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Three species of Seiridium have been associated with cypress canker. These includeSeiridium

cardinale. Seiridillm unicorne. and Seiridium cupressi and are distinguished based on conidial
appendage morphology. Some authorities believe thatS. cupressi is conspecific with S. unicorne

as these twO species possess appendaged conidia whileS. cardillale does not. Others arc of the
view that only one species of Seiridilll11 v,'i,th variable morphology is associated with cypress
canker. In this study the variable first internal transcribed spacer region of the ribosomal
RNA genes, from isolates ofSeiridium associated with cypress canker, was sequenced and com.
pared. Results suggest that species ofSeiridium associated with cypress canker are closely related.

Moreover sequence data support the view that S.c/lpressi and S. unicorne arc synonyms of
S. cardinale. c 1993AcademicP~us. Jru:.

I!'DEX DESCRJPTORS: Sciridium; cypress canker: ITSl: DNA sequence: PCR; phylogeny; ribo.
somal R~A genes.

Cypress canker as.sociated with species
of Seiridiu11l is a serious disease of Cupres-
saceae in various parts of the world (Gran-
iti, 1986). A remarkable aspect of this dis-
ease is that three different species ofSeiri-
dium are known as causal agents of cypress
canker. Seiridiul1I cardillale (Wagner) Sut-
ton & Gibson, 1972), Seiridiul1I ullicorne
(Cooke & Ellis) Sutton). andSeiridiul1I Cil-
pressi (Guba) Boesewinkel) (Graniti. 1986).

Species ofSeiridium associated \'.'ith cy-
press canker are separated based on the
presence or absence of apical and basal co-
nidial appendages. S.cardillo Ie is charac-
terized by having conidia with very short (\
~m) appendages (Graniti. 1986). In contrast
S. IIl1icorne and S. cupressi have conidia
with apical and basal appendages up 10 13
~m in lenglh. The latter species has been
separated based on the fact that append-
ages in S.ullicorne are frequently perpen-
dicular to the long axis of the conidium
whereas those of S.cardillale are rarely
perpendicular (Boesewinkel, 1983).

The taxonomy of Seiridium species asso-
ciated with cypress canker is controversial
and has been the subject of considerable
debate. Swart (\973) suggested that only
one species, of variable morphology. is as-
sociated with this disease. In contrast,
Boesewinkel (\983) described S.cupressi
and thus provided Justification for separat-
ing this species from Ihe similarly append-
aged S.unicorne. This was despite Sutton's
(\980) acceptance of only twO species, S.
cardillale and S. illlicorne. Graniti (\986)
reaffirmed that three distinct species of
Sciridium are associatedwith cypress can-
ker.

Chou (\ 989) reexamined the laxonomy of
Seiridium species associatedwith cypress
canker and concluded that Ihere was no jus-
tification for the separation of S. unicorne
and S. cupressi. He did. however. maintain
S. utliCOrtlf and S. carditlale as distinct spe-
cies.

In Our studies of cypress canker in South-
ern Africa, we have experienced consider-
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Isolate Species Origin

S. cardinale Ita!y
2 S. cardinale :--icw Zealand
3 S. cardinale South Africa
. S. cardir.ale South Africa
; S. cardinale South Africa
6 S. cl/pressi Greece
7 S. unicorne POI1ugal
8 S. unicorne Sew Zealand
9 S. unicorne South Africa

10 S. unicorne Lesotho
11 S. unicorne South Africa
t2 SeiriJill11l sp. South Africa
13 P. gllepinii CBS 361.61
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able difficulty in distinguishing between
species. For example. both appendaged
and nonappendaged species ofSeiridill'"
have been found associated' with cankers
on adjacent or even the same trec. These
have been identified as S.cardinale or S.
unicorne. To add to the confusion. we have
also found both conidial forms in single
acervuli on cankers and this has led us to
doubt the validity of distinguishing two spe-
cies associated with cypress canker based
on conidial morphology.

A comparison of the sequences from the
ribosomal RN A gene operon has proved
successful in determining phylogenetic re-
lationships of different organisms (Bowman
el al.. 1992; Kurtzman. 1992; Marchant.
1991). Specifically. the first internal tran-
scribed spacer (ITS I) region is known to be
highly variable among organisms from the
same species (Chambersel al.. 1986; Nazar
el aI., 1988; Yeh and Lee. 1990). This re-
gion is situated between the small subunit
ribosomal RNA gene and the 5.8S riboso-
mal RNA gene (Garber el al.. 1988). The
aim of this study was to compare the puta-
tive three species ofSeiridillm associated
with cypress canker based on comparisons
of sequence data for the ITS I region of the
ribosomal RNA genes.

MATERIALS AND METHODS

T\velve isolates of Seiridium associated
with cypress canker in various parts of the
world were included in this study (Table I).
These included authenticated species of S.
cordinalc. S. unicoffl£'. and S. clipressi
from Italy. Greece, and Portugal. respec-
tively, supplied by Dr. A. Graniti (Diparti-
mento di Patologia Vegetale, University of
Bari. Bari. Italy). Authenticated isolates of
S. ullicorne and S. cardinale from New
Zealand were supplied By Dr. C. K. S.
Chou (Forest Research Institute, Rotorua,
New Zealand) with the knowledge that he
docs not distinguish between S.unicorne
and S.cllpressi. Isolates from Southern Af-

TABLE 1
Isolal~s of Seiridilll1l and Peslulotiopsis. and

Their Sources

Sote. Isolates of Seiridi/l11l from ItaJy. Greece. and
Portugal were supplied by Dr. A. Graniti. [hose from
>.'ew Zealand by Dr. C. K. S. Chou. and all other cu1-
tures are from the culture collection of the junior au-
thor.

rica were from cankers on CllpreSSIlS spp.
in various parts of the country and were
identified based on the presence or absence
of conidial appendages. Of the latter set, a
single isolate was not provided a species
epithet because it originated from a spore
mass from a single acervulus containing
both appendaged and nonappendaged co-'
nidia. \Vhere conidia were present in the
latter isolate, they were morphologically
more typical of those of S.clipressi than S.
lillicorlle.

Seiridillll! species belong to the Coelo-
mycetes of the order Blastromatineae with
appendaged, septate conidia in which one
or a number of conidial cells are darkened
(Sutton. 1980). Other thanSeiridill"', this
group of fungi includes genera such as
PeStalo/iopsis (Steyaert) Sutton) and
Peslalolia (de Not.) Sutton). Pes/alo/iopsis
gllepillii (Steyaert) Sutton) (CBS 361.61)
obtained from the Centraalbureau voor
Schimmelcultures, Baarn, was included in
this study to serve as an outgroup in the
phylogenetic analysis.

Cultures were grown on cellophane discs
placed on malt-extract agar (20 g/liter malt-
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extract. 20 g/Iiter agar). Once the mycelia
had covered the discs, they were lifted from
the agar. freeze-dried, and stored at
-70cC. Nucleic acids were isolated using a
modified procedure of Chirgwin el al.
(1979). The freeze-dried mycelia were
transferred to 1.5-ml Eppendorf tubes. and
100 fl.1 of 4 M guanidinium thiocyanate
buffer (4 M guanidinium thiocyanate, 30
mM sodium lauryl sarcosinate, 24mM tri-
sodium citrate) was added. The lyophilized
mycelia were homogenized using an Ep-
pendorfpestle and guanidinium thiocyanate
buffer was added to a final volume of 1.5
mi. mixed, and placed on ice for 15 min.
The cellular debris was removed by centrif-
ugation for 10 min at 14000 rpm. DNA was
precipitated from the supernatant using 0,1
vol3 1'1'1sodium acetate and 0.6 vol isopro-
panol. This precipitate was collected by
centrifugation for 20 min at 14000 rpm.
washed with 70% ethanol. and resuspended
in sterile dH,O,

Phenol/chloroform extractions were per-
formed to remove the remaining contami-
nating protein and the nucleic acids \\'ere
again precipitated, from the aqueous phase.
washed, and resuspended. The integrity and
concentration of the isolated nucleic acids
were assessed by agarose electrophoresis.

The ITS I region was amplified using the
polymerase chain reaction (PCR) (Saiki,
1988). The primer pair PITS I and PITS2
was used in amplification reactions (White
el al.. 1990). The sequences of PITS I and
PITS2 are 5'-TCCGTAGGTGAACCT-
GCGG-3' and 5'-GCTGCGTTCTTCHC-
GA TGC-3'. respectively. Reactions were
carried out in a Hybaid Omnigene temper-
ature cycler (Hybaid, Middlesex, UK) for
35 c)'des using Promcga Taq polymerase,
the supplied lOx buffer, and a 25mM
MgCI, stock solution (Promega Corp.,
Madison. WI), A final concentration of 5.5
mM MgCI, was used in a 100-fl.l reaction.
An initial denaturation step of 5 min at 96'C
was performed and subsequent cycles
were, 1 Olin at 92cC, 10 s at 58cC. and 15 s

at 70°C. This was followed by a 5-min final
extension step at 70'C.

The amplified DNA fragments were visu-
alized on a 1.5%(w/v) agarose gel to assess
the amplification and then purified using
the Magic PCR Preps (Promega Corp.). The
fmol DNA Sequencing System (Pro mega
Corp.) was used to sequence the PCR prod-
ucts. The PITS2 primer product was used
for sequencing. Sequences were visually
aligned and phylogenetic comparisons
made using PAUP (phylogenetic analysis
using parsimony) (Swofford. 1985) and
DNA BOOT analysis (bootstrap confidence
intervals on DNA parsimony) (Felsenstein,
1988). With PAUP, the branch and bound
option was used to find the most parsimo-
nious tree,

,RESULTS

In all the amplification reactions. a single
DNA fragment was obtained as assessed by
gel electrophoresis. The PCR fragment ob-
tained for all isolates was similar in size.
approximately 200 bp.

The optimum template and primer con-
centrations used in sequencing reactions
were empirically determined. It was. ho\v-
ever, found that when using the fmol Se-
quencing System a final primer concentra.
tion of 0.2 OD/ml was used in PCR reac-
tions. Excess of primer resulted in an
increase of nonspecific termination.

For each of the 13 isolates sequenced in
this study, at least 183 bases were read (Fig.
I). The PAUP analysis produced one tree
after the extensive branch and bound op-
tion was used (Fig. 2). ThePesla!oliopsis
outgroup formed a branch related to but
apart from theSeiridium isolates. The un-
identified S. African isolate was the most
distantly related to other isolates ofSeirid-
film but still clusters strongly within this
group. S.cardinale from New Zealandwas
more closely related to S. llnfcorne, also
from New Zealand, than to other S.cardi-
nale isolates. Similarly, S.unicorne from S.
Africa clustered closer to a S. cardinale,
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FIG. I. One hundred eighty-three bases of aligned sequence of the ITS I region from 12Seiridillm
isolates and onePe.HafofSio(!sis isolate. ;-J indicates an unknown base: a dash indicates a deletion in
the sequence. A dot indicates a base homologous and identical to the corresponding base inS.
cQrdina!e (I) sequence.
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R guepinii (13)

S. c.lrdinah' (1)

S. c<lrdirwle (2)

S. unicorne (7)

S. cardinale (3)76

100
S. cardinale (4)

S. cardinale (5)

S. unicorne (II)
S. unicorne (10)

S. unicorne (8)

S. unicorne (9)

S. clJpressi (6)

Seiridium sp. (12)

FIG. 2. Dendrogram produced using PAUP shO\ving the phylogenetic relationship be{\1,.'centhe
strains of Seiridium associated with cypress canker. Where 2.ppropriate the bootstrap confidence
intervals are shown.

also from S. Africa, than other S. llniconze
isolates. S.cupressi formed a subcluster by
itself and was not more closely related to S.
cardinale than to S. wzicorne.

The bootstrap analysis produced the
same result with minor differences to the
PAUP analysis with regard to the other
Seiridillm isolates (Fig. 2). TheSeiridium
isolates grouped together with a confidence
interval of 769(; the unidentified Seiridillnl
isolate was the most distantly related to the
other Seiridillm isolates but still grouped to-
gether with a confidence interval of 100%.
However. the grouping of Seiridiurn spe-
cies was at a much lower percentage. be-
tween 12 and 97%. S.cardinale from South
Africa was most closely linked to a S.IIni-
corne, also from South Africa. with a con-
fidence interval of 97%. No S. cardinale
species were directly linked to S.cardillale
isolates: the same is true for S. llnicorne.

DISCUSSIO"

Results of this study have shown that
species ofSeiridiul1l associated with cy-
press canker form one closely related phy-
logenetic group. In(!eed. isolates that had

been assignedto S. ltnicorne \'v.erein some
casesmore similar to S. cardinale then S.
llnicorlle. S. cupressi was equally more
closely related to S.cardinale than S. uni-
corne. The low percentage confidence in-
tervals withinthe 5 eiridium group with the
bootstrap analysis reaffirm the ambiguity of
relationships between the three species of
Seiridilllll. Despite morphological differ-
ences between these species. there is no
justification for their separation based on
these data. Furthermore. we conclude that
a single species ofSeiridilfn!, of variable
morphology. is associated with cypress
canker.

The use of an outgroup in this studywas
important in order to give relevance to the
extent of relatedness of isolates used. The
outgroup therefore acts as a rule ormea-
sure to determine the scale of relatedness.
The distance betweenP. gllepinii, the out-
group, and the other isolates used iil this
study confirms the variable nature of the
ITS I region between species. Based on this
we would have expected to find a greater
hypothetical distance between the different
Seiridilll1l species than is observed.There-
fore. the high degree of homology found
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within this highly variable region, for the
isolates associated with cypress canker. in-
dicates that these isolates are more closely
related than would be expected at the spe-
cies level.

OUf results suggest that the presence or
absence of conidial appendages and mor-
phological differences in appendage form
are unreliable characteristics inSeiridilll1!.
They are therefore. not suitable character-
istics for species delimitation in isolates of
Seiridium associated with cypress canker.
Furthermore. their taxonomic value in
other species ofSeiridillJ)) and indeed Blas-
tomatineae (Sutton, 1980) deserves further
study. These structures are likely to playa
part in conidial dispersal and factors affect-
ing their presence or absence and morphol-
ogy should also be investigated.

Based on this study, there appears to be
little justification for separating isolates of
Seiridium associated with c:'press canker
into'different species. The results are,
therefore. consistent with our contention
that it would be most unusual to find differ-
ent species of fungi associated with the
same disease. on the same tree or even in
some cases associated with the same can.
ker. We therefore, support the view of
Chou (1989) that S,clipress; should be re-
duced to synonymy with S.lllIicorne. \Ve
also support the suggestion of Swart (1973)
that only one species, of variable morphol-
ogy. is associated with cypress canker. The
causal agent of cypress canker should
therefore be known as S.cardinale.
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