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on random amplified polymorphic DNA analysis
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Abstract. Hirsutella thompsonii Fisher is a host-specific fungal pathogen of the diverse
group of arthropods known as the Acari. It particularly affects eriophyid mites, and the
identification of its isolates is a difficult task due to its pleomorphic nature. Seven
isolates of H. thompsonii var. thompsonii and H. thompsonii var. synnematosa collected
from various agro-climatic regions of India were subjected to PCR analysis using
random decamer primers to differentiate between them. Random amplified polymorphic
DNA analysis revealed that all of the isolates from the citrus rust mite, Phyllocoptruta
oleivora Ashmead (Acari: Eriophyidae), clustered together, with the exception of one,
HtCRMB. The only isolate of H. thompsonii from Aceria guerreronis keifer (Acari:
Eriophydae), HtPDBC, clustered separately.
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Introduction

Hirsutella thompsonii Fisher is a specific fungal pathogen of the ticks,
mites, and their kin that belong to the group of arthropods known as
the Acari, and, particularly, of the eriophyid mites inhabiting numer-
ous host plants in sub-tropical and tropical regions. This fungus show
a pronounced pleomorphism in in vitro culture (McCoy, 1996). Ultra-
structural analysis of the conidiogenous structures of 11 mononema-
tous and synnematous isolates of H. thompsonii has revealed three
morphologically distinct groups, which have been taxonomically
defined as separate varieties, H. thompsonii var. thompsonii, var. vina-
cea and var. synnematosa (Samson et al., 1980). The variety thompso-
nii, isolated from the citrus rust mite, Phyllocoptruta oleivora, is
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characterized by grayish-green colonies, whereas the variety vinacea,
isolated from the blueberry bug mite, Acalitus vaccinii, is character-
ized by vinaceous colonies. The strains of the variety synnematosa,
which have been isolated from the genus Eriophyes and related gen-
era, appear to be restricted to the tropics.

Because of the pleomorphic nature of H. thompsonii, identification
of the isolates is difficult. The results of an isozyme analysis of 17 dis-
tinct geographical isolates of H. thompsonii suggested that each of the
isolates possesses a distinct isozyme pattern (Boucias et al., 1982)
which, based on coefficients of similarity data for the isozyme pat-
terns, closely follows the morphological traits on which the identifica-
tion of the three H. thompsonii varieties is based. The results also
revealed that the isozyme patterns of the non-synnematous vinaceous
varieties of H. thompsonii closely resemble those of the non-synnema-
tous grayish-green varieties.

Molecular methods are becoming standard tools for research in
fungal taxonomy and systematics (Saghai-Maroof et al., 1984; Bruns
et al., 1991; Kumari et al., 1993; Grube et al., 1995; Nicholson and
Parry, 1996; Parry and Nicholson, 1996). Mozes-Koch et al. (1995)
characterized six isolates of H. thompsonii, one isolate each from
H. necatrix and H. kirchneri, on the basis of their random amplified
polymorphic DNA (RAPD) profiles. In the present study we discuss
the genetic similarity and morphology of H. thompsonii isolates of eri-
ophyid mites affecting citrus and palms, collected from different agro-
climatic zones of India.

Materials and methods
Fungus isolates

Fruit and leaf samples were collected from various agro-climatic
regions of India. The samples were examined for mites infected with
H. thompsonii under a stereo-binocular microscope and, when pres-
ent, the fungus was isolated from the mite according to the proce-
dures described by Villalon and Dean (1974) and cultured on potato
dextrose agar (PDA) at 24+3°C. Pure cultures of the fungus iso-
lates were obtained after two to three subcultures, with 72 h
between each transfer.

Seven isolates of H. thompsonii were collected (Table 1).The width
of the hyphae and the length of the basal and neck parts of phialide
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in PDA medium were measured under the microscope (Table 1).
These measurements were compared with the descriptions provided
by Samson et al. (1980) for H. thompsonii isolates.

DNA isolation

Fungal mycelia grown on potato dextrose broth were harvested and
the DNA extracted as described by Porebski et al. (1997) with suit-
able modifications. Five grams of fungal mycelia finely ground with
acetone powder was incubated with the extraction buffer for 1 h at
65°C with intermittent shaking. Following the addition of 6 pl of
chloroform:isoamyl alcohol (24:1, v/v), the suspension was mixed well
by gentle inversion and then centrifuged at 6000 rpm for 15 min at
4°C. The supernatant was repeatedly washed with chloroform:isoamyl
alcohol (24:1, v/v) until a clear supernatant was obtained. A half vol-
ume of 5 M NaCl was added and mixed thoroughly. About 2.0 ml of
the suspension was incubated with one volume of propanol at 4°C
overnight to precipitate the DNA. The DNA pellet was recovered by
centrifugation at 10,000 rpm for 20 min, then washed with 70% etha-
nol, air-dried and stored at —20°C until further use.

RAPD analysis

The PCR reactions were carried out in a reaction mixture (final vol-
ume: 20 pl) containing 25 ng DNA, 2 ul of 10x buffer, 200 pM of
dNTPs (0.8 pul of 5mM), 1 U Tag DNA polymerase, 2 mM MgCl,
and 5 pmol of each primer. Amplification was achieved in a MJ Re-
search thermocycler (model PTC-100; MJ Research, Waltham, Mass.)
programmed for an initial denaturation cycle of 95°C for 5 min, fol-
lowed by 45 cycles of 94°C for 1 min (denaturation), 35 °C for 1 min
(primer annealing), 72°C (primer extension) for 2 min, with a final
extension of 10 min at 72°C. The PCR reactions were repeated three
times using the same conditions to check the repeatability of the
amplification products both within and between reactions. Seven
primers from Operon Technologies (Alameda, Calif.) out of the 60
tested produced strong, intense and unambiguous bands; these were
selected for analyzing the isolates of H. thompsonii (Table 2). The
amplified products were resolved by electrophoresis on 1.4% agarose
gel containing ethidium bromide (0.5 ug/ml) in 1x TBE buffer
(Sambrook et al., 1989) at a constant voltage of 50 V. The gels were
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subsequently visualized under UV light and documented using a Hero
Lab Gel Documentation Unit.

Statistical analysis

Each reproducible band was visually scored as “1” for presence and
“0” for absence, and the binary data were used for statistical analysis.
Only clear and unambiguous bands were taken into account, and
those bands which were faint or diffused were not scored. The band
sizes were determined by comparison with the DNA ladder marker
(0.5--5 kb). The data were analyzed with sTATISTICA package. The dis-
similarity matrix was developed using Squared Euclidean Distance
(SED) that estimated all pairwise differences in the amplification
product (Sokal and Sneath, 1973).

Results and discussion

H. thompsonii isolates exhibited differences with respect to a number of
morphological characters (Table 1). Only the HtPMG and HtCRMC
isolates of H. thompsonii produced synnemata (Table 1). Based on this
character two distinct groups could be distinguished morphologically:
(1) the non-synnematous greyish-green isolates; (2) the synnematous
grayish-green isolates. Accordingly, we were able to classify these iso-
lates into two varieties: H. thompsonii var. thompsonii, which includes
the HtCRMG, HtEMC, HtCRMK1, HtCRMK?2 and HtPDBC iso-
lates, and H. thompsonii var. synnematosa, including the HHCRMB and
HtPMG isolates. In general, these findings are similar to those reported
by Samson et al. (1980), although this latter group found three mor-
phologically distinct groups among 11 isolates of H. thompsonii — a
non-synnematous greyish-green strain, a non-synnematous vinaceous
strain and synnematous greyish-green strains — which they proposed be
placed in three varieties: H. thompsonii var. thompsonii, var. vinacea
and var. synnematosa, respectively. The general morphological mea-
surements of these isolates are similar to those of the H. thompsonii iso-
lates isolated from the citrus rust mite by Fisher (1950).

The selected primers generated a total of 249 bands, with the poly-
morphic variation ranging from 77.78 to 100% (Table 2). The num-
ber of bands produced per primer ranged from 18 to 52, with an
average of 5.1 bands per primer for each isolate, and the PCR prod-
ucts ranged in size from 300 up to 2800 bp.
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The dendrogram constructed on the basis of the cluster analysis
revealed three major groups A, B and C (Figure 1). Cluster A included
four isolates of H. thompsonii: HHCRMKI1, HtCRMK2, HtCRMC
and HtEMC. Among these, HHCRMK1 and HtCRMK2 were closely
related with 95% similarity. The HtCRMC of this cluster was related
to HtCRMK1 and HtCRMK?2 with 84 and 87% genetic similarity,
respectively. The HtEMC isolate in this cluster formed another sub-
group with 72% similarity. Cluster B included two isolates, HtPMG
and HtCRMB, that had a genetic similarity of 78% and was sepa-
rated from cluster A by 32%. The HtPDBC isolate of H. thompsonii
obtained from A. guerreronis formed a separate cluster, C, and
showed 63% genetic similarity with other isolates.

The phialide and phialide neck in the HtCRMK1, HtCRMK?2 and
HtCRMC isolates were significantly longer than those of the other
isolates of H. thompsonii (Table 1). As the dendrogram shows, these
three isolates were grouped in cluster A and collected from P. oleivora
infesting citrus, while the other isolates were classified in the other
two clusters. The two isolates collected on A. guerreronis were in sep-
arate clusters; however, one isolate collected from Bangalore on citrus
rust mite was closer to this group, indicating the possibility of some
cross-infectivity between eriophyid hosts in this fungus. Based on
morphological characters, the two isolates HtCRMC and HtPMG
were identified as belonging to var. synnematosa, and the others being
placed in var. thompsonii (Samson et al. 1980; Aghajanzadeh, 2003).
According to this analysis HHCRMC is closely related to HtCRMK 1
and HtCRMK?2, while HtPMG is related to HtCRMB. These results
suggest that the differentiation of the RAPD pattern may not be
immediately associated with morphological characteristics (Boucias
et al., 1982).

HtCRMK1

HtCRMK?2 :l—-—|

HICRMC | ]
HEMC
HtPMG

HtCRMB

HtPDBC

Isolates

o 5 10 15 20 25 30 35 40

Linkage distance

Figure 1. Dendrogram showing the genetic distance between different isolates of
Hirsutella thompsonii based on RAPD profiles.



382 S. AGHAJANZADEH ET AL.

Acknowledgements

The authors acknowledge the financial support and the granting of a
PhD scholarship by the Agricultural Research, Education and Exten-
sion Organization, Ministry of Jihad-e-Agriculture, Islamic Republic
of Iran (to SA), and the financial support from the Indian Council
for Agricultural Research, Government of India (to BM) through
NATP.

References

Aghajanzadeh, S., 2003. Characterisation and mass culturing of some isolates of
Hirsutella thompsonii( Deuteromycete) and their bioefficacy against citrus rust mite,
Phyllocoptruta oleivora Ashmead (Acari: Eriophyidae). Ph.D. thesis, Univ. Agric.
Sci.: Bangalore.

Boucias, D.G., C.W. McCoy and D.J. Joslyn, 1982. Isozyme differentiation among 17
geographical isolates of Hirsutella thompsonii. J. Invertebr. Pathol. 39: 329-337.
Bruns, T.D., T.J. White and J.W. Taylor, 1991. Fungal molecular systematics. Ann. Rev.

Ecol. System. 22: 525-564.

Fisher, F.E., 1950. Two new species of Hirsutella Patouillard. Mycologia 42: 290-297.

Grube, M., A. Depriest, A. Gargas and J. Hafellner, 1995. DNA isolation from lichen
ascomata. Mycol. Res. 99: 1321-1324.

Kumari, D.L., P.V. Palani, P. Annamalali and R. Revathi, 1993. Isolation and
characterization of genomic DNA of the apple scab fungus Venturia inaequalis.
J. Microbiol. 33: 207-210.

McCoy, C.W., 1996. Pathogens of eriophyoid mites. In: E.E. Lindquist, M.W. Sabelis
and J. Bruin (eds), Eriophyoid Mites, their Biology, Natural Enemies and Control.
Elsevier Sciences, Amsterdam. pp. 481-490.

Mozes-Koch, R., O. Edelbaum., O. Livnch, A. Sztejnberg, A. Uziel, U. Gerson and
1. Sela, 1995. Identification of Hirsutella species, isolates within a species and
intraspecific heterokaryons by random amplified polymorphic DNA (RAPD).
J. Plant Dis. Proto. 102: 284-290.

Nicholson, P. and D.W. Parry, 1996. Development and use of a PCR assay to detect
Rhizoctonia cerealis the cause of sharp eyespot in wheat. Plant Pathol. 45: 872—-883.

Parry, D.W. and P. Nicholson, 1996. Development of a PCR assay to detect Fusarium
poae in wheat. Plant Pathol. 45: 383-391.

Porebski, S., L.G. Bailey and B.R. Baum, 1997. Modification of a CTAB DNA
extraction protocol for plants containing high polysaccharide and polyphenol
components. Plant Mol. Biol. Rep. 15: 8-15.

Saghai-Maroof, M.A., Soliman K.M., Jorgensen R.A., Allard R.W. (1984). Fungal
DNA isolation. Michigan State University: http//www.pwhttp//www.pw.usda.gov/
homepage.

Sambrook, J., E.F. Fritsch and T. Maniatis, 1989. Molecular cloning: a laboratory
manual. 2Cold Spring Harbor, Cold Spring Harbor Laboratory.

Samson, R.A., C.W. McCoy and K.L. O’Donnel, 1980. Taxonomy of the acarine
parasite Hirsutella thompsonii. Mycologia 72: 359-377.



GENETIC DIVERSITY IN HIRSUTELLA THOMPSONII 383

Sokal, R.R. and P.H.A. Sneath, 1973. Principles of numerical taxonomy. W.H. Freeman,
San Francisco.

Villalon, B. and H.A. Dean, 1974. Hirsutella thompsonii, a fungal parasite of the citrus
rust mite phyllocoptruta oleivora in the Rio Grande valley of Texas. Entomophaga 19:
431-436.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


