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@ =MA ERIELAMRERY =/ K& 652500)

B E IHF) 2R EESRFHESTRETFEH I ARRARESRFRA, #
AHFRFET, AT ERHBBREMRGTFARGFFLELIET S, [B8] HREKZET
B REOHAN KB 9T R S AR A EOR B AR AE S, [k KA Eieix
Fal A R AR SAF A BHATRAFT OHRGRE, SAMNFH R AL BT
B AT B, 12 F) WL B /37 5 4 € 3% 7 X (Wallerstein laboratory nutrient agar)F= 26S rDNA
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M, (4R AERZEF GO RRAEE L5 55 230 hIFARE, LT H 13 5 184,
Hb A 10 FEEE A SR EZIEHR G REI. B SSR 4 FARite) kst A4 L 5 269 47
BRIE BEEF VAT IRAE S AF AT, 47 MRERBBEERAR A 24 AP AR AL, 11 AN E 2 A & 25400 3
70 AFEER, F3H %584 FPIC)H 0.640, F AN Z4E (Ho)H 0.166, T340 4
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Biodiversity of wine-related yeasts isolated from Shangri-La
wine-producing region of Yunnan

YANG Kuan' MAO Ru-Zhi' ZHAO Yue' HE Chi’ WANG Hui-Ling’
CAO Jian-Hong® SU Wei* HE Xia-Hong'"

(1. The National Center for Agricultural Biodiversity, Yunnan Agricultural University, Kunming, Yunnan 650201, China)
(2. State Key Laboratory for Conservation and Utilization of Bio-Resources in Yunnan, Kunming, Yunnan 650201, China)

(3. Shangri-La Wine Limited by Share Ltd., Diging, Yunnan 674412, China)
(4. Plant Inspection Station of Chengjiang County, Yuxi, Yunnan 652500, China)

Abstract: [Background] Shangri-La wine-producing region of Yunnan is located in the Three
Parallel Rivers National Park, and its microbial resources are abundant. The variety of wild-yeasts
associated with wine making is also very diverse. [Objective] To study the diversity of yeasts and the
genetic diversity of Saccharomyces cerevisiae in Shangri-La wine-producing region. [Methods] Five
vineyards from the Shangri-La Jinsha River and Lancang River were selected to collect ripe grape
samples and separate the yeasts from the grape peel and fermentation process. The yeast species were
identified by WL (Wallerstein laboratory nutrient agar) identification medium and 26S rDNA D1/D2
domain sequence analysis. The genetic diversity of S. cerevisiae was studied by SSR molecular
markers. [Results] A total of 230 wild yeasts isolated from grape berries were identified as 13 genera
and 18 species, of which 10 species were found for the first time in Shangri-La. Genetic diversity of
47 S. cerevisiae strains was analyzed by SSR molecular markers, and 47 strains of S. cerevisiae were
divided into 24 genotypes. 70 alleles were observed by microsatellite markers among the 47 strains.
The average polymorphism information content (PIC) was 0.640. The mean observed heterozygosity
(Ho) was 0.166, and the mean expected heterozygosity (He) was 0.693. [Conclusion] There are
abundant yeast resources in the Shangri-La Wine-producing region, which shows the high species
diversity of yeast and moderate genetic diversity of S. cerevisiae. Study on the diversity of yeast in
this area, it aims to lay a foundation for the conservation and utilization of the diversity of
Shangri-La’s yeast resources.

Keywords: Shangri-La wine-producing region, Yeasts, Molecular identification, Biodiversity
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B LRI XA T2 g A DU AL, AR 7 e
JERRIBTLL R, EE I A s AL, A
AL T2/ =TI A SR = R XA, %
PRAPIX H AR AR R TS A SR,
RREEY SRR E X2 Y, T E
E TS . R RIAE S RE SRR F
P TR XA E, KNS
hy wof, JRURARAR . mEUBIE . SRR A
[0 AR ST, RIS A 5 g L P |
P AR A R - RN PR T AR AN R Y Uk,
PGS E 1 — 1173 Pa 2, - B[R] RS2 AR U
FRAEN ., Ak B X PR R, 2
HFERIBEDI TR, A58 8 XS RO

R E G IRIEAT T4, IR 5L i0 B A AN
B A 2 SO T b BRI X A 1 T 1
FARDRIP X AP LLRARR . AR LA S HE A
VAR T A R B I R . TR N =
AR HLAT L DX 11 K 3 mP ARl A 0 ) RO O A R AT
TR

R LA A T 7 DX ) el A e D
VLAV VLR 1 700-2 800 m f) T #FI T2
AT Al , 2 R TH 5 b T dr vy AR TR i 2 = X
Z—o BHPOLMITRE, AR, FERED,
SOMRAR, BRRZER, AERA M T USRI A 4
(ORI i B TR R A A T o R P AR T —
A, AR A B2 b U A R Y B A R
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B, A BE oy B B A W RE T, A AR R
MEVEREIL R . 738 RAF . BAA TR ny pn s sRing
1 BE AR . Capece 250 KA 2 AT = X 11
PRI o BE ZFEE AT TS, R B 2 Al XA TR
FERE B R BRI ZFE, O ELIERER 2SR X Hh,
PRREA IR R FR . Schuller ZEMMBFSE T A )3
ZEJ TP 77 DX LA B AN () 4 2 ot o R O R T 1)
SER RN 2R, G5 IRERT, AN [R) 2 e
TERERERNVE 22 552 2N T 25, AS[A)2 |
P LT I 1308 0 22 S B 8 . Kantor 250X 23
R R IR R R R BRSO, R EE
10 & IBERE T, Garofalo 2558 T —ANA 1
1% b FI“Nero di Troia” DA S5 21 4 26 10 & e 72
TR ERERR R 1 Zh A2

LRSI — R s Fhmid i, A
1989 4F Litt 253 A2SKEFZ] SSR (Simple
sequence repeats)/ A LUK, HAESIEY Y mifL 5k
AN ¥ = N S 2 v Sl DO Z iy S
P P SR T I R, T
B2 NN o YN S TR 5 Uy N WA R e e W
TE U IR I 845 5 o0 Ao i A5 31 TR ST
I . Pérez 2:**] RAPD (Random amplified
polymorphic DNA) . CPAS (Cleaved amplified
polymorphic sequence)fl SSR 3 Fi LT T ERIE
PR BRAR (A R R, 45 SRR, SSR HAT B iy
ZASMERN T 25 5) A% B Y 24 Gallego 4512
WEH T RAPD, AFLP (Amplified fragment length
polymorphism)Fl SSR 3 Fft 5y o) TRV 1 B TRT AR 1Y
PEVHCR, SSR AR T HAb I k. BETitk, BN
AR — ST E A SSR 7 x4 el LA KGR T
(RS A R 1 SRR T ORISR 20, A
BRIBER 11 MDA 2P RO s B b i
TP 777 DX 4 V0 VTR v T3] 4 A 2 ) 2 Bl o A B A
W BE RIS ZFEPEEA T 40 HT , RPN B BRI Y
wiiE2E e, IF SR AR R EXT I, R AR
PR RE AR RS Bk 22 [ (1Y) 35245 25 5

1 RS
1.1 #
1.1.1 EHS B

AT A L7 A A 7 DX 4 VD VRN Y YL 4%
TRIEHL 5 A4~ 5 4F LA b ) 2 e R S LAY PR B IR
AR, LR U (SN) L VLI (IP)FIBAT A%
(AD)JE TR VLI, 4 /K(DS)FIZARHE(DW)E T4
VPTLIRI, MBI R B RN AR R e A v
SR RERE AR . RO IERE UVA43, FI5 FICEHEE
BE iy A RO B A PR Rt
1.1.2 EFE

P BE o B 55 35 (YEPD, g/L): #i%ikE 20.0,
FEREIR NS 10.0, A 20.0, Bl 20.0, AT ik
ANPETS YA 100 mg/L AR R BRI & A 5
FEH YEPD th 3 2o, MORRIARE SR . I
BT Y%E B R (WLE SR BUR B 7P (/L) « bk
28 4.0, REFAMR 5.0, %50 50.0, B S
0.55, S fb#f 0.425, SALE5 0.125, BRFREE 0.125,
FAEk 0.002 5, FRBR%E 0.002 5, HE B2k 0.022,
Bilg 20.0, pH 5.5,

DL E 35 IEIATE 1x10° Pa KB4 30 min 581 .
1.1.3 5|4

PCR ¥ MWL 26S rDNA D1/D2 X JF415 |9

J NL1: 5-GCATATCAATAAGCGGAGGAAAAG-3'
1 NL4: 5-GGTCCGTGTTTCAAGACGG-3"™, 1%
RS AT PR 1,
1.1.4 FERFIFLIE

P BF B 3k R 41 42 O R & . 2xTag PCR
Mastermix, DNA Marker, JtETRARAEARHFIATR
Nl BER, ETAY TREEBRGARA A ;
E . BERHERY . A SRR . BEER A,
VB AL TR AT BRAAF

AALREFRA, LI E—RLR AR A R A A 4
REGIEFA, & IMBB AR AR BT
VG, st BUREE AR, iR
WA RARBETFRRT s MR KE, BJE])
IR PR s BERUZ{X, Bio-Rad Z37]; PCR
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Table 1 Characteristics of the 11 microsatellite loci used as genetic markers in this study
DL HIGAA 5191575 PEEhRId Z:2% 3CHR
Locus Repeat Primers (5'—3") Fluorochrome References
C3 CAA(13) F: CTTTTTATTTACGAGCGGGCCAT FAM [29]
R: AAATCTCATGCCTGTGAGGGGTAT
c4 TAA+TAG(1) F: GAGAAAAATGCTGTTTATTCTGACC FAM [29]
R: CCTCCGGGACGTGAAATAAC
C5 (GT)30 F: TGACACAATAGCAATGGCCTTCA FAM [29]
R: GCAAGCGACTAGAACAACAATCACA
Cé6 (CA) 13 F: GTGGCATCATATCTGTCAATTTTATCAC FAM [29]
R: CAATCAAGCAAAAGATCGGCCT
C12/SCAACI1 (CAA) % F: TGCTGCAGCTGTTGTCTTGGTAGG HEX [29]
R: CAAGCACAGGCGCAGGCACAAC
C8 (TAA)3 F: CAGGTCGTTCTAACGTTGGTAAAATG HEX [29]
R: GCTGTTGCTGTTGGTAGCATTACTGT
YPL009C (CTT)2s F: CTGCTCAACTTGTGATGGGTTTTGG HEX [30]
R: CCTCGTTACTATCGTCTTCATCTTGC
Cl1 (GT)ao F: TTCCATCATAACCGTCTGGGATT FAM [30]
R: TGCCTTTTTCTTAGATGGGCTTTC
Sc-AAT3 (AAT),; F: TGGGAGGAGGGAAATGGACAG FAM [31]
R: TTCAGTTACCCGCACAATCTA
SC8132X (GAA)6 F: CTGCTCAACTTGTGATGGGTTTTGG HEX [32]
R: CCTCGTTACTATCGTCTTCATCTTGC
YGL028C (SerSerSerThr)y F: GGCAACACTCAAAGTCAGCA FAM [33]

R: GCTGTTTCCTGTGTGGATGA

144, Eppendorf AH]; HIKAL, JLm7s—IXER
FBRAF]; #ATE B PR T, PRI R
2NHE]

1.2 FH%

121 HEBEBEHKRSBEAZE

TR R REPE A0 5 - R 10 g I AR EE R
BRI N IEAT BB TR AR SR A
28 °C. 120 r/min 514 F555% 24 h, BFRMmRBE
107 8% 107 J5HL 0.2 mL AT YEPD [&45 35 5
I, 28 °C #53% 2-3 d, MIEHEFEBEMESH
AT, BEPLPRE 10-15 P& TR Lkaifh, &
3 WAL A 4 °C FI-AE .

H AR K T R A RE B A0 430 R R A A B
AR N TBRAERE RIS A 10 L A3 B HE b iE
T HSR I, FHRSA T A A3 DRt o A S 2 et
B, e REERRT . B JEIHEUE R 0.1 mL,
A 0.9 mL JCHE/K P B R E 107 81 10°°,
B 0.1 mL W RIS AR IR T YEPD [A1ARE %
B, 28 °C 1557 2-3 do MRIHEVE B B FTE S22 57,

TERRAS K BT 40 30 B 10—15 AR 7% 7R e 4l
b, 2 3 REEfLJETIA 4 °C IRAFE% o
122 BEEREMEE

W53 B8 A B 0 IR TR A0 25 42R 0 31 WL 35
FRHE I, 28 °C K53% 5 d I A B 75 1 B FE 59
A WE B R RO RIE DY, FEXHE SR AR T
o HT WL Bys53R45 R, 1ERp 2Bl ik i
1-2 ¥k T 26S rDNA D1/D2 X JFA4r F45E
1.2.3 EEEELE DNA AY2EF1 PCR ¥ 1%

7 B T A PR 2 1% 2 BBCfeli P 199 B 1 56 AT 4 412 B
R A, PCR P14 26S rDNA D1/D2 X 51, PCR
SN ARZ . WUE B DNA B 45 2 L, . Fi#Es]
71(0.4 umol/L)4% 2 pL, Master Mix 25 uL, ddH,O
#MEZE 50 uL, PCR Wi 5&f4: 94 °C 5min; 94°C
30s,55°C30s,72°C 30s,30 PMfi¥h; 72 °C 5 min,
4 °C f#4%. PCR j= Wik 2t st R A W H AR FR
FIHEA I, SR 5By 45 S AE NCBI #47 BLAST
RN, WEHATRE RS GenBank HAH LY R #K T
AL, AR$E Kurtzman F1 Robnett™ R} 5 4325
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B, )RR AN TRI AR TE] D1/D2 XT3 22 ANl
1%, WEAT I & FRl—AF, 456w ) A e
oM, VI EREERE . AT HE—2 A
PR SR RN RAR R G R, FEEC
R F KA 26S tDNA D1/D2 X 41, ] MEGA 7.0
WERRGERBR, RS FERZ RS LR,
124 REEBSEHKEOMIZESH

X538 BRI e BRI Tt 2R Ar, &
BT G VD VTR 9 YT A S 114 TR 1 ) R
FELE R st 15 25 57 o DAHICSCIR Rt 30 X514
VTSR, e 11 X2 BT 05 1t
FEAVEA AL, ERPEEEER) DNA HEEURAER AR
&k, PCR WA Z (15 ul): 2xTag PCR Master
Mix 7.5 uL, 1E . K& [a5#)(10 pmol/L)4% 1 uL, DNA
Bt 1 pL, ddH,O 4.5 uL., PCR U444 94 °C
5min; 94°C30s, 63°C30s, 72°C20s, 30 ™
5 72 °C 10 min, AL T 1Y FIE M5 )
XF— IR Y B 0=k A T Ry 3, YR el b
PEIARL A DEEARICH) PCR Pk TG 5
SrFEWNEREA, PG T BAE Rk, A
GeneMapper 4.1 HEA TR S 5 4047, RIS
B RN SR I5 ] PopGene 32 B3 BERE A
B 11 MR S _EAY Shannon 8%, WM Zw4
& (Ho) . HABAZRA FE (He) LA K 4 VYT A v VT 9 4
PR REAR AL /AL FE B Fst. Nei’s st A4 25 Flist
TEABL RS, H Cervus 3.0 F{THE AT TR A5
2845 B & 5 (PIC). H Population 1.2.32 3 fFLA
R IAGE AR Y480 (Unweighted pair group method
with arithmetic mean, UPGMA )24 ZEAH 2 EF 7
ISER W A=t

2 HRE545Hh

2.1 HAEEBEERN WLIEFEVNSETE
AR LT 5 A Bl v ) A B B E SRR

Ml FE AR 3o B 230 PRBELETE, AdBRERhE] WL

B b, B3R 5 d RIS AL S 4

ERERFF R, HXTE SR BRI T2,

Cavazza “5CHFFE KM, MAREHTE MBIEATES,
WL 557550 DA 53 FE #4109 H AR K B A o 3R
IR ZE LR TR RE TR . 230 ARTEERE TR 5 574
W 2,

230 FREERER BT A 18 D REFRIEAL, Xf I
Cavazza %5 (Rl LR A HO IR B b 76743 4R
TERVE B EFIEES, WP LUE 1 S mRim s
B (S. cerevisiae), T 28 J& %) T A 1 108 BE £)
(Hanseniaspora uvarum), IV 228 /R IR A R B2
:(Torulaspora delbrueckii), X ZJSIEFFHILE WL
(Zygosaccharomyces bailii), X1 J&vi &Yk iREELE
(Pichia kluyveri) , XII 2§ &y 3% # g 75 2
(Metschnikowia pulcherrima), XIII j&—FpZL [+t
(Rhodotorula), HoAt 11 ZETEBE R WA A SCHE A,
AT H A TR IS, AT — 200 5 % it
%%,

2.2 EEEE 26S rDNADI/D2 XFIHFEE

4l WL Bi 3R 5Em0) 20 028, fEf el
HBEALE I 1-2 BRIFEBEREA T3+ %508, Xk
26S rDNA D1/D2 X ¢4 A7, 76 NCBI LA T
BLAST HXF, A5 L3 3, M3 Kurtzman 2501
IIERE T A3 S5, RlFP R [T REIR] D1/D2 X7
SIAIZE R T 99% — Al AR R F— 1 Fh, 454
WL B3R358, AT DA e R A A eI
T A S KRR bR P 4 5 A B bR — R R
GLRBER, IR & TE PR R] R 5 B bR 1 ok &
KFo

AL 3 P X ZE 5, HE B AR S5 AR
PRIARIPERS R 99%, HiE Kurtzman 55 (Y EERER
IBE, 22 AP RIS RE Y 13 )8 18 ARl
Hrp AD3-1. SN1-9 AFREEEEE(S. cerevisiae),
DW?2-3, DS2-2 Ay % i A i A BB (H. uvarum),
SNP-7 . DW1-4 fy Z= 1 52 B2 IR 8% £ (Meyerozyma
guilliermondii), SNP-1, JPP-6 A7 5th 7 L 1 £
(Debaryomyces hansenii) , SN1-10 i Candida
oleophia, SN1-11 & Hyphopichia burtonii %, 4546
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WL SR BB SRR AR S, AT LA E 230 ARIEER)
WIAE. T 18 HRAHSCHEFE LAY 26S rDNA
D1/D2 X JFH11F1 22 BRI Y BRI N-J A R G5k
B, ARE 1 PR, B E R IRl R
FRE B MR AE R — 203 b, REMATTY o
GORRBIE, WA FR AR TAFE 533

SRR, 22 MR TER A KA

SYIRFPIAKRINIEHE, DABRIE R AR 0 TR B
25 (Ascomycetous) 5 LT LS & FBR K e B & () $H

F#iJ5(Basidiomycetous), F:H' AD3-1 (Pichia).
DWP-9 (Candida) ¥ T % B Fl SNP-9
(Cryptococcus) . ADP-2 (Rhodotorula)lJ 81 R1E
— RIS L, BB LR R AR IR T AN
T, EAERS TF7-SER 28 b B AR, oA T
AEIERREG KRR R WL BIRREa s
TR T, ST 230 MRIRAGEE N
13 J& 18 Fft, XFEo U] T Ak B A 1 7 X 1
BRI H ZAEE

F2 20HEBEEEE WL EFRELWESHEER
Table 2 Types classed by WL nutrient medium of the 230 strains

HFReAl [N/ RN SIS RS
Type Color and morphology of colonies Strains No.
I Medium green, edge cream, whole paniculate, surface: SNI1-9, 13, 15; SN2-1, 2, 4, 7, 10; SN3-1-10; DS1-4, 6, 10,

smooth, opaque, creamy

I Dark green, flat, surface: smooth, opaque, buttered

111 White with light green, flat colony, surface: smooth, opaque

v Cream color, surface: smooth, spherical convex, opaque,
creamy

\Y% White, surface: surface dry, villous

VI Milky white, spherical protruding, surface: smooth, opaque

VI White, spherical protruding, surface: smooth, opaque

VI White with light green, spherical bulge, surface: smooth,
opaque, radiate edges

X Light green, spherical protruding, surface: smooth, buttered

X Creamy and light green, the shape of a rounded roof, surface:
smooth, creamy

XI White, surface: wrinkled, rough, central volcanic

XII Cream color with red, surface: papillary protuberance, opaque

XIII Smooth, opaque, radiate edges, surface: smooth, sticky,
buttered

XV Center green, edge transparent, spherical convex, surface:
smooth, buttered

XV White, spherical convex, surface: rough, villous

XVI Light green, creamy, flat, surface: smooth, opaque

XVII Light green, spherical protruding, surface: smooth, opaque

XVIII White, central bulge, smooth: rough, radiate edges

11; DS2-1-3, 6, 8, 9; DS3-1-10; DW2-4, 6, 7, 10-15;
DW3-1-10; DWP-8; AD1-13, 14; AD2-1, 3, 6, 9; AD3-1, 3,
5,7, 8, 10-13, 15; ADP-4; JP1-7, 8, 10; JP2-1-4, 8, 10-15;
JP3-1-10

SN1-1,3-5, 7, 8, 12, 14; SN2-3, 5, 6, 8, 9; SN3-5; SNP-3, 5,
6,8, 9; ADI-1, 2, 4-12, 15; AD2-2, 4, 5, 7, 8, 10; AD3-2, 4,
6,9, 14; ADP-1, 5, 7, 9, 10; DW1-8—10; DW2-9; DWP-1-3,
7; JP1-1-6, 9; JP2-5-7, 9; JPP-1-5, 7-10; DS1-1-3, 5, 8, 9,
12-15; DS2-4, 5,7, 10; DSP-3—10

SNI1-10; DW2-1, 2, 5

SN1-6; ADP-3

SN1-11
SN1-2

SNP-1, 2, 4; JPP-6

SNP-7, 10; DW1-4, DW2-3

SNP-9
DW1-1-3, 5-7; DW2-8

ADI-3
ADP-8
ADP-2, 6

DS1-7

DWP-6
DWP-9, 10
DWP-4, 5
DSP-1

e Po RFE FAFBSMRIE; 1. 2. 3 203K AR RREMAT. . S5

Note: P: Peel surfaces; 1, 2, 3 behind the letter represent the first, middle, and late stages of natural fermentation.
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Table 3 Molecular identification results of 22 representative strains

Bk S BOR LIPS B3 AL GenBank %55
Strain No. Size (bp) Type strain Identity (%) GenBank accession No.
AD3-1 581 Saccharomyces cerevisiae (KY109420) 99 MF769586
SN1-9 587 Saccharomyces cerevisiae (KY109420) 99 MF769605
DW2-3 584 Hanseniaspora uvarum (K'Y 107853) 99 MF769587
DS2-2 588 Hanseniaspora uvarum (KY107853) 99 MF769604
SN1-10 426 Candida oleophia (KY106621) 99 MF769588
ADP-3 585 Torulaspora delbrueckii (KY109859) 99 MF769589
SN1-11 535 Hyphopichia burtonii (KY107885) 99 MF769590
SN1-2 586 Wickerhamomyces anomalus (KY110104) 99 MF769591
SNP-1 581 Debaryomyces hansenii (KY107560) 99 MF769592
JPP-6 580 Debaryomyces hansenii (KY107560) 99 MF769606
SNP-7 579 Meyerozyma guilliermondii (KY 108546) 99 MF769593
DW1-4 583 Meyerozyma guilliermondii (KY 108546) 99 MF769607
SNP-9 591 Cryptococcus heveanensis (KY108201) 99 MF769594
DW1-3 607 Zygosaccharomyces bailii (KY110236) 99 MEF769595
AD 1-3 578 Pichia kluyveri (KD108826) 99 MF769596
ADP-8 479 Metschnikowia pulcherrima (JX188179) 99 MF769597
ADP-2 581 Rhodotorula glutinis (KY109044) 99 MF769598
DS1-7 546 Candida humilis (KY106507) 99 MF769599
DWP-6 578 Saccharomycopsis crataegensis (NG-055364) 99 MF769600
DWP-9 570 Candida californica (EF550230) 99 MF769601
DWP-4 565 Issatchenkia terricola (NG-055108) 99 MF769602
DSP-1 569 Pichia kudriavzevii (KY108855) 99 MF769603

2.3 BREBEMNNMIERESHES
231 WIEMSHSSMHMESRANRIES

=Sk

ML
0.474-0.794 Z [a] 254k,

&, AR 11 MiE R PIC 7E
SEXIME N 0.640, Hid7E

YGL028C v L, HAHA A &2 Ak
REMLIEIR 20 BREVDVLAAIPE > B I IERE

11 AR i ARG 70 DEEALEEN

127 FRIEVETT 25 B VR A REA A RE,
B 11 A2 B AR DR S R DXT BT T
TEZFEMENT, S DEHTER 4), 47 PRERE R
FEYE 11 AN FIEERBL 24 ASFENAY ) (0 7E fp
Sy B SR AR S o BT A R A SRR R, AT
BAOLSHRM BB RN 2, Z8E B ST L
AR TR RRC B 22 A KT BE R REIR s AL AR
SHEMET, AR Botstein 258 Y PIC
FRifE: 4 PIC<0.25 B, ZNim MIREZA; M4
0.25<PIC<0.50 B, AHEZE; 24 PIC>0.50 A,

HPTE C5 A7 i EATINE] 10 DA EE, SR 4L
AN SE R ZREE, Sc-AAT3 LS ARG H 3 4
LR, AR, RS A S I
N 6.364 A4~ 11 A7 UL 2% A B2 (Ho Y 7E
0.022-0.617 ZI[A], *F-I5{HH 0.166 , HEEA A JE (He)
AT 0.507-0.828 Z[i], “FIIEN 0.693, 452
i R e BRI AL AR SR L — A28, 4G
FERCE DR 1 R, Bk R, &
s BT AT XTI 47 BRERE BEREAE—E
PR FAbFrp S il Z AR,
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72 | SNP-1 (MF769592)
99 11PP-6 (MF769606)
Debaryomyces hansenii (KY107560)
Candida oleophia (KY106621)
100'SN1-10 (MF769588)
Meyerozyma guilliermondii (KY 108546)
SNP-7 (MF769593)
DW1-4 (MF769607)
Wickerhamomyces anomalus (KY110104)
100 'SN1-2 (MF769591)
100 Hyphopichia burtonii (KY107885)
SN1-11 (MF769590)
80 | Metschnikowia pulcherrima (JX188179)
60 100 | ADP-8 (MF769597)
DW2-3 (MF769587)
DS2-2 (MF769604)
Hanseniaspora uvarum (KY107853)
100 | Candida humilis (KY106507)
DS1-7 (MF769599)
100 | Zygosaccharomyces bailii (KY110236)
DWI1-3 (MF769595)
99, Torulaspora delbrueckii (KY 109859)
ADP-3 (MF769589)
Saccharomyces cerevisiae (KY 109420)
AD3-1 (MF769586)
991$N1-9 (MF769605)
| Saccharomycopsis crataegensis (NG-055364)
100 ' DWP-6 (MF769600)

100  Cryptococcus heveanensis (KY108201)
100 E SNP-9 (MF769594)
| Rhodotorula glutinis (K'Y 109044)
100 ' ADP-2 (MF769598)
o] 100 1 Pichia kluyveri (KD108826)
59 4|
ADI1-3 (MF769596)

100 | Issatchenkia terricola (NG-055108)
DWP-4 (MF769602)

ey 100 |Candida californica (EF550230)
DWP-9 (MF769601)

96 Pichia kudriavzevii (KY108855)
100 ' DSP-1 (MF769603)

35

50

100

—

0.020
£ 1 £ 26S rDNA D1/D2 X5 5%l Neighbor-Joining %42 Hl B R 4t % B #
Flgure 1 Phylogenetic tree constructed from Neighbor-Joining analysis based on the 26S rDNA D1/D2 domain sequences

232 EWIIREBESE ARG TRIESE 0456, Shannon FEEUE I LR AL ZREMEAY—

KEEE 1L

iz 4 Popgene 32 F1 Cervus 3.0 71484 VML
I8 V8 VL S5 1 B B R A 1) 75 A< 45 %X (Shannon
index)F1Z 2505 B & B (PIC) (3 5). & VMVTREAAE
WYL RERAYEY) Shannon #8404 %J& 1.380 #1
0.922, 11 ML BB LA B & 12 0.659

ANEESH, 45R B RSV AR 5 ZFEE

REMCTLREAR, F-SiHE Fst ARG BHAM WL
AMAETREE , KR Wright®) s, BHAZ AN Fst
£ 0.05-0.15 Z 0], AP EEREEE BG4k Fst 76
0.15-0.25 Z [a] , BEIAR1SAL S ALK 5 2 Fst 2 0.25
PAEI, SERHRHARIAAAEIR R il 22 50 49
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VLTEREE ARV VLB 1 P34 Fse Ry 0.137,
UL 2 R Z A E A T SRR R st (5 o Ak . AR
Nei M550 T 2 ANEERERE R 2 18] s A4 B
(Genetic distance) F1 it % # L £ &R X (Genetic
identity), Z5HRH] 2 ANREREREARMIS LA R AL
4 0.534 7, AEPRESH 0.626 0, LT B 2 A
FEARZ AL AR AR R 1) — 280, A &0
TLANRVETL 2 IR G I B 0.626 0, 5
WL IR EL Fst HVIG, 2 DMHHAZ BT
SR b MR, WA R B RR
2 MR Z RIEZ O RIILIT, AL A LTE R0
Bl 1, IR ENZ RIMESC R, At
FEHR 2 DR R B AR M R ECR 0.534 7,
VT 2 DNEEEERER Z M) 1 2R 4 6 R AL T Aok
o, RIEFHEEE 2 R Z R BT —E s
534k
233 50 thEZ B EMKBIR LS

PAEREE] () Dice AH{L R B HE 47 BRIEFAE 235
PFELE AN 3 MR L BRI SRR E (K] 2), 16PH 47 #RET
A AT B AR RN 3 BRB ML AR R R, IIRZEK]
il IEH, Wik AD2-1, AD2-3, AD2-6, AD2-9,
AD3-11, ADP-4, SN3-1, SN2-2, DW3-352k )i F

P Laffort A FA =AY F15 BRIBEERERE—10
%, HARIR SR B SN3-10 IRk EERE Uv43
RIE—DIrH, FGEXRREGE; DS1-4 FIE7 4 1
PR VPG R B 2 B ) SR AE W] — >4 3, Sk R AR A
W, HrAPRDLEEEE F15 F1 UVA43 274 B )

R4 ATHEREREE N MIIEMNS ERFEMERE
B. WNRAEE. AERSENSHREEAE

Table 4 The number of alleles, observed heterozygosity,
expected heterozygosity and polymorphism information
content of 47 strains of S. cerevisiae at the 11 selected
microsatellite loci

RN SRR AL gjiiﬁ XDEA(D“JZ% ﬂi%%y
SSR locus  Allele number HR H =
C Ho He
Cl11 7 0.644 0.106 0.698
C5 10 0.728 0.149 0.767
Cé6 5 0.660 0.064 0.714
Sc-AAT3 3 0.574 0.022 0.656
YGLO028C 6 0.474 0.152 0.507
C3 5 0.633 0.133 0.684
Cc4 5 0.614 0.106 0.681
C8 9 0.794 0.617 0.828
SC8132X 6 0.686 0.152 0.734
YPL009C 6 0.685 0.130 0.732
C12-SCAAC 8 0.544 0.196 0.625

x5 NANMHIENSE 2 NEEERFARY) Shannon EHAME TEERE

Table 5 The Shannon index and polymorphism information content of two yeast populations at the selected 11 microsatellite loci

TH7E YL BVHIL
(@R VA Lancang River Jinsha River

SSR locus FARIEE ZHEE SR AR ZHEEEE

Shannon’s index PIC Shannon’s index PIC
Cl1 0.956 0.470 1.399 0.724
Cs 1.097 0.519 1.729 0.716
C6 0.813 0.417 1.367 0.661
Sc-AAT3 0.844 0.435 1.077 0.535
YGLO028C 0.630 0.316 1.048 0.594
C3 0.874 0.422 1.334 0.611
C4 0.813 0.417 1.235 0.555
C38 1.541 0.718 1.835 0.789
SC8132X 0.956 0.470 1.479 0.694
YPLO009C 0.956 0.470 1.473 0.735
C12-SCAAC 0.659 0.358 1.203 0.630
Mean 0.922 0.456 1.380 0.659
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0.0 0.2 0.4

0.6 0.8 1.0

2 L UPGMA SEH32 Y 50 MRERBEE B IR RO R X R R EE
Figure 2 Dendrogram showing genetic relationship among 50 yeast strains built by UPGMA method

(R FAIEL):, eI BRI S (AR R A 4 [l
HR B 5 = F LRI A TR, X LE TR R V] BB
F 2 1 D A8 el B T A e b EAS AR Y
S, A UPTT TR TR Ve VLR R A E R R R
FERATH R AR LR, IEH. 2 AR i SRR TR A
HA ML, JScies) 2 AR A A —
FEMAE L, A ERNNHEER, BN HEEE
AR AR 4 32 42 4 T RE 23 5 | P b T B A IR 1 58
o J3Ah, Rl—>% e o B I TR AR B 25 5 R AE
R, TA ] el e ) B B R U A AN [ 1)
Oy b, PR RN VR VTR 1 VTV e 4 Bl s T A
MRS, NUEER, TRESE A R4
el AR Y 22 5
3 WE4ie

A 5E DA B 248 T ) X R
YRS E] 230 RREFABERE, 2 WL B3R 3E55 77 A 268

rDNA D1/D2 X J¥3 73145 , 230 #REERFE LI
13 J& 18 M, Hrh s RIEIBEEERE(S. cerevisiae)
98 i, ritl 42.60%, FEIET HRKER IR
W, WETABRNAEREEH. uvarum) 97 BE, S
42.17%, FEIPETRE BB, I E
BERRAE, X 2 P BRTE R i o3 S RERE A B4R
A A S R A L A T DX A i X
A e R R 2 AR T TR, L
8 & 8 Bl sVEEPIBEIE TRV A A AR K
FEREERL TR ) Sh A28k, LorBs3) 12 MhEERLTE
FERSFRTARIBIETE, AR5 5 U 8 B B e BT A
10 Flr, 2352 T. delbrueckii . H. burtonii . W. anomalus .
M. guilliermondii. C. heveanensis. Z. parabaili. C.
humilis . S. crataegensis . C.
kudriavzevii, A% B4 el 80 T A VTR
VETLM R R TR, B e, ke

californica . P.
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SR, AR, MAEMREES, AT
AR A 25 Tt FE AR B T A AR LR AT
PR DR R 2R

TR P B 1) S AR R AR 2, A Rl AR 21
. MNP I LR R AR TR, SRR
S B R I AR 1L 22 57, AR 50T ik
BRSFARC R T R T AN Tl R T B
Fst L 225, G5, A R i Em e Rk b
PREATRF R R, fEsg el b, mRim i REAN TR
TR R [) F) 38t 1 22 5 2 A 8 T 7 IX S 4 F . b e
(B VAR R R DA 2 el i AR DR 2R s
W F IS T TR AN T A X A R
% T o A P TR L B R Y B AL R, B
Interdelta $5 2L ETE A COXT FLRFE S ETE M T,
SR X S B B 1Y 59 A TRERE BRI AR X 40 A 23 A4~
FENRY, 7 X 2 B 5] 290 MREMBELETT X 43
33 FPEEIAIRL, 1T H 2 A7 DX A PR [ B R R ELA
B RAL 22 5 . Schuller Z5UOFSY T % 4 PE L
TR X R R 2R, 7E 3 AN
rO R A RE SR T L 3 AERISRAE, R E|
1 620 PRI EERE, FH mtDNA RFLP A7 k4143
Mr, 1587 297 FiEE, UERHIZ K NWEAAEE
(AR P Bt A% 2R o e L A 8 7 X )
el AL F SV TLRNR VTN T A Ay, B
SRIFM T BT isse i, AE PR ek B () SRR
- HER R I i A 22 5% ] SSR A FhRic iy
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27 tk, AT PRI LR o0y 24 FPEEAIRY, 11 M
BAENTSERINE] 70 AR, SFHEZEEER
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AT T B B AR 1 T 2384 e ke B Fse R
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