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Table 1 Basic physicochemical parameters of fermentation samples

# 5 B A /% B AElge 1 &R Ay L % /g1
SSF12 12.03 £0.12 3.50 + 0.41 147 £0.11 6.22+0.17
NGF6 1131031 4.02 050 2.02+022 7.08 £0.15
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Table 2 The content and aroma description of aroma components in different fermentation samples

RI BVl SSF12/pg- L™ NGF6/pg- 1 HARR
BB 44.85 + 4.63 97.18 +7.47
692  TE: 14.56  1.75 45.98 +2.20 F ok, FRA
909  FIRBE: 0.62 +0.21 1.09 + 0.54 Rk, Mok
1393 @ 1546 £ 1.73 18.48 £ 1.35 F Rk
2039  ARFES 9.51+0.25 1032+ 1.17 3 ik T A
970  2,3-T = 1.83 +0.50 16.46 + 1.58 3 ik A
1284 2-F@A 2.87+0.19 4.85 +0.65 3Bk, kR
RS 18334.41 + 135838 14 549.15 £ 914.51

811 TRV B 3.08 = 0.65 5.64 +1.94 KRk, 5 Ak
871 LB T B 2 174.65 + 163.35 182246 +95.34  #4& RA&

949  FWEA LB 20.89 = 1.77 16.34 + 4.25 Aok, ERA
956  J*TERTE 7.63+1.10 3.20£0.23 KRk, F R
966 T By 3.93+0.28 3.16 £0.24 Kok | 7F Kok ek
1008 ZEFTE 62.74 + 1.34 12.79 +2.67 ik R A
1029 T8 LA 115.91 +11.53 104.07 + 5.57 Rk, Ak
1116 B F % 548.63 +9.37 354.67 £39.04  KEwk, Hek
1129 S8 LB 0.11£0.11 0.00 + 0.00 A ok, ek
1161  2-T ¥dk T Bg 3.17 £ 0.84 2.28 +0.43 B Rok  dek KRk
1169  #B: = LB W (= W kst ik ) By 1.31+0.05 1.43 +0.12 -
1229 B8R B 1453.52 +99.77 97299 +89.34 KRk, FERFE
1269 T #: T B 150.20 + 2.96 11.02 +1.23 KRk, Aok
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RI R SSF12/ug- L™ NGF6/ug- L AR
1275 5~-5-% Bk LBy 1.77 +0.44 0.46 + 0.04 -
1330 JRBR LB 17.40  1.10 13.35 + 1.27 Rk |k
1337  5L#: L85 27.99 + 2.44 55.44 + 8.40 R4, Lk
1370 T B BB 5.24 +0.41 12.18 +1.19 B, A
1386 @k ¥ Es 11.51 +4.62 8.62 +0.89 R A ok
1431 ¥ T 6477.34 + 417.76 4.824.07 +313.75 KREEF,EHF
1455 SR B 20.86 +2.17 11.96 +2.88 vk
1472 T ¥y 5.64 +0.07 8.32+0.11 RA& H
1482  7-F@ LB 5.83£0.25 5.28 +1.05 A G
1537 2-% K —4-F L KB T8y 26.02 + 1.58 2.96 +0.78 KR A A
1591 @ 7 By 10.50 + 1.73 9.01 +0.45 R A ek, 2k
1635 KBTE 4337.94 +432.15 444894 £220.11 K FEwk, #ek
1654 @RS 70.86 + 3.05 64.22 +2.90 Hok
1671 TZ=M=7TH8 44.62 +6.53 61.41 +3.86 R Aok, Bk, BB A
1686  9—% M B L By 458.99 + 89.34 27470+ 14.88  RA&, L EH
1735 +—8 s 1.32 +0.26 3.70 £ 0.27 A A RA
1815 Z Bk TEs 1114.39 +9.53 62.19 +3.84 A R
1838 A Arsk s 667.58 + 41.44 797.95 + 62.64 R A&, A&
1857  ABiFSBE 49.33 £5.38 68.90 + 6.56 Hrok
1862  2,2,4-=ZF 4 -1,3-/% =B &7 T 64 B 3.35+0.84 2.88 +0.95 -
1882 3-#LFETE 18.09 + 1.28 10.33 + 1.55 -
1896  #3h Bk F KB OBy 14.30 +3.51 13.70 £ 3.71 -
2047 +wk CEs 59.65 +2.02 102.57 + 2.66 Mok e 2ok
2004 3-%E+ =@ B 17.48 + 1.04 19.79 + 0.89 -
2111 13-F &+ wak s 4.86 +0.62 5.52+0.17 -
2146 +EZBRTE 7.30 + 0.84 12.19 +3.02 -
2206 £ CE 3.52+0.34 4.92 +0.78 FE AR
2248  +oxB: LA 248.45 + 25.60 287.64 = 7.60 R4 Bs ok | B Mook
2277 9-t+ AW T B 50.80 + 7.85 31.96 +5.20 -
2284 2-HA-3-X AL CHE 3.01 £0.25 1135+ 1.05 HF ok | AR
2384 T E:E LAY 2.70 £ 0.82 2.59 + 0.66 Hhr b2 A
Bk 8 036.40 + 783.26 6595.23 +249.17
1026 EFHE 146.77 +9.21 117.53 +7.50 KRk, B Hek
1084 FTH 872.51 + 34.82 757.75 + 65.48 BE A | B Aok
1136 ETHE 8.11+1.88 10.19 + 2.54 ek, B Mok
1200 S+ /%B% 5242.04 +513.47 4165770 £69.14  E&4=vk, Rk
1305 FTB 4.52 +0.46 3.80 +0.30 A F,FE%
1344 ETE 339.50 + 20.90 358.17 £36.67  KERE,EAF
1529 2,3-T =& 26.63 +0.95 25.86 +3.24 KRk, F bk
1872 X WE 28.80 +2.75 33.21+5.70 MR Hek
1907 ¥ 1367.52 + 198.82 1123.02+58.60 K&, #F
Bk 4741.61 £274.15 497591 + 107.67
1457 T 4.31+0.10 8.18 + 1.56 Biok | F ARk
1567 Tk 12.48 +1.27 36.22 +4.82 F ok, g oA
1840 T 264.60 + 96.43 217.89 £ 11.13 Rk, F 3ok B Mok
2056  Fik 3160.12 £ 55.68 3502.51 £74.85 R EAEA A%
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RI Iy SSF12/pg- L NGF6/pg- L X
2158 I 27.78 + 2.81 28.46 +3.26 T ok, T A
2263 EAHK 1 185.89 + 106.72 114337 +7.95  BaAivk I8 ok
2326 9-KKm 4537 +8.53 1795244 sk
2475 AMEm® 41.06 + 2.61 2133+ 1.66 fe ok, A AR ok

O C W F R = £ 163.04 +21.81 140.38 + 7.41
1539  Zpa 6.65 + 1.56 5.57+0.90 A RE
1599 a-ik B 3.46+0.91 3.17+0.76 A RE A
1756 D-#3%8 26.99 + 7.04 29.73 + 1.64 FRE BH
2036 (E)-#iba 38.50 +3.35 2929+0.76  HFE AE
1821 A%+ 87.44 +8.95 72.62 +3.35 RA A

B % 51.52 +5.50 4152035
2299 2,4-= KT AE® 51.52+5.50 41.52+0.35 B % Ak

23 RERESWHER
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Table 3 Aroma sensory evaluation data

# 5 2 & (40 %) A A(40 ) RAEFKR(20 2) %2 (100 %)
SSF12 352+22 33.8+4.4 183 +3.3 87.3+99
NGF6 30.6+3.6 269+2.6 17.2+2.8 74.7+9.0
24 BEBEREFHNER 6.0- _
FI P Tlumina HiSeq 4 A X A% £ 3 47 5% = Snenus '
HAE 5T, i B log,FC (SSF12/NGF6) =1 H P- 15 ) i
adjust<0.05 (9 3R E 2% R AEIR (DEGs) 360l S = 40] - ..
T 434 R SIEN, (4 200 A LI (| SE s e, '
1LALE) 144 A TR (B 1,54), 2L 3 :
241 EBEFMKEGC BEMHERE R 251 o4 '
KEGG %2307 %] 5 75 W B} SSF12 ALl 5 75 50 % 2 I :
NGF6 2 ] 3 52 1R ik £ 19 92 5o AT R AE | 45 L)
SN 2 Fi, FTATHY DEGs #1454 £ % R, VI
Sl LRI (AL & AR, BTF AR AR, 4 AR RN
LR, TR TR 2 26 R, e 1Y S R " logrc

R4 6 N2 141 4~ DEGs) , it 14 5 B Ak B (5%
S, BEE, PrE& . MR 3 A2 ,69 4
DEGs) , 4 il i % (4 ffd 2 K 53T, i3 % o3 i
R 2 A F2E 34 4> DEGs) , BRI 45 KA B (55
S 1 A9 4 DEGs) MIZE WA R 48 (5 &
N1 ANEZE 4 4 DEGs) . KAk srigterh s A
Fb PR R R 2, O A 5 pe it

B 1 SSF12 5 NGF6 MERFREERALE
Fig.1

The volcano graph of gene expression difference

between SSF12 and NGF6
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Fig.2 Statistics histogram of KEGG pathways of the DEGs
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Hye kWY EE, W4 IMATIMA2,IMAS,
MALI2 ,MAL32 S5 F A W HE Y, X S6 5L A 1Y)
A T S 1A B T RERE R A RE  AURE SRR S Y
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BE % % (Gluconeogenesis ) i 12 42 i 4 i 48 1
— ZR B 1 A 5 107 A B P A R ) o AR T L 2R
MO BN RE A b = 2R o AR R AR T AR AT
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FBPI ,GPM2 ,PDC6 , ADH2 ,ALD3 %5 F i, 4l
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G ) A AR e A N7 ) e A2 L v 2 e it
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H SSF12 KRk & 5 T NGF6 (R 1), 53¢
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t NGF6 1) ALD3 JEP e sk Koy, LR & =
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Fig.3 The transcriptome profiles (a) and fold changes (b) of DEGs involved in the central carbon metabolism

and volatile compound metabolism
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TR 3K 7 A S AR A i NGEF6 T i I R 25 )
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(Butanoate metabolism) & H ,ILV2 ¥ 5% A,
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Studies on Fermentation Characteristics and Transcriptomics of Fruity—flavored Wine Yeast

Xu Weina'??,  Wang Lei?, Li Jiming”, Liu Yanlin"
(‘Northwest A&F University, Yangling 712100, Shaanxi
*Yantai Changyuw Group Co., Ltd., Shandong Provincial Key Laboratory of Wine Microbial Fermentation Technology,
Yanta 264001, Shandong
School of Pharmacy (School of Enology), Binzhou Medical University, Yantai 264003, Shandong)

Abstract The fruity—flavored yeast SSF12 was used as the research object and another strain NGF6 with poor fruity fla-
vor was used as the control to study their transcriptomic differences in the process of wine fermentation. Combined with
the physical and chemical indexes, aroma substances content and sensory characteristics of fermentation broth, the
metabolic characteristics and related regulated mechanism of aroma substances of fruity yeast were revealed. Results
showed that SSF12 had higher sugar utilization and fermentation degree. The contents of esters, alcohols and terpenes in
the fermentation broth of SSF12 were higher than that of NGF6, while the contents of aldehydes and fatty acids were
lower than NGF6. Meanwhile, the fruity sensory characteristics of the fermentation broth of SSF12 were significantly better
than that of NGF6. Transcriptomic analysis showed that there were 434 genes differentially expressed in SSF12 compared
with NGF6  (including 290 up-regulated genes and 144 down-regulated genes). KEGG analysis showed that SSF12 had
more up-regulated genes in carbohydrate (especially sugars, higher alcohols and esters) metabolism and nucleic acid
metabolism, thus might be more prominent in these pathways. NGF6 had more up-regulated genes in pathways of ac-
etaldehyde synthesis, fatty acid synthesis and some amino acid metabolism. The differentially expressed genes such as
ADH2, ADH6, ALD3, and ATF2 were closely related to aroma substances metabolism. So they can be used as candi-
date genes for wine aroma improvement. Results of this study might provide a reference for the breeding and strain im-
provement of fruity—flavored yeasts.

Keywords fruity—flavored yeast; wine fermentation; transcriptome analysis; aroma metabolism profile



