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Abstract: The fungal diversity of five sweet fermented oats samples in China was studied by Illumina

sequencing. The results showed that the abundance of Mucoromycota and Ascomycota peaked in the oats
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Tianpei samples, and a bit Basidiomycota were also included. As to genus, Rhizopus had the highest abundance,

followed by unclassified p_ Ascomycota, Saccharomyces and Issatchenkia. Principal component analysis

(PCA) indicated that five kinds of oats Tianpei samples formed their own fungal clusters. The biomarker taxa of

oats Tianpei were identified by Lefse, including Mucor and Pichia. The fungal composition of oats Tianpei was

significantlly related to the chemical composition of oats Tianpei (lactic acid, free fatty acid, amino acid,

reducing sugar, etc). The fermentation effects of Rhizopus oryzae on the chemical composition of oats Tianpei

were studied also. The fermentation of Rhizopus oryzae significantly increased the chemical composition in

oats Tianpei. The research provided a theoretical basis for the study of microbial flora, the discovery of related

microbial resources, the fermented modification grains, and the improvement of oats Tianpei quality.

Key words: Tianpei; mycobiota; diversity; chemical composition; correlation
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B KRR R BT s, DU 5 R A4
P b A MR A SY . SRS L 7 ok &
i R TR L IR 2% |

1 #H57TE
1.1 #EHEXF
W 9E F R AR e P HE 22 TS RE & TP1, TP2,

AL

TP3. TP4. TP5: PHJLHIRILE . 2. & .
SEPIML X R BEAEYT . T Tllumina 03 (9 4 Fp
BERE AL 3 AR FH A KA TS T e TR
T AR 2B Y

il B 2L R 4138 14 QIAGEN DNeasymericon
Food Kit #2H(: & QIAGEN 2A#]; i [m Al A
AxyPrep DNA Gel Extraction Kit: 32[E Axygen
P o )y
NEXTflexTM Rapid DNA-Seq Kit: 3% [E Bioo
Scientific 23 7 ; A & T b2 1 B 0] 4
TRMAR B A IR A F
1.2 UF5E&
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( ABI GeneAmp® 9700 #!). [ ABI A7l
SBA-40E A WME S HIAL . 1L R B Bl B A P bk
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1.3 LWAHE
1.3.1  FHeZZ TR A it 2 ik PR 2 ) 92 B
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ITS4R ( TCCTCCGCTTATTG AT ATGC ) PCR §~
W PHEERFON 95 °C WiAEME 5 min, 33 ME
B (fLFE 95 °C ZEPE 35 s, 50 °C Bk 35 s,
72 °C $EMH 4255), 72 °C FEEMH 10 min J5 4 °C
TRAE . PR R ALHE 5 x PCR Mix 4 uL, 5l
) ITS3F 1.2 uL, 514 ITS4R 1.2 pL, ZZHREH 4
1.5 uL, H ddH,0 #ME % 20 pL., PCR ¥ 3474
alifl, K B, A SO, IFFI AT Tlumina Miseq
PE300 WP V-5, 75 LS sAEEg R AR
R SERCEL R Y . BB YRS I 5
it 1% %= NCBI ##li % ()55 PRINA839505 ),
133 AEWME RS

K Fastp™0.20.0 Hofdofe i 5 G B b 3%
T, FIFH FLASH!"1.2.7 Sk BEA TR 5 9F 8
J4sE 2B reads BERITEE/N T 20 (6L, HR4E
X K3 reads Z A S C R DHEF Y, H
R/ NESKEEN 10 bp; R4S ICT 5 X519 X 55
FARIEE S, PEELF PN Ty ), o RS [ As AL
{80 2. FIH UPARSEM 7.1 454k, L 97%FHA
FEXF AT AT #4325 500 (OTU ) RIETFHIBR
WA RITS 5k RDP classifier' 2.2 X} JE 51347
UNITE #4 2 e XE I A0 0 43 25138 . LEfSe
Bl FH A T 2 7 22 B AE ot ) BC TR AR AR ) o
1.3.4 KA K TEaHe A2 NI 1 o fr )

VA2 129 2 h, 28 1 h, Wikt 5 4 F
2%KME ., TERBEO, 24, 48, 72 F1 96 h 43 53]
FE R R (B SRk e B . R TEIR By 25 °C
R R e BT . R . . TER .
LRUEFR . WEBSHRIATR . 4 JRUME S 0 5 o FH AH N
TR G E o LR Bt I ) FH A= A% %o BT A
2 ZHER5ITE
21 FIHMRRBREHBERSHEN

SIHTRIEGE T 5 RhHEAZ BN AE i (15 DTG AE
) WEEZ AR, a3 A )F 8
955 475 2&,327 651 802 bp, J7- 5 F- 11 & 342 bp.,
Lot AR ES R, M T AR L
707,20, 41 H. 67 FF. 90 J&. 111 Fl J¢
202 /> OTU. e RIS LRV o ZHEMETE
BanFE 1 s, AR Coverage H KT

0.999, &I 7 = SR e PR BE AR 5, A
s A8 515 87T Tk — 22 o br . BESEE
Chaol . Shannon I Simpsoneven 435|182 i E
BT TR L AR RN —PE e TG AR TP
HAmE R 280, 1M TPS BA &
—tk; TP4 FEHRAR . TP3 ZREMERAK. TP2
— PR,

R1 FREMBEEE o SHMEES

Table 1 a diversity index of oats Tianpei

s B PR ZHEE )tk
TP1 0.999 9£0.000 1~ 72.5+0.5  1.69+0.02  0.056+0.002
TP2 0.999 9+0.000 1 453+03  0.97+0.02  0.045+0.001
TP3 0.999 8+0.0002  24.5+0.8  0.18+0.01  0.072+0.002
TP4 0.999 8+0.000 1 ~ 21.6+0.6  1.21+0.01  0.083+0.002
TP5 0.999 9+0.0002  35.7+0.9  1.32+0.02  0.111+0.002

2T B B AR MRt 32 5o #r
(PCA) 17, 5 ez SHIHETIE A H R4
FEVE (I 1) BHTSRE T FL IR R 22 SRR PCL 2R
55.93%, PC2 N 30.01%. S L0 200
( PERMANOVA ) HAIFSE T 5 BT AE B R A
SERIITEE A (A4 P <0.05), LAk, Hikiik
B2 BRI K .t BRI ZRhN
AR S AUS AR . REAEHS B RE S FhEHESAE
fit (RN ] ) B TR 22 REPE B FL P 454 .

0.6 f TPl

- TP2

TP3

m TP4

04} TP5

PC2(30.01%)
o
(3]

(=

-0.2 I :| I I
-0.4 -0.2 0 0.2 0.4
PC1(55.93%)
B 1 #HEMBEE PCAE
Fig.1 PCA diagram of fungal community
among oats Tianpei samples
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W&o ERm, 08T ET] (Basidiomycota )
HiE (K 2a), B8 EEENIACAE D HH 0 5R
KA T, FA Z P il is E5 o s E A
P Rt PR B, R
25 G2 Fob A v o5 A

TE EL R J8 K T, MeEZ B EE AR AR 8
( Rhizopus) &t i, HIJE KRB IR 43251
FHE 1 (unclassified p_Ascomycota ), B} R
( Saccharomyces ) FItFE*f%EEJE (Issatchenkia)
(18 2b ), FLAREHEE AR AL 11 1> OTUS( K 2¢ ),
KZEJE TR ( Rhizopus ). B &
( Saccharomyces ). HHi=Ez+;JE (Issatchenki ) #l1

S19Y)0 _:;
S powsseout Ty
moo[\wo‘.p‘-seg .
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1Bund

TP1 18
70

TPS
” 70,

I : A. Circos [El[1/K3F; B. Circos K@ /KF-; C. 4EBA .,

A 8B sh B J8 £ ( Hanseniaspora ) . R %
( Rhizopus ) ] # FH ok [ 52 b & e = & et
IR R A 9 25, % (Rhizopus) w
F A K s oh i Bk B IR PR by
PEUO AR AR M SRR TP A IR . B
FFJE ( Saccharomyces ) 76 5% . R &5 A
Vel e i T iz e s T R R R
(1ssatchenki ) A% B3 22 7 TP 2 PR o A v 2 B0
A I B FE ( Hanseniaspora ) 7 4 44 i 45 rh
ZH ORI, AR AL A A R ) T TR 2R S
Wy A PO, T T R T R TR R R 5 A
i 2 Y

-

BRI,
SNOSEPO! IIEC[
uregqh)  *
LISUPUL] oy -

um.’P,lSqu AT,

TP3
0 100 85

TP1 0 I I I I [
TP2 N v > o
TP3 L & K& R
TP4

TP5

TP4

Note: A. Circos diagram at phylum level; B. Circos diagram at genus level; C. Venn diagram.
B2 #HEWHBEEHANE

Fig.2 Diagrams of fungal composition among oats Tianpei samples
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5 FhIHEAZ THIRE &, AL Lefse 404 & 8L 1 S AH
KM EGAEYAR &SR, NRFE 5 R 22 5 10 3
(& 3), UL LDA fH> 3 NARESAT T H RS
BESGE, EHEAAESh TP1, TP2 Al TP4 f77F 4 HY
FLI AR AT 25RE . TS TP hEE 2 A
PR 25HE, fEJRAKE, w4 T ES (Mucor )
FEEARBERE (Pichia), FHEHAE M TP2 Hh ol 52 5
+}: ( Saccharomycopsis ). TP4 H1>A7 Apiotrichum 71
TAPREELS [CEERE ( Cyberlindnera ).
AR5 r e R AR ot L R R Vs 22 AR B R

Cladogram

o o ~ A
o o R 3 -
° ' ‘\\ @)
b N\ —
X8 —wi - G ;
S 0 O O o) o— 3
S o Q .
t o
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O Q O
o ® /l
o O \ o)
O o 3 o
O 4 e °
o 0 o Q °
O - Q
O o o
BN TPI /, N )
m T e 3 ¢ )
. TP i » o
BN TP4 |
Il TP5
. ac ified p_ I bo_ ified p__ [ ified p__
I dg ified_p__/ . e i B f:f_Saccharomycopsidaceae
B g Saccharomycopsis B h:f_Dipodascaceae B g unclassified f_Dipodascaceae
B jig_Dipodascus BN k:f_Pichiacese Bl g Pichia
B mg_ Cyberlindnera B nio_ Burotiales W o:f_Aspergillaceae
B pp_Basidiomycota B :c_ Malasseziomycetes B ro_Malasseziales
B sf Malasseziaceae B g Malassezia i uc_Tremellomycetes
W vio_ Trichosporonales W w:f_Trichosporonaceac W x:g_ Apiotrichum

B y:f Mucoraceac B zg Mucor

. A, FESh LEfSe K; B. LDA 23 #i &l .

TEREETE , LT b 2 43 ST vt 22 A R
R BE . BRBERE (Pichia) 78 & B 5 il 47
TE, ARG SR, LR, LR . ZIR RGP,
BB IRTEERE ( Pichia) i i VR AR G ke FH A A e ik
Wi TH, REMRT) =ELrmymE>, 2
JEE R ( Saccharomycopsis) A HI7E i 7 AU %k 1 (1
WA= i Pl R ELE Apiotrichum porosum
TR R VE R TR A W A M IR, (MR
[l F; ( Cyberlindnera) AJEREBE, W alfEN
A R EG,  AT 7R A R SR

B LEfSe Bar
{_Pichiaccac [N = TPI
I —
£ Mucormcese [ =T
g Pichia [ . TP
Mucor [ e TP4
{ Malasseziaceae [ g Tps

o__ Malasseziomycetes [
o_Malasseziales [

o_unclassified p__ Ascomycota [
g_unclassified p_Ascomycota [
¢_unclassified_p_Ascomycota [
f unclassified_p__Ascomycota [

g_Saccharomycopsis (IR
f_Saccharomycopsidaceac [
c_Sordariomycetes [
p_ Basidiomycota [
f_ Trichosporonaceae |
c__Tremellomycetes |
o__Trichosporonales ]
g__Apiotrichum ]
g_ Cyberlindnera ]
o__Eurotiales ]
f Aspergillaceae |

0 051.01.52.0253.03.54.0455.05.56.0
LDA SCORE(log10)

Note: A. LEfSe cladogram of different taxa among samples; B. LDA value distribution graph.
3 FREMEFMEE LEfSe ST E

Fig.3 LEfSe diagram of fungal community among oats Tianpei samples
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FEAR M RN IOR (Weissella), FLFT# &
( Lactobacillus ). #i%jEki# & ( Saphylococcus ).
AT R (Bacillus) 55 Fil 4 4 ) it I M 57 i

FRISCR, AR AT — 25 B FEAR AN BRI L
TE3] 183 A EL AR DA B A A R 1 o7 T 9 5

x2 HREWHBHERLERS

Table 2 Chemical composition of oats Tianpei samples

e FLRR/(g/L) HEl/(mg/g) ZIEMR/(mg/g) HIT/(mg/g) TEM/(mg/g) LFHEFE/(g/100g) WFEARNI/(umoL/L) & JFHE/ (mg/g)
TPl 39.5+0.3  1.36+0.02  28.57£0.03  130.19+0.14  45.86=0.25 14.83+0.03 131.7+0.5 216.240.5
TP2  37.8+0.2  1.24+0.03  18.53+0.02  126.57£0.13 47.03+0.15 14.21+0.04 209.6+1.2 239.4+0.8
TP3 332403  2.78+0.04  21.11£0.03  125.16£0.08 49.75+£0.23 13.62+0.02 108.9+0.8 248.7+1.2
TP4  28.6+0.2  1.76£0.02  16.74£0.02  115.22+0.12  44.92+0.14 12.38+0.03 106.8+1.5 159.7+0.9
TP5 352403  0.99+0.02  21.56£0.03  116.25£0.05 44.15+0.12 13.99+0.05 121.4+1.4 198.9+1.3

2.5 KRIREBLZEEIFHET R

ZREVE T R B, e B LR P AR
J& (Rhizopus) F B fwm, P ULHESE A AR
EbEKHES (Rhizopus oryzae), #H1TRKELABY)
HEAZ W VESHES . I X & Wi F2 bt as ) — 2 qh 2
WA AT T2 5).25 CABEM 0h F) 96 h,
A, AR, dFEHESENORE72h—H
FEIAE 72 h Bk, MR SRR,
R R TR R VE MR T B SR T R BEAE
W, KM PR T OEIE AR A s L K
HR %% ( Rhizopus oryzae ) & i 0] ) ol 35 4 He 7 i
b EFRAMPUEA SRR, KR % (Rhizopus
oryzae) W] LAGrilh KR HALEE, (7538 R
AR 3PS, I L P RO A 435 i e A2 it
i 1) T SRR ) R AT DA K LA i ] 25200
AN, ARFFEARGE 48 h i, KR EECR R, I
By S 11 A B (E , 12~60 h P, 3 JFOE & 5 ]
BN LGRS K 30 °C, KR 48 h i,
W JEE RN 23.9% %%, X 5AHFSE L EE 72 h
KAWL 15 5 e = (WA 2250, S AR & et
RONIR AR (25 °C). RIMAEERE, fhas5H
MR AR R AR A 6, ATl — 2 TF et
FARALITE

3 it

AW FEXF P AL HBIX 5 FhA Q3 1 e 22 T AR
W) ECBR A ) SRR EA T T SY, SRR . Ef
BEkE B W] ( Mucoromycota ) FlF 2 (]

( Ascomycota ) FFfx . % & ( Rhizopus)
TR, BT IR 5 FEE SRR S
TE B ) B R VR 451 o e TR A o 1 L T
A YIER G RREEL A L% (Mucor ) 1R 5 B B

(Pichia) %5 . &2 AT L8 2H A5 R 1R o i 2
PG o KRR & e A7 T I 25 Bt vy I b 22 i oy
S, 25 CCNAEE 72 h B RZ A9 EHE: b2z sy
T RINB R A, A ]k — 20 25 AT 4 TR A
KWETE, TF IR LA LA T e, JF
HR 8 A [F] 4 1 W B 1) 41~ T 5 45 ) B A A 0 7

B 35 3R T RE W o FIUXURR I B B4 o
207 i TP1
300 - - TPo
250 | i TP3
: m TP4
200 TP5
S 150+ =
; 100
S 50
é 0
-50
-100
-150
_200 i 1 1 1 i 1 1 1 1
—200 -150 —100 50 O 50 100 150 200

RDA2(74.23%)

H: LA—FLER; F—; AA—ZRILM; P—&EH; S—iE
¥ C—4F4E%E; FA—IEE BN ; RS—iEJNE,

Note: LA—lactic acid; F—flavonoid; AA—amino acid; P—
protein; S—starch; C—cellolose; FA—free fatty acid; RS—
reducing sugar.

E 4 db-RDA HEHES#HTE
Fig.4 db-RDA diagram of fungal community
among oats Tianpei samples
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Fig.5 Chemical composition change diagram of Rhizopus oryzae fermented for oats Tianpei
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