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WHAT ARE THEY?

Mitoviruses are highly unusual as biological 
entities go. In fact, even calling them a virus 
borders on misleading. Generally when one 
thinks of a virus, there’s a genomic element (DNA 
or RNA) which codes for multiple genes, and one 
or more of these genes code for proteins which 
can form a capsid (a shell) around viral genomes. 
This provides a small, self contained viral particle 
(virion; a capsid around a viral genome) which 
provides some level of protection to the viral 
genome enabling it to leave one host cell and 
move to infect another; the capsid also often 
interacts with particular cell surface receptors on 
permissive host cell types to help select viable 
new host cells. Once a “normal” virus gets its 
nucleic acids inside a new host cell, in either the 
nucleus or cytoplasm depending on the type of 
virus, it then co-opts existing cellular machinery 
to create new viral genome and capsid copies, 
assembles itself into virions, and exits the cell 
– with or without help such as by means of 
mechanical or insect vectors – to repeat the cycle 
in yet another new host.

If that’s Virology 101 in a nutshell, almost none 
of it applies to mitoviruses. While they do have 
a nucleic acid genome (single stranded RNA, 

(+) polarity, normally about 3knt in length), this 
miniscule genome codes for exactly and only one 
protein – an RNA dependent RNA polymerase 
(“RDRP”), which is an enzyme capable of 
replicating its own genome. There’s no capsid 
genes, so a first unusual point is that mitoviruses 
really don’t have any way to package themselves 
up and move from one host cell to another. The 
entire mitovirus “life cycle” is thus limited to 
inside the cell it’s already in. Note however that 
cells divide as organisms grow, and progeny 
of a mitovirus infected cell will also carry the 
mitovirus. 

If the weirdness ended there, the reader would 
be right in thinking that mitoviruses should 
be transmissible by mechanical means (i.e., 
contaminated pruning tools) or arthropod 
(insect) vectors; in either case, material from an 
infected cell gets transferred inside the cell wall 
of a new potential host. A “normal virus” would 
take this opportunity – if it’s a viable host cell – to 
establish a new infection. That mitoviruses can’t 
do this hinges on yet more strangeness, and its 
explanation will require delving a bit deeper into 
cell biology.

Recently, two independent research groups employing metagenomic search techniques (basically, 
sequencing all the genetic material in a sample and looking for anything that isn’t the host organism) 
reported detection of Mitovirus family sequences in cannabis [1, 2]. This was something of a surprise, as 
mitoviruses were previously believed to only exist in fungi; however both research groups provide compelling 
evidence that the sequences detected are not due to trace fungal contamination and we’re left facing the 
reality that plants – and specifically, cannabis – can and do in some cases harbour mitoviruses.
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BACKGROUND: MITOCHONDRIA AND  
THE (NOT SO) UNIVERSAL GENETIC CODE

Most readers will probably recall (if not, you’ll 
have to accept as a fact) that nucleic acid 
genomes code for proteins in sequential 3 
nucleotide blocks, called codons. There are 64 
possible codons, and they code for 20 amino 
acids, and 3 “stop codons” which are signals 
to terminate creating a protein. These codons 
are referred to as the “Universal Genetic Code”, 
because whether you’re a person, a plant, a 
yeast, or an E. coli bacterium, you all “read” 
the codons exactly the same way. This is the 
basis behind genetic engineering, because 
simplistically it means that a gene from any 
one organism can work in another organism. 
Only – well, your biology text lied to you, 
and the Universal Genetic Code isn’t quite 
universal. In complex cells (eukaryotes – basically 
everything but bacteria), evolutionary residue of 
a cataclysmic event some few billion years ago 
described by the Endosymbiotic Hypothesis 
exists in the form of small but essential organelles 
– mitochondria and chloroplasts. Existing almost 
as a “cell within a cell”, mitochondria are crucial 
metabolic energy generators present in large 
numbers inside eukaryote cells. The importance 
for our topic is they retain a small genome, 
completely separate from the main nuclear 
genome of the host cell; and it turns out, these 
mitochondrial genomes don’t use the Universal 
Genetic Code. In particular, they use different 
stop codons. 

It also turns out mitoviruses can only exist 
inside mitochondria, because they use the 
mitochondrial genetic code. Even if an insect 
or a contaminated tool could somehow move a 
mitovirus genome from an infected cell to the 
nucleus or cytoplasm of an uninfected potential 
host, it’s effectively “dead”. The likelihood of 
a mechanical or insect transfer injecting a 
contaminating mitovirus not just into a new 
host cell but into a mitochondria within that cell 
is astronomically low. Bottom line, mitoviruses 

aren’t just trapped forever in their host cell, 
they’re trapped forever inside a subcellular 
organelle inside a cell.

IMPLICATIONS FOR MITOVIRUS CONTROL

This has huge implications for contamination 
control. Basically,  mitoviruses can’t move from 
one plant to another. It doesn’t matter how 
close they are, if they’re rubbing leaves together, 
if you’re using unsterilized tools for pruning, 
and have the world’s worst thrip / aphid/ 
whitefly/ (insert pest of choice) infestation; those 
mitoviruses in one plant aren’t getting into the 
other varieties nearby. 

If that all sounds good, as in a cultivator doesn’t 
have to worry about mitovirus spreading in 
a facility, that’s true.  However, the flip side 
is, there’s also no way to “cure” a cultivar of 
mitovirus. While apical meristem tissue culture 
can effectively cure traditional viruses and 
endophytic bacteria, it won’t work on mitoviruses 
– for the simple fact that cells must have 
mitochondria to survive, so even the fresh non-
vascularized apical meristem tissue is carrying 
mitoviruses deep inside. 

So how does CaMV1 spread, anyway? The answer 
is it’s limited to vertical transmission; that is, 
seeds from an infected mother plant will all 
carry the mitovirus as will any cuttings or clones 
of an infected cultivar. Note however the use of 
“mother” here; in dioecious angiosperm plants 
like cannabis, only the female plants are thought 
to pass mitochondria on to seeds. This leads to 
what’s probably the only way to “cure” a variety 
of mitovirus.  If a desirable cannabis variety arose 
from a cross where only one parental variety 
carries mitovirus, then  recreating this cross 
where the maternal stock is the  mitovirus free 
parent will yield mitovirus free seeds regardless 
of the male parent positivity. While this will then 
require screening or “pheno hunting” of progeny 
to isolate desirable clones, it’s at least a viable 
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means of producing mitovirus free cultivars with 
desirable genetic backgrounds. 

IMPACT OF MITOVIRUSES

The prior comments have an underlying 
assumption that mitoviruses are undesirable. It’s 
hardly a crazy belief, as viruses are essentially 
intracellular parasites and generally act to disrupt 
or divert cellular processes and resources in 
ways that aren’t best for the host. Given that 
mitochondria are absolutely essential cellular 
components, anything which modifies their 
function is at least highly suspicious. To address 
this, another group of researchers looked at 
another plant species where a mitovirus has been 
detected – Chenopodium quinoa [3]. Taking two 
mitovirus (+) and two mitovirus (-) cultivars, this 
group extracted mitochondrial proteins and did 
full proteomics analyses, looking for trends of up 
or down regulation. While a handful of potentially 
significant differences were observed between 
mitovirus positive and negative material, a 
number of these specifically appeared related 
to stress response and were upregulated in 
mitovirus (+) material. On a hypothesis this might 
alter stress response of the plants, drought 
resistance was tested with dramatic,  and 
perhaps surprising, results. Mitovirus (+) quinoa  
varieties were remarkably more drought tolerant 
than mitovirus (-) varieties. Rather than being 
deleterious to the plant, it appears in at least this 
case that the mitovirus may help prime stress 
responses and improve the host plant’s fitness – a 
benefit. 

While it would be unwise to leap from this to 
assume all mitovirus infections are beneficial in 
all host species, it leaves it equally clear that 
it cannot be assumed to be deleterious. Until 
more is known, if a desirable cannabis cultivar 
(that is, one with good growth and production 
characteristics) is found to have mitovirus, the 
best response is to do absolutely nothing. It’s not 
going to spread to anything else, and for all we 

know currently, it may be part of why that variety 
has desirable characteristics. 

HOW PREVALENT IS CaMV1?

Based on the published CaMV1 sequences, we 
at Segra developed a real-time PCR test and 
screened a number of cultivars in our library for 
its presence. To date, 77% of cultivars screened 
have been detected as carrying CaMV1. This 
result was unequivocally confirmed by fragment 
size analysis and by sequencing of a selection 
of positive results. Analysis of the available 
data suggests that on the whole CaMV1 may 
be beneficial in cannabis plants under routine 
cultivation conditions, or at least have been 
actively selected for. As larger data sets are 
obtained this will be examined further and 
it’s possible that individual cultivars and/ 
or conditions where CaMV1 positivity has a 
detectable impact, positive or negative, may yet 
be identified. Experimental approaches based 
on reciprocal crosses between known CaMV 
positive and negative parental stock followed by 
phenotypic assessment of progeny would be an 
obvious approach to examining this question. 

IS CaMV1 A THREAT?

All data available at present suggests the only 
threat CaMV1 poses to cannabis cultivation is 
psychological. With its identification, it’s likely 
that some commercial services will start to offer 
CaMV1 testing – and leave you to interpret what 
will almost certainly include some (+) results 
on your own. Hopefully the above material will 
help in that, as understanding that it’s non-
transmissible and to date only evidence is of 
beneficial impact should help avoid knee jerk 
reactions to cull positive material. Doing so 
would be a real economic loss, and in light of all 
available present data, unwarranted. 
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IS THERE ANYTHING ELSE TO THINK OF?

Possibly, yes. Our preliminary data suggests that 
– as would be expected based on the particular 
biology at play here – cannabis mitovirus 
sequences continue to gradually diverge along 
maternal lineages. Sequence analysis of a 
sufficient population of CaMV1 (+) cultivars could 
therefore potentially provide a means for tracking 
of maternal lineages of CaMV1 (+) varieties, 
much as is done via mitochondrial SNP analysis 
in anthropoids. In theory, this could be used to 
do things such as identifying “most ancestral” 
cannabis varieties likely to carry increased 
genetic diversity and novel breeding potential 
compared to highly inbred, more recently 
developed cultivars. 
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