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From Functional Genes to Biological Characteristics : The Molecular

Basis of Pathogenicity in Verticillium dahliae
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(1. College of Life Science, Qufu Normal University, Jining 273165 ; 2. State Key Laboratory for Biology of Plant Diseases and Insect Pests,
Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193 )

Abstract:  Verticillium dahliae is a soil-borne vascular pathogen fungus, excavation and functional analysis of its disease-related genes
has been a hotspot in plant pathology research. V. dahliae is characterized of adapting to the plant vascular niche, of inducing foliar wilting
either by producing toxins or employing its secretome, of forming microsclerotia for long-term survival, and of evolving a variety of population
structures, etc., thus these traits ultimately support or determine the pathogenic basis of pathogenicity to the host. Evolutionarily, functional
genes determine the biological characteristics of a pathogen. Currently, hundreds of functional genes have been identified in V. dahliae,
but their relationships to the key biological characteristics and how they contribute to its virulence have remained an unexplored topic. We
systematically outlined the development process of identifying the functional genes in V. dahliae, focused on sorting the relationships between
pathogenicity of V. dahliae and the functional genes determining its key biological traits based on the logic clue of functional genes determining
biological traits, thus clarified the relationships between pathogenicity of V. dahliae and the functional genes determining its key biological
traits. This exploration will provide the theoretical foundations for systematically constructing the functional gene networks of key biological
characteristics in V. dahliae and explaining the molecular basis of pathogenicity and virulence in V. dahliae from the aspect of the functional
genes determining its key biological traits.
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Table 1 Reported functional genes of major biological characteristics in Verticillium dahliae
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A VdMsb Transmembrane mucin [ ] [ ] [ ] e o [38]
VdShol Synthetic high osmolarity sensitive (Shol) sensor [ [} e o [ [39]
B VdPKACI PKA catalytic subunit [ ) [ ] [40]
VGB G protein B subunit [ ] [41]
VdSsk2 Mitogen activated protein kinase kinase kinases e o o [ ] [31]
VdPbs2 Mitogen activated protein kinase kinase e 6 ¢ o o o [42]
VdHog1 Mitogen-activated protein kinase e o o [ ] [43]
VdStell Mitogen activated protein kinase kinase kinases [ e o o e o [31]
Vmkl Mitogen-activated protein kinase e o [44]
VASNF1 Sucrose nonfermenting protein kinase [ ] [ [ ] [ ] [45]
VATOR Target of rapamycin [ ] [46]
G VdSgel SIX gene expression 1 L] [ ] [30]
Vstl APSES transcription factor o [47]
VdCmrl Cluster-specific transcription factor ([ ] [ ] [48]
VdHapX bZip transcription factor (] (] e o o [ ] [49]
Vdpf Fungal-specific transcription factor [ ] [ ] e o o o [50]
VdYapl Yeast AP-1-like protein [} [ ] [51]
VdSkn7 Two-component stress response regulator [ ] [ ] [51]
VAFTF1 Protein containing a fungal-specific TF domain [ ] [ ] ® [25]
Soml Homolog of S. cerevisiae FLO8 [ ] [ ] [52]
Via3 Ortholog of REX1/CRTI of S. cerevisiae e o [52]
Via2 Verticillium transeription activator of adhesion e o o [53]
Vial Transcription activator of adhesion 1 [ ] [54]
VdMem1 MADS-box transcription factor [ ] [ ] [ ] e o o [ ) [55]
VdCrzl Calcineurin-responsive zinc finger [ ] [ ] [ ) [56]
VdMsn2 (C2H2 transcription factor [} e o o [ ] ® [57]
VdAtf1 bZIP transeription factor [ ] [ ] [ ] [ ] [58]
Hacl bZIP transcription factor (] [ ] [59]
vdcpPCl Regulator control of amino acid biosynthesis [ ] [60]
Vell Velvet domain protein [ ] [ ] e o [61]
D VAEGI Hydrolase family 12 proteins [ ] [ ] e o [62]
VAEG3 Hydrolase family 12 proteins [ ] o o [62]
VdCuT11 Cutinase [ ] e o [63]
VAPEL1 Pectate lyase [ ] [ ] e o [64]
VdScr27 Secretory small cysteine-rich protein [ ] [} o [37]
VdScpPi13 Secretory small cysteine-rich protein [ ] [ ] [ ] [37]
VdSCPI26 Secretory small eysteine-rich protein [ ] [ ] [ ] [37]
VAECH Endochitinase [ ] [65]
VAEIX3 Ethylene-inducing xylanase o [66]
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VANLP1 Nerosis- and ethylene-inducing-like protein [} [ ] [67-68 ]
VANLP2 Nerosis- and ethylene-inducing-like protein [} ® [67-68 ]
Vdlscl Isochorismatase [ ] [ [69]
Vd2LysM Chitin-binding lysin motif [ ] o o [ ] (] [70]
VdCP1 Cerato-platanin protein 1 SnodProt1 [ ] [ ] [ ] [71]
PevD1 Alt a 1 family protein e o [ ] [ ] [ ] [72]
VdSCP41 Small secreted cysteine-rich protein [ ] [ ] [ ] [73]
VdPDAI Polysaccharide deacetylase o o [ ] [ ] [ ] [74]
VASSEP1 Secretory Ser protease 1 [ J o [75]
VdCBM1 Cellulose binding module 1 [ ] [37]
VdXyn4 Glycosyl hydrolase family 11, Xylanase [ e o [76]
Vd424Y Glycoside hydrolase family 11 protein [ ] [ ] [77]
vdscr7 Small secreted cysteine-rich protein [ ] [ ] [ ] [78]
VDAL Asp f2-like protein [ ] [ ] [79]
E  VdAvel Avirulence gene of race 1 o [ ) [28]
Av2 Avirulence effector of race 2 [ ] [29]
¥ VdSODI1 Cu/Zn superoxide dismutase [ ] e o [ ] [80]
VdSOD3 Mn superoxide dismutase lacking signal peptide [} o o [81]
VdSOD5 Cu-only superoxide dismutase e o [82]
VdOCH Alpha-1,6-mannosyltransferase o o e o o [ ] [83]
VAASP F2 Allergen ASP I2-like [ ] [ ] [ ] [ ] [84]
GT2 Glucosyltransferase e o [ ] [8]
VDHI Hydrophobin protein ® e o o [85]
VdPL3.1 Pectin lyase [ [ ] [6]
VAEG-1 Hydrolase family 12 proteins; Endoglucanase 1 [} [} [21]
VdSSP1 Specific secreted protein [ ] [ ] [86]
G VACSINI Cellophane surface-induced protein [ ] [ ] e o o [87]
VdNoxB Membrane-bound NADPH oxidases [ ] [ ] [ ] [88]
VdPls1 Tetraspanin ) ® ) [88]
VdHP1 Hypothetical protein [} o [} [89]
VdSeps Cytoskeleton protein septin [ ] [} o o [90]
VdSec22 Vesicular trafficking factor SNAREs [ ] o o [90-91 ]
VdSyn8 Vesicular trafficking factor SNAREs [ ] o o [90]
G VdExo70 Exocyst components [ ] o o [90]
VdMyo5 Myosin V family [ J o o e o o ® [92]
VdSsol Vesicular trafficking factor SNAREs [} o o [91]
H VdPKS Polyketide synthase [ ] e o [93]
Vaygl Hydrolytic polyketide shortening enzyme [ ] [} o [94]
Vdcypl Cytochrome P450 monooxygenase [ ] ([ ] [95]
VANPS Nonribosomal peptide synthetases [ ] e o [ ] [96]
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VdBrel Ubiquitin ligase enzyme [ ] o o [97]
VdDf1 - VdDf7 Defoliation-associated genes o [10,26]
1 VARACKI GPB-like/RACK1 protein family ° e o 0 o [98]
VAGLOI Glyoxalase T gene homologue ° o o [99]
VAATGS Autophagy-related gene [ ] e o [100]
VdPRI Pathogenicity-related gene 1 [ ] [ ] e o o [23]
Vdhex1 Peroxisomal protein [ ] [ ® © 6 o o o o [101]
VdAK Adenylate kinase [ ] [102]
VdPR3 Pathogenicity related gene 3 [ J [} e o o [24]
VANRS/ER ~ Nucleolide-thamnose synthase/epimerase-reductase ° ° ) ° ° [103]
VdRacl Small GTPase [ ] [ ] [ o o [104]
Dim?2 DNA methyltransferase [} e o e o [ ] [105]
STT3 Oligosaccharyl transferase subunit [ ] e o o [ 106 ]
Vdcycs CYC8 glucose repression mediator protein e o [ [107]
VANUC-2 Key regulator of phosphate responsive o o [ J [108]
VdPLP Patatin-like phospholipase o o [} [109 ]
VdThit Thiamine transport protein o o [ ] [110]
VAMATI-1-1 Mating-type gene [111]
VAMATI1-2-1 ~ Mating-type gene [111]
NoxA NADPH Oxidase A [ ] [ ] [ ] [ ] [ ] [112]
VdNop12 RNA binding protein [ ] [ ] [ ] [113]
VdDpb4 Homologous component of the yeast ISW2 complex @ e o o o [114]
Vdlsw2 ATP-dependent chromatin-remodeling factor [ ] [ ] [114]
VdOGDH a-oxoglutarate dehydrogenase [ J e o o [ ] [115]
VATHI20 Thiamine biosynthesis gene [ ] [ ] [ ] [116]
VdICSH Isochorismatase hydrolase [} [} [ ] e o o [117]
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Note : The letters on the left side of the table represent gene classification. “A” represents transmembrane receptor coding genes, “B” represents protein kinase coding genes,

e - . “pyr . . o . . . wpr
C” represents transcription factor coding genes, “D” represents effector protein coding genes, “E” represents avirulence protein coding genes, “F” represents other secretory

protein coding genes, “G” represents infection structure and secretion system protein coding genes, “H” represents secondary metabolism related protein coding genes, and “I”

represents other protein coding genes, respectively. The red circle indicates that the gene positively regulates the biological characteristic ; the green circle indicates that the

gene is not involved in the regulation of this biological characteristic ; the gray circle indicates that the gene negatively regulates the hiological characteristic
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