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Abstract. Tw�nt� th��� ��ff���nt ����������� Tu�. & C. Tu� w��� �so��t�� 
f�om s�mp��s �o����t�� f�om fo��st zon�s of Th����n� �n� Ph���pp�n�s. 
Th� fung�� s�mp��s w��� �h����t���z�� b�s�� on mo�pho�og���� �h�����
t���st��s �n� nu����� ITS1��.8S �DNA�ITS2 ��g�on s�qu�n��s. T�n sp��
���s of Xylaria, two sp����s of Hypoxylon, Biscogniauxia, Rosellinia �n� 
on� sp����s of Annulohypoxylon �n� Entonaema w��� foun�. Entonaema 
th� ��st�n�t��� g�nus of �����������, �so��t�� �n th� stu�� f�om Th����n� 
s�mp��s show�� � ��os� ����t�onsh�p w�th Xylaria �n ph��og�n�t�� t���. ���
�������ous sp����s ���nt�f��� �t mo���u��� ����� show�� s�gn�f���nt s�m�����
�t� of th� mo�pho�og���� �h����t��s, su�h �s st�om�� st�u�tu��, �s��� �p�x 
�n� th� g��m s��t of �s�ospo��s. In ����t�on, th��� sp����s of Arthrinium, 
two sp����s of Pestalotiopsis w��� ��so �so��t�� �n� �h����t���z�� �n th� 
stu��. A ph��og�n�t�� �ff�n�t� of Pestalotiopsis w�th ����������� w�s foun�. 
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Introduction

The classification of Xylariaceae Tul. & C. Tul  
�s m��n�� b�s�� on m���o mo�pho�og���� �h���
��t��s, su�h �s s�z�, �o�o�, t�xtu��, sh�p� �n� 
�o�o� of th� st�om� �n� �s�ospo��s ��og��s 
1979, Wh����� & E�w���s 199��. Mo�� th�n 

8� g�n��� �n� �t ���st 1340 sp����s b��ong to 
th� f�m��� ����������� �n� th� ��nt��� �o�� of 
th� g�n��� ��� Xylaria, Hypoxylon, Rosellinia, 
Poronia, Podosordaria, Hypocopra, Daldinia, 
Nummularia, Kretzschmaria, Camillea �n� 
Penzigia; th�s� ��� ob��ous�� ����t�� �n� th� 
g�n���� ��m�ts ��� ��gu�b�� ��og��s 1979, B��� 
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1990, E��ksson & H�wkswo�th 1991, L��sso� 
1994, K��k �t ��. 2008, Ch�n �t ��. 2013�. �og�
��s �1979� ��po�t�� th�t �s�� of x��������ous 
fung� ��� usu���� 8 spo���, un�tun���t�, ����n�
������ �n out��n� �n� p�ox�m���� �tt�nu�t�� to 
� sho�t o� �ong st�p� �n� th� �p�x of th� �s�us 
�s �h����t���z�� b� �n �p���� �pp���tus wh��h 
usu���� st��ns b�u� w�th �o��n� �n� �n m�n� 
g�n��� h�s � �h����t���st�� ��ng sh�p�. Most 
����������� fung�� spo��s ��� b�own to ��most 
b���k �o�o���, w�th smooth o� o�n�m�nt�� 
w���s ��og��s 197�, 1979; Jong & D���s 1973, 
Wh����� 199��. 
 G�n������ spo�� ��� p��s�nt on ���� woo� 
�n� on p��nt ��m��ns �n �ung �n� so�� ��og��s 
1979, Wh����� 198�, 199��. A��o���ng��, th� 
����������� ��� most�� �o����t�� f�om ���� 
woo� of �ng�osp��ms. Th� ��st��but�on of ���
��������� �s m��n�� �ff��t�� b� t�mp���tu��. 
D�st��but�ons of th� ����������� �n t�op���� 
��g�ons Th����n� �n� Ph���pp�n�s ��� ���� ���
���s�. How����, ���� f�w pub����t�ons ��� p�o�
����ng ���� ��t����� ��s���pt�on of th�s� fung� 
foun� �n Th����n� �n� Ph���pp�n�s �V�s������ 
�t ��. 2012, Ok�n� �t ��. 2008, Osono �t ��. 
2009, S��h�n�n & P�t�h���t 2011�.  E��ksson 
& H�wkswo�th �1993� ��po�t�� th�t 7�% g�n�
��� of ���������ous b��ong to t�op���� ��g�ons. 
M�n� ��s����h��s ��po�t�� th� t�xonom���� 
��st��but�on of ���������ous fung� f�om t�op��
��� ��g�ons b�s�� on th� mo�pho�og���� �h�����
t���st��s �D�nn�s 19��, 19�7, 19�8, 1970, M���
t�n 19�7�,b, 19�8, 1970, T���goo�� & Wh����� 
197�, Wh����� 1993�. Th� ��o�og� �n� ���s�
sification of Xylariaceous fungi is difficult 
to un���st�n� �u� to s������ ���sons. On� of 
th� m��n ���sons �s �����t�ons �n st�om�t�, so 
th�t, �n�mo�ph�� �h����t���z�t�on stu�� of ���
��������� �s must �ss�nt��� to ��ff���nt��t� th� 
��os��� ����t�� t�x� �C����n & �og��s 1990, 
L�� �t ��. 2000�. Th� �����opm�nt�� st�g�s, 
�o����t� �n� �nh���nt �����b���t� of ����������� 
p��� � m��n �o�� �n th� �����t�on of st�om�t� 
�L�� �t ��. 2000�. Th� t�xonom�� s�st�m of 
����������� �s h�gh�� �����op�� �n� th� n�w 
g�n��� �n� sp����s ��� �h����t���z�� b�s�� on 

th� n�tu�� �n� �pp����n�� of sub��u�um, �n�
�mo�ph, st�om�t�� �h����t��s �n� m���os�op�� 
f��tu��s of th� �s�us �n� �s�ospo��s. P����ous�
ly, the identification and taxonomical distri�
but�on of �����������. Tu� fung� w��� m��n�� 
������� out b�s�� on m���os�op�� �x�m�n�t�on 
of mo�pho�og���� �h����t��s. How����, p����s� 
identification of these fungi is necessary at mo�
���u��� ����� �n� DNA s�qu�n�� �n���s�s ��� 
pow��fu� too�s fo� g�nus o� sp����s ����� ���n�
tifications (Okane et al. 2012). 
 Th� mo���u��� �h����t���z�t�ons of ������
������. Tu� tu�n�� out to b� � ���� �mpo�t�nt 
too� to ��t��m�n� th� t�x�, �sp������� wh�n 
stu���ng ����������� wh��� t���mo�ph �n� �n�
amorph are often difficult to find in the nature 
�n� must b� �u�tu��� �n th� ��bo��to��. 
 Th� obj��t��� of th� p��s�nt ��s����h wo�k 
w�s to �h����t���z� th� ����������� fung�� sp��
���s �o����t�� f�om Th����n� �n� Ph���pp�n�s �t 
� mo�pho�og���� �n� mo���u��� �����, �n o���� 
to �����op th� t�xonom�. Mo�pho�og���� ob�
s����t�ons w��� �omp���� w�th th� mo���u��� 
identifications. The phylogenetic relationships 
�mong th� �so��t�� sp����s of �����������. Tu� 
w��� ��t��m�n�� b�s�� on th� s�qu�n�� ��t� 
f�om ITS1��.8S�ITS2 ��g�ons. Th� ��su�t�ng 
ph��og�n��s w��� �omp���� w�th s�qu�n��s 
obt��n�� f�om th� G�nB�nk. Th� ��su�ts of th� 
�n��st�g�t�on ��� ��s�uss�� �n� th� w���sp���� 
distribution and taxonomic classification of 
����������� �n South E�st As��n Count���s 
b�s�� on mo�pho�og���� �n� g�n�t�� �h����t���
�st��s �s ��s���b��.  

Materials and methods

Sampling sites and isolation of Xylariaceae

Th� s�mp�� �o����t�on w�s m��� �u��ng S�p�
t�mb�� 2007 �n Th����n� �n� O�tob�� 2007 
�n Ph���pp�n�s. Woo� s�mp��s w��� �o����t�� 
f�om two s�t�s �n Th����n��� ��� Th� Kum �o��
�st P��nt�t�on, Ampho� Mu�ng, T���, Th����n� 
�n� ���� K�ong T��k�ow �o��st P��nt�t�on, Am�
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pho� Th�t T� K��b, Ch� Ch��ng S�o, Th����n�. 
In Ph���pp�n�s, s�mp��s w��� �o����t�� f�om 
����po�t S������s Co�po��t�on Amus�m�nt 
P��k Sub�� B��, Z�mb���s, Ph���pp�n�s. A�� th� 
s�mp��s w��� p����� �n st�����z�� �ont��n��s 
�n� th�n t�k�n �nto th� ��bo��to��.
 Th� �n�t��� obs����t�ons of su�f��� �n� ����
t���� s��t�on of st�om�, �s�us �n� �s�ospo��s 
w��� m��� us�ng ��ght m���os�op�. Pu�� �u��
tu��s w��� �so��t�� f�om th� �s�ospo��s b� 
s�ng���spo�� �so��t�on t��hn�qu� �Cho� �t ��. 
1999�. A�� m���os�op�� obs����t�ons w��� 
m��� �n st�����z�� ��st����� w�t��. Cu�tu��s 
w��� m��nt��n�� �n 2% MEA p��t�s �n� sub�
�u�tu��� on both MEA �n� PDA p��t�s.
 
DNA extraction and analysis

G�nom�� DNA w�s �so��t�� �ft�� 7 ���s f�om 
th� ��t����� g�ow�ng fung�� �u�tu��s �n Pot�to 
Dextrose Broth by a modified method of Gra�
h�m �t ��. �1994�. DNA f��gm�nts w��� ob�
s����� on � 0.8% �g��os� g�� w�th � 100 bp 
������ �T�K���, J�p�n�. Amp���ons of nu����� 
�DNA w��� obt��n�� b� PC� us�ng p��m��s 
ITS 1 ���TCCGTAGGTGAACCTGCGC�
3� �n� ITS 4 ���TCCGTAGGTGAACCT�
GCGC�3�. PC� ����t�on m�xtu�� �ons�st�ng 
of 10� PC� buff�� ��0 mm/L KCI, 10 mm/L 
T��s�HCI, pH 8.3�, 0.� mm/L �NTPs, ITS fo��
w��� �n� ITS �����s� p��m��s, ���h 0.� mm/L, 
2.0 mm/L MgCI2, 1U Amp��T�q Go�� DNA 
po��m���s� �P��k�n�E�m���, 2 µL DNA s�m�
ple, each mixture was made up to a final vol�
um� of 30 µL us�ng ���on�z�� st����� ��st����� 
water. PCR amplification was carried out in 
th� th��mo������ �ESCO, Sw�ft m�x� th��m�� 
������� w�th fo��ow�ng ����t�on �on��t�ons�� ���
n�tu��t�on �9�ºC fo� 10 m�n.�, �nn����ng ��8ºC 
fo� 30 s��.�, �n� �xt�ns�on �72ºC fo� 1 m�n.�, 
th� ����� ��p��t�� 3� t�m�s �n� fo��ow�� b� 
final extension, 72ºC for 10 mins. After ampli�
fication, amplified fungal genomic DNA frag�
m�nts w��� ��su���z�� on 1.�% �g��os� g�� 
un��� UV ��ght �ft�� EtB� st��n�ng. 
 PCR amplified fragments were cloned into 

� pGEM�T E�s� V��to� S�st�m �P�om�g�, 
USA�. ���omb�n�nt ���to�s w��� t��nsfo�m�� 
into JM109 High Efficiency Competent Cells 
�n� t��nsfo�m�nts w��� s����t�� b�s�� on th� 
b�u�/wh�t� �o�on� s����t�on g���n �n th� m�n�
u�� �P�om�g�, USA�. ���omb�n�nt p��sm��s 
w��� �so��t�� f�om th� t��nsfo�m�nt ����s us�
ing Wizard Plus Plasmid DNA purification kit 
�P�om�g�, USA�. 
 Th� ��on�� fung�� g�n� f��gm�nts w��� �us�
tom s�qu�n��� us�ng T7 p�omot��, w�th �n 
�utom�t�� DNA s�qu�n��� �n MAC�OGEN 
s�qu�n��ng �omp�n�, South Ko��� �n� th� s��
qu�n��s ��pos�t�� �n G�nB�nk �T�b�� 1�. Th� 
s�qu�n��s w��� �n���z�� us�ng th� softw���s 
DNASIS �n� C�ust��W �Thompson �t ��. 
1997�, th� s�qu�n�� ���gnm�nts w��� m�nu�
���� �o����t��. G�nB�nk BLASTn s����h w�s 
us�� to �ss�gn th� s�qu�n�� ���nt�t� �A�ts�hu� 
�t ��. 1997�. G�nB�nk s�qu�n�� ��t� �T�b�� 2� 
w��� us�� fo� th� N��ghbo��Jo�n�ng �NJ� �n���
�s�s of th� �u���nt �xp���m�nt�� ��t�, �n���s�s 
w�s �on�u�t�� us�ng C�ust��W. Th� homo�o�
gous ��g�ons of ��� sp����s w��� ���gn�� us�
�ng th� C�ust��W mu�t�p�� ���gnm�nt p�og��m 
�Thompson �t ��. 1997�. A ph��og�n�t�� t��� 
w�s obt��n�� b�s�� on th� ��su�ts of C�ust��W 
�n� b��n�h�suppo�t�ng ���u�s of th� p��s�mon� 
t��� ��ff��s f�om th� t��� �onst�u�t�� us�ng th� 
Mo���u��� E�o�ut�on��� G�n�t�� An���s�s 2.1 
Softw��� �MEGA, V��s�on 4�, N��ghbo��jo�n�
�ng m�tho� �S��tou & N�� 1987�. How����, 
th� N��ghbo��jo�n�ng t��� w�s topo�og������ 
���nt���� to th� p��s�mon� t���. Th� fung�� s��
qu�n��s obt��n�� �n th� stu�� w��� subm�tt�� 
to G�nB�nk �T�b�� 1�. 

Results 

����������� fung�� sp����s w��� su���ss�
fu��� �so��t�� f�om th� s�mp��s �o����t�� 
f�om Th����n� �n� Ph���pp�n�s us�ng � s�n�
g���spo�� �so��t�on t��hn�qu�. Pu�� �u�tu��s 
of �so��t�� ����������� Tu�. & C. Tu� fung�� 
sp����s w��� m��nt��n�� on both PDA �n� 
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MEA p��t�s. Common mo�pho�og���� f��tu��s 
of Xylariaceous fungi were classified accord�
�ng to th� fo��ow�ng ���t������ st�om�t� �����b��, 
mo�� o� ��ss up��ght, ��ng� f�om �pp��n�t� to 
h�m�sph������ �n� b��ght�� p�gm�nt�� o� b���k 
su�f���. Ext���o� w�s woo��� to woo��, ����
bon���ous, w�th o� w�thout h���. Int���o� w�s 
wh�t� to ���k, o���s�on���� g���t�nous. As�
�om�t� w��� ost�o��t�, ������ ����sto���p�� �n� 
w�th s�mp�� w��� �����. As�� w��� un�tun���t�, 
p��s�st�nt, ����n������–�����t�, st�mp�t�t�, �p��
��� �pp���tus w��� �����op��, ������ ���k�ng, 
refractive, often large, commonly flared api�
�����, m��n�� �m��o��, w�th � n���ow �um�n. 
As�ospo��s w��� usu���� �n�qu���t����, t�p��
����� b�own to ���k b�own, m��n�� on�������� 
w�th sm��� h����n�, usu���� b�s�� ���� wh��h 
�s ������ p��s�st�nt, g��m s��t usu���� p��s�nt, 

�����ng �n sh�p�, ��ngth �n� pos�t�on, spo�� 
w����smooth o� o�n�m�nt��, w�thout �pp�n��
�g�s, o���s�on���� fo�m�ng s��on���� �pp�n��
�g�s �t th� po��. W�nt�� �1887� ����ums���b�� 
th� ����������� f�m��� to �n��u�� P���nom���
�t�s b�s�� on th� �pp����n�� of st�om�, �s�us 
�n� �s�ospo��s, P���nom���t�s w�th p���om��
n�t��� � ���k st�om�, ���k�un������� spo��s 
�ont��n�ng � g�n����� Nummu�����, H�pox��on 
Bu��., Ustu��n�, Po�on�� W����. �n� ������� 
H��� �x S�h��nk, �n� m�n� mo�� g�n��� h��� 
b��n ����� to th� f�m��� �D�nn�s 19�1, M��t�n 
19�7�,b, �og��s 1979, B��� 1990, E��ksson & 
H�wkswo�th 1993�. 
 B�s�� on th� mo���u��� ��t�, th� �n���s�s of 
th� ITS s�qu�n��s of 23 �so��t�s show�� th�t 
th�� b��ong to 8 g�n��� �Annulohypoxylon, Ar-
thrinium, Biscogniauxia, Entonaema, Hypoxy-

Th� �omp��t� ��t���s of �so��t�� �n�oph�t�� fung�� sp����s �n� ��os�st m�t�h�� fung�� sp����s �n 
G�nB�nk ��t�b�s�s w�th ����ss�on numb��s �n� s�qu�n�� s�m�����t� p����nt�g�

Table 1 

N�m� of �so��t�� 
fung�

S�mp�� 
��f���n�� 
no.

G�nB�nk 
����ss�on 
no.

S�m���� fung�� sp����s �n G�nB�nk D�t�b�s� 
w�th ����ss�on no.

S�m��
����t� 
�%�

Hypoxylon sp. PP071013 AB4�27�3 Hypoxylon sp. �DQ322109�   99.31�
Xylaria  venosula PP071022 AB4�27�4 Xylaria sp. �EU010000�   99.474
Arthrinium sp. PP071021 AB4�27�� Arthrinium sp. �AY�1394��   98.1��
Biscogniauxia sp. PP071018 AB4�27�� Biscogniauxia sp. �AB44909��   99.319
Xylaria venosula PP071023 AB4�27�7 Xylaria venosula �so��t� 9 �E�02�149�   99.490
Arthrinium sp. PP071024 AB4�27�8 Arthrinium sp. Po8 �AY�1394��   97.431
Annulohypoxylon sp. PP07102� AB4�27�9 Annulohypoxylon moriforme �E�02�137�   99.187
Arthrinium sp. PP071099 AB471012 Arthrinium sp. �AB4�27�8�   97.8�3
Xylaria sp. TI070901 AB449101 �ung�� �n�oph�t� sp. �EU�8�0�2�   99.000
Xylaria sp. TI070903 AB44909� Xylaria bambusicola �E�02�123�   98.000
Xylaria sp. TI070904 AB449092 ����������� sp. �AB440092�   98.000
Rosellinia sp. TI07090� AB449099 ����������� sp. BCC 1879� �AB440092�   98.000
Rosellinia sp. TI070907 AB449093 �ung�� �n�oph�t� �so��t� 1�9� �EU�8�908�   98.000 
Xylaria sp. TI070908 AB449100 Entonaema cinnabarinum �AM292043�   98.000
Xylaria sp. TI070911 AB449094 Xylaria sp. PB30 �AB28�482�   98.000
Biscogniauxia sp. TI070912 AB44909� Xylaria bambusicola �E�02�123�   98.000
Hypoxylon sp. TI070913 AB449097 �ung�� �n�oph�t� �EU�8�817�   98.000
Xylaria sp. TI070914 AB449098 �ung�� sp. A�IZ L�2�CLA ��J�128���   99.000
Xylaria sp. TI07091� AB49�008  Xylaria sp. �AB449100�   99.828
Xylaria sp. TI070923 AB49�009 Xylaria bambusicola �so��t� �E�02�123�   99.484
Entonaema sp. TI070924 AB49�010  Entonaema cinnabarinum �AM292043�   98.91�
Pestalotiopsis sp. GU071003 AB472079 Pestalotiopsis cocculi �E�0��194� 100.000
Pestalotiopsis sp. GU071004 AB472080 Pestalotiopsis cocculi �E�0��194� 100.000
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lon, Pestalotiopsis, Rosellinia �n� Xylaria�. 
Th� ITS s�qu�n�� ��ngth of �so��t�s ��ng�� 
f�om �11 to �1� bp. Th� s�qu�n��s of ITS ���
g�on of �so��t�s foun� to b� �����b�� b�tw��n 

th� g�n��� �n� ITS ��g�on s�qu�n��s of sp����s 
of s�m� g�nus show�� ��os� s�m�����t�. Ph��
�og�n�t�� t���s w��� obt��n�� us�ng m�x�mum 
p��s�mon� �n� n��ghbo� jo�n�ng. Th� topo�o�
g��s w��� ���nt����, but th� bootst��p suppo�t 
of th� �����s ��ff���� ���gu�� 1�. In th�s stu��, 
�mong th� �so��t�s, Xylaria sp����s w��� ��p���
s�nt�ng >�0%, Biscogniauxia, Hypoxylon �n� 
Rosellinia sp����s w��� sh���ng 10% ���h �n� 
th�n oth�� sp����s w��� ��p��s�nt�� b� Annulo-
hypoxylon �n� Entonaema. Th� g�nus Arthrin-
ium �s now p����� un��� Ap�ospo������ f�m��� 
w�s ��p��s�nt�ng 13% �Lumbs�h & Huhn�o�f 
2010� �n� th� �so��t�s b��ong to Pestalotiopsis 
g�nus �s ��tu���� p����� un��� Amph�sph����
������ f�m��� �J��won �t ��. 2003, J��won �t 
��. 2004�. Th� ��ngth of Pestalotiopsis st���ns 
w�s �0� bp. Th� nu���ot��� s�qu�n��s of two 
sp����s of Pestalotiopsis w��� ���� ��os��� ���
��t�� �n� th�� ������� b��ong to Amph�sph����
������ w�th�n ���������s. Both Pestalotiopsis 
sp����s w��� sh���ng �0� nu���ot���s �n ��ngth. 
�ung�� sp����s w�th s�qu�n��s h�gh�� s�m���� 
to ou� �so��t�s w��� obt��n�� us�ng G�nB�nk 
BLAST s����h �T�b�� 1�.

Discussion

Th� stu���s of V�n ��� Gu�ht �1994 �,b,�� 
��monst��t�� th�t th� ����������� Tu�. & C. 
Tu� ��� w��� ��p��s�nt�� �n t�op���� ���n fo��sts 
in South Pacific Islands. During Van der Gucht 
�o����t�on f�om P�pu� N�w Gu�n��, 9 sp����s 
w��� ��f����� to Biscogniauxia, 21 to Hypoxy-
lon �n� 38 to Xylaria. E��n though th� ������
������ Tu�. & C. Tu� h��� b��n w��� �o�um�nt�
�� f�om th� t�op��s b�s�� on mo�pho�og���� 
�h����t��s �D�nn�s 19��, 19�7, 19�8, 1970, 
M��t�n 19�7�,b, 19�8, 1970�, f�w stu���s h��� 
b��n ������� out �n South E�st As�� ��og��s �t 
��. 1987, Wh����� �t ��. 1994�. In stu���s f�om 
No�th Su��w�s� �n In�on�s��, 27 ������� sp��
���s �n� 18 H�pox��on sp����s tog�th�� w�th 
��p��s�nt�t���s of � oth�� g�n��� w��� ���o���
�� b� �og��s �t ��. �1987�, wh����s f�om M��

L�st of �n�oph�t�� fung�� s�mp��s us�� �n 
th�s stu��

Table 2 

�ung�� s�mp��s G�nB�nk 
����ss�on numb��s

Hypoxylon sp. AB4�27�3
Xylaria  venosula AB4�27�4
Arthrinium sp. AB4�27��
Biscogniauxia sp. AB4�27��
Xylaria venosula AB4�27�7
Arthrinium sp. AB4�27�8
Annulohypoxylon sp. AB4�27�9
Arthrinium sp. AB471012
Xylaria sp. AB449101
Xylaria sp. AB44909�
Xylaria sp. AB449092
Rosellinia sp. AB449099
Rosellinia sp. AB449093
Xylaria sp. AB449100
Xylaria sp. AB449094
Biscogniauxia sp. AB44909�
Hypoxylon sp. AB449097
Xylaria sp. AB449098
Xylaria sp. AB49�008  
Xylaria sp. AB49�009
Entonaema sp. AB49�010  
Pestalotiopsis sp. AB472079
Pestalotiopsis sp. AB472080
Xylaria bambusicola E�02�123
Xylaria apiculata A�1�3027
Nemania primolutea E�02�121
Xylaria sp. A�1�3724
Nemania illita E�02�122
Xylariaceae sp. AY31�402
Rosellinia sp. DQ322077
Xylaria sp. AB28�482
Xylaria multiplex DQ3221��
Xylaria sp. AY31�400
Xylaria sp. AB2��300
Hypoxylon monticulosum DQ223749
Entonaema cinnabarinum AM292043
Daldinia pyreaica AM749927
Annulohypoxylon stygium DQ2237�1
Hypoxylon stygium AJ390409
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���s��, 1� H�pox��on sp����s w��� ��po�t�� b� 
Wh����� �t ��. �1994�. How����, most of th� 
identification studies carried out were based on 
th� mo�pho�og���� �h����t��s. On�� � ���� f�w 
��po�ts w��� pub��sh�� ��g����ng th� �h�����
t���z�t�on �n� ��st��but�on of ����������� f�om 

South E�st As��, �t � mo���u��� ����� �B�h� �t 
��. 200�, Joh�nn�sson �t ��. 2000, M�zz�g��� �t 
��. 2001, Ok�n� �t ��. 2008, Osono �t ��. 2009, 
P����z �t ��. 2008, S��h�n�n & P�t�h���t 2011, 
Suw�nn�s�� �t ��. 200�, V�s������ �t ��. 2012,�, 
but th�s� ��po�t�� � ��m�t�� numb�� of t�x�. 

N��ghbo��Jo�n�ng �NJ� m�tho� ph��og�n�t�� t��� of ��� ����������� fung�� s�mp��s us�� �n th�s 
stu�� ��n��u��ng s�mp��s obt��n�� f�om G�nB�nk�

Figure 1 
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B�s�� on ou� ��su�ts, th� �h����t���z�t�on �n� 
��st��but�on of ����������� �t mo���u��� ����� 
are very briefly explored and reviewed below.  
 Th� s�qu�n��s of ���������s s�mp��s us�� �n 
th� stu�� ��n��u��ng thos� obt��n�� f�om G�n�
B�nk� fo�m�� n�n� �����s. Th� Xylaria sp����s 
AB44909�, AB449100 �n� AB449101 b��ong 
to s�m� g�oup �n� w��� qu�t� ��st�nt f�om 
Daldinia pyrenaica M. St����� �n� Wo��ow. 
AM749927. Arthrinium sp����s AB4�27��, 
AB4�27�8, AB471012 �n� Annulohypoxylon 
sp. AB4�27�9 w��� ��st�nt f�om Annulohy-
poxylon stygium Y.M. Ju, J.D. �og��s & H.M. 
Hs��h �DQ2237�1� �n� Hypoxylon stygium Ju 
& �og��s �AJ390409�. ��om th� ph��og�n�t�� 
t��� ���gu�� 1�, �mong 10 sp����s of Xylaria, 
s�qu�n��s of 7 sp����s of Xylaria ��x��pt 
Xylaria sp����s AB49�009, AB4�27�4 �n� 
AB449098� �pp����� to b� ���� ��os� �n� ��us�
t���� tog�th��.  Two Xylaria venosula Sp�g. 
�AB4�27�4 �n� AB4�27�7� �so��t�� �n th� 
�u���nt stu�� show�� ��st�nt g�n�t�� ����t�on�
sh�p b�tw��n ���h oth��’s, wh����s Biscogni-
auxia sp., sh���s ��os� ����t�on w�th Xylaria 
venosula Sp�g. �AB4�27�7�. Som� sp����s of 
Daldinia, �sp������� Daldinia vernicosa C�s. 
& D� Not. �n� Daldinia concentrica C�s. & 
D� Not. ��n fo�m � monoph���t�� g�oup �n� 
��n m�k� �noth�� monoph���t�� g�oup w�th 
Daldinia sp., th�s som�wh�t suppo�t�� �n tu�n 
w�th Hypoxylon sp. �L�� �t ��. 2000�. Sp�t��
fo�� & B���kw��� �1993� ��po�t�� th�t Xylaria 
��n fo�m s�st�� t�xon w�th � g�oup �ons�st�ng 
of Daldinia �n� Hypoxylon. Th�s ��po�t sug�
g�st�� th�t �so��t�� Arthrinium �AB471012, 
AB4�27�8, AB4�27��� sp����s h�� h�gh�� 
homo�ogous s�qu�n��s �n� ��ust���� �s mono�
ph���t�� g�oup. Th� two Biscogniauxia sp����s 
�so��t�� �n th� stu�� show�� � ��st�n�t �����
t�onsh�p b�tw��n ���h oth�� ���gu�� 1�. Bis-
cogniauxia �so��t�� f�om Th����n� show�� � 
��os� ����t�onsh�p w�th Xylaria �so��t�� f�om 
Th����n�, wh����s Biscogniauxia �so��t�� 
f�om Ph���pp�n�s ��os��� m�t�h�� w�th Xylaria 
venosula Sp�g. �so��t�� f�om Ph���pp�n�s ���g�
u�� 1�. S�m���� t�p� of ��su�t w�s obt��n�� fo� 

Hypoxylon sp����s �so��t�� f�om Th����n� �n� 
Ph���pp�n�s, th� g�n�t�� ����t�onsh�p of both 
sp����s w�s h�gh wh�n �omp���� w�th Xylaria. 
A��o���ng to th� ph��og�n�t�� t��� ���gu�� 1�, 
the genetic affinity of Rosellinia sp����s w�s 
����t����� h�gh w�th Xylaria sp����s th�n Ne-
mania.
 Ou� ��su�ts st�ong�� suppo�t�� th� p����ous 
��po�t of P����z �t ��. �2008� th�t Xylaria sp��
���s w��� ��os� tog�th�� �n � s�ng�� ����� �n NJ 
�n���s�s b�s�� on ��bosom�� DNA s�qu�n��s. 
L�� �t ��. �2000� �n� D���s �t ��. �2003� ��so 
��po�t�� th� ph��og�n�t�� �n���s�s of Xylaria, 
th� ���g�st �n� o���st g�n��� of th� ����������� 
Tu�. & C. Tu� f�m���. How����, ��� ��po�ts sug�
g�st�� th�t fu�th�� stu���s ��� �ss�nt��� fo� th� 
�omp��t� ph��og�n�t�� �x�m�n�t�on of Xylaria 
�D���s �t ��. 2003, L�� �t ��. 2000, �og��s �t 
��. 200��. B���us�, th� Amph�sph��������� 
g�oup �s ��os��� ����t�� w�th �����s of �������
o���� �n� H�pox��o����� �T�ng �t ��. 2007��. 
��bosom�� DNA s�qu�n��s of Pestalotiopsis, 
Bartalinia �n� Seiridium show�� th� most 
close affinity with Xylaria, Annulohypoxylon, 
Hypoxylon �n� Daldinia �T�ng �t ��. 2007��. 
Ou� ��su�ts ��so suppo�t�� th� p����ous ��po�ts 
�D���s �t ��. 2003, P����z �t ��. 2008, T�ng �t 
��. 2007�� ��g����ng th� ph��og�n�t�� ����t�on�
sh�p of Amph�sph��������� w�th th� ������
������ Tu�. & C. Tu� �����. �og��s �198�� ��so 
sugg�st�� ������ng Xylaria �nto �t ���st fou� 
m�jo� s��t�ons. �og�� ��po�t�� on th� ���nt��
fication and classification of Xylaria b�s�� on 
morphological characteristics. He classified 
th� Xylaria m��n�� b�s�� on th� po��mo�ph�� 
�h����t��s, su�h �s �pp����n�� of st�om�, �s�
�ospo��s st�u�tu�� �n� �p���� �pp���tus st�u��
tu�� of �s��. 
 Arthrinium species were identified in the 
stu�� �s now �om�ng un��� Ap�ospo�����s� 
f�m��� �Lumbs�h & Huhn�o�f 2010�. Th� �o��
um�nt�t�on of Arthrinium �s not w��� ���o���� 
��t. Arthrinium �s th� most �om�n�nt fung� �n 
b�mboo. On�� f�w ��po�ts �x�st ��g����ng th� 
��st��but�on of Arthrinium on �ng�osp��ms, 
��s����h��s m��n�� �so��t�� �n� �h����t���z�� 
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th� Arthrinium f�om b�mboo �Mo��kotk��n �t 
��. 200�, S�mu��s �t ��. 1981�. S�mu��s �t ��. 
�1981� �h����t���z�� Arthrinium b�s�� on non�
s�pt�t� �on����, b�own o� ���k b�own �n �o�o�. 
Mo��kotk��n �t ��. �200�� �so��t�� 8 st���ns, 
ph��og�n�t������ ����t�� w�th Arthrinium sp. 
St���ns �so��t�� b� Mo��kotk��n �t ��. �200�� 
sh���s 94�97% s�m�����t� w�th Arthrinium sp. 
A�393�79 �n� Arthrinium sp. AJ2794��. In 
���o���n�� w�th ou� �xp���m�nt�� ��su�ts, 3 Ar-
thrinium �AB471012, AB4�27�8, AB4�27��� 
species have genetic affinity with Annulohy-
poxylon �AB4�27�9�, wh��h m�ght fo�m � n�w 
group. Thus, our results supported the findings 
of p����ous mo���u��� ��po�t �Mo��kotk��n �t 
��. 200�� ��g����ng th� ��st��but�on of Arthrin-
ium. 
 Th� un�qu� g�nus Rosellinia �s t����t�on�
���� �h����t���z�� b� sub��u�um o� th� �n��
t��� st�g� of st�om�t�� �����opm�nt �P�t��n� 
1992�. Rosellinia ��n ��us� �����t� of p��nt 
��s��s�s �P�t��n� 1992�, wh��h ������t�s th� 
�mpo�t�n�� of Rosellinia �mong oth�� g�n��� 
of ����������� Tu�. & C. Tu� f�m���. B�h� �t 
��. �200�� �h����t���z�� th� no��� sp����s of 
Rosellinia capetribulensis sp. no�. �n� �om�
p���� w�th th� oth�� ����������� s�mp��s. 
A��o���ng to ITS ��t� of B�h� �t ��. �200��, 
Rosellinia w�s sh���ng � ����� w�th Astro-
cystis, Xylaria, Hypoxylon, Daldinia, Nemania 
�n� Entoleuca. M����� �1928� ��so �ons������ 
th� g�nus Rosellinia ��os� to g�nus Hypoxy-
lon. B�s�� on ou� mo���u��� �n���s�s ��su�ts 
���gu�� 1�, Rosellinia st���ns sh��� ��os� �f�
finity with Hypoxylon monticulosum Mont. 
DQ223749 �n� Xylaria sp. P����z �t ��. �2008� 
��so ��po�t�� th�t Rosellinia �����s w��� o��
��s�on���� �nt��m�ng��� w�th Xylaria sp. �n� 
��so w�th R. subiculata �S�hw.�, E. mammata 
�W�h��nb.� J.D. �og��s & Y.M. Ju. Thus, ou� 
��su�ts ��� �x��t�� �o�n����nt w�th th� p����ous 
��po�ts pub��sh�� b� B�h� �t ��. �200��, M����� 
�1928� & P����z �t ��. �2008�. In ����t�on ou� 
��su�t show�� th�t Rosellinia sp. AB449093 
w�s ph��og�n�t������ ��st�nt f�om Rosellinia 
AB449099. Rosellinia AB449093 shows h�gh 

affinity with Hypoxylon, wh����s Rosellinia 
AB449099 shows ��os� ph��og�n�t�� ����t�on�
sh�p w�th Xylaria sp. Th�s� ��su�ts suppo�t�� 
th� �����s�t� b�tw��n t�xons of Rosellinia �n� 
�g���� w�th ��su�ts of P����z �t ��. �2008�. 
P����z �t ��. �2008� ��po�t�� th�t R. bambusae 
H�nn. w�s ph��og�n�t������ mo�� ����t�� w�th 
Xylaria sp����s �n� ��st�nt f�om oth�� Rosel-
linia t�x� us�� �n th� s�m� stu��. 
 Th� g�n��� Annulohypoxylon, Biscogni-
auxia, Camillea, Creosphaeria �n� Whalleya 
��� ��os��� ����t�� w�th Hypoxylon. Biscog-
niauxia �n� Annulohypoxylon were identified 
�n ou� stu��. Biscogniauxia g�nus w�s �n���
���u���� s�p���t�� f�om Hypoxylon g�nus b� 
Pouz�� �198��. Annulohypoxylon w�s fo�m�� 
f�om two g�n��� Hypoxylon �n� Annulata. 
Hypoxylon s. str., was redefined by Ju and 
�og��s �199�� to �st�b��sh � n�w h�gh�� ���
fined genus Annulohypoxylon. Hypoxylon����
��t�� g�n���, Annulohypoxylon, Hypoxylon 
�n� Daldinia, �ou�� b��ong to th� s�m� �����. 
M�n� ��s����h��s ��po�t�� th� ��os� ph��og��
netic affinity between the Annulohypoxylon 
�n� Daldinia �P����z �t ��. 2008, T�ng �t ��. 
2007��. Annulohypoxylon �AB4�27�9� ���n�
tified in this study shares >99% similarity 
�T�b�� 1� w�th Annulohypoxylon moriforme 
�H�nn.� Y.M. Ju, J.D. �og��s & H.M. Hs��h 
�E�02�137�. B�s�� on th� ��po�t of P����z �t 
��. �2008�, Annulohypoxylon w�s not g�oup�� 
un��� � s�ng�� monoph���t�� g�oup. Annulo-
hypoxylon m��g�� ��th�� w�th Hypoxylon o� 
Daldinia �P����z �t ��. 2008�. B�s�� on ou� NJ 
�n���s�s of ITS s�qu�n��s ��su�ts, Annulohy-
poxylon �AB4�27�9� w�s som�wh�t ��os� to 
oth�� Hypoxylon �AB449097 �n� AB4�27�3� 
�so��t�s. Wh��� on� Annulohypoxylon �so��t� 
w�s not ���� ��st�nt f�om Daldinia pyrenaica 
M. St����� & Wo��w. Th�s suppo�ts th� p���
��ous ��po�ts th�t Annulohypoxylon ��os��� 
sh���s mo���u��� �h����t���st��s w�th Hypoxy-
lon �n� Daldinia �Hs��h �t ��. 200�, P����z �t 
al. 2008). According to current classification 
��su�ts, Biscogniauxia has a close affinity with 
Xylaria �n� Nemania �T�ng �t ��. 2007��. Th� 
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s�m� ��su�t w�s obs����� �u��ng ph��og�n�t�� 
�n���s�s of ou� s�qu�n��s, w�th Biscogniauxia 
�so��t�s ��os��� ����t�� w�th Xylaria �so��t�s 
���gu�� 1�.  How����, b�s�� on mo�pho�og���� 
��t� of th� �n�mo�ph�� st�g�, Biscogniauxia �s 
mo�� ph��og�n�t������ ����t�� to g�n��� w�th�n 
Hypoxylon �T�ng �t ��. 2007b�. 
 Taxonomic classification of Entonaema w�s 
����s�� b� �og��s �1981�. Th� g�nus Entonae-
ma �ons�sts of ho��ow, fo����, �ob��, ����gu��� 
stromata filled with liquid. The occurrence and 
��st��but�on of Entonaema �s not w��� stu���� 
��t. �og��s �1981� ��po�t�� th�t Entonaema 
��� w����� ��st��but�� �n No�th, C�nt��� �n� 
South Am�����, Af����, Ch�n� �n� Th����n�. 
Th� p��s�n�� of Entonaema �n Th����n� w�s 
already confirmed by Sihanonth et al. (1998). 
B�s�� on th� t���omo�ph�� �n� �n�mo�ph�� 
�h����t���st��s Entonaema h�s � ��os� ����t�on�
sh�p w�th Daldinia �n� w�th Hypoxylon. Th� 
st���n Entonaema �h����t���z�� �n th� p��s�nt 
study also shares a very close affinity with 
Daldinia pyrenaica M. St����� & Wo��w ���g�
u�� 1�. St����� �t ��. �2008� ��po�t�� th� �om�
p���son �n� ����t�onsh�p of ��bosom�� DNA 
s�qu�n��s of Entonaema pallidum G.W. M���
t�n �n� Xylaria sp����s. St����� �t ��. �2008� 
��s���b�� th� s�qu�n�� s�m�����t��s b�tw��n 
E. pallidum G.W. M��t�n �n� Xylaria sp����s. 
Su�p��s�ng�� th�� h��� not foun� �n� ��os�st 
m�t�h�s of Entonaema, Daldinia o� Hypoxylon 
to th��� �so��t� E. pallidum. How����, ou� ���
sults show the close affinity of Entonaema cin-
nabarinum �Cook� & M�ss��� LIo�� Daldinia 
pyrenaica M. St����� & Wo��w �n� Xylaria to 
ou� �so��t� Entonaema sp., AB49�010. Ento-
naema sp����s ��n p�o�u�� un�qu� o� �h�mo�
taxonomically significant secondary metabo�
��t�s, wh��h ��� ����nt�� b��ng ut���z�� fo� th� 
�h����t���z�t�on of Entonaema �St����� �t ��. 
2008�.
 Mo�pho�og������ un��st�ngu�sh�� fung�� 
st���ns Pestalotiopsis ��� g�oup�� un��� Am�
ph�sph��������� f�m��� w�th�n ���������s �J���
won �t ��. 2003, J��won �t ��. 2004�. J��won �t 
��. �2003� ��po�t�� th�t Pestalotiopsis st���ns 

��� p�o�u��ng � monoph���t�� ����� �n� �on�
firm the teleomorphic-anamorphic connections 
of som�. J��won �t ��. �2004� ��so ��po�t�� th� 
ph��og�n�t�� ����t�onsh�p of Pestalotiopsis 
�so��t�� f�om ��ff���nt hosts su�h �s Scaevola 
hainanensis, Leucospermum, Protea mellifera 
�n� som� oth�� ��sou���s �n� h� st�ong�� sug�
g�st�� th�t �ss�gnm�nt of n�w sp����s �n Pes-
talotiopsis must �ons���� th� mo�pho�og���� 
�h����t��s. Sp����s ����t�onsh�p w�th�n th�s g��
nus �s qu�t� �omp����t�� to ��t��m�n� b���us� 
of th� �n���qu�t� mo�pho�og���� �h����t��s 
������b�� to ��ff���nt��t� th� sp����s. M�n� 
��s����h��s h��� ��s���b�� � n�w sp����s �n 
Pestalotiopsis g�nus b�s�� on th� host t�p� 
�nt����t�ons, P. juncestris Koh�m. & Vo�km.�
Koh�m, P. embeliae M.S. P�t�� & Th��t�, P. 
chethallensis Soh� & O. P��k�sh, P. arborei 
N.I. S�ngh �n� P. acaciae �Thum.� K. Yoko�. 
& S. K�n�ko �Koh�m���� & Koh�m���� 2001, 
P�t�� & Th�t� 1977, Soh� & P��k�sh 1979, 
S�ngh 1981, Yu�n 199�� w��� n�m�� b�s�� 
on host �sso���t�on. Som� ��s����h��s ������� 
��monst��t�� th� ph��og�n�t�� ����t�onsh�p of 
Pestalotiopsis w�th�n ���������s �T�ng �t ��. 
2007�,b�. 

Conclusions

Th�s �n��st�g�t�on h�s �ont��but�� to know��
��g� �bout mo���u��� �h����t���z�t�on, ���ss��
fication, diversity, taxonomic and phylogenetic 
����t�onsh�ps �mong som� g�n��� of th� ���
���������. Tu� f�m��� ��st��but�� �n Th����n� 
�n� Ph���pp�n�s. Ou� p��s�nt ��s����h wo�k 
intensely discussed the relationship and affini�
t��s b�tw��n th� m�jo� g�n��� of ����������� 
f�m���. Th�s wo�k h�s ��so b��n g���n not�s 
on ph��og�n�t�� ����t�onsh�p b�tw��n th� Am�
ph�sph��������� �n� �����������. Du��ng th�s 
stu��, p��s�n�� of Entonaema �n Th����n� 
has also been reconfirmed and the molecular 
�h����t���st��s ��� ��s�uss��. �u�th�� s�mp�� 
�o����t�ons �n� �h����t���z�t�ons ��� �ss�nt��� 
to �st�b��sh th� �omp��t� ��st��but�on of ���
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���������. o��� South E�st As��. Th� p��s�nt 
stu�� w��� b� h��pfu� to �����op th� t�xonom� 
of �����������. �t � mo���u��� �����, th�s ��n 
b� us�fu� fo� fu�th�� �����opm�nt su�h �s ���n�
tification, characterization and comparison of 
unidentified Xylariaceae.
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