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TOPICS:
1. Life Cycle of ssDNA plant viruses  Geminiviridae

2. Life Cycle of RT Viruses 
RNA: transposons
dsDNA: Caulimoviridae

3. Integration of viral genomes into plant genomes     







 Circular, single stranded DNA genome

 Contain the smallest known plant viruses    
2800 nt (to 5200 nt)

 Morphology – unique particle shape consists of a fusion of two 
incomplete icosahedra (18x30 nm), geminate particle

Family: Geminiviridae



 Genus Mastrevirus leafhoppers
 Genus Becurtovirus, Curtovirus leafhoppers 

 Genus Topocuvirus treehopper
 Genus Grablovirus treehopper

 Genus Begomovirus whiteflies
 Genus Eragrovirus, Turncurtovirus ??
 Genus Capulavirus aphids

All are monopartite except Begomovirus which has some members with bipartite 
genomes

1.  All known vectors in the Order Hemiptera

Geminiviridae:



Family Geminiviridae

Genome:

Monopartite or Bipartite

Monopartite: single stranded, circular DNA 2,500-3,000 nt; 

Bipartite:  two single stranded, circular DNA molecules, 
~2500 nt each segment for a total ~5000 nts 
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Maize streak virus
(Mastrevirus)

Symptoms associated with geminivirus infection

Abutilon mosaic virus
(Begomovirus)

Cotton leaf curl virus
(Begomovirus)





Tomato mottle virus - 1989

Cabbage leaf curl virus - 1995
Bean golden yellow mosaic virus - 1993

Tomato  yellow leaf curl virus - 1997

Begomoviruses In Florida

Macroptilium yellow mosaic Florida virus (2003)

Euphorbia mosaic virus (2011) 

Viruses in Sida spp. 
Sida golden mosaic virus (1993)
Sida golden mosaic Florida virus (1995)
Sida golden mottle virus (2004)
Sida golden yellow vein virus (2012)
Sida golden mosaic Yucatan virus (2011)

Chenopodium leaf curl virus (2010)

Abutilon mosaic virus - 1995
Jatropha mosaic virus (2011) 

Dicliptera yellow mottle virus (1996)

Cucurbit leaf crumple virus - 2007

Red –Introduced
Blue – Prob. native

Wild plants

Ornamentals

Vegetable crops



7 Genera:
Becurtovirus
Begomovirus
Curtovirus
Eragrovirus
Mastrevirus
Topocuvirus
Turncurtovirus   

 Similar arrangement of 
genes

 Most have monopartite 
genomes

Geminivirus Genome Organization



7 Genera:
Becurtovirus
Begomovirus
Curtovirus
Eragrovirus
Mastrevirus
Topocuvirus
Turncurtovirus   

 Geminivirus ORFs are on both virion sense and complementary sense strands;  
ORFs overlap and share the same nucleotides

 Arrangement of genes is a little different in the bipartite genomes

Geminivirus Genome Organization



Geminivirus Genes and Functions
Like other viruses, each protein may have many functions



How do geminiviruses replicate?
 Begomoviruses have a circular covalently closed 

ssDNA genome

 But they produce a dsDNA as an intermediate step 
in the replication of the genome

 Replication is in the plant cell nucleus

 A lot of dsDNA is present in infected plants, but 
relatively little ssDNA (and relatively little protein)

 Replication occurs primarily in phloem 
parenchyma cells, but replication can occur in 
other cells



Geminiviruses Commandeer Host Cells

Healthy Cell Cycle: Common strategy for 
mammalian tumor 
viruses, plant DNA 
viruses: 
Control the cell cycle 
so that the infected 
cell cannot progress 
to G2 and stays in S 
phase (DNA synthesis 
phase)

G1: the cell grows larger, copies 
organelles, and makes the molecular 
building blocks it will need in later 
steps

S: cell synthesizes a copy 
of the nuclear DNA, duplicates a 
microtubule-organizing structure 
called the centrosome.

G2: the cell grows 
more, makes 
proteins and 
organelles, and 
begins to reorganize 
its contents in 
preparation for 
mitosis



In mammalian cells, a key cell cycle regulator is the retinoblastoma tumor 
suppressor protein (RB).

 Healthy Cells:
RB protein holds cells in G1 phase (cell is transcriptionally active). 
RB represses onset and progression into S phase by interacting with a wide 
range of cell cycle-related proteins. 

 Infected Cells:
Viral encoded Rep protein binds RB, so that the cell progresses from G1
into S phase but does not progress into G2.

… studies suggest that mammalian tumor viruses and DNA plant viruses 
(geminiviruses, nanoviruses) employ similar strategies to control the host cell cycle. 



 Geminiviruses reprogram host transcriptional controls to induce quiescent plant 
cells to reenter the cell cycle and regain the capacity to support high levels of 
DNA replication

1. Geminivirus Rep (one of its many 
functions)  ====> binds host RB 
PLUS…..

2. Proliferating-cell nuclear antigen (PCNA) 
– keeps the cell in S phase 
transcription of PCNA is activated by Rep   

so PCNA accumulates in infected 
cells and this helps keep the cell 
in S phase    Red/brown color indicated 

presence of PCNA protein 



The geminivirus life cycle: 

Viral single-stranded DNA (ssDNA) is released from 
virions and copied to generate double-stranded DNA 
(dsDNA) using host enzymes and cofactors.  
The dsDNA, which assembles with nucleosomes, is 
transcribed by host RNA polymerase II, resulting in 
the production of replication initiator protein (Rep). 

Rep initiates rolling-circle replication (RCR) by 
introducing a nick into a viral dsDNA molecule to 
generate a free 3′-hydroxyl end that primes ssDNA 
synthesis, leading to displacement of the parental 
strand (inset). 

The ssDNA is converted to dsDNA and re-enters the 
replication cycle.  Replication then transitions to 
recombination-dependent replication (RDR), 
initiated by recombination between a partially 
replicated ssDNA and a closed, circular dsDNA to 
form a looped molecule that serves as a template for 
both ssDNA and dsDNA synthesis (inset). 

Nucleus

Cytoplasm



Geminivirus virions and inclusions

inclusion

nucleolus

Geminivirus virions accumulate in the nucleus, 
many infections are confined to phloem tissues.



The geminivirus life cycle. 

Later in infection, Rep represses its own 
transcription, leading to activation of 
transcriptional activator protein (TrAP) expression, 
which in turn activates coat protein (CP) and 
nuclear shuttle protein (NSP) expression.

Encapsidation: Circular ssDNA can then be 
encapsidated by CP into virions in the nucleus, 
which are available for whitefly acquisition. 

Cell to cell movement: NSP binds to viral DNA and 
moves it across the nuclear envelope, where 
movement protein (MP) traffics it across a 
plasmodesmata. 

It is not known whether viral DNA moves as ssDNA 
versus dsDNA or as a linear versus a circular 
molecule. 



RCR – Rolling circle replication

RDR – recombination 
dependent replication

Helps viruses evade host 
defenses: involves 
methylation and silencing



(a) RCR. The viral circular ssDNA is released from the virion (yellow) into the nucleus. The host DNA 
polymerase synthesizes the complementary strand, yielding circular covalently-closed dsDNA. This dsDNA 
serves as a template for bidirectional transcription of the early leftward (Rep) and the late rightward (coat 
protein) genes. Viral mRNAs are transported to the cytoplasm. Following translation, Rep moves to the 
nucleus to initiate replication of the viral dsDNA by a rolling circle replication (RCR) mechanism. Rep (in 
yellow) nicks the virion strand in the origin of replication and recruits the host DNA polymerase to extend 3′-
end of the cleaved virion strand on the complementary strand template. As the extension progresses, the 
polymerase complex, associated with Rep covalently linked to the 5′-end of the virion strand, displaces the 
virion strand. After one or more rounds of replication on the circular complementary strand template, Rep 
nicks and religates the displaced virion strand extended by one or more copies of the newly-synthesized 
virion strand and thereby releases one or more copies of circular ssDNA. The resulting circles can re-enter 
the replication cycle or get packaged into virions; 

b) RDR. The circular covalently-closed dsDNA is invaded by a short viral DNA primer. The primer is extended 
by the host DNA polymerase on the circular viral template strand. After (or during) one or more rounds of 
replication, the newly-synthesized linear ssDNA gets fully or partially converted to linear dsDNA by the same 
(or another) DNA polymerase complex. Thus, RDR generates a heterogeneous population of linear dsDNAs. 
The long linear dsDNAs that harbor two or more origins of replication are transcribed by Pol II in both 
orientations to generate viral mRNAs. Following translation, Rep initiates replication of the long linear 
dsDNA with two or more origins of replication. The replicational release of ssDNA from the multimeric linear 
dsDNA generates circular ssDNA that can re-enter the replication cycle or get packaged.



Short video on Geminivirus replication:  www.youtube.com/watch?v=EPoNXpPb80U

cytoplasm

nucleus

Lecture on DNA virus replication: www.youtube.com/watch?v=ezPtQwXcmQs

(simpler version)



Multiple functions of the Geminivirus Rep:

Rep (Replicase associated protein) has many functions:
- Binds RB
- Bind to viral DNA and nicks the rolling circle essential for DNA replication

a.a.1 360120 240

DNA BINDING ATPase

OLIGO (Rep:Rep)

CLEAVAGE/LIGATION

RB BINDING

TYLCV REP PROTEIN

IR



Genome and transcriptome of MYMV. Rightward- and leftward-oriented ORFs, encoded on the viral and complementary 
stands, respectively, are shown as thick arrows with the names of their products. The major transcription units mapped in 
this work are depicted as thin arrows. The minor DNA-B transcript is shown by a dotted line and the intron found in the 
major BC1 transcript by a dashed line.

From: Shivaprasad et al J Virol. 2005 July; 79(13): 8149–8163.

Transcription of mRNA for gene expression
 Transcription is bidirectional with independently-controlled transcripts. 
 Transcripts are produced off the dsDNA replication intermediate



2. Life cycle of Retro transcribing dsDNA viruses

Genomes:

dsDNA  or ssRNA



HIV

Cancers, leukemia

Hepatitis B virus



 Caulimoviruses are the 
plant homologues of 
mammalian 
retroviruses, like HIV-1.

 Caulimoviruses 
normally exist in the 
plant nucleus, they are 
capable of integrating 
into the host 
chromatin. 

HIV – Human immunodeficiency virus Caulimoviridae

CaMV –
Cauliflower mosaic virus

RTBV – Rice tungro bacilliform virus

HBV – Hepatitis B virus



Banana streak virus (BSV)
(Badnavirus) in plantain

Cacoa swollen shoot virus
(CSSV) (Badnavirus) in 
cacoa

Blueberry red ringspot 
virus  (Caulimovirus) in 
blueberry

Citrus mosaic virus 
(Badnavirus)



Biological Properties

 Many virus species are spread by vegetative propagation.

 Geographic distribution:  many species, widely distributed.  

Tungrovirus and Badnavirus: predominately in the subtropics, 
and tropics

Caulimovirus, Cavemovirus, Petuvirus, Rosadnavirus, and 
Soymovirus: predominately in the temperate regions



Capsid:
Isometric 45-50 nm dia (T=7) or 
Bacilliform (24-30 nm in dia. 60 – 900 nm)

 Virions contain a single molecule of open circular dsDNA
7.2 to 8.1 kbp.

 Each strand of the DNA genome has discontinuities (breaks) at 
specific places, the number and location varies among the 
genera. 

Genome:
 Monopartite
 1 to 8 ORFs, depending on the genus. 
 The functions of virus-encoded proteins common to all genera are the capsid 

protein (CP), an aspartate protease, a reverse transcriptase and a ribonuclease H.



Yellow circles – dsDNA genome; green – discontinuities; red –
promoters; Inner blue arcs - orfs, Outer blue arcs - mRNAs

Genome Organization

Badnavirus

Soymovirus

Tungrovirus

Petuvirus

Caulimovirus

Cavemovirus

 Discontinuities:  DNA strands are not continuous 
(have one or more breaks in the ds genome)

 Discontinuities allow for binding of reverse 
transcriptase

 One DNA strand serves as the template

 Internal initiation for viral mRNAs

 VERY complex replication strategy and much is 
still not clear



Genus Caulimovirus – Genome Organization

 2 RNAs:
19 S
35 S

 Each RNA has a promoter



 CaMV 35S promoter is a strong promotor 
(responsible for the production of one very large 
RNA (35 s, full genome length plus a bit more) ), 

 It is often used to express foreign genes 
in plants (genetic engineering)

Transformation construct:

Flower transformed with 
gfp gene, photographed 
under UV light



Viral Coded Proteins:
CP - coat protein
RT - Reverse transcriptase
RH - RNase H
AP - Aspartate Proteinase
CTC - cell to cell movement
HC - helper component (vector transmission)



3.  Host polymerase (RNA Pol II)  uses 
the 35S promoter to transcribe a 
genome-length mRNA (35sRNA) then   
the 19s RNA is transcribed.

Genome Replication Cycle:

4. The 35sRNA is transported from nucleus 
into the cytoplasm where some of the 
35sRNA is translated by host ribosomes to 
produce the RNA dep DNA polymerase (aka 
Reverse Transcriptase). 

1. DNA is released from the virion into 
the nucleus, 

2. Discontinuities (breaks) are sealed, 
dsDNA coils into mini-chromosomes. 



35sRNA serves as an mRNA and
as template for DNA synthesis 

6. Viral encoded RNaseH removes the RNA 
strand, and the now ssDNA is 
transcribed by Reverse Transcriptase to 
produce a second strand of DNA (you 
now have dsDNA) in the viroplasm. 

Genome Replication Cycle:

5. Reverse Transcriptase reads the same 
strand of 35sRNA and transcribes a 
ssDNA (forming a RNA-DNA 
intermediate).

7.  Or ssDNA may return to the nucleus



mRNAs and Protein Production:

35s RNA contains most of the ORFs (35s RNA is 
a polycistronic mRNA)

19sRNA codes for a protein that controls 
translation re-initiation of major open reading 
frames 



CaMV inclusion body in epidermal cell of 
B. campestris (mustard), showing virus 
particles embedded in the densely-
staining granular matrix. 
This inclusion body is the viroplasm.

Bar represents 500 nm. 
(Photo courtesy A. Allison).  



https://www.youtube.com/watch?v=7oyp1zIIWmM

video animation of HIV replication:
Transcription,
DNA replication
Encapsidation
Etc…





Retrotransposons:  
Organization in families and 
genera based on sequence 
similarity and order of 
encoded gene products



Ty3 – gypsy

Ty1- copia



2. Retro Transcribing Viruses -ssRNA

Long terminal repeat retrotransposons - LTR retrotransposons (LTR-RTNs)

- Do not form infectious particles that leave the cells and therefore only 
replicate inside their genome of origin 

- Range in size from 100 to 25,000 bp
- Found in high copy numbers in genomes of a wide range of organisms 

(animals, fungi, protista, plants)

- Evolutionarily related to retroviruses. Its believed that retroviruses evolved 
from Gypsy LTR-RTNs after the acquisition of an envelope gene.



Pararetroviruses and Retrotransposons 

 Much of the replication cycles of 
pararetroviruses
and retrotransposons are similar. 

 Both have long terminal repeat (LTR) 
sequences and coding regions with 
sequence motifs for reverse transcriptase 
(RT), ribonuclease H (RH), and aspartate 
protease (AP) – similar to retroviruses that 
are capable of integration.

 Replication involves an integrase (int) gene, 
which mediates insertion of the element 
into the host chromosome.  



 Integrants of three Caulimoviruses: Banana streak virus
(BSV), Tobacco vein clearing virus (TVCV), and Petunia 
vein clearing virus (PVCV), can generate infections in 
certain hybrid plant hosts in response to stress. 

Ex. Musa spp. 
during tissue culture, Banana streak virus
infections can arise in healthy appearing plants 
from integrated BSV sequences)

Banana streak virus  
(BSV) (Badnavirus)

 As the number of sequenced plant genomes increases, 
so does the number of examples of integrated viral 
sequences. 

3. Integration of viral genomes into plant genomes



Pararetrovirus sequences in plant genomes

 Plant geneticists find integrated viral genomes as they sequence plant 
genomes and refer to them as Endogenous pararetroviruses (EPRVs)

 Species of Caulimoviridae integrate into the genome and are passed 
vertically to the next generation in the genome (seed transmission?)

 Sequences also found in viral metagenomic studies that use siRNAs

 Not all integrated Caulimoviridae sequences have been shown to initiate virus 
infections (silent vs active)



EPRV: Endogenous pararetrovirus sequence

Staginnus et al 2007Episomal virus: a replicating virus
Activatable:  can release a replication-competent viral genome



Seed Transmission and Pararetroviruses

- if sequence is integrated but not active referred to as an EPRV
- If virus infection is shown then refer to that by the virus name 



Example  Banana streak virus:   
 Every Musa spp. examined to date contains BSV DNA integrated into its 

chromosomes, either as tandem repeats of full length BSV genomes or as 
multiple copies of partial BSV genomes.

Mechanism of Integration:
 Integration of viral sequences into the host genome involves a recombination 

event.   If there is no viral sequence present in the host genome, the 
recombination is non-homologous.

 If there are viral sequences already present, the recombination would be 
homologous. 

 It is possible that homologous recombination leads to the formation of the 
complex integrants (as in the case of BSV).  

 Most sequences have probably integrated into the host genome by non-
homologous recombination. 



 The number of integrant loci is variable:
Ex.  Its low for BSV and PVCV, but is high for TVCV. 

 The structure of integrants can be complex (esp in the case of non-
homologous recombination)

 Release of integrant into episomal virus:
thought to be by recombination and/or reverse transcription

 It appears that integration of viral sequences is widespread in the plant 
kingdom and has been occurring for a long period of time.

Integration of DNA viruses into Plant Genomes



How can RNA viruses integrate into host DNA chromosomes?

Plant virus sequences in plant genomes:

 Caulimoviridae

 Geminiviridae

 Potyviridae

Involvement of a retrotransposon?
Viral sequence came from the host originally?

Not associated 
with a disease

Other plant viral genome sequences can be found in plant genomes:



Baltimore System for Organizing Virus Families and Genera

X


