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population composition play an important role in wine quality. There are many factors that affect the
distribution and presence of yeast flora in wine. However, the influence of grape field management, for
example the use of pesticides, on wine yeast community structure has not been reported yet. [Objective] We
studied the effect of pesticide application on the community structure of wine yeasts during spontaneous
fermentation. [Methods] Methods of pure culture, molecular biology identification and Illumina MiSeq
metagenomic sequencing were used. [Results] In the spontaneous fermentation broth of grape samples
without internal absorption chemical pesticides, 7 genuses (8 species) of yeast strains including Pichia,
Hanseniaspora, Schizosaccharomyces, Candida, Saccharomyces, Zygoascus, and Issatchenkia were isolated
and identified, while the result of metagenomic sequencing confirmed the dominance of Pichia (29.42%),
Saccharomyces (21.91%), Issatchenkia (17.99%), Hanseniaspora (12.10%), Candida (7.47%),
Zygosaccharomyces (5.32%), Schizosaccharomyces (3.07%), and Aureobasidium (0.29%). In the
spontaneous fermentation broth of grape samples with conventional chemical pesticides, 5 genuses (6 species)
of yeast strains including Pichia, Hanseniaspora, Schizosaccharomyces, Candida, and Cryptococcus were
isolated and identified, while the result of Illumina MiSeq sequencing showed that Pichia (41.66%),
Hanseniaspora (21.54%), Candida (19.11%), Zygosaccharomyces (7.78%), Schizosaccharomyces (4.04%),
Cryptococcus (3.21%), Saccharomyces (1.12%), and Aureobasidium (0.49%) were involved in the
fermentation. [Conclusion] Yeast community compositions in the two samples were significantly different,
indicating that pesticide application on grapes had great influence on the community structure of wine yeasts
during spontaneous fermentation.

Keywords: Pesticide application, Yeast community structure, Wine, Spontaneous fermentation, MiSeq
sequencing
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REEHE, AWM ARRYA AR BURE
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ST A AL A A BR A w5 TR B AT L IKAY
Bio-Rad /Al ; & PRI E /6T . PCRAX,
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1.3 LWHE
131 BFEEBRAMSBEEHERIRE
HAIRRS 1. 2 TEJCRI A F T 3 T - sh A
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$25¢ GenBank ¥i4fa /%, 554 SRP141300,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



724 A 2 A

Microbiol. China
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FFhKS . FESL 1% FE H Pichia, Hanseniaspora.,
Schizosaccharomyces, Candida . Saccharomyces .
Zygoascus. | ssatchenkia % 7 1~J& 8 1 A EE T (43
a4 1-1-1-8), #ah 2 HUEEH Pichia,
Hanseniaspora . Schizosaccharomyces, Candida .
Cryptococcus 25 54~ J& 6 AR IELE I (53 Bl A 44 4
2-1-2-6), Hi P. occidentalis, P. fermentans, H.
uvarum, S pombe, C. oleophila 7E 2 ML R4
HEL, S cerevisae. Z. meyerae #1 1. occidentalis
RS, 1P, C. flavescens H7ERES, 2 HH i ER,
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W BRI IR G5 A A — 2 52 o AN FH YRS Y Ak 2
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BRI EEEE(S. cerevisiae)Z 5 AT ; (AL L= A
R A FE P R RE TR R SR (R A, AR PR R
%Lk (C. flavescens) H #E .
22 REHRINBEYESEEMSITESR
FIF NMumina MiSeq /=3 2 P8 AR X 3 2%
KA AW B TR IS S5 R E A T o0 A, FEAh 1 3R
1% 35 339 LA RUFS, FPolF-H1K B2y 401.7 bp;
Feah 2 345 34 028 A %075, FFIPEKESR
401.0 bp; FAMEADL Y 918 56 3 45 T 99%.
FIFH RDP classifier 4325#8 M J(Phylum) ., X
(Class) . H (Order) . Fl(Family) . J& (Genus) . #l'(Species)
6 NG TR A S B IE S T 49
H. B 41K r e B R SR 2 s, 24
bR B 2 NEETT, 0 TR
(Ascomycota) FiIH 114 [ ] (Basidiomycota), H:Ap LT
FETA11(99.69%. 96.47%) AULHEHRE; iz 6 4
4, flfEEEEE 4N (Saccharomycetes) . 45 [ £ 44
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Table1l Separation and identification results of wineyeastsin the two samples

Cluster ~ Strains Colony morphology on WL plate

GenBank accession No. Homology (%)

| dentification results

Cluster 1 1-1,2-1 Green center and white rim; Convex
colony with radia edge; Surface:
wrinkled, consistency of flour

Cluster 2 1-2,2-2 Green center and cream rim; Convex
colony with volcanic center; Surface:
wrinkled and rough

Cluster 3 1-3,2-3 Intensegreen; Flat; Surface: smooth, opaque

Cluster 4 1-4,2-4 Intense green; Small sze; Convex; Surface:
smooth, opague, consistency of butter

Cluster 5 1-5,2-5 Gray-green with whitering; Flat; Surface:
smooth, opague

Cluster 6 1-6 Bluish grey; Cone-shaped colony with
transparent ring at the bottom; Surface:
smooth, opague

Cluster 7 1-7 Cream,; Flat; Surface: smooth, opaque

Cluster 8 1-8 Green center and cream rim; Convex
colony with volcanic center and plush
edge; Surface: wrinkled and rough

Cluster9 2-6 Light yellow; Elevated to a dome; Regular

edge; Surface: smooth, mucoid

K'Y 849376.1 100 Pichia occidentalis
FJ468445.1 100 Pichia fermentans
KY992079.1 99 Hanseniaspora uvarum
AJ550639.1 100 Schizosaccharomyces pombe
KY106621.1 100 Candida oleophila
MH142729.1 99 Saccharomyces cerevisiae
KY110228.1 99 Zygoascus meyerae
FJ432598.1 99 Issatchenkia occidentalis
KC442270.1 100 Cryptococcus flavescens
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Table2 Yeast community composition in different classification levels of the two samples
Sample Phylum Class Order Family

Samplel Ascomycota Saccharomycetes 95.49%; Saccharomycetal es 95.49%; Saccharomycetaceae 94.21%;
99.69%; Schizosaccharomycetes 3.07%;  Schizosaccharomycetales 3.07%;  Schizosaccharomycetaceae 3.07%;
Unclassified Sordariomycetes 0.04%; Hypocreal es 0.04%; Incertae sedis 0.04%;

0.31% Dothideomycetes 0.29%; Dothideales 0.29%; Dothioraceae 0.29%;
Eurotiomycetes 0.67%; Eurotiales 0.67%; Trichomonascaceae 0.67%;
Unclassified 0.31%; Unclassified 0.31%; Unclassified 0.31%;
Others 0.13% Others 0.13% Others 1.41%

Sample2 Ascomycota Saccharomycetes 91.46%; Saccharomycetales 91.46%; Saccharomycetaceae 91.21%;
96.47%; Schizosaccharomycetes 4.04%;  Schizosaccharomycetales 4.04%;  Schizosaccharomycetaceae 4.04%;
Basidiomycota  Tremellomycetes 3.21%; Tremellales 3.21%; Tremellaceae 3.21%;

3.21%; Dothideomycetes 0.49%; Dothideales 0.49%; Dothioraceae 0.49%;

Unclassified Eurotiomycetes 0.30%:; Eurotiales 0.30%; Trichomonascaceae 0.30%;

0.32% Unclassified 0.32%; Unclassified 0.32%; Unclassified 0.32%;
Others 0.18% Others 0.18% Others 0.43%

HOH 49 (Tremellomycetes) , o H DL % £ 49
(95.49% ., 91.46%) M ALHIEHE; LA IF] 6 MH ,
£, 75 % B H (Saccharomycetales) . %Y 5 /i £ H
(Schizosaccharomycetales) . A4 1 H (Hypocreales) |
J4: 4% B H (Dothideales) . #(# % H (Eurotiales) . R H-
H(Tremellales), PIEEEEH (95.49% ., 91.46%) Wi
5 Famiz) 6 4L, fdEE RN Saccharomycetaceae) |
ZU 75 1% £} (Schizosaccharomycetaceae) . 4325 v &
AE IR (Incertae sedis) . 7N/ CFEFH(Dothioraceae) |
% R} (Trichomonascaceae) . 4 H-#(Tremellaceag),
HAPLIBERH94.21%., 91.21%) WL AEHE.

M2 A S RN R 11 AN E A,

A
Aureobasidium, Unclassified, 0.31%
0.29% Others, 2.12%
Issatchenkia,
17.99%
Schizosaccharomyces, Pichia,

3.07% 29.42%

Zygosaccharomyce,
5.32%

Saccharomyces,

21.91%

Candida,
7.47%

1 #m1(A), 2 B)FEESREERKFENSHHE

5 9 /N B T LA SR A s (Verticillium) | il 758
(Aspergillus), A [FIFE L 7ERE RER R K- R34
K 1A, B iR, FESh 1 A Pichia (29.42%) .
Saccharomyces (21.91%). Issatchenkia (17.99%).
Hanseniaspora (12.10%). Candida (7.47%).

Hanseniaspora,
12.10%

Zygosaccharomyces (5.32%). Schizosaccharomyces
(3.07%) . Aureobasidium (0.29%)%5: 8 4™ & (e Rk
e 2 HH B Pichia (41.66%). Hanseniaspora
(21.54%) . Candida (19.11%). Zygosaccharomyces
(7.78%) . Schizosaccharomyces (4.04%) . Cryptococcus
(3.21%) . Saccharomyces (1.12%). Aureobasidium
(0.49%)5 8 1™ R BT o AL Sl TEME RERRFIE B

Aureobasidium, 0.49%
Cryptococcus, 3.21%

Unclassified, 0.32%
Others, 0.73%

Schizosaccharomyces
4.04%
Zygosaccharomyces
7.78%

Saccharomyces/

1.12%

41.66%

Hanseniaspora,
21.54%

Figurel Thepiechart of yeast abundancein Sample 1 (A) and Sample 2 (B) on genus level
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AR AU, FEXBITET RS 1 G 5=
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K25, W5 B £ & (Pichia) R % £ &
(Saccharomyces) . £ #1101k E: )& (Hanseniaspora) |
2B J& (Candida) 45

FhKF- R BB TR S UL IR 2A . B, &bk
PR L) s A e R X i an R B (S
cerevisiae)TERF AL 1 Hh2yh 22%, 7EFER 2 hH
1%4 A7 . A 1B TEREGS F 10%LL YR,
S cerevisiae (21.91%) . |. occidentalis (17.99%). P.
occidentalis (17.39%) . H. uvarum (12.10%)Fi1 P.
fermentans (11.40%), #£ih 2 MR RHMKICH P,
fermentans (22.12%) . H. uvarum (21.54%) . P.
occidentalis  (19.31%) FiI Unclassified Candida
(19.11%).,
3 WwitE4i

AWFECR B3 TR L WAL AR S e
[HMumina MiSeq 72 5E PR ZH 0 3 1 42 H ] it 24
X AR T o) 2 G T B R AR VR S5 R s, ] 3555
IR 75 A= )27 45 7 2R ] 26S rDNA DU/D2 [X )y
H) 4 Hrik . Kurtzman M58 & B 26S rDNA
D1/D2 [XJ741/(500-600 bp) A7 4w A8 %, B
WA IER o B X3 TF W] T R 00 R AL 8
BER 973 05T [A) 7l (Species) A Rl R PR 26S
rDNA D1/D2 X ¥4 22 5 — At 0-1%, il 1%

A

L Unclassified, 0.31%
A ureobaszdzulon pullulans, Others, 2.12%

1299, =70 . .
. A . Pichia occidentalis.
Issatchenk dental >
ssatchenkia occidentali 17.39%

17.99%
Schizosaccharomyces
pombe, 3.07%

11.40%

Pichia terricola,
Zygosaccharomyces 0.63%

rouxii, 5.32%

\ Hanseniaspora
uvarum, 12.10%

Saccharomyces cerevisiae, Unclassified Candida,
21.91% 7.47%

2 H&E1A). 2B)FPEBEEMKENSSHHE

Schizosaccharomyces pombes;
4.04%

Pichia fermentans,

AN AR FP Y bR o A ST o3 3 B I B T Y
26S rDNA D1/D2 [XJ741) 5 %4k e b & HUF 51 AR
IPERl 99%ik 100%, AT 4 BIFKF-, alidssR
153 B RS DA RR T A T IR A B R TERR RIS, IRR
AR AT T H AR AR R ny s 50040, AT
I 08 R B REE R LR, R ARk
TR 1 B FRAET

B2 22 o B 4 R 5 AT B SR R I o 1R
Y2 SoE a5 R B B i ARARLEE , 2465 i Pichia,
Hanseniaspora . Schizosaccharomyces. Candida .
Saccharomyces, Issatchenkia, Cryptococcus %) H
BERERR o J34h, R BEDRI 2 2% A3 i R WA it rh il A7
1 % & W B (Zygosaccharomyces) il I3
(Aurecbasidium), X 2 /™Ja AR R A RSO
B FENR AR EORTE o B SR AR . AR
Hh B Y P RE TR A A G 5 5 X A
MR B HFE4E A M2 AL, nF Lo
MARE 7= K AREEER . e IR AN [F) A TR B & TR
t1 /385 %] Pichia. Hanseniaspora. Issatchenkia .
Saccharomyces, Rhodotorula, Lodderomyces 45 11
BFER 5 B2 I R bR A A5 ) SR A A 43
%] T Hanseniaspora, Issatcheukia, Saccharomyces,
Pichia. Candida. Torulaspora. Metschuikowia .
Cryptococcus %5 J& 9 [ i . H +h Pichia .
Hanseniaspora, Saccharomyces. |ssatchenkia %8
(R RE TR A & 7 XA UL

Aureobasidium pullulans, 0.49%
Cryptococcus flavescens, 3.21% Unclassified, 0.32%
Others, 0.73%
Pichia occz;)dentalis,
o

Zygosaccharomyces
rouxii, 7.78%
Saccharomyces

cerevisiae, 1.12% L
Pichia fermentans,

Unclassified 22.12%

Candida, 19.11%

) Pichia terricola,
Hanseniaspora uvarum, — 0.23%

21.54%

Figure2 Thepiechart of yeast abundance in Sample 1 (A) and Sample 2 (B) on species level
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YRR RE i F AR AR R BE R AP B AL
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cerevisiae) (5 LML, [A] A Z2 R IR Y IR
WZ 5 R, KFHEEE LR (8 d 8 MUk E), T
TR EINE FRGE T A 2R 25 A
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AR R 8 BRI R (C. flavescens) 2 5 K
I, X5 SCER L ARE 1Y A SRR T R I B TR R R
A 22 20 %k e R AR 18 (10 d
SEMRIE), AIREY S cerevisiae WHH/DH X H,
T K e 7 i A R 2 LU 8 o 2865 4T
VR TP 4] 20 A 2 AR 245 %) 1 P 2 S i AR e T el A
BER ARSI LL B, 308G % R (Saccharomyces)
SR WEAT i TR B0 R0 L B R AT, RS BRI R
(Cryptococcus) 5 % [ A 5 T A0 Fh 2 F 8k i 15 L3R
B FUBFFE, Comitini 2522582 T EHLAEH
(AR RIS RY) | TCAILA LA TR 5 (P IR 7R ) P T i
IR AR T TR o3 A 52, R B HLS TR T
AR 2 T B RE T AP 2 1Y AR A AT AP R 1Y
SRS . A ICHLRA AR S, SRR
H. uvarum, M. pulcherrima, Cryptococcus spp.. A.
pullulans, JC HLA HL A @& A 3L 8+ & b,
Cryptococcus spp. il A. pullulans BIEHERE, ik
TR IR S LS AN AE o IS AR S T R A 24
Yy I AR AN RSN o DR] I PRI i 2 g ol
HAE Y, ARG s B TR T, R
e 2 i

ASCAEATT T A2 AR 25 Bl TG 9 AR R I A 4
TP RE TRV 25 B ISR, AF 9 205 SR o g 2 el FH
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