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i E: (#FI#EFAHHEBREFRINTZOER, B ELEMT 8 (active dry yeast,
ADY)#ATH £ BB R NEH ik, AR WERIE B E(Saccharomyces cerevisiae)xt £, B A L B#4F
H KRB R HE FHFANMERERS, [B 9] sk 5 LERH B £ R B A 5 208 T ik
AFFHTAER, BrELAHEAHBLAHFREFFARAVGZIHLE, [ZEFIATEARNZLEARE
# B R H B SAT A TR, BB L ERRADNRILE A RAE, oA ATHAT B LB SP 4
KB, THAEG 1. 342 5d X 3B, STEATERIB B A 690 B (AN 05 20 M2 H %),
SR & A A Interdelta 45 4L B 3 & 4 T Z 4712 (simple sequence repeat, SSR)AX AR 7 BRIE BE & F AR i Af% %
Ak, [4R] AT 5260 240 NERIBEFLE %, Interdelta R ETH 24 AAARA, BFksHE
SP 27t SP1-SP4 3 4 A AR A, KEMAITH 20 FFARAE Typel-Type20. xtFiLIR#) 9 AN
TEfk, MEELSTARGERE L 24 ARV S—FRH5HA 15 HREEE, HLEEE SP B5
3 A7 LB A (SP-1-SP-3), ALBAR® 12 A EER(L-1-L-12). £ARERFFHBHLHF, 7 LS SP
AETENRBEARFY, 25 1. 3. 5 ROZFEAMHK, DELZHHBAHTY, A Lstd SP R A
% 5 RAMB| B EEKLY, M1 df3 dOTFRARHRRLIEE, ERAFHBLH T, Interdelta
SHTFa SSR S H) R EAN KB T2 FRA 4 & 2|5 SPARAAAR 69 HK; DRIl S R HBLABE T,
SP & 1dA=3d et dith. (454 ) AP H LB SP IR HBAR Y, W2 ALMELHLE
FERAL TR, K EABTARLES, HSEHLTMA, SP AH HBELHE T 69 L5 HANF TF)
PR, ALBOEBARRAR FE, K69 24 ARERIE B E AR R S 003845 2 451, bdl, Interdelta 45
SRR X 4 T F) BROE B F MR A9 At 1 3% T SSR 40K,
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Comparing the implantation and persistence of inoculated
active dry yeast in different industrial wine fermentations

WANG Xuerong, SUN Yue'
School of Food and Wine, Ningxia University, Yinchuan 750021, Ningxia, China

Abstract: [Background] Yeasts play an important role during the wine fermentation. In China, most
wineries use active dry yeast (ADY) to make wine during industrial fermentations. However, there are
few reports on the influence of ADY on indigenous yeast resources and on the competitive relationship
between them. [Objective] The purpose of this study was to compare the implantation and persistence of
commercial ADY during industrial wine productions using different grape varieties, and to reveal the
genetic diversity of different Saccharomyces cerevisiae genotypes. [Methods] In this study, Cabernet
Sauvignon, Marselan, Dunkelfelder and Petit Verdot grew in Eastern Foot of Helan Mountain in Ningxia
were inoculated with commercial yeast SP. Samples were collected at 1 d, 3 d and 5 d after the
inoculation, and 20 S. cerevisiae isolates were collected in each period. Then the genetic diversity of
S. cerevisiae was analyzed by Interdelta fingerprinting and microsatellite molecular markers. [Results]
For the 240 S. cerevisiae isolates, Interdelta showed 24 genotypes. SP showed 4 genotypes of SP1-SP4,
and indigenous yeast showed 20 genotypes of Typel—Type20. For 9 microsatellite loci selected, the
above 24 genotypes were further divided into 15 different genotypes by the microsatellite method. SP
showed 3 genotypes (SP-1-SP-3), and the indigenous yeast showed 12 genotypes (L-1-L-12). In
Cabernet Sauvignon wine fermentation, SP existed in the whole fermentation process and was the
dominant strain on 1 d, 3 d and 5 d, while in Marselan wine fermentation, SP was only detected and
dominated on 5 d, while the indigenous strains dominated on 1 d and 3 d. Interdelta analysis and SSR
analysis showed that SP was not isolated in the whole process of Dunkelfelder wine fermentation. In the
fermentation of Petit Verdot wine, SP was the dominant strain on 1 d and 3 d. [Conclusion] In industrial
wine fermentations inoculated with commercial yeast SP, the fermentation was completed by both
indigenous strains and commercial ADY. Moreover, they competed with each other in the same
fermentation and showed a dynamic succession of different strains. The dominant position of SP in wine
fermentation was not guaranteed. The genotypes of indigenous S. cerevisiae strains in the industrial
wine fermentations were rich. And the degree of variability was high. Compared with SSR, Interdelta
fingerprinting showed a higher distinguishing ability for S. cerevisiae strains.

Keywords: grape varieties; inoculation fermentation; Saccharomyces cerevisiae; genetic diversity
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P B TR R T A R T B B R e ol A ™
rh KR A TS 0 Rl 3 PR T B B (active dry
yeast, ADY)iFfTHIANARE, KNI, HEmm
P 3t 3 P P A R R A R M R B AN [ e
FILMER, HFEE, ADY FEREEF A
HB o 45 3 S A, BRI MR AR SR T T 5
M) 7 A 26 T Tl A e A A
ADY X 3 [ A - B G TR B 52 K — 3 B 5
G R, UL RN R4 A 2 i AR P Ry
My R P BE R TE P RE IR O, BRI o4 . &R
GLiprsY . Bt , #FFT T B #E T  IX ADY 7R
e () 5 4 BB ) I B ko L e 1Y) il A 5 3L
R LS K . SRR A Je i
TR B R X A8 L T 715044, Interdelta 15
SUEITETL AR . 200 2, 38 T BRI e B
B RR I X 4010170 4 TR AR (simple sequence
repeat, SSR)WEN—FI MLy FAric ik,
HEENZAN .. BRERILE G . e
PESF GO0, TR WK 18t 4% 5 3 Ae i 5%
HAR R TARGFR LAY, RIS, s DR AR IE
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LR, WARHIE S XTI R X S o
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R EERE SP R B i A A AL R R
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LA, SP HAATHAE ARE Sy, HA%E
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TR RETE T 58 22 1L AR TR 2 0 ™ X A

Tz BT, AR TR X ARESR . D3
= BERRAVNRILZE 4 A0 G an A R kL, 4
BIFERN R MV B LR SP AT Tolb K1, % HOR Y
3 AN [R) B A AT TR RE Y o B, A
Interdelta 1§ 80 B 148 IR 40H, FFEE G
RBRICTE 53 BT AN [R BRI I BE () 352 4% Z2 R4, DA
T4 78 B Ml 8 Bk 5 S - RS [ BE ] B S8 4 G 2R
SRR 25 B DA R R oMb PRI P B 1) e 4, DA R
A A BRI P B R A I A AR S S AR YR

| AR

1.1 #rg
.11 #EER

TEB LR X 2018 4FRER . %
2 BICRAVNRILEZIX 4 A% Sh
112 mElrEEs

PR M T A 12 37 28 A W Excellence®™ SP,
1.1.3 HEFEMEETIKA. E

YEPD 1557 3£(Yeast Extract Peptone Dextrose
Medium). WLN & 3£ 5§ £% 35 2L (Wallerstein
Laboratory Nutrient Agar Medium), 5 e
Tl bl Vg A M B R A PR W] s ANTPs | Trans Tag
HiFi DNA Polymerase, 4= TAE9) T2 (i) B An
AIRAE . HERIEFRA . AR, s
BAUZR AR A E] ;2 A BB ERAL, b 3E
BANV R ABRA F s PCR X, BB HS

WAy 22wl

1.2 A&
1.2.1 ZE2 RN BV
TR EBEITIX 2018 484 WA IR EE

TROEBE 245.7 g/L, KR 4.7 g/L), S Z(ENE
256.4 /L, KR 3.9 /L) AR (EBE 186.7 g/L,
SR 6.9 g/L), /NRJLZ(ENE 238.1 g/L, B
4.1 gL EBARTI R 700 L, FHFIEH 1,
3.5 d B, i1 R, KB T AT 2008
WA T
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Figure 1 Flow chart of the fermentation process of dry red wine.
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P25
1.2.3 EEHE DNA 25

PREL T DNA OB 7 S TRy e B 1 2 7
25 3CHk[6]
1.2.4 Interdelta 3/ 12

AL 9 deltal2 (5'-TCAACAATGGA
ATCCCAAC-3")#il delta21 (5'-CATCTTAACACC
GTATATGA-3")#1} PCR #4412 PCR Sz ik
Z: 10xHiFi Buffer [ 2.5 uL, deltal2 (1 pmol/L)
0.5 uL, delta2l (1 pmol/L) 0.5 pL, dNTPs
(2.5 mmol/L) 2 pL , TransTag HiFi DNA
Polymerase (5 U/uL) 0.25 pL, #&4z DNA 1 uL,
ddH,0 18.25 uL. PCR W %51 94 °C 2 min;
94°C30s, 46°C30s, 72°C90s, 35 KIEH;
72 °C 10 min, PCR "¥J7E 2% g iEE L -

UK, RIS TEBEI UG E LSS . IEAH
1.2.5 Interdelta HEAE 5R LS

%t Interdelta £ %1 i) PCR HE Kk i UE1 140
b, BAFENLE L DNA 947 A Mo
B 0" HATGEI, T AR, R
NTsys 2.10e i #K {4 9817 25 45 1 (unweighted
pair-group method with arithmetic means ,
UPGMA )JRZ43H71,
1.2.6 ERBEZEFE K SSR BS54

I 9 DM R D EALS T SSR
SRV, RS A T AR T AR (R
AT BRAA wl A TR AN K AT TS S A
i PopGene 32 HF 53 A RS I REREAAC Y O A3 1L
BB BTN 25 (Ho) . IR L (He) s
FIM PowerMarker J BRI £ (4 550 K5 DY 4L
S AT B 5 2 28547 8. 5 1t (polymorphism
information contents, PIC); FJF NTsys2.0e #{f
PSRN BRI Jaccard AL RGN
KA E(UPGMAY RS R EH .

2 BREM

2.1 Interdelta 5 FELFE 4 NABEDER
jifizasdeapy =2
TR L AR A A P X AR R
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MERE, RMLEERE SP ALY IRt 4 FhELALy
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Typel-Type20 (& 2). ik 24 BRI BEEE R K
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KIS 2 iR o TESR PRI M, bk
ARBLE AT 1.00, BRI HOEZOC RO, ik
PR Z 8] Jaccard AHIL R BEIFE 0.15 DL b F
FHUEE R T 0.29 B HA —E R G KRR R
J—2&, WHERREE 24 BRESATR RS 14 KK,
Forp, o388 R B BR A 4 T A TR T 9 B A AR
SP1. Typel. Type3. Typed THAN—5, BilH
RGRFRBIHAEMRI T, Mrs 53 %
RRFINRILZ 3 A2 i ol ) TR P B T A
FRIERIBAE 033, BB HOEZ R R, B

3B 1 A [ 4 26 5 R & I T DRI 1 A ok )
WL 22 K

2.2 [FRIBEEEE KA SSR £

2.2.1 [RBEESE AT SSR HE!

SSR ZF AT K b 3A 24 BRI I EE 43 15 Figk
DRI 7Y, R B G T X e B T R 1 43 T8 3k R At
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B Es AN, 28658 &l DRy
PRI ZEMAY, ERRNEL TS
B2 AR 4 Botstein 2522 1 i PIC T
PRifE: 34 PIC<0.25 B, s MIREZES; 4
0.25<PIC<0.50 I}, Sy AE 235 ; 4 PIC>0.50 Hf,
FEE LA ARG Y 9 ANMLAT PIC SEE N
0.700 0, 9 /> PIC #8K T 0.50, RIEEAM S #f 2
B AENL T o 9 AN R A A A
50 NEEREER, SRR S B
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0.15 0.24 0.32
Coefficient

2 REFUREEFGAROELSTHTE

0.41 0.50

Figure 2 Phylogenetic tree of representative Saccharomyces cerevisiae strains.
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B, R B AL EE D 2R, C5 .
SCYOR267C . YPLO09C 3% 3 Mz s B AG I
4 ANENIEIN, SRR D o A T R
TP T B P AT A5 78 S I DL — S50, 4B T
AR RN Pt P A = L N S L
9 AN A5 UL 2% BE (Ho)E7E 0.600 0—1.000 0
ZIE, SEYME R 0753 3, WIBAEEHN T
0.6157-0.874 2 Z [a], F¥MEHR 0.739 9 (£ 1),
SERORTE, PR 24 BRERIE BBk HLAA A i a5t
(CEZ LR

222 MRBEERBEKMFESEXR
LR PR [8] B9 Jaccard AHARL 2 B0k 4 20 FR A +

PR ELE S 4 BRI R R (A 3), 1EH
20 BRAS T PRI I RE 4 BRES L BRI B 2
ME 3 R LIE H, Typel Fl Type2 HIF#EEHA
AR RO FERI Y, Type3 . TypelO. Typell . Typel5
1Y A AR EL A AR [R] ) L R RS, Typel2. Typel3.
Typel4d WIEEME A AR G HE R Y Type20., SP1 .
SP2 M TR kA AH [A] B 2L R 7R Type 17 F Typel9
R TR A AT R[] P B A L

PR Z A1 Jaccard AR RBUMAZE 1, H
RGBT . N 3 thal LIE i, 708 A AH (]
] 2 it A i T v TR TR TR AR TR 382 4% 22 S 1

F1 24 KR BEESREHRIEETZHMEKTE
Table 1

K. Typel. Type2 (SSR 2871k L-1)5 Type6
(SSR ZEHNy L-5)RAE—153 3¢, Type3 . Typel0.
Typell, Typel5 (SSR 2%k L-2)4 Typel2,
Typel3 . Typel4 (SSR 2Ry L-9)YRAE—14132,
Type20.SP1.SP2 (SSR %> SP-1)15 SP4 (SSR
BNy SP-3)RAE—1~43 %, Typel7. Typel9
(SSR 251 L-11)5 Typel8 (SSR 251N L-12)
RIE— 03, WHIHOEGOCREE; W 3
FioR, 4385 A N EE SR A AT R R I BE LR SP
AR 4B Typel . Type2. Type3. Type4 (SSR
ANy L-1, L2, L-3)EMRARG R REGL; Y
Jaccard ML R ELZ) M 0.05 B, 738 H D24
AT A 3L 7 SP3 | Type5 . Type6 . Type7 . TypeS8 .
Type9. TypelO. Typell (SSR Z5KIN SP-2, L-2,
L-4. L-5, L-6. L-7. L-8)&:N—2, FHIH ¥
LR A5t 24 Jaccard AL R ELZ) N 0.05 B,
S AR T A B & S SE R A TypeS .
Type7. Typel2. Typel3. Typel4. Typel5 (SSR
KNy L2, L4, L-6. L-ORK—K, KUK
SEG R ; XY Jaccard AHILL R ECH 0.04 B,
o1 A AR A &N R R RO —28, 3R
W HOE S OC R At

Genetic diversity of 24 Saccharomyces cerevisiae strains

(P ENEREL WA B (Ho) W25 ¥ (He) ZBME BT HR(PIC)
Locus Alleles Heterozygosity observed Heterozygosity expected  Polymorphism information contents
C4 9 0.8333 0.8192 0.7819

C5 4 0.6333 0.702 3 0.6356

C8 5 1.000 0 0.8742 0.8527

Cl11 5 0.6333 0.728 2 0.667 8

C12 5 0.703 7 0.6157 0.6117

SCAATI1 8 0.866 7 0.853 7 0.8197

SCAAT3 6 0.642 9 0.679 2 0.674 6
SCYOR267C 4 0.600 0 0.687 6 0.620 8

YPLO009C 4 0.866 7 0.698 9 0.6350

Mean 5.5556 0.753 3 0.7399 0.700 0
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Figure 3  Clustering diagram of genetic relationship of representative Saccharomyces cerevisiae strains.
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Figure 4 Dynamic changes of the number of different Saccharomyces cerevisiae strains in the
fermentation of Cabernet Sauvignon, Marselan, Dunkelfelder and Petit Verdot. A: Cabernet Sauvignon

wine fermentation; B: Maserland wine fermentation; C: Fermentation of Zidav wine; D: Fermentation of
petit much wine.
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Ty PR BUEESERAIN) Interdelta A1 SSR FE A
SIRARRIAT YA T TOESE, 45 REW] SSR X
SYBEJISE T Interdelta, JLJFHZ—4 SSR 7EXT
F i R4 T 55 8 B A 51 Y SR i s T
Interdelta, XJ LAY A B RiHKE i KT
Interdelta KE[H v B FE, BEMEHHHE B 2 A9 2L A
A s by A AP Interdelta 1520 3
HREES SSR ZpFAniciEW o T ot & = Bl
G A AR e T o 7 vh T A TR 7 B T AR LA
B Z ke, 259K, Interdelta $520KITE 0 HTr
AR P e ik i a5 A AR AL T B 5s 1)
A3 AT TR P B R B 2R M A BB T, B IE TR
Zitfehrmic A, Be bR DU 55 R g
B B R AR ) 5 DR R g i 22 AR g 4 SRk
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B, Interdelta 58U TEH AR LE G SSR 73 FHric
P AE T AR K B R H A AR 4 1 X4 OR
Interdelta 54 EITEILA G HAE, ATFERAK
AR RS, HARZIET PCR 434 Al ik 4
Bkl R AT SRAS 25 5L, (B2 5 IS, 450 HT
HWORIEAME; SSR 4MHrifs & UOGRCE 1Y, A
i, AHILEE SRS 1 R BER/ N EAR S B (bp)
BT WA RIS IR I BIETE A5 R AT LI AR SR 3R
] Interdelta 5 S EIEH AR 5 SSR FRic H AR TE
FEIL AR X 4 B HA AN X587, X S5
NAFTEZE RN, —LEREDY Interdelta 580Kl
FOAR DX O TR e R TRTAR , B T 0 B AR O
RER HLIX 43 B2,

HArrl AR 7R BN, BDkEER: SPJE
TR EERERD , TR TS S AR A R L
T, KT AR 2 A AS [R] 2 IR 3, T A
EDIIZ B2 H AN R RR 24 BRI o G T Rl e
AR R A AL, AT E A HRRER Y, 7E4
AR S, R ADY BORINFEA S BB
PERR AN 0o | TR AR B R A P I B A TR
FUS30 R R, RURAETR T & IR R
o2 S R A A KRR, R TR A A
SRS ) LR R AT BB 2 i mi 45 2 BT
FWEFEAE 7 75 Ml PR A P B 5 A b P B 1) 5%
SR N A e O N A N O S R |
T EE R, HERh AR I SP 5 AR 4 [ B
TER P B S, 1 ELIT R Y SP I ANER &
A5 i 2 TS A B A O S T R o FEAS [ 1)
2] i AR I Tl AR e, SPOTE R I
I A7 5 2 S« T A A T R e I
i, Bl EEEE SP-1 (Interdelta 257 SP2)JE &4
R = IR s 076 58 5 A 2 T 4 b K 1
f1, Interdelta 34 Fl1 SSR 4314 S /R A + g
AR E 2R, X0 RR S A4 R 80N
RIEAAFI pH . SO, fATE2E5RA KW BFsE sk

B, AFREEEE XS pH . SO, S5 HYTH 52 HEAF7E
RIS, BIANIRIRERE R A I 26 1R A1 1V RE

4 Hw

FeR T ML B EE SP 1Y 4 AN A LR R B

SP SR LR E S, IS S S
KoK o SPAEAN )3 2 11 ol A 7 Hh i) s L 1
DUAFAEZE 5w, TE AR B R A 0 T A e v O B ) e
SR, T ST A P K T HLE A ) e o
RBA AT RILLEE . pH (. LB, 40
(] F2 i | SRR S SO, 2 PR B R TR 1 BE Al PN 52
KEA FELFL, IR A DN ZR I 5 I PR 1
PR RO A S HAF AR AR 2, TR (R 3R
M fe it T ADY 1€ FE KR 9 5T
S, XL UL A Rt — 2P ESE
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