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Abstract: Problem statement: Rhizoctonia solani is a potential grapevine pathogen. In order tcelbgy
effective methods of control, it is necessary tousoent its genetic diversitApproach: The objective

of this study was to analyze the genetic varigbditR. solani isolated from the rhizosphere of ungrafted
V. vinifera var. perlette seedless planted in Sonora, Mexico using Amplified Fragmedmngth
Polymorphism (AFLP).Results. In the selective amplification using eight primembinations we
obtained a total of 446 AFLP markers with a 100%morphism. Out of 41 isolates, 36 different AFLP
patterns were observed and five were replicatdheoame pattern. The dendrogram shows inter- and
intrapopulation similarity indexes of 0.26, 0.981dh31, 0.98, respectively. Six groups emerged fitwen
principal components analysis, five of which welkeady defined, while the other one was spread out.
Conclusion: We conclude thaR. solani growing in Sonoran vineyards shows a high degfegenetic
variability, even under similar environmental cdiudis.

Key words. Rhizoctonia solani, thanatephorus cucumeris, molecular markers, vineyards, genetic
variability, amplified fragment length polymorphisgrapevine pathogeperlette seedless,
similarity indexes, principal components, compogaemtalysis, sonoran vineyards

INTRODUCTION groups, therefore reducing the usefulness of hyphal
anastomosis foR. solani classification.
L e ; Genetic variability within and between AGs can be
S'gn'f'ca?”t economic Impact in the deyelopm_ent andac:hieved by biochemical and molecular characterh su
production of a _vwde variety of crops. It IS Co@'dd a s isozymes, soluble proteins, fatty acids, gendg,
complex species because its physiological anQi';lriability in fragment length resulting from thazyme
pathogenic variability. Rarely it produces sexualgecomposition of DNA using specific endonucleases
structures (TeleomorpfThanatephorus cucumeris A.B.  (Restriction Fragment Length Polymorphism: RFLP),
Frank (Donk), thus its taxonomic classificationstl  random amplification of variable length fragments
unresolved (Gonzalez-Hernandez, 2002). This is th¢Random Amplification Of Polymorphic DNA: RAPDs),
reason that the hyphal anastomosis reaction has be®NA sequences, Amplified Fragment Length
used to group relatively homogeneous groups; thé&olymorphism (AFLP) And Internal Transcribed Spacer
fusion of hyphae indicates that both belong toshme Region (ITS) (Sharost al., 2006).
anastomosis group. To date, 13 Anastomosis Groups The results of several studies on the genetic
(AGs) have been recognized (Tsror, 2010). Evervariability of R. solani have contributed to: (1)
though this classification system is one of the tmosdetermining the degree of similarity among theased
widely used, it has been observed that some isolatahat affect similar crops growing in geographically
occasionally fuse with others from a different A@, distant regions; (b) identifying clones betweentatis
else their lose their ability to fuse. Furthermotike  areas; (c) detecting the degree of genetic sirylari
variability in the degree of hyphal fusion, morptgy, = among the isolates from the same AG as compared to
pathogenicity and host range observed in AGs (AG-1that of a different AG; (d) determining host-based
AG-13) has made it necessary to define intraspecifi specificity for some isolates that are correlatétth whe
Corresponding Author: Martin Esqueda, Department of Food Research anctlbewment, A.C. 0.6 Km Highway to La
Victoria, 83304 Hermosillo, Sonora, Mexico Fax2+562) 280-0422
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formation of subgroups within the AGs; e) detectingNuclei number and hyphal diameter: Four 12cm
differences in variability among isolates derivedni ~ samples were taken from the periphery of the magkteli
vegetative propagation relative to those resulfrogn ~ growth in each of the colonies incubated at 25%C2fb
sexual reproduction (Todet al., 2004; Sharmat al., h and these were stained with 0.5% trypan blue in
2005). These results support the genetic and tamimno lactophenol. In each strain, a total of 50 hyphasew
relationships ofR. solani and suggest the need for a observed under a light microscope (400x), their
system of classification that includes both itsdiameters were measured and their nuclei counted
physiological and molecular characteristics. (Snehet al., 1991).

Established thatR. solani forms part of the
rhizosphere o¥/. vinifera var. Perlette Seedless in two of ~ Anastomosis reaction: All of the group representative
the three most important grape growing regionshia t isolates were paired among themselves and with a
state of Sonora, where 75% of Mexico’s grapes areontrol group isolates to determine their anastasnos
grown. Several strains analyzed in this study werageaction in a Petri dish with 2% agar-water with &n
previously screened for pathogenicity by inocutptin -~ mm disc of the control group in the center surraehd
V. vinifera, which caused a root rot with lesions largerby the multinucleate strain in three 8 mm discseseh
than 5 mm, which suggests that this fungus reptesen were incubated at 25°C for 12,18 h until the twaiss
potential risk at replanting sites. of hyphae had overlapped. Part of the overlapped ar

The aim of this study was to analyze the genetiavas removed and placed on a slide to determine the
variability of R. solani isolated from the rhizosphere of number and type of compatibility reactions (C0, T2,
ungraftedV. vinifera var. Perlette Seedless. C3) observed in three visual fields (400x) (Carling

MATERIALSAND METHODS 1996; Martin, ZQOO). A positive_gnastomosis rearct_io

was recorded if, for each pairing there were five
I ] . . - fusion points or a fusion frequency greater thafo15
Abiotic factors: US|r_1g thematic and digital maps (Carling, 1996; Meyeet al., 1998). The anastomosis
(INEGI,  2000), climate, geology, edaphology, groups used as controls-selected considering ragjion

physiography and hydrology of the sampling Sltesenvironmental conditions and existing reports of th

were obtained. The physical and chemical propertiearoups that affect the fruit crops were AGI1-1C

of the soil were also analyzed for six samples_mapnle (CSKa), AG-6, AG-4 isolated from chili pepper plant
of 10 subsamples per quadrat. Following the(Capsicum annuum) in Sayula, Jalisco.

methodology, determining: pH, electrical
conductivity, nitrate phosphate and potassiumVegetative compatibility: Based on mycelia similarity
concentration, as well as organic matter contert anbetween each group isolates and isolates from AG-4,
texture. vegetative similarities were determined. An 8 mrscdi
of the control group was placed in the center fe#i
Strain isolation and culture: Three vineyards in La dish with a yeast-glucose culture medium and
Costa de Hermosillo three in Pesqueira, Sonorasurrounded by another three 8 mm discs of the
Mexico were selected. In each vineyard, three 5 Hanultinucleate strain. The dishes were incubate2baC
plots were randomly selected sampling was done in #r 72 h until the colonies from both strains oaeped.
zig-zag pattern, taking soil samples from theThe results were recorded as: (a) vegetatively
rhizosphere of ungrafted/itis vinifera var. Perlette ~ compatible isolates, if there was no dividing latethe
Seedless, from five plants at each point with 20-30 overlap margin of the colonies; (b) weak vegetative
points per quadrat at a depth of 15-30 cm. Thewgadl  incompatibility, if the margins of the colonies wer
processed using the Weinhold’s wet sieving methodlelimited; and (c) strong vegetative incompatifjliif
(Snehet al., 1991). The residues obtained were placederial hyphae were growing in the overlapping area
in Petri dishes with 2% agar-water medium and(Ceresinietal., 2002).
incubated at 25°C for 24 h. Mycelial growth was
observed with a light microscope hyphal tips wereExtraction of genomic DNA: Dry mycelium was used
selected from individuals with characteristics $amto  to extract DNA as reported by Raeder and Broda%)L98
those ofRhizoctonia and then inoculated on nutritious with slightly modifications on the extraction buffenat
medium (yeast-glucose extract) to develop purénstra contains 50 mM Tris-HCI pH 8.0, 170 mM EDTA pH
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8.0, 1% N-lauroylsarcosine and 150 pL of Ottawadsan similarity index > 0.95 were considered clones sinc

50 pL of buffer were add to the tube and mixedZor this represents less than 10% polymorphism.

min. Extracted DNA was resuspended on 50 pL of TE

and the integrity was evaluated by electrophor@sis RESULTS

agarose gel and the concentration of total genomic

DNA was quantified by reading absorption at 260 nmForty-one R. solani strains were isolated: 32 From

on a Beckman DUG6 spectrophotometer. Pesqueira and 9 from La Costa de Hermosillo. Table
shows the origin of the different isolates Rf solani

AFLP development: Genetic fingerprint (AFLP) of the studied. The 41 isolates belongs to anastomosispgro

R. solani isolated from the rhizosphere from the field AG-4 given by the morphological characteristicsgtsu

was obtained according with Vesal. (1995). Briefly, as hyphal diameter (5.2-6.8 um), number of nu@e)

100 ng of genomic DNA was double-digested with 5 Uand color (off white to dark brown), previously

of EcoRI and Msel. Specific adapters were ligated a recorded for AG-4. There was no congruence between

the mixture of fragment was diluted 1:10 andanastomosis and vegetative compatibility, since the

preamplified using primers containing a single sl jo|ates with higher reaction anastomosis (C2, I28)
nucleotides (Eco-A and Mse-C). After that, the a strong vegetative incompatibility.

preamplified fragments were diluted 1: 40 and then From the selective amplification using eight prime

selectively amplified with a duplex PCR using agéén L . .
Msel primer with two IRDye-labelled EcoR1 primers SOmbinations in a duplex reactions, a total of A#6.P
containing two selective nucleotides. In total @mar ~ Markers were obtained in a range of 50, 700 bphich

combinations were apply as follow: M-CC and M-CG 100% were polymorphic. Considering all of the 41
with E-(AT, AG); M-CA and M-CG with E-(AA, AC). isolates analyzed, 36 differential AFLP patternsreve
The reaction mixture contain 2.0 uL of preamplified identified and the following clones had a Similarit
DNA, buffer 1X, 1.5 mM MgCJ, 0.2 mM dNTPs, 2.5 Index (SI) > 95%: CB-2 and CB-3; PD1-1 and PD1-2;
units of Tagq Polimerase 30 ng of Msel primer and 15 pD3-1 and PD2-2; PE1-3 and PE1-4; PF3-2, PF3-3 and
ng of each labeled-EcoR1 primer (700 ECOR1+2ppF3.4. In every case, clones with the same bartdrpat
(IRDye) and 800 EcoR1+2 (IRDye), in a final volume came from the same vineyard (Table 1 and Fig. 1).
ET :']1 uL. A.mp“f'Ed fragments were separated using The similarity indexes for all the isolates ranged
igh resolution acrylamide gel. For this, 5 ulL 0ffrom 0.26,0.98, while isolates collected from tlzene

loading buffer solution was added to the amplified,_. . .
sample and denatured for 3 min at 94°C, after whtich field ranged from 0.31,0.98. According to the_ srritly
gdendrogram (Fig. 1) there are three major groups

was immediately placed on ice. Then 1.0 uL of th S )
molecular weight marker (standard 50-700 bp) wak adcontaining 98% of the isolates. In the first grabpre
to the reaction and fragments were separated b§e two subgroups, one of which includes 7 of the 9
electrophoresis during 3 h. The labeled-amplifiedisolates from La Costa de Hermosillo, while thd&ses
fragments were automatically captured and recordeffom Pesqueira are distributed among the remaining
during electrophoresis using an automatic IR2groups and did not show a specific pattern witipees
sequencer (LiCor, Lincoln, Nebraska). to their area of origin.

The principal components analysis was done using
Data analysis: To obtain the genetic Similarity Index similarity indexes. The first two components acdedn
(Sl) a binary matrix was generated in which 1 wasfor 68% of the variability. There are five cleadgfined
assigned to the presence and 0 to the absencgiwdra  groups, while on the sixth, the isolates are disger
band Nei and Li (1979) formula was applied. To(Fig. 2). Based on this grouping, we compare ddilpro
generate the dendrogram, the Unweighted Pair Groupf bands of all individuals of the group. In eadbup,
Method with Arithmetic mean (UPGMA) was used the average polymorphism and the number of common
(Hintze, 2007). Once data were generated, a resagnpl bands between the phenotypes from the AFLPs of the
analysis with 1000 repetitions was done to deteeminisolates were different (Table 2). Isolates fromQasta
the support value. Principal components analysis wade Hermosillo and those from Pesqueira were
carried out based on the similarity index to esshbl distributed in 3,5 groups, respectively. The lowasan
groups of isolates using Statgraphics ver 15.2Fbt.  polymorphism (49%) occurred in group 2 and included
the comparison of pairs of isolates, individualthma  six isolates from vineyard F. The highest mean
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polymorphism (94%) was recorded for group 4 with 13Pesqueira vineyards is eutric regosol, while inQasta
strains from both regions. 75% of the isolatesmoug ~ de Hermosillo vineyards A, B C the soils are caoars
1 were from La Costa de Hermosillo and includetal  regosol, haplic xerosol luvic xerosol, respectivelye
isolates of vineyard C. In groups 2, 3 and 5 omyups  geology of all the vineyards goes back to the Quatg
from the Pesqueira region were found. All of tharse period and is comprised of sedimentary rock. Thetei
group 2 were isolates from vineyard D; while thosecontent ranged from 20.2, 58.2 mgkgnd phosphates
from groups 3 and 5 had organisms from vineyards E-were 37.7, 98.7 mg ki The pH was slightly alkaline,
and D-E, respectively. ranging from 7.2, 7.9. With the exception of viney/&
All localities considered on our sampling are which had saline soil, all the vineyards had slight
characterized by very dry, very warm and warmsaline soils between 2.7, 3.7 dS*'niThe texture was
subtype climate. The predominant soil in the threegredominantly sandy with <2% humus Table 3.

Table 1: Sampling sites for isolatesRi¥fizoctonia solani from the regions of pesqueira and la costa de dstim in sonora, mexico

Region Vineyard Key
La Costa de A CAl-1, CA2-1, CA3-1
Hermosillo B CB-1, CB-2, CB-3, CB-4
C CC1-1, CC2-1
Pesqueira D PD1-1, PD1-2, PD1-3, PD2-1, PD2-2, R[BP3-2
E PE1-1, PE1-2, PE1-3, PE1-4, PE1-5, PE1-6, PPEZ-1, PE3-1, PE3-2, PE3-3
F PF1-1, PF1-2, PF1-3, PF1-4, PF2-1, PF2-2, PIPF3;4, PF2-5, PF2-6, PF3-1, PF3-2, PF3-3, PF3-4

& The first letter indicates vineyard location: §esira (P) and La Costa de Hermosillo (C). Seceitér indicates the vineyard (A-F). The first
number indicates the plot in the vineyard and #s¢ humber indicates the sample replicate

Table 2: Description of the groupsRifizoctonia solani obtained from the principal components analysis
Number of bands

Average
Group Polymorphism(%)  Total Common Isolates recdrde
1 69 336 104 °CA3-1,°CB-1,’CB-2,%CB-3,cC1-1,"CcC2-1,"PD3-1,*PD3-2
2 49 299 152 ¥pF1-2 PPF1-4,PF2-6,PF3-1,“PF3-2,'PF3-3,°PF3-4
3 72 302 86 ZPE3-1,%PE3-2 PF1-3,*PF2-2 *PF2-3,*PF2-5
4 94 374 19 °CB-4,%PD2-1,*PD2-2,"PE1-1,*PE1-2 *'PE1-3 ?PE1-4,*PE1-5,
#pE1-6,2°PE2-1,2PE3-3,*PF2-1¥PF2-4
5 68 285 90 ?pp1-1,"PD1-2,PD1-3,°PF1-1
6 92 314 25 ’CA1-1,*CA2-1,%PE1-7

Superscript corresponds to the number assignei)ir2 F

Table 3: Location, climate, edaphology, geology aaitlchemistry of the vineyards in Sonora, Mexico

Vineyards in La Costa de Hermosillo Vineyard®asqueira

A B C D E F
Latitude 28°57'42" 28°35'39" 28°55'31" 29°21°30” 290'47" 29°18'29"
Longitude 111°40'29” 111°35'13” 111°20'53” 110°542 110°53'43” 110°55'25”
Climate BW(h")hw(x’) BW(h")hw(x’) BW(h')hw(x’) BW(h)hw(x") BW(h)hw(x’)  BW(h")hw(x’)
Edaphology Rc+Yh/1 Xh+Rc/1 XI+Rc/2/s Re+Xh/1 Re+Xh/ Re/l
Geology Q(al) Q(al) Q(al) Q(al) Q(al) Q(al)
NO; (mg kg") 951.3 20.2 38.7° 58.2 56.0% 23.1°
PO, " (mg kg% 98.7 53.4° 82.2° 55,2* 37.7 84.3°
pH 7.9 7.4 7.7% 7.5 7.8 7.2
EC (dS ) 2.7 3.2 3.6% 3.7 3.5 4.2
Texture Ls SI, Cl SI Ls, Sl Ls, Sl Ls, SI, S
Humus (%) 1.5 1.5° 0.7¢ 0.9 1.0° 1.9
CEC (cmol kg) 4.9 12.7 5.4° 5.8 5.8 6.1

%Values are the mean of three replicates. Clinf¥g(hhw(x’) = Very dry, very warm and warm subtypeain in summer, percentage winter
precipitation greater than 10.2 mm, warm winteraBHology: Predominant soil + secondary soil / tegtalass; R = Regosol, X
= Xerosol, Y = Yermosol, ¢ = Calcareous, h = Haplic= Luvic, e = Eutric, s = Saline, 1 =Thick, 2 Medium. Geology:
Q(al): Unit belonging to the Quaternary period asamprised of alluvial deposits of clays, limes, diné sands (sedimentary rock).
Texture: S = Sand, S| = Sandy loam, Ls = Loamy s&lid= Clay loam. EC = Electrical conductivity. CEE Cation exchange capacity
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Fig. 1: Grouping of the AFLP phenotypes
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DISCUSSION

The 41 isolates had morphological
characteristics, such as hyphal diameter, number of
nuclei and color that have been recorded for
anastomosis group AG-4 in previous studies by Sneh
et al. (1991), Stevens and Jones (2001). The lack of
congruence observed between anastomosis and
vegetative compatibility could indicate that the
points evaluated correspond to a C2 reaction and
therefore the strains compared belong to the same
anastomosis group but to a different vegetative
compatibility group. The weak vegetative
incompatibility reaction could indicate a closer
relationship between the strains compared and would
support the decision to classify these strains @s4A
(Stevens and Jones, 2001; Cerestral., 2002). The
genetic variability of the strains was not corretht
with sampling site. Similarly, Arvayo-Ortizt al.
(2011) observed that morphological variability in
Fusarium oxysporum f.sp. ciceris was high in the
main chickpea producing regions of northwestern

= TR O T Mexico and was not a function of the physical or

Similarity index

chemical properties of the soil; nor it was related
of the geogrﬁphic Iocatilon of ';herz] crogﬁglds.I .
: ; : o For Rhizoctonia solani, of the AG-3 isolated from
Ehléoctoma sokl)anl based on tswntlrI]arlty |ndexe|§ otato (AG-3 PT) and tobacco (AG-3 TB), Cereshi

odes numbers  represen 1€ resampiing, (2002) recorded a total of 105 AFLP markers using
analysis support value. For each isolate, the firsto primer combinations. The 32 isolates of AG-3 PT
letter indicates vineyard location: Pesqueira (P)ad different band pattern and in the 36 AG-3 T&%7
and La Costa de Hermosillo (C). Second letterwere polymorphic with four clones., studying 5(asis
indicates the vineyard (A-F). The first number of R. solani isolated from chili pepper crops from
indicates the plot in the vineyard and the lastdifferent production regions in Mexico found 25%ba
number indicates sample replicate in total of these 91% were polymorphic, each of the

isolates with different AFLP patterns. The greater

A2 a5 010 005 0 o5 00 wis 020 eas polymorphism observed in our study could be theltes

CPSM - of the great number of primer combinations used in
6 1 those cases where a high similarity index in the.AF
: was observed, could be due to the similar biotid an
o1 2 abiotic conditions of the places from which thelases
were collected.

Component 2

cra (4 L7 On analyzing 24 isolates oR. solani from
different locations and crops using 11 RAPD primers

™ cp3 Sharmaet al. (2005) reported similarity indexes from

- 0.16,0.53 and the markers revealed host-specificl ba
CP2
P1

profiles. Although in our study the S| obtained wer
a3 higher (0.26,0.98), the results cannot be compared

Fi

g. 2: Principal components analysis based on thé&

Component 1 owing to the differences in methodology. However,
onsidering that climate and geology are the samse,
well as the edaphology and soil chemistry (pH,
electrical conductivity) are similar among vineyard

. A (Table 3), less variability in the AFLP patterns swa
_together in the graph are. 1. isolate I3':3'3'"A'lexpected. Additionally the samples came exclusively
isolate PF3-2, described in Table 2. 68% of theqgy the rhizosphere ofitis vinifera var. Perlette
variation was explained by the first two geeqless however both nitrate (N& and phosphate
components (POy) concentration, as well as humus and cation
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exchange capacity were significantly different aghon Managing Rhizoctonia diseases therefore remains a
vineyards owing to the different agricultural piees challenge, despite the recent useful knowledge
applied by each producer. developed on the biology and epidemiology of the
The genetic variability of a population is pathogen (Tsror, 2010). SuppressionRofsolani has

determined by gene migration and flow, sexualbeen achieved with various fungi, bacteria and
reproduction and somatic recombination processefematodes (Azadeh and Meon, 2009; Hernandez-
(Burdon and Silk, 1997). Ceresiet al. (2002) and Castilloet al., 2010; Suareet al., 2011).

attributed the variability oR. solani to the processes of

gene migration and flow caused by the movement of CONCLUSION
vegetative material inherent in the production atgpo,
tobacco and chili peppers. In our study, grapesaare Although for the vineyards of Sonora the

perennial crop and the effect of transporting va  proportion of homokaryons and heterokaryons in the
material on the variability oR. solani could be low. population is not known the sexual phaseRosolani
Nevertheless, own rooted vines are used when p@anti has not been reported, the somatic recombination,
the vineyard and this could contribute to the dispe added to the multinucleate condition of this
of the fungus among the fields in the region sample phytopathogen, could provide enough genetic
would explain the grouping of the isolates fromvariability, even under similar environmental

different areas. conditions. This would explain the high level of
Although  Rhizoctonia  solani sometimes  variability found in this study.
reproduces sexually, in Sonora vineyards its tetapm
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