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Sporulation and Identity of Tar Spot of Maple in Canada
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Abstract — Tar spot of maple has been increasing in incidence and severity in the Great Lakes region
of eastern North America since the 1990's. The purpose of this work was to examine tar spot on native
and imported maple species to determine the fungal species involved. By extracting and sequencing
DNA from tar spot samples obtained from Europe and across Canada, we have found that giant tar
spot on Norway maple (Acer platanoiflés caused byRhytisma acerinum, the same fungus found in
Europe, whereas native maple species in North America have the large tar spot calged by
americanum (e.g. on silver mapke, saccharinum) or the speckled tar spot causeR.byunctatum

(on big-leaf mapleA. macrophyllum). We also found that ascospore release from tar spots on Norway
maple in southern Ontario occurred over a three-week period, the start of which coincided with full
leaf expansion in Norway maple.

Rhytisma / fungi / Acer / acerinum / americanum / punctatum

Kivonat — A juharlevél szurokfoltossag spoéraszordsa és azonossaga Kanadabanjuharlevél
szurokfoltossaganak gyakorisaga és sulyossaga az 1990-es évek Ota ndvekszik a Nagytavak vidékén,
Eszak-Amerika keleti részén. Munkank célja volt megvizsgalni és meghatarozni a szurokfoltossagot
okoz6 gombafajt adshonos és behozott juhar fajokon. Eur6pabdl és Kanadabol szarmazd szurokfolt
mintakbdl kivont DNS szekvenciak alapjan megallapitottuk, hogy a korai juhar (Acer platanoides
nagy szurokfoltjait aRhytisma acerinum okozza, ugyanaz a gomba, mint Eur6paban, mig az észak
amerikai 6shonos juharok nagy szurokfoltjait R. americanum (példaul az eziist juhardn,
saccharinum), a pettyes szurokfoltokat pedR. gunctatunfa nagylevel juharon,A. macrophyllum)

okozza. Tovabba megéllapitottuk, hogy a korai juharon Dél-Ontaribban az aszkosporak szérdsa a
szurokfoltokbdl harom hétig tartott, kezdete a korai juhar teljes kilombosodaséaval esett egybe.

Rhytisma / gombak /Acer / acerinum / americanu / punctatum

1 INTRODUCTION

Tar spot of maple is caused by species of the ascomycete Béwtisma,and has a
worldwide distribution wherever maples are found (Table THt spot was particularly
abundant in 2006 across eastern North America with most leaves of Norway megle (
platanoide$ bearing multiple black spots. There has been relatively little research done on tar
spot in North America. The only scientific reports have come from Connecticut (Waterman
1941) and New York (Hudler et al. 1987 & 1998). The most recent research report is one
from New York (Hudler et al. 1998), which found that the funBlgtisma acerinuns the
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cause of tar spot on Norway maple, both of whias(land pathogen) are immigrant species,
while a native fungal specieR. americanumoccurs on the native red and silver maples
(A. rubrum and A. saccharinymThis is probably the reason that a Norway mampéy be
heavily infected with tar spot while an adjacend maaple A. rubrunm) or silver maple
(A. saccharinumm may have no spots. The purpose of this work wasexamine the
epidemiology of this disease, by gathering ovemved maple leaves from multiple locations in
southern Ontario weekly from March through Augueb& and inspecting the asci for the
presence of filiform ascospores, which initiateegtions. Another objective of this research was
to confirm the genetic identity of the organismsiag giant tar spot on Norway maple in Ontario,
as well as its relationship to tar spot on otheopgean maples and North American maples.

Table 1. Maple species, their native range, andapisbility to tar spot caused by
Rhytisma species.

Rhytismaspecies

Common name Acerspecies Native range R. R. R.
acerinum americanim punctatum

Norway maple A. platanoides  Europe +

Sycamore maplé\. pseudoplatanug&urope +

Field maple A. campestre Europe +

Red maple A. rubrum Eastern N. America ? +

Sugar maple  A. saccharum Great Lakes ? +

Silver maple  A. saccharinum Eastern N. America ? +

Mountain mapleA. spicatum Eastern N. America ? +

Big-leaf maple A. macrophyllum WesternN. Americ: +

Vine maple A. circinatum Western N. Americ +

2 METHODS

2.1 Sporulation

After snowmelt, overwintered leaves of Norway mapbaring tar spots caused Bhytisma
acerinumwere collected from a copse of maples at the Gué&lprfgrass Institute, Guelph,
Ontario every week from March through August in @08amples were also taken from other
locations in southern Ontario, such as the Nia@ardierin Park (Niagara Falls), the Royal
Botanical Gardens (Burlington) and the Queen’s RByak (Niagara-on-the-Lake) from May
to August, 2006. Diseased Norway maple leaves weaked in distilled water for 24 h to
allow the apothecia to open, and many spots wesiemed from each location, with several
cross-sections per spot. The percent asci that emgy was estimated. Maple phenology
and weather conditions were also recorded at esoplsg.

2.2 Genetic identity

Many attempts were made to isolate the fungus flaed and fresh maple tissues. as well as
from ascospores and conidia. Several putative teselavere subjected to DNA sequencing
(methods below), but none proved toRieytismaspecies. Because we were unable to obtain
pure cultures, we attempted to extract DNA direfrityn tar spot samples. We collected local
samples of infected mapleA( platanoidesand A. saccharinury and obtained infected
specimens oA. pseudoplatanu@ourtesy of Dr. Roland Weber, Biotechnology, Wmsity of
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Kaiserslautern, Kaiserslautern, Germany), a@dmacrophyllum(courtesy of Dr. Brenda
Callan, Canadian Forestry Service, Victoria, B@anada).We also obtained a specimen of
Amur maple A. ginnalg as well as a specimen of tulip tréeripdendron tulipferd with tar
spot, but we were unable to extr&ttytismarom these old samples.

We used the Qiagen DNAeasy kit (Qiagen Inc., Mgssiga, Ontario, Canada), to extract
DNA. This DNA was then amplified with conserved I'P8mers which target the internal
transcribed spacer region of ribosomal DNA spantieg3' end of the 18S gene to the 5 end
of the 28S gene. The primer pair, ITS1 (TCCGTAGGTREATGCGG) and ITS4
(TCCTCCGCTTATTGATATGC) were from White et al. (1991The 12 5 ul reaction
mixture for PCR amplification contained the followgi : 10 ng DNA, 1 DNA polymerase
buffer, 0 5 im of each primer, and 1 U Tsg DNA poérase (Biobasic, Scarborough, Ontario,
Canada). Amplifications were performed in a GeneARGR System 2400 (Perkin Elmer,
Norwalk, CT, USA), with an initial denaturation ptef 94 for 2 min, followed by 35 cycles
of 94 for 30 s, 55 for 1 min, and 72 for 2 mingdaa final extension at 72 for 7 min. These
PCR reactions were diluted 10-fold in water, andtder sequencing at the Laboratory
Services Division, University of Guelph with botbrfvard and reverse primers. At least two
tar spot sequences from each maple species watdarsznalyses.

In addition to sequences downloaded from GenBank Lfophodermium pinastri
(GenBank Accession AF462434), aRtlytisma salicinunfGenBank Accession AY465516),
the sequences obtained from ITS sequencing meqti@peve were subjected to phylogenetic
analysis by multiple alignment of the sequenceSLiUSTALX (Thompson et al. 1997), and
generation of a dendrogram depicting relationshgisveen the sequences.

3 RESULTS & DISCUSSION

In southern Ontario, the first symptoms of tar spotNorway maple appeared in late June as
small, round, light green, chlorotic spots, 2 mmoas. Spots enlarged to 15 mm by mid-
August, and developed small black tar-like raisedcsures on the adaxial surface with a
yellow margin. Conidia, which are considered noledtive and possibly spermatizing,
appeared as a shiny layer on the black stromdsatitte. By early September, the individual
spots merged into a circular black spot up to 2acnoess.

Overwintered Norway maple leaves collected in M&006, had stroma, paraphyses and
asci (56-80 um x 8.5-10.6 um), but no ascospores wisible. By the middle of April, the
asci were still undifferentiated, but were foundctmtain globular vacuoles or bodies. The
asci became swollen as spores developed, andrilifscospores were first observed in early
May, averaging 55 x 2.0 um. By late May, after sogkn water, slits in the hysterothecia
(modified apothecia) on the leaf surface opened,amtained a grayish milky substance. At
this time, Norway maples were abundantly produeing shedding pollen, and small samaras
were formed, with leaf sizes averaging 10 cm x b By the end of May, a few patrtially
filled or empty asci were observed (5.3%), with aapore release through the tips, and
paraphyses becoming curled beside asci after sedease. In early June, Norway maple
leaves reached their full size (20 cm x 24 cm), 30f%b of the asci had fully discharged their
spores. By the end of June, nearly all the asceveenpty. The practical implication is that
fungicide protection against tar spot, if necessaegds only to be applied during a very short
period, which begins near the end of full leaf exgdan in Norway maple.

Schweizer (1932) and Hudler et al. (1987) had exaréported that isolation &hytisma
from infected plant tissues was possible on commaatificial media without special
supplements. We were never able to isolate theusimg pure culture, and in subsequent
communications with Dr. George Hudler of Cornell idmsity (Ithaca, NY, USA), he
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indicated that he suspected what they isolated naay beerAureobasidiumHe said that
such cultures were commonly and easily obtainedsdnoping out the milky contents of
overwintered leaves where the apothecia had bekrcéd to open by wetting. We confirmed
his suspicions by sequencing of isolates whichedrout to be have the best match with
Aureobasidium pullulang/ith 99% identity for both the ITS and partial 18&uences.

Previous work by Hudler et al. (1998) to deline&bytismaspecies was based on
morphology and RFLP of ribosomal DNA, but there vassequence data. The only ITS
seguence available forRhytismaspecies at the start of this project was ondrfosalicinum
(GenBank Accession AY465516), although there wasl®8 and a 28S sequence Rr
acerinumin GenBank (AF356695 and AF356696, respectivalyXhis study, we were able
to obtain ITS sequence for fresh samples of majile tar spot. Based on the phylogenetic
analysis of ITS sequences from tar spot of Norwapls and silver maple from Ontario,
sycamore maple from Europe, and big-leaf maple fintish Columbia, we found that
Norway maple tar spot specimens had sequencestatfenical to those from sycamore maple,
and conclude that tar spot of Norway maple in Qmiarcaused byR. acerinumThe sequences
from silver maple were quite different and consideto beR. americanumThe big-leaf maple
tar spot yield a even more divergent sequenceRapdnctatunwvas not found on any Norway or
silver maples even for spots which had a similarcgate phenotype. BofR. americanunandR.
acerinumcan pass through an initially punctate (speckdgdspot) stage when spots are just
forming, where they might be easily confused Wtlpunctatum.

In summary, we have found that ascospore disp&@a overwintered Norway maple
leaves occurred during a 3-week period in June. prhetical implication of this result is that
fungicide protection against tar spot, if necessaegds only to be applied during a very short
period, and this period coincides with the endulf leaf expansion in Norway maple in this
region. We have also confirmed that the giantpgat sn Norway maple in Ontario is caused by
R. acerinumwhich is the same as the fungus found in Europereas native maple species in
North American have the large tar spot cause® bgmericanumAlthough we were unable to
grow the isolates in pure culture, we have obtalDBEN\ that is similar to other species in the
Rhystimataceae, and we plan to continue DNA sedpgrio further resolve the relationships
betweerRhytismaspecies and closely related genera sutlmplsodermium
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