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Plant vs. Fungus
Mentha longifolia Verticillium dahliae

T H E  M O D E L  S Y S T E M

P L A N T   P A T H O L O G Y   C O N C E P T S

Symptoms of verticillium wilt disease 
Crescent leaf symptomCrescent leaf symptom

True resistance: plant limits pathogen infection by mounting a defense response

Tolerance: plant is infected by pathogen but doesn’t develop disease symptoms

Susceptibility: plant is infected by pathogen and develops disease symptoms

I N T R O D U C T I O N
Verticillium wilt is a fungal disease of many agriculturally 
important plants, including peppermint and spearmint.

We are studying a plant-pathogen model system in order to 
illuminate crucial stages of the Verticillium infection process. 
Working in collaboration with the UNH Confocal Microscopy 
facility we can monitor pathogen invasion of plant hosts using

We use a fungal strain 

Much of our previous work has focused 
on two Mentha longifolia accessions 
from South Africa, L585 and L584. 
When inoculated with Verticillium,
L584 develops verticillium wilt disease 
symptoms and eventually dies, while 
L585 stays relatively healthy.

in mint include stunting, yellowing of 
leaves (“chlorosis”), and horizontal 
curling of leaves (“crescent leaf”). 
These symptoms typically begin
to develop about four weeks after 
fungal inoculation.

It has been unclear whether the lack 
of disease symptoms exhibited by 
Mentha longifolia accession L585 is 
a case of resistance or tolerance.  

Crescent leaf symptomCrescent leaf symptom

O B J E C T I V E S

facility, we can monitor pathogen invasion of plant hosts using 
a genetically-modified fungal strain that is fluorescent when 
exposed to particular wavelengths of light.

These observations, in parallel with our molecular work with 
candidate disease resistance genes, will help us understand 
the genetic mechanisms underlying plant resistance, 
tolerance and susceptibility to this important plant disease.

that expresses a Green 
Fluorescent Protein 
(GFP) gene, which is 
originally from the
jellyfish Aequorea victoria. GFP fungal spore
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Fungal spores attached to 
plant roots.

Some fungal spores were 
germinating

hypha spore

M O R E   O B S E R V A T I O N S

Stem infection of L584
The pictures below, taken at eight days post-inoculation, show an edge of a 

stem cross-section. No fungal hyphae were observed in L585 stems.

hyphae

O B J E C T I V E S
Track the early stages of Verticillium dahliae infection of 
mint plants;

Determine whether an apparently verticillium wilt-resistant 
plant is infected by the fungus;

Compare presence, quantity, and rate of fungal growth in a 
verticillium wilt-resistant versus a verticillium wilt-
susceptible mint plant.

Fungal hyphae penetrated 
the root epidermis.

root

hypha

0
germinating
at the time of inoculation.

root

L584
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Extensive fungal infection in dead root segments

Bright field GFP view

The fungus killed some root tissue of  both L585 and L584.
The picture below was taken at eight days post-inoculation.

L584

hyphae

dead root

Cuttings were rooted on a mist 
bed in the UNH greenhouse for 
two weeks prior to fungal 
inoculation.

Fungus was grown in liquid 
Czapek-Dox broth supplemented
with 45 µg/mL hygromycin.

Rooted cuttings were inoculated 
by dipping roots for five minutes 
in a fungal spore suspension. 
Control plants were dipped in 
sterile, distilled water.

root-dip inoculation

Three or four plants of each accession for each treatment

M E T H O D S

L584

Fungal hyphae invaded 
cortical tissue. 

Hyphal growth was
mainly intercellular, 
although a few hyphae 
were beginning to 
penetrate cells.

L584

hyphae
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C O N C L U S I O N S
Since the apparently wilt-resistant Mentha longifolia accession 
L585 is infected by Verticillium dahliae, it must be defined as 
“tolerant of” rather than “resistant to” the pathogen.

V. dahliae proliferates in root tissues of both the tolerant M. 
longifolia accession L585 and the susceptible accession L584.

P L A N T  C O M P A R I S O N

Three or four plants of each accession for each treatment 
(control, inoculated) were harvested and observed at two-
day intervals for eight days following fungal inoculation.

Wet mounts were prepared from dissected plant root and 
stem tissues and sealed for protection against desiccation 
with VALAP wax. 

Slides were examined and images were acquired using a 
Zeiss LSM 510 META confocal laser scanning microscope 
equipped with a fluorescein isothiocyanate (FITC) filter. 

root

Fungal hyphae were 
branching profusely
in and around cells.

L584

root
hyphal 

branches

D
A
Y

6

V. dahliae can reach stems of L584 plants by eight days post-
inoculation under the conditions used in this experiment.

Death of root segments follows overwhelming infection by
fungal hyphae.

A C K N O W L E D G E M E N T S 
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L585 and L584
Six days post-inoculation

red=plant root   green=fungal hyphae

Fungal hyphae grew 
densely in some areas
of root tissue.

The fungus was 
beginning to sporulate
at the root surface.

L585

hyphae

spore-bearing 
structures
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Fungal infection progressed at a similar rate 
in roots of wilt-resistant accession L585

and wilt-susceptible accession L584.

L584
wilt- susceptible

L585
wilt- resistant


