1a Tree of CTV with COUNEIES.....c.cceviviiiiiiiiiiicieee, 36
Figure 4.6: Phylogenetic ORFl1a Tree of CTV With Strains..........ccocoeeniiniisciicisceen 37
Figure 4.7: Phylogenetic ORF1b Tree of CTV with COUNtries .......ccccceveircisiciicicee 38
Figure 4.8: Phylogenetic ORF1b Tree of CTV With Strains..........ccoceeeniiniiiiiiciiceen 39
Figure 4.9: Recombination Summary of FJ525435.1 CTV isolate..........ccccocencircisicnnnenn. 41
Figure 4.10: Recombination Summary of MH186146.1 CTV isolate...........ccccccoevucuiucnnnneen 41
Figure 4.11: Recombination Summary of FJ525434.1 CTV isolate..........cc.ccoeveircirucnnneeen 42
Figure 4.12: Recombination Summary of GQ454870.1 CTV isolate.......cccccoeveviicuirunnenee. 43
Figure 4.13: Recombination Summary of GQ454869.1 CTV isolate.......cccccoeeeviicuinnnenee. 43
Figure 4.14: Recombination Summary of JX266713.1 CTV isolate..........ccccoeeeeiereirucnnenee. 44
Figure 4.15: Recombination Summary of KU883267.1 CTV isolate.........ccccoevveviineinnnenee. 44
Figure 4.16: Recombination Summary of KU589212.1 CTV isolate........ccccoeoevieiuirunnenee. 45
Figure 4.17: Recombination Summary of JQ911663.1 CTV isolate .........cccccoereeririrunnenee. 46
Figure 4.18: Recombination Summary of EU076703.3 CTV isolate.......cccccoeveviinursunnenee, 46
Figure 4.19: Recombination Summary of FJ525436.1 CTV isolate...........c.ccccoveviuennnnneene.. 47
Figure 4.20: Recombination Summary of JQ965169.1 CTV isolate...........ccccccuevvuvnnneneenn.. 47
Figure 4.21: Recombination Summary of EU857538.1 CTV isolate..........ccccoveuviuvnnnnneene.. 48
Figure 4.22: Recombination Summary of MH051719.1 CTV isolate..........cccccceeveuennnnnenn.. 49
Figure 4.23: Recombination Summary of MF595989.1 CTV isolate..........cccccoeeuvruvnnnnnnene.. 49
Figure 4.24: Recombination Summary HM573451.1 CTV isolate..cueeceiereaeaececnsarnnen 50
Figure 4.25: Recombination Summary of JQ061137.1 CTV isolate.........cccccoereviiriiunnnenee, 50
Figure 4.26: Recombination Summary of AB046398.1 CTV isolate.........c.ccoceeeviieeisunnenee. 51
Figure 4.27: Recombination Summary of DQ151548.1 CTV isolate..........ccccocvrcincennenns 51
Figure 4.28: Recombination Summary of AF001623.1 CTV iSOlate ........cccccoeveeircinicninenns 52



file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805189
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805190
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805191
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805191
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805191
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805195
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805196
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805197
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805198
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805199
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805200
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805201
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805202
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805203
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805204
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805205
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805206
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805207
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805208
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805208
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805209
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805210
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805211
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805212
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805213
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805214
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805215
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805216
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805217
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805215
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805215
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805215
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805215

Figure 4.29: Recombination Summary of New Starin 1 CTV ....cccceeiiiiiiiiiiiiiciiccee 52
Figure 4.30: Recombination Summary of New Strain 2 CTV ......ccccocveviiniiniiiciiciies 53
Figure 4.31: Recombination Summary of RB Strain CTV .......ccccoceviniiniiiiiiciiiciies 53
Figure 4.32: Recombination Summary of T3 Starin CTV .....c.ccccoviiiiniiiniiiiiiciicen 53
Figure 4.33: Recombination Summary of T68 Strain CTV ......coeeviiiiiiiiiiiiiciiceee, 54
Figure 4.34: Recombination Summary of VT Strain CTV ..c..cceevieiiiiiiiiiiiciceee, 54
Figure 4.35: Pairwise Identity Matrix by SDT of Full genome of CTV......cccoeveviienennnenee, 59
Figure 4.36: Pairwise Identity Matrix by SDT of ORF1a 0f CTV ....ccevveiviiiiiiiiiicieee, 60

Figure 4.37:

SDT Plot of genome pairwise sequence identity scores of full genome of CTV

Figure 4.38:

SDT Plot of genome pairwise sequence identity scores of ORFla of CTV.......

Figure 4.39:

Genome Pairwise Scores of 73 Complete Genome Sequences of CTV with Strain..

Figure 4.40:



file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805218
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805219
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805220
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805221
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805222
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805222
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805223
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805224
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805225
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805225
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805226
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805227
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805227
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805228

List of Tables

Table 2.1: Distribution of CitruS TrISTEZA VITUS ....cceouieiiiiriiiiiiriieiiiseeeseinreesssnseesassnneessssnnes 14
Table 4.1: Accession Number, Host Family, Regions and Collection dates of CTV............... 25
Table 4.2: CTV ORFs, Sizes and their function (GeNOMEe SUMMAIY) ..ccoooouieiiiiiieeiiireeeriinnees 31

Table 4.3: Location, Origin of the Recombinants of CTV iSOIates .....coccevveiiiiiiiiiiiiiiieeeeeeanns 55



file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805268
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805269
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805270
file:///C:/Users/HP/Downloads/THESIS%20AYESHA%20MASOODFINAL%20PRINT.docx%23_Toc17805271

List of abbreviations

CTV Citrus Tristeza Virus

ORF Open Reading Frame

CTV-SY Seedling Yellow

CTV-T Rapid Decline

CTV-SP Stem pitting

RdRp RNA dependent RNA polymerase

NCBI National Centre for Biotechnology Information
MEGA-X Molecular Evolutionary Genetics Analysis

MP Maximum Parsimony

RDP Recombination Detection Program

SDT Sequence Demarcation Tool



ABSTRACT

Citrus Tristeza Virus (CTV) is the causative agent of Disease Tristeza, a phloem limited
Closterovirus predominantly within the Rutaceae family confined mostly plant genera (Citrus
and Fortunella). Transmission of CTV is in a semi- persistent manner by aphid species
specifically by oriental citrus aphid and also by graft inoculation. Different strains of CTV are
capable of inducing quick decline, stem pitting and yellow seedling on a range of citrus species.
CTV possess the largest genome of any plant virus and has a single stranded positive sense
RNA of ~19.3 kb. It has longest filamentous virions (2,000x10-12nm). It encodes 12 ORFs
and two untranslated regions (UTRs). ORFla and ORFIb are 5’ terminal half regions
expressed from genomic RNA. ORF1a encodes replicase domains that play their role in virus
replication and ORF1b encodes RNA dependent RNA polymerase (RdARp). Citrus tristeza virus
(CTV) is the most damaging viral pathogen in citrus plants which causes significant economic
casualties for the worldwide citrus industry. CTV is perhaps peculiar among the
Closteroviridae as it possesses a variety of distinct strains, the isolates of which provide a wide
range of phenotype combinations among its different hosts. There is no recognition of the link
between genotypes and phenotypes, and to exacerbate further, such genotypes are identified
worldwide as members of mixed populations within a single host plant. The CTV isolates
display variable pathogenicity on their hosts that highlights a mixed CTV population. Several
fragments within the CTV genome have been used to study the CTV genetic variation, but the
auspicious region for speedy differentiation for the CTV strain was inaccessible. In this study,
a systemic analysis was conducted to evaluate the region within the CTV genome for swift
differentiation of Citrus Tristeza Virus strains. 74 Full Genome, ORFla, ORF1b sequences
were retrieved from NCBI and were analyzed to identify the geographical distribution of CTV.
Full genome and ORF1la sequences were opted for the said purpose. Recombinant analysis
were performed by RDP4.0 and recombinant sequences were identified. 9 strain  were
identified on the basis of the matrix scores that are RB, T36, T68, T3, T30, VT, New Strain 1,
New Strain 2, New Strain 3. RDP results highlighted recombinants found in New Strain 1 and
2, VT, T68, T3 and RB and out of 74 complete genome sequences 23 isolates were
recombinant. Thailand isolate JQ798289.1 was evaluated again for recombination as it does
not fit upon the criteria of isolate of CTV formulated in this study Demarcation criteria by
SDTv1.2 plots and matrix highlighted the demarcation criteria for isolate of CTV to be from
92-95% and for strain to be from 95-100%. This then established and explained the spatial

trend of strain distribution. The findings have provided better perception into the evolution and



propagation of the virus and the knowledge required to establish a better strategy for disease
management. Hence In-silico evolutionary analysis and recombination pattern of CTV in
Pakistan which can lead to formulation of a strategy for the control of CTV in Pakistan and
increase in the export of Citrus that can lead to better economic conditions.



