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INTRODUCTION

Eucalyptus species are mostly native to Australia, but have 
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This is because they are adapted to a wide range of different 
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been suggested that the success of these trees as non–
natives is due to the separation from their natural enemies 
�L�������et al.�.//Q��;��<�9�L�������.//7���&��������	��
threat of pests and pathogens to the sustainability of eucalypt 
plantations in areas where they are not native is consequently 
great and of substantial concern to forestry industries globally 
�[���et al.�.//G��L�������et al.�.//Q��
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pathogens to Eucalyptus species grown as non-natives and 
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Amongst the pathogens that have been found on these trees, 
a Ceratocystis�����������@����������������� complex causes 
serious disease problems in Brazil, the Republic of Congo, 
M�	��	�� 	��� M
���	�� �+	�	� et al.� 6777�� ;��<� et al. 2000, 
2001, 2004, Barnes et al.�.//G	���B	
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species in the @�� �������� ��� ���� complex have also been 
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these have been shown to be cryptic taxa that have been 
�
�#���� ����� �	��� �#	�� L��� et al. 2007, 2008, 2010a, 
Rodas et al. 2007, Heath et al.�.//7��K	��	��0���	��et 
al.�./6.���J#
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The genus Ceratocystis comprises a diverse group of 

fungi, including saprophytes causing blue-stain of lumber and 
�
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�������������@��������� s. str. that is a pathogen restricted to 
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.//R��� @������!����� �������� ��� ���� represents a diverse 
assemblage of isolates, some of which have been treated 
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Global surveys of the health of Eucalyptus species in 
plantations have yielded a large collection of isolates that can 
loosely be accommodated in the @�����������������������<��
The aim of this study was to characterise these isolates 
and to consider patterns in their distribution on Eucalyptus 
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MATERIALS AND METHODS

Isolates
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induced wounds on the stems of Eucalyptus trees in South 
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Ceratocystis eucalypticola sp. nov. from Eucalyptus in South Africa and 
comparison to global isolates from this tree
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Abstract: Eucalyptus trees, mostly native to Australia, are widely planted in the tropics and Southern Hemisphere 
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a distinctive fruity odour in all cultures were typical of species in the @������!������������ sensu lato� �s. lat.��
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genetically diverse group of isolates residing in a single large clade, that were distinct from all other species in 
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obtained by directly transferring spore masses from the 
apices of ascomata produced on the wounded inner bark 
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s. lat. complex and were from diseased Eucalyptus trees in 
various parts of the world including Brazil, Uganda, Congo, 
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PCR and sequencing reactions
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Sequencing reactions were set up and run as described 
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obtained from Eucalyptus
This dataset consisted only of @������!����� �������� ���
lat. isolates from Eucalyptus trees and that have not yet 
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group with no separate grouping or whether geographical 
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Culture characteristics and morphology
Two isolates of @������!�������������������� from Eucalyptus 
were selected from each country, other than Brazil, for which 
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A preliminary study of isolates representing the larger 
collection of @����������������� isolates from Eucalyptus, and 
nested together in the same phylogenetic clade, showed 
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Table 1. "���	������@������!������������������������� ������������������

Species Isolate no. GenBank accession no. Host Area
@����������� E?L2/VQ N�R./VGQ��%!/W/2.7��%!/W/2// <�������������� South Africa

@����������� E?LRG.7 F!GQQ72W��N�GW6V27��%!/W/2/6 <�������������� Uganda

C. atrox E?L67GQG��E�J6./R6W %!/W/262��%!/W/2G/��%!/W/2/. `����!�����"������ Australia

C. atrox E?L67GQR��E�J6./R6Q %!/W/26R��%!/W/2G6��%!/W/2/G `����!�����"������ Australia

@�������������� E?L6R/R6��E�J6R.�V. N�R./VGV��%!/W/2.W��%!/W/G7Q 9'������������ Costa Rica

@�������������� E?L62Q/7��E�J66R6V7� N�R./VGW��%!/W/2.Q��%!/W/G77 9'������������ %��	��


C. caraye E?L62W7G��E�J662W6V %!/W/2.2��%!/W/2G7��%!/W/26. @��!������������� USA

C. caraye E?L62Q/Q��E�J66R6VQ� %!/W/2.G��%!/W/22/��%!/W/266 Carya ovata USA

@����������� E?L7RVR��E�J6.6W7/ F�.GGQV2��F�.GGQW/��%M.262QW Soil Colombia

@����������� E?LRWR6��E�J6.6W7. F�6WW.GG��F�6WW..R��%M.2627G @������������ Colombia

@����������� E?L7RW. F�.GGQVG��F�.GGQW6��%M.262QQ Mandarin Colombia

C. eucalypticola CMW9998, CBS124017 FJ236721, FJ236781, FJ236751 Eucalyptus sp. South Africa
C. eucalypticola CMW10000, CBS124019 FJ236722, FJ236782, FJ236752 Eucalyptus sp. South Africa
C. eucalypticola CMW11536, CBS124016 FJ236723, FJ236783, FJ236753 Eucalyptus sp. South Africa
C. eucalypticola CMW12663 FJ236724, FJ236784, FJ236754 Eucalyptus sp. South Africa
C. eucalypticola CMW15054, CBS124018 FJ236725, FJ236785, FJ236755 Eucalyptus sp. South Africa
@����������������� E?L6R/27��E�J626�GW N�R./V.7��%!/W/22.��%!/W/G72 \������������� USA

@����������������� E?L6R2W F!.V27/2��%!/W/22G��%!/W/G7R \������������� (	��	�0��@���	

@������������� E?L.26W2��E�J6.6WQV %!67/7VG��%!67/7R6��%!67/7RW Eucalyptus ���� B����	

@������������� E?L.26WV��E�J6.6WQW %!67/7V2��%!67/7R.��%!67/7RQ Eucalyptus ��� B����	

@�������� E?L.R2G2��E�J6..R6. %MQQ67/V��%MQQ6Q72��%MQQ67// ��!��Y���%��� "������	

@�������� E?L.R2GR��E�J6..V/V %MQQ67/W��%MQQ6Q7R��%MQQ67/6 ��!��Y���%��� "������	

@�����"������� E?L6GQR6��E�J6.6VR7 F�7RGGQG��%!2GGG/Q��%!2GGG6W [��"������������ [�	�

@�����"������� E?L6GQR.��E�J6.6VV/ F�7RGGQ2��%!2GGG/7��%!2GGG6Q {!����!�'��������"����� [�	�

C. neglecta E?L6WQ/Q��E�J6.6WQ7 %!6.W77/��%MQQ6Q7Q��%MQQ67/2 Eucalyptus ��� Colombia

C. neglecta E?L6Q672��E�J6.6/6W %!6.W776��%MQQ6Q77��%MQQ67/R Eucalyptus ��� Colombia

@����!�������� E?L.GQ/W��E�J6..V/Q� %M.2R//2��%M.227WV��%M.227GV <�������������� South Africa

@����!�������� E?L.GQ/Q��E�J6..R66 %M.2R//G��%M.227WR��%M.227GR <�������������� South Africa

C. papillata E?LQQRW F�.GGQVQ��F�.GGQWQ��%M.262QG <�������������� Colombia

C. papillata E?LQQRV��E�J6.6W7G F�.GGQVW��F�.GGQW2��%M.262Q2 Citrus lemon Colombia

C. papillata E?L6/Q22 F�6WW.GQ��F�6WW..7��%M.262Q6 @������������ Colombia

@��������������� E?LVRV7 F!2.W6/2��N�GW6VR.��F�R.Q7Q. Eucalyptus nitens Australia

@��������������� E?LVRW7��E�J66Q6.Q F!2.W6/R��N�GW6VRG��F�R.Q7QG Eucalyptus nitens Australia

C. platani E?L62Q/.��E�J66R6V.� N�R./VG/��%!/W/2.R��%!/W/G7V ��������������������� USA

C. platani E?L.G76Q %!/W/2.V��%!/W/G7W��%M2.VRR2 Platanus���� Greece

@�����!�'���� E?L662.2��E�J66RWWQ F�R.Q7W/��F�R.Q7VV��F�R.Q7WQ �!%!"�������������� "������	

@�����!�'���� E?L662GV��E�J66RWWW F�R.Q7W6��F�R.Q7VW��F�R.Q7W7 �!%!"�������������� "������	

@�����!������� E?L.GQ/7��E�J6...Q7 %M.2R//V��%M.227WQ��%M.227GQ <�������������� South Africa

@�����!������� E?L.GQ6Q��E�J6...7/ %M.2R//W��%M.227W7��%M.227G7 <�������������� South Africa

C. populicola E?L62WQ7��E�J667�WQ %!/W/26Q��%!/W/2G2��%!/W/2/V Populus ��� Poland

C. populicola E?L62Q67��E�J662W.R %!/W/267��%!/W/2GR��%!/W/2/W Populus ��� USA

@��������!� E?L62Q//��E�J662W.2 %!/W/2./��%!/W/2GV��%!/W/2/Q @��!������������� USA

@��������!� E?L.VGQG��E�J662W.2 %M2.VRRG��%M2.VRRR��%M2.VRRV @��!������������� USA

C. tanganyicensis E?L6R776��E�J6...7R %M.2277W��%M.227V7��%M.227.7 <�������������� Tanzania

C. tanganyicensis E?L6R777��E�J6...72 %M.2277Q��%M.227W/��%M.227G7 <�������������� Tanzania

@��������|�������� E?L62.WV��E�J6.6/6Q %!2/QRRR��%!2/QRV7��%!2/QRWV }��������������'����� South Africa

@��������|�������� E?L62.WQ��E�J6.6/67 %!2/QRRV��%!2/QRW/��%!2/QRWW }��������������'����� South Africa

C. variospora E?L./7GR��E�J662W6R %!/W/2.6��%!/W/2GW��%!/W/2/7 ~���������� USA

C. variospora E?L./7GV��E�J662W62 %!/W/2..��%!/W/2GQ��%!/W/26/ ~����������� USA

C. virescens E?L666V2 N�R./VG7��%!/W/226��%!/W/26G ��"������������� USA
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Table 1. �E���������

Species Isolate no. GenBank accession no. Host Area

C. virescens E?LG.WV F�R.Q7Q2��F�R.Q77/��F�R.7/66 ~����������� USA

@��%���������� E?L6R.GR %M.2R//.��%M.227W2��%M.227G2 Eucalyptus ��� Malawi

@��%���������� E?L6R.GV %M.2R///��%M.227W.��%M.227G. Eucalyptus ��� Malawi

Ceratocystis sp. CMW4797 FJ236733, FJ236793, FJ236763 Eucalyptus sp. Congo
Ceratocystis sp. CMW4799 FJ236734, FJ236794, FJ236764 Eucalyptus sp. Congo
Ceratocystis sp. CMW4902 FJ236715, FJ236775, FJ236745 Eucalyptus sp. Brazil
Ceratocystis sp. CMW5312 FJ236731, FJ236791, FJ236761 Eucalyptus sp. Uganda
Ceratocystis sp. CMW5313 FJ236732, FJ236792, FJ236762 Eucalyptus sp. Uganda
Ceratocystis sp. CMW7764 FJ236726, FJ236786, FJ236756 Eucalyptus sp. Uruguay
Ceratocystis sp. CMW7765 FJ236727, FJ236787, FJ236757 Eucalyptus sp. Uruguay
Ceratocystis sp. CMW7766 FJ236728, FJ236788, FJ236758 Eucalyptus sp. Uruguay
Ceratocystis sp. CMW7767 FJ236729, FJ236789, FJ236759 Eucalyptus sp. Uruguay
Ceratocystis sp. CMW7768 FJ236730, FJ236790, FJ236760 Eucalyptus sp. Uruguay
Ceratocystis sp. CMW14631 FJ236744, FJ236804, FJ236774 Eucalyptus sp. Indonesia
Ceratocystis sp. CMW14632 FJ236743, FJ236803, FJ236773 Eucalyptus sp. Indonesia
Ceratocystis sp. CMW16008 FJ236735, FJ236795, FJ236765 Eucalyptus sp. Thailand
Ceratocystis sp. CMW16009 FJ236736, FJ236796, FJ236766 Eucalyptus sp. Thailand
Ceratocystis sp. CMW16010 FJ236737, FJ236797, FJ236767 Eucalyptus sp. Thailand
Ceratocystis sp. CMW16034 FJ236739, FJ236799, FJ236769 Eucalyptus sp. Thailand
Ceratocystis sp. CMW16035 FJ236738, FJ236798, FJ236768 Eucalyptus sp. Thailand
Ceratocystis sp. CMW18572 FJ236740, FJ236800, FJ236770 Eucalyptus sp. Indonesia
Ceratocystis sp. CMW18577 FJ236742, FJ236802, FJ236772 Eucalyptus sp. Indonesia
Ceratocystis sp. CMW18591 FJ236741, FJ236801, FJ236771 Eucalyptus sp. Indonesia

Table 2. The number of differences observed between the sequences of the isolates from Eucalyptus �@������������������ from Brazil, South 
F�
��	��M
���	���M�	��	��E������&�	��	����"������	��	���@������������

Country Brazil South Africa Uruguay Uganda Congo Thailand Indonesia ��������
�

Gene region
ITS

Brazil – 7 0 V 13 0 0 23

South Africa 7 8 V V 0 4 7 21

Uruguay 0 V 4 7 7 0 0 21

Uganda V V 7 0 7 0 7 28

Congo 13 0 7 7 0 V 11 25

Thailand 0 4 0 0 V 7 0 20

"������	 0 7 0 7 11 0 1 22

@����������� 23 21 21 28 25 20 22 1
>�

Brazil – 0 0 0 0 0 0 3

South Africa 0 1 0 0 0 0 0 3

Uruguay 0 0 0 0 0 0 0 3

Uganda 0 0 0 0 0 0 0 3

Congo 0 0 0 0 0 0 0 3

Thailand 0 0 0 0 0 0 0 3

"������	 0 0 0 0 0 0 0 3

@����������� 3 3 3 3 3 3 3 0
TEF

Brazil – 13 7 12 12 12 12 21
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measurements of each structure and these are presented in 
�����������	�X� ��������=�����#������� ����	��8����#������
����	���=�	<������

RESULTS

Isolates
&����=�#� ����	��� ���	���� �
��� E?L� ��	�� �	�� ���
isolated from Eucalyptus trees were included in this study 
�&	���6���!�������������
����	����
����	��
	���
�	
�����	����
induced wounds on trees in three countries, South Africa, 
&�	��	����	���"������	��"��	����������������������	����
�
�
����
����	��	
����#������	#������������������������
The latter isolates were from Brazil, Congo, Uganda, and 
M
���	��

PCR and sequencing reactions
;������ �
� ���	���� ��
� ��
� ��	
	�� �	�	����� &��
�
��� �
�#���� 	� �
�	�� ����������� ��	����� ����� +	����
F�
��	���
�0�
���F�
��	���F��	���	���F�
��	����	���������
@����������������� isolates from Eucalyptus��F���
���������
analysis determined whether these isolates could be linked to 
any of the previously described species in the @�������������
lat. complex that were obtained from Eucalyptus��&�
	��
��
the isolates from Eucalyptus apparently representing 
undescribed species were considered in combined as well 
as single gene trees generated from the sequence data for 
��������	����&�����	�������
��������
�������������
�
������	���������
	����	���
�����

Combined gene tree for all described species 
in the ��	
�����������	�
�
�����
�� complex
Amplicons for the three gene regions were on average 500 
��� ��
� ��� "&J� 	��� Ã�=6� ��� 
������ 	��� Q//� ��� ��
� ���
&%!6=Ä�
������&	���6���&��(P&���
�����	�	��������������
all described species in the @����������������� complex, had 
	� ����#	����(5/�/6������������������������E�������	��
677W��

[�� ��� 6� 7Q7� ��	
	��
�� ��� ����� �	�	���� 6� 6/.� �
�
constant, 45 were parsimony uninformative while 842 were 
�	
������� ����
�	��#�� [�� ����
�� 	��� ��
��� ���� �����
parsimonious trees were obtained, of which one was selected 
��
��
���	����� �!����6���&�� �
� ����������	��	�� �������1�
&
��������&+��5�./R2�������E����������"��<��E"��5�/�W��
;�������"��<��;"��5�/�7�	���;��	���E�����������;E��5�

/�V��(����������	�	�����
#	���	���	�����������
����
isolates from Eucalyptus��!����6���"���	������������	
����	��
�	�������������
	���QQ�]��	����	���	���QQ�]�������
��	���
�����������������
����
��!����6���&�������
����
�������
large clade for the isolates from Eucalyptus was not strongly 
�����
��� 	��� ���� ����	��� �
� �
	��� 	�� 
$������ 	�
�������
������������	����
�	������������������	������	����
The closest phylogenetic relative of the isolates in the 
Eucalyptus clade was @�������������#	��L���et al.�./6/	��

The models obtained using MrModeltest2 were the 
PK�¨"¨@��������
���������"&J�	������&%!6=Ä�����	���
���@&;¨@��������
����Ã�=6����
������"�������������
�������������	���	��	�	�����
���������	���
�������W///��
&���W///��
���
�����	
����
��������	��	�	������&��
posterior probabilities obtained with the Bayesian analyses 
�����
������������
	��#	�������	�������(FM(��!����6��

Combined and separate gene trees for 
undescribed ��	
�����������	�
�
�����
�� 
isolates from Eucalyptus
"������	�	�����
���������������
���������
��
�6�WVR�
��	
	��
�����������6�VQ/��
������	����G6��
��	
�������
������
�	��#������R2��
��	
�����������
�	��#��&����=
four most parsimonious trees were obtained, one of which 
�	����������
��
���	������!����.���&���
�����������	��
	���������1�&+�5�6/W�������E"�5�/�Q��;"�5�/�7�	���;E�5�/�W��
[�����=�����
�����	���6//�]�������
	���6//�]��	���	���
�	�� ���
#�� ����� ����� #	
�	������ &�
� ��	��� ��	�� �
�
�����
����������������	
����	���
�	�������
#���!����.���
&�����������	������
�������	�	����
����PK���������
�
���"&J��������!Q6��������
����Ã�=6����
�����	������
PK�¨"��������
����&%!6=Ä����
������F���
�=������6///�
was obtained and these 1000 trees were discarded from the 
��	��	�	������&������
��
��
��	�����������	��������� ���
Bayesian analyses supported the bootstrap values obtained 
�����(FM(��!����.��

&�
� ���=�����
��� ��	��� �
� ���
#�X� ��� �
���
��������F��	���"������	�	���&�	��	����	���J�����F�
��	��
��
	���� 	��� M
���	��� ����	��X� ��� ������ ��	�� ��������
F�
��	���;����������E�����	���J�����F�
��	������	��������
������
����	����������F�
��	���M�	��	��	���F��	���&�	��	����
����	����&���
#������� ���
���� �������@�� ���������, 
�
�����	�	
���
���������
���	����!����.��

L�
�����	�	��
��
	�����	
	���������
����
����
"&J��Ã&�	���&%!6=Ä���� 
�������	��	�����
��� ���������
when compared with those for the combined gene regions 

Table 2. �E���������

Country Brazil South Africa Uruguay Uganda Congo Thailand Indonesia ��������
�


Gene region

South Africa 13 7 0 0 0 0 0 8

Uruguay 7 7 9 0 0 0 0 7

Uganda 12 0 0 7 0 0 0 V

Congo 12 0 0 0 0 0 0 8

Thailand 12 0 0 0 0 1 0 8

"������	 12 0 0 0 0 0 5 8

@����������� 21 8 7 6 8 8 8 0
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 CMW15049 C. fimbriata s. str. 
 CMW1547 C. fimbriata s. str. 
 CMW9565 C. colombiana 
 CMW9572 C. colombiana 
 CMW5751 C. colombiana 
 CMW4902 Eucalyptus Brazil 
 CMW7764 Eucalyptus Uruguay 
 CMW7765 Eucalyptus Uruguay 
 CMW7767 Eucalyptus Uruguay 
 CMW7766 Eucalyptus Uruguay 

 CMW9998 Eucalyptus South Africa 
 CMW10000 Eucalyptus South Africa 

 CMW11536 Eucalyptus South Africa 
 CMW12663 Eucalyptus South Africa 
 CMW15054 Eucalyptus South Africa 
 CMW4797 Eucalyptus Congo 
 CMW4799 Eucalyptus Congo 
 CMW5312 Eucalyptus Uganda 
 CMW5313 Eucalyptus Uganda 
 CMW16010 Eucalyptus Thailand 
 CMW16035 Eucalyptus Thailand 
 CMW16034 Eucalyptus Thailand 

 CMW18577 Eucalyptus Indonesia 
 CMW7768 Eucalyptus Uruguay 
 CMW16008 Eucalyptus Thailand 
 CMW16009 Eucalyptus Thailand 
 CMW18572 Eucalyptus Indonesia 
 CMW18591 Eucalyptus Indonesia 
 CMW14632 Eucalyptus Indonesia 
 CMW14631 Eucalyptus Indonesia 

 CMW24174 C. fimbriatomima 
 CMW24176 C. fimbriatomima 
 CMW13851 C. manginecans 
 CMW13852 C. manginecans 
 CMW22562 C. acaciivora 
 CMW22563 C. acaciivora 

 CMW22442 C. curvata 
 CMW22432 C. curvata 

 CMW15051 C. cacaofunesta 
 CMW14809 C. cacaofunesta 

 CMW22092 C. ecuadoriana 
 CMW22093 C. ecuadoriana 

 CMW17808 C. neglecta 
 CMW18194 C. neglecta 
 CMW10844 C. papillata 
 CMW8857 C. papillata 
 CMW8856 C. papillata 

 CMW14802 C. platani 
 CMW23918 C. platani 

 CMW14276 C. tsitsikammensis 
 CMW14278 C. tsitsikammensis 

 CMW22445 C. diversiconidia 
 CMW22446 C. diversiconidia 
 CMW15991 C. tanganyicensis 
 CMW15999 C. tanganyicensis 

 CMW6569 C. pirilliformis 
 CMW6579 C. pirilliformis 
 CMW15236 C. zombamontana 
 CMW15242 C. zombamontana 
 CMW23808 C. obpyriformis 
 CMW23807 C. obpyriformis 
 CMW23809 C. polyconidia 
 CMW23818 C. polyconidia 

 CMW11424 C. polychroma 
 CMW11436 C. polychroma 
 CMW19383 C. atrox 
 CMW19385 C. atrox 

 CMW4068 C. albifundus 
 CMW5329 C. albifundus 

 CMW25434 C. larium 
 CMW25435 C. larium 

 CMW20935 C. variospora 
 CMW20936 C. variospora 
 CMW14789 C. populicola 
 CMW14819 C. populicola 

 CMW14800 C. smalleyi 
 CMW26383 C. smalleyi 
 CMW14793 C. caryae 
 CMW14808 C. caryae  CMW11164 C. virescens 

 CMW3276 C. virescens 

50 

C. eucalypticola 

100(100) 

88(86) 

93(92) 

(87) 
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(99) 
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100(100) 

72(100) 

100(100) 

100 (100) 

100(100) 

66 

100(100) 

100(100) 

100(100) 

100(100) 

100(100) 
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100(100) 
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100(100) 
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Eucalyptus isolates 

Fig. 1.�(�����������
��	������������������'�����������"&J��Ã��	���&%!6=Ä����
��������
�����	����
���Eucalyptus including those 
provided the name C. eucalypticola and other described species in the�@�����������������������<��Ceratocystis virescens represents the out-
�
�����	<����������
	��#	����	
������	���	������
	���������	����	���	��#	��������
	�����
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�!���� G��� !�
� ��� "&J� ��� �
�� ��� �	�� ��
� ��	���
emerged as in the combined dataset and included those for 
Asian and South American isolates, the African isolates and 
���F�
��	�� �����
� �����F��	�� ����	���� P��#
�� ����� ���
F�
��	��	���F��	����	���	����
���������
���7W�]���������
�
���� ��	����F�
��	�� �VG� ]�� 	��� ���F��	�3� J�����F�
��	��
�RR� ]�� ��	��� �	�� �	�� �����
�� �!���� G��� "�� ��� �	�� ���
���Ã�=6���� �
�� ��
��	����� �����
�� 	���	��� �
	�����
����	�����!����G���!�
����&%!6=Ä�����
����
��
�����
small clades encompassing the South African isolates that 
�	�������	��������������
���QR�]�	���VR�]�
�����#�����
while the rest of the isolates grouped in a single clade with 
��
�����QR�]�������
���!����G��

L�
� �	�	� ��
� ��� @�� �������� ��� ���� isolates were 
	�	����� ��� ?%@F�� ��� 
������ ������ ��	�� ��� ��� "&J�
gene region, the @�� �������� ��� ���� isolates obtained from 

Eucalyptus were separated from @����������� by an average 
���.G��������������
���� �&	���.���L�
� ����	��� �
���
different countries were compared, there was also variation 
��� ��� "&J� ����� 	� �	<����� ��� 6G� ��� 	��� 	#
	�� ��� R� ���
����
�����&	���.��

L�
� ����	��� ��� @�� �������� ��� ���� from Eucalyptus 
were compared with @������������������Ã�=6����
������
��
� �
� ����� G��� ����
���� ����� ���� �&	��� .���
L������ ��� ��	�� 
�
������� ��� @�� �������� ��� ���� group 
from Eucalyptus, there was only one base pair difference 
observed in the South African group and no differences 
���������	����
�������
��������
����&	���.��

!�
����&%!6=Ä����
��������
��
�.6�������
����
between the isolate from Brazil and @�� ��������� and an 
average of 8 bp differences between @����������� and the 
other isolates from Eucalyptus�� [���� ��� ������ ����	�� �
���

 CMW4902 Eucalyptus Brazil 

 CMW7764 Eucalyptus Uruguay 

 CMW7765 Eucalyptus Uruguay 

 CMW7767 Eucalyptus Uruguay 

 CMW7766 Eucalyptus Uruguay 

 CMW9998 Eucalyptus South Africa 

 CMW10000 Eucalyptus South Africa 

 CMW11536 Eucalyptus South Africa 

 CMW12663 Eucalyptus South Africa 

 CMW15054 Eucalyptus South Africa 

 CMW4797 Eucalyptus Congo 

 CMW4799 Eucalyptus Congo 

 CMW5312 Eucalyptus Uganda 

 CMW5313 Eucalyptus Uganda 

 CMW16010 Eucalyptus Thailand 

 CMW16035 Eucalyptus Thailand 

 CMW16034 Eucalyptus Thailand 

 CMW18577 Eucalyptus Indonesia 

 CMW7768 Eucalyptus Uruguay 

 CMW16008 Eucalyptus Thailand 

 CMW16009 Eucalyptus Thailand 

 CMW18572 Eucalyptus Indonesia 

 CMW18591 Eucalyptus Indonesia 

 CMW14632 Eucalyptus Indonesia 

 CMW14631 Eucalyptus Indonesia 

 CMW5751 C. colombiana 

 CMW9572 C. colombiana 

2 

91 (100) 

95(99) 

96(92) 

82(86) 

(79) 

100(100) 

Fig. 2. A phylogenetic tree for the combined 
�'�����������"&J��Ã��	���%!6=Ä����
�������
including only the undescribed @�� �������� ��� �����
isolates with Eucalyptus�	�����
�������&���������
related species, @�� ���������, is included as 
����
����� ������
	�� �����
�� ��� �����	��� 	�� ���
branch nodes while Bayesian support is indicated 
����
	�����
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 CMW4902 Eucalyptus Brazil 
 CMW9998 Eucalyptus South Africa 
 CMW10000 Eucalyptus South Africa 
 CMW11536 Eucalyptus South Africa 

 CMW12663 Eucalyptus South Africa 
 CMW15054 Eucalyptus South Africa 
 CMW7764 Eucalyptus Uruguay 
 CMW7765 Eucalyptus Uruguay 
 CMW7766 Eucalyptus Uruguay 
 CMW7767 Eucalyptus Uruguay 
 CMW7768 Eucalyptus Uruguay 
 CMW5312 Eucalyptus Uganda 
 CMW5313 Eucalyptus Uganda 
 CMW4797 Eucalyptus Congo 
 CMW4799 Eucalyptus Congo 
 CMW16008 Eucalyptus Thailand 
 CMW16009 Eucalyptus Thailand 
 CMW16010 Eucalyptus Thailand 
 CMW16035 Eucalyptus Thailand 
 CMW16034 Eucalyptus Thailand 
 CMW18572 Eucalyptus Indonesia 
 CMW18591 Eucalyptus Indonesia 
 CMW18577 Eucalyptus Indonesia 
 CMW14632 Eucalyptus Indonesia 
 CMW14631 Eucalyptus Indonesia 

 CMW5751 C. colombiana 
 CMW9572 C. colombiana 
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90 

 CMW9572 C. colombiana 
 CMW5751 C. colombiana 

 CMW9998 Eucalyptus South Africa 
 CMW11536 Eucalyptus South Africa 
 CMW15054 Eucalyptus South Africa 
 CMW4797 Eucalyptus Congo 
 CMW4799 Eucalyptus Congo 

 CMW12663 Eucalyptus South Africa 
 CMW10000 Eucalyptus South Africa 

 CMW5312 Eucalyptus Uganda 
 CMW5313 Eucalyptus Uganda 
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Fig. 3. &�
�������
	���	���
�
�������	����������
������"&J��Ã��	���&%!=6Ä�������������������
���������
��������	����
���Eucalyptus 
representing @����������������� showing low variation in the three separate gene regions as well as no support for the sub-clades observed in 
���������������
���0������
�����	��	����������������	�	���
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Brazil differed from the other isolates while no differences 
�
����
#��������������	����
���������
������
����
The allele networks drawn from the combined gene regions 
�"&J��Ã�=6�	���&%!6=Ä����
����@����������������� obtained from 
Eucalyptus�
#	���	��������
�����������#	
�	������!����2���
There was no obvious geographic structure with regards to 
����
�������� �����	����� ����	����&���
#����������
����
species, @���������������
���	���	
	��	�����
��!����2��

Culture characteristics and morphology
All isolates from Eucalyptus had a similar greenish olivaceous 
�GGOOO��� �;	��
� 67W/�� ������� �����
�� &�� �����
�� �	�� 	�
banana odour similar to that of many Ceratocystis��������

&�� �����
�� 	��� �
�� �����	���� 	�� G/� ^E�� 0�� ��	
�
morphological differences could be observed between 
����	����
�������
��������
����&	���G��

"���	��E?L�66RGV��
���Eucalyptus in South Africa was 
chosen to represent the global collection of isolates obtained 
from Eucalyptus�� &�
� 	�������	�� ����	��� �E?L� 777Q��
E?L�6////�	���E?L�6R/R2���	�����
���J�����F�
��	���
�
������	��	�������	������������
����
��������E����
�����
��������	����
��
�������.�]�?%F���
��������	����	#�
�������������������0	����	��E������������!������(;%?���
(
��
�	��J�����F�
��	��+�#���������
��	
��	���	���� ������

�����
� ���������� �E?L�� ��� ��� !�
��
�� 	��� F�
������
	��
������������� "�������� �!F�"�� 	�� ��� M��#
����� ��� (
��
�	��
South Africa and the Centraalbureau voor Schimmelcultures 
�E�J�����M�
�����&��0��
�	����

L�
��
�������������
��	����	
	��
�����	���������
	#
	�����������	��
���
�������#�������	�����	������
�
the four selected Eucalyptus isolates from South Africa, after 7 
�����������
������	�����
#��	��2�´E��Q������6/�´E��W������
6R�´E��67�����	���GR�´E��6/������"��
���	���
������	��
���
#��	��
�W���	��./�´E��G2�����	���.R�´E��GR�����������
the optimum temperature for growth in culture was 30 °C at 
����������	���
	����	��	#
	�����G7������	��	��
�W���

TAXONOMY

"���	���������Ceratocystis from Eucalyptus, originating from 
many different countries, were phylogenetically distinct from 
all other Ceratocystis species residing in the @�������������
la��� ��	��� &��� 	���� ��
��� ��������� ����������� �
�����
based on geographic origin and might be found to represent 
����������	<	�����������
��!�
�����
��������������	����
���
South Africa, which also had a morphology different to all 
described species from Eucalyptus� �&	���2��	
����
����
	��
�
�������	���#���	<���

9572, 5751 7768, 16008, 18572, 18591 

14631 16009 

4902 

7766 

18577 

5313, 16010, 
16034, 16035 

5312 

44797 

15054 11536 

12663 

9998 

10000 

7767 

7764 

4902 Brazil 

9998, 10000, 11536, 12663, 15054 South Africa 
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9572, 5751 C. colombiana 

Fig. 4. Allele networks obtained from the 
��
������������
�������"&J��Ã��	���
&%!6=Ä� ��
� 	��� ����	��� �
��� Eucalyptus 
as well as @�� ����������� The species 
@�� ���������� is represented as highly 
different to the Eucalyptus isolates due 
to the fact that it formed a separate allele 
�
��&��@�����������������isolates from 
Eucalyptus all formed one allele tree with 
�����#	
�	��������
#�������������
�
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Ceratocystis eucalypticola�?��#	��L���9�?�>��L�������
sp. nov. 
?����	���?�R6.G7W
(!����R)
`�!����"!: The name refers to Eucalyptus on which the 
�����������
��

All species of Ceratocystis from Eucalyptus are 
����������	���� ���������� E������� ��� C. eucalypticola are 
typically green colonies, relatively slow growing, and have a 
�
������	�	�	�����
��

Type: South Africa: Kwa-Zulu Natal1� K�	?���	�����
����	����
���	
�����	�����������Eucalyptus��6R�N���.//.��
M. van Wyk & J. Roux��(;%?�V/6VQ�8��������X������
��<=
��������E?L�66RGV�5�E�J�6.2/6V�

Q������������<������������� dark brown to black, globose, 
��=�
�	������6/R8�62/86QV�8...���������� �66Q8�62V8
6Q2�8.6V�� ��� ������ <��������� ���|� dark brown to black 
	�� �	��� �������� �����
� ���	
��� ��� 	������ �.W28�GWV8
2V2�8277�� ��� ������ 	����� �628�6V8./�8..�� ��� �����
�	����678�.R8GG�82.����������Ostiolar hyphae divergent, 
�G78�2R8R7�8VV����� ������Ascospores hyaline, hat-shaped 
�������#������#���������	����G8R����������28V��������

Table 3. ?�
��������	������	
������������
�
���	��#�����	����
���"������	��J�����F�
��	��&�	��	����	���M
���	���&���	��
�����
�
��	������	�����
����
�	��������������=��	#
	����������	��	
���#�	�����8�	#
	���������	��	
���#�	�����	����=�	<��������#��
�����

Characteristic / Country Indonesia South Africa Thailand Uruguay
Ascomatal bases

Shape Globose Globose Globose Globose

Length �6.R8�6V.8677�8.//� �6./8�62.867/�8./.� �6QQ8�67/867W�8.//� �6228�6W/867W�8.//�

����' �62G8�6WG867G�8.//� �6G.8�62G867G�8.6V� �6R28�6WW8677�8.6.� �6268�6V286Q2�867W�

Ascomatal necks

Length �G7/8�2//82R/�82W/� �GW.8�G7.82V/�82QV� �GR28�GW/82//�82.2� �GR28�GVQ8GQV�82/7�

����'������� �.28�.R8GR�82/� �.28�.R8GR�82.� �.28�.R8GR�8G7� �.G8�.V8G.�8GQ�

����'��������� �6R8�6V86Q�8./� �6R8�6V8./�8..� �6V8�6W867�8./� �6R8�6V8..�8.R�

Ostiolar hyphae

Shape Divergent Divergent Divergent Divergent

Length �GV8�2G8RG�8VG� �G78�2/8R.�8V.� �GG8�GR8G7�826� �GQ8�268R6�8RG�

Ascospores

Length 3–5 3–5 3–4 3–4

����'���Y������"��'���'� 28V 28V 28V 28V

����'����������"��'���'� 5–8 R8W�8Q� 5–7 V8W

Primary phialides

Length �V78�W/86//�86G2� �WG8�WV8662�86G6� �VW8�WV87V�86//� �WG8�WR8QG�8QQ�

����'������� 28V 28V 28V 2–4

����'���������������� 28V 28V V8Q 4–5

����'��������� 3–5 3–5 3–5 3–4

Secondary phialides

Length �V/8�W/86//�862G� �V28�V786/7�862G� �VG8�VQ8WW�877� �V78�W.87V�86/7�

����'������� G8V G8V R8V G8V

����'��������� 5–7 5–7 4–8 V8Q

Primary conidia

Length �6G8�678./�8.2� �6R8�6Q8.2�8.R� �6/8�6G86W�86Q� �6/8�6686R�86Q�

����' 4–5 4–5 3–4 2–3

Secondary conidia

Length V8Q V8Q V8Q �W8�7866

����' 5–8 5–7 5–8 V8Q

Chlamydospores

Shape @�����3J�������� @�����3J�������� @�����3J�������� @�����3J��������

Length 10–15 10–13 12–15 �V8�W866�86G�

����' 8–13 8–10 10–13 �R8�W866�86.�
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Fig. 5. Morphological characteristics of Ceratocystis eucalypticola. a.�F����	�	��������������	���b.�P	�=��	�����������#����	���������	��
��������#����	������
���c. Divergent ostiolar hyphae d. N	
����������������=����������	�������
��e.�(
��	
������������
��$	��=��	���
���	����� �
�������� ������
��	�� ������	�� f.�&����	
� ��	��� �����	
�� ����������
�� �
�������� 	� ��	��� ��� �	

�=��	��� ������	�� g. Chain of 
������
��	��������	��h. E�	�������	

�=��	���������	��i. F���	�������	

�=��	���������	�������	�=��	���	������
��	���	�������
��	������������
Bars: a.�5�6//�����b, f–i�5�R�����c–e 5�6/����
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����������	����R8W�8Q���������������������	����<������' 
thielaviopsis-like, conidiophores of two types: ������!�
��������'����� ���	������� $	��=��	���� �RQ8�WW866G�86G6��
��� ������ �G8�28V� ��� ���� 	�� ��� �	���� 28V�8W�� ��� ����
	�� �
�	���� ������� 	��� G8R� ��� ���� 	�� 	������ ��������!�
��������'����� $	
���� �
� ���� �������� �2G8�V/86//�862G��
����������G8�28V�8W���������	���	���	����28�R8W�8Q�����

����	��	������������!���������������
��	�������	���628�6V8
..�8.R����� ������G8R�����������������!��������, barrel-
��	����	����	�����V8�W87�86.�����������28V�8W����������
@'���!������������	
����	�
��
�����6WOOOO�����������������=
��������6/8�6686G�86R�����������Q86/�866���������

{�����: L������	������	���Eucalyptus�

Table 4. Morphological comparison of previously described species in the @����������������� species complex obtained from Eucalyptus trees 
compared to C. eucalypticola��

Character / Species C. atrox C. eucalypticola ������	�
����
 ����������
 ��������
�
 �����	�����	���
Ascomatal bases
Shape Globose Globose Globose Globose Globose [���
���
�

Length �6./8�62/86Q/ 
�8...�

�6/R8�62/86QV 
�8...�

�62.8�6WG8.6R 
�8.G2�

�6WG8�./.8.22 
�8.Q6�

�62/8�6WW8.GW 
�8.72�

62R8.6V�8.W7�

����' �6./8�6R/86WQ 
�8.//�

�66Q8�62V86Q2 
�8.6V�

�62R8�6WQ8..R 
�8.RR�

�6RG8�6WQ8..Q 
�8.R/�

�62/8�6WW8.GW 
�8.72�

66R86QV�8./V�

Ascomatal necks
Length �.W/8�G6/82// 

�82V/�
�.W28�GWV82V2 

�8277�
�22V8�VV/8Q7/ 

�86/W/�
�V768�W2R8Q2/ 

�8QQ7�
�GWR8�22Q8RV/ 

�8VWV�
GW.8VQG�8WWQ�

����'������� �.68�.V8G2�82/� �678�.R8GG�82.� �.Q8�G.82.�82W� �.W8�G68G7�82V� �.28�.W8GR�82G� 6Q8GG�82/�

����'��������� �6G8�6286V�867� �628�6V8./�8..� �6V8�6Q8.2�8.Q� �628�6V8./�8..� �6.8�6286Q�867� 6.8.6�8.R�

Ostiolar hyphae
Shape Divergent Divergent Divergent Divergent Divergent Convergent

Length �6Q8�./8.V�8.Q� �G78�2R8R7�8VV� �2/8�278V6�8VQ� �GR8�26827�8R2� �.Q8�GQ82V�8R.� 03F

Ascospores
Length 3–4 3–5 2–4 G8V 3–4 28V

����'���Y������"�
�'���'�

3–4 28V 28V 4–7 �G8�28V�8W� 3–5

����'����������"�
�'���'�

28V R8W�8�Q 5–7 5–8 V8Q�866� 3–5

Primary phialides
Length �WQ8�QW86R6�8.6Q� �RQ8�WW866G�86G6� �278�V/872�86..� �WR8�Q/8662�86R.� �RQ8�VR8QG�86/V� V.862W�8.6V�

����'������� R8W�86G� �G8�28V�8W� 4–7 �28�R8W�8Q� 28V�8Q� 03F

����'���������������� 4–7 28V�8W� R87 R87 �G8�V8Q�87� 03F

����'��������� 287 3–5 3–5 �G8�28V�8W� G8R�8V� 03F

Secondary phialides
Length �G78�2G8RW�8VV� �2G8�V/86//�862G� Absent �GQ8�2Q8WV�8Q7� �2.8�278W6�8QR� 03F

����'������� R8W�87� �G8�28V�8W� Absent �G8�R8W�8Q� �28�R8W 03F

����'��������� 28V�8W� �28�R8W�8Q� Absent �G8�R8W�8Q� �R8�V8Q 03F

Primary conidia
Length �78�6686R�86W� �628�6V8..�8.R� �628�./8.Q�8G6� �668�6R8.W�8G/� �6.8�6V8.2�8.7� 6.8.R�8GG�

����' 3–5 3–5 3–5 �G8�R8V 28V 2–5

Secondary conidia
Length �W8�Q86.�862� �V8�W87�86.� Absent �V8�6/866 7862 28V

����' �R8�V8Q�87� 28V�8W� Absent �28�R8W�87� V8Q�866� 3–5

Chlamydospores
Shape Absent @�����3

Subglobose
Subglobose Globose Globose [#	�

Length Absent �6/8�6686G�86R� �V8�6/862�86R� �Q8�6/86.�86G� 11–14 Q86.�86G�

����' Absent Q86/�866� �V8�W866�86.� �78�6/862�86V� 6686R�86W� R8Q�86/�

Reference B	��L���et. al. 
2007

This study B	��L���et. al. 2008 Rodas et. al. 2008 B	��L���et. al. 
2010a

Barnes et. al. 
2003



Ceratocystis eucalypticola sp. nov.
A

R
TIC

LE

57V O L U M E  3  ·  N O .  1  

&��+�������������1�J�����F�
��	�

X�'��� ��������� �Y������� South Africa: Mpumalanga, Sabie, 
����	����
���	
�����	�����������Eucalyptus �
���62�>����.//.��M. 
van Wyk & J. Roux��(;%?�V/6V7X ��#���������
��E?L�777Q�5�E�J�
6.2/6W�X�loc. cit.������	����
���	
�����	�����������Eucalyptus trees, 
62�>����.//.��M. van Wyk & J. Roux��(;%?�V/6W/X living cultures 
E?L�6////�5�E�J�6.2/67��

DISCUSSION

"���	��� ��� @������!����� �������� ��� ���� collected from 
Eucalyptus� ��� �
	����� "������	�� ;������� ��� E������ J�����
Africa, Thailand, Uganda, and Uruguay were shown to be 
����������	����
�	����&���������������	����	����
���
wounds on trees and also those that were associated with 
�
��������	��
�������������������������������F��������	���
isolates from Eucalyptus resided in a single large clade, there 
�	��	��������
������#
�����	����������"������������������
that they represent a number of different cryptic species that 
�	�������
���#���!�
�����
��������������	����
���J�����
Africa are provided with the name C. eucalypticola �
��
Future studies should seek to include additional isolates from 
Eucalyptus as well as to include sequences for gene regions 
not considered in this study, and that might discriminate more 
clearly between species in the @������������� ����������<��
E�

����������
��������������	������	�������������	���

�	��#�����
��������������������	
�����"�������
���������	����
provides the foundation for further studies including a suite of 
����	�����	�������������������������	���

The species of Ceratocystis most closely related to C. 
eucalypticola is @�� ����������� @������!����� ��������� 
��� 	� �	������ ��� ����� �
�� �?	
��� et al.� .//G�� 	�� ����
as numerous other hosts including indigenous crops in 
E������	�� F�������� ��� ���� ������ 	
� ����������	����
related, they are ecologically distinct and are not likely to be 
��������

Ceratocystis eucalypticola is one of a number of species 
in the @�� �������� ��� ���� complex to be described from 
Eucalyptus� �
��� [��
� ������ �
��� ����� ����� ������X� C. 
atrox� �#	�� L��� et al.� .//W�� 	��� @�� ���!�������� �K	��	��
0���	��et al.�./6.���
���F���
	��	��@������������������	
���
et al.� .//G��� �
���F���
	��	� 	��� J�����F�
��	�� C. neglecta 
�;��	�� et al.� .//W�� �
��� E������	�� @�� ������������ �#	��
L��� et al.� .//Q�� �
��� B����	�� 	��� @�� %���������� 
�P	��� et al.� .//7�� �
��� ?	�	����F��� ��� ���� ������ �
���
Eucalyptus can be distinguished from each other based on 
phylogenetic inference and they have some morphological 
�	��
����	���	�����������
�����������

Morphologically, the specimens of C. eucalypticola cited 
here resemble species in the @�� �������� ��� ����� �����<��
The fungus has the typical green colony colour, is relatively 
����� �
������� 	��� �	�� 	� �
����� �	�	�	� ����
�� Ceratocystis 
eucalypticola can be distinguished from other species in the 
@����������������� complex in that they occur on Eucalyptus 
and based on differences in size of some diagnostic 
��	
	��
����
�������
�������������

Ceratocystis eucalypticola includes isolates only from 
wounds on trees in South Africa in the absence of disease, 

but is very closely related to isolates that originated from 
dying trees and that have been shown to be pathogenic 
�+	�	�et al.�6777X�;��<�et al.�.///��.//6��.//2���&��������
is also closely related to isolates that were collected from 
wounds on trees in countries other than South Africa where 
a Ceratocystis disease on Eucalyptus� �	�� ���� ��� ����
Eucalyptus death associated with C. eucalypticola has never 
been found in South Africa although trees dying of unknown 
causes are thought to have died due to infection by this 
���������������	��������������������	���&�����������������
from wounds on trees has also been shown to be pathogenic 
����
������������	������
�	����;��<�et al.�.//2��#	��L���
et al.�./6/���

"���	������C. eucalypticola from South Africa represent 
	�����	�������	������#	��L���et al.�.//V���	�������	�������
������ ���
������ ����� ��� �����
��� "�� ��� ����� ���
������� ��	��
Eucalyptus death associated with this fungus has not been 
���� &���� ������ �� ��� ��� ��	������ ������ ���������� ���
C. eucalypticola not having occurred in the country, or that 
����������� ��
� ����������
����� ����	����F��
�	��#���� ��� ���
possible that trees dying of unexplained causes might have 
been killed by C. eucalypticola, even though the fungus was 
���� ����	��� �
��� �����&���� ��� 	� '������� ��	�� ��� ��

�����
being pursued, particularly linked to unexplained Eucalyptus 
death in South Africa and where Ceratocystis cultures emerge 
�
�������	������
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