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R B BRI BB A Bl B A LR S AR X R AT A2 B FB R e A EE Tk, B A B 7 X B B B A SR RN
ESMEFRHIBIR S . N WL B FRBIRRE IR E IR A/ H7 .26S tRNA EFE JFFI A1 5. 8S-ITS K FF) st Hik B m EaE
BEREBEAITHRE, 0B EHHEHELER 9 B 10 A~ Fb. Saccharomyces cerevisiae | Issatchenkia orientalis . Rhodosporidium

kratochvilovae \Pichia kluyveri var. kluyveri Metschnikowia pulcherrima ,Hanseniaspora uvarum . Cryptococcus magnus . Pichia fermentans |

Rhodotorula mucilaginosa ., Cryptococcus uzbekistanensis, RNEESZGETHEBEIMEEANR, EBRLKBELIETEIANEMNE
M. pulcherrima, H. uvarum, P. kluyveri var. kluyveri # I. orientalis, B} Metschnikowia pulcherrima FI Hanseniaspora uvarum

HNBShEBER ETERE,3 ~4d |5 B LK BEFH Saccharomyces cerevisiae 11 H B FH- 2 i BUX, non-Saccharomyces , f )5 5 K BE4h
W, FEE) R EERESE DB EF LA Rhodotorula mucilaginosa F1 Hanseniaspora uvarum R 3, 735 &5 3] 34% F1 26% , HIk C.
magnus 5 16% , 1. orientalis 5 12% , Pichia kluyveri var. kluyveri (5 12% , B AR HIEF BB E B R mucilaginosa 5
62.5% ,C. magnus 5 21% ,S. cerevisiae 1 Rhodosporidium kratochvilovae 533\ &5 12.5% F1 4% .

KB A BB 5268 rRNA P51 ;5. 8S-ITS X F51; Bt A 25
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The ecological population distribution of yeast in Mogao winery of Gansu

Province

XU Yan-Wen,LIU Ai-Guo,LIU Yan-Lin* , WANG Ze-Ju
College of Enology, Northwest A & F University/Shaanxi Engineering Research Ceuter for Viti-viniculture, Yangling, Shannxi 712100, China
Acta Ecologica Sinica 2009 ,29(6) :3090 ~ 3095.

Abstract; The population and biodiversity of wine-related yeast can contribute significantly to the chemical composition and
the sensory characteristics of wine. Therefore, research on the yeast ecology of viticultural areas has become topic of interest
in recent years. The population dynamics of yeast at Mogao winery in Gansu Province was analyzed using WL nutrient
medium, 26S rRNA gene D1/D2 domain sequencing, and 5. 8S-ITS sequencing. Ten different species belonging to nine
different genera were identified, including Saccharomyces cerevisiae, Issatchenkia orientalis, Rhodosporidium kratochvilovae ,
Pichia kluyveri var. Kluyveri, Metschnikowia pulcherrima , Hanseniaspora uvarum, Cryptococcus magnus, Pichia fermentans
Rhodotorula mucilaginosa and Cryptococcus uzbekistanensis. Yeast populations during spontaneous fermentation included M.
pulcherrima, H. uwwvarum, P. kluyveri var. kluyveri and I. orientalis. Early fermentation was dominated by H. wvarum and
M. pulcherrima but later in fermentation the population was replaced by S. cerevisiae, which finished the fermentation.
Rhodotorula mucilaginosa and Hanseniaspora uvarum were predominant species presented on the surface of winery
equipment, with proportions of 34% and 26% respectively. C. magnus (16% ), I. orientalis (12% ), Pichia kluyveri
var. kluyveri (12% ) were also found on winery surfaces. The species distribution found in soil consisted of Rhodotorula

mucilaginosa at 62.5% , Cryptococcus magnus at 21% , S. cerevisiae at 12.5% , and R. kratochvilovae at 4% .
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WAL NESEBEAS T S R EM R EREEER MR B E RSB .
Ko & B AR v A [F] ) e B TR AT 0 T b O = AR 4 R S AR R R MBI, R 2 B A LR = B TR
M T A AR Z B T 2R AR % B o i T O B SRR M R &7 Ak L S Y, RSB RE ER
BT R ERE ) AN R RS R B, RIECA MIRE, #E R RS SRR
T REBERIBEREB AN Hanseniaspora , Candida 1 Pichia 5B R A K o T8 % 2 % R B H AT 8T8 B £ 4
Kloeckera i1 Hanseniaspora N H.'C J& HIEF B} Candida T Pichia JE3h & BE, bEE KBS BT, BER M2 5
AR 13 2 A5 B FE BRI B B, R T (4R 3, H £ R R B SER S o T B 4R R B A v B T ) 1 B
HBCR 2P SR ARG R R R R AR T T R A T AR s 7 SR s, Herp
AR I EE . HAT, BARE W EAMEETR T FBEREANR N E A X UK R —%
FER AR E AR FER S RS A T HTH.

AR E— A X O T B R R B R B AR TR AR S AT, TR 7E AR B B T i A AR5 b
RIEAW EAZENRGE "  HE- KR E SR MBE A, BEEMALERCS NIEERHA
20 ZARIE AT, LR KB EERM ARG R ARENRERE . REERILE, AILFE
BB SRR R R B LA, L 38 IR 1 A I B ZR M E SR SRR A DS
MR T RARW KA FEE MHEARIEX , B D B E F & MR BRI . ASCGET WL B RER
253H7.26S rDNA D1/D2 [XFI 5. 8S-ITS XK J5 5] 73 A3t H i 5 = # 20 0 | i 1338 I T & 3R T RN /i
H AR & B 72 B B R B 43 A AT VR, AR B bt DX 285 T A G B R 0 AR S AR
1 R E
1.1 #H
1.1.1 Bt

SRAE TR A I 38 ) R AR AR B 2R K B R B AR 255 K
1.1.2 3R

BRI B3GR YEPD 353R 5L (A 100mg/L @ER MBI E LK) ;s AR PP IER A WL
BIRERE
1.1.3  EZEGH

1Y B A T A TREAR RS A RAF G B, Tag By H Fermentas(MBI) ,

1.2 FERMSE

B L BB E O B 2T B R R B, 76 R TR 5 BABURE , R B IR M I BeMh T YEPD #5555
b REHE E A EE AR ERER E YEPD 5383 b, F 28°C T 855 3d, AV E B AR
25 ~30 PMHEITIRAE
1.3 BRI E 5K

WO B MRIE LS , RIKEF T WL B FRBRE IR 4L, 28°C 5% 5d Ja , R IE R MBS,
R B8 V5 A [F) R BURFAE X i R 48 I B MR A T 00 25 70 25
1.4 ¥k 26S rDNA D1/D2 XJF51F1 5. 8S-ITS X JF 51l &

YR WL Bt R AR, Bk 5 —Fh RS R FHE A B 2 ~ 3 B, 4 DNA MW, -20°CAR
WA, M54 NL1(5° -GCATATCAATAAGCGGAGGAAAAG-3’) F1 NI4 (5’ -GGTCCGTGTTTCAAGACGG-3”)
PBEERR I 26S TRNA D1/D2 K3HE ™!, PCR §E%FH7:95°C5min,94°C 1min,52°C 1min, 72°C 1min20s ; fE 3 36 1K ;
72°C8min" | fHFHE[#) ITS1 (5’ -TCCGTAGGTGAACCTGCGG-3" ) il ITS4 (5° -TCCTCCGCTTATTGATATGC-3)
PR 5. 8S-ITS K1
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PR =Yy FABE G S AT 245 , i B A T A TSRS A RA R BT IF

2 H#RESH

2.1 HEHREIES DI

WL B35 AR M Ok & B 2 o (30 A Y026 8F . Cavazza il Pallman' ™' 5615y K0,
TER T A AR B AR P ) BLAY K 25 SO R (1 B BF B PR AT DURT WL B SRR AT X ), EE R TR
G REELS XA R BRE WL BFRIE B E A EET TR rfg .

*1 ERE Bk WLEFREREREER
Table 1 The types classed by WL nutrient medium of the stains isolated from MoGao winery

BRI

Culture type

BB IR SR
Colony color and Colony topography

H¥k4 5 Strains

W8, P IR IR AL 68, | ST AR L8 RV /) RTS8 | T A IR
Cream with hint of red, red brown from bottom, small size, convex,
consistency of flour

RO ST B R D6 B R

C32 ~(C38.C81 ~(C83,(C281,C276 ~ C279

Cl ~ C12,C84 ~ C100,C241 ~ C247,(C282 ~ €290,

I . C441 ~ (450, C539 ~ C543, C521 ~ (525, C686

Intense green flat, surface: smooth, opaqueconsistency of butter €690
S 4a > i IR 25 A

m ?%ﬁﬁ?éi\ﬂﬂﬁﬁ&%%:{k iﬁﬁﬁ A& C111 ~C120.,C726 ~730,C391 ~ C400,C528-C530,
Center pea-green, chalkiness fringe, nipplelike, opaque
PR 6 2 AR R

v Chalkiness to blue, volcanolike, roughness (248-K. (275,250
P BRR S R TN A B I gk C121 ~ C130, €266, C267 €296, C321 ~ €330, C401

vV Cream to green knoblike, surface: smooth, opaque, consistency of ~C410,C411 ~ C429,C526 ~ C527,C546 ~ C555.
cream C653.C711 ~C720,

Vi Wiah €6 B 15 0 BRI 288 R BN iR C67.C68 ., C268 ~ (C271,C292,C297,C544 ~ C550,
Cream to blue, knoblike, surface: smooth, consistency of cream C644 ~ C646

VI P, BRIE 285 R TEDHLKE Pink, convex, consistency of flour C272.C721 ~ C725

VI 0 3 A4, Chalkiness, flat, wrinkled, fragrance C731 ~C735
2148, RTEFH DR L B iR

K Red knoblike, surface: smooth, mucoid, consistency of butter €531 ~€538.C671 ~ C675

X W BRIE R T A J6W Blue, convex, consistency of flour C654

WAER 1 WETEHIE MBS RS Cavazza Fl Pallman $34 B B V& FFAE X IR, B R 28 BY 1 g2 R Mg R
B} ( Metschnikowia pulcherrima) ; T ¥4 2574 11 g 1% 117 #0130 B £ ( Hanseniaspora uvarum) ; B V& ST T A 7R
J5 e BB, (Issatchenkia orientalis) ; B &2 5 V AR B BF ( Saccharomyces cerevisiae) ;7 7% 2RIV N 7 &- 4k e
i BB B ( Pichia Eluyveri var. kluyver) s TEZERIIV VI VL IX X REEXAE o
2.2 26S rDNA D1/D2 X Fl ITS X &5 5-#r

WA SRR PRI 2 ~ 3 MRURMER B, 551 9% NL1 i NIA X 26S rDNA D1/D2 X JF5#17
Y3, W E F 7 WK /IVEE 490 ~610bp 2Z [] , 3£3545% 21 ¥ 5], 4 BLAST 4347 J2 26Sr DNA D1/D2 [ 7 5]
AT, 53R R AT R BE BE TR 26S rDNA D1/D2 X JFFIAH IR R BRI IR 2,

C645 5 F. floriforme .F. magnus F1 C. magnus [RJEMEER N 100% , FF AV REN F. floriforme \F. magnus B,

# C. magnus, XFTF 26S tDNA FF3I 53 A BERRIA B Ak CO45 , {8 F@ I 51 ¥y % ITS1 Al ITS4 347 5. 8S-ITS
XJF5 34T , B R R B H r BOKR/ME 603bp, €645 5 €. magnus 1) 5. 8S-ITS X731 [P 100% , 2[Rl —4)
o 2 BLAST 347 1% 5. 8S-ITS K P FIAH AT, 5 C645 9 5. 8S-ITS X FF FI AR B R BB REBR 3K 3
2.3 HARBRBEFRR

AT A B.C.D 4 4B K BEXT K BER B T8 5% WP SR WY, B R A TR0 390 110 4 2] TR 9 T B T 2
%ol M. pulcherrima H. warum . Pichia kluyveri var. kluyveri 1. orientalis , . H. warum 7E 4 4~ K& B 4] BAED
A, HEh kB EE R, M TR AR EE R S. cerevisiae 76 B SN K BERT AL BAFTE

http ://www. ecologica. cn



6 3 s S HREREEH BEMERESI 3093

HARK B IS H. warum HBIBWIHAA BT T BEE ZAAFAE, T M. pulcherrima B3] 4 B 3 K, 7]
S. cerevisiae WL BN B R BESH AR . LI , oy TR BRI R A S8 RS I ) 0 A% A TR B B 7 A T
A, ARBRE B B 2 AFBE T XY S. cerevisiae Jy Z B RS I HHA, E R ABEESHR (K1) .

F2 WNFEY26S rDNA D1/D2 Fr i K/l 518X E kR E 548 00
Table 2 The sequenced strains 26S rDNA D1/D2 fragment size and the identity with related yeast

ik PCR P4 MBI otmpas e mpe ATERD
Strain Size(bp) The related members of the family yeast Type strain Identity( % ) GeneBank Accession
Number
C296 588 Saccharomyces cerevisiae U44806 Y-12632NT 100 EF116915
C717 589 Saccharomyces cerevisiae U44806 Y-12632NT 100 EF116917
C545 575 Saccharomyces cerevisiae U44806 Y-12632NT 99.5 EU368740
C117 587 Issatchenkia orientalis U76347 Y-5396T 100 EF126358
C396 505 Issatchenkia orientalis U76347 Y-5396T 99.0 EU368742
C120 561 Issatchenkia orientalis U76347 Y-5396T 99.8 EU368743
C272 502 Rhodosporidium kratochvilovae AF444778 PYCC 5580 99.2 EU368744
C722 594 Rhodosporidium kratochvilovae AF444778 PYCC 5580 99.8 EF116918
C721 511 Rhodosporidium kratochvilovae AF444778 PYCC 5580 99.2 EU368745
C732 589 Pichia kluyveri var. kluyveri U75727 Y-11519T 99.8 EF116919
C730 507 Pichia kluyveri var. kluyveri U75727 Y-11519T 99.6 EU368746
C735 504 Pichia kluyveri var. kluyveri U75727 Y-11519T 100 EU368747
C654 610 Cryptococcus uzbekistanensis AF181508 CBS 8683T 99.4 EF116916
C84 595 Hanseniaspora uvarum U84229 Y-1614T 100 EF116914
C541 569 Hanseniaspora uvarum U84229 Y-1614T 99.8 EU368748
C100 573 Hanseniaspora uvarum U84229 Y-1614T 100 EU368749
Filobasidium floriforme AF075498 CBS 6241T 100
C645 606 Cryptococcus magnus AF181851 CBS 140 T 100 EF126359
Filobasidium elegans AF181548 CBS 7640 100
C83 495 Metschnikowia pulcherrima U45736 Y-7111 T 100 EU368752
C248-K 505 Pichia fermentans U75726 Y-1619T 99.0 EU368741
C672 505 R. mucilaginosa AF070432 CBS316 T 99.6 EU368750
C534 581 R. mucilaginosa AF070432 CBS316 T 99.8 EU368751

* T = BB R s NT = B 8Bk ; CBS B WO FT, fir 22 T = type strain; NT = neotype strain; CBS: Centraalbureau voor Schimmelcultures,
Delft/Baarn, The Netherlands

#3 WNFES.8S-ITS X KWK/ 5HEXEHRAIF TIELE
Table 3 The sequenced strains 5. 8S-ITS fragment size and identity with related yeast

HER RS

bk PCR 4 HORBLART B it RS

Strai Size( bp) The related members of T trai dentity (% ) GeneBank Accession
T e P the family yeast ype st eyl Number

C645 603 Cryptococcus magnus AF190008 CBS140 T 100 EF126366

2.4 1IERORBERAARAER R

B TERKZE UG 2 WBSR EITE T Ok, U i R, BB SR T — i A 38, IR e A 2 el 1 3 rp o
R th B RE o A0 A 2 Bl A o B 4 B A R B B 3k 24 Bk, Hh €. magnus 1 R, mucilaginosa 2y EZ M T
L% 62.5% F1 21% ,HIK S. cerevisiae 5 12. 5% , Rhodosporidium kratochvilovae FIf /5t & /N, h 4% . TE
R A E AT B B 43 BRI, F2 0 R. mucilaginosa \H. wwarum .C. magnus . I. orientalis . Pichia kluyveri var.
klwyveri , BT &5 EL 4350 0 34% 26% 16% 12% F112% |
3 i

AMREHRKRET KB IEMNR B sh KBER R AE H warum M. pulcherrima . Pichia klwyveri var.
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kluy vert \I' orientalis ’ :’E‘:EP H. lwarum‘M - P ulcherrima jﬂ & H. uvarum N /Lorientalis O S.cerevisiae

S B B TR 3 ~ 4d JE B R B PPk S B ETT W Mpuleherrima = P Khoer

A BCD A BCD A B CD

TR/ FFET:, [FBT S. cerevisiae F T H: B 47 118 K i 100

ZHEMIRERBER R A K. HELZBERMBN EE %3 80

KRB NEHESEBSE R, ARPPREE BB 7E }gé 60

ES AT X BAREBED A LB EM S %é“o

bayanus . T. delbrueckii. C. stellata, T A % H B H) L #5020

orientalis HIE M1, 5EIFRER HHAR 0 FF
{3 BB PR 2 R T P BRI L B A R SR , Rabiatiian
% 7 H ) A 2 R B R &‘;gﬁéﬁ% Beginning of fermentation
MMEBETEREM™ . A5 AR RBEMHINE FF %5 9] Final of fermentation
FEEA & H warum M. pulcherrima, | {Z W5k E

H. wwarum SERSEATRIT b 1 th IO BORY, A7 u TR I

Fig.1 Biodiversity of yeast species during spontaneous fermentations

e SR PO, N2 SR T B TMAELL |, D T e e s e
FARKIBEER , 7Y F7E A 4510 i R B SR 3E INA Z5TE UK fermentation s MF: mid fermentation s FF; final of fermentation
W 5 22 P, M. pulcherrima. Pichia kluwyveri var.
Klwyveri 17237 5 &K el h A U B F . Pitt 1 Hocking I\Ry I orientalis 52 & T £ i P 5| 2 20 0 B DU F)
10 PN EEREFIZ —') | 1 Clemente-Jimenez 7E 2004 “EFFSTRIBE IS H I orientais Z-REWSTE S. cerevisiae il H.
uvarum 2 J5 P KB R G FERERE P A D B B, AT IR R B R AE M B . BETE S
PR A P 3 B R — R AR T PR =B RE (1. orienvalis ) i BEBFREEIT AT R IR - £ B K B , B SR T Hh AT R BRI
il B, TEREBRIB SR 2 R TR M B 3K 90% LA b, AT TR R 2 B . AR B BE 3L S.
cerevisiae /D REME N AT 2] 3 SRR AT AT Il 3P B 8], B E R B R i B B0 5 A 0 PR 55 0
B AR SR, Le Jeune A XIREFE I A K BED I S cerevisiae Y5 T 4 %4 = F1iF &
HE

PR Z EZ MVHEF T A fig 0 R AR RIS B 28 & B e Fh S AR AR AT TS (HA
K KEEHEMESHEEMREE LD, BB WIIRIRIETE Y S. cerevisiae . Hanseniaspora | Pichia, Candida
FECAt— 6% B 1 BUAETE | B R 7 o W S. cerevisiae YA BRI B4 EAFEM EEH
FBP ARAERBERSETO S A KW EES R mucilaginosa . H. uvarum ., C. magnus.I. orientalis F
Pichia kluyveri var. kluyveri JL/NFP ,{BIXAE /3B H] S. cerevisiae, VBl S. cerevisiae B BN ZHE] W EER
B ) M AR S B O T B s na SO e i R 0, R TR A A S R R A B B R A W) 2 A
PERERARPREE , X X I B B B B R BB A KB B o TR LB B AR I R BERE (1 orientalis) 24
REAMXRE . HATCA KO BROPRE, ERRE BN B Y B3 L orientalis™ ' = ™), Hj#jH
MXBEREHE AR EMNER SESKEAEEBTNRER

TR R B A v 0 T S A LR 8 2 T P A 7 B AR B S (B SR R B B PP AN [R] Y B AR 7 A AN [
IR A AR 7= % 4 2 T A 5 L PR PE 7 A R) SE me IE  E— 2B IS o
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