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Abstract

Instrumental analysis combined with bitterness evaluation and multivariate statistical
methods were used to explore the influencing factors of bitterness of Huangjiu in this study. To
reduce the bitterness of Huangjiu, measures such as reforming Saccharomyces cerevisiae,
optimizing raw material composition and brewing process were adopted, which will improve
the quality of Huangjiu and promote the development of Huangjiu industry.

(1) The main components such as volatile components and amino acids in Huangjiu of 16
kinds of semi-dry style were determined. Combined with bitterness evaluation, Pearson
correlation was used to analyze the correlation coefficient between each component and
bitterness value. Then the partial least squares regression (PLSR) analysis model was
established to verify the accuracy of bitterness related components and model prediction. The
results showed that the bitter substances in Huangjiu were highly correlated with volatile
components which were alcohol (r = 0.85), isoamyl alcohol (r = 0.808), isobutanol (r = 0.642),
n-propanol (r = 0.623) and ethyl lactate (r = 0.771) and were not highly correlated with amino
acids (r =-0.536~0.464). In addition, total acid (r = 0.641) promoted bitterness, and total sugar
(r=—10.735) significantly inhibited bitterness. PLSR model can well predict the bitterness value
of rice wine, and the prediction accuracy reached 89.7 % of the evaluation value.

(2) The Cre/loxP homologous recombination system was used to construct BAT2 gene
deletion and THI3/BAT2 double gene deletion diploid yeast XF1-B and XF1-TB. The effect of
recombinant strains on higher alcohol and bitterness Huangjiu were explored compared with
XF1 under the same fermentation conditions. The results showed that the growth performance
of the recombinant strains XF1-B and XF1-TB was similar to the original strain XF1, and the
basic fermentation performance was not significantly different from that of XF1. Compared
with the original strain XF1, the higher alcohols , the assessed bitterness and the predicted
bitterness in the Huangjiu brewed by XF1-B were decreased by 15.65%, 20%, and 13.99%
respectively. Identically, the higher alcohols, the assessed bitterness and the predicted bitterness
in the Huangjiu brewed by XF1-TB were decreased by 15.28%, 15%, and 13.77% respectively.

(3) The raw material composition and fermentation process were optimized by using the

brewing process of first saccharification and then fermentation. The amino nitrogen content,
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high alcohol content, bitterness evaluation and sensory score were comprehensively analyzed.
Finally, the optimal raw material combination of glutinous rice and japonica rice (glutinous rice:
japonica rice = 4:1): Malt and peanut cake (malt: peanut cake = 2:1) = 9:1, the optimal
fermentation process was that the sugar was 22 Brix, the yeast inoculation was 1.2x10’
CFU/mL, the ventilation time was 60 min, the fermentation temperature was 28 °C and the
decocting temperature was 85 °C. Under the optimized conditions, the extended fermentation
experiment of 2 L Huangjiu was carried out. The resulted showed that the total sugar of the
recombinant strain XF1-TB fermented Huangjiu was 28.94 g/L, the total acid was 4.41 g/L, the
alcohol content was 11.62% vol, the amino nitrogen was 392.35 mg/L, and the higher alcohol
was 288.23 mg/L, non-sugar solids 47.66 g/L, bitterness and sensory score were 14 and 89
respectively. The bitterness of the Huangjiu had been weakened, and the overall taste quality
was improved .

In this study. The composition and bitterness of Huangjiu were analyzed to obtain the main
influencing factors of the bitterness in Huangjiu. Then, The Saccharomyces cerevisiae
engineering strain was successfully constructed, and the raw material composition and
fermentation process were optimized, which determined the feasible technical methods for
reducing the bitterness of Huangjiu. These provided a new technical idea for reducing the

bitterness and improving the quality of Huangjiu.

Key words: Huangjiu; bitterness; higher alcohols; BAT?2; liquid fermentation
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1.64 BRETZ

TG s HR R WL K, IR A, Se b RIS REAL, RS R
W, XA EIRERCRE, PEREER . BE R S Rl s A R R T R Y R
RN, SO AR, AN EEZWRYR A AR, mmins, s
R KRB SO TE A SR IS LMk, ZMIE LZT, WORER, eV,
BRUEZ AL, ANRIBR G T AN 6 1 3 e I ek g P2 5. AR S, T30
KBETea, BT RER S R ., HERED, EREREH D ETRE D
IR TR, FEURSRICK: AR BEAIR, SHES, R E R
SR SN AR ] TE U AT B O HIPRER,  BRARA (8] AR A S AR E . A& SE WM,
X T RE RS 25 R BT A S B A AR R R R o PRI B B0 B 5 s 2R IR
BESE YR R ATH IR 2 AT S MR K SONE, BT P AR I | TR 2 A MR AL T B (6 45 e 00 T 2,
PR AP AR TR — B B 1] e 3 9 ) o 2 B IR

17 AREHRMNENSTENS

1.7.1 KRB RHENX

PO R — e TR, AR R R AR R R AR . (BRI E
SRS CL )R R 5 e AL O R AR IR < Ja v R, X 2 SRSl ) 22 oA T o BT IR 2 B
B T2 UL P % By BLR I A B A 7 AR B R, X SR e R o e S i
DR R REAT IR F0 SR 7 R 1) R 2060 B0 7 Ml PR e Je ZE O F B I R X BT S R )
I ihage - A LS PN I RuE N b tacty/ VS iibuw 4 2 av i TNgese 2 L DAL 7 iV NI TS R T
JRORT CURHEAT 9%, RIS, ARG il A BRI O T AR e 1) B AR, TR 5 R EAS
(R 7 it IRV it JoR AN SE ) e, A b, DA R I RN T 255 R 1) A 0
SR PR i AT A AR A A WE T 1 )

AT A B M R AR 173 P & e SR T8 R &, BTN A B
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BoE e

TR BB R FEN, RIS, 0 BERAR SRR A R K L 2T 7L, X O3l i i 4
WH M R RN T ol QURIR Bt 1 BOR SR, W R R R R — 2 NS
e

1.72 KREMRHIAR

(D RAER IS A (GO St Gk (HPLC) 54 ARF B illE
T 16 B2 B r 4 R P i R S IR e S TG 1 2 BE A AT R E
K F Pearson AHIGHESN BT UF 5% oy 5 v WRAB O AE D0 R %, I AR dme /> — 3R |1 4
(PLSR) Z3 BTy, BRIF v IR A O B 4 RIS TROI P o ff 4

(2) ML PCR J5ikkg 5 BAT2 KR FR A BU-loxP-kanMX-loxP-BD, i
FEANEE LI A BT RE b, 8% 550 R R ) o 2B T P AR [ 2% 0 TR 2 AT B R
PR TC R o B S BE S SRR, B BAT2 R R AN R R Bl THI3 JE DR 8RR of 2
o i 200 T A AR PR S o

(3) FIH A P IRAS FNRRIE J7 i, il JFORHN T2k, L5670 i B AR B 1 T
RAEE G R AR S BT RV E MR E VR, IRFAUERIE JFOR AN R T A Rk
T TE R FRIRA M, A TR s 8 G 5 AR (R AT B V40 2 A R JRUR I LU AT R I T 2 41

Ll



LB N /T = 2 DATSS

F -5 ET GC/HPLC &M ERIEE BT EAERK
2.1 51§

I i8] 2] O+ COVRINe S 7. 08T e (5 R W S £ [ P 1R L AR G AN Ao T 7S » T
T B BRI 5T 2 4R v A2 [ N HL B8 22 B 0] B rh A U BRI RIE T, 0 T B vh e ok
VST FURS B0 o B PP R 5T AR TE 5 SR 73 B A S R P 58— AT IR
PRIE, IXFRTTIEATAL BRSSO N A, HBN 1B B SO AR T R a0, A
AR 2 B AR, A3 TR I AR 2 2 5 5 B Gt oo M 7 iR AR T B USRI iy
JRVPA A T2 DL R P e TSRS AIE, AR A5-90 rh BB 22 1) BB T, IR 877 8 7 B o
L NP AES P 7 Y

A T EEE A A EEE (GO Hor SRR EIE 7] (HPLC) Wl 52 5
PR PERGSY « AR R M S IR R AN S P (I BRAGFR bR, JR45 G BV SR M4 i A
fim /N —3f[El) (PLSR) 23 #r ¥R AR FE S 1K) 4% 4 20 5 3 Il IR I SC & DU R
BB IE T R BRIE BOR . IR A R PR S SR AU RHA 4K .

2.2 SCIGFARI R EEE
2.2.1 SEIGHR

N B AR 22 57 AW P S R VP 2 7= A G, S 20 Fp AL (R 15.1~
40.0 g/L. WEHREFE 12% vol~20% vol. %5 HI1~HI20): WHLAM. T 7 KW
By TR AR SRR T3 2-1

® 2-1 FEASFARL G

Table 2-1 Main chemical reagents and materials

A R PR G

] % Il R R AR TAT PR 2 7]
A Il KT Buz e 2 R 2 7
{547 RPN Il KT Buz e 2 R 2 7
it IR 4 I Hral KT Buz A 2 PR 2 7

10



8 FET GC/HPLC A A 57 R 1 52 ff BT 2 115 7 1ok

*®2-1 EEAERR S0 (80

Table 2-1 Main chemical reagents and materials (Cont)

HhIRE T I Hral By T kR (i) B BR 2 7]
5% i al BT ARRE WAL AT R 2 7
L i al By T kR (i) B R 2 7]

5t I i al BT ARRE WAL AT R 2 7
1 tikal R TR BRAL 2211 A BR 2 7]
1A tikal R TR B 22131 A BR 2 7]
LR T A ik al Bl T IR IR AR 22 7
LR O ik al Bl TR IR AR 22 7
FLER 218 ik al Bl T IR IR AR 22 7
K OTE i af By Tk (i) B R 2 7]
TR i af By Tk (i) B R 2 7]
A B i af By Tk (i) B R 2 7]
LIE i af By Tk (i) B R 2 7]
M ik al By Tk (i) B BR 2 7]

1ECke kol By TR IR AR 22 7]

BRI R BR1E dh kol By TR IR AR 22 7]
S A AR i kol By TR IR AR 22 7]

A FER PR R8T 3R 2-2
*£ 22 FEAUIBS B

Table 2-2 Main experiment instruments

S FAK /25 et
P E AL AS20500A KRB A IR A
ARG GC8100 J N ORI A AT TR 2 7]
e G A DAL TGL-18C g RS

AR RER (30 mx0.32 mmx1 pm)  LZP-930 JE P RS AL 2 A BR A A

11



LB N /T = 2 DATSS

+ 22 FEAUS S (80

Table 2-2 Main experiment instruments (Cont)

R F /Y5 il
T ST EREN = E I LC-10A H AR 53 A F
AR A% A (4.6 mm>250 mm, 5
TC-C18 AR (P ENA PR A A
pum)
pH BZREETH FE28 MR EI-FE ) 2 B bR 2 B IR A A

2.3 W FFE
2.3.1 LM BINE

PO P PR R GC e . e ¥ R AR A BR Y 17.6 mg/mL LR
THE. BRI 0.22 pm FLARTERR, 4 980 pL FESAN 20 pL YR A R B T OM iR
. HEAERTHEREE: JEbL 50 °CHREFE 5 min, FELL 10 °C/min [ & FHE 2 200 °CH:
PR¥F 5 mine 1B LZP-930 FE 0 HrAE N Bl ARSI 5 ST A 4 i P 1l 2 A
B, AR ASNES, WIE S E N 30 mL/min; A0 85 230 °C, A% 30 mL/min,
253K 300 mL/min, JFEPRETHEE 30 mL/min; #ERE TR 220 °C, HERERFL 0.4 uL.

W0 R A TR AR LR T TR YA 0 S I BRI 0.22 pme FLAR YN, 45 980
uL FEG AN 20 pL AR CBR T BB T AU G R . FERRFHREFE T N SRl 50 °C
{RFF 5 min, LA 10 °C/min B&EETHE ZE 200 °CHLRFF 5 min.

2.3.2 FELZNE

SEETR I e R H o PR ) R IR B

P 2258 TC-C18 itk (4.6x250mm  5-pm) N EIEA:; R & R (i o
PRI I P 2 IR A B AR AT AR ER : BUBVR 200 pL f0 100 pL 1.2% 5B B AR
Big G VHRT 100 pL 14% = L O G W, IRA1EHE 1h, I 400 uL IOk, FEdR
RAEMREY 60s J5iFE 10min, I NEIHWE 0.45um FLARIEL S, B TH0H B RE &
.

R AE: B A: 0.01 mol/L LN MR- (97:3, V/V) st B: &

12



8 FET GC/HPLC A A 57 R 1 52 ff BT 2 115 7 1ok

F-/K (4:1, V/VD; JiE 1.0 ml/min; ArdllEAS: 254 nm; #Eif: 40°C; HEFEE 10 pL.
6 5 B AR 7 26 W3R 2-36
K 2-3 S ATER e AR AR

Table 2-3 Analytical gradient elution program table

AR 8%
i 8] /min
MatE A MshiH B
0 100 0
3 100 0
15 88 12
20 80 20
35 75 25
40 65 35
42 0 100
45 100 0

2.3.3 FIBEIBEILIEFREONE

PR SRR (CLALRR ) SFE(CLR &S ) 2 EFR GB/T 13662—2018 (FLi)
U6 5 s B PR SRR A GC I FEAEAE s I Wk S R A AR 7.32
mg/mL NEi. #Eanid 0.22 pm FLARJIEMEL, K 100 pL £k, 800 pL 7ZKF1 100 uL HFRA
i T AU SR O T . AR I FHRAR T 58 50 °CLREF 4 min, T 30 °C/min [
THE % 200 °CH AR +F 2 min.

2.3.4 EWRERITEE

ERAREIR : AT 205K R 2 5 0 pH (3.8~4.2) —5, HUL/E NFsiER
S KRR ZE TN IR B B AR UE S, AMONARHEEIT VR o SRR ZE TR
5mg/L. 10mg/L. 20mg/L. 30 mg/L 1 40 mg/L 43 HiI%} M HAE 5. 104 20+ 30 £ 40,
KPR B AEPAETS R (5 55 5 %y i 22~50 %) HHT NI A I H
WRBURMEIZE, L 2 mg/L 3hERZE T e URARMEM I 2R Wk o BEAT R IR B A 1RO
ST DU DL 2 mg/L BRhRZE T vk /NYE BBl . BRRVTSEHT | h Y PE BRI ET

13



LB N /T = 2 DATSS

HH2E5KH 0, HEFFZEL 10 mL AplllAe it A b, e b 5 e R p vh B — Ik
PEEIN DR PR HRIE 5~10 s, FEARSKIERE G 78 7RI MR AR PO, ORAIERE 5 78 o
BRI R T R, WO, AFERER Z EEBEAMET 3 min, BEAEERPEE 3
PP RE BB SE SR it B AL (0 2 RS VYR DAL AR 2 7 R AL

2.3.5 tHEMDH

Pearson ¢ REEH A TV 2 MESLD B RIFIZLMHE R R B0 E s n & &
5 RAE AT Pearson AT, B B XAE & AH /0 BT AT Pearson AU A 56
F7ik, R R R EL

2.3.6 PLSR &Mk #f

Rl e % e Ey X AR, wWREMEN Y &R, 347 PLSR 704, BAEHE P
A PERAE TR LA ) 73 A, ST AR R S AT R T2 R A Y

2.3.7 GHEEES R

K H SPSS 24.0 #ATHAR M Giit 2= o4 MMM 2 E B B Graphpad prism 8.0
BT 224 PLSR 23 #TH The Unscrambler X 10.4 #4501 B 7 v ds il v B AF,
FIRWBE 3 ATAT, BdE PRI 2R .

24 HR5E

241 REFELMERIVESR

B rh R B AT R I AR SRS B B AR A o AR SRR TE DA R LA
fiffis s 9 FEERMEDIEN 16 M T RIBN AT L. X 16 Ml T 48 19~98
mg/L. FEE 0~40 mg/L. 1IEAEE 38~122mg/L. MR ZME 31~158 mg/L. 571 % 64~
132 mg/L. 5% 108~238 mg/L. FLIR LHE 121~580mg/L. TR 63~714mg/L. p-7k

W 13~200 mg/L. A s s & s i /e AR i HI2 578 mg/L, s & FE 5 HI12



& LT GC/HPLC A0 RN 25 R 1P 58 fF AT 28 7 07

242 mg/L. LPR PR E B m 2 HI16 158 mg/L, SAKHIZMEM HI1 31 mg/L. FLIR LB & s 2R 5 HI5 580 mg/L, A%

H =

RS2 FE 5 HI13 121 mg/L.
R 2-4 FEHFESPERERS SR (mg/L) I5E L

Table 2-4 Determination results of volatile components in Huangjiu samples

RS HI HJ2  HI3 HJ4  HI5 HJ6  HIJ7  HI8  HJ9 HII0 HIIl HJI2 HJI3 HIl4 HII5 HJI6

FH i 13+3  40+6  20+3 0+0 0+0 0+0 0+0 32+7 8+5 12+1 132 16+£3 13+2 1745  18+5  32+7

. 68+£12 666  93+6  75+10 64+5 65+14 98+7 98+13 T7I+13 8949  73+10 60+7 3045 1945 99+11 71+14

BN 101+14 666 876 122+17 8449  36+6  88+£5 82+11 54410 50+6 52+10 40+8  38+5 5749  80+6  69+l11

LR TS 3710 316 4248 65+8  68+10 646  77+12  91+7  32+11 41£10 53+11 359  38+7 56+12 56+10 158+13

BT 10846  92+3  110+5 132+6 10748 61+6 783 8449 121+12 77+10 117411 64+7 89+10 97+13 11710 114+£10

SEREL 205414 220415 230413 21046 238+9 13948 146+13 166+15 23617 128+10 19749 108+8 151+16 146+11 188+11 217+13
HERZTE 401420 549+9 45347 184+10 580+17 232430 24249 398424 169+14 226+15 353+13 200415 121+12 225+12 320+17 398+13
THE 432410 71415 234+8 480+17 222+14 260+14 356+20 499+26 63+5 220+13 275415 135+10 110+14 256+12 279+13 2068

ﬂ-fxl@? 100+£11 200+10 136+6  90+7 120420 113+18 103+14 109+14 69+8 162+13 98+9  30+7 44+6  63+6 88+11 13+l

242 EHEPFEEANELE R

15
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Table 2-5 Determination results of amino acids contents (mg/mL) in Huangjiu samples

R 2-5 HEM P RAER S &

(mg/L) PE LR

AR HI1 HJ2 HI3 HJ4 HJ5 HJ6 HJ7 HJ8 HJ19  HJI0 HJ11 HJ12 HJ13 HJ14 HI15 HJ16
Asp 14013 9614  95+11 114£5  49+£5 203+18 14349  257+12 11015 111£11 15610  90+10 2745 11524  162+17 136£10
Glu  240%14 225+12 1576  235£13 105£15 322+13 117+4 294432  296+11  321+4 16910 160£7 70+8 209+11 28246  260+12
Ser 9612  67+7 707 60+6 39+6 109+13  46+8 154£21  90+£12  96+13  111x12  50+11 29+6 121+13 97«13 96+10
Gly 93+8 5847 65£10 5847 365 99+17 6246 181+6 7648 77+10 104+£8  252+11  238+12 21846 85+9 93+11
His* 11013 70+8 66+8 5045 3044 94423 110+£13 18045 77£10 7711 111£12 4448 52+6 56+9 12349 136+10
Arg®  475%17 228+12 261+22 279414 165+11 255425 218+4  449+12  207+10  189+9 450423  195+10 164+12 28710 510£10 39811
Thr*  213£13 9345 107£8 115418  41+6 212421 15314 357+24 21449  211+11 23311  123£9 5948 205+11  228+12 221413
Ala  419+13 245+10 20512 200+£24 1266 235+16 224423 530432 38049 40511 27711 231£12 25010 37616 2668  237+7
Pro 344+17 362+10  198+£9 17517 150+£5 363+25 140+16 4338  281+15 282+10 37218  117£7 77+3 250+14 36619  344+11
Tyr 17410  106+5  110+£13  147+£28 4245 197+£22 95416  266£32  154+10 162+7  198+13  89+10 64+11 170£9  180+11 167+13
Val**  251+15 117£13  209+7 183£2  50+8 270+£25 94+13  317+£21 10111  96+11  194+18 84«17 53+10 53+6 19118 235+12
Met* 63+11 39+5 3245 44416 8+2 84+7 44+7 67+11 2343 2242 32+4 1543 2343 2745 2745 2443
Cys 70£12 2243 2449 3445 13423 4148 2442 4745 5449 50+7 52+6 4248 28+4 67+9 58+8 35+8
Tle*# 15210 77+7 9545 97£20  35+£8 174433 76+£8 245428  74£10  79+14 104+7 4343 30£5 52411 121418  145+10

Leu*# 251£13 13246 160+41  163+5 7244 286+10 134+10 412423  136+6 12643 21446 75+11 5748 100£12 231420  263%7

16
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R2-5 WEAMPEERTE (mg/L) MELR (L

Table 2-5 Determination results of amino acids contents (mg/mL) in Huangjiu samples (Cont)

AR  HN HJ2 HJ3

HJ4 HJ5 HJ6 HJ7 HJ8 HJ19 HI10 HJ11 HJ12 HJ13 HJ14 HI15 HJ16
Phe*# 21013 1287 158+10 178+18 68+4 249+12 134+14 363%9 156£9  148+11 21149  93+13 77€10 12610 199+19 21848
Trp* 44+7 40+7 33+£12 4549 20+£5 6245 35£8  108%15 26+4 2243 50+10 3444 1942 45+7 5147 62+16
Lys*# 121+12  65+7 72+6 112425  38+7 128+10 80+17 303+20 145+10 131£9 23449 104+8 82+8 1156  200+£13  207+10
EAA 1305£17 691+17 86678 937+13 332+6 1465480 750427 2172+123 873446 835+£33 1271422 572429 399429 724437 1248466 1375+18
BAA 1570424 817+11 1021£86 1062+20 458+22 1456+23 846+27 2269+80 894+40 846426 1517+25 639434 513+£37 789+39 1575443 1602439

TAA

3474442 2123420 2130+124 231754 1110+£4934254+39 203519 4924+96 2597+105 2605+76 3270+66

1843+£86 1395459 2592482

3375485 3277488
R UDTRAIER, HREEREILRR, EAA KRR D FRIER, BAA KR EREILRR, TAA R EIFEEILR.
HINPEAFENRARER, RERERZVTEZ XKV B RTAY R, BERE R . BEe%

bC, EEERAAER TS & . mIl R BRI 45 R W3R 2-5. HHEE 2-5 AT A, & mimae s b — 3Lt 18 Pl s R, &
8 Pl TR EEBAN 10 FRIELFEAEMR . WU FEER DRI 332~2 172 mg/L, LR ERSEHx &SRS HIS, A2 172

mg/L; AR HI5 N 332 mg/L. B h R & B2 S B AE 458~2269 mg/L, 75k E L lg s B A e f 2 BE il HIS, o4 2269 mg/L,

AR FE M HIS, 4458 mg/L. ZHGEREERNMETR . wE R mad R RNEARAGREAR S0 HE IR, NS, il

HE R AR A RO FEEROES . BNPHAER AR 1 110~4 924 mg/L, 252 50 0 5 i = 1R

WaE, Bt SRS R

FD

HJ8, N 4 924

KNRIR N E IR & R,

I

myﬁ%ﬁ%%ﬁ%HH?MJMmMM@ﬁﬁﬁgﬁﬁiﬁﬁﬁ,h*%ﬂ M DR R,
X5 B e SR TS RAH L

17
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2.43 HEBBLIERNELSER

* 2-6 FEITFE S IERALFE R E 45

Table2-6 Determination results of physical and chemical indexes of Huangjiu samples

AL e bR HJ1 HJ2 HJ3 HJ4 HJ5 HJ6 HJ7 HJ8 HJ19 HJI0 HJI1  HJ12  HJI3 HJI4 HIJI5 HI6

E‘Eﬁ? 5.740.2 6.3+0 6.9+0.3 5.2+04 7.2+0.3 5.1+0 5.8+0 8.2+0.3 5.8+0.3 3.6£0.3 5.8+04 4.0+0.3 3.6+0.3 4.8+0.3 6.6£0.3 5.5+0.5

E‘*}% 20.2+1.5 23.0+0.7 21.6+0.8 14.5+1.3 23.9+1.4 38.6+0.7 44.0+1.7 16.2+0.8 25.9+0.7 34.4+0.9 16.8+0.8 28.3+0.8 25.5+0.8 25.9+0.8 19.2+0.7 20.0+0.9

?@5{% 14.3+0.3 14.2+0.2 15.0+0.7 14.2+0.3 12.6+0.2 10.3£t1 9.5+0.2 13.4+0.4 11.3+0.2 10.2+0.3 13.4+0.3 10.1+0.3 10.7£0.2 11.7£0.2 15.1+0.3 15.24+0.3

AR BERNER AN F& B HH (P R A 0, (B2 AR B SR, XS e R A B AR A . SRR R R . SRR
ME &5 R WK 2-6. HEK 2-6 ATH1, WP RS & 3.6~82¢/L, fF&TAE GB/T 13662—2018 () Frift (FEKIEW 3.0~7.5
g/L, AEREKHENG 3.0~10.0 g/L). WIS E 14.5-44.0 g/L. {FEM HI4 SRS & 14.5 g/L MR TR Wb e, A0 HI7 B &E
44.0 g/L W&EE TR AR e, HABIFT &2 TR GB/T 13662—2018 () ArviE (15.1~40.0 g/L). k& E 9.5~15.1g/L, Ef
RSN 12.0~19% vol, AT A GB/T 13662—2018 (FiE) FrfE (>8.0 %vol).
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% FET GC/HPLC A A5 R 52 AT o 7

244 EEEWRESH

TR v AR 0 5 &5 SR DL 2-1. F I 2-1 AT, B S HIL AT HIS e R
i, FON 405 JLUGRIES HI2 BUERIE DN 36: FEdh HI3 F1 HI4 KRR Y 34, FEd
HI8. HI11. HI15 A1 HI16 M WRIE Y 325 FEfh HI9 I RAE Y 24; 5 HI10 R8Ik
B9 205 FE&0 HI6. HIL3 HIER{EDY 18 Afdh HI12. HI14 BER{E N 16; #dh HI7
IR R AIC, D 14 A s R(l <25 BOBAES A 7 Fidi 44%, SBR{E >30 I 3H
FESH 9P, 5 56%. 28 S VF AT LUK I B v WA AH 28 PR AN B AL ZE PP AR i 2 A
EVEER, WS WRELZSIEAE T 8~34 NE, EIREMT 8 AU IEILIERHEA
AR, FUEERER, PEAEAAR. SRERT 34 FBTEHEHRE, LG
L2 A ARG o BRI 10 R 25 S R E T R % 2H B A A [ T 5 RS, s R
FOHOBRE i PR PE S AR S BRACFE AR 5 R I AR G, AT A5 DA BE o, J50RL
ZH PR R P T2 SR Hh) B0 e I o R v 5 2L PSR 20 PR 7 R 1521, AR AL B0 o R R T

i
o]
l d
‘ ‘ |
f
< [N ]
= = =
= z Oz

P 2-1 SR it B0 TR L0 . 45 2R
Fig. 2-1 Determination results of bitterness values of Huangjiu samples

e ANFEVNG FREOR BAT B2 T2 7 (p<<0.05).

50

ELNE

HJ1
HJ2
HJ3
HJ5
HJ6
HJ7
HJS8
HJ9

HI12 =
HJ13 Ha
Hy14 [ -

HJ15
HJ16
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LB N /T = 2 DATSS

245 HEPELMERS . RERIMIBUIERSEREHRXEERD

PO R LR SRR S A B AR S e R AR DGV A T 5 SR LI 2-2. R 2-
2 TR, WA FIKEE (R=0.808). 7 T IE (R=0.642). IEAEE (R=0.623) thiZ3%1EAH
Ry IR R (R R PR A SR — B2 22267, e A A R R, BT REA
R I R, IE A A BT SR AR, AR SRR R, R I R R
N 6.5mg/L, ST EEMTTRBIMEN 75 mg/L, 1EAEER TR BIE N 800 mg/LBY, [&IEH
BEAh, S E A S T R AE SR R A e B, IR R R R, HR R
IR, IR BRI P AT R 5 L ERERAAE B IS, X B DTk ik

FLBRLBE (R=0.771) YEN—FhEEWIR, REWWEEETRLS, HARLEES =
oL AU ) ) A AR O 7 AR B R R VR, R LR R AT T AL R S R
(121~549 mg/L) H L 7 B ST RBIE (70 mg/L)®0, By DLAHAE R & 1 [ th 277
A —TE IR R

PO PR IR R IR 44%, SRR — e R R R 320, 3
HEl o E IR 5 R 299 IEA S, SFREIR (R=0.464). SIEMR (R=0.414). JHE
fR2(R=0.376). sT&AIR (R=0.321). FE M (R=0.296). ARNEIR (R=0.246)5 17 HRE %
B2, HAZEERR 5 S WA NS OG, R H &R (R=—0.536)1FE R —FhR Ik E
FEIR 5 R B R E ARG TR B B R Y, HAR RS TR I
Hh B G A S I BRI 5 R TE AR DG, B T 5 T R AL R RS LA I,
G TR PR () S IR T I B P AR B S A R RS . X SRR PR T
SO R R S v A PR Y R

HEAh, MR (R=0.641) 5Tk 2R3 IEMDE, SHERAa (EER; B (R=
—0.735) 5 EPE IR AR UG, TR B AR R, B — A G A
H B0, TR S Rk R R RE R HE T EORVE A . IR b R B R S IR AR O
(R=0.850), Tfii FLIRSVR BE By, W IRERGRZY, 1X 5 CHENT 453Uy i B kG 22 7 AL 5
ZURE RS A — 3
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=t = == = = g
o - = =T B H
i = s s S S o
g
arE
aal
-
asf
e
azk
||||||||||||||||||||||||||||||
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Fig. 2-2 Correlation analysis results between volatile components, amino acids and physical
and chemical indexes in Huangjiu samples and bitterness value
e o RORMR E A R(P<0.01); R EFE R (P<0.05); Lhrid R R MEA
EP>0.05)

2.4.6 /N _FSELVATIIREZ T

AN LSRR it R A R Ry B SR A TR b 5 T R ABAR S (e /N Rk 1)
MM WL 2-3, PLSR AT 3k — B IAIF Pearson Ik 23T (4 5 ok 2 750k 5 0 =2
By Z B AT SEE . ASIIE s A X TAR &, ¥ URM(E Y Y Wi AR & /T PLSR 7
M, PEEUASFERAY, TR 1 MERE T 31%0 X T2 T3%M Y T2, ER 2 kT
31%M) X TT 2 R T 16%H Y 72, I ERr MR T 62%H) X J7 2 89%H) Y 7
Zo B 2-3 WAL AT 2 MR RN B ils B . e e, T . OEIEE. A
W LA KR (R SE BRI RE IR IF 4 PLSR BEAYfRRE, WIkGRE. SREE. 5T,
TETNEE. PR O W55 5 WRAE I B, RAMICTEEE S SR 8 R 5 v R
BRI, R RFEER . X 5 A2 R F 7 o v 0 EL 7 R 21 L R O A e 78 T IR O
FERISE AR o SE R T AUARIE, X PLSR 57 8 77 22 5k B35, BEAR S A AR S5 1k
o PO R A AR
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Correlation Loadings (X and Y)

2 0.5
s 0 X
o~ gly
%_ °
0.5
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E&EL (31%, 73%)
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2-3 BERE A PR R R Y BB IR S AR AR DR AR B S i £/ 3
V2181 A 73 A T ]
Fig. 2-3 Loadings diagram of PLSR analysis correlation between volatile components,

amino acids and physical and chemical indexes in Huangjiu samples and bitterness value

Scores

16%)

R&E2 (31%,

8 -7 6 5 -4 -3 2 -1 0 1 2 3 4 5 6 7 8
HZ1 (31% 73%)

B 0STHKRE<20 @ 20<HEHHK{E<30 A 30<EKME=<40

2-4 FEIFE S IR R PERCS  EIEER S AR bR S R A AR S e A —3fe
I ENA 5 AR o B
Fig. 2-4 Score plot of PLSR analysis correlation between volatile components, amino
acids and physical and chemical indexes in Huangjiu samples and bitterness value
ARV SRR S A R a3 BRI S BRAL T b 5 v ARAEL A S D e /N — 3 i (R
TR B 2-4. BE] 2-4 w0, BEAEERMERIIGOR, R 1 B EM E R 2
1970 H L IB WG KRS, AR ORE R B RE U B X 7 k. BT REA VA E 95%
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8 FET GC/HPLC A A 57 R 1 52 ff BT 2 115 7 1ok

MIEEXIE N, JoiH A, RV R 55 R N5 R 7 B4l R 5 1
247 EBERERR /D ZTERITUNEE AIIE

NT 5 B T S R R Y BRI S B AR AR S R AE AR O, H 16
PRI BRE i o AL B 2-7 A R I Ly BRI AR AR AR (X0 ~X30) 14T PLSR
BEYEGAIE, FFAF 30 S URAE (V) TR AL [ H 7 2 40 R« ¥=0.037 3X1+0.033 0X2+0.110
4X3-0.000 2X4+0.121 6X5+0.156 5X6+0.147 7X7+0.071 7X5+0.060 2Xo+0.149 9X10-0.034 5X1;-
0.013 3X12-0.018 5X13-0.097 6X14-0.009 1X15+0.060 3X16-0.043 4X17-0.033 6X15+0.040 1.X7o-
0.020 2X20+0.047 2X21-0.018 9X22-0.034 3X3+0.020 2X24+0.023 9X25+0.007 8X26-0.003 4.X27-
0.010 5X28+0.102 3X29-0.138 5X30-0.032 2, Mg ALY [ H LRI E (RN 0.62, HAF
BEUAERY)A 0.883, TMILA K FE(Q%um)=0.783>0.6, 15 B BILA 2R 4 H T
45 R R A2 o 4 53 S AT 370 SE AN RN A BAT AR M I 3 4 i HI 17, HI 18,
HI19. HI20 fF FHBAYHEATIRAE, 49 2 T e B AN PP 8 S R 20 0 W3R 2-7. B 2-7
AT, RS HI17 B0 RAE A 32.0, VPE BRAA 30, fRZE% 6.6%; FF i HI18 1
RUTRI F ORAE Y 21.5, VA€ 77 WRAE 24, 1 22 32 10.3%; i HI19 1588 FU R 18 R 28.0,
PEEERE 30, MZER 6.6%: Fin HI20 BRI IS RE Y 27.5, PHEEWE 26, 1
FEH5.8%, WAIMZERFLIT 10%. 45 RFRW], P R (8 TS 2 i P B AE A, BEIX
) PG AR AR BB VT EERF 2R 1 89.7%

27 ¥ERMERR Y BRI S ERAL i b T T b 2 R A AR B ORI
Table 2-7 Validation of prediction model for bitterness value of Huangjiu samples with

volatile components, amino acids and physical and chemical indexes

D%ix HJ17 HJ18 HJ19 HJ20

HEE (X)) mg/L 30+4 1342 0+0 3246
L (X2) mg/L 86+9 64+12 110+12 83+14
IEPIEE (X3) mg/L 66+5 46+8 56+8 58+10
LR OTE (Xa) mg/L 67+10 37+4 5849 5949
T (Xs) mg/L 11449 71£10 103+11 9549
SR (Xs) mg/L 175411 144421 198+18 198+15
AR LS (X7) mg/L 536+13 215+12 278+12 365+17
T (X3 mg/L 525420 416+8 516+16 289+12
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R 2-7 R

Table 2-7 Validation of prediction model for bitterness value of Huangjiu samples with

IR S FRALFE AR I B A ot R AR AR AL AR IE (52D

volatile components, amino acids and physical and chemical indexes (Cont)

D%ix HI17 HJ18 HJ19 HJ20
BB (Xo) mg/L 96+14 91+7 13611 132+11
HRs (X100 g/L 13.6+0.3 10.840.2 12.6+0.3 11.940.3
Asp (Xi1) mg/L 155+12 148+11 276+18 10311
Glu (X12) mg/L 206+15 168+11 210+10 237+12
Ser (Xi3) mg/L 78+9 969 83+6 86+9
Gly (X14) mg/L 95+14 63+13 10111 68+10
His (Xis) mg/L 132+8 68+12 101+16 13719
Arg (Xi6) mg/L 375+10 207+11 342+19 322420
Thr (Xi7) mg/L 187+10 103+10 202+19 187+11
Ala (Xi3) mg/L 306+8 127+13 338+16 320+14
Pro (X19) mg/L 32349 1648 521411 13311
Tyr (X2) mg/L 13112 76+9 179+18 116+9
Val (X21) mg/L 227+12 12112 234422 189+12
Met (X»2) mg/L 30+6 24+4 41+7 46+10
Cys (X23) mg/L 2745 2545 2845 34£12
Ile (X>4) mg/L 139+12 5247 15311 133+19
Leu (X2s) mg/L 234+10 10811 284+10 265+18
Phe (X2) mg/L 197+22 8846 23112 202+18
Trp (X27) mg/L 38+5 36+5 4748 76£10
Lys (Xas) mg/L 189+9 7910 23112 111£12
MR (X)) g/L 6.3+0.3 5.8+0.3 6.3+0.4 5.7+0.2
SPE (Xa0) g/L 38.3+0.9 32.1£1.6 38.1x1.4 35+0.8
1ESVRIEN 32.00 21.55 28.01 27.52
PR A 3042 2442 30+3 2642
MZEZE % 6.6 10.3 6.6 5.8
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8 FET GC/HPLC A A 57 R 1 52 ff BT 2 115 7 1ok

2.5 REINE

ARG TE T HOERE T R RV SRR S EAL TR AR R 98 R, Pearson
FHOCPE T4 AR, B WA S HE R E Y R Al kG . el 5 T . IE N EEAN
FLIR O TR 5 A R M F1(R=0.623~0.808), S RZ LR W ZIR . WARK. RaR. 7
TR AR RN ERS AR (R=0.246~0.464), Hin@ I NI, HE
Sl H R (R=—0.536) 2 .3 FUAHOG, TI9AH 5 v R AE S 1 5 = (R=0.850) L FR X H7 IR
R BEAF FH(R=0.649), &R 2 A B B AMH1FE I (R=—0.735). PLSR BLAYSGIE [ 35 IR (E
SHERMERLSY « AR RBRACTRARI ¢ &, AN RIS R AR AR 200 T DL BH 52 AR A5 20 [X 43I,
VPG T AL U A 2R [ TN A, o SRV P R R B VT R HER 1 89.7%. WAL
SR I R e R T LAod I AR S R M Ry . R R S BB AR ELE R, X
BRI e AR 1R S AL T — b A U B AR T
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= BREEERI BAT? F1 THI3/BAT? EFH Gk )88
A
3.1 518

R, MAONREE, RBRUCRH KRB RERHER XSRS, X
B E i BAVRR R 235 R0 o I8 ) = R 2 (AP R R R SRR, 0,
WA Hm RS R i, AU G R 5 7 A« Bk i s 2B,
2 S 5 R PG 2% IV 114 7 R A R e e 16- 70

CABRIE % EE (Saccharomyces cerevisiae) itk XF1 55K XFla7/XFla6 1 THI3
FFG S XF1-T B354 XF1a7-T/XFla6-T 5 UG K Cre/loxP 75 5 4H 2 4585 861
9 SR SR L B LR BAT2 SR B XF1-B Fl THI3/BAT?2 [FIR k2K 55 40 B XF1-
B. 7B E GG XF1 FEAE XF1-B. XF1-TB BT 8 1 K BEM TR IEE , B BAT2
FE[R G THI3IBAT2 [R5 R 6F 351 v iy 0 M AR PRS2 o LSO D 8 ) R 4
RES%,

3.2 SKEMRFILER IR &

3.2.1 SEEGH#R

ASHIE T S P BT B AR SR B A 51 T 3R 341,
R 3-1 AR S A TE PR A R

Table3—1 Strains and plasmids used in this study.

B PR BB R FHIE DS
XF1 TV PG P B A AR BT AR
XFa7 MATa, LMV R R F 54 1 B ok ARG =
XFla6 MATa, TV BRI RE SRR R R AR

XFla7-BK MATa ABAT?2:: loxP-kanMX-loxP, haploid yeast strain PN

XF1a6-BK MATa ABAT?2:: loxP-kanMX-loxP, haploid yeast strain A
XFla7-B MATa ABAT2:: loxP, haploid yeast strain A
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R 3-1 ARG (£2)

Table 3-1 Strains and plasmids used in this study (Cont)

R R RE REAIE KU
XF1la6-B MATa ABAT2:: loxP, haploid yeast strain NG
XF1-B ABAT2:: loxP, diploid yeast strain NG
XFla7-T MATa ATHI3:: loxP, haploid yeast strain ARELE =
XF1a6-T MATa ATHI3:: loxP, haploid yeast strain ARELI =

MATaATHI3:: loxPABAT?:: loxP-kanMX-loxP, haploid yeast
XF1a7-TBK NG
strain

MATaATHI3:: loxPABAT?:: loxP-kanMX-loxP, haploid yeast

XF1a6-TBK _ AT
strain
XF1a7-TB MATaATHI3:: loxPABAT?2:: loxP, haploid yeast strain PN
XF1a6-TB MAToATHI3:: loxPABAT?:: loxP, haploid yeast strain N
XF1-TB ATHI3:: loxPABAT?2:: loxP, diploid yeast strain NG
pUG6 AT kanMX PUPEREE, & Amp $itE, 1834 DHSa ASLEG =

PSH65 Cre BEAMRIABAL, #EHT zeocin PTMEIEA, 15 TN DHSa ARSI =

AW FEHE S F0 T3 3-2 th. BRIAEERE (S288¢) BAT2 3K 47 51| A NCBI
(F%)5: NC-001144.5) 345, KM snapgene ¥ it514, | L EY TREEASR
PR 2 F) 5
R 32 ARSLIAE ISP

Table 3-2 Primers used in this study

Feol (5'—37)°

514
R R LA 3 51
BAT2-F1 CCCTCTCTGACACCTCTTG
BAT2-R1 AAACTCGTGGAGATGCT
BAT2-F2 TACTGCTGCGATTGTTT
BAT2-R2 GGATAATTGCAGGTTTCGAC
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® 32 ALWATHMGIY (8
Table 3-2 Primers used in this study (Cont)

FFol (5'— 3" ®

514
R A
TAAGGGAAAGCATCTCCACGAGTTTTCGTACGCTGCAGG
loxP-F
TC
ATGGGAGAAACAATCGCAGCAGTAGCGTTGGCCGATTCA
loxP-R
T
UAnRE1E
BAT2-A CTGTGACCGCACTACAC
BAT2-D CGACATTACGGAAACGTCT
B-M TTCCGTCAGTTTAGTC
M-B GATGAGATGGTCAGACTAAACTG
MAT-a ACTCCACTTCAAGTAAGAGTTTG
MAT-« GCACGGAATATGGGACTACTTCG
MAT-F AGTCACATCAAGATCGTTTATGG

v NRIZLEH S A T RS PCR I E S T4
AW ST AT A A, a0k 3-3 Firos.
% 3-3 FER

Table 3-3 Main reagent

L WHIEZp S GV

HAMR el ARSI R A PR 2 ]
BRI el AR AR AT PR 22
BAR A I Hral ARSI EI R A PR 2 7]
kL el TR T A RRAR 22 1 A e
AL I Hral R R
AL srifrat R KR AR

LA I Hral R R
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*3-3 BEBUH (82
Table 3-3 Main reagent (Cont)

ES RN A% CVRI I
Zeocin FiAER AR Invitrogen 7\ )
ANEER Sl By T AR B AR A
DTT el REETT KA 51k )
Tris-HCI Sl PN PN X A= il
1l B4 e TREETT R A AR
S G4l PN NG X A= il
G418 Pk & Srtral AL R A R A IR AR 2 7]
S Gyt al PN NG X A= il
PrimeSTAR Max 4 /i A=A FAMLE CRIE) AIRAH
DNA marker AL FAYTE CRiE) FRAH
it BR A Srtral TREE T B0 AL AR A PR 2 7]
178 A TR P Gyt al REE T BOZ A XA PR 2 7]
AL Syl TR T B0 AL AR A PR 2 7]
HhRET Iy hrat By TR (i) A R 2 F]
L ok al B T 3R (B3 A PR A A
S LT il DT R 25 BR AL 22170 A BR 2 7]
5T ik at T R WA AR A BR A
TR i al DT R 25 BR AL 22170 A BR 2 7]
R ok al B T 3R (B3 A PR A A
LI T e il By TR (i) A R 2 F]
M ikl By T AR (i) A B 2 ]
FakE (EREAZY By T AR ) A BR A ]
IR ikl By T AR (i) A B 2 ]
S HUR A (EREAZY By T AR ) A BR A ]
P i ikl BT TR (i) B BR A A
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332 &R

* 3-4 FEALBWL

Table 3-4 Main experimental instruments

D& EA S RS A7
s TIER VL-4S HENHARAR
RRIK QHZ-98A XA T AR 1k S 6 B 4% R A )
el & L AL TGL-18C b = RAAR)
s B AR DAL 5804R 18 5 Eppendorf /A 7]
ZAwiev,ri-Ans UV-2700 H A By ]
H B A 25 CanNeed-MB-800 e PR SRS BR A ]
AR TR A SHH-250 L R K AR LI AE
HL AN X TR AR CS101-3E BN H R T KA SEBRAAS )
A E BENL AS20500A TR B TR B A IR A #]
e 4% =X H g A GL01-05 Hh L T AR PR A
i & RO L TGL-18C bR
LR BSA124S i 5] 28 2 ) 17 4 4]
K GI80 B (I AUEAIRA A
HLIKAY EPS300 Tanon
PCR {X TC1000-S KA B SEER AR (AL O B 24 7]
B AR 7 R4t Gel Doc2000 Bio-Rad
TR WZS 80 P A R IR A #R 1A #AT PR 7]
i TAES VL-4S HENSERAA
EFN QHZ-98A XA T MR 1k S 6 R 45 A PR A )
SRS GC8100 i B A AT IR ]

323 FEIEFE

(1) EERERE R (YPD): AN 20 g/L, BERHEEUR 10 g/L, Hi%&ikE 20 /L,
REEFRIE NN 20 g/L IEEAREEE#, 121°CrE KB 20 min.
(2) g FREE (LB): EAM 1%, &AL 1%, BERHEE) 0.5%, 121°CE LK
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20 min, [EAREEFREFLIN 2% AR B NER, 121°CH K K# 20 min.

(3) FFMEFHFHFREE (YPG): HEFR 2%, FAWE 2%, BEEHEH) 1%, 121°C
e & K 20 min.

(4) McClary F=fis5723E: #i&HE 0.1%, S 0.18%, /K LR 0.82%, #
REFEHURY 0.25%, Biflg 2%, 121°CE K K 20 min.

3.3 LI FIE
3.3.1 EfREHMZE

LL pUG6 RN, 514 loxP-F/loxP-R #4T PCR #73, 3R W5 52 RERE A
IR KanMX HUrERR 7 Bi(1736 bp)s DASREUFIEEREELRIZ DNA fit, F 514
BAT2-F1/ BAT2-R1 HI BAT2-F2/BAT2-R2 437l PCR ¥4 th [FJ&E BU(290 bp)H! BD(361
bp), PCR %14 94 °CHiAZ M 2 min, 98°CAZ1E 10s, 55°CiBK 55, 72°CILfii 40, 72°C
J& SEAH 1 min, 25 ¥R, FIFH KanMX K iy 5 95 [R50 (1) 25 S e 5 3047 il & PCR &
FERY BAT2 FE R EH & 4144 BU-loxp- KanMX-loxp-BD (2338 bp), Flié PCR 4444 94 °C
AR M 2 min, 98 °CZEME 10s, 60 °CIBK 55, 72°CIEfH 1 min, 72°C/5 4Ef#H 3 min, 35
. HEF bR AR B 3-1 s .

RSB —— e @ Kavx -~ mEBD ————

><oxp lo;q><

BERFEELH — FE [ BAT2 EE———

MEFEEER — sE @ Kamx < HED ———

loxp l loxp

W ERE —— EBw t—‘—! AEE) ————————————

loxp

3-1 BAT2 [N Fsi B3 i &

Fig. 3-1 BAT2 gene knockout process

3.3.2 ERVEBEEHREL

G AR TR il o 2H A 5 N R R R TP % B4 B XF1a7/XF1a6 A XFla7-T/ XFla6-
T, 110.1-0.2 pg 2ifbEeFR2HF DNA BRSS9, mEik (1.5KV. 200Q. 25mF [
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A H T Sms) &, 30°C/KEG, BB AL FIRA S 100 pg/mL G418 HiAE R YPD F
W %55 .

3.3.3 PRI F ik

PREAK A I FEVE R 7% T 50 pL JToBE /K s s, SLEI-20°C¥ ¥ 10 min, MK
HURRVR JE B 1 pL VENASERR, AR I3 (98 IE 51 %) BAT2-A BAT2-D #4774 PCR
e E SO, BEYA PCR Z51F8 94 °CTRAZME 10 min, 94 °CAEE 10s, 55°CIBK 205,
72 °CHEfH 1 min, 72 °CJ54EAH 5 min, 35 fHFF.

3.3.4 fmiktric KBR

FIFH ALK 7 A Cre B4 B LRI 1K) pSHOS S KL T N BAT2 5 [RIR AR [1) B4 PR %
BRIl XF1a7-BK/XF1a6-BK 1 XF1a7-TBK/XF1a6-TBK, 45T 200 pg/mL zeocin $T
TR E3ESR 3 K, BREXPRTEBLE YPG MRS FREIELEREFR 10 h DL B, DURA &2
% PRI B TR 2 FLBE 5 5 R pSH6S 724 Cre FAE, I Cre HAAREIRR loxP 13 s [H]
WL, AR5 AT T & G418 PRI A G418 T L, ik ARELE G418 HiE =T
WRAKTTREAEANE G418 P 3Pk EAK BB AT PCR KiilE, PCR A IRY %A+
LW PCR — 2.

3.3.5 pSH65 RHIEL

WPt 25 B B EAEARESFE 15 WAL, B 200 pg/mL zeocin 4 & Ak
1%k pSH65 Jiiki 2. TLhitEAric i E A BRI XFa7-B/XFa6-B 1 XFa7-TB/XFa6-TB.

3.3.6 MEirehE

B L PUERRIC I AT AR RE B R XF1a7-B/XF1a6-B Al XF1a7-TB/XF1a6-TB #%-HX
100 pL #F0 54 3 mL YPD HIE HREIKR %5577 8 h, I 10 puL BEVRFZE 0 N
AN S TEA KA NEAL Y R % BERD & B UM RER AT T YPD PR 30 °CEI B RE 7% 2 d,
PRI B P AL EE, I 4 HORA IR B V& AT P R SR IR UE US4 XF1-B A1 XF1-TB,
F1 514 MAT-F/MAT-o/MAT-al$1 3 17 14 7% PCR 3&1IE .
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3.3.7 HiBAES

DU TH, A SIS RIS KB . BRI KN 1.6 AR I K 38 3,
FTHIE N 0.1~0.3%I0 /= I e 43 B 95 °CBEME 20 min HEATIRAL, FHIMARK TR 10%
22 10%A48 4008 L 250%7K « 0.25% 1 PE 8 R 0.25% XUk H FBEAT 0.1~0.3% (v/v)
WAL BEIEATEAL, 26F9: 50 °CHELL 4 hy 65 °CHELL 1 he IR EA G K. ¥z
BEREHEFPE] 10 mL RIRH14 BE KRR, 30 °CREIKIGFE 24 h 5, HU 1 mL R
PR S0 mL B AR, 30 CREFRIEFR 16h, 32Rh 5. B 100 mL 2370 A& R
A 3% (viv) MERFRE A5 30 °CAE 7 do

3.3.8 & {cphzk

K S ARSI v, BURHIBE R 1 26, 323 10 mL YPD AR 7236,
30 °C, 180 r /min 5537 12 ho HPL 1%EMEEEZE 50 mL YPD JRAAR: IR I 4k 2215 5%,
5% 2 h M5E 600 nm AL FIROGAE .

3.3.9 RLMEBRINE
W7 2.3.3.
3.3.10 SHREZRINE
W% 2.3.1.
3.3.11 FEERHINE
W% 2.3.2.
3.3.12 EREEE
Wik 2.3.4.
3.3.13 GeitBURES R

W 237,
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3.4 ER5V1L
3.4.1 BFSLEHRIMESIE

WR4E 3.3.1 M7 iR M e bR LA, DASRH )% B (K 2 DNA AR, FH 514 BAT2-
F1/BAT2-R1 F BAT2-F2/BAT2-R2 437)] PCR ¥ # Hi [A]J5 & BU #1 BD ; LA pUG6 Jiiki Ny
BEAR, FH 514 1oxP-F/loxP-R 438t loxP-kanMX-loxP, %5 R40F 3-2 fizr, 2 [FVEE BU
(290 bp) HIFIA [FJEE BD (361 bp) MFLPEIRIL loxP-kanMX-loxP(1736bp) i it fik Al
PCR 4%, 193] BAT2 J:Hm 404 BU-loxP-kanMX-loxP-BD (2338 bp).

A ! ; M1 2
bp
bp
2000 5000
3000
1000 2000
. 1500
e 1000
- 750
500
(a)M-2000 bp DNA Marker (b) M-5000 bp DNA Marker
1-75 [ BU (290 bp) 1-loxP-kanMX-loxP(1736bp)
2-45 [AJ5# BD (361 bp) 2-BAT2 BER 2044 (2338 bp)

3-2 mibRAFR PCR KIE

Fig. 3-2 PCR verification of disruption cassette
3.42 EREEFEWESIIE

R4 3.3.2 F 5 iim it A5 S A LR RE XF1a7/XFla6 fl XFla7-T/XFla6-T, #RJ5
PP B V5 AT PCR BRAIE, &5 Rl 3-3 fizr (B XF1a7-TBK. XF1a6-TBK 7<),
FHAFE PR 2600 bp, JFIAFE N 1692 bp, PCR WAF4H MBS —8, MIN3KE BAT2
HI THI3/BAT2 Rk 2k B AH BE R R
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M 1 2 3 4

bp
5000
3000
2000
1500

1000
750

300

250
100

M-5000 bp DNA Marker; 1-EZH ik XF1a7-TBK (2600 bp) ; 2-E 4 #k XF1a6-TBK
(2600 bp) ; 3-JEIAE K XFla7 (1692bp) ; 4-JFIAFE #k XFla6 (1692 bp)
] 3-3 J5i 4 TR AR RN 2 2H B AR 1) PCR 560

Fig. 3-3 PCR verification of original and recombinant strains

3.4.3 KanMX P iFiEfRid

bp
5000
3000
2000
1500

1000
750

500

M-5000 bp DNA Marker; 1-XF1a7-TBK (5|4 BAT2-A/BAT2-D) ; 2-XFla7-TB
(51%) BAT2-A/BAT2-D) ; 3-XF1a7-TB (5|%#) BAT2-A/B-M) ; 4-XF1a7-TB (5|4 M-
B/BAT2-D)
3-4 FHEAHAFE XF1a7-TB KIPiPE L BRIAE
Fig. 3-4 Resistant removal verification of strains XF1a7-TB
RYE 3.3.4 IR EAR T FRFE, AR BRI R HE A 1w 13T PCR SHIE,
IGUESE R AanE 3-4 Fror (LA XF1a7-TB A1) . UL BAT2-A F1 BAT2-D fE NG, KEFR
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