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Species Diversity of Yeasts on the Surface of Grape
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Abstract: 258 yeast strains were isolated from the surface of grapes,collected from wine grape cultivation

areas in Xinjiang, Gansu, Shaanxi, Ningxia and Shandong Provinces.These strains were identified mainly

based on the 26S rDNA D1/D2 domain sequence analysis and morphological and physiological characteri-

zation. Among them, 26 species belonging to 13 genera were recognized. The dominant genera identified

were Hanseniaspora (5 species), Candida (4 species), Pichia (4 species) and Issatchenkia(2 species). D1/D2

sequence variation were compared among the strains of the same species from different areas.
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1.3.1 ���� DNA ���: �h>?@�[7],
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èé·¸âêë�@�Y�·¸\] (BLAST

search), Ë^_ã;�´5	
�/àá�´�Ê

·¸�8`b#, äµõ&�ÌÂ��Ì"ª£¹

�6ab¥¦,�´Å�·¸^_h Clustal-XcR

d'[8],h Neighbor-Joining��@�£y� Ì£

¹[9], ä@� 1000 ) bootstrap  eÌf�[10], h

TreeViewcRgh� i[11],

2 ��	
�

2.1 �����

jrs�no�ij����mz�-L_�

���2�¢-k����(����)99 l, K£

�-k	
 258´(¬ 1),&�Ì"ªÑ£��´m

¤, >bn¤��g¬®�´�6@� 26S rDNA

D1/D22·¸£¹,µ�¬Î, £��´oL 13L

�Y�o�(pqr	
o Hanseniaspora, st	


o Issatchenkia, _�	
o Saccharomyces, uv

	
o Pichia, wx	
o Candida, (py	
o

Torulaspora, z{	
o Metschnikowia, |	
o

Rhodotorula, }~}	
o Kloeckera, ��	
�

o Cryptococcus, ��ô	
o Debaryomyces, x

p	
o Trichosporon, �q�	
o Williopsis,

K 26 /(¬ 2),�Iµ�gh, ����¬���

(���	
��,

j¬ 1�¬ 2e�, � 5LN��, mz¡¢Â

� 1 ������	
��
	
��������

�����

Table 1 Sampling locations in wine grape cultivation areas
and numbers of samples collected,yeast strains isolated,

genera and species identified

��(Number)
����

Location
collected

�	

(Samples
collected)


��


(Strains
isolated)

�

Species
�

Genera

�� 26 83 15 9

�� 21 58 21 10

�� 15 30 17 10

�� 19 49 18 10

�� 18 38 19 10

�� 99 258 26 13
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Table 2 Distribution of yeast species in wine grape cultivation areas in China

�� Species
��

Shandong
��

Gansu
��

Shaanxi
��

Ningxia
��

Xinjiang

Hanseniaspora uvarum + + + + +

H. clermontiae + + + + +

H. vineae + + + + +

H. guilliermondii + + + + +

H. opuntiae − + − − −

Issatchenkia orientalis + + + + +

I. terricola + + + + +

Saccharomyces cerevisiae + + + + −

Pichia guilliermondii + + + + +

P. galeiformi − + + + +

P. fermentans + + + + +

P. kluyveri − + + − −

Candida tropicalis + + + + +

C. stellata + + + + +

C. atmosphaerica − + − + −

C. ethanolica − − − + −

Torulaspora delbrueckii + + + + +

Metschnikowia pulcherrima + + + + +

Rhodotorula mucilaginosa + + + + −

Rh. kratochvilovae − − − − +

Kodamaea ohmeri − − + − −

Cryptococcus uzbekistanensis − − − − +

Cryptococcus laurentii + + + + +

Debaryomyces hansenii − + − + +

Trichosporon asahii − + − − −

Williopsis californica − − − − +

���+�� !�"#
$; �−�� %
�&'
Note: �+�refers to the distribution area;�−�refers to not identified.
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��� 13 0
1, Hanseniaspora, Pichia,

Candida, Issatchenkia2 40
�345678�9

:
 , *;<=��> , &1 , �����?

Hanseniaspora
, *50�, ��@A��?H. uvarum,

H. vineae � H. guilliermondii, BC,DEF*�

>/ 
% Candida � Pichia ��G* 4 0, &1

Candida tropicalis, Candida stellata � Pichia

guilliermondii �@A/Issatchenkia *H0�, ,D

E8I*�>/
% Rhodotorula��G*H0, +

* Rhodotorula mucilaginos ,J0E8I*KL ,

M Rh.kratochvilovaeN,����-./O*PQ 7

0
D��.R0�/&1 Metschnikowia pulcher-

rima � Torulaspora delbruecki � Cryptococcus

laurentii ?@A��, ,DEI*�>/ST��,

, 4 0EU+
�. 5 �34�� Saccharomyces

cerevisiae, VW56XYZ[$?34����\

]^_(Z 2)[12]/

2.2 �������	

`a Kurtzman� Robnett[2]� Fell[3]b�cd, e

26S rDNA D1/D2fghijk% 99%l�$��m

l�nop/qr��sKZ�tu��, D1/D2f

g�_hivwxy, z{|}~��������

�nE��Z 3��/H�fghiv� 100%, 23�
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� 99%, O* 1��% 99%/fg��% GenBank, �

AZ 31� GenBank accession numbers/

2.3 
��

����������

�� Hanseniaspora uvarum1� 5�qr��

�� 26S rDNA D1/D2fg���wx, ,GenBank

b���1��hij��, ��&1�_jx�

�h���#s�����K��(� ), ¡�¢

�� D1/D28£¤��AZ 4/
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Table 3 Yeasts identified by sequence analysis of the 26S rDNA D1/D2 region

�

Genera
�

Species
�


Strain
()*�
+,-./0

Sequence similarity to type strain
GenBank

accession number

Hanseniaspora H. uvarum ZYMLZ1 99% EF550182

H. clermontiae/meyri HYHH 99% EF550176

H.vineae ZYBS 98 % EF550178

H. guilliermondii XJPX1 99% EF550190

H.opuntiae HTM1A 99% EU004082

Issatchenkia I. Orientalis GSDC1-1 99% EF585438

I.terricola HYHP 99% EF585439

Saccharomyces S. cerevisiae ZYFJZ1 99% EF550181

Pichia P. guilliermondii XJ48B 99% DQ869073

P. galeiformis XJKEL3 99 % EF644453

P. fermentans XJ3C 100% EF585441

P.kluyveri YQYHY 99% EF585435

Candida C .tropicalis XJTG2 99% EF550184

C .stellata GSMRZ1 99% EF550186

Torulaspora C. atmosphaerica
C. ethanolica
T. delbrueckii

NX7B
NX7E

ZYY732

99%
99%
99%

EF571843
EF571842
EF550175

Metschnikowia M. Pulcherrima HYHBY1 99% EF550188

Rhodotorula Rh.mucilaginos SHANXI 100% EF585440

Kloeckera Rh.kratochvilovae
Kodamaea. ohmeri

XJ54D
YQYCHIXZ

99%
99%

DQ778989
EF585442

Cryptococcus C. uzbekistanensis
C.laurentii

XJ48A
HYHHUI

99%
99%

DQ869064
EU004083

Debaryomyces D.hansenii var fabryi XJ54A 99% DQ869068

Trichosporon T.asahii YQYMLZ 99% EU004084

Williopsis W.californica XJ54C 99% DQ869077

���
3456 ZY:78; HYH:��9:;; GSDC:��<=; NX: ��; YQY:��>?@; XJ:��

Note: Abbreviations of strains ZY:Zhangyu; HYH:Gansu Huangyanghe; GSDC:Gansu Dangchang; NX:Ningxia,; YQY:Ningxia; Yuquanying;
XJ:Xinjiang

� 4 Hanseniaspora uvarum 
���� 26S rDNA D1/D2 ������
�

Table 4 Base analysis of the same species based on 26S rDNA D1/D2 of Hanseniaspora uvarum

GenBank accession
number

ABCDE�

The positions with base difference�
FG

Strain no.
44 57 110 147 220 484 574

HTMLZ1A EU004082 C T T − T C −
ZYMLZ2 EF55018 C A C − C C −

YQYMLZC EF585433 T A T C T T −
GSKE2 EU004081 C A T − T C −
XJYP2 EF644480 C A T − T T T 

NRRL Y-1614 U84229 C A T − C C T

���−�� HICDJK')*�
: NRRL Y-1614; LM�
 ZY: 78; GS: ��; HT: ��; YQY: ��>?@; XJ: ��

Note:�−�refers to base lack. Type strain: NRRLY-1614; ZY: Zhangyu; GS: Gansu; HT: Gansu; YQY: Ningxia Yuquanying; XJ: Xinjiang
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YQYMLZC� YP2�������, ZYMLZ2��

��
������, � YP2 � �!�"#$%
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��
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9 3 :;<=> , ;<?@A� 0.55%, �


ZYMLZ2�GSKE22 YP2����
B9 2:=>,

?@A� 0.36%, YQYMLZC����
9 5:=>,

?@A� 0.9%�5C7D , >EF�
GH 26S

rDNA D1/D2 IJ.;<?@ , ?@�KJ.L

D1/D2 M+NO2PQ�RS?@7T�UV�W

XY=>Z[\]��Z+^_`@9��

3 ��

abcde/fghi�01jkfgl�)*

mn�34opq2rstuv#M+wxyz6{

UV�|&�}y6~.'�B-#�UV�E��

<a����-���Hanseniaspora, Pichia, Candida,

Issatchenkia .B#�9������ Kodamaea

ohmeri �.rs� � , Trichosporon asahii 2

Hanseniaspora opuntiae �.)*� � , Williopsis

californica 2 Rhodotorula kratochvilovae �.34�

��B��#+E�����9��+����B#

�7��� Issatchenkia2 Cryptococcus�+�9E�

. 4 -#��9��+E9�Saccharomyces cere-

visiae�Cryptococcus laurentii 2 Rhodotorula muci-

laginos�C�, �9 1-E. 3�9���

abc �L>E� ^=>#�+�
¡¢

/ D1/D2£¤¥¦�	�§��Ewx¨9©ª«

UV Hanseniaspora uvarum �¬6�	, 6~/=

>#M+�
GH�9�>­®��+£¤�4 -

�
����
>&��. 99%§', �¯°?@

±²/�
H����³´�µB=�>� ��

��
;<£¤>&�� 98%+
��
 ZYBS,

}¶·[�Z$Z¸¹º¡�»¼½/��#¾ ,

¿��}yÀ¼�7Á�C�,  � �
+Â¨

¹��ÃÄ.bcG�, "��BZ[MUV�E

|&¶$ÅÆÇ
$ÈÉÊ, Ë.C<Ì'ÍÎÏ

XYBÐ#wx¨ZÐÑÒ+UV�E���
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