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o AE F7F M "AE FAAY 3 % DBs}

o B3t 9 HFF ¢ AF vAEY FHA AGsE 2 AR F4

o LHA(HAAISH dAAISH A 7|e v AA dFEe 54 B4

o AAA FHA R 92 N BA ARE 83 FE&FANDE, a4
T 9 F7 24§ dEy 287

cHETE fel B8 U v $4 Aw/EPo| FF £ 2L DB T&

- B3l 8 oyl Hold AR A FRoIE O el FAs T

53 252000 A9 f AAUNE 25 DBE TE

oHBFH BH AR AR IFE dFEY 1FERA X §AA 75

- AERE 5 L vy} 43 ol a v S fibuligera KJJI81 & KHP12

Aot 5o W gwd S fibuligera ATCC 363099 ¥l w23} 113
AA A=E AlA H2=2 4443t vlo]E A2 A #oF &

6.3%°ll 3\J == *Biotechnology for Biofuels “ol A A&k

- A9 585 3F(Saccharomycopsis malanga KCN26, Hyphopichia burtonii

KJJ43, H psedoburtoni KIS14)3 F=2FATHH IEHPHH F5IT=

Al g wAe &% 23(Saccharomyces cerevisiae KSD, S, cerevisiae 98-5)

= o E dNA s x9S S

- Lichthemia ramosa, Aspergillus oryzae KSS2 & KBP3el t3st IZFHAE

T=3tal L. ramosa (2%), L. orymbifera 2%), A. oryzae (6%), A. flavus,

A. sojaeE whole genome sequencingdi Al & 12Fol gk vl FHA &4

= TFH3A =

- AA F 8FY = ¥ HEY 2R, 3T vF AP A5 1FE

A A g2 GenBank (10%) % NABIC(1¥)dd 5533+

o Hx BA 7ul F3l .- %4E fiA @ 2d JEQT 4

- ThFRE vy 2104 2RNA-Seq &4 719He] AAMA] &4& Bt 93t 2 T E

A A2 T Rl B3 BR 1Rk

- GC-MS 714k 3 tiARA] 2 GC-TOF/MS 718 vIZd tiAkA] 841 djo]e 9]

A A4S Bl AE R FEAR AES TEd

H f8idx I € 28 Ve AL

= 4, o Faf 2 gk B tjARkE A

a9 Jle ASs 975 F¥stn oF EdUE FeH #Ad At S
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1. o] RuAE PSS ZRA A3 nyEFAAAGS] AT R JdYT
2. 0] RuA Y&& B vos vtuA FHEAFRAA A3 nyEFAAAA
o] A AS ¥ of gy}

3. F/ME 1% AU gAel Bad gL teFoR uE wE FAstlAE ohugU,




1. d70ZaH2 7HR

P HEF FF Y e FxaAdA 3 oY AE A4S 5T 48 FAA 2=
I 287 MEes T A A

- FE2AAA £ 10 F ol FAMEE A 21, BR 75 44 o 23 E AdE £
AA EHAEAE A 23 23D 10 A4 W e

- A4kE F8 AR NABIC ¥ KOBIC &5 10 o]/

- AAGA FFol dig FAA 24 2 FAA AR VY] A 2T NEe T
sk Al 24

- =4 SCIE =& 10 ¥ o] 4mBio 3 &9 10% =& 231 o] FAA Ex £3H

1-2. Ao 2o A

7F 3de E%

D F7F 49 8857 52 A9 vAEY FU9 d75F

O F79 F24& 243l 7MY 8% 84F ¢F 2Hd o= F/72 IFv)d IS vH
© 98 AEEE AEide B8 dolBE, J2de FHY vaS YAEke AR
Zo] AL WMFol 94¢lS HFEI FF LFo] IdAHI THAS FAY £ UEE U
AR FFE HAA Al Bo =534 Ba¥ Saccharomyces cerevisiae Al &R
FES THOE ALY o9} B EEL A HARE JNtegE EH 7]Fo] A3
H 3R 455 MEE 5 Jd&= 7I6kE A3 Cebollero et al., 2007).

O 348, 8 B85S Ad FHo2 ZE3sh= S cerevisiae Al &8 FFEQo= HF F
F9 ZFno] Y-S F+= non-Saccaromyces Al EAREQY FQAo] RZEHA o] £
gt Agd 54 9 FHA B4 gk AAE 3253 A Jolly et al, 2014).

O ofxol m7HE9 AeF+ F3taA o] glo] viE Har) o|FoA= TEFoE G =
A B 75 &9 AEEMEL o Ao dEHo] sl & FiEAe ol R/
2 3dEE G HAES Aot MAV}F o]FoiX s thAh E{T AA R o|RAAE=
=9 F 99 AT AAE FEF oI ARFOE @3lel HEE FA AA
A He “HaERgr Prom AxACOY D

23t LELE
He _ =g g _ £
FEFE0| =1

I L9 AL B AFE I= T
5 st 7Y ARS ARV B + e 25T E o|FoE 73
FRE Bt G oA RAE *g*P (EA: FFol9 AEA, 2013)




48 2 &4 T EASke dxF2

(Absidia  sp.), oF=#H A& %

, B3 Ay TR AF
=

& g #o

- olHd FFo FIYES HHete vF =
&(Rhizopus sp.), 3 EMucor sp.), AT}
(Aspergilus sp.), A2 el% &(Penicillium sp.) 9 = 2
a5 AFLEuN 2 E(Saccharomyces sp.) 2 HIAE &8 FFEo] &
e Aoz dEA IS

rr

o, b

.

O @A d&3 T SolAE ATEE vAE T g A5k A57F LA 3
st o & FaErMAE LS T AAdFTHY FHRE 4

I 9o, FARRRANA
g]:

O 53], d&olds =7Hd AT ez E753 9l
Aspergillus oryzae Tl tste < d
1 ARG FEAES FAY F UAEE xF3E
Aol e FF3 & A HASES 1
- 9E AFEL ol 1990t RE A oryzae &
Azl gk FRASTA] A 2 EAYETHR] 75 d7E T3 $o(Hata et

al.,, 1991, Maeda et al., 2004).

AT F7 A=A T3t 35 Fa A FF o tig A= 1900d ] L&
| o3 Y= a(Takamine J., 1914), ol A<e] 4 2ol 7124
W&=dl e oy ojgdt FRoAM eyt e dFFRFel tg 59 5 7

=
od
Ql
=/hE, 2F3 5o AR A Aol 243 EEA AT R s FATE A ZHE S5
=
Al

O
4 =
i
il
2

:(m rr m
rAl

O

3 Ehl;% ul Qo klee et al, 2012), A=
Ev’f—ﬁ‘roﬂ 45} Ji% £ A% ZEA ol HIHd ATY HITS
]
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O AT Haaxw S cerevisiae 742 FZFHdA 2 vl £4 AT
- S cerevisiae vEH-/l B2 e #FES 98 U =M=
ANe BEEd & AR Ad %
Ao s Z*}OV] A8l ofe] A aix

A BAo] £alE T $288c FEE F24AAZ s Hlm BAET 9o

o] E7re]  EFEZ zlol= Ty elementsd o B2 I¥, sinlge-nucleotide
polymorphisms (SNPs), 54 5% AU e @ido] Fxx =4 2 7 FHx
TZZA e WHolAd 7|A%t Aol d-S(Borneman et al., 2008).

|

-4 B2 v /XA &4 A3t 48955 54 4o dAE #dE WHolE
st Zlo]l 7kEst #H ZAoE J|dHI S olgt ZE AT EXEE A S
cerevisiae (37 )} S. paradoxus 27 #3F)° Wi &2 FAA Hla B4 AFE

Fdsta = F=9 Sanger instituteol X FWEHI Y= Saccharomyces Genomoe
Reseqeuncing Project (http://www.sanger.ac.uk/Teams/Team71/durbin/sgrp)oll 2 w1+ &

[} =N
I YL

O A ¥4 JAIPEA A EH0E wAd2ES M S cerevisiae F3A &4
(Goffeau et al., 1996) o] o TAIAG Hlo]eAdRE Hio]loghs HAEES AT
2H08 W e fFAAZE Ao 2000dtHe] ®Be F8 AV XdF
Aspergillus nidulans, Neurospora crassa 52 2@ 9] F4A 3)=(Galagan et al.,
2003, 2005) A7 &H¢s] FPH.

ro mg

AN

O 98 AoA ul$ Fa3 AL 511 e A oryzaed] tE A AEA 2 B
o AFE=FES  Natureo] 2E3FF o™ (Machida., 2005, HYAHA A
Penicillium chrysogenume] W& §2A 4 A+7F P = S(Berg et al., 200).

o i

O vl=& YA F(DOE, Department of Energy)oll4 Joint Genome Institute(JGD< A #
o] “Fungal Genomics Program” & Al&slgom =2 oAl &7 EokZ 9|3
o3t vlo] e~ g8 2la(Grigoriev et al., 2011).

O T3 dag oz 2 F3 oofEo Y8Z NFFE 83 grlol A7 FAA &
sko] 20091 ol = 01 m] 209470 o] i FAA AF7F W& e 4sFHIoH, FEF
A= B2 Ao FAA A7 A A AE B AN LA IFEoF -7
F Al L 2E AA) Aok A B % F&F Eok Al BokR U
o] 218 FY(An et al, 2010).




3 AR A E AR g A 4 A7 5F

O thAtAIEe A ol E23t= A &2 3eEQl thARA S(metabolites)©] At AHA] &4
(global metabolite)S &3t x4 Ao 7|} 7 7 Htol] gk YA DA 2
deo] MalE FQlstal, ofrjdd #A3t= 7S BRuEA g N2 B dde AT
5ol wWe Ee AL oz GC-MS, GC-TOFMS, LC-MS, NMR, R 5] 2417]7)
o]g W ThHZ EA 24 (PCA, PLS-DA, HCA 5)o] A dFo)] Fa3 d47} 5

o) KR
i A

O MTolA = &% 10ds A 107H4] 7l F stU=E tiAAEs 483 b o

(Tecnology review, MIT, 2005), 2010'd 1€ Naturedl T3 <2020 visions>oll st &F

3 109 &F FEE Hokd stutE tiAbAISH Eobrt AAE vk & 53], microbial
metabolomics, system biology 5¢] BT EokollAl 1 FQAo] AR 2.

&g 71718 E ol &3l o8 AFS S E metabolomic analysis 77t 3 &
U+ A& =49, UPLC-TOF-MSE o] &3 Zxte] #4d A% AZE &4 (Pongsuwan
et al., 2008a.), NMR<S o]&3F 9}¢lo] thalAdl EA oA (Pereira et al, 2007), GC-MS 7]
71 BAHE o] 83t Exte]l IMrA Fr|AE profilingste] EFAAFTARS A3 )
2l 2-(Pongsuwan et al., 2008b).

O
Mo

O HAE AAIS ATS 3 A8 AAY UHE 83 BB HZT &8 S cereviae
s BAskr] AT JMH AAg ol &d AF7F A= S cereviaes 40T,
methanol& ©]-83F  “leakage-free cold methanol quenching” o] o]&8% 1L
GC-TOF/MSE ©o]-&3t 11071e] MEZW thAAE 54 HKim et al., 2013) T3+ waters
o] &3 washing ¥} 02 fast filteratione Z-&3la] A|EQ] ThAA] £43 2 HS 9]
= 82 WHES AT

O AlZzd dAAE 229U S g1st7] 98 metabolic fingerprinting A*g 7|Ho=
aro] glucose WALES AAAZIZ] sl —40ColA 60% methanolS EASHAL,
quenching, cold methanol washing ©AIE AX ¥, —40Co|A chloroform FZ3}% <
(Koning and Dam, 1992). =3 v|Adl&E MEXE FE517] 9 WHOZ microwavest
sonic wave, 183l SPEZ o]&3 Wo] /s vl AS(Young, 1995, Lim,2002).

O #7714 &749 3st#<Ql wsts FHs] fal mAdE gAdS AHEste] A=) thAat
A Z2IYPS F2 AT &5 S cereviae mutants 652] metabolic footprinting
Ao A= DI- MS A4S 938l 90% MeOHE&w] &3 Als A WHE o] &3tA
3, GCIMS B4& 93t B8 ASHE-S56TA 2% 3t &2 1A RES
1% sodium hydrox1de 2943} methanol, pyridines 2o &33lal, methyl chloroformate
£ o83t FEAS stAdsMas et al., 2007).




O A4 A#e BAA d7E T2 23 o

]_
3 ”Z‘J_E —‘njﬁET = A=

JH‘

O "xZd FaFd oIEs AAZ 3 gAAE d7es gdsiA JAPHA S S
NMREZ #2413 A734(Son et al, 2009)¢} GC-TOF2} NMR-& ©]&3Fe] white winee] o]z}

H}

[e}

&5k o4k I3l FF A S Aol 24219l malolactic fermentation &4
7 #

ZAFeE AH(Skogerson et al., 2009)7F 2. T3k AR HT W
_]
o

Hl ¢1-&(Son 2010, Lee 2010).

O H2 FRAFHNA g 74X ol @ & koj Baol TF A ZEuAy B
e

S @usdow, o] AFoME= Aspergillus kawachii, A. oryzae, Rhizopus

T 5o A ol FE&HUAe(ee et al, 2010).

O EAToAE QA BAAE 73] F 71

etragenococcus halophilus,

ax(Te
Zygosaccharomyces rouxii)< FE3te 1449 IUAH AES B4 AFddA= SPME

o] -85}
23
1

1

1o o é Hm i
o iH r{r I‘SL

o=z zk

acid, aldehydes, ester, ketones, furan 54|, phenols & 107719 AES

T B w3k 8 AdS(Lee et al, 2013). T3 FF ITA HAAES =AM %—TL
24 fio mE AF dge AAE HAES GC/MSe GC-0&2 #4 Hlu
218 gk vf QJar, AAHsHA X2 vl oA odor-active compoundsZt fr

o7t A= & F UM (Park et al., 2013).

O GC-Olfactometry ¥ GC-MS &< Ab&sted =W HEF =g olA] 2,3-butanediol %
A

t}aekdl ethyl esterfrl £83 FnjAdR oz z8sl1 ¢9om, 7]l 2/3-methylbutanoic
acid ¥ methionol & FZA3telt #dHo] e AEEE T8 AXAE FHF(Park et al,
2013). =5 A& Tl g TAZ FHAAE A g d+= obF 53 AdA .
O HZdE F7 43 Al 39 #do] = acetaldehyde, methanol @ fusel oilsel]l o g+
HAE SO Jor, 53 dF I AFFoAs FUFoR o5 FFHo] =&
Hols. o5 AEEL FFeE A A 1E% 2 4& A3 5 e ALERE
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1-3. A7 HeE

O a4+ ¥ 5%
- FF AN 2857 w2 2
oz AAANAA ET BN AFS 2gstd
€ &

A2k F8 FAAE BFHL 2§ 7]

O a477/d =8 A9
D ASF HPHFLEA o] &5+ B8e ¢ AL A7 2 2EF 5 ERY
Y 3 € BE
- 2 vAE BEA(FE 5 o)EFYH AAETYH B4
- ZF NEERY dddT £8 2 F(species) A
- 8 e Ak AR, sty A, A AR F £8& DB 7=

v

2 & A AR FERFAA NGNS, MIFAA £ 5B 48 A4 B2

FRAZ BAE 7H #Fo) AL 8 FERAA Ad HlE
Z S —

o
- SPUe AFF AR PN B WAHE A AR WA
- g 9 a B, gu) B fade] TE R B Aol B4 U H4 fAA 0

3 ASF B3 w7 AYNARY vz BHL BT 424 L e} Frzde
;H.

BBBA 79
- gE AE mEe] ols) B8 was AEFY A U U ZEadw B4
- F0 9 nE =0 % A Zesd uste] e du BA A 2 24
- RE SHARE FESFE GAPE 23 712 3 AN A4 77
- R 4B A5 8 FEle 9P T fAA 2Y 24 A% 79

il SUsE 9 BaEd AT
Edwo] FF AL 8 FF AF /& AT




E DAY d7E S8l e g F5oA d=d 39 58 #F fg2E

M 85 |
5w 739 ek A | o | e | @as | EST aaa s
© A7)
Saccharomycopsis [ . =0} N
fibuligeraJC1-3 o HE‘%A%T ¥= | 565 jﬁﬁz"ék ) =3 Unknown Unknown
Hyphopichia A= AT ,K g
pseudoburtonii/S1-4 ARS8 A A ZE 769 10.53 au i Unknown Unknown
o A= AT dau, 5
Pichia jadinii/S2-1 A é S AAZ 769 7.69 A v] =3 Unknown Unknown
A I R
Clavispora lusitaniaeJS3-3 S9H dH g 0.09 724 3 12.1 Scaffolds
412-1
Torulaspora 2k 22T 24T e g
delbrueckiissi-1 603 233 | g e 92 8
AFEIDAA =
Pichia kudriavzeviiJJ1-3 AFA =F1%F 2.52 & v =34 Unknown Unknown
1204-1
- B AZ=ERAN = i
Pichia burtonii//4-3 E sk _
o .. AFA =F1F 0.43 WAl w] =3 Unknown Unknown
(Hyphopichia burtonii) 1204-1 Al
Wickerhamomyces = el 5
anomalus/j2-5 ATV L g | 26.6 Scaffolds
(Pichia anmala, TlZOZ_lT ° =
Hansenula anomala) i
@ =3 B A Fo dAF"o] AR A ZHAEAADAA SHAP R 20134
= QYEAPE AY A7 A3 G| Ay A7 F P BEBO] S5 f4
A dlFe] PPEH FFES FTAHSE IFXZFHA s W 7= 11T A ¢
ol9} 2o FHANEALTOZREH HF £ 2 A3 &8 dig dg AT FL
Z7h R&D oll4ke] FHALE WA 2 AFA} A 5T Azt B A

> A GrIAE B4 7] & o83 whole-genome de novo sequencing

O AR E 7| G247 HNext Generation Sequencing)S ©]-&ste] AAH ;A 739
AA=(whole-genome)ol] that A HolHE A4He A< dlolE] 442 genomic
DNA 2te]E 2zl =7] 1 kb ©]%t short reads} 2 kb, 5 kb, 10 kb, 20 kbe] long-mate
pair reads& AJ4Hsh

@ Long-read sequencing: Moleculo (¥+= ¥+ 5~6 kb) E+= PacBio (P5-C3 SMRTA 3
+ 8.2 kb) ZHEFLS &85} long-read sequenceES A4Hs),




» F3x EA= FAJ(Physical mapping)
O Agasr ddHS 53 Fx/AA 9 physical mapping -3 3HOpGen %=+ BioNano Z#HE

°]-&)

> FHAA AE =¥

- 71E9 §HA ArIAE 2YH g Edox B AFgA o YgATE el =l A

A MEE GugEs &85t ABES 5 g

D K-mer £4: AFHo AEdS FEHY T
base correction A& FsA AHFA
A AT

o] x| a1, single

g Ado] EA5HE

T

@ Contig Z%: K-mers ©| &3+ de Brujn graph 748 53| contig&S A A3 DBGO
A repeato]t} diploidoll A YERUE= heterozygotesoll 9JsiA VElE EAH 5 FA

sHError correction).

@ Scaffold =8: @9 contigE ¢ 7] scaffold2 FAst= GAY. o] @Al A= contig
T3 AHE3F singleton #YF ofye} kA AAFE long mate-pairg o] &% ‘singleton
A4, ‘scaffold construction, ‘gap closure’ 3©®HAIZ  o]Fojx. 53|, scaffold

construction ©A1¢] 7%, scaffold 28 FA o)A long mate-pairs®] 73-$ singletonX .t}

O 83 ARE G YA, A4 doly F AT v g AZE JHAE Hl &0

vrol A A3k scoring functionS ©]83F] contig Alole] A E FA3F scaffold A€

< A3k

@ =99 Scaffold A€ol RNA-Seq HlolEl9] W& &3 x4 Fojo g Ad =9
ZYElE #dsta, =HE scaffold de]E+= physical m o
E9] 4A physical orderE ZASH o] GAE F3] FEFAA AE ARE AP st

Al A B e A £l 283

O an ] AGAT

AN Genomic DNA ccar REe errr

TN o ANGA asac wwes  Aees
asa = ccan cra

" Fragment and paired-end sequencing
of fibraries with variant insert sizes.
A

A
Sequencing = 150~500 bp @ 2-10 Kb o
(Short, long) . o

Represent read sequence

— — g — 3 =
B — e o =) Lﬁr\l overlap using de Bruijn
overlap — T T 7 T;‘;‘ graph 2 AT TP TR T actia
(de BrUijn) Remove erronecus connections on the overlap— IaVOUt_ consensus
R graph
r A 2 ] Reads - - P -
(i) Remove low- (i) Resolve = ey T T
Error correction @Gl vt coverage links tiny repeats (v} Merge bubbles —_— - -_— - - '____' —— Gm———
u I — =T - i a5
J
T
- Contigs
Y“ e2 = |
D o5 Break at repeat boundaries = Tm L L RS e s emTSeTEaET ==
N, and output contigs — | - e e =" "= -_.‘__
Contigs €3 B = == = =
.& Scaffold construction Scatfolds(Super contigs)
E el ez e3 ed -
oy =] g e —-
Scaffolds =_=T "~ “=.= N
F o ~aize==

Gap closure i i e ol Gap closure
I8 1. 943 ¢1gF &8 344 €748 =8 AA
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> FHA F= B4
DO #H=524A Gene Set 7+= 9 3]Ad: A=A annotatione scaffold Aol A 4

A 7eaS wmEoy = #AHYA. Ab initio prediction, RNA-SeqS &8-3 transcribed
region &Hel, A%A HAMBLASTES o] &3+ homology search) 5& &gz o=z 383}

o HA Blg TE

@ Orthologous gene cluster #4}: BLASTX(P)Z o] &3le] AlAAYE 2d nAE 4FE
9] GeneSetE3# Hlwste] FZ[FHA L EFF oA orthologous gene clusterg< &413%
@ FAA =29 FAHE B2 Gene structure (gene family £3) ©]9], 454 AMYP S
53] transposable elements % tandem repeats 59 EE(FRA, FTHE A =

3+ 5244 W non-coding RNAs (tRNA, rRNA, miRNA, snRNA) 52 &3}
> A3 I2EE £4
@ Genome duplication #43: Synteny #4& F3 &4 Ul duplicated genomic regions
S BASHRM Y E ] genome complexity:= TEso]2lel]l thakdl <=9} 374 genome
duplication®ll ol&] 2. 53], gene family?] &/ F4e AETE 759 IS

FED F U

@ FAA 23} S| 2EY #H: F/F AE FHAAY JA3d AT EREADA EA
Al genome synteny &4 3)), ¥4 A #HH FHAE thsll positively selected

genes< A #4]
Q@ FTxHoZHE E3H o= S expansion) ¥ FA(contraction)® gene family

A3
F8 AR Bd FAREY 94, WY, MEYD 24

offt
2,
Y
2
N,

S o] g3t GeneSetoZRE Fo AMAE #H FAAES g4
pathwayell s3-8¢H1H 2)

AN, A AR olg ‘@E @ cwEe o

of

Fe FE Fo gAY

© oY

l‘m :lo ){rE Ozl
=
i_r‘l

37 o é ] 0_~| Ao 2= ‘g S
AHd A 24 HEYZ #4E F3E
Glc | —_—
= BPGL e . —+ Singie step Unique reaction [
erE \“-‘G S - - —= _ mulliple steps  ———-= Transport Bl covrnrsguiation
o T .
= COP.DAG —=—PL
i = - I l[ Stercids
= i it Lyso-PA _,m.%ma_.' siAE s
Ayl CoA pooi Fra
Palmitoyl-CoA |,|c.3A
— s
Enoyl-Coa Enoyl-CoA
T coa =
ItyomyecHiCoA  O-ryaceyacyi-CoA
! = Je=m
KR J 3.Oxo-Acyl-CoA 3-Oxo-Acyl-CoA
acar T
Am"’l i
Acyt-CoA

secinats
\\ i Mitochond

sua: nate

! T ' L aco
i 5 Isccitrate
| umara — 2
i ; : =
o il AcCoA

na = i ane:
Seosis = o " ciinia

rion II“"‘ ‘l ]

a8 2. 92 AR 7)9e] Rhodosporidium toruloides N2 YARE 24 VEY A B4 AF
(Zhu et al. 2012
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» FZ1A FR 7| in siico metabolic pathway reconstruction

O o8 & "olEH| o] ~(SGD, MIPS, YPD, YMGV S)ZHE A5A AM7|HE o] &3l
18s, B3ts ¥ FH 7 FERAAA WA diA 2 AW AR
A 2 zHEW AHRE= KEGG (Kyoto Encyclopedia of Genes and Genomes;
http://www.genome.ad.jp/kegg.kegg2.htmDe}  WIT  (http://wit.mcs.anl.gov/WITs)oll A &1 31
AZFAA BN dF5Y insiico 84Y 2 FY OA A2E A5

@ A dolge 34 HE P B35 Vs ATERE FEE HAAA 9 A ARE
EtE IPA (Ingenuity Pathway Analysis)E ©|-&3l WAEE 7|¥te] Y ESL T £4
< T3, AE R A AAZF 0T AL F e FHA FERTS @4

@ in silico pathway A5 i+ 2 M9 F& RS tig 2& R JLH Ho|FE
AFst 43 2 A=y 53 4L 9%

FAA Y FAAHA B FF B4 E A 2 I E 2dH

O F=FAA AR 757 Y et vy =20 9 gade mE AARA |3t 248 98
| AlZ] @2 RNA-seq &8 AAMA 3 ZE9d B4S Fdstal, i silico @49,
A4aY, & AL ZF 29 mappingste] weF 1o WE FAIZFQ A #H FHAEY LR

o Wt g RS FHEF

A AR vln B4S EOZ =/ &5 #7529 glucose repression AE[E HEZE F

}31 Crabtree effect R Ha%53 AHE @4 A} ZHQAAKSnflp, Adrlp, Hapdp) &

A A& W JAE Ho|FE AFtste] o]=e tigh WA A4S 3 YR Fv|

IS Fv F tA B =AU A Metdp) B A4 A FE - JAAKGIn3p, Gatlp)el
g FH2 A& Ho|FF AFEt AAA FdASFY B4E FP3

@ RNA-seq datat= Y5 54 FZA 7ol digt Real-Time PCR& AH8-3he] HZ53hH,
FARAA FRHE HAA 22 Blw FAst] dARRE w7 Sl g $A1 4

5 gH3gt

@ FRE FAAA ER datas AR AR T A4S A=, FF TaFH ARE AL
7 FTAZAR] I Y B4 AERE AFESshe dHEEE 4 cydes AAH HE ST H F

7 R UE FA HHsle| e gAS =T

| &4e AT FAA ¢d FF €L AA Ve A

AL =4 QAo et 75 =Wl B8 F3sta 4 oA

o)

f(rt
o
ot
=
2&
Kl

>

O

®
Ho

i

[

2 AN

Y, ol
o

Rl

i
o
Jo
Y
X
2
M
i
ol
=cl)|=‘|‘
ol
,
N
O
&
it
fd
s
i
ofN
¥

P TiAA 2y 2 F4
O &r 9@ Fgo] wFo| o3 AdiAA(metabolome) #4418 &l thekgl #47]7]1(GC-MS,
GC-TOF/MS, CE-MS)& AH&-3a17} 3tm, o] & #|3k %A 2l(quenching, cell distruption,
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extraction ¥ derivatization &) 4 R FEHAHS FYsta olF T HAhARA Y] &4
2 targeted % non-targeted analysisZ metabolic fingerprinting/footprinting-= =343}

@ 394 )ARAl= SPME, dynamic headspace %! stirrer bar extraction 52 F&HS &85}
™, GC-MS (quadrupole)< AHg-ste] #Astax}l 3+

@ BFLAE diAACHAE f714E 3R $)2 BSIFA 508 fFEASE s,
GC-TOF/MSZ £S5 2syst

@ 54 9 ol UAFIEES CE-MSE 431, A E B4 2 mappingel] 83

O LHB|EHEZTLH L, olHELH = 5)2 PFBHA 502 f=A8s & GC-MSE &4
3, BC2 Agd WREFZEZS o83l FFei, 4 2dFE= GC-MSE #4%

> FAA 2 BEZAHRY AARA 78 R FEAE HE AR
O Ak Z=29ds 2 24 dolHY mAE (AR 9 F30]) 14 &4 23 9 #5

Z7179] J#BA 8-S 218k PCA, PLS-DA, HCA 52 thi® 54 7|HE 83
= AEse] I1 B4 %

@ FEAE AL B thiF TA 23 7oA Aol #s

s 54 52 st A4
_%

FRAZ 5" A Foll sl = g A9 7HFFolM sHE B4
g

@ Z3a4a B4 yolelu| o] ~(CAZy, Carbohydrate-Active Enzyme DB)ZHE #F7x 2
aGd A £ $ Asd A 71 2 functional domain®] BEAQ ZALE FI @
sla4E IFYstes A4 FRITES BASa, KEGG B3tas #d dAE = o
g A WES T3 3 Holsl B4 53 positively selected genesS

o =3 ®=3FF TFBS F-9lolA wo] 44

engineering T ©]E]#| 0] 2] LED (http://www.led.uni-stuttgart.de), o 2~¥|2}A F#H
tjo]g o] 22+ ESTHER (http://bioweb.ensam.inra.fr/esther)2FE Fx2 2 o
Nz Fx JRE gHste Hlu 243

it

@ RNA-Seq £4 7|¥te] M @ Z2ndye 5o @z dojus 444
E£3], co-regulated differentially expressed genes)-& A3t E3] tjAlbA w3
AAE e E A4S0 $AFow 1ysty #dE FF ITFo| FFENY IA
F4E qRT-PCRZ Hln £43}

© Fx fFdA 75 FTALE FHRE FHA, AAA L hAA ARE TSt [PA

o] &3 UAMAE 7uke] WES T A4S Fdsty ©ad 9 3 gAERA

ANARoE A8 F de < 3,

A g3 9 3 #E §AA FRES $AHSY 7 € 9d S v 24

[¢]
3 ol@ANA B 2AR WA FEAE P50l $HHoR BA)

il

%

J

(

o
A o

ot
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FZAA
Y9l #B/8 L AAAStY #7135 Y AN2PE FF A7 33
FzHAA AL A8 B 9 BESo] 95T AN FFE 10 F A
FU AEF P das - Fu) 95 FF UF A% e9x BY ATE 5
ASF7F AAZE A M= Ad R F&F84 F15 9 4]is A
WS FF WA FF M L IS
AHdd 2Z, 82 M3
-
BEXRUN B2 (HNN0E=6S, ANOIES 43)
[ Whole-genome de novo sequencing & assembly : draft genome sequence
[ HingdH=E St 8 FF0 MotA S4 24 [REM WS 22 23] ]
QoA S M
B —— 1
2ols 94 AN A g5 24 o 1
T APHI/CHAAL, T ARKI/CH AR, 20 25 M2
s E4 Jls B4 A % V15 E4
' —T1—
R
HAIZZ HE | X3 HEHT 24
- 93 BT =Y  EEll 2 =20
( Wy QAT 22D B4 L ¥E Il WY ]

*

HE FR 78 RHAE g4 8 4Ys x|

39 3. d7EE g4S A% dxE d7NE FIAA=

B d7Ee Tk gSEFs dx rAeAde sdnAdEAdAAE Korea

Agriculture Culture Collection, KACO)oll 7183tal, §3A 2 HAA AR= 527

S QA H T R AlE (National Agricultural Biotechnology Information Center,

NABIO)®| 71&&to] HAT o 4.
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El

j=4

. 7 2ol A7 F ATAL Y =AE

> 1A% FH Y 9

e
AR 2y

- 1 M| F=2kapA|
oS5 Y WEE ST SR FT MY

= =

E S

Hi=2 7=

5 M3E =y 9
H MR H@ 2N

X}
=

A

—

=R UEX
S8 SEX W
(22 =70 =% Fx3ls st Us A= ZH XS 7|8 215
=H O
A7 died- 1 M2 fIEFDE|

EESIANEEEERIMN I 2|

- Integrative mapping |—>| Reference |
1

- Shortinsert pair SEQ | - Physical mapping

- Long mate pair SEQ

Scaffold
Gap filling

| - Long read SEQ

. |

oA

Repeats

Non-coding RNAs

|

Comparative Genomics

==

]

RNA-Seq =7}

Positive
selection

Expansion/
Contraction

Orthology ]-[

Genetic
variation

) J

Resequencing =7}

AEQEM IS
22 45, At
X 25, NP 43

J

T = e
Zi7 235l £8 REX 2= XH
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=4

> 13 F2 8 5

A7HE Y - 18-S F A

ST0| = wEid sl

g3 2 20| 2 F ML

Zols, D BS0| 943
TwO|YE QEIIN 2
BEQEM HA FTO| MH(2)

Batiaainal Yot CHE Rals, Ml
- Rathway analysis 25, 9714 MHs 5 g=
- HnRdEH A7 FAEE ST £ 23 98 QHEx J5EM
=30| RHAM H{mEZA CHAF =FE HEQ(3 Hu &M
SorEE ST EE M 24 SEXE 42548 +Y 4 &4
TR 7|5 T EE d2EL RE AHE SE TFH AME = U=
o4F 25 8 S8 SHRL] AHE)
- == 31
AFIYY WH-1HE BS 1 K|
S8 0|ME W Qa thAY A o] M S 2o AN == oty &
-28 3 SF0| CHALN HA 2|, F==4. -HZ BE 8l ZEo| 2SS CHAHA
717|284 = = 2 n} 2 (foot printing & finger
-2 9 ZEO0| U P 1k} CHAMMES printing)
= 0y ChAY SR
- B2 X S¥0I 28 RE 2% OAMES - CHAHIQL LB EZITe] AT
=4 (esters, alcohols, aldehydes =) _EEXENE MAE
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01 M5 33 MEZF 28 259 HXQHN U 2ua
24 o
14. A8 B3| &% Saccharomycopsis fiburigera 3% F24A & 2
R Eags. &
L RE4AA BY 25 44 2 434 54 24
) g R Bt 94 AR 23 MY
- F2AAA B4 dFE A A7E T8 =W FRAA EEd 33t 2 It ¢
F ooy Em FFE F ol fAA BY AT Hel AA @S #F 2

(TCCGTAGGTGAACCTGCGG) ¥ ITS4 (TCCTCCGCTTATTGATATGC) Zelo|H 2 o] &2

(internal Transcribed Spacer) H#-& PCRZ &H3 3 A|#EAJsle] Hlw B35 Ay
79 TS 5YS A7 IAES By e ISHAM ITS DB (http://its.mycologylab.org)ol A S

fibuligera® 43t Ao 2 FAJAFHJHILH 1. ol F #F7F A3 /7L 2dFo|g

3 A7,

=
(Saccaromycopsis  fibuligera 1.NJJ8-12} Pichia jadinii 1NPH1-2)= AA(GE.D3sFa, ITS1
ITS
J_T-_

Pichia jadiaii PH1-2 RS T2 OE 27.88

& 121 104-303

oy

¥ 1 Zx 84 BEAe sl A" 2 F23ENA a7 FF 2 &
= MEdE | XlEs 37| YA
= o
‘ St ‘ bl Gl ‘ 8% laazzm| o | A ‘
; Sacchmrpmoapsls . HFE MR ZES T} AL o] =95 Unknown | Unknown
:JD fibuligeralJ8-1 | 2231 557 | DHME
2 ‘ _ﬂﬂé% .'lg” U__F | | 0|54 Unknown | Unknown
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Wondiy, Septamber 15, 2014 03,00 PM Page Wianaay, Septombar 15, 2014 0300 PM Paged
s2d Cortig 1 Puyect Ui sy Contg ©

o s

AT T
SHEERNEETS
ST TTTARTATT AT
T T o T A TR AT
AT

IRRRNN [R5
[ERRRER iaf

[REERY ¥

CARCTTRAGEATATCANGE
AR CT TG ATCANNAA, - STIRRANNATSATTTAS

11 Al 415618 |
PRI-2 1781, bl (47R1 3801

JRRRNTE TR0

L

a..n .u»sua

[NREREY (HF

et S e T

a9 1. LNJJ8-1 ¥ LNPH1-2 #F9] ITS A4 2=
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- YPD 1A wjA]ollA LNJJ8-1 & LNPH1-2 &% #FE52 ujx|d EetEoA] A=

ofl ol
Buful
ﬂllﬂl ﬂllﬂl

Hol @A Wik A7k Aol whe} wjIek UnkHel Ew F2Ush TR/ AHhyphae)
T Bole AREAY 1 F2Y FEE A¥on, 538 LNIB-19 RYE Ho}
#1897 2k FAHAHIY 2

a9 2. YPD €3 i ellA
ol F

t}. S. fibuljgera LNJJ8-1 R P. jadinii LNPH1-2 &9 A% 34 &4
- 7 AR AAYEES A4S A8l 2% TEDS BHAYOE AEF YPD uf kel A
spectrophotometer (Thermo. inc.)& ©]&3% OD (600 nm) A3 T2 Hd=x7]E ©
TE 8L T AAFH BAE AT A3 LNJIS-13 LNPH1-2 9] A
23} stationary phase @ Ht} =3 OD7} tt2thE= AL & F YA A% =
Ao =2 [NJJ8-1 #F7} LNPH1-2 #FX2th A SAEHAJ oY OD SAH Y v =3
= Ui S Fdstdtad 4). 53] exponential phaseol4 growth rate’} -F== &
S Hol OD 24 A3E EUE cell growth stages A3t A3 A o] 7153l HTh

Growth curve (OD 600) Dry cell weight

R

g oo Moy
<

[‘ 02i flo o rdt =
e

e

——PH -2 —e—ll 81

a9 3 7 88 +#F9 dx T 2D OD =A. Red: S fibuligera INJI8-1, Blue: P. jadinii

c}. S fibuljgera ILNJJ8-1 X P. jadinii INPH1-22] A% TA N wE FF ZF B4
- & fibuligera LNJJ8-1& AJZko] Aol wet AR Aol7t A AoAH dIdMEZE A=
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BHe z7] o]y, multipolar hyphaeE dAdste] x4 Ball JehS =Y. P jadini
LNPH1-2+= LNJJB-13} HAFSHAl Algbell Aol whe} A Aozl syt ghagdo] A

o o AREHE 124%Fe] YW @Y Az FHE Wol HFHIJHE 4A, 4B).

24 h 30 h i 34 - 48 h
% 4A. S fibuligera LNJJ8-12] growth timeo] W& #F 2o E2(YPD #jA,
30°0)
--- zh
18 4B. S fibuligera 1.NJJ8-12] WA o] W2 5 2 EA(YPD wji#], 30°C)

ul. RNA &9 &9
- S fibuligera INJJ8-1 &9 7% YPD HA| wlF Al LNPHI-2XEt} t] %-& hyphae”}
P4 He Aol FAFHIUH. ol s dAEsE & HA got 10 xm pore sized]
membrane filtere} ZFFAE o] &8sl AHEEES Zol DEPC treated waterZ 13
washing & 4| Ao} wxAPE-S o] §ate] AEZE 333 ¥ Qiagen RNA prep. KIT
S o)l g3l AASATE. S fibulgera LINJI8-1 #+F+= %7] OD 0.35% 3l 2 L S~
3ol YPS 2%, YPD 2%, YPD 0.1%, B #]%] 300 ml w3 A& 47 A5 d=2 AES
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& 5 RNAE F=39 ¥ 6). LNPH1-29 A-$ %=7] OD 0.35& 3}l 2 L Z&gt~=
o] YPS 2% viA] 300 mlo| A 2& AMZL 71X RNAS F=5¥tHad 5, 18 6).

B.
A YPD_2%, YPS 2%, YPD 0.1%, B YPD 2%,YPD 0.1%,YPS 2%, B

[Bioanatyzer QC &)
Pousen

3 xmmEE @

YPD 2% YPD 0.1% YPS 2% B

1% 6. LNPH1-2¢] RNA & 4 Bioanalyzer QC &%

v}, S fibuligera LNJJ8-1 ¥ P. jadinii INPH1-2 #F9¢] &4 =9 wE 35 &Y

- 5 739 ploidy £4& sH7] fsiAE ©Y AXE Feje] %7] exponential ©A Q] #5
7 d8sty] wiZol 94U ko wet 24 ARE9 9 Alx FEE Age =4
A=A stz st gAaUo] soluble starch ¥ wiy} glucose 2E 5=
Eolgoel wie} overnight culture 2o FARE o7 A dojA& ZHo] FAFHATH
g 7A, B. AFH S Z soluble starch ZHolA ©YU A=E7F oF AR AT
LNPHI-2 #5¢bE 22 LNIS-1 #5E BdAZrl 2 3194 3e
27121 B HjA oA OD 0.5 74A] v Fgt 2 oA g Ax7F v FEFE A
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YPD YPD YPD
Iucose 0.5% Glucose 2% Glucose 10%

YPS YPS YPS
Starch 0.5% Starch 2% Starch 10%

O3 7A ¥4a9d = W2 S fibuligera LNJI8-1 T 2 H4
YPD YPD YPD
Glucose 05 )

Glucose 2%

Glucose 10%
,-J.

YPS YPS YPS
5% Starch 2% Starch 10%

a9 7B.

a8 7C. 3 @ A% A =72 B wiA oA S fibuligera LNJI8-1 &5 RoF B4

AV S fibuligera LNJJ8-1, KCTC7806(=ATCC 36309) 2 NCBI 55 RfAAE2 A|lF2 v

- NCBIYNA S fibuligeras 719E2 2+ FHAe] AlE2x HRE 53 & PCRE T3
ATCC 36309, LNJJ8-1 #+2] 71]3’: DNAE o] &3t AA| ORFE FZ & 747 dRES
AlEA s\l . NCBI E9 A#HE(A1l, R64, HUT7212)e} ATCC 36309,
INIJB-1 7ol ARE A AASE BAD A5 GLUIE A9 el A
7}t 2 Aol HANOWGE 2), LNIS-1 #F= dgldA A7d nl = #E2
Az,
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¥ 2. S fibuligera 1.NJJ8-1, KCTC7806, NCBI°l| &= = FHA=E AHEAY vluxE
T Nce  Tkercrsos |ws

MIG1 A(A11) A B
PEP1 A(?) B B
ALP1 A(RG4) B C
BGL1 AMHUT72127) B C
BGL2 AMHUT7212?) B C
TPS1 AATT) B NA
GLU1 AHUT7212) A A

s S Al o7 FAH AL AAAV FA3TE 9 u)(NA : non-amplified).

o}, LNJJ8-13} LNPH1—2 7o A 2 L AR i 4

- ols #FY Af @A Az AV7F 15 pmE A ¥E S-S o83l LNJI8-19] At
M EZ= 7}%} ol AAstE 0.1% YPS wiA], LNPH1-2 #F= 2% YPD w®iA|o)| A ujek
whatman AFe] Grade 520 a: 15-18 xm 2] pore =7]Q1 Fo] filterE o] &3}o] GUAE
o=t dEsATHLH 8).

i o S

118-1

400x ) 1000x

200x 1000x

3Y 8. 2 #Fe 9d AEE dolul ¥ HAW B @

)73 AR scale bar :

- LNJJ8-1 #¢} LNPH1-2 #5+ EF hyphaeE #AJ3}+= multipolar dimorphic yeast
A F 7o 9 Ax=RE ARt we} hyphaeE FAdste S AT 54

o]l moFS BEA3IH|Tt F #+F =5 YPD (2% glucose) ¥iA] 300 mio A 7]& 5
H#¥ whatman Grade 520 filterE Al&3te] E23 GUAMEZE seedZ OD 042 H

Z3le] 6, 12 AIZF WiYR F, FFE 70% oleh2S o] g3te] 3083t permeation A7
AL 5 ug/ml 5= hoechst @AeFe Abgsto] 3 GAZ A3 5 g5 25 ) 9
S

S JFA T Y Azre] Aol wet GUANZERE hyphaeE FAITHE AL g9l
StATHI™ 9 19 10). T3 LNJIB-19] 3¢ MZe =Z7|et 3o =77} LNPHI-2 Xt}
Z Ao g BAHJAHIH 1D.
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1Ha-1 x400

12 h

o - - -

9 9. LNJIB-1 #F9] x4 dv|d 2 s G2 ALz 40048] W), scale bar:20 xm

PH-1-2 %400 12 h

DIC

o - - -

I3 10. LNPH1-2 #F9] Fx=4 dv)4d & s A2 AL 4008) #l)&, scale bar:20 #m

Oh 6h 12 h
PH1-2
%1000
ne-1
%1000

a9 11. LNJJ8-13 LNPH1-29] Fx4 dw|7d 4. ZF 29 DIC 2 3l @29
stA ek A2, 1000 =5} ®i-&-, scale bar : 5 xm
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2}, LNJJ8-19} INPH1-2 #3F9] A& Ao w
™

£ 9 2 septum (AH) IA vlaEH
YPD iAo A 2} #55 Aujdd 1S E+® whatman Grade 520 filter AR8-3te] T
MEE 42 & A% OD 052 AlFste] 312 6, 12 AIZF vl #5, A9 4, 8, 24 A3t
el =2 H-2 hoechst, septum2 calcofluor-white *2]ste] dn|7d EA4S $3435tH
=3

AlZko] Aol wE} AE Alold septume] A= o] hyphaer} FA4=HJTL z+ Ax7 e
AE 7HA 3 e Aoz EAEJHIH 12).

[:{

Oh 6h 12h

=3

KJJg1-2Y

KPH12-%

KJJ81-

KPH12-

d

a3 12. 4% AlZtel o LNJJ8-19} LNPH1-29] 3 9 septum FEfje] dw]

ol
A
S
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2. S fibuligera KJJ81 (LNJJ8-13} KPH12 (LNPH1-2) #+F F=ZF3A &4

7}. Whole genome sequencingS 91+ Al DNA &4 ¥
- 3 Alth Next generation sequencing (NGS)¢] & <l Illumina ARe] TSLR A[AAS 93+
Al DNA AlES WAl &aw9 Al DNAE st= WXl Glass bead <}
Phenol/chloroform/isoamylalcohol< At-8-3td F23tHR<S 4-¢ &R EA F multipolar
hyphae #Ao] UF & dojupa 7|E yeast FHiQ] A8 +F BT Als DNA FEA
GHsyl Bo 2 dojdthe Zlo] E<lE o] TSLR AlAA Y Q T
E 3}31 %] Eé‘}‘}ilﬂr(la 13A). =3+ long mate pair AlEA S
HX] 22 Als DNA &S E¥lstr] 98t 1A8 &2 Ay
% 1% SDS, phenol/chloroformhsoamylalcohol° AEA 3 &
phenol/chloroform/isoamylalcohol AjA & & YA EE st A2 45
B 100% oesEe At A IAEES EdH FHUHIUHE
spooling ¥ RNAse AE A &|st= WHOoZ F=% A3} TSLRE QCE¥ oYzt = o2 34
ol A<l Pacific biosciences AFe] SMRTe] QC X3+ F3}38}e] dimorphic yeaste] A8
= 9% A= DNA F=HS S AFH K 13B,0).

- B.

3%
%

= ==

CA] fluorescence 7]
HAANAE PR 2 23
w3 &4 lyticases
ESPA

o

o rf

s—1 ghNA

PH1-2 gD MNA

19 13. LNJJ8-1 Genomic DNA % #4].
FZ(TSLR-®), C: lyticase o2 =3+ A

A: glass bead ©]& =, B: lyticase Ho =
Zl (SMRT£)

Y. S fibuligera KJJ181 (LNJJ8-1)3} KPH12 (LNPH1-2) #3¢] genome |A4A) Hlm £ A
- S fibuligera KJJ813}+ KPH129] Ay |A71AES vlust A3 =RAI= KJJBle] A 1F 4
AA o} KPH129] EA1AI7F 99.98 %= 244 HARVE TLdto] EAFGAJATHE 3, 19 14).
u2A KJJ81e KPH12 #F¢ B &% ENAE Ad &= & #5379 hybrid #5232 5
AHAY, =35 A|EA va B4S 53 KPHI2 #5+ P jadiniz} oV S, fibuligera®) St

=

-

Fog B

doh

¥ 3. KJJ81 #3F9F KPH12 Genome Al#AA vlmw &A1 Ax

PH1_aligned AvglLen(bp) Avglden (%)
Al 2997806(99.90%) 78949.71 99.75
A2 2084164(99.21%) 141131.60 99.86
A3 2634663(99.44%) 38517.09 99.49
A4 4129743(99.94%) 94594.95 99.85
A5 1441798(100.00%) 240012.50 99.95
A6 4485231(99.92%) 93016.37 99.83
A7 1345303(99.40%) 63960.33 99.89
chtot 19147272(99.90%) 92582.63 99.81
Mt 67403(99.96%) 30953.00 99.98
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AR Ao A KJJ81°ﬂ—: T AEZF 25 E&x)stH, KPH12¢+ = ¢ & S
Fibuligera ++5%1 KCTC7896 (ATCC36309) oA= 3 MEAT EA o] SAHATHIH
16).
FEERL vy 1IBGLL-1 'g"pcn? Wit — A
éPCR?. 907 bp o PCR 8, 1151 bp I —;
3 byl it
PCR 3. 305 bp — 'PCR 9. 613bp
JMIGL-L 16LUI-1
ey by
PCR 4. 571 bp CR10. 10 —
4 JIMIGL-2 JIGLUL-2
{PeRs. 519 bp = PCR 11, 883 bp
pER1-1 1TPS1-1
PCR 6. 434 bp — PCR 12 426bp
e ' e
PCR 13, 544 bp — Prvvem
PCR 14.665 bp
JIRADS-2
b 1608 by
“PeR 15, 613 bp
et
PCR 16. 545 bp —
ez
.'r.lcn1'3's'sr .bp
AR
PCR 18, 447 bp
JJ“PJ._BJ -2
a9 15. S fibuligera 9 /N ARl digk Zglolw Tl 2 PCR AH o A7)

= —%—% sk KJJ81 /\]%
27) AEH Sol

DNA Jéi il

KJJ8IA

KPH12

A 152 GAA|e} KPHI2 A4 7Fe] Mummer toolS ©]8-3F 54 £4
AAA AE 7ro] AlE2Tt BYE AL YeEPA(XS - KPHI2, Y=

3
Z

o2 ZFoHE

o

KJJ8l A

2411% 7]‘%2& A ‘3—2 B A& ’%EZ_P 2 A= 1AM
H ARSI TH L 15).
Pyrobest (TAKARA)E AF&3te] ]2 annealing <&
Zo A 778 (MIG1, PEP1, ALP1, GLU1, TPS1, RAD5, ULP2)

oA
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MIG1 PEP1 ALP1 GLU1
PCR set 1 2z 1 2 1 2 4 3 4 3 4 6 5 6 5 6 7 8 7 8 7 8 9 10 9 10 9 10
55 55 55 55 5 55 5 55 .5 55 5 50 50 50 50 50 50 58 58 58 58 58 8 438 8 43 58 48 58
» . I
] ¢
= L ! = 1 =
— [ -— o g
| i -
= - | -
- § - W e =
do . | - [
R _— - —-—
_— - -
- - | wleaes wal -
1 PH KC i) PH KC i PH KC i PH KC pi PH KC
TPST RADS uLpP2 PLB1
PCR set 11 12 11 120 11 12 13 14 13 14 13 14 15 16 15 16 15 16 17 18 17 12 17 18
45 52 45 52 45 52 60 60 80 60 60 60 55 65 55 65 55 65 60 80 60 60 60 &0
- = . = y
: -
.- = N - - =
> 3 ) -
; = - - = =z =
- - -
- - e - -
s . = .»‘«.‘ - - --.-.-
- - e -
- ‘ vl e . -
PH KC iJ] PH

KC

1% 16. S fibuligera KJJ81, KPH12, KCTC7896 2] 97§ -FZAtoll thdk PCR £4

11 PH KC

A3}

2}. KJJ81, KPH12 #F2] &4 2 3 oA} B ZE in silico 4
- SD H4 ujA|o] gAY (Glucose, Soluble starch, Galactose, Glycerol, Ethanol, Xylose)ell twh

2 ¥y B4 A3} S fibulgera KJJ81, KPH12 7% =% xyloseE ©A4YS ALE3IAS
ol vk Aol ALY HA e ASE FlEo] xylose thAbsol thek FAATE gle AL
2 EA"E(E 1.

- 3 A8 wxd B wiA ] thgd FAS et wiA oA B2EE 4 A KII8lH
KPH12+= sulfateE Al9)3t & FUS o8& 73 Ao g2 Addc(1d 18).

- KEGG pathway % Al7}ZulelAl2~ Als dlo]EjHo] 2 SGD (www.yeastgenome.org)E il
st A2 WS SAstRoe™, Z Al sidEE §3A mappingS  gene
prediction 235 FI1Z FHA o]F EE AR A B4 o]Fo =2 EAEY

Sy SDeDiokiseis  SDASMh  SDsOTMce SDipesiol  SDABON  SDikes

I8 17. o g@adde] mE KISl ¢

KPH12<]

- Orminacetic stia

73y

=i
=

gad AR 24

Hansenula polymorpha DL1 #52 Z702 A8, S fibuligera KJI81 w3 A Y25 I

w02 HAE
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Extracellular sulfate
ScSULl
ScSUL2

Intracellular|sulfate| ®

I 1 lM hiani
Aspartate [semeT3 | E::i;f:&t\ine’mease_;
= ¥ . | o uermeaseg
L[ ScHOMS | 5’-adenylylsulfate(APS) "cweme |
Aspar‘tyl—4—ph05pale [samerzz| | | [semeTia .
[ serHomz - mE:
. i ¥
Aspartate-semialdehyde 3'-phosphor-5 —adenylyisulfate{PAPS}
ScHOMS | | BREL ) Serine
Homoserine Sul.ite 2 [HpsAT1 |
ScMET2 | [semers | ;
| [scmeT1o | O-acetylserine
O-Acetyl-homoserine . - =y . B
[SeMET2S | Sulfide e
| =ScMET17 HpCYSL
: [scsTR3 [sesTR2 | . 3
Homocysteine —— - Cystathionine” -|Cysteinel-
~ | ScCYS4S _SCCVSB ] % >
_SCMETE = » X SeGSH1 | | 5aDUG1L
+ [Methioning] ™ : [scoucz |
1 . Alpha—glutamylcysteme ksl
[Sesam1 " : SeDUG3 |
[sesamz 8 SRt |
W ! Glutathione
S-adenosyl methloninetAdOMet} | [scsamn1

Methvl transferase |
./‘

S-adenosyl homocysteine

a3 18 g3k el wE KJIBl % KPHI29] ZdE 2 & diA A= 4. S
fibuligera KJJ81 A Y= FTMo T FAT}

u}, S fibuljgera KJJ81 2 KPH12 ##Fol| A respiration A 2042 Y 4
- ® 3y FFo]e] Hyphal growth= respiration A 24 AP th= AF A7 4=
olQt}. o]#gk =S KJJ81 ! KPHI2 HFollA wHEo] 7] 98] Antimycin A AleFx 8] &
st £ F | WIE Flsta skt
- Antimycin A & 10«M AH3HS o AekS AR @2 iz 5 vl Hyphal
growth FEj B Th= yeast FHHE AASE AFS BITHH 19).

v}, S, fibuligera KJJ81 2 KPH12 #¢] ploidy ¥4}

- 7 &9 genome A|EA AFelA 4z oF 38, 19 Mbe] Alw A7IE EI=H AFA
oA S fibuligera v+ homothallic 3}al diploid7} AM3tttal R =] Qo] &= #F5
olo sFEE=A] vjA &S 93 flowcytometry 42 43514t}

- YPS (0.1% starch) ®j=A]ellA 200 ml 7] ¥FE €¥ whatman Grade 520 filterE AF-&3}

o B dUMELE A2 Ao KJI81 ¥ KPHI12 #5= 722+ 40, 80 mM hydroxyurea (HU)
& X33t= YPD wiAo Az OD 0.1= 3.541%F 719 cell cycles arrest A1zl A=, FA ol
zT o2 A2 Saccharomyces cerevisiae haploid % diploid ¥+ YPD®ll overnight HJ
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oF 31 A& AZ3le] flowcytometry #241-& 43335t}

- 5. cerevisiae ¢ DNA Z7]& 1=sts #l 19 20914 39 Mbe] genome Z7]E 7}
7 KJI81 9] A WA peake] 24~48 Mb Afelo] velpa 19 F WA peake] 48 Mb
Hrh 2 9X(78 MbF A Uehbs o ® Bhe w KIJ8l #5E haploids 4% itk

- mpR7FA 2 KKPH129F 28 ¢ S cerevisiae haploid #5¢] DNA Z7]E& 1#3l9S o
12~24 Mb 3o A A peake] 24 Mb Bt} & 91238 Mb Aol F+ ®A peake] e}
Ue Zle® Hge o haploidz FAHJTHILH 19).

N Antimycin A (10 ph)

FJJ81

KPH12 [

79 19. Respiration 14l Z27olA F #Fe] 4ARES BT WG AR,

A KJJg B. KPH12
1224 48MbD ., 1224 48Mb
i P

Schaploid

Scdiploid

1707

Schaploid

1062

Scdiploid

1245
4404

YPD YED

1547
"

1004

YPD+
40 mh HU

(3.5 h)

YPD+
80 mM HU
(3.5h)

FL1-H Re

13 20. HU A& W& fA42 B2 Az} Schaploids S cerevisiae BYAT41 o5,
Scdiploid= S. cerevisiae BYAT43 = Zt7Z; ¢k 12, 24 Mbe] AlE =Z7]E AWt
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A}, S fibuligera KPH12 T3¢ optical mapping (RYS)S 53 QAN 7284 9 AZ

- KPH12 #52] 44 DNAE 100kb ©]’e] 3712 A7] $I38te] agarose-embedded DNAFZ&
H-& o] &3l CHEF Genomic DNA PlugZE A 2t3}9i ).

- Nickase BspQl& AHEg & ¥ FAE g AL o] YimAle] [RYS AH|E o] &3}
optical mapping= 4343} %t}

- F ThY GAAE OITOVJ] Ao (1 2D, 1'H FAA A rDNA repeat Al# 27} 50707}
EAR = AS g & AATHE 22).

- IRYS 8% contig ¢} genome Al@PA ZA3} vluolA Zol7ltE A9 PCRES 53 IRYS 81
contig®] assembly7} ZE=A5o] A= ATHTH 213).

o IIil‘M'l (=" ] D-J;!H IIM 1. 20N F:\H 170 :‘Iﬂll .':‘Illf FR :'n'l:‘H’l ane HTIJM I‘?M ::;_'w 4IM 4.z

%L.‘J o bt i b bbb s b b

BP0 GTEAE b D FENY TELE R TEM 3 F TR R FYRE ] (% TP TV RS O Y
1 1
m.t..u._..,....,@ @.it |
okl ndwm
Uh SR DM DM AW RZEM 1AM VTHM B EDeM CRBM O 2TSM DM DEM AWM ARMM dm
skl bt bbbl bl ol b s B bbbl i |-.uﬂ-.-l~uudra imlm%ww w o
oo b e E@W
T 0B u:-’m 08 O oTEM 136M 15
? 'ﬂ.'lw I'I-I:H n.'w M |.r:n| LE- ) J"‘.lM T ?.?N-I 3081 .Tf"ﬂul !.U
3
IS YRS A BT S TN |L.I-4.L.u-4.-..-4.d ikt oicbins s ook dd il
L
O3 58 0738 l.ll L LB H Do 038 o7 (L)

II-; [3-1 U ﬂ!r:m I L3N 15 1:qu i Fisa ek l:'-! Q254 0OM DTEM I LML 15M LTEM o
i 5
-.dumlh_iuuluuuu..aaulmahm";m Al kil ik abombi g bbb il bl bbb i il bl

" [ d
| |IJ_-l b iy .------lli -i@ i
EF TR iw lw [T PRE Y PO P8 PP R e M Yy S v
0TS OSM DUTSM

0 02 DA 07BN IM 1 T5M L

B i T i 1

il L A B JFTT P W] T T I PSR T

..... b bpldd pidlibe dslit® Mn@ m

T T o\nl =LV ] i im

(-1 T BT

1% 21. IRYS optical mapping A3 =412 SMRT9} TSLRS o] &3t assemblyE 33
contigs, 3+#A-2 RYS A5 o] &3} assemblyE <33 contigs.
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0.5M ‘ . ‘ 0.75M

| Jﬂ HlllllH

g 22. 1 A A 2] rDNA repeat /M #44. ggkA st 10709 repeatS UE}

o,

A B 3.25M
' ﬂ. H | ) o
ddd 1 T 1 T T

/|
A8 ¢ (Sl bl leckilod]

— T

it

Pyrobest
e EF GX

1-9791 bp ldn:ndﬂ
g

4 A50M 23m z.s‘smlzl?ﬁfq ”ﬁ” FYR Z” "4’5 *”’1- 5 52

1 1 N T N N PO %[ NBN L [I—

IR IS RN
B
I ,
- [ x
I 4
i
i |
I
L]
i 3
L L

Pyrobest Taq polymerase

polymerase TS R é;oQ 55 °C 50 °C 50 °C
RE mappmg

19 23. RYS A79] PCR A3, 14, 49 d44 2} IRYS contig 81 Ake] el Al mapping©]
2 s RES PCR £%¢ 53 A3

o}. S fibuligera KJJ81 ¥ KPH12 #¢] rDNA cluster T+& #4.

- Axs A8 A23E EUZ 1DNA cluster +2E E439 ok KPHI2+= KJJ819] A genome
S 2 1DNA ANHE2E 7R 8 F27F 23 507171 ¥kE-E X9k KJJ812] synteny=
©l B genome-& 17§2] rDNA clusterZ 7}A ™ A|# 2 zpo|7F tha SRIEHJTHH 24).
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KJJ81 subgenome A and KPH12 genome

KLIBTATGO15700 ITS2  ITS1 ITs2 TS KJJ81A1G015800

KJJB1A1G015900
Chr. 1 Frat E:INTSVETSZ g ETsstz NTS1/ETS2 ; ! ETS1/NTS2 J}]l [5” PLB1
< W I

258 ‘IBS
% BS o FTDNA cluster
9,314 bp "'X 48 copies (447,072 bp)

KJJ81 subgenome B

Partial ETS1/NTS2 KJJ81B1G014920

ITS2  ITS1 TNT 1-94
Chr. 1 FRA1\NTS1IETS2 ; é ETS1- NTSZ @ CJ/PLB,
18

9,288 bp i

% 24. tDNA cluster 7+29] B2 %, 5S A2~ Hol= FTYLsH A genomed Hlulste] B
genome®] 255+ +1, 185 +2, ITS1& -1, NTS1-3 ‘ETSL —29, 5 ‘ETS-NTS2+= +1 7§9] A]
A2 o] Fol7} Y& Ao2 MW,

A

3. S fibuljgera KJJ81 ¥ KPHI12 39| AAMA &4

7t AR 2749 wE RNA—sequencing BAL B3 AAA B
- Z} #5E5 Aujdd & YPD, YPD 0.1% (glucose 0.1%), B ®iA| o] A]Z}F OD 0.20] 4 A]2+s}e]
0.5 2 u 714 vt #FE JAAALE o] &35l #FE EYHLE 7= W22 RNA

£ FZ3}9 RNA-sequencingS 2 WHE 43313t}

| =W ©AiAL AR in silico A4S Fete] #HE FAARE Zobd AL JHA A thAg

A WS AFsty AAFEES B4 A Az gAY F7olA  glyconeogenesis,

glyoxylate cycle, glucose fermentation tHAFE 22] W& o] 7 AS FASAHIH

25).

MY AL HA- ] in siico 42 F5)

A s ARt AATES £4% A B

3 GAXEF Y transporter FH FARLS] W FFo]

26).

S fibuligerad| Al AFdH o g2 F8&38HA ol&E F A= AE

FHAAE in sillico A< k] Zohd #3 il 4

71 9 g9 AT B wjA] 24 A FFEo] FUtEe S B

- S fibuligeradl Xl AFH o2 {F83HA o] &E F v @ FHELY
olg] H|o]~E o] g3dle] thEZH FHol(A oryzae) D ER

- 1 Ay} KPHI1294 20270¢] proteaseE 24y I F tE2 F fungie} vlud Uﬂ aspartlc
protease (A 718)9] &7} protease & 7FE B HI LS A= AR EAH

- o] T By gid B g43H FAAE i siico BHE 53t a1 AA FEE B4
A3} GPI anchor A|@Z27F EA)8}A] &+ yapsin AlES] FAAEI}= dx2H o2 SfPEP]
Agel B8] guld F Ao FHxe B FFo] FUMete FEE BioH, ol &
AA el ABSG BA Ax} yapsin ALe FHAE FE] GPI anchor A& 27} AAEHA
SfPEP1 Ao Enjgmiza=z s}t 3 Aoz BAEQTH(E 28).

I
)

A
W
3

3

S
2
)
o
=

o B3
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A. Glycolysis B.

(33)

Trehalose Gle
A7) 1) D0.1/D2 D0.1/D2
Pentose pathway Tep (16) P——— e
cop == o = oo
6-PG 6-Pgdl @7 @) ®° = I 2 = I
co O s Shee! 2 2 E see S 2 E ses
(37) RSP @ = 5 [cliel | 11 TPS2 B 71
s Ree =2) 4@ Glycerol-p PFK1 ) PP1@ [ il 181
u
41) F1,6Bp @2l a8 PFK2 cIT | -
@O “ % \DﬁAP FBA1 | @ s [ 2
e G3P = TR 5] acot I T 1 ]
= G}P TDH1 ACO2 |
FeP E4P (G ] 6] LSC1(2) & ] BT
1,3Bpa GPD(3) |y Lsc2 [ ] 24
Fermentation (€8} Agﬁg‘) | FUN]‘&(LZ; | - [26]
En 329 ADH1 icL2 [~ = Jrea
(12) @) ADH2 | MLS1 ]
13 i 29
Aeatts @—0) Acetaldehyde 2Pg ADH3(2) N 12 PMS1 ] ][ ]
14 l a1 to ADH4. MAE1 T 301
Cary @1 PCK1 o 1311
AcCon =Py > pap ADHE(3) i 2=
r (15) 44 (1IO) alcC NTH2 [33]
1 ZwWF 34
(19) | ALD4(3) soL1 B
v [35]
30y AcCoA ALD5 (131  SoOL3 ]
@D ___»onn \{_‘/’COA Aldh6a1 RKI1 371
alate k2thy Citrate atd2 RPE1 381
(26) 29y 1 ACS1(2) (4 GuT 41
Fumarate CoA ) Glyoxylate cycle (21) ACS2 ] gut2 421
R it
(25)‘( //yi)\ Expression of paralogs Fold change
— Succinate 28) Isocitrate —> {loga(a/b)}
@4 TCA cycle ‘/(22) Homology score -_ =
Sudtinyl-CoA AKG P1>P2>P3>P4 -10 20

(23)
e

9 25. S fibuligeraol A Q] 4 WAVA R in silico B4 B AARA] B4 A gAUAA
o in silico ¥4, B : YPD thH] ©& =9 glucose 174 (YPD 0.1%)o 2] AA ®
3} 24(log, value)

A. B. B /D2

Met
transporter , AdoMet « m
Sulfate & transporter  Cys - o g
transporter 7 transporter 5SSz
) i ¥ ¥ ¥ Step
7 Sulfite
: pump metE
MET2 m
MET17 [21
MET6 [3]
SAM2 [4]
SAH1 5]

. Ser CYS4 61
Homo-ser met2 [0 || [
o] po R
oRb Sulfide OAS cys2 [10]
() K— \(11) cysB [11]
OAHS | J GCs1 2]
[ + (7) )(3) v | GSH2(2) [13]
r—*Homo-cys == cystathionine *—=C¥s | e
{ | (6) (9) | buc2 (1141
" DUG3
@] (12) YPROO3C(2) ]
YGR125W i
MUP1(2)
L-y-glutamylcysteine MUP3(2) (16l
SAM3 7]
YCT1 [18]
(13) sSU1 [19]
Expression of paralogs Fold change
il —> {log,(aib)
P1|P2 | Homology score = E |
p3|pa P1>P2>P3>P4 -10 20

a8 26. S fibuligeradl Aol & WAAEE in silico A D AAA B4 A ;3 A 9
in silico 4, B : YPD ¢+ uwjx] tju] 3 A3k B wjx] F o)A 7‘“}74] W3l F24(log,
value)
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A.

C.

Enzyme name

D0.1/D2 B/D2 D0.1/D2 B/D2
< o < o

F8 Y568 S 5 5 £ & & %

33 T 32 Enzyme name 3 5 & i i [
¥ ¥ X X ¥ X -

BGL1 BGLb—thkg| B |. |. I
g

Egtg Beta-glucosidase EXG1 h

EXG2
BGL4(2) e
Casta) ] Polysaccharide monooxygenase ACF2

abfC

Alpha-L-arabinofuranosidase C

DSE4(2)

ENG1

Glucan 1,3-beta-glucosidase

] Endo-1,3(4)-beta-glucanase

SCW4(4
@) 1,3-beta-glucanase/transglucosidase
B SCW10 (GH17 family)
- D0.1/D2 B/D2 SCWi11
L @y L@ SIM1-like(3) L
w @ T o @ T
a2 3 E 3 3 E Enzyme name SIM1(2) Secreted beta-glucosidase
X ¥ X ¥ X X SUN41
ALP1 Alpha-amylase YMR244W
GAM1 3
Expression of paralogs
GLA1 Glucoamylase e Ft{:;l:gc(l;?tr:)?e
GLU1(2) pilp2 Homology score ;
P1>P2>p3>pg  EEe A
P3|P4 -1.0 2.0

a3 27. AEZ 2 ~(A),

AEZB) 23l 2 A=y 2810 +A

Aol A A

A. A. oryzae (471) S. cerevisiae (233) S. fibuligera (202)
T(22) A(18) T(22) A12) T(16) U
C(78) "
G(5
B C(76)

M (138) N [2} N (1)
B' C D0.1/D2 B/D2
£ B X8
¢ s g g 2 3IXI38~I
v 2885 o 238 33¢8
> Q o~ oty T A
% 20 5 2 &
2 2288
A
A=) ‘b"@
66033"(’“ PEP1(24)
:@m\oﬂ
A3G0r070g 2030500 i |

ATGO83300

A2G033300
YPS(2)
A7G00250p YPS1(2)
YPS3
A2 Coagqy SAPO
SAPT

i Expression of paralogs Fold change
: {log:(a)]
¢ %ﬁ P11P2 | Homology score - -
i % & palpg | P1ZP2>P3=P4 10 20
23 %
Y 28. S fibuligera®) @A B §A 28 B4 2 2u) gwd B8 fAxke] AAL
A E4. A MEROPS d|o]E] #|o]AE o]£3 dmza B3 SA-x 15 EX(A:

aspartic, C: cysteine, G: glutamic, M: metallo, N:
threonine, U: unknown proteases), B : #u] whulz
S e fRAke] A 24

asparagine, P: mixed, S: serine, T:
B FRA AFSE B4, C B
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U, KJI8l, KPH12 #F AA ] @& &4 &% 2 e, FPANE YIF 24
- Sacchromycopsis fibuligera KJJ81 % KPHI12 #F+ ZHALA 24 A3} Crabtree-negative
Frgta o =% g2 glucose repressionol] ok ©AY tiAgA o] E FFE A FSS
z9ar] g6 25 440 BE dus FUME Ted A4 2 Avde EASAT
- A3 Ay KJ8L, KPH129| glucose 4R tiH] ogk& AP AHPEY Y4 ATEE +F
Q1 Saccharomyces cerevisiae (CENPK)ell Bl @ A3 BojA= AOo2 BAHJTHIH 29)
°|& KJJ81, KPHIZ 4% AHEL 4 ¥F=2 ddsH= A7 2 + Atk
YP + 0.1% glucose
2 100 2 A Z
1.5 1.5 15
- 10 _
= s 3 b
-] ! 2 2 14 1 2
o a = =
: : ° :
6 EB c ns g
O O 1
= i 01 0o i1 1 0 0
74 T 45 h 0 12 24 25 45 h
YP + 2% glucose
20 \ 100 20 5 -5
k) \, 4 & £ =
15 4 \:‘-‘e_, E = ” s ;
= \ "\'.‘\ m £ 10 - o
\ B a L3 3
~;5 10 \ B\ & f& 10 f@ =
§ \ -‘2\\ i @ g o H'”‘mxaﬂh -2 E
a IS \\ \ . E c f'; \‘x - g‘
\ \
0 T f— A —ar— 8 0
0 12 24 36 45 h
YP +10% glucose
100 L S 100 50 E— - 10
N it E s
30 \\\‘li\' = 1 a0 / ﬁ""“ﬁ-h-n 3
—_ \\ '\. E 10 - / O
= % b ) g = i %
§ n i \‘ : (=] g 20 | L a ;
6 33 17 \ s N , ﬁ 10 /J 2 o — 0“3!\“ 2 g
= T \ g 3 /.//1 '_‘.:'..:f ""'ﬂ_"‘---.%_ — _.&é- =
o4 ; — & 0.1 0 M T 8 """ £ Fo
0 12 24 36 45 h 0 12 24 36 4t h
—— glucose —— glucose —&— glucose
soomione{ 8GO0 e { 4 WOD  im{-g oD
-0 glycercl & glycerol o glycerol
a9 29 S fibuligera KJJ81, KPH129| A4 o] & des, SgAE, T5F A 9 AR
74
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4. S fibuligera VEFAA AR 7]¥F ¥ aH-4H 24

7} KJJ81 #5¢] B genomeol| Q== #FE 7] A Saccharomycopsis genus speciess 2

ITS £4

KJJ8l w32 genome A@A Ay o] FF= T FZF9 genomeo] hybrid ¥ o]
genome TxE& 7Fd Zeolgte= 7H4stel B genomeel dQEHE dFE 7] S
Saccharomycopsis genus speciesE9] ITS 48 F38sle] KJJ81 #+52] ITS¢}t Hln E243}
b=

Saccharomycopsis genusell &3l= yeastE2] ITS sequences= ¢F 70% W<l A5 S 7HA L
dow, 1 F S viniet S fermentans) ¥l 94%2] =& homologyE 7FAal Jou S

fibuligera®t =& 45 L /A= 5= UATHE 4, 1Y 30).

T3k KJI817#F+= A genomeRHe 71A|+= KPHI129} t}haksl 3+ XAeujA|oA T o] th=7
Lo} ool 2RQVste]  Saccharomycopsis genus species$} S fibuligeras 3 el x| of A 2]
spotting #435le] KJJ81:} W23k XY S 7[R = FF5 A 3

O A3} S fibuljgeras-S sulfate WA= ThE yeastE RUk & ©] AHo] 7bsstH S
synnaedendra, S. capsularise= 3ol ¢ WZSHA Hb-gste] Al B3 S fibuligeras}
Hls=3k A E e 7HA & #F5 It 3D.

¥ A ITS &4 Hlu s

Sequence identity

b. |S syn |S cap |S ferm | S vini | S mal | S jav.
712 | 669 | 648 | 693 | 703 | 648 IS sel S. sel. S. selenospora (KCTC7276)
728 | T3 | 671 | 727 | 727 | 675 |S fib. S. fib. S. fibuligera (ATCC 36309)
S syn | 385 | 341 747 | 747 | 703 | 758 |8 syn S. syn. S. synnaedendra (KCTC7813)
S.cap. | 439 | 365 | 389 663 | 784 | 697 | 678 |S cap .
S ferm.| 477 | 435 | 312 | 449 70 | 624 | 94 [Sfem| | S cap S. capsularis (KCTC7818)
S.vini | 396 | 342 | 308 | 257 | 384 69.2 S. ferm. S. fermentans (KCTC7839)
S.omal | 38 | 339 | 378 | 389 | 524 | 397 S, vini S vini (KOTC7981
Sjav. | 474 | 429 | 294 | 421 | 63 | %9 - vini - vini (i )
S.sel | S.fib. |8 syn.|S cap.|S. ferm.| S.vini |S.mal.| S.jav. S. mal. S. malanga (KCTC17370)
Sequence distance S. jav. S. javanensis (KCTC7252)
Ll S malarnnga 0.05
0145 S. fibuligera

46.1

0.189

S. selennospora

0.097 0.112

8. virad

o7.g 0.045

S. capsularis

0.037|
93 2 0.108

S. syrnrnnaedendra

0.025
—— S. javarerisis

—— 8. _fermierlians
0.039

a9 30. Saccharomycopsis @52 ITS A#A 2 3 AT

M
it
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(=) Sulfate Sulfite Sulfide Methionine Cysteine

S. fibuligera #1
S. fibuligera #2
S. malanga

S. synnaedendra
S. capsularis

S. fermentans

S. vini

a9 31 ol WS Saccharomycopsis dFE2 AAMNY B, S fibuligera #1, #2;
KPH12, KJJ81

. S fibuligera KPH12 and KJJ81 mating type locus |4 2 Hlal £

- Z} #29] mating type locus ¥ mating pheromone alpha/A F#& A A|A2E 7] 95l ¢
st Als AlEA AKX g oannotation X e A A LHA S+ mating type ATH
AAe] EAS BAStY Als AEA A EoA mating pheromone A FHA FRE AW,
AR THE 32A).

- KJJ81 A genome2 o]} Al 22 genome type}l KPH12¢} 37 mating pheromone alpha2
FAARS 7FA AL 9o KJJ81 B genome - mating pheromone alphal 3 x9k& 7FA| 11
UE ZOoE FAEO o] zolE APH o= FQlstr] Y3 PCR &4 & FHst &2l 3
RoH1E 32B).

- mating locus ¥ mating pheromone Al/A2 %A= A genome ¥ B genomeol|A] ThA&9] A
A2 Aol EASAR F2E Aol gl AOT BAHUHIY 320

t}. S fibuligera ATCC36309 genome sequencing

- S fibuligera ATCC36309 Als A1AA 3t7] 9lste lyticase HOe = Alx DNAE FE381
PacBio AFe] SMRT Al#¥A 2 lllumina Hiseqe <3sted 53} 79 chromosomeS A< g
1,2,3,4,6¥ chromosome centromere Aol 5709 gap9t ZA3tH F 7/HY FMAZ o] F
oAzl Ao Z EAHITHEE b).

£ 5. KJJ81 ¥ KPHI12 +5¢} ACTT36309 (59 )¢ oAAE A3 Hlul
lchr. # | 18Aa  |%Gc| 88 [wmec|  PH1 [%Gc|  kcre  [%Ge
' 1 4,911,352 38,63 4,344,079 | 3892 4,897,519 | 3863 4,890,918 3868
2 4155118 |37.93 4.044.695 3856 4,145645 |37.96 4,114,871 | 37.96
3 3.027.211 | 3814 2,646,735 | 3863  3.010,680 3813 2,651,165  37.95
4 2704859 3813 2652149 3895 2,681,439 3806 2,657,528 38
5 2,120,103 3799 2381737 |38.92 2,105,831 |3802 2388082 3816
6 1449650 3863 1,410,702 3919 1462644 3867 1,382,812 3833
| 7 1364239 3831 1,345124 3937 1,359,543 3829 1,400,906 | 38.48
total | 19,732,532 | 3824 18825221 | 38.86 19,663,301 |38.25 19,486,282 | 38.23

- KJJ81 % KPHI12 #+F¢+= =24 7¥H chromosomee] 63 chromosomeX T} ¢F7F ¥ 3w
ZxHozg 3 9 5 FAMA 9 translocationS FHolA FEElH KJJ81 = KPHI2 ol A
dojd Aoz FEAEJTHIH 32).
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KJJ81 subgenome A, , KPH12 & ATCC3609 genomes (Chr. 4)

MFa2 MAT locus
037TMb 0.2 MbI

centromere :
MFa2 (306 bp, 102 amino acids) : “MATat e s
MEFVY S IAVLAATALALFTAQFNAEPAEKVARREPEYEAERKARELE Pl 5 a | _.- ot
WAGVAENQPIFERENEPENFAR PLEWAGVAPNQFIFEREAEPLE "
S i
SvaGEE KR: KEX2 cleavage sites LA2 MATa2 MATa1 MATa
KJJ81 subgenome B (Chr. 4)
MFa1 MAT locus
ceﬁtmme-{g_ = N .
B. K81 KPH12  ATCC36300 - MATai =
PCRset 1 2 1 2 1 2 >4y - LB
kb T ———— SLA2 MATa2 MATa1 MATa
15_ MFa1 (726 bp, 242 amino acids)
MEai l'1 0_ a METAYSTAVLATATLALP T AQPNAGTADRVARKRE PEPEAR PEAR FEREA

EARTLEWAGVAPNQPIFKREAR P L AWAGVAFNQPIFEEEAETEARIKAR

MFaz p — o L e FARDTRAGVABNQPIFKREATET A WAGVABNQPTFRE
[AESLRHAGVAPNQPIFKREALPLIWAGVABNQPIFER
EAELERAGVAPNQPIFFEEAE P LEWAGVAPNQFPIFEREAEPEACPFRER
HEEELREACVAENQRIE KR: KEX2 cleavage sites
MFa2

AT AR T T T AT AC T C AT CEC TaT TC T TECTGCTACTEC AT TEGCACT TCCART TGCTCARCCARATEGCTCGARCCACCTEAGARACT TGCTARARGEEARCC
AGAACCAGAAGCTGAAGCCAAAGCCGAGCCATTGAGATGGGCCGETGTCGCTCCAAATCAGCCAATCTTTARAAGAGAAGC TGAACCAGAAGC TAARGCCGAGC
CATTGAGATGGGCAGGTETCGCTCCARACCARCCAATC TTCARAGRGAGRAGC TGRACCATTGAGATGGACAGGETGTCGCTCCARACCAACCAATCTTTTGAATT
ATTGETAACCARAGT TATTTAGCTGCTTCTATCAGC TATC GCAACTGCTATCTATTTTTTTCTTT TCTT TAGACGETEGACARTA

MFat1

ATGAARCTTGCATACTCTATCGCTGTCCTTGCTACTGCTACAT TAGCACTCCCAATCGCTCAACCARATGCTGRAT TAGCTGATGAAGT TGCTARRAGGGAACC
RARACCAGAAGCCGAACCAGAGGCCEARCCARAAGCTARAGCTGAAGC TGARCCATTGAGATGGECCEETCTTGCTCCARRCCARCCARTCTTCARGAGAGAAG
CTGAGCCATTGAGATEGECCEETETTGCTCCARRTCARCCARTCTTCAAGAGAGAAGC TGAGCCAGAGGCCGRAACCARAAGC TARAGC TGARGCTGAGCCATTS
AGATGEGCCEETETTECTCCARACCAACCAATCTTCARGAGAGAAGC TEAGCCATTRAGATGEECCEATEGT TGCTCCARACCARCCAATCTTCARGAGRGARGE
TGAGCCATTGAGATGEGCCEETETTEC TCCARACCAACCARTCTTCARGAGAGARGC TEAGCCATTGAGATGEECCEETETTGCTCCAAACCAACCARTCTTCA
AGAGAGAAGCTGAGCCATTGAGATGEGCCEETETTECTCCARRCCARCCARTCTTCARGAGAGAAGCTOAGCCATTGAGATGAECCAGTETTGCTCCARACCAR
CCAATCTTCAAGAGAGAAGCTGAGCCAGAGECCGARCCARRAGC TAARGC TGARGCTGAGCCATTAAGAT GGECTEETGTTGCTCCARACCAACCRATCTTITA
AACTATCGETAATCARAGTTATTTAGT TG TTTIGICAGC TATCGCAACT GCTATCTATTTTTTTTTCTTTGAACGGTGACAATA

C. Proposed processing site
% 20 # 40
CaMFAL AQQ\JQK GSCORKDKDARAK] WAVRSVS--TCNCCSTeclY : 42
CguMFAL ‘—(ﬂ TSA&TQAE"‘RD\RV\WN\:R——RI"YPAI' 4 T
ScMFAL ————ATAMPKEKTS SHKKIY I TK----GVEWDPAS ;36
SCMFAZ : [WTA—-ETON ()~<I‘IK""5KK&IIK————G.I-’:J[;P ; 3B
SEMFAL (A) -———EHNSTETGSNKEOOSTY TOPNNSNHILAQSHERrY : 40
SIMFAL (B) ¢ -——=-SHNATENGEKKEO0RITY TDENNSNHILAOQSMEEY : 40
SEMFAZ (A) i TGENEKEOOBNTYTOPNNSNHITADSEEE” : 40

CAAX : Proposed farnesylation site

198 32. Mating #9 @2 24, A : mating locus ¥ mating pheromone alpha % =}9)

TZ, B. KJJ81 ¢ Mating locus®] =A% H
Forward primer;®#7 24,
2), C : mating pheromone A1/A2 A 29| ofH|

reverse prlmer, =
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>

s Z 4 24
e

-
= Ad
&
8 A3
=
A2
Al
- e -
Al A2 A3 A4 AS AT B B2 B3 B4 BS _B7 A1 A2 A3 A4 AS AT
KJJB1A KJJB1B KPH12
B Coverage(%) Similarity(%)
KJJ81A | KJJB1B | KPH12 | KCTC kJJB1A | KJJB1B | KPH12 | KCTC
KB 1A - - - - KdJB1A - - - -
KJJ818 98 - - - KJJE18 59.04 - - -
KPH12 95 97 - - KPH12 9911 88.65 - -
KCTC 98 99 98 - KCTC 97.85 §9.09 97.57
Comparison Genome Coverage (%6) Sequence similarity (%) \
KCTC vs. KJJB1A 98 97.85
KCTCvs. KJJB1B 99 89.09
KCTC vs. KPH12 98 97.97

a9 33. S fibuligera KJJ81 2 KPH12 w2} ACTT36309 (5 w58 A= A1AA Hl
aEA, GAaA T2 BE4A) 2 AEA coverage 2 FALE E4(B)

2. oA S fibuligera AAMA Hln £4S 9% RNA A& &0 2 QC 4
- YPD, 25C ujFz7olA mRNAS & F4-S YPD, 37ColA Hjfstd AL 7]&<9] KIJ8],
KPH129] RNA A& Aol vlw #4817 fletd YPD ujA|oA A2 OD 0.2 °F 4AI%E
Wt AS MEH 3F(HE OD ¢F 0.5£0.05) o] ol gene predictions ¥ RNA F&3t
Moz HAdA gl Qiagen RNA prep. KITS A83t] RNAE F& ¢ 2
QC % RNA-seqs st ATHTE 34).

T

=

T of

|

lﬂ

4
gg
o Nl

1 TN1SOZRO183 | 2 THIGGIR0184
|

16.1.29 RNA prep | ; i ‘ ‘

| i ot I

| ‘ |
- N S —

= T A e 7 e we mm wae
Ho Sample ar kit Pl - onctafon OVLH Vokume Quantity (ng} Purity

Sioanstyeer ManoDeop! L) mosnascer NanoDrop!  RIN | 283185
51  RMA Sequencing — TruSeq Stranded mRNA Sample Prep Kit (Eukaryotes)
Sample requirements 265 265 NI =1 =1 =7 21

KPH12-1 KPH12-2 KIig1-1 Klet-2 g | SEHLS ARG RHADASHLS here hold | 836,00 3800 3177 90 | 170

KPH1Z2 25°C RMNAG 160015 ey

g
g

38.00 17.40 650 1.80

a% 34. =9 RNA9 A7|9ds 2 QC 23
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nf, Ao S fibuligera AAA Hlal B4 S 93 reference strain ATCC363092] RNA A&

ZH B QC £4

- S fibuljgera KJI81, KPH12¢F2] 25C wid=xHolA A &d INS S fibuligera
reference strain®! ATCC36309<}%= HIw 3] ®7] £3te] ATCC363095 25°C, 37C wjk=A,
YPD ujA|ell A A2} OD 0.2 oF 4A17F vjeFet 2 &R stod(FHE OD ¢F 0.5+0.05) oA
3 FU3 RNA F=Hoz dA 24 = Qiagen RNA prep. KITS Alg3te] RNAS = 3
% QC % RNA-seq= st 1d 35).

A

3. Result Details

[ Goncentration (vatt) | yigyume Quantiy (bg) Purtty

No Sample oc Kit !
| Biotnatyer | MancDrop | ML) | moratyser | NanoDrop | RIN [28s118s

— | 51 RNA Soquencing — TruSeq Sranded mANA Sample Prop it Eukaryotes) _ ]
- .. | Sample requirements : 265 | 268 | N | 21 | 21 [27 1)

g KCLS Gaue pass | 580 45 | 2810 100 | 18
zlx_cz_zs..w pusk I 1900 13 | 2470 I wol 18

. 3‘<Ci_3?i\-m~ .pnu ‘ 170 | 19 . 2223 ‘ QQI 18”

. 4--;C-2;-3’-iwm pau". 1820 ] 24 - .aaua . 10.0 | n”

KC1 KC1 KC 2 KC 2
25°C 37°C 25°C 37 C

a9 35. S fibuligera KJJ81, KPH12+5=2] RNA QC 23}

v}, S fibuligera KPH12, KJJ81, ATCC36309 &2 synteny #4 ¥ single gene &4}

- S fibuligera KH12, KJJ81, ATCC36309 A wF¢ FxA BHE o] &3t type straingl
ATCC36309 w5 7ITl=2Z A 59 FAAEY syntenyg: &4 & A3 R
synteny gene®| =A7F BEFo] A KHI2, KJJgle]l 3 = 53 FA4A|o| A translocation
o] dojito]l BAEHIJATHIH 36).

- A genomeol| 9t A= FAAE oF 389700l B genomed| T A& FHAAE R8T E HA
HAomw, A genomed]| EolFHo R EA = TY FHA= 20710l B genomed] E-o]Z o
2 EAEe 9 fAAE SNE EAEHATKE 6, F D).

ATCC36309 KaJg1a ATC

ATCC36309 KPH12
£t a fﬁI 1 E] 1234567 123 4567

bR TR et TED BUEIBEL
|
|| i B ‘
I 1
M I
. 1Nl | [l

a9 36. S fibuligera KH12, KJJ81, ATCC36309 A 2] %A} synteny +4

i
[
[
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E 6. A genome°l] SolHo w2 EA|st= @Y FAA

Locus taq Annotation Description KPH12 ATCC 36309
KJJ81A1G091600 SPO22 Sporulation-specific protein 22 KPHI12A1G091600 KCTCA1G102950
KJJ81A1G142200 vioD Capreomycidine synthase KPHI12A1G142000 KCTCA1G162100
KJJ81A2G021000 YBL028C UPF0642 protein YBL028C KPHI12A2G020900  KCTCA2G020500
KJJ81A2G049700 SPBC2G2.13¢ Deoxycytidylate deaminase KPHI12A2G049400  KCTCA2G052700
KJJ81A3G026400 CIS3 Cell wall mannoprotein CIS3 KPHI2A3G026200 KCTCA3G032250
KJJI81A3G090600 SAP6 Candidapepsin-6 KPHI12A3G089500 -
KJJ81A4G003400 YDR286C Glutaredoxin-like protein YDR286C KPHI12A4G002900  KCTCA4G002900
KJJI81A5G063400 KNH]I Cell wall synthesis protein KNHI KPHI12A5G063500 KCTCA3G090050
KIIS1A6G019900 SOHI Mediator of RNASf;:Iylg‘e;‘l’se I ranseription y 11 A6G019600  KCTCA6G022750
KJJ81A6G044400 GLAl Glycosyl hydrolases family 15 KPH12A6G043900  KCTCA6G049450
KJJ81A7G009100 MSHS5 MutS protein homolog 5 KPH12A7G009200  KCTCA7G009300
KIJI81A7G024200 qorB Quinone oxidoreductase 2 KPHI2A7G024100  KCTCA7G024300
KJJ81A7G030400 SPAC869.02¢ Flavohemoprotein KPHI12A7G030200 KCTCA7G030200

£ 7. B genomee] SojH o2 EAsh= T FHA
Locus taq Annotation description KPH12 ATCC36309
KJJ81B1G099200 COX7 Cytochrome ¢ oxidase subunit 7 X X
KJJ81B1G102300 BGL2 Beta-glucosidase 2 X KCTCA1G116900
KII81B2G015800 COX17 Cytochrome ¢ oxidase copper X X
chaperone
KJI81B5G075500 LSB5 LAS seventeen-binding protein 5 X X
KIJ81B7G033100 SATLI Spermidine/spermine X X

N(1)-acetyltransferase-like protein 1

A}y S fibuljgera KH12 2 KJJ81 sporulation #49

- S fibuligera KJJ81 2 KPH12 #F9] ascus@A 7S 435l tetrad 4 3313

- 71 A3 KPHI12 % KJI81 #5+ 25° C %94 ZZF PDA, YPD wjFA] ascus7F & A4 &
= AL #2l3tya olE ascusE dissection 3}e tetrad #4-& 433 Ay KPHI2 +F+=

°F 89%°] spore’t ThAl #FE AABASU KIBl #FE Al #F2 AAEA RIte
sporegh= Ao2 EAFATHIH 37).

a9 37. KH12 &

KJJ81 #+5¢] spore &
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24, A5 FRER 479 1FE {HA = 9 Ay 5 4
o559 A3 54 2 ploidy £4

7} 3%% #wv]7d(Confocal microscope)< ©]-&3+ morphology 32
- ABFZoA WFH 3 Fo AF ARFF Hypopichia pseudoburtonii KIS14, Hyphopichia
burtonii XJJ43, Saccharomycopsis malanga KCN26E td o2 #AF A oF 9 FeHH &
AL 7] 3 dv)d EHES YA HIH 38). Al #F EF AZQ zole Joy
A S St AR A EHIAY

Hyphopichia pseudoburtonii (KJS14) Hyphopichia burtonii (KJJ43) Saccharomycopsis malanga (KCN26)

Liquid culture

Solid culture

19 38. Confocal &1 74< o] &3 morphology ¥4 A3}

. FAAAE W ZA(=SEM : scanning electron microscope)< ©]-&3%+ morphology &3
- “% ANA D& M Fo &% A burtonii, H. pseudoburtonii, S. malanga o 3|4 +5 uj
F 370l 1A wjok A zH AlxZuit), NZETR o] o)== e EXNS B
-,—]st FAA A ) A (SEM)OE ZAS A 39). S malangas ALFE oA S
fibuligeras X33k 3 Y2 $¢) ERE hyphal formationg 7}A&= Ao ® BAud

=

Hyphopichia pseudoburtonii (KJS14) Hyphopichia burtonii (KJJ43) Saccharomycopsis malanga (KCN26)

1% 39. Morphological characteristics of MNuruk yeasts by SEM
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. = & 29| hyphal growth A A3 3}
- Hyphae= & X°] A4 o] cellztol] A2 FHo ¢ dasiA oA Fo2A, S NA
+ AT &< FAN, APA hyphaert 1™ single cellell 5% A3 W Eo] of
Az 2&o] A A HM, 53] single cellits o] &3] asfoF sh= FACS 49 &<
A5 F3o] mfj$ ojEH = =E hyphaeE 7}A|1l Y& Al X E single cell2 vlE 4 =
= = ARE FYAh

} W3tel we}l hyphae’} yeast formo] H71%, BithE niyr|= 3ge 71& 4
TARES EUE A aRd%E HE&ES AARUT 7|E wiFAe 4% pHIF 68 =0,

£ A3 hyphae7t ot AHAE A&st widES JAsAHIH

40). 138y, pH7F 7I1ERY 25 Y 52 72 {§X2 W, S fbuligera®} H burtonii®] 73
T 94 HE single cell2 H3tE 5SS B & AJSY, H pseudoburtonii= pH7F 79
o yeast FE]2] single cellol HzE =] ok
T3t antifungal agentel]l 43l= &=3Z< Amphotericin BE o] &3l Fo weld F=7F o
A FES Jortd Aol ‘”Zﬂﬂ 7] wj&ol Hyphae7t JAEH = 21E& 27] fal o9
TEoA APe FYsATHIE 41). Amphotericin B= 9% s %ol|4& hyphal growthE
AA = AFAF wet ddS s, pH 79 A4t witfE tiF-E hyphal
growth® EX|8td H pseudoburtonii’t 747 single cell formo. =2 WY ow, H purtoniie} S.
fibuligera= hyphae7} Weol EAsts 21& &AstAh kA, single celle] @eo] Yebd A
pseudoburtoniis. angtifungal effectell ¢Jaf cello] Zolx= AL o] Felx Tt

pH7 YPD media 12hr culture

S. fibuligera
KJig1

H. pseudoburtonis
KJS14

H. burtonir
KJil43
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24hr culture in YPD (glucose 0.1%) + Amphotericin B

KJ143 400x K1J81 400x KJS14 400x

%
§E?_ H. burtomM A HAE AR 72
o=
=

|
BEE2 d& Ug Xi?%“é o] o] AHERIA FRlslr] ¢Js] A&l Fz oA osmotic stressE
o] growth abilityE <13} t}.
H. burtonii= 115 %2 98 Z7(NaCl 8%, KCl 12%)A % & 59 §7&L° e gl e
o, 02 & fd "RE(H pseudoburtoni, S. fibuligera)x
species{l Saccharomyces cerevisiaed BI|A =& AP
o] BgoM FH J&L = S cerevisiae RUE £ FE9 EtOH 7474 oﬂ/q
5 frdf RS0 & AAste AL g ol €& WEE A A FFo|
aREo] FlAAol B FH HEAARE e Tk AFMA AE AdoH, F&
GA Y Ao BHAE F JE YRSk

2 days in 28°C

E3

N

|=R=N6}
==

£ 30
or o

EtOH 2% EtOH 4%

BY4742

H. pseudoburtonii
H. burtonir

Kugl

KPH12

Sorbitol 1.5M Sorbitol 1.8M Sorbitol 2M

BY4742

H. pseudoburtoni

MNaCl 6%

NaCl 4% MNaCl 8%

|
--u«mu oufle-
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g 75 il EEEY WA 93 243 9
- 2d JAMYEQ S cerevisiae?] 74$ G| =% Hogl ©hido] Qaslg oz o

o] A3sl= 7)|2bo] dojdty, WA &RQ H burtonii= Hogl Thil o] ojmaog
lal=x] #lstr] Y8 ne=el I8 =ANaCl IMeoA viekst 5 Hogl @& o] Az
[ex]

- Saccharomyces cerevisiae7t A&l =&%7] & 0&l4 Hogl @ do] AL 14ks) =X
%o e A= vlal, A burtoni®t H pseudoburtonii®]l 73-%- 0&-o) A= o]n] Hogl
chldo] Ql4ksl H FHIEZ EAetH, GR =EFH = AlEo] dojHe wEl BE FolA]
Hogl ©uld o] 14kst H&vt o] F71ehs SIStATHE 44).

& cerevisiae H burtonii M. pseudoburtonii S cerevisise H Burtanii  H pseudoburtonii
By4742 K143 KIS14 By4742 k1143 KJS14
0 153060 0 15 30 60 O 15 30 &0 0 1530 60 0 15 30 60 0 15 30 6O
vqtr-"' - e e
—— —
Hogl o= = Hogl-P -- 52kd
091 = - ogl-P = 5 . 3
- T —— - - e o —
= - —
quantity
16
12
08
; |
AD 5 SR S B N T -
i A A ar ol 4 W s " o
ﬁ':\a?.:\ q;'k’;\b‘ .4_":'51 _.—;_g'\‘\ 4 '*:\\'b‘ --}Jj "-';P‘ o7 ‘{—-\\'; \é)\, \—'\;\
3 D) L)

O 4. Al 5 T2 A7HE NaCl =20 W& Hogl @4 <l4ks}l #4

o F5 f3 B2 plidy &4

- Whole genome sequencing 4] A, haploid, diploid o= £242] WS FolEozA &
A EFAES AAND F Ao Al AR #59 WGS &4 & ploidy #41& T3 3tAT

- Al EF 25 FAE F48ke] ploidy 24 A A8E #4e Welsty] " ol Rst
7] 98] Y AET A7) Y3 filtrationS sample FHIFAHANA =35 T} Ploidy &4
FHS 8 ERTLoZ2 S cerevisiae?] haploidQ]l BY47413} diploidQ! BY4743S o] £33 2
H AA Ao wE variationS #3 AZNERZR AL cellE o]&3te] EtOH fixation,
RNase A, ProteaseES *€]3t H flow cytometryS ©]-&3F ploidy #4& X3stdct. 1 4
3}, KJJ43, KJS14, KCN26 =+ haploid?! Ao =2 EA QT 1H 45).

_46_



O/N oD

3. cerevisiae haploid |
(BY4741) J
| 4

Foaon = [ =

3. cerevisiae diploid

(BY4743) j
f,_ AT —ry N B T e

Cim
-

a0
4t

Hyphopichia
pseudoburtonii (KJ514)

[ = R

Tl I o p
B A B | a
Saccharomycopsis .Irl 1{ r-' 1
|

\
malanga (KCMN26) |I
l

1j,- |-

a9 45. Flow cytometryE ©]-&3k ploidy +#4 23}

553

LA - RN

Hyphopichia burtonii = 5
(KJJ43) ;] le

L

S tare =)

e i o —

2. AT ¥E AR FFE9Y De novo genome 3= L Hlm HA

7}. Whole genome sequencing< ¢%F Al DNA F2¥ 3 AEA Uy 2A

- o5 ERES A gAA FZFo| lyticaseE o] 83 FEFHOZE PacBio A4S Y3 =
& ZHo AMZS d7] o389 phenol extraction WHE W3] whole genome
sequencing= ¢ A E FEot] FHA F4S TS

- PacBio long-read SMRT sequencinge %3 ZE]1 oAEE(100X °]’HE FHEAT

- Long-mate pair sequencing (5-kb, 10-kb, 15-kb 3% golBE &g FH)S F3 2R Z
F 2G HolH AA)(T KSD-YC&= 2F9] golBE & AME)S 33U

- Short insert 100-bp paired end sequencing= F3l| gap fillingXl =93 4

REEECE

. Saccharomycopsis malanga KCN26 A A &9
- PabBio dataZ 7|¥Fo & 67 chromosomes} 27§ 2] mitochondrial genome .2 ZH 3}t
- TRNA cluster length : 1,1073 (2 copies + alpha added in chromosome 4)

chn chlen 2% GC |  cceccacTteacacceTTA TAAGGGTGTCAGTGGGG
chil 3,543,799 38.33| s 3

ch2 3,236,455 38.01 10 7

ch3 3,137,114 38_02-5 8 [ 8

cha 2,716,178 37.99 10 10

chS 2,617,008 3843 o 10

ch6é 1,527,952 3821 ] 7

mtl 173,850 17.41] '

mt2 25,228 21.57|

tot 16,977,584 37.93

- D EFZ=gokmt) FA A o= inverted repeat A o] A3, F mt F-A A A= repeat
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A EL

Y Ho| A sequencingdt S malanga JCM76203 H]

Ao Tttt & & UK 46).

L._s: rEfErage mitochondrial genome J

it

mt2=2

- mtl (173,850 bp length)
2,833~17,612 was inverted repeat with 159,098~173850
= 17,612 size inverted repeat
- mt2 (25,228 bp length)
47~12,420 was inverted repeat with 24,846~25,228
= 12,420 size inverted repeat
12,420 size inverted repeat was from mtl 45,963~58,337 region

9 46. S malanga mt FRAA FZ B4

w3l Az 478¢] chromosomeol A

rearrangement’} dojt Z OS2 Ho|H rearrangement®] ] genome HRE= AL £ F o

|=]
RS

B AFAA A B3 S fibuligera genomed} Hl sl B uj
EEo] Qlo] RslstH o ® F Fo|] 4P| o] E8d AL

A2y 47).

prasspsy = i - X - -

Sy | -

- ol&} & S fibuligera$t S, malanga®l W TIB/AE B AFAdA
sequence 7]%+e] phylogenitic tree EAo| A% AALE I YTHIH 47)

Mummer analysis Mummer analysis

b/w S. malanga and JJ8A

b/w S. malanga and JI8B
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1% 48. Synteny analysis

between S. fibuligera A and B ((Y axis) and Smalanga (X axis)
genomes

Saccharomycopsisclade

0.097

':» S.matanga

0.145

S. fibuligera ——  — —

S. selenospora

0.112

S. vini
0.143 S. capsularis
Ldu S. synnaedendra
0.025 . .
S. javanensis
0.163
100.0 :
Sequence identity own | O-Jermentdns S
S fib IS syn. |S. cap |S ferm.| S vini [ S. mal | S jav. S
S sel. 712 | 669 | 648 | 692 | 703 | 649 |S sel -
S.fib._| 334 728 | 713 | 671 | 727 | 727 | 67.5 |s fib. Seeel. | SScEnamoaCTCreTe)
S syn | 365 | 341 698 | 747 | 747 | 703 | 758 |S syn S fio. | S fbuligers (KCTC7506)
Scap | 439 | 365 | 389 663 | 784 | 697 | 678 |S cap S syn | S syrnaedendra (kCTC7613)
S ferm | 477 | 435 | 312 | 449 %4 S ferm.
S vini | 396 | 342 | 300 | 257 708 |S vini S |8 copsiiens (RETCTEIE)
S. mal. a8 33.0 a7.8 380 623 1S mal & ferm. | 8. fermentans (KCTCTE39)
Sjav_| 474 | 429 | 294 | 421 63 369 | 524 S vinl | 8. vini (KCTC7981)
S.sel | Sfib. |8 syn | S cap. |8 ferm.| 8. vini 'S mal 5 mal. | & malanga (KCTC17370)
Sequence distance S jav. | S javanensis(KCTC7252)
. . H
9 49. rRNA sequence 7|¥ve] Saccharomycopsis clade phylogenetic tree 49

t}. Hyphopichia burtonii KJJ43

- PabBio datag 7|¥to. 2 87) chromosome3} 17)¢] mitochondrial genome®. 2 Z¥ % Ut

- ZF GA A Do 3]sl telomere repeatsE <1819 2, Ribosomal RNA clusters7}
A 23 3 T Exjgo] v F o

chn chlen %GC ICCTCCGTACATCTAGTATTTAGTTAGGGCAAAAA  TTTTTGCCCTAACTAAATACTAGATGTACGGAGG
chl 2,741,975 34.89 1 18

ch2 2,074,296 3545 5 rRNAcls

ch3 1,851,320 34.85) 6 rRNAcls

ché 1,556,836 35.07, 8 3

ch 1,367,557 35.02 11 1

che 1,012,648 34.92 4 15

ch? 975,068 34.93) 1 6

ch8 916,850 34.96 13 3

fot 12,496,550 35.02|

- Genbankel] 52% Y19333 %7} ZA % homology+ 97~98% A=A TtH ¥ 50).
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18 50. Synteny analysis between H. burtonii Y1933 (Y axis) and KJJ43 (X axis) genomes

2}. Hyphopichia pseudoburtoni KIS14 X &S 9@ oA &g 94
- PabBio datag 7|¥tS 2 87l chromosome3} 17]¢] mitochondrial genomel. 2 ZHE= o}
- 7 AAH dodo] ZA3FE telomere repeatsE 2<13F3 T}
- Ribosomal RNA clusters7} 4204 3¥, 63} 79 woko] A3t}

H. pseudoburtonii KJS14 genome summary

chn chlen l6GC |  TACCTCCTCACCCTCGTAGAAAAGACCCG CGGGTCTTTTCTACGAGGGTGAGGAGGTA
h1 | 3163475 36.19 18 17

ch2 2,353,989 36.05 13 7

ch3 2,086,637 36.06 6 rRNAcls

chd 2,047,225 35.87 11 28

chs | 1,971,387 35.97 15 15

ché 1,953,585 35.87 6 rRNAcls

ch7 1,094,404 36.24 23 rRNAcls

chg 876,631 3543 1 5

‘tot | 15,547,333 36

- H burfoni KJJ43%} nlnshH, chromosome <+ &Y @7Dd, =Z717F 3 Mb A= ¢ =1,
%GC content®= 36%% 1% H%= U] =4ty =3, mitochondrial genomee] Z71% 43,129 bp=
24,614 bpSl H burtoniRtF FA B4 =Tk

v}, Mummer analysis b/w H. pseudoburtonii KIS14 and H. burtonii KJJ43

- H burtonii®} L3I #FE BRI A= 98 o7 BRH H pseudoburtoni=

87Me]l sL3 FAMAE XY JAAT FHA 278 telomeric repeat sequencex® THE
3, GUIAGAAAME FEE] dolds Bo IR A AYoA T synteny’t AL
Chromosome rearrangement”} 4lstAl s E o] o] F @=EIEe] E3l7} # Qefol] dojdt
ZoZ ARHEHTHE 5D.

A
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¥ 51. Synteny analysis between H. pseudoburtonii KJS14 (Y axis)
and AH. burtonii KJJ43 (X axis) genomes

v}, H pseudoburtonii KJS14 37 o= 9 3z &4
- Transcript A€ AR L FAE9] protein AL, ab mitio W3S
H. pseudoburtonii KJS14= 59007019 #3A7F S UATHE 8).

¥ 8. H pseudoburtonii KIS14 +AA FAA}F o= A}

Quantification
Total no. of gene models predicted 6,202
Unique gene models (No.) 5,900
Genes with isoforms (No.) 302
RNA-Seq supported gene model (No.) * 6,188
Average gene length (bp) 1,627 bp
Total bases of gene models (Mbp) 10.09 Mbp
%Genes in the draft genome 64.94 %
No. of CDS 6,946
Average no. of CDS per gene 1.11
Average CDS length (bp) 1,435 bp
No. of intron 744
Average no. of intron per gene 0.11
Average intron length (bp) 168 bp
%CDS in the draft genome 64.14%
%Introns in the draft genome 0.81%

- dZE FAAE EH A4 PEe

3
5985712 7150l ASHAHE 9)

7%l tef <=

FastlaL, 1 A3} KISl49] 47

¥ 9. H pseudoburtonii KJS14 %A fH# 7|5 <= A3
Transcripts Uniprot NCBI nr InterProScan .I'o."g':]gzilt:g (%)
6,202 4878 5,897 5,605 5,985 96.50
- RepBase El|o]EjH|o] A5 o] &3l= WHI ge novoz WHE A E-S BAE= WHHS WEtele] B
A KIS14 779 735 34 =710l Bl 5.59%2] RHEA7IAE e BATHE 10)
¥ 10. A pseudoburtoni KJS14 fAA wEA7|HYE ExE
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Repbase search De novo prediction Combination
Repeat type Length(bp) (%) in Length(b | (%) in Length(bp) (%) in
genome p) genome genome
Retrotransposons 16251 bp 0.10% 9420 bp 0.06% 22642 bp 0.15%
SINEs 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
LINEs 1352 bp 0.01% 0 bp 0.00% 1352 bp 0.01%
Ieii?nents 14899 bp 0.10% 9420 bp 0.06% 21290 bp 0.14%
Retroposon | O bp 0.00% 0 bp 0.00% 0 bp 0.00%
DNA 2546 bp 0.02% 46054 bp | 0.30% 48429 bp 0.31%
transposons DNA 2325 bp 0.01% 46054 bp | 0.30% 48208 bp 0.31%
RC 221 bp 0.00% 0 bp 0.00% 221 bp 0.00%
Other 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Lii‘fgiie 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
iii‘l?ce;i; 0 bp 0.00% | 0 bp 0.00% 0 bp 0.00%
Unclassified 458 bp 0.00% 59318 bp | 0.38% 59776 bp 0.38%
Small RNA 38467 bp 0.25% 0 bp 0.00% 38467 bp 0.25%
Satellites 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Simple repeats 523322 bp | 3.37% ]5320261 3.22% 528045 bp | 3.40%
] 195736
Low complexity 206882 bp | 1.33% bp 1.26% 207267 bp | 1.33%
Total 786506 bp | 5.06% §;0353 5.21% 869428 bp | 5.59%

Al 2 R ER H burtnoii?y H pseudoburtoni®) #-F B0l SRR F<l

F= & &Rl A burtnoi®y H pseudoburtonii®l 735 ¢ FrASE Fo) E}E_ e A
. o] 59 #FH3F AolE F<lstr] 93] annotations 8H gl¥ ORFEE Hlaste, A
27} 7FAI AL A &S FRAE 2 4870, 547H =X H?'SH:— ‘L?‘S}Oiﬁr(il‘j" 52).
- H. burtonii®] 74-%-, H. pseudoburtoniiol BV|ul3j, hydrolase reductase 52 &4
9}, filamentous growtholl #ojsl= FH A} :LFJ"' amine, sugar, amino acidse & ol%
of st FAAE EASATE 1.
- H pseudoburtonii®] 74-%-°l %, molecule &% ©
R A5 =dds AAsHA X3l FHA3
< AR EAFHE 12).

FAAE] QR WA
= S|
o =

Olﬂl

>
&3—\1

mlo 2

KJJa3 KJS14
(5,096

¥ 52. Orthologous gene clusters of AH. burtnoii and H. pseudoburtonii
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¥ 11. A burtonii 52| unique F+3A H=

Description Domain
1 ) Type | restriction enzyme R protein N terminus (HSDR_N)(PF04313)
[Source:Pfam]
2 hypothetical protein PGUG_04849 [Source:NCBI_NR 146413847] Alpha/beta hydrolase family(PF12695) [Source:Pfam]
3 hypothetical conserved protein of unknown function [Source:NCBI_NR )
150864656]
4 Filamentous growth regulator 27 [Source:UniProtKB/Swiss-Prot Q59NX5] Fungal Zn(2)-Cys(6) binuclear cluster domain(PF00172) [Source:Pfam]
5 hypothetical protein CLUG_02421 [Source:NCBI_NR 260945359] Leucine rich repeat(PF13855) [Source:Pfam]
6 - -
7 - -
. . Prokaryotic membrane lipoprotein lipid attachment site profile.(PS51257)
8 hypothetical protein CANTEDRAFT_112083 [Source:NCBI_NR 575509441] )
[Source:ProSite]
9 MAP-homologous protein 1 [Source:UniProtKB/Swiss-Prot P43638] -
10 Protein cps3 [Source:UniProtKB/Swiss-Prot P41000] Zinc finger C-x8-C-x5-C-x3-H type (and similar)(PF00642) [Source:Pfam]
The Golgi pH Regulator (GPHR) Family N-terminal(PF12537)
11 DEHA2E07524p [Source:NCBI_NR 294657318]
[Source:Pfam]
12 Probable pyridoxal reductase 2 [Source:UniProtKB/Swiss-Prot 094521] Aldo/keto reductase family(PF00248) [Source:Pfam]
13 Kinetochore protein spc7 [Source:UniProtKB/Swiss-Prot 059757] Spc7 kinetochore protein(PF08317) [Source:Pfam]
14 Polyamine transporter 4 [Source:UniProtKB/Swiss-Prot Q12256] Major facilitator superfamily (MFS) profile.(PS50850) [Source:ProSite]
15 - Retrotransposon gag protein(PF03732) [Source:Pfam]
16 DEHA2F16060p [Source:NCBI_NR 294658725] -
o . X » Minimal binding motif of Hap4 for binding to Hap2/3/5(PF10297)
17 mucin-like protein with chitinase features [Source:NCBI_NR 150864572]
[Source:Pfam]
18 - -
19 - Transcriptional activator of glycolytic enzymes(PF12550) [Source:Pfam]
20 - -
21 - SH3-binding, glutamic acid-rich protein(PF04908) [Source:Pfam]
2 Pyrimidine pathway regulatory protein 1 [Source:UniProtKB/Swiss-Prot | Fungal Zn(2)-Cys(6) binuclear cluster domain(PF00172),Fungal specific
P07272] transcription factor domain(PF04082) [Source:Pfam]
. . X Reverse transcriptase (RNA-dependent DNA polymerase)(PF00078)
23 Transposon Tf2-6 polyprotein [Source:UniProtKB/Swiss-Prot POCT39]
[Source:Pfam]
24 Transcriptional regulator HMO1 [Source:UniProtKB/Swiss-Prot Q59PR9] HMG (high mobility group) box(PF00505) [Source:Pfam]
25 DEHA2G24068p [Source:NCBI_NR 50427945] Domain of unknown function (DUF3844)(PF12955) [Source:Pfam]
26 Fs’c‘)ﬂ‘rﬁgaﬁﬁgfg&é‘;‘s':vswgﬁfrg{agsg‘jg’jg]’ CH271. g Maijor Facilitator Superfamily(PF07690) [Source:Pfam]
27 - -
28 Sugar transporter STL1 [Source:UniProtKB/Swiss-Prot P39932] Sugar (and other) transporter(PF00083) [Source:Pfam]
29 DEHA2G21164p [Source:NCBI_NR 294660007] RINT-1 / TIP-1 family(PF04437) [Source:Pfam]
30 hypothetical protein PGUG_01662 [Source:NCBI_NR 190345641] -
31 - -
32 Vacuolar basic amino acid transporter 3 [Source:UniProtKB/Swiss-Prot ;
P25594]
Myosin tail region-interacting protein MTI1 [Source:UniProtKB/Swiss-Prot .
33 SH3 domain(PF00018) [Source:Pfam]
P47068]
o . . . Cell-wall agglutinin N-terminal ligand-sugar binding(PF11766)
34 Agglutinin-like protein 3 [Source:UniProtKB/Swiss-Prot 074623]
[Source:Pfam]
35 hypothetical protein PICST_67383 [Source:NCBI_NR 150864644] -
36 afgg%gle pathway transporter THI73 [Source:UniProtKB/Swiss-Prot Major Facilitator Superfamily(PF07690) [Source:Pfam]
37 Altered inheritance of mitochondria protein 21 )
[Source:UniProtKB/Swiss-Prot Q6BWB9]
38 T-complex protein 1 subunit delta [Source:UniProtKB/Swiss-Prot Q6BXF6] TCP-1/cpn60 chaperonin family(PF00118) [Source:Pfam]
39 - -
40 Piso0_005718 [Source:NCBI_NR 448087155] Transcription factor AFT(PF08731) [Source:Pfam]
RNA polymerase Il degradation factor 1 [Source:UniProtKB/Swiss-Prot .
41 CUE domain(PF02845) [Source:Pfam]
Q5AMM4]
42 Phosphatidylethanolamine N-methyltransferase [Source:UniProtKB/Swiss-Prot i
Q6BY28]
43 - -
44 hypothetical protein PICST_89961 [Source:NCBI_NR 150865860] -
45 hypothetical protein MGE_01999 [Source:NCBI_NR 723191898] -
46 hypothetical protein SPAPADRAFT_50634 [Source:NCBI_NR 598068969] Leucine rich repeat(PF13855) [Source:Pfam]
47 Fungal transcriptional regulatory protein [Source:NCBI_NR 150951588] -
Meiotically up-regulated gene 157 protein [Source:UniProtKB/Swiss-Prot . .
48 Q10449] Protein of unknown function (DUF1237)(PF06824) [Source:Pfam]
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¥ 12. H. pseudoburtonii EX.°] unique FHA} H=

Description

Domain

Vesicle coat complex AP-3 [Source:NCBI_NR 150866718]

DEAD/DEAH  box  helicase(PF00270),Helicase
domain(PF00271) [Source:Pfam]

conserved  C-terminal

2 - Protein kinase domain(PF00069) [Source:Pfam]
3 Protein RTA1 [Source:UniProtKB/Swiss-Prot P53047] RTAT1 like protein(PF04479) [Source:Pfam]
4 - -
5 hypothetical protein PGUG_05827 [Source:NCBI_NR 146412185] SH3-binding, glutamic acid-rich protein(PF04908) [Source:Pfam]
hypothetical protein CANTEDRAFT_135013 [Source:NCBI_NR
6 575515399 i
7 hypothetical protein CTRG_02363 [Source:NCBI_NR 255726280] Salt-mediated killer protoxin 1 [Source:UniProtKB/Swiss-Prot P19972]
8 R -
9 - -
potential fungal zinc cluster transcription factor [Source:NCBI_NR . .
10 Fungal Zn(2)-Cys(6) binuclear cluster domain(PF00172) [Source:Pfam]
68480212]
11 Piso0_004930 [Source:NCBI_NR 448084162] -
. . DDE superfamily endonuclease(PF13358),Helix-turn-helix domain(PF13518)
12 hypothetical protein PICST_31825 [Source:NCBI_NR 150865182]
[Source:Pfam]
13 Chromosome stability protein 9 [Source:UniProtKB/Swiss-Prot Q06032] -
14 Transposon Ty3-1 Gag-Pol polyprotein [Source:UniProtKB/Swiss-Prot )
Q7LHG5]
Iron-regulated transcriptional activator AFT2 _—
15 i . Transcription factor AFT(PF08731) [Source:Pfam]
[Source:UniProtKB/Swiss-Prot Q59729]
16 DEHA2F10208p [Source:NCBI_NR 294658464] -
17 hypothetical protein SPAPADRAFT_49143 [Source:NCBI_NR 598065637] | Transcriptional regulatory protein LGE1(PF11488) [Source:Pfam]
18 - -
19 - -
20 ésrgrggﬂia transport outward protein 2 [Source:UniProtKB/Swiss-Prot GPR1/FUN34/yaaH family(PF01184) [Source:Pfam]
21 - -
o . ) . Minimal binding motif of Hap4 for binding to Hap2/3/5(PF10297)
22 mucin-like protein with chitinase features [Source:NCBI_NR 150864572]
[Source:Pfam]
23 DEHA2C12496p [Source:NCBI_NR 294655990] Leucine-rich repeat profile [Source:ProSite]
24 Protein GAT2 [Source:UniProtKB/Swiss-Prot P40209] GATA zinc finger(PF00320) [Source:Pfam]
25 DEHA2F02068p [Source:NCBI_NR 294658123] -
26 - -
27 - -
28 Pantothenate transporter lizl [Source:UniProtKB/Swiss-Prot 043000] Major Facilitator Superfamily(PF07690) [Source:Pfam]
Enhanced filamentous growth protein [Source:UniProtKB/Swiss-Prot o . .
29 P43064] APSES-type HTH DNA-binding domain profile.(PS51299) [Source:ProSite]
Morphogenetic regulator  of filamentous growth protein 1 o .
30 ) . LIM-domain binding protein(PF01803) [Source:Pfam]
[Source:UniProtKB/Swiss-Prot Q59Y46]
31 hypothetical protein CANTEDRAFT_135965 [Source:NCBI_NR .
575517871]
32 Probable transporter SEO1 [Source:UniProtKB/Swiss-Prot P39709] Major Facilitator Superfamily(PF07690) [Source:Pfam]
33 - Zinc knuckle(PF00098) [Source:Pfam]
34 Protein cps3 [Source:UniProtKB/Swiss-Prot P41000] Zinc finger C-x8-C-x5-C-x3-H type (and similar)(PF00642) [Source:Pfam]
Altered inheritance of mitochondria protein 21 . X
35 i i Protein of unknown function (DUF3210)(PF11489) [Source:Pfam]
[Source:UniProtKB/Swiss-Prot Q6BWB9)]
36 hypothetical protein CPAR2_808560 [Source:NCBI_NR 354545579] La domain(PF05383) [Source:Pfam]
37 hypothetical protein PICST_42758 [Source:NCBI_NR 150864276] Domain of unknown function (DUF202)(PF02656) [Source:Pfam]
38 - -
39 Uncharacterized protein YLLO56C [Source:UniProtkKB/Swiss-Prot Q12177] | NAD dependent epimerase/dehydratase family(PF01370) [Source:Pfam]
40 - -
41 - Leucine-rich repeat profile.(PS51450) [Source:ProSite]
42 - -
43 - -
44 White-opaque regulator 3 [Source:UniProtKB/Swiss-Prot Q5A6T8] -
45 - -
46 - -
47 - -
48 Piso0_001250 [Source:NCBI_NR 448113778] Eukaryotic RNA Recognition Motif (RRM) profile.(PS50102) [Source:ProSite]
49 - -
50 Homeobox protein TOS8 [Source:UniProtKB/Swiss-Prot P53147] Homeobox KN domain(PF05920) [Source:Pfam]
51 hypothetical protein PGUG_00887 [Source:NCBI_NR 146423156] -
52 - -
53 hypothetical protein CORT_0C01040 [Source:NCBI_NR 448520931] Zinc finger C2H2 type domain profile.(PS50157) [Source:ProSite]
54 Putative polyol transporter 2 [Source:UniProtkB/Swiss-Prot QI9XIH6] Sugar (and other) transporter(PF00083) [Source:Pfam]
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FRAAE 260M=Z, AA FAA MNS7F H burtoniiRtt <F 5% 2L AL ZAdsidat=s 148 =
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Hyphopichia pseudoburtenii KJS14

GeneAce GeneNam Desc ;ﬂEi:{_ﬁ:_-!)'EGE'S_:'éEG'{is DEGA0  EXPRISIAEXPIS 1A EXPK

\GENEOS14PRK27  |G-phosphefructo-2-kinase 2 [Source:SWI 1] 0067921] 0131213] 0.198834) | 939 128101 147534 210638 272667 314

\GENED338- i | 1) 0.110338] 0074 3 | W7650 105736 193601 B67697 Q9638 248741

\GENED373¥9036 DICTransmembrane protein DD3 GO265056 1| 0.130308| D0078 015283 | 154065 0.14857 316289 44275 26205

GENE{}Sﬁ&EEMI Bud emr:n}ence pm’mnr[SourceSWfS‘S il mmz?’ [11?4343‘ {Hi ‘ 142378 1247 1131631 14_&2? 145318
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2 1/5 olst2 W@ o] AT FrAtolH F2AL 5 o]y WAoo S AL FF
A FAE YA F2(300<FPKMC10,00008] LHA S 7R E §-21 3

- 49 RNA-seqo] A EE HF3sH7] flsiA ddFde] 71 Zad A F 75 A
g3l qRT-PCR Ad S T?@E]’%‘\q. 670 A HbENA5, HDERGI11, HDATP4, HpENAS,
HpERGI1, HpCYS3Z A&t o ENASS ATPase sodium pump@¥ S A st= F2AA o)

3 9} ERGIIE MERS] 75l 83 FdFS 71X ergosterols 3= A 3
AR Agg e BAE THSE FHACIT T FF BN ENAS fAAE BE Tl
74 ERGIIE: Zadtes A2 19 2o =2 HAS W oJ=AE H3prt AR
d == FRAIY. HbATP4S}Y HpCYS3 -7 Aol 74-$- RNA-seq 4 A3 =& g =4
oA wrdEgFe] xol7) 0.9 < < 1.1 Atol&Z YERd f3d o]l Z+ZE mitochondrial ATP synthase
o} & Jda tARA o #SE cystathionine gamma-lyase T2 & wdATh T {2z
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3. ohde B2 3F TEAAA B AR A
(3

1. 228 &% #F S cerevisiae KFRI 98-59} KSD-Yc9| ploidy & ZAg 4%

oL
o
o

7}. Flow cytometryE ©]-83% ploidy #4]

- Q2FOoR S cerevisiae®] haploid?] BY47413%} diploide] BY4743& o] AUiEZ d&
cell& o]&3te] EtOH fixation, Rnase A, ProteaseE #2]3F  flow cytometryS o] &
ploidy ¥4 A}, 98-59} KSD-Yc #F& diploidQ! Ao 2 EAEFATHIH 58).
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19 58. FlowcytometryE o] &3} ploidy £4 23}

1}, Ascospore A4 H4]

- Diploid #5<%1 SC98-59} KSD-Yce] 7% heterologous SNP7} ¢ =& H|&Z ZEA| o]
TzE o] ascospore HE|E wH=+= sporulation AL 433+ A}, positive controlZ 2%21
S. cereivisae strain®] 73§ 79 B<te] sporulation Z7oA thH-E ascosporeS & AIEA
A wk SC98-529F KSD-Yc #F+ ascosporeE A3 AMA3EA] £33 TH1E 59). o]= SCI8-5
o} KSD-Yc #FE9 A$ A9 LI #344 ALE Ad #FE3H9 interstrain mating
= &3l diploid7t ¥4 E 7t s o= AATHIE 59).
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0 days

S. cerevisiae
Positive control

7 days
incubated
in SPM

1% 59. SCI98-529F KSD-Yc 9] sporulation efficiency test

2. 47 &% #F29] whole genome sequencing

7V 928 &% #5 S cerevisiae KFRI 98-52] whole genome sequencing

- PacBioAte] SMRT AlEA J3S 9& lyticase &4 S o] 83 DNA FEHOE A DNAS
Ho] AFAL 333l Falcon &AZE o2 B3 Ax 20 kb o]42] contigs 67x~144x2]
depth® A4 HAo™ F 31709 contigZ7t B = AHE 13).

- PacBio®} llumina sequencing datas EOIZ 31709 contigsE 1670 chromosomel =
assemblyE ¢ ¢4d3 F GenBankell 553} th(Accession number MLIN00000000).

& 13. S cerevisiae 98-5 52 SMRT A|E8A A3}

Contig Name Length (bp) GC % Depth
contigl 1,461,227 379 113
contig2 1,069,743 381 115
contig3 1,022,494 38.1 112
contig4 932,842 381 127
contig5 904,026 382 114
contigb 787,186 383 118
contig7 720,472 385 121
contig8 681,592 382 118
contig9 571,127 384 112
contig10 561,716 385 109
contigll 535,976 381 111
contigl2 499,795 384 113
contig13 430,570 384 106
contigl4 418,215 388 178
contigI5 251,417 3838 144
contigl6 243,265 38.2 115
contigl7 236,264 38.7 108
contigI8 204,201 393 121
contig19 46,669 37.8 67
contig20 37,004 40.4 114
contig21 30,988 382 54
contig22 24,959 384 56
contig23 22,668 385 84
contig24 21,923 157 3128
contig25 19,981 375 46
contig26 19,741 36.3 52
contig27 15,442 43.9 1892
contig28 11,756 17.2 3038
contig29 6,925 191 3078
contig30 4,619 15.2 1167
contig31l 1,514 19.3 2096

Total 11,796,317

- AW 48 T3l 129 chromosomeel] rRNA clusterE 100 copy F7Fskal, €=} assemble 3}
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Aol A A7 6709 non-anchored contigE-e =% false contig& = A ASA Hol & ¢ ¢

P

T 0] o

[e)
o AR AN

Al A S

=
o

=

H 74 Ax

U dx =8 oAl B A3

™ 57, 9% ).

No. of sequences

Total bases Longest N50

NS0

Contig 32

12,267,066 1.504.012 728,456

240,059

Quantification

Total no. of gene models predicted
Unique gene models (No.)
Genes with isoforms (No.)

Average gene length (bp)

Total bases of gene models (Mbp)

Genes in the draft genome (%)

5,809
5,614

195

1,476 bp
85.75 Mbp
69.90

- Diploid®l &2 #+59 A5, &<
BT SHEARE B &
(181895 A A =™ F 29,519 h
Fo| vlg =2 Hoez EMFUY

- YR Sake &R A %
heterozygosity7} 443 &<
S %3] homozygous diploidS &4
o] wul-& T3 diploid7} & +
2 FAd3EE A4 e o=

- o]#3F Eo)3 Fx32 AolAdS AAESIZ] 8l llumina sequencings F71HH o2
of S cerevisiae reference <1 S288ce} thA| Wl gk A3, heterologous SNP7| ul

g2 EA%e] A SHelE T,

o
T

= S cerevisiae

(% 14.

1,34770 2] heterologous sites7} EA) 3=

735l

H|

9] ZAA (S288c Aol Hlm A g
FAAAE 7+l heterologous SNP (27,701 sites)¢} heterologous Indel
= eterozygous sites7} EA|ste ©-& S cerevisiae diploid

=2

Ho 7 w<=3] homothalic yeast”} #F7] #kA] W al¥f(mataing)

gk Zlo] olyzgt F 7§9] & strain (F, subspecies %)

e S

X 14. S cerevisiae 98-5 genome variant calling used reference S288C

<
T
o
-

Alterative Alterative Alterative Alterative
VWariant SNP homozygous heterozygous InDel Homozygous heterozygous

Chromosome (No.) (No.) SNP (No.) SNP (No.) (No.) IinDel (No.) InDel {(No.)
1(214,742) 2,173 2,023 1,132 891 150 21 59
11 (803,030) 4,430 4,135 3,144 991 295 225 70
111(323,804) 2,145 2,001 378 1,623 144 36 108
IV (1,461,227) 8,528 7,972 6,502 1,470 556 471 85
V(571,127) 3,849 3,573 2,290 1,283 276 183 93
VI1(265,868) 2,388 2,212 1,108 1,104 176 96 80
VIl (1,069,743) 7,309 6,803 4,653 2,150 506 372 134
VIl (535,083) 4,172 3,900 1,151 2,749 272 83 189
1X(418,215) 3,937 3,716 1,627 2,089 221 110 111
X (732,462) 5,036 4,716 1,740 2976 320 133 187
X1 (681,592) 4,685 4,346 2,490 1,856 339 207 132
Xl (1,012,377) 6,240 5,798 4,115 1,683 442 349 93
X111({9192,486) 4,987 4,636 2,491 2,145 351 186 165
XIV (791,267) 4,811 4,498 2,885 1,613 313 219 a4
WV (1,022,494) 6,320 5,894 4,200 1,694 426 316 110
XWVI(932,842) 5,038 4,673 3,370 1,303 365 268 a7
MT 726 435 354 81 291 280 11

Total 76,774 71,331 43,630 27,701 5,443 3,625 1,818

*extensive allelic differences
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- AE2A 0 2, S288c reference seqeunce®} alternate sequence”} heterozygosityE Hol= A Y
o] 20,955 3%, alternate sequence E7|2| heterozygosity,& Xol= A go] 417 X2 F
21,372 3ol FAES Y. 53] heterozygositys: Hol= A9 AL UlFE referencest
alternate7} 1:1 vl 71g4A Bel=g e, ols A2 A 22 sequenceE 7}A = strains
o] diploidE ©]FUE 7tsAS ZYsiAl Swxsta 9t Heterozygosity #EEE 7|RES
2 S cerevisiae 98-5 #F FAAES tFF o2 A9t B subgenomel® UE £ Ao,
o] 7|Wko E annotation #4S 3} Th

th 249 &2 KSD-YC &F #3A &4

- PacBio sequencing data 7%t assembly A¥, =W EE T S288cet Hlaus] S o,
3H FAA R oF 90 kb A= deletion® AOE HOJ J_(repeat = ALYt 75 kb=
F74), bW FAA F3te) inversione] dojd Aol FRAFHAHIH 60, LEZF ).

- # & =719 deletion ¥ & Tu| gapol thdt sequence FERE SHsH7] 93 llumina
sequencings F712 Fdslgct 49 &% KSD-YC #39 #HdA% diploid deo)m=,
heterozygosityell thdt A3t #4115 X3Pt

| 5288c vs KFRI | 5288c vs KSD |
¥ ) . —
,/./' _// g
- //
. s s >
FONA cluster | "=~ ) ] 7
+ ’/ S ) //. =
//"_ ) e
e , ) long inversion - ,//
/,j . ’ i . | 75kbp deletion /;z/

19 60. S cerevisiae EEFAAA (S288c FAAe} AR FF A (AF), wwT
= (£2%) A synteny ¥l

3. 94 &% #3 genome annotation ¥ Wl F-H A8 £
7}. Genome annotation

- S cerevisiae 98-5¢F KSD-Yc 34 ARE EUlZ Xt} &3k gene annotationS £ 3|
YPDol A Hjfst &% Al3ze] RNA A1ZS E 5313 RNA-Seq #4& 33T

- Pacbio SMRT#} illumina HISEQS ©]&3] ¥ 1Fd9] assembly datag ©]-&3l FHA-<
fr7-9F dol], 91% & <lsl= annotation A& MAsIAT HEE A5 A|AAo] %13
H 2d g5 #3920 S cerevisiae S288C2] A& ARE 7|F O 2 o] &l BEAFY I
o] wa < KSD-Yco 7% 5493708 FHA7)E, dAdY wa #5< SCI8-59 74+
5443709 FAAZE FlEAT. S288C #Fet Aw TFEE Hlwd Zy KFRIA
chromosomal insertione] ¥ = AT 61).
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. E— A1
99 64 SAA AR Ju =2 S8 4w uwda] &w KSD-Ycob KFRIS] x84z 9]
LRS!

- ol7 ATE B3 KFRI #3& 120 94419 2717k S388C frefe] & Lelnl 4Pg w7

% KSC-Ye BF9HE S 18 9 H% 20 ekt o€ S91s] Al dsdos v
25 BAE 9 # Az Holex 3Rld Ay} RzH o= 714 778 YIM1381 +
Folx FAA 12‘?4_91 H]ft?l St Fio] EAgo] I JATHIH 65).

s2ssc | Tl Ty
& | ]

YIM1381 | o L T R

sces8-5 | 1 T T
(KFRI) & .

I3 65. S cerevisiae KSY-YCe} YIM1381—HF Eo]& dAA 12 &4+
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44, 285 S fibuligera FZFAA 7|9 §& §24A 42 £

A% B4

1. S fibuligera EZF GAA 719 vlo|Q Zav] Hal §8& §HA &F

7} A5t Starch #3] &4 Polysaccharide Monooxygenase (PMO) 31 ¢z dbz 9 B4

- Starch &3 &4<l PMO+ KJJ81, KPH12 oA z+zt 67), 3717F W= Ao o] a4
= &4 gldE deA o] Exjdde]l EA<Ql signal sequence”’} EA3F=A] SignalP
ZEIHAORE o Fate] 8719 TR @i BEE Qe AL FASATHIH 66).

- PMO9] R=EFHo Q= Ao =2 ¢ A A= catalytic, starch binding =w| 2] A& 2435}
7] 98 A7) TR dadEo] o3k weplogo A4S 33T 1 AF catalytic = <10
HEo] Hode ofn|4t Z7|7F EAeke Ao E FAHJATHIE 67).

KJI81A genome PMOs KJI81B genome PMOs KPH12 genome PMOs

a9 66. PMO X w9z =9] signal sequence 9% &4

et =

= 'ﬁ sDLKvGe:sWYsesePEaDeY vyaessveRTVWSF Yo

EZMMSSMQK&KMIMDQELM
;ﬂgéﬁgiﬂmﬂjgagcgg‘ESS§AIE§2L§HEEL§§gGED£
;JSSKTWASQ:EL.&KI:MQSWTv_;;Ps;gszeag;_LHHgMLg
iiSAGSSGCAHLEVSGSGQé._P : D=TVsFPGAYK

E ==

b

]

‘4§§Dée¢kaIYNGLTS?ILPGPAUWSGAEE§Ssesa1;z

13258388 S20AF S 8 N | o | i AXSS e AT

=s=EA=Ss=E0aAESTTTLSP:s s8SSeaaTIL=TH

a;jéﬂ FS 1

 TaayYISEeSAESSOoASST=SSEGSAYT

:ﬂ;ﬂﬂﬁﬂiu u@mmﬁvmm&ggﬁm:%
% 67. Weplogo ¥4125}. w7 catalytic Elo] HEF 0] gl ofulat 7H7]

LIS
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Y. A9 cellulose £3] &4 KRR S fibuligera BGL #= 2 Tl £4

- W FFoNA BEg S fibuligera KJI81 #F9 FAA EAS T 42 HARE o] &3
o, AAA {F& AEZR B 842 7V Ud+= SIBGLI, SETBGLZ, SEBGL3, SfBGL4,
SfBGLAX g -glucosidase)E &AstH . S fibuligera + A type, B type F71¢ hybrid
genome-g 7}A| =4, STBGLI, SEBGL3 3% A, B 5 genomeol| &A|s}= WbH SfBGL2 7%
B genomeol| Tt &A= =2, Z+t {FFHAE SFBGLIA), STBGLIB), SfBGLAB), SfBGLIA),
StBGL3B), SFBGL4(A), SFBGL4(B), SfBGLA5(A), STBGLS(B)Z. 8 vd 8} A T}

- SfBGL ©@¥WAEZe] §48A domaind &8 £4<s 83 A3 SIBGLSE Al9stais
glycosyl hydrolase family 3 N-termoinal domaineo] %A HAF Lo FZAHJTHIH
68).

;Clea\'age site

* Identity analysis of SfBGL proteins

Percent Identty

12 [3(a[s[6|[7][80n
1 Bl 632 542537 09 00 (117 07 1 BGLIAD pro
2 o1 N sas 58510007 [n7[n7] 2 BGL1Bp oo
3 (1o 1et 534527 68 (06 [120(120) 3 Bcizpon
8 | 4 [694 520 H-ﬂs 101[101]83 83 ] 4 BGL34p pro
»
pls 34 5110 | & BGL38p pro
Els 8 BGLAAD pro
4 L7 BGLABp pro
! 8 | 40681 J 596 01 |r91 -ow ] BGLA-240 pro
167 k7 A I 5. Y 9 [130042004140/610/5860)1831/1015 20 [ s BGLA-28p pro
SIBGL3B X [ L2 e N 3% EEEE] 944 a.a ta|s[a[s|al7]8]o
Noss
| 5 2 . 3 i
SBGEA M5aa * Phylogenetic analysis of SfBGL proteins
Noss Y A R 80 o, Ol | I
SIBGL4B e 946 a.a
BR7 v T ] {
sBeLsA X 310aa —
1820 | 2
S{BGL3B Xﬂ 30 aa —_— i
1909
\3‘1‘5515“511’315“‘15 WOW WO1N W N 0 0 N 0

g s Al Nudeofids Subsfubions (rD]
* Subdomains involved Glycoside hydrolases enzymes containing

* Predicted analysis of S/BGL proteins
[ Glycosylhydrolase family 3 N terminal domain
[ Glycosyl hydrolase family 3 C-terminal domain BGL1A BGLIB BGLIE BGL3A BGL3B BGLAA BGL4B BGL)A BGLIB
@ Glycosyl hydrolases family 17 Predscted Veglycosylation sites I ] firt 01 g 1 1

(] Fibronectin type ITT-like domain, 2 wide variety of extracellular proteins,

i i ; ; } ad O-glycosylation si 7 4 5
nteracting selectively and non-covalently with any protein . Rkt oo e ? . 4 : : > ?

¢ o
Predichal-N-Clyenmypdiin o Predeciedunglyeosylated :Pr(De) 955 962 959 10296 10296 10472 10433 3280 3289
T Predicted 0-Glycosylation site

a9 68. S fibuligera {2 A+t cellulose &3 &4 FHA BGL d= 9 Z=dQl 4

. S cerevisiae @ A 2¥lS o) 8%t S fibuligera BGL 715 £4]

- AEZ = BFo] §le= S cerevisiae w+F S, fibuligera KJI81 & 9701¢] p -glucosidase
84 FA-RA, BGLIA), SIBGLIMB), SIBGLZPB), SIBGL4(A), SfBGL4(B), SfBGL4-2(A),
SIBGL4-2(B), SfBGL5(A), SFBGLH(B)E E=U3te Eu|IAAZOZNR 7|5 A=Z=E Fystn
Z}, BGL +7#AE mating factor« 2] signal sequence®} fusion 3dFe] Eu]|IE  wE
Y2pU-SfBGLIA, Y2pU-SfBGL1B, Y2pU-SfBGLZB, Y2pU-SfBGL3A, Y2pU-SfBGL3B,
Y2pU-SfBGL4A, Y2pU-SfBGL4B, Y2pU-SfBGL5A, Y2pU-SfBGL5B A|2Hs st 1d
69A),
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- AZE WEE BY4742 5o =Yste] A= 5 SIBGL1A/BY4742, SfBGL1B/BY4742,
SfBGL2B/BY4742, SfBGL3A/BY4742, SfBGL3B/BY4742, SfBGL4A/BY4742, SfBGLAB/BY4742,
SfBGL5A/BY4742, SfBGL5B/BY4742 A|Ztsted western blot 4 F3 @z ddAS &2l
SFATHIE 69B).

Flag-tag
Hex2 SxHis-tag
cfeavage
site ‘
nAFce-ss !}aﬁl;;
A 2plU-SIBGIL. 1A Flag
Cell culture supernatants
Cell lysate p
L . W in 1B 28 3A 38 1A 18 3B 3 3B el T S
|wwmw1=2 Rl E2 81 2281 #2 #1 2 XM ‘w:Tth#‘l#Z #1082 B2 8l 81 % #2.:%'!!‘ TMWTT#ZW@W#J_YQKM TM wt F1 82 #1 82 #1 #1 #1 82 #1 82 XM
': B 1 5
= i
10
= B I g
. £
'o = » e . .
Sy . - - - 2 = 2
- B! ™ .- 0 Tl 1 L L T
= !
-~ MER .
« - «
- wee nun oF - - :
" S - g
1A _ 44 _4B _ 58 5B
—!‘A;‘Aﬂ—mﬂ 1A 4A 3B 5A 5B TM Wt #1 §2 F1 H2 1 #2 #1 82 #1 #2 XM
o TM wt #1 £3 #1 82 81 #2 #1 £2 #1 # XM TM wt #1 #2 #1 #2 #1 #2 #1 #2 81 #2 ):M wl
v — Bl = :’: :
130 .y =
i .. o T o
™ L - 7o 70 - -
”-hhg—h_-.. ‘_4.-”.‘: = ) = B - -
(S 1 spepuangsp=| . -
k.l o
* 5 g b s i‘ “ &l & -
- !lmg e -
CCB staining Ab: Flag-HRP mouse CCB staining Ab: Flag-HRP mouse

a3 69. S cerevisiaeE ©| 83 ANx3 S fibulgera BGL ¥& WE|(A) 2
A =3 SfBgl T A A EA(B)

- w3 a4 84 A Az SIBGLIABY474200 4 71 & B-glucosidase S HP o
H, SfBGL2B/BY4742 3ol A+ SBGL1A/BY47429l Hl&l 50% ++2 4 A4S RATH
i 9] fBGL2B/BY4742, SfBGL3A/BY4742, SfBGL3B/BY4742, SfBGL4A/BY4742,
SfBGL4B/BY4742, SfBGL5A/BY4742, SfBGLS5B/BY4742 <oA= SfBGL1A/BY4742¢9) n]3]
30% A=9 p-glucosidase &4 S RYcH1H 70).

Extracellular recombinant SfBGLs in S. cerevisiae

B-glucosidase activity (U/L)

10
o

BGL1A BGL1B BGL2B BGL3A BGL3B BGL4AA BGLaB BGLSA BGLSB

Strains

m Candidate No.#1 m Candidate No.#2

a9 70. B HA AxF +F9 p-glucosidase E4d 4
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2. At v FE 54 /AR A= H Vs BY

7. Al v #E &4 acetyl transferase §3A (A7H &2 € =49 ¥4

- St FEOA B9 S fibuligera KJI81 T2 #AA LS 53 d& HAHE o] &3,
L G5 A7) FF/ ARGl /83 &2 phenylethylacetateE Tr=+= thAFA o

#AosleE FAAES FASAHLH 71A). I 5 phenylethylacetate thALS] wpx|uh 34 o)
o] 3}= Alcohol acetyltransferase 71%5< 712 Ao 2 F5H+= S cerevisiae ATF13 ATF2

FARe} o AFAHS Hol= 13 M S fibuligera FRAAES =R S fibuligera =

A type, B type 7019 hybrid genome & 7}A|=Hl, 137 5 771 FAAe] 4% A genome

of &A1k, U 670= B genomeol|] EAITHILH 71B).

ARO1T0
PSC‘I SFA1
AROS PDC5 ADH4 ATF1
" AROQY PDCe ADHS5 ATF2
L-Phenylalanine » Phenylpyruvate » Phenylacetaldehyde = 2-Phenylethanol = Phenylethylacetate
Transamination Decarboxylation Dehydrogenation Acetylation
f/ - _7\'\.
{_ aroso )

Transcriptional activator

(B) Phenylethylacetate CHA} 28 S fibuligera S ™K} E|AE

I Sy rrice | D=y DTN Semrpe D=y pTOn | Fioss homobg Sc pere | S e nane AE1A Sene= D Lo E S E-Tol_y _§ o
ARCE  Ammatc/aminosd Aromatic aminotrs ARCE TEL2OW KU81A2G085100
ARTE Armmatc/sminoad Aromstic aminotrs AROCS YELIOOA K218 2G082 500
ARCOS Arcmatic amino sAromatic aminotrs ARCS YHRASAN KUB1A1GO7FF300
ARCS Armmatc aming aAmmatic aminotrs ARCS YHRLIW KU BLA4E051400
ARCOT  Armmatic amino s Ammmatic aminotrs ARCS YHRISN KU B1ASGO54800
ARCT Ammatc amino aArcmatic aminotra ARCS THRLI7W KUBL1A3G054800
ARCS Armmatc amino s Armmatic aminotrs ARCS YHRL1I7TW K218 1G07S5 700
ARCS  Armmabc amino aAmmatic aminotra AROS YHR1IW KU21B84G049500
ARCS Ammatc aming aAmmatic aminotrs ARCS YHRLIW KU2184G053 000
ARCI1D  Trmansaminated am Phenyipyruvate de ARCLO YORIBONW KUB1ATGL2B000
ARC1D Trmnsaminated am Phenylpyruvate de ARCLD YDRIBON KB 1B FE026600
ARCE2D |Trmanscnpticonal adct Zinc finger tmnscr ARCE0 YO RAZIW KUB1A2G021500
ARCED | Trmnscriptional act Zinc finger tanscr ARCBD YO RE21W KU21B 26021000
POCA Pyruvate decarbox Major of three par PO WLROA4C KUB1A2 024500
PO Pyruvate decarbosx Major of three pyr PLC1 WLRO4C KLU81B2G033800
FCCE
FOLE
FOxH1 5+ hydrosgymethyly Bifundional enzynSFAl Y L1esWwW KU81A1GO=7100
SPBC1AE Fine-type alocchel  Bifundhonal ensmyn SFAL YO LLESWA KU B1AG043200
FO*H1 =4 hydrorgmethyiy Bifuncional enzynsSFAl wL1esWwW KL81B 16045500
ADH4E Alcohol dehydrogs Mitochondnal aloc ADHS Y ROS3W KU81A3G0S50:00
ADHAE Alcohol dehydrogs Mitechondnal aloc ADHS YR ROS3W K818 3G034000
ADH4 Alcohol dehydrogi Mitochondnal aloc ADHS M ROS3W KL8183G024100
ADHS
ATFL  alcohol scetyits nsfersse( FFOT247) [5 ATFL KI81A2 GOS9500
ATFL  Alcochol scetyitm nsfersse(PFOT247) [S ATFL KI2182G027000
ATFL  alcchel acetyits nsfermsse(PFOT247) [5 ATFL KU2184G012 200
ATFL Alcohol acettm nsferase| PFO7T247) Ak ATFL K218 56008 500
ATF2 Alcohol acetyta nsfermse| PFO7T247) Ak ATF2 K BLAZGOEEE D0
ATE2 Alcohol acettm nsfermse| PFOT247) [5 ATF2 K B1AZGIR500
ATF2  Alcochol scetyitm nsfersse( PFOT247) [S ATE2 KIIB1A3 GOA7700
ATF2  alcchel acetvits nsferms=(PFOT247) [5 ATF2 K121A4G01I700
ATF2 Alcohol acetitmnsfemsse] PFO7247) [ ATR2 KU 21435042800
ATF2 Alcohol acetytra nsfersse| PFO7247) [5 ATF2 K BLALGOOS500
ATF2 Alcohol acettm nsfemse] PFOT247) Ak ATF2 K218 25064500
ATFZ  Alcohol scetyitra nsfermse| PFO7Z4T) [ ATFZ KUS1B2G086500
ATF2 Alcohol acetyta nsfermse{ PFOF247) [ ATF2 K218 36017600

1% 71. Phenylethylacetate &4 HAZ(A) 2D A& S fibuljgera 2 A-E(B)
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SZ288C ATFZ2 protein.pro
CEMPK ATFZ2 protein.pro
Saccharomyces pastorianus ATFZ2 . pro
Saccharomyces eubayanus ATF1.pro
Candida glabrata ATF1.pro
SZ2E8C ATF1 protein.pro
CEMPK ATF1 protein.pro
Saccharomyces arboricola ATF1 . pro
Woanomalus ATFZ2. pro
WWoanomalus ATFG pro
Wociferrii ATF3 . pro
W ciferrii ATFG. pro
_|: Wociferrii ATF4 . pro
wW.citerrii ATFS.pro
[ W. ciferrii ATF2 pro
_|: Woanomalus ATF2 . pro
wWoanomalus ATFS pro
____________ I: WW.oanomalus ATF1.pro
Woanomalus ATF4 pro
STATF(AYZ2p.pro
STATF(B)Zp.pro
STATF(AYSPp.pro
STATF(B}p. pro
STATFAY p.pro
STATF(B)5p.pro
STATF(AMPp . pro
STATF(B)YSp . pro
Candida maltosa ATF1.pro
Candida orthopsilosis ATF1 . pro
Candida albicans ATF1 . pro
W.citerrii ATF1.pro
= I: STATF(AY 1 p.pro
STATF(A)Zp.pro
L STATF(BXZ2p.pro
SATHF(B)1p.pro
STATF(AYSp. pro
Saccharomyces pastorianus ATF1 pro

502.4

500 400 300 200 100
Mucleotide Substitutions (x100)

=]

S enzyme length

SEROn STATF(AN — 148 a.a.
£ATF (A) 1p
i STATF(A)) e 293 a.a.
bl SEATF(A)3 554 a..
SEATF (A} 6p
SEATE(A) Tp SFATF(A)4 709 a.a.
SEATF (B} 1p
e i e
il ol SFATF(A)6 3 498 a.a.
Fsshbali SFATF(A)7 3 s,
Woancmalus
.ancmalus SFATF(B) 1 502 a.a.
bl STATF(B)2 554 a.a.
H‘:Jii:;;l SfATF(B)3 519 a.a.
Candida _ma
;anaid::or SFATF(B)4 522 a.a.
dccharcmy
bt SFATF(B)5 698 a.a.
sa::\l':ha:-:m? SEATF(B)G 557 aa.

H.eif

11 HXXXD activation domain

a9 72. S fibuligera ATFs - A-&2] Phylogenetic tree % =m|<l

M
1%
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Y. S cerevisiae &l A|AHIZ 0|28t ATF SLHEX} 7|

- W=Z3F S fibuligera FRAAEANA HAA 75 7HH G420A A 1 Y8l S cerevisiae
atfl, att?, eebl A7l AEH 455 A|Zstal o] A< 5o CEN expression vector
of =UH SFATF, SfEEB, SEAT FRAE9 HdAA &4 4E& Astax sdth
H 74A).

(A) Deletion of ATF1 and ATF2 in S.cerevisiae

¢

N-4ATF1 C-ATFI N-ATF2

C-ATF2
Neol § Neol | HingIIz L | Ml
iz B ) st | ™ ez oz | ‘ loxP luxPsT‘ | lacZ
\ . KILEU2 -
[ pT-ATFINC- KIURA3loxP ] e [ pT-ATF2NC- KILEU2loxP ]

Neol & Miul digestion  ScATFI/ScdTF2 Neol & Miu digestion
N-ATFI 1 C-ATFI i >4 NATEE et
Neol | griparer Spel | Aftur SBY4742 Neel | Bindtil P e | At
| ‘ﬂﬂ’ loxP | (MATa his34] Jen240 240 wrada0) ‘ ‘ ‘
A _— — KILEG2
Integration Integration

Salection Selective agar plates:
+ Sc-ura-len

_.*_.—
_‘»_‘—

ScBY4742
AATFT AATF2

I8 73. SIATF &4 BXE& 3k S cerevisiae atflA |atf2A ¥ olF A2

- Western blot¥&2J ol A SfFATF3A), SEATFAB), STATFAB)S] oA=& 7)o @z w=r)

gRlro] o] SO, SFATFLA) STATFAB), STATFAB)S 745 3o HA e
Aow ARD.

G e
Scatfidatf24 or SceebiA

-_“_.——-.-“

. ‘

REEEREACAREL

I% 74. S fibuligera ATF 4R & #F A 22 =(A) 2 SAf @ d 2d F21(B)

-
-
-
-
. | - ¢

SfdTF or EEB or EAT/ScatfIAatf24

- A 13F9 SFATF & Aol &4d" 6/ A=Y 5 SFATFIAN) atflatf?,
STATFAA)| atflatrZ, STATFIB)/atflatr2, STATFAB)| atflatr?, STATFZB)atflatr2,
SfTATFXB) atflatfZEs YPD wjA| oA 24 Azt vjeFgt 5 ml v Yol A headspace= 3Fm]|
AE AES 348t SPME GC/MS (CAR-PDMS fibre) #41& 33 ot

- 11 A3} S cerevisiae WT 2] 7% Isoamyl acetate, 2-Phenylethyl acetate, Phenylethyl
alcohol®} 22 Fn] A& 9o = Ethanol, Butanol, Isoamyl alcohol®} 22 H] Fn] HEE

o =
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Ll

of A=t eebl AE #FY A4 ols FH AR ZEHRAS WT #59 AT

vks atflatf? A& 759 73-$ Isoamyl acetate, 2-Phenylethyl acetate &Fm] A& AJ4F
Yol ARS IS AR 75).

- STATFI13M)|atflatf2, SEATFAB) atflatf2, SEATF6®)] atflatf? 2 A% atflatf? A<=
o] H]&l Isoamyl acetate, 2-Phenylethyl acetate ¥m] AE& 1‘41 ke Bl olye}
Butyl acetate®} Z2 MEL v A& =3 A" 75). 22y Western blotE4]
oA MEE A& 4 QAT STATFLA) atflatr2, STATFAB) atflatf2, SfATFXB)/atflatf?

T A atflatfZ? (contro) A< #79 59U GCMS A#4E HAth

2 B . g
x10 TC Scan WT=1.0 v
1.54 £
1 4 Scwild-type
05 1 2 3 y 5
= v v ¥ i v
x107 +TIC Scan Double-1.d
1.54 |
o No isoamyl No phenylethyl Scatf1Aatf2a
05 acetate acetate
154 ¥ \ v
H 3 v H
HREE 2 :
HE 4 v i Scatf1Aatfos /STATF(A)3
H 7 \ !
s o0sd A H
g v LAl \
0 +TC Scon B1-1.4
*asd H
[ i ScatfiAaif2A /SIATF(B)6
 0sd .
x | |
207 +TIC Sean 8314
H 1 H
» 154 H
H ‘|_ | 1 Scaff1Aatf2A /SIATF(B)2
| s H
T T T T T T T T e e e e e e R R SRR S SRR
X10% + T Scan Standard-1.0 v soamyl acetate
o q
" Standard
ethy! acetate
B v
P I & . . "
T35 07 5 6 7 & § 019 12131415 1617 1610 90 1 292 23 74 25 %6 27 29 79 30 31 92 33 31 35 35 97 98 99 40 41 42 43 48 &5 & 47 48
Counts vs, Acquisition Time{min}
e e
e Vo
1
No. | Compounds Structure tr Odor description Probability (%)

OH
1 Ethanal / i 906

ST

2 Isoamyl acetate I f §.56 Banana and pear 527

3 Butanol T 9.76 76.5

4 Isoamyl alcohol, fusel oil Ll e 11.5% 67.9
:‘(f Arose and honey scent and a

5 2-Phenylethyl acetate ﬁ\—/li:_r/\ 26.94 Faspheiny ks tasts 53.0

g Phenylethyl alcohal ik 29.36 Sweet, rose-like 88.6
;1 Ethyl acetate )l 298 Solvent, sweet 916
g T
Butyl acetate l
8 ,/'%_.J‘\ 6.98 A sweet smell of banana or apple | 95.2

38 75. SfATHatflatf2 A= #79 & Fv|AZE SPME GC/MSE o] &3 &4 Az}
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t}. 718} A5F v B acetyl transferase H4 AR £ A 2" 1=
-S. fibuljgera XJ181 52| A XS F3l d& HHRE o] &3, ATF o]l ester
#d g AFE #AYE FAAEES FUIE GRJASATHI™E T6A). o] B4 AHEHE S
cerevisiaed| EAstE &4 AsA HluE A A3(H 76B, 76C), Gene Symbol
O] match® A &UYH F BAE AL U= Alpha/Beta hydrolase 715< FAAIA

+ catalytic traid S-D-H o}w]x=4F Z+7]7} conserved EHo] A+ AS &Ad & AT
- o] FAA Fo = &3] homologyZ} =41 YEld A, B genome?| EEBI FAAE A7
& ATF 71s &4 A9 vV R S cerevisiael A TEANA 75 & dds I3
st ek
(A)
GeneAcc Symbol 'S¢ Desc Domain  SeqlD NT AA
KIJB1ATG146200  SPAC22H" YGRO31W Abhydrolase domain-containing protein C22H12.03 [£ Alpha/bet A1 ATGCTCA MLSTKTLK
KIJB1B1G143900 | IMO32 | YGR0O31W Abhydrolase domain-containing protein IMO32 [Sour Alpha/bet B1 ATGCAAA MQSIKVLF
KJI81A7G021000 IMO32  YGRO31W Abhydrolase domain-containing protein IMO32 [Sour Alpha/bet A7 ATGTTGC MLLISNVA
K1181B7G020100 IMO32  YGRO31W Abhydrolase domain-containing protein IMO32 [Sour Alpha/bet B7 ATGTTGC MLLISNVA
KJJ81B2G033500 - YGRO31W Abhydrolase domain-containing protein 11 [Wickerhe Alpha/bet B2 ATGTTAAC MLRSVSAC
KIIB1A2G034200 - YGRO31W Abhydrolase domain-containing protein 11 [Wickerhe Alpha/bet A2 ATGTTAAC MLRSVSAC
KJIJ81A1G109800 EEB1 YPLO95C Medium-chain fatty acid ethyl ester synthase/esterase Alpha/bet A1 |ATGACCG MTVSFFG\
KJ181B1G108000 EEB1 YPLO95C Medium-chain fatty acid ethyl ester synthase/esterase Alpha/bet B1 ATGACCG MTVSFFGY
(B)

e

RS GRC RN

w
5
.
E 4
.
X,
K
K
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J¥VL

JJgL1B EEB :
2 EEB1 =

ScEEBl.pro
JJSLA EEB
JJ81B EEB :
2 EEBL =

ScEEBl.pro
J31A EEB
JJ81B EEB :

JJgLB EEB :
2 EEBL :

= Active site (Charge-relay-system)

H 220| substrated] O & 2EA|E (catalytic triad)
: = AB hydrolase-1 (Alpha/beta hydrolasel

Alpha, beta sheet2| fold?t FAISH hydrolase TP E &, (proteases, lipase, peroxidase, esterase 5 CHIE
Catalytic triad Z7FE.

a9 76. S fibuligera®)l 7} acetyl transferase f+Ax 4 2 &4 =W Hlw

g}. Aroma pathway 748} HAL=ZA1A ARO80 3z &= € Hlu £4

- &u] #¥ opm]:-4ke] transamination®} decarboxylationoll #stE ARO AlEel FAAE
o] WS Aty &R AROS0 HALzAALe] &Ado] HA Aroma pathwaye] &
Fo 2Asted Fa3 a4 ARy wiol, S fbulgera AROS0 ¢ Akl o
in silico 45 FPFATHIE T7).

- KPHI2, KJJ81 % #5F EF AROS0 4% %AAZ 7/HAL d%eH, S cerevisiaed) #3
Ao} sl =2 2] homologyE 7HA&= A S E Kol X4t transcription activator F-&
o] RV} AAE Aoz SRRIHIY. 4xdAZANA S fibuligera AROS0 715 +4 AdE&

Feyg o golth

et

DA binding domain
(Zn{2)-Cys(6))

Trnascriptional activator
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ul, S fibuliger&KJJ812] ®jx] o) w}E Aromatic pathway W F+AA &&&F qRT-PCR £4]
- gEkel 2E e Tl Ay ) et v, &F v= ol 2AH. S fibuligeras v
AN & Gees B Aow viFAY Fo] F7] wWEol theFet Frl thAAA

£ o

=
S FAA TP B HRE FH3ly] 98] RNA-Seq £4 3 tEo] oS Hsl]
A% gAEd O o fRA Tl BAET = B ) FRAEY HdFE FHAHL
2 3elsly] 93] qRT-PCRS &t 78).

- OREe fAASS F dFast W 2:‘:%& el B wiA oA @@ o] F7}akgle.
o, YPD =% 0.1%, 3750l E 2, YPD £5E7 2%, 255 wjFAlole 98 57}, o
RE Zashs HEe dehlgdoh olx wse) Az 27 wet 2o ZAme ARE
AL w$ ke &L sk S AeS ouEth o, gele] ASE AH e
A REAZ TEFE PE Qlow A HEES APF 91 SolE 9golow FPH

HAEe =olua AA ‘?}

ATF1A ATF18 ATR2A ATF2B

- N I I m w1 I N | I . |
D237 YPDO.I 37 YPD225  B2Z3T (D23 fP0225 8237 /BD237 YPDO)

I yPDe2s  B237 YPD237 YPDO.1L,37 YPD225  BZ37

ATF3A ATF38 ATF4A ATF48

II_I[\.._I[\IIIIGIIII

YPD237 YPDO.137 YPD2Z3 B237 YPDZ237 YPDO.) 37 YPD225 B237 YPDZ237 YPDO) 37 YPD225 B237 YPD237 YPDO1,37 YPD225
ATF6A ATFER AROBA AROSR
- I I B I o MmN | I , W l I I
YPD237 YRDOO 37 YPD225  BZA7 YPD237 YPDO.137 YPD225  B23T YPD237 YPDO 37 YPOR2S B237 YPD237 YPDO.1, a7
ARQSB! ARO9A2 ARO10A ARO108
o m N I I , m N I R, _ _ _ l . i
YPD237 YPDO1 37 YPD223 B23 YPDZ237 YPDO. 37 YPD225 B237 YPD237 YPDO1,37 YPD225  B237 YPDZ37 YPDO.1 37 YPD225 B237
AROBOA IMO32A1 IMO32A3 IMO3283

I I : I : I E I
YPD237 YPDO.L3T YPD225 8237 YPO237 YPDOA 37 YPO22S 8237 YPO237 YPDOA 37 YPD225  B237 YPD237 YPDO.LST YPD22S B237

EEBTA EEB1B

2 2
SIIIISIIII

YPD237 YPDO.L3T YPD225 8237 YPOR37 YPDOA 37 YPO22S 8237

% 78. S fibuligera KJJ81 d52] viA|E FQ n| tALAH FHAA &S
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5. A8 &2 #F A9 CRISPR/Cas9 7]18F 2=+ Knock-out
N2 =
7}. URA3 deletion mutant #|2Hg 93 YCpNAT-Cas9-URA3gRNA vector A2}
- A5 33 KSD-YC, 4] SCI8-5 +#59 URAZ deletion mutant A|2H-S 98] NAT
merkerol A/l WX E cas9  protein, URA3  target guide RNA @3d HE
YCpNAT-Cas9-URA3gRNAS A #alaat st th.  YCpNAT-Cas9(addgene) ¥ E]o] PCRE 4o
URA3 guide RNA complex (SNR52 promoter, URA3Z guide RNA, structure component, SUP4
terminator)E In-Fusion®ys 2 A4t)3ste] YCpNAT-Cas9-URA3gRNA A 2H-g 285t (19
79A), URA3 guide RNA F-& 3218 93] YCpNAT-Cas9-URA3gRNA sequence #2418 3+ A}
URA3 guide RNAZ}F 41| Ag SRASIATHI ™ 79B). =3 donor DNAE gRNAC] -9 50bp
2 %33 oF 100bpe) 9HES Ao E dlal gRNAo| 3w o] @ PAM sequence (57
-TCC-3" )& A A3t stop codon(5’ -TAA-3’ )= E3H3tH 1 79B).

a9 79. YCpNAT—Cas9—[jﬁA3gRNA A& 22 %= (A), YCpNAT-Cas9-URA3gRNA =] g 2]
URA3gRNA sequence 23} #24(B)

U, 244 ER(Z%F KSD-YC / 3219 SC98-5)9] YCPNAT-Casd-URA3gRNA & AAHL
3 URA3 deletion mutant #F A%+
- == KSD-YC, 21 SCI98-5 ol YCpNAT-Cas9-URA3gRNA} 3} donor DNAE

=

M ot

243 3 ZF 5-FOA(G-Fluoroorotic acid) plated] AEsle] #F2 AJH2d 80). &%
T ¥4 H3A 5-FOA plates AEuAZ A8 A9 URAYY AAE #5750 A= 7

Sakgch cleld ATe NAT adebZrh oid bE MunAs slxe W

L

YCpHIS-Cas9-URA3gRNAE AH&-3F A-¢olle L3 75 d< 7 AU
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- 5-FOA platedl Al dojzl FAHSA 52 5L HiA| oA & AEsA oY URAZ A& &<
< $13 SC-URA HHXI o streaking @ A3 %+ KSD-YC #5F& 25 AE3A| ?gt il
g Sc98-5 wF= SC-URA Aol A AEstti (s 81A). wekA =<3 KSD-YC &+
o ATt URA3 %tﬂ 7F AFE S FAsA T

- URAZY A&dE =% KSD-YC #F &l 98l FERTESY gDNAE 3+ %=
target 9 sequenceE ¥4 A3} 4JE donor DNA sequenceE 7143 &S FAsA
tH(1¥ 81B). =3 complementation ¥4-2 3 URA3Z & #HE YCpU WEHE AL
AAEA FFE0] SC-URA HEoA AEFE GlstAHd 810). wetA =<3 KSD-Y

% CRISPR/Cas9ell &3l URAZ} A<H #5792 Sttt

- <=3 KSD-YC, 211 SC98-5 ol YCpNAT-Cas9-URA3gRNA} 74| donor DNAE &
A X% g 3 50, 100, 150 ug/ml NourseothrlcmO] Z3E YPD wjR|of] XMHEHsl FFE AU
(18 80). =J3KSD-YOdF+= YPD+150mg/ulNATS] 87§¢] candidated 37§l A,
YPD+50mg/ulNAT-2 87§ 2] candidates 17§l A URA3} deletion® A2 SC-URA plated]l A &
AHATHIE 82). Zejuf gHAlA SCI8-5 HFolAl&= URAZ A& #4558 9A €A XE3tith

@

—— JRAY {gOHAY
— i 1A (gDHA)

Stop codon
/
— YeastTF [/l DonorDNA
Cas®
Dbfwu-wwh:

—- -— URAY fgOiA}

@ Donor DNA

5101:‘ codon
[4'H1]5 -FOA selection [ 2]YPD+NAT selection
URARE PEST R 35 “  NATHREE Hc 2%
S = F, '\\\' o
o=y e
5 -FOA plate YPD+NAT plate

19 80. =<+ KSD-YC, &
o] &gt 27k W

°_12

A SCI8-5 ¥F°] URA3 A< 5 A#& #l3] CRISPR/CasdE
3
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C SC-URA

ura3A/urass YCpU]

a9 81. 5-FOA A

< o] &3 =3 KSD-YC #F2 URA3 A& #5 AZHAH
sequencing 45 F3 &<2I(B) ¥ complementation A H-S F3

©

b

ok
o

YPD SC-URA

19 82. NAT A8 w7 & o] &3 =9 KSD-YC #5¢ URA3 A& #5 A%



O 1 H% 25k F5 38 0|48 &x QWM Y 4
14, =5 73 944 a8 45 2%’ 9
7k AAA A aoF
- Short-insert paired-end sequencing : ¥+ fragment “4o] 500bp A&l tiste] KJJ81 (38Mb),
KPH12 (19Mb) 2 ATCC 36309 (19Mb) <ol thall 2+7}+ 63X, 120X, 61X HloJElE A4kttt
- Long-insert mate-pair sequencing : <+ insert 15kb A &ol tsted KJJ81l 2} KPHI2 #5=9i
i3l Z+2; 5.47Gb, 4.49Gb =712] Hlo|E]E A4kl
- Truseq Synthetic Long-Read (TSLR) sequencing : ¥+ 5kb Long read A<l ojs} KJJ81, KPH12
5o thall ZF #3414 =7] 8 10X, 23X AEo AlEA HolHE ALt
- Single Molecule Real Time (SMRT) sequencing : ¥+ 9kb Long read A gl tisle] KJJ81, KPHI2,
ATCC 36309 v+l thsll A= 86.3%F 7HAl= 24 #dAl =718 94X, 97X, 91X F =9
A A HolB & AkekdTh

U #7414 HE =9 239 89
- Single Molecule Real Time (SMRT) sequencing Z23})| 3] FALCON assembly tool-S AR-8-3}<]
contig assemblyE 43435} a1, ool tisl| Short-insert paired-end sequencing 23} Long-insert
mate-pair sequencing 23} Truseq Synthetic Long-Read (TSLR) sequencing A3} Bionanos
AH&-gF physical map= J4 A, ZF #5748 AR A F2F o]83ke] chromosome
TF0 =2 scaffold AR

¥ 1 KJJ81, KPH12, ATCC 36309 Genomeell gt & =4 A=}

Chr.

Number KJJ81A %GC KJj81B %GC KPH12 %GC ATCC 36309 %GC
1 4,911,352 38.63 4,344,079 38.92 4,897,519 38.63 4,909,981 38.69

2 4,155,118 37.93 4,044,695 38.56 4,145,645 37.96 4,155,432 37.98

3 3,027,211 38.14 2,646,735 38.63 3,010,680 38.13 2,682,731 37.97

4 2,704,859 38.13 2,652,149 38.96 2,681,439 38.06 2,685,930 38.02

5 2,120,103 37.99 2,381,737 38.92 2,105,831 38.02 2,406,875 38.18

6 1,449,650 38.63 1,410,702 39.19 1,462,644 38.67 1,400,908 38.36

7 1,364,239 38.31 1,345,124 39.37 1,359,543 38.29 1,411,284 38.48
total 19,732,532 38.24 18,825,221 38.86 19,663,301 38.25 19,653,141 38.25

t. 44 9= 2 7% 24

- Transcript A€ FH 2 FARE2] Protein A4, ab initio WS o] &3std, 14 A= 3 A
KJJ81-& 12,1857H, KPH12+= 6,1557H, ATCC 36309+= 6,1217)2] f-AA7} =% Ach

- d&E e 48 AN He R Jled dEl dS sdskela, 1 A3 KIJ8l, KPHI2ol s
7+ 10,8107), 5435712 7)%50] d== T},
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HA517] 2fs] RepBase Hlo|EjHo]2~E o] &3st= W de nov
4% Ax KJJ8l, KPHI2, ATCC 36309 2t =€ %ﬁﬂ EMEIE
9.53%, 9.13%, 10.20%2] ®HE A7 <E HlES HAH.

ob. AlE 72 vl 24

- KJJ812] A genome} B genome “1#]3 KPH122] A genomes thioZ AlE 7% Hlm B4g
Ptk 1 A3} K819 A genomed} B genome?] FAFEE 88.11% = latdy, TRACZE
A3-B33} A5-B59] dH7t FRZFOE ApolE HYTh

A7 R E o e
A6 || 7 I P O = O 74
A4 L // :
A3 I | /

A2

KPH12
KJJ81A

A1

A1 A2 A3 A4 A5A6A7 B1 B2 B3 B4 B5B6B7 B1 B2 B3 B4 B5B6B7
KJJg1 KJJ81B

1% 1. KJJ81 A genome3} B genome, KPH12 genome2] synteny dot plot

- w3+ ATCC 36309 genome ¥} KJJ812] A genomed} B genome 18]l KPHI22] A genomeg ti4t
o7 Ay 7% vu B4L #3319y 1 Ay ATCC 36309 genome} KJJ81 A genome,
KPHI2 genome A ¥3}o] FAMZE 97.9%= KJIB1 B genome2 89.1%=2 EAE A, olo tg +
Z2 #ol= ATCC 36309 A3 - KJJ81 A3 =3+ KPHI2 A3<}, ATCC 36309 A5 - KJJ81 A5 =3t
KPHI2 ASol|A¢] #2431 zto]& HTh

ATCC36309

L e : 2 : le

A A2 A3 A4 ASAGAT B1 B2 B3 B4 B5 BEB7T Al A2 A3 A4 A5 AB A7
KJJ81A KJJ81B KPH12

1% 2. ATCC 36309 genome¥} KJJ81 A genome, B genome, KPHI2 genome®] synteny dot plot
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ok A% £
- BEo] A Hojglt 557 FAHAE Akl olol] TiE AFRY Fastlh

Saccharomycotina Saccharomycetaceae
94 Ashbya gossypii
100 Kluyveromyces lactis
WGD Candida glabrata
8 100 Saccharomyces cerevisiae
Candida lusitaniae CTG clade
100 Candia tropicalis
100 Debaryomyces hansenif

100
84 Pichia stipitis
100 KJJ81B Saccharomycopsis
100  KJJBT1A
100 ' KPH12
Yarrowia lipolytica
Aspergillus fumigatus
Pezizzomycotina 100 © Aspergillus oryzae

Schizosaccharomyces pombe

Taphrinomycotina

| |
0.05

ok

A 24 A

A

19 3. KJJ8L, KPHI2 ¥ FHFol oj

- ol thate] KaKs w4 Fdste] 7€ AS: AW Ao} vus FPsidy, 1 A3
KJJ812} KPH12+=  Aspergillus oryzae®| PezizzomycotinaAls XY} Saccharomyces cerevisiae2)
Saccharomycotina A&l FT3Z 2 O 7k Alede oAl FQlskaith

KIJBIA-KJ8IB | +[ | | teomwasme o .
KIJ81B - KPH12 - ] |- f——coosam @0 o o o o

KPH12 - S. cerevisiae | | , o o s o
KJJ81 - S. cerevisiae - - [ ] e -
KPH12 - A. oryzae | - - o o

KJJ81 'A. O!’yzae e T e = Jl s {foommmon o © o

S. cerevisiae - A. oryzae | | i. somas ‘o

9 4. KIJ8L, KPH12, Aspergillus oryzae, Saccharomyces cerevisiae &l W3l Ka/Ks ¥4 23}

- 18] aL o]l thsf Blastp search ¥ Interproscang &3t Gene family 7+4 2 Blastp Hit &=
H &5 Algtste] 248 st dnh

- A 7S E& Gene family 2 AlSEA Ao thete] CAFE v3.1& ©]83t> Gene family9]
Contraction ¥ Expansions 213}t
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100

80

60 |
40-
20 d I
N
S

& Q

Y%Hit

1

‘ 5
Y \\\ -\fb
\E" \O @ ) v
?,g C;Q © \ G
% 5. KJJ81, KPH12 % =¥ Z°] tigh Blast Hit ¥l Bar Plot

<2- 4,\\"??_@“ b o

S. cerevisiae KPH12 .
(2,908) (2,896) S. cerevisiae  KJJ81
_ _ (2,908) (2,930)
A.oryzae, » » D. hansenii -
(3,339) % (3,007) A. oryzae K “ \D. hansenii
% : ¥ (3,339 7 3K = {3,007)

559 %
4 4 / | - 3

2345
235
| s A8
A 57 57
165 8%
158 e

66
63

a9 6. KJJ8L, KPHI2 ¥ =1 Fol tig Gene family =4 Venn diagram
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60/-409 K.lactis
S.cerevisiae

1/-75
423/-204
Gene families 89/-240 [—— C.tropicalis
Expansion/contraction B4/-244 209/-417
D.hansenii
169/-183
» 265/-571 Sl
12/-638 83/-78
90/-58 KJJB1A
0/-0 KPH12
62/-18
Y. lipolytica
276/-603
MRCA=— A. oryze
891/-817
S. pombe
331/-1342
4 : : ' : t t !
350 300 250 200 150 100 50 0
Divergence Time (MYA)
Expansion o
3 £ 2 ¢ % %
o = 8 5 4 2
e 8 2 ¢ 358§ § ¢ 3o
g 8 -.8% &8 5 8 § £ & 2 F
@ ¥ °g ¥ O ©u O O O x X
i i ) DEAD/DEAH box helicase
= Ubiquitin carboxyl-terminal hydrolase
LSM domain
TCP-1/cpn60 chaperonin family
| Ras family
ATPase family associated with various cellular activities (AAA)
WD domain, G-beta repeat
Thioredoxin
Zine-finger double dom
.| Core histone H2A/H2B/H3/H4
RNA recognit ion motif. (a k. a. RRM RBD, or RNP domain)
L | haloacid dehalogenase-like hydrolase
i Ring finger domain
- Helix-loop-helix DNA-binding domain
| AMP-binding enzyme
Eukaryotic aspartyl protease
: Subtilase family
Peptidase inhibitor 19
" ___ | Glycolipid 2-alpha-mannosyltransferase
| Aldo/keto reductase family
Zinc-hinding dehydrogenase
| Alcohol dehydrogenase GroES-like domain
e FAD dependent oxidoreductase
Major Facilitator Superfamily
20G-Fe(ll) oxygenase superfamily
Contraction

r 13.642358
C.glabrata

Relative abundance

@
@
“
=
o
)
=

%

D.hansenii
KJJ81

of genes (Z-score) =73

% 7. KI8L, KPHI2 9 %

0.0

KPH12

PCI domain

TPR repeat

Aminotransferase class | and 11

Cytochrome b5-like Heme/Steroid binding domain
Mitochondrial carrier protein

SNF2 family N-terminal domain

Dnad domain

Calcineurin-like phosphoesterase

Elongation factor Tu GTP binding domain
Ankyrin repeats (3 copies)

RhoGAP domain

Protein kinase domain

Histidine phosphatase superfamily (branch 1)
Elongation factor Tu domain 2

Amino acid permease

ABC transporter tfransmembrane region

ABC transporter

FAD-binding domain

Ferric reductase like transmembrane component
Amino acid permease

Aldehyde dehydrogenase family

Fungal specific transcription factor domain
Fungal Zn(2)-Cys(6) binuclear cluster domain
Fungal specific transcription factor domain
Sugar (and other) transporter

Z Wit Contraction ¥ Expansion Gene family /3
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AL P EZEZ0} AlF XY 4
- circular FEJZ assembly7} =+ A Lol thal mitochondria® <3% & FHAE ZHs}
A3} KJJ81 67,516 bp, KPH12 67,427 bp= E1= i)
- Z9¥ mitochondriaol| thet 7)5EA-S ¢35k, MFannotE AH&-3}e] mitochondriad] 7]s #4442
TPl 1 A 20719] protein coding frAAEe] Z3E o 1aL, cob, coxl, nad>2
FAA= intron +2E 7L e A RIS

32

3, 71

Saccharomycopsis fibuligera KJJ81 Saccharomycopsis fibuligera KPH12

mitochondrial genome mitochondrial genome
67,516 bp | 67,427 bp

O] complex | {NADH dehydroge

ATP syrthase
[0 ORFs

 ransler RNAs
H ribosomal RNAs
Winrens

19 8. KJJ81, KPHI2 mitochondria ¢ % 7|5 B4 A3}
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A 24, Y4 B FFo] #F P AFFF 7 L0 Ui tlolE A

7t ANAA A aoF

- Short-insert paired-end sequencing : ¥+ fragment Zo] 500bp ALQel| wisted Lichtheimia
ramosa (31IMb) 2 Saccharomyce scervisiae 98-5 (11Mb), Hyphopichia pseudoburtonii KJS14
(15Mb)oll thal 76X, 256X, 303X ©Elo|ElE Akstsict

- Long-insert mate-pair sequencing : < insert 15kb A Gl thstd Lichtheimia ramosa ==l T
3 6.06Gb dlo|el&E AJ4lslH o, 3k, KIS14 = thsl]l ¥+ insert 5kb, 10kb, 15kbe] &}l
BHEE 77 5.09Gb, 3.34Gh, 3.54Gb Hlo|EE AY4kstTh

- Truseq Synthetic Long-Read (TSLR) sequencing : ¥+ 7kb Long read A€ol ths} Lichtheimia
ramosa 2 Saccharomyce scervisiae 98-5 (11Mb) ==l tiall 2 f4 =7] ¥ 23X, 107X A4
2] HlolElE AAkaetatt

- Single Molecule Real Time (SMRT) sequencing : ¥+ 7kb Long read A &ol| thsle] Lichtheimia
ramosa R Saccharomyce cervisiae 98-5, KIS14 =l tlsl A= 86.3%E 7HA= 72+ F4A
A71¥ 80X, 273X, 170X A7 HolHE A4kttt

R 2. L. ramosa, S cervisiae 98-5, KJS14 djo]E] Ak QoF A}

Type Species No. of Reads | No. of Bases | No. of Bases (Gb)
L.ramosa 23,893,276 2,389,327,600 2.38
Short-insert | S. cervisiae 98-5 27,948,170 2,822,765,170 2.82
KJS14 45,085,756 4,553,661,356 4.55
L.ramosa (15kb) 60,542,594 6,054,259,400 6.05
) KJS14 (5kb) 50,400,834 5,090,484,234 5.09

Long-insert

KJS14 (10kb) 33,101,756 3,343,277,356 3.34
KJS14 (15kb) 35,024,932 3,537,518,132 3.53
TSLR L.ramosa 51,178 517,738,515 0.51
S. cervisiae 98-5 167,375 1,187,074,736 1.18
L.ramosa 277,800 2,516,827,625 2.51
SMRT S. cervisiae 98-5 417,246 3,009,966,829 3.00
KJS14 281,560 2,561,397,161 2.56

U 44 HE =Y A9 89
- Lramosa®] 73-% Single Molecule Real Time (SMRT) sequencing 2z}l tia] FALCON assembly
tool-S AR&3Fed contig assemblyE =3¢t A3} Truseq Synthetic Long-Read (TSLR) sequencing
Aol ts)] Celera assembler toole AH&-3}e] contig assemblyE 43¢+ ZA3}E mitochondria A
&g AlA % merge assemblyE 3t a, oo sl Short-insert paired-end sequencing 23}t
Long-insert mate-pair sequencing 23}-& AR&-3ted Scaffolding 2 Gapfilling =3 3} th-.
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Genomic DNA Prep.

lllumina
Whole genome
resequencing (500-PE)

lllumina
Long-mate pair sequencing
(15-kb)

lllumina
TruSeq Synthetic Long-Read
(TSLR) Sequencing

PacBio
Single Molecule Real Time
(SMRT) Sequencing

Long-reads

Long-reads

!

!

1. Contig assembly
(FALCON)

2. Contig assembly
(Celera Assembler Ver. 8.1)

\/

3. Merged assembly
(HaploMerger2)

¥

v

4. Scaffolding / Gap filling
(SSPACE Ver. 3.0 / GapCloser

Ver. 1.12-r6)

a8 9. L ramosa §AA) AE 2 w mAx

¥ 3. L ramosa +73A A4 =9 A3

No. of Total N50 N90 Longest
sequences | bases (bp) (bp) (bp) (bp)
PacBio Assembly
FALCON (PacBio) 41 31,311,778 | 3,276,235 | 2,226,143 | 5,998,895
TSLR Assembly
CA (TSLR) 257 32,199,549 588,350 150,645 | 3,190,457
Merge Assembly
HaploMerger 23 31,251,992 | 3,202,655 | 2,385,506 | 6,009,921
Toie i . I\SI%CBIO ¥ 14 31,271,552 | 5,850,932 | 2,385,506 | 6,009,921

- w3 AssemblyZ} 4RE Ado] i AZS Yste] 7|& AAHE Short-insert sequencing A 7o}
Long-insert sequencing Z¥-& H}EF S 2 bwa alignment toolS AH&-3}e] Re-mappingS <33}t

Scaffolds | Total Length | GC contents | Ave.Depth | Genome Coverage (%) - 1x
Scaffoldl 6,009,921 41.24% 60.84 99.96%
Scaffold?2 5,910,414 41.29% 61.03 99.95%
Scaffold3 5,850,932 41.30% 62.13 99.97%
Scaffold4 3,377,602 41.24% 63.32 99.81%
Scaffoldb 2,890,541 41.20% 59.18 99.71%
Scaffold6 2,664,057 41.46% 79.07 99.51%
Scaffold? 2,385,506 41.33% 61.09 99.96%
Scaffold8 1,057,280 40.71% 58.51 98.65%
Scaffold9 853,333 41.20% 60.34 100.00%
Scaffold10 190,272 41.25% 72.63 98.55%
Scaffold11 41,657 41.47% 59.01 99.82%
Scaffold12 19,811 41.24% 43.95 91.95%
Scaffold13 12,284 41.62% 48.48 100.00%
Scaffold14 7,942 54.12% 14.7 32.44%
RMS_MT 48,615 25.35% 1075.07 100.00%
Total 31,320,167 41.24% 64.31 99.81%
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E 4. Summary of short-reads aligned to the scaffolds

Mapped .
Library, Raw reads |Mapped reads Mapped reads paired-end reads Mapped paired-endSequence coverage (%)
(No.) (No.) (%) (No.) reads (%) (=1 read depth)
PE 23,893,276 20,319,506 85.04 20,045,464 83.90 99.81%
MP 19,463,104 18,475,798 94.93 13,778,854 70.79 N/A

* PE : Paired-end, MP : pre-processed mate pair reads

A B

200

100 150

Sequence depth
50

L. ramosa

31.3 Mb

0

Scaffolds
N Depth GC content
e 1y \ \‘-.\“_‘ Average 62.6 0.412
2 eSS — Gene

3 = Transposon

13 10. De novo assembly of a L. ramosa

- S cervisiae 98-5 #F2 73¢ Single Molecule Real Time (SMRT) sequencing ZA3}el ta
FALCON assembly tool= AF83le] contig assemblyE 3¢k ZA3}e} Truseq Synthetic
Long-Read (TSLR) sequencing A3}l 3] Celera assembler tools AHE-3}e] contig assemblyE
Ty, AAl S288C 2] chromosome T Yb* anchorings 433+ % [llumina
short-insert sequencing Hlo]E]E ARE-3ke] error correction 2 gap fillingS Fd3ted HZF 1671
] chromosome-& Y433t}

¥ 5. 8 cervisiae 98-5 7 AA A8 =4 A}

Chrom Length GC GC (%)
1B 210,330 82,659 39.30%
1IB 799,962 307,014 38.38%
I11B 332,992 127,956 38.43%
IVB 1,472,052 558,606 37.95%
VB 588,668 226,704 38.51%
VIB 264,572 102,647 38.80%
VIIB 1,094,532 416,848 38.08%

VIIIB 548,503 211,671 38.59%
IXB 434,354 169,067 38.92%
XB 730,419 281,385 38.52%
XIB 689,298 263,225 38.19%
XIIB 1,939,407 793,165 40.90%

XIIIB 925,948 354,499 38.28%

XIVB 789,351 304,774 38.61%
XVB 1,046,958 399,799 38.19%

XVIB 934,140 355,842 38.09%
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- KJS14 +#F2] 7% Single Molecule Real Time (SMRT) sequencing ZA3}ell tsl] FALCON assembly
toolS ARE3le] contig assemblyE 43¢k Ao} Illumina short-insert Hlo]E|& SOAP de novo
assemblyst A¥}E 7FX 31 manual insepection.®. 2 chromosomeol] 7}7k-2 scaffoldE #|12}stict. 1

o

o]% [llumina short-insert sequencing Elo]E]S Ag-ate] error correction 2 gap fillingS 33k
HZE 8719 Scaffold A|2+ats]ch

¥ 6. KIS14 544 Ad =9 A%

Scaffold ID Length GC GC (%)
chl 3,163,475 1,144,834 36.19%
ch2 2,353,989 848,596 36.05%
ch3 2,086,637 752,541 36.06%
ch4 2,047,225 734,424 35.87%
ch5 1,971,387 709,161 35.97%
ch6 1,953,585 700,669 35.87%
ch7 1,094,404 396,571 36.24%
ch8 876,631 310,547 35.43%

. F31A 43 9 75 4
- Transcript A€ AX L FAE2] Protein A€, ab initio WS o] &35, §-3A o= 343k
A} Lramosa= 12,827/12] A7} ==}

¥ 7. Lramosa +3A 32 o= Az}

Quantification
Total no. of gene models predicted 13,268
Unique gene models (No.) 12,827
Genes with isoforms (No.) 441
RNA-Seq supported gene model (No.) 13,048
Average gene length (bp) 1,469 bp
Total bases of gene models (Mbp) 19.49 Mbp
%Genes in the draft genome 62.34%
No. of CDS 68,489
Average no. of CDS per gene 5.16
Average CDS length (bp) 227 bp
No. of intron 55,221
Average no. of intron per gene 416
Average intron length (bp) 71 bp
%CDS in the draft genome 49.80%
%Introns in the draft genome 12.54%




- dEE fRAAE 3EA A

12,80571 2 7]°s0] <= = AT

R 8. Lramosa SAA &4 715 o= Ay}

WHHOo 2 T)E sl dS sdetR L, 1 A L ramosal Hhs

. . Annotated
Transcripts Uniprot NCBI nr InterProScan ) (%)
Transcripts
13,268 8,257 12,798 10,677 12,805 96.5

- KJIS14 #52] 7% transcript A FH

+AFES] Protein 1<, ab initio

T2 A& FAS A7 KISe= 5900719 F-447F &= ATk

¥ 9. KIS14 FAA F42} o= 23

TS o] 8sto],

Quantification
Total no. of gene models predicted 6,202
Unique gene models (No.) 5,900
Genes with isoforms (No.) 302
RNA-Seq supported gene model (No.) * 6,188
Average gene length (bp) 1,627 bp
Total bases of gene models (Mbp) 10.09 Mbp
%Genes in the draft genome 64.94 %
No. of CDS 6,946
Average no. of CDS per gene 111
Average CDS length (bp) 1,435 bp
No. of intron 744
Average no. of intron per gene 0.11
Average intron length (bp) 168 bp
%CDS in the draft genome 64.14%
%Introns in the draft genome 0.81%

- =4
5,706 FdAke] 715 elZ5 gk

£ 10. KISl4 F28A 22 75 4= 234

A e AN BHeR e tef oS sdskala, 1 A KIS14 o ths)

Genes Uniprot NCBI nr InterProScan

Annotated Genes

5,900 4,676 5,621 5,360

5,706
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¥ 11. Lramosa ¥-RAA vHE Ag Ex%

Repbase search De novo prediction Combination
R t t %) i % -
epeat type Length (bp) (%) in Length(bp) (%) in genome | Length (bp) (%) n
genome genome
Retrotransposons
84982 bp 0.27% 556312 bp 1.78% 604555 bp 1.93%
SINEs 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
LINEs 1758 bp 0.01% 304851 bp 0.97% 306609 bp 0.98%
LTR
) ¢ 83224 bp 0.27% 253626 bp 0.81% 300614 bp 0.96%
elements
Retroposon 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
DNA transposons
35910 bp 0.11% 258687 bp 0.83% 293332 bp 0.94%
DNA 14549 bp 0.05% 258687 bp 0.83% 271971 bp 0.87%
RC 21361 bp 0.07% 0 bp 0.00% 21361 bp 0.07%
Other 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Inserted sequence 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Segmental
o 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
duplication
Unclassified 214 bp 0.00% 332727 bp 1.06% 332941 bp 1.06%
Small RNA 61153 bp 0.20% 148519 bp 0.47% 148991 bp 0.48%
Satellites 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Simple repeats 373865 bp 1.20% 479768 bp 1.53% 493910 bp 1.58%
Low complexity 40765 bp 0.13% 39440 bp 0.13% 41018 bp 0.13%
Total 596408 bp 1.91% 1769644 bp | 5.66% 1854667 bp | 5.93%
) = = el
- KIS14 #59] A5 F-A Z7]el Blelsl] 5.59%2] RHEA7|AE HlES Bk
F 12. KIS14 34 HHE AE 2
Repbase search De novo prediction Combination
epeat type ength(bp in ength(bp in in
R L h(b (%) i L h(b (%) i Length (bp) (%) i
en
) genome ) genome 8 P genome
Retrotransposons 16251 bp 0.10% 9420 bp 0.06% 22642 bp 0.15%
SINEs 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
LINEs 1352 bp 0.01% 0 bp 0.00% 1352 bp 0.01%
LTR elements 14899 bp 0.10% 9420 bp 0.06% 21290 bp 0.14%
Retroposon 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
DNA  transposons 2546 bp 0.02% 46054 bp 0.30% 48429 bp 0.31%
DNA 2325 bp 0.01% 46054 bp 0.30% 48208 bp 0.31%
RC 221 bp 0.00% 0 bp 0.00% 221 bp 0.00%
Other 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Inserted sequence 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Segmental
L 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
duplication
Unclassified 458 bp 0.00% 59318 bp 0.38% 59776 bp 0.38%
Small RNA 38467 bp 0.25% 0 bp 0.00% 38467 bp 0.25%
Satellites 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
. 523322 500261
Simple repeats b 3.37% b 3.22% 528045 bp 3.40%
D P
. 206882 195736
Low complexity b 1.33% b 1.26% 207267 bp 1.33%
P P
786506 810353
Total b 5.06% b 5.21% 869428 bp 5.59%
P P
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ato] Als T2 Hla 248 £33k
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98.45% & FelatYa, TRACEE ME FAE Ao E geldg]rh
RMS (TBI)

A

RMS (TBI) RMS (HK)
Dot plot Circular plot

a8 11 718 3MNE L ramosa AL}t B A NA L ramosa AAE A synteny
dot plot and circular plot

- w3t A2 AR L ramosa FRAA ] el 712 WA L ramosa FRAA FRFoE A
3] matchingo] ==# wgVISTA web tool2 %3 &lsidon, 1 Ax, Nz AZd L
ramosa A 724 AY=r) B =2 A RIS

) PlEZ=got Als Ad 4

- circular FE|E assembly’} H& A<Dl thel mitochondria® JAE+ FAAS 2831
Az} [, ramosa 48,615 bpE el = ok

- 2949 mitochondriaoll thdt 71584E 28k, MFannotE AR&-3ke] mitochondria®] 715 #41&
FRFAL, 1 A3 19709] protein coding frAAEe]l =] 9la1, cox3, coxl, nadde] 3
= intron 72F 7HAAL e As FIESh

- =3, short-read BBl ©]&38to] mEZE=|ol Alsdll re-mappings AlA depthE &<l
A7} Pt 1500 w52 AlAA o] HASS FRISHAT

u

Rl

gl

rie

_9"_



6M

5M

4m

3M

2M

1M

TBI. Scaffold 01 (6,009,921 bp)

SCAF12

SCAF54
SCAF35

SCAF26

SCAF20

SCAF61

SCAF10

SCAF55

SCAF24

T T
1 T

SCAF18

SCAF10
SCAF25
SCAF08
I
SCAF04

‘!\li‘f\\\‘\\\!‘l\\
[

SCAF22
[l
SCAF23
SCAFO1

L N S B

SCAF24

0T U] —

SCAF16
SCAF17
SCAF19
|

(|

-
I
|

TBI. Scaffold 02 (5,910,414 bp)
TBI. Scaffold 03 (57,850,932 bp)
TBI. Scaffold 04 (3,377,602 bp)
TBI. Scaffold 05 (2,890,541 bp)
TBI. Scaffold 06 (2,664,057 bp)
TBI. Scaffold 07 (2,385,506 bp)
TBI. Scaffold 08 (1,057,280 bp)
TBI. Scaffold 09 (853,333 bp)

T
SCAF02 SCAF14

[T 11
SCAF07

|

SCAF03

13 12. Sequence comparison between Seo et al. (Presented) and Linde et al. (2014) scaffolds
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mitochondrial genome o - . : L ¢
48,615bp Mitochondrial genome
Depth GC content
Average 1,077 0.25

19 13. Lramosa mitochondria 28 2 7]% B4 Az

- 7|12 ¥7/h" L. hongkongensis %ol ti$t mitochondria % FHZF2] mitochondria AdS
wgVISTA toolZ Hlwal Ay} sz oz FH F1he diversity’} &2 ALZ 1AL

[ L. ramosa

M. circinelloides

1 — 1T ————

P. blakesleeanus

R. oryzae

S. cerevisiae

L. hongkongensis

| L. hongkongensis

Mucor

Phycomyces

— AV - UL LWL AR y v e——
| LSl Ly y r—
A ltil A A ﬂ'h

13 14. Comparison of mitochondrial sequences between L.ramosa and other genomes using
wgVISTA
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vl A% 24
- HEo] FHoQE 55/ FHAE AEste] oo tigk AFEA FHSIRL ol i
InterProScan A#-& o]&3ate] Z47te] Fol thdtk Gene family 3 HoJEE AT
- M FA3) & Gene family ¥ AlE R4 Aol tiste] CAFE v3.1& o143k Gene family<]
Contraction % Expansiong &H<¢13}9]th.

296/-196 Mucor circinelloides =
* 452/-557
1074/-852 Rh/zopus oryzae Mucormycotina
59/-2 B8]
L/chthe/m/a ramosa -
885/-420
Aspergi//us oryzae Pezizomycotina
CA = 739/-1397
Pichia pastoris =
17/-1691 91/.879 . _
38/-382 Kluyveromyces lactis Saccharomycotina
Saccharomyces cerevisiae —
354/-260
Gene family expansion Gene family contraction
3
_\eyf’ &
° & \° F & \“ © o o B & &
00‘0 ‘ao\\ Qﬁe o‘*’v @6\ 061/ & . ‘J@@ \“(;\\ Q'b% °§1/ ‘\")« 2 ! 6\& i
- + v v v\ Pfam domain S Sow v W Pfam domain
[': Acetyl-CoA hydrolase/transferase N-terminal domain r [ Flavin-binding monouxygenase -like
[ Meiotic cell cortex C-terminal pleckstrin homology [ | Endoribonuclease L-PS|
CP2 transcription factor | Glycosyl hydrolase famlly 63 C-terminal domain
==l CoA binding domain || Peptidase S24-like
! ACT domain RWD domain
= CAF1 family ribonuclease |_ Snare region anchored in the vesicle membrane C-terminus
Pleckstrin lomain = OST3/OST6 family
PHD-finger | Putative serine esterase (DUF676)
[ STE like iption factor [ | HAND
1 Poly binding protein, unique domain Histone chaperone Rnp106-like
oxidase, central domain ide di C-terminal domain
B i class-Il ] N2227 like pro(em
= Small subunit of acetolactate synthase | Putative ( p h
PB1 domain FAD-binding domain
I PHD-zinc-finger like domain = Vps4 C terminal oligomerisation domain
. EB1-like C-terminal motif Flavoprotein
| Vacuolar protein sorting-associated protein 26 Lysophospholipase catalytic domain
4 Inner membrane component domain |_| Thiamine pyrophosphate enzyme
Sds3-like Transient receptor potential (TRP) ion channel
DIL domain Leucine carboxyl methyltransferase
m . m .
-1 0 2 15 0 15
Z-score for Pfam domain abundance Z-score for Pfam domain abundance

1% 15. Evolutionary relationship of Z.ramosa genome to other Fungi

&3, cell signaling} protein hydrolytic activity, cell wall synthesisell 3+ Gene familyE £<13]
£ A3 L ramosacll4 B el expansion ¥ Z-& E<lstAth

.b'?f’
2 ‘ &
& " t}no‘a P PP \‘\a\\
& @ & & @6\ o & . ;
. QY @& W PfamlID Pfam domain Function
— | PFO0091 Tubulin/FtsZ family, GTPase domain GTPase (Signaling)
PF00566 Rab-GTPase-TBC domain GTPase (Signaling)
PF01412 Putative GTPase activating protein for Arf GTPase (Signaling)
PF00616 GTPase-activator protein for Ras-like GTPase GTPase (Signaling)
PF02212 Dynamin GTPase effector domain GTPase (Signaling)
PF01926 508 ribosome-binding GTPase GTPase (Signaling)
PF06371 Diaphanous GTPase-binding Domain GTPase (Signaling)
PF02190 ATP-dependent protease La (LON) substrate-binding domain Protease (Hydrolysis)
PF05362 Lon protease (S16) C-terminal proteolytic domain Protease (Hydrolysis)
PF00026 Eukaryotic aspartyl protease Protease (Hydrolysis)
PF01398 JAB1/Mov34/MPN/PAD-1 ubiquitin protease Protease (Hydrolysis)
PF12436 ICPo-binding domain of Ubiquitin-specific protease 7 Protease (Hydrolysis)
PF01644 chitin synthase Chitin synthase (Cell wall synthesis)
PF08407 chitin synthase N-terminal Chitin synthase (Cell wall synthesis)
| PF12271 chitin synthase Il catalytic subunit Chitin synthase (Cell wall synthesis)
PF03142 chitin synthase Chitin synthase (Cell wall synthesis)
PFO0187 chitin recognition protein Chitin synthase (Cell wall synthesis)
PFO3067 chitin binging domain Chitin synthase (Cell wall synthesis)
PF12273 chitin y ion, resi to Congo red Chitin synthase (Cell wall synthesis)

13 16. Evolutionary relationship of Z.ramosa genome to other Fungi
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=3}, Glycolysis 434 pathwayoll A& Acetaldehyde Z2] ZF5-Ajo] Wo| Uel= A& <133t

A Glycolysis Starch s sucoee | B o
s &
| 6@4& Q\o
4 S & &
31310 D-Glacose-1P ) o, &
131310} L Ocon <EC> € ol <Homologous gene>
rie 5422 PRM15, PGM3,GALS
L {3133} 1 RN g fresdes o ) 2711 GLK1, HOR3
FEINE FEATS) . . 5133 GAL10
@D-Olucose C FITE] F $ 3 ‘Laﬁ;;ﬁ,***(" 51318 L&a
5319 Gl1, CDC30
34311 FBP1, A%%ls
. 27111 PFK1
(5319} T GD-Fracton6F 41213 FBA1 LoT1
ntose 5311
- (NI FERRY) PEVE3 P ;*‘;PM 12112 TDH3 GLD1, HSP35, HSP36, SSS2
So—{ZI}+0 ""‘-—' A
{mm.lm. 54211 GPMZ
SHB17

ENO1, HSP48
PCK1, JPM2, PPC1
| CDC19, PYK1
PDB1

THI3, KID1

LAT1, ODP2, PDA2
| LPD1,HPD1
ACS1, FUN44
ALDS

ALD3

ADHS
ADH7. ADHVII

1.24.1
4111
23112
1814
6211
1213
1215
1119
1112

T ._m_, 33186 P-D-Fructose.1 6P 54212
FIETE 42111
—_— = 41149
Glycerakiehye- 3P
: -5)” = | 2.7.1.40

Glyoerone-P

15 0 156
Z-score for
gene number in EC
C &
&
) 3 O @ > &
£ E S
<EC> o Q' p v @ W <Homologous gene>
Phenylalanine  1.1.1.90 xylB_3
: 1 :;5 QIE;]?.SFAI ADH4,ADH3 ADH2 AHD1
P E— Furfural 11150 xylB_3
((Propasoste satabolism ) degradation 11191 mocA
S — 1.1.1.257 D1
O Ethanol 1.1.1.294 NOL,NYC1
Phenylalcohol  1.1.1.333 dorE2
— 15 0 15
Enzyme mapped
to pathway 1.1.1.90: Benzyl alcohol dehydrogenase

1% 17. Distribution of volatile and non-volatile metabolites related genes in Z.ramosa and
selected fungi genomes

AL, KI181, KPHI2, KCTC AR 84

- BE AEE0 NURead)SL 7 AZo] AP Fol Uit F=AY (KISL KPHI2, KCTO)
alignment® WASAL, 1 Ashe olee] 1% Lol RE WEE WolA U Hole (dean
readsell @) o) 0% o} 9| Aol Y o) mapping 3 E Y+ slol RNA B
alignment7} s 3k WAHUSS FAISATH

12 :
3 o o
‘l - ". B x ,- X L Lo
e-* 7 v:,‘- - > y: = a ! i
i e ‘5_3.3“’\ : \‘\53-9 ’ \,:_:.h'a’ Q!-"L" \‘Js?-f\ e w:&\ :

B0M 4
70M 5
G0 H
50M 4
40M 4
30M 4
20M H
10M H

0.0-

Uniquely Mapped .

Mepped |

Unmapped .

Low Qualty

Number of reads
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No. of mapped | No. of uniquely No. of reads in
No Name No. of clean reads reads mapped reads splicing site
1 KJJ81_37_B_2 72,567,784 69,978,698 67,869,755 1,523,689
2 KJJ81_37_B_3 75,039,866 72,429,661 70,522,565 1,527,636
3 KJJ81_37_D01_2 72,778,178 70,191,432 67,775,692 1,976,294
4 KJJ81_37_D01_3 76,125,708 73,269,715 70,683,167 1,625,411
5 KJJ81_37_D02_2 76,577,106 73,784,043 69,953,228 2,020,172
6 KJJ81_37_D02_3 79,113,760 76,283,335 73,858,341 2,208,322
7 KJJ81_25_RNA_1 51,719,828 50,095,860 48,054,980 2,306,688
8 KJJ81_25_RNA_2 51,801,094 50,162,149 47,521,098 2,433,487
13 18. Alignment statistics of KJJ81
Elil B ey visposs [
45M + f-—_J Mapped [
‘;gm: g Unmapped .
a0 4 ‘g Low Quality
25Mq =
20M
15M 4
100 H
5.0M
n.o-
.q\‘\ﬂl
No Name No. of clean reads No. of mapped No. of uniquely No. (')f' read§ in
reads mapped reads splicing site
1 KPH12_37_B_2 42,138,110 39,512,278 38,530,153 1,240,261
2 KPH12_37_B_3 37,714,926 35,123,437 33,901,180 1,015,334
3 KPH12_37_D01_2 41,440,450 38,509,068 30,526,914 1,308,355
4 KPH12_37_D01_3 37,435,734 34,423,688 28,850,793 1,251,966
5 KPH12_37_D02_2 40,440,286 37,145,321 33,878,940 1,165,638
6 KPH12_37_D02_3 41,403,546 38,738,159 37,524,740 1,595,046
7 KPH12_25 RNA_1 40,242,240 37,816,425 36,244,453 2,340,944
8 KPH12_25_RNA_2 54,715,468 51,515,119 48,121,923 2,919,402
1% 19. Alignment statistics of KPH12
45M: -[.‘2 =y Uniquely Mapped .
som{ & e Meped (1)
35M 4 g . Unmappead .
ggm: E Low Quafty
pe
20M+4 =
150 4
10M
5.0M +
0.0-
il B
‘_SJ’\ E \&"Jl - ‘F—G
No Name No. of clean reads No. of mapped No. of uniquely No. of read's in
reads mapped reads splicing site
1 KC1_25 49,288,364 46,145,604 44,530,862 2,158,490
2 KC2_25 41,119,230 37,894,047 34,743,750 1,753,854
3 KcC1_37 42,821,982 39,061,972 37,279,020 1,334,277
4 KC2_37 44,537,948 40,439,780 38,886,764 1,431,012

2% 20. Alignment statistics of KCTC
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- 7+ NEEY F4AF coverages Zb AMZolA dH transcript7b FAARE Gvld AWStEA] Ol
w2} mRNA] degradation LS HojFE= #gol7| wfiol|, RNA-SeqollA £83 712 EAAS
2 ZgHnk
ol. Genome & genes coverage
70M _L-c: Total Reads .
oM E Genome
50M- %5 .
A0M ; Genes .
30M - 2
20M- 5
10M- =
0.0
B pl% 3 o AF a2 A LE as
@ P '\? '\? A - ,\'-.' '?-"
£ o oF " 7 o8 oF o £ Q—}}%\,
1% 21. Genome/genes coverage of KJJ81
'l;}l ?: Total Resds .
g f‘__—‘ Ganomsa
E Genes .
ok 2
E 2
'-5'?: n'?' a2 ~9~ AP ,4, 'qﬁ& . }
-.9\“" raat - g by g (A f;,':-"' ,,";,T-"?.
W ‘i-?\)‘ lé_c‘?‘t"iﬁ- q?‘\"\ Q—?‘k o Q_?‘\."N '{-?\AN +c?'f\ ;
19 22. Genome/genes coverage of KPH12
é%m ';-;‘: T:-ta'Reads.
%gm % Genome
25M T Genes .
20M4 2
o3
5.0M4 =
0.0 - '
& L
s _- Nis _- & _. '!-.:" [
1% 23. Genome/genes coverage of KCTC
- ol I¥e AR coverage B4 AAE =413 g Ao, 90 ~ 100% (0.90, 1.00 7t - %}
A o) A= AnEE FAA7} 0% o AU A,

- o] B4 AyE wigtog nE AZo 3 &
REeE L & AN

AMHE =

sequencingo] 2 XY=
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LRt 3B 2. KJJ81_37_D02 2 o2

s

KJJ81_37_B_3 =3 KJJ81 37 D02 3 o2z

4%

K.J.J81_37_ D02 po1-z) KJJ81_25 RNA_1 ixuis1 25 fnva 1)

= 001 7ET gt

KJJ81_37_D01_3 poz-3)

13 24. Genes coverage of KJJ81
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KPH12 37 B 2 nisovmozis KPH12_37 D02 2 tniso7aoziT)

KPH12_37_D02_3 tniso7rozis)

BT

KPH12_37 DO1_2 nisovrozzo)

4%

KPH12 37 DO1_3 rnisoraozzy KPH12_25 RNA_ 2 tnieozrois4)

% 25. Genes coverage of KPHI12
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KC1_25 rr160431019--6TGGCL)

KC2 25 (T1604R1020--GTTTCEGEA]

B

KC1_3T (Tn160431021--CGTACGTA)

ST S O S T G T S O E T S T S I B}

e
KC2 3T (T1604R1022--GAGTGGAT)

138 26. Genes coverage of KCTC
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7 fAA AAF E4
- AEE ARl FAA EE B3] td FAM A =(Correlation)oll thk A Holm, o]=
Expressiongt (FPKM) &3l Al4k=] Stk

KJJB1 37 B 2 KJJ81.37 D01 2  KJJB1 37 D01 3  KMB1 37 D0Z 2 KJJB1 37 D023  KJJB1 25 RNA 1 | KJJB1 25 RNA 2

. &2 o012 (001-3) (KUB125 RNAL) (K451 25 AN Z)
0789 0.746
KJJB1 37 B2 | KJJ81 37 B 2 0855 0.832
11,566 11,540
[¥gd 0731
KJJB1_37_B 3 0838 0815
11,579 11,560

KJJg1_37 D01 2

KJJ81_37_D01_3 KJJB1_37_D01_3

KJJB1_37_D02_2

KJJ81_37_D02 3 KJJ81_37_D02 3

0.789
KJJ81_25_RNA_1 0,855 i

11,566 11,579

. . 074 0731 s

KJJ81_25 RNA_2 0832 0815 'KJJ81_25 RNA_2

11,540 11.550

19 27. Pearson correlation of KJJ81
Kszj?J_J_} KPH12 37 D02 2

KPH12_25 RNA 1 | KPH12 25 RNA 2
g 1

i

Lij TTNASDTROZLT}

0.687 D662
KPH12_37_ B 2 | KPH1237.B.2 0.781 0.798
5.877 5879
0.656 0.658
KPH12 37 B3 0.765 0.783

5,878 5878

KPH12_37_D01_2 KPH12_37_D01_2

KPH12 37 D02 2 KPH12 37 D02 2

KPH12 37 D02 3

KPH12_37 D02 3

KPH12 25 RNA 1 KPH12 25 RNA 1

5.877 5,878
- 0.682 0.658 N
KPH12 25 RNA 2 0798 0.783 KPH12_25_RNA_2
5.879 5,878

19 28. Pearson correlation of KPH12
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Kc1 25
{TNLEDSRIDIS—-GTGGECC)

KC1 25

KC2.25

KC1 37

KC2 37

Kc2 25
{TN1EQ4RI1020--GTTTCGGA)

Kc1 37
(TM16C4R1021-CGTACGTA)

Kcz 37

(TM1ED4RI0ZZ--GAGTGEGAT)

a3 29. Pearson correlation of KCTC

- A RNAgeq AEES] A8 WSS AT 4 Qe oh S S KIBL KPHL
KCTO) #= Mg x4 ME (gene sehe F /Moot 1 5 AEE H3d 44 &8 U
Wt

g All Genss .
8 Known Genes -
‘E Known{+Naw Isoform) .
E MNovel Ganes
=
=]
=

12 N Y & & 0“"*’
iﬁ’\} ’ 35%\? ’ A 37 R R ,g;. ,f;.

o oF o o p‘%\ . p’?’h
No Name No. of total No. of expressed | No. of unexpressed
genes genes genes

1 KJJ81._37_B_2 12,070 11,999 71

2 KJj81_37 B 3 12,070 12,023 47

3 KJJ81_37_D01_2 12,070 11,999 71

4 KJJ81_37_D01_3 12,070 12,007 63

5 KJJ81_37_D02_2 12,070 11,992 78

6 KJJ81_37_D02_3 12,070 11,949 121

7 KJJ81_25_RNA_1 12,070 11,775 295

8 KJJ81_25_RNA_2 12,070 11,748 322

%3 30. Expression statistics of KJJ81
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:% é . Il . 1 All Genes .
v B 8 Known Geres
:B ? Known{+Mew lsoform) .
E 'Ja!_J MNovel Ganes
] =
T%E 3
- | | | | | | | |
o &2 s 82 o a2 . wr
3 A & WF L o o a
\—\'\ﬂ". \-\\F"’ »\’r.?. p .{;-,'5. P o T-_\\ p " ?‘1 . 5 ,"ca e " ","' -
# « & & & & & @
No Name No. of total genes No. of expressed | No. of unexpressed
genes genes
1 KPH12 37 _B_2 6,081 6,055 26
2 KPH12_37_B_3 6,081 6,062 19
3 KPH12_37_D01_2 6,081 6,043 38
4 KPH12_37_D01_3 6,081 6,041 40
5 KPH12 37_D02_2 6,081 6,046 35
6 KPH12_37_D02_3 6,081 6,053 28
7 KPH12_25_RNA_1 6,081 5,984 97
8 KPH12 25 RNA_2 6,081 5,986 95
1% 31. Expression statistics of KPH12
f All Genes .

i T

Mumber of Genes

B
sn
o

i

1 1
A Ll
Nr L

|
al
1 iy

Known Genes
Fnown(+New lsoform) .

Novel Gznes

« © @ ©
No Name No. of total genes No. ofge enxep;ressed No. of ;errllee);pressed
1 KC1_25 6,073 6,038 35
2 KC2_25 6,073 6,027 46
3 KC1_37 6,073 6,070
4 KC2_37 6,073 6,068 5

1% 32. Expression statistics of KCTC

2} KJJ81 Zo) A 2] DEGs (Differentially expressed genes) 413
- RNA-seq #4& B3l MEHEE U HdSS o 8sted 24 MESS LY AolE FAAE=R
vlekslgt). DEGs A4 7|2 “p-value 0.05 ©]3} & FC i1.5 ©]” & A &3t
- 2, ofgf MA plotollA XZ& average, Y& log ratioss® YFERH, gene expression data]
normalization UeRATH

=
AEE
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- DEG set 1 - KJJ81_25_RNA_1,KJJ81_25_RNA_2 vs KJJ81_37_D02_2,KJJ81_37_D02_3

DEG set up down total
KJJ81_25_RNA_1,KJJ81_25_RNA_2
Vs 772 93 865
KJj81_37_D02_2,KJJ81_37 D023

KJJB1 25 RNA_1.KJJB1 25 RNA_Z vs D2-2,02-3

100352 - 00251

h

a 3 10 15
A = (logeGE + log.G1) /2

- DEG set 2 - KJJ81_37_D02_2,KJJ81_37_D02_3 vs KJJ81_37_DO01_2,KJJ81_37_D01_3

DEG set up down total

KJJ81_37_D02_2,KJj81_37_D02_3
vs 136 17 153
KJJ81_37_D01_2,KJj81_37_D01_3

Dz2-2,02-3 vs DO1-2,001-3

1002GE - 092Gl

h

T T T T
0 3 10 15

& = (l0gaG2 + l0g2G1) /2
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- DEG set 3 - KJJ81_37_D02_2,KJJ81_37_D02_3 vs KJJ81_37_B_2,KJJ81_37_B_3

DEG set

up

down

total

KJJ81_37_D02_2,KJj81_37_D02_3
VS
KJJ81_37_B_2,KJJ81_37_B_3

696

178

874

[l

7} KPHI12 Fol|A¢] DEGs (Differentially expressed genes) A4

1005GE - logzG1

D2-2.02-3vs B-2.E-3

10

a ] 10

& o= (logeGE + logeGl) f2

- DEG set 1 - KPH12_25 RNA_1KPHI12 25 RNA_2 vs PH12_37 D02 _2,KPH12 37_D02_3

DEG set

up

down

total

KPH12 25 RNA_1,KPH12 25 RNA_2
Vs
KPH12_37_D02_2,KPH12_37_D02_3

811

492

1303

logeGE - logeG1

il

TN1602R0183,TN1602R0184 vs TN1507R0217, TN1507R0218

& = (logoGE + IogaG1)f2
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- DEG set 2 - KPH12_37_D02_2KPH12_37_D02_3 vs KPH12_37_DO01_2,KPH1Z2 37_D01_3

DEG set up down total
KPH12_37_D02_2,KPH12_37_D02_3
Vs 41 24 65
KPH12_37_D01_2,KPH12_37_D01_3
TH1507R0217. TN1507R0218 vs TN1507R0220,TMN1507R0221
-
'
RN
g 1
g, .
= 1
1
e [ |
! [
T T T
-z 0 4 10
& = (logeGE + logeG1)f2
- DEG set 3 - KPH12_37_D02_2 KPH12_37_D02_3 vs KPH12_37_B_2,KPH12 37 B 3
DEG set up down total
KPH12_37_D02_2,KPH12_37_D02_3
Vs 467 455 922

KPH12_37_B_2,KPH12_37_B_3

1002GE - 092Gl

]

TM1507R0217, TM1507R0218 vs TN1507R0214,TM1507R0215

& = (l0gaGE + l0g2G1) /2
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E}l. KCTC o)A ¢] DEGs (Differentially expressed genes) A4
- DEG set 1 - KC1_25,KC2_25 vs KC1_37,KC2_37

DEG set up down total
KC1_25,KC2_25

Vs 279 193 472
KC1_37,KC2_37

11019—-GTGGCC, TH1604R1020--GTTTCGGA vs TN1604R1021 --CGTACGTA TN1604R 1022 --

l0g2G2 - log:G1

il

=
L% ]

& = (l0gaG2 + 10gaG1)f2
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- Short-insert paired-end sequencing : ¥+ fragment Zo] 500bp Aol tiste] Saccharomycopsis
malanga KCN26 (16Mb) 2 Hyphopichia burtonii KJJ43 (12Mb)ell o8] 306X, 341XX Hlo|EE A)
AT

- Long-insert mate-pair sequencing : KCN26++5=ol] t3ll ¥+ insert 5kb, 10kb, 15kbe] z}o]H 2]

2 77} 547Gb, 3.38Gb, 3.79Gb ©lolEl7} A4t = 1A, KJJ43 ++5+= H+F insert S5kb, 10kb, 15kb

go|B g2 247+ 4.57Gb, 4.08Gb, 3.91Gbe] Hlo|HE A4kl th

- Single Molecule Real Time (SMRT) sequencing : ¥+ 7~9kb Long read A<l tisle] KCN26 2
KJJ43 =l tisl 2 /A 27148 85X, 125X A4 HlolHE AJ4kstSiTh

U 44 HE =9 A9 89
- KCN26, KJJ43 2] 749 Single Molecule Real Time (SMRT) sequencing “Z3}ell thall FALCON
assembly tool-& ARH8-3}od contig assemblyE =3¢+ A9} lllumina short-insert o8] 2 SOAP
de novo assemblygt ZA3}E 7}X] 31 manual insepection.©.Z chromosome®] 7}7}2- scaffoldE A
Zstty. 1 o]% Illumina short-insert sequencing ©|o|E|E A}&-3te] error correction ¥ gap
fillinge F33te] HF 67HKCN26), 87H(KJJ43)2] ScaffoldE A2ttt

¥ 13. KCN26 44 A4 =4 23}

Scaffold ID Length GC GC (%)
chl 3,543,799 1,358,364 38.33%
ch2 3,236,455 1,230,265 38.01%
ch3 3,137,114 1,192,568 38.01%
ch4 2,716,178 1,031,972 37.99%
chb 2,617,008 1,005,837 38.43%
ché 1,527,952 583,801 38.21%

¥ 14 KJJ43 544 A9 =9 23

Scaffold ID Length GC GC (%)
chl 2,741,975 956,570 34.89%
ch2 2,074,296 735,276 35.45%
ch3 1,851,320 645,200 34.85%
ch4 1,556,836 546,035 35.07%
ch5 1,367,557 478,973 35.02%
ch6 1,012,648 353,614 34.92%
ch7 975,068 340,627 34.93%
ch8 916,850 320,559 34.96 %

o #4% 45 2 7% B4
- Transcript A8 AR D FAE9] Protein A¥, ab initio WH< o] 8ate], §4A A= 53 A
KCN26 = 5857719 347} olS=H Aot
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¥ 15. KCN26 44 5-4A} o= Ax

Quantification

Total no. of gene models predicted 6,071
Unique gene models (No.) 5,857
Genes with isoforms (No.) 214
RNA-Seq supported gene model (No.) * 6,052
Average gene length (bp) 1,597bp
Total bases of gene models (Mbp) 9.7Mbp
%Genes in the draft genome 57.81%
No. of CDS 7,505
Average no. of CDS per gene 1.23
Average CDS length (bp) 1,268bp
No. of intron 1434
Average no. of intron per gene 0.23
Average intron length (bp) 128bp
%CDS in the draft genome 56.72%
%Introns in the draft genome 1.10%

5673/M= 715 o] A== AT

- AEE FAAE 4B AN PO %ol sl A5 £l 1 st KON2G o ofsh

E 16. KCN26 84 82 715 o5 A3
Genes Uniprot NCBI nr InterProScan Annota.t ed (%)
Transcripts
5,857 4,573 5,039 5,626 5,673 96.86

- 28

A 6= 23 A 61157)e] SAATF =50

£ 17. KJJ43 34 214 o= 23}

- KJJ43 #3F2] 7% transcript A€ AR 2 FAREY Protein ¥, ab initio WS o] &3y, &

Quantification

Total no. of gene models predicted 6,418
Unique gene models (No.) 6,115
Genes with isoforms (No.) 303
RNA-Seq supported gene model (No.) * 6,394
Average gene length (bp) 1,426bp
Total bases of gene models (Mbp) 9.15Mbp
%Genes in the draft genome 73.24%
No. of CDS 7,699
Average no. of CDS per gene 1.19
Average CDS length (bp) 1,165bp
No. of intron 1,281
Average no. of intron per gene 0.19
Average intron length (bp) 138bp
%CDS in the draft genome 71.83%
%Introns in the draft genome 1.42%

=g e

5,953 ARk 7150] o
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X 18 KJJ43 44 142 715 o= 23

Genes

Uniprot

NCBI nr InterProScan

Annotated Genes

(%)

6,115

4,833

5,868 5,520

5,953

97.35

- E3 7% d= Ao ths Gene ontology(GO)ll thdt GO level 2 EXE 23}

KJS14¢} KCN26, KJJ43 #232F Al EZE S<1H AT

Hyphopichia pseudoburtonii KIS14

molecular function

GO:0098772 : molecular function regulator 8
GO:0060089 : molecular transducer activit
GO:0045735 : nutrient reservoir activity
GO:0045182 : translation regulator activit
GO:0016530 : metallochaperone activity
GO:0016208 : antioxidant activit
GO:0009055 : electron carrier activity
GO:0005488 : binding

GO:0005215 : transporter activity -
GO:0005198 : structural molecule activit; =

GO:0004871 : signal transducer activit
GO:0003824 : catalytic activit

GO:0001071 : nucleic acid binding transcription... ==
50:0000988 : transcription factor..

cel ular component

GO:0099080 : supramolecular complex
GO:0044464 : cell part

GO:0044425 : membrane part
GO:0044423 : vition part

GO:0044422 : organelle part fm—
GO:0044421 : extiacellular region part
GO:0043226 : organelle

GO:0032991 : maciomolecular complex

GO:0031974 : membrane-enclosed lumen
GO:0030054 : cell junction

GO:0016020 : membrane |

GO:0005576 : extracellular region

bological pracess

GO:0098754 : detoxification
GO:0098743 : cell aggregation

GO:0071840 : cellular component organization... s
065007 : biological 1egulation

GO:0051704 : mult rganism process
GO:0051179 : localization

GO:0050896 : response to stimulus ==
G0:0044848 : biological phase
GO:0044699 : single-organism process

GO:0032502 : developmental process
0:0022610 : biological adhesion
GO:0022414 : reproductive process
GO:0009987 : cellular process

GO:0008152 : metabolic process

GO:0001906 : cell killing
GO:0000003 : reproduction

o 500 1000 1500 2000 2500

1% 33. KIS14 3AF Aol thgk GO #3 (level 2)

Hyphopichia burtonii KJJ43

molecular function

GO:0098772 : molecular function regulator [
GO:0060089 : molecular transducer activit;
GO:0045735 : nutrient reservoir activit:
GO:0045182 : translation regulator activi
GO:0016530 : metallochaperone activit:
GO:0016209 : antioxidant activit:
GO:0009055 : electron carrier activit
GO:0005488 : binding

GO:0005215 : transporter activity [

GO:0005198 : structural molecule activity |[==
GO:0004871 : signal transducer activit
GO:000 4 - catalytic activit

GO:0001071 : nucleic acid binding transcription... ==
GO:0000988 : transcription factor...

cellu ar compenent

GO:0099080 : supramolecular complex
GO:0044464 : cell part

G0:0044425 : membrane part
GO:0044423 : virion part
GO:0044422 : organelle part [

GO:0044421 : extracellular region part
O:0043226 : organelle

©:0032991 : macromolecular pl
GO:0031974 : membrane-enclosed lumen
GO:0030054 : cell junction
GO:0016020 : membrane [
GO:0005576 : extracellular region

biclogical process

GO:0098754 : detoxification
GO:0098743 : cell aggregation

GO:0071840 : cellular component organization... [
GO:0065007 : biclogical regulation |

GO:0051704 : multi-organism process
GO:0051179 : localization

©:0050896 : response to stimulus ==
GO:0044848 : biological phase

GO:0044699 : single-org. pr
GO:0032502 : developmental process
O:00. 610 : adhesion
GO:0022414 : reproductive process
GO:0009987 : cellular process

GO:0008152 : metabolic process

GO:0001906 : cell killing
GO:0000003 : reproduction

(o] 500 1000 1500 2000 2500

19 34 KJJ43 fxzk Aol gt
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Saccharomycopsis malanga KCN26

GO:0098772 : molecular function regulator
GO:0060089 : molecular transducer activit
GO:0045735 : nutrient reservoir activit
GO:0045182 : translation regulator activity
GO:0016530 : metallochaperone activit
GO:0016209 : antioxidant activit:
GO:0009055 : electron carrier activity
GO:0005488 : binding
GO:0005215 : transporter activit
GO:0005198 : structural molecule activit
GO:0004871 : signal transducer activit
GO:0003824 : catalytic activit:
GO:0001071 : nucleic acid binding transcription... =
GO:0000988 : transcription factor...
GO:0099080 : supra ilar complex
GO:0044464 : cell part
GO:0044425 : membrane part [
GO:0044423 : virion part
GO:0044422 : organelle part _|s—
GO:0044421 : extracellular region part
GO:0043226 : oiganelle fmm—
GO:0032991 : macromolecular compl
GO:0031974 : membrane-enclosed lumen
GO:0030054 : cell junction
GO:0016020 : membrane =
GO:0005576 : extracellular region
GO:0098754 : detoxification
GO:0098743 : cell aggregation
GO:0071840 : cellular component organization... s
GO:0065007 : al regulation e
GO:0051704 : multi-organism process
GO:0051179 : localization
GO:0050896 : response to stimulus =
GO:0044848 : biological phase
GO:0044699 : single-organism process
GO:0032502 : developmental process
GO:0022610 : biological adhesion
GO:0022414 : reproductive process
GO:0009987 : cellular process
GO:0008152 : metabolic process
GO:0001906 : cell killing
GO:0000003 : 1eproduction

molecular function

cellular component

biological orocess

o 500 1000 1500 2000 2500

13 35. KCN26 +74AF Aol thgk GO £33 (level 2)

- 183, 7% d= Al Uil Gene family (Pfam)< S8t A BEXE K lactis S
cerevisiae, C. lusitaniae, D. hanseni, H burtonii X143, H pseudoburtonii KIS14, S fibuligera
KJJ81, S fibuligera KPH12, S. malanga KCN26, A. oryzae, Spombe % 115l thajA] Hla 45
&3hgc.

Z-score

PF00583 : Acetyltransferase (GNAT) family
PF13414 : TPR repeat

PF00122 : E1-E2 ATPase 2

PFO0169 : PH domain

PF00176 : SNF2 family N-terminal domain

PF00566 : Rab-GTPase-TBC domain 1

PFOO0069 : Protein kinase domain

PF00226 : DnaJ domain

| PFO0271 : Helicase conserved C-terminal domain 0
PF00270 : DEAD/DEAH box helicase
PF00149 : Calcineurin-like phosphoesterase

| PFO0179 : Ubiquitin—conjugating enzyme -1
PF00018 : SH3 domain
PF00009 : Elongation factor Tu GTP binding domain =2

: Ubiquitin carboxyl-terminal hydrolase
LSM domain
: PX domain
: 50S ribosome-binding GTPase
ATPase family associated with various cellular activities (AAA)
- Proteasome subunit
- Actin
: Ras family
: Cyclin, N-terminal domain
Mitochondrial carrier protein
: Histidine phosphatase superfamily (branch 1)
. RNA recognition motif. (a.k.a. RRM, RBD, or RNP domain)
WD domain, G-beta repeat
: Ring finger domain
: Aldo/keto reductase family
: Eukaryotic aspartyl protease
: Sugar (and other) transporter
Amino acid permease
: Fungal specific transcription factor domain
short chain dehydrogenase
: Cytochrome P450
: Ankyrin repeats (3 copies)
- Fungal specific transcription factor domain
: Major Facilitator Superfamily
: FAD dependent oxidoreductase
: AMP-binding enzyme
. Zinc-binding dehydrogenase
: Alcohol dehydrogenase GroES-like domain
: Fungal Zn(2)-Cys(6) binuclear cluster domain
: Aldehyde dehydrogenase family
: Aminotransferase class | and Il
: Cytochrome b5-like Heme/Steroid binding domain
: alpha/beta hydrolase fold
Amino acid permease
: ABC transporter
ABC transporter transmembrane region

g 1 Fof g Gene family =4
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WHEAE-S §A8E7] 913l RepBase HlolE{W|o]| 2~ o] &3+

25}

£ 19 KON26 24 92 g 2

W3 de novo 2 WHE M IS
A7 KCN26 524 =719 vl#Es) 10.14%2] ¥H-5E71A 8

Repbase search De novo prediction Combination
Repeat type Length (%) in Length (%) in Length (bp) (%) in
(bp) genome | (bp) genome genome
Retrotransposons 37520 bp 0.22% 148842 bp 0.89% 155519 bp 0.93%
SINEs 0bp | 0.00% 0bp | 000% 0bp | 000%
LINEs 2129 bp 0.01% 34322 bp 0.20% 35384 bp 0.21%
LTR 35391bp 0.21% 114657 bp 0.68% 120292 bp 0.72%
elements
Retroposon 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
DNA transposons 1282 bp 0.01% 0 bp 0.00% 1282 bp 0.01%
DNA 1056 bp 0.01% 0 bp 0.00% 1056 bp 0.01%
RC 226 bp 0.00% 0 bp 0.00% 226 bp 0.00%
Other 0 bp 0.00% Obp 0.00% 0 bp 0.00%
Inserted sequence 0 bp 0.00% Obp 0.00% 0 bp 0.00%
Segmental o o o
duplication 0bp | 0.00% 0bp | 000% Obp | 0.00%
Unclassified 112 bp 0.00% 1236482 bp 7.37% 1236594bp 7.37%
Small RNA 17394 bp 0.10% 26717 bp 0.16% 37268bp 0.22%
Satellites 73 bp 0.00% 0 bp 0.00% 73bp 0.00%
Simple repeats 249718 bp 1.49% 223446 bp 1.33% 252978 bp 1.51%
Low complexity 41091 bp 0.24% 37541 bp 0.22% 42037 bp 0.25%
Total 346790 bp 2.07% 1672695 bp 9.97% 1701393 bp | 10.14%
- KIJ43 #29] A5 F3A 2719 vidsl 3.32%2] HEA7IAE vHes By
F 20. KJJ43 514 v Mg £
Repbase search De novo prediction Combination
Repeat type Length (%) in (%) in Length (%) in
Length(bp)
(bp) genome genome | (bp) genome
Retrotransposons 11927 bp 0.10% 0 bp 0.00% 11927 bp 0.10%
SINEs 0bp| 0.00% 0bp | 000% 0bp| 0.00%
LINEs 111 bp | 0.00% 0bp | 000% 111 bp |  0.00%
LTR
11816 bp 0.09% 0 bp 0.00% 11816 bp 0.09%
elements
Retroposon 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
DNA  transposons 2459 bp 0.02% 0 bp 0.00% 2459 bp 0.02%
DNA 2318 bp 0.02% 0 bp 0.00% 2318 bp 0.02%
RC 141 bp 0.00% 0 bp 0.00% 141 bp 0.00%
Other 0 bp 0.00% Obp 0.00% 0 bp 0.00%
Inserted sequence 0 bp 0.00% Obp 0.00% 0 bp 0.00%
Segmental o o o
duplication 0 bp 0.00% Obp 0.00% 0 bp 0.00%
Unclassified 657 bp 0.01% 42169 bp 0.34% 42826 bp 0.34%
Small RNA 53697 bp 0.43% Obp 0.00% 53697 bp 0.43%
Satellites 0 bp 0.00% 0 bp 0.00% 0 bp 0.00%
Simple repeats 248925 bp 1.99% 244931 bp 1.96% 253811 bp 2.03%
Low complexity 56661 bp 0.45% 55611 bp 0.45% 56810bp 0.45%
Total 373198 bp 2.99% 342580 bp 2.74% 414949bp 3.32%
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o} AE T2 78
- 2 %S SRR KIS 7 ST 9 A5 S KON, KIM3 77l ol circos
T2IYe A4siel AE T2 /HISE FASIUC

i .

TE reglons

1% 38. Circular map of KJJ43 genome
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P 9 Géﬁe fr ru T

‘\_\ TE regions

713 39. Circular map of KCN26 genome

vl R EZEo} Als AE 4
- circular FE|E assemblyZ} EE Aol thsl mitochondria® A== FAAS =H319a, 1
Z3} KJS14 43,129 bp, KJJ43 24,614 bp= A=At} ZHE mitochondriadl] thgh 71584 28}
o, MFannotE AR83}ed mitochondria®l 75 48 35+, 1 A3} 1578(KIS14), 1671(KJJ43)
o] protein coding FAAEC] Estwo] <9, nads(KIS14), cob(KIS14), cox1(KJS14,KIJ43),
atp6(KJS14)e] A= intron 7+ZE 7K1 Y= AL &2l Th

Hyphopichia pseudoburtonii KJS14
mitochondrial genome
43,129 bp

Hyphopichia burtonii KJJ43
mitochondrial genome

24,614 bp
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¥ 21. KJS14, KJJ43 mitochondria -2 24

Gene KJs14 KJJ43 Gene KJs14 KJJ43
ComplexI tRNA
nadl + + trnA(tgce) + +
nad?2 + + trnC(gca) + +
nad3 + + trnD(gtc) + +
nad4 + + trnE(ttc) + +
nad4L + + trnF(gaa) + +
nad5 +* + trnG(tcc) + +
nad6 + + trnH(gtg) + +
ComplexIII trnl(gat) + +
cob +* + trnK(ttt) + +
ComplexIV trnL(taa) + +
cox1 +* +* trnL(tag) + +
cox2 + + trnM(cat) + +
cox3 + + trnN(gtt) + +
ComplexV trnP(tgg) + +
atp6 +* + trnQ(ttg) + +
atp8 + + trnR(acg) + +
atp9 + + trnR(tct) + +
RibosomalR
trnS(gct) + +
NAs
rns + + trnS(tga) + +
OtherORF trnT (tgt) + +
orf113 - + trnV (tac) + +
trnW((tca) + +
trnY(gta) + +

+, present; -, absent; *, include intron.

A AE P2 vE 24

- KJS14¢} KJJ43 74
Orthologous gene clusters ©]&3+ vl

22

rlr

gene cluster)e] KJS14¢} KJJ43

KJJ43
(5,096

&
=
1

Sl
o
&

(Hyphopichia)oll si@=7] &l i3 F+AAZE A4k

BAS St 1 Ad sl -4 18(Orthologous
AA ol Fodsle 1] 504870, KIS149] o]z 1ES 48,
KiM439) Sold 1%L 54702 FUHo] faA 24 FAT Aow Gl

KJS14
(5,102)

1% 41. KJS14¢} KJJ43 Orthologous gene cluster®] venn diagram

- Ea, KISlSh KI3 fAAle] T2 Aol Hsh] gistel Al T ma BHE FAsk



O A, KIS14¢}F KIJ3 A e]e] fFARES 85.17% 2 SRl F2ACEE BHEH J9E

o T EABHE AL AAT & Yok

N

= . -

KIS14

i =

P~
.

1Ny -

ES 2 3 a 5 6 7 8 KJilas

a9 42. KIS149} KJJ43 734 synteny dot plot

of. KJJ43, KIS14 ZAAMA £

- EE AEEY AdRead)ss 4 Aol sidshs Foll e FaAd K43, KIS14)¢l
alignmentE e, 1 Adk= offe] I o] RE AEF Wl dF tlolE (clean

readsebar gH thu] 90% olde] Ade] & Akl mapping HAe< & = ol RNA A&

©] alignment7} FEskA A AS ettt

oQ

T % Uniquely Mapped .
25M E Mapped -
20M 4 ; Unmapped .
1501 E Low Quality

=
10M
5.0OM+
0.0-
o ,\c\,- o 5 1\9, s f}‘o\o, w\n, x,r:\,
e e Cad e ?5 - @ﬁc.\«- 't\eb - ‘h@(}" ‘&ﬁ(}'
3 ] o e L.
‘{-3!& i‘AF‘ \L-:’:Iﬁ \L-SP -{L.S!'&J \p!‘{h Q._Sy{h P 4
No Name No. of clean reads No. of mapped | No. of uniquely No. c‘)f‘ read§ in
reads mapped reads splicing site
1 KJJ43_Nacl_Omin_1 28,749,438 27,514,647 5,841,698 81,942
2 KJJ43_Nacl_Omin_2 29,016,930 27,833,430 4,914,725 60,196
3 KJJ43_Nacl_5min_1 28,140,796 26,827,261 12,655,513 177,576
4 KJJ43_Nacl_bSmin_2 22,620,184 21,646,059 10,803,580 162,645
5 KJJ43_Nacl_15min_1 26,478,784 24,249,565 8,454,959 109,221
6 KJJ43_Nacl_15min_2 26,265,166 25,001,022 9,638,436 137,633
7 KJJ43_Nacl_30min_1 25,653,972 24,597,640 7,535,575 108,205
8 KJJ43_Nacl_30min_2 26,276,578 25,297,810 10,420,154 147,130

138 43. Alignment statistics of KJJ43
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26M < % Uniguely Mapped .
%‘ém: E Mapgea .
%gm: ; Unmapped .
}gm : _§ Low Quslity
120 -
i1~
500
B0M
4.0M
2.0M
0.0
ey Qﬁ‘\ o 5“\\(\»- e . ,\ @_\.\\9 -
-' . 2 57 o 3 b
35@ jﬁ 36"‘ ‘z" 5%\ 5 ga"' 3* o3 }xﬁ e 'q&-a\-' a _}&’3 o ,E"‘e‘-’
s L= ¥ L e fre) s i
No Name No. of clean reads No. of mapped No. of uniquely No. ('>f' read's in
reads mapped reads splicing site
1 KJS14_Nacl_Omin_1 26,962,376 25,850,448 3,717,463 80,948
2 KJS14_Nacl_Omin_2 22,921,582 22,059,695 4,542,921 87,884
3 KJS14_Nacl_bmin_1 22,806,346 21,980,704 2,677,501 44,471
4 KJS14_Nacl_5min_2 23,695,226 22,875,719 2,416,522 29,290
5 KJS14_Nacl_15min_1 27,168,078 25,890,760 2,435,279 20,026
6 KJS14_Nacl_15min_2 25,654,438 24,556,475 3,703,654 50,488
7 KJS14_Nacl_30min_1 24,387,020 23,431,939 2,319,687 33,734
8 KJS14_Nacl_30min_2 25,401,356 24,188,313 2,875,908 31,599

1% 44. Alignment statistics of KJS14

- 7+ MEEY 44 coverage= ZF AEolA IEE transcriptZ7t RS Erby AWSHEEA| ] w
2} mRNA9] degradation AEES HoFE A7o|7] W&o, RNA-SeqollA] F83F 7% EAARE
gg9rt.

Z}. Genome & genes coverage
- ol ¥ Ak coverage ¥4 AAE T8¢ Aolm, 90 ~ 100% (0.90, 1.00 77t - A

¥ AT AMEE KR 0% ol HARS FASA
- o] 24 AdE wger BE gl the FAAF coveragert & FAHAL, RNAS FF
sequencinge] Z JPHUZS & T U

26M Total F{eads
200 Genome
15M Gene:.
10M
50M
00
n ¥ ,\56\‘5\

m:*“" 5*”‘” :‘*‘“ b;-jr**"-}' L ﬁ" .ﬁ@*’ ,ﬁ«ﬁ*‘"
Q!n( *‘35‘* *35”" & -.;.)!'& b @? > 4_‘,15& b o .

1% 45. Genome/genes coverage of KJJ43

HE

Number of reads
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Mumber of reads

13 46. Genome/genes coverage of KJS14

KJJ43_Nacl_Omin_1 mvi205r3583--ACTTGAAT)

I 000100 (3422)
W 0.80~0.90 (724)
I 0.70-0.80 (585)
0.60~0.70 (463)
I 0.50-0.60 (373)
B 0.40-0.50 (285)
= 0.30~0.40 (185)
I 020-0.30(149)
0.10~0.20 (117)
I ©.00~0.10 (30)

392 R%
% \

5%

KJJ43_Nacl_0min_2 m1205R3564--GATCAGAT)

[ 090100 (4038)
1 0.80~090(627)
Il 0.70-0.30 (470)

0.60~0.70 (340)
I 050-0.50 (265)

Totsl Reads .

Genome

Genes

KJ814_Nacl_0min_1 (11806R0594--GGCTACAT]

R RE%
2%

68%

Il 0.50~1.00 (4115)
0.80~0 90 (549)
B 0.70~0.80 (319)
0.60~0.70 (237)

[ 0.50~0.60 (198)
B 0.40~0.50 (144)
)

)

)

0.30~0.40 (141
B 0.20~030 (122

0.10~0.20 {139
B 0.00~010(71)

I 0.90-1.00 (4207)
| 0.80~0.90 (551)
I 0.70-0.60 (308)

0.60~0.70 (267)
I 0.50~0.60 (164)

e i N
=\

64%

B 0.40-0.50 (190)
0.30~0.40 (147)

B 020-030 (111)
0.10~0.20 (95)

B 0.00~0.10 (28)

[ 0.90-1.00 (5435)
1 080~090 (387)
Il 0.70-0.80(169)
0.60~0.70 (125)
B 050~0.60 (91)
B 0.40-0.50 (55)
0.30~0.40 (53)
B 020-030(23)
0.10~0.20 (35)
B 0.00~0.10 (10}

KJJ43_Nacl_5min_2 71205r3566--GGECTACAT)

3%2%5@“

I 000-1.00(5311)
| 0.80~0.90 (430)
Bl 070080215
0.60~0.70 (145)
B 0.50~0.60 (90)
B 0.40-0.50 (50)
0.30-0.40 (48)
B 020-0.30 (48)
0.10~0.20 (25)
Il 0.00-0.10 (11)

B 0.40~0.50 (149)
0.30~0 40 (116)

B 020~0.30 (111)
0.10-0.20 (108)

B 0.00-0.10 (68)

70%

KJS14_Nacl_5min_1 qn1s06r0596--AGTCAACA)

£3%33Q%

I 0.90-1.00 (3309)
| 0.80~0.90 (726)
Il 0.70-0.60 (501)
0.60~0.70 (343)

I 0.50~0.60 (281)
B 0.40~0.50 (208)
)

)

)

rru 0.30~0.40 (214
B 020-0.30 (162
0.10~0.20 (174

B 0.00~0.10 (92)

KJS14_Nacl_5min_2 (n1806r0597--AGTTCCGT)

3%2% I 0.90-1.00 (2744)
7 0.80~0.90 (676)
Il 0.70-0.60 (551)
0.60~0.70 {458)

e [ 0.50~0.60 (389)
[ 0.40~0.50 (320)
0.30~0.40 (256)

B 020-0.30(237)
0.10~0.20 (189)

B 0.00~0.10 (127)

4%

5%

6%

8%
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KJJ43_Nacl_15min_1 mn120sr2587--CTTGTAAT)

KJJ43_Nacl_30min_1 mnizos

5

BTk i
¢

3 RIS
% e

/A

58%

- 0.90~1.00 (5129)
0.80~0.90 (520)
- 0.70~0.80 (251)
0.60~0.70 (163)
- 0.50~0.60 (118)
- 0.40~0.50 (74)
0.30~0.40 (56)
- 0.20~0.30 (39)
0.10~0.20 (35)
- 0.00~0.90 (@)

B 0.90-1.00 (5603)
[ 0.80-0.90(325)
I ©.70-0.80 (166)
0.60~0.70 (95)
B 0.50-0.60 (56)
B 0.40-0.50 (43)
0.30~0.40 (32)
B 0.20-0.30 29)
0.10~0.20 (20)
B 0.00-0.10 (10

35688--AGTTCCGT)

- 0.90~1.00 (4978)
’=T 0.80~0.90 (530}
- 0.70~0.80 (303)
0.60~0.70 (177)
- 0.50~0.60 (121)
- 0.40~0.50 (99)
0.30~0.40 (52}
- 0.20~0.30 (54)
0.10~0.20 {(31)
- 0.00~0.10 (13)

Bl 0.00-1.00 (5397)
| 0.80~0.80 (281)
I 0.70-0.80 (227)
0.60~0.70 (110)
I 0.50~0.60 (79)
B 0.40~0.50 (69)
0.30~0.40 (63)
B ©.20-0.20 (30)
0.10~0.20 (22}
B 0.00-0.10(7)

I3 47. Genes

KJS14_Nacl_15min_1 mniz0erosos--ATeTCAGA)

59 3%
6%

[ 0.90~1.00 (1956)
[ 0.80~0.90 (706)
B 0.70~0.50 (630)
0.60~0.70 (567)
[ 050~0.60 (493)
B 0.40~0.50 (415)
0.30~0.40 (367)
I 0.20-0.30 (343)
0.10~0.20 (269)
B 0.00~010(162)

KJS814_Nacl_15min_2 mu1soeros9e--coaTeccs)

Cra
2%

3%
4%

6%

T%

I 0.90~1.00 (3555)
[ 080~0.90 (709)
B 0.70~0.80 (451)
0.60~0.70 (340)
- 0.50~0.60 (268)
(194)

(170)

% 0 20 0.30 (147)
0.10~0.20 (120)
B 0.00-0.10 (89)

KJS14_Nacl_30min_1 (1v1806R0800--GTCCGECAC)

[ 0.90~1.00 (4037)
[ 0.80~0.90 (717)
B 0.70~0.80 (405)
0.60~0.70 (244)

[ 0.50~0.60 (147)
I 0.40~0.50 (148)
0.30~0.40 (110)

I 0.20~0.30(120)
010~0.20 (108)

(

B 0.00~0.10 (47)

KJS14_Nacl_30min_2 (T1806R0601--GTGAAACG)

“254%
38%
3%

coverage of KJJ43

119

B 090-1.00 (3865)
| 0.80~0.90 (745)
B 0 70-0.80 (425)

060070 (293)
I 0.50~0.60 (183)
B 0.40~0.50 (156)

122)
B 0.20~030 (111)
0.10~0.20

118)
B 0.00-010 (68)




2 FRAA 2AF 34
- AMZE Alolo] fAA W Ao E FAHd B =(Correlation)o] thdk Frolm, o]=
Expressiongt (FPKM)= &3l A4katdch

F4443 Nacl Omin_1 | K3 Nacl 0min 2 | ) 10 woo simin ¢ CHA2NOCLIMINZ ) 10s Nact 15min 1 | KJJ43 Nacl 15min 2 | KJJ43 Nacl 30min 1 | KJJ43_Nacl 30min 2
(TN 1805Ra563~ (T TBOSHIEE b (INIS0sRaseE— e e : smases. .ATCCEn) DR5570- ATETC
AETTBAAT) GazCAGAT) i k secTacan) '

0736 0776
KJJ43_Nacl_Omin_1 | KJJ43 Nacl Omin_1 0836 0847
5824 5853
b783 o
0836 0.843
5833 5861
0746 0753
KJJ43_Nacl_5min_1 0852 0860
5.90! 5.930
i 0733
KJJ43_Nacl_Smin_2 K143 _Nacl_Smin_2 0858

KJJ43_Nael_15min_1

KJJ43_Nacl_15min_1
KJJ43_Nacl_15min_2
KJJ43_Nacl_30min_1

KJJ43_Nacl_15min_2

K43 Nacl 30min 2 0847 0843 0,680 0658

4 KJJ43_Nacl_30min_2
5853 5861 5930 5910

KJS14_Nacl Omin_1
TN1B0ERASEL-
GGCTACAT)

KJS14_Nacl_5min_1

KJ$14_Nacl_Omin_2 s

KJ§14_Nacl_5min_2 | KJS14_Nacl_15min_1 = KJS14_Nacl_15min_2 | KJS14_Nacl_30min_1 KJS14_Nacl_30min_2
(TN180620595--CTTGTAAT)

\GTTCCET) G CGTACH

AGTCAACE)

KJS14_Nacl Omin_1 | KJS14_Nacl_Omin_1

e
KJS14_Nacl_5min_1 6 KJS14_Naci_5min_1
B ‘
KJS14_Nacl 15min 1 KJS14_ Nacl 15min_1
B :
079 §
KJS14_Nacl_30min_2 181 E: KJS14_Nacl 30min_2

3 49. Pearson correlation of KJS14

- ArE RNA-seq AIEE] S0 DAY BT & AT ol E: B8 KIM3, KISl B
Aol 14 AE (gene sedel % 7159 1 3 ABW BEE fA4 £2 U,
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g Al Genes .
(g Hnown Genes ]
“E Known{+MNew Isoform) .
g Movel Genasz
E
Z
3 'Qd““ c P&‘“ N &‘° ’ N _cgf\" 35 .\51\“‘ \51\“ ; . ?gc‘“ g nm“
e o S o7 S %o W
o @ e o oF o N o
No Name No. of total genes No. ofg eenxep;ressed No. of ;er;e;pressed
1 KJJ43_Nacl_Omin_1 6,096 5,945 151
2 KJJ43_Nacl_Omin_2 6,096 5,955 141
3 KJJ43_Nacl_bmin_1 6,096 6,043 53
4 KJJ43_Nacl_bmin_2 6,096 6,041 55
5 KJJ43_Nacl_15min_1 6,096 6,052 44
6 KJJ43_Nacl_15min_2 6,096 6,061 35
7 KJJ43_Nacl_30min_1 6,096 6,024 72
8 KJJ43_Nacl_30min_2 6,096 6,048 48

29 50. Expression statistics of KJJ43

§ All Genas .
(B Known Genes |
k< Known{+New Isoform} .
g Novel Genes
E
e}
=
i Al o 3 s
[56\\ Q‘o ‘j\\\ ‘J"“‘\ K GJ{\\\ 6{\\ }5‘\1 {\\
3 s O Rt g s ; ;
b ‘Q(} W Nrs_"fxr‘\ N }3@.‘ W ' :_":"”'\}' &\“"\'\' i w\?’\}'
B & o = . o = 2h
¥ R W * e ¥ o ¥
No. of ressed No. of unexpressed
No Name No. of total genes P P
genes genes
1 KJS14_Nacl_Omin_1 5,851 5,676 175
2 KJS14_Nacl_Omin_2 5,851 5,688 163
3 KJS14_Nacl_5min_1 5,851 5,635 216
4 KJS14_Nacl_bmin_2 5,851 5,528 323
5 KJS14_Nacl_15min_1 5,851 5,503 348
6 KJS14_Nacl_15min_2 5,851 5,660 191
7 KJS14_Nacl_30min_1 5,851 5,712 139
8 KJS14_Nacl_30min_2 5,851 5711 140

19 51. Expression statistics of KJS14
7}. KJJ43 Fol A e] DEGs (Differentially expressed genes) 14
- RNA-seq #4912 53l AZEEZ UL g okg o] gsle] ZF AMZEo] W 2ol FHAAER 3}

o}aldck. DEGs A4 715&  “p-value 0.05 ©]&} & FC 115! o)A & 283134t}
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- Fag, ofg MA plotollA XZ& average, Y& log ratiosS YeERH™, gene expression data®]

normalization AEE e AT

- DEG set 1 - KJJ43 Nacl Omin_1,KJJ43 Nacl Omin_2 vs KJJ43_Nacl 5min_1,KJJ43 Nacl 5min_2

DEG set 1 up down total
KJJ43_Nacl_Omin_1,KJj43 Nacl_Omin 2

vs 1,067 986 2,053
KJJ43_Nacl_5min_1,KJJ43_Nacl_5min_2

MA plot (KJ.J43_Nacl_Omin_1,KJJ43_Nacl_0min_2 vs KJJ43_Nacl_Smin_1,KJJ43_Nacl_Smin_2)

M=log2(Val2)-log2(Valt))

10 5 0 5 10 15

A=0 5%(l0g2(Val1)}+l0g2(Val2))

- DEG set 2 - KJJ43 Nacl Omin_1,KJJ43 Nacl Omin_2 vs KJJ43 Nacl 15min_1,KJJ43 Nacl 15min_2

DEG set 2 up down total
KJJ43_Nacl_Omin_1,KJJ43_Nacl_Omin_2
vs 841 766 1,607
KJJ43_Nacl_15min_1,KJJ43_Nacl_15min_2

MA plot (KJJ43_Nacl_Omin_1.KJJ43_Nacl_Omin_2 vs KJJ43_Nacl_15min_1,KJJ43_Nacl_15min_2)

123 log2(valt))

A=0 5 (log2(Val1}+loga{val2))
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- DEG set 3 - KJJ43_Nacl_Omin_1,KJJ43 Nacl Omin_2 vs KJJ43 Nacl_30min_1,KJJ43 Nacl_30min_2

DEG set 3 up down total
KJJ43_Nacl_Omin_1,KJJ43_Nacl_Omin_2
vs 1,100 1,217 2,317
KJJ43_Nacl_30min_1,KJJ43_Nacl_30min_2

MA plot (KJ$14_Naci_0min_1,KJS14_Nacl_Omin_2 vs KJS14_Nacl_Smin_1,KJ$14_Nacl_Smin_2)

M=log2(Val2)-log2(valt})

T T T T T T
10 5 0 5 10 15

A=0.5%(10g2(Val1)+l0g2(Val2))

7} KIS14 Fol| 4 2] DEGs (Differentially expressed genes) 4173

- DEG set 1 - KJS14 Nacl_Omin_1,KJS14 Nacl Omin_2 vs KJS14 Nacl 5min_1,KJS14 Nacl 5min_2

DEG set 1 up down total
KJS14_Nacl_Omin_1,K]JS14_Nacl_Omin_2
\& 490 681 1,171
KJS14 Nacl_5min 1,KJS14 Nacl 5min_2

MaA plot (KJJ43_Nacl_omin_1,KJJ43_Nacl_Omin_2 vs KJJ43_Nacl_30min_1,KJJ43_Nacl_30min_2)

W=log2(Val2)-log2(vall))
0
L

A=0 5%(l0g2(Val1)+og2(Val2})
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- DEG set 2 - KJS14_Nacl Omin_1,KJS14 Nacl Omin_2 vs KJS14 Nacl 15min_1,KJS14 Nacl_15min_2

DEG set 2 up down total
KJS14_Nacl_Omin_1,KJS14_Nacl_Omin_2
Vs 642 847 1,489

KJS14 Nacl_15min_1,KJS14 Nacl_15min_2

MA plot (KJS14_Nacl_Omin_1,KJS14_Nacl_Omin_2 vs KJS14_Nacl_15min_1,KJ$14_Nacl_15min_2)

12)-log2Valt))

=

T
0

T T T
5 10 15

A=0.5"(log2(Val)+log2(vaiz))

- DEG set 3 - KJS14_Nacl Omin_1,KJS14_Nacl Omin_2 vs KJS14_Nacl _30min_1,KJS14 Nacl_30min_2

DEG set 3 up down total
KJS14_Nacl_Omin_1,KJS14_Nacl_Omin_2
Vs 1,290 1,248 2,538

KJS14_Nacl_30min_1,KJS14_Nacl_30min_2

MA plot (KJS14_Nacl_0min_1,KJ$14_Nacl_Omin_2 vs KJS14_Nacl_30min_1,KJ$14_Nacl_30min_2)

M=log2¢val2-log2(vVal1))

A=0 5%(log2(Val)+log2(Val2)
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@ FdolAlcl A WEde] HEAQ ¥ (Banh men) F3

Segekel 7157} wl%d SyolAole] MEWeA WEAZ AEHE Banh meng 3
AT 17 23 go] YEo® 1 A WEGE dwo] FAo BEE @3 o 4
Mol Qov, AW FAo dEe A4 7 Foln

O

(=] VIETHAM

M5 and 9- Caobang

T T

:‘:"_'-.é:;_' M7- Thalbinh

M3*- Quangbinh :--

------

PO / M4*- Binhdinh
_— .

6, B, and 11- Daklak

M2- Longan

M1* and 10 -
HCMC

(*) Hand-made

1% 2. ¥lE ol Banh men ;g 2 o

2016 3¢9 WIEY dxo] AQUS F3ld FEF Ho] = Banh men @) 7)ol A=
3} Banh men(S)% 7 A A 11A4E =59 (28 3). A9 Banh mene 2 A=
U A8 B, AZYHS ZAEY oy AlFo Z|AE o AR kol FAbel] of# 2ol
AR

a3 3. WEY A 433 Banh men
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G FEHE& AP E AYe 4, BE, DB 7= 93 7g AEAY &1
Syt FFollA HFJ TAE Rt we 75 Xﬁ}"i FHE 9|3}
et AFELSFATARZIE 20033-20081d, 201395 1 #4% FEA22RE 2
AR A D ERAES Fr3Pon FrF glycerol stock #FES PDA 2@ u] A4
A Audsld 2 FRFE AP AFHe EHE9 Fiol -70Co| 20% glycerol
stocke. 2 FAeirol PDATA A A AR 2 FAFH = F(species) e &k
g f8 AR Y REEE ARG A2 §1A 4FE

Aasle= 29 poolz &85 Th

n ™
e
=
o=
m{n

=

£
)
f
O
3
N
% o
rok

U FEASEREH UAE AVA A4, &28) £ 2 54
D ARZRE I " E 27
TR FEARE Bt 10 g& FH3st 90 ml®] 0.1% peptone &Ao] et & &
g F 107 ¥ exFoz 107mMAA gAstg e 7h 54 dgde 100 pld Hshed
Z++2] A eEufz| 9l Dichloran-glycerol agar ®j#] (DG18 ; Peptone 0.5%, Glucose 1%,
KH,PO, 0.1%, MgSO,7H,O 0.05%, 0.2% Dichloran 1.0 ml, Chloramphenicol 0.01%, Agar
1.5%)wl X1 2} Dichloran rose bengal chloramphenicol agar (DRBCHJA| ; Peptone 0.5%,
Glucose 1%, KH,PO, 0.1%, MgSO,7H,O 0.05%, 0.2% Dichloran 1.0 ml, Rose bengal
0.0025%, Chloramphenicol 0.01%, Agar 1.5%)xA%8 3 wj=|o] =23}a, 25C oA 547t uj
ol FEE= FHFo F2Y g, AZE SBE3AvA (Stemi DV4, Carl Ziess, Jena,
Germany) 3hellA #Fsty FEI IF H2 FHIH|A A AH FEY AFE A
Colony forming unit (CFU)& Ag3ldth (2™ 4). o]F Z+ 2FNA 3-571¢] ZH(colocy)S
o R8st Potato Dextrose agar (PDA : Potato starch 0.4%, Dextrose 2%, Agar 2%) il
Ful A o)l streaking ¥} point inoculation WH O E 33 WFE HE D A wjokste] o
Y #3(single colony) 2 EZ g o dddF=2 FAdE APSA A 2 88 AFELS
5 20% glycerol stockS THE9] -70C deep freezerol| X #3} T

i»- o
L7
Serial Dilution Spreading (=) Cell counting Streaking 3 pick Isolation Single Isolation

39 4 FROERH JANMAR w #F Fel 33

2 XY "y E AR Id € a8)9 EANETSH 54
DA FTFE B 4 AR IdH BE AT PDATFEHA A A 25T, 53t v 3}
o 2t FF FAFES 233 oF 2mm =27]¢] agar blocke HEFPUo 2 CM [Complete

medium ; Yeast extract 1g, sucrose 30g, peptone 2.5g, NaNOs; 2g, KH,PO, 1g, MgSO, 7H,0
0.5g, KCl 0.5g, trace element Solution” 0.2mL, Vitamine stock? 10mL / Distilled water 1L]
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AA )R] 5 mlel] HF3te 25°C, 180rpm, 3-5 Y3t wiFstAth. AR oA 2t 2} HF5
o] #AMAE Advantec No. 2 FolHEHE st AAMAE  4Ad] A AsIA
microcentrifuge tubeell o] -120C, 2442t 52 Ax ¥ npajst CTAB W (Leslie et
al., 2006) ©Z genomic DNA (gDNA)E F=3}iTh.

U Trace Element solution : Citric acid 5g, ZnSO, - 6H.O 5g, Fe(NHp)«SO4): + 6H,0 1g,
CuSOy - 5H,O 250mg, MnSO4 50mg, HsBO; 50mg, Na,MoO4 - 2H,O 50mg /Distilled water
100mL)

2 Vitamine stock solution :Bl (thiamine) 100mg, B2 (riboflavin) 30mg, B3 (nicotinamide)
75mg, B5 (Ca pantothenate) 200mg, B6 (pyridoxine) 75mg, C (ascorbic acid) 50mg,
p-aminobenzoic acid bmg, Choline 200mg, Folic acid 5mg, Biotin 5mg, m-inositol 4g /50%
ethanol 1L)

* CTAB (Cetyl Trimethyl Ammonium Bromide) gDNA &% : (1) Z+ tubeell 100mge| #
e FAVFFE EaL 65° C, 1583 o EgF CTAB buffer[CTAB:2-Mercaptoethanol solution
(100:1,v/V]E 2t tubedll 700ulE H7Fskal &3¢ F, 65° C heatblockel A 10&3F A A] (2)
voltexingatel &3+ ¥, 65° C  heat blockollA 2087 A¥kE (3 Z+  tubeol
CHClg—Isoamylalcohol(Zzl'1 viv) 400u 713 & EF3ste 2302 Bl HW 2~3E3 §
THA EE3 F, 4° CollA 13,000rpm 10E37F LA EE5te] A5 500u S A tubeol %
2 @ 2—Propanol 500l & H7Esta RE@A &35t A2dA 5EIE HEAIZl 3
10,000rpmel| A 5&-3F LAIEE 6) AeHS Wl pellets ¢F 1683 =33 TE buffer
600ul o] 2§ EFSed 1ul of RNase A (10mg/mhE 737} 37° CollA 303t ®E-g-AIZ! (6) PCI
solution (Phenol: CHCI3:Isoamylalcohol,25:24:1,v/v/v) 300ul FH7}sta 2837 RF=HA £
% 13,000rpm, 5&3F AAEY (7) ASY 500u S A tubeol] &7 ¥, 3M Sodium acetate
50ul 2 F7bsle] RF=gA &9 (8) 500ul 9] 2-Propanols H7bsta R=gA £, A2
A 587 {kg 3 10,000rpm, 5&7F AAEE (9) HE5dS &3] AAS F, ImL 70%
ethanolZ washing$ A5 H-& Wl 10~1583F A= (10) pellet-& TE buffer (pH 8.0) 50
ulo] o -20° Coll ®¥3lal PCR = A template& A&

AR g H grde] BEAYESH A4S Y5t 53 74 FF9 gDNAE template
DNA=Z3}a ofzll 13 53 o] rRNA FHAAe] 5.85 *Z3Hst+= Internal transcribed space
(ITS) A <2] DNA A|#A~E universal primer pair¢l ITS13 ITS4E primer [(FULZZH
SA1Z AFESte ZZs9th 29 749 D1/D2 domain XIOE‘.J DNA Al 2E universal
primer pairQl NL13} NL4E primerE AFE3te] A9 SE3 & F213H T

o o
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Primer Frimes

P 5. A nAyE TAHLS Ysll AH_H ITS13 ITS4 primer % 2 PCR Z A ¢

PCR ~7]7]+= TP350 Takara thermal cycler (Takara, Japan)= AF&£3}%2™ PCR mixture
(Takara, Japan)+= 2.5U Ex taq polymerase, 2+ 2.5mM dNTP, 1x Ex taq buffer, Z} 10pmol
primerel] ¢F 20nge] gDNA templateE S&3st3 o™ PCR %712 initial denaturation &7
Z 94T A 287, o] F [94C, 30% — 55C, 30% — 72C, 1 minlS 35 cycles =83 v}
A9k extension [72°C, 10 min] stop2Z rDNA regione <333t PCR product= gel
electrophoresis [FastGene® FAS Digi (Pentax MX-1) Imaging System (Cat.GPOSLED)1%d-<l A
°F 700 bp Wel¢] DNA fragmentZ7|2 ZZ P& 23 T gr1Ad =L 93l
QIAquick PCR purification kit (QIAGEN)E o] &3le] A5ttt AA R 2 439 =
5.85 rDNA regiong & =3t7] s8] (F)nfaEA AMH|AS H3PT AVAYE AHYE
o= NCBI®] GenBankel] GSEFHo e Id/Fe TS regionyt  Hlus)e]
(http://www.ncbi.nlm.nih.gov/BLAST) 74 =& &E&097% ©]’PH=Z matchs = #o2 A
b=

ml rkﬂ

]|

3 ¥ mAE9 KéEHJr , ey T4

8 mAE FAL FAA B nle) Zo] ITS1-ITM4E &83te 13802 FAH3 A
ow, APFAE A A, FETH FAHS S8 ot ol AAG A EA A E) A &
AA A A At B A2 5o thek ¥hg T8 AR AL, Bi& 4009, 1000
vl ¢] &@w A (Primo Star FOV18, Carl Ziess, Jena, Germany) sfol|A] Zam ok FAF A A9
Ed 58 =ASAY. =3 Aspergillus spp. 5 FEATH O Z wj$- FARE FQ FE FF
ol A oryzae®} A. flavus o HatdE EFFFKCTCERE F9)9t vluste] mAuA
Aol Fefszd #F, AYH EAES ZAEAT (FI).
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Media Liquid Ingredients per Liter Solid Ingredients per Liter
gorrr?elzooll?: 1g yeast extract (BD Sparks, MD) Liquid ingredients + 2% agar
(CM) gy P ' (Duksan, Korea)
30g sucrose (Duksan, Korea)
2.5g peptone (Duchefa,
Netherlands)
2g NaNO3 (Samchun, Korea)
1g KH2PO4 (Samchun, Korea)
0.5g MgSO47H20 (Samchun,
Korea)
0.5gKCl (Samchun, Korea)
24g Potato Dextrose Broth (BD Liquid ingredients + 2% agar (Duksan,
PDB/PDA
Sparks, MD) Korea)
MEB/MEA 5% Malt Extract (Duchefa, Liquid ingredients + 2% agar (Duksan,
Netherlands) Korea)
YPD 50g Yeast extract peptone dextrose  Liquid ingredients + 2% agar (Duksan,
(BD Sparks, MD) Korea)
Dichloran-RoseBengal-Chlorampheni
DRBC col (BDSparks,MD)
Dichloran Glycerol (Merck, Darcstadt,
DG18 G )
ermany
Minimal L .
. Liquid ingredients + 2% agar
?I<|/Iel\cjll)a 2g Yeast Extract (Samchun, Korea) (Duksan, Korea)
1g KH2PO4 (Samchun, Korea)
0.5g MgSO47H20 (Samchun,
Korea)
0.5gKCl (Samchun, Korea)
30g sucrose (Duksan, Korea)
MMA Minimal media with 2% Liquid ingredients + 2% agar (Duksan,
m
NH4Cl(Samchun, Korea) Korea)
MMNO Minimal media with 2% Liquid ingredients + 2% agar (Duksan,
’ NO3(Samchun, Korea) Korea)
MMYE Minimal media with 2% yeast extract Liquid ingredients + 2% agar (Duksan,
(BD Sparks, MD) Korea)
Glucose Minimal media with 0.1% glucose Liquid ingredients + 2% agar (Duksan,
0.1% (Duksan, Korea) Korea)
Glucose Minimal media with 2% glucose Liquid ingredients + 2% agar (Duksan,
2% (Duksan, Korea) Korea)
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=N

T2 o) 93 RE M4 M4 AE, ED) He) 54 % BEe 24

1) 0149 E GBS F2 23

Ob ¥ 9 33 - 25 H]’%‘g A3 A&, &%) #8, 34 2 EXE A 43

O FF3 FRUNIA FF DA JE nPE 29 2 THEH

ok =, AF, FF, AF AHe A FRoE Ao r AMEHs TRl 6471
Aol wA7FE B on 7 TR 9dFF T4 L T 167 Edsh 2ol
ZAHAT. 72 AR 543 2, 549 759 545 &8 ooy 2

§,000
5,000
-+
2 4,000
= Hect
3,000 -
-E‘: EPenicillium
2 2,000 —
U W Yeast
1,000 - — B Aspergillus
a : ; @ . | ; . i . H —=—  OMucorales
S .+ S S A
L I M R
UL
3% 6. 2 Ae] FEHC] Y FRAH BT FF PEE

Rk o) A A EGA T F EAL FTROR ERIFR Saccharomycopsis

fibuligera (Sm. fibuligera) 7} 89%, Lichtheimia corymDerra 7} 9% =2 EESHG T

@ CN123 (A FFA4)

Syt 4t FAE LA YE FEARAAA WE F20 7 Saccharomycopsis
spp.# Pichia spp.2 yeast’} 89% |, BAHHIJLH APFA AHdF FoAA= HPH
7 (Zygomycetes)2 ¥, Hl= SAAA A #HAZ AlFo=m dHA U=
Lichtheimia corymbifera 7} 90%2] ¥l &2 B X3S & & A

@ CN131 3! CN132 (A, 40 54 5 &3

o] FAto| A A xstd wHA ] A XAt FEEHE FHES FUHA FRVE ANLeH
o] ARAZ FdE P FHA FINEFst] Hagd ekewWo] Hel
Az o] ¥, BuEL JYn e AN vk HEshE F5o| glof
shol ol Folgith Fabe] ARQl FEAME 79%9] Penidiliumz-o] L3}
ERolH, 0.4%% yeaste] HIEo] ¥t Aol EAoltt. £UHES Mg I3
77% ©)7%o| Pichia% 2 yeastol™, 20%= Aspergillus® o] Z}A]3}aL Moili‘r (GwA=219)
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W etc.
§ m Penicillium
%ﬂ W Yeast
o H Aspergilius
® Mucorales
CN131 CMN132
38 7. AEASG 4 FAoA FRT FHEOERE B3 4 XS
@ CN152 (EA9)
AgEE FIPEIAZ AAEH Jdom FH4d HEg=E de] 44 e HAFE
TFES UE W 25 B @ BAE B ¥ vEs Zo] EXojgta Itk @l T
S B3 A3} Saccharomycopsis ¢V pichia7t F%5 ©]F+ yeastZ 100% TA =] <l
=3
CN262 (g3 A4)
Tl g S5 BAmEIL Y= *“r%ii FEAGANA AzHAT. AE5E T
Wg ax9} Lichtheimia 0] 50%3 =2 UJeES £ 4+ A
CN261 (M FA <), CN263 (XﬂTX]g?)
AFA G AlFEE Gde S Yrsts 2502 5% &% (Endomyces fibuliger

)= P e

=go] wate] CFU/gF=

gkol A dehde Aol 540l

o AAZAY HAZIGAA FHI} FFRoE WEE AR Pchia & Sm.
fibuligera?} 80% 7} A3kl AATH
4, 014EE SPF FES F2ARE) AY AF Y AR BE
(¢ : CFU/g x 10%
Sample No. Filamentous funel Yeast ect. Total
Isolates Mucorales | Aspergillus | Penicillium
CN112 8 500 40 0 4,560 0 5,100
CN123 10 200 28 4 2,020 4 0
CN131 11 100 16 418 2 0 536
CN132 7 0 88 0 332 0 420
CN152 5 0 0 0 35 0 35
CN261 10 60 367 0 2,573 0 3,000
CN262 7 280 16 0 380 0 676
CN263 6 42 0 0 0 0 42
Total 58
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@ M) AZF (LN, local nuruk, home-made) FEf A3 dPE B - 3A7
B AF Ao AEwAog vHE F2 107N FFE 23t 7571419

F58 Bedigon 7 rRo 75 74 Wee O 198 w59 2u. AAdew
&58 F53 vlaste] CFUgZ7E 28 o4 =& & < Ao
20,000
<+ 15,000
(=]
—
; 10,000 St
— E Penicillium
- |
5 5,000 W Yeast
5 EAspergillus
g LM . e A -—.__....ﬂ OMucorales
aB

wy
FEFFIIFFTE TS

a9 8. Qo] Axd FEoTHRX FANAE Ry s

b BARA Ho| A 3% +5 : LNBS1, LNBS2, LNBS3
e AEE ot ZFEFEHE ARZEHA Jde 7 7HA F5F, A A4S HAUrste T
E F5AA #FE5 B9ttt WRE Pichia =+ Saccharomycopsis 452 &R % T
dEol dslen, & F/FY FFoAAT 25%S Mucor Fo] LA AT

W AFAGe] dFPaoz "o =59 75 54 : LNJJ12 ~ LNJJ15

« FFo] HUE Ha T HAANEE "9 fiterE HA &} IAE ko] zbz
FE Bgsgt a8 F2Q dA M= 89%2] yeaste} 11%2] Mucorales (Lichtheimia

a

CAAFFIAAE 100% EEAFT EYEHJL O iREES Sm
fibuligera ©1Jt}. F4& WA E WMo T5L 82%2 Sm. fibuligeraZ /3= ¢

7} AT

« AF AAZAGNA AT OE PEE FHROE F5S WMoz dsts o 524
< g TRt o & wEoHe W F24e wol due HRE wEeR
FE FRA #35 REstd Btk AFAY FHAA AF BHEHE TR
Sm. fibuligera 7% $HE& A A om, A AFQ Aspergillust= -2l =
At Bold A= Eadolaly d#HA A= Monascus ruber’t T U= A

FAT 5 ik,
c AT AAE AGeNA R

fibuligeraz} 50% 3L}
o] 20%=2 FAE] AT}

;5. 0149% SR 7 Ao AFgaor v FJoA 3 ¥F2 &=
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(h) : CFU/g x 109
Sample I No. Filamentou.s fungl — Yeast ect. Total
solates Mucorales | Aspergillus | Penicillium

LNBS1 5 0 0 0 17,000 0 17,000
LNBS2 7 180 80 0 440 20 720
LNBS3 3 0 60 0 9,360 0 9,420
LNJJ12 6 60 0 0 490 0 550
LNJJ12 4 0 0 0 18,618 0 18,618
LNJJ13 12 20 480 0 2,348 0 2,848
LNJJ14 10 0 112 0 108 2 222
LNJJ14 200 1,980 0 13,920 0 16,100
LNJJ14 200 660 0 2,400 0 3,260
LNJJ15 11 204 120 0 326 0 650
Total 64
D) 0UYE 43 FEouRy B® 19 WEe] EANENE £ 54 A%
Aol 03 15709 FEo2RE 35% (species) 139442 A4 AF 2 &

=]
=2 BRIYT (F6, 7 F2). Sm fibuligera’t BAAE FRoA sbF e AAS
Uebith. Aspergillus oryzaet 32WAE F WA we AoE Uegton, A HAE 18
MAZ  Wickerhamomyces anomalus (Pichia anomalus)® “FeRth. 4 &= Mucolares=
TNAIY] L. corymbifera 9-& & & JATE Sm. fibuligera= F2 AF% A9 2 wpegh
Ao FF3 F5o o] EE3t Ut

6. 2013-20149 F¢ ¥, 5HE ¢ 2=

Fungi species identified No. of isolates

NCBI matched % of matched

basedonITSseqoftDNA 2013 2014
1 Aspergillus oryzae LN482516.1 99% 22 28
2 Aspergillus flavus KC911645.1 99% 14 5
3 Aspergillus fumigatus KC430930.1 99% 7 4
4 Lichtheimia corymbifera HQ285626.1 100% 26 7
5 Lichtheimia ramosa HQ285644.1 99% 13 3
6 Mucor circinelloides KF298075.1 98% 13 2
7 Saccharomycopsis fibuljgera JX316753.1 100% 40 28
8 Hyphopichia burtonii KP132304.1 99% 2
9 Pichia kudriavzevii KP674621.1 99% 3
10 Wickerhamomyces anomalus KP638741.1 100% 14
Total 157 96
7. 2049 % T3 FRASERE £, 4T A8 A4 H AR 55
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Strain name Isc';\)llgie Samples Ref.

LNJJ12(5),LNJJ13(4),LNJJ14(8),LNJJ15(2),

1 Saccharomycopsis fibuligera 33 LNBS1(1),LNBS2(1),LNBS3(2) Yeast
CN112(1),CN123(2),CN152(2),CN262(2),
LNBS3(1)LNJJ13(5),LNJJ14(11),LNJJ15(1),

2 | Aspergillus oryzae 31 CN112(1),CN123(1),CN131(4),CN132(4),
CN261(2),CN263(1)

3 Wickerhamomyces anomalus 17 ENNI318112((22)),,I_CI\|I\1815223((22);!_CN ’\JIJ11322((3§3’ CN152(2) Yeast

4 Lichtheimia corymbifera 7 ENNgé;g; g:‘ég;g; CN112(1),

6 | Aspergillus fumigatus 4 CN261(1), LNJJ15(1), LNBS2(1),CN262(1)

7 Lichtheimia ramosa 4 LNJJ12 (1),LNJJ15(2), CN262(1)

8 Aspergillus clavatus 3 CN261(2), LNJJ13(1)

5 Aspergillus flavus 3 LNJJ14(3)

9 Penicillium citrinum 3 CN131(3)

10 | Pichia kudriavzevii 3 CN112(2), CN152(1), LNJJ13(1) Yeast

11 | Hyphopichia burtonii 2 LNJJ15(1), CN123(1) Yeast

12 Millerozyma farinosa 2 CN261(1), LNJ1(1) Yeast

13 Mucor circinelloides 2 LNBS2(1), LNJJ13(1)

14 | Pichia membranifaciens 2 LNBS1(2) Yeast

15 Torulaspora delbrueckii 2 LNJJ14(1), CN112(1) Yeast

16 | Aspergillus cristatus 1 LNHH15(1)

17 | Aspergillus nidulans 1 CN112(1)

18 | Aspergillus niger 1 LNBS2(1)

19 | Cladosporium oxysporum 1 CN263(1)

20 Clavispora lusitaniae 1 CN262(1) Yeast

21 | Cyberlindnera jadinii 1 LNJJ12 (1) Yeast

22 | Galactomyces candidum 1 CN123(1) Yeast

23 | Monascus ruber 1 LNJJ14(1)
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Strain name lsylgi e Samples Ref.
24 | Penicillium georgiense 1 LNBS2(1)
25 | Penicillium  griseofulvum 1 CN131(1), CN132(1), CN261(2),
26 | Penicillium melanoconidium 1 CN123(1)
27 Penicillium steckii 1 CN131(1)
28 | Pichia sorbitophila 1 LNJJ15(1) Yeast
29 | Rhizopus microsporus 1 CN263(1)
30 | Rhizopus oryzae 1 CN263(1)
Saccharomyces cerevisiae 1 CN262(1) Yeast
Syncephalastrum monosporum 1 CN131(1) ::itlhggigag
Syncephalastrum racemosum 1 CN131(1) :Zﬁhg?siza:
Trametes versicolor 1 LNJJ14(1) Ef;cig,z;
Mucor indicus 2 CN263(1)
Total 139

(™ Y mAE AT € A9 JEHETH EA AL
o
a. -

Aspergillus oryzae A. flavus A. clavatus  Lichtheimia ramosa

{ no Aflatoxin) (Afiatoxin)

Rhizopus oryzae Wickerhamomyces Pichia sorbitophila Pichia kudriavzevii
anomalus

a9 9. 201495 7Y 5 fE A 29 ane §4
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AFRRAER T P WS 2EEE UE Aspergilus &9 A4 HARHER T
Lichtheimia %) @7 #2 A 2 APGA Ao 544U FAYHxA Y SHEL

TI"

ofgje} #o] #F3G o PDA TAMIR], 25T A A F2YQ B, AZ, FFHALY]
M7z Ags BoF 58 BEEe] Mycology F3 FuE& (St-Germain & Summerbell,
20119 B9 55 &8st 4 Fo EAS JEHT (2R, AR/ Lichtheimia
= Mucordsol\Y}y Rhizopus$t= ThE RoFo] sporagiume AR o] 719 ez &
Ao Hn 3 fo|stP o Aspergilus 452 5 X3+ conidiophore?] R oFy} T3 A2 E A}
o] A7] FoA e AolE FEet FASIAT. uvt, A oryzaest A. flaws®] 3¢ FESH
Ao g g At FA&AET 5 FUHE AYd B4 A4S AAEH ERARF
1 Wickerhamomyces, Pichia <°| #5& +5% fdl &R T Saccharomycopsis #4-&
AQJstal 71 E3HA EElEHE 7ol

o

)

@ 0159E F7E £9A99] A Hx A7se] AF/HeR We +5 5
G ARE olgdel mA AEBACE A 110 FFomie FIE Lo
3171 ¢lsted, *% Welele DRBC wAlM|Ael =wslel 25ColM 5UE wlekshgict.
DRBC BuAmAcIx e F2Us mest 27, #Abe Fez FEatgon], friel
TR A el $HEAS & 5 AATHY 10

\.f \

*“’. e i . ‘ ‘.Hr‘

< 224 A SCFHE =43 dx F7F 83 x 10" CFU/g
s BYth ¥ SW6S 8.8 x 10° CFU/g, SW7< 3.1x 10° CFU/g &2 At)
e UEE BYgon, SWI0S 2.1 x 10° CFU/g, SW112 2.1 x 10® CFU/g® &
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L -
-lr

2o A JAAu YR QA 24F2 FFS EYsPed, ARA A
dotr 7] 9t MM A Fe] 7+ & CFU BIE&E et (28 1D.

for ¥ a2
Ca i !

e

SW1 W2  SW3  SWy  SW5  SW6  SWT  SWE  SW9  SWI0  SWi]
Aspergilius | T
Cladosporinm | ] ]
Lickirenia S am
Penicillium | il
Rhkzomucor
Rhizopus
Smeephalasirim
Lo
Cryplococous ' i |
Oyberlindnera
Meyeromyma
Pichia
>-. Saccharomycopsis
Trichosporon
Wickerhamoniyees [

Filamentous fungi

AT

29 1L AEPAoR AAS FEe) A4 A BRe| B

ke

11708 = & 1070 ¥F=olA Aspergillus Eo] ZA)stF o™, E3] SW17 SW2o A=
80%01/d2l =& WS AANIAY. Lichtheimia £ 8712 FEo AR o™ SW5,
SW6oll Al 35 ~ 55%9] &2 HI&S AASAT FHAAA B2 &S AAses oFE &
®Ql S fibuligera = T2 F=o ZAsHoH, 10 ~ 50%2] vl&S A8 h

Aspergillus oryzae Lichtheimia ramosa Seccharomycopsis fibuligera

29 12 ABPHOE AAS TR A A anel Festy 54

=
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AELA o7 AAZ F2 Fo F2 375U A oryzae SW6-2, L. ramosa SW6-1 18] 1L
S fibuligera SW1-115 PDA A HIAujA|o] 25C, 597+ Hjeksle] JFejsty =4S
st (29 12).

B AT AYY HAF7IHOE UL FRoA & mPE £ L FH A3
AZRE Haf YEes AT WY FRAXHORE e ALY Y FRoEA £ &
A % Azatel ERe wEw Few FPolvh Bow L FHolgtn Jov) r=
< 43 Az Fol= 10C o]t AEd Ao HASHA F=xol] 2 AS FA
SIACHEY). At make] F2o| SR FAke] Aol BeAsn 84S Hlsd T oA
e FEoERE JAuYEe] GAFFE PASYL. F K T AAuYE BE
== 877} oF 50%, Aspergillus % 25%, Lichtheimia % 25%% H| &2 B3 2t
Zte]l B #5E OE AS B T AT
8. o) SFF FEo) A AE R ERE BE
(&) : CFU/g x 10%
N Filamentous fungi
Sample Is olg’ﬁ s Yeast ect. Total
Mucorales | Aspergillus | Penicillium
LNDG1
(Red) 8 56 127 0 153 0 336
LNDG2
(White) 15 312 417 32 760 1,521
Total 23

E07 /A, 6T dY 7475 EHsiIon,
(F2 Aspergillus flavus)1T%, Lichtheimia

O LNDG1Red) : #A}F 248 4=
Wickerhamomyces anomalus 45%, Aspergz]lus <
Fol 17% ¥l &= FEZ33

@ LNDG2(White) : A7} SIS He w502 15704, 8F9 @Y #55
B3] oW, cyberlindnera fabianii 49%, Aspergillus® (2 Aspergillus tritici) 25%,
Lichtheimia®°) 21% ¥l &% X313t}

4) sEolA ol Y wEES] TdaAQl ¥kl (Banh men) 3

HEW AR A T3 4F3 5o & Banh men 953 7i<lo] A
ozRE AANYES Bestr] Ysle], banh men FEY-S DRBC A uA o] =23}
25C o Al 5Y7F vl ksl th. DRBC HaduA|u A oA F2U 9 mkat 37), FAe] 3E)

2 FEsdd (2d 13).

%3t Banh men 3%
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M2-gray M2- vellow

M5 Mé M7

MI10 MI1

mFEamentous lungi mYean

a9 13. Wl EY W& 4 Banh men &8 30y Eo thakA

7} banh men®| & mAES FEY FAH DCFOE F48¥E 54T A3 M2-gray
(87%)2k M5 (65%)o ARt AHEAd Zldto]l 3t Ao, YA Banh menoA= 95%
o] o] yeast®l Saccharomyces cerevisiaeZ T3l AT

o
bt
)—l
DN
=
1o
o

anh menolA v E 85/NA 17F] 5 EEstd =, AHEAE 2
Folny] glste] WM AYZe] 7 & CFU &= Yehileh (19

b
1o
A
H
i

sl

= M

Al MI-G MY M3 A4 ALS Ao A7 M8 A9 AllD Alll
Aspergillu
Cunninghamelia
Lichtheimia I
Pemicilingm
Paecliomyces
Ritzopus e

Mucor

'
g = — iy
Clavispora I

o w
har a o
Saccharomyeopsis | ] 2
Pichia a0

A4

&Y

T
G 100

I3 14. v EY dX oA 4H3F Banh mene] A nAEo] Hx=

Filamentous fungi

Yeast

122 Banh mendl Saccharomyces & EF EA5tH, 12% 971 (M1, M2-Y, M4, M6,
M7, M8, M9, M10, M1D)®] AlJeollA 94%0l/de] ¢HFTLES &AE + IS 1 &2
2 o] BX3 U= Rhizopus & 11718 AR &A5tH, O3S 2+ Lichtheimia
7F 9N ARl EA)g. 87%7F A Rl M2-gray Al &9l Rhizopus microsporus
7} 52%E Hfskar 65%7F AMFA A M5 AlBdl= Lo raomsa’t 33% R

o
microsporus 20%= st Qlth

o]

AN

[e]
A
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Lichthein ramosa Rﬁzq:'w FIC POSp oS Emc}nrm@ cerevisiae

1% 15 WlE 2EA) banh men f# F& 3 WA= JEsty 54
HEY W&A Banh men 2l =8 375 L ramosa M5-2, R. microsporus M3-5, .

cerevisiae M2-62 PDA 1A ghuj x| o] 25C, 5U7F wjoksle] dejsts ExS 39T
(L& 15).
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2. A3 1+ 2 5% #F "oy "o~ (DB) +&
7} #F o] " o] 2~(DB)T5

0149 =5 dA7MA = s 2670 55 AR FHI 232 75 B | Edol A
A3 117 2& A banhmen Al&oA &R 106 #+5F, F APIAE I+ 2 85
w2 F (species) Bl AlE 2, plate A, @R AlS &4 FAE, HA 25, =
B4 EAS ZAsle] http://fungen.ssu.ac.kr/cgi-bin/fungistrain/stdb_main.cgi ol 5
tlolg Hlo|~E =3t

.

% 16 75 3 banhmen 5o B AEeA FHHste] HFsta = AR e
2 g% FFE2 DBE 73 H<l oty thaFdt sourcesoll A EEl 3 AMYA A 2
g =7 AR

+ What is FunDB?

Fungn Bclates Database [FunDE) contans 495 molates from different sources
« FunDB

Total liolite [495)
+ Masrole {231
Seongull Usmsinsity [13T)
Sarvwom (35)
Bt man| 104 t
Strawtssrry (100]
Pguika {48

® Searchy | Soutte (e Nune L4 Zawh
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| B %

€« 2 O O=0 ay | fungenssuackscgi-binfu drateAcbeis 1las e o O Waw®
LRt noe [P 10 Wnin
Expeaegtzry Mon
M.H
1682
e
L. P
oo
AT | AT a2
ane | 0T g
BRLLE 4500 133
(15 s Lo b -
BLAD
awn
BL &1y FR0
PR3
il
by
wir
oxl [ o1y | ame | 9w v
g
o
LR
--------- o
-_. o
Ew - % : 2=
LT
219 17. DBl A banh men A &4 E&d #5F 22EV} e 39

79 188 thEA SR banh menoll A &2l L. ramosa M5-39] w5 ID card s}@o|n, 1¢
179 w7t AR E FY3t EoF = Atk L ramosa M5-39] DA MR el A FE) A
£4, dnA AE & 4 dor, protease &5l JoH, 37 ColA 7Md 2 & & F
A= I EAES & F ot & BAS 317 Y5t o] 83 RNA FAA9] 8S EgHsl=

Internal transcribed space (ITS) x5} 18S region o] AP~ HARE & 4 QUth
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B runoz
¢ clozves

fungen.ssu.ackr/cgi-bin/fungistra

. Fungal ID Card

Date Source Lo

Banh man Wistham

Microscopy

PO& 25°C Sdays
Enzyms ac
slgha-amylaze glucosmylass protesse
Mot tested Mot tested 3621
Nycotoain
Aflstoxin Fumenizin
Mot tested Mot tested
Region Primiarl Frimar
751 =4
| >1B0715-096_M1 7T WS-3_ITS1 &bl 1421 - |>1B0715-056_01 7_HS-3_ITS4, b1 1438 -
| GT T TG TRAAEE TCTAMCCACTAGTT THEEEE TCTCTTOCCCT G o TR GAC TCAGTTGAT TTCAGA TCT AGA TET GAATTTET
| CTAG TITA
ms | TGTTCCT CACAET TTTETECASAET CHRRTC AL TTHGETTEECTC A MG LI G TTAGKT CCTCTCALT AT CCA TAMAGA TTAMG
| TGCC HCCT
|
| TTGTGCTETARATC TEG TTGTTRECATAGARACCCTCCTTTTAGES AGTTCAMGMAGARACTGATT GACTTGGAATTATEAACTCACTAMCE
| GACT AGT v
| TGTEC CAC TAC TAAGAT CTAGEC TAC TTG A AGARACGTATEGRAL 2 | (GTTGCTCCTCASECAC TCTABSETC TACATCCRECALATEACTAL 2|
miNSL mi5E
|1 60925-029_MO7_MS-3 ST & 1394 a 1 BHEZ5-00_G0E MS-3_nhss. el 1272 "
| ACCCCTIRCCAT GTC TAG TATAMGCAN TTT ATACAGCGA A TRCGA CATETCEACETTTACT TOC TCT it TRRTAGARC TTRCAAAGCET
| ATGE TCOGE
185 rANA | CTCAT T TTCAGT TATGATCTACACHACATCAGA TCTACCACC TG s G CAG b A TEC CACACTCAM CTAMGETCGTT GLCANCCT
| GATA B
;MDETGETMTTCTATAG:TMTMATG:GNE&GAMTGIMW = GAGTTCATCOC TAATEC TTGCTCGTGCCATICAMTORATAGTAGCE
| (GG MO
| AECCA TECAGT TAT TABATACAAGCC AMC TTHORG TARMACICAGT - GC GAET BTG TAC Auteh G CAGBRACET AT CAMCEC AECTEATEAC ol

1% 18. L. ramosa M5-39] 3 ID card 34
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24. ¥= 54 PSS 59 = H44 BH O $5 29 o
NE FF A%
L F=2FAA dd 22 4F 4 A4 A3 7F AdE 93 SEaF SH4EA
At IFZ4ATFANA 2013d% FHF 75 ARERE £33 AHEAT
FRTe ez 1, 2, 33 93 - Ha 54 2ARE Tk AR 10079 dFE T
}-

9. 20139 % APATE Sl FHE 5% 7F 54

_ M = Xz 37| o AH
= > = x CEal L =p = = = [= e |
22 o533 U 5 HH 22hs | 20 (2= =3 (Mb) e
7 Saccharemycopsis HE AUZEA =2 557 St Oj =3 Unknown Unknown
fibuligeralJ8-1 2123-1 : ==
ZBHEE ZSA G4
oj==%
Pichia jadinii PH1-2 sus 2zia] o 27.88 | =tast 15 Unknows | Unkriown
Th= 14 104-303
Hyphopichia s "ML AR S 1053 2y of =31 Unknown Unknown
pseudoburtonii JS1-4 =lE= 769 : =
@ Pichia burtonii//4-3 HEEEAX = HFA| ks m=lst Oj=3 Unknown Unknown
(Hyphopichia burtonii) TS lxs 1204-1 . cHal
. I ZE FHet S HH
Clavispora lusitaniaeJS3-3 wma) 412-1 0.09 23 S5 121 Scaffolds
Torulaspora Ar= st
de.'brueck::SST-T 4 SET 385 603 2533 Jar =3 9.2 8
F=E WAL ESIN
Pichia kudriavzevii JJ1-3 I“Tiﬁfl Er lfo:"; Il 252 2l 25 Unknown g:::::e
0T+ o
Wickerhamomyces
ZIUE FHM ARG oM =,
anomalusJS1-5 dEE RSN oss | A Su 26.6 Scaffolds
(Pichia anmaila,) HEE 769 gel

s Sl O = S S E
#10. 201395 AYATE Tt FRA AGAE T 54
ax = = % X 3zl | FAAH
ZFo| 5 SWesEE |gus| 80 | Meas | ToS7 S
— AP E IESEA] O Unk: Unk
1 ) Lichtheimia ramosa PH1-1 = :iﬁ;% e 28 g = ] nknown nknown
2) Unknowrn ojdEAp =t 5l O] - Unknown | Unknown
= 22| oy ) )
; 7= gelA Helg e e
Aspergillus oryzae YIi2-8 Qx| m 27 opuy ==
Rhizopus oryzae JJ2-11 HFEA =55 23 Al EtsF =54
22 A AAR D AMoj e
Mucor circinelloides JS1-7 ZAE FHIARE 33 aporst S
=2
Emericella quadrilineata =R MM A
25 A2 LS
Hs1-8 ==a 15 I3

N mAE F 2013959 2014959 FEARA A B FEAFIA Bz
T M B2e ANAES BYd aRF O 7 Saccharomycopsis fubuligera KJI81 [33}
SP, @ &3+ A3k} Pichia jardinii KPH12 & &% #F& 1A% E8F HZFHA

3] B oz AAsIGg o AMA AFL Lichtheimia ramosa KPH11#5F [43}
2 28SP, &o3la @3 3] 2 MAsIT ot#e ®11d o] AAH FFEL 53
FEEALS 7R Ao FHA FVIAEY slm 2 Ao o]FoAR] Akt Hol
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A $Eue mee dEF P

[e)
&
ZFAA &= tdel HUo

2
kof
=2
ofN
fo
e
12
ok
ftlo
ol
rr
kof
ko
)
>
>
o
o,
2
1l
o
f
N
N

E11. F=FHA

A ERd 2 APEA Xde &4
> - o A= A =7 &I AN %
= TAAE g | g | SRS | R | SR
Saccharomycopsis AF AAZA 74 . Unknow | Unknow
fibuligera ~ 118-1 Z=nE 9193-] .7 | g | =33 a .
AREGAGTALG
Pichia jadinii PH1-2 | 3%l | 2788 | 7 |mjgey | Unknow | Unknow
ol F3k&121104-303 © n n
x 22 Unknow | Unknow
Lichtheimia ramosa pH1-1 e %Z‘%ﬁ L 28 ) =38
=" Es=: n n

2 FEFAA WY B FF DAY A7 43 2 AGBY MDY
7t ZAx §AA B4 U A3 R Lichtheimia ramosa KPH11 A7 2 A2 24 dlm 24

Q) A EA G A}

Lichtheimia ramosa KPH11¢] A% EA4E dolr~] 95t CM, YPG (Yeast Peptone
Glucose), PDA(X=+= PDB) (Potato dextrose Agar F+= Broth) L A|ujx|o] HFskar 25, 37,
45C oA 59 &+ B3RS 9cm plate 7Het] B+t§F toothpickS ©]-&3te] HFEAL
H 24A17tuktt A& (radial diameter)S =43t

(2) QA A G A}

CM, YPG (Yeast Peptone Glucose), PDB (Potato dextrose Broth) 37} HA|ujx]E A&
SR, %+ 25, 37, 45° C 37FR] ZAo A 30A17F &< wiFstH A 18, 22, 26, 30417t
of A& A#H3IAT

Q) B4497 24 TR O AR A

gy A FEd mE AR E4S syl fsked MM (Minimal media : 1g
KH,PO,, 0.5g MgSO47H,O, 0.5g KCI, 2g NaNOs 0.2ml trace elements , 30g glucose ) aLA|
Ao &Y 2% glucose 0.1% glucose, AAYL 2% Ammonium, 2% Yeast Extract, 2%
NaNO3 2. 2 F/Fo 555 MM AT

Q) F=SAA B4 o) A T Lichtheimia ramosa KPH11 A% 2 g &4 EA
Lichtheimia ramosa KPH119] A& EAS ol 7] Y3l v 79} vl =5 3}
ANA e s (27 19). A4 iAo L= dAS] AFe SASIAL
QA WA HAEEE dA AT AR AERHSY Hx FHe SASAT. L
ramosa= 1A(FH W 22mm/d), HA(EH N 0.0012g/h) viA] 2F 37C oA 7} wha] =gk}
CM, YPD, PDA= 1A, HAMRA] =5 2 A5k shAR &4, Ao AR s x =

A, BA BT =A At 2% yeast extractE H7Fg MMHlA o= RE 2%oA 71
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we] AA AvEAH st WE7F BA A3k

a. Solid Media b. Liquid Media
25 0.0018
= 0.0016
T2 ===PDA £ 00014
E P 2 go012
5 15 <G 5 0.001 i
F ; 8 o.0008
2 / [ NO3 a
o = 0.0004
c 1 ] hd a
E 5 MMYE 3 0002
Glucose 0.1% )
o ; 25 ay 5
o5 a7 45 Glucose 2% -0.0002

Temperature (deg C)

Temperature (deg C)

a7l 19. L ramosa KPH119| growth rate. a) Solid media b) liquid media

HjX] &5 : 1) Potato dextrose(PDA), YPD, complete media (CM),
2) minimal media + 2% ammonium(MMAm), 2%NO3;(MMNO3),
2% yeast extract(MMYE),
+ 2% glucose, 0.1%glucose
e 27 : 25, 37, 45°C.

HA| wjR|AN A= @4 S =2 collemella, sporangium, ~12] 3 germinating sporesE ¥z
= AU (21720). CM wiA], 37ColA 3041t A#3-S o) collemellas #EAE 5= U
™, 45C, 2% NaNO; H7Fed MMHiA| oA 22413 3} HAS wiek YPDujA], 37ColA 26
Azrol A3 H A& sporangiums #EE = YAtk YPDHA|, 25C oA 30413 73 &
e uw large celle #AT 4 ASch PDBHiA|, 25ColA 18A17te] A3 =HAS uf
germinating spore7} #Z =tk YPD ®jA], 37CeolA 30A%te] A3 =S w hyphal
grwthE #2&4 ok AA|u Ao 4= collumella®} sporangiumEth+= hyphal growthe}b
spore germinationo| A © @o] A& 4= Q).

o e

;o

Dy

Collumella i - Sporangium g
Y 2
i Wb %u Xy o b2
. Sporangium 1
P :
CMRTC/30 hours. MMNa 45°C/22 hours 2 YPD 37°CI26 hors
i \ P f Hyphal growih
fo g g h w
’ A Y L% 4 \ X Vi -
Large cells f : o
! & 2l
v N i /; VA
Ly = Germinating spores 0 g
T8 L 4 Pl '
¥PD 25°C/30 houes =, PDB25°C/18 hairs YPD AT-C/30 hours y

19 20. Lichtheimia ramosa @wv)7 ARz

a) Collumella grown in CM at 37°C and 30 hours. b) Sporangium at MMNa at 45C and 22 hours.
c) Sporangium grown on YPD at 37°C at 26 hours. d) Large cells grown on YPD at 25C at 30 hours.
e) Germinating spores grown on PDB at 25°C and 18 hours. f) Hyphal growth on YPD at 37°C and 30 hours.

U Zxz §AA B4 O &2 S fibulgera KIJ81 B4 2 A A vmiEA
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®12. 02 EA9 §AA A Sfibuligera ==

[solate Genome Characteristics
Saccharomycopsis fibuligera KJJ8-1A A genome
Saccharomycopsis fibuligera KJ]J8-1AB A + B genome
Saccharomycopsis fibuligera KJJ8-1R A+B genome - 2 2728 2gst
Saccharomycopsis fibuligera KPH1-2 A genome

Q) A A G A}
9] F129F o] 47HA B2 EA S 7V S fibuligeras YPD, PDA, CM, MEA 24| uj %] oj]
HAEsta 25° Ceof 37° CollA 59 &<t skt 9cm plate 7hvl] H+# 3k toothpicks
o] g3l HEdIH oM 244 7kutt A& (radial diameter)& =43t

(2) HAHA B =A

AR A e AP o] 47tA] & §EAS 7V S fibuligerag YPD, PDB, CM, MEB
AAHfA] o] HF3FAL 25C <} 37C oA 24A12F &< JESA 4, 8, 12, 2443 == AH
o samplingst AxFZFES SBATH T AL 25C MEBoA 18 ~ 24N wj & 5
£ oA#g F 4000rpmellA 10 F¢F A4S & HiE SR @gste] 2 x
10%cell/mle] § =2 ImLE HZF33th

oL
o=
1>
=
H
oft
oX

(3) 4 )
FRAA 5 E&XFFA S fibuligeras DA M| X ol A streakingslo] ul] &3t
o FTTAE Agte FEUERREH FEHoRE H24 ZE2YIE Agh= sectoring
b

0 g N

3] A

A4

ZshA HJqa F24 F2EYUE #ES A ZF A (asc)ibs AAREE AS dA
lom o]lE nigoE H2A FEUA fFHg JJ8-1R #FE sl FEFHA
E 3l KI8lE x3ste] oot Zol4 #5E o= PDA, CM, YPD, MEA 1A
N2l 25 ¢F 37° CellA| sectoring @4e ##3IRSH ascospore A AEE #5 HE

Al
Hla FAFSEA .

() F= FAA BA Wy &8 Saccharomycopsis fibuligera A% 2 A7 84 EA
b AR A B4 AL

2 T/ 47HA WA A g2 EAZES JFR S fibulgera®] 25C oA KJI8lS Ht
15mmol AekA gk, 37CoAE Hi 13mm ©]3tE AgtsE AS RS £ YJTHHY
21). £3] A genome®t 7FA 3 Qe KPHI2 #F+ 25CoA= H 19mmedd Hbste] 3
TColA = 8mm=E Aol 1250 AA Fas #FT + AUtk ofe) 1" o] A9
B genome EFE 7H KIBlEF= SMFALE 9 F4A AU Al AR &
Hol| Zg|iA Agte AR #F 7sdlon AR A ] FHd - A genomes
717 KPH12 #F9t= oE F4S BAY. KPHI2 #5+= point HF Al S2Y FTYoO=
HE 2 F24 (WA deA wolAA)E He AS &4 ATk A genomethE 7HX

o
KPH12 #F9] JI8-1A¢F (o}# 18 =)= AB genomeS 712 JI81 ABS} wj-$- -FALSH
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JJB-1A | JUB-1AB | JJUB-1IR | PH1-2 | JJB-1A | JJB-1AB | JJB-1R | PH1-2

298 21. Saccharomycopsis fibuligera KJJ81+52] vjA|& A3 EA4

() A=A A B4 ZAL

BE #FE 12-24X%F Aolell §43] Aol S7HEs #EE & gt ™22, 23).
A A Fiol wep AAFHE 2 dEE 24 Z2AESEE JJ81A= 25C PDBe
37° C CMoll Al §43] Askar JJI81RS 25C MEB9} CMol A wf-¢ 2 ZebX| gt & 39
Hlgte] Agtal o g AJAo] s+ Xstth. PHI2E UwA AldFrEo 71 & =2t
= Aoz #AFY dFEE psuedohyphal growthE 3t S8 v (Zeiss)stoll A
Zd = ATk

. J4B-1AB b. JJB-1A

T | P M
0,000 00 —rn 3 e NN
15,000 e c— —d
—cum
et oo t
on T e 0
[ . FOn 18
— -8 i 1 " e W 13 -
reaitaury AT
c JIB-1R d. PH1-2
vapo0 T

[T

[
i wooaa
L]

oo

b & s B o £ S o Vo B ¥
LT T riwrnd

18 22. Saccharomycopsis fibuligera @3 42 AAZA
a) JI8-1AB, b) JJ8-1A, ¢) JJ8-1R, d) PHI1-2,
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WA FF : YPD, MEB, CM, PDB 2%==7 : 25, 37C.

3 23. Microscopic pictures of S. fibuligera cells

(™h A EZA e T2 YA =A}

JISIAB #F+= 25C 9 =E HjA| oA ascosporeE #A3P o™ 1 5 YPDolA 714 &
W3] AAdsLF o JI81A HF+= 25C MEAO|A ascospores 71 2 A3t JIBIRF
F+ 25C, 37C E5F ascospores & FAsIRAAN 37C MEACA &= AR Xste A
S AEEFAY (LH24). =3+ PHI2E 25C PDAONA Adat AdzxE 2 AAsAT &
AP F5 TN B-Ee 783 EA o] FE A1 dimorphict §A¢] @3}, TE

Borl Yo BolmE 3AUE Aol Uy st
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g 24,

S. ﬁbu]]gefa PH1-2
a) PDA plate
c) hyphal and spore growth. d) ascospore growth.

AR A] (PDA) ol Ao A4 (25° C, 5 days)
b) close up of sectored sections.

¥13. Saccharomycopsis fibuligera®l A2 Z2 B 2 g4 Az
25°C 37°C
Strains
YPD PDA CM MEA YPD PDA CM MEA
JJ8-1AB +++ + ++ + + - - -
J18-1A - + - ++ + + + -
JJ8-1R ++ +++ ++++ + +++ ++ +++ -
PH1-2 ++ +4+++ ++ - - - - -
-: 0%, +=10%, ++ =20%, +++ =30% , ++++ =40%, +++++ =50% cells ascospores
3 14. Color of the sectored section from each strain
. 25°C 37°C
Strains
YPD PDA CM MEA YPD PDA CM MEA
JJ8-1AB Beige NA Beige Beige NA NA NA NA
JJ8-1A NA NA NA Beige NA NA NA NA
Beige Beige Beige Beige
JJ8-1R Pinkish Red Red Beige and and and and
Yellow Yellow Yellow Yellow
PH1-2 Beige Red Pinkish Beige NA NA NA NA
* NA- Not Applicable, no sectored section
A9 ®13, 4= 7 A BFJ9Y S fibuligera dF7F 2 viAFHol wgt o E A9
sectoring= st A& ##3 Aotk YEh= 7242 beige, pink, red, yellow= /34
2lo] 13 dojubE= sectoring A G4 ascospore’t FA HA &S 5 o 3T
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b
ot
o
ot
rO
QL
&
o

sectoring & A @& FEo| A% ascospore’} HEE 7]
3. 2049 s FER A E AHFAERH, &8) 579 = 54 A}

7t 2049 = FERE JANYE A, ER) 479 54 AT =4

20149 = ST FHOZRY FY3 ¥F 1397FE de = & Kojist drl= Kouoﬂ
A ZEE, o Amylase Glucoamylase &4-S A3t oM ol 5 -
e 7 #FE 1070 W2 AAQste e 2o &8s Add 45
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2SN A gF 271E 08T W T FH7]E ol &3t 1A 307 Bt S
sty 2 @ 35F5S 70g A 500ml alEto] 7}s3 Polypropylene bottled] il 12
1C, 2083 713 A § A4 23 5 4FEE aIAZ AHde Ao S5/ bmLE
A7rel o A5 zst HEFsAT. HE 945 F & 5 drlddA 30T, A
FE 70% 2104 72A7F vl F3tA Tt v o]l 4 Kojie 20T o] BA3tHA EAEA o
A& AT

(b =71& koji vl %

D7) 50gel S/ 0mLE FH7bs) w3k H 2o 10% 1P wAg §H "7
= 30g% 500mL -2 E o] 7153k Polypropylene bottleol] ¥ il 121°C, 2083+ 712
3th, FFEE HjFAZ] AMEE R o] 7/ 10mLE HUls) o eSS Alx
A B "l HEFSAT HE 945 F &2 FE Tl 30T, A&
ZAAA T2A1ZF AR v o] € 2r]L Kojies -20° ColA E»‘ro}\?j
ZAte] o] &3kt

(2) @3}=(Saccharogenic Power: SP) 4]

g3te =42 DNS B4 W wel 75 1g& 1 % NaCl € 100ml 2372 30° CollA] 3A]
7t <k A& AIZ1 %, Adventec No. 2 filter paper2 < 3}3ta HA3] 345t §4H0 7
AHESE T a3k bmle] 2%<] soluble starch -89} % sodium acetate buffer (pH5.0) 3 ml
o] g 48N ImLE H7Fsta, 55° CollA 60 &<t F3s &, 0.5N NaOHE 1 ml
S H7lske whge AAAZY. Fg S B35y 95t DNS AleF 0.6mlol F3<) 0.2
ml o] H7ksta 100C oA 5&3F 29 v, F&83] W4% F, 7T 32 nE HUtstn
FEE 550nmelAd ZAEGh BaEold HE Igol & 1go] Hgdle TEGo=
St E o+ Ae 99 AVlE Ttk

222 E1°1'
-“L

(3) a-Amylase &4 ZA}
Alpha-amylase &/ Ceralpha Method (Megazym, Bray, Ireland)& A}&3te] =4 A
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om 1 Ceralpha Unite 1%#o] ¥ 29 U p-nitrophenyl maltoheptaoside = F-E
p-nitrophenol 1 ¢ME Zol=d Q3 ko7 o3ttt ¢ -amylase:= 1g kojid ceralpha
unite] go g AHeojHA),

(4) Glucoamylase &4 ZA}

Glucoamylase &4 %Xéﬁ} 7] ¢18td 0.5% NaCl (w/v)S £33 10mM sodium acetate
(pH5. O) 10mLell 1g kojis& ¥ 3A1ZF <k AL(15 ~ 20C)ol A sl filter paperZ
I3 & 10mM sodium acetate solution©.2 washingste] #A-3] A5l FLHo0Z A&
SFA T 2% soluble starch &< 1mL3 0.2M acetate buffer (pH 5) 0.2mL 40C oA 5&
b €3 o2 0.1mLe] 4998 H7Eal 40C oA 2083t ©33t} 0.1mLe] IN NaOH
E Hrteta A&sHA WZste wkge FEAIIH. A4 9F 30& o IN NaOH
0.1mLE& ¥ Ww§& F5AZ1th D-glucosed] =& =H317] Fste 4 J1EE AHE
3t ok (Megazyme, Bray, Ireland) Glucose activity= 1g kojid 7+4%F glucosed] @9 & A
ojHth

(5) Acid Protease (pH 3.0) &4

2k SRS (Acid protease activity)2 casein £ o] kojioll 3] EIEH UL
tyrosin®] ¢S =43 o =N HHFI 4= Qvh. Acid protease BAHS =AHE 7] T E4Y
< glucoamylase &4 test &4y} Z2 WHo=R FH|3t} Caseing 7|EE AE3HH,
1.5mL casein &<} 1ml Mcllvain solution (pH 3.00% 0.5ml &4&NE& Yt FE2F
enzyme©] caseing #3SE=E 40° ColA 6083 FATH) vHE& AR5 st 0.4M
Trichloroacetic acid 3mLE & Y3 A7E gtoh. A 7H ImLe] 5mLe] Na,CO;# ImL
9] phenol& H7}star, 38ColA 30E &<t ¥H-SAIZIYh Tyrosine] <Fe] Wslo] wm& F3F
TZ2 9lo] AZFAHE FAE ) Protease 1UE lug tyrosin /hS WEsled ZQ3k gy
¥or Aot

rr

—_

Lo

(6) Lipase Activity &4

Koji &4 U7]-& Koji 0.5g& 100mM Sodium Phosphate buffer (pH 7) Smlel] @31 %4+
oA 3AZESE XSt H i) Filter paperg o83t AE tUs F4H % HA
oA 813l lipase activity S AF83Ft}. Extracellular Lipase<} intracellular Lipase
Activity 418 938t 250mL A7 Zgk2~=o] CM mediumell 50mLE @1 1x10%ells =
£ spores/mle] HEFL 3F3F, 25C, 200rpmeE 4YF<k e vkt AP JFS
filter paperg o] &3t wjdA3} FAES EEsta, £59 7% 4000rpm, 58 FoF YA E
gsle] wjFd I pellet2 E2]3k T} Extracellular Lipases wj Y2 o]-&3ta] =A 35,
Intracellular Lipase= wAF 0.5gS HAAAALE o] &3ste] B3 3 Mcllvain buffer [0.1IM
phosphate-citrate buffer, pH 5.5], 10mLol| #ESte A %= Helol gtAl 345t A&
stA ). (Silva et. al. 2005). Lipase activity= Sigma AldrichAlell 4] #|Z%F Lipase Activity
Assay Kit (Sigma Aldrich MAK046, MO USA)E /\}%‘8}031", ZE 89L& kit protocole] w
2} A zsle] AR5} 3L Bioscreen CE o] 83he] &% ZA3gth 49 50 415 100
18] BR8] o] 37T oA Hb-g A& & %78‘34‘& AZHe 07 o2 A3 u)

mlm
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SEntth B EE SASIATH
. 20495 7S5 A E AHAERHE, &8) 459 84 A s XA 25
2014950 BRI 1407F9 2 koji®t wheat kojiolAle w3tE, gI#HE &4
alpha-amylase®} glucoamylase, protease 49| &4 ZA}F 235 RS Qo Uy} &
< o] &3ty kojiE WeE AL dE Al v dFEEY FE2 dE vEoierg |
kojiel A o] 7z} aAgA o] 43 #FE Attt FE e £L& gty AYste q4&&
3= E4+ glucoamylase® 4214 oW alpha-amylase A% T3 T3lel FHeo] e
Ao 2 dHA Aok Z+ ﬁ:9] g AEE dHEE NS ol SASY AFEE 3o
AA A Az Aot 33 2R gFT] g8 WrEd ddAFE FES dFoE

Aol AsAe zAETA AT
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Alpha-amylase and Glucoamylase
Activity on Koji

a Rice Koji Wheat Koj
s._v Alpha- Gluco Alpha- Gluco
] amylase amylase amylase amylase s
————— A;,%Wm’mg{’:,cm'—w Class
Rty ovtag N 1102 08 Dothidomycetes
= o comy
Wokeramomyces anomalss CN102 04 Eurotiomycetes
lehlhevm/n cory o biora ON1 2%‘;‘ 34‘ -2 0 0
Saceraromcapes fhugers LU 11 6 Eurotiomycetidae
Wiekamamomecs ananlas ONICE 6o Mucormycotina
8z mycopsis fibuligera CN1102_02
Pichia kudriavzevii CN1102_05
rhamomycos anomalis ON1502_03 Saccharomycetes
ichtheimia corymbifera CN1102_04
S romysapas dbulgars ON1102.08 Unknown
\spergillus flavus LNJJ 14_10 4
Aepergiue coeates s on ! Zygomycetes

ispergilus oryzae LNBS03_02
Pichia membranifaciens LNBS01_03

spergius orvzae ON2601.0
Sperails oryeas LNIYA 57
Spergilus oryzae CN2GD1 08
‘Saccharomycopsis fibuligera GN1502_04
spergillus oryzae LNJJ13_11
SR eharomycupere fbwigera CN2601_01 2
sperglus oryzas LNLIT4 0
fibuligera LNJJ12_07
I T Sa Toutiera (NOS13-07

xccharomycopsis

I | Pichia kudriavzevii CN1502_02

Uentneimia conymbers LNIJi4. 17
fbul

|
o] T

Aspergillus oryzae CN1203_08

Saccharomycopsis fibuligera LNJJ12_09

Saccharomycopsis fibuligera LNBS03_03

Ponicitun ookl G131 11 -2
ge7a LNBSO1 04

era ONoos—05

Lichtheimia ramosa CN2602_07
Synoephalatrum menosporum ON1301 06
Aspergills LNJJ13_03
Fietia uariaveon LNA13 06
omyces anomalis CN1202.06
Asae'wl/us oryzac LNJJT3,
Sherails oryeas ON1302 63
s anomalus LNL12.02
13

Vckerharm;
Syberlindnera )idvvm LNJJ12.
opions siront (N1 508

Sacaharomycopsls fbulgers Inasoa o1
Penicilium griseofulvum CN1301_04

Sa fbuligera LNJJ12_04
‘Saccharomycopsis fibuligera LNJJ14_03
Penilu airinum CN1301_01

fbuligera LNJJ13_04
Wonaseus raber (N1 13

fickerhamomyces anom:
swpmua ‘oryzae LNUT5 04
Wikerhamomycas anomalis ON1502_05

B TS TT T e b AL At (1] TR AR
s%g’
i HE ]
s
b BN
gecEis
§§§§?
£

5 anomaius LNBSO1_05

isper ryzae LNJJ14_1
ispergillus fumigatus ON2601_02

cpergis oryzse LN

amomycee anomaiis LNBS02_ 07

ccharomycopsis fibuligera CN2602_06
Reverain ety L g
Asperglus oyzas LNLJIA 62
ise LNBS02_02

Cenioimaconmaters CN1203 08
Aspergilus oryzae GN1301
operales onzae NATA TS
‘Aspergilus oryzae LNJJ13_08
Aaperglus oryzae LNLYI408

Ceastaramyionss uigers Dirsos: as
Saccharomycopsis CN1203
SeCharomyeopes Iooigers CNITS 08
Cihineimia corymbira EN2BO1 04

05
Wickerhamomyces anomalus CN1102_03
Lichtheimia corymbifera CN2602_01
Wickerhamomyces anomalus CN1203_10
Aspergillus clavatus CN2601_07
Lichtheimia ramosa LNJJ15_06
Sa is

Mucor circinelloides LNBS02_01
Bhizopus oryzae CNZ603.06
Asperoilus oryzae ON1301.0
ycosas thuigerd L1201
Syncephalasinim cemaun CN cmsm 10
Cladosporium oxysporur

AT T b
f
gas
é’g

a9 25. 2014

r

g1 3% 140+++2] Alpha amylase, Glycoamylase activity heat map
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Protease Activity
on Koji

Rice

Wheat

Peniciium cirinum CN1301.(
Penicillium griseofulvum CN
ﬁbulrgera i 07
Uihineimia corymbiera on2602.01
Mucor irnoloides LNBS02.01
Lichtheimia corymbifera LN,
‘Saccharomycopsis rbung-ra me 18
Lichtheimia ramosa LNJJ
Uknemn Uninown EN130T 12

06

Lichtheimia ramosa CN2602_07
Mucor circinelloides LNJJ13_12

Lihtheimia ramosa LNJJ12 03

Aspergillus niger LNBS02_03

Aspergius cavatus LNLIT3 01

Lentneimia ramosa

ormycapes ioulgors LNJJ13 07

13

o7
oryzae LNJJ14_19

N1203 03

momyces anomalus CN1102_06

ickerhamomyces anomalus CN1102_03
ifaciens LNBSO1_01

Plchia kudriavzevil CN1102_05

ius clvatus ONZ60T 06

Aspergillus oryzae CN

aromycopas toulgera LNIJ14 69
Wickerhamomyces anomalus LNBSO7_02
Aspergilus oryzse CN1302.07

Monascus ruber L
Rspraies onian LNITS 03
Asporgilus oryzag LNAIS11
‘Saccharomycopsis fibuiigera CN1203_09

Soecratomyeapas Touigora N2 04
Wickeramormyess anomales INJJ15. 08
Aspergillus oryzae LNJJ14_15
Sacctamycopsie Rulgers CNZEDT 03
Millerozyma farinos:
Aepargles orytas oNZED
Aperales oryoas CNAA 03
Saccharomycopsis fbulgera CN2601 09
Aspergillus oryzae LNJJ14_06
ickerhamomyces anomalus LNBSO1_05
Asperglus orvzae LAt 16
s oryzae CN1301_03
ergills favus LNJJ12. 11
Aspergillus oryzae LNBS03_02
Wckariamanyces anomas LNBS02 04
Aspergillus oryzae LNJJ14.
il memeyaniacions LNBS01
Saccharomycopsls foulgera Sisoe o4
romycopsis fibuigera CN1502_01

Licntheimia corymbera CN1102_04
Aspergils oryzse CNzS
omcane rhuigora L1414

o Toulgera L1205
Slccharvmywﬂm fibuligera LNJJ13_04
is fibuligera LNJJ14_20
Wickerhamomyces anomalus CN1502_03
Aspergillus oryzae CN1102 08
Aspergitus oryzse N4, 24
Hyphopichia

Saccﬂsmmycour: oulgora 1S 01

iy
Asperihs timigaius ON250z2 05
‘Saccharomy lbuligera LNBS03_01
Aspergius nzae e
s oyza L1405
ot imditin
Feriatum georgiense LNBSG2 o
Penicillum steckii CN1301_11
Penicillum citrinum CN1301_07
Lichtheimia corymbifera LNJJ14_25
‘Saccharomycopsis fibuligera LNJJ12_08
‘Saccharomycopsis fibugera LNJJ15_10
Saccharomycopsis fi rbung-ra LNJJ1426
Mucor indicus CN2603,
Etizopus mirosporus CN ‘Shasos o2
Rhizopus oryzac CN2603.
Penicillum melanaconidium CN1203_06
Saccharomyoopsls ulgers LNAIY
fbuligera CN2602_02
Pt aiavzend (N o6
haromycopsis fibuigera LNBS02_06
Saccﬂammympsrs lbulgera LNBSO1_04
jucor indicus
:mnamycom fibuilgera LNJJ14_23
Sacctaromycopsi fbulera CN1102 02
Saccharomycopsis fiuligers LNA12 01
avispora lustaniae OB
e anamyeapats nogar (Na1o_05

st g 14045

8 Class
Dothidomycetes
Eurotiomycetes

6 Eurotiomycetidae
Mucormycotina

Saccharomycetes
Unknown
Zygomycetes

-2

9] Protease activity heat map

19 255 =2 o -amylase, gluco-amylase A4 E=E 17 262 &2 protease A= &
2EE 2|83 Zo|t} HeatmapS &83 BAEE 407F9 Z §49 AL By 4 &
Hall w2 AdH IS FaeE, ASAS HFolste £ S ee Hole Aol H24
o] M&g4E G4 o] 3 e & 5 Utk
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e BAS BEdE 7 #kojiet 2 kojioll A alpha-amylase®} glucoamylase, protease &4
Bgol 5% 10/ #55 22 HE@ 2ol & 150/t
¥ 15. Z} enzyme activity Top 10 o
Top 10 Organisms on Rice Koji Top 10 Organisms on Wheat Koji
Organism ID z;\nlll;}llaas_e Organism ID Af\rigkll:s_e
Saccharomycopsis fibuligera CN1102_09 28.61 Aspergillus flavus LNJJ12_11 119.63
Aspergillus oryzae CN1302_02 28.24 Wickerhamomyces anomalus CN1302_04 103.21
Wickerhamomyces anomalus CN1102_06 25.29 Saccharomycopsis fibuligera LNJJ14_20 87.17
Wickerhamomyces anomalus CN1502_03 25.13 Lichtheimia corymbifera CN1203_04 78.07
Lichtheimia corymbifera CN1102_04 24.95 Aspergillus oryzae CN1102_08 73.69
Pichia kudriavzevii CN1102_05 23.52 Saccharomycopsis fibuligera LNJJ14_11 53.76
Saccharomycopsis fibuligera CN1102_02 23.12 Pichia membranifaciens LNBS01_03 48.68
Aspergillus clavatus LNJJ13_01 22.75 Saccharomycopsis fibuligera LNJJ14_18 47.04
Aspergillus flavus LNJJ12_11 21.88 Aspergillus oryzae LNJJ13_11 42.66
Saccharomycopsis fibuligera CN1502_01 20.14 Aspergillus oryzae CN2601_05 42.36
Gluco Gluco
Organism ID Organism ID
amylase amylase
Saccharomycopsis fibuligera CN2601_09 552 97 Saccharomycopsis fibuligera CN2601_09 977.91
Aspergillus niger LNBS02_03 268.83 Millerozyma farinosa CN2601_10 562.04
Aspergillus oryzae LNBS03_02 242.71 Aspergillus clavatus CN2601_07 490.07
Saccharomycopsis fibuligera LNJJ12_07 195.36 Rhizopus oryzae CN2603_06 440.85
Unknown Unknown CN1301_12 193.92 Mucor circinelloides LNBS02_01 422.62
Aspergillus oryzae CN1102_08 161.00 Lichtheimia ramosa LNJJ15_06 397.48
Aspergillus oryzae LNJJ14_09 150.97 Aspergillus oryzae CN1102_08 378.72
Lichtheimia corymbifera LNJJ14_17 150.93 Saccharomycopsis fibuligera LNJJ15_10 374.02
Saccharomycopsis fibuligera CN2601_01 143.35 Saccharomycopsis fibuligera LNJJ12_01 352.87
Pichia membranifaciens LNBS01_03 127.11 Aspergillus niger LNBS02_03 319.34
Organism ID Protease Organism ID Protease
Penicillium citrinum CN1301_08 7051.4 Syncephalastrum racemosum CN1301_10 14886.8
Penicillium griseofulvum CN1301_04 5284.6 Syncephalastrum monosporum CN1301_06 12777.1
Saccharomycopsis fibuligera LNJJ12_07 5192.5 Lichtheimia ramosa LNJJ12_03 12156.9
Saccharomycopsis fibuligera LNJJ14_22 4137.5 Aspergillus niger LNBS02_03 11645.6
Penicillium melanoconidium CN1203_06 3963.3 Saccharomycopsis fibuligera LNJJ13_07 11587.2
Rhizopus microsporus CN2603_02 3707.8 Lichtheimia ramosa LNJJ15_06 11264.4
Rhizopus oryzae CN2603_06 3598.8 Aspergillus clavatus LNJJ13_01 11016.4
Mucor indicus CN2603_01 3510.0 Saccharomyces cerevisiae CN2602_04 10120.1
Saccharomycopsis fibuligera LNJJ12_09 3337.9 Lichtheimia ramosa LNJJ15_02 9834.0
Lichtheimia corymbifera LNJJ14_25 3308.4 Lichtheimia ramosa CN2602_07 8831.9
2o FolA B ulel go] 4 4% $F 7F 109 Yol 3" #FEL u$ gIdgSs B 5 9
=8 AY dREEY #FE FRAA VM Bol 28, s8He #FEYE & 7 AT 9 ARE
b obelel ¥4 % AW w2 A

oA AEsled @ Koji 7|1Fo2 71 §a8A o] 43
el o .



High Alpha-amylase

and Glucoamylase Activity

on Koji
w Rice Koji Wheat Koji
E Alpha Gluco Alpha Gluco
U Amylase amylase Amylase amylase
11.87
21.88
179.42
174.23
10.54 89.56
8.54 53.76
47.04
25.29 209.86
28.12
23.52
25.13
24.95 141.99
[ 16.99
— 14.27 4414 28.26
20.14 38.48 159.66
-I: 22.75 26.74 157.61
7.21 126.1
7 8.99 161 378.72
12.42 18.03 319.34
—[ 16.76 193.92 35.68 204.98

927, 2014 SRS
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Saccharomycopsis fibuligera CN2601_09

Aspergillus flavus LNJJ12_11

Wickerhamomyces anomalus CN1302_04

Saccharomycopsis fibuligera LNJJ14_20

Lichtheimia corymbifera CN1203 04

Saccharomycopsis fibuligera LNJJ14_11

Saccharomycopsis fibuligera LNJJ14_18

Wickerhamomyces anomalus CN1102_06

Saccharomycopsis fibuligera CN1102_02

Pichia kudriavzevii CN1102_05

Wickerhamomyces anomalus CN1502_03

Lichtheimia corymbifera CN1102_04

Aspergillus oryzae CN1302_02

Saccharomycopsis fibuligera CN1102_09

Aspergillus flavus LNJJ14_10

Saccharomycopsis fibuligera CN1502_01

Aspergillus clavatus LNJJ13_01

Millerozyma farinosa CN2601_10

Aspergillus oryzae CN1102_08

Aspergillus niger LNBS02_03

Unknown Unknown CN1301_12

8 Class
Eurotiomycetes
Saccharomycetes

6 Unknown
Zygomycetes

4

2

0

-2

Alpha amylase, Gluco-amylase activity -2 32 heat map



High Protease
Activity
on Koji

Rice
Koji

Wheat
Koji

3090.35

2430.84

715.26

4188.67

6141.68

5071.65

5313.72

9833.99

8014.15

6642.47

10120.11

8831.95

8118.72

12156.93

11645.63

11016.38

11264.36

11587.17

127771

O

— 5284.59
_— 5192.51
— 1393.78
[ |— 1325.12
926.1

— -[ 1002.4
— 1261.78
| — 1490.55
-— 1947 .51

— 2124.71

1 2444.5
-I: 2332.37

ND

4|j[ 446.75
445.45
- 2763.57
2740.34
2018.06

E- Syncephalastrum racemosum CN1301_10

8 Class
Penicillium citrinum CN1301_08 Eurotiomycetes
Saccharomycetes
Penicillium griseofulvum CN1301_04 6 Unknown
Zygomycetes
Saccharomycopsis fibuligera LNJJ12_07
Lichtheimia corymbifera CN2602_01 4
Mucor circinelloides LNBS02_01
2
Lichtheimia corymbifera LNJJ15_07
Saccharomycopsis fibuligera LNJJ14_18 0
Lichtheimia ramosa LNJJ15_02 l
-2

Unknown Unknown CN1301_12

Wickerhamomyces anomalus CN1302_06

Saccharomyces cerevisiae CN2602_04

Lichtheimia ramosa CN2602_07

Mucor circinelloides LNJJ13_12

Lichtheimia ramosa LNJJ12_03

Aspergillus niger LNBS02_03

Aspergillus clavatus LNJJ13_01

Lichtheimia ramosa LNJJ15_06

Saccharomycopsis fibuligera LNJJ13_07

Syncephalastrum monosporum CN1301_06

1928, 20143 3R 3 Protease activity %8 3¢ heat map

- 160 -



®16. Lipase &4 A A3

Wheat Koji Extracellular Intracellular
Organism Lipase Activity Lipase Lipase

(milliunits/g) (milliunits/ml) (milliunits/g)

S. fibuligera CN2601-09 0.32 0 0

S. fibuligera KJJ81 0.02 0 2.83

S. fibuligera KPH12 0.10 0 0

R. oryzae CN2603-06 0.64 0.20 0

A. oryzae CN1102-08 0.50 0 0

A. oryzae CN2601-05 0.25 0 0

L. ramosa KPH11 0.10 0 0

L. ramosa LN]JJ15-06 0 0 0

L. ramosa CN2602-07 0 0 3.61

L. corymbifera CN1203-03 0.18 0 0

L. corymbifera LNJJ14-17 0.05 0 0

Control 0

Positive Control 2.642

The lipase activity &It F 117X #F=2 Saccharomycopsis fibuligera 3¢,
Rhizopus oryzae 15+, Aspergillus oryzae 2+¥+<F, Lichtheimia ramosa 3o Z1¢ L.
corymbifera 2v+F5 WGo2 ZAEIEH. 99 dFE2 EF GXEAY dHE a4
o] 7% dFEEAN FE2HAA AET WY ARAFTES TFA 9 E= Fll
F9] lipase act1v1ty§ 7] WHo = BEAsle] A g Aeolth. | kojoll A1 lipase activity
= Y #F= 002 ~ 0.64 mU/ge lipase activityE YEFR S Y L. ramosa 1.NJJ15-062}
CN2602-07 = 0 mU/ge 2 &Alo] At} Extracellular Lipase activitys= RhAizopus
oryzae?tr 0.2 mU/g«] 45 YyelW o ymA #3= &40l gl Intracellular lipase
activity:= S, fibuljgera KJJ817} 2.83 mU/mL, L. ramosa CN2602-077} 3.61 mU/mLE e}
Wt

al

(i

tH
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4 95 F2 BHELZA) FF B ATT @D A= 2 54 24
7F AdE FREAR 5 JdFE UNoE AEF Az U A
A AEF (85 AXE Hste] Yang et al (2013)e 2|t #HHS /WAsESE T of
17= 710l 22" 4 AxZHS A Add &, &, kojie] vl&S Eagk st
Mol sae Azgel glom Anth Zo| wgg WA st Zo] AwiHolth B ATl
= HluA sk AlzH 3M(Yang et. al. 2013)S 7|E WHHO R JFFIP, =54 UH
HE A A AT HEge AzHOZE MAsAT (£18).
B17. wde] Az BH 2L SEmA | RS
| B T V=R (g) = (ml) A= (g) =An Reference
= — 3
i 300 250 4x10° cells/g Kang et.al
1 Gz 1 750 1300 - - 2014
Total Ratio 3 7 1
U - 62 38 0.02% .
K t. 1.
2 "z 1 32 68 - - m 2e012 2
Total Ratio 1.6 6.5 1.9
3 U= 80 140 20 1x10°ells/g  Yang et. al.
Total Ratio 4 7 1 2013
4 U 2000 3000 500 * - Jeon et
Total Ratio 4 6 1 = al.2010
U - 200 100 -
5 e 1 - 2400 900 - Choi et.
Gl 2 4800 7200 - - al.2014
Total Ratio 5 10.3 1
£18. 48 Axy Nd =4
= u Car o ol Hl| FAIZE
0| i 1549 (g) = (ml) A= (g) (day) v 11
U 800 1400 200 7
1 == B Koji
Total Ratio 4 7 1
Uz 250 1500 200
2 Gl ] 1000 - - 7 U718 Koji
Total Ratio 4 5 1
U 250 500 30
& 2 500 500 -
Total Ratio 4.9 4.9 0.2

A= L7|= 50go S/ 30mLE H7bel w3k F A2l 1083 #A3 5 2
& W= 30g A 500mL b 7153 polypropylene bottleo] ¥@ar 121C, 20%3F 7}
At ATh AFA| A o] Hj e Fo] B SR 10mLE HUbs o 39S
of AoA @3 "Wy AFstAt HE &5 § 32 FF wdrielA 30T, A
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F5 T0% =310 72413t v st itt.
g5 Az AHEE S AlF st 243 s =l AR F, Aol LA 307 T =
715 AAT s S AEo 93 1A 308 SAST. S # AS 204 ¥
A aFE, & des Azl B2 e AF3] S-St TaF A2 & FYded '
of Aol migFAIZ ] BHA MigFd T B2 AFEE AFE ol &Y. gAY A
Aoll= Alpha-amylase$} glucoamylase activityZ7} %S A oryzae CN1102-08 #F5 X Eis}
ATt
#19. A. oryzae CN1102-08 & AEA

A. oryzae CN1102_08 Alpha-amylase activity = Glucoamylase Activity

Rice Koji 8.99 161.00

Wheat Koji 73.69 378.72

U 253 (&F) AxY 3.2 : 712 A=Y 394 Lactic acids A3 4hy

2013-20140l B3 H+F F FZFAA %44 g #5579 84 o] Ha o] &
T Az g HgS o vt Fo] T2 fH”OE 85 AABSATH AT
A ATEAoE MEeas RAL A% S MG IDM S FEALE A
BoE TESATh UM IDMe AgAGelA FHE FHo2 AANE FYUH ¢
UE FEEHE Aot

of\ m]ru

20, el Azel AEH FF FE

a) b)
Strain Name -?\lxrr)ll;?ase SIlIlllﬁioiS o Protease © Lipase ¢ #FAA &

Aspagillus aryzae CN1102-08 73.69 378.72 277.90 0.5 Good flavor

. High gluco
Aspergillus aryzae CN2601-05 42.36 205.52 1197.78 0.25 amylase
Saccharamycgrsis fibuligera K]]81 7.86 131.55 53.27 0.02 WGS
Saccharomyegpsis fibuligera KPH12 1.97 68.06 537.06 0.1 WGS
Sacclaranyeopsis fituligera CN2601-09 12.22 977.91 573.73 0.32 H;grgy pluco
Rhizopus aryzae CN2603-06 2.93 440.85 1188.30 0.64 Good flavor
Lichthamia ramosa KPH11 1.64 83.71 7852.90 0.1 WGS
Lichtheimia ramosa LNJJ15-06 3.86 397.48 11264.36 0 High protease
a) The glucoamylase activity was defined as the units of glucose released per gram of koji.
b) Alpha-amylase was defined as the amount of ceralpha units per gram of koji.
¢) One unit of protease was defined as the amount of enzyme required to release lug of tyrosine/hour.

d) Lipase activity is defined as milliunits of glycerol released per g koji.

th. F8 #F S fibuligera ¢ A. oryzae #-F ZFE AEF (FF) A=z
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S. fibuligeraZ A =% wAg]= T, reducing sugar, #HF volumee] ko] HrolA, A
oryzaes Z%3ste wtAeE]lE A xSt final volume, FA 74, reducing sugare] -9
dE Aog o= A oryaze CN1102-08¢} Z3ste] 2tdzlE Al =Z33Th

¥21. A oryaze CN1102-08%} %&ste] wtde] A xo] ALL3 75 Z=

Alpha Gluco

Strain Name ~Amylase amylase Protease Lipase Enzyme Activity Sequencing

Saccharomycopsis fibuligera CN2601-09 12.22 977.91 573.73 0.32  Glucoamylase T Resequence

Lichtheimia ramosa L.NJJ15-06 3.86 397.48 11264.36 0 Protease T Resequence
Lichtheimia ramosa CN2602-07 1.12 177.35 88319 0 low « ‘fmylase Resequence
Lichtheimia corymbifera LNJJ14_17 10.34 181.36 21985 0.05 a-amylase  posequence

Glucoamylase T

Lichtheimia corymbifera CN1203_03 7.75 0.00 1402.3 0.18 Gm‘éo‘a?nmyylgassee | Resequence

gt AdE ¢ A48 IF WY = AxW A4

ra

2 g2 F AL A% 24
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h = &2
=ol7] Al AT AxHEE ARSstAT A=W 32 AlxY 200 Wlste] &ko] Eos
RN G2 2w ST FAGAEE 25 =3oH, pHe F O WEuth
- A & #F9 9428 FE THE Wrey] st iz A=z S A5
o
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Finalvalues | pH | Brix(°)
Recipe 2 43 | 118
Recipe 3 EX 15.9
d.
2™ Mash 3 Mash Scent
6.0

101 \ /

100

w
w

Body 1 .1 Sweetenss =—=Recipe 1

w
oo

m——Racpa2 m——=Recipe 2

Recipe 3 “Recipe 3

Weight Loss (%)
s 9

Alcohol Taste Sourness

= B s |
&~ h

0 2 4 B 8 10 12
Time (Days)

a9 29, shde Az 2d 3w Hlw FA

a) recipe® =48 #E GA 1) recipe 1 ii) recipe 2 iii) recipe 3.

b) pH and Brix(° ) of recipe 2 and 3. (not shown recipe 1)

c) Weight loss of recipes 2 and 3 over the brewing period. (not shown recipe 1)
d) Taste profile of recipes 1, 2, and 3.

9 29 299 at =AY Az B AS Ao AHelth YR TR ol wek 3
F oHad Mol U AS AAT £ At DE ATEA pHSf kg T el
=1 4

i

pHE= 401 ~ 4392 H|s=5lH, bixe= A2 3Wo] 1592 ¢S =3t FA Tas A=
H 2Wo] 95% =2 AW 3 98%KTF Bokth d)= taste profileZ AxH 104 302 4
= overall acceptability7} ZolAE AL 2 & AT
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(2 =423 A=Y 3.2 : 983 A=Y 394 Lactic acidE A< @4

¥ 22. w48 Az 3.29 HF pH, reduced sugars (RS), volume, weight loss (%)

Sample pH RS Final Volume (ml) Weight Loss(%)
S. fibuligera K]J81 4.2 24.50 1000 97.36
S. fibuligera KPH12 4.1 20.16 700 98.52
S. fibuligera CN2601-09 4.4 22.29 600 98.90
A. oryzae CN1102-08 4.3 116.52 1400 96.52
A. oryzae CN2601-05 4.4 138.03 1300 97.41
L. ramosa KPH11 4.6 146.64 1280 97.27
L. ramosa LN]JJ15-06 4.6 160.23 1300 97.00
R. oryzae CN2603-06 4.4 126.04 1220 97.60
a b.

===, finuligera KJJET
=5, fipuligera KPH12

=, fibuligera CN2601-08
==y, oryzae CN1102-08 &
=4, oryzae CN2601-05 55
==, ramosa KPH11 .

Weight Loss (%)

w==| ramosa LNJJ15-08 45

w===R. oryzae CN2603-08

“JIDM -
Jdm

a 2 4 B 8 10 0 2 4 B B 10

Time (days) Time (days)
c.
1800
1400
= 1200
E 1000
o
E 800
5 600
> 400 I
o i i . i -
o i l
& ()’\‘
\ g x’* = o >
R & & \\“‘ & & s &
& & ol & o P Rai o
& 3 & # £ &5 F 2
@ & * & & W & i
i ¢ N = w o @

VS|
]

¥ 30. HEYAlzY 322 Ax3 42y &

o
A

I3 30049k o] e Ha A F 99 T FA FAEES 95.8 ~ 988%E S EHS
o F M9 53 A orzyae CN1102-087} 7} wh=2A] A4S oW, S fibuligera KPH129}
CN2601-09 7} =&t} 228 A F F pHE 3.7 ~ 4602 279 F5o] 372 71 wqko
W, L. ramosa 249F7F 4.62.2 7} =94tk A g2y whde Hx BaE 24LE A ASH
o}, S fibuligera strain®.Z ¥ wA g7} CN2601-09 0.6L, KPH12 0.7L, KJJ81 1LZ Htoj 1/2
~ 1/37}A] ZFastg o, UMA| A oryzae, L. ramosa, R. oryzae ¥#++= H12 wtdg]= 1.2 ~

1.4L ot
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o

(mg/mi)

Reducing Sugars

Reducing Sugars (mgiml)

600.00 — 250.00
500.00 E m—— oryzae
400.00 = CHN1102-08
il JJOM E 45000
! it ® m——p. Oryzae
200.00 e E., CN2601-05
100.00 | @
0.00 g
o 2 4 8 B 10 E i) 2 4 B a 10
Time (days) & Time (days)
d.
250.00 — 258000
E m——{ LB 5.
200.00 S—— & 200.00 - fiouligara
: g o
150.00 - .
KPH1 P 150.00 . (P12 5
100.00 L. ramosa §1o000 foy 1 Mg
3 - sk
—— LNJJ15-08 @ non o - ""}_; : CNZE01-09 5.
o = & ! o el i finuligera
0.00 @ o — R. oryzae £ oo (A - - .
o 2 4 & 8 1p  CN2603-06 g 0 2 4 B ] 10
Time {(days) 3 Time (days)

a8 31 | 9Yzte] AT 24
a) nuruk b) A. oryzae, c) L. ramosa and R. oryzae d) S. fibuligera

A Az 9 A5 Reduced sugar(RS) #k-2 20.16 ~ 373.55mg/mLoZ ZALE AL
FHEE FF 2T & FF, ¢E VI B 543 S AT AES B Al

A. oryzae & F743) ZF71ste] 1709744 ZF7Fe Tz 5Y B¢k 111.830.2 oA ZHa
Aot L. ramosa$} R.oryzae= °F 8A7FA 204.930.2 ZXAH o7 ZFrisitlrt 144.130.2
ASAY. S fibuljger straine MWEH o7 uro Bt JjHS B o, 2d47tA <FiH
S7FER Tt 24kl 5 o] Fol= HUE WUt Q. g ‘1}741“4«1 g3},
A A wAEl o8] % l"irol Hﬂ?ii A7 ZAox dRky

detta A vk matA SdGS FAVE 24 FAE & iAo E et E
S5 A glo] FEFE F= A Lﬁl & 7k ] (2 -E3D.

ol
-

oﬂ F{E

o
i
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Scent JJDM
8.+
JJiM
Overall =3, fibuligera Overall 6. - Sweat
Acceptability - K181 Acceptability, el owes
=5 fibuligera = +
KPH12 2
5. fibuligera 18- &3 L
Body CN2601-09 Body i . Vi
i Alcohol! \
Carbonation % i Alcohol!
Bitterness Carbonation Bitterness
[ d.
==A. oryzae Seant =es|, ramosa KPH11
CN1102-08 8
Cwverall = oryzag 5 L. ramosa
L | Sweet CN2801-05 Overall . LNJJ15-08
Acceptability . : Acceptability . Swest
R. oryzae f 4 e
CMN2603-08 g
Body ' Sour Body *, o A /| y ' Sour
- Alcoholl N Alcohal!
Carbonation Biligrmiass Carbonation Bittemess

a9 32 #HEy B, v 5 VIEE 7Y
a) S fibuligera strain makgeolli b) Nuruk makgeolli
c) A. oryzae and R. oryzae strain makgeolli and d) L ramosa strain makgolli >

¥23. 289 Vzx B4 Ay

Sample Scent  Sweet  Souwr  paond/ E{%ﬁ Body Accc?c;e;;],lmy

S fibuligera KIJ81 36 34 6.2 62 1 38 3375
S fibuligera KPH12 24 26 74 5 3.2 34 3375
S fibuligera CN2601-09 36 18 36 36 28 58 2875
A oryzae ONT102-08 58 14 5.4 7 14 38 575
A oryzae ON2601-05 6.25 5,875 475 6375 1625 565 6.5

L. ramosa KPHI1 375 575 1 5,625 1 5 125
L. ramosa LNJJ15-06 2125 4375 35 5375 3625 15 275
R oryzae ON2603-06 52 6 5.4 6.4 18 16 6.125

9 19 329 ®238 Z+ #FHEE thokdl taste profiled HolF

= A=dW S fibuligera
strainsE< R &-557

K

b 23] 253 Bel A1 F= A9 glee ¥ & AU
HYE FEARE BE ALY A FYVR BE $Fo] QWA 5T} 6O W]

wF FL Wolgoy FuU4k UE ThE FEL 3o IX3 9 At
o] Y= Aoz Ay} Y& Aoz uwd AxAA e Zuay we ©dlr] 93



=
AaL A&Ake

A. orzyae <}

3) F8 @F S fibuligera & A. oryzae ¥-F 2oz wdg Az
AdE FOAPSA I 9 a7 gdHFF kojiEz WE wHdEe ASAAE
S fibuligera w53 Fr|et 8t EAo] 5% ALE YWY A oryzae 45
o kojigE A=xste Ag EAE ZASIAS (9 33). wpAIE 2A4g A4 7
el

371 QT AT A oryzae ©E0)E w KRl Ax= Edth U3 (Reducing
sugan®] A9 F #TE ZFMA F2T A 5 Zo] A&EHoRE FU) (753mg/mL)
st 4 (370mg/mb)st= dHE 2tk KPH12 + CN1102-08 =3H-2375.55mg/ml,
CN2601-09 + CN1102-08 Z=32 218.4mg/ml, KJJ81 + CN1102-08 =32 96.4mg/mlo.= =
AE JATh HE volumeS S fibuligera S =0 2 § S wjo} vlwdty F #FE g3 A
$ 600914 14007+A] =7ttt © A oryzae ©Eo 2 AP E A xRS =
1400mLo|lonzg A FH4FE 23t MAddE " & & gt AsAFddA=
T OFE 233 A A oryzae CN1102-08 =02 w48 E Ax 39S 49 =2A

3 fFrAbe 235 UElTh mets T 3FFE 2@6e o £ 25X
S g aE B F Aok 238 A oryzae 9 R oryzae §E2 S & ©¥kojig
FxEAHo] Blae-fld AT E F AU

m— fbuligera KJJBT BO0.00

Q9.5 w5, thullgers KPH12 g
g i g &00.00
==, fibuligera CN2E01-09 w 500.00
g 985 g,
= 5'400.00
_::E“ 98 s—oryzas CN1I02-08 o
o
5 300.00
=4
£ 5. fibuligers CNEE31-09 E 200.00 : -
- fiouligera - | ~ . . 5 z
a7 A oryzas CN1I02-08 E A‘_‘,_‘--’. - "-—‘\__
96.5 100.00 -9 FR_=
5. fioullgers KJJBT A 1 TR . S
95 - - cryzae CNTIDZE 0.00 - el e
0 2 4 6 8 10 ” _ o 2 4 (5] i1 10
5. fibuligera KPH12 A
Time (days) oryzae CN1102-08 Time (days)
€ 1800
1400
1200
E 1000
g 800
3 800 -
2
400

-: i 3 1 1 j E E N
SN B e e e e
i - .

5. fibuligera S. fibuligera S. fibuligera A, oryzae S, fibuligera S, fibuligera S. fibuligera
K.JJE1 KPH12  CN2601-0% CN1102-08 CN2601-09 KJi81 A,  KPH12Z A

A oryzae oryzae oryzae
CN1102-08 CN1102-08 CM1102-08

Axis Title

19 33. A. oryzae CN1102-08 ¢} S. fibuljgera. 33t A =3k wt2e] A)=43}
a) Weight loss over 9 days. b) Reduceed sugars in the brew culture over 9 days.
c) Final volume of the makgeolli after filtration.
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3d. 75 7 & A3 AT F=x 784 sis " 9] A

Fote] Hlw FHA B4

1. & 33} - X8 FF Aspergillus oryzae, Lichtheimia ramosa & 2| 3=
nAE T 24 9 FH3 745 F 7P NEZE A dEbd APEAE T A
%3} Rhizopus, Mucor - X3$F8l= Mucorales % Lichtheimia ramosad-] Wlal F734 &
AL 8l #FE AR & FAAE E=sta stk & 249 2ol 4
T 54840 w1 B2y EAol W =& AS At Lichtheimia
L. ramosa} L. corymbiferad+5 % S48 Ao] A3 AoVt v= F M 4F
StRATE. A oryzae 29w FJEFAAAE ZE3H7] st GEH EHA vlo]l L AT A9 A
ol Al FAAEAAE oA PacBio NGS ¥ 22 whole genome De novo Al#ASIA AL,
Nl -FAA4 B8 Y8l Lichtheimia 49| 47 ¥F+ ¥L-Fv|v (llumina) HighSeq 20002

= A4

u 2

24 vy FAA 24 A 5 AR ol

. Alpha Gluco i MZEO|o
Strain Name -Annlase amylase Protease Lipase MHEOo|S
Aspergillus oryzae BSSS-F2 73.69 378.72 277.90 0.5 Good flavor
7 - a-amylase
Aspergillus oryzae ))BP-E3 4236 205.52 1197.78 025 Glucoamylase 1
Lichtheimia ramosa JISP-G 3.86 397.48 11264.36 0 Protease 1
Lichtheimia ramosa SC-bl 1.12 177.35 8831.9 0 low o-amylase |
. - . ) a-amylase
Lichtheimia corymbifera JJ4-H2 10.34 181.36 2198.5 0.05 Glucoamylase 1
, - . ) a-amylase
Lichtheimia corymbifera SH-C2 7.75 0.00 1402.3 0.18 Glucoamylase |

7}. L. ramosa KPH119] FZ/FA A AR EA
L. ramosa Alu ARE EA4317] 98l PacBioAe] Single Molecule, Real-Time (SMRT)
sequencing WO Z sequencingall A ¢F 73X coverage (32Mbp7])9] readsE L, ©]
£ Hierarchical Genome Assembly Process (HGAP) pipeline©.Z de novo assemblyE 4 A

3te] 29709] contigE LUt (1 34).
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Mean Subreadlength 5388 Nso 12098
Total Mumber of Bases 2347248411 Number of Reads 250011

Subread Filtering

2000 T T T T —12500

42000

41500

Subreads

41000

Mb > Subread Length

10000 20000 30000 40000 500000
Subread Length

Far Reszarch U

% 34 L. ramosa Pacbio Subreads Filtering Information

Polished Contigs 29 Max Contig Length 6024551
M50 Contig Length 3257081  Sum of Contig Lengths 31484530

Contig Coverage Vs Confidence

50

Mean Confidence (QV)
=]

500 1000 1500
Mean Coverage Depth

13 35. HGAP pipeline©. 2 assemble® contig & X

ConitgE ¥ A chromosomes TH=7Z 3} chromosomeE 2] EZ9] repeat A HE EA 3| A
TTTAGGG®] telomeric repeate] EAst= As EAda, FFolF<2 ribosomal RNA
sequence®} homology search® ©]&3l4 <F 11kbp =719] rRNA cluster7} HHEH = A&
gl got (28 35). ©]u sequencing@ @ Illumina PE A3 5<& &84 < 60~707] 9
rRNA cluster’} 6702 chromosome %thol] ZEAjsict=E AL LA A o 6719
chromosome©] 11~127§# 2] rRNA clusterE 7}4 % 68701 rRNA cluster’} 5 =% 3t}
AEH o2 L ramosas °F 31.88Mbpa7]E 7FA= 10709 chromosomes T4 U+
o), o5& o ol 4~147)2] telomeric repeat (TTTAGGG)S 7}Ax 9t} Draft gene
annotationd 3 12,3557§ 2] mRNAS} 14571 ¢] tRNAZF A=Atk (& 25).
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¥ 25 L. ramosa KPH11¢] genome 4 E

chname chsize CCCTAAA | TTTAGGG | #rRMACcls

ch01 6,024,677 14 11

ch0? 3,652,425 13 14

ch03 3,433,391 14 4 rRNAcls*12
chi4 3,350,265 10 13

ch05 3,338,532 13 4 rRMAcCls*11
chD6 2,965,102 10 4 rRMAcls*11
ch07 2,772,364 14 4 rRiAcis*11
ch08 2,729,116 9 4 rRMACIs*11
ch0g9 2,542,651 13 4 rRNAcls*12
ch10 1,074,722 11 14

total 31,883,245

. A oryzae JIBP-E39} A. oryzae BSSS-F2 24 AREA A}

A. oryzae ]JIBP-E39} A. oryzae BSSS-F2 34| +x& u3s]”7] 93l PacBioAle] Single
Molecule, Real-Time (SMRT) sequencing WS =Z sequencingdiAl Z+zt 54X} 80X
coverage?] readsE2 3., ©]E Hierarchical Genome Assembly Process (HGAP)
pipeline©. 2 de novo assemblys AAlste] Z+z+ 2170 <F 1970¢] contigs AU (2 36 ~
39).

Mean Subread length 5956 Hs0 8707
Total Number of Bases 21177968742 Number of Reads 355537

Subread Filtering

7000 T T T T T T T ™ 2500

42000

41500

Subreads

w
o
IS}
o

41000

Mb > Subread Length

5]
=}
S
s}

4500

5000 10000 15000 20000 25000 30000 35000 40()(:’0O
Subread Length

Generated by SMRT Fipe 17 Aug 2018 01:42 FM
s251h Use Oy, Not far use in disgnoste prosedures

s25

a9 36. A oryzae JJBP-E3 Pacbio Subreads Filtering Information
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Polished Contigs 21 Max Contig Length 6628751
M50 Contig Length 4864748  Sum of Contig Lengths 33073424
Contig Coverage Vs Confidence
50
bl -
H -

=
Cr 40
oy e
@ .
|9 e
@
= 30
i
£
a
U
g 0|
i
=

10

DD 500 10040 1500 2000 2500 3000 3500
Mean Coverage Depth

29 37. HGAP pipeline©. 2 assemble® A. oryzae JJBP-E3 contig & X

Mean Subread flength 7121 (] 10489
Total Humber of Bases 3065389322  Number of Reads 430425

Subreads

Subread Filtering

12000 T T 3500

10000 | ) e

412500
8000 £
o
=
L
2000 -
o
o
6000 - e
|
11500 &
A
o
=

41000

-1500
- 0
20000 30000 40000
Subread Length

1% 38. A. oryzae BSSS-F2 Pacbio Subreads
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19 Max Contig Length
4718806  Sum of Contig Lengths

5968989
38409842

Polished Contigs
N50 Centig Length

Contig Coverage Vs Confidence

50

Mean Confidence (QWV)
= <] &

[
=]

o

o 2000 4000 EOO0 8OO0 10000

Mean Coverage Depth

12000 14000

1% 39. HGAP pipeline©. 2 assemble® A. oryzae BSSS-F2 contig % X

o] contigg& #¥AHA chromosome T+F& 8¢l Ay, A oryzaed] FEFHAAJ A
oryzae RIBA03} v37tA 2 87)2] AMAZ FAEH JSS &A3ATh

ol F A omyzae ¥F FAAE FAStE GAAY dodd= AACATTAGGGTCe
telomeric repeate] EA13t= A-S &AA T (3 14, 15)

¥ 26. A. oryzae JJBP-E3 &A1 A|E2] telomeric repeat 7|5~

JEF-E3 GACCCTAATGETT |AAMCATTAGGGTC
chn start end

chi 3] 10

ch2 7 11

ch3 11 7]

ch4 3 a

chs i a

ché 11 3]

ch7 T 7

cha Fi 11
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| 27. A oryzae BSSS-F2 |2 A|=9] telomeric repeat 7)<~

B555-F2 CGACCCTAATGTT |AACATTAGGGTC
chn start end

chi 11 2

ch2 a8 11

ch3 11 a

ch4 4 12

chs 4 10

ché 0 a

ch7 12 0

chi 2 0

T3, A oryzae @A =3 homology ¥4 F3lA A flavuse] FZ2FAAA A flavus
NRRL3357¢] scaffoldE= &A] 8709 HAMAE 7FA&=d, MUMmer £X2A3 A oryzae
JIBP-E3¢} & dMAF2E 7= AS gstdnt (9 40.

| LG L GECTE TR 3 TR SR R o TRl TR S, R M X 7

13 40. Mummer analysis between A. oryzae JJBP-E3 and A. flavus NRRL3357

A oryzae JIBP-E3¢t ©+& A. oryzae + w7 FAAE#S MUMmer #4143, o F
ZdFA A oryzae RIBAOF= SrFdloA FAA|7Ee] rearrangement”} €olwta, A.
oryzae BSSS-F2¢9}= L dlolA HMAE37Ee] rearrangement’} Holwt=dl, °lAS A4
oryzaed| X DA E7r9] rearrangement’} EHehS Wl (19 41, 1Y 42).
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1% 41. Mummer analysis between A. oryzae JIBP-E3 and A. oryzae RIB40

™ L T ea

N

9 42. Mummer analysis between A. oryzae JJBP-E3 and A. oryzae BSSS-F2
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2. ME fAAE B FUN2FY $4 54 Fd 44 94
b 22U R R Aspergillus sp.o) FF B R 5 54 BE vmaAA 24
o FHA S

Jo

(D) Aspergillus sp. ZZFAA 2L 1 AA &=
Hla FH1A 245 9ste, 1-3 2 A= FFolA 22 A oryzae 45 5 6 /Mo o
TFE AR }If_ %} A A flavus = xF TF
1=

o ATCC22546, A. oryzae
NRRL1989E % 3}04 8 Mo Aspergillus #+FES AAA AT (GE 28). FTHFANA &
23 A oryzae % 2 #F (JIBP-E3, BSSS-F2)= FzHAAE &83}7] H??H/‘i el 2HA
Hlo] @ A 49} /H%HJ Yol fRAAEAAE A PacBio RS 1 platform (Pacific
Biosciences Inc, California, USA) %o =& whole genome De novo A#EASIATH
Pachio-based reads¢] assembiles= Hierarchical Genome Assembly Process (HGAP 3.0)<}
PBcR pipline of Celera Assembler WH-& o] &3t Y=t (BerlinKer al, 2015 ).
Assemblers& 3l €2 contigs= Blast N W& o] &3} mapping st ok (Altschulet al,
1990). & #F= A3 HE 6 Mo Aspergillus 4F5L @E|EHA vlo] AT AoA o
Fuu; (lumina) HighSeq 2500°.2 AJ#AAJ3SI% o™, spades assembler 3.9.05 ©]-8-3}
assembly s} T

¥ 28 vl A 4 i, AlEA 2 assembly W

No. Species Strain Seq method Assembly method
1 BSSS-F2 PacBio HGAP v.3.3
2 JJBP-E3 PacBio HGAP v.3.3
3 Aspergillus oryzae YI3-2 lllumina HiSeq spades 3.9.0
4 JJ4-b lllumina HiSeq spades 3.9.0
5 DG2-1 lllumina HiSeq spades 3.9.0
6 SW1-6 lllumina HiSeq spades 3.9.0
7 Aspergillus flavus ATCC22546 lllumina HiSeq spades 3.9.0
8 Aspergillus sojae NRRL1989 lllumina HiSeq spades 3.9.0

FZHHA A oryzae 2 dF (BSSS-F2, JIBP-E3)+= PacBio RS II platform (Pacific
Biosciences Inc, California, USA) W o2 Z+7F 54X} 80X coverage?] readsE< AL,
o] & Hierarchical Genome Assembly Process (HGAP) pipeline©Z de novo assemblyE 4
Alste] Z4zE 2170} 19709 contigE: AT (F 29). F +FE ALt ©E 6 79
Aspergillus +5FE& % 63 & coverages?| readsE3} contigE A Ath.

£ 29. v FHAA Aspergillus 8 ¥5E2] reads, coverage, contigs X

No. Species  Strain Fir'etgaid goverag gconti Lcaorgt?;t
1 A. oryzae BSSS-F2 430,425 80 19 5,968,989
2 JJBP-E3 355,537 54 21 6,628,751
3 YI3-2 61,829,318 163 871 817,091
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4 1J4-b 70,911,646 187 1,121 552,834
5 DG2-11 70,710,478 186 1,004 850,520
6 SW1-6 66,563,512 175 1,152 603,200
7 A flavus ATCC22546 170,524,500 449 3,728 640,142
8 A. sojae NRRL1989 81,114,778 203 1,322 598,667
A oryzae EMAE3 homology w4e FMA A fAavusd] F2FAAA]N A flavus
NRRL33579] scaffold&x QA 871¢] GAAS 711 o Lyuat ¥+ Fd9 A
oryzae ¥+% (JJBP-E3, BSSS-F2, BP2-1)3} ¥ & F=zH#3 (RIB40) 7He] AA A AlHE2 =
7], GC Hl& (%GC) 5& FAEHS 49903, mitochondria 7+ T3S & 4+ ot
BSSS-F2& oAl E5A] 82 AR AA27E ol = ol ®Wolo] 93 AJA AT
dart Qo] Bt (& 30). 7+ ¥FE AT 02 6 Mo Aspergillus 52| contig
ordering information2 ¥ 313 2t}
® 30. A oryzae #5533} A flavus QA TZ B 2 EA
RIB40 JJBP-E3 BSSS-F2 BP2-1 Aflavus
chn chlen 9%GC chlen %GC chlen %GC chlen %GC chlen %GC
chi 6,520,266 | 48.21| 6,628,751 | 47.35| 5968989 | 4736 6536469 | 4735 6447362 | 4829
ch2 6,264,705 | 4857 6,318,930 | 47.60( 5791610 | 47.66| 6393522 | 4754 6,261,997 | 4842
ch3 5123684 | 4830 5,067,839 | 47.34| 4913,890 | 4748 5114879 | 47.1| 5116275 | 484
chd 4887,096 | 45.00| 5014470 | 47.10| 4718806 | 47.26| 4756038 | 47.22| 4757079 | 4817
ch5 4 533,889 | 43.29 4611,334 | 4735 5497912 | 4746 4671750 | 4743 4524962 | 4836
ché 4190,347 | 48.08| 4059978 | 47.10| 4094008 | 4682 4228717 | 4705 3998117 | 4854
ch7 2933451 | 4843| 4,314,127 | 4713 3249317 | 4811 3267634 | 48.14| 3,002,395 | 4838
ch8 3,395,259 | 48.19| 3,135,072 | 4690 4250471 | 4705 3,517,318 | 4655 3,179,205 | 48.23
470 6,938 | 31.78 37,287,392 | 48.35
470 18,226 | 43.35
Q47Con( 8,921 | 46.07
utll 35,390 [ 355
mt 29,202 | 26.15 29,206 29,205 29,216
tot 37,912,014 | 48.24| 39,179,707 | 47.27| 38,520,983 | 47.38| 38,486,327 | 473| 37287392 | 4835
402,696 | 44.19|un_313
X 31. A. oryzae contig ordering information
NRRL18989 DG2-11 la-b SW1-6 YI3-2
chn ‘#con [sizel size2 lchn  |econ fsizel lsize2 chn lcon fsizel size2 chn fcon  (sizel size2 chn {#con |size1 size2
chl 74 6,654,765 5656955 _chl 86 6464925 646?&?5 chi 111 6,409, 266 6,412,566 | chl S0 6381088 6383758 chl I 65 6,395,515 6,397,435
ch2 83 5485159 6487 6}9-f:ché 59 i 6,313,762 1 6315 5432:‘;12 126 6,339,075 6,342,825 chZ i 73 i _6246581 ‘ 6248741 ch2 I 77 6221694 i 6223974 1
Vc-h3 100. 5,267,703 5,270,673 I ch3 56 i 4934196“ 4035848 ‘c-l:|3 71 4,967,466 4,969,566 | ch3 i 50 i 5,032,932 ‘ 5,034,672 ;hi J 47 i 5‘058,760" f 5.060.080):.
cha | 56 4,942,213‘ 4,943,863 | ch4 53 4703,874 4705434 |'chd | 93 4,709,520 4,712,280 | ch4 111 4,728,304 4,731,604 |chd | 38 4,639,362 4.640,472‘
chs ‘ 54 4,625,709 4,627,299 | chs 43 4,454,914 4,456,324 | chS |71 4,493,510 4,495,610 | chs 58 4423104 4424814 |chs | 43 4,461,867 4,463,127
che 92 4,906,219 4,908,949 | ch6 35 3,897,837 3,898,857 |ché | 49 3,917,469 3,018,909 | ché 41 3,895,733 3,806,933 |ch6 | 41 3,902,800 3,904,000 |
ch7 30 2,335,654 2,336,524 | ch7 45 3,156,961 3,158,281 |ch? | 58 2,840,958 2,851,668 | ch7 32 2,838,083 2,839,013 |ch7 | 34 3,011,148 3012138 |
| ch7end | 131 684,024 528,824 |
chd 7 3‘303‘3657 3,304,565 .chE 20 3,088,172 3,088,742 | ch8 36 [ 3.031.901” i 3,03:?‘,9517 cha I 27 3,053,878 3,054,658 |chg ] 17 3,089,873 I 3,090,353 |
mi 1 20,136 29,136 | mt | b S 29,282 29,282 mi | b § 29,259 29,259
un2k | 123 839,985 839,985 7un2k 32 364,639 | 364,639 |un2k | 19 70,338 70,336 | unzk 36 288,850 288,850 |un2k | 50 145314 145314
sum 654 (39,389,908 | 39405568 |sum 434 | 37,379.280 | 37,391,100 |sum | 766 | 37,502,707 |37,524817 |sum 527 | 36,888,553 | 36,903,043 |sum |413 36,955,532 | 36,966,152 |
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A. oryzae JIBP-E3¢} T2 A. oryzae ¢+FE2 FAA TS MUMmer #4123, 25 87)2
AMAE 7HAH, JIBP-E3¢} 22 A F2E JHAE AS ddstAdnt ¥, A oryzae
BSSS-F2¢}= S57d oA 2% FAAHETH9 rearrangementﬂ dojFS st (19

43, 713844). &, WF A A oryzaed) AMA Tz A oryzae JIBP-E3¢F #tia AdH
=3

ME—— | : - e e
| JJBP-E3 vs 60241 ‘ | JJBP-E3 vs DG2-11 I JJBP-E3 vs JJdb ‘

| UBP-E3vs SW1-6 | JIBP-E3vs YI3-2 |

1% 43. Mummer analysis between A. oryzae JIBP-E3 and other A. oryzae strains

BSSS-F2 vs 60241 |  BSSS-F2 vs DG2-11 |  BSSS-F2 vs JJdb |
s el e

Z 1oE N y
s 5 o - o
7 _ Ty /
/ o : // . / / /
v R L
 BSSS-F2 vs SW1-6  BSSS-F2vs VI3-2
Pl R
/ ; 7
// : 2 C
/
= ! /
/ v

1% 44. Mummer analysis between A. oryzae JIBP-E3 and other A. oryzae strains
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(2 AFsH &4

A oryzaest 1 ARG EEA F 5 e FAFAE golEy] $13+e, whole
genome levelol| A B AFto|A A|AAS 7 #F (A flavus ATCC22546 A<t A A2
A oryzae BP2-1, NCBIYl 5% A oryzae EFH5 RIBAFH A flavus BFTF
NRRL3357, A. sojae 3=+ NBRC4239, A. parasiticus EFdF SU-1& X &3
phylogenetic treeE 43k th.

ANIb (Average Nucleotide Identity using Blast) RS2 A oryzae FAAEH FATA 7}
7Wv A. flavus, A. sojae, A. parasiticus A ko] FABAE SJSNE A A flavus
= A oryzaes¥ Wi-$- 7W7hE FABAE Hol= WA, A sgjaes}y A parasiticuss ©1E 3%
A7t Qe Aow FAHATE (F 17, 18 28). ¥ WA A oryzae BEAF
NRRL19892> ANIb ®Ho 2 HFABAE gAst] BUY, A soae2t 99.95 % 2 A. sojaest
FABAY o 77Tk Phylogenetic treed| A= A. oryzae NRRL1989= A. sojaest © -
AAATE ThES &<l ST

o
ol

¥ 32. ANIb results

Average Nuclotide A. oryzae A. flavus A. sojae A. parasiticus

Identity (%) KBP3

KDG21

KSwie

NRRL3357  [NBRC4239NRRL1989|SU-1 (JCVI)

KBP3 99.22 99:31 98.72

99.29 98.76

99.42 99.14

99.57 99.18

A oryzae
=
w]
@
N
~
8
IS
B8
)

99.34

RIB40 9947 '99.49 99.39 99.37

KSW16 99.48 99.42 99.4 99.58

NRRL3357

NBRC4239

NRRL1989

A g A soae | A f|

SU-1 (Jevny

JJ4-b
RIB40
SW1-8
DG2-11
NRRI 3@]
¥13-2

' Aspergillus oryzae BSSS-F2

i Aspergillus flavus

1 Aspergillus sojae JJBP-E3

o Aspergillus parasiticus BP21

13 45. Phylogenetic tree using Hierachical Clustering method

- 180 -



Y. W = §#: L ramosa & L. corymbifera 459 #F 4 2 ¢4 EA
#H vZFAA 4

(1) Lichtheimia sp. ZZFAA S} vln §FAA 3=

[lumina HiSeq WH o E 2F 9 L. ramosa w5 (L. ramosa JISP-G, L. ramosa SC-b)e}t 2%

9 L. corymbifera ¥ (L. corymbifera JJ4H2, L. corymbifera SHC2)E 100~120X coverage
FzFAA 9] genomeol| mappingsiE A3, A= L
ramosa 52| readss- 99% ©| align® WA, L. corymbifera +++E2 UHE align¥
2| ekkth. ol|A o] L. corymbifera®} L. ramosa®}e] genome sequence homology xFojel <]
3k Zlo 2 HAhE o] spades assembler2 assembled| Al A& contigE L. ramosa 27 A
A7IEH HREA S FallA o' GMAAFEE JHA=A S EUT GE 33).

Z sequencingsli Al L. ramosa

F 33. De novo assembly results with spades assembler

L ramosa JJSP L. ramosa SChl L. corymbifera JJ4H2 L. corymbifera SHC2
contigs scaffolds contigs | scaffolds contigs scaffolds contigs scaffolds
Under 0.5k contigs 3,391 344 41,543 36,131 2,019 2,049 2,066 2,100
Under 0.5k sum 501,765 511105 | 9563987 | 8615694 289,573 294,104 295,821 298,637
Under Tk contigs 222 209 4,157 5,668 184 172 211 189
Under 1k sum 154,747 147,520 | 2867567 | 3812997 131,210 123,400 151,880 136,361
Under 5k contigs 784 115 5,699 2,859 1,048 1,044 1,127 1,128
Under 5k sum 1,363,122 1350573 | 12874704 | 5454192| 1,720,382 | 1,710962 | 1,868,901 1,873,132
\Under 10k contigs 68 f5 1254 442 51 51 45 44
Under 10k sum 472,385 448350 | 8658196 | 3121774 345,966 342,996 314,743 306,093
over 10k contigs 338 332 510 810 382 378 384 379
aver 10k sum 26862428 | 28886515 | 8467970 | 22116319 | 28,925,380 | 28,932,697 | 28,938,298 | 28,946,679
‘max size 1232210 1232270 | 342291 342291 401,553 487,177 479,022 479,022

L. corymbifera JJ4H2¢} L. corymbifera SHC22] contig sequenceE L. ramosa

seqeunce®l| mapping

1=] [e)
LR

ZFZA

3= Azt oF 2kbp o]l contig F 1-1.5%S A7 U=

sequence’} mapping® = ZAOE Hol T FF BT L ramosa®t 333 AR AR T
AL 7HA HAo 7 FAdHET} w3 L. corymbifera JJAH29l 4 ch033F ch097F2] chrmosomal
rearrangement 7FsA o] A" A 9o rearrangement A7} WAE R ¢Fe FoF B
o Al Tx% L. ramosast vi-5- AR Aew FAHAG (& 34)

- 181 -



F 34. Contig mapping information with L. ramosa reference genome

L. ramosa L cdymbﬂ‘era JAH2 L comnb:}‘era SHC2
chname chsize #con size sizel #Con size] sized
ch01 6,024,677 | ch01 105 5,910,560 5,913,680 | ch01 169 5,939,785 5,944,825
ch02 3,652,425 | ch02 76 3,490,794 3,493,044 | ch02 107 3492391 3495571
ch03 3433391 | ch03 75 2,747 327 2,749,547 | ch03 138 3,227,673 3,231,783
ch04 3,350,265 | cho4 79 3,211,775 3,214115 | ch04 4% 3236434 3,240,934
ch05 3338532 | ch05 61 3,154,736 3,156,536 | ch05 114 3,169,684 3,193,074
ch06 2,965,102 | cho6 81 2,796,627 2,799,027 | ch6 77 2,770,389 2,772,669
ch07 2,772,364 | ch07 71 2,566,143 2,568,243 | ch07 152 2,607,015 2,611,545
ch08 2729116 | ch08 g1 2487192 2489592 | ch08 99 2,463,509 2466449
ch09 2,542,651 | ch09 66 2,732,568 2,734518 | ch09 102 2,271,608 2,280,638
ch10 1,074,722 | ch10 44 658,990 660,280 | ch10 47 653,770 655,150
unch10| 23 52,159 52,819

unzk 88 312,273 312,273 | unZk 124 445744 445,744

total 31,883,245 850 | 30,121,144 | 30,143,674 1,280 | 30,304,002 | 30,338,382

18 46. MUMmer analysis between L.
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ahio :' - . . 2 . . ° ot *
.« ° : : .
s . : PR )
. . . . . . . o
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1% 47. MUMmer analysis between L. ramosa and L. corymbifera SHC2

(2) AEA &4

ANIb (Average Nucleotide Identity using Blast) W o2 [. ramosa FZF3A < A=
sequencingst #+FE3He] FABAE BEXMNE A, L ramosa JISP= <F 99.84%, L.
ramosa SCbhI&= ¢F 99.13%°] H+ A5AS H<l WA, L. corymbifera JJAH2+= 97.98%, L.
corymbifera SHC2= 99.97%2] B+ AsdE R, L ramosaRth+= <kt LA T, & F
o &3l AFEENE W B2 FAEE Ve AS & 5 Ao (& 35). L ramosa
SCbl= ©& L. ramosa 2 L. corymbifera 453 FAME S Hols ZASE Hol o3
SH3E WHolE AN FUEAY oo E FoHET.

¥ 35. ANIb &4 23}

ANIb Lram |[FSUgn |JJSP  [SCbl |lJ4H2 |SHC2

Lram 100] 99.91| 9954 99.13| 97.98( 97.97
FSUgn 9295 100 99.82| 99.18] 97.99| 98.02
JSP 99.98| 99.93 100 9933 982| 98.2
SChl 9512 9913 9=1) 100| 98.82| 98.83
|JJ4H2 98.27| 96.26| 98.26| 99.11 100| 99.96
SHC2 98.27| 98.26| 98.26| 99.11| 99.94| 100
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w3}, o] A= Hierachical Clustering method® phylogenetic treeE 182 A3}, oAty
= L. ramosa®} L. corymbiferasite] AlFol &85+ FAHAE EAiTh (I 48 ).

Fslgn

Lram

SCh

JHH2

SHC2

139 48. Phylogenetic tree using Hierachical Clustering method
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44, 72 o AH AFY /8 fAR B2 2 J)F A7

1. 75 f¥8 8 AIA AF Aspergillus oryzae R A. flavus o] aflatoxin A &4
A £4 2 AHs 2A

7V A. oryzaes} A. flavus®] ¥EeE F A
gyt +5 A=A 5.85 rDNAATS), 18S rDNANNS) A& o] A7AE& o] &8l Exb
SAH A oryzae & A flavus 114709 #FE Yz or FAHSAUTE. Potato
Dextrose Agar (PDA) media, Czapek Yeast Extract Agar (CYA) mediad A 25C, 5¢ &<
i A2l o] mA|F @A A el F2Y A2, FH, F5TA Y BS54 dAvA
Sloll A B3 EAYAZEAR FA T2 Hn B4 FYPY. EFEFFEE aflatoxing A
A= #+F9 A flavus ATCC 22546, A. parasiticus ATCC 22789¢} aflatoxing A3 4 8} %]

%= A oryzae NRRL 1989, A. oryzae RIB 1285 &<F Wro} AL&315 T

o it

Y. HPLCE | &% aflatoxin A5 FA+

@ AlF 2 2F EF

Aflatoxin By, By, G, G:EF=EZ L Aflatoxin Mix Kit (Supelco, Bellefonte, PA, USA)E T+
st AbgStRon, FE34 Aol AH&E = acetonitrile, methanol> HPLC-& (Merck,
Darcstadt, Germany)< AF83}% 3L Sodium chloride= 99.5% ©]/ (Daejung, Siheung-ro,
Korea)< A3} T

2 ZAE 23

Ao ALgH aflatoxin AA | Z¥-& immuno-affinity column¢l AflaTest WB (VICAM,
Watertown, MA, USA)E o] &3}ttt 3 mL syringe ZHol] A8 FEHL E3A7WH
aflatoxin® monoclonal antibodyoll 47} 2% EH 1 FFHF2 ELES A A3 & Methanol
S FY3H aflatoxine] A ZHE "AAXHA FEHAZT o] ZYP2 aflatoxin B
0.03 ppboll Al 100 ppb7tA] HE & 4 Ut

3 /\]E v o

A= Ao ©¢d #F5 wlgstAh & wmAE 250 mL FekaFel #Z7)7F flE W
Ev Jﬂﬂ AL FAste] Abgstg o & 30 gol FFF 10 mLE Y Adoew JF
E g F 121 ColA 2087 1z dEdata, #S 2gds ZgAz T =55 10 mLE
Y 121 CollAM 2083t 231 a3 A A A& &2 10° spores/mL EAN S 1
mL¥ HFstar 25 ColA 14Uz diF T wjEAlE 121 CollA 2083t dEH3taL
(Aflatoxine] gell Zste] WMAHA F1 AR HF Al FdE St A=E dof &A

Azsgon o] ABE Eaizo ALY

@D NEL&Y =A
A& Y aflatoxin & 2L AAg IS AOAC (http://www.british-standard.org/) =¥ <l
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e} FE3AT A RS af ek & wx] 25 goll NaCl 5 g& ¥ 24 &, 70 % methanol
125 mLE Y1 287 Hu £8€o2 F=3¢th Vialol o #A](Advantec No.2)=E o 3}3k
|HE 32 SR 12 HEE Mt & 42 F 15 wm 72 AF o AA(Vicam,
Watertown, MA, USA)Z oF#}3tRth. Immunoaffinity column (AflaTest WB)el 10 mL
syringeE AAsta o<} 15 mLE columnol] 2% EFAZh 10 mL /52 columns
T W Aojux 1 mL methanole E# A eluentE FE3Ach FE3 &9 1 mLo FF7
T 1 mLE gaf 1:1 vE&=E AT dA8 AAS kst 19 499 YERTH

| Homogenized Sample 25¢g |
!

| Extraction with 70% methanol 125 mL |
!

| Filtration (Advantec No.2) |

|

Dilution of filtrate 15 mL with D.W 30
mL

l
| Filtration (1.5um glass microfiber filter) |
)

Apply 15mL mixture solution on top of
immunoaffinity column(ldrop/sec)

}

| Wash 10 mL 3.D.W x2 |
}

| Elute 1 mL Methanol |
!

| Dilution of eluent with 1 mL 3.D.W |

i
| HPLC-FLD analysis |

a3 49. A3 A aflatoxin F+= 9 AHA AA

() 3+& A+

2 ajx o] 3lag e AE WYY FUT HOoE & ujAE Axst ARESATH
S Y B &, 70 % methanol 125 mL¥} aflatoxin B;, By, G
&) 1 pelke7t HEF VIS & AROA Y =4 FE3

59U BHow HEEAE FEe] AFHATG

© &4 TH
Aflatoxin &4 288 & B 77121 % 360 YERHAS

E 36. Aflatoxin ¥4& ¢ HPLC =3



Parameters Conditions

Instrument 1200 Infinity series (Agilent Technologies,USA)
Detector FLD (Em:360, Ex:450)
Column ZORBAX Eclipse Plus C18 (4.6 x 150 mm, 3.5 um)
Solvant ACN : MeOH : DW =1: 1:3
Flow rate 1.0 mL/min
Injection volume 10 pl

t}. Aflatoxin A AR 4
2013, 2049 = T%giyf—Eﬂ v‘i—\'—q?ﬂ- 757“3] ASpeng]us F#Z = aflatoxin /‘34\}01] -?_]-02]’8]—31—:-
SAAEL] =R ABRE Foldy] Y3 =20 BHE AR FH2H §AA 47

(aflR, omtA, omtB, ver-D¢ AA2E nlg o=z AyPAFKim et al., 2014 ©lx}<lsk
ofgl o} 2 primerg &83le] PCRS AASET. 18 502 47] F3A=E9 E2s 9
& AFE3SE primerE9 ATEA FAAT W YAE YER AT

aflC

plsA
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¥ 37. Aflatoxin A FHA 48 913 Primer set

) Amplicon
No. Primer Gene Sequence (5' — 3) (bp) Reference
P
1 omtl GTGGACGGACCTAGTCCGACATCAC
omtA 797
omt2 GTCGGCGCCACGCACTGGGTTGGGG i t al
im et al.,
2 afiR1 TATCTCCCCCCGGGCATCTCCCGG
arfr 1032 Food
afirz2 CCGTCAGACCACTGGACACGG ) )
Microbiolog
3 ver-1F P ATGTCGGATAATCACCGTTTAGATGGC 895
ver-1IR CGAAAAGCGCCACCATCCACCCCAATG ?2011)
4 omitB1 GCCTTGACATGGAAACCATC
omtB 1333
omtB2 CCAAGATGGCCTGCTCTTTA

il
1o
Ho
-
)
'
o
i

AP AT primerso] aflatoxin A FAH FHA FH=EHUS FHA}

e st B AT olE 0T F e AFAH A T
E TAoE AFA primerg designstRth. 18 512 AlEAl design

gk 4719] primer #1X]9} FAAES EAIS Aol

J L] 3 I
Srx3z g g & 9sdpefzSsuczoag a g ed ¢ B
FEFFEFT T T F FEFSRTSGR 8RN 5 5 5 8F 8 S|R%
N A A AN A AN AN N A A A A A A iAo py
KD D) DI I H A (H —— -
HHED )~ -~ ) &
0% X 2 T T 2g0Q TQ LWy £ T 2o by 2 T 9 = =g Q
S885 % § 5 ERErifestevg e ¢ & 83 2 s[5¢8
A B cD
500 bp
Ye-F CT_F ) UF-F end-_F
e 1 || T
aflYe aflT. ) |} < aflu a
K
Ye-R CT-R | UF-R end-R
d ™
e pmmmele)———— ey || € o e
NN T L

aflYe

A B C D

a9 51. Aflatoxin A&AH FAAT WY FAAREC] FF&A0-ES 9% primerse] 914
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ot 75 AA 9 aflatoxin LFHEH AL
AFLA-V strip (VICAM) & aflatoxin By, By, Gi, G, Ul7HA] E& S & 5% SHo| 7I& 6}1:}_
A 2ppbell Al #Ha 100ppb7tA] SAE 4 o 34 Alm FHlHAHo] Itds
=d 5% A=yl A8 FA ¢rol B A9 aflatoxin LHAH AHE I3}
sto). whebA 2013-20159] =33k 95709 =5 oz VICAMAA A y-2 AFLA-V
strip2 o] &3} aflatoxin LFHENE ZAFSFA T VICAMA}/] Z40 ZAHAHE g AR
= 2 2H4AH AFRE glste Wlola A= Ha A= 100ppbE FE0]49
E4E 2333 YeE AEE ‘over range ‘E FAHEZ I Q A HPLC 59 BAHo

2 A, AF £4e F7F AAsokete e Holg & 5 Aok (& 38).

¥ 38. Aflatoxin A5 FAFE 9% AFLA- V strip 2 Vertu reader A8

< Sample Extraction >

1. ¥5% A& 5 g2 extraction tubeo] ¥+

— hoodoll Al A&& 7HA3 ~FESE &H

2. 70 % MeOHE 25 mL¥ so]3lofo]=& o
o] 2o aflatoxing F=3tc}.

3. Extraction tube®] 5748 €& % 28 F<¢ HU&EE=E vortexingdhtt

4. Vicam kit <+ filter paperE ©]-&3}o] A} extraction tubeel filtersttt.

< Procedure >
1. Vicam kitell A set box ¢l %1+ peanut barcodeE scand$ttt.
2. Strip test vialell Afla-V Diluent 100ul®} sample extract 100ul-§- vortexing©.=2 4]

SEa=
C==— v

3. o] Tgin] REo FHow dxd 3 WA 100ul
£ afla-V stripe]] @ojx=dn} — 438

4. 58 <t flat surfaceo| &4k WHS3t=E of7]3ic}

5. Vertu readerol| Afla-V stripS ¥ aflatoxin =25 3elsic}
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2. “E— & T8 A AT Aspergillus oryzae R A. flavus 2] aflatoxin A &4
A 4 92 X 2A 2
7V A oryzaest A flavusel 4T 2 FF ¥ 45 Y FHSH @2 29

A. flavus A. parasiticus  A. oryzae A. oryzae
ATCC 22546  ATCC 22789 NRRL 1989 RIB 128

PDA media
CYA media
. SEOICE '/ conidioph
'C’f%, . Z nidiophore
M. B! e vesicle
ICroscopy

20 ym

Morphological characteristics of standard of Aspergilius sp. from Korea Culture Center of Microorganisms (KCCM) and RIB.
(A) A. flavus ATCC22546, (B) A. parasiticus ATCC22789 (C) A. oryzae NRRL1989 (D) A, oryzae RIB128 Each strains
was grown on potato dextrose agar (PDA) media at 25°C for 5 days, czapek yeast extract agar (CYA) media at 257 for 7
days and then taken pictures of the colony. The microscopy was examined under the light microscope with 400x
magnification. Aspergillus sp. had the typical vesicles. conidiophores and spores (red arrow)

713 52. Aspergillus species £F=dF2| destd 54

A. flavus, A. parasiticus, A. oryzae= AMIA AolA FEjstd EAo] A A xtolrt
= AL g & 5 Ao 23Ut A oryzae NRRL 1989, A. oryzae RIB128& #o ZQH =
TARA] oA ZAEAE L5, FAVE A Fdo] b2, v #BFAAE 2AHPA
&7 Zol7F Y= AL BAY (28 52).
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A. oryzae A. oryzae A. oryzae A. oryzae
YI1-2 JJSP bl JJ1S-BD JDM C

PDA media

CYA media

Microscopy

s 1 { PR J 20um

Morphological characteristics of standard of Aspergillus oryzae/flavus . (A) YI2-2, (B) JISP-bl, (C) JJ1S-BD, (D)JJDMC.
Each strains was grown on potato dextrose agar (PDA) media at 25C for 5 days czapek veast extract agar (CYA) media at

25%C for 7 days and then taken pictures of the colony. The microscopy was examined under the light microscope with 400x
magnification. .4spergilliss sp. had the typical vesicles, conidiophores and spores (red arrow)

a9 53, 5 #Fd F8 Aspergillus oryzae 2] FE|HH EA

9ol ahe A oryzae = A flavus® SAE 11409 #FE F nAMA AHolA FE
A zpol7l U= gEAHQ FRE 4719 FF Aot} (1Y 53). AR AA= o
FT FEE Rolr] Mo 1FS UE F YA, @9 BEAAE I o2 20ime
vesicles FAstH =Eak Aol FAFSHA W}EP/H T ‘—ﬂLZl:iLf TR R A Ak FAd
ojvf Am At e FEfZF Aol7t A9 glleEE F F e FAHL ofFTEA

q
b [e)
(aflatoxin) =49 AAAAFFE FRlst= Ao ?go}um dHA gJom EH Afoix 3

Akt

U olZaEA ANS ZAE 98 HPLC B4
High-performance liquid chromatography (HPLC)Z ©]&3%+ ofZ2tE4l E4-& retention
timeol wel oFEeFAl Gy, Gy, By, By €22 EEHA A7 v2E ¢
A= Gy, Gy, By, Bi7F 0.11 pg/kg, 0.05 ug/kg, 0.05 pg/kg, 0.03 pg/kgolil, A A=
&

Gz, Gy, By, Bi7F 0.15 ug/kg, 0.49 ug/kg, 0.15 pg/kg, 0.515 pg/kgelth. 3]4&2 Gy, Gy, By,
Bio] 2+ 88.6%, 91.3%, 79.2%, 924%= ZRJAFHAJT. F 392 FTFAF=E ALETH
Aspergillus species 4712] w52 HPLCZ QI3 ol Z &4l A5 A Aol 4

flavuse= oFZ2+54 B *ﬁ” 3] A, A parasiticus= oFEEE4 BeF G REFE AAEA
o} WA, A oryzaed] = 2}—3 BE o}l Z P EALS AR &t}
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¥ 39. Aspergillus 52 HPLCOl 93t =4 &4

D HPLC (ppb)
Gz Gl Bz B1 Total
A. flavus ATCC 22546 ND* ND 0.758 295.764 | 296.522

Standard of | 4. parasiticus ATCC 22789 0.266 | 37.886 1.166 | 236.077 | 275.395
Aspergillus sp.

A. oryzae NRRL 1989 ND ND ND ND ND
A. oryzae RIB 128 ND ND ND ND ND

*ND : no detected in HPLC

2 11470 Aspergillus oryzae %=+ A. flavus 55 S & HPLCE o] &3l o}
52l AR 2AE AASAT (F 40). 114719 75 & 8719 #FF(7.00%)5e] o}
A

sl ARH.

® 40. 5 F 11470 As. oryzae == A. flavus ¥F2] HPLCol| 2|3k Z4 B4

HPLC (ppb)

No. b Gs Gi B, B, Total
1 YI1-5 ND* ND 0544 | 279194 | 279.738
2 YI2-2 ND ND 0330 | 273492 | 273.823
3 SW1-3 ND ND ND 70.736 | 70.736
1 SW1-7 ND ND ND 22818 | 22818
5 SW2-8 ND ND ND 206559 | 206.559
6 SW1-6 ND ND ND 195367 | 195.367
7 SW2-2 ND ND ND 201343 | 201.343
8 DG2-14 ND ND ND 123435 | 123.435
9 | JJARB 9 1057 | ND ND ND ND ND

*ND : no detection in HPLC

th oEBEN AT FAA BY
AYPATKim et al., 201DoA FL2AAA #HAH FAA Se2EH o FAA 40 (aflR,
omtA, omiB, ver-DollA E%F PCR %<& ot ofF&5A ATl Jdon, ofFg 54l
Adss 7HAA Se A oryzae 7oA RS FAATE 2R SEHA X0 A
st Iy AaldFAdet= Eel Aspergillus species T & A. oryzae NRRL
19897} 47 o] FAAVE B SEEH= AA4E B (& 4D.
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ohEa= Al MBHy SHER PCR 2Tt B g =M
BECF T p(?}EEfEAI
omtA afiR ver-1 omtB =G =B -
A. flavus ATCC 22546 +2 + + + NDe +++€
A. parasiticus ATCC 22789 + + + + ++ d +++
A. oryzae NRRL 1989 + + + + ND ND 2,
A. oryzae RIB 128 + + - b + ND ND

. ampification in PCR

b

CH++

At

e

: no ampification in PCR

: 101-500 ppb detection in HPLC
11-100 ppb detection in HPLC

: no detection in HPLC

olZ gt EAl A 42 PCR A}, 2013, 20149 % 3= F2oz2RE 23 7579 A
oryzae = A. flavus 45 309 IFo 2 FEEHJY (F 42). GrouplS 4712 44
(omtA, afiR, ver-1, omtB7}y B5F FTHHE dF=2, 2dF50] ofF8tE4 A5l AN
2671¢] #FELS oFEHEA Aol fldTh E3J group2e 1Y FAAER FF
TFER, aflR 7347} SHEHA 2 d57F 59 #5F, ver-1 FRAAVE FE2HA &
50| 40708 #F7F AT Group32 afiR, omiB FRAA7Y FEEHA B dFE
27F7F A

H

flo it

!

¥ L2 5= 7 750 Aoyzae == A flavus 52 oFEEFE4 AT FHA
PCR Z3} % HPLCol| 93t =484 A}

OtZEtEY 485 A

= OfBatE A WY RN PCR Z1}
ag Tef HPLC
a Ehre OFZZfEAl OfZ2tEAl
N+ omtA afiR ver-1 omtB o i
2 +2 + + + ND¢ +++C
Group I
26 + + + + ND ND
5 + b + + ND ND
GroupIl
40 + - + ND ND
+
GroupIl 2 + - + - ND ND
Total 75

ay

b

Chit

: ampification in PCR
: no amplification in PCR

101-500 ppb detection in HPLC

4 ND : no detection in HPLC
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AgATet B A7 AFAAT} dA&tA] Fpornw APAFNA ARSI primerE9
ANE2~E waslr] 98, NCBIe| whole genome sequence (WGS)7F SEHo] &
Aspergillus oryzae 6&= A. flavus 1§, B A4 WGSE 43 A oryzae BSSS-F2<
E28A4 FAA AE2E alignsl] Btk 19 548 B, afiR AR primers A
forward, rerverse EFolA 3+ 7] <d7](base pair)7} conserved sequence’} o 9| x| o]
iAol = At} reverse primere] A% A oryzae 4FEL XA oW A flavuset LX) s)
A e AXd gAd"E AL & FA. omtB FAA &A0& primere] 7§, forward
2 bp, reverse= 1 bpollAl conserved AlE 27} obd 3ol primer7} HAQl F o,
ver-1 224 g<l& primere] 7-$+ forwardoll A 2 bpell A conserved Al# 27} ol e
™, forwardol| A 3+ 7)) ¥7]|= mismatch H 3L, 2 bpe= A oryzae, A. flavuse}t mismatch
AX o gAeld AL el stHrh oA primerseo] conserved AlA27F ofd A
of tix}elo] A AL Aspergillus speciesite] o}ZetEA WA AR FE2HO A
=4S 93 Al¥ 27} mismatch® primers< AF83le] PCR 3}A] W™ DNA fragment<]
FZo ik A E7F v HoX A Hol AEF AFAs|A o] oHE: F JYoeEE B A
ANA olH 7 HIWEANE AAIE £ Aotk Primerg9] A9& A& o= A3y
AFollM e A3 B AFAAE dAEA gv dFEC] U] WEdld, ZEF R
AA 528 824 SFH2H HelA 8 fAAE
=9 ZAA(deletion) AF= dF Fd IHssley w3 SNP (single nucleotide
polymorphism) Eol 2t F2A 71 AR e A FAT 4 %io g Ol': I
AAol #elS 93 primerZ2E S4A FE7HAS BAstr)d F
St Ejlsk= AlZ17E =t

Fomt A

Primer (omtd_F) GTEGACGGACOT AGTOOGACA TOAG Primer (omtA_R) GOOCAACCOAGTROGT GROGCLGAG

A fiavis NRRL33ET 301 GTGGACHGACCTAGTCOCAGATCAC A Flavus NRRLIZET 1071 COGRAACCCAGTGOGT GHEEGCUGAT

A oryzae RIBAD 301 GTGGATGGACCTAGTCOCAGATCAC A aryzas RIBAD 1071 COCCAAGOCAGTGOET GRCGLCGAG

A oryzae 100-8 301 GTGGATEGACCTAGTCOCAGATCAC A oryrae 100-8 1071 COCBARCLOAGTGOGT GRCGLOGAG

A oryzae 3.042 301 GTGGATGGACCTAGTCCCACATCAC A oryzae 3.042 1071 COCCARCCUAGTGOGT GRCGLCGAC

A oryzae B33.063 301 GTGGACHGACCTAGTCOCAGATCAC A oryrae 853.063 1071 COGRAACCCAGTGOGT GEGLUGAT

A oryzae £53.951 301 GTGGATGGACCTAGTCDCACATCAC A oryprae 853.931 1071 CCOOAACCCAGTGOGT GELGIDGAT

A oryzae BESS-FE 301 GTGGAGHGACCTAGUCGCACATCAC A arypras BESS-F2 1071 COGUAACCCAGTGOGT GEOGLLGAG

R RERERRREERL RS RE R FE EEREEER LR R R

omtB

Primer (omtB_F) GOOTTGAGATGRAAAGDATC Primer (omtB_R) TAMA GAGCAGGLCATCTTGE

A. fiavies NRRL33ET 8 GOCTTGACATGGAAACCATC A Flaves NRRLI3ET 1201 TAMGAGCAGGLOATCTTGG

A oryzae RIBAD 8 GCCTTGECATGEAAACCATC A.oryzae RIBAD 1283 TAAAGAGCAGACCATCTTGE

A oryzae 100-8 O GUCTTGGEUATGGAAAGCATC A oryrae 100-8 1293 TAMLGAGUAGACOATCTTGG

A oryzae 3.042 0 GUOTTGGEUATGGEAAAGCATC A oryrae 3.042 1293 TAMLGAGUAGACOATCTTGG

A oryzae AE3.863 8 GOCTTGACATGGAAACCATC A orpras h53.863 1293 TAMGAGCAGACOATCTTGG

A oryzae 883.951 8 GCCTTGGCATGGAALCCATC A oryzae A53.951 1283 TALAGAGCAGACCATCTTGG

A oryzae BSEE-FZ 8 GCCTTGACATGALALCCATC A oryzae BESS-F2 1280 TALAGAGCAGACCATCTTGG
FRRRER RRRE BRRERREE HRRERRRERE B

Fwver —1

Frimer (ver-1_R} CEALLAZCGLOACCAT COACCDORA TG Primer{ver-1_F} GCCATCTAMACGGT GAT T AT COGACAT

A. fiavis NRRL3IET 2 CGAAAAGCGUCEICAT CGACCRORATG A Filavus NRRLIIET 872 GQUCATCTAMACGGET GGTTET CEEAGAT

A oryzae RIBAD 2 DG AGCEDCACCAT COACCRORATG A oryrae RIBAD 871 TCCATCTAMAGGET GG TET CHEAM0AT

A oryzae 100-8 2 CGAA A AGCGOCACCAT CCACCRCAATG A oryzae 100-8 871 TCCATCTAAACGGT GG TGT CGRAGAT

A oryzae 3.042 2 GG A AZCGCCACCATCOACCOCRA TG A oryzae 3.042 71 TCCATCTAMAGGGT GET TG CHRRGAT

A oryzae A83.863 7 CGAAAGECGCCACCATCCACCCCALTG A orpzae 83,863 871 GQCCATCTAMACGGTGGET TGl CGEACAT

A pryzae A33.951 2 CGAAAAGCGUCACCATOCACCROAATG A orprae 853951 871 TCCATCTAMACGGTGGTTEN CEGAGAT

A oryzae BESE-F2 2 CGAANAAGCGUCACCATOCACCOCRATG A arypras BESS-F2 871 TCCATCTAAACGGTGGTTET DGGACAT
AREEE ENREE KRR R R

=af | R

Primer (af IR_F) TATGTCOCOOUGERE TOTCRRES Primer{af [R_R) GG AT

A. fiavis NRRL33ET 12 TATCTCCOOCOGGGEATOT GOCGE A Flavus NRRL33ET 1022 GCGTGTGGAGTGGCTGTC

A oryzae RIBAD 12 TATCTOCCCCCGREDATOT 006G A oryrae RIBAD 1022 COGTGTCOAGT GECTGTCT GARGG

A oryzae 100-8 12 TATCTCCCCCOGRGTATOT GRCEE A.oryzae 100-8 1022 COGTGTCCAGT GECTGT CT GACGGE

A oryzae 3.042 12 TATCTOCCOOCGHEDATOT 006 A oryrae 3.042 1022 GOGTGTCCAGT GECTGTOT GAGGE

A oryzae A853.868 12 TATCTCCCCCCRGGOATCTCOCHG A orpzae 483.863 1022 CCGTGTCCAGTGRCTGTCTGACGG

A orpzae A83.951 12 TATCTCCCOCCGGGOATCTGOCGG A orpras $53.951 1022 COGTGTCCAGTGRCTGTCTGACGG

A oryzae BSEE-FZ |2 TATCTOCCCOOGRGEATOTOOCES A oryzae BESS-F2 1022 COGTGTCCAGTGSCTGTCTGACGG

EEEEEEE R R R R EERLEROER R RN R

% 54. AflavusS}y A. oryzae2} omtA, omtB, ver-1, aflR primer<}e] alignment
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u}2} A4 NCBI®| whole genome sequence’} 5% o A= Aspergillus species (A. parasiticus, A.
flavus, A. oryzae, A. sojae) ¥TE2 olZeHEA I FAA SH2H AHLE HIHORE
28 W FARAE vl BXo A oryzae}t A flavuss: TEE = Y MEE primer
sets WEIA SFFTE ARo] TARISH primers 831 Aspergillus speciese] aflT,
norB-cypA A2 A9-& PCREA-S W, bande sizeZ A @A 24 S BHT &
AR} A parasiticus SU1JSF A. sojae NBRC4239 =5 aflT 721 AFe] 3 ‘-end Ao A2 o]
AR &kow, norB-cypA SAAS] intergenic A Holx= Axo] EAYFA FUth A
flavus®] 73%- A. flavus NRRL33572 ®]£3 WGS7F SE2Ho] Uv #FEL afll +4A2
3 ‘-end A g AAo] ZEASIA|] &k, norB-cypA F+FHAS]  intergenic X Holl= A
parasiticus®} ¥laske] 906bp AAo] ZAsP o, dA o R A flavus AFT0= norB-cypA
A9 intergenic A A 1510bp ZAA o] EA|SIHATE. A. orzae RIB40S] 4% aflT 73 A}
9] 3 ‘-end Aol 173bp ZAA o] &EASINIL, norB-cypA FAA2] intergenic A Holl= A.
parasiticuse} ®Wlal kel 1510bp A o] EAstA ). =3+, A oryzae BCC70512] 7% ofZ&E
A A AR S 2EY 8 R s Adol EASHAT. wekAl, Aspergillus
species?tell PCR3}1S wi, band sizeZ A3A Fdx F¥2H A AEHeS UE F de
afll, norB-cypA +32 A9 ofZpE4 A4 Fdx SH2EH o, 3 F&9 {FF&5
A8 = A& primersS gAIEA T 47019 primerE PCR&] F= F& 11470 A. oryzae
= A flavus 759 ofEetEAl AR FAA SH2HY A4 dds B4 2, A
flavuse 1 7}A pattern, A. oryzaes 4 71A19] F3A A4 ddo] EA st (¥ 55). 77
o] A flavus B A flavus NRRL3357% sLdd FA2 24 S BAT. A fAavuse
norB-cypA A+ intergenic A Fo] 906 bp AA S JIAE Aol F& AA e olHt 107
Mel A oryzae ¥+F2 7% A oryzae RIB40F T3 sj”lo] 3373, A oryzae BCC70513}
A3 wElo] 647FF7F AT delH oz IMel A oryzae #F7V norB-cypA AL
intergenic X 92 1510bpo.2 F2 A. oryzaed] FAA AR} XSGR aflT 1A A Y
& Aol EA A ekgkry. e, 1Mo A oryzae #FTRo| norB-cypA A AF] intergenic
190 A flavuset 543 906bp AAolF o, afll A7 AFolE AHdo] EA81A] o
Skt

N

No. of isolates
\ A oryzae A flavus

\
Ye-F @r U‘PF end-_F
) ——— o a ——a | B | v 7
-~ I
Ye-R CT-R |UF-R end-R
-
e ) ———  _ar o [--mn w || g o 0
‘ ‘ Nl }
(etwagen || vy ——— (g v (- | g 33 0
< aflYe | 64 0
A B C D 107 7

114

I8 %5 W = S A ayzae | A flavus 752 oFEEEA AEA 544 WHol vlw
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2. AFLA-V strip2 ©] &3 75 &A1 9 ofE2t54 L Fdd A

ZEEL 9% S - AFLA-V strip

b=, HEY 75 ZA|e o

3 43. 2013-2016\ 350l g

2
Q.
o [ce]
M lalNapNapNaRNcENanIal o NaNNaRNaNNaRNaNNaN Al
AMANNNNMNNNNNNNNNN
(9]
S
wn ~ ~ |-
I L= o Sl
— rl e = | ofl m_.u_.:._a__x
0| AL =Rl | S TR Er A | RO
oo | %O | K| W | O | W | %O w2 |ar| 3| K R
W RIJETKo IR (X R R 20| KD RYA S
B0 | joi | Ki-| o0 | 20| Kk| od |AT| T | fo | 4ol | B | %I | %I | T | I
_“__H%W#thoéﬁE%Mé%%%
] %] ol o = g
IISIZ2|Q|Z|F[5a|%(2|2(25|5|9
|- | - = V)
m
2k
N n
d
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Al ol | | K of o] < K| K| KE | KE | KE
al IH Ar | = — |~ <l ol ol=l=l=|=|=
= A | | U R o > TRIRIR|IR
| [om | 20| Ok | o e | (o) | N N S O O R A T | | o [t | o
R R < | R Gy | || 2| E | 2] 2 Sl I e i - =g = B
~|&r|ar| N R B b L A RN R A g o) oo RO I o R o ol e ol )l i
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FEY (E AF) VICAM(ppb)
boiled H E 'Y Banh men ND
no boiled H EY Banh men ND
M1 H E Y Banh men ND
M2 H E 'Y Banh men ND
M2(12) H E 'Y Banh men ND
M3 H EY Banh men ND
M4 H EY Banh men ND
Ba?‘h._n;e)n M5 H EY Banh men ND
=
M6 H|E< Banh men ND
M7 H E Y Banh men ND
M8 H EY Banh men ND
M9 H EY Banh men ND
M10 H EY Banh men ND
M11 H EY Banh men ND
M12 H EY Banh men ND

*ND : no detection in HPLC

E 44. 2013-2016d =0l =3 3=, HIEY 75 AA|9 ofZetEA 29 5% - HPLC

No. ID G G B, B Total
1 st R 0 0 0.205 8.330 8.535
2 1J 4 0 5.185 1.845 13.328 20.358
3 JJ 9 0 0 0 0 0
4 YI 3 0 0 0.789 11.847 12.636

AFLA-V strip$ o] &3t 95709 FEAA 9 ofEat&54 LHHAHE A HY, 5
ppb oo g2 HEH FFol T ANE FAHUT GE 43). 5 ppholFo 2 HEH FFHL
A4, A% B4 HPLC BAMoR 37 AAslorgd Bast vk waste], HPLC 2
AE st 4719 FFoA INY FHFAARE ofETEAl 2 do] HHEHAoH,

T AFLA-V strips o] &39S o, 10ppbold o & of&etE4le] AEH FROo=E &9l ﬂ
ATk (F 44).
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2. & FRAA H= 2 7s AT7E A% 9] #F AT
7}. Aspergillus flavus £&7d3F (ATCC 22546)2] EdWo] #3 At
(1) UV ZAte) &% Sddo] 57 A

B2 A flavus ATCC 22546 (AF+) 5 UV ZAIWHO =R

PDA | ez o] 25C, 743t wlFe TAE Hd SHTOl iﬂ_%‘é}i miracloth = OEM
sted  10° spores/mlo.Z  FEH|EFTE  EFAHES clean bench (HB-402, HAN BAEK
SCIENTIFIC) QFellA Ezpeist UV FAe] AelE 40cm= FA8HAL 623 AR §
AAS 1071 ~ 10* 2.2 serial dilution 3te] PDA 1A HFujA o] =@sla 25C, 3¢ =
kst & Aehd EdAHo] SRAFY colonySS PDA 1A HAuj| o] A v &stATh.

o

(2) Aspergillus flavus SaW o] #F A

b 9¢8T4 =AMl (Auxotrophic mutants) #F A

dFaTyd =dHol FFE A7) 3] Minimal media (0.2% NH4Cl, 0.1% (NH)»SOy,
0.05% KCI, 0.05% NaCl, 0.1% KHyPO,;, 0.05% MgS0.7H,O, 0.002% FeSO,.7-H,0, 2%
glucose, 2% agar, pH 5.5<} Z+ amino acids (0.1% L-arginine, 0.01% adenine, 0.12% uracil,
0.12% uridine, 0.15% methionine, 20mg/L  histidine, 20mg/L tryptophan, 20mg/L leucine,
20mg/L. isoleucine, 20mg/L  serine, 20mg/L threonine, 20mg/L phenylalanine, 20mg/L
glutamine)E F7}¢t minimal mediao| #5€ HZE3td A AF-Z screenings) St

(b Festz =AW o] (Morphological mutants) &3 Algt

UV o] /715 F3slo] PDA A HA wix oA wild type A flavuset o2 FE =
et 775 AEEAT. PDA 1A HAw R o] HFst 25CoA 5, 7d AH + A
= (growth rate) zto]lE #AZFAsFF oW, wid 7Aoo HAAAvAH}, Fs Hu|Ho=
AR A EZA} (conidia) B4 TF 5= #E3sa wild type A favuse}t B a8} T

(th Aflatoxin WA EAWo] (aflatoxin non-producing mutants) &3 At
UV Eddo] f715 53te aflatoxing A4stA @& #F5 Adsta, aflatoxin A3+
FAA FUAA o' FHAFe] EAol7E dojy=A] &kl ot

@ Ammonia vapor color change method (AVM) &-&3F A
Aflatoxin H]AA EAWo] #+FE A123}7] 935t Ammonia vapor color change method
(AVM)E o]&3t 1xF screeninge FlstATH AVMHHS AIZHE AT 4+ S fA
T F A& AE o] &dte AAZ, 8202 B2 AEE WEA ZASH=H 1835}
ot AVMe] fEl= aflatoxin A FAH Aol A Y2+ vyellow anthraquinone biosynthetic
intermediates”} ammonia vapor®} W83}l double oxygen bond’} ZWAXAl a1, o] Wk
<9 A2 4z pHAlA Aoz mste] dAYstA == Zoltt. Aflatoixn S
%3k YES (15% sucrose, 2% yeast-extract, 0.1% MgSO,7H,O, 2% agar) mediaol] wild
type #F< UV mutantsE point inoculationdled 25ColA 7Yz st 28%
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of 200ulE "G = A 7 < v
o petri dish S1H-& #3235} colony

ammonia hydroxideZ petri dishE AHF=Z 3 2 F
A1Z1 colonyS ammonia vapor?} ¥WHE-A|7)a 15%
o Mo] HAo g WMP=X &I

73
o3
T

@ Thin layer chromatography (TLC) & 4 AA % &<

YES (15% sucrose, 2% yeast-extract, 0.1% MgSO,7H,0) media 20mLol mutantsE 733}
59 FoF 28C oA uiFststh wjere)S ADVANTEC No.2 filter paper® o33k &,
2mL filtrateoll 1mL chloroform< #o] 20& &<t vortexingste] aflatoxing FE3A T} 5
B Bk 94 Egste] chloroform phaseE 2mL vial2 EF3ta AZFAIZ1 &, 20uL
spotting solvent (benzene:acetonitrile=2:98)= Al &3lste] TLCE 3t AEE FHISIA
t}. 5ul sampled} spotting solventel] £3[3F aflatoxin EF548HS TLC plate (TLC
Silica gel 60 Fassy, Merck, Germany)oll lcm ZFH S Z spottingsle] 308 ©]d o4+
(water:acetone:chloroform=1.5:22:88)el Z7)3staL, A4 3083t dryAlxl %, UV light
(365 nm)oll A aflatoxin®] FFE &3t

@ High performance liquid chromatography (HPLC) & Z4 A #% &<l
HPLC £4& 4apd%eol 3t ®WHo=w R8sty AmFHo = wid type A flavus
ATCC225462} =dH o2}l aflatoxin A& 2ol & Bl L3S o

(3) Aspergillus flavus ATCC 225469) o}lZ&}EAl A 4 59 W] genome £4
Aspergillus flavus ATCC 22546e UV ZAF WHo 2 {7]%k 500718 EdWo] F of&FetE
Al WA S0l AAE] A EdwWo] (UVmlss, UVm298)E A Aste] ofZetEA A3
ATRH FAAE B aA AT Wild type A. flavis ATCC225463 =<1 o] UVm1bs,
UVm298-& A3l Illumina Hiseq o E Al AEA ST

). Lichtheimia ramosa KPH11¢] E@¥o] #3 At
D) UV ZA}) o3 8o 3 At

%Y 8& Lichtheimia ramosa KPH119] EdwWo] #F A%t S T2413} 3 7ot}
55mme] Hi petri dishell 10mL ==} @& 2mLE UVZLFo] AgE 40-75 cm=
st =2AIHE ASIAIA AEES FRIEAT Y8 T8 Eddo] +5 AdHS A

flavuset A eA 338U

(2 3stE4d (Methyl methane sulfonate, MMS) ol 2|3 EdHo] #F Al
1x PBS (pH 7.2l wild type L. ramosa KPH11¢] A5 10° /ml ¥ =2 Fesle] 4°Col
BASAT 20mLe] A FEFH S 30°Col A Aqdd 3, MMSe| HF sX7F 1.5 ¢l/mlo]
S5 H7rskal 30°Col 4] 303t shaking &t™ #3tE4d EdA®Wol #5771 A HES
Aot AAEEE 38 conidiag =& U 1x PBS (pH 7.2)2 3W Al Hstar 4o}
Z A+ PDA 1A v Aol serial dilution sto] Z=getal glstitt

=

O
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(3) Lichtheimia ramosa KPH11¢] ¥x} A Z44& =4
Lichtheimia ramosa KPH11 (?‘4
Hol] T X Aol A3 %

A7 s,

WHo] SPO1 genome £
AR )& ﬁ}ﬂ =4e ol &3t #7]3%
EdWo] (SPODE %

z= A =4
A% = 43te] Illumina Hiseq W o2

Sporangiospores of L. ramosa grown on PDA

were harvested in distilled water by miracloth 37°C, 5 days

Add Sml of sporangiospores (10 spore/ml) into a
sterile Petri dish (0 5.3 cm)

Expose to UV (dark condition)
|

| Survival rate ; ~ 10 %,
|

L

| Diluting and streaking 100ul sample on PDA ] { 37C, 3 days |

|,
L

Coumnting colonies every day and

transfer colonies onto new PDA plates 37°C, 3 days

Xz
[aily observation and transfer colonies from

PDA plates onto nd MM+ aa plates 37°C, 3 days

Don't grow MM and Graw MM
growe MM+aa

Isolate areal auxotrophic Celate
mutant

9 56. Lichtheimia ramosa KPH11¢] Sd o] ¢ AW 73
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4. & AR L= 9 75 AFE AT EGHO #F 4 é A3
7}. Aspergillus flavus &35 (ATCC 22546)2] Ed o] #F A
(1) UV 2Abe o3 Eddo] &5 A
Aspergillus flavus ATCC 22546 (AF+) & UV (40cm, 6m1n)°ﬂ “=A1Z1 A3 survival
rateo] 10%9-& &<l 4. UV %ﬁtﬂol i APE F 53 AN Ad, oF 500719
UV EdHolES d3lon, olF e ¢ 874 =dWo] 2389 E stia, FH
53}o] sporultion®} vegetable growthe} ##H3E F-HA &4, ol ZeE4 YA
Aol 2389 S st

(2) Aspergillus flavus & o] &5 A

P GFS8TAH ESA™HO) (Auxotrophic mutants) #3 A

¢k 500702 UV Aol =S M mediaol] HFste] 23819 23, F 6719 99 874
Ed¥o]l TRES Atk M mediaol ofr]-AFS F713F wjAo] FF 274 =A
THRES HESY 1 /9 arginine I 874 5], 1 719 adenine Y% 274 =
Awo], 2 71Y histidine ¥F 874 SR ES dAT (I F 5.

Auxotrophic mutants screening

AF-m 3L,

AF M 31 AF-m 3%
€ A-F -m 34

AF-m3d - AEme

"|i. - control 53 /‘;1’ ? ” AF a B* AE‘

\_‘\_.__ AFma3

[Mmedia+histidine ] ' M media+adenine [ M media+arginine ]

' AF-m 31, AF-m 87 l . AF-m 38 AF-m 110

O¥ 57 9Y 874 el =A 2

FEF 274 EGHol 2agder AT 671 I 8748 =AWl FERES plated
oA} colony®] ¥H, Fs A ] A dv)7 o2 conidia ¥4} sporulationg wide type
WD vln #ZsAT (19 58) Plate ZollA W.T3} colonyE HlwslH, AF-m 347}
A S5+ =g ARk colony®] A1} hyphaess H3k< uﬂ 7}7% FrAFsk . AF-m 110
2 AL Mol Aol AZRXl FFS BAAT, Thol A% =gAS Ha, AF-m 8 F2
S vigo] A ZEHA A e E‘}it}. AF-m 31, 87, 43& A

4

2

A 9] colony=
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o) Mo] gigiom wigte] WAl ZEWA APtk @ FFE AYSiE WIH o2 e
gtz EAS HYt dwn| A=z W.T3 Bvwdle B Az, AF-m 43, AF-m 8&
sporulation®] = A
AE #AAsAT

D Marker

Control

AF-m 31 histidine ||

AF-m 34 N.F

AF-m 87 histidine [{

AF-m 43 N.F

Af-m 110 arginine

AF-m 8 adenine

N.F : Not found
19 58. 6709 A @7A Eddwo] TRE

fo
ot
flu}
Lo
2
r 2
e
i,
_Yi
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(Wb Fesd EdHo] (Morphological mutants) F5 A1

7} EAWo|ES PDANYIA W.T#H T2 Fgstd ExS Hol: Zdwo]E5S AuWsiy
Pt EAS #Fedn (29 59). W.TH & s EHS Hols EdwolsS
&

PDA media®l HEste 25CeolA 5¢, 7T¢EE plate’dollAel W.THe A £ Ao

HEsF o, 7 AAdAv A, 38 Fw|o) A conidia B4 2 sporulationS FEEaL

watAh ot#el 1HE dwmAA oA sporulationg A & ki #AES 3 5719

soylo] RS0tk o5 colonysl AE FEAS HA Fo
pzs

sporulation< 3FA] %3t
o, #AnAd A M % sporee} conidias B3R E Tk
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19 602> W. T3 plate’dell A colonyE &z stds of, A% =71 =1 5719 EdHo]
E9] plate AHR 3 Aw A Azlolth. AF-m 67, 919 A% conidia® A3z A9 ojw
3k Ado) o)t W.TH 2 conidias AR & o= AL BAFs AT

1D Plate (Sdays) Plate (7days) Light microscopy Stereoscopic microscopy

jud PN W TTUREE
B JF
s

7 o

Control

£V
‘é\:- : ""\

AF-m4l |

AF-m 91
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conidia /o] W.Ts the i3tz 54L& Hole 470
)7 ApRlo)th.

o |
i jaic]
rg
E rlo
s
f(rt
Lo
=5
[ab)]
o
>
™
=
o 2

Control
AF-m 59
AF-m 21

AF-m 65 ',.! .
y

AF-m 115

I3 61. conidia®] Ao FFS T AWl sty #F A}
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a9 62 W7 #F deAe W.TH 22 FHY conidiadt sporulations A %F, plate
’Fol A colony2] Fe|EZ] EAo] 2ol7F Y= 6719 plate ARl 2 #w|A Abxlolt.

Control
AF-m 118 (|
AF-m7

AF-m 114 ({

AF-m 33 f .

a9 62 WT.3 & duehd SA4S Hole »dd =ddelse Fuss a2 2%

BE 9% 874 BWol FHE WTH thE Fusta 542 /s Sauol

5 A7 Av= 71 EAS 7HAEA, platedoll A9 colony #&3 v @S AP
of| 4 o] T}
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(th Aflatoxin H]A4 E<dHo] (Non-aflatoxin producing mutants) &3 A1t

@ Ammonia vapor color change method (AVM) & &3 A+

HPLCE o] &3t olFat &4l B es FUT ofZ8t54lS Adste 39 #59, of &
GEAS AASA e 3 7Y FFE S E PDA, YES mediao] 25C oA 7Y€ 5k uj
FAIZL T AVMES A A SR T O}EE}%’#_ Y Ash= 3 /el FF& ammonia vapore} H
&3te] colonyZ} AM o 2 ®¥353d }%—E}-‘Eﬂé—% 37 o}Xl %+ 3 71e ¥+ ammonia
vapor¢} ¥H-3-& ofZetE4l /‘£T§“ 01] THE T AdE0] AAPEHA ol obF-d W3}
7} 912 ¢kt (712 63). YES medial o}lZZEA L &% A7]7] wio] PDA mediaEE‘r
color W37}  FEdtyth weba] YES meidaol Al oF 500719 UV EdAWol &S thate
2 25ColA 797F vlkA 7] B AVME o] 83l ol ZgtEA S A= ﬂ'—zrﬂ' A
A A WA ~38dS s

rr

A. flavus ATCC22546  A. parasiticus ATCC22789 A. flavus YI1-5

YES PDA YES PDA YES PDA

A. oryzaeNRRL1989 A. oryzae RIB128

YES PDA YES PDA

Non-aflatoxin
producing

4
ot
&
(o3
%
2
jus}
o,
2
re
(B
o
f:
N
=
e
tlo
do
Qll‘
:
&
53]
N
:
—lN

°] AVM Az}
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@ Thin layer chromatography (TLC) & H4 A % &<l
A. parasiticus ATCC 22789+ oFZet54l By, By, Gi, Gy, A. flavus ATCC 22546+ ol &
Al By, Bowre RS AL, A oryzae NRRL 1989, A. oryzae RIB128 B o}l ZEAS A
AetA Edth F5 el A flavus SW1-62 otEetEAl By, BE AAEAIL, A oryzae
YI3-2& o}ZetEAlS AAEA &UTh 500718 UV EdAWo]E9 ofZaEA AASS
TLCE 33t B Az 671¢] UV Edxo]lE (AFm21, UVml8, UVm32, UVm37,
UVml55, UVm298)o] of&FetF4lo]l HAEH A FUth (14 64).

A flavus ATCC 22546 A. oryzae RIB128

StdSstd 1 2 3 4 5 6 1 2 3 Std 4 5 6

1 lane; A Azvws UVmM28, 2 lane: A favws UVm29,
3 lane; A. flavus UVmM30, £ lang; A favus UVm3l,
5 lane; A. flavus UVmM32, 6 lane; 4. favus UVm33

1 lans; A. parasiticus ATCC22788, 2 lane; A flavus ATCC22546,
3 lans; A orpzse NRRLL9SS, £ lang; A. onwas RIB128,
5 lang; A flsvus SW1-6, 6 lane; A orpzas Y13-2

A flavus ATCC 22545 A oryz3s RIB128

1 2 3 4 5 6 7 8 Std 9 10 11 12 13 14 15 16

1 lane; A flavus UVm291, 2 lane; A flavus UVm282, 3 lane; 4 flavus UVm2393, 4 lane; A flavus UVm294,
5 lane; A. fsvus UNm295, & lane: A favus UVm288, 7 lane; 4. flavus UVm287, 8 lane; A. flavus UVm293,
9 lane: A Asves UNWm299, 10 lane; A flavws UVm300, 11 lane; A favus UWm301, 12 lane; A favus UWVm302,
13 lane; A flavus UVm303, 14 lane; A. flavus UVm304, 15 lane; A flavus UVm303, 16 lane; A. flavus UVm306

1% 64, o}ZEA HlAA Sdwe] #F A 919 UV Sdwe] Aspergilus FF) TLC Az}

@ High performance liquid chromatography (HPLC) & 4 A #% &<l

HPLCE o83l wild type A. flavus ATCC 22546= ©}=8+54! B 331.11£25.23 ppb&
TS 8l kYA, ofFEEAlS SR e BETTF A oryzae NRRL 1989, A.
oryzae RIB128 E5F o}Z&}EAIS AA A 2SS &2ldtgtt TLCE o] &3l o= &
Aol AEE A &2 6719 UV Edroe AHHESk] UVmlbh+= 48.99+14.76
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ppm (wide type thH] 85.20% 7+4x), UVm2982 3.82+0.37 ppm (wide type thH] 98.85% 7r4)o =
sl =& T 7= AEEte] wild typest 34 whole genome sequencing itk FHH,
UVm298-2- wild type ThHI3ke] 2} AlAo] 55 % 7+4: BHTh

K
(3) Aspergillus flavus ATCC 225469 o}lZ&} 54 A 7HA 59 W] genome £4
olZetE21S AA A4kst= mutant line?l Uvmlb5¢2 Uvm298-8 Illumina HiSeq ®WH o =
resequencingste]  ZhzF 273Xl 299X coveragee] sequencing readsE AL,
Trimmomatic v.32& ©]&3}lo] trimmingdt %, bwas ©]&3s}lo] reference genomeol
mappinget 23} 259X 9} 285X coverage?] readsEo| A AslA align® At} (& 45).

2=

3 45. Resequencing statistics of low-aflatoxin producing mutant lines of Aspergillus

flavus
reads pairs total_bases total_coverage | trimmed_pairs | mapped_pairs | mapped bases | mapped_coverage
Uvm133 33,959,235 10,255,688,970 273 33,079,304 32,443 963 9.728,711,238 259
Uvm298 37,275,604 11,257,250,528 299 36,400,076 35,816,230 10,712,190,813 283

Freebayes 2t&= ZZ 13 &
ol A Z+2} 4671} 67)

=
$E
=

|

op

°]

2~ o]l

3t mutant positione &<1g Az}, Uvml553 Uvm298
Holx o] HAE AT 46712 Uvmlss o)A

==

5

A

S
SR AP FEFEs nz 4 9 CDS Aol A frame-shiftE Lo 7=
mutante] 1 U A= FHYP F3Fo] gAY wrE Ao =E o=+ intergenic region
T+ introno| A gt Holo]AY CDS A4 missense mutation (amino acidE W=
mutation)o]t} silent mutation (amino acid”’} ¥3FA] &+ mutation) S Lo 7= WHolAHE
ol =EZF 12709 Uvm298 ®WolA A FolAx 22 |9 Al
nonsense mutation (53t stop codone] AY7]+= mutation) & LOoFH YWz A
Uvml55¢} viz7bA| 2 F@ 3o & F3Fo] gle ZoE FAH= AY9EoA o
ATk (G 46).

i

IFS 7]

By
O qlo rr w

18

rE o

2
v

¥ 46. Aspergillus flavus mutant lineE¢] WHol9x] QoF

DS intronic intergenic :
. - - # of mutation
frame-shift |nonsense| missense | silent Ins | SMP | Ins | SNP
Uvm155 1 12 6 5 1 21 46
Uvm298 1 2 3 3]
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¥ 47. Uvml55 CDSW 9] HHolA R

chn |pos Gtype |Rnum Refbase Refnum | | Altbase |Altnum |altered_gene fritype | ref alt |mut_type |annotation

chiR | 1039040| 1/1 222 A [ G 222 |AF60330.001245-T1 |- [CDS F S i cleavage and polyadenylylation specificity factor
ch1R | 3189623 111 234 A 0 G 234 |AF60330.002035-T1 |- [CDS L B i flavin containing polyamine oxidase

chiR | 3280606, 1/1 228 i 0 G 228 |AF60330_002067-T1 | - [CDS I L |missense |proteasome subunit alpha type-2

chal 652713 1/1 226 C 0 T 226 |AF60330.002832-T1 |+ |[CDS sitent squalene-hopene-cyclase

ch2l | 1358869 1/1 193 T 1] A 192 |AF60330_003095-T1 + [CBS D E i polyketide synthase

ch2l | 1897751 111 249 G D A 249 |AF60330.003282-T1 - |[CBS silent agmatinase 2

ch3R | 2291754 1/1 199| TGGGCTTCCCGA 0 TC 199 |AF60330 006725-T1 - |CDS frameshift |afiB / fas-1 / fatty acid synthase beta subunit
ch3R | 2304191| 1/1 277 A 0 T 277 |AF60330.006729-T1 + [CDS I F i aflC / pksA / pksL1 / polyketide synthase
chal 342765 1M1 267 C 0 T 267 |AF60330.006896-T1 |+ |CDS 5 E i histone deacetylase RPD3

chaR | 1237467 1/1 227 G 0 A 227 |AF60330.008187-T1 - [CBS silent glutamyl-tRNA synthetase

chdR | 1584397 1/1 208 T 0 A 208 |AF60330.008321-T1 |- [CDS Y F |missense |telomere length regulation protein Eig1

chsL 631381 1/1 263 T ] C 263 |AF60330 008750-T1 - |EBS. R G i acid ceramidase

chslL | 1337659 1/1 220| T ] A 220 |AF60330.009115-T1 |+ |CBS | W R |missense [salicylate hydroxylase

chal | 2026719 1/1 211 A 0 G 211 |AF60330.009309-T1 - |CBS F S i Transcriptional regulator TACO1-like

chSR | 1096246| 1/1 277 C 0 T 276 |AF60330_009838-T1 |- [CDS silent C2H2 type zinc finger domain protein

ch7L | 1105381 1/1 213 T i} [ 213 |AF60330.011983-T1 - |EDS sitent hypothetical protein

ch7R 367344 11 250 T (] A 250 |AF60330.012634-T1 - [CBS ¥ E i ATPase

ch8R | 48886% 1/1 194 A [i} G 194 |AF60330.013371-T1 |+ [CDS silent alkaline D-peptidase

ch8R | 1360434| 1/1 238 T 2 A 235 |AFG0330.013721-T1 |+ |CDS I M i hydraxysteroid 17-beta dehydrogenase 11

FE 48. Uvm298 CDSWj¢] ®o| A x

chn  |pos Gtype [Rnum |Refbase |Refnum |- |Altbase [Althum |mid fr | type |ref|alt| mut_type | annotation

chiR | 2035818 1/1 252 A 0 T 252 |AFG0330_001618-T1 |+ |CDS | ¥ | F [ missense | eukaryotic translation inftiation factor 3 subunit B
ch2r | 1393604| 1/1 255 (23 0 T 254 |AFG0330_003812-T1 |+ |CDS | Q| ~ [nonzense |secondary metabolism regulator laeA

ch3L | 558640 1/1 263 A 1 b T 261 [AFG0330.005076-T1 | - |CDS | ¥ | M| missense | WD repeat-containing protein

Uvmlbbe] CDSU A dojd WHel= 19719 CDSY wWe]% frameshift mutatione] € o}
Al afiB - AE knockout A7l Wol7F @Y /M & FFE F o2 HATE A
2 aflB +AA = aflatoxin &4 clusterd ol &3t= FHAZE aflatoxin AFAA e 7MAE
A& hexanoic acidE A= FHAAZ deletion® | aflatoxin A gHAd o] A& H=A 0]
QpARE L Brown DW et al, 1996). Uvmlss0lA  wild-type ™Hl 15%<]
aflatoxin®] &% Z-& nutrient mediasS AH&3to] uj X] of =Asl= v]=Fe] hexanoic acid
7} 9= 7IFAY hexanoic acidg vl A4S o+ Q= & fatty acid synthaseg©°] $
7 o E AZEY (G 47).

Uvm298¢] CDSWol A dojt WHol= 3719 CDSY ¥ |3 nonsense mutation©. =2 laeA
AAE knockoutAlzl o7l HIHFH P 2 YIS F AoE HIAT lged=
secondary metabolism %+ olygl theFgk fungal developmentel] gttty d# R
regulator2 ©] %A= deletionA] 7] ™ aflatoxin A S ZA3t= afiRe] Wdo] A 3|5
o] aflatoxin APAE A= A% IA] g dd d#HFH T (Bok & Keller, 2004).
Uvm298¢] aflatoxin A3+ ZFo] wild-type vl 1% W&lZ Fo]=71 global regulators!
laeA®) deletion®. & aflatoxin &4 Al2=Ho] 252 297 MjEo 2 HZATHE 49).
TEH o2 Euf, Uvmlbbe} Uvm298¢e] 332 ResequencingS. 2 deletion® Ao =2 <l
B aflBek laeA A o3k Zi]lo] o]d e AFAAES Fasted FHE F AUTH
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. Lichtheimia ramosa KPH11 ¢ EdWo] #F

(D UV zAbd 2% EdWol 5 A2

UV Fd3e] AZE 40 ~ 75cm, FAF AIZHE 45% ~
EdHo] F71E SRSl Lramosa KPH119] &8 0.2 to 329 %
£ Adstr] sk 100 ~ 200 FEYE
100 ~ 200 ¥ 2Y
1 =

Edde] #F
MMoll 73t e o5 AdTskth
FFeTAH EdHR dEHE EFE

A

T

i

4ENA zA-3ste] 11714 2002
olRT. ¥Y 874
minimal media®} PDA®| ]} &3}
F MM Hjx|o] AAsA E=
Eddo] #F Ad HxESE 5x107

~ 6x107 o] ATH (F 49).

¥ 49. UV =™l 1715

T =AW IF AEE

Number of:
N Distance / time Survival  rate S;lgieds g‘fﬁ;&%ﬁ: Fre%%?gﬁé of
candidates
1 40cm — 4 min 02 % 100 0 0
2 40 cm - 2 min 0.6 % 100 0 0
3 45 cm - 45 sec 122 % 100 0 0
4 57 cm — 1 min 30s 41 % 200 1 5x107
5 57 ¢cm - 1 min 30s 163 % 200 1 5%107
6 57 cm - 1 min 17 % 200 1 5%107
7 65 cm - 45 sec 25 % 200 1 5%107
8 75 cm - 2 min 2.8 % 200 1 5%x107
9 75 cm - 1 min 30s 5% 150 1 6x107
10 75 cm - 1 min 32.9% 150 0 0
11 57 cm - 1 min 30s 15.7% 200 1 5x107

(2) 3sE4d (Methyl methane sulfonate, MMS) ¢l 2|3 &
F57} 15 pulml H=

MMSe] #F

PDA%} MMol| Hijefsted 168 SFE2UE

10!

Control

30 min

19 65. sstEd (MMS)el

= 3fo] 30Tl 303 74131—? A=

AT are] YEEE

103

- 213 -

gadel 23 4%
£ SISIATE 37T

& 14.5% °IATH (1H 65).

" - 65 x 105 CFU/ml

\ ‘ 94 x 104 CFU/ml

Survival rate: 14.5 %




(3) L. ramosa KPH11 Qo] #F A

7k g oA 9| (Auxotrophic mutants) &3 At

FE 874 =AW #FE Addslr] flste], UV A Sd0] R71E8 83 &l ¥ AUL
ALZ, AU3, AU4, AUb, AUb, AU 3134 E9ddo] 7|8 &8 EdWe] ¥ ACl ¥ 8d%&
ez st (I8 66. AUL AUZ AU3 T Methionineo] 3Z3H=|o] )= minimal media®lA],
ACI= isoleucine©] ¥3=o] )= minimal mediadllA AASIATE ©l% wild type L. ramosast Ak
3 THEQ AUL AU3 ACI 375FE PDA 1A IA 37°C 3Y97F vk & Aoz 9} 3ss
nZdstoll A 2E S RISt (1| 67).

Ao

-

Control- UV MMS.

AU AU2. AU3. ACl.

MDM-+Methionine- MM-+Isoleucine-

9 66. Yo7 SRl o AT 913k amino acddE E3]F AR oA o] A%

Bar: 20 pm

AU3_Methionine

AC1_lsoleucine

=51

I¥ 67. F¥LTA Bl F59 wild type #5949 T wln
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. ez EdAwo] (Morphological mutants) #3 A

UV 2AF Eddo]l f718 B3t A5 FA3HA &3he SPOl #35 Adstdt (19
68). PDA 1A v =|o A 37C 5¥3F vl stA-S o wild typed} Wl ste] SPO1 #5+
TG ZAE A A EEAUh =3 v RS gEA st CM, MM, PDA,
YPD A AufjR| oA 37C 7LXE widFsta FstAn Ao w2 wHASR oY, EAE A9
A sHA] Zst .

Control SPO

PDA YPD

a9 68, LA A A B9l Lramosa KPH112l de)stz EA4
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o wild type L. ramosa}t ¥lalste] AAFELE7E oF 20 ~ 25% =9 A& 47&2} -’F UM
(1% 69).

Control SPO!

| dav 2 days 3 days 1 day 2 davs 3 davs

CM at
379C

PDA at §

379

YPD at

37°C

MM at o

370C
a9 69. ¥4 A

(4) Lichtheimia ramosa KPH112] £ A 74 &dWo| SPO1 genome £

Sporulationo] wild-typeol] ®WI3] A3 FaF+= TAFES 7I (FATH 1) L
Ramosa SPO1& Illumina HiSeq WH S 2 resequencingsle] 510X coverage®] sequencing
readsE L3, Trimmomatic v.325 ©]&3}4] trimmingdt ¥, bwas ©]&3}] reference
genomeol] mapping3dt A3} 473X coverage?] readsEo] A As}HA align® Atk (F 50).

3 50. Resequencing statistics of Lichtheimia ramosa SPO1

readspairs | fofal bases | total coverage | fnmmed pairs | mapped_pairs | mapped bases | mapped coverage |Iner sze| insert sze dev
SPO1 | BOAA0%08 | 16249081,5% 0| TAATI92| 7ABG5969 | 1300468351 a4 i

X 51. Lichtheimia ramosa SPO1 mutant lineE<¢] WHo)¢x Q<F

CDs intronic intergenic
frame-shift | nonsense| missense | silent Ins | SMP | Ins | SHNP
SPO1 2 2 2 &

# of mutation

Freebayes gt T2 139S o] 83t mutant positionS <13+ A3}, 67§12 FaE3F WHol
AAE FAsAEY, olF 277 BHP FFo] F HAoZ 9 AEE=  frame-shift
mutationg Yo 7itt= AS 3lstHTtHE 5)).
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X 52. Lichtheimia ramosa SPO1 CDSW¢] HolAr

chn  |pos Giype |Rnum Refbase  |Refnum |- |Altbase Altnum |mid fritype | ref| alt|mut_type |annotation

ch05 | 2557661 1/1 449/G o A A48)FUN_007403-T1 |- |CDS | T | | |missense  |aldehyde dehydrogenase

chDf | 2482408| 1/1 354 TGAAAAG 30| [TGAAAAGAAAAG 307|FUN_00B668-T1 |+ |CDS frame-shift |actin-like atpase domain-containing protein, hsp70 family
chQ7 | 2513447 1/1 4231GAC 0l |GAAC 404|FUN_009732-T1 |+ |CDS frame-shift |velB-like velvet complex protein

ch10 | 920946 1/1 468[T O € 468|FUN_011962-T1 | +|CDS | Y | H |missense | peroxisomal hydratase-dehydrogenase-epimerase

270¢] frame-shift mutation Z}7Z} actin-like ATPase domain-containing protein3} velvet
factor domain-containing protein -FAAFANA  Lojyt=d], ©|F filamentous fungiol A
asexual sporulationell &gtk L&A velvet factor +AAE (Park & Yu, 2012)3 #&
domaing 713 FAA A Aot frame-shift mutationo] SPO12] EEHEHo| & JFS 7
ARo7 BT (% 52). thyl, 4719 velvet factor FAAEo] A5 &3t= titk49
fillamentous fungi¢}= <2l, L. ramosadl= F¥ 1871¢] velvet factor domain-containing
FRAEC] AL, oY 7wl A= obd dexl Aol 7] wiwe 2H7Ze 9E

F&HATIE Basto
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58, AT HE o FLAMINLY PAA Z=9d
1 ASF tAA £4 9 Holg Z=EAA 7|48k &9
7}. Sample preparation
(D) &% v
AF= AAZA FEF 2123-104 AxH T4 & &% Saccharomycopsis
fibuligera LNJJ8-1(o]3} LNJI8-1)3 A 4EE XA P ddw 48 d"Eds 14
104-3039 A4 AZH FHFNA L &5 Pichia jadinii LNLNPH1-2 (¢]&} LNLNPHI1-2)&
o] &3l AHS PP F EXE YPD AAulA [1% (w/v) yeast extract, 2%
peptone, and 2% glucose] °ll A wlj FalHA Tt vk 250 mL baffled flask with screw capell
A F BF 25 mLE 37ColA AFFHAT. F 244 7F vk 3k 3 ODgp=0.1Z Z30] 84|
b Bt wikE et

2 2

: 2

E%OIE AAEE XYA G AdgolA AxH FFANA L& Lichtheimia ramosa
st o). L. ramosa LNPH1-1E complete media JLA|Hj =]l 37C oA 4
7)1 & 3‘; 473 /5482 #AFS A A2 miracloth (Calbiochem, San Diego, CA)oll o 3]
Z T} Miraclothol] Z# % A= 1.5 mL safe-lock tube (hamburg, Germany)ol UFo] &
a2 13000 rpm, 4ColA 107 & dAESAAA F5HES AASI safe-lock tubeol] THA|
=Ry z%fr 1 mLE ¥t olAS L ramosa LNPH1-1¢] £ <7} 7H/mL7} H ==
AA wjA) BTttt HA A= complete media (CM), potato dextrose broth (PDB),
sabouraud dextrose broth (SDB)E ©]&3t3th. CMHlA&= S/S 1 Lol yeast extract 1 g,
sucrose 30 g, peptone 2.5 g, sodium nitrate 2 g, potassium phosphate 1 g, magnesium
sulfate heptahydrate 0.5 g, potassium chloride 0.5 g, trace element solution 0.2 mL,
vitamin stock solution 10 mLE o] ¥+=%1th Trace element solution®ll+= citric acid 5 g,
e5g e 1g 25 mg 50 mg boric acid 50 mg, 50 mg, =73 95 mLES Y3ich
Vitamin stock solution®]+= thiamine 100 mg, riboflavin 30 mg, pyridoxine 75 mg,
pantothenic acid 200 mg, nicotinamide 75 mg, ascorbic acid 5 mg, p-aminobenzoic acid 5
mg, choline 200 mg, folic acid 5 mg, biotin 5 mg, inositol 4 g, 50% ethanol 1 LE ¥o] %+
EQth PDBujR|= &7 1 Lo potato dextrose broth 24 g& ¥, SDB WA= 57
4~ 1 Lo sabouraud dextrose brothE 30 g 2o =AU 250 mL screw Azt Eef2==0
35 mLe] HHX]E Y3 37CAA 220 rpm 2RO E F4LS 23 HEgE PSS
HE3A I F 12A3%, 24413, 36A1%E, 48417 Fol] samplingS =3 314 T}

=
Z
o
T
}—A
Emlm
)
*o%o

U 55, F3%0]9 T4 T3 grArE 4
(1) Stir bar sorptive extraction (SBSE)H < o] &3t 34 & dAMEE F&
4°C, 3500 rpmell Al 300 = &<t AAEY T F AFTAS sampleE o] &3 FF ol
LA EY A e HA|uA] AAE sampleZ o] &3} Sample 8 mLE 10 mm length,
32 phase volume ethylene glycol-silicone coated stir bar (EG-silicon twister) (GERSTEL
GmbH & Co. KG, Milheim an der Ruhr, Germany) %+ 10 mm length, 0.5 mm film
thickness polydimethyl siloxane coated stir bar (PDMS twister) (GERSTEL GmbH & Co.
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KG, Milheim an der Ruhr, Germany) ¢} 7] 10 mL screw vial (CTC Hdspce, Agilent
technologies, DE, Germany)ol]l 23l screw cap (Ultra clean 18 mm, Agilent technologies,
DE, Germany)2 & dtokth TwisterE2 1000 rpmO & stirdt® &R & 608, &Fol= 90%
SEAAGT. FF Fol= twisterg FHTE A2 F lint free tissue®E Hol =< A A3HA
=3

(2) LA IdE dgrEE B4

SBSEW & ©o]&3sted F=&% sampled] 3¢ HFE diA4bE 42 7890B GC system}
5977A mass detector (Agilent technologies, Santa Clara, CA, USA)E o]&3lo] HA3}3t}.
&2A1Z21 EG-silicone twister, PDMS twisterE tubeoll % o] thermal desorption unit (TDU)
(GERSTEL GmbH & Co. KG, Milheim an der Ruhr, Germany) o4l 40C |4 0.5 &, 12
0C/mine.2 &%& =o]al, PDMS twister= 280C oAl 5% A, EG-silicone twister=
220C oA 5 2E5& FAstY 384 4a tAREES @3NS &3t setde
MAAALE o] &3] cooled injection system (CIS)ollA -80CE HA3FA L, -80C ol A
0.01%, 12C/s& 2%=E& =°]a PDMS twister+= 290°C, EG-silicone& 230C oA 1& A
stA T CIS liner= £ o] 8393 mode= solvent ventREE o] &3l NI4T E Hujsh
A Z Tk Solvent vent= =94 vent flow Z71-2 50 mL/min, 4.772 psi until 0.01 min ©]%}
;. Column< DB-wax (30 m length x 0.25 mm LD.. x 0.25 xm film thickness, J&B
Scientific, Folsom, CA, USA)E AF&3l3th GC oven&EE 4CoA 583F FA39a, 23
0C7HA] 4C/mine.Z2 &%E5 =2 F 230CoA 1087 A3 T Mass scan rangee
35-350 a.m.ul ©.¥ masss spectrax= 70 eVoll A electron ionization (ED®2)oll 8] LAt}
o] 57t~ 2E Helium< 0.8 mL/min® #%&< FA8tY 1 splitlesse &2 &h2k3t 4t

(3 A HE A= 54 R AF

SBSER o &2 F&3 A oa thAMHES 57482 mass spectral database (Wiley9n.l 2
NIST08) ¥ manual interpretationoll 2J&) ®lw B2 = Ath. Hexaneol 3243 - saturated
alkanes (1000 in hexane)s ¢ FFEZLAZ Agste] ZF L EY RIE 78 & &4
o 4 X% retention index (RI) value$} 8] 13}t

(4) F4E& &4 2 o 24

GC-MSE A5t A2 3 Ia thaApbE A9 zto] ¥ WS &3]

o] SIMCA-P software (SIMCA-P version 11.0, Umetrics, Umea, Sweden)& o] &3}o] FA &

4 9 ouF 24 st

o ZE, F%0]9 HITA TE thAE 24
(D v3EA g grbE 2
AR 2FH F%o] 159 AAg L HFUAE LR hrAE FES 9IS fast filtration
(Kim et al, 2013) ¥HES 47 A5t o] &3tk A8 1 mLE EH AE $ 5 mLe
& (HPLC grade; J.T.Baker, AVANTOR, PA, USA)Z A ojFUtt o] FAYS U3 w=7
APstodol = AA FT tAA &4 2 HIE =9 T Atk AEE Z49W nylon
membrane filterE -24°C acetonitrile/water &% (1:1, w/v) (HPLC grade; J.T.Baker,
Avantor, PA, USA) 20 mLel 231 1#ZF vortexingstAth. 1 ¥ quenching®] &3 o= o

i
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Adao G F d3oA sAAY AR7F O & 5 4T, 3500 rpmel| A 2087 ¥
AlE-2] (UNION 32R PLUS, Hanil science Inc, Inchun, Korea)st{th. E2+= 45 1 mLE
1.5 mL safe lock tubeell ki, =FFole A4S 15 mLE 2 mL safe-lock tube
(Eppendorf, Hamburg, Germany)ell &o} centri-vap (Labcono Co., Kanasas City, MO, USA)

ol &xd HAx AFY. &4 HAx Fd= ]ﬁﬂr grgdEol AAE H3 0T
acetonitrile/water &3+ (1:1, w/v) 500 #LE B33 & oA A Ax AFHT

(2) ¥ FE gAMEE 24S 9 A=A
B AYo|x= FEA Sl methoxyamine-HCl (Sigma-Aldrich, St Louis, MO, USA)3}
N,O-bis (trimethylsilyDtrifluoroacetamide (BSTFA) with 1% trimethylchlorosilane (TMCS)
(Sigma-Aldrich, St. Louis, MO, USA)E At&stat. ¢ Ax"E A=<  pyridine
(Sigma-Aldrich) “dell 20 mg/mLZ &3]%¥ methoxyamine-HCl 60 L& ¥ 3 30C A 60&
ZF dES Al Y o] & BSTFA+TMCS, 99:1 80 4«LE 23 70C oA 6083 712 WA F
o} AeoA WA & insert’7} £t 1.5 mL auto-sampler vialel o} HZE FUHES 1
wLZ 2R3t GC-TOF/MSZ &4}t
(3 ¥ g gAME &4
Agilent 6890N gas chromatographol]l <IZ2% time-of-flight (TOF) Pegasus I mass
spectrometer (Leco, St. Joseph, MI, USA)ell DB-5MS column (30 m length x 0.25 mm LD.
x 0.25 um film thickness, J&W Scientific)& #2}sted ALE3IATH &8 &=+ 50CA 1
2 FAAIZ & 50T Al A 300C7HA] % 8CH F7HAAY. 1 % 300CAA 583
A AT Injectore] &%+ 270C, detector transfer linee] &%+ 280C %t} Carrier gas
2E 21+%E F He)e A& o 1 mL/ming constant flow rate 2 E#HFAct
FU 2 splitless mode= A ASFA T Mass spectrometer®] acquisition rate 20 spectra/sec
o7 MAsH Y. Mass scan range= 35-500 am.uz A Q3A T
(4 vSEE ¢a rbEe 54 2 A%
GC-TOF/MSel| eJs] A= w3y &a gabES GC-TOFo] A2H# Fiehn, mainlib,
Wiley9, replibraryE o] &3t AT A3 AFS st WREEEFEDS ARSI
t}. Carbohydrate®] uj& ﬁﬁz—%iﬁ_i—‘:« threitol 100 ppm (W/v)S 100 A}F&3FH a1, lipid=
heptadecanoic acid2 &=+ 100ppm (w/v) 50 , &Fo]= 100 ppm (w/v) 50 A}-8-3}% T
1T7]/\‘b] YR EFEH 2+ tropic acid 100 ppm (W/v)& 50 AF&3FH AL, ofn|i=4ke] Y&
=2 2= norleucine 100 ppm (W/v)& &5 100 F3%Fo] 50 AF&stH Tt F7]14ke] U
FE4 2 docosanoic acidE AbE RO Y 84S He= URES fFr2bEd 1 E
Aol gt A5 EAo] o]Fojx A &odt}. o]F H &S tropic acidE F714He] W
EE=dE At dPS 8RS
G) ¥z 4
GC-TOF/MSZ #4433t & LNJJ8-13 LNLNPHI1-2¢] H|3|WAd vta tAREE A8 A
o5 FRIstr] $1ste] SIMCA-P software (SIMCA-P version 11.0, Umetrics, Umea, Sweden)
= ol&3std ¥ EF A4S AASHAT

z
1__
st

o FH

& J
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g xm, EHole AWMLY B
D 3¢ g tiAME F2H 2 249 39
(7} EG-silicone® PDMS twistere] = &
PDBujR|ol| A L. ramosa INPH1-1E 3 ujj 3k
g g tAME S FEStY 243 A3e okg) O 7039 2o

e
_|>:,
£
i
S
X
R
-
b}
A

v (b)

|

i

I i

| | 4 et -

19 70. PDBuj Ao Al 7] L. ramosa LNPH1-12] GC-MS total ion chromatograms:
(a) EG-silicone, (b) PDMS.

EG-silicone-& ©] &3t A3d 3 ZA3Z = acidF 270, alcoholi 77Y, aldehyde® 871,
benzene 671, ester® 17}, ketones 971, terpene® 171} yw A 471E st F 4070
o] A&o] A&H At PDMSE o] &3l A3 3 Z3=E+ alcohol® 47Y, aldehyde 671,
benzeneF 67l, ester&+ 17l, ketone& 37l, terpenes 27l, hydrocarbon® 570¢} Y™ =] 5
MeE &t F 32719 AEo] HEH Y. EG-siliconeo| Al H% @ AEo] AZFHAL
™ stir bar sorptive extractionol #3F O-E =FoAet #Zo] (Kawaguchi et al, 2013,
Sanchez-Rojas et al., 2009) PDMS coated stir bar: polard+ compoundsE 2 F2F&lA] %

st Ae AT 5 AR

B4 A iAo IF

AR EQ
© A4 T HEolde <5 LA TE tatESs 2467 AslA wiAled ofs) A=
HE ABRSS AN & Fart ok AN AEE YRS JFS Lolrr] 5}
of ARE HEFA ¥ YPD wixe} F FRY AEE HED WAE o8t HAPS
AP3tPc ERE 37C, 220 rpmellA 8AIZF B HEAAHT AT o]9} e 7oA
I 7
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=
=

o

Agsl ¥ Ane obd & 53

A

BE HE3A &L YPD HiA|Rre] WA wE A
Z

E 53 ARF HFsA &AL 8AZE 51t 37C, 220 rpmell A WESAIZ] YPDujA| o] S tiARA]

Volatile metabolites RI RT Relative peak area*(%)
Aldehydes
3-methyl-butanal 918 7.87 0.126
2-furancarboxaldehyde 1470 26.77 0.119
benzaldehyde 1532 28.73 0.588
5-(hydroxymethyl)-2-furancarboxaldehyde >2400 52.66 0.062
Alcohols
ethylhexanol 1495 27.60 0.020
2-furanmethanol 1666 32.69 0.168
2-(2-butoxyethoxy)-ethanol 1805 36.54 0.047
benzeneethanol 1922 39.57 0.044
2,4-bis(1,1-dimethylethyl)-phenol 2314 48.60 0.170
Esters
butyl dibutoxyacetate 1147 15.21 0.053
butyl formate 1168 16.04 6.343
butyl butanoate 1227 18.31 0.014
2,2,4-trimethyl-pentan-1,3-dioldiisobutyrate 1885 38.63 0.319
Hydrocarbons
hexadecane 1599 30.76 0.017
octadecane 1798 36.36 0.023
nonylcyclopropane 1973 40.83 0.137
eicosane 1998 41.45 0.019
Aromatic hydrocarbons
toluene 1048 11.69 0.037
1,3-dimethyl benzene 1140 14.98 0.016
xylene 1147 15.22 0.019
1,2-dimethyl benzene 1191 16.94 0.013
1,3-bis(1,1-dimethylethyD-benzene 1432 25.55 0.018
1,6-dichloro-1,5-cyclooctadiene 1912 39.32 0.040
butylated hydroxytoluene 1917 39.43 0.014
Z-5-nonadecene 2007 41.67 0.034
2,6-di(t-butyl)-4-hydroxy-4-methyl-2,5-cyclohexadien-1-one 2104 43.96 0.179
Ketones
2-pentanone 983 9.64 0.009
2-octanone 1292 20.77 0.017
2-dodecanone 1710 33.95 0.025
Pyrazines
2-ethyl-5-methyl-Pyrazine 1402 24.59 0.035
trimethylpyrazine 1416 25.03 0.061
2-methyl-5-isopropyl pyrazine 1422 25.23 0.022
pyrazine 1621 3141 0.022
Aromatic organic compounds
4-methylquinoline 2133 44.63 0.067
5-methyl-2-phenylpyrimidine 2334 49.02 0.118

*Relative peak areas to that of internal standard
@ LNPHI1-2¢] 384 E& oAt A
LNPH1-29] 34 &g AES E43t9 YPDuIA ] 34 A& vws] 2 23, a5
of oJ3f w=FtA AdE FEAP TR hAMHES acidiF 271, alcohol® 57), ester® 87M,
hydrocarbon® 27H, aromatic hydrocarbon® 270, ketone& 17§, furan& 17§, sulfur
compound& 1I7HZ & 20707 AEEHAJATHE 54).
¥ 54. YPD wj#|e] ¥3-E& 13k LNPHI-29] 3 &g gAML

m{n
S
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Volatile metabolites RI RT Relative peak area*(%)

Acids
acetic acid 1327 21.98 0.073
2-methyl butanoic acid 1675 32.96 0.056
Alcohols
2-pentanol 951 8.77 0.036
isobutyl alcohol 1119 14.13 0.101
isoamyl alcohol 1226 18.26 5.297
ethylhexanol 1495 27.60 0.027
3,7-dimethyl-(Z)-2,6-octadien-1-ol 1854 37.82 0.049
Esters
ethyl butanoate 1047 11.66 0.166
isoamyl acetate 1133 14.67 0.173
ethyl hexanoate 1242 18.88 0.060
ethyl octanoate 1440 25.81 0.040
3,3,5-trimethylcyclohexyl methacrylate 1615 31.23 0.014
2-phenylethyl acetate 1826 37.09 0.059
ethyl-(E)-cinnamate 2144 44.87 0.030
farnesyl acetate 2270 47.65 0.094
Hydrocarbons
1,4-bis(1,1-dimethylethyl)-benzene 1432 25.55 0.012
octadecane 2027 42.14 0.020
Furans
5-hexyldihydro-2(3H)-furanone 2161 45.26 0.414
Sulfur compounds
dimethyl disulfide 1083 12.86 0.040

*Relative peak areas to that of WH & =4

o

GC-MSE o] &3 ¢4 Ta tirats 4 A WFEE 2845 AR ¥ 3 &4

Methyl octanoate 1 pm (w/v, in alcohol), 50 ppm (w/v, in alcohol) o2 wH=of
sample 8 mLell Hol 3 wE ARIES FE3] B4 3 A3 50 ppm (w/v, in
alcohol) ¥ wi7} 7}4 2 A3 peakEolE 7FA L AA (2F 7D).

a)

AR IUA IE AMIE B4 A YR ZFZ2EF2E methyl octanoateS AL th
= p
_‘l
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@ L. ramosa INPH1-19] |22 F&2 HA

yEEFE2d 313 F 3Y<Ql 4-ethyl phenol®] 749 methanole] =< 100 ppm (w/v) &2
Tr=o] 8 mL sampleo] 1 LE ¥o] 3{EAH #FE JAMMES GC-MSE #43 Aye=
figure 83 2t} 4-ethyl phenols WHEFEZZ HAYS W peak® ZEhA|A] ¢
1 %% =3 Aol 100 ppm (w/v) ¢ 4-ethyl phenols WHEEZEZDE HASYT)

(2) v3EAY FE AR A A8 (quenching, cell distruption), &9
(7V L. ramose LNPH1-1 §-=A3} AleFe] H7l=k 342l

L. ramosa LNPH1-1¢] ®]3¢A HE thAbE &4 A FEA3 Aloke] H7tegs doln
71 {8 24417 W& A1Z1 PDBRIAIE 7FA] a2 Z+Z; 30, 50 ¢ methoxyamine- HCI (20 mg in
1 mL pyridine) ¢} 50, 702|BSTFA+1% TMCSE o] F=A8t A#HT. GC-TOF/MSZ #4
g HIETAE E tAMEE B4 Ade a9 723 2o

(a)

i
i

4

ok

g

Tumes (rranises) 10,0000 12:20.00 1624000 20:00.00 2312000 640,00 20:00,.00 23:20.00 36:40,00
| TIC

The {orism) L0000 13:20.00 16:440.00 H0200,00 23:20.00 265:40.00 200000 332000 364000
TIC

a9 72. L. ramosa LNPH1-12] GC-TOF/MS total ion chromatograms:
(a) 30methoxyamine hydrochloride, 50 BSTFA+1% TMCS
(b) 50methoxyamine-HCI, 70 BSTFA+1% TMCS.

30 methoxyamine-HCl, 50 BSTFA+1% TMCSE Yo #4383t A& Wl myo-inositol,
oxalic acid, aminobutyrate ¢} & A&E°] HEHA FUTh wpa B AdFoA= 50
methoxyamine-HCl, 70 BSTFA+1% TMCSE 7}A3. L. rasmosa LNPH1-19] w3 &
YA EES F =43} 3tara g}

g AW A 85 oY

b HIFEAE TE ALHE B4 S
s 2 ot Ade AP A A=3rF AUAA A Usieh o]

anel 43
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mLyYF 3]st B4 7|2 Stk ARG AEHS 2 mL Ik 4
1 mLE 3435t 23RS we] GC-TOF/MS total ion
chromatogram-2 13 73] YeERJ AT

(a)

(b)

a9 73. NE 3 gFo] W& GC-TOF/MS total ion chromatograms:
(@ 2 mL 34 (b) 1 mL 3]

(3) HlolE ZgpAlA F v E FAVIH &9

(7D L. ramosa INPH1-1¢] 3a4 @& diA4bEe] o= SA 71 84
CM viA] ol A 12413, 24A4]3F, 36/\17& 48A1ZF v kA L. ramosa LNPH1-12] 3utAd
3 AMIEES AN, BEF &4 3 F SIMCA-PE o] &3ste FAE 4 9 o ® &4
A e 2ok

D L. ramosa LNPH1-1¢] && A7+ ¥ 3244 2a8 thaARREe] FAE B4
I= a9 749 @ YEAa, thiaE 24 dae el ‘/}E}lﬂ‘ﬁiﬂ Al
DL 33.61%, Al 274 E (PC 2)2 19.64%2 A 8-S Yefo] F HEF 53.25%=
A}, L. ramosa LINPH1-1& 12A|3F &A1 &L PC 171+ 49 ®gF, PC 27]%

>

P

Kol
=
154

=]
o
A

P
8
=2
3

2 o o 8

kel flAEA T 2443 TEAZ AIES PC VlE &9 WE, PC 2 7& &9 U
AR o™ 364173 48AIZE HEANZ AE2 PC 2 71& o] ol HAA 0}9&‘3}.
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{al CM_simca_A| T2 a7 M1 (PCA-X) - diz

{Comp. 1}Comp, 2} - d24
Colored according to Obs ID (Primary) - 435
" d48
101
.
f

2

o @ Bk BB om ok @

“312-11-10 9 $ -7 8 5 4 3 2 4 0 ¥ 2 3 4 5 B T & % WA 1243

by CM_simca_Ak| 288H_97 M2 (PLS-0A) . d12
HComp. 1JHComp. 2] - 24
Colored acconding to Obs 1D (Primary) * d3s

dad

i
R . L

5 & & L b oo

@ L. ramosa® L& ANZE A IE gAMIES iy BHo g Yot A PC 1
7 PC 29| &3} Foll o] Fa3 dFS vx= A& (VIP value > 0.7E-2 octanoic
acid, decanal, dichloromethane, dimethyl disulfide, cadinene, nonanal, palustrol, shyobunol,
1-butanol, humulene, 5-methyl-2-furfural, 2-hydroxy- 3-methyl-2-cyclopenten-1-one,
selinene, furan, methoxy-phenyl-oxime, unknown, 3-methyl-2-buten-1-0l, copaene,
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-  4-one, 2-methylbutanal, tau-muurolol,
cadrelanol, 2-pentylfuran, 5-oxymethyl- furfurole, 1-hexanol, indole, 2,3-butanedione,
2-cyclopentene-1,4-dione, nonanoic acid, 3-methylbutanal, pentadecane, acetic acid,
2-butanone, 2-furancarboxylic acid methyl ester, 2(5H)-furanone, 2-propanone, acetic acid
ethyl ester, 2-(2-ethyoxy ethoxy-)-ethanol, 2,2,4-trimethyl-1-pentan-1,3-dioldiisobutyrate,
2,3-pentanedione, 2-ethyl-1-hexanol, chloroform, phenol, ethanol, hexanal ©]3it}.

- PC 19 <ok (12A13F ¥iehel F83 I&FS vx= A& (VIP value > 0.0E2
selinene, 2-methylbutanal, 2-pentylfuran, 1-hexanol, 3-methylbutanal, shyobunol,
2-hydroxy-3-methyl-2-cyclopenten-1-one, 1-butanol, dimethyl disulfide, cadinene, hexanal,
methoxy-phenyl-oxime, chloroform, phenol, nonanal, 5-methyl-2-furfural ©]%1t}.

- PC 19 &9 W& Q4ARF wiePell Fa3 IS vA= A (VIP value > 0.0)=2
octanoic acid, 2-ethyl-1-hexanol, 2,3-pentanedione, 2-cyclopentene- 1,4-dione, ethanol,
5-oxymethylfurfurole, palustrol, decanal, 2-propanone, 2,3-butanedione,
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2,2,4-trimethyl-pentan-1,3-dioldiisobutyrate, dichloromethane, nonanoic acid, acetic acid,
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one, furan, 2-(2-ethoxyethoxy)-ethanol,
pentadecane, humulene, 2-furancarboxylic acid methyl ester, 2(5H)-furanone, 2-butanone,
acetic acid ethyl ester, indole, cadrelanol, 3-methyl2-buten-1-ol, tau-muurolol, copaene ©]
ATt

- PC 2 & <o w3k G6A%E, 48412 wli¢Pol]l a3 FaFES v+ A& (VIP value >
0.NE2 palustrol, nonanal, decanal, dichloromethane, 2-hydroxy-3-
methyl-2-cylopenten-1-one, nonanoic acid, octanoic acid, humulene, chloroform,
3-methyl-2-buten-1-ol, 5-methyl-2-furfural, tau-muurolol ©]%1t}.

2. A3 A L ramosa®l FRAMFTAE TE dAME EY A7

7}. CM, PDB, SDB HA|ujR] & FFo] v FH
A vl =] = complete media (CM), potato dextrose broth (PDB), sabouraud dextrose broth
(SDB)E o] &3}ttt 250 mL screw 2FzF Zgt~=0) 35 mLe HHX]E Yy 37C oA 220
pm XA R FAL 2 vjdS AP #S& HEFS W+ F 0 hr, 12 hr, 24 hr,
36 hr, 48 hr %ol samplingS <33}t

. F3o]9 ILA TE AREE 4

QAR A Ze AAHA A S sampleE o] 83te] SBSE FEHS

AMPE S &3t GCMSE A3tk 49 A #E trAHEY & m

spectral database (Wiley9n.1 2! NIST08) %! manual interpretationell ¢J&] vl #2 = o).

T3k saturated alkanes (1000 xg/mL in hexane)& ¢|&F ZFEZZE ALE3te] 2t

o] RIZ 3 3 E3ol|A EiH retention index (RD value®} v 3} t}. 4-Ethylphenol

[100 ppm (W/v) in methanol]& W& ZF=Z=E ALE3t AHFsG T GC-MSE £2135}o]
< A s tiAMEE AR Aol B MEYYS &1yl Hske] SPSS (version

12.0, Chicago, IL. US.A)E thH® EA(MANOVA)S AA &Rt =3 ajek A7k 8 A

of W& zo]lE &213str] 98] SIMCA-P software (SIMCA-P version 11.0, Umetrics, Umea,

Sweden)E ©]-&3}e] PLS-DAZ =33} t}.

o F30l9 HFYAR EE tAMHE 74

H A g tiAbabE 228 98l fast filtration (Kim et al, 2013) WS I3 FA 4
o] &3t FE2H A= F=A3E 93] methoxyamine-HCl (Sigma-Aldrich, St Louis,
MO, USA)e}  N,O-bis  (trimethylsilyl) trifluoroacetamide =~ (BSTFA)  with 1%
trimethylchlorosilane (TMCS) (Sigma-Aldrich, St. Louis, MO, USA)E A}&-3}o] GC-TOF/MS
2 BEA3t9t. GC-TOF/MSo| 2J3 4% H3uryd wg dAMHES Fiehn, mainlib,
Wiley9, replibraryE o] &8st 43ttt A3 AFS 9t WHREFEES ©]&3A
o mw, carbohydrates®] ¥ “FEZZ+= threitol 100ppm (w/v in water)2 AF&3A L
fatty acids= heptadecanoic acid2 100ppm (w/v in hexane) AF-&3}H T} HEH organic acids
o] YREEFEHZ = tropic acid 100ppm (w/v in water)S A3} S ™, amino acidse] U
R2xF E4@ZE norleucine 100ppm (w/v in water)& zZ+zt AFg3Fth. GC-TOF/MSE #

- 227 -



Hafe] e

ST

W] 9124

BE AR
software (SIMCA-P version 11.0, Umetrics, Umea, Sweden)-2-

Ag ZE

Aol &

2k F3ol9 HTAHMILAY TE tAtE Y 72
D FFol9] LY TE AtE £4

b CM A uj Al A v F3 L. ramosa
& acidf 270, alcohol& 57N, aldehydes 270, 570¢] benzene&<} benzene derivative,
, ketoneF 67, sulfurs 73 IJE 1

=

esteri 17, 107§ 9] furanF<} furan derivative
7N, terpenes+ 37N, hydrocarbon# 17}, miscellaneous& 17/1Z Z

Apakgol

A== Aok

FEEo ILE 5 gARE

3t  SIMCA-P

9]
ol gste] Thi® B4 AA

7

557k 9] g IE o

e
)

=
3

PLS component 2 (20.8%)

& & & N o N & O o

E

-13

12

11 -10 -9 8 -7 6 -5

3% 75. CM AAA| F==

PLS-DA E4S 53 CM sjA|o| A uwjeF

Aol &

PLS-DA score plot&

component 12

(\}) PDB AR oA Bl %]}y L. ramosa

=

derivative, ketones 871, sulfurZ
29707 AE2E A (9™ 76).

miscellaneousi 17| &2 &

4 -3 -2 1 0 1 2 3 4 5

PLS component 1 (32.2%)

glst AT CM HAu Aol A vt L. ramosa
Iy 759
7N1EoR2 YZEoA
component 12] 32.2%, PLS component 22| 20.8%=

R AT

eEZoR o

- 228 -

v} &
53Rtk PLS-DA score plot2 PLS
F WHE9 53%E 3.

6 7 8 9

FAzbol

10 11 12 13

o] A wE tAHES] PLS-DA score plot

st= &t L ramosa FE&° A WAREES

FEEo] Y AR BB

=718t AT o

PLS

F2E9 ALY PANE B4
= acid& 270, 7719 benzeneH2} benzene derivative, etser& 171, 871¢] furanF<F furan
-3k 813tE 170, terpenes 27), hydrocarbonf 171,



—
o
R

PLS compaonent 2 (20.1%)

& & b b & N e @

-1 -0 9 8 4 6 5 4 3 2 -1 0 1 2 3 4 5 & 7 8 9 1M M
PLS component 1 (27.8%)

13 76. PDB A u) = FEE2| 3utA &E tjAMEE 2] PLS-DA score plot.

PLS-DA #4418 53l PDB wjX| oA wjkst= B L. ramosa 52 34A hAKREE 9
ZFol & ERlsta Y. 1™ 4% PDB HiXA| oA wlFAIZl L ramosa FEES A oA

Eo o3k PLS-DA score plotg UeRATH wjek Azto] Z71842 A8+ PLS component
1& 702 dFqAH LEZOZ o535t AELS PLS component 18 7|Fo2 A%
i LEZo=x JARY. PLS-DA score plot2 PLS component 1¢] 21.17%, PLS

¢

component 29| 22.21%= F W52 43.38%E5 AWt}

(th) SDB A vf A A v ¥ L ramosa FEE2 FHEA tAXRIE 53

% acidf 27), aldehyde& 37ll, 871¢] benzene <} benzene derivative, 1171¢] furan®<}
furan derivative, ketones 67), sulfurg 373+ & 27), terpenes 27), hydrocarbonf
17}, miscellaneous 1717} H &= ot

™

\@
]

PLE component 2 (18.6%)
T T S R VO

=]

PLS component 1 (37.0%)

a9 77. SDB HA w2 FEE2] 34 Tg dlAEE L] PLS-DA score plot

PLS-DA #4-& &3l SDB uijA| el A vj¢ste &< L ramosa FE&2] 34 tAHHEY
ZFol & ERlstutt. 19 77= SDB uiR| oA wiFAIZl L. ramosa FE&E2] 3 iAE
Eo] thd PLS-DA score plotS UERATH AZo 1_—.°ﬂ A REZROSE o]FIATH
PLS-DA score plot-> PLS component 12} 35.61%, PLS component 22| 18.42%% % &2
54.03% 5 A g
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(D) 48 hr M &3 L ramosa®) FEE4 FLAE dARIE v

48 hr wiF Al F8 FAA AMAHES acetic acid, ethanol, 3-methyl- 2-buten-1-ol,
2-phenylethanol,  ethylacetate,  2-furaldehyde, 5-(hdryoxymethyl)  -2-furaldehyde,
2,3-dihydro-3,5,-dihydroxy-6-methyl- 4H-pyran-4-one, a - humulene &2 YElgT}
ag4dg #Ad 3 gAPEZ = acetic acid, ethanol, and ethyl acetate SO
Uebtom, 53 CM AR oA 74 Hol AdEJATh ¥, 2-phenylethanol 2 SDS
A A] FZENA 7S Bo] AAEHAET phenylalanine S 2FRE AAHAES A=
A2 ¥t} 2-Phenylethanol = CM, PDB, SDB <} A|ujz|o| A Ho] AAHH benzene /7 &2
benzene derivative 2, PDB Aujxe SDB  AAwANA © wWo] wAFHCH
2-Phenylethanol &  fusel alcohol = SH=, Ehrlich  pathway & 3l
phenylalanine ©. = F-& AAEHM, b2 F8 F7] A& F sttolth. ArFS AYH,
W, 9], f27], SYE e, R, X, Zx, AR F2& AY SolARE
A A HHKyoshi, 1999; Kim et al, 2008; Kim et al., 2010). Ethyl acetate &= CM 3} PDB
A A o] A AHAF = AR, SDB AA A= AEEHA FUth o] A= HFLdEFH
¢S Yeldy, 2tagieh ol F3 A Fr] ZEolthSo et al, 1999; Lambrechts
et al., 2000).

(2) F%ol9 HFLAY LE hAE 24

b CM A wiR oA 2 v LdE ARE 4]

% 14719] amino acids, 971¢] carbohydrates, 177§¢] fatty acids¢} 197§2] organic acids7}F
A= F 59707 AEE Ao giFE2 amino acide= 12hr wj7kx] 543 A4Skt
24hr7b A F7behe 43S YERA Y. Y¥Hd 22 lag phases<t, amino acide] 2 o
A TS FASHARE exponential phases<+e] amino acid &#-2 #Hadte A= 4y
A 9t} (Selvarasu et al, 2009). ©]+= amino acid’} o]& HAYS=Z o]&3}+= nitrogen
balaceol] 93] EalE & o™ (Eagle et al., 1959), WA =2 metabolic pathwayS %3
aldehyde, alcohols, sulfur compounds, lactone S0 & W3=E & 7] WjEo g Alg At
(Korpi et al., 2009). 124 o]e} @] Serine®] 7% 12hr wjd71A] F7lsithrt H4sl=
HHH, Ornithine®] 7-¢- 24hr Wi 742 S7tsttk Zasts A dFs e AT

(a " /T\

FPLS component 2 (24.4%)

N

-10 o 1

PLS component 1 (36.2%)

a3 78. CM A nfA|of] v Fgt L. ramosae] v134Ad & thAMFES] PLS-DA  score plot
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+ Wi GAIZEO whet B3 T E tAMEEC] o9 A Weta, o] wf ARV} ofE

A FHH=AE BAF Utk v A F7tel wet PLS component 18 7l&Es 9

220 3 4SS ¢ 4 At Figureb(h)= o]o] thdk PLS-DA loading

plot© 24, isoleucine, phenylalanine, glutamic acid®} #& thF¥E2] amino acidse}

sucrose, organic acid <% 3-propanoic acid, nonanoicd acid, 3-methylbenzoic acid,

octadecanoic acid, benzoic acid, ethanedioic acid, 1,4-benzenedicarboxylic acid+ PLS

component 17108 QEZd X 3t= proliferation®] Z7|GAo] FeFS nm|xh wrd

maltose, glucose, mannose2} #-2 carbohydrates®} 7]E} organic acide PLS component 1

71F0 2 &4 9 X3l proliferation®] 37] ©A 2} nonproliferationo] F&FS wxl A&
& T AT

(L) PDBY A H R o] A 2] H]3atA BHE AR B4
% 14719] amino acids, 97§¢] carbohydrates, 177§ 2] fatty acids®} 187§2] organic acids”}
AgHol T 58/17F A== A PDBAA wl x| e} 75 CMAA A el| /| 4 EH amino acids
o} w123 AS Jehudeh 28 ornithinee CMAAE|x] 9} 2] 12hr vl d7t=] 27}
3hth 48hr Wl¥7bA] 7astgom, Lysined] A 24hr w7t Z7}abct 48hr i A
Zadthe %S YeERATE vk carbohydratese] aF2 24hr mjUg® AlSolAM JHE =
9tom, fructose9} glucose®]e] T} carbohydrates’} AEE A7k CMAA HI x| o] 759}
FrAFSEATE 28y CMAA A o) A sucrosex Ohr HlFE AlFolA HEH H Hjeko] R
FE e ¢ g2stE AFS Yehidoh Wb, glucose®} fructose: sucrose?l 7h4=E-s)
o oa) A= (Chambert et al, 1974) ol= CMAA A A A F7t8leE Fds UER
AT

(210-

PLS component 2 (24.5%)

-10 o 10
PLS component 1 (41.7%)

18 79. PDB A w Aol v ¥t L. ramosa®] ¥]3F|HtAd wrE tjAAHES] PLS-DA score plot

A&+ PLS component 18 7|FCoE YdFoA LEZOCE o|Fste AFE UEIASH,
PLS component 25 7|Fo =& otfiFdA 9= olFdte AFS YHEUTE o o,
PLS-DA score plot 2 41.69%¢] PLS component 13} 24.46%<] PLS component 2¢|| 2J3] &
M52 66.16%2] Attt (ZF 79).

o

(%h) SDBAA A | A4 9] HIFLAY LE hAE 74
% 1471¢] amino acids, 9719 carbohydrates, 157§ ¢] fatty acids¢} 187H¢] organic acids”}
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AEH F 567071 AZ=ATh SDBAA )R] | Al v e vZUAE EE fAMHE % o
A uj A oF +E AFS UEFHI =T, amino acid®] e OhE AAEIA Y] ASRT 3
ko, 12hr wiFE AR uiAAA 7 =A YER T gl glFE2] amino ac1dsT:
12hr  wiF7kA F7kstthk ZFASEIAIRE,  isoleucine, aspartic  acid, glutamic acid,
phenylalanine-> death phase (36-48hn)74A] Al S7bat Aot ®3F 24hr ik YA u) =] o
A1¢] amino acid ¥%¢] S7F= glucose$} inorganic nitrogen sourceE ¥H-F3tal U= A A
iR o] A gehES o] &3]t amino acide] o2 AWEHAAH, o]H7 F/d2 fungist
g2 mAgENAE A Foh (Dagley et al, 1957, Morton et al, 1955). 7F& Lwukz <l
storage carbohydrates®! arabitol3} trehalose®] 3+&-2 exponential phases<t S713AA
v+, mannose, galactose, glucose®] &S 23| TAsIRTE CM, PDB, SDB A H| ] o A
AEE UFEEe fatty acidse "IABESY A& F¢ FAFM, 3-methylpentanoic acid,
arachidonic acid, (97,127)-9,12 -octadecadienoic acid®} (9Z)-octadec-9-enoic acide] 7%
7 A5 A4S eIt Carbamic acid, butanedioic acid, citric acidE
)3t tj &2 organic acidss= CM, PDB, SDBHA A ZFoA ZF¥ F7lstAUY <A
FEFL FAFE S JERNQIT o)== exponential phases¢tr F2A3] Z713}thr} death
phase7}#] A &= ¢ P% ety o, fungiol <3 AA == organic acids®! Citric
acid?} L. ramosa. = Ol 83t FHoA HEH F8 acid¥tt (Gadd GM et al., 1999).

(2

r e

MR @ 0

PLS component 2 (16.6%)

I

-14 =12 -10 -8 -5 -4 -2 o ped 4 (] 8 10 12 14

PLS component 1 (37.4%)

% 80. SDB HA|ufj x| ol wjFst L. ramosas] ¥F¢A & thAHFES] PLS-DA score plot

Hj kA 7ol whE A B EG AR zpo)lE Yolrr] 8 PLS-DAZF 3 = Qo
PLS-DA score plot 2 37.40%¢] PLS component 13} 16.57%<%] PLS component 2¢|| 2J3] &
53.98%2] A gS Jeldla Aok wieFAIZtel whgl PLS component 1S 7|&Eo & QE
oM fEmow oty om, WAzl U Zrtgel wet thA eEZoE Holoi
&2 YErAS (22" 80).

o

3. &% Saccharomycopsis fibuligera KJJ819] A /w3 A AN 824 A

7F. YPD A u]A] 2 &R H|F FH|
AFE AAXA FTES 2123-19A4 AxH FHA AL EXE  Saccharomycopsis
fibuligera KJJ81< o] &3te] A3 g3ttt F &%= YPD AAwiA] [1% (w/v) yeast
extract, 2% peptone, and 2% glucose] oA w3t Th vl 250 mL baffled flask With
screw capellAd & EF 40 mL, 37C, 220 rpm Ao g APHATE 16A17F v 3

- 232 -



o
N,

ODgpo=0.12 BrZo] Hj %
hr, 24 hr 3¢ sampling

dgstath. = HAFstar &+ £ 0 hr, 4 hr, 8 hr, 14 hr, 18

o
r
095
ol
3R
o

U 259 WA dAME £4
HjFel-& 47C, 3500 rpmellA 300 = B YAEZ ¢ F 459 8 mLE polydimethyl

siloxane coated stir bar (PDMS twister) (GERSTEL GmbH & Co. KG, Milheim an der
Ruhr, Germany) ¢ &7 10 mL screw vial (CTC Hdspce, Agilent technologies, DE,
Germany)ol ¥ TwisterE 1000 rpmC & stirring A171H A1 602 F2AZth SBSEH-S
o] 83t FE3 A5 FAAY UAEE 42 7890B GC system¥} 5977A mass detector
(Agilent technologies, Santa Clara, CA, USA)E o] &3t EA3tAT TR 3dd tA
AH=9] Hlo]E = AMDIS (Automated Mass Spectral Deconvolution and Identification System,
http://chemdata.nist. gov/mass-spc/amdis/) AZE o} S o] &3 A HA Ao AH}E
SIMCA-P software (SIMCA-P version 11.0, Umetrics, Umea, Sweden)E ©]-&3}o] PLS-DAES
TY5tATH PLS-DA TAE 33 = 4A FF o4 VIP #s 7HA+ 3848 diAb=
2 mass spectral database (Wiley9n.1 2! NIST08) % manual interpretationS 3} =43}
Al Hexaneol| 3)4]3%t saturated alkanes (1000 xg/mL in hexane)S 9% HFEZHZ A}
£35te] 7 3 E o RIZ 13 & EdoA Had retention index (RD valueet W w s}
At A AAF S 737 Y98 methyl octanoate 50 ppm (w/v, in alcoho)S Wi
7 R2FEEE AHESATH

o AR HFTA YAE 4

2o v PYAAE FES 3| fast filtration (Kim et al, 2013) WHS 7 =34
ste] o] &3lA T FEH FE=ASE 98] methoxyamine-HCl (Sigma-Aldrich, St Louis,
MO, USA) ¢}k N,O-bis (trimethylsilyDtrifluoroacetamide (BSTFA) with 1%
trimethylchlorosilane (TMCS) (Sigma-Aldrich, St. Louis, MO, USA)E A}&3}le GC-TOF/MS
2 EA%AT. A dolE et mxriAl= AMDIS AZES S E o] &d] A5kl
SIMCA-P software (SIMCA-P version 11.0, Umetrics, Umea, Sweden)& ©|&3}e] PLS-DAE
FHAT. LA FF ol VIP #e 7HA= 2 thARbES Fiehn, mainlib, Wiley9,
replibrary & ©]-&3t AU

2t S.fibuligera KJJ81 A R9] ALY thAIE &4 72

1D Z=29 IR tgAtE 548 € AF

Z acid¥ 27Y, alcohol& 77l, aldehyde& 27l, benzene % benzene derivative® 471, ester
770, furan 2 furan derivative® 37, hydrocarbon® 17, lactone® 27H, pyrazine® 5
ME ZF 33709 F8 T8 tAMbEe]l HAEH A0

(7P 3-Methyl-1-butanol®} 3-methylbutyl acetate
S. fibuligera KJJ812] 92 WA= =2 3-Methyl-1-butanol®} 3-methylbutyl acetate S°] 7
=5 3ot 3-methyl-1-butanol> @23 =+ 3AH 9127 F& 7HAL e EHolH,

3-Methylbutyl acetatew= EF3 #d F& zra ot 3-Methyl-1-butanol® 3-methylbutyl
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acetate > 53 pathwayS Ax AAEHE Aoz 44 Aot (Ashida et al., 1987; Singh
et al., 2008; Yang et al., 2014; Beller et al., 2015).

3-Methyl-1-butanol®} 3-methylbutyl acetate2 glucose®} valine, leucine®] o}vn|x 4o 2 H
Bl AR glucose’t P HAL AA pyruvatert E F, ¢ -ketoisovalerate, «
-ketoisovaproateE A 3-Methyl-1-butanol® 3-methylbutyl acetate’} A=t} Glucose
7} pyruvate”} == 3|3 3A A hexkinase, phosphoglucose isomerase, pyruvate kinase<}t
2o FhEo] HWhgo] zZg3itd TtlEe] alcohol acetyl transferase, acetate kinase,
phosphotransacetylase %= acetyl CoA¢} #2 IFdAUEL  3-methyl-1-butanol}
3-methylbutyl acetate”} A== dlo] A 2 40|t

3-Methyl-1-butanol®] 7%, vl OAIZFRE] 14AZM7EA] 71 oko] F&E 2 ZF7)8lt
0.176%, 4A3F 2.235%, 8AZF 4.253%, 14417 5.018%) 14413t o] &XE ZFH 7
(18417t 4.674%, 24217F 4.847%) 73S Rtk 3-Methylbutyl acetate®] 75, wjk 0417k
FH AAZA = G FUMete AEE BAew (OARE 0.077%, 4A1%F 0.302%), 4A1ZH5
B AT 7= 34552 AAEE As & 5 AT @A 2.289%, 1443 4.141%).
I % 18AXFY 24A 3ol A= A o] fHAast o (18A1XF 3.475%, 24A4XF 1.585%).

~
o
>
)

oo

(\}) Pyrazine®

F8 3 kA AHEE ) pyrazine & (2-isopropyl-5-methylpyrazine,
3-ethyl-2,5-dimethylpyrazine, 2-butyl-3,5-dimethyl -pyrazine, 2,5-dimethylpyrazine,
3-butyl-2,5-dimethylpyrazine)”} 7 &= It} Pyrazinee wWiAle] 1,4 WAl X9 e&irt &
22 A3H Y zueSstgEoltt. oW metabolism X+ metabolic pathwayS X =
kol whel A E = FEA dAMEEe] @e8tx=dl, dimethyl pyrazine, trimethyl pyrazine,
tetramethyl pyrazine®} 2 pyrazinef®% FIRFZFRZ w2 AR 270l whela] 1 AY
A Ry 2839 (Kai et al, 2009). o3 =EEL 53] co-amino acids, «,p
-dicarbonyls®Z H-E] pyrazineo] A== o2 hypothetical synthesis pathwayEo] AA]%
I Ao (Rajini et al., 2011D. F& 3EAH drAb=E AE9 3-ethyl-2,5-dimethylpyrazine,
2,5-dimethylpyrazine-> ZFo}, A3F & (& ol = 3] odor notes 7}t & 2o
M ANk o2 wjeF At whEba T ko] AA WA &gkt

(th 2-Phenylethanol®} 2-Phenylethyl acetate

2-Phenylethanol3} 2-phenylethyl acetate= S. fibuligera KJJ81ol 4 =& relative peak area
(B)& zZt= Ao g BAEAY 2-PhenylethanolS Ar] S Y= F4 4322 & 4
A dom, A wWFoH AT HEHT (Ravasio et al, 2014). 2-phenyletnaole] 73
phenylalanine©. 2 ¥ Ehrlich pathway2 AA A4 =t (Celinska et al, 2015).
2-Phenylethyl acetate T3+ <9}ele] FQ dr|AdBoz 2z dejxl Edo|th. & & 7Y
% E FS e 532 2 Y (Viana et al, 201D.

Phenylalanine©] transaminaseol] 2J&] o-keto acidZ W3th. 1 ¥  decarboxylase<}
dehydrogenaseol] 23 aldehyde<¢} alcoholZ w}HTE wlx|e}o 2 acetyltransferaseol] 23]
acetate 7} =i xth 2-phenylethanol 2] 735 phenylalanine ©. 2 5-¥
3-phenyl-2-oxo-propanoate (« -keto acid), 2-phenylethanal (aldehyde), 2-phenyl ethanol
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(alcohoDS AAH AAE}h (Ravasio et al., 2014). 2-phenylethyl acetate:= 2-phenylethanol
o] acyl donore} Agtsted A LT & & 2-phenylethanol® ethyl acetateo] ¥Whg- St
73-%-, ethyl acetate”} acyl donor2 %83}l 2-phenylethyl acetate} ethanole] A4 €t}
2-Phenylethanol®] 7-¢- wiF OAIXFRE 24A1 7|13 7bA] 1 <Fo] HE3| S71stes &S B

Atk (0A1ZF 0.209%, 4AZF 2.878%, 8AIZF 4.628%, 14A41ZF 5.397%, 18A|%F 5.38%, 24A1%F
6.18%). 2-Phenylethyl acetate®] 73-¢- v % OAIZFRE] 14AZM7EA] 1 &Fo] HE3] F7hste
7S BAT (0AI1ZF 0.048%, 4A17F 0.246%, 8A41%F 1.271%, 14413t 1.633%)

(D) 5-Hexyldihydro-2(3H)-furanone

5-Hexyldihydro-2(3H)-furanone-& <o} S 7Fx 1 9low thakdt 7o} wa A&
o &4 gt} (Pagot et al., 1998; Wache et al., 2001). 5-Hexyldihydro-2(3H)-furanone:
ricinoleic ¥8j#4 ¢ 3+ AH=o|H, riciholeic acidE A -oxidationo] &8} EajH@t}h (Pagot
et al., 1998; Blin-Perrin et al., 2000).

Hi Q¥ OAIZEELE] 14AZM74A] 1 o] F7tstth 14AIRES 71H o8 ZHaste Aes B
(OAIZF 0.048%, 4A1ZF 0.272%, 8A1ZF 0.656%, 14A17F 0.739%, 1841t 0.61%, 2441%F 0.653%)

(vb) S fibuligera KJJ819] 34 tAMIE<S] PLS-DA £4

OAIZFEE 2473 Bt Wikt S fibuljgera KJJ819] 314 thARiFE] gk PLS-DA
score plote 1% 120 YeERATE  HlF 0A1Zke] 749 PLS component 19 ko] whaf,
PLS component 22] <F2] wWFgkol] Q| XstH a1, vl 4417 A PLS component 12| <Fe] b
%, PLS component 29 ¢ W& olFstdtt. 7L & wjF 8AZA o PLS component 12
29 W&k, PLS component 22| &9 Wao g o|lF3aldar, wid 1443, 18A1ZF 24413 =
% PLS component 1] 2] w3k, PLS component 2¢] <Fe] wWFakF (24A17FA o= PLS
component 2 59|k} Fo|aF Aloldl AXA U)ol fIAsHA T PLS-DA score plot
o2 I dAMEES W3t FEE BYS o, ¥ 0AIZHEE 4/\17}77%] g o
AtRbE SOl A W3l stal 1 o] FHE= AA WA EFete e F5FE 7 U
(4 8D.

@ Ohr

10 20

o

-20 -10

PLS1 [24.56%]

a9 8l1. S fibuligera KJJ812] %A tjAb4kE PLS-DA Score plot

() mxo| ¥FHEY HAE T R BF
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< 18709 Fa WL diAbEc]l HAEHAY. Carbohydrated+ 37H7F 54 =HU AL,
lipidsf++& 471, organic acid®+ 37ll, amino acidf& 87171 &&= ATt

(7b Carbohydrates+

Mannose, arabitol, mannitol®] S. fibuligera KJJ812] ®joF AlZtel] whE FQ H|3
AHEE HESH AT mannoseo] 79 0AIRPRE 14413 74A] S48t o] 3o 91‘:71_} <7tk
+ %S BEAo (OAZE 0.556%, 4/\]7P 0.105%, 8AIZF 0.014%, 14A1ZF 0.017%, 18AI%F
0.09%, 24A1%t 0.484%). arabitole] 735 viF OAIZFHE] 4AIZ7EA] 1 oFo] F=3tth (04
7+ 0.353%, 4A41ZF 1.069%) ©]%& A 5‘}% 74eks (BAIZF 0.244%, 14A1ZF 0.042%, 18A)%F
0.01%, 24417t 0.281%) E. T mannitol®] 7% mannose®} arabitololl ®l3] H2%o] A=
Helom, AlZte] e YA FS FHI FFS HolA Fshoh

jO_L
i
o,
£
>
=

(P Lipids

Propionic acid, palmitic acid, stearic acid, myristic acid7} S fibuligera KJJ81<] vl ¥ Al
of W& Fa BT dAIER AEZHAT Palmitic acide} Stearic acid®] 74-¢ =&
TEE ASHAT. = F A4S Az webA O ol raste AEdFS UERT
Hit) 2 propionic acide} myristic acide] 74-¢ v AESHAoH AZt mE WHslE FH

gk FdS Holz| gkttt Palmitic acid:: g7 167 e A F4ke 2 eukaryotesoll A 7}
A E31A E—EE]QE‘% A ¥kakolt}t (Lomakin et al, 2007). =3+ yeast U signaling

A
reactiono] <4<l ARl protein modification& palmitic acid®} myristic acidell <]
Ay gtk (Tehhvet et al., 2007).

(th. Organic acids&

Oxalic acid¢} succinic acid’} 2 AZHA oM, 53] oxalic acid27} wj$¢- =& H &2
=59t Oxalic acide] ZA$ #& SAIY 74A =& =78tttk (0A1%F 9.948%, 4A17E
5.304%, 841zt 5.12%) 1 o|& FFde= AIFS YEHT (14412 28 111%, 18417
10.223%, 24X1%F 18.372%). Oxalic acide= ©<=3%F dicarboxylic acid FEejZ o F-&E2] A=A
(organisms)oll A AR AHEA o)A oxalate (oxalic acide] conjugate base)e] &
chemical form¥} distribution®] we} g}zl mjA & A oxalateE: AT + v 54
& FdUIAE HFHsk= A metal tolerance, AE U A& W3 pathogenicitye} 22 ot
(Foster et al., 2014). o7t AUzl F7]4+e] A2 membrane integritye] 3¢} vEZ=
glo} Atz o] Fokat & physiological FAIE Yo 7]7] W&o iR HEAES
ol =48 & £ A= vIYEFE 7IRL Aot (Foster et al, 2014). 3FA| 9 oxalic acid=
W Az A Qlo] beer stones I Fo]ZE o= EAE DA T ZE
55 E&) AAF & EFE A AXT Y} (Kanauchi et al., 2009).

[

(D) Amino acids¥

871¢] amino acids (soleucine, serine, alanine, glutamic acid, glycine, proline,
phenylalanine, threonine)7} & HIF|TAE hAMPERZ EAEHQIT oA FES A9
st ARkA o= ik OAZHFE] 18AIZI7EA] ofm|ie4be] Shigo] ZHAsteE AL & 4 UM
t}. Selvarasu et al., (2009)¢} Korpi et al., (2009)¢] ¢]&}l® w]AYE2] exponential phases <t
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t " Eo] olm|:-4kS thAFSFA] aldehydes, alcohols,
sulfur compounds, lacotne 52 AA37] WEo 2 AlgdT}h WA 18AIZHREE 244 7171A]
© otrAke] dEFo] FUtete AFES B F Utk ole wiA|dl FrEo] U+ glucosest
inorganic nitrogen sourceE ©]&3F v|AE oA olw]’=4t biosynthesisZ2 Aw &
Ao+ (Albers et al., 1996; Dagley et al., 1950). S. fibuligera KJJ812] 8 344 tiAtb=E
2 EA= 2-phenylethanol®} 2-phenylethyl acetate:= phenylalanine . 2 - A HTh F
& N FTA hAAEE XA E phenylalanined thE ofu| - AMEo] HE) AhFR o7 e
Fo] HEHSUT ol phenylalanined] #34HE<Ql  2-phenylethanol®}  2-phenylethyl
acetateo] S fibuljgera KJI81ol A 43& HAEH A3 £33 RS W phenylalanine &3
7F o] dojwtrlol HHHoR A2 go] AEH o= A"

amino acide] ¥r&Fo] 7+ASIE=H),

=

Ol-

°]
3

(mb) S, fibuligera K1J819] ®13¢A tiAHHE PLS-DA

vl F OAIRE, 4A43Y, 8A41%E, 14413k 745 PLS component 19| <o} W& (Fo W& <&
o] W&k Aol 7k7he), PLS component 29] ko] ek (29 whakmt ofo] w

7he)oll xS T ik 18A1A ol PLS component 12] 22 ®WaF PLS component 29
=9 WFo R o]FstA, MY 244 HAel= PLS component 19 ke Wk, PLS
component 22] ko] Wrgkol| £ ]} th. PLS-DA score ploto @ wjek AlZte] wpE w] 3|k
A AR W3t RS BokS o, wiF OAPRE MAZI7ZMA = B3dd tiARbEE
of A WakA i, 1 o]FHE A WHIsts Ae & AT ol HiF 0AF
B 14N 74A = WHErh 23 o|EREl= A WA v BA¥HEs wdEn (2
4 82).

N

’

-10 o 10

PLS1 [14.82%}]

a9 82. S fibuligera KJJ812] w13 thAMFE PLS-DA score plot.
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4. A& R Rhizopus oryzae J13-99] FA/MIFLA TE ALE 24 A+

7t CM A= & FFo] vjgF FH]
o] Rhizopus oryzae 113-9 ¢+ Rhizopus oryzae KCCM 35485 F+ o5& complete media
(CM)oll vfFalA ). 250 mL screw A2 Z2px~=0 40 mLe] wiAE ¥ 25T, 30T A
180 rpm EHo 2 4L 21 wYs P FS HIFsSw F F 32 hr T

sampling< <=3 3} A .

(f

U F33ol9 A E gAREE B4

F3olo] AL dAEY A Fe AAHIA] 8 mLE polydimethyl siloxane coated stir bar
(PDMS twister)2 SBSE F&< AAIStAT. F=% samped GC/MSE EA43R 1 3dA
g tAREES] FAH S mass spectral database (Wiley9n.l = NIST08) 2! manual
interpretationol] ¢Js] Wlm EAF ¢t} saturated alkanes (1000 xg/mL in hexane)2S &%
EFEHAE AMESt ZF AR RIE 73 & &4 Had retention index (RD
value®} ¥l w3k} (-)-Borneol [25 ppm (w/v) in methanollS W{ EFEZZ A3}
Attt

o} Mortar grinding '3 o83 HIFLUA LE JAE F&5 4 B4

N EZ paper filterol A2 & A 5= AW paper filterE o] tissue®E 7M1 €O =&
=8 E715 AASAH. 218 2717 AAE filterg &Fvw L2 AL AHEL
o g dRth dojx Z& ARE filterol A ol HApAbES o] &84 Akt 7t
7F B Als 0.1g& -22C 9] acetonitrile/water &3} (1:1, w/v) (HPLC grade; J].T.Baker,
Avantor, PA, USA) 20mLe] glass beads 2g3} 4 ¥ i1 1&3F vortexingsl\ o 1 & 4T,
3500 rpmell A} 20E-3F ¥AJE2] (UNION 32R PLUS, Hanil science Inc, Inchun, Korea)$t #H,
A5 1.omLE 2mL safe lock tube (Eppendorf, Hamburg, Germany)ell %o} centri-vap
(Labcono Co., Kanasas City, MO, USAelA oA Ax AR F=AFES A5
methoxyamine-HCI (Sigma-Aldrich, St Louis, MO, USA)<} N,O-bis
(trimethylsilyDtrifluoroacetamide ~ (BSTFA)  with 1%  trimethylchlorosilane ~ (TMCS)
(Sigma-Aldrich, St. Louis, MO, USA)E A+8&3te] GC-TOF/MS= #-43t3ith. GC-TOF/MSel
os] B v da thAFE-S Fiehn, mainlib, Wiley9, replibraryS o] &3t 53
st A AZFS st v@rdE, AE, ofn|x4l, {714 Ao WREEEES
o] &3} AT

2. F%ol ILA/M I LA LE AEE &4 9472

(1) R. oryzae JJ3-99] &= IR #a ALE 54 € AF

F 25C oA wjerale we] A3 A, acidF 170, alcoholi 147Y, aldehyde® 770, 971
benzeneF%} benzene derivative, ester® 137H, 47§¢] furan<¢} furan derivative , ketone
5 97, terpenes 37H, hydrocarbon® 270, miscellaneousi 2782 & 6371x19] 3dbAd
B ARl HEH AT 0CoA wgFlS o] AFAAZE = acidF 571, alcoholFH 16
7N, aldehyde& 57N, 1071¢] benzene®<} benzene derivative, ester& 1071, 470¢] furan®
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¢} furan derivative, ketone® 97N, pyrazine® 170, terpene® 27N, hydrocarbon® 371,
miscellaneous& 271 & & 66714 2] 3 g A=) AEFEH AT

(b Acidw

Acidi2] A% 25C ¢ 30ColA =5 acetic acid7t AE&HPJ 1, WEEFEZ v FH
Aergke 30CoA © o 25C g AFpoAE A=HA &gkd propanoic acid,
octanoic acid, nonanoic acid, dexanoic acid & 4 F¢| &2 o] 30C ®l A3 FAHHAG.

(1} AlcoholsF

25C ¢} 30C oA wiFdls W =5 ethanole] WHEZEH the] AZFgho] 24 AE=E 713
2ol A&HAHY. F =X EF AEFH EF F  2-methylpropan-1-ol,
3-methylbutan-1-ol, 2-[2-(2-hydroxyethoxy)ethoxylethanol2 25T 9| A4 2t} 30C 2 v I3 =
u] A EFgho] 4n) o] =713t butan-1-0l2 25C 2] A #Zko]l 30C 2] 28 ooz 7
=5 AT

(th Aldehyde

Aldehyde¢] 4% 25C<e} 30C=E R. oryzae JJ3-9= w3} o] butanal, heptanal,
octanal, nonanal, decanal 5%¢] aldehyde’7} F €% 2% AZHJL. F 259 FA
of &% aldehyde 5% E5F 30ColA wiFdS v AEH o] ¥ =Uoh

(@D Benzene & benzene derivative®

phenylalanine 0.2 -5 AJ/4d == fusel alcoholl 2-phenylethnol-> 25C ¢} 30C = ujj &3+ A
sS4 FA AEHAoH 25CoA WRERIEEEZ vl AFZFghe] 1.6220]a 30T of A
£ 5.952 38 o] Z7ietdth 25C ¢ 30CE wjddh AlsolA BA HEH 22 F
phenol-& A& 6F ZF 30CAA ol o =A SH=AH

(P Ester#

Ester72] 7% ethyl acetate, (3-hydroxy-2,4,4-trimethylpentyl) 2-methylpropanoate & %
5719 estergo] F &% A B3R A EANA FACd HEHAT F SN FA A
< ester % (3-hydroxy-2,4,4-trimethylpentyl) 2-methylpropanoates A stal Y™ =] 471 9]
ester= 30ColA WEZEFEZE vl AFgtel o Foh 256CE wjgg AR5 A = ethyl
propanoate, butyl acetate, dimethyl hexaendioate &< 87]¢] ester’} F712 FAHEHA L,
30C Wi Al=se] Ay=Z+= 2-formyloxyethyl formate, hexadecyl 2-ethylhexanoate, methyl
2-(3-ox0-2-pentylcyclopentyDacetate 5 57H9] ester’} &A= U} ester Tl A= dibutyl
benzene-1,2-dicarboxylate7} WHEFEZ din] AsFgko] 25ColA = 1.581, 30C A=
255622 714 A HAEHA

(®P Furan & furan derivative
Furanf 2] 4% 25C ¢} 30C oA =5 5-(hydroxymethyDfuran-2-carbaldehyde®] %&Fo] 7}
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% ZAt}. 5-(hydroxymethyDfuran-2-carbaldehyde, furan-2-carbaldehyde,
furan-2-ylmethanol, 3%9°] ¥ €% w A BoA FAo HAEHJY. A HAEH 3%
o] 313Eo 2 25CAA wMFds wW o =4 SAHFAH

(AP Ketone&

Ketonef®2] 7% propan-2-one, butan-2-one, pentan-2-one & % 67]2] ketoneEeo] 25T
oF 30ColA HigT AlmoA FA HEHJAT. FAll A= ketone 6F F
(1I-hydroxycyclohexyl)-phenylmethanone,propan-2-one, butan-2-one, pentan-2-one 4%
0CAA WHEEEZ divl By AZF  Fol © 3,  3-hydroxybutan-2-one,
1-hydroxypropan-2-one + &#9| 3 25CAA ¥ =AU

(¢P) Terpene®H

Terpene®+ wHe|glofel Fgolo o AHdEATL d#HA UtkZeringue et al, 1993,
Wikins et al., 2000). 25CoA wjFst Algo| A= terpenes7} 3-Carened} styrene,
alpha-cainole] =% At} 30C ol A= styrene, alpha-cainol ¥ %9 terpenei7} #H=5

Aot

(2) R oryzae KCCM 354859 2 =4 34 I8 diA4E 548 2 AF

% acidf 170, alcohol& 147Y, aldehyde& 87N, 97H¢] benzene# <} benzene derivative,
esteri® 1370, 471¢] furan<} furan derivative , Kketone® 971, terpene® 37V,
hydrocarbon 27H, miscellaneous® 1712 % 6371%19] A 2E tAEEo] AEFHA
o} 30C oA vl S we] HdPAH}=2 = acidiF 57, alcohol& 1671, aldehyde& 574, 10
7Ne] benzene <2} benzene derivative, ester+ 107), 471¢] furan® ¢} furan derivative,
ketone& 97l, pyrazine® 17}, terpenes 27l, hydrocarbon® 37}, miscellaneous& 271 =
F 6671419 LA TE tiabEC] HEFH AT

(7P Acid#

de] #AHE I gAREE F9] Ul acetic acid 7F 25CE wjddS we HEH
HHH, 30T oA viFe AlmolAe HEHA Fskar 25T #ilYf AlgdAE HEHA
24 dodecanoic acid 7} 30CoA= HAEZHAY. F 2504 BF HEF ocatanoic
acid = 0CoA ol F7ketsitt

N

(1} Alcohols+

25C e 30ColA wids As BEFoA HAEdH 3gE S 2-(2-hydroxyethoxy)ethanol,
3-methylbut-3-en-1-ol, 2-ethylhexan-1-ol, octan-1-ol, 2-methylpropan-1-ol,
3-methylbutan-1-ol ¢} 22 s3FES9 FF2 25Col| tinlste] 30CoA 28] o] &
AZHAJTE. R oryzae KCCM 35485 2 25C ¢ 30C oA viU¥FyS wf =% ethanol ©]
alcohol 7 &2 T WEEFEZ Oivl AZgol 7H A vekwoh 30T A4 mEFd=
W 7F 25T A iR e HET o B F7/9 alcohol 771 AEH AT

(th Aldehydes
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25CoA HiYalS wWrh 30CoA wEFdES e o WS T/ aldehyde 77t
AZ=5 Q. butanal 3 heptanal ¢ 2 30C oA =3k31, nonanal 3 decanal & 25T
A oA o 2 AFgs BAath

(2D Benzene & benzene derivative &

Toluene, 2-phenylethanol, phenol 3 Z& 3ZF9 3JFEL 25To|ARTE 30T oA
HSPS o o =& FFS wgoem 1 F fusel alcohol 2 €& % 2-phenylethanol &
C=E it s W WEEFZZ div] A=ZFgto] 4075 = w2 o] AEHAh dimetyl
benzene-1,4-dicarboxylate, 2-benzylaniline, N-phenylaniline, dibutyl
benzene-1,2-dicarboxylate €& 25C ol Al ¥iYslS o O &2 o] HE=d =2 oIUATh

(v}) Ester¥

0C oA i Yals WrET 25ColA g E w7t o B2 T/ ester/frt A== A
F 2=oA EF HEH 3EELS ethyl acetate, 2-ethylhexyl 2-ethylhexanoate, ethyl
tetradecanoate, ethyl (Z)-octadec-9-enoate, ethyl (9Z,127)-octadeca-9,12-dienoate 5 13%
olty. wrde et &]lel FH A Fr] ARolw ALFHR EFES UEHE= ethyl
acetate®] T 30ColA wlFAS o © =9kom, dimethyl hexanedioate, ethyl
hexadecanoate, butyl hexadecanoate, ethyl octadecanoate, ethyl (Z)-octadec-9-enoate,
ethyl (9Z,127)-octadeca-9,12-diencate¥} -2 3}3tE9] FFE 30ColA o =A A=A
}.

(WP Furan & furan derivative®

5-(hydroxymethyDfuran-2-carbaldehyde, furan-2-carbaldehyde, furan-2-ylmethanol, 3%-°]
T 25 WY ARAA A AZHIJS FAY AEE 3T FFEY FEF 25T
A Hidde W o A4 SEEHAT

(AP KetoneF

25CoA HiYglS wWET 30CTAA ®WEFHS w7l o we T/ ketone 77}
AZHJT. 30CoA wjFdle w 3-hydroxybutan-2-one ¢ $tgFo] Al Z7)sitt
WREE=E vl AFgho] 20.534 2 25C oA 1.125 91 A3 HlwstH & xfo]7} B AT

(eP TerpeneF
25C ol Al wlk3lS wj= 3-Carene ¥} styrene o] AZEH QAL 30T A HlEFE A BoA=
styrene 1 F% HAEHAGD F =94 FA HAF5H styrene & 30CE 9SS o o

B S UEATh

(3) R. oryzae J13-99] HI3LA WE UAMIES] 2xd W3 Hlw £

25C oA vieFdlS wl= 15709 carbohydrates, 17712 amino acids, 127§¢] fatty acids<}
1470 9] organic acids7} AZHo] % 58707} HEHUTh 0CE viLd A48 Ax=EE 15
70 ¢] carbohydrates, 19712} amino acids, 107} ¢] fatty acidse} 187§¢] organic acids”7} H=&
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= A

(7b Carbohydrates+

Fructose, mannitol, sucrose, galactose, arabitol, matlose & 10%¢] carbohydrate”} 25T <}
30C wieF Aol TYSA HE=Ah D-galactose, D-glucose, sucrose, arabitol, maltose
of &2 P52 25CAA wMUddS v WEEFEE v AFgko] 2 oldes B
sHFol AZ2H A 30CAA wFdlS w= mannose, talose, trehalose?] &-aFo] =gk 2
oo g A Ueyth

(P Amino acids¥

25T, 30C F %94 &5 alanine¥} prolinee] A#zko]l 5 ©o]4 S F amino acid & 7H4
B FFE UeEdT 15709 S§Ee] 7 2E0A FAle AEHSaL glutamic acid,
lysineS ALt 13719 FES EF 0ColA S o o B FS YERATH

(th Lipids&

hexadecanoic acid¢} trans-9-octadecanoic acid®] $+&-2 ThE fatty acidi2th o =3kom,
ol 5L wEZE=gZoloA malonateZHE FAF = tEAQ fatty acidezZ <A Ao
(Guequen et al., 2000). 25C oA ®iFhPS w] Rt} 30ClA wlF3A-S w butanoic acide]
kol 15w o] S71sks ). linoleic acide] 7%= 30C Wl 23 A &Fgke] 10.087¢]H
25C A= 0.145¢%1 Zlel didlste] 108 7+ S7kete A3dFS Yetlida. oleic acid$}
hexanoic acids &%7} 271819 <& w] ko] Z7lst= Ao 2 JEFSTh arachidonic acid
= 25C oA Wigds v HEHJ L WEEEEF vl A 1.9070] ysioh

(2D Organic acids&

25C oA miS wrRo 30ToA wiSdS wrl o @S FH/9 organic acid {7}
A&t} organic acid F 3+&E % malic acid & ko] 25CoAE WHEEFEZ tiH
Aekzko] 8.699, 30CY W+ 13919 2 7I =4 veElgt. 11 g3 o2+ citric acid ¢
SheFol =4 Rhizopus oryzae w57F EXH 2 AAdste lactic acid o] FHFL =7}
5C F7tatds W 29 B= Z7HekSdTh

(4) R. oryzae KCCM 35485¢] ®vI3dA IE diAMIES 252 W vlu 4

Z 12719] carbohydrates, 2171¢] amino acids, 117]¢] fatty acidse} 16712] organic acids7}
AEH] F 58717 AEHJT 0CE wide 243 AxtzE= 11789 carbohydrates, 1971
©] amino acids, 11709] fatty acids®} 1370 ¢} organic acids”} 7% At}

(7P Carbohydrates&

25C ol A wj¥FdlS wl= sucrosed dhEFol 74 =A UElygta, 30C oA IS
mannose®] ¥FEFo]l 71 =9kt}. Fructose, mannose, mannitol, sucrose, arabitol®} #-2
FEELS 25CAA wgFdS WEg 30CY o o B2 FFS YR

ool
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(P Amino acids+F

0CoA s Hro 25CH o o B2 FTFY amino acid’7t AZF ATt alanine?]
gFol F =M =F 7 =7 YERE T proline, glycine?] lﬂﬁﬁ%%zﬁ_ vl g
e 4 o]o R amino acidF T E2 dFS=Z YelYth ornithine®] 749 25T ol A
Wil w7k 30C A wiFsle wf o) o &2 FqFS eIt

(th Lipids®

R. oryzae KCCM 35485& 25T ¢} 30C oA Hl 3= wl butanoic acide] el o lipid
of vl ZA yelwtth R EFEZ v ZIFgko] 40 o] Ykt hexadecanoic acid
7F O gl ®2 =2 FgES YUESlYh 9,12-octadecadienoic acid, ¢rans-9-octadecenoic
acid, octadecanoic acide} #-2 3}FELS 25CoA viSAS Rt} 30CAA vjIAS o
O & AEFHS HeErdAo

(2D Organic acids&

R. oryzae JJ3-9¢} vizb7FA| & organic acidf #%E % malic acid®] ol 71 =4 o
Ebstal citric acid7F 71 o ® W e AA AT WRREEE vl FFike] 3 o]
do 2 yelhs 3gHEo] oxalic acid, succinic acid, malic acid, citric acid7} %13 malic
acids A& 39 FFELS 0CTAA iSde W o B FFoE Yebwo

5. &% Saccharomycopsis fibuligera KJJ819] € =¥ IFA/Mm|3 A dALA 224 4

?.

7}, YPD A vjA] @ &5 wjF EH]

ATz AMAZA FTEF 2123-1dA4 AxEH FFANAH L& X Saccharomycopsis
fibuligera KJJ81& o] &3l 23S FYPstFth F+ 2= YPD HAu|x] 25C/ 371C/220
pmEZACZ vk & 24 hr ¥ vjoF Fof samplings 335143 o}

U 229 g grAHE FF
4°C, 3500 rpmellA 300 = &<
1000 rpmo. 2 stirdty 60 FZA|
stirst™ 6083+ &32HA1AH GCIMS

h=)

o

dAEE g T FFHS 8 mLE  PDMS TwisterE
7] Silicone TwisterE 1000 rpmo.=
i=]

o 229 HILY YAKEE 4

gRo HIEA YARE FES 98] fast filtration (Kim et al., 2013) WHHS I8 =4
&) o] &3lAatt F=A3ES 98] methoxyamine-HCl (Sigma-Aldrich, St Louis, MO, USA)<}
N,O-bis (trimethylsilyDtrifluoroacetamide (BSTFA) with 1% trimethylchlorosilane (TMCS)
(Sigma-Aldrich, St. Louis, MO, USA)E A}-83l GC-TOF/MSZ #2443}t

O

ok 2RO FHEA/MFH LAY AtE B 472
(D S fibuligera KJJ812] =d 3y dAE 4 2 A
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25CE SRS ] F esteriF 3270, acidF 578, alcoholi 2271, aldehyde® 971,
benzene i 570, ketones i 77Y, lactonesF 87W, furans 17Y, pyrazine® 37H, hydrocarbon
67 F 98709 LA tiAHEC] AEFHUT TCE WIS W HdFEAAEE,
ester 1270 acid& 770, alcohol&+ 227H, aldehyde® 77, bezenei 570 ketone® 87M,
lactonef 770 furan¥ 27N, pyrazines 270 pyrrole® 17N, hydrocarboniF 478=Z & 77702

Ay AR o] HEH AT

(7P Ester¥

Ester®9o] 4% 25C¢ 37CE S fibuligera KJJ81ES wldsls& wl methyl acetate,
6-methylbutyl formate , 2-phenyethyl acetate’s & 4%9] ester7} TAo AZHAUT. F 4
9 FA AE ester =5 methyl acetate, methyl 2-(3-oxo-2-pentylcyclopentylacetate,
3-methylbutyl formate, 2-ethylhexyl 2-ethylhexanoate= 25C 2 H|YSIH S wWiE T 37C=E
HiFstne o WHEEEEZ dinl Ha A #ho] o E=dth 25CTE wjdsAS A5
3-methylbutyl acetate’} Y+ W& FF=4 Oiv] P 122012 7P B2 o] AFHA
o o9 WEEEFEZH Wi¥l H AF kol 1ol de EZL  2-phenylethyl
acetate(7.647), ethyl butanoate(1.516), ethyl (E)-6-phenylprop-2-enoate(1.128)7} Slt}. 37C
Z jeFel R e A 9-ol= farnesyl acetater} MR EFEZ div] HF AF gho]l 1.874= 7}
A =ka, o)9Jox FH A #hol 1o] &= EZE &= 2-phenylethyl formate(1.822)7F 91

=

(b AlcoholF

Alcoholf¢] 74-¢ 2-methylpropan-1-ol, butan-1-ol, 3-methylbutan-1-ol, 2-phenylethanol,
phenols % 147§ 9] alcoholE©| 25C, 37CE S filbuligera Pi¥F3tE S W A HEFHS
o A A= # 14709 alcoholg EF ITCE WY weo WEEE=HE tiv] F+
A ol =3tk 25CE Mt stle A HrEE=d dinl B AT 4ol 1o 9=

=42 3-methylbutan-1-01(46.227), 2-phenylethanol(41.891), ethanol(8.052),
2-methylpropan-1-o0l(1.634)°] At} 37C =2 wjdstHE S 79+ 2-phenylethanol(489.04),
3-methylbutan-1-01(300.818), 2-methylpropan-1-0l(6.37), phenylmethanol(2.082),

farnesol(1.671), 2-(2-hydroxy ethoxy)ethanol(1.134)7} WREF=E2 v A+ A Fhol 1
o] d<lth 3-methylbutan-1-ol3} 2-phenylethanol®] 74-¢ 25C ¢} 37C =2 wjdstu =S o
A ghol w-¢ =3t

(th 2-Phenylethanol® 2-Phenylethyl acetate

2-Phenylethanol2 25T, 37C2] Z7oA S filbuljgera KJJ81E wiFst S wl wf-$
realative peak area(%)E Zt= ZAo=Z EAE QT 2-phenylethyl acetate= 25C =
S. fibuligera KJJ81& wlF 3= wf o] =& relative peak area (%)= 2= AS=Z &
Aot olg) 1% 83% 2-Phenylethanol®} 2-phenylethyl acetatee] AA7]12Hs YR SITH
ofu]i-4ko]  transaminase°] 2J3] a«-keto acid® W3tk 1 & decarboxylase2}
dehydrogenase©l] ¢]3ll aldehyde<} alcoholZ w}{tT} wix|uto = acetyltransferaseol] 2]
acetate 7} wHEoRtk (¥  83A). 2-phenylethanol®] 739 phenylalanine © 2 5-E]
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3-phenyl-2-oxo-propanoate (a -keto acid), 2-phenylethanal (aldehyde), 2-phenyl ethanol
(alcohoDS AH WA ET}H (Ravasio et al., 2014). 2-phenylethyl acetate:= 2-phenylethanol
o] acyl donore} ZAgste] AAHETH 3 o2 2-phenylethanol®} ethyl acetateo] w8 &
74-%-, ethyl acetate”} acyl donor2 2Z}-83}lo] 2-phenylethyl acetate®} ethanole] A Ht}.

(A - ) LT . .
2-oxoglutar Fale ghatamate O NADPIH, H- MNAIHPY acvl CoA oA
- - - - -
amino acid “— p-keto acid # = aldehyde - alcohol - acetate
0 o R R 0
R R SeH ~ R
f OH -~
OH OH | 0" w
NH, i 9 - . @ i : e
: transaminase decarboxylase dehydrogenase acetyltransferase

: :;/O CHa
o
?\ -+ H3C4/ CH, - @/\/ Y i . OH

2-phenylethanol ethyl acetate 2-phenylethyl acetate ethanol

dE 83. (A= OofO| MO ZEEH acetate?7} TS X|= UHIAEQ| MMM 7|2 B)=
2-phenylethanolO| ethyl acetateE acy donorZ ARE3I0] 2-phenylethyl acetate2
transesterificationk|= pathway (Ravasio et al., 2014).

(D) 3-Methyl-1-butanol® 3-methylbutyl acetate
G = 4 27 FE& U e EZQ] 3-Methyl-1-butanol S filbuligera

KJJ81E 25C, 37C o= ) 2 7= Ao

rul

e uw w-$- = realative peak area(%)E zte=

Oo]: =
ARt @53 A4d szt }E} 3-methylbutyl acetate= 25C Z7Ho2 S
ﬁbu]]gera KJJ81S wiek e wl oA =< relative peak area (%)< Zte Ao 2 BAEHY
o (19 84).
glucose
pyruvate
acetyl COA‘ u-ketoisovalerate «+—  valine
| u-ketoisocaproate « -+ leucine
//F._H_ci"i: acid ¥

alic acid &
el N . isoamyl alcohol
ACH |

/ o-ketoghut e

TCA cycle ) |
acid g v
\ isoamyl acetate
i 2-oxoglutane acid

jceinic iIL'J:J_‘_._H/

1% 84. 3-Methyl-1-butanol (isoamyl alcohol)3} 3-methylbutyl acetate (isoamyl acetate)®] Aj
A 712} (Ashida et al., 1987; Singh et al., 2008; Yang et al., 2014; Beller et al., 2015).
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(vP) AcidF

Acidi9] 4% 25C ¢} 37C = Sfilbuligera KJJ81-S wlF3}S w acetic acid, propanoic
acid, butanoic acid, 3—methylbutanoic acid, decanoic acid®} #Zo] F 5%F2] acid7} FAl
AEHAY FAd A @ 5F9 acid BF 7CE wgd<s e WiEEE=E oiv 3
o AT go] 25CE MY P& of ot ok =3 25CAAN = WEEEEZD ¥ B+
A kol 1o] d+= acidZ7l §l= WA, 37C<e 7% propanoic acid(1.878), acetic
acid(1.781), butanoic acid(1.51)7} $Jt}.

(¥p Aldehydew
Aldehyde+¢] 7% 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, hexanal, octanal,
nonanal, decanals % 77 aldehydegol 25C, 37C 9 ujg oA A HE=HAUTH

EA AZ ® 7709 aldehyde® =5 37CE wiek S wWo] A gro] 25C 2 M UFIS
wo] AF grEo =gt 25T 9 HH FZz71 94 nonanal®] WHEFEZ o] F+AHF 3t
o] 012622 714 =4y YWEEFEH dib Hd AHF gheo] 1o d= 242 i 3

7CY wdz7e] 9= nonanale] WREFEZ bl FF FF ol 3472 N =
kAl o] Yo% decanal(1.926), 2-methylpropanal(1.877), octanal(1.57), 3-methylbutanal(1.129)
of YRrEFEEH tivl Ht HF grel 1] duTh

(AP Furan¥

Furan®<¢] % 25C, 37ClA FAlo HEH= 4o Iy, 25T, 37CAA HE &

furang =¥ IHB%E%%Q el He AF gel 1+ ¥A ¥yt 25CTY FS

2-propylfuran 1¥g°] HE A WEIZZEAUH £F A ghe] 0.0329 . 37C Y 74
+

< oxolane, 4—methyl—2H—furan—5—oneO] A€ HAed 47 JEEEEH Ov] 34 4F
#xel 0.106, 0.4260] At

(ob Pyrazine+
Pyrazine®2] 74-% 2,5-dimethylpyrazine3} 3-ethyl-2,5-dimethylpyrazineo] sAld HE =
Aok FAA AE H pyrazines EF 25C 9] wldzAA BEo 37C o vz Y

FEFE oiv Hd AF gto]l O 94tk 25T E s 4% 2,5-dimethylpyrazine<]
WEZZEA iy P A gho] 0.03602 7 %1 Ha A go] 1o] & &2
S QT 37CE Wk A$ol% 25-dimethylpyrazine] WHEEFE2Z thie] FF FF

kol 0.6760.2 71 =9ty 25CH YT} nf/lA 2 HF A gro] 1o 9= 222 9
=

(b Pyrrole®

Pyrrole#¢] Z-9ol= 25C & Sfibuligeras WM< 39S A9oles HE HA &,

S.fibuligeraZ i % ‘8}951 gk 15 AE HY. 1-methylpyrrolee] A& H U UHFE
=AM 0.176 A HFEH A

w
=
@]
ft
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(2) S fibuljgera KJI81¢] wIFLA thAE T8 2 AF
25CE2 Wigde weo A A= F 76719 HFEH gAMEEC] HEHAG
Carbohydratef = 20717} A =3, Amino acidiF+= 277l, Lipid®F+ 227}, Organic acid
e TI7F sAREHAT JTCE migdSs w AFAAEE T TI/0Y HIFEAE AMEE]
A=5 At} Carbohydrate+= 2171, Amino acid®+ 257}, Lipid¥+ 1978 Organic acid+
T 87 FAHAY. F2E HWEIA HAEHE B4 AT, M AE #ol =2 22ET
LER AT

(7P CarbohydratesF

Carbohydrates&2] 73-¢ arabitol, mannose, glucose, mannitol, maltose 5 F 759
carbohydrate7} 25°C, 37°C & Sfibuligera KJJI81E sl S o) TAlo AZHAUT A
of A& ¥ 7% % 439l arabitol, mannose, glucose, mannitol®] 74-¢ 25C & Hj U3 S uf
YRrEEE2 e HF ol o &, U A 3221 glactose, inositol, maltose:= 37C &
Higs we] WREFEE tirl B AZFihe] o =3tk 25CTE wjdd e o 178 37
zo A AZ ¥ arabitole] WREEZE4 V] H+ FF grol 6.007=2 71 =AUt o] 9
E 36EA AE F maltose(2.23)7F E-EE=H tiv] B AF ko] 18 A 37C
Z ajSFF el 4 36%o HE F maltosed] WEEFEZ OiH] HF AF kol 5.061
2 7 =4T. ol9Jox 17837xe] HE ¥ arabitol(3.941) 25& 19x°] H=E =
inositol(1.339), 36& 1% H= ¥ trehalose(2.329)¢] WHEZF=2 oid] B A gro] 1
o] At

(\P) Amino acidsF
Amino acid#+¢] 749 alanine, glycine, valine, threonines % 1571 amino acid’} 25C,
ICE S fibuligeras WM ¥stR< o FAlo HEHIATH Al =& @ amino acid 1971
Z 118 41%°)] A= 9 glycine® 18% 48%o] HA= F glutamine, 20% 50%°] A=4H
lycine, 274 06=°l = ¥ tryptophans A3k 570 ¢] amino acid’} 37C = w3 o
WEEE =4 vl H AF gol o =34tk 25CTE vigstiS A5 8% IxA A=

+ alanine®] WHEEFEAUR B A= ol 10976 = 7P Ut ol Wi
EFEZ Y] FHd HHF gko] 1o & =22 118 4= 4 AEZ5 = glycine5.062) &
67171 St} 37CE w3t F S Aol 8% 9xo HEH+= alanined] WHEIEFEZ iy
B A gho] 18.712 F =k o]Yjo = 148 44x9) HE = proline(5.819) 5 671
o] amino acidZ7} WHEE el B G akel 1o dAH

i oo
AN
N
oN

o
i

(th LipidsH

Lipid&¢] 7% propanioc acid, butanoic acid, hexanoic acids % 87§¢] lipid7} 25C, 37C
2 S fibuligera KJI81E w3l w] FAlo AZHUTE FAld #H= 4 lipid 87 = 5
7R9] lipid7} 25C 2 sl wiRoh 37CE wdstg S u WEEEEZ v H4 4
2 ol 8 =kt 25T E w3t S w 248 44x0] = ¥ hexadecanoic acide] Ul &
FFE2 e HF AZ gro] 8.9730 % JHA Zdth olfdE TR 14X A AESHE
propanoic acid(1.407), 27% 36=xol4 =% octadecanoic acid(5.2D)%5 47019 lipide] W&
F2FEE ¥ H A gho] 1o] ARtk 31CY AFodE 248 44z HEH+=
hexadecanoic acid®] WHEE=4 tiHl F A Fho] 11.695= 71 E=UT olYol= 7
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14z ZZE=+= propanoic acid(4.443)F 3719 WEEFEZ Oiv] B A grol 19]

Aot

% Mo

(2D Organic acids&

Organic acid#¢] 7-$ oxalic acid, succinic acids < 670¢] organic acid’} 25C, 37C =&
S fibuligera KJI81E ¥iYstd<= ol Al AZHAS Al AZE H 67019 organic
acid & oxalic acidE A 2)3F 5709 organic acide] WHEEFEZ oiv] HF A Zho] 25T
Z Y P o o =4t 25CTE w st 35 8& 53xolA HE H oxalic acide] WHF
®FE2 Ov HF AF o] 7.09F 71 =gtk olox 118 49%°] A=
succinic acid(4.192), 19% 54x0A HZEH citric acid(1.995)2] WEZ=E2 v HHF A
2k Zro] 1o] Atk 37C & w3t A-fol= 88 53%0A 7HE3 oxalic acide] WH-E&
=2 ¥ B FEFFe] 91560 % P =:dth o9l x 25C 9 A9 miIHAE 11
B 49x0]X 7= = succinic acid (1.89), 19% 54xoA HZE ¥ citric acid(1.368)2] W&

TE=d Uil B BF greol 1o] dth

6. AVI R Rhizopus oryzae JJ3-98] =¥ A/ LR hALA £4 AT

7} CM ¥jA] & F3%o| v &4
=3o| Rhizopus oryzae ]113-9 €} Rhizopus oryzae KCCM 35485 5 5% complete media
(CMANA tiAREE profiled] ofsh wiF 7] FFES Lolrry] 8] &%, Az, =27
pHe} & =1& Gelste wigks Pkt wiAY %7] pHE 1 M HClIE #H7beho

Z- 3.

¥ 55. R oryzae o] Wik A

Temperature Time Initial pH
Control 25T 24 h 6
Factor 1 37C 24 h 6
Factor 2 25C 32 h 6
Factor 3 25C 24 h 4

. Fold HAAMALY TE PALE B

3AAES FAT WL FASA

o F3%ol9 ITA/MFLA dALE 4 972

1) F3ol9 HFYAL LE hAMHE vl 4
R. oryzae J13-9+= 2071¢] amino acids, 167§¢] carbohydrates, 207§¢] organic acids, 137}
9] saturated fatty acidse} 570¢] unsaturated fatty acids’} AZ&= o] F 747017F AEEHA
t}. KCCM 35485%= < 65712, 20709 amino acids, 137§¢] carbohydrates, 177§¢] organic
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acids, 1071 ¢] saturated fatty acids®} 571¢] unsaturated fatty acids7} <%= Ut

(7P Amino acids+

Amino acidsE FF W9 fusel alcohols, acetate esters, ethyl esters®} 2-& 3|aA Al &9
A FEs = 4 Ak (Kang, 2014). A&=% 207019 amino acids <%, alaninee] 7} &
2 &S AAFAT. Alanine JJ3-9 Eoh KCCM 35485004 o 2 <fo] HEFHATH
Branched-amino acids (leucine, isoleucine and valine)®} aromatic amino acids
(phenylalanine, tyrosine, and tryptophan)< Ehrlich pathwayell ¢]3ll higher alcoholsZF-E]
A4 #tiHazelwood, 2008). ©]l= Al 7FA| ®WH&-S 3233kt amino acids+= transamination
< 53] o-keto acidsZ H3HET} 1 % decarboxylation®} alcohol dehydrogenase HH-3-2
%3 branched-chain alcohols& 2§43 $FtHRavasio, 2014). ¥WHHoll, alanine, glycine, serine,
threonine® & amino acidsi= Ehrlich pathwayel] ZHAH o =2 Fo7lA] =t} ©o]# 3+
amino acidsE-& pyruvate® 3% 12 Ehrlich pathwayE 33t fusel compoundsE A4
374, pyruvate®] catabolic pathwayS %3] non-fusel compoundsZ AJAdglth(Kang,
2014).

HellA A3 amino acids F leucines A 23 B ofr|igbo] AEHAULSH, 37 CollA
HjFe AlSoAE e AHphs BT

(1} Carbohydrates

CM wj=x]o] = &A4Y< sucroseE A|2)3F thiEo] carbohydratestE 32 h wjF Al Foll A
Z7Vsle AEFS BT 21702 carbohydrates S-ol A trehalose’} 7FHg @e &S
Ao}, o]+ yeast, fungi, bacteria, plantE X &3}= thY3t organismo| A= o] ¢} e
o] JebdthElbein, 2003). ¥k &%=+ carbohydrates$} lipidse] AAlel IFS =
(Weinstein, 2000), H& A3 £%7} 42 €<l thermophilic #%°]& 26 C o & &
A vjeksla S w), trehalose®t mannitol®] %¥e 7S slal inositold] ¥e ZHAZThE A
T7} ATk R oryzae T3+ thermophilic &%o] & &&A lthPogori, 2007; Razak, 1999).
oo} & AgoF o|H AFoA 37 C HIY A ZA trehalose?} mannitole] ¥-& 7+

}

|

438l= WbA myo-inositol & A EE AEFS BAT weka o]23k &S thermal stress
o Yo AsdY BE F T Hillv vA=EY] AT v A s dFE F
+ organic acidse] F715 x4 & 2,&} Ponnusamy, 2013). Organic acids= AHAIY <<l
I Ze wagFol 4l g rlodstes FAAECIHKim, 2014). ARFA XS citric acid¥}

gluconic acid & ©¥3 T/ organic ac1dsa A3 stHLee, 2004). E3|, R oryzae=
organic acids Aol AAAA Fa3 wAEo|lty, BE R oryzae= lactic acid A
%o fumaric acid A TFE 2719 1592 }dhLondono-Hernandez, 2017).%2 &+
o = fumaric acide AEH A %% lactic acide 22 AgoA HAEHAL

(th Organic acid®

Rhizopus %2 lactic acid QAo Qo] A bacterias} vlwsdte] AR Haj 8, e &
Qs e W 7kA o]HL 7FXtHZhang, 2007). pHE lactic acid Ao J&FS F=

£ R 8
7 w83k 82 F shuelw, 3 ATt w2 pHIF 6.0014 4.002 v¥MH S-S o lactic
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acide} fumaric acide] A o] 743 tHTay, 2002). <% @3 lactic acid Ao I3+
T+ 2% alo|tiHuang, 2003). o]H o] AFEoA= EHtd o= 27-35 C HHA L )
2 =7} lactic acid B4 sl AFEEHZhang, 2007). o] AFoAE JI3-92 25 C
HjoFal e wjRTh 37 C wiFe AlZdA O ®e 99| lactic acid7} AEF ok b
A& &4 A== succinic acid= TCA cyclee] THEZo|x 7] tiAbe] &a
% AFEo|tkSong, 2006). T3 succinic acide FF @HaE Fo AAYE Foz
organic acidg}= o] 3 2 tHThoukis, 1965). o] Aol A succinic acidE ©& %
A9 Alget HlasiA 37 T Wi Al Aoz He o] A=HANY WY ==
7} ®& % succinic acid A 71T £ YE Q4 gE Aol AALE U THCoulter, 2004).
257} 6 CollA 30 C&2 F7Hghel w2l succinic acid®] s%=7F S7Hsttb= Aol A&

F3 982wyl dtk(Castellari, 1995), §F Aol A= Saccharomyces cerevisiae w5
g 259 FFS w3om 10 ColA 30 CTE 259 F7He3 4 succinic acid A4
o] = AL #9218l tHShimazu and Watanabe, 1981).

X

ﬂrﬂéog—[

N

(@) Fatty acid®

Chinese rice wine W thF&2] fatty acidse wAAE wgol &) AT 93 HT
(Luo, 2008). o]¥H Ao A= 13709] saturated fatty acidse} 5702] unsaturated fatty acids,
Z 18709 fatty acids7} HAEFHNOW, 1 F hexadecanoic acid, octadecanoic acid,
(92,122)-9,12-octadecadienoic acid Z12]aL (92)-octadec-9-enoic acide E& A=A i
Aoz I AHuEgES BT 99 fatty acidse} tetradecanoic acid, pentadecanoic acid,
icosanoic acidE E3g3t= YR saturated fatty acidse] $HaFe 37 CollA vidlS w) 7+
A3k Adgkol YEelgt. o]el W2 nonanoic acid, decanoic acid, pentanedioic acid,
dodecanoic acid®} 22 saturated fatty acids®] %¥& 37 C ¥ AlBo|A =4 e on
control 27 A8 HE ot HEFo| A &dth FTFHOZ = ) %k =7} 2718 u

i)
=
S
N
3
o
—h
o
=
<
o
Q
o
[9)]
=2
)
=
5
(9]
o
=4
=
=
o
=y
I
(@)
—h
o
=
<
[}
Q
(@)
w
N
Y
o, 2
A
O
ol
rl
i1
fio
rlo
N
N
B
m{m
i
ol
>9,
)

a [¢)

o] 3+ unsaturated fatty acidse= "= A 2L F=Fo aromaOH FEFE = F 91%
ethyl ester2} isoamyl acetate®] A3 FHH Al Z2AHARJ] dFS & + AtHKang
2014). ¥ saturated fatty acids®] 7o, Wik 57} 25 ColA] 37 CE F75IH S
o] tetradecanoic acid, pentadecanoic acid, hexadecanoic acid, octadecanoic acid , icosanoic
acide} Z2 I saturated fatty acids7} AHFH O Z AP AI W v LS F716HA T &
C= tREo mAEY fatty acids Ao o3 FEFS HxE A FR83 IAAA
% shutoltkZhu, 2007). WAES] XA FAL o] viHe WEE yEhd & Uk
ol g FAES AE A4 Wt &9 WItel A Hste 9o fEAd 2 et Ve
FAE7] 1% He] =23 Ad WEE olF o vk wEkA 2% mE fatty acids T
Aol tigk Adt= 3ol Aejsts gl Aslstd EAo o3k o ® AlsdT

t

(¢
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(mp B2 thAAl 9] PLS-DA 23}

PLS component 2 (21.14%)

Hop ) Kl Ed k) 5 4 3 2 A ] 1 2 3 4 5 [ 7 8 9 0 il

PLS component 1 (25.11%)

a9 85 v = WE R oryzae ¥AY B IE AMHES] PLS-DA score plot
(VIP>0.8). ROE: R. oryzae J13-9, ROS: R. oryzae KCCM35485.
F 240 WE R oryzae ¥IFLA E thAAFE 9
B, thRE o] KCCM 35485 A& 5L PLS component 19]
AR Aom 37 CHlYF ABEE ALY JI3-9 Al5E2 =5 PLS component 19
gFoll $Ix]8lgth. KCCM 35485 AR 5L 37 CHl¥ 271 ARE AQd mx] )
AN ®ELS PLS component 13 PLS component 20 &JsiA] HW&atA UHA &g £
HhH JJ3-9 AR EL EE ARV HAYE PSS B AoR Rol wjeF Ao uzt
g3t zlolE Bt} Xylitol, sorbitol, arabitol, mannose, mannitol, carbamic acid, decanoic
acid 5 PLS component 12] <Fofl ®W&kol] FgFLS nx= thAMFHEE]3l, nonanoic acid,
malic acid, hexanoic acid, myo-inositol, pyruvic acid, citric acid 5< PLS component 1]
<o Wk dFS nx+= tAMFEEo|Y. PLS component 22]  oFol] WO+
(9Z122)-9,12-octadecadienoic acid, 2-aminoadipinic acid, tyrosine, tryptophan, isoleucine,
octadecanoic acid S°] 9&-& ©v]Xx]a. PLS component 29] & ®gko] &S vX= F
8 tAAFE = were maltose, dodecanoic acid, xylulose, fructose, carbamic acid s°] $J

o,

ﬂllO ol
2
=

o

ool ot

e

f
2

alfe
1o

_>|1_',
9
o

02
Lo
oz

03
¥ N

S o ()

(2) 3ol A IdE YAE v Y

R. oryzae ]J3-9%= T7/0¢] acids, 24719 alcohols, 127)¢] aldehydes, 7701¢] benzene
derivatives, 2771¢] esters, 471¢] furan derivatives, 1371¢] ketones, 2712] lactones, 47§ <]
phenols, 170¢] terpenes®t 270¢] hydrocarbons’} A& & 103707} #A=H k. KCCM
35485= F 87/IZ, 3719 acids, 167§¢] alcohols, 107§<¢] aldehydes, 1071¢] benzene
derivatives, 25712] esters, 47§ ¢] furan derivatives, 127§ 2] ketones, 27§2] lactones, 3712

phenols¢} 17§ ¢] hydrocarbons7} A2 = A th.

(b Acid#
KCCM 354859} wlmsle] © @& F7/9 acids7} JI3-9914 ZHZEF AT} propanoic acid,
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2-methylpropanoic acid, butanoic acid Z#] 3 3-methylbutanoic acide} 72 th3E2] acids
= JJ3-9 #FZE control conditionolA HiJEE w A =S AFFE HYH.
2-methylpropanoic  acid  (isobutyric  acid)®}  2-methylpropan-1-ol  (isobutanol)+
branched-chain amino acid¢! valine®. 2 HE wEo]d 4 Q&= A Eo|thKang, 2014). o]H
AT A4 2-methylpropanoic acidi= control conditionol| 4] Hj 3t JJ3-9 Al =5 oA 717 ol
AE" wrdo] 2-methylpropan-1-ol- JJ3-9 #F9] 37 € wjF AlgoA 7+ @okoh
control conditiono]l A w3+ AlEE-S butanoic acide} butan-1-ol¢] o] & Z79
A2 Rt =4 JUebgth Butanoic acide} butan-1-ol& & Zof carbohydrates ¢} fatty
acids2 78 442 < dvHDellomonaco, 2010).

(1} AlcoholF

Alcohols A#E Sl ethanol, butan-1-ol, 3-methylbutan-1-ol, 2-phenylethanole] %2 <
o2 Yeigten, o]E2 KCCM 35485H T} JJ3-9¢A4 o @B o] A& 53,
J13-9 #F5 37 CollA wWidd s o 7M1 =2 AZFaS B Aoh Fusel alcohols ol skt
Q1 3-methylbutan-1-0l& X% FFold 2Js|A AJAo] =& thSchnurer, 1999). ©]+=
Ehrlich pathwayE %3] wWESZ 4 JtHSmit, 2004). Leucine©] transamination=}
decarboxylation2 A 3-methylbutanalZ Z3to] =31, 1 Fof 3-methylbutanoic acid %=
=  3-methylbutan-1-ol2  WFEo{Zt}.  3-methylbutanal,  3-methylbutanoic  acid,
3-methylbutan-1-ol, 3-methylbutyl acetate’} %22 3-methyl branched 34 EZHEo0]
JJ3-9 Al ZoAEe B5F ZHZEo] ® ¥ 3-methylbutanoic acide} 3-methylbutyl acetate:
KCCM 35485 A &ollA AZ=% A ¢kgktt Ehrlich pathwayE Ea) 2812 < ¢+= amino
acidse = acidsE.th fusel alcohols®= M 3=E= Ao =2 A5 v thHazelwood, 2008).
ol¢} w]s=slA o] Ao A, 2-methylpropan-1-ol, 3-methylbutan-1-ol#} & fusel
alcohols= o] 3} 483l aldehydese} fusel acidsoll ¥I3te] U & S WA

(th Benzen derivative &

Phenylalanine©] Ehrlich pathwayE A* &all=AA] 2-phenylethanole] 42 <+ oH
ol= rose-like odorg 7MAE 8% &r)A Fo|tKEtschmann, 2002). 1ga
2-phenylethanol-> <}<1, W, 2719 22 FEAA AAHOE THo] H= A&t
(Jung, 2014). o] AFol A= 37 ColA viFdlS w 2-phenylethanol®] ko] ZF718h= 7
32 Bt} fusel alcohols®= amino acids®} carbohydrates thAe] AHEo]7] wj & %7}
fusel alcohols AAle] F&S w XA HrhLandaud, 2001). ¥+H, 2-phenylethanol®] -4
¢l phenylalanine> 37 C HiF Al&oA AFgho] HAsttHTable 2). Ehrlich pathway&
%3 amino acidsZ2HH AHAHE 4 A= 2-methylpropan-1-ol3} 2-methylbutan-1-ol% ©] <}
& AEE BHAT o] F& 37 CollA e Aol A=ZFgho]l F7tetd ot o9 A
TA?1 valined} isoleucine2 T AlmolA o] TFATH= Aol UElGT ol HATA
2 o] &+ amino acids’} IR FES AP 8 EalE AoZ AT 5 JA
=3

Fusel alcoholsQl 2-phenylethanol, 2-methylpropan-1-ol, 3-methylbutan-1-ol&2] %2 &
2% A 37 ColA Z7kg dHbH o]=9] fusel acids®! 2-methylpropanoic acid<}

e
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3-methylbutanoic acide= al@ FHolA o] A4St Ehrlich pathwaye] whx9; @A
+ fusel aldehyde®] reduction X+ oxidation o]t Fusel aldehydee] reduction
oxidation®] xte] ®l&2 v = ol EefxltiHazelwood, 2008). wefAl o] A9
A& control A3} vludA & &% F7oA aldehydee] oxidationS %3+ fusel acids
o] MyAo] 7+4AH <A, fusel aldehyde®l reduction& =7}31317] W&ol fusel alcohols®] <F
< F7H3F Ao g HAEH

() Aldehyde®
Chinese rice wineolA ®ZA =+ odor-active aldehydes?! benzaldehyde®} hexanal(Chen,
2013)& JJ3-9 T2 control FHF} 37 C wY =H ARoAT HAEH .
Benzaldehyde= phenylalanine®} 7+ aromatic amino acid®] "] & HAIZHE HAHAE 5
21Tt ¥k hexanal® F 2 linoleate hydroperoxide decompositionZXE A= 4+ ot
(Monsoor, 2006).

(v}) Ester¥

g A F esters AL yeast #FF LE FAO o3 ¥ wES F AHChen,
2013). Esters % ethyl propanoate, ethyl butanoate, 3-mehylbutyl acetate, ethyl octanoate,
methyl benzoate, ethyl decanoatei= KCCM 35485 AlZolA HEFH A %oy methyl
tetradecanoate, ethyl pentadecanoate, methyl hexadecanoate®} Z-2 high molecular
weight-chain estersi= KCCM 354859 A%t 7 &= 1t}

7712l acetate esters & ethyl acetate, propyl acetate, 2-methylpropyl acetate= 37 C oA
WS w Zr1sleE A4S B on, butyl acetate®} 3-methylbutyl acetate= 32 h Hj
F AlgA 7 =& AR Jebd o fruity, floral, perfume-like odor notesE 7}A|
+ ethyl esters= & o ethanol &4 3}ol fatty acids®] esterificationol <JaiA A4
2 4 AthLuo, 2008). =g o] gt esters= <4<l AMAl, WMFolA LHAET HiE 3
th(Park 2014). Ethyl octanoate, ethyl decanoate, ethyl dodecanoate, ethyl tetradecanoate<]
ko JJ3-92] 32 h wjeF AlEoA 7 @kt Ethyl octanoate:= apple-like odorantE
EF = (Lilly,2000), ethyl decanoate:= fruity, grape-lke ~12]a brandy-like & 7}zth
(Peinado,2004). =3+, ethyl dodecanoate= <}<lell sweaty, waxy, soapy, floral noteE 7]
3= Al Ho]tHSelli,2004). A, ethyl hexadecanoate, ethyl (Z)-octadec-9enoate, ethyl
(9Z,127)-octadeca-9,12-dienoate+= JJ3-9 2t} KCCM 35485 #FollA ] @ o] HAEE
Ak T3 o] esterse] A fatty acids?! hexadecanoic acid, (9Z)-octadec-9-enoic acid,
(92,127)-9,12-octadecadienoic acid%= JJ3-9 Xt} KCCM 35485 T#FolA U & A<
HAG olA Ao mp=, ethyl esterse HE 7, &5 5, &a Ao o8 I
< W2 5 AokPark 2014).

o

<!
o) ==
=

(8} Furan¥

Furan derivatives <% furan-2-carbaldehyde (furfural), 5-methylfuran- 2-carbaldehyde
(5-methyl furfural), furan-2-ylmethanol (furfuryl alcohoD2 wjXx]2] Z7] pH7} 4% A&
A Aol SUkete AEe Btk wieF wiA o pHE 2aF diAtbE Aol & dF=
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% 4 AtkMiao, 2006). 2-furfuryl ethyl ether, 2-acetylfuran, 5-methylfurfural,
2-acetyl-b-methylfuran, ethyl 2-furoate, 2-furnmethanol, 5-ethylfurfural 1g]aL
5-hydroxymethylfurfural®} 72 furans= Chinese rice wineolA WA= 31, furfurale 2+
rice winesoll A A E . Chinese rice winedll = furfural®] F%& ©-& furansEo =
tHLuo, 2008).

(AP KetoneF

) 72| ketones+= free fatty acids®] g -oxidation& 3t lipid oxidationell 2JsiA A=
t}. w24 Chinese rice wine= |3+ saccharification enzymese] #| =7} == wheat Qu Uj
of = FE9 acidse} ketones= VA E W&ol 9% lipid oxidationo] <J§ Ro=Z Zt
FH Mo, 2009).

= ketoneso] R. oryzae oA FAEHAY. F=2 Al thAlel 93 pyruvateZFE TS0
]t(ha, 2017) butane-2,3-dione (diacetyD®} 3-hydroxybutan-2-one (acetoin)o] 7<% %A
o™ acetoine] <Fo| diacetyle] FE T Wkl Diacetyld} acetoine F= citrate-positive
lactococci, lactobacilli 2|3l yeastsel] <&l AJdEH(Mukisa and Kiwanuka, 2018).
Pleasant yogurt odor, butter < A 33t acetoine FAlE3 dF FHdo|A WAAT L
adel A JrkXiao, 2014). Al thAkoll Al acetoine pyruvate25-E 2719 enzyme-catalysed
GAS A S0 - tKCuric, 1999). Acetoine JI3-95 37 ColA wjudd A goA 7}
B2 ol A=HAH

1{Comy. 11ACarmp. 2
Colored aecrding to Obs 10 {Pomary)

PLS component 2 (18.52%)

£ # BN 5§ 4 7 F 5 4 3 2 4 ¥ 1 2 3 4 5 & 7 8 §F oW M oUW W M

: PLS component 1 (28.58%)

a3 86. Wl ol w2 R oryzae WiFN e FAAQ HE OjAMEEL] PLS-DA score plot
(VIP>0.8). ROE: R. oryzae JJ3-9, ROS: R. oryzae KCCM35485.

R oryzae ]13-9 #52 EE A &= PLS component 1] ko] whgko] $1x]3] U= wiHo
KCCM 35485 Al&E<2 &5 PLS component 1] 9] wWaFo]z} PLS component 22] <2
kol X3t 86). control Z7io A HlFEr JJ3-9 A &9 PLS component 1] <F
o] w}gkolz} PLS component 29 &2 Wakel $X3tH T PLS-DA £4-& F3l| JJ3-9 #+
o ASEELS MY =dd wet Hg3 2ol EPoy KCCM 35485 AlsE2 uldF =1
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of wW& Ao} WA Fe ASE & 4 A 3-Hydroxybutan-2-one,
2-methylpropan-1-ol, 3-methylbutan-1-ol, hexanal, 2-phenylethanol &2 JJ3-9& KCCM
354853 FH¥E=H Y¢S F= PLS component 19 oFol Wekat A A thAAE-Solt)
KCCM 35485 A 5&°] #1A3l %+ PLS component 19 &9 W3 #HAEH T8 thAMHE
ol = ethyl (2)-octadec-9-enoate, ethyl pentadecanoate, quinoline-4-carbaldehyde, methyl
tetradecanoate, methyl hexadecanoate, ethyl (9Z7122)-octadeca-9,12-dienoate 5| SItt.
Methyl  2-(3-oxo-2-pentylcyclopentyDacetate, = propan-1-ol, = 3-methylbutyl  acetate,
5-pentyloxolan-2-one, 4-methylphenol, propyl acetate, ethyl acetate= control Z71-& | <]
gk Ywx] 279 JJ3-9 A EC 4SS F= UAREE S|t PLS component 22 &2
Wy AdE F8 UlAREEYdE 2-phenoxyethanol,  dodecan-1-ol,  methyl
3-methylbutanoate, 2-hydroxycyclopent-2-en-1-one S| Ut (ZLH 87).

[:
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19 87. Rhizopus oryzae JJ3-9, Rhizopus oryzae KCCM 354852] Metabolic pathway
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7. &8 S fibuligera KJJ81¢] AIZHH FAA/HIFLAH qAA E4 AF

7F. YPD JAuA] 2 &% HjF FH]
ATFE MAXZA FEE 2123-104 AzH FFAA LS X Saccharomycopsis fibuligera
KJI813} AdEE E3A] G ddg F48 104-303004 AL &% Saccharomycopsis
fibuljgera KPH12E HH&HE IgAAHFSATH /‘3%1}‘”4*1 ElolA & Saccharomyces
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a3 88. 7zt axe Ax =AM

S. fibuligera XJI81, S. fibuligera KPH12%} S. cerevisiae S288CE YPD iAol A 37C, 220
pm, 24417t FoF vkt AzparAdolty (19 88). S fibuligera KJI812 OAIZFE-E 8A|ZH
7}A] exponential growthE X ATh o]o] A wjF 8AIZFEE] 24A1774A] = stationary phase
o e Btk miAHo R 24417 o] & HE & death phaseol HAEE AFS BT
OAIZE, 6A1%F, 16A1ZF, 24A13E2] wlF Zol AER st S fibulgera KJI81, S fibuligera
KPH12¢} S. cerevisiae S288Ce] 34 2 n3A] OIAAIE 45150

(2) ER i Azt BE HIFLAE AE T4 L AT

37Mel axoA 16709 carbohydratese} 21702] amino acids 21702l fatty acidse} 217§
organic acids7} A=A S fibuligera KJI81oll A= 1471¢] carbohydrates, 207) 2] amino
acids, 207§ 9] organic acids, 2170 9] fatty acidsi7} AE= Aot WA S fibuligera KPH129|
A= 9701¢] carbohydrates, 16712] amino acide} 12702l organic acidse} 970¢] fatty acids
7Y AEHAL S cerevisiae S288Col A= 7782 carbohydrates, 1472] amino acids, 671 2]
organic acidse} 4709 fatty acids7} &= 3t}
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(7P Carbohydrates¥

Trehalose7} Al @52 & vl A tiolA 25 =& Az 7+S B ATl trehaloses &
3] S fibuligera KPH129] 24A17F ok AlBolA 714 H& A=EgS Uebi=d trahalose

= S fibuligera®l F8& WAMMEF StUE <dEHA JTHChi et al, 2009). S fibuligera
KJJ81=} KPHI12el A arabitole] =2 A ks UEFATE arabitol thA glucose=F-E] A4k
He Aoz dHA At} (Aoki, Pastore, & Park. 1993; Saha, & Bothast, 1996) KJJ813}
KPH129] arabitol®] A= #hk 164X 744 F7tstthr) 2Haste A3e BT

(\}H) Amino acidsH

Trosine, phenylalanine¥} tryptophan®} %2 aromatic amino acids®} leucine, isoleucine=}
valine¥} %22 branched-chain amino acidse= &X¢| Ehrlich pathwayE 3l higher
alcoholsZ A3t =t} ( Kang et al, 2014). 23 ZA3 KJJ813 KPH120| A phenylalanine,
tyrosine, leucine & Ftha oz e Zro] AHFHATH T2y glycine, alanine, serine}
722 w2 Ehrlich pathway®Z &971A %+ aminoacidss< KJJ813} KPHI120A gt & o
2 Eo] AFHJTE o]#H 3 amino acidsE pyruvateZ E3® ThS non-fusel metabolites
T+ fusel metabolitesZ Z13t% = Ehrlich pathway®Z Eo]7r S 24 fusel metabolitesZ
sHEth (Kang et al., 2014). Al 7}A #FolA AAH diF-E2] amino acidsE-2 16417H9]
FANA FIVsY HAadke S B

=

(TP Fatty acids#

Octadecanoic acid®} hexadecanoic aicd= 37FA] #F=ollA AAH fatty acidss & =°| A
FE Aok olHF F fatty acidse Izl S288CH A Hlwge o KII8ly
KPH120l 4] =o] A &= At} Hexadecanoic acid®} octadecanoic acids= &9 H|EZE=E
ool 4 malonate=F-B AT el AH Atk (Gueguen et al., 2000). Oleic acid+= KJJ81
I} KPH129] 16AI1ZF vl A Zol vt A4 2 AFE AT o] 21k unsaturated fatty acide=
Mzl FAHAAECEAN BRO AAdd T8 FFE 7130 d8A Y, ¢F 559
T8 3] A& ethyl estere} isoamyl acetate] Aol Aol Itk d#HA Utk
(Kang et al., 2014).

(&) Organic acids&

Oxalic acide] A& gkol M7IA #FFolA HEF tE organic acids tiAAI S Hls] =&
HiFAIZE ol A o] ARFE AT Oxalic acid®] A =2 KJI819| 16AIF it Al 5ol A
7 =& S BT Phruvic acid, fumaric acid ¢} citric acide glycolysise} TCA cycle
oA FTa3 FIH4HEo|th Pyruvic acide= KJI81e] 16AIZF wiF AlgolA] 71 &=o] AT
HQok {4k citric acid= KPHI129] 24A13F vl eF AlBolA 71 =o] HEE AT Lee et
al.,(2016)ol A ERZXE A% E lactic acid, malic acid®} succinic acide =289 F8
organic acidg}xr FAstHch Ad Ao A lactic acid®] 73 KPH129] 16417 vl YA =
9} KJI819] 24A17F A B AATE A 2 A=A} malic acide} succinic acide] A&
#2 S288Ce} KPHI129] A=F ity vl gle wf & v Azt ol A KJJ8le] 71 =3kt

7}
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(mp BIFLAE thALA 9] A A
ote) ¥ 89w Al < RIFLA thARAS] w Azt w2 PCA score ploto]th. S288C
o] o] A Aztol wet PC29 §9o WO R olFdts AFS BHAUo IA WL
fith. KJIB1e] A-foll= wieF AZtol wet PC1e —%«l FaFo g2 o]Fstdttzt oAl PCle]
o o g olFdte AFS Btk KPHI2O A gl wikAIztel wat PC2o &9
o7 o]FaE AL Bk PCA score plotoi Al el B thabbEe] W
Hte W, Wi 0AIZERE 6A17kA = ST tiAbbEEol A W3 &4
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%9 89. S fibuligera KJI81, S. fibuligera KPH129} S. cerevisiae S288C (=)
Hj FAI 2L wE M]3 i ARA] PCA score plot

¥ 90.(A) S. fibuligera K181, S. fibuligera KPH12 and S. cerevisiae S288C2] Wl FA| 7o u}
H] 3] A T AFA| ©] PLS-DA score plot (B) S fibuljgera KJI819} S, fibuligera KPH12 ¢] wj <F

Al Zte] w2 n) A oAl 2] PLS-DA score plot
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a8 0= M T3 BISEA diAAl el mjekAlZte] whE PLS-DA score ploto]th.
KJJ81e] 7% wjkA|Zte] wiel PLS 19 SojEFo Zo] F& thA] PLS 1 k9] Hgfko &
o] = 2 AAYTFO R fFol= HTFS HE Yo} Succinic acid, mevalonic acid 2} malic
acide} £ organic acids®} phenylalanine, tyrosine, asparagine, histidine®} isoleucine}
Z-e amino acids7} KJJ819] wjokA|ztel] wE W3le] F nH3IA thAA R EAFAT
ke KPH129] Z$-ol= wlAIZbel] whel PLS29| 59 Wako g o]Fdts AEdFsS BAT
Threonine, glutamine, valine, leucine, alanine¥ %< amino acids®} trehalose, mannose,
galactoseQ} #-& carbohydrates7} wjF Azt w2 KPHI29| o]# g wslo] FFS 7] X
=g B 3arA EHAM]E B2 50k PLS-DA score ploto2 Al @3¢ H|3aA tiA}

Argol W YL WS w, W 0AZHEE AN S WL TAEE] 2
We} sh4 @a 16417 ol FREE T WadthE de f3F & h

a9 3 B S fibuligera KJJ813} S, fibuligera KPH122] v QFAIZ o]l w2 H| 3] kA t) ALA|
o tj$+ PLS-DA score plote|t}. KJJ812e] 749 wieF A|Ztel wig} PLS 19 Sojwgko g o
T T FH oAl PLS 19 ko] WO E olFdte AANFOE olFdle AT BT
¥ 29} #%o] Propanedionic acid, tyrosine, phenylalanine, isoleucine, butanoic acid,
histidine, malic acid, pentadecanoic acid, succinic acid, mannitol®} lysines 2] thA}A|E©]
KJJ81e] wjFAIztel w& w3to] Fa3 HITAH AAIEZ A EHIJAY. KPHI2S 735
A Zroll wel PLS 29 &9 Mo = o]Fdte AFES EAoh ® 33 o] Glutamine,
threonine, trehalose, valine, citric acid, mannose, leucine, alanine3} 2-butenedioic acids ©]
ol2{ gt KPH129] njFA|zte] wE Wsto] Fa3k v 3EAd thAAE A4 = AT

Q) Ex HF Azt & LA dAtE A 2L AF

Ad Ay 371e] & R4 5 acids, 40 alcohols, 16 aldehydes, 1 amide, 12 benzenes, 50
esters, 6 furans, 8 hydrocarbons, 17 ketones, 13 lactones, 1 phenol, 10 pyrazines, 1
pyrone, 4 pyrroles and 1 sulfur-containing compound’} A 2 AHZFEH UG S fibuligera
KJJ8lell A= 13 acids, 24 alcohols, 11 aldehydes, 7 benzenes, 39 esters, 4 furans, 5
hydrocarbons, 12 ketones, 10 lactones, 5 pyrazines and 2 pyrroles”} A4 2 A ZFHUATH
WA S fibuligera KPH129| 4= 9 acids, 28 alcohols, 9 aldehydes, 8 benzenes, 36 esters, 4
furans, 8 hydrocarbons, 10 ketones, 8 lactones, 1 phenol, 8 pyrazines and 2 pyrroles’7} &
A 2 AFHJAL S cerevisiae S288Co A= 12 acids, 35 alcohols, 13 aldehydes, 1 amide,
6 benzenes, 24 esters, 5 furans, 6 hydrocarbons, 11 ketones, 6 lactones, 1 phenol, 8
pyrazines and 2 pyrroles7} 84 2 FHFE AT

(7D Esters¥

Ml el FFEA 2-phenylethyl acetate, 3-methylbutyl acetate, 2-methylpropyl acetate,

heptyl acetate ¢} ethyl acetate®} - T}F3l acetate ester groups°] F+8 34 &7
Rog AZ IUth LA esterse fruitysta o}Qlat A, @WFe] 5 FS

P‘JE} (Etievant et al., 1999). 53] acetate estersi Ta&H ¢F S5NA4 T8 &7

AE 98-S st (Ebleler et al., 200D).
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(1P Fusel alcohols ¢} Fusel esters

Fusel esters?l 2-Phenylethyl acetate®} 3-methylbutyl acetate:= A &ZA3} 74 =& VIP
s zte IAAYAAE A=5AT. 2-Phentylethyl acetate @+ 3-methylbutyl acetate=
KJJ81 16A]7ko] 3o AlzofA KPH12 groupel Hlsl &2 A #= 72tk 2-Phenylethyl
acetatex fruitysta flowerydt & EAS 717 942l F23 7|4 E & dhth(Viana
et al., 2012).

(th 3-Methylbutyl acetate

3-Methylbutyl acetate (isoamyl acetate)2 ER7} AA3t= A tiAA T sfyoly &
F3hal fruitydk & EA-S 7}t 2-Phentylethyl acetate®} 3-methylbutyl acetate= amino
acid %S %3 Ehrlich pathwayE® AA  AA ¥k 2-phentylethanol 3}
3-methylbutan-1-o0l¥} 7+ Fusel alcohol2 A 7He] FFolA FL3F JiA giAAZ A
A=ty E57F Ak Fusel alcoholfrv 579 &F Wi T8d 438 59 &
52 EA F3 IS v (L, Wei, et al, 2018). KPH12 groupe] AAls=
2-phenylethanol®] & ko] S288C<} KJI81 groupe] A= kel vl =T
2-Phenylethanol®} 2-phentylethyl acetate®} %2 phenyl group& 7}l Fusel alcohols3}
Fusel estersi+ phenylalanine©] EhrlichpathwayS A3 A43t}.  Phentylalanine2
3-phentyl-2-oxo-propanoate (e« -keto acid), 2-phentylethanal (aldehyde)e AA 1 %
2-phentylethanol(fusel alcohol)©] 2-phentylethyl acetate(fusel acetate)Z 3= o] A=
}.

5288C
Kl
KPH12
I b &
; b
; i i
T L
i — .'|-I-':\ — Iy — J
i
idl
(- i — ‘;III ' [ - ; i sl —
W AR WR MW "B B W iR OB R MR WO R R
Phenvlalanine 1 Phenviacetaldebvde 1 Pheuvlethanol 1 Pheavlethyl acetate

a3 91. Al /HY #Fol A 2-phenylethanol®} 2-phenylethyl acetate®] uj %A 7t whE
metabolic pathway$} A zk
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a8 92. Al /N #59A 3-methylbutan-1-o0l3} 3-methylbutyl acetate]
H F A ZH] wE metabolic pathwaye} A &

(@D Acids#

Octanoic acidE Al 719 #FolA FL3 I tAAZ HAEHJAT. Octanoic acid-e
ethyl estere] A o]t} 3-Methylbutanoic acid®} 2-methylpropanoic acid T3+ F23F 3
A AR 2 AA S =E = 229 fattydt &F 545 7FXIH (Song et al., 2015). o] &
3t branched-chain acids= & XAl Ehrlich pathwayE %3 A @t (Hazelwood et al.,
2008). Leucine3} valine 3-methylbutanoic acid®} 2-methylpropanoic acid®] - o]t}
(Lucie A., et al., 2008). 3-methylbutanoic acid: KJJ81 group®] RE wj Aol A yH
A F ol vlE)] =o] AFEAT 53| KII812] 16417 viFA RAA 71 =4 AES
2lth. 2-Methylpropanoic acid T3+ KJJ81 groupell A Ve A F #FHT} o] HHE T}

(7P Aldehydes¥

Hexanal®] VIPro]l 7Fg =k 11 t3-S = nonanal®] VIPZke] =hth & 404 & <
50| hexanal¥} nonanal®] A& ZtS KJI8L BE AIZtfe] mjeF Aol UYwzA F
FEo vd] & A S BRI Hexanal& green/grassydt &FEA-S 714 11 nonanal &
citrus & EAS 7M¥Th o] Fr1A A thAMAlE  enzymatic  oxidationg  E&
long-chain fatty acidsZ%-E -+#1%+ long-chain straight aldehydes o]t} (Morales et al.,
1997). A& A HA A aldehydes% 3-methylbutanale] A= zkol Al /Mo #F2 EEA]
e wjFAl gl A AoiH oz U =o] A FE Y. 3-Methylbutanal-& maltysk 54
S Ay 19 4 (A} 2] leucinee] Ehrlich pathwayES A A4 sl

(¥h) Lactones#

Lactone = linoleic acid®} oleic acide} 2 fatty acid=2H-¥ a3 Fo AAAHAG
(Romero et al., 2011). ©]2]3} lactones¥++= butteryslal peach-likedt & EA S 7IA 1 &
F %a 5859 22 FaEsHY F8% Fo]thkSinha et al, 2007).5-Pentyloxolan-2-one,
5-hexyloxolan-2-one, 6-heptyloxan-2-one3} 6-pentyl oxan-2-one< Al 719 #FoA 8
A AR HEH AT &3] 5-hexyloxolan-2-one (y -decalactone)] VIP ko] 71
= 1 o= 5-pentyloxan-2-one (y -nonalactone)e] VIP Zko] =t v
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-Decalactone& Hwof &S 7HAH LEAFIH Ao SAsk= 3EAd AEoltk (Wache,
Yves, et al., 2001). y -Decalactone Chinese rice wine3} aged sake®] 23+ 37|HE S
2 RaE7]% 9t (Adans, et al., 1970). y -Nonalactones ZIAY 3 3 & EAS
7FA™ Chinese rice wine®] EAZQl mt3} ko] & P&FS w| Xt} y-Decalactoned vy
-nonalactone®] & #zk-& KJJ81 groupoll Al v A KPH129F S288C groupdt Ml glS wf =
E ek AldelA =& AH# kS 7FR Y Oleic acide} linoleic acidel #-8 Unsaturated
fatty acidss= 7y -Decalactone®} 7y -nonalactone?] A7A=Z <& Jqot (Haffner et al.,
1996).

(D FALGHALA o] FA 2

a9 93. S fibuligera KJI81, S. fibuligera KPHlZS&‘r S. cerevisiae S288C (FZ=4F)9]
v FA kol W2 3 9kA tfARA] PCA score plot

29 938 Al #Fo FTA AR B kA 7o wE PCA score plote]t}. PC component
18 7|Fo & 29.58%2 AdMegS 7Fx 2 PC component 25 7|22 20.67%2 AWHE

7}14 Al 50.25%2 AW e 7hxI) S288Ce] #o A Alztel uwhel PC2el ko] WaFo

o] Fa Pt ThAl 29 WEko g olFatE AFFS BTh KIIgle A-$oe wjek Azr
011 met PC1o] ko] WaFo=® o]lFstdttrl oAl PC1Y &9 WFO g o|Fdte AFS
Belth KPH129 790l wifAlgtel wlgl PC22) oFo] Whgko 2 o)Fdle AFdS BHIo
U & olF& EolA &Yt PCA score ploto 2 Al #59 &4 tfAMMES] W3l 73
S Be ul, wie} OAZFREE 6AZIA = HIFEA dAEEESe] IA W A ga

1647 o] FREE 2/ WEITE HEe §58 & A
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A

® - ™~

Lt
o

®)

12
e

% 94. (A) S fibuligera KJI81, S. fibuligera KPH12 and S. cerevisiae S288C<2] wlj &FA| ko
w2 3Rk o)Ak 2] PLS-DA score plot (B) S fibuligera KJI81¢} S, fibulijgera KPH12 2]
Hj FA Zkell M2 34 diAA| 9] PLS-DA score plot

I8 94 A= Al 7579 A8 thARA o] wlj kA REel mE PLS-DA score plote]th. KJJ81
o] 79 wigAIZ el whel PLS 29| FoaFelAl PLS 19] &9 W g o|Fdte AFS
Bt ®E 59 694 B 4 Q%o], 2-Phenylethyl acetate, 3-methylbutyl propanoate,
2-methyl propyl acetate, 2-phenylthyl formate, 3-methylbutyl acetate and 3-methylbutyl
butanoate®}  Z2 TSk esters&3  6-pentyloxane-2-one,  heptadecan-2-one,
6-propyloxan-2-one, 5-octyloxolan-2-one, 4-hydroxy-4-methyloxan-2-one
5-hexyloxolan-2-one #-2 t}heFgl lactones® E©] KJJB1 groupe] ©]2]3dk uj kAo
WH3lo] FFES 7IX = F8& IFEAH dAAE BEAFHSY KPHI2S 22 A f-dd&=
Zhell whet PLS 29] o] Wafo A oo o]Fsle A BAo & o
HolR ¢Fth. PLS-DA score plote = Al w59 3UAQ thrAib=9] We AFdFs B
o, WiF OAZFRE 6AZ7EA = 38 tAbEEo] A W3 oA ¥ 1641%E ©]
B A Hgstdes Jds 758 F Uth

a9 94 B)= S fibuligera KJI813} S, fibuligera KPH129] Hj A Ztol] whE 3 ) ARA]
o] ™ & PLS-DA score plotelth, 1@ 94(B) oA & 4 J=o] KJI813 KPHI129 A|zte
mE A UAA S AFel A Aol E Bk KJI81el 75 vjeF Akl wek PLS

==

off
g

T30 o o &
Gt = ot &
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29 &9 WFolA PLS 29 FofBFor o5t H ©Al  PLS 29
st= & WAANYE A Holﬁk KPH129} 2
[

a9 95. S fibuligera K181, S. fibuligera KPH12 and S. cerevisiae S288C (3=

Metabolic pathway
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23. AFMNE A3

Ald. 74} Ex 2 tfH| 23

7). Az

(&2 - A
e | R . P P4 | Hed | s
SO sRA | ARIE | | e U NABC | AE | wgE | whay
3 < =] T H o B
IR R ey | age | T | BN e | oy | e | g
H= . = =7h
g AN A T4
HEER 11 10(+2%) 10
L =x - 2 2
=}
g | A - 2 0
=
2| =y 3 3 3
2}
9| az 10 3 13
=
3| =x 4 2(+1%) 2
A
| a3 13( +4) 3(+4%) 3
=
4l =g 4 3(+1%) 3
2}
RN IPSEE (+39) 3(+1%) 2
h
x| BE 11 10(+2%) 10
A | A= 23(+42) 11(+4%) 18
zg
1A=
x5
23PAE
=g
A=
%8
AXPAE
zg
5xPAE
2 A
3 Al

* re-sequencing
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A2, ArY A3}

7 48 FHAY B2

No QUM SHAY B .
(dg Z2Z 7|d)
S. fibuligera BLG3 N o .
| =} A(B-
! (S. fibuligera KPH12 A3G060500) t7t Cellulose =8} £ 2(B-glucosidases)
S. fibuligera BLG4 N o .
| 1=} A(B-
2 (S. fibuligera KPH12 A2G002200) bt Cellulose =3 = 2(B-glucosidases)
S. fibuligera BGL4 N I .
| = A(B-
3 (S. fibuligera KPH12 A7G027500) tl7t Cellulose &3} 2= (B-glucosidases)
4 S. fibuligera Cel61A Mt Cellulose 28l &4
(S. fibuligera KPH12 A2G080500 ) (Copper-dependent polysaccharide monooxygenases)
25| s S. fibuligera Cel61A M3 Cellulose 238 &4
Er= (S. fibuligera KPH12 A2G001300) (Copper-dependent polysaccharide monooxygenases)
6 S. fibuligera Cel61A Mt Cellulose 23l &4
(S. fibuligera KPH12 A1G071400) (Copper-dependent polysaccharide monooxygenases)
2 S. fibuligera abfC At Cellulose 23l &4
(S. fibuligera KPH12 A3G089600) (alpha-L-arabinofuranosidase C
8 Aspergillus oryzae SSU1102-08 M B d gHe 4 dF U=
9 | Saccharomycopsis fibuligera SSU2601-09 M s A 2de 2 o3 4=
10 Rhizopus oryzae SSU2603-06 Al chet gl gty 24 FF &2
11 (s f/bu/;;efrlguléﬁgf,éggwsoo) Al &F0| B3 B4 alcohol acetyltransferase (ATF)
12 (s ﬁbu/;;eijuléﬁgfégfs%om Al g0 B3 & A alcohol acetyltransferase (ATF)
13 (s ﬂbu/;eijuléﬁgf,éZéS%OO) A3 B0l 23H F A alcohol acetyltransferase (ATF)
14 (s ﬁbu/;;e]zguléﬁgfggzlﬁom Mt 20| & Z A alcohol acetyltransferase (ATF)
15 (s ﬁbu/;;efr/:uléﬁgfggélﬂom Mt 20| & Z A alcohol acetyltransferase (ATF)
16 (s f/bu/;;efrljuléﬁgflclzgusom Al &F0| 3 B4 alcohol acetyltransferase (ATF)
3%t S. fibuligera ATFI1 s mlad =
we| Y (S. fibuligera KJJ81 A5G003500) v 0] 28 a2 alcohol acetyltransferase (ATF)
18 (s ﬂbuﬂ‘;e)zsuléﬁgf I;;ZJMSOO) At &kO0| B3 Z A alcohol acetyltransferase (ATF)
19 (s ﬂbu/)érelzsuléﬁgf ;‘22386900) ATt &kO| B3 Z A alcohol acetyltransferase (ATF)
20 (s ﬁbu/;;ef;sulé/ﬁgf I;‘27(—3/L-587000) Al g0 B3 & A alcohol acetyltransferase (ATF)
21 (s ﬂbuéeisuléﬁgga I;;,Z(fl7600) Al gk0| B3 ZA alcohol acetyltransferase (ATF)
22 (s ﬂbu/lizeizsuléﬁgf Isi‘lz-;-)z12200) AlF gF0| 3 B4 alcohol acetyltransferase (ATF)
23 (s ﬂbu/—/;e]zsuléﬁgf ;52:503500) M3 B0l 2t3H F A alcohol acetyltransferase (ATF)
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*AR AL EAD)/EEE

No AN AE S/ @ e 2 SE/7|8H= SE/7|57| el
1 Saccharomycopsis fibuligera KJ)81 KCTC 18466P St MH DS 2016
2 Aspergillus oryzae SSU1102-08 KCTC 13033BP St MHZSHAH L 2016
3 Saccharomycopsis fibuligera SSU2601-09 KCTC 13034BP St AMH DS 12 2016
4 Rhizopus oryzae SSU2603-06 KCTC 13035BP St A H DS 12 2016
5 Saccharomyces cerevisiae KCTC 27787 St MH ISR 2017
6 Saccharomycopsis  fibuligera KCTC 27788 St MH DS 2017
7 Saccharomycopsis fibuligera KCTC 27789 St MH IS 2017
8 Saccharomycopsis fibuligera KCTC 27790 St MHZSHAH 2017
9 Saccharomycopsis  fibuligera KCTC 27791 St EH DS 12 2017

10 Saccharomycopsis  fibuligera KCTC 27792 St AMH DS 12 2017

11 Saccharomycopsis  fibuligera KCTC 27793 St MH ISR 2017

12 Saccharomycopsis  fibuligera KCTC 27794 St MH ISR 2017

13 Syncephalastrum monosporum KCTC 46676 St MH IS 2017

14 Syncephalastrum racemosum KCTC 46677 St MH DS 2017

15 Wicherhamomyces anomalus KCTC 27786 St EH OS2 2017

16 Alternaria alternata KCTC 46649 St AMH DS 12 2018

17 Aspergillus  clavatus KCTC 46650 St MH ISR 2018

18 Aspergillus  clavatus KCTC 46651 St MH DS 2018

19 Aspergillusniger KCTC 46652 St MH IS 2018

20 Aspergillus  oryzae KCTC 46653 St MH IS 2018

21 Aspergiflus  oryzae KCTC 46654 St AMEH DS 12 2018

22 Aspergiflus  oryzae KCTC 46655 St AMEH OS2 2018

23 Aspergillus  oryzae KCTC 46656 St MH DS 2018

24 Aspergillus  oryzae KCTC 46657 St MH DS 2018

25 Aspergiflus  oryzae KCTC 46658 StZAH DS 12 2018

26 Aspergillus  oryzae KCTC 46659 St MH IS 2018

27 Botryspheria dothidea KCTC 46660 St MH DS 2018

28 Botrytis  cinerea KCTC 46661 St AMEH DS 12 2018

29 Lichtheimia corymbifera KCTC 46662 St MH DS 2018

30 Lichtheimia corymbifera KCTC 46663 St MHZSHAH 2018

31 Lichtheimia corymbifera KCTC 46664 St A H DS 12 2018

32 Lichtheimia ramosa KCTC 46665 ot E IRl 2018

33 Lichtheimia ramosa KCTC 46666 St MH IS 1L 2018

34 Lichtheimia ramosa KCTC 46667 el el | 2018

35 Lichtheimia ramosa KCTC 46668 St MH IS 1 2018

36 Lichtheimia ramosa KCTC 46669 St MHDSHAH L 2018

37 Lichtheimia ramosa KCTC 46670 St AMEH OS2 2018

38 Mucor circinelloides KCTC 46671 St MH DS 2018

39 Penicillum expansum KCTC 46672 St AMH DS 12 2018

40 Pichia membranifaciens KCTC 27795 St MH DS 2018

41 Rhizopus delemar KCTC 46674 St AH DS 12 2018

42 Rhizopus oryzae KCTC 46675 St MH IS 1 2018
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v 251

A =

€ GenBank &=

FAA, a4 B3
No i 22t A e =
- 14 chromosomes + 1 mitochondria genome)
- Complete genomic sequence (38.5 Mb
o -5 715)94 egnome (A g)&i _Er“H (allo?)di loid GeQBank
Saccharomycopsis fibuligera ;’; g ’ ° ploidy Assession Nos.
e = 4
ksl - %A% 1= (11,9707, Gene famil CP012809
Al = ’ ’ y
_ 5 - CP012822
15 Phylogeny tree &2 )
o - RNA-seq 7]5Fe] AAA &4
i - 7 chromosomes + 1 mitochondria genome
- Compete genomic sequence (19.6 Mbp) GenBank
Saccharomycopsis fibuligera |- KJI812] A genome?] counterpart® 4 Assession Nos.
KPH12 - 574 4= (6,18370), Gene family CP012823 -
- Phylogeny tree £ CP012829
- RNA-seq 7|99 HALA &4
- 7 chromosomes
- Compete genomic sequence (19.2 Mbp) GenBank
Saccharomycopsis fibuligera |- KPH129} 32} 72 9 @74 Fo] AL Hls=3 Assession Nos.
ATCC 36309 - FA:A o= (6,18371), Gene family CP015978-CP015
- Phylogeny tree &% 984
- RNA-seq 7]14Fe] AALA] £
- 16 nuclear genome + 1 mitochondria genome + 1 2
micron plasmid GenBank
23} . - Heterozygosity7} 4338 &Ast= + co Assession Nos.
ge Saccharomyces cervisiae 98-5 genomey—3g~ z]}lfd diploid Py CP025097-CP02
- 71&29] S cerevisize ®Z FAAS} 99% HEAS 5112 (17.12.5)
A= Aoz B,
- 19.49 Mbpe] =71E 714
- Transcript A€ AX = FAE2] Protein A E, ab
) . nitio & &3k, FAA dF F3 A= -
Lichtheimia ramosa LNPH1-1 L.ramo:f% 12;;2"77;0;] ;,TT@ x}b? ] o= qui%éb} 5= A3
- 7]&o| &70€ Lramosa A<}t 98.45% FALEE
Holp] FxHOFE= ME FAG
- 19.49 Mbpe] Z71E 71HF
- 670 chromosome3} 27]¢] mitochondrial genome 2. GenBank
Saccharomycopsis malanga 2 z9 Assession Nos
KCN26 - Genbankell 5% S malanga JCM 76209 W= |CP025321-CP025
Al, 471¢] chromosomeo| Al rearrangement’} ¥o] | 327 (17.12.13)
1)
- 19.49 Mbpe| =Z7|& 7H4
- 870e] EMA1% 70| mitochondrial genome® & GenB ank
o .. Assession Nos
Hyphopichia burtonii XJJ43 SR CP024759-CP024
- Genbankell S3¥ Y19334 Fx7} LA 766 (17.11.8)
33 homology= 97~98% A= o
=h=] - 15.54Mbpe] =71 & 713
- o) A =68 Assiesrsli]?)?lnllilos
Hyphopichia pseudoburtonii |- Mitochondria genome (43.13 kbp) CP024751-CP024
- oby A BAol A& YA wobd B A
Lr_LElU ,‘_rli_/}j' 7‘&]231}7]' }\1]7_." 3]._%‘:":1 758 (17118)
- 16 nuclear genomeo. 2 =¥
- 593 % copy genomeg A|'d diploid GenBank
. - 71&9 S cerevisiae F= FAAe 3H A o | Assession Nos
Saccharonyces cervisiae KSD-YC | w w o) ‘o 90 kb A% deletion® A2 Mol |CP023995-CP024
(repeat 52 Al<Jstd 75 kb2 F74), 51 G4 | 010 (17.10.16)
ZFZroll inversiono] dojd Zo] =ely
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47

38.41 Mbpel =719} 8709 FAAE 7HH

Transcript A€ AR 2 FAE9 Protein A9, ap  GenBank
. initio WHE o)&3ly, SHAA o= 3 A} Assession Nos
10 | Aspergillus oryzae KSS2 1359770 2] A7} ARG CP031434 -
A. oryzaed) =z FAAQ RIB40F} Bl wate] 4746 CP031439
A FAA ] Aujdo] doluts
39.07Mbpe] =L71¢}t 8719 GAAZS 7HF
Transcript A€ HE 2 {FAE< Protein A 4Q, ab
mitio WHE ol43ted, fFHA o= $#3 Az  GenBank
. 13,76471 9] FAA7F HAEH AL Assession Nos
11| Aspergillus oryzae KSS2 - A oryzaed) Fz fAA Q) RIBAOT vlmste] 176]| CP031428 -
o] A Aujgol o=, 2 FHAEH  CP031433

Hlws| gL, KBP37F &0 ZExAY e T

25 7HAE A2 F44
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o). NABIC 5&
FAA, T B3
N @ 22t 71 = Al =
o NG-0555-000001 ~
FAA sls, 72 B4 2 AT 4
1 Saccharomycopsis fibuljgera KJI81 A =, 7= Al NG-0555-000014
o NG-0556-000001 ~
FdA s, 72 24 9 AF 4
2 Saccharomycopsis fibuligera KPH12 3 s, Fx AE NG-0556-000007
o NG-0557-000001 ~
FRAA s, 2 B4
3 | Saccharomycopsis fibuligera ATCC 36309 FRAA =, 7= NG-0557-000007
. NG-0569-000001 ~
- FAA s, F= B4
4 Saccharomycescervisiae 98-5 FRA e =, 7= NG-0569-000016
. .. NG-0570-000001 ~
- oA A=, Tz BA
5 Lichtheimi aramosa LNPH1-1 FRAA =, T+ Y NG=-0570-000014
HAAA 8l =, T FEA(1271A])
S. fibuligera KJJ81
S. fibuligera KPH12
S. fibuligera ATCC36309
S. fibuligera KJJ81(B_2)
S. fibuljgera KJJ81(B_3)
S. fibuligera KJJ81(D01_2)
o 3 A3 -
6 Sacchezoomyiopszs gtj:/]gera Zt FA S. ﬁpuﬁgera KJJ81(D01_3) NN-2592-00001
(T4 ¥= 25/, & 29) S. fibuligera KJJ81(D02_2)
) S. fibuligera KJJ81(D02_3)
27 S, fibuligera KPH12(B_2)
4 S, fibuligera KPH12(B_3)
- S. fibuligera KPH12(D01_2)
S. fibuljgera KPH12(D01_3)
S. fibuligera KPH12(D02_2)
S. fibuligera KPH12(D02_3)
S. fibuligera BGL3 R = .
| B ai(p- -
7 (S. fibuligera KPH12A3G060500) A Tt Cellulose -3 & 4~( 8 -glucosidases) NG-964
S. fibuligera BGL4(1) N L = .
1 B (8- -
8 (S, fibuligera KPH12A2G002200) At Cellulose #3 & 4~( 8 -glucosidases) NG-965
S. fibuligera BGL4(2) R = .
] B (B~ -
9 (S fibuligera KPH12ATG027500) A5t Cellulose #3f & 24~( g -glucosidases) NG-966
10 S. fibuljgera Cel61A(1) Al 7t+Cellulose 3}l & 4~(Copper-dependent NG-967
(S .fibuligera KPH12 A2G080500) polysaccharidemonooxygenases)
1 S fibuligeraCel61A(2) 217t Cellulose -2l & 4~(Copper-dependent NG-968
(S .fibuligera KPH12 A2G001300) polysaccharidemonooxygenases)
19 S. fibuligeraCel61A(3) Al 7+Cellulose &3}l & 4~(Copper-dependent NG-969
(S, fibuligera KPH12A1G071400) polysaccharidemonooxygenases)
13 S fibuligera abfC 215t Cellulose 3 NG-970
(S. fibuligera KPH12 A3G089600) & Z~(alpha-L-arabinofuranosidase C)
- ) NG-0812-00001
FAA 8= 4
- 14 Hypopichia burtonii T34 =, F= NG-0812-00007
. . NG-0819-00001
3 SAA M=, T2 B
L; 15 Hypopichia psedoburtonii A s, & NG-0819-00007
- . NG-0821-00001
oA A=, Tz BA
16 Saccharomycopsis malaga KCN26 FRAA =, 7+ Y NG-0821-000018
. NG-0839-000001 ~
- Q A = =S %/\4
A5 17 Aspergillus oryzae BSSS-F2 FHA s, F=2 24 NG-0570-000014
il © A x
= . B FRAA A=, F2 24 NG-0570-000001 ~
= |18 Aspergillus oryzae JIBP-E3 eAA A= Tz A NG-0570-000014
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No = EEek: | =3 Sa leom| AN |ssus
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Effects of aspergillus
SP(;?C‘S}?S' inoculatiotn -
and thell EnZymatic | joyral of S doi:
o ctities on the, | agricultural and| 1 47D 636) | w1z | Acs | sc | 2015, 2 | 10,1021
components in Food Chemistry 219 4 5056002
fermented soybean (LA =)
12} paste (doenjang).
%)
= Hansenula
- polymorpha Pmtdp
plays critical roles in ado PUBLIC doi:
O-mannosylation of A1 A= LIBRARY 10.1371/j
2 | surface membrane PLoS One . 107 | wl=r OF SCI | 2015. 7 |ournal.po
proteins and & o} SCIENCE ne.01299
participates in (RLAIA AP 14
heteromeric complex
formation
Hansenula )
polymorpha Haclp Is o
Critical to Protein 1 doi:
N-Glycosylation Applied and A2 101 128 /
3 | Activity Modulation, | Environmental 81 v = ASM SCI | 2015. 10 AEM 014
as Revealed by Microbiology :
Functional and Z¥8 o} 40-15
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=
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