
Race- specificMultigenic (24)Various wild species of Humulus lupulus, e.g. Manitoba wild hop (24), german land races 
(36)

V.dahliae + 
V.albo- atrum

Hop (Humulus lupulus)

QuantitativMultigenicB. oleracea, B. rapa (9,12,19,29) B. cretica, B. incana, B. insularis, B. villosa (12, 19)V.longisporumOilseed rape (Brassica 
napus ssp. oleifera)

Race- specificNo informationVarious cultivars of Olea europaea (5, 6, 13, 18, 31)V.dahliaeOlive (Olea europaea)

No information1 dominant gene (V1), 
monogenic

H. annuus, H. petiolaris, H. praecox (30)V.dahliae

No informationHeterozygous, dominantWild species: H. annuus, H. petiolaris (14) V.dahliae

No information1 dominant gene (V1), 
monogenic

H. annuus (27)V.dahliae

No information1 dominant gene (V1), 
monogenic

Inbredline HA 89 (28)V.dahliaeSunflower (Helianthus 
annuus)

QuantitativeMultigenic, additive and 
dominant gene effects

F.chiloensis (3, 22, 37), F. yukonensis, F. ovalis, F. orientalis (46)V.dahliae + 
V.albo- atrum

Strawberry (Fragaria 
ananassa Duch.)

No informationMultigenicL. peruvanium, L. peruvanium var. dentatum, L. peruvanium var. humifusum, L. 
chilensei, L. pimpinellifolium (24, 25, 26, 38, 39)

V.dahliae + 
V.albo- atrum

V.dahliae race 1, strains of V.albo-
atrum

Ve gene (Ve1+ Ve2), 
dominant, monogenic

L. pimpinellifolium (24)V.dahliae + 
V.albo- atrum

Tomato (Lycopersicon
esculentum)

Qualitative/ quantitative; 
controlled by environment

Single dominant gene / 
multiple genes 

Intraspecific G.hirsurtum hybrid (23, 44)V.dahliae

QualitativeMonogenic, dominant or 
partial dominant 

Cross between G. hirsurtum and G. barbadense (41)V.dahliae

G. hirsurtum quantitative, G. 
barbadense qualitative

G. hirsurtum: multigenic (1-2 
gene), dominant;
G. barbadense monogenic

G.barbadense, G.arboreum, G.herbaceum, G.hirsurtum (24), cv. Sea- island cotton 
(G.barbadense) with highest resistance of all cvs. (4, 40)

V.dahliaeCotton (Gossypium spp.)

Quantitative and qualitativeNo informationVarious solanum wild species (1, 11, 16, 17, 20, 24, 34, 39)V.dahliae + 
V.albo- atrum

QuantitativeMultigenicS. tuberosum (34, 35, 15)V.dahliae + 
V.albo- atrum

No informationMultigenic, dominantCrosses between diverse wild species (7)V.dahliae

No information2 dominant genes (Vt, Vw)Crosses between S.tuberosum and various wild species (16)V.dahliae

Race- specific1 dominant gene (Vc)S.chacoense (20)V.albo- atrumPotato (Solanum spp.)

EffectInheritanceSource of resistanceVerticillium 
species

Crop species

Table 1: host range, sources of resistance, inheritance and effects of Verticillium resistance in different crop species

Resistance and Defence Mechanisms
In many host species dominant, monogenic resistance genes against Verticillium have been described; only some of these show a race-specific effect. 
Furthermore, multigenic resistance has also been described for a number of hosts, which is mostly inherited in a dominant manner as well. None of 
the described resistance sources was inherited in a recessive manner, which was unexpected, as polyphagous pathogens often interact in a 
quantitative way with their hosts, and frequently resistance against pathogens with broad host range is based on multiple, recessive genes having 
small effects. Active defence mechanisms might be of greater relevance against Verticillium rather than preformed barriers.
Verticillium wilt is a vascular wilt disease. The fungus is entering the plant via the root before it is colonizing the xylem by hyphae and/ or conidia 
(Fig. 1). Infected plants have a number of defence mechanisms to limit the spread of the fungus via the xylem into the shoot. These include:

In a resistant plant, the pathogen is restricted to the root and stem base because of the defence responses described above. The effect of these 
mechanisms on the fungus depends on the timing and rate of their formation. If they occur before conidia are released into the xylem stream, the 
pathogen may be contained and the plant is resistant.
If to many vessels are blocked by occlusions at the same time and the plant is not able to produce new vessel elements, the water and nutrient 
transport into the upper parts of the plant is almost completely interrupted and the plant may start to wilt (10).

(24)• Accumulation of unsaturated fatty acids like Suberin

• Vessel occlusions by gums, gels and tyloses• Accumulation of phenolics like lignin

• Production of phytoalexins• Deposition of callose

Literarary sources: (1) Bae, J.J., Halterman, D. & Jansky, S. (2008). Molecular Breeding Volume 22, Number 1, 61-69.(2) Bayerische Landesanstalt für Landwirtschaft.Hopfen Krankheiten - Schädlinge NichtparasitäreSchadbilder.www.lfl.bayern.de/internet/stmlf/lfl/publikationen/daten/.../p_33873.pdf.(3) Bringhurst, R.S., Hancock, J.F. & Voth, V. (1977). California Agriculture 31 (9), 10.(4) Cai, Y., Xiaohong, H., Mo, J.,Sun, Q., Yang, J. and Liu, J. (2009). African Journal of Biotechnology Vol. 8 (25), pp. 7363-7372. (5) Cirulli, M., Colella, C., D’Amico, M., Amenduni, M. & Bubici, G. (2008). Journal of Plant Pathology (2008), 90 (1), 7-14. (6) Colella, C., Miacola, C., Amenduni, M., D’Amico, M.,Bubici, G. & M. Cirulli (2008). Plant Pathology 57, 533–539. (7) Concibido, V.C. et al. (1994). Euphytica 76, 145-152. (8) Eynck, C., Koopmann, B., Grunewaldt-Stoecker, G., Karlovsky, P. , 
Tiedemann, A.v. (2007). European Journal of Plant Pathology Volume 118, Number 3, 259-274. (9) Eynck, C. (2008). Göttingen, Univ., Diss., 2008. (10) Fradin, E. F. & Thomma, B. P. H. J. (2006). Molecular Plant Pathology 7, 71-86. (11) Frost, K., Jansky, S.H., Rouse, D. (2006). Euphytica 149, 281-287. (12) Happstadius I., Ljunberg A., Kristiansson B., Dixelius C. (2003). Plant Breeding 122: 30-34.(13) Hartmann, H., W.C. Schnathorst and J. Whisler (1971). California Agriculture 25, 12-15.(14) Hoes, J.A., E.D. Putt &  H. Enns (1973). Phytopathology 63:1517–1520. (15) Hunter, D.E. et al. (1968). American Potato J. 45, 72–78. (16) Jansky, S., Rouse, D. I., and Kauth, P. J. (2004). Plant Dis. 88:1075-1078. (17) Jansky, S.H. & Rouse, D.I. (2000). Potato Research 43, 239 - 251. (18) Jiménez-Díaz, R.M.,Tjamos, E.C. & M. Cirulli. http://www.plant.wageningen-ur.nl/projects/verticillium/ 
(19) Johansson, A. (2006). Licentiate thesis. ISBN 91-576-7153-2. (20) Lynch, D. R. et al. (1997). Plant Dis. 81, 1011-1014. (21) Neubauer, Chr. (2005). Ökologische Beerenobsttagung. Bericht von der ökologischen Beerenobsttagung vom 7. und 8. Dezember 2005 in Weinsberg. (22) Olbricht, K. & Hanke, M.-V. (2008). 13th International Conference on Cultivation Technique and Phytopathological Problems in Organic Fruit-Growing 2008, conference proceeding 144-147. (23) Pan, J.J. et al. (1994). J. Nanjing Agric. University. 17(3), 8-18. (24) Pegg, G.F. & Brady, B.L. (2002). Verticillium Wilts. Wallingford, UK: CABI Publishing. (25) Pugacheva, T.I. (1981). Byulleten’ Vsesoyuznogo Ordena Lenina i Ordena Druzhby Narodov Instuta Rastenievodstva Imeni N.I. Vavilova 114, 63–65. cited in (24). (26) Pugacheva, T.I. (1982). Trudy po Prikladnoi Botanike, Genetike i Selektsii 71, 117–
119. cited in (24).(27) Putt, E. D. (1964). Crop Science 4, 177-179. (28) Radi, S.A. & Gulya, T.J. (2006). Phytopathology Vol. 97, P. 164. (29) Rygulla, Wiebke (2008). http://geb.uni-giessen.de/geb/volltexte/2009/6727/ (30) Seiler, G.J. (1992). Field Crops Research Volume 30, Issues 3-4, September-October 1992, Pages 195-230. (31) Sesli, M., Onan, E.,Oden,  S., Yener, H. & E. D. Yegenoglu (2010). Scientific Research and Essays Vol. 5(12), pp. 1561-1565. (32) Shaw, D.V., et al. (2010). California Agriculture, 64(1). (33) Simko, I. et al. (2003). Acta Hortic 619, 127–133. (34) Simko, I. et al. (2004a). Molecular Genetics and Genomics 271, 522-531. (35) Simko I, et al. (2004b). Theoretical and Applied Genetics 108, 217-224. (36) USDA Named Hop Variety Descriptions. Oregon State University High Alpha Acid Breeding Program. http://www.freshops.com/hops/usda-named-hop-
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Verticillium wilt on lucerne. Necrotic vessels of 
lucerne

roots infected by Verticillium albo-atrum

(http://greenspade.com/verticillium-wilt)

Verticillium in the vascular system of 
tree branches

(http://www.apsnet.org/edcenter/intropp/lessons/fungi/ascomycetes/Page
s/VerticilliumWilt.aspx)

Microsclerotia of Verticillium dahliae formed on 
living tissue

Hyphal growth and production 
of conidiospores in a xylem element
hy = hypha, xy = xylem elements, sp = conidiospores

(8)

(http://biomikro.vscht.cz/documents/metmiklab/Metmiklab12.pdf)

Verticillium spp.
Fluorescence image of GFP-tagged mycelium of 
V. longisporum on a root of B. napus (48 hpi)

(8)

Verticillium outgrowth on stem
segments of B. alboglabra

Directed growth of V. longisporum
in the root cortex towards the 

xylem
arrow heads assign points of penetration, xyp = xylem 

parenchyma

(8)

Introduction
The genus Verticillium consists of more than 160 species and subspecies (45). Among these are three important plant pathogens: Verticillium albo- atrum, Verticillium 
dahliae and Verticillium longisporum. Verticillium spp. are soil- borne plant pathogens causing vascular diseases with severe economical losses worldwide. They infect many 
dicotyledonous crops like lettuce, cauliflower, sugar- beet, melons, hop, oilseed rape, olives, cotton, strawberry, tomato, potato and many more. Altogether, they affect 
more than 400 plant species in 75 plant families (24).

Verticillium disease symptoms are wilting, discoloration, chlorosis, necrosis, and premature ripening. In cauliflower, cotton, sunflower 
(10) and hop (2) yield losses of up to 100% have been reported. In certain cropping areas of oilseed rape Verticillium is meanwhile 
the greatest threat (19). Agronomical control means are poor, as fungicides are not effective. Cultivation practices like chemical soil 
fumigation are very effective, but too expensive, harmful to the environment and therefore not available anymore. Therefore breeding 
for resistance is a promising alternative to manage Verticillium wilt. Many studies have identified resistance genes to Verticillium wilt 
in different crops. Here we summarize the knowledge published so far about resistance sources, inheritance and effects of Verticillium
resistance genes in several crop species (Table 1).

Figure 1: Life cycle of Verticillium dahliae / longisporum
( http://www.hdc.org.uk/files/verticillium-wilt-cycle-pictures-1.jpg)

Tomato

(http://vegetablemdonline.ppath.cornell.edu/photopages/Tomatoes/Tom_Vertic/Tom
_VerticFS1.htm)

Olive

(http://efe.aua.gr/en_gallery_fungal.ph
p)

Pepper

(http://hobbykafe.com/forum/viewtopic.php?=15&t=394&start=30)

Hop

(http://www.lfl.bayern.de/publikationen
/daten/merkblaetter/p_33873.pdf)

Strawberry

(32)
(http://vegetablemdonline.ppath.cornell.edu/PhotoPages/Impt_
Diseases/Eggplant/Egg_Vert.htm)

Eggplant

Oilseed rape, 
premature 
senescence/ripening

Oilseed rape,
normal 
senescence/ripening
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