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The Cryphonectria parasitica plasmid pUG1 contains
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ABSTRACT Cryphonectria parasiticdnas a great economic and ecological

) _ o _ relevance to forestry as the causal agent of Chestnut Blight, the
The isolation and characterization of the circular severe disease that destroyed hectars of chestnut stands mostly ir
mitochondrial plasmid pUG1 from the ascomycete USA and Europe (8,9). Transnilse hypovirulence, i.e. a
Cryphonectria parasitica is described. The entire dramatic decrease in pathogenicity, is associated with an extra-
sequence (4182 bp) was obtained and high similarities chromosomal viral ds-RNA (10) and characterizgsolrirulent o
to DNA-dependent DNA polymerases were revealed. strains of the fungus, making biological control treatments
Strikingly common features with the DNA polymerases possible and efficient in Euroy§@,11). <)
encoded by the Neurospora intermedia plasmids Fiji The Neurosporaplasmids are some of the best studied an%
and LaBelle, such as matches to the conserved motifs characterized plasmids, nonetheless their origin, functions agd
A and B and the presence of TTD instead of DTD in the mechanisms of their maintenance are still not well unde?-
motif C, were found, suggesting the existence of a stood. A reverse transcriptase activity has been proposedZto
distinct group of members of the B DNA family explain the formation and replication of the Mauricevilles
polymerases. These strong similarities between the homology group plasmid¢12), while the LaBelle and Fiji 3
plasmids might suggest a common origin of the plasmids were found to encode a DNA-dependent DNA polymerage
C.parasitica and the Neurospora plasmids. (13) like other linear plasmids such asileafrom Neurospora <&

intermedia(14), maranhar fronNeurospora crassél5), pEM

INTRODUCTION from Agaricus bitorquig16), pCIK1 fromClaviceps purpuregl 7),

pAl2 from Ascobolus immersy48) and S1 from maize (19).

Plasmids are very commonly found in filamentous fungi where In the present study, the first reported isolation, the characte
they generally have a mitochondrial localization (1). Somation and complete sequence of pUG1 are given. The plasngid
plasmids represent defective forms of mitochondrial DNAshows a high degree of similarity with tw.intermedia
(mtDNA), while others lack any homology to the mtDNA. plasmids, Fiji (13) and LaBelle (20), andbimt encode for a DNA

The majority of the plasmids so far identified, belonging to th@olymerase. The plasmid mitochondrial location is confirmed.
second type, are linear but their functions are still unclear with a
few exceptions such as the kalilo and maranhar DNA df'ATERIAL AND METHODS

Neurosporaspp. and pAL2-1 dPodospora ansering). The sequence reported in this paper has been deposited in
Circular plasmids have been reported to occur in fungi, and &\ database (accession number Y12637).
date they include only the Mauriceville, Fiji, LaBelle, Java, Mb1,

VS, Harbin 2 plasmids iNeurosporaspp. (3), the plasmids of
Absidia glaucg4) and oPythiumspp. (5). The circular plasmids
are not associated with a particular phenotypic trait with th&hree isolates dt.parasiticaharbouring plasmids, Cp5, Cp9 and
exception of a plasmid &f.glaucawhich encodes for a surface Cp13, were isolated from evolutive cankers on chestnut trees
protein present only in mating type positive strains harbouring th@1), Qo5ptis a derivative of strain Cp5, which lost its plasmid
plasmid (4). spontaneously during vegetative propagation. Strain Ep155
In the plant pathogenic fungu@ryphonectria parasiticea  (ATCC 38755) is a laboratory standard plasmid-free strain
circular plasmid, pUG1, has been found in virulent strainprovided by N.K.Van Alfen (Texas A&M University, Texas,
exhibiting a senescent phenotype of the colony reported &SA). Ccp29 and Ccp28 were donated by G.J.Boland (University
heteroauxesis (6). Morphological alterations of plasmid-contairef Guelph, Ontario, Canada) and are dsRNA-free hypovirulent
ing virulent strains ofC.parasiticaappeared during prolonged strains.
vegetative propagation as abnormalities of the colony develop-The plasmids pECUG1a and pECUG1b contained respectively
ment. The phenomenon also includes cessation of growth of ttiee 2.4 and 1.7 kb Kpfragments of the pUG1 plasmid inserted
colony with limitations of the morphological development andnto theKpnl site of pUC19. pECUGla was cleavedEgoRI
possibly consequences on the dynamics of the development of #red subcloned in two plasmids, pECUG182 and pECUG322,
pathogen in the environment (7). used in sequencing.
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Fungal DNA isolation

The isolation of mtDNA and nuclear DNA (nDNA) by CsCl-bis-
benzimide gradient, was performed according to Gebfil.

(22). The DNAs were digested Bypnl for 2—-8 h. MtDNA was
treated with Ribonuclease A from bovine pancreas (Sigma, St
Louis, MO, USA) at 37C for 20 min. The digested nDNA and
MtDNA were electophoresed in 0.7% agarose gel in TBE buffer
with EtBr (0.5pg/ml) at 50 V/m for 16-18 h at’€.

For rapid extraction of total DNA, fungi were grown on
PDAmb agar plates covered by a membrane (Bio-rad Laboratories
#165-0963, Hercules, CA, USA) for 7 days at@5n the dark.

The DNA was extracted from the mycelia as described in
Lecellier and Silaf23).

4.1-

2.4-m

Clonlng and hyb”d'zat'on procedures Figure 1. Southern hybridization analysis of strain Cp9parasitica

The procedures used in plasmid cloning, preparation anffel"%)"E figum bromice-stained agarose gel. blotied DA from

transformations were performed according to Auseb@l (24). () was hybridized using pECUG1B)and pECUG1bG) as a probe. Lanes
Plasmids pECUG1a and pECUG1b DNAs were labelled byt,Kpnl-digested mtDNA,; lanes EcaRlI-digested mtDNA; lanes 3, undigested

random priming according to the manufacturer (BoehringeimtDNA; lanes 4, DNA digested byHindlll as a marker.

Mannheim Biochemicals, Mannheim, GE) with 7dUTP digoxigenin

(BMB). The visualization of membranes was performed following

the manufacturer’s instructions (BMB). After hybridization, the

membranes were stripped and rehybridized with different probes.

i 2 a

Isolation of mitochondria

Fresh mycelium was obtained from 8 day-old biomass grown in
250 ml complete mediur(25) inoculated with 5 1P conidia

and incubated at 2& with agitation (100 r.p.m.). The mycelium
was ground, with glass beads, on ice in a mortar containing cold
extraction buffer (10 mM TES-NaOH pH 7.5, 1 mM EDTA pH

8, 0'3-3 M saccharose) as dejscrit@(ﬁl). The h0m0ge-nate was Figure 2. Absence of the plasmid in strain Ep158gbarasitica The nDNA
centrifuged at 1109 fo,r 10 min to remove C,e” de_bns and the and the mtDNA were separated by CsCl-bisbenzimide gradient, digested a
supernatant was centrifuged at 15 @@ 20 min to give apellet  piotted. @) Lane 1, ADNA digested byHindill as a marker; lane 2,
enriched in mitochondria. The pellet was suspended in extractiokpnl-digested mtDNA,; lane 3, blotted DNA from lane 2 was hybridized with
buffer and purified by a discontinuous sucrose gradient. Mitothe probe pECUG1&B] Lane 1Kpni-digested nDNA; lane ADNA digested
chondria were recovered from the 1.6-1.2 M interface an y Hindlll as a marker; lane 3, blotted DNA from lane 1 was hybridized with
washed with extraction buffer prior to the DNAse digestion at @ probe pECUGLa.

37°C for 1 h. Mitochondrial DNA was isolated by proteinase K a
treatment (100ug/ml) in the presence of sarkosyl (10%),
followed by phenol extractions and ethanol precipitation.
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from nature. All these bands disappeared when treated with
DNAse but were resistant to the RNAse treatment (data ndt
DNA sequencing shown). In theKpnl-digested mtDNA of strain Cp9, two bands,g‘:
. which fluoresced more intensely than the larger fragmengs
Both strands were sequenced using the Thermosequen@sGieqd from the mtDNA digestion (Fig. 1A, lane 1), wereS
flourescent labelled primer cycle sequencing kit (Amershamy,,nqsed to be of plasmid origin and cloned. When used as proBes
International plc, Buckinghamshire, UK) and the automateg, ‘'soythern analysis, the two resulting recombinant plasmids
sequencing system A.L.F. DNA Sequencer (Pharmacia B'_Ote%CUGla and pECUG1b can only detect the two corresponding
Europe, Brussels, Belgium). M13 universal and reverse primefsngs of 2.4 and 1.7 kb in tenl-digested mtDNA (Fig. 1B and
were used to sequence inwards and the internal regions of clogeganes 1), In Figure 1, the additional fainter hybridization signal,
PECUG1b and pECUG182 were sequenced by primer walkingoresnonding to a DNA fragment 4.1 kb in size and not

Each region was sequenced at Ieast_ twice. The analyses of Hé%nging to the standard patterriginl-digested mtDNA, was

¥iiSincomplete cleavage product, as proved by longer digestion
ata not shown).

Figure 1 also shows undigested mtDNA of strain Cp9 (lanes 3).
Up to nine bands may be visualized by EtBr staining and Southern
analysis; these bands resolved into a single 4.1 kb DNA fragment
RESULTS when the DNA was cleaved IBcoRI (Fig. 1 lanes 2). These

; DNA bands, which migrate independently from the mtDNA
Detection of pIDNA molecule, share homology with both pECUG1a and pECUG1b
Low molecular weight plasmid-like DNA bands were detectednd are therefore reported as being a plasmid present in Cp9 as ¢
during a screening of mtDNA d.parasiticastrains isolated multimeric molecule. The 4.1 kb fragment is considered to

software package from the Genetics Computer Group of t
University of Winsconsiti27) and by the BLAST (28) programs
for database searches.
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Figure 3. Distribution of plasmids homologous with pUGL1 in strain€ gfarasitica.The DNAs of strains Cp5 and Cp13 were extracted from the PDAmb agar plates,
electrophoresed and blotted) (Ethidium bromide-stained agarose gel of total DNAs. Blotted DNA from (A) was hybridized using pECB)Gta PECUG1b

(C). Lane 1\DNA digested byHindlll as a marker; lanes 2, undigested total DNA of Cp5; lankpr3;digested total DNA of Cp5; lanes B¢adRI-digested total

DNA of Cp5; lanes 5, undigested total DNA of Cp13; landspsl-digested total DNA of Cp13; lanes H¢aRI-digested total DNA of Cp13.

represent the basic unit and the monomer is called pUG1.
According to Griffiths (1), the many bands present in the
undigested sample are assumed to be different degrees of
relaxation of concatamers of the basic unit. No plasmid bands
were detected in Ep155 nDNA and mtDNA (Fig. 2) or in Ccp29
and Ccp28 DNAs (data not shown).

12 3 4 5

Homology to other DNAs

The sequence homology of the plasmid with nDNA and mtDNA
was evaluated by hybridization studies.

The plasmid showed no homology with the nDNA or with the
mtDNA of plasmid-containing and plasmid-free strains (Figs 1,
2 and 3), the probes pECUG1a and pECUG1b hybridized to their
homologous targets, 2.4 and 1.7 kb respectively, when present but
not to other genomic DNAs. Moreover, when the two strains Cp5
and its isogenic Cp5plvere examined, signals appeared only in
strain Cp5 (Fig. 4, lanes 3 and 4) corresponding to the plasmid
fragments, this result Conf_lr_ms the absence of homology bewveel‘ﬂgure 4. Southern hybridization analysis of strains Cp5 and Cp&fl
pUG1 and mtDNA. In addition, the mtDNA patterns of these twoc parasitica. The mtDNA was separated by CsCl-bisbenzimide gradient,
strains were indistinguishable, as shown in detail iEdod&Rl and  digested and blottedAf Ethidium bromide-stained agarose gel of mtDNASs.
Kpnl digestions, suggesting that no gross mutation has take) ‘?\'IOA“%? %N/; hfl_/blgtr’]i;gdzwgggfdﬁr%t;fe%Eg?E?Nl:- g?fgsghj"?;%‘zssteg
place .as a consequence pf the plasmld existence. SOUthé?rtﬁ—digestedpm%NA of Cpé; lanes Egcd?l—digested mtDNch‘CpS; lanes
analysis (Fig. 3) showed a significantly high homology of pUG1s5 \pna digested byHindill as a marker.
with the plasmids of similar sizes present in the strains Cp5 and
Cp13; these plasmids also show an identical undigested and
EcoRI- orKpnl-digested pattern, apparently very similar to that
of pUG1.

"
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Localization of pUG1
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The plasmid pUG1 has always been detected only in the =
mitochondrial fraction from CsCl-bisbenzimide gradient. The
conclusive proof of the mitochondrial localization of pUG1 came
from the isolation of th? plasmid after the purified m'tOChondnaFigure 5.Evidence of the localization in the mitochondria of the plasmid pUG1
of Cp9 were treated with DNAse. The digested DNA extractedy C.parasitica Ethidium bromide-stained agarose gel of DNA extracted from

from DNAse treated mitochondria contained the plasmid (Fig. 5)the DNAse-treated mitochondria of strain Cpane 1, undigested DNA; lane
2, Kpnl-digested mtDNA; lane 3EcdRI-digested mtDNA; lane ADNA
digested by Hidlll as a marker.

The structure of plasmid pUG1

The plasmid pUGL1 is 4182 bp long and is a circular molecule @snsistent with the hybridization results, suggesting the super-
indicated by electrophoresis analysis. In Figure 1, the undigestediled conformation of pUG1.

mMtDNA sample contains many bands in addition to the high The plasmid sequence was determined from the Kp
molecular weight mtDNA band. The fastest migrating banalones pECUGla and pECUG1b. To confirm that pECUG1a and
hybridizes with both pECUG1a and pECUG1b. The apparent sipECUG1b actually represent the entire pUG1, we isolated PCR
of this band, if considered linear, would be 2.4 kb (Fig. 3B and €agments obtained by using primer pairs derived from the ends
lanes 3), while, if compared to a supercoiled molecular weightf both pECUG1a and pECUG1b and total DNA as template. The
marker, the resulting size of 4.0 kb (data not shown) would bgequence data of these PCR fragments are consistent with the
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4182 - KpnI the region surrounding the core of the motif contains several
4000 ifﬁ;}{f_}gn matches to the other polymerases of the B DNA family. The
CAAT pUG1 putative DNA polymerase matches five of the 14
promoter diagnostic amino acids for protein primed DNA polymerase
motifs and only one of the 20 diagnostic amino acids for nucleic
3500 acid primed DNA polymerase motif32).

~ The plasmids pUG1, Fiji (GenBank accession no. L08781) and
LaBelle (EMBL accession no. X13912) also share some other
similarities such as being circular mitochondrial plasmids of
similar length (4070 bp for LaBelle, 4182 bp for pUG1 and 5268
bp for Fiji), where a short non-coding region exists in addition to
the long ORF. Moreover they have a G+C content that is
approximately equal (35% for LaBelle, 31.4% for pUG1 and 29%
for Fiji) and an interesting degree of identity in the region
corresponding to their long ORFs (49% to the LaBelle plasmid and
50% to the Fiji plasmid).

The plasmid pUG1 has a 537 bp non-coding region which
revealed no significant similarities to any other sequences in the
databases. A putative promoter region, TTATAATCCTA, with
ECORT two mismatches to thdeurosporaconsensus promoter TTAG-

2000 AITRRC/TCIcNA/T (33), might occur at position 457—467 bp.
Also there is an upstream TCAATCT box at position 407 bp. |
Figure 6. Physical map of the plasmid pUG1 isolated from strain Cp9 of gddition, in this region there are many repetitive elements agd

C.parasiticaThe long ORF, encoding a putative DNA polymerase, is indicated ; ; : .
by the inner arrow. On the outer ring the putative CAAT box and promoteraISO inverted repeats, capable of formlng potent|al stem |0@p

region, and the two longest inverted repeats, at position 331-364 and 359—4¢R{ructures. The significance of these featu_res _iS nOt_knOWH- %\
bp respectively, are reported. many organisms such structures have been implicated in transcap-

tion termination, RNA processing and mtDNA replication (20). g

notion that the fragments are oriented as shown in the phySiC@fSCUSSION
map in Figure 6 (data not shown).
The entire sequence of pUG1 was determined and the A+ plasmid-like DNA was reported in strains Gfparasiticain
content was estimated to b88.6%. 1990 (34,35). It was described as being associated with Z
To determine the potential coding regions, the nucleotiddegenerative phenomenon called heteroauxesis. More receidtly
sequence of pUG1 was translated in all possible reading fram@ell et al (36), during the construction of the physical map of
using the genetic code typical for mitochondrial genes aitDNA of C.parasitica found a plasmid of a similar size to pUG1.§
filamentous fungi (TGA coding for TrR9). The odon usage  The aims of this study were to characterize and localize tige
of pUG1 was found to be similar to that of the mtDNA ofextrachromosomal plasmid, pUG1, and to assess the extenof
P.anserina and respectively slightly less similar to the codorsequence similarity with other DNAs to gain more insight into itg’
usage of the Fiji plasmid, the mt ds-RNA®parasitica(30) and  biological role. >
the LaBelle plasmid (data not shown). One long open readingWe report here the characterization and complete sequencgof
i
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frame (ORF) of 3645 bp was detected, which may encodetle plasmid pUG1 which exists as a mixture of multimer
polypeptide of 1214 amino acids and its position is indicated amolecules in mitochondria.
the map. Comparison of the ORF to the proteins in the database¥he mitochondrial plasmid pUG1l appears to constitute §
revealed extensive regions of similarity with two proteindistinctive genetic element: it shows virtually no homology withw
produced by the mitochondrial plasmids Fiji (PIR accession nehe standard mtDNA in DNA-DNA hybridizations, it achieves &
A47462) and LaBelle (PIR accession no. S03772) fadin-  high copy number without suppressive behaviour towards wild
termedia(Fig. 7). These proteins have been proved to encodgpe mtDNA, and it also shows no homology with the nDNA
similar DNA dependent DNA polymerases (13). Since the detection of pUGL1 from strain Cp9, all preparations of
The level of similarity of pUG1 ORF product to these proteinsintDNA of C.parasitica from cultures isolated directly from
is 56 and 57% for Fiji and LaBelle respectively. This similaritynatural populations, were assayed for the presence of plasmid
suggests a relatedness between them and also implies that pUBNA. The strains Cp5 and Cpl13 harbour a plasmid very similar
codes for a putative DNA polymerase. to pUG1 as confirmed by the hybridization experiments. Using
By scanning the putative pUG1 polymerase sequence, soipgGL1 as a probe, plasmids were detected from 41% of the strains
good matches to motifs A and B of the family B DNA polymerasavhich belong to a population from a very restricted geographic
(31) were dund. Like Fiji and LaBelle polymerases, the pUGlarea (E.G., unpublished), hence, confirming the notion that the
putative polymerase lacks a strict match to motif C of this familyplasmid-containing strains can be the rule rather than the exception
it contains the sequence TTD instead of the sequence DTD, butfungal populations (1).

Figure 7. Comparison of amino acid sequences from the putative pUG1 ORF protein and the ORF proteins of the Fiji and LaBelle plasmids. The residues that
identical in two polypeptides are boxed in dark grey. Light grey boxes indicate residues that are members of the santefamiiyoBleick boxes indicate exact
matches in all polypeptides.
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The impact of pUG1 on the host phenotype is still unknown. REFERENCES
should not be associated with reduction or variation in virulence
as all t_he plasmid-containing and virus-free _strains, except one, Grfiths A.J.F. (1995Microbiol. Rev50, 673-685
were virulent on chestr_1ut trees (E.G., unput_)ll_s_hed). As f_ar_as th}; Griffths AJF. (1992Annu. Rev. Gene26, 351-372.
senescent phenotype is concerned, no definitive association hasritiths,A.J.F., Collins,R.A. and Nargang,F.E. (1995) In Kuck,U. (ed.),
been determined between heteroauxesis and the presence o0frhe Mycota Il. Genetics and Biotechnolo8pringer-Verlag KG,
pUGL. There is no correlation between a specific mitochondrial Heidelberg, pp. 93-105.
RFLP complex and the existence of mitochondrial plasmids. N& qaegﬂef'lv Teepe";-v VXe'g"g-' Kruft,V., Lurz,R. and Woestemeyer,J.
plasmid was detected in the Canadian strains which are hypg- ngfnglc:u’\rlr ﬁsgf}fur’r.?’ezﬁﬁt.sz'o 9197
virulent with a defective mitochondrial function. Gobbi,E., Intropido,M., Bisiach,M. and Locci,R. (1988Y. Pat. VegSIV,

The possible existence of a genetic mobile element was 21,79-88 (in Italian).
postulated to explain the strikingly high level of RFLP shown by 7 ﬁbbi,En Firrao,G. and Locci,R. (1988). Fitopat, 10, 53-57 (in

H HY allan).

Fhe mtD.NA of the strains (_Et.para3|t|ca(34,36). However there Van A)Ifen,N.K. (1988) In Koltin,Y. and Leibowitz,M.J. (ed$)ruses of
is no evidence yet to confirm such a role for pUG1 because of the ¢, and simple Eukaryotesarcel Dekker, New York, pp. 371-386.
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