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Abstract

Eighty-three strains of Sclerophoma pythiophila were
isolated in the period between 1996 and 2006 from needles and
shoots of Pinus sylvestris displaying various types of disease
symptoms or damages caused by Contarinia baeri or The-
codiplosis brachyntera. On the basis of fifty-six RAMS markers,
very high genetic variability of examined strains was ascertained
(mean value of Jaccard’s coefficient 0.58). The highest genetic
similarity was shown by strains related with needles damaged
by Contarinia baeri (0.65), whereas the lowest by those derived
from dead shoot tips (0.53). No monomorphic markers were
found for individual groups of strains, yet on the basis of Nei’s
genetic distance matrix, it was possible to determine a group of
closely related fungus populations which was connected with
the damaging of the needles by C. baeri or T. brachyntera (Nei’s
coefficient ranging from 0.035 to 0.059) and populations related
with the occurrence of necrosis on shoots or decay of their tips
(Nei’s coefficient — 0.066). The PCA confirmed genetic similar-
ity of strains related with damaging of the needles by insects
and strains isolated from local necroses on shoots and withered
shoot tips. A high level of genetic variability between popula-
tions was shown by AMOVA analysis. A high level (14.9%)
and statistically significant (P=0.001) share of between-popula-
tion genetic variability were ascertained.
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INTRODUCTION

Sclerophoma pythiophila (Corda) v. Hoehn. is
a coelomycetous fungus, common in Europe, Northern
America and other continents on over twenty species
of pine trees, as well as the conifer genus Calocedrus,
Cupressus, Picea, Abies, Larix, Thuja, Tsuga, Pseu-
dotsuga and Juniperus (Sutton and Waterston,
1970; Funk, 1985). It occurs in a number of varied
relations to these plants. It is a common species in the

phyllosphere of Scots pine and Norway spruce needles
(Magan et al. 1995). It often populates live symp-
tomless needles and shoots of pines and other conifers
as an endophyte (Petrini et al. 1989, Kowalski
and Kehr, 1992; Kowalski and Pozdzik, 1993;
Kowalski and Stanczykiewicz, 2000). It is
a saprotroph and a colonist of moribund needles, twigs
and stems (Sinclair and Lyon, 2005). It prefers
needles rich in carbohydrates, hence it occurs more of-
ten on the needles of felled trees rather than on needles
naturally fallen down being poor in these substances
(Gremmen, 1957; Kowalski, 1988). It populates
pine branches decaying in the lower part of the crown
due to the lack of light, contributing to their natural
thinning (Butin and Kowalski, 1990). The in-
fected wood becomes grey-livid in colour; therefore
S. pythiophila is included in the fungus group causing
discolouration of wood (Butin, 1965).

S. pythiophila often occurs as a weak faculta-
tive parasite which occasionally causes serious dam-
age of trees under stress (Funk, 1985). Its pathogenic
properties were confirmed by experiments (Smerlis,
1970). Kowalski (1983) often observed this species
in live needles of Pinus sylvestris L. within the range of
infectious stains, whereas Marika and Przezbdr-
ski (1982) in connection with autumnal needlecast.
With respect to shoots, it is believed to cause symp-
toms similar to those that are caused on coniferous trees
by the Phomopsis type fungus (Sinclair andLyon,
2005). Pre-disposing factors are primarily drought, low
temperature and industrial emissions (Keitel, 1953;
Jahnel and Junghans, 1957; Gibson, 1978;
Kowalski and Domanski, 1983). S. pythiophi-
la secondarily overcomes trees infected by danger-
ous pathogens, e.g. Gremmeniella abietina (Lagerb.)
Morelet on pines (Kowalski and Domanski,
1983), Encoeliopsis laricina (Ettl.) Groves on tama-
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rack and Pseudophacidium piceae E. Mueller on black
and white spruce (Smerlis, 1970). The fungus is of-
ten associated with needle necrosis and shoot dieback
on conifers that have sustained insect or mite attack
(Gibson, 1978). With respect to Abies balsamea, it
occurred as a dominant coloniser on needles attacked
by Paradiplosis tumifex Gagne (Petrini et al. 1989).
With respect to pines, the best known is the phenome-
non of colonisation of needles damaged by Contarinia
baeri (Prell) (Batko et al. 1958). It also occurs on
needles and shoots of pines populated by needle gall
midge Thecodiplosis brachyntera Schwaeg. (Kowal -
ski, 1998). Differences in the possibility of causing
illness and the type of symptoms caused may result not
only from varied predispositions of the host plants, but
also from genetic variability within the range of a giv-
en fungus population occurring in a given area. This
situation was ascertained with respect to the number
of fungi causing diseases of forest trees, e.g. Grem-

meniella abietina, Sirococcus conigenus (DC.) Can-
non and Minter, Sphaeropsis sapinea (Fr.:Fr.) Dyko
and Sutton, Botrytis cinerea Pers.:Fr. (de Wet et al.
2003; Uotila etal. 2006; Rossman et al. 2008).
Due to the lack of such research both in Poland
and in other countries in relation to S. pythiophila,
research was undertaken with respect to genetic vari-
ability between the populations of this fungus isolated
from needles and shoots of Pinus sylvestris displaying
various types of damages and disease symptoms.

MATERIALS AND METHODS

Isolates

Eighty-three strains of S. pythiophila isolated
during the period from 1996 to 2006 from three to ten
year old P. sylvestris L. were used in this study. They
came from eleven Forest Districts located in northern
and southern Poland (Tab. 1) where S. pythiophila

Table 1
Origin of Sclerophoma pythiophila isolates examined.

Kind of damages For. District Coordinates Strain No.
Brynek 50°317, 18%44°  16525/2, 17068a, 17068b, 17069, 17070
Needles damaged 18387, 18385, 18386, 18388, 18389, 18390, 18391, 18392,
by Contarinia baeri (CB) Swierklaniec  50°267, 18°56" 18393, 18394, 18395, 18396, 18397, 18398, 18399, 18403,
18405, 18406, 18408, 18416, 18417, 18419
Rytel 53°45°,17°46" S 311/1,S 772, S 772/1
Thecodiplosis brachyntera  Osie 53357, 1807 S 2982 S 258/3, 8 258/4, 8 259/5, § 311, S 31172,
— moribund needles, S 47471, S 47472
shortened (TB1) Przymuszewo  53°337,17°39° S 328/1, S 389/1, S 393/3
Szczecinek 53°427,16°42° S 654/2
Lubichowo 53°517,1824° S 599b/4, S 600b/1, S 647b/1, S 648b/5
Thecodiplosis brachyntera ¢, 5 53°357,18°20° S 229/5, S 240/2, S 288/2, S 294/1, S 294/2, S 295/2
— yellow or brown needles,
un-shortened (TB2) i i
Rytel 53°45°,17°46° S 786/1, S 786/2
Niedzwiady —~ 53°47°,17°15°  16415/1,S 687/3, S 688/5, S 690, S 690/2, S 732/4, S 732/2
Shoot necroses in the place
of location of needles marked Osie 53°357, 18°20° : 322;; g ig(l);‘l" § 462/5,
by T. brachyntera (TB3) .
Miastko 53°597,16°57° S 661/1,S 662/2, S 662/3, S 663/1, S 663/3, S 663/4, S 668/1
Kaliska 53°547,18°13° S 836
Lubichowo 53°517,18°24° S 808b,
Dead shoot tips (DS)
Okonek 53°317,16°50° S 891a, S 890a, S 890b,

Niedzwiady

53°47°, 17°15°

S913,S914,S 915, S 917, S 918
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Table 2
Primer used, number of amplified products and range of their length (bp).

Primer Temperature of Number of Length of
Lp. Sequence (5 = 37) pet N amplified obtained
name annealing [°C]
products products [bp]
1 AGC DHBAGCAGCAGCAGCAGC 60 11 233-723
2 AGT DHBAGTAGTAGTAGTAGT 30 11 374-1404
3 CGA DHBCGACGACGACGACGA 61 10 285-1500
4 CT7 DYDCTCTCTCTCTCTCT 41 12 318-1321
5 GT7 DYDGTGTGTGTGTGTGT 53 12 308-1500

were associated with disease symptoms or insect dam-
ages. One group constituted strains isolated from nee-
dles damaged by Contarinia baeri (CB). These were
moribund, browned needles of normal length (not
shortened) and bent downwards at the base in a char-
acteristic manner (Fig. 1). The second group consti-
tuted isolates from needles and shoots displaying
decay symptoms as a result of damage of needles by
T. brachyntera. These were: a) moribund needles,
shortened (to approx. 30% of normal length), with
a clearly thickened base part (TB1) (Fig. 2), b) un-
shortened moribund needles which grew within the
range of necrosis of shoots accompanying the needles
damaged by T. brachyntera (TB2) (Fig. 3), and c¢)
necroses on shoots in the place of location of needles
marked by T. brachyntera (TB3). The third group con-
stituted isolates from dead shoot tips (DS) (Tab. 1).
Damages caused by T. brachyntera were often accom-
panied by the colonisation by Cenangium ferrugino-
sum Fr. (Kowalski, 1998).

From each sample, between 6 and 12 fragments
of shoots or the same amount of fragments from nee-
dles were collected. After surface sterilisation of sam-
ples (1 min. ethanol 96%, 5 min. NaOCI 4%, 30 sec.
ethanol 96%) and removing surface bark, pieces of
shoots 5 x 2 x 2 mm were removed (in the case of nee-
dles, these were pieces 5 mm long) and placed in Petri
dishes on the surface of 2% malt extract (MEA; 20 g x I'!
malt extract Difco, Sparks, MD, USA, 15 g x I'! agar
Difco supplemented with 100 mg x I'' streptomycin
sulphate). One colony of S. pythiophila was randomly
selected and subcultured on the medium.

Molecular analysis

Genomic DNA was extracted with the use of the
DNeasy Plant Mini Kit (Qiagen). Genetic variability
of S. pythiophila strains was determined with the use
of RAMS (Random Amplified Microsatellites) meth-

od(Zietkiewicz etal. 1994). For the PCR reaction,
five primers were used (Tab. 2). DNA amplification
of fungus was conducted in 10 pl of reactive mixture
comprising: PCR buffer, MgCl, 1 mM, dNTP 200
mM (Fermentas), primer 1 uM, Taq DNA polymerase
0.2 U (Qiagen), DNA 10 ng.

The PCR reaction was done according to the
following programme in a thermocycler Biometra
T3: initial denaturation — 95°C for 5 minutes, then
36 cycles, where every cycle contained the follow-
ing steps: denaturation at a temperature of 95°C for
1 minute, annealing for 45 seconds in various tempera-
tures depending on the primer (Tab. 2), elongation at
72°C for 2.5 minutes. Elongation of the last cycle was
extended to 8 minutes. Each amplification reaction
was conducted twice in order to check the repeatability
of occurrence of electrophoretic profiles.

Products of DNA amplification were resolved
in 1.5% agarose gel (Agarose Basica LE, Prona) with
the addition of 0.2 pug x ml! ethidium bromide in TBE
buffer. A GeneRuler 100 bp Ladder Plus (Fermentas)
was used as a marker of the length of DNA fragments.
The electrophoresis was conducted at 2 V x cm™! for
2-3 hours. The image of the electrophoresis was then
produced employing a documentation set of electro-
phoretic gels by Vilber Laurmat. The lengths of ampli-
fied products were determined using BIO 1 D++ soft-
ware (Vilber Lourmat).

Statistical analysis

Each RAMS marker was scored as present (1)
or absent (0). Binary data was used to calculate Jacca-
rd’s genetic similarity coefficient between strain pairs
and to prepare a matrix of genetic similarity.

In order to determine the genetic structure of the
examined strains with the use of the programme Gene-
AIEX 6.0, molecular variance analysis (AMOVA) was
conducted for the strain groups (populations) related
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Table 3
Band patterns across groups of strains associated with insect damages caused by Contarinia baeri and Thecodiplosis brachyntera
and strains isolated from dead shoot tips (Notations of types of damages like in Table 1).

No. R % of
Kind of damages Number of No. of monomorphic Jaccard’s olymorphic
& strains of bands P coefficient poly rp !
bands loci

CB 27 50 1 0.65 78.6
TB1 15 47 5 0.55 69.6
TB2 12 35 1 0.57 51.8
TB3 19 42 1 0.59 64.2
DS 10 46 0 0.53 75.0

Table 4
Analysis of molecular variance (AMOVA) for groups of strains of S. pythiophila associated with insect damages caused
by Contarinia baeri and Thecodiplosis brachyntera, and isolated from dead shoot tip conducted using 56 RAMS alleles.

Sum of

% Total

Source of variation df squares Variance variance D P
Among populations 2 64,668 1,098 14,93
Within populations 80 500,224 6,253 85,07 0,149 0.001
Total 82 564,892 7,351
Table 5

Matrix of Nei’s standard genetic distance among groups of strains of S. pythiophila associated with insect damages caused
by Contarinia baeri and Thecodiplosis brachyntera, and isolated from dead shoot tips
(Notations of types of damages like in Table 1).

Symptomy CB TB1 TB2 TB3 DS
CB 0.000
TB1 0.059 0.000
TB2 0.045 0.035 0.000
TB3 0.108 0.074 0.079 0.000
DS 0.090 0.110 0.148 0.066 0.000

with the occurrence of damages caused by Contarinia
baerii and Thecodiplosis brachyntera and isolated
from moribund shoot tips (Peakall and Smouse,
2006; Excoffier etal. 1992). Variance components
are expressed as the percentage of total variance, where
statistical significance of components was tested with
the use of 1,000 permutations.

Genetic distance between the examined strain
groups was expressed with the use of Nei’s standard
genetic distance (Nei, 1972; Excoffier etal. 1992).
To represent geometric relationships among groups of
strains, a Principal Component Analysis (PCA) via
a covariance matrix with data standardisation was ap-

plied in GenAlEx 6.0 using the genetic distances be-
tween strains calculated according to the method de-
scribed by Huff et al. (1993). Scatter diagrams were
examined to visualize geometric relationships between
strains.

On the basis of Jaccard’s coefficients, analysis
of within-population genetic variability of fungus was
conducted for strain pairs. In order to show statistical
differences with respect to within-population variabil-
ity of strains with the use of programme Statistica 7.1
(Statsoft Inc.), ANOVA analysis was conducted.
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Fig. 1. Pine shoot with needles damaged by Contarinia baeri
(characteristic basal collapse of affected needles).

Fig. 2. Pine shoot with needles damaged by Thecodiplosis
brachyntera (characteristic shortened needles with clearly
thickened base part).

Fig. 3. Moribund, shortened needles damaged by Thecodiplosis
brachyntera (short arrows), and un-shortened needles
(long arrows) which grew within the range of necrosis
of shoots.
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Fig 4. Principal Component Analysis (PCA) for S. pythiophila
strains via matrix of genetic distance between individuals
deriving from individual regions of Poland. Projection into
I** and 2™ coordinate. Percentage of variability explained
by the first two axes: 30.19% and 19.99%. Markers:
¢ -CB,m -TBI, 4 ~TB2, x-TB3, +-DS.

RESULTS

In total, fifty-six RAMS markers were obtained.
The number of products of PCR reaction for the ap-
plied primers was similar and it varied from 10 to 12.
The length of obtained bands varied from 200 to 1,500
nucleotides, with the exception of the AGC primer for
which it varied from 233 to 723 nucleotides (Tab. 2).
Out of fifty-six markers, only two (GT7_1500 bp and
GT7_996 bp) were fully monomorphic for all the ex-
amined strains, whereas seven (CT7_719, AGC_433,
CGA_1500, CGA_1003, CGA_839,CGA_420,AGT_
748) were monomorphic in a degree above 90%.

Depending on the examined group of strains,
varied numbers of RAMS markers were obtained; the
highest number was obtained for the strains related
with the occurrence of Contarinia baeri (50 mark-
ers) (Tab. 3). The examined strains were characterised
by very high within-population genetic variability.
The average value of Jaccard’s coefficient amounted
to 0.58, whereas the differentiated strain groups were
statistically different (with P<0.01) with respect to the
value of this coefficient. Isolates related with the oc-
currence of Contarinia baeri (Jaccard’s coefficient
0.65) were most similar, whereas the lowest genetic
similarity was displayed by the strains deriving from
moribund shoot tips (0.53). It was ascertained that the
number of monomorphic markers was slight in refer-
ence to individual groups of strains. None of them was
characteristic for strains related with a specific type of
symptoms (Tab. 3).

Between-population strain variability was ex-
pressed with the use of Nei’s genetic distance. On the
basis of the value of Nei’s coefficients, two groups
of populations were distinguished: the first compris-
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ing three populations isolated from needles damaged
by Contarinia baeri and Thecodiplosis brachyntera
(CB, TB1, TB2) and the second comprising strains
deriving from local necroses on shoots damaged by
T. brachyntera (TB3) and strains isolated from shoot
tips displaying symptoms of withering (DS). It was
found that genetic distance between population pairs
related with damages of needles by insects was slight
and varied from 0.035 to 0.059. Slightly higher genetic
distance was observed between groups of strains iso-
lated from necroses on shoots and moribund shoot tips
(Nei’s coefficient 0.066). Genetic distances among
populations deriving from the two differentiated
groups of populations were much larger and amounted
from 0.074 to 0.148 (Tab. 5).

The results of AMOVA indicated that the vari-
ance components expressed as percentages of the to-
tal variation among and within groups of strains asso-
ciated with disease symptoms or insect damages were
14.9% and 85.1%, respectively. The random permu-
tation test revealed that variance components were
highly significant (P=0.001) and indicated a high
degree of genetic differentiation among groups of
strains (Tab. 4).

For the purpose of graphic presentation of vari-
ability of the examined fungus population, Principal
Component Analysis (PCA) was conducted. It large-
ly confirmed the results from Nei’s genetic distance
matrix. A close relationship was revealed between
the groups of strains associated with needle damages
caused by T. brachyntera (TB1, TB2) and between the
group of strains isolated from necroses (TB3) and tips
of dead shoots (DS) (Fig. 4).

DISCUSSION

The research in recent years indicates that
the number of fungi previously identified as species
should be recognised as species complexes consisting
of a cluster of closely related species difficult to distin-
guish on the basis of morphological criteria (Ross-
man et al. 2008). Individual species comprising this
complex may often be differentiated only with the use
of methods based on examination of their biochemical
properties (e.g. profile of fatty acids and sterols, pectin
enzymes) or DNA sequence analysis. Within the scope
of strains included within one species, the phenomenon
of varied virulence may occur and cause different dis-
ease symptoms or preferences, depending on the host
plant. As a result of methodologically varied research,
within a given species morphological groups or types
are distinguished first, then inter-sterile groups, phyl-
lo-genetic groups, and in the course of time — separate
species. This situation took place in the case of two
most dangerous causes of forest tree diseases: Armil-

laria mellea (Vahl) Kumm. s. 1. and Heterobasidion
annosum (Fr.) Bref. s. 1.; similar determinations have
recently been made with respect to the number of other
species of pathogenic fungi. For example, within the
scope of Gremmeniella abietina in Scandinavia, LTT
type (large tree type) was distinguished which appears
to be more pathogenic and causes damage to all sizes
of pine trees and STT type (small tree type), and which
kills seedlings smaller than 2 m in regions with thick
snow cover in winter (Uotila et al. 2006). With the
use of RAMS markers, both types were also found in
Poland (Kraj and Kowalski, 2008). On the ba-
sis of RFLP analyses of sequences of ribosomal (ITS1
— 5.8 S — ITS2) and mitochondrial DNA, it was also
shown that strains infecting various species of pines in
Poland are characterised by greater specificity in rela-
tion to the host plant than in relation to the place of
their origin (Kraj, 2009). Within the range of Sphae-
ropsis sapinea, three morphotypes were distinguished
— A, B and C — which differ in pathogenicity. The B
morphotype was recently distinguished as a new dis-
crete taxon and described as Diplodia scrobiculata
J. de Wet, B. Slippers & M. J. Wingfield (de Wet et
al. 2003). Within the range of Sirococcus conigenus,
which has been recorded for over 200 years on nee-
dles, shoots, cones and seeds of various coniferous spe-
cies, first three forms were distinguished on the basis
of morphological and genetic features (marked as S,
P and T groups), which were subsequently identified
as S. conigenus s. str. and two separate new species —
S. piceicola Rossman et al. and S. tsugae Rossman et
al. (Rossman et al. 2008).

Current research has shown that large genetic
variability also occurs with respect to Sclerophoma py-
thiophila among strains accompanying various types
of symptoms and damages on needles and shoots of
Pinus sylvestris. This is demonstrated by the high num-
ber (comparable with other fungi species) of obtained
markers and the percentage share of polymorphic loci,
as well as low values of Jaccard’s coefficient. This is
even more significant due to the fact that in Poland no
teleomorph stage has been observed so far, and in the
neighbouring countries it is quite rare (Butin, 1964;
Smerlis, 1970; Kowalski, 1988). The sources of
genetic variability such as mutations, somatic hybry-
disation and hetero-karyosis with respect to a number
of fungi reproducing asexually or with a low share of
sexual reproduction, are little known (Burdon and
Silk, 1997; Bock et al. 2002), despite the fact that
its level can be typical of the sexual system (Guo et
al. 2004).

The research did not allow for obtaining mono-
morphic markers characteristic for the examined popu-
lations, thanks to which it would be possible to identify
strains. Despite the fact that AMOVA was originally
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performed for other types of molecular data, it has
been widely used to analyse RAMS data (Hu ff et al.
1993). It displayed the existence of clear statistically
significant differences between the examined groups
of strains of S. pythiophila. The analysis of the matrix
of Nei’s genetic distance between individual popula-
tions and the absence of monomorphic markers allows
for surmising that the reason for genetic variability of
the population were differences in the distribution of
frequencies of occurrence of RAMS markers distrib-
uted over the entire genome of the examined popula-
tions. The graphic image of between-population rela-
tions among strains confirms the existence of differen-
tiated groups of strains related with specific types of
damages of pine needles and shoots.

The reasons for the existence of above interde-
pendencies ascertained by molecular examination may
have different grounds. S. pythiophila occurs common-
ly as a saprotroph on dead vegetal substrate (Grem -
men, 1960; Kowalski, 1988). On this substratum,
conidia in pycnidial conidiomata are produced in large
numbers, which constitute the main inoculum reser-
voir. According to Butin’s research (1965), it fol-
lows that they are distributed over small distances and
the highest concentration of spores is ascertained in the
region of their origin, which takes place mainly in pine
stands. If the pines are damaged by biotic or abiotic
factors, trees under the impact of stress will be subject
to the impact of this inoculum.

On the other hand, S. pythiophila may occur as
an endophyte in live symptomless needles and shoots
of pine and other coniferous trees (Petrini et al.
1989; Kowalski and Kehr, 1992; Kowalski,
1993; Kowalski and Pozdzik, 1993; Kowal-
ski and Staficzykiewicz, 2000). It is probable
that only certain physiological fungus forms are ad-
justed to this form of life, characterised by the abil-
ity to produce appropriate substances (de Hoog and
Yurlova, 1994; Brzezowska et al. 2005). In the
case of damage of shoots and needles, these strains oc-
curring endophytically may have a greater chance for
colonising the tissue than the ones that are infecting
from “the outside.”

S. pythiophila often occurs on Pinus sylvestris
needles damaged by such insects as Contarinia baeri
and Thecodiplosis brachyntera (Batko et al. 1958;
Kowalski, 1998; Sierota et al. 1998). However,
it has not been ascertained if such insects may carry
spores or hyphae fragments of this fungus species. They
may potentially exert an impact with respect to which
strains of S. pythiophila colonise needles through the
period of damaging the pine needles. The biology of
these two species of insects shows that 7. brachyntera
damages needles earliest. This usually takes place in
May, when the needles are 4 — 7 mm long. The larvae

induce the creation of outgrowths at the needle base
and hinder needle elongation (Schwenke, 1982).

In the regions where the teleomorph stage of
S. pythiophila occurs (known as Sydowia polyspora
(Bref. Et v. Tav.) Miiller), infections of needles dam-
aged by T. brachyntera may be caused by ascospores
due to the fact that fruiting bodies of S. polyspora ma-
ture in spring (Munk, 1957).

The obtained results justify further research on
genetic variability of S. pythiophila strains accompany-
ing various types of disease symptoms and damages on
pine shoots and needles with the use of different mole-
cular methods. In the research on variability of Spha-
eropsis sapinea morphotypes, only the application of
multiple gene genealogies and microsatellite markers
allowed for determining the relationship between the-
se morphotypes and distinguishing a new species (de
Wet etal. 2003).
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Zroéznicowanie i struktura genetyczna szczepow
Sclerophoma pythiophila (Corda) v. Hoehn.
zwigzanych z réznymi typami objawow
chorobowych i uszkodzen na Pinus sylvestris L.

Streszczenie

Osiemdziesigt trzy szczepy Sclerophoma
pythiophila byty izolowane w okresie 1996 — 2006
z igiet i pedéw Pinus sylvestris wykazujacych rézne
typy objawéw chorobowych lub uszkodzeri spowo-
dowanych przez Contarinia baeri lub Thecodiplosis
brachyntera. Na podstawie 56 uzyskanych markerow
RAMS stwierdzono bardzo wysokie zréznicowanie
genetyczne badanych szczepéw (Srednia wartos¢ wsp.
Jaccarda 0.58). Najwieksze podobiefistwo genetyczne
wykazywaly szczepy zwiazane z uszkodzeniem igiet
przez Contarinia baeri (0.65), natomiast najmniej-
sze pochodzace z zamartych szczytéw pedéw (0.53).
Nie stwierdzono monomorficznych dla poszczegdl-
nych grup szczepéw markeréw, jednak na podstawie
macierzy odleglosci genetycznej Nei wyrézniono
grupe blisko spokrewnionych populacji grzyba zwig-
zanych z uszkodzeniem igiet przez C. baeri lub T. bra-
chyntera (wsp. Nei od 0.035 do 0.059) oraz populacji
zwiazanych z wystepowaniem nekroz na pgdach lub
zamieraniem ich szczytéw (wsp. Nei 0.066). Analiza
PCA potwierdzita podobienistwo genetyczne szczepdw
zwiazanych z uszkodzeniem igiet przez owady oraz
szczepdw izolowanych z lokalnych nekroz na pedach
i zamarltych szczytéw pedéw. Wysoki stopien zrézni-
cowania genetycznego miedzy populacjami wykazata
analiza AMOVA. Stwierdzono duzy (14.9%), wysoce
statystycznie istotny (P=0.001) udzial miedzypopula-
cyjnej zmiennosci genetycznej.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2013-05-06T17:34:47+0100
	Polish Botanical Society




