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Table 1 Information of sampling site
Hoon K AR5 B E R /m
g #5(CD) 29°41'24"' N,98°35'6"" E 3 868
T2 (AL) 33°25'11'" N,79°39'6"" E 4 260
Ak (NQ) 31°27'36"" N,92°2'13"" E 4 479
# 5 (LS) 29°57'2'" N,91°12'3"" E 3813
#HZ(17) 29°37'25"" N,94°23'1"" E 2 961
WL (SN) 28°35'17"" N,90°10'34"" E 5032
B 7 0] (RKZ) 29°15'23"" N,88°53'46"" E 3 841

DNeasy Plant Mini Kit £ H058 &, L1 Qi-
agen A A ;2xTaq PCR Mix (KT201) | K & 35 5 #
EEE DNA [ & (DP210), RARAfL R
(b3 ) A BR 2 w5 SR M 5 B A O 51,
2% [ Invitrogen A Al ,

12 UB{5EH

3H25RT % BE V2 R 2500 AL, 390 i 6 7 A
4 £ A PR A 7 ;NanoDrop2000 fi & 43 % o6 JiE
i, 2 [E Thermo 2 &) ;IMS=20 il vk HL , F 754 2%
IR AL A R 28 ] 5 T100 9 PCR ¥ .\ TD -GelX
1520 e AR R 5t , 35 [ Bio—rad 24w ; WS600 L
WAL, AR A BRA E  UPT-1-5T 835 &
GBS K A, AR AR A FRA A
1.3 REAHZX
1.3.1 & DNA #£ 8t M4 DNeasy Plant Mini
Kit 4 HCi 70 & 452 4 U BH £ JBGY il 4% 5 5L DNA,
I FH B3R 43 06 6 BE TN 0.89% Bt iR A U6 Mz H Tk G
DAL 5 B DNA Y 5T vk B2 AL EE
1.3.2 PCR ¥~ AW FF 43 5048 3 51 9
338F (5'~ACTCCTACGGGAGGCAGCA-3") FI806R
(5~GGACTACHVGGGTWTCTAAT-3")!" 3 4% 4
B 16S rRNA FE[R V3-V4 X fif F A 5 N 5% &
[B] % X (Internally transcribed spacer, ITS)if H 5|
¥ ITSIF (CTTGGTCATTTAGAGGAAGTAA) #i
ITS2R (GCTGCGTTCTTCATCGATGC) "™ 14 EL 1
ITS1 X, 54 WA EMNY T k4T PCR 473,
et FH 8 e [l a0 45 D0 B [l Wi PCR 74, PCR ™
Prik 2 1 IR ARV BB B0 A R 2 B AT R O
Wy,

1.3.3  Hdaa A FIH QIUME2 (2019.4) #f4
X HLE 0 R s B AT L5, B gk

M DEEE AT RO SRR AS T i
Fe AN AT B 3 AT GE T 8 9T % AR R EE /K-, fdi 1
Vsearch (v2.13.4) 3 4:09% = i & FF ) kA7 B 2%
PIARIG e E 70 28 BT (Operational taxonomic u-
nits, OTUs)fCFEF51 ., FIH QIIME2 (2019.4) %k
/F, 5 T E & UNITE 4% & (Release 8.0, https://
unite.ut.ee/ )41 7 Greengenes F( 4 % (Release
13.8, http://greengenes.secondgenome.com/ )53 Jjl|
XRE i BB TN B OTUSs AR 77 9147 Fh 43 26
R, A QIME2 (2019.4) 5444 A1 R 155 it
1793 25 %% 41 W (Alpha £ #  Beta £ # 1 fl
LEfSe(LDA Effect Size)2: 5317,

2 ZBRE55H
21 HSBEENFLERSW

F B AL 2, R 2 AT, T
X35 BRI 27 4 386 575 AU B A BUF Y, H
H,CD AL NQ .LS.LZ SN F1 RKZ 4 %l = 4=
56 474,47 686,47 088,60 960,75 002,62 113,
37 252 MW A BT A, V¥ 5 A
430 bp ;7 b X7 BRI 7 A= 536 938 A HA
AR H, H CD AL NQ.LS.LZ SN Fl RKZ
39 P2 A 76 991,78 014,79 230,76 919,77 619,
76 738,71 427 S HW A BUT I, F- 7 50 B 2 K
FEh 254 bp, 7 A b DX BRI G4 P 00y 2
FETE 99.42%~100% 0 [H , 1t W otk vl e #5408 &
P B S e LS BRI A E R TE A5 R AE R
TE 97 % AH U EE /KSR [F) M X 75 B il 3 7= A=
4 186 N4 OTUs Ml 227 S E B OTUs, Hr,
CD AL NQ.LS.LZ SN F1 RKZ JJ j= 4 1 40 1
OTUs #4354 327,1 027,1 257,765 ,306,852,
1 031 4>, Jr =4 (% BB OTUs 04 51 40,52,
62,53,40,37,58 >, A [ M DX 7 BRI i T 4R 15
1) OTUs FCAS A, B 7™= A 9 OTUs 588 0T H .
NQ>RKZ>AL>SN>LS>CD>LZ (4% ) ,NQ>RKZ>
LS>AL>CD=LZ>SN ( EL [ ) , Ui B P4 56 A 7] b X 7
PRI Hh G YRR S5 A Ar e 22 5. 5 BRI fg
% TR 7 A R RE i [8] 25 FUBkAT 1 OTUS 4K,
W B2 B T ASTRIRE i ) OTUSs B8 22 5 v
T 3 5 R PG AN ) i DX 7 I il sl A A A i
Fa 2 A7 4 #7 (1) ,CD AL \NQ LS \LZ .SN FI
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RKZ # & 2 A 09 4 & OTUs %0435l 2 128,617,
882,473,137,533,705 4>, A1) OTUs K 27
A, ik OTUs #8019 0.65% (&l 1a) ;CD (AL NQ,
LS LZ SN Fl RKZ ¥ & A7 1% B & OTUs %4053 3

4 19,30,36,27,12,17,33 4, 2451 OTUs %
445 B OTUs 30/ 1.76% (A 1b) , 16 B 74 i A
(5] Hts DX 75 R ol A0 2 0 B 5 5 ) 4 A A I i 25

(=
It o
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Table 2 The results of high throughput sequencing of microbial community in the highland barley koji

from different region of Tibet

oz H 5 2l B P34 kK Elbp - E E % OTU % #/4
" o 1 At il A P A P e
CDh 56 474 76 991 430 254 99.82 100 327 40
AL 47 686 78 014 430 254 99.60 100 1027 52
NQ 47 088 79 230 430 254 99.42 100 1257 62
LS 60 960 76 919 430 254 99.62 100 765 53
LZ 75 002 77 619 430 254 99.83 100 306 40
SN 62 113 76 738 430 254 99.63 100 852 37
RKZ 37252 71427 430 254 99.62 100 1 031 58
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Fig.1 The variability of bacterial (a) and fungal (b) OTUs in the highland barley koji from different region of Tibet
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Fig.2 The results of Alpha diversity indexes of microbial community in the highland barley koji

from different region of Tibet
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BCHE 1S53 310 %0 B o L T R A T OTUS AR 3R 7 571
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Table 3 Classified analysis of microbial taxa detected in the highland barley koji from different region of Tibet

Ha A A /A A A Bl A

m H AH o AH mH S H w H S H 0 H S H
CD 9 4 15 10 24 11 34 14 48 15
AL 10 4 15 9 24 13 39 15 59 14
NQ 8 5 13 11 29 15 48 21 63 24
LS 9 4 14 10 25 11 36 18 53 19
LZ 10 4 15 9 23 13 31 18 39 20
SN 11 4 19 7 37 9 57 9 88 12
RKZ 9 4 16 28 14 39 17 55 18
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i X7 AR Al A R E B 16 AT, R R RE



245 H5M

5 A X A AR B ) R M B R LS M R B MR AT

385

B 1] (Firmicutes ) /2 P8 i AS [5) Hi X 75 BRI 1 £ 3
HNE ], JERER T AE CD A LZ BE S b i A X =
350 99.48% 11 99.64% , 1M A8 JE B 1] (Proteobac-
teria) 7£ AL NQ.LS SN Fl RKZ 5 i) = JF b 4%
AR R B4R 20.42%,37.02%,12.19%
30.74% ,6.13% , i% 55 4% 58 7R A5 WAL S ) B 4 24
I 4s R —2, 2 B 49 (Clostridia) Fl 28 £ T
B 2N (Bacilli ) 2 5 BE B4 1] %) 25 B2 21 W50 40, X #1555
LA 5 1 3 N PR SXR] B R S R RE B ) 2
VG AN [7) it DX 75 BTG b 246 60 00 345 20 181 1 7y
JRBA . H I 3b AT AS [ X RRE b B
ER 6 AT, HApFRE T (Ascomycota) &
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Fig.3 Composition of bacterial (a) and fungal (b) community in the highland barley koji from different region

CD \NQ LS 1 RKZ # b i A AR 34 LB 1T, FEAR X
FE 5k 67.08% ,51.78% ,54.95% ,74.67% , H.
E % ] (Mucoromycota ) 75 LA I #E i /b 8 A1 X =
JEE A A AR T BE 430y 32.81%,48.08%
44.96% ,25.12% ; B W | 1/ AL LZ 1 SN #£5
M B 1], HA X 0k 70.07% ,
53.42%,50.06% , HF 30 TELLLFE S A A
XA e, LA A G 29.83%,
46.46% ,49.83% ., MK, FRE M ERZWN]
S VG AN [ 1l X7 B i O R B R T X
555K 25 AR A3 I AR SE IS 4 R — B

W SEEH ] (Firmicutes)

W Y 1H ] (Proteobacteria)

M {57% J(Cyanobacteria)

M 54614 J(Actinobacteria)

W UUFFAT] ] (Bacteroidetes)

W R ] (Fusobacteria)

W S8 # ] (Verrucomicrobia)

W %4574 ] (Chloroflexi)

W FRFFIA [ J(Acidobacteria)

W S VEFEFF AT ] (Epsilonbacteraeota)
M JCEEH [ ](Tenericutes)

M [BZEFF 1A ] (Deferribacteres)

W 5 BRI -HIA ] (Deinococcus-Thermus)
W 5 4] (Patescibacteria)

W ZE T ] (Gemmatimonadetes)

LZ SN B HERFFIA ] (Rokubacteria)

M 74£7#] ] (Ascomycota)

M 474 J(Mucoromycota)

W {174 ] (Basidiomycota)

W 1% (Mortierellomycota)
B % 215 ] (Rozellomycota)

M 4| J(Chytridiomycota)

LZ SN

of Tibet at phylum level
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FE &8 53 287K | B T AE 6 =2 BE T 20 A 41 1R A
FLR TRV A5 A AL UL T 4 fh B da WA A S A
B AR ES1%89 A 9 A, 735l 2 FLRR A
J& (Lactobacillus ,48.54%) W] & Bk T & (Leuconos-
toc ,12.36% ) BT [ TH & (Weissella,11.73%) 5L

12 Bk B J& (Lactococcus ,6.78% ) iz #i J& (Pantoea,
6.57% ) . 5 % ¥k % J& (Staphylococcus ,2.32% ) | i
FFHE B (Acetobacter,1.57%) . ¥R J& (Entero
coccus , 1.10% ) F1 B} 5% 75 [C H# )& ( Kosakonia ,
1.05%), FHorfr W Ef 2R 1R 8 FBR T QTR s J2 NQ A
i TP PE AT, HAE X B 4300 S 33.03% Al
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19.86% ; FLERFT 1 J& & CD Al LZ A 5 v 59 £ 441
A, AR 32 B 43 51 R 99.00% it 99.25% ; BT
QW& | FLERAT 0 R0 W] Ef R A s & AL B
(RO 35 TR T | AR 3 BE 93 301 K 33.47%,23.96%,
17.56%; FLERFFAJE | W] AR 2K 0 s RS AT 1 ) 2
LS #E b iy 00 i 8, A X 3R B 4 0 ol
69.88% ,13.09% ,10.57% ; FLE& ¥T 15 J& .12 131 J@
B R PR D 2 SNORE S R I DL A B | AR G S
39N 36.87% ,26.56% ,21.65% ; RKZ £ i v 41
PG Jm LR IR E R (41.24%) . BT G Jm
(24.88%) M A BR 4 & (15.87%) , L)L L4550,
VUL AN [ b, DX 55 R i r A D0 344 TR s A7 A W
225 X5 A I SRR A S 45 R 25 R, X ]
FE 15 V0 AN [7) DX AR 5K 174 b, 3P 58 0 <A A DR 3R
A PG TR s Ao R R D) A P A FLIRRAT B L FL
TR B DA RIS PR 1T 45, A3 T 3R A ZLIR AT 1R & i)
FLIR A AR SRR A o FLR , T FLIR HE — D R
RS IR OB R AT EFEFEIY R Z
— T f 3 v 23 5 R Y 1R CD Rl LZ R
P LR AT TR TR R A X LR TR, 3 AT B 2 5
TR Y R BT TG R 8 T — 2 LR 4 1
JZ A TR R A R BRI P R R
o= i LR A R T FLIR £ Fg 0 T2 BRI o i £
FE P HAT P LR AN A 22 B T RE Y FLIR BRI, AT
it £ S EL AT R Y LR Ji BR A R B N 1 & 1
HERR ERE KSR IR I IR B, B B R

2
FLERFF B (Lactobacillus) l ‘1)
L -- Ji BRI#( @ (Pediococcus) _1
[t AT 12 I8 (A cetobacter)
HHEFF 18 (Gluconobacter)

41:‘ 7 IR TH B (Escherichia—Shigella)

FLERER I 8 (Lactococcus)
I
L

i % BR & (Staphylococcus)
NQ RKZ LS CD LZ AL SN

[ B R (Pseudomonas)
ﬁ ap

ﬁ- JEKT 11 (Faecalibacterium)
| [ ] HA HR R 4% (Leuconostoc)
Sample

(a)

S8 A KT & (Klebsiella)
AR T (Acinetobacter)
W # s (Serratia)

T B s (Enterobacter)

R SC G @ (Erwinia)

2 14 & (Pantoea)

Ji%ER 4 /@ (Enterococcus)
T KB (Weissella)
A5 (K & (Kosakonia)
W K JE I HEFT 14 /% (Hafnia—Obesumbacterium)

AR = RE T 20 19 1R
The relative abundance of top 20 genera
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BHFFEERM, WHERBRENE S SN LR A &=
FLAE A, [R5 68 7= A 22 T UK ) I, 56 T 2 T 6
st P LA B P R — S 5 2 I TR W R
TR SR W AR AR, O A BRI
AR B, PO R M X R i S
AN FERHZRF AR, WERRE)E | BT ICH
J& FLER BRI B | 2 R R R s A K e
JEAFPE, X LR Y TR T R B i R T g
P EEA A,

H &1 4b AT B i TR A AR S 1%
A 44,550k 5 AR BB I8 (Pichia,2.51%) R 5
B J& (Rhizopus ,46.36% ) . 1 5 B )& (Aspergillus ,
5.00% ) A1 g vd I 4 19 BF & (Wickerhamomyces |
3.60%) ., HREE B JE Al v DU B JE RN EE AR A
J& 2 CD RS i L3 R g, A X B 43 i)
4 32.81%,25.15% ,17.08% ; R 5 14 )& & AL NQ,
LS \LZ 1 SN #f i v i e 34 BB | oA X = B 4y
MK 70.07% ,48.08% ,44.96% ,53.42% ,50.06% ;
RKZ FEf iR B B R E R E  (25.12%)
i ith 25 TR 8 (33.05% ) , 156 BH PG A [5] 4 X 5 B
i 5 34 FL TR R A AE — o L PR A 22 5 RS AE
W E IR ER &R LR R s e e
PRI oy v 2 Y FLDR 2SR X S ARG A5 A,
AR N — Bl 22 R0 AR P ) 2 e 3L
FE T R A R P BE A R RS | IR A KUk

I 2
’_‘_‘—'—I_lilﬁ_‘ 224 FE R (G B} IR (Hyphopichia) 0
‘ BRI (Mycosphaerella)

| [¥#8}E(Saccharomyces)
5 AL R (Saccharomycopsis)

©

it

. | [ | i %
TR )% (Rhizopus) 50

I 1 [ ] WAl 45 % (Mortierella) I—Z o
- - WRTI B (Fusarium) w N
------ S Urocystis) o

[ | | 5 4B (Filobasidium) 2

- - ﬂmﬁ(&lﬂawma) g “s

25 R (4spergillus) (= ©

{07 %% 138 (Vaganishia) g

Pseudallescherial; = %

F BB Penicillium) b _g

BT BE R (Wickerhamomyces) H- —g

He ¥ BE B (Pichia) = e

JREEHIE (Gibberella) = o

4[( T8 L F%% 1} % (Debaryomyces) < E
HIARERYE (Kodamaea) e

= kA E (Alternaria) I
- .
-

=

| I
CD LZ RNZ LS NQ AL SN

# HE
Sample

(b)

B4 EFHEMFEEN20MNAFRARGBXSFEMPARE (o) MER(b)ERABRESTER
Fig.4 Heatmap of the top 20 in relative abundance of bacterial (a) and fungal (b) community

in the highland barley koji from different region of Tibet at genus level
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FVEC B RE 7 64T 32 W53 43 BT (Principal  component
analysis, PCA), 255 ULIE 5, i 1&] 5a o] 1, 76 4
BEVE, ER AT 1R F A M 2 B R
I35 R 75.0% 1 12.4% , 5 1t 87.4% , BE 4 1l IX.
53 VY JECAN [R) 1 DX 75 BRI h 40 R RE U 25 4 NQ AL
H1SN AT AL T A — G2 B, B BHEX 3 /> b DX ) 5 R
T 1t 200 GRRE 9 5 48 ZH R R AR BL, CD R LZ B
LT TR — 4B, UEHHIX 2 A4 i X 4 35 BRI th 40
FEVE S5 R AL, 10 RKZ AN LS 43 5 T AR LB
SERESIY SIS I o0 =N R o T B e
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Fig.5 Principal component analysis of bacterial (a) and fungal (b) community in the highland barley koji

from different region of Tibet
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Microbial Community Structure and Diversity of Highland Barley Koji in Tibet

Zhang Erhao, Feng Zongtao, He Ping, Liu Panpan, Jian Yue, Xu Yuting, Lu Yazhou, Luo Zhang"
(College of Food Science, Tibet Agriculture and Animal Husbandry University, Linzhi 860000, Tibet)

Abstract In order to study the difference in microbial communities in the highland barley koji from different regions of
Tibet, the high throughput sequencing technology was used to analyze microbial community composition and diversity. The
results showed that the microorganism groups were rich, and the numbers of bacteria were more than fungus. Bacterial
diversity in Naqu (NQ) was the highest, and the fungal diversity in Changdu (CD) was the highest. The dominant bac-
terial genera were Lactobacillus, Leuconostoc and Weissella in the highland barley koji, the dominant fungal genera were

Rhizopus and Aspergillus in the highland barley koji. The microbial community composition in the highland barley koji
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from different regions of Tibet were certain commonalities and differences. Principal component analysis showed that the
bacterial community composition of NQ, Ali (AL), Rikaze (RKZ) and Shannan (SN) were similar, while that of CD,
(Linzhi) LZ and (Lhasa) LS were similar, fungal community of AL, NQ, LS, LZ and SN were clustered into one
group, while the CD and RKZ were clustered into one group, respectively. The analysis of the LDA Effect Size showed
that there was a bacterial biomarker in all samples, and a fungal biomarker in all samples except for SN sample. In the
conclusion, the microbial community composition in the highland barley koji from different regions of Tibet was different.
These results could provide theoretical bases for the further development and utilization of probiotic microbial groups and
the preparation of mixed jiuqu.

Keywords highland barley koji; high throughput sequencing; bacterial community; fungal community; diversity



