
Cryphonectriaceae associated with rust-infected 
Syzygium jambos in Hawaii

Jolanda Roux1, Gilbert Kamgan Nkuekam1, Seonju Marincowitz2,  
Nicolaas A. van der Merwe2, Janice Uchida3,  

Michael J. Wingfield2, ShuaiFei Chen2,4

1 Department of Plant and Soil Sciences, Forestry and Agricultural Biotechnology Institute (FABI), University 
of Pretoria, Pretoria 0028, South Africa 2 Department of Biochemistry, Genetics and Microbiology, FABI, 
University of Pretoria, Pretoria 0028, South Africa 3 Department of Plant and Environmental Protection 
Sciences, Tropical Plant Pathology Program, College of Tropical Agriculture and Human Resources, University 
of Hawaii at Manoa, Honolulu, Hawaii 96822, USA 4 China Eucalypt Research Centre (CERC), Chinese 
Academy of Forestry (CAF), ZhanJiang, 524022, GuangDong Province, China

Corresponding author: ShuaiFei Chen (shuaifei.chen@gmail.com)

Academic editor: D. Haelewaters  |  Received 6 September 2020  |  Accepted 8 December 2020  |  Published 31 December 2020

Citation: Roux J, Kamgan Nkuekam G, Marincowitz S, van der Merwe NA, Uchida J, Wingfield MJ, Chen SF 
(2020) Cryphonectriaceae associated with rust-infected Syzygium jambos in Hawaii. MycoKeys 76: 49–79. https://doi.
org/10.3897/mycokeys.76.58406

Abstract
Syzygium jambos (Myrtales, Myrtaceae) trees in Hawaii are severely affected by a rust disease caused by 
Austropuccinia psidii (Pucciniales, Sphaerophragmiaceae), but they are commonly co-infected with species 
of Cryphonectriaceae (Diaporthales). In this study, S. jambos and other trees in the Myrtales were exam-
ined on three Hawaiian Islands for the presence of Cryphonectriaceae. Bark samples with fruiting bodies 
were collected from infected trees and fungi were isolated directly from these structures. Pure cultures 
were produced and the fungi were identified using DNA sequence data for the internal transcribed spacer 
(ITS) region, part of the β-tubulin (BT1) gene and the transcription elongation factor-1α (TEF1) gene. 
Five species in three genera of Cryphonectriaceae were identified from Myrtaceae tree samples. These 
included Chrysoporthe deuterocubensis, Microthia havanensis and three previously-unknown taxa described 
here as Celoporthe hauoliensis sp. nov., Cel. hawaiiensis sp. nov. and Cel. paradisiaca sp. nov. Representative 
isolates of Cel. hauoliensis, Cel. hawaiiensis, Cel. paradisiaca, Chr. deuterocubensis and Mic. havanensis were 
used in artificial inoculation studies to consider their pathogenicity on S. jambos. Celoporthe hawaiiensis, 
Cel. paradisiaca and Chr. deuterocubensis produced lesions on young S. jambos trees in inoculation trials, 
suggesting that, together with A. psidii, they may contribute to the death of trees. Microsatellite markers 
were subsequently used to consider the diversity of Chr. deuterocubensis on the Islands and thus to gain 
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insights into its possible origin in Hawaii. Isolates of this important Myrtaceae and particularly Eucalyptus 
pathogen were found to be clonal. This provides evidence that Chr. deuterocubensis was introduced to the 
Hawaiian Islands as a single introduction, from a currently unknown source.

Keywords
Austropuccinia psidii, fungi, genetic diversity, Myrtales, pathogen introductions

Introduction

Fungi in the Cryphonectriaceae (Diaporthales) include at least twenty-three genera of 
bark-, wood- and leaf-infecting fungi (Gryzenhout et al. 2009, 2010; Begoude et al. 
2010; Vermeulen et al. 2011, 2013; Crous et al. 2012; Chen et al. 2013a, b, 2016, 
2018; Crane and Burgess 2013; Beier et al. 2015; Ali et al. 2018; Ferreira et al. 2019; Ji-
ang et al. 2020; Wang et al. 2020). They occur on trees and shrubs in various parts of the 
world and include saprophytes, facultative parasites and important pathogens of woody 
plants (Gryzenhout et al. 2009). Pathogens in the family reside mainly in the gen-
era Cryphonectria and Chrysoporthe and include important agents of tree disease, both 
in natural forest ecosystems, as well as in intensively-managed plantations (Wingfield 
2003; Gryzenhout et al. 2009; Wang et al. 2020). These fungi generally have yellow to 
orange or brown stromata and these structures turn purple in 3% potassium hydroxide 
(KOH) or yellow in lactic acid (Gryzenhout et al. 2006c, 2009; Jiang et al. 2020).

The Cryphonectriaceae infect trees and shrubs residing in more than 100 species in 
at least 26 families and 16 orders of plants worldwide (Gryzenhout et al. 2009; Jiang 
et al. 2020; Wang et al. 2020). The chestnut blight pathogen, Cryphonectria parasitica 
(Murrill) M.E. Barr is the best-known tree-killing pathogen in the family. It is native 
to Asia and outbreaks of the disease in North America and Europe have caused the 
virtual extinction of endemic populations of chestnut trees on these two continents 
(Anagnostakis 1987; Heiniger and Rigling 1994; Gryzenhout et al. 2009). Other im-
portant pathogens in the Cryphonectriaceae include: Chrysoporthe cubensis (Bruner) 
Gryzenh. & M.J. Wingf., which is native to South and Central America and causes 
a canker disease of Eucalyptus species in West Africa and South America (Alfenas et 
al. 1983; Gryzenhout et al. 2004, 2009; Roux and Apetorgbor 2010); Chrysoporthe 
deuterocubensis Gryzenh. & M.J. Wingf., native to Southeast Asia and causal agent of 
a canker disease of Eucalyptus species in Africa, Australia, China and Hawaii (Davison 
and Coates 1991; Roux et al. 2005; Nakabonge et al. 2006; Zhou et al. 2008; Chen 
et al. 2010; Van der Merwe et al. 2010; Wang et al. 2020); and Chrysoporthe aus-
troafricana Gryzenh. & M.J. Wingf., endemic to Africa and causal agent of a canker 
disease of Eucalyptus, Syzygium and Tibouchina species in southern and eastern Africa 
(Wingfield et al. 1989; Myburg et al. 2002a; Gryzenhout et al. 2004; Roux et al. 2005; 
Nakabonge et al. 2006).

Hawaii, in the central Pacific Ocean, is comprised entirely of islands and is the 
northernmost island group in Polynesia (Little and Skolmen 1989). The vegetation 
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is multivariate including many forest types that cover more than 41% of the State’s 
total land area (Anonymous 2003). Hawaii’s forests broadly comprise native forest and 
plantations of non-native trees, interspersed with stands of non-native, invasive tree 
species. Native forests are dominated by Metrosideros polymorpha Gaudich. (Myrtaceae, 
Myrtales) and Acacia koa A. Gray (Fabaceae, Fabales) trees, whereas plantations of non-
native trees include various conifers and many tree species (mostly Eucalyptus) that reside 
in the Myrtaceae (Anonymous 2003). Eight species of indigenous Myrtaceae and more 
than 200 non-native Myrtaceae have been recorded from the Islands (Loope 2010).

In April 2005, a rust disease caused by Austropuccinia psidii G. Winter (syn. Puccinia 
psidii, Sphaerophragmiaceae, Pucciniales), was detected on the Island of O’ahu (Uchida 
et al. 2006; Loope 2010). The pathogen spread rapidly and, consistent with its broad 
host range in the Myrtaceae (Coutinho et al. 1998; Glen et al. 2007; Carnegie et al. 
2016), has been reported to cause disease on at least five native and fifteen non-native 
Hawaiian species. Of these, the non-native and invasive Syzygium jambos (rose apple) has 
been especially severely affected by the disease (Loope 2010). Instances of crown death 
of S. jambos are common and, in some cases, large areas of trees have died (Loope 2010).

During a casual inspection of rust-infected S. jambos in Hawaii by M.J. Wingfield 
during August 2011 (unpublished data), fruiting bodies of fungi resembling species in 
the Cryphonectriaceae were observed on the stems and branches of dying trees. This 
raised interest as very little was known regarding the diversity and distribution of the 
Cryphonectriaceae infecting Myrtaceae on the Hawaiian Islands. Two species are known 
to occur and these include, Chr. deuterocubensis, collected from cankers on Eucalyptus 
species on the Islands of Kauai and Hawaii (Gryzenhout et al. 2006a, 2009; Van der 
Merwe et al. 2010) and Microthia havanensis (Bruner) Gryzenh. & M.J. Wingf., first 
found on Eucalyptus species grown on the same Islands (Gryzenhout et al. 2006a).

The dramatic death of S. jambos in Hawaii could be caused solely by A. psidii, but 
the extent of the rapid die-back of branches and stems raised the question as to whether 
other pathogens, such as the Cryphonectriaceae, might be involved. The aim of this 
study was, thus, to identify species of Cryphonectriaceae on rust-infected S. jambos, as 
well as on some other species of Myrtaceae. Furthermore, pathogenicity tests were used 
to consider the possibility that species in the Cryphonectriaceae might contribute to 
the death of trees that had become infected and were consequently stressed by A. psidii. 
The genetic diversity of a collection of the most commonly isolated Cryphonectriaceae 
species was also characterised to gain insight into its possible origin in Hawaii.

Materials and methods

Collection of samples and fungal isolation

Surveys for Cryphonectriaceae were conducted in Hawaii during July 2012. Samples 
were collected mainly from non-native S. jambos trees infected by A. psidii, but also 
from various native and non-native Myrtaceae, on the Islands of Maui, O’ahu and 
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Hawaii. Samples were collected using an unstructured approach where the areas sam-
pled were determined by the time available for collections to be made on the three 
selected Islands. On each of the Islands, two to three sites, where rust-infected trees had 
previously been found, were selected and surveyed during the course of a single day. 
As much as possible of each Island was also covered by driving along main roads and 
sampling at regular intervals where S. jambos plants were observed.

The presence on samples of fruiting structures (ascostromata, conidiomata), typical 
of the Cryphonectriaceae, was ascertained using a 10× magnification hand lens. Pieces 
of bark bearing these fruiting structures were excised from infected stems and branches 
and placed in separate brown paper bags for each tree sampled. Samples from each 
Island were labelled and placed in plastic bags to prevent desiccation and to promote 
sporulation of the fungi. Isolations and purification of the Cryphonectriaceae from the 
wood samples followed the technique described by Chen et al. (2011). All isolates used 
in this study were deposited in the culture collection (CMW) of the Forestry and Agri-
cultural Biotechnology Institute (FABI, www.fabinet.up.ac.za), University of Pretoria, 
Pretoria, South Africa. Representative isolates, including ex-type cultures, were depos-
ited in the culture collection (CBS) of the Westerdijk Fungal Biodiversity Institute, 
Utrecht, The Netherlands. Dried specimens of cultures were deposited in the National 
Collection of Fungi (PREM), Roodeplaat, Pretoria, South Africa.

DNA extraction, PCR amplification and sequencing

DNA was extracted from all isolates using PrepMan Ultra Sample Preparation Reagent 
kits (Applied Biosystems, California, USA) following the manufacturer’s instructions. 
An Eppendorf Mastercycler (Merck, Germany) was used for PCR amplification of 
the nuclear rDNA region encompassing the internal transcribed spacer regions (ITS1, 
ITS2) and 5.8S gene of the ribosomal RNA (ITS) operon, part of the β-tubulin gene 
(BT1) and the transcription elongation factor-1α gene (TEF1). The ITS was amplified 
using primers ITS1 and ITS4 (White et al. 1990), the BT1 using primers βt1a and 
βt1b (Glass and Donaldson 1995) and TEF1 using primers EF728F and EF986R 
(Carbone and Kohn 1999). The PCR reaction mixtures and thermal cycling condi-
tions were the same as described previously for the ITS, BT1 (Chen et al. 2011, 2013a) 
and TEF1 gene regions (Vermeulen et al. 2013).

A 5 µl aliquot of the PCR products was pre-stained with GelRedTM Nucleic Acid 
Gel stain (Biotium, Hayward, USA), separated on 1% agarose gels and visualised un-
der UV light. PCR products were purified using Sephadex G-50 Gel (Sigma-Aldrich), 
following the manufacturer’s instructions. The concentrations of the purified PCR 
products were determined using a Nanodrop ND-1000 Spectrophotometer (Nan-
odrop Technologies, Rockland, USA). Sequencing reactions were performed using the 
Big Dye cycle sequencing kit with Amplitaq DNA polymerase FS (Perkin-Elmer, War-
rington, UK), following the manufacturer’s protocols, on an ABI PRISM 3100 Genet-
ic Analyzer (Applied Biosystems). Protocols for sequencing PCR amplicons were the 
same as those described by Chen et al. (2011) and both DNA strands were sequenced 
for each gene region. Sequences of both DNA strands for each isolate were examined 
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visually and combined using the programme Sequence Navigator v. 1.01 (ABI PRISM, 
Perkin Elmer). The ITS and BT1 gene regions were sequenced for all isolates used in 
this study. The TEF1 gene region was sequenced for selected isolates in genera for 
which this region was required for species-level identification.

Phylogenetic analyses

A preliminary identification of the isolates was obtained by performing a similarity 
search (standard nucleotide BLAST) against the GenBank database (http://www.ncbi.
nlm.nih.gov) using the ITS and BT1 sequences. The BLAST results showed that the 
isolates obtained in the current study grouped in the genera Celoporthe, Chrysoporthe 
and Microthia.

For analyses of the ITS and BT1 sequences of isolates from Hawaii, the datasets of 
Wang et al. (2020) were used as templates. Sequences of the ITS and BT1 gene regions 
were analysed separately and in combination. A partition homogeneity test (PHT), as 
implemented in PAUP (Phylogenetic Analysis Using Parsimony) v. 4.0b10 (Swofford 
2003), was used to determine whether there was conflict between the datasets, prior to 
performing combined analyses in PAUP (Farris et al. 1995; Huelsenbeck et al. 1996). 
Two isolates of Diaporthe ambigua (CMW5288 and CMW5587), residing in the Dia-
porthaceae (Diaporthales), were used as outgroups.

For isolates that grouped in Celoporthe, based on ITS and BT1 gene sequences, 
TEF1 sequences were required to obtain accurate species-level identifications (Chen et 
al. 2011; Vermeulen et al. 2013). The ITS, BT1 and TEF1 gene regions were analysed 
separately and in combination. This made it possible to determine the phylogenetic re-
lationships amongst the isolates from Hawaii and all 10 previously described Celoporthe 
species (Nakabonge et al. 2006; Chen et al. 2011; Vermeulen et al. 2013; Ali et al. 
2018; Wang et al. 2018). A PHT was used to determine if conflict existed amongst the 
ITS, BT1 and TEF1 datasets (Farris et al. 1995; Huelsenbeck et al. 1996). Two isolates 
of Holocryphia capensis (CMW37329 and CMW37887) were used as outgroups.

The sequences for each of the single gene datasets, as well as for a combined data-
set consisting of two or three gene regions, were aligned using MAFFT online v. 7 
(http://mafft.cbrc.jp/alignment/server/) (Katoh and Standley 2013) and applying the 
iterative refinement method (FFT-NS-i setting). The alignments were edited manually 
with MEGA4 (Tamura et al. 2007). For each dataset, Maximum Parsimony (MP) and 
Maximum Likelihood (ML) analyses were performed.

PAUP v. 4.0 b10 (Swofford 2003) was used for MP analyses, with gaps treated as 
the fifth character. Uninformative characters were excluded and informative characters 
were unordered and of equal weight with 1000 random addition replicates. The most 
parsimonious trees were obtained using the heuristic search function with stepwise 
addition, tree bisection and reconstruction branch swapping. Maxtrees were set to 
5000 and zero-length branches were collapsed. A bootstrap analysis (50% majority 
rule, 1000 replicates) was undertaken to determine statistical support for the internal 
nodes in the trees. Tree length (TL), consistency index (CI), retention index (RI) and 
homoplasy index (HI) were used to assess the trees (Hillis and Huelsenbeck 1992).

http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://mafft.cbrc.jp/alignment/server/
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PhyML v. 3.1 was used for the ML analyses for each dataset (Guindon and Gascuel 
2003). The best nucleotide substitution model for each dataset was determined using the 
software package jModeltest v. 1.2.5 (Posada 2008). In PhyML, the maximum number 
of retained trees was set to 1000 and nodal support was determined by non-parametric 
bootstrapping with 1000 replicates. The phylogenetic trees for both MP and ML analy-
ses were viewed in MEGA4 and edited in Microsoft Office PowerPoint version 2013.

Morphology

Isolates of the Cryphonectriaceae were grown at 25 °C on 2% malt extract agar (MEA: 
20 g/l malt extract and 15 g/l agar, Biolab, Midrand, South Africa and 1000 ml sterile 
deionised water) containing 0.05 g/l of the antibiotic streptomycin sulphate (Sigma-
Aldrich, Steinheim, Germany). Where no sporulation was obtained on agar media, six 
isolates, representing the putative new species, were inoculated on water agar medium 
on to which ~ 5 cm long sterilised Eucalyptus stem sections had been placed. These were 
kept at room temperature (~ 25 °C) in the dark until fruiting structures were observed. 
For each new taxon, micro-morphological structures were studied using Nikon micro-
scopes (Eclipse Ni, SMZ18, Tokyo, Japan) and a mounted Nikon DS-Ri2 camera. The 
structures were initially mounted in water, later being replaced with 85% lactic acid 
on glass microscope slides. In order to study the morphology of fruiting structures and 
stromatic tissues, pieces of bark, bearing fungal fruiting structures, were mounted on 
discs in Leica Tissue Freezing Medium and dissected to 12–16 µm thickness using a 
Leica CM1520 cryostat (Wetzler, Germany). The cut sections were mounted in 85% 
lactic acid for observation. Whenever available, up to 50 measurements of characteris-
tic features were made for isolates chosen to represent the types of putative new species. 
Measurements were recorded as minimum-maximum, except for spore dimensions for 
which supplementary information (mean ± standard deviation) was added.

Growth in culture was examined for two isolates of each putative new species iden-
tified. The protocols used to assess growth in culture were the same as those described 
by Chen et al. (2011). The growth rate at optimum temperature was repeated twice for 
ex-holotype isolates and the average was presented.

Pathogenicity tests

Syzygium jambos seeds were collected from a garden in Pretoria, South Africa and ger-
minated to produce seedlings for artificial inoculation studies under quarantine green-
house conditions. These seedlings were grown for one year, until their stem diameters 
had reached at least 0.5 cm. Ten seedlings (~ 0.5–1 cm diam. × 30 cm high), were 
inoculated with each test strain and ten seedlings of the same size were inoculated with 
a sterile agar disc to serve as controls. Inoculations were made using the same technique 
as that described by Chen et al. (2011). Four weeks (28 days) after inoculation, the 
lengths of the lesions in the cambium on each plant were measured. The JMP version 
5.0 of SAS software (SAS Institute Inc. 2002) was used for statistical analysis of the 
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lesion length data. One way ANOVA was used to test statistical differences between 
the means of the lesion lengths. Re-isolations were made from the lesions to confirm 
that they had resulted from the effects of the inoculated fungi.

Genetic diversity of Chr. deuterocubensis isolates

The genetic diversity of the most commonly encountered and globally important spe-
cies in the Cryphonectriaceae from Myrtales on the Hawaiian Islands was analysed 
using microsatellite markers. DNA was extracted from all isolates of freshly-prepared 
cultures using PrepMan Ultra Sample Preparation Reagent (Applied Biosystems, Cali-
fornia, USA), following the manufacturer’s instructions. A set of ten microsatellite 
markers (Suppl. material 1: Table S1), that had been developed and used in previous 
studies (Van der Merwe et al. 2003, 2010), was tested on ten randomly-selected iso-
lates. The PCR reaction mixes and thermal cycling were the same as those described by 
Van der Merwe et al. (2003, 2010). PCR aliquots of 5 µl were pre-stained with GelRed 
Nucleic Acid Gel stain (Biotium, Hayward, USA) and amplicons were separated on 
1% (w/v) agarose gels and visualised under UV light to confirm successful amplifica-
tion. Primer pairs that did not amplify the target loci successfully after several repeti-
tions were discarded. Those that were successful were used to amplify target loci from 
all the isolates of the available population.

PCR products for each isolate were multiplexed for GeneScan analysis. The com-
position of each sample mix was the same as that described by Kamgan Nkuekam et 
al. (2009). Sample mixes were separated on a 36-cm capillary column with POPTM4 
polymer on an ABI Prism 3500 sequencer (Perkin-Elmer, Warrington, UK). Allele 
sizes were determined by comparing the mobility of the PCR products with that of a 
LIZ 500 size standard (Applied Biosystems, Foster City, California). Microsatellite size 
data were analysed using the software GeneMapper version 3.0 (Applied Biosystems, 
Foster City, California).

The allele size for each of the seven loci was scored for each isolate from the collec-
tion. These data were used to generate a multilocus haplotype profile for each isolate. 
Isolates that had identical alleles for each of the seven loci were treated as clones. The 
frequency of each allele within the collection was calculated by taking the number of 
times the allele was present in the population and dividing it by the population sample 
size. This was then used to calculate gene diversity using the formula 21 k

k
H x= − ∑  (Nei 

1973), where xk is the frequency of the kth allele.

Results

Collection of samples and fungal isolation

A total of 139 Cryphonectriaceae isolates were obtained from 106 trees sampled on 
three Hawaiian Islands (Table 1). Trees, from which the fungi were obtained, included 
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a single specimen of the native species, Ohia (Metrosideros polymorpha) and multiple 
specimens of four non-native Myrtaceae hosts, including an unknown Metrosideros sp., 
Psidium cattleianum, S. cumini and S. jambos. The majority of trees sampled were those 
of S. jambos (66 trees), since this was the main tree of focus in the study and it also dis-
played the most evident examples of rust infection and death at the time of the survey. 
Samples were obtained from dead sapling trees (~ 0.5 cm or more diameter) or from old-
er dying/dead trees and cankers on living trees. In the case of M. polymorpha, a species of 
Cryphonectriaceae was obtained from the surface of a single cut stump. On older trees, 
signs and symptoms of the Cryphonectriaceae could be found on dead branches and 
stem cankers, including on trees with no obvious infection by the myrtle rust pathogen.

Phylogenetic analyses

For the isolates selected for sequencing, the PCR fragments were approximately 550, 
450 and 260 bp for the ITS, BT1 and TEF1 regions, respectively. All sequences ob-
tained in this study were deposited in GenBank (Table 2). The alignments of each of 
the datasets were deposited in TreeBASE (http://treebase.org, study ID: S19035). The 
number of taxa and characters in each of the datasets and a summary of the most im-
portant parameters applied in the Maximum Parsimony (MP) and Maximum Likeli-
hood (ML) analyses are presented in Suppl. material 2: Table S2.

For the ITS and BT1 datasets, the PHT generated a value of P = 0.001, indicating 
that the accuracy of the combined data had not suffered relative to the individual parti-
tions (Cunningham 1997). Sequences of the two regions were combined for analyses. 
For each of the ITS, BT1 and ITS+BT1 datasets, the ML and MP analyses generated 

Table 1. List of Cryphonectriaceae isolates collected during surveys in Hawaii and sequenced in the study.

Species Island Hosts Number of Trees Number of Strains
Chrysoporthe deuterocubensis O’ahu Syzygium jambos 18 19
˝ ˝ Syzygium cumini 3 3
˝ ˝ Syzygium sp. 11 11
˝ ˝ Psidium cattleianum 9 12
˝ Hawaii S. jambos 28 38
˝ ˝ Syzygium sp. 1 1
˝ ˝ Metrosideros polymorpha 1 1
˝ Maui S. jambos 7 8
Microthia havanensis O’ahu P. cattleianum 5 7
˝ ˝ S. cumini 1 1
˝ Hawaii P. cattleianum 1 1
˝ ˝ S. jambos 1 1
Celoporthe hauoliensis Maui S. jambos 4 8
˝ Hawaii S. jambos 2 4
˝ ˝ P. cattleianum 1 2
Cel. hawaiiensis O’ahu P. cattleianum 4 6
˝ ˝ S. jambos 3 4
˝ ˝ Syzygium sp. 1 1
Cel. paradisiaca O’ahu P. cattleianum 1 4
˝ ˝ S. jambos 2 3
˝ ˝ Syzygium sp. 1 3
˝ Hawaii S. jambos 1 1

http://treebase.org


Cryphonectriaceae in Hawaii 57

Ta
bl

e 
2.

 L
ist

 o
f i

so
la

te
s a

nd
 th

ei
r G

en
Ba

nk
 a

cc
es

sio
n 

nu
m

be
rs

 u
se

d 
fo

r D
N

A 
se

qu
en

ce
 c

om
pa

ris
on

s.

Id
en

tit
y

Is
ol

at
e 

N
o.

1,
2

H
os

t
Lo

ca
tio

n
C

ol
le

ct
or

G
en

B
an

k 
ac

ce
ss

io
n 

no
.

R
ef

er
en

ce
IT

S
BT

1
TE

F1
Am

ph
ilo

gi
a 

gy
ro

sa
C

M
W

10
46

9T
El

ae
oc

ar
pu

s d
en

ta
tu

s
N

ew
 Z

ea
lan

d
G

.J.
 S

am
ue

ls
AF

45
21

11
AF

52
57

07
N

/A
3

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

5a
, 2

00
6c

)
C

M
W

10
47

0
El

a.
 d

en
ta

tu
s

N
ew

 Z
ea

lan
d

G
.J.

 S
am

ue
ls

AF
45

21
12

AF
52

57
08

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

5a
, 2

00
6c

)
Au

ra
nt

io
po

rth
e c

or
ni

C
M

W
10

52
6

C
or

nu
s a

lte
rn

ifo
lia

U
SA

S.
 R

ed
lin

D
Q

12
07

62
D

Q
12

07
69

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6c
)

M
ES

10
01

N
/A

U
SA

W
. C

ul
lin

a
K

F4
95

03
9

K
F4

95
06

9
N

/A
Be

ier
 et

 al
. (

20
15

)
C

TS
10

01
N

/A
U

SA
K

. K
itk

a
K

F4
95

03
3

K
F4

95
06

3
N

/A
Be

ier
 et

 al
. (

20
15

)
Au

ra
nt

io
sa

cc
ul

us
 a

cu
ta

tu
s

C
BS

13
21

81
T

Eu
ca

lyp
tu

s v
im

in
al

is
Au

str
ali

a
B.

A.
 S

um
m

er
ell

 &
 P.

 S
um

m
er

ell
JQ

68
55

14
N

/A
N

/A
C

ro
us

 et
 al

. (
20

12
)

Au
ra

nt
io

sa
cc

ul
us

 eu
ca

lyp
to

ru
m

C
BS

13
08

26
T

Eu
c. 

glo
bu

lu
s

Au
str

ali
a

C
. M

oh
am

m
ed

 &
 M

. G
len

JQ
68

55
15

N
/A

N
/A

C
ro

us
 et

 al
. (

20
12

)
Au

ra
pe

x 
pe

ni
cil

la
ta

C
M

W
10

03
0T

M
ico

ni
a 

th
ea

ez
an

s
C

ol
om

bi
a

C
.A

. R
od

as
AY

21
43

11
AY

21
42

39
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6b

, 2
00

9)
C

M
W

10
03

5
M

ic.
 th

ea
ez

an
s

C
ol

om
bi

a
C

.A
. R

od
as

AY
21

43
13

AY
21

42
41

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6b
, 2

00
9)

Au
rifi

lu
m

 m
ar

m
elo

sto
m

a
C

M
W

28
28

5T
Te

rm
in

al
ia

 m
an

ta
ly

C
am

er
oo

n
D

. B
eg

ou
de

 &
 J.

 R
ou

x
FJ

88
28

55
FJ

90
05

85
N

/A
Be

go
ud

e e
t a

l. 
(2

01
0)

, V
er

m
eu

len
 et

 al
. (

20
11

)
C

M
W

28
28

8
Te

r. 
iv

or
en

sis
C

am
er

oo
n

D
. B

eg
ou

de
 &

 J.
 R

ou
x

FJ
88

28
56

FJ
90

05
86

N
/A

Be
go

ud
e e

t a
l. 

(2
01

0)
, V

er
m

eu
len

 et
 al

. (
20

11
)

Au
rifi

lu
m

 te
rm

in
al

i
C

SF
10

75
7T

Te
r. 

ne
ot

al
ia

la
C

hi
na

S.
F. 

C
he

n 
&

 W
. W

an
g

M
N

19
98

37
M

N
25

87
75

M
N

25
87

80
W

an
g 

et
 al

. (
20

20
)

C
SF

10
76

2
Te

r. 
ne

ot
al

ia
la

C
hi

na
S.

F. 
C

he
n 

&
 W

. W
an

g
M

N
19

98
38

M
N

25
87

76
M

N
25

87
81

W
an

g 
et

 al
. (

20
20

)
Ca

pi
lla

ur
eu

m
 ca

ry
ov

or
a

C
BL

02
T

Ca
ry

oc
ar

 b
ra

sil
ien

se
Br

az
il

M
.E

. S
oa

re
s d

e O
liv

eir
a &

M
.A

. F
er

re
ira

M
G

19
20

94
M

G
21

18
27

N
/A

Fe
rre

ira
 et

 al
. (

20
19

)
C

BL
06

Ca
r. 

br
as

ili
en

se
Br

az
il

M
.E

. S
oa

re
s d

e O
liv

eir
a &

M
.A

. F
er

re
ira

M
G

19
20

96
M

G
21

18
29

N
/A

Fe
rre

ira
 et

 al
. (

20
19

)
Ce

lop
or

th
e b

or
bo

ni
ca

C
M

W
44

12
8T

Ti
bo

uc
hi

na
 gr

an
di

flo
ra

La
 R

éu
ni

on
M

.J.
 W

in
gfi

eld
M

G
58

57
41

M
G

58
57

25
N

/A
Al

i e
t a

l. 
(2

01
8)

C
M

W
44

13
9

Ti
b.

 gr
an

di
flo

ra
La

 R
éu

ni
on

M
.J.

 W
in

gfi
eld

M
G

58
57

42
M

G
58

57
26

N
/A

Al
i e

t a
l. 

(2
01

8)
Ce

lop
or

th
e c

er
cia

na
C

ER
C

91
28

T
Eu

ca
lyp

tu
s h

yb
rid

 tr
ee

 4
C

hi
na

, G
ua

ng
D

on
g

S.
F. 

C
he

n
M

H
08

43
52

M
H

08
43

82
M

H
08

44
42

W
an

g 
et

 al
. (

20
18

)
C

ER
C

91
25

Eu
ca

lyp
tu

s h
yb

rid
 tr

ee
 1

C
hi

na
, G

ua
ng

D
on

g
S.

F. 
C

he
n

M
H

08
43

49
M

H
08

43
79

M
H

08
44

39
W

an
g 

et
 al

. (
20

18
)

Ce
lop

or
th

e d
isp

er
sa

C
M

W
99

76
T

S.
 co

rd
at

um
So

ut
h 

Af
ric

a
M

. G
ry

ze
nh

ou
t

D
Q

26
71

30
D

Q
26

71
36

H
Q

73
08

40
N

ak
ab

on
ge

 et
 al

. (
20

06
), 

C
he

n 
et

 al
. (

20
11

)
C

M
W

99
78

S.
 co

rd
at

um
So

ut
h 

Af
ric

a
M

. G
ry

ze
nh

ou
t

AY
21

43
16

D
Q

26
71

35
H

Q
73

08
41

N
ak

ab
on

ge
 et

 al
. (

20
06

), 
C

he
n 

et
 al

. (
20

11
)

Ce
lop

or
th

e e
uc

al
yp

ti
C

M
W

26
90

0
Eu

ca
lyp

tu
s c

lo
ne

EC
48

C
hi

na
X.

D
. Z

ho
u 

&
 S

.F.
 C

he
n

H
Q

73
08

36
H

Q
73

08
16

H
Q

73
08

49
C

he
n 

et
 al

. (
20

11
)

C
M

W
26

90
8T

Eu
ca

lyp
tu

s c
lo

ne
EC

48
C

hi
na

X.
D

. Z
ho

u 
&

 S
.F.

 C
he

n
H

Q
73

08
37

H
Q

73
08

17
H

Q
73

08
50

C
he

n 
et

 al
. (

20
11

)
Ce

lop
or

th
e f

on
ta

na
C

M
W

29
37

5
S.

 gu
in

ee
ns

e
Za

m
bi

a
M

. V
er

m
eu

len
 &

 J.
 R

ou
x

G
U

72
69

40
G

U
72

69
52

JQ
82

40
73

Ve
rm

eu
len

 et
 al

. (
20

13
)

C
M

W
29

37
6T

S.
 gu

in
ee

ns
e

Za
m

bi
a

M
. V

er
m

eu
len

 &
 J 

Ro
ux

G
U

72
69

41
G

U
72

69
53

JQ
82

40
74

Ve
rm

eu
len

 et
 al

. (
20

13
)

Ce
lop

or
th

e g
ua

ng
do

ng
en

sis
C

M
W

12
75

0T
Eu

ca
lyp

tu
s s

p.
C

hi
na

T.
I. 

Bu
rg

es
s

H
Q

73
08

30
H

Q
73

08
10

H
Q

73
08

43
C

he
n 

et
 al

. (
20

11
)

Ce
lop

or
th

e h
au

oli
en

sis
C

M
W

38
37

35
S.

 ja
m

bo
s

H
aw

aii
J. 

Ro
ux

K
J0

27
50

3
K

J0
27

47
9

K
J0

27
48

8
Th

is 
stu

dy
C

M
W

38
38

9T
5

P. 
ca

ttl
eia

nu
m

H
aw

aii
J. 

Ro
ux

K
J0

27
50

2
K

J0
27

47
8

K
J0

27
48

7
Th

is 
stu

dy
C

M
W

38
54

6
Sy

zy
gi

um
 sp

.
H

aw
aii

J. 
Ro

ux
K

J0
27

50
4

K
J0

27
48

0
K

J0
27

48
9

Th
is 

stu
dy

Ce
lop

or
th

e h
aw

ai
ien

sis
C

M
W

38
55

35
S.

 ja
m

bo
s

H
aw

aii
J. 

Ro
ux

K
J0

27
50

0
K

J0
27

47
6

K
J0

27
48

5
Th

is 
stu

dy
C

M
W

38
58

2
S.

 ja
m

bo
s

H
aw

aii
J. 

Ro
ux

K
J0

27
50

1
K

J0
27

47
7

K
J0

27
48

6
Th

is 
stu

dy
C

M
W

38
61

0T
5

S.
 ja

m
bo

s
H

aw
aii

J. 
Ro

ux
K

J0
27

49
9

K
J0

27
47

5
K

J0
27

48
4

Th
is 

stu
dy

Ce
lop

or
th

e i
nd

on
esi

en
sis

C
M

W
10

78
1T

S.
 a

ro
m

at
icu

m
In

do
ne

sia
M

.J.
 W

in
gfi

eld
AY

08
40

09
AY

08
40

33
H

Q
73

08
42

M
yb

ur
g 

et
 al

. (
20

03
), 

C
he

n 
et

 al
. (

20
11

)
Ce

lop
or

th
e p

ar
ad

isi
ac

a
C

W
M

38
36

0T
4,

5
Ps

id
iu

m
 ca

ttl
eia

nu
m

H
aw

aii
J. 

Ro
ux

K
J0

27
49

8
K

J0
27

47
4

K
J0

27
48

3
Th

is 
stu

dy
C

M
W

38
36

8
Sy

zy
gi

um
 ja

m
bo

s
H

aw
aii

J. 
Ro

ux
K

J0
27

49
6

K
J0

27
47

2
K

J0
27

48
1

Th
is 

stu
dy

C
M

W
38

38
4

S.
 ja

m
bo

s
H

aw
aii

J. 
Ro

ux
K

J0
27

49
7

K
J0

27
47

3
K

J0
27

48
2

Th
is 

stu
dy

http://www.ncbi.nlm.nih.gov/nuccore/AF452111
http://www.ncbi.nlm.nih.gov/nuccore/AF525707
http://www.ncbi.nlm.nih.gov/nuccore/AF452112
http://www.ncbi.nlm.nih.gov/nuccore/AF525708
http://www.ncbi.nlm.nih.gov/nuccore/DQ120762
http://www.ncbi.nlm.nih.gov/nuccore/DQ120769
http://www.ncbi.nlm.nih.gov/nuccore/KF495039
http://www.ncbi.nlm.nih.gov/nuccore/KF495069
http://www.ncbi.nlm.nih.gov/nuccore/KF495033
http://www.ncbi.nlm.nih.gov/nuccore/KF495063
http://www.ncbi.nlm.nih.gov/nuccore/JQ685514
http://www.ncbi.nlm.nih.gov/nuccore/JQ685515
http://www.ncbi.nlm.nih.gov/nuccore/AY214311
http://www.ncbi.nlm.nih.gov/nuccore/AY214239
http://www.ncbi.nlm.nih.gov/nuccore/AY214313
http://www.ncbi.nlm.nih.gov/nuccore/AY214241
http://www.ncbi.nlm.nih.gov/nuccore/FJ882855
http://www.ncbi.nlm.nih.gov/nuccore/FJ900585
http://www.ncbi.nlm.nih.gov/nuccore/FJ882856
http://www.ncbi.nlm.nih.gov/nuccore/FJ900586
http://www.ncbi.nlm.nih.gov/nuccore/MN199837
http://www.ncbi.nlm.nih.gov/nuccore/MN258775
http://www.ncbi.nlm.nih.gov/nuccore/MN258780
http://www.ncbi.nlm.nih.gov/nuccore/MN199838
http://www.ncbi.nlm.nih.gov/nuccore/MN258776
http://www.ncbi.nlm.nih.gov/nuccore/MN258781
http://www.ncbi.nlm.nih.gov/nuccore/MG192094
http://www.ncbi.nlm.nih.gov/nuccore/MG211827
http://www.ncbi.nlm.nih.gov/nuccore/MG192096
http://www.ncbi.nlm.nih.gov/nuccore/MG211829
http://www.ncbi.nlm.nih.gov/nuccore/MG585741
http://www.ncbi.nlm.nih.gov/nuccore/MG585725
http://www.ncbi.nlm.nih.gov/nuccore/MG585742
http://www.ncbi.nlm.nih.gov/nuccore/MG585726
http://www.ncbi.nlm.nih.gov/nuccore/MH084352
http://www.ncbi.nlm.nih.gov/nuccore/MH084382
http://www.ncbi.nlm.nih.gov/nuccore/MH084442
http://www.ncbi.nlm.nih.gov/nuccore/MH084349
http://www.ncbi.nlm.nih.gov/nuccore/MH084379
http://www.ncbi.nlm.nih.gov/nuccore/MH084439
http://www.ncbi.nlm.nih.gov/nuccore/DQ267130
http://www.ncbi.nlm.nih.gov/nuccore/DQ267136
http://www.ncbi.nlm.nih.gov/nuccore/HQ730840
http://www.ncbi.nlm.nih.gov/nuccore/AY214316
http://www.ncbi.nlm.nih.gov/nuccore/DQ267135
http://www.ncbi.nlm.nih.gov/nuccore/HQ730841
http://www.ncbi.nlm.nih.gov/nuccore/HQ730836
http://www.ncbi.nlm.nih.gov/nuccore/HQ730816
http://www.ncbi.nlm.nih.gov/nuccore/HQ730849
http://www.ncbi.nlm.nih.gov/nuccore/HQ730837
http://www.ncbi.nlm.nih.gov/nuccore/HQ730817
http://www.ncbi.nlm.nih.gov/nuccore/HQ730850
http://www.ncbi.nlm.nih.gov/nuccore/GU726940
http://www.ncbi.nlm.nih.gov/nuccore/GU726952
http://www.ncbi.nlm.nih.gov/nuccore/JQ824073
http://www.ncbi.nlm.nih.gov/nuccore/GU726941
http://www.ncbi.nlm.nih.gov/nuccore/GU726953
http://www.ncbi.nlm.nih.gov/nuccore/JQ824074
http://www.ncbi.nlm.nih.gov/nuccore/HQ730830
http://www.ncbi.nlm.nih.gov/nuccore/HQ730810
http://www.ncbi.nlm.nih.gov/nuccore/HQ730843
http://www.ncbi.nlm.nih.gov/nuccore/KJ027503
http://www.ncbi.nlm.nih.gov/nuccore/KJ027479
http://www.ncbi.nlm.nih.gov/nuccore/KJ027488
http://www.ncbi.nlm.nih.gov/nuccore/KJ027502
http://www.ncbi.nlm.nih.gov/nuccore/KJ027478
http://www.ncbi.nlm.nih.gov/nuccore/KJ027487
http://www.ncbi.nlm.nih.gov/nuccore/KJ027504
http://www.ncbi.nlm.nih.gov/nuccore/KJ027480
http://www.ncbi.nlm.nih.gov/nuccore/KJ027489
http://www.ncbi.nlm.nih.gov/nuccore/KJ027500
http://www.ncbi.nlm.nih.gov/nuccore/KJ027476
http://www.ncbi.nlm.nih.gov/nuccore/KJ027485
http://www.ncbi.nlm.nih.gov/nuccore/KJ027501
http://www.ncbi.nlm.nih.gov/nuccore/KJ027477
http://www.ncbi.nlm.nih.gov/nuccore/KJ027486
http://www.ncbi.nlm.nih.gov/nuccore/KJ027499
http://www.ncbi.nlm.nih.gov/nuccore/KJ027475
http://www.ncbi.nlm.nih.gov/nuccore/KJ027484
http://www.ncbi.nlm.nih.gov/nuccore/AY084009
http://www.ncbi.nlm.nih.gov/nuccore/AY084033
http://www.ncbi.nlm.nih.gov/nuccore/HQ730842
http://www.ncbi.nlm.nih.gov/nuccore/KJ027498
http://www.ncbi.nlm.nih.gov/nuccore/KJ027474
http://www.ncbi.nlm.nih.gov/nuccore/KJ027483
http://www.ncbi.nlm.nih.gov/nuccore/KJ027496
http://www.ncbi.nlm.nih.gov/nuccore/KJ027472
http://www.ncbi.nlm.nih.gov/nuccore/KJ027481
http://www.ncbi.nlm.nih.gov/nuccore/KJ027497
http://www.ncbi.nlm.nih.gov/nuccore/KJ027473
http://www.ncbi.nlm.nih.gov/nuccore/KJ027482


Jolanda Roux et al.  /  MycoKeys 76: 49–79 (2020)58

Id
en

tit
y

Is
ol

at
e 

N
o.

1,
2

H
os

t
Lo

ca
tio

n
C

ol
le

ct
or

G
en

B
an

k 
ac

ce
ss

io
n 

no
.

R
ef

er
en

ce
IT

S
BT

1
TE

F1
Ce

lop
or

th
e s

yz
yg

ii
C

M
W

34
02

3T
S.

 cu
m

in
i

C
hi

na
S.

F. 
C

he
n

H
Q

73
08

31
H

Q
73

08
11

H
Q

73
08

44
C

he
n 

et
 al

. (
20

11
)

C
M

W
24

91
2

S.
 cu

m
in

i
C

hi
na

M
.J.

 W
in

gfi
eld

 &
 X

.D
. Z

ho
u

H
Q

73
08

33
H

Q
73

08
13

H
Q

73
08

46
C

he
n 

et
 al

. (
20

11
)

Ce
lop

or
th

e t
ib

ou
ch

in
ea

e
C

M
W

44
12

6T
Ti

b.
 gr

an
di

flo
ra

La
 R

éu
ni

on
M

.J.
 W

in
gfi

eld
M

G
58

57
47

M
G

58
57

31
N

/A
Al

i e
t a

l. 
(2

01
8)

C
M

W
44

12
7

Ti
b.

 gr
an

di
flo

ra
La

 R
éu

ni
on

M
.J.

 W
in

gfi
eld

M
G

58
57

48
M

G
58

57
32

N
/A

Al
i e

t a
l. 

(2
01

8)
Ce

lop
or

th
e w

oo
di

an
a

C
M

W
13

93
6T

Ti
b.

 gr
an

ul
os

a
So

ut
h 

Af
ric

a
M

. G
ry

ze
nh

ou
t

D
Q

26
71

31
D

Q
26

71
37

JQ
82

40
71

Ve
rm

eu
len

 et
 al

. (
20

13
)

C
M

W
13

93
7

Ti
b.

 gr
an

ul
os

a
So

ut
h 

Af
ric

a
M

. G
ry

ze
nh

ou
t

D
Q

26
71

32
D

Q
26

71
38

JQ
82

40
72

Ve
rm

eu
len

 et
 al

. (
20

13
)

C
hr

yso
m

or
bu

s l
ag

er
str

oe
m

ia
e

C
ER

C
87

80
La

ge
rst

ro
em

ia
 sp

ec
io

sa
C

hi
na

J. 
Ro

ux
 &

 S
.F.

 C
he

n
K

Y9
29

33
0

K
Y9

29
35

0
N

/A
C

he
n 

et
 al

. (
20

18
)

C
ER

C
88

10
T

L.
 sp

ec
io

sa
C

hi
na

S.
F. 

C
he

n
K

Y9
29

33
8

K
Y9

29
35

8
N

/A
C

he
n 

et
 al

. (
20

18
)

C
hr

yso
po

rth
e a

us
tro

af
ric

an
a

C
M

W
62

Eu
c. 

gr
an

di
s

So
ut

h 
Af

ric
a

M
.J.

 W
in

gfi
eld

AF
29

20
41

AF
27

30
63

N
/A

M
yb

ur
g 

et
 al

. (
20

02
b)

, G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6c
)

C
M

W
93

27
Ti

b.
 gr

an
ul

os
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
AF

27
34

73
AF

27
30

60
N

/A
M

yb
ur

g 
et

 al
. (

20
02

a)
C

M
W

21
13

T
Eu

c. 
gr

an
di

s
So

ut
h 

Af
ric

a
M

.J.
 W

in
gfi

eld
AF

04
68

92
AF

27
30

67
N

/A
M

yb
ur

g 
et

 al
. (

19
99

, 2
00

2b
)

C
hr

yso
po

rth
e c

ub
en

sis
C

M
W

10
45

3
Eu

c. 
sa

lig
na

D
em

oc
ra

tic
 

Re
pu

bl
ic 

of
 th

e 
C

on
go

N
/A

AY
06

34
76

AY
06

34
78

N
/A

C
as

tle
bu

ry
 et

 al
. (

20
02

), 
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
4)

C
M

W
87

58
Eu

ca
lyp

tu
s s

p.
Ve

ne
zu

ela
M

.J.
 W

in
gfi

eld
AF

04
68

98
AF

27
30

68
N

/A
M

yb
ur

g 
et

 al
. (

20
02

b)
, G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6c

)
C

M
W

10
66

9
Eu

ca
lyp

tu
s s

p.
Re

pu
bl

ic 
of

 th
e 

C
on

go
J. 

Ro
ux

AF
53

51
22

AF
53

51
24

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

4)

C
M

W
10

63
9

Eu
c. 

gr
an

di
s

C
ol

om
bi

a
C

.A
. R

od
as

AY
26

34
21

AY
26

34
19

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

4)
C

hr
yso

po
rth

e d
eu

ter
oc

ub
en

sis
C

M
W

11
29

0
Eu

ca
lyp

tu
s s

p.
In

do
ne

sia
M

.J.
 W

in
gfi

eld
AY

21
43

04
AY

21
42

32
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
4)

C
M

W
86

51
S.

 a
ro

m
at

icu
m

In
do

ne
sia

M
.J.

 W
in

gfi
eld

AY
08

40
02

AY
08

40
26

N
/A

M
yb

ur
g 

et
 al

. (
20

03
)

C
M

W
38

37
55

P. 
ca

ttl
eia

nu
m

H
aw

aii
J. 

Ro
ux

K
J0

27
49

0
K

J0
27

46
6

N
/A

Th
is 

stu
dy

C
M

W
38

54
95

S.
 ja

m
bo

s
H

aw
aii

J. 
Ro

ux
K

J0
27

49
1

K
J0

27
46

7
N

/A
Th

is 
stu

dy
C

M
W

38
56

5
M

etr
os

id
er

os
 p

oly
m

or
ph

a
H

aw
aii

J. 
Ro

ux
K

J0
27

49
2

K
J0

27
46

8
N

/A
Th

is 
stu

dy
C

hr
yso

po
rth

e d
or

ad
en

sis
C

M
W

11
28

7T
Eu

c. 
gr

an
di

s
Ec

ua
do

r
M

.J.
 W

in
gfi

eld
AY

21
42

89
AY

21
42

17
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
5b

)
C

M
W

11
28

6
Eu

c. 
gr

an
di

s
Ec

ua
do

r
M

.J.
 W

in
gfi

eld
AY

21
42

90
AY

21
42

18
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
5b

)
C

hr
yso

po
rth

e h
od

ge
sia

na
C

M
W

10
62

5
M

ic.
 th

ea
ez

an
s

C
ol

om
bi

a
C

.A
. R

od
as

AY
95

69
70

AY
95

69
79

N
/A

Ro
da

s e
t a

l. 
(2

00
5)

C
M

W
99

95
Ti

b.
 se

m
id

ec
an

dr
a

C
ol

om
bi

a
R.

 A
rb

ela
ez

AY
95

69
69

AY
95

69
77

N
/A

Ro
da

s e
t a

l. 
(2

00
5)

C
M

W
10

64
1T

= 
C

BS
11

58
54

Ti
b.

 se
m

id
ec

an
dr

a
C

ol
om

bi
a

R.
 A

rb
ela

ez
AY

69
23

22
AY

69
23

26
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
4)

C
hr

yso
po

rth
e i

no
pi

na
C

M
W

12
72

7T
Ti

b.
 le

pi
do

ta
C

ol
om

bi
a

R.
 A

rb
ela

ez
D

Q
36

87
77

D
Q

36
88

06
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6d

)
C

M
W

12
72

9
Ti

b.
 le

pi
do

ta
C

ol
om

bi
a

R.
 A

rb
ela

ez
D

Q
36

87
78

D
Q

36
88

08
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6d

)
C

hr
yso

po
rth

e s
yz

yg
iic

ola
C

M
W

29
94

0T
= 

C
BS

12
44

88
S.

 gu
in

ee
ns

e
Za

m
bi

a
D

. C
hu

ng
u 

&
 J.

 R
ou

x
FJ

65
50

05
FJ

80
52

30
N

/A
C

hu
ng

u 
et

 al
. (

20
10

)

C
M

W
29

94
2=

 
C

BS
12

44
90

S.
 gu

in
ee

ns
e

Za
m

bi
a

D
. C

hu
ng

u 
&

 J.
 R

ou
x

FJ
65

50
07

FJ
80

52
32

N
/A

C
hu

ng
u 

et
 al

. (
20

10
)

http://www.ncbi.nlm.nih.gov/nuccore/HQ730831
http://www.ncbi.nlm.nih.gov/nuccore/HQ730811
http://www.ncbi.nlm.nih.gov/nuccore/HQ730844
http://www.ncbi.nlm.nih.gov/nuccore/HQ730833
http://www.ncbi.nlm.nih.gov/nuccore/HQ730813
http://www.ncbi.nlm.nih.gov/nuccore/HQ730846
http://www.ncbi.nlm.nih.gov/nuccore/MG585747
http://www.ncbi.nlm.nih.gov/nuccore/MG585731
http://www.ncbi.nlm.nih.gov/nuccore/MG585748
http://www.ncbi.nlm.nih.gov/nuccore/MG585732
http://www.ncbi.nlm.nih.gov/nuccore/DQ267131
http://www.ncbi.nlm.nih.gov/nuccore/DQ267137
http://www.ncbi.nlm.nih.gov/nuccore/JQ824071
http://www.ncbi.nlm.nih.gov/nuccore/DQ267132
http://www.ncbi.nlm.nih.gov/nuccore/DQ267138
http://www.ncbi.nlm.nih.gov/nuccore/JQ824072
http://www.ncbi.nlm.nih.gov/nuccore/KY929330
http://www.ncbi.nlm.nih.gov/nuccore/KY929350
http://www.ncbi.nlm.nih.gov/nuccore/KY929338
http://www.ncbi.nlm.nih.gov/nuccore/KY929358
http://www.ncbi.nlm.nih.gov/nuccore/AF292041
http://www.ncbi.nlm.nih.gov/nuccore/AF273063
http://www.ncbi.nlm.nih.gov/nuccore/AF273473
http://www.ncbi.nlm.nih.gov/nuccore/AF273060
http://www.ncbi.nlm.nih.gov/nuccore/AF046892
http://www.ncbi.nlm.nih.gov/nuccore/AF273067
http://www.ncbi.nlm.nih.gov/nuccore/AY063476
http://www.ncbi.nlm.nih.gov/nuccore/AY063478
http://www.ncbi.nlm.nih.gov/nuccore/AF046898
http://www.ncbi.nlm.nih.gov/nuccore/AF273068
http://www.ncbi.nlm.nih.gov/nuccore/AF535122
http://www.ncbi.nlm.nih.gov/nuccore/AF535124
http://www.ncbi.nlm.nih.gov/nuccore/AY263421
http://www.ncbi.nlm.nih.gov/nuccore/AY263419
http://www.ncbi.nlm.nih.gov/nuccore/AY214304
http://www.ncbi.nlm.nih.gov/nuccore/AY214232
http://www.ncbi.nlm.nih.gov/nuccore/AY084002
http://www.ncbi.nlm.nih.gov/nuccore/AY084026
http://www.ncbi.nlm.nih.gov/nuccore/KJ027490
http://www.ncbi.nlm.nih.gov/nuccore/KJ027466
http://www.ncbi.nlm.nih.gov/nuccore/KJ027491
http://www.ncbi.nlm.nih.gov/nuccore/KJ027467
http://www.ncbi.nlm.nih.gov/nuccore/KJ027492
http://www.ncbi.nlm.nih.gov/nuccore/KJ027468
http://www.ncbi.nlm.nih.gov/nuccore/AY214289
http://www.ncbi.nlm.nih.gov/nuccore/AY214217
http://www.ncbi.nlm.nih.gov/nuccore/AY214290
http://www.ncbi.nlm.nih.gov/nuccore/AY214218
http://www.ncbi.nlm.nih.gov/nuccore/AY956970
http://www.ncbi.nlm.nih.gov/nuccore/AY956979
http://www.ncbi.nlm.nih.gov/nuccore/AY956969
http://www.ncbi.nlm.nih.gov/nuccore/AY956977
http://www.ncbi.nlm.nih.gov/nuccore/AY692322
http://www.ncbi.nlm.nih.gov/nuccore/AY692326
http://www.ncbi.nlm.nih.gov/nuccore/DQ368777
http://www.ncbi.nlm.nih.gov/nuccore/DQ368806
http://www.ncbi.nlm.nih.gov/nuccore/DQ368778
http://www.ncbi.nlm.nih.gov/nuccore/DQ368808
http://www.ncbi.nlm.nih.gov/nuccore/FJ655005
http://www.ncbi.nlm.nih.gov/nuccore/FJ805230
http://www.ncbi.nlm.nih.gov/nuccore/FJ655007
http://www.ncbi.nlm.nih.gov/nuccore/FJ805232


Cryphonectriaceae in Hawaii 59

Id
en

tit
y

Is
ol

at
e 

N
o.

1,
2

H
os

t
Lo

ca
tio

n
C

ol
le

ct
or

G
en

B
an

k 
ac

ce
ss

io
n 

no
.

R
ef

er
en

ce
IT

S
BT

1
TE

F1
C

hr
yso

po
rth

e z
am

bi
en

sis
C

M
W

29
92

8T
= 

C
BS

12
45

03
Eu

c. 
gr

an
di

s
Za

m
bi

a
D

. C
hu

ng
u 

&
 J.

 R
ou

x
FJ

65
50

02
FJ

85
87

09
N

/A
C

hu
ng

u 
et

 al
. (

20
10

)

C
M

W
29

93
0=

 
C

BS
12

45
02

Eu
c. 

gr
an

di
s

Za
m

bi
a

D
. C

hu
ng

u 
&

 J.
 R

ou
x

FJ
65

50
04

FJ
85

87
11

N
/A

C
hu

ng
u 

et
 al

. (
20

10
)

C
or

tic
im

or
bu

s s
in

om
yr

ti
C

ER
C

36
29

T
Rh

od
om

yr
tu

s t
om

en
to

sa
C

hi
na

S.
F. 

C
he

n 
&

 G
.Q

. L
i

K
T

16
71

69
K

T
16

71
89

N
/A

C
he

n 
et

 al
. (

20
16

)
C

ER
C

36
31

Rh
o. 

to
m

en
to

sa
C

hi
na

S.
F. 

C
he

n 
&

 G
.Q

. L
i

K
T

16
71

70
K

T
16

71
90

N
/A

C
he

n 
et

 al
. (

20
16

)
Cr

yp
ho

ne
ctr

ia
 p

ar
as

iti
ca

C
M

W
70

48
Q

. v
irg

in
ia

na
U

SA
R.

J. 
St

ip
es

AF
36

83
30

AF
27

30
76

N
/A

Ve
nt

er
 et

 al
. (

20
02

), 
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6c

)
C

M
W

13
74

9
Ca

s. 
m

oll
isi

m
a

Ja
pa

n
N

/A
AY

69
79

27
AY

69
79

43
N

/A
M

yb
ur

g 
et

 al
. (

20
04

)
Cr

yp
ho

ne
ctr

ia
 q

ue
rc

us
C

FC
C

52
13

8T
Q

. a
lie

na
 v

ar
. 

ac
ut

ese
rra

ta
C

hi
na

, S
ha

an
Xi

N
. J

ian
g

M
G

86
60

24
M

G
89

61
15

N
/A

Jia
ng

 et
 al

. (
20

18
)

C
FC

C
52

13
9

Q
. a

lie
na

 v
ar

. 
ac

ut
ese

rra
ta

C
hi

na
, S

ha
an

Xi
N

. J
ian

g
M

G
86

60
25

M
G

89
61

16
N

/A
Jia

ng
 et

 al
. (

20
18

)

Cr
yp

ho
ne

ctr
ia

 ra
di

ca
lis

C
M

W
10

45
5

Q
. s

ub
er

Ita
ly

A.
 B

ira
gh

i
AF

45
21

13
AF

52
57

05
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6c

)
C

M
W

10
47

7
Q

. s
ub

er
Ita

ly
A.

 B
ira

gh
i

AF
36

83
28

AF
36

83
47

N
/A

Ve
nt

er
 et

 al
. (

20
02

), 
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6c

)
Cr

yp
to

m
etr

io
n 

ae
stu

esc
en

s
C

M
W

18
79

0
Eu

c. 
gr

an
di

s
In

do
ne

sia
M

.J.
 W

in
gfi

eld
G

Q
36

94
58

G
Q

36
94

55
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

01
0)

, V
er

m
eu

len
 et

 al
. 

(2
01

1)
C

M
W

18
79

3
Eu

c. 
gr

an
di

s
In

do
ne

sia
M

.J.
 W

in
gfi

eld
G

Q
36

94
59

G
Q

36
94

56
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

01
0)

, V
er

m
eu

len
 et

 al
. 

(2
01

1)
C

M
W

28
53

5T
= 

C
BS

12
40

09
Eu

c. 
gr

an
di

s
N

or
th

 S
um

at
ra

, 
In

do
ne

sia
M

.J.
 W

in
gfi

eld
G

Q
36

94
57

G
Q

36
94

54
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

01
0)

D
iv

er
sim

or
bu

s m
etr

os
id

er
ot

is
C

M
W

37
32

1
M

etr
os

id
er

os
 a

ng
us

tif
oli

a
So

ut
h 

Af
ric

a
J. 

Ro
ux

JQ
86

28
70

JQ
86

29
11

N
/A

C
he

n 
et

 al
. (

20
13

b)
C

M
W

37
32

2T
M

et.
 a

ng
us

tif
oli

a
So

ut
h 

Af
ric

a
J. 

Ro
ux

JQ
86

28
71

JQ
86

29
12

N
/A

C
he

n 
et

 al
. (

20
13

b)
En

do
th

ia
 g

yr
os

a
C

M
W

20
91

Q
. p

al
us

tri
s

U
SA

R.
J. 

St
ip

es
AF

36
83

25
AF

36
83

37
N

/A
Ve

nt
er

 et
 al

. (
20

02
), 

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6c
)

C
M

W
10

44
2

Q
. p

al
us

tri
s

U
SA

R.
J. 

St
ip

es
AF

36
83

26
AF

36
83

39
N

/A
Ve

nt
er

 et
 al

. (
20

02
), 

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6c
)

H
olo

cr
yp

hi
a 

ca
pe

ns
is

C
M

W
37

88
7T

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
, S

.F.
 C

he
n 

&
 F.

 R
oe

ts
JQ

86
28

54
JQ

86
28

95
JQ

86
30

51
C

he
n 

et
 al

. (
20

13
b)

C
M

W
37

32
9

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
 &

 S
.F.

 C
he

n
JQ

86
28

59
JQ

86
29

00
JQ

86
30

56
C

he
n 

et
 al

. (
20

13
b)

H
olo

cr
yp

hi
a 

eu
ca

lyp
ti

C
M

W
70

33
T

Eu
c. 

gr
an

di
s

So
ut

h 
Af

ric
a

M
. V

en
te

r
JQ

86
28

37
JQ

86
28

78
JQ

86
30

34
C

he
n 

et
 al

. (
20

13
b)

C
M

W
70

35
Eu

c. 
sa

lig
na

So
ut

h 
Af

ric
a

M
. V

en
te

r
JQ

86
28

38
JQ

86
28

79
JQ

86
30

35
C

he
n 

et
 al

. (
20

13
b)

H
olo

cr
yp

hi
a 

gle
ni

an
a

C
M

W
37

33
4T

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
 &

 S
.F.

 C
he

n
JQ

86
28

34
JQ

86
28

75
JQ

86
30

31
C

he
n 

et
 al

. (
20

13
b)

C
M

W
37

33
5

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
 &

 S
.F.

 C
he

n
JQ

86
28

35
JQ

86
28

76
JQ

86
30

32
C

he
n 

et
 al

. (
20

13
b)

H
olo

cr
yp

hi
a 

m
za

ns
i

C
M

W
37

33
7T

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
 &

 S
.F.

 C
he

n
JQ

86
28

41
JQ

86
28

82
JQ

86
30

38
C

he
n 

et
 al

. (
20

13
b)

C
M

W
37

33
8

M
et.

 a
ng

us
tif

oli
a

So
ut

h 
Af

ric
a

J. 
Ro

ux
 &

 S
.F.

 C
he

n
JQ

86
28

42
JQ

86
28

83
JQ

86
30

39
C

he
n 

et
 al

. (
20

13
b)

H
olo

cr
yp

hi
a 

sp
.

C
M

W
62

46
Ti

b.
 gr

an
ul

os
a

Au
str

ali
a

M
.J.

 W
in

gfi
eld

JQ
86

28
45

JQ
86

28
86

JQ
86

30
42

C
he

n 
et

 al
. (

20
13

b)
C

M
W

10
01

5
Eu

c. 
fa

sti
ga

ta
N

ew
 Z

ea
lan

d
R.

J. 
va

n 
Bo

ve
n

JQ
86

28
49

JQ
86

28
90

JQ
86

30
46

C
he

n 
et

 al
. (

20
13

b)
Im

m
er

sip
or

th
e k

no
xd

av
ies

ia
na

C
M

W
37

31
4T

Ra
pa

ne
a 

m
ela

no
ph

loe
os

So
ut

h 
Af

ric
a

M
.J.

 W
in

gfi
eld

 &
 J.

 R
ou

x
JQ

86
27

65
JQ

86
27

85
N

/A
C

he
n 

et
 al

. (
20

13
a)

C
M

W
37

31
5

Ra
p.

 m
ela

no
ph

loe
os

So
ut

h 
Af

ric
a

M
.J.

 W
in

gfi
eld

 &
 J.

 R
ou

x
JQ

86
27

66
JQ

86
27

86
N

/A
C

he
n 

et
 al

. (
20

13
a)

La
tru

nc
ell

a 
au

ro
ra

e
C

M
W

28
27

4
G

al
pi

ni
a 

tra
ns

va
al

ica
Sw

az
ila

nd
J. 

Ro
ux

G
U

72
69

46
G

U
72

69
58

N
/A

Ve
rm

eu
len

 et
 al

. (
20

11
)

C
M

W
28

27
6T

G
. t

ra
ns

va
al

ica
Sw

az
ila

nd
J. 

Ro
ux

G
U

72
69

47
G

U
72

69
59

N
/A

Ve
rm

eu
len

 et
 al

. (
20

11
), 

C
he

n 
et

 al
. (

20
11

)
C

M
W

28
27

5
G

. t
ra

ns
va

al
ica

Sw
az

ila
nd

J. 
Ro

ux
H

Q
17

12
09

H
Q

17
12

07
N

/A
Ve

rm
eu

len
 et

 al
. (

20
11

)

http://www.ncbi.nlm.nih.gov/nuccore/FJ655002
http://www.ncbi.nlm.nih.gov/nuccore/FJ858709
http://www.ncbi.nlm.nih.gov/nuccore/FJ655004
http://www.ncbi.nlm.nih.gov/nuccore/FJ858711
http://www.ncbi.nlm.nih.gov/nuccore/KT167169
http://www.ncbi.nlm.nih.gov/nuccore/KT167189
http://www.ncbi.nlm.nih.gov/nuccore/KT167170
http://www.ncbi.nlm.nih.gov/nuccore/KT167190
http://www.ncbi.nlm.nih.gov/nuccore/AF368330
http://www.ncbi.nlm.nih.gov/nuccore/AF273076
http://www.ncbi.nlm.nih.gov/nuccore/AY697927
http://www.ncbi.nlm.nih.gov/nuccore/AY697943
http://www.ncbi.nlm.nih.gov/nuccore/MG866024
http://www.ncbi.nlm.nih.gov/nuccore/MG896115
http://www.ncbi.nlm.nih.gov/nuccore/MG866025
http://www.ncbi.nlm.nih.gov/nuccore/MG896116
http://www.ncbi.nlm.nih.gov/nuccore/AF452113
http://www.ncbi.nlm.nih.gov/nuccore/AF525705
http://www.ncbi.nlm.nih.gov/nuccore/AF368328
http://www.ncbi.nlm.nih.gov/nuccore/AF368347
http://www.ncbi.nlm.nih.gov/nuccore/GQ369458
http://www.ncbi.nlm.nih.gov/nuccore/GQ369455
http://www.ncbi.nlm.nih.gov/nuccore/GQ369459
http://www.ncbi.nlm.nih.gov/nuccore/GQ369456
http://www.ncbi.nlm.nih.gov/nuccore/GQ369457
http://www.ncbi.nlm.nih.gov/nuccore/GQ369454
http://www.ncbi.nlm.nih.gov/nuccore/JQ862870
http://www.ncbi.nlm.nih.gov/nuccore/JQ862911
http://www.ncbi.nlm.nih.gov/nuccore/JQ862871
http://www.ncbi.nlm.nih.gov/nuccore/JQ862912
http://www.ncbi.nlm.nih.gov/nuccore/AF368325
http://www.ncbi.nlm.nih.gov/nuccore/AF368337
http://www.ncbi.nlm.nih.gov/nuccore/AF368326
http://www.ncbi.nlm.nih.gov/nuccore/AF368339
http://www.ncbi.nlm.nih.gov/nuccore/JQ862854
http://www.ncbi.nlm.nih.gov/nuccore/JQ862895
http://www.ncbi.nlm.nih.gov/nuccore/JQ863051
http://www.ncbi.nlm.nih.gov/nuccore/JQ862859
http://www.ncbi.nlm.nih.gov/nuccore/JQ862900
http://www.ncbi.nlm.nih.gov/nuccore/JQ863056
http://www.ncbi.nlm.nih.gov/nuccore/JQ862837
http://www.ncbi.nlm.nih.gov/nuccore/JQ862878
http://www.ncbi.nlm.nih.gov/nuccore/JQ863034
http://www.ncbi.nlm.nih.gov/nuccore/JQ862838
http://www.ncbi.nlm.nih.gov/nuccore/JQ862879
http://www.ncbi.nlm.nih.gov/nuccore/JQ863035
http://www.ncbi.nlm.nih.gov/nuccore/JQ862834
http://www.ncbi.nlm.nih.gov/nuccore/JQ862875
http://www.ncbi.nlm.nih.gov/nuccore/JQ863031
http://www.ncbi.nlm.nih.gov/nuccore/JQ862835
http://www.ncbi.nlm.nih.gov/nuccore/JQ862876
http://www.ncbi.nlm.nih.gov/nuccore/JQ863032
http://www.ncbi.nlm.nih.gov/nuccore/JQ862841
http://www.ncbi.nlm.nih.gov/nuccore/JQ862882
http://www.ncbi.nlm.nih.gov/nuccore/JQ863038
http://www.ncbi.nlm.nih.gov/nuccore/JQ862842
http://www.ncbi.nlm.nih.gov/nuccore/JQ862883
http://www.ncbi.nlm.nih.gov/nuccore/JQ863039
http://www.ncbi.nlm.nih.gov/nuccore/JQ862845
http://www.ncbi.nlm.nih.gov/nuccore/JQ862886
http://www.ncbi.nlm.nih.gov/nuccore/JQ863042
http://www.ncbi.nlm.nih.gov/nuccore/JQ862849
http://www.ncbi.nlm.nih.gov/nuccore/JQ862890
http://www.ncbi.nlm.nih.gov/nuccore/JQ863046
http://www.ncbi.nlm.nih.gov/nuccore/JQ862765
http://www.ncbi.nlm.nih.gov/nuccore/JQ862785
http://www.ncbi.nlm.nih.gov/nuccore/JQ862766
http://www.ncbi.nlm.nih.gov/nuccore/JQ862786
http://www.ncbi.nlm.nih.gov/nuccore/GU726946
http://www.ncbi.nlm.nih.gov/nuccore/GU726958
http://www.ncbi.nlm.nih.gov/nuccore/GU726947
http://www.ncbi.nlm.nih.gov/nuccore/GU726959
http://www.ncbi.nlm.nih.gov/nuccore/HQ171209
http://www.ncbi.nlm.nih.gov/nuccore/HQ171207


Jolanda Roux et al.  /  MycoKeys 76: 49–79 (2020)60

Id
en

tit
y

Is
ol

at
e 

N
o.

1,
2

H
os

t
Lo

ca
tio

n
C

ol
le

ct
or

G
en

B
an

k 
ac

ce
ss

io
n 

no
.

R
ef

er
en

ce
IT

S
BT

1
TE

F1
Lu

teo
cir

rh
us

 sh
ea

rii
C

BS
13

07
75

Ba
nk

sia
 b

ax
ter

i
Au

str
ali

a
C

. C
ra

ne
KC

19
70

24
KC

19
70

15
N

/A
C

ra
ne

 an
d 

Bu
rg

es
s (

20
13

)
C

BS
13

07
76

T
B.

 b
ax

ter
i

Au
str

ali
a

C
. C

ra
ne

KC
19

70
21

KC
19

70
12

N
/A

C
ra

ne
 an

d 
Bu

rg
es

s (
20

13
)

M
icr

ot
hi

a 
ha

va
ne

ns
is

C
M

W
11

30
1

M
yr.

 fa
ya

Az
or

es
C

.S
. H

od
ge

s &
 D

.E
. G

ar
dn

er
AY

21
43

23
AY

21
42

51
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6a

)
M

icr
ot

hi
a 

ha
va

ne
ns

is
C

M
W

14
55

0
E.

 sa
lig

na
M

ex
ico

C
.S

. H
od

ge
s

D
Q

36
87

35
D

Q
36

87
41

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6a
)

C
M

W
38

56
3e

S.
 ja

m
bo

s
H

aw
aii

J. 
Ro

ux
K

J0
27

49
3

K
J0

27
46

9
N

/A
Th

is 
stu

dy
C

M
W

38
36

7
P. 

ca
ttl

eia
nu

m
H

aw
aii

J. 
Ro

ux
K

J0
27

49
5

K
J0

27
47

1
N

/A
Th

is 
stu

dy
C

M
W

38
58

5e
S.

 ja
m

bo
s

H
aw

aii
J. 

Ro
ux

K
J0

27
49

4
K

J0
27

47
0

N
/A

Th
is 

stu
dy

M
yr

to
ne

ctr
ia

 m
yr

ta
ce

ar
um

C
M

W
46

43
3T

H
ete

ro
py

xi
s n

at
al

en
sis

So
ut

h 
Af

ric
a

D
.B

. A
li 

&
 J.

 R
ou

x
M

G
58

57
36

M
G

58
57

20
N

/A
Al

i e
t a

l. 
(2

01
8)

C
M

W
46

43
5

S.
 co

rd
at

um
So

ut
h 

Af
ric

a
D

.B
. A

li 
&

 J.
 R

ou
x

M
G

58
57

37
M

G
58

57
21

N
/A

Al
i e

t a
l. 

(2
01

8)
Pa

rv
os

m
or

bu
s e

uc
al

yp
ti

C
SF

20
61

T
E.

 u
ro

ph
yll

a 
× 

E.
 gr

an
di

s 
hy

br
id

 cl
on

e
C

hi
na

S.
F. 

C
he

n 
&

 G
.Q

. L
i

M
N

25
87

88
M

N
25

88
16

M
N

25
88

30
W

an
g 

et
 al

. (
20

20
)

C
SF

87
77

E.
 u

ro
ph

yll
a 

hy
br

id
 

clo
ne

C
hi

na
J.R

ou
x 

&
 S

.F.
 C

he
n

M
N

25
87

94
M

N
25

88
22

M
N

25
88

36
W

an
g 

et
 al

. (
20

20
)

Pa
rv

os
m

or
bu

s g
ua

ng
do

ng
en

sis
C

SF
10

46
0T

E.
 u

ro
ph

yll
a 

hy
br

id
 

clo
ne

C
hi

na
S.

F. 
C

he
n 

&
 W

. W
an

g
M

N
25

87
99

M
N

25
88

27
M

N
25

88
41

W
an

g 
et

 al
. (

20
20

)

C
SF

10
73

8
E.

 gr
an

di
s h

yb
rid

 cl
on

e
C

hi
na

S.
F. 

C
he

n 
&

 W
. W

an
g

M
N

25
88

00
M

N
25

88
28

M
N

25
88

42
W

an
g 

et
 al

. (
20

20
)

Ro
str

au
re

um
 tr

op
ica

le
C

M
W

99
72

Te
rm

in
al

ia
 iv

or
en

sis
Ec

ua
do

r
M

.J.
 W

in
gfi

eld
AY

16
74

36
AY

16
74

26
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
5c

, 2
00

6c
)

C
M

W
10

79
6T

Te
r. 

iv
or

en
sis

Ec
ua

do
r

M
.J.

 W
in

gfi
eld

AY
16

74
38

AY
16

74
28

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

5c
)

C
M

W
99

71
Te

r. 
iv

or
en

sis
Ec

ua
do

r
M

.J.
 W

in
gfi

eld
AY

16
74

35
AY

16
74

25
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
5c

)
U

rsi
co

llu
m

 fa
lla

x
C

M
W

18
11

9T
C

oc
co

lob
a 

uv
ife

ra
U

SA
C

.S
. H

od
ge

s
D

Q
36

87
55

D
Q

36
87

58
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6a

, 2
00

9)
C

M
W

18
11

5
C

oc
. u

vi
fer

a
U

SA
C

.S
. H

od
ge

s
D

Q
36

87
56

D
Q

36
87

60
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6a

)
D

ia
po

rth
e a

m
bi

gu
a

C
M

W
55

87
M

al
us

 d
om

est
ica

So
ut

h 
Af

ric
a

W
.A

. S
m

it
AF

54
38

18
AF

54
38

20
N

/A
G

ry
ze

nh
ou

t e
t a

l. 
(2

00
6a

)
C

M
W

52
88

M
. d

om
est

ica
So

ut
h 

Af
ric

a
W

.A
. S

m
it

AF
54

38
17

AF
54

38
19

N
/A

G
ry

ze
nh

ou
t e

t a
l. 

(2
00

6a
)

1  D
es

ig
na

tio
n 

of
 is

ol
at

es
 an

d 
cu

ltu
re

 co
lle

ct
io

ns
: A

T
C

C
 =

 A
m

er
ic

an
 T

yp
e C

ul
tu

re
 C

ol
le

ct
io

n,
 M

an
as

sa
s, 

U
SA

; C
BL

 re
pr

es
en

t i
so

la
te

s i
n 

Fe
rr

ei
ra

 et
 al

. (
20

19
); 

C
BS

 =
 W

es
te

rd
ijk

 F
un

ga
l B

io
di

ve
rs

ity
 In

sti
tu

te
, U

tre
ch

t, 
N

et
he

rla
nd

s; 
C

ER
C

 =
 C

hi
na

 E
uc

al
yp

t R
es

ea
rc

h 
C

en
tre

 (
C

ER
C

), 
C

hi
ne

se
 A

ca
de

m
y 

of
 F

or
es

tr
y 

(C
AF

), 
Z

ha
nJ

ia
ng

, G
ua

ng
D

on
g,

 C
hi

na
; C

FC
C

 =
 C

hi
na

 F
or

es
tr

y 
C

ul
tu

re
 C

ol
le

ct
io

n 
C

en
te

r, 
Be

iji
ng

, C
hi

na
; C

M
W

 =
 T

re
e 

Pr
ot

ec
tio

n 
C

o-
op

er
at

iv
e P

ro
gr

am
, F

or
es

tr
y 

an
d 

Ag
ric

ul
tu

ra
l B

io
te

ch
no

lo
gy

 In
sti

tu
te

, U
ni

ve
rs

ity
 o

f P
re

to
ria

, S
ou

th
 A

fri
ca

; C
SF

 =
 C

ul
tu

re
 C

ol
le

ct
io

n 
fro

m
 S

ou
th

er
n 

Fo
re

sts
 (C

SF
), 

C
hi

na
 E

uc
al

yp
t R

es
ea

rc
h 

C
en

tre
, C

hi
ne

se
 A

ca
de

m
y 

of
 F

or
es

tr
y, 

Z
ha

nJ
ia

ng
, G

ua
ng

D
on

g,
 C

hi
na

; M
ES

, C
T

S 
re

pr
es

en
t i

so
la

te
s i

n 
Be

ie
r e

t a
l. 

(2
01

5)
.

2  ‘
T

’ f
ol

lo
w

in
g 

iso
la

te
 n

um
be

r m
ea

ns
 is

ol
at

es
 a

re
 e

x-
ty

pe
 o

r f
ro

m
 sa

m
pl

es
 th

at
 h

av
e 

be
en

 li
nk

ed
 m

or
ph

ol
og

ic
al

ly
 to

 ty
pe

 m
at

er
ia

l o
f t

he
 sp

ec
ie

s.
3  N

/A
 =

 n
ot

 a
va

ila
bl

e.
4  I

so
la

te
s i

de
nt

ifi
ed

 in
 th

is 
stu

dy
 a

re
 in

 b
ol

d 
fo

nt
 ty

pe
.

5  I
so

la
te

s u
se

d 
fo

r i
no

cu
la

tio
ns

.

http://www.ncbi.nlm.nih.gov/nuccore/KC197024
http://www.ncbi.nlm.nih.gov/nuccore/KC197015
http://www.ncbi.nlm.nih.gov/nuccore/KC197021
http://www.ncbi.nlm.nih.gov/nuccore/KC197012
http://www.ncbi.nlm.nih.gov/nuccore/AY214323
http://www.ncbi.nlm.nih.gov/nuccore/AY214251
http://www.ncbi.nlm.nih.gov/nuccore/DQ368735
http://www.ncbi.nlm.nih.gov/nuccore/DQ368741
http://www.ncbi.nlm.nih.gov/nuccore/KJ027493
http://www.ncbi.nlm.nih.gov/nuccore/KJ027469
http://www.ncbi.nlm.nih.gov/nuccore/KJ027495
http://www.ncbi.nlm.nih.gov/nuccore/KJ027471
http://www.ncbi.nlm.nih.gov/nuccore/KJ027494
http://www.ncbi.nlm.nih.gov/nuccore/KJ027470
http://www.ncbi.nlm.nih.gov/nuccore/MG585736
http://www.ncbi.nlm.nih.gov/nuccore/MG585720
http://www.ncbi.nlm.nih.gov/nuccore/MG585737
http://www.ncbi.nlm.nih.gov/nuccore/MG585721
http://www.ncbi.nlm.nih.gov/nuccore/MN258788
http://www.ncbi.nlm.nih.gov/nuccore/MN258816
http://www.ncbi.nlm.nih.gov/nuccore/MN258830
http://www.ncbi.nlm.nih.gov/nuccore/MN258794
http://www.ncbi.nlm.nih.gov/nuccore/MN258822
http://www.ncbi.nlm.nih.gov/nuccore/MN258836
http://www.ncbi.nlm.nih.gov/nuccore/MN258799
http://www.ncbi.nlm.nih.gov/nuccore/MN258827
http://www.ncbi.nlm.nih.gov/nuccore/MN258841
http://www.ncbi.nlm.nih.gov/nuccore/MN258800
http://www.ncbi.nlm.nih.gov/nuccore/MN258828
http://www.ncbi.nlm.nih.gov/nuccore/MN258842
http://www.ncbi.nlm.nih.gov/nuccore/AY167436
http://www.ncbi.nlm.nih.gov/nuccore/AY167426
http://www.ncbi.nlm.nih.gov/nuccore/AY167438
http://www.ncbi.nlm.nih.gov/nuccore/AY167428
http://www.ncbi.nlm.nih.gov/nuccore/AY167435
http://www.ncbi.nlm.nih.gov/nuccore/AY167425
http://www.ncbi.nlm.nih.gov/nuccore/DQ368755
http://www.ncbi.nlm.nih.gov/nuccore/DQ368758
http://www.ncbi.nlm.nih.gov/nuccore/DQ368756
http://www.ncbi.nlm.nih.gov/nuccore/DQ368760
http://www.ncbi.nlm.nih.gov/nuccore/AF543818
http://www.ncbi.nlm.nih.gov/nuccore/AF543820
http://www.ncbi.nlm.nih.gov/nuccore/AF543817
http://www.ncbi.nlm.nih.gov/nuccore/AF543819


Cryphonectriaceae in Hawaii 61

trees with generally consistent topologies and phylogenetic relationships amongst taxa. 
Based on the phylogenetic analyses of the ITS, BT1 and combined datasets, the iso-
lates obtained in this study were grouped in three Clusters, referred to as Clusters 
A–C (Fig. 1; ITS and BT1 trees not presented). Isolates in Cluster A grouped in the 
genus Chrysoporthe and they all resided in the same phylogenetic clade as Chrysoporthe 
deuterocubensis. Isolates in Cluster B grouped in the genus Microthia and were phylo-
genetically closely related to Microthia havanensis. Isolates in Cluster C grouped with 
species of Celoporthe. They formed three distinct Clades (Clades a–c) within Celoporthe 
based on the ITS+BT1 tree (Fig. 1).

In the ITS, BT1 and TEF1 datasets for Celoporthe isolates, the PHT generated a 
value of P = 0.001, showing that the accuracy of the combined data were unaffected rel-
ative to the individual partitions (Cunningham 1997) and the three gene regions were 
thus combined in the analyses. Other than the ITS tree (Fig. 2A), Hawaiian isolates 
formed distinct lineages (Clades a–c) that differentiated them from other Celoporthe 
species (Fig. 2B–D). In the combined analyses of ITS, BT1 and TEF1 gene sequences, 
isolates in each of Clades a, b and c formed independent lineages, supported by high 
bootstrap values (Clade a: ML/MP = 98%/98%; Clade b: ML/MP = 88%/79%; Clade 
c: ML/MP = 99%/100%) (Fig. 2D). These three clades were consequently recognised 
as representing three undescribed species. Isolates in Clades a and b were most closely 
related to Celoporthe guangdongensis and those in Clade c were all most closely related 
to Cel. eucalypti and Cel. cerciana (Fig. 2D).

Morphology

Fruiting bodies developed for all six isolates grown on Eucalyptus stem sections on wa-
ter agar after two months of incubation at room temperature. Other than some minor 
differences, all fungal isolates, obtained in this study, were morphologically similar. 
This was consistent with the fact that fungi in the Cryphonectriaceae are mostly indis-
tinguishable on artificial media (Gryzenhout et al. 2009).

Colonies on 2% MEA were fluffy and white when young, turning yellow or green-
ish-grey to greenish when old. The optimal growth temperatures for novel species was 
30 °C, at which colonies reached 59–80 mm within 4 days.

Taxonomy

Based on phylogenetic analyses of sequence data for the three gene regions, three previ-
ously unknown Cryphonectriaceae species are recognised from non-native Myrtaceae on 
the Hawaiian Islands. The three fungi reside in the genus Celoporthe and are distinct from 
described Celoporthe species, based on sequence data. Since limited numbers of fruiting 
bodies were available from the originally-collected plant material for these three species 
and mostly conidia were obtained under laboratory conditions, they are defined primar-
ily based on multiple gene DNA sequence data. Morphological descriptions are provided 
for colonies on MEA and fruiting structures produced on Eucalyptus stem sections.
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Chrysoporthe deuterocubensis CMW11290

Chrysoporthe deuterocubensis CMW8651
Chrysoporthe cubensis CMW10639

Chrysoporthe cubensis CMW8758
Chrysoporthe cubensis CMW10669
Chrysoporthe cubensis CMW10453
Chrysoporthe zambiensis CMW29930
Chrysoporthe zambiensis CMW29928
Chrysoporthe syzygiicola CMW29942
Chrysoporthe syzygiicola CMW29940

Chrysoporthe austroafricana CMW9327
Chrysoporthe austroafricana CMW62

Chrysoporthe austroafricana CMW2113
Chrysoporthe doradensis CMW11286

Chrysoporthe doradensis CMW11287
Chrysoporthe inopina CMW12729
Chrysoporthe inopina CMW12727T

Chrysoporthe hodgesiana CMW10641
Chrysoporthe hodgesiana CMW9995

Chrysoporthe hodgesiana CMW10625
Endothia gyrosa CMW10442
Endothia gyrosa CMW2091

Rostraureum tropicale CMW9971
Rostraureum tropicale CMW10796
Rostraureum tropicale CMW9972

Amphilogia gyrosa CMW10470
Amphilogia gyrosa CMW10469

Capillaureum caryovora CBL06
Capillaureum caryovora CBL02

Cryptometrion aestuescens CMW28535
Cryptometrion aestuescens CMW18793
Cryptometrion aestuescens CMW18790
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Figure 1. Phylogenetic trees based on Maximum Likelihood (ML) analyses of a combined DNA se-
quence dataset of ITS and BT1 regions for various genera in the Diaporthales. Bootstrap values ≥ 70% 
for ML and MP (maximum parsimony) analyses are presented at branches as follows: ML/MP. Bootstrap 
values lower than 70% are marked with * and absent analysis values are marked with –. Isolates collected 
in this study are in boldface and blue. Diaporthe ambigua (CMW5287 and CMW5588) (Diaporthaceae) 
was used as the outgroup taxon.



Cryphonectriaceae in Hawaii 63

CMW38360
CMW38368
CWM38384

Cel. eucalypti CMW26900
Cel. eucalypti CMW26908T

Cel. tibouchinae CMW44126T
Cel. tibouchinae CMW44127
Cel. borbonica CMW44128T
Cel. borbonica CMW44139
Cel. cerciana CERC9125
Cel. cerciana CERC9128T

Cel. guangdongensis CMW12750T
CMW38553
CMW38582
CMW38610T

CMW38373
CMW38389T
CMW38546

Cel. indonesiensis CMW10781T
Cel. syzygii CMW24912
Cel. syzygii CMW34023T

Cel. woodiana CMW13937
Cel. woodiana CMW13936T

Cel. fontana CMW29375
Cel. fontana CMW29376T

Cel. dispersa CMW9976T
Cel. dispersa CMW9978

Holocryphia capensis CMW37329
Holocryphia capensis CMW37887T

76/-

99/100

71/*

95/*
99/100

100/100

0.0100

×5

Cel. paradisiaca sp. nov.
Clade a

Cel. hawaiiensis sp. nov.
Clade b

Cel. hauoliensis sp. nov.
Clade c98/100

93/84

*/94

*/89

Cel. tibouchinae CMW44126T
Cel. indonesiensis CMW10781T

Cel. borbonica CMW44139
Cel. borbonica CMW44128T
Cel. guangdongensis CMW12750T
Cel. tibouchinae CMW44127

CMW38360
CMW38368
CWM38384

CMW38553
CMW38582
CMW38610T
Cel. eucalypti CMW26900
Cel. eucalypti CMW26908T

CMW38373
CMW38389T
CMW38546
Cel. cerciana CERC9125
Cel. cerciana CERC9128T
Cel. syzygii CMW34023T
Cel. syzygii CMW24912

Cel. woodiana CMW13937
Cel. woodiana CMW13936T

Cel. fontana CMW29376T
Cel. fontana CMW29375

Cel. dispersa CMW9976T
Cel. dispersa CMW9978

Holocryphia capensis CMW37329
Holocryphia capensis CMW37887T

87/81

80/-

89/*

85/93

88/-
96/-

99/99

84/100

100/100

0.050

×3

Cel. paradisiaca sp. nov.
Clade a

Cel. hawaiiensis sp. nov.
Clade b

Cel. hauoliensis sp. nov.
Clade c

*/75

Cel. indonesiensis CMW10781T
CMW38360
CMW38368
CWM38384
CMW38553
CMW38582
CMW38610T

Cel. guangdongensis CMW12750T
Cel. fontana CMW29375
Cel. fontana CMW29376T

Cel. dispersa CMW9976T
Cel. dispersa CMW9978

Cel. woodiana CMW13936T
Cel. woodiana CMW13937

Cel. eucalypti CMW26900
Cel. eucalypti CMW26908T

Cel. syzygii CMW34023T
Cel. syzygii CMW24912
Cel. cerciana CERC9125
Cel. cerciana CERC9128T

CMW38373
CMW38389T
CMW38546

Holocryphia capensis CMW37329
Holocryphia capensis CMW37887T

94/94

96/95
70/87

86/81

90/100

81/*

78/*

100/100

0.0100

×2

Cel. paradisiaca sp. nov.
Clade a

Cel. hawaiiensis sp. nov.
Clade b

Cel. hauoliensis sp. nov.
Clade c

*/72

Cel. tibouchinae CMW44127
Cel. tibouchinae CMW44126T

Cel. guangdongensis CMW12750T
CMW38360
CMW38368
CWM38384

CMW38553
CMW38582
CMW38610T

Cel. cerciana CERC9125
Cel. cerciana CERC9128T
Cel. syzygii CMW24912
Cel. syzygii CMW34023T

Cel. eucalypti CMW26900
Cel. eucalypti CMW26908T

CMW38373
CMW38389T
CMW38546

Cel. indonesiensis CMW10781T
Cel. borbonica CMW44128T
Cel. borbonica CMW44139

Cel. woodiana CMW13937
Cel. woodiana CMW13936T

Cel. dispersa CMW9976T
Cel. dispersa CMW9978

Cel. fontana CMW29376T
Cel. fontana CMW29375

Holocryphia capensis CMW37329
Holocryphia capensis CMW37887T

98/98

88/79

99/100

99/9791/97

99/100

73/*

93/97

98/100

98/98

100/100

99/87

98/100

100/100

0.0100

Cel. paradisiaca sp. nov.
Clade a

Cel. hawaiiensis sp. nov.
Clade b

Cel. hauoliensis sp. nov.
Clade c

×20

*/87

*/72

*/97

ITS BT1

TEF1

A B

C ITS+
BT1+TEF1

D

Figure 2. Phylogenetic trees, based on Maximum Likelihood (ML) analyses for species in Celoporthe 
A ITS region B BT1 gene region C TEF1 gene region D combined ITS, BT1 and TEF1 regions. Boot-
strap values ≥ 70% for ML and MP (maximum parsimony) analyses are presented at branches as follows: 
ML/MP. Bootstrap values lower than 70% are marked with * and absent analysis values are marked 
with –. Isolates collected in this study are in boldface and blue. Holocryphia capensis (CMW37329 and 
CMW37887) was used as the outgroup taxon.
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Celoporthe hauoliensis Kamgan, Jol. Roux & Marinc., sp. nov.
MycoBank No: 808579
Fig. 3

Etymology. The species name refers to the Hawaiian word for happy, “Hau’oli”, de-
scribing the collector’s joy in visiting and discovering Cryphonectriaceae on the Islands.

Types. Holotype: USA, Hawaii, O’ahu Island, Pu’u PiaManoa, isolated from 
bark of Psidium cattleianum, 23 July 2012, J. Roux (PREM 61309; Ex-type cul-
ture CMW38389 = CBS 140640); GenBank accession numbers KJ027502 (ITS), 
KJ027478 (BT1), KJ027487 (TEF1). Paratypes: Hawaii, O’ahu Island, Waimea 
Valley Botanical Gardens, isolated from bark of Syzygium sp., 23 July 2012, J. Roux 
(PREM 61310; living culture CMW38546 = CBS 140641). Hawaii, O’ahu Island, 
Waimea Valley Botanical Garden, isolated from bark of Syzygium jambos, July 2012, 
J. Roux (CMW38373).

Sexual morph. Not observed.
Asexual morph. Formed after two months on Eucalyptus stem sections placed on 

water agar. Conidiomata superficial or with base embedded, pulvinate or conical with 
or without necks, often covered with pigmented hyphae, uni- or multilocular, convo-
luted, 287–722 µm long, 332–808 µm wide. Conidiomatal walls outer- and inter-locular 

Figure 3. Micrographs of Celoporthe hauoliensis sp. nov. (holotype: PREM 61309; ex-holotype CBS 
140640 = CMW38389) A culture morphology on 2% MEA at 25 °C and 30 °C at 9 and 27 days 
B conidiomata produced on Eucalyptus stem sections on water agar C, D vertical section of conidioma 
E inner fertile wall of conidioma F conidiomatal wall G conidiogenous cells H conidia. Scale bars: 1 mm 
(B); 100 µm (C, D); 10 µm (E–H).

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=808579
http://www.ncbi.nlm.nih.gov/nuccore/KJ027502
http://www.ncbi.nlm.nih.gov/nuccore/KJ027478
http://www.ncbi.nlm.nih.gov/nuccore/KJ027487
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stratum prosenchymatous; inner fertile stratum pseudoparenchymatous, composed of 
a few layers of brown, flattened, thick-walled cells, 8–26 µm thick. Paraphyses present, 
scarcely observed, 14–26 µm long. Conidiophores formed along inner layer of locule, sim-
ple or branched, often reduced to conidiogenous cells, 5–21 µm long. Conidiogenous cells 
enteroblastic, lageniform, tapering towards apex, 3–9 × 1–2.5 µm. Conidia hyaline, ob-
long, straight, occasionally curved, aseptate, 3–4 × 1–1.5 (3.09 ± 0.30 × 1.31 ± 0.08) µm.

Culture characteristics. Colonies on 2% MEA, when young showing circu-
lar growth with smooth margins, above white with tint of yellow (30 °C) or orange 
(25 °C) towards the edge of Petri dish, reverse yellow, except for at 30 °C becoming 
brown towards the edge; with age above becoming brown, except for 30 °C at which 
each colony showing variable yellow with white mycelial clumps, reverse dark brown at 
all temperatures; optimal growth at 30 °C (9.4 mm/d), followed by 25 °C (7.9 mm/d) 
and 20 °C (4.8 mm/d), minimal growth at 35 °C (0.2 mm/d), no growth at 5 °C; 
mycelia fluffy, density sparce in centre becoming thicker towards the edge.

Habitat. On/in bark of Psidium cattleianum and Syzygium jambos
Distribution. Hawaii, USA
Notes. Celoporthe hauoliensis is morphologically similar to its phylogenetically clos-

est relatives Cel. eucalypti and Cel. cerciana, but can be differentiated by DNA sequences. 
In the ITS, BT1 and TEF1 datasets, Cel. hauoliensis differs from Cel. eucalypti by 8, 4 and 
4 base pairs and from Cel. cerciana by 11, 9 and 6 base pairs, respectively (Tables 3–5).

Table 3. Nucleotide differences observed in the ITS region between Celoporthe hauoliensis, Cel. eucalypti 
and Cel. cerciana.

Species/Isolate No. ITS1

82 61 75 76 80 112 161 162 186 187 193 194 467
Cel. hauoliensis CMW383735 T3 A G C C – – C T A – C –
Cel. hauoliensis CMW383894 T A G C C – – C T A – C –
Cel. hauoliensis CMW38546 T A G C C – – C T A – C –
Cel. eucalypti CMW26900 – A – T G G A A T A – A –
Cel. eucalypti CMW26908 – A – T G G A A T A – A –
Cel. cerciana CERC9125 T G – T G G – A A C A A T
Cel. cerciana CERC9128 T G – T G G – A A C A A T

1 Polymorphic nucleotides occurring only in all isolates are shown, not alleles that partially occur in individuals per phylogenetic group. 2 Num-
erical positions of the nucleotides in the DNA sequence alignments are indicated. 3 Fixed polymorphisms for each group are in bold. 4 Ex-type 
isolates are indicated in italic.

Table 4. Nucleotide differences observed in the BT1 gene region between Celoporthe hauoliensis, Cel. 
eucalypti and Cel. cerciana.

Species/Isolate No. BT11

1052 127 130 131 132 182 183 188 191 201
Cel. hauoliensis CMW383735 G3 C – – – – – – T C
Cel. hauoliensis CMW383894 G C – – – – – – T C
Cel. hauoliensis CMW38546 G C – – – – – – T C
Cel. eucalypti CMW26900 A C C T C – – – T C
Cel. eucalypti CMW26908 A C C T C – – – T C
Cel. cerciana CERC9125 G T C T C C C C C A
Cel. cerciana CERC9128 G T C T C C C C C A

1 Polymorphic nucleotides occurring only in all isolates are shown, not alleles that partially occur in individuals per phylogenetic group. 2 Num-
erical positions of the nucleotides in the DNA sequence alignments are indicated. 3 Fixed polymorphisms for each group are in bold. 4 Ex-type 
isolates are indicated in italic.
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Celoporthe hawaiiensis Kamgan, Jol. Roux & Marinc., sp. nov.
MycoBank No: 808578
Fig. 4

Etymology. The species name refers to the Hawaiian Islands where the holotype 
was collected.

Types. Holotype: USA, Hawaii, Maui Island, Hana Road, 20 miles from Kahului, 
isolated from bark of Syzygium jambos, 30 July 2012, J. Roux (PREM61307; Ex-type 
culture CMW38610 = CBS140642); GenBank accession numbers KJ027499 (ITS), 
KJ027475 (BT1), KJ027484 (TEF1). Paratypes: Hawaii, Maui Island, Hana Road, 20 
miles from Kahului, isolated from bark of Syzygium jambos, 30 July 2012, J. Roux (PREM 
61308; living culture CMW38582 = CBS140643). Hawaii, Big Island, Rainbow Falls, 
Hilo, isolated from bark of Syzygium jambos, 26 July 2012, J. Roux (CMW38553).

Sexual morph. Not observed.
Asexual morph. Formed after two months on Eucalyptus stem sections placed on 

water agar. Conidiomata superficial or with base embedded, single or gregarious, uni- or 
multilocular, convoluted, base often covered with brown hyphal mass, dark brown to 
black, pulvinate to conical with or without necks, 450–1814 µm long, 329–1069 µm 
wide; necks attenuating towards apex, tip of neck paler than body. Conidiomatal wall 
outer-and inter-locular stratum prosenchymatous; inner fertile stratum pseudoparen-
chymatous, 5–19 µm thick. Paraphyses present, cylindrical, tapering towards apex, 
scarce, 16–29 µm long. Conidiophores formed along inner layer of locule, simple or 
branched, occasionally reduced to conidiogenous cell, 10–26 µm long. Conidiogenous 
cells enteroblastic, lageniform, tapering towards apex, 4–12 × 1–2 µm. Conidia hyaline, 
oblong, aseptate, exuding in yellow droplets or tendril, 2.5–4 × 1–1.5 (3.17 ± 0.27 × 
1.27 ± 0.08) µm.

Culture characteristics. Colonies on 2% MEA, when young showing circular 
growth with smooth margins, above white with yellow tint towards edge (25 °C), 
reverse pale brown, becoming darker in centre at 25 °C and 30 °C; with age above 

Table 5. Nucleotide differences observed in the TEF1 gene region between Celoporthe hauoliensis, Cel. 
eucalypti and Cel. cerciana.

Species/Isolate No. TEF1
232 43 44 112 113 114 127

Cel. hauoliensis CMW383735 C3 G C – – – T
Cel. hauoliensis CMW383894 C G C – – – T
Cel. hauoliensis CMW38546 C G C – – – T
Cel. eucalypti CMW26900 T G C T T T T
Cel. eucalypti CMW26908 T G C T T T T
Cel. cerciana CERC9125 C T T T T T C
Cel. cerciana CERC9128 C T T T T T C

1 Polymorphic nucleotides occurring only in all isolates are shown, not alleles that partially occur in individuals per phylogenetic group. 2 Num-
erical positions of the nucleotides in the DNA sequence alignments are indicated. 3 Fixed polymorphisms for each group are in bold. 4 Ex-type 
isolates are indicated in italic.

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=808578
http://www.ncbi.nlm.nih.gov/nuccore/KJ027499
http://www.ncbi.nlm.nih.gov/nuccore/KJ027475
http://www.ncbi.nlm.nih.gov/nuccore/KJ027484
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becoming darker yellow to brown, reverse dark brown, except at 20 °C, 25 °C hav-
ing yellow with dark brown patches; optimal growth at 30 °C (6.6 mm/d), followed 
by 25 °C (6.0 mm/d) and 20 °C (4.1 mm/d), minimal growth at 35 °C (0.1 mm/d), 
growth at 5 °C restricted to mycelial plug; mycelia fluffy, density sparse in centre be-
coming thicker towards the edge.

Habitat. On/in bark of Psidium cattleianum, Syzygium jambos and Syzygium sp. indet.
Distribution. Hawaii, USA
Notes. Celoporthe hawaiiensis is morphologically similar to Cel. guangdongensis and 

Cel. paradisiaca, its phylogenetic closest relatives, but can be differentiated by DNA 
sequences. In the ITS, BT1 and TEF1 datasets, Cel. hawaiiensis differs from Cel. guang-
dongensis by 3, 3 and 1 base pairs and from Cel. paradisiaca by 6, 3 and 3 base pairs, 
respectively (Tables 6, 7).

Figure 4. Micrographs of Celoporthe hawaiiensis sp. nov. (holotype: PREM 61307, ex-holotype CBS 140642 
= CMW38610) A culture morphology on 2% MEA at 25 °C and 30 °C at 9 and 27 days B, C conidiomata 
produced on Eucalyptus stem sections on water agar D, E vertical section of conidioma F conidiomatal wall 
G, H conidiogenous cells I conidia. Scale bars: 1 mm (B, C); 100 µm (D, E); 10 µm (F, G); 5 µm (H, I).
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Celoporthe paradisiaca S.F. Chen & Marinc., sp. nov.
MycoBank No: 836918
Fig. 5

Etymology. The species name refers to the fact that Hawaii, where the holotype of this 
fungus was collected, is regarded as a paradise by travellers.

Types. Holotype: USA, Hawaii, O’ahu Island, Ho’omaluhia, isolated from 
bark of Psidium cattleianum, 24 July 2012, J. Roux (PREM 63205; Ex-type cul-
ture CMW38360 = CBS 147169); GenBank accession numbers KJ027498 (ITS), 
KJ027474 (BT1), KJ027483 (TEF1). Paratype: Hawaii, O’ahu Island, Waimea Val-
ley Botanical Gardens, isolated from bark of Syzygium jambos, 23 July 2012, J. Roux 
(PREM 63206; living culture CMW38368 = CBS 147170).

Sexual morph. Not observed.
Asexual morph. Produced after two months on Eucalyptus stem sections placed 

on water agar. Conidiomata superficial or with base embedded, singular or gregarious, 
pulvinate or conical with or without necks, often covered with mycelia, unilocular or 
multilocular, convoluted, 354–841 µm long, 185–654 µm wide. Conidiomatal wall 
outer or inter-locular stratum prosenchymatous; inner fertile layers pseudoparenchym-
atous, composed of several layers of flattened, thick-walled, pigmented cells, 8–19 µm 

Table 6. Nucleotide differences observed in the ITS region between Celoporthe hawaiiensis, Cel. guang-
dongensis and Cel. paradisiaca.

Species/Isolate No. ITS1

562 57 59 98 160 161 193 467
Cel. paradisiaca CWM383603 A4 G A – – A A –
Cel. paradisiaca CMW38368 A G A – – A A –
Cel. paradisiaca CWM38384 A G A – – A A –
Cel. hawaiiensis CMW38553 – – G – – – – T
Cel. hawaiiensis CMW38582 – – G – – – – T
Cel. hawaiiensis CMW386103 – – G – – – – T
Cel. guangdongensis CMW127503 – – G C A A – T

1 Polymorphic nucleotides occurring only in all isolates are shown, not alleles that partially occur in individuals per phylogenetic group. 2 Num-
erical positions of the nucleotides in the DNA sequence alignments are indicated. 3 Ex-type isolates are indicated in italic. 4 Fixed polymorphisms 
for each group are in bold.

Table 7. Nucleotide differences observed in the BT1 and TEF1 gene regions between Celoporthe hawai-

iensis, Cel. guangdongensis and Cel. paradisiaca.

Species/Isolate No. BT11 TEF1

572 131 139 175 272 77 220 222
Cel. paradisiaca CWM383603 Cd T A C C C – A
Cel. paradisiaca CMW38368 C T A C C C – A
Cel. paradisiaca CWM38384 C T A C C C – A
Cel. hawaiiensis CMW38553 C G G C G A A C
Cel. hawaiiensis CMW38582 C G G C G A A C
Cel. hawaiiensis CMW386103 C G G C G A A C
Cel. guangdongensis CMW127503 T T G – G C A C

1 Polymorphic nucleotides occurring only in all isolates are shown, not alleles that partially occur in individuals per phylogenetic group. 2 Num-
erical positions of the nucleotides in the DNA sequence alignments are indicated. 3 Ex-type isolates are indicated in italic. 4 Fixed polymorphisms 
for each group are in bold.

http://www.mycobank.org/MycoTaxo.aspx?Link=T&Rec=836918
http://www.ncbi.nlm.nih.gov/nuccore/KJ027498
http://www.ncbi.nlm.nih.gov/nuccore/KJ027474
http://www.ncbi.nlm.nih.gov/nuccore/KJ027483
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thick. Paraphyses present, rarely observed. Conidiophores produced along inner layer of 
locule, simple or scarcely branched from basal cell, 8–11 µm long. Conidiogenous cells 
enteroblastic, lageniform, tapering towards apex, 5–11 × 1–2 µm. Conidia hyaline, 
oblong, straight or occasionally curved, 3–4 × 1–1.5 (3.2 ± 0.3 × 1.2 ± 0.07) µm.

Culture characteristics. Colonies on 2% MEA, when young, showing circular 
growth with smooth edges, above white, reverse pale to dark brown (30 °C) and yellow 
(25 °C); with age, above becoming brown and reverse dark yellow; optimal growth at 
30 °C (7.7 mm/d), followed by 25 °C (7.0 mm/d) and 20 °C (4.6 mm/d), minimal 
growth at 35 °C (0.1 mm/d), no growth at 5 °C; mycelia fluffy, density-sparse in cen-
tre, becoming thicker towards the edge, aerial hyphae more abundant at 25 °C than at 
30 °C when young.

Habitat. On/in bark of Psidium cattleianum and Syzygium jambos
Distribution. Hawaii, USA
Notes. Celoporthe paradisiaca is morphologically similar to its phylogenetically 

closest relatives, Cel. hawaiiensis and Cel. guangdongensis, but can be differentiated 
from them by DNA sequences. In the ITS, BT1 and TEF1 datasets, Cel. paradisiaca 
differs from Cel. hawaiiensis by 6, 3 and 3 base pairs and from Cel. guangdongensis by 
7, 4 and 2 base pairs, respectively (Tables 6, 7).

Figure 5. Micrographs of Celoporthe paradisiaca sp. nov. (holotype: PREM 63205, ex-holotype CBS 
147169 = CMW38360) A culture morphology on 2% MEA at 25 °C and 30 °C at 8 and 34 days B conid-
iomata produced on Eucalytpus stem sections on water agar C, D vertical section of conidioma E inner wall 
of conidioma F conidiomatal walls (ps, pseudoparenchymatous inner wall; pr, prosenchymatous outer or 
interlocular wall) G conidiogenous cells H conidia. Scale bars: 1 mm (B); 100 µm (C, D); 10 µm (E–H).
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Pathogenicity tests

Inoculation with two isolates each of Chr. deuterocubensis (CMW38375, CMW38549), 
Mic. havanensis (CMW38563, CMW38585), Cel. hawaiiensis (CMW38553, 
CMW38610), Cel. hauoliensis (CMW38373, CMW38389) and Cel. paradisiaca 
(CMW38360, CMW38384) resulted in lesions on the cambium of one-year-old S. jam-
bos trees. There were no significant differences between the means for Cel. hauoliensis 
and Mic. havanensis when compared to the negative control (Fig. 6). There were signif-
icant differences in the means for Chr. deuterocubensis and Cel. hawaiiensis when com-
pared with one another, as well as with the negative control. A strain (CMW38610) 
of Cel. hawaiiensis was the most pathogenic (Mean = 23.4 mm) of all the fungi tested 
and it resulted in a mean lesion length that was statistically different when compared to 
the means for other test strains and the negative control (Fig. 6). The inoculated fungi 
were re-isolated from the treated plants and not from the controls, thus fulfilling the 
requirements of Koch’s Postulates.

Genetic Diversity of Chr. deuterocubensis isolates

Chrysoporthe deuterocubensis was the most commonly isolated fungus from Myrtales in 
this study (Table 1). Due to its known importance as a plantation tree pathogen, isolates 
obtained were subjected to a genetic diversity test using previously-developed microsat-
ellite markers for this fungus. Seven of the 10 microsatellite primers amplified the de-
sired target loci in 93 isolates obtained from four tree species on three Islands of Hawaii 

Figure 6. Vertical bar chart showing results of inoculation trial (xylem lesion) with Cryphonectriaceae 
isolates from Hawaii on S. jambos trees. Means with similar letters are not statistically significant, while 
those with different letters are statistically significant (significance level = 0.05).
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(Table 1). Allele sizes at each locus were estimated and these were within the size ranges 
for each marker (Van der Merwe et al. 2003). A total of seven alleles (one allele at each 
locus) and one haplotype were identified in the collection. The gene diversity was zero 
and the Chr. deuterocubensis collection from Hawaii was determined as 100% clonal.

Discussion

Five species of Cryphonectriaceae, residing in the genera Celoporthe, Chrysoporthe and 
Microthia, were identified from native and non-native Myrtaceae from three of the 
Hawaiian Islands (USA). Of these, only Chr. deuterocubensis and Mic. havanensis have 
previously been found in Hawaii (Gryzenhout et al. 2006a, 2009; Van der Merwe et 
al. 2010). In addition, three new species of Celoporthe were discovered and described.

Chrysoporthe deuterocubensis is known to occur in Hawaii where it has been previ-
ously recorded as a pathogen of Eucalyptus trees from the Islands of Kauai and Hawaii 
(Hodges et al. 1979; Gryzenhout et al. 2009; M.J. Wingfield, unpubl.). This fungus, 
originally known as Chr. cubensis and later recognised as distinct from that species (Van 
der Merwe et al. 2010), is well-known from many south-eastern Asian countries where 
it is believed to have originated (Zhou et al. 2008; Gryzenhout et al. 2009; Chen et al. 
2010; Van der Merwe et al. 2010; Wang et al. 2020). It exclusively infects trees in the 
Myrtaceae and is an important pathogen of Eucalyptus outside the native range of this 
tree (Gryzenhout et al. 2009; Van der Merwe et al. 2010).

The occurrence of Chr. deuterocubensis on native Ohia (M. polymorpha) in Hawaii 
could be of concern given its importance as a tree pathogen. This prompted us to in-
vestigate the population diversity of the fungus in Hawaii and, thus, to gain insights 
into its possible origin and movement in the region. The seven microsatellite markers, 
used to study the population diversity of Chr. Deuterocubensis, amplified target loci in 
ninety-three isolates of the fungus. The trees from which isolates were obtained rep-
resented three genera and four different species. The single isolate of the fungus from 
native M. polymorpha was also included. All isolates, irrespective of the host or island 
on which they were collected, represented a single genotype of Chr. deuterocubensis and 
further comparisons were not justified. Overall, the results of this study provide con-
vincing evidence that Chr. deuterocubensis has been introduced into Hawaii.

The occurrence of a single clone of Chr. deuterocubensis in Hawaii is consistent 
with that of an introduced pathogen that would be expected to have low gene di-
versity. This is in contrast to native pathogens that are typically genetically diverse in 
their areas of origin (Gordon et al. 1996; McDonald 1997). The area of origin of Chr. 
deuterocubensis in Hawaii is unknown, but it is most likely some part of Asia where 
the pathogen is found on native, as well as non-native, Myrtales (Van der Merwe et al. 
2010). The discovery of only a single genotype of Chr. deuterocubensis in Hawaii was 
surprising and unexpected. This is especially because the isolates were collected from a 
wide range of different trees spanning three genera and four species and occurring on 
three different Islands.
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Chrysoporthe deuterocubensis has been known on Eucalyptus in Kauai (as 
Cryphonectria cubensis) for many years (Hodges et al. 1979; Gryzenhout et al. 2004) 
and this could be the area where it was first introduced. The pathogen also occurs 
on highly sought-after ornamental trees/shrubs, such as Tibouchina species (Myrtales: 
Melastomataceae) (Myburg et al. 2003; Gryzenhout et al. 2009) and it is believed to 
have been moved on cuttings of this tree (Myburg et al. 2003; Gryzenhout et al. 2009). 
Tibouchina is commonly grown in Hawaii and these trees could also represent a source 
of a first introduction. This would be in contrast to other Myrtales, such as Eucalyptus 
spp., that are more commonly moved as seed.

Chrysoporthe deuterocubensis is an aggressive and important pathogen of trees in the 
Myrtales. It is clearly widespread in Hawaii and it has most likely been present in the 
state for many years. It appears that the population of the pathogen has increased sub-
stantially where it infects S. jambos, apparently being pre-disposed to the development 
of the canker pathogen by rust caused by A. psidii. Once large populations of a patho-
gen, such as Chr. Deuterocubensis, develop in an area, the chance of their moving to 
new environments is heightened by what has been termed a “bridgehead effect” and for 
which there are numerous examples in Eucalyptus forestry (Wingfield et al. 2013, 2015).

Microthia havanens, found in this study on P. cattleianum, S. jambos and S. cumini, 
was first described as a saprobe on Eucalyptus trees and other trees such as Mango 
[Mangifera indica L. (Anacardiacae, Sapindales)], avocado [Persea americana Mill. 
(Lauraceae, Laurales)] and Jobo trees [Spondias mombin L. (Anacardiaceae, Sapin-
dales)] in Cuba (Bruner 1916). Other hosts and areas of occurrence for this fungus 
include Eucalyptus in Mexico and Hawaii, Myrica faya Ait (Myricaceae, Fagales) trees 
in Madeira and the Azores (Gryzenhout et al. 2006a) and Eucalyptus grandis Hill: 
Maiden trees in Florida (USA) (Barnard et al. 1987). Microthia havanensis is consid-
ered a weakly pathogenic bark-infecting fungus. This was also confirmed in our patho-
genicity studies on S. jambos, where the two isolates tested produced lesions that did 
not differ significantly from the controls.

Three new species of Celoporthe were found in this study, with thirteen species now 
recognised in the genus. These include ten species, Cel. borbonica, Cel. cerciana, Cel.
eucalypti, Cel. guangdongensis, Cel. hauoliensis, Cel. hawaiiensis, Cel. indonesiensis, Cel. 
paradisiaca, Cel. syzygii and Cel. tibouchinae in the Asian clade (Chen et al. 2011; Ali et 
al. 2018; Wang et al. 2018) and three species, Cel. dispersa, Cel. fontana and Cel. woodi-
ana in the African clade of this genus (Nakabonge et al. 2006; Vermeulen et al. 2013). 
The present study expands the species diversity and geographic range of Celoporthe.

Preliminary pathogenicity trials on S. jambos showed that some of the isolates of 
Chrysoporthe and Celoporthe, tested under greenhouse conditions, can result in sig-
nificant lesions on inoculated plants within a short period of time. Both isolates of 
Cel. paradisiaca caused distinct lesions, while one isolate each of Cel. hawaiiensis and 
Chr. deuterocubensis resulted in lesions that were significantly larger than those of the 
controls. One of the Cel. hawaiiensis isolates was the most aggressive fungus tested 
and surprisingly more so than the well-recognised pathogen Chr. deuterocubensis. This 
fungus clearly deserves further study.
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Austropuccinia psidii infects mostly young, actively growing leaves and shoots, as 
well as fruits and sepals (Coutinho et al. 1998; Alfenas et al. 2004; Glen et al. 2017). 
Infections of leaves and meristems are severe on susceptible seedlings, cuttings, young 
trees and coppice, causing plants to be stunted and multibranched, inhibiting normal 
growth and development and sometimes causing death to young seedlings (Booth et al. 
2000; Rayachhetry et al. 2001). This is in contrast to species of the Cryphonectriaceae 
that infect the bark of trees and shrubs (Gryzenthout et al. 2009). Chrysoporthe species, 
for example, infect the bark and cambium of trees, giving rise to rapidly-expanding 
cankers on the stems (Gryzenhout et al. 2009). These cankers often girdle the stems, 
killing the cambium and leading to rapid tree death (Hodges et al. 1976; Wingfield et 
al. 1989; Gryzenhout et al. 2009).

In the surveys conducted in this study, samples with symptoms of the Cryph-
onectriaceae were obtained from various parts of trees, including dead branches, 
stem cankers and also on trees with no obvious infection by the myrtle rust patho-
gen, A. psidii. We believe that the rapid die-back of S. jambos trees and other non-
native myrtles in Hawaii is, at least in part, due to infection by one or more Cry-
phonectriaceae species that apparently proliferate in tissue stressed by the Myrtle 
rust fungus.

Acknowledgements

We thank the National Research Foundation of South Africa (NRF), The Centre of 
Excellence in Tree Health Biotechnology (CoE-CTHB), the National Key R&D Pro-
gram of China (China–South Africa Forestry Joint Research Centre Project; project 
No. 2018YFE0120900) for providing funding and the facility to conduct this study. 
We are also most grateful to Chris Kadooka and JB Friday, University of Hawaii and 
Lloyd Loope of the US Geological Survey, Makawao, Hawaii for invaluable advice and 
local support of the survey carried out in Hawaii. This work is based on the research 
supported by the National Research Foundation of South Africa, Grant specific unique 
reference number (UID83924). The grant holders acknowledge that opinions, find-
ings and conclusions or recommendations expressed in any publication generated by 
NRF supported research are that of the authors and that the NRF accepts no liability 
whatsoever in this regard.

References

Alfenas AC, Jeng R, Hubbes M (1983) Virulence of Cryphonectria cubensis on Eucalyptus spe-
cies differing in resistance. European Journal of Forest Pathology 13: 197–205. https://doi.
org/10.1111/j.1439-0329.1983.tb00118.x

Alfenas AC, Zauza EAV, Mafia RG, Assis TF (2004) Clonagem e DoencasdoEucalipto. Editora 
UFV: Universidade Federal doViçosa, Brazil.

https://doi.org/10.1111/j.1439-0329.1983.tb00118.x
https://doi.org/10.1111/j.1439-0329.1983.tb00118.x


Jolanda Roux et al.  /  MycoKeys 76: 49–79 (2020)74

Ali DB, Marincowitz S, Wingfield MJ, Roux J, Crous PW, McTaggart AR (2018) Novel Cry-
phonectriaceae from La Réunion and South Africa, and their pathogenicity on Eucalyptus. 
Mycological Progress 17: 953–966. https://doi.org/10.1007/s11557-018-1408-3

Anagnostakis SL (1987) Chestnut blight: the classical problem of an introduced pathogen. 
Mycologia 79: 23–37. https://doi.org/10.1080/00275514.1987.12025367

Anonymous (2003) Annual report to the twenty-second legislature regular session of 2003 
relating to the forest stewardship program. The State of Hawaii, Department of Land and 
Natural Resources, Division of Forestry and Wildlife. Honolulu, Hawaii, 31 pp.

Barnard EL, Geary T, English JT, Gilly SP (1987) Basal cankers and coppice failure of Eucalyp-
tus grandis in Florida. Plant Disease 71: 358–361. https://doi.org/10.1094/PD-71-0358

Begoude BAD, Gryzenhout M, Wingfield MJ, Roux J (2010) Aurifilum, a new fungal genus in 
the Cryphonectriaceae from Terminaliaspecies in Cameroon. Antonie van Leeuwenhoek 
98: 263–278. https://doi.org/10.1007/s10482-010-9467-8

Beier GL, Hokanson SC, Bates ST, Blanchette RA (2015) Aurantioporthe corni gen. et comb. 
nov., an endophyte and pathogen of Cornus alternifolia. Mycologia 107: 66–79. https://
doi.org/10.3852/14-004

Booth TH, Old KM, Jovanovic T (2000) A preliminary assessment of high risk areas for Puc-
cinia psidii (Eucalyptus rust) in the Neotropics and Australia. Agriculture Ecosystems & 
Environment 82: 295–301. https://doi.org/10.1016/S0167-8809(00)00233-4

Bruner SC (1916) A new species of Endothia. Mycologia 8: 239–242. https://doi.org/10.1080
/00275514.1916.12018888

Carbone I, Kohn LM (1999) A method for designing primer sets for speciation studies in 
filamentous ascomycetes. Mycologia 91: 553–556. https://doi.org/10.1080/00275514.1
999.12061051

Carnegie AJ, Kathuria A, Pegg GS, Entwistle P, Nagel M, Giblin FR (2016) Impact of the 
invasive rust Puccinia psidii (myrtle rust) on native Myrtaceae in natural ecosystems in 
Australia. Biological Invasions 18: 127–144. https://doi.org/10.1007/s10530-015-0996-y

Castlebury LA, Rossman AY, Jaklitsch WJ, Vasilyeva LN (2002) A preliminary overview of the 
Diaporthales based on large subunit nuclear ribosomal DNA sequences. Mycologia 94: 
1017–1031. https://doi.org/10.1080/15572536.2003.11833157

Chen SF, Gryzenhout M, Roux J, Xie YJ, Wingfield MJ, Zhou XD (2010) Identification and 
pathogenicity of Chrysoporthe cubensis on Eucalyptus and Syzygium spp. in South China. 
Plant Disease 94: 1143–1150. https://doi.org/10.1094/PDIS-94-9-1143

Chen SF, Gryzenhout M, Roux J, Xie YJ, Wingfield MJ, Zhou XD (2011) Novel species of 
Celoporthe from Eucalyptus and Syzygium trees in China and Indonesia. Mycologia 103: 
1384–1410. https://doi.org/10.3852/11-006

Chen SF, Wingfield MJ, Roets F, Roux J (2013a) A serious canker caused by Immersiporthe knox-
daviesiana gen. et sp. nov. (Cryphonectriaceae) on native Rapanea melanophloeos in South 
Africa. Plant Pathology 62: 667–678. https://doi.org/10.1111/j.1365-3059.2012.02671.x

Chen SF, Wingfield MJ, Roux J (2013b) Diversimorbus metrosiderotis gen. et sp. nov. and 
three new species of Holocryphia (Cryphonectriaceae) associated with cankers on native 
Metrosideros angustifolia trees in South Africa. Fungal Biology 117: 289–310. https://doi.
org/10.1016/j.funbio.2013.02.005

https://doi.org/10.1007/s11557-018-1408-3
https://doi.org/10.1080/00275514.1987.12025367
https://doi.org/10.1094/PD-71-0358
https://doi.org/10.1007/s10482-010-9467-8
https://doi.org/10.3852/14-004
https://doi.org/10.3852/14-004
https://doi.org/10.1016/S0167-8809(00)00233-4
https://doi.org/10.1080/00275514.1916.12018888
https://doi.org/10.1080/00275514.1916.12018888
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1080/00275514.1999.12061051
https://doi.org/10.1007/s10530-015-0996-y
https://doi.org/10.1080/15572536.2003.11833157
https://doi.org/10.1094/PDIS-94-9-1143
https://doi.org/10.3852/11-006
https://doi.org/10.1111/j.1365-3059.2012.02671.x
https://doi.org/10.1016/j.funbio.2013.02.005
https://doi.org/10.1016/j.funbio.2013.02.005


Cryphonectriaceae in Hawaii 75

Chen SF, Wingfield MJ, Li GQ, Liu FF (2016) Corticimorbus sinomyrti gen. et sp. nov. (Cry-
phonectriaceae) pathogenic to native Rhodomyrtus tomentosa (Myrtaceae) in South China. 
Plant Pathology 65: 1254–1266. https://doi.org/10.1111/ppa.12507

Chen SF, Liu QL, Li GQ, Wingfield MJ, Roux J (2018) A new genus of Cryphonectriaceae 
causes stem canker on Lagerstroemia speciosa in South China. Plant Pathology 67: 107–123. 
https://doi.org/10.1111/ppa.12723

Chungu D, Gryzenhout M, Muimba-Kankolongo A, Wingfield MJ, Roux J (2010) Taxonomy and 
pathogenicity of two novel Chrysoporthe species from Eucalyptus grandis and Syzygium guineense 
in Zambia. Mycological Progress 9: 379–393. https://doi.org/10.1007/s11557-009-0646-9

Coutinho TA, Wingfield MJ, Alfenas AC, Crous PW (1998) Eucalyptus rust: a disease with the 
potential for serious international implications. Plant Disease 82: 819–825. https://doi.
org/10.1094/PDIS.1998.82.7.819

Crane C, Burgess TI (2013) Luteocirrhus shearii gen. sp. nov. (Diaporthales, Cryphonectri-
aceae) pathogenic to Proteaceae in the South Western Australian Floristic Region. IMA 
Fungus 4: 111–122. https://doi.org/10.5598/imafungus.2013.04.01.11

Crous PW, Summerell BA, Alfenas AC, Edwards J, Pascoe IG, Porter IJ, Groenewald JZ (2012) 
Genera of diaporthalean coelomycetes associated with leaf spots of tree hosts. Persoonia 28: 
66–75. https://doi.org/10.3767/003158512X642030

Cunningham CW (1997) Can three incongruence tests predict when data should be com-
bined. Molecular Biology and Evolution 14: 733–740. https://doi.org/10.1093/oxford-
journals.molbev.a025813

Davison EM, Coates DJ (1991) Identification of Cryphonectria cubensis and Endothia gyrosa 
from eucalypts in Western Australia using isozyme analysis. Australasian Plant Pathology 
20: 157–160. https://doi.org/10.1071/APP9910157

Farris JS, Kallersjo M, Kluge AG, Bult C (1995) Testing significance of incongruence. Cladis-
tics 10: 315–319. https://doi.org/10.1111/j.1096-0031.1994.tb00181.x

Ferreira MA, Soares de Oliveira ME, Silva GA, Mathioni SM, Mafia RG (2019) Capillaureum 
caryovora gen. sp. nov. (Cryphonectriaceae) pathogenic to pequi (Caryocar brasiliense) in 
Brazil. Mycological Progress 18: 385–403. https://doi.org/10.1007/s11557-018-01461-3

Glass NL, Donaldson GC (1995) Development of primer sets designed for use with the PCR 
to amplify conserved genes from filamentous Ascomycetes. Applied and Environmental 
Microbiology 61: 1323–1330. https://doi.org/10.1128/AEM.61.4.1323-1330.1995

Glen M, Alfenas AC, Zauza EAV, Wingfield MJ, Mohammed C (2007) Puccinia psidii: a threat 
to the Australian environment and economy – a review. Australasian Plant Pathology 36: 
1–16. https://doi.org/10.1071/AP06088

Gordon TR, Storer AJ, Okamoto D (1996) Population structure of the pitch canker patho-
gen, Fusarium subglutinans f. sp. pini, in California. Mycological Research 100: 850–854. 
https://doi.org/10.1016/S0953-7562(96)80033-5

Gryzenhout M, Myburg H, Van der Merwe NA, Wingfield BD, Wingfield MJ (2004) Chryso-
porthe, a new genus to accommodate Cryphonectria cubensis. Studies in Mycology 50: 119–142.

Gryzenhout M, Glen HF, Wingfield BD, Wingfield MJ (2005a) Amphilogia gen. nov. for Cr-
yphonectria-like fungi from Elaeocarpus spp. in New Zealand and Sri Lanka. Taxon 54: 
1009–1021. https://doi.org/10.2307/25065485

https://doi.org/10.1111/ppa.12507
https://doi.org/10.1111/ppa.12723
https://doi.org/10.1007/s11557-009-0646-9
https://doi.org/10.1094/PDIS.1998.82.7.819
https://doi.org/10.1094/PDIS.1998.82.7.819
https://doi.org/10.5598/imafungus.2013.04.01.11
https://doi.org/10.3767/003158512X642030
https://doi.org/10.1093/oxfordjournals.molbev.a025813
https://doi.org/10.1093/oxfordjournals.molbev.a025813
https://doi.org/10.1071/APP9910157
https://doi.org/10.1111/j.1096-0031.1994.tb00181.x
https://doi.org/10.1007/s11557-018-01461-3
https://doi.org/10.1128/AEM.61.4.1323-1330.1995
https://doi.org/10.1071/AP06088
https://doi.org/10.1016/S0953-7562(96)80033-5
https://doi.org/10.2307/25065485


Jolanda Roux et al.  /  MycoKeys 76: 49–79 (2020)76

Gryzenhout M, Myburg H, Wingfield BD, Montenegro F, Wingfield MJ (2005b) Chrysoporthe 
doradensis sp. nov. pathogenic to Eucalyptus in Ecuador. Fungal Diversity 20: 39–57.

Gryzenhout M, Myburg H, Wingfield BD, Montenegro F, Wingfield MJ (2005c) Rostraureum 
tropicale gen. sp. nov. (Diaporthales) associated with dying Terminalia ivorensis in Ecuador. 
Mycological Research 109: 1029–1044. https://doi.org/10.1017/S0953756205003291

Gryzenhout M, Myburg H, Hodges CS, Wingfield BD, Wingfield MJ (2006a) Microthia, Hol-
ocryphia and Ursicollum, three new genera on Eucalyptus and Coccoloba for fungi previously 
known as Cryphonectria. Studies in Mycology 55: 35–52. https://doi.org/10.3114/sim.55.1.35

Gryzenhout M, Myburg H, Rodas CA, Wingfield BD, Wingfield MJ (2006b) Aurapex penicil-
lata gen. sp. nov. from native Miconia theaezans and Tibouchina spp. in Colombia. Myco-
logia 98: 105–115. https://doi.org/10.3852/mycologia.98.1.105

Gryzenhout M, Myburg H, Wingfield BD, Wingfield MJ (2006c) Cryphonectriaceae (Dia-
porthales), a new family including Cryphonectria, Chrysoporthe, Endothia and allied genera. 
Mycologia 98: 239–249. https://doi.org/10.3852/mycologia.98.2.239

Gryzenhout M, Rodas CA, Menas Portales J, Clegg P, Wingfield BD, Wingfield MJ (2006d) 
Novel hosts of the Eucalyptus canker pathogen Chrysoporthe cubensis and a new Chrysoporthe 
species from Colombia. Mycological Research 110: 833–845. https://doi.org/10.1016/j.
mycres.2006.02.010

Gryzenhout M, Wingfield BD, Wingfield MJ (2009) Taxonomy, phylogeny, and ecology of bark-
inhabiting and tree pathogenic fungi in the Cryphonectriaceae. St Paul, MN, USA: APS Press.

Gryzenhout M, Tarigan M, Clegg PA, Wingfield MJ (2010) Cryptometrion aestuescens gen. sp. 
nov. (Cryphonectriaceae) pathogenic to Eucalyptus in Indonesia. Australasian Plant Pathol-
ogy 39: 161–169. https://doi.org/10.1071/AP09077

Guindon S, Gascuel O (2003) A simple, fast, and accurate algorithm to estimate large 
phylogenies by maximum likelihood. Systematic Biology 52: 696–704. https://doi.
org/10.1080/10635150390235520

Heiniger U, Rigling D (1994) Biological control of Chestnut blight in Europe. Annual Review 
of Phytopathology 32: 581–599. https://doi.org/10.1146/annurev.py.32.090194.003053

Hillis DM, Huelsenbeck JP (1992) Signal, noise, and reliability in molecular phylogenetic analyses. 
Journal of Heredity 83: 189–195. https://doi.org/10.1093/oxfordjournals.jhered.a111190

Hodges CS, Reis MS, Ferreira FA, Henfling JDM (1976) O cancro do eucalipto causado por 
Diaporthe cubensis. Fitopatologia Brasileira 1: 129–167.

Hodges CS, Geary TF, Cordell CE (1979) The occurrence of Diaporthe cubensis on Eucalyptus 
in Florida, Hawaii and Puerto Rico. Plant Disease Report 63: 216–220.

Huelsenbeck JP, Bull JJ, Cunningham CW (1996) Combining data in phylogenetic analysis. Trends 
in Ecology & Evolution 11: 152–158. https://doi.org/10.1016/0169-5347(96)10006-9

Jiang N, Fan XL, Yang Q, Du Z, Tian CM (2018) Two novel species of Cryphonectria from 
Quercus in China. Phytotaxa 347: 243–250. https://doi.org/10.11646/phytotaxa.347.3.5

Jiang N, Fan XL, Tian CM, Crous PW (2020) Re-evaluating Cryphonectriaceae and allied 
families in Diaporthales. Mycologia 112(2): 267–292. https://doi.org/10.1080/0027551
4.2019.1698925

Kamgan Nkuekam G, Barnes I, Wingfield MJ, Roux J (2009) Distribution and population 
diversity of Ceratocystis pirilliformis in South Africa. Mycologia 101: 17–25. https://doi.
org/10.3852/07-171

https://doi.org/10.1017/S0953756205003291
https://doi.org/10.3114/sim.55.1.35
https://doi.org/10.3852/mycologia.98.1.105
https://doi.org/10.3852/mycologia.98.2.239
https://doi.org/10.1016/j.mycres.2006.02.010
https://doi.org/10.1016/j.mycres.2006.02.010
https://doi.org/10.1071/AP09077
https://doi.org/10.1080/10635150390235520
https://doi.org/10.1080/10635150390235520
https://doi.org/10.1146/annurev.py.32.090194.003053
https://doi.org/10.1093/oxfordjournals.jhered.a111190
https://doi.org/10.1016/0169-5347(96)10006-9
https://doi.org/10.11646/phytotaxa.347.3.5
https://doi.org/10.1080/00275514.2019.1698925
https://doi.org/10.1080/00275514.2019.1698925
https://doi.org/10.3852/07-171
https://doi.org/10.3852/07-171


Cryphonectriaceae in Hawaii 77

Katoh K, Standley DM (2013) MAFFT multiple sequence alignment software version 7: im-
provements in performance and usability. Molecular Biology and Evolution 30: 772–780. 
https://doi.org/10.1093/molbev/mst010

Little Jr EL, Skolmen RG (1989) Common forest trees of Hawaii (Native and Introduced).
Agricultural Handbook 679. USDA Forest Service, Washington.

Loope L (2010) A summary of information on the rust Puccinia psidii Winter (guava rust) with 
emphasis on means to prevent introduction of additional strains to Hawaii: U.S. Geologi-
cal Survey Open-File Report 2010–1082. https://doi.org/10.3133/ofr20101082

McDonald BA (1997) The population genetics of fungi: tools and techniques. Phytopathology 
87: 448–453. https://doi.org/10.1094/PHYTO.1997.87.4.448

Myburg H, Wingfield BD, Wingfield MJ (1999) Phylogeny of Cryphonectria cubensis and allied 
species inferred from DNA analysis. Mycologia 91: 243–250. https://doi.org/10.1080/00
275514.1999.12061014

Myburg H, Gryzenhout M, Heath R, Roux J, Wingfield BD, Wingfield MJ (2002a) Cryph-
onectria canker on Tibouchina in South Africa. Mycological Research 106: 1299–1306. 
https://doi.org/10.1017/S095375620200669X

Myburg H, Gryzenhout M, Wingfield BD, Wingfield MJ (2002b) β-tubulin and histone 
H3 gene sequences distinguish Cryphonectria cubensis from South Africa, Asia and South 
America. Canadian Journal of Botany 80: 590–596. https://doi.org/10.1139/b02-039

Myburg H, Gryzenhout M, Wingfield BD, Wingfield MJ (2003) Conspecificity of Endothia 
eugeniae and Cryphonectria cubensis: A re-evaluation based on morphology and DNA se-
quence data. Mycoscience 44: 187–196. https://doi.org/10.1007/S10267-003-0101-8

Myburg H, Gryzenhout M, Wingfield BD, Milgroom MG, Shigeru K, Wingfield MJ (2004) 
DNA sequence data and morphology define Cryphonectria species in Europe, China, and 
Japan. Canadian Journal of Botany 82: 1730–1743. https://doi.org/10.1139/b04-135

Nakabonge G, Gryzenhout M, Roux J, Wingfield BD, Wingfield MJ (2006) Celoporthe dispersa 
gen. et sp. nov. from native Myrtales in South Africa. Studies in Mycology 55: 255–267. 
https://doi.org/10.3114/sim.55.1.255

Nei M (1973) Analysis of gene diversity in subdivided populations. Proceedings of the Na-
tional Academy of Sciences of the United States of America 70: 3321–3323. https://doi.
org/10.1073/pnas.70.12.3321

Posada D (2008) jModelTest: phylogenetic model averaging. Molecular Biology and Evolution 
25: 1253–1256. https://doi.org/10.1093/molbev/msn083

Rayachhetry MB, Van TK, Center TD, Elliott ML (2001) Host range of Puccinia psidii, a po-
tential biological control agent of Melaleuca quinquenervia in Florida. Biological Control 
22: 38–45. https://doi.org/10.1006/bcon.2001.0949

Rodas CA, Gryzenhout M, Myburg H, Wingfield BD, Wingfield MJ (2005) Discovery of the Eu-
calyptus canker pathogen Chrysoporthe cubensis on native Miconia (Melastomataceae) in Co-
lombia. Plant Pathology 54: 460–470. https://doi.org/10.1111/j.1365-3059.2005.01223.x

Roux J, Meke G, Kanyi B, Mwangi L, Mbaga A, Hunter GC, Nakabonge G, Heath RN, Wing-
field MJ (2005) Diseases of plantation forestry tree species in eastern and southern Africa. 
South African Journal of Science 101: 409–413.

Roux J, Apetorgbor MM (2010) First report of Chrysoporthe cubensis from Eucalyptus in Ghana. 
Plant Pathology 59(4): 806–806. https://doi.org/10.1111/j.1365-3059.2009.02252.x

https://doi.org/10.1093/molbev/mst010
https://doi.org/10.3133/ofr20101082
https://doi.org/10.1094/PHYTO.1997.87.4.448
https://doi.org/10.1080/00275514.1999.12061014
https://doi.org/10.1080/00275514.1999.12061014
https://doi.org/10.1017/S095375620200669X
https://doi.org/10.1139/b02-039
https://doi.org/10.1007/S10267-003-0101-8
https://doi.org/10.1139/b04-135
https://doi.org/10.3114/sim.55.1.255
https://doi.org/10.1073/pnas.70.12.3321
https://doi.org/10.1073/pnas.70.12.3321
https://doi.org/10.1093/molbev/msn083
https://doi.org/10.1006/bcon.2001.0949
https://doi.org/10.1111/j.1365-3059.2005.01223.x
https://doi.org/10.1111/j.1365-3059.2009.02252.x


Jolanda Roux et al.  /  MycoKeys 76: 49–79 (2020)78

SAS (2002) JMP Software Version 5. SAS Institute Inc., Cary.
Swofford DL (2003) PAUP*. Phylogenetic Analysis Using Parsimony (*and other methods). 

Version 4.0b10. Sunderland, MA, USA: Sinauer Associates.
Tamura K, Dudley J, Nei M, Kumar S (2007) MEGA4: Molecular Evolutionary Genetics Anal-

ysis (MEGA) software version 4.0. Molecular Biological and Evolution 24: 1596–1599. 
https://doi.org/10.1093/molbev/msm092

Tommerup IC, Alfenas AC, Old KM (2003) Guava rust in Brazil – a threat to Eucalyptus and 
other Myrtaceae. New Zealand Journal of Forestry Science 33: 420–428.

Uchida J, Zhong S, Killgore E (2006) First report of a rust disease on Ohia caused by Puccinia 
psidii in Hawaii. Plant Disease 90(4): 524–524. https://doi.org/10.1094/PD-90-0524C

Van der Merwe NA, Wingfield BD, Wingfield MJ (2003) Primers for the amplification of se-
quence-characterized loci in Cryphonectria cubensis populations. Molecular Ecology Notes 
3: 494–497. https://doi.org/10.1046/j.1471-8286.2003.00508.x

Van der Merwe NA, Gryzenhout M, Steenkamp ET, Wingfield BD, Wingfield MJ (2010) 
Multigene phylogenetic and population differentiation data confirm the existence of a 
cryptic species within Chrysoporthe cubensis. Fungal Biology 114: 966–979. https://doi.
org/10.1016/j.funbio.2010.09.007

Venter M, Myburg H, Wingfield BD, Coutinho TA, Wingfield MJ (2002) A new species of Cry-
phonectria from South Africa and Australia, pathogenic on Eucalyptus. Sydowia 54: 98–117.

Vermeulen M, Gryzenhout M, Wingfield MJ, Roux J (2011) New records of Cryphonectriaceae 
from southern Africa including Latruncellus aurorae gen. sp. nov. Mycologia 103: 554–569. 
https://doi.org/10.3852/10-283

Vermeulen M, Gryzenhout M, Wingfield MJ, Roux J (2013) Species delineation in the tree path-
ogen genus Celoporthe (Cryphonectriaceae) in southern Africa. Mycologia 105: 297–311. 
https://doi.org/10.3852/12-206

Wang W, Liu QL, Li GQ, Chen SF (2018) Phylogeny and pathogenicity of Celoporthe species 
from plantation Eucalyptus in southern China. Plant Disease 102: 1915–1927. https://doi.
org/10.1094/PDIS-12-17-2002-RE

Wang W, Li GQ, Liu QL, Chen SF (2020) Cryphonectriaceae on Myrtales in China: phy-
logeny, host range, and pathogenicity. Persoonia 45: 101–131. https://doi.org/10.3767/
persoonia.2020.45.04

White TJ, Bruns T, Lee S, Taylor J (1990) Amplification and direct sequencing of fungal ri-
bosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ 
(Eds) PCR Protocols: A sequencing guide to methods and applications. Academic Press, 
San Diego, 315–322. https://doi.org/10.1016/B978-0-12-372180-8.50042-1

Wingfield MJ, Swart WJ, Abear BJ (1989) First record of Cryphonectria canker of Eucalyptus 
in South Africa. Phytophylactica 21: 311–313.

Wingfield MJ (2003) Daniel McAlpine Memorial Lecture. Increasing threat of diseases to ex-
otic plantation forests in the Southern Hemisphere: lessons from Cryphonectria canker. 
Australasian Plant Pathology 23: 133–139. https://doi.org/10.1071/AP03024

Wingfield MJ, Roux J, Slippers B, Hurley BP, Garnas J, Myburg AA, Wingfield BD (2013) 
Established and new technologies reduce increasing pest and pathogen threats to euca-
lypt plantations. Forest Ecology and Management 301: 35–42. https://doi.org/10.1016/j.
foreco.2012.09.002

https://doi.org/10.1093/molbev/msm092
https://doi.org/10.1094/PD-90-0524C
https://doi.org/10.1046/j.1471-8286.2003.00508.x
https://doi.org/10.1016/j.funbio.2010.09.007
https://doi.org/10.1016/j.funbio.2010.09.007
https://doi.org/10.3852/10-283
https://doi.org/10.3852/12-206
https://doi.org/10.1094/PDIS-12-17-2002-RE
https://doi.org/10.1094/PDIS-12-17-2002-RE
https://doi.org/10.3767/persoonia.2020.45.04
https://doi.org/10.3767/persoonia.2020.45.04
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1071/AP03024
https://doi.org/10.1016/j.foreco.2012.09.002
https://doi.org/10.1016/j.foreco.2012.09.002


Cryphonectriaceae in Hawaii 79

Wingfield MJ, Brockerhoff EG, Wingfield BD, Slippers B (2015) Planted forest health: The 
need for a global strategy. Science 349: 832–836. https://doi.org/10.1126/science.aac6674

Zhou X, Xie Y, Chen SF, Wingfield MJ (2008) Diseases of eucalypt plantations in China: chal-
lenges and opportunities. Fungal Diversity 32: 1–7.

Supplementary material 1

Table S1
Authors: Jolanda Roux, Gilbert Kamgan Nkuekam, Seonju Marincowitz, Nicolaas A. 
van der Merwe, Janice Uchida, Michael J. Wingfield, ShuaiFei Chen
Data type: PCR-based microsatellite markers
Explanation note: List of PCR-based microsatellite markers used in this study.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.76.58406.suppl1

Supplementary material 2

Table S2
Authors: Jolanda Roux, Gilbert Kamgan Nkuekam, Seonju Marincowitz, Nicolaas A. 
van der Merwe, Janice Uchida, Michael J. Wingfield, ShuaiFei Chen
Data type: datasets and statistics
Explanation note: Datasets used and the statistics resulting from the phylogenetic 

analyses.
Copyright notice: This dataset is made available under the Open Database License 

(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.

Link: https://doi.org/10.3897/mycokeys.76.58406.suppl2

https://doi.org/10.1126/science.aac6674
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.76.58406.suppl1
http://opendatacommons.org/licenses/odbl/1.0/
https://doi.org/10.3897/mycokeys.76.58406.suppl2

	Cryphonectriaceae associated with rust-infected Syzygium jambos in Hawaii
	Abstract
	Introduction
	Materials and methods
	Collection of samples and fungal isolation
	DNA extraction, PCR amplification and sequencing
	Phylogenetic analyses
	Morphology
	Pathogenicity tests
	Genetic diversity of Chr. deuterocubensis isolates

	Results
	Collection of samples and fungal isolation
	Phylogenetic analyses
	Morphology
	Taxonomy
	Celoporthe hauoliensis Kamgan, Jol. Roux & Marinc., sp. nov.
	Celoporthe hawaiiensis Kamgan, Jol. Roux & Marinc., sp. nov.
	Celoporthe paradisiaca S.F. Chen & Marinc., sp. nov.
	Pathogenicity tests
	Genetic Diversity of Chr. deuterocubensis isolates

	Discussion
	Acknowledgements
	References

