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(1. TR R WMERM T2 S5HARER TRLEE 115 K8 214122)
Q. TAAEYHEARAEHESLEE V15 T 214122)

M E:[86] haheF e R EFEMXORITES T, [FF] ARKREE 27+
EAk YHA = YLA 44 AME F RE MR 160 4, IR 15 MR T 243,538 1F PCR 7 ik &
40 AFAF 43 F 4, AR SPSS 11.5 St T At BRMR 5 T 2 p 5 A e AR Kok, [25R ]
2] 3 AL LEA L RAE K T 2458, AP LS 14P, HEE LR MORA LT F 6 E
A% M(P<0.01), 15P, 4= 15P; 5 A CEARHZ ML B 3569 A48 X P (P<0.01 A= P<0.05); stshst
THEEALE 14Py, WEFA YHA 2425095 F A 8344 bp) & FTRA BB b sk IF K
2] 70.6%, ARG FE A YLA 695 B A (331 bp) T RAFER AR T th Iy A H L 91.3%. [4
#w] MIE 14P, 95 AR A F KRBT 09 8E LA AR RiFt, M T 2458 L LA atEg
KB A — R A, AR AR B AR T A 69 AR 47T
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Screening of microsatellite markers associated with acetic acid
tolerance of Saccharomyces cerevisiae
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Abstract: [Objective] To screen microsatellite markers associated with acetic acid tolerance of
Saccharomyces cerevisiae. [Methods] One hundred and sixty segregants were obtained by crossing
two yeasts (high acetate tolerant YHA and low acetate tolerant YLA) with different phenotypes. The
alleles of 15 microsatellite markers were amplified from 40 offspring yeasts and SPSS 11.5 software
was used to analysis the relationship between acetic acid tolerance and microsatellite markers.
[Results] Three microsatellite loci were identified. Among them marker 14P, had significant positive
correlation with acid tolerance (P<0.01), marker 15P, and marker 15P; had significant negative
correlation with acid tolerance (P<0.01 and P<0.05). Furthermore, 70.6% of high tolerant individuals
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contained the marker 14P, (344 bp) derived from YHA, the high tolerant strain; 91.3% of low tolerant
individuals contained the marker 14P, (331 bp) derived from YLA, the low tolerant strain.
[Conclusion] This study indicated that the microsatellite marker 14P, has the obvious tendency of
heredity correlative with genes for acetic acid tolerance, it can be used in molecular marker assisted

selection.

Keywords: Microsatellite, Saccharomyces cerevisiae, Acetic acid tolerance, Marker assisted breeding

BRI B2 EE(Saccharomyces cerevisiae), X FRHZF
Wbk TAmERE, KRBT Y, W
TGS . M RS . . .
P AE I ERE . AHLRRAA . IMRAETT T,
BAEEN T HNE . BEREHT Tk CBEA:
FERE, BT E] Y SRR INE 2B
LT AR BET FEZE 1k . L, PRSEERER R
M S2 M, XL Ak 1Yt B A R 5 MM
B

TEPL R F AT TR, R TA W4
AR BRI WER R A R A8, DLHGRIS L R 3R
AR, H T RBLY) 2 FREE R, AN [] i) Bk PR 7Y
FUFREE IR (285 A 23 7= A AR L F 021 PR i
FERLHIAS A BB B 17 50 R X B AR PR i 1t B 2 e
AR I BEE A THORIE R, 7 Thric
DIHGRERRAE . AN IR Sz T
BiEh,

DR RN T 10 Bl A ) 5
JPERERE M AT DNA JP31, NFREHITFAIER
J#%1)(Simple sequence repeats, SSRs), 7EEAZAEY)
SR Iz AEAE IS oA  AEmetE b, 48 100 kb
A 1.8 MR, T ERRC %O F S R
MLRST AL SR B, HAZ G P 50 B T E S B
o i A A A T) DT 36 g 1 ik T A7 s 1) s 22
AP RSS2 TR . SR A
NEWGEG T . RGEE . st 2SS,
AL, B ERER TR TRV B E
FITAECT, Xie ORI, RROILS YA LR
B RM566 i SRR 4etRiE s, T
s 38 P R 1 2T 4 B kA PR A 8 v R R R M 3
Zhang ST 2 AFORMHRAR G DA AT,
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RM3735 Fll RM3586, H:H' RM3735 i st H K
KTk B B 4% Bl 2 FAmic

AWFFEE R AR B REEE R0 15 M BA
Fric, 4k SRR SRR 2 PR B VAR SC 1Y 431
FRic, T TR E SRS, R
H RIS Z RIS QTL e 1S %

1 HE5hE

1.1 #8

L1l E#KR: XTSCE s R 50 BRERI IR ik
T TR 32 MR T E , RA% 2 RO RFT =5
BENEELE, Wk4T o8 CICC 1374 F1 CICC
31144, W o [ T Aol A 400 B8 o O 5 A 2 v s
(CICC)o ¥ iR 2 BRWEEFR AT T McClary 2B fldl 55
SEFEAT AR MR Huxley 25010 7 4R 15- T
PRERE I, XTSRRI SR L, Be)m iR
— R IR 2 PERAUE N 130 mmol/L FUEIRR, fr
#4N YHA ; — %] LR FABURR , 2 AU{E A 30 mmol/L
MITERE, #4458 YLA. YHA Fl YLA 4k AR
Bk, MRS RIS BIIE: MATa F MATalpha, N3RS
T I ERAEA B PR PR IR B PRI HO LRI AR,
FEXTHIBE HO LR AP BLAS IR B ik B 2438 3Rk A% Fy
RERR, FOREKRSH 5 d - figsie, ek
15 160 Pk Fo ARAL 53 BEREIA, DA HH 38 B PR FHAN i
Rt 40 BREEVE AR AT L

1.1.2 B 2314: RIESCEk[10]hHGE g TR
P, BB 15 ARG MR SF 81 i
5191, 519 L SuRbRica SR, AR T A
YTREA AR AR, TEFEARHA 2805
YD SRS B 1,

1.2 7%

1.2.1 EEEEZE DNA B3R M. SRR



A TP RE SRR A2 AR G Tl T2 23R i ik

2067

RO EE SR B RE 2L R 4] DNA, L5 F/KIn i
UUBE, A RNase 5B RNA, $EHUH DNA FESLZ
0.8 %3 i W 58 J1¢ FiL Yk A I L e S M Fn e i, &
F-20 °C %47

1.2.2 HO EAE#EPR: FIH] PCR /i Ty HE R IR
Xt HO JEPRIFEAT S, BER: DNA F B e [l 5
HRCRIEH =, —BALF 40 bp, PCR AT H

FRICIER , PrPEPRicIE B —Bh G418 PPk
KanMX. & HO FEKMBRA M, BB 2it 6 4
14, 5 5E PCR 435141 HO SRy 1T i)
WA BB G418 HUERRICHY KanMX R 3
B, FE L FETE PCR U875 I LA E = F Bl
FBL, BIREE T HO S EibRaL . Brrkbric i)
P15 Wy 0 AR PR S A kB bR I0 5k R R

R AEREEE R FP 21 485 nl 8 HO SR B ittt PKDI3 Feailiit, MRS IMEREIEILR 2, Hopgl

F1 EBEMSNEFRAZEEAZSUHNHI 2SR5 HFS

Table 1 Primer sequences of 8 polymorphic microsatellite loci between the parents in yeast

%S (A=} PSR EN AR 514 I

No. Loci Chromosome position Primers (5'—3") Repeat numbers
| un cwavess [ TTOTCOCAGATGATOTAGTA o,

2 14P, ChrXIV135742 ;??gz}?rS}TCCCTGAé}(’?ri%{?Eg(T}C (ATAC)4(AT)4

3 14P, ChrXIV333082 Eiﬁgéégéggggg%ggﬁp‘ (CAG)5(ACA)5(CAG);
¢+ un cwvsis  FACGACGAAGAAGACGATAAG (T

s un cwavessiy  FOTACCAGATGTICTCCACTT A

S oovews  CATONGTONOOTOC ey oy,

) coveen  IANCKOTMOMMONG g,

. 5P, ChrXV822907 F TGATGCTGGTGATGATGG e

R GAATCGGATTGTAACGCTAA

%2 HO EERMKR31Y
Table 2 Primer sequences for knocking out of HO gene

519 52l
Primer Sequences (5'—3")
HOL-F ATCCTCATAAGCAGCAATC
HOL-R GCATACATTATACGAAGTTATCAAACTCACCTTCAACTGTC
HOR-F ATGTATGCTATACGAAGTTATAAATCATGTCGAGGCTGCTA
HOR-R ACAAATCAGTGCCGGTAAC
Kan-F CATTCCCAATGACAGTTGAAGGTGAGTTTGATAACTTCGTATAATGTATGC
Kan-R TCTCCCACACAGCAGCCTCGACATGATTTATAACTTCGTATAGCATACAT

TE: BHATS N KanMX JER I EAMNTS; T RIZITS10 HO FEFI R EANT 1.

Note: The italic sequence were complementary with KanMX gene; The underlined sequence was complementary with HO gene.
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) HOL-F #il HOL-R ¥ 3% HO HH 1y LliErs, 7l
) HOR-F I HOR-R ¥"#% HO & N5 14, 519
Kan-F 1 KanR ¥ KanMX [, pHARY]S
KanMX 5 ERFEAN, TRIZTFSS HO B
LR E AR

HOL, HOR FlI KanMX ZE[H Y1 SR R4
25 uL: HH 5xPrime STAR buffer (Mg plus) 5 pL,
2.5 mmol/L dNTPs 2 puL, L FiF5I#(25 umol)s%
0.5 uL, Prime STAR DNA ¥ & (2.5 U/pL)
0.25 uL, DNA #i#z(50-100 ng) 1 uL, fil ddH,0 %=
25 uL., HOL F1 HOR " 14 414 4 . 95 °C 4 min;
98°C 10s, 52°C 155, 72°C 30 s, 30 MfEFR; 72 °C
5 min, KanMX K:PH ) PCR #8444 . 95 °C
4min; 98°C10s, 52°C15s, 72°C100s, 304>
P& ; 72 °C 5 min,
1.2.3 BB 2B 5 RE AN E ARG Mira 21
(8 J5 36 0 DAGE S ek o R A MR EE AP T 10 mL
YPDU WA 3, 30 °C, 200 r/min 85355494
B 500 uL B L) 10 mL YPD WA 5%
i, 30 °C. 200 r/min JR¥FHE5FF 20 h, JE 40
ODygoo H-18 4B, B S uL RS R T SRk -
W (R 4354 20, 30, 50, 70, 90, 110,
130 1 150 mmol/L), AR 100 f57EA & LR YPD
P AR RV E NS IR, ik SR TR
FRIG VR 0T R >, DR 1k B R IR Y &
PR FHU(H
124 T E PCR & il X EA F AR PCR
PHGTHLE, VI P EAR LA 28R TR
B, FEHIAHR S 1% 40 tRFREEREUEST PCR
P, PCRY AR N 25 ul, Hb:  Tug DNA 5
A T#(5 U/uL) 0.5 uL, 10xBuffer (%4 Mg®) 2.5 uL,
dNTPs (2.5 mmol/L) 2 uL, | FI#514(25 pmol)
£ 1 uL, DNA £#z(50-100 ng) 1 uL, fill ddH,O &
25 uL, PCR S 4F M 95°C 5 min; 94°C 30,
52-58°C 30's, 72 °C 35 s, #47 30 MG ; 72 °C
10 min, 4 °C fRAFCAFIGIYHR JOREARRF]). 4§71
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FHIEE 1.5% B AEWHEE I L UKAGI | 3% 2 it AR
YA R mIHEATHE D 70 2 o MIH] ABI3730x1
JPAL, DL ROXS500 b A5 47 6 448 UK .
GeneScan 3.7 F AR RAUKIE B T NEE, %
VKIE N B B SR e AN R B, 2R 15 58
I R RS 2

125 ETHERAEEBAER Bk PCR “YTE
8% MY A A5 14 2R T I ok e B8 Jie - 40 85, AR
3uL, fHJE 110V, Hik 3 h, BIKZEHRIE, R
RGN PAGE BRHEATYe (0, I FHRERS AR
FARRORAT

12,6 BEZEMIUHMREMILESMERR
EZB9MERMES #: SR SPSS 11.5 A% Fridk i 12
B R R B S R SR 32 AR
X PR R4 T B IR b KS 56 (Pearson correlation), )
WGl T A o B R 5 R RE LR T A2 PEMIR 2 TR
o HARKE

127 EFENERRERESNE: X2ERRE
AT, B R B pMD18 vector Hz, ¥k
KIGFFE IM109, BRICHM: SR FI0F

1.2.8 REZFHEKX ML S EMBEREE S PIGIE: 1E F,
PRI 6 MRAAE ARSI AT 5 TR A HAG R PR
PR, TEHCS ZRRTH A2 PEHIRA B 2 AR DGR T
B, LOZA SRS 1Y%t Rk ik T PCR 4
W, SRRSO R, DA bR
FAOTERRTE o

2 ZR54H
2.1 HO E[EF&&

PR ) HO R 248 £ 41 /F HOL-Kan-HOR
FEK R 2 632 bp, AIKE 1 fizs . Hodr b Jizlml JaUeE
HOL JEPH F B K4 490 bp, KanMX J:[H A Bk
JER 1 697 bp, TFFEIJEE HOR LA F Bk
546 bp,

K 1 HO S EEbR &, FF HO SEH bR &
BEAWERES . WS 250 mg/L G418 1A ik $
A7, it DNA #847 PCR 303E. 4Nk HO FEA
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bp M 1 2 3 4 M bp

E 1 HOL-KanMX-HOR R &5 id 2 B ikE
Figure 1 The electrophoresis results in the construction of
the mutation box

e M: BEbRESrFhE; 1 HO LRI B 2: HO Filf
F#ABL 3: KanMX [ FBe; 4: HOL-KanMX-HOR Bk
A1

Note: M: Marker; 1: Upstream homologous fragment of HO gene;

2: Downstream homologous fragment of HO gene; 3: Fragment of
KanMX; 4: Knock out components of HOL-KanMX-HOR.

S, 4P 2 632 bp B 44T, W) £ H
1 761 bp 5547, WKl 2 firzs, ki 2 8] HO 4
22 MIEZEMERN
T TR A SR R s A ZHEE R AT Rtk
HAETER P I8 AL R A 56 o 3 3 2 A B R 119
e, 1E 15 DM BN s 3RS 8 N HEA 2B
bp M 1 2 3 4 M bp

2 E[E HO fFR R kI E

Figure 2 The electrophoresis results in the deletion
process of HO gene

H: M: ERRpRifisr7i; 1. BBk HO 2N ; 2—4. Rk HO
HEIA.

Note: M: Marker; 1: Knockout of HO gene; 2—4: Contain HO
gene.

i, PSRN 3 Fin, £ 3 fm B EALE
VERE AT A7 s AR IR 22 S e e, DB i ok
JE D RE AR e 2R S, BAR
[=Lilprueai= iR

8 MM AL S N 25 AN FE I AE 40 B
Fo (R BR P B i e B T3 4.0 8 4 il
TENLEL 14P,, TEMFRFEA Y 1 344 bp, TEA
Mt SR Ay 4 th 331 bp, FAURIRZL 16 BRIEIE
(CFRFAUE S 110 mmol/LY)h A 13 Ry 14 i
344 bp HBi(70.6%), Wi AR 24 BRGERUE N
30-90 mmol/L)rF3Ay 22 kP I 331 bp HEX
(91.3%) , AL AT A 2 55 5557 L DRI X0 T B £ R T 521
HAAER R R, fBn Hiz i R w55
Tl P8 5 DX AT A AE — o P lE% o
2.3 SPSS tHXMS

FIFH SPSS 11.5 Bt AXI ey 8 22
T3 B A RN B 2 TR Tid 32 M R U R A7 A0 G
PEOMHT, G55SR S . N S TLIEH, 14P,
SR BRI 52 PE i B A SE, M RECHh
0.540; 15P, S5ERE RN 52 1 Bibl i 2 T AR OGP
R REGE-0.611; 15P; S5ERE LRI 32140 &
Piviib
24 WMEBEHEXUSFMEERNTESNF

TR 1 BE LR TR 521 S A 48 25 11 AH G M1

*3 WMIEMSEEARSD PCRIIEEREHSIT

Table 3 The statistic of the different banding patterns of

the parents

o7 15, Y Har=H B Length of PCR product (bp)
Loci YHA YLA
14P, 209 213
14P, 344 331
14P; 256 253
14P, 388 374
14Ps 397 399
15P; 391 388
15P, 271 273
15P; 242 271
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R4 WRTRERDPERZMER R ROYEERRIT

Table 4 The statistic of differential bands in 40 strains

(A=Y S B T R T (P 5/ 880 AT ST R T (FH S0 B %50 [Ep e
Loci Alleles R (*p/total) Percentage (%) S (*n/total) Percentage (%)
14P, 209 9/17 52.9 6/23 26.1
213 8/17 47.1 17/23 73.4
14P, 344 12/17 70.6 2/23 8.7
331 5/17 29.4 21/23 91.3
14P; 256 11/17 64.7 5/23 21.7
253 5/17 29.4 18/23 78.3
14P, 388 10/17 58.8 13/23 56.5
374 717 41.2 10/23 43.5
14Ps 397 8/17 47.1 7/23 30.4
399 9/17 52.9 16/23 69.6
15P, 391 5/17 29.4 7/23 30.4
388 12/17 70.6 16/23 69.6
15P, 271 14/17 82.4 7/23 30.4
273 3/17 17.6 16/23 69.6
15P; 242 11/17 64.7 7/23 30.4
271 6/17 353 16/23 69.6

*5 WIEEM-SEEZERZHIEREBXES

Table S The correlation analysis between the
microsatellite loci and acetic acid-resistance trait of yeast

(A B IR FR B AR AU
Loci Pearson correlation Significance (2-tailed)
14P, -0.216 0.181

14P, 0.540%* 0.000

14P; 0.283 0.077

14P4 0.067 0.681

14Ps -0.251 0.119

15P, —0.064 0.694

15P, —0.611** 0.000

15P; —0.340%* 0.032

HE: *: 7E0.05 BFEREMI; **: 78 0.01 BFEHREH
A,

Note: *: Correlation is significant at the 0.05 level; **: Correlation
is significant at the 0.01 level.
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NI R BE BRI, RS AR APLL AR
ST, FERIE Rk X74069.1, EAKFS A . 14P,
TE YHA Bk AL B 5-AACTTCCTCTAAC

CGATGTCGGGTAAGCCATGGAAATTACGGGCG
ATGACTTTCGGCGGCTAACAACGAAACAACTA
GGGAGTAATCATATAATCACAGGAAAAGAATT
GAGTATGGATTTGGCAAATATACATATACATAC
ATACATACATACATACATACATATATATATATATA
TATATGTGTGTGTGGTATGGAGTATTATTCTAAA
ATTATGAAAGGACATCCCAAACTCGTTGCCAC
CTTGTTTTACATTCTGGCTCTATCCATACCAACT
CCTCTATTTGCCGGCGATCAGAATCGATATCGA
TATCCTGCAGCTTCCAGAGTAAGCGGCACTTA
AA-3'; 14P, 7E YLA FARH B A BL . 5'-AACTT
CCTCTAACCGATGTCGGGTAAGCCATGGAAAT
TACGGGCGATGACTTTCGGCGGCTAGCAACGA
AACAACTAGGGAGTAATCATATAATCACAGGA
AAAGAATTGAGTATGGATTTGGCAAATATACAT
ATACATACATACATACATAATATATATATATATATG
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YHA.Seq
YLA.Seq

65
52

3 WMIE WP, LaFmNEREFTEXER

Figure 3 Sequence alignment of two genotypes of microsatellite locus 14P,

TGTGTGTGGTATGGAGTATTATTCTAAAATTATG
AAAGGACATTCCAAACTCGTTGCCACCTTGTT
TTACATTCTGGCTCTATCCATACCAACTCCTCTA
TTTGCCGGCGATCAGAATCGATATCGATATCCT

GCAGCTTCCAGAGTAAGCGGCACTTAAA-3',,

J7E0 7 A5 2 1 R B S 3 R 4y A B Y
R BR/INEA —3, UEBA AR S50 3 PR/ AR B Y
gL BAT AT AR . 8] DNAMAN #04, XH
AR SEASE A FE AT RS X, B 3 s AN
PR SEAMZ DTS/ D 3 S (CATA) B E F B .
25 WIE[MIR 14P, it CEREE B Rk 18
36 E

HEFRAER AL LB 6 R 2 PR B T
MR(Z R FERME 110 mmol/L), ¥ T A7 5
14P, #5417 PCR /4%, PCR ¥ B4 5k Sk ZHE
1.2.4, #E—GXIERMATIRAE, Kl 4 BRTE 6 #R T
RIFFREE, 5 HRH BT FR S JE K, H B
Kk 83.8%. VKIH 3 MMMk, TTRE 2SI
PIEE AR ) i A | A AT B BRSO R 1
Pl ARz X A AR S A Y
R BEAREE, Vi 2 BR T HAYAAA, B TR

b M 1 2 3 4 5 6 1

4 WMIE 4P, I REMBREH PCR ¥ 18ER
Figure 4 Banding pattern of microsatellite locus 14P, in
strains resistant to acetic acid

H: M: BRBARHESF i 1 POEARKRER; 2-7. MR
TETA.

Note: M: Marker; 1: Parental genotypes; 2—7: The acetic acid
tolerant strains for verifying.

T 400 bp BYZFAT, B THRYL R RBUE RIEH, i1
Z A RAL SRR, PCR &3 1) 2l
B2 FEGEYRE —, AN TR T SRR A
HAb A & ] BREAFAERR /AR, 7 A — LB e
s, LA BT TR R IR HHERR B0
AT LA o 5 PR A3 B A THERR
3 BiR5itie

W BE 2 R 52 PERFFEAE B Tolk A= 7= vh By
HEENETME, 2RI, B TX ORI 32 M i AR 3
AAEHLRIA ARG RE, BHAT T X Hast A LB A i —
AT AR, AT S g A DR v R ) TR 52 PR A
R TRIME o B RE 2 RN 52 1 —A~ 32 Z B 1 2
ZePRAR, M HAEREPLIN ZR . P53 A BAE
MISEI R, PRl B 5 35 R 78 2 ) A A —
LR . BU TBHE E I SR 2 b Tl gt
PRI TLAS B R B3 SRR R I 2 AR
I, IER N AR5 24 SR T A
FMHZ BB PE AR, T4k, 456 DNA 7r1F5
T AR 1 35 42 55 DR 20 2 R B 90 5 TR 3 8 ) as A%
EHLH TS

Hr, M EEmCHEBE A Z T3
Y. okPRErgE T, AR Yy TR D
AWEFET, R PIRR IR 32 PR R MR HAT 3
25 SRR T 22 S i - ACHEIR, B T
EARic SWERE QIR 32 AR DCHEHA T 75, JEid
FEAOK VI A L 14P, 755 SR 52 PR AU
AH G E GR 1 K P, A OC R EA B 0.540
(P<0.01), MHEREA YHA 254 HE R (F Belk: 344 bp)
TE AR R TRt Hh BUAARIAF] 70.6%, AN R
A YLA £ 331 bp B BEETAURTH R B bk
PLAIIARIE 91.3% RSN FERAEFAUREA P 1 35t
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e BA W R, RVNZHTL RS T RE S HA
it P B P A — i I e =T [RIR, A 55 4
6 PRIFRAEA bR IE 1 EIRZR . LR
R, LRSS R SRR 52 A PR AT
K, RUBEEE ORI Z AR EPIE—FEaEIR, =2
ZANENTER], EIE T APURRBLE A= e, R
h AT I B R 32 M ) 52 Ak it 7 S B R
AR E AR TG, NS xTBER: DNA Bt
fro¥hricdt QTL ENAHRkIERD, HFT O
RE 2B T R P PO 2 PR
ARPEAT THRPENL, NI, VEFRE0 T RERE AL
TDRERCIH P2 TS, DU oE e
i ZFRPEARAIIE D ERL, (5> ThRic il Bl & Fh A %
HRIIIE

2 % X

[1] Flint J, Mott R. Finding the molecular basis of quatitative traits:
successes and pitfalls[J]. Nature Reviews Genetics, 2001, 2(6):
437-445

[2] Schafer AJ, Hawkins JR. DNA variation and the future of
human genetics[J]. Nature Biotechnology, 1998, 16(1): 33-39

[3] Field D, Wills C. Abundant microsatellite polymorphism in
Saccharomyces cerevisiae, and the different distributions of
microsatellites in eight prokaryotes and S. cerevisiae, result from
strong mutation pressures and a variety of selective forces[J].
Proceedings of the National Academy of Sciences of the United
States of America, 1998, 95(4): 1647-1652

[4] Tautz D, Renz M. Simple sequences are ubiquitous repetitive
components of eukaryotic genomes[J]. Nucleic Acids Research,
1984, 12(10): 4127-4138

[5] Weber JL. Informativeness of human (dC-dA),(dG-dT),
polymorphisms[J]. Genomics, 1990, 7(4): 524-530

[6] Xie J, Wu X, Jin L, et al. Identification of simple sequence
repeat (SSR) markers for acid detergent fiber in rice straw by
bulked segregant analysis[J]. Journal of Agricultural and Food
Chemistry, 2006, 54(20): 7616-7620

[7] Zhang GL, Chen LY, Xiao GY, et al. Bulked segregant analysis
to detect QTL related to heat tolerance in rice (Oryza sativa L.)
using SSR markers[J]. Agricultural Sciences in China, 2009,
8(4): 482-487

[8] LiH, LiuLL, Li J. The screening of sporogenous medium and

http://journals.im.ac.cn/wswxtbcn

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

haploid  separation  of  Saccharomyces  cerevisiae[J].
Liquor-Making Science & Technology, 2008(6): 22-24 (in
Chinese)

A, TN, 0. TP IR 7= 5001 % JE ) 7 128 L2 B A R
H53 B3], BRFRH, 2008(6): 22-24

Huxley C, Green ED, Dunham I. Rapid assessment of S.
cerevisiae mating type by PCR[J]. Trends in Genetics, 1990,
6(8): 236

Hu XH, Wang MH, Tan T, et al. Genetic dissection of ethanol
tolerance in the budding yeast Saccharomyces cerevisiae[J].
Genetics, 2007, 175(3): 1479-1487

Jubany S, Tomasco I, Ponce de Leon I, et al. Toward a global
database for the molecular typing of Saccharomyces cerevisiae
strains[J]. FEMS Yeast Research, 2008, 8(3): 472-484

Baudin A, Ozier-Kalogeropoulos O, Denouel A, et al. A simple
and efficient method for direct gene deletion in Saccharomyces
cerevisiae[J]. Nucleic Acids Research, 1993, 21(14): 3329

Mira NP, Palma M, Guerreiro JF, et al. Genome-wide
identification of Saccharomyces cerevisiae genes required for
tolerance to acetic acid [J]. Microbial Cell Factories, 2010, 9(1):
79-91

Novick P, Schekman R. Secretion and cell-surface growth are
blocked in a temperature-sensitive mutant of Saccharomyces
cerevisiae[J]. Proceedings of the National Academy of Sciences
of the United States of Amerrica, 1979, 76(4): 1858-1862

Wang FG, Zhao JR, Guo JL, et al. An improved PAGE/ rapid
silver staining method used in maize SSR markers[J]. Journal of
Agricultural Biotechnology, 2004, 12(5): 606-607 (in Chinese)
TR, ALK, Horte, . —FEi Ek SSR FRICH)
PAGE/ P R G A I 37 75 13 (0], AV AE W HoR 74k, 2004,
12(5): 606-607

Ede AJ, Crawford AM. Mutations in the sequence flanking the
microsatellite at the KAP8 locus prevent the amplification of
some alleles[J]. Animal Genetics, 1995, 26(1): 43-44

Gao GQ, Chang YM, Han QX, et al. Screening of microsatellite
markers associated with cold tolerance of large yellow croaker
(Pseudosciaena crocea R.)[J]. Hereditas, 2010, 32(3): 248-253
(in Chinese)

e R, WM, HHRE, 5. R AR EARAR S T
EARICHTELEL[]. 5%, 2010, 32(3): 248-253

Hu XH, Wang MH, Tan T, et al. Genetic dissection of ethanol
tolerance in the budding yeast Saccharomyces cerevisiae[J].
Genetics, 2007, 175(3): 1479-1487

Steinmetz LM, Sinha H, Richards DR, et al. Dissecting the
architecture of a quantitative trait locus in yeast[J]. Nature, 2002,
416(6878): 326-330

Deutschbauer AM, Davis RW. Quantitative trait loci mapped to
single-nucleotide resolution in yeast[J]. Nature Genetics, 2005,
37(12): 1333-1340

Perlstein EO, Ruderfer DM, Ramachandran G, et al. Revealing
complex traits with small molecules and naturally recombinant
yeast strains[J]. Chemistry & Biology, 2006, 13(3): 319-327




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


