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ABSTRACT

Roux, J., Myburg, H., Wingficld, B. D., and Wingfield, M. J. 2003. Biological and phylogenctic
analyscs suggest that two Cryphonectria spp. cause cankers of Eucalyptus in Africa. Plant Dis.

87:1329-1332.

Cryphonectria cubensis is an cconomically important pathogen of commercial Eucalyptus spp.
Differences have been reported for discase symptoms associated with Cryphoncctria canker in
South Africa and other parts of the world, and recent DNA-based comparisons have confirmed
that the fungus in South Africa is different from that in South America and Australasia. During a
disease survey in the Republic of Congo, Cryphonectria canker was identified as an important
disease on Fucalyptus grandis and E. urophylla. In this study, we comparcd Congolese and
South African isolates of C. cubensis using DNA sequence data and pathogenicity under green-
house conditions. The B-tubulin and internal transcribed spacer (ITS) region sequences show
that C. cubensis in Congo is different from the fungus in South Africa and that Congolese iso-
lates group most closely with South American isolates. Furthcrmore, pathogenicity tests showed
that a South African isolatc was more aggressive than two Congolese isolates. We conclude that
two distinct Cryphonectria spp. occur in Africa and hypothesize that the fungus in the Congo
probably was introduced into Africa from South America. Both fungi are important pathogens
causing discase and death of economically important plantation trees. However, they apparently
have different origins and must be treated separately in terms of disease management and quar-

antine considcrations.

Cryphonectria cubensis (Bruner) C. S.
Hodges is an economically important can-
ker pathogen of plantation-grown Eucalyp-
tus spp. in many tropical and subtropical
countries  (2,7,11,18,26).  Cryphonectria
canker has been described from Eucalyptus
spp. in Australia, Brazil, Colombia, India,
South Africa, Surinam (5,7,11,18,26), and
a number of other countries. The disease
results in stem cankers that often lcad to
the death of affected trees and has necessi-
tated the development of extensive breed-
ing programs to reduce its impact (1,4).

Cryphonectria canker in South Africa
and the disease in South Amcrica, South-
east Asia, and Australasia display differcnt
symptoms. In South Africa, infection re-
sults in cankers at the base and root collars
of trees, resulting in the rapid wilt and
death of young trees (<18 months old).
Infection on older trees results in cracking
of the bark at the base of trees, resulting in
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the formation of swollen “skirts” of bark
(3,4,26). Furthermore, the South African
fungus causes cankers that are restricted
mostly to the cambium. In South America
and Southeast Asia, C. cubensis results in
diffuse cankers that occur on the stems and
around branch stubs (11). These cankers
girdle trees, resulting in stem breakage at
the points of infection. Cankers in South
Africa typically are covered by pycnidia of
C. cubensis, and the teleomorph has been
reported only once. In South America and
Southeast Asia, cankers are most com-
monly covered with perithecia of C.
cubensis (22,25).

Previously, it was shown that South Af-
rican isolates of C. cubensis are more
closely related to those in South America
than to Australasian isolates (15). How-
ever, recent DNA-based comparisons using
multiple genes have shown that the fungus
causing Cryphonectria canker in South
Africa also is different from that in South
America (14). Using 3-tubulin and histone
H3 gene sequences, Myburg ct al. (14)
showed that the South American and Aus-
tralasian fungi reside in related, well-de-
fined but separate clades. Furthermore, the
South African fungus resides in a distinct,
well-defined clade of its own (14). These
differences and the differing disease symp-
toms led Myburg et al. (13,14) to conclude
that more than one species of fungus is
responsible for Cryphonectria canker of
Eucalyptus spp. These and other authors
also have suggested that C. cubensis is

distantly related to other species ol Cry-
phonectria and might better be accommo-
dated in a new genus (13.14,23,27).

During the course of a survey of dis-
cases in Eucalyptus plantations in the Re-
public of Congo (Brazzaville) in 1998,
Cryphonectria canker was observed on E.
grandis and E. wophylla trees near Point
Noire in the west ol the country (17).
Symptoms of the discase were similar to
those found in South America, with the
formation of stem cankers and not basal
cankers, as in South Africa. The aim of this
study was to compare isolates of the fun-
gus from Congo with those from other
parts of the world. This was achieved using
sequence data from two regions of the f3-
tubulin gene and the internal transcribed
spacer (ITS) regions, including the 5.8S
gene, of the rRNA operon. Pathogenicity
of isolates from the Republic of Congo and
those from South Africa also were com-
pared in a greenhouse test.

MATERIALS AND METHODS

Fungal isolates. The isolates studied
(Table 1) represented C. cubensis from
various parts of the world and also the
related chestnut blight fungus (6), C. para-
sitica (Murrill) Barr. An isolate from the
Democratic Republic of the Congo (Zaire),
previously identified as C. havanensis
(CMW10453) and obtained from R. J.
Stipes (Virginia Polytechnic Institute and
State University, Blacksburg), also was
included. Diaporthe ambigua Nits., a can-
ker pathogen of pome and stone fruit trees
(19), was included as the outgroup taxon.

DNA isolation, polymerase chain reac-
tion amplification, and sequencing. lFun-
gal cultures were grown in 2% malt extract
broth (Biolab) and harvested after a week.
DNA isolations were done as described by
Myburg et al. (15). Polymerase chain reac-
tion (PCR) amplification and sequencing
of the ITS 1, ITS 2, and 5.8S region of the
ribosomal RNA operon, as well as two
regions within the (-tubulin gene, were
done using the following primer pairs: ITS
1 and ITS 4 (24), Btla and Btlb (9), and
Bt2a and B2b (9). Amplification condi-
tions were the same as those described in
Myburg et al. (14,15).

The PCR products were sequenced in
both dircctions using the same primers as
used lor PCR. Sequence reactions were run
on an ABI PRISM 377 automated DNA
sequencer using the ABI PRISM Dye Ter-
minator Cycle Sequencing Ready Reaction
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Kit with AmpliTaqg DNA Polymerase, ES

(Perkin-Elmer, Warrington, UK). DNA
sequences were aligned using CLUSTAL
X (21), and the alignments were adjusted
manually.

Both B-tubulin and ITS DNA scquences
were viewed using the software package
Sequence Navigator (version 1.0.1; Perkin-
Elmer Applied BioSystems, Inc., Foster
City, CA). This program also was used to
translate the B-tubulin sequences into puta-
tive amino acid sequences and to determine
the conserved exon and variable intron
sites for C. cubensis, C. parasitica, and D.
ambigua. B-Tubulin data were compared
with the amino acid sequence of Newro-
spora crassa Shear & B.0O. Dodge (Gen-
Bank accession no. M13630) (16).

Phylogenetic analyses were performed
using Phylogenetic Analysis Using Parsi-
mony (PAUP, version 4.0b; 20). A parti-
tion-homogeneity test (PHT) was per-
formed between ITS and B-tubulin gene
data sets. Parsimony analyses were done
via heuristic scarch options with the branch
swapping algorithm (trec-bisection-recon-
nection) and MULTREES (saving all op-
timal trees) options effective. Gaps were
treated as fifth characters (NEWSTATE). A
bootstrap analysis (1,000 replications) was

done to determine the confidence levels of

the branching points for the generated trees.
The sequences generated in this study were
deposited in GenBank (Table 1).
Pathogenicity tests. A known patho-
genic isolate of C. cubensis from South
Africa (CMW2113) (22) and two isolates
from the Republic of Congo (CMW 10671
and CMW10672) were selected to compare
their pathogenicity in greenhouse trials.
The two Congolese isolates were sclected
from isolates collected in 1998 as being the
most aggressive in a pilot trial using the
same technique as that described below.
Twenty trees of an [ grandis clone
(ZG14) known to be susceptible to Cry-
phoncctria canker in South Africa were
used for each treatment in cach of two
trials. These trees were approximately |
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Fig. 1. One of two trees (tree length = 627 steps, consistency index = 0.97, retention index = 0.96)
generated from heuristic searches performed on a combined sequence data set including the internal
transcribed spacer regions of the ribosomal DNA and B-tubulin sequences. Diaporthe ambigua was
used as the outgroup. Branch lengths (base substitutions) are indicated below the branches and boot-
strap values above.

Table 1. Hosts, geographic origin, and GenBank accession numbers of isolates used for phylogenetic and pathogenicity studies

Species Culture no.* Origin Host GenBank accession numbers
Cryphonectria cubensis CMW 62 South Africa Eucalyptus grandis AF 292041, AF273063, AF273458
C. cubensis CMW 1853 Brazil Syzygium aromaticum AF046891, AF273070, AF273465
C. cubensis CMW 2113 South Africa E. grandis AF046892, AF273067, AF273462
C. cubensis CMW 2632 Australia E. marginata AF046893, AF273078, AF375607
C. cubensis CMW 8756 Indonesia E. marginata AF046896, AF273077, AF375606
C. cubensis CMW 8757 Venezuela Eucalyptus sp. AF046897, AF273069, AF273464
C. cubensis® CMW 10667 Republic of Congo Eucalyptus sp. AY063477, AY063479, AY063481
C. cubensis® CMW 10668 Republic of Congo Eucalyptus sp. AF535121, AF535123, AF535125
C. cubensis® CMW 10669 Republic of Congo Eucalyptus sp. AF535122, AF535124, AF535126
C. cubensis® CMW 10671 Republic of Congo Eucalyptus sp. AY254219, AY254221, AY254223
C. cubensis® CMW 10672 Republic of Congo Eucalyptus sp. AY254220, AY25422, AY254224
C. cubensis (C. havanensis) CMW 10453 Democratic Republic of Congo  E. saligna AY063476, AY063478, AY063480
Cryphonectria parasitica CMW 7047 United States Quercus virginiana AF292042, AF273073, AF273469
C. parasitica CMW 7048 United States Q. virginiana AF292043, AF273076, AF273470
Diaporthe ambigua CMW 2498 Netherlands Malus sylvestris AF046906, AF273072, AF273471

* All isolates are housed in the culture collection of the Forestry and Agricultural Biotechnology Institute (FABI), University of Pretoria, South Africa.
b Accession numbers for internal transcribed spacer regions and B-tubulin sequences.
¢ Isolates sequenced in this study.
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cm in diameter at the time of inoculation.
Inoculation trials were conducted in a con-
tained greenhouse at approximately 25°C
with alternate day and night lighting.

A 6-mm-diameter wound, exposing the
cambium, was used in the first set of in-
oculations; in a repeat trial, wounds were 9
mm in diameter. An agar plug of equal
size, overgrown with the test fungus, was
inserted into the wound with the mycelium
facing the cambium. The wounds and in-
oculum were covered with Parafilm “M”
laboratory film (American National Can,
Chicago) to prevent desiccation. Results
were recorded 4 weeks after inoculation.
For the control inoculations, sterile agar
plugs were used. One-way analysis of vari-
ance (ANOVA) was performed on the two
separate data sets, and differences among
treatments were computed using the Gen-
eral Linear Model (GLM) in SAS (SAS
Institute, Cary, NC). Both Bonferroni and
Dunnett’s ¢ tests were conducted on the
two separate data sets to compare all four
treatments with each other in all possible
combinations.

RESULTS

DNA amplification and sequencing.
Amplification of the 1TS | and ITS 2 (in-
cluding the conserved 5.8S region) and the
two B-tubulin regions generated PCR
products of sizes 620 and 550 bp, respec-
tively. Positions of introns and exons of the
B-tubulin gene regions were compared
against those of N. crassa (GenBank ac-
cession no. M13630), and insertions or
deletions of coding regions were observed.

The PHT of 500 replicates generated a P
value of 0.68, indicating that the ITS and
B-tubulin data sets could be phyloge-
netically analyzed as a combined data set.
In all, 1,492 characters were included for
each taxon in the combined data set.
Within this data set, 995 characters were
constant, 182 wvariable characters were
parsimony-uninformative, and 315 variable
characters were parsimony-informative.
The heuristic search produced two parsi-
monious trees of similar topology. One of
the trees (tree length = 627 steps, consis-
tency index = 0.97, rescaled consistency
index = 0.94, and retention index = 0.96) is
shown (Fig. 1).

The phylogenetic tree separated C.
cubensis isolates from C. parasitica and

from D. ambigua, the root taxon. The C.
cubensis branch node was supported by a
bootstrap value of 100%. Within the C.
cubensis clade, three separate clades were
seen. These clades agree with those pub-
lished by Myburg et al. (13): isolates from
Australasia (bootstrap support = 88%),
those from Congo and South America
(bootstrap support = 91%), and isolates
from South Africa (bootstrap support =
99%). The C. cubensis isolates from the
Congo grouped with an isolate that had
been identified as C. havanensis (CMW
10453) from the Democratic Republic of
Congo.

Pathogenicity tests. The South African
C. cubensis isolate (CMW2113) produced
significantly (P < 0.0001) longer lesions in
inoculated trees than did the Congolese
isolates (CMW10671 and CMWI10672;
Table 2). Results of the Bonferroni and
Dunnett’s ¢ tests showed that there were
statistically significant (P = 0.05) differ-
ences between the South African isolate
(CMW2113) and the two Congolese iso-
lates. The Congolese isolates also differed
significantly from the control, but not from
each other (P = 0.05). Many of the trees
inoculated with the South African isolate
were producing epicormic shoots below
the point of inoculation when the experi-
ments were terminated after 4 weeks.
However, symptoms associated with the
Congo and South African isolates were
similar.

DISCUSSION

It has been shown recently that the fun-
gus known as C. cubensis in South Africa
is different from that causing cankers on
Eucalyptus spp. in Australasia and South
America (14). We assumed that the fungus
in other parts of Africa would be the same
as that in South Africa. However, results of
this study have shown that the fungus as-
sociated with Cryphonectria canker in
Congo is more similar to C. cubensis in
South America.

The first record of Cryphonectria spp.
from the African continent was in 1960,
from the Democratic Republic of Congo
(Zaire; 8). This isolate had been designated
as C. havanensis but later was shown to be
C. cubensis by Micales et al. (12). It was
not until 20 years later that C. cubensis
was reported formally from Africa, when

Table 2. Lesion lengths (mm) in Eucalyptus grandis inoculated in two trials with Cryphonectria
cubensis isolates from South Africa and the Republic of Congo

First inoculation?

Second inoculation®

Isolates Means Confidence limits Means Confidence limits
CMW?2113 (South Africa)  156.75 144.71 - 168.79 160.79 152.88 — 168.52
CMW10671 (Congo) 58.50 46.46 —70.54 42.25 34.43 - 50.07
CMW10672 (Congo) 61.90 49.86 —73.94 39.5 31.68 —47.32
Control 6.0 -6.04 — 18.04 13.4 5.58 -21.22

a Coefficient of variance (CV) =36.41, R? = 0.82, P < 0.0001, confidence limit at 95%, and standard

error£5.8.

bCV =27.94, R?=0.91, P <0.0001, confidence limit at 95%, and standard error +3.9.

Gibson (8) reported the fungus in young F.
wrophylla stands in Camcroon. The isolate
from Congo collected in 1960 was depos-
ited in the Centraalbureau voor Schimmel-
cultures, and this isolatc has DNA sc-
quences identical to those of isolates [rom
the Republic of Congo, which neighbors
the Democratic Republic of Congo. The
similarity of the DNA sequences of isolates
from Central Africa to those from South
America suggests that the fungus in Cen-
tral Africa was introduced from South
America. However, more isolates and
population studies would be necessary to
test this hypothesis.

Greenhouse inoculation trials showed
that the C. cubensis isolate from South
Africa was more aggressive than the two
selected isolates of the fungus from the
Congo. All three isolates had been selected
to represent the most aggressive isolates
available from the two countries. These
results have important implications for the
Eucalyptus spp. improvement programs,
not only in the Congo, but also in South
America and Australasia. Clearly. the fun-
gus in South Africa presents a threat to
countries where it currently does not occur.
The fact that a fungus of the same name
occurs in many of these countries is likely
to detract from the importance of this mat-
ter. Furthermore, South American and
Central African C. cubensis causes a dis-
case different to that currently known in
South Africa, and every effort also should
be made to exclude this fungus from South
Africa.

The taxonomy of C. cubensis is cur-
rently undergoing revision. It has previ-
ously been suggested that this important
pathogen is native to Asia, where it occurs
on clove (Syzigium aromaticum, Myrta-
ceae; 10). Recently, C. cubensis was re-
ported from native Tibouchina spp. (Me-
lastomataceae) in Colombia (25) and
exotic Tibouchina spp. in South Africa
(13). This has led to a suggestion that the
fungus might be native to South America,
where it spread from native Me-
lastomataceae genera to Eucalyptus spp.
(14). DNA sequence data have shown that
C. cubensis tfrom South Africa is distinct
from the fungus of the same name, occur-
ring elsewhere in the world. Thus, it will
be important to determine the origin of the
fungus in South Africa, and research is
currently underway to resolve this ques-
tion.
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