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Abstract Inner Mongolia Alxa white cashmere goat milk and its dairy products with rich nutritional value and out-
standing health care functions, serve as a vital source of dairy for local herders, but few studies related to the diversity

of fungi that play a probiotic role have been reported. Therefore, in this study, Illumina-Miseq sequencing technology
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was used to determine the fungal ITS gene sequences in white cashmere goat milk, bishylag and airiga, and the com-
parison of fungal community structure and diversity were conducted. The results showed that the Shannon index of fun-
gi in white cashmere goat milk and bishylag was significantly higher than that in airiga (P <0.05) , while the Simpson
index was significantly lower (P <0.05). However, there was no significant difference (P >0.05) between the
Shannon and Simpson indices of the fungi in white cashmere goat milk and bishylag. Additionally, no significant
differences were found in the Ace and Chao indices among white cashmere goat milk, bishylag and airiga (P >0.05).
Beta diversity analysis revealed a high similarity in fungal community composition between white cashmere goat milk
and bishylag, whereas the fungal community structure of airiga was distinct from that of white cashmere goat milk and
bishylag. The dominant fungal phyla in white cashmere goat milk, bishylag and airiga were Ascomycota and Basidio-
mycota. At the genus level, the dominant fungi were Apiotrichum, Cutaneotrichosporon, Cladosporium and Alternaria
in white cashmere goat milk; Apiotrichum, Cutaneotrichosporon and Filobasidium in bishylag; and Issaichenkia,
Rhodotorula, Kazachstania and Pichia in airiga. The relative abundance of fungal metabolism-relatde enzymes in white
cashmere goat milk and its dairy products was higher for glucan 1,4-alpha-glucosidase, adenosine triphosphatase,
DNA-directed RNA polymerase, exo-alpha-sialidase, and peptidylprolyl isomerase. FUNGuild functional prediction
indicated that saprotrophic fungi were the main nutritional mode in white cashmere goat milk and its dairy products.
These findings not only establish a comprehensive understanding of fungal diversity in white cashmere goat milk and its

dairy products in Alxa, Inner Mongolia, but also provide a basis for the study and safety evaluation of fungi in white
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cashmere goat milk and its dairy products.
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1.1 ##

111 AR E  FG0LFD S LR (B
g W HE) BEAIE 12 £y, F 2021 429 H R
EHNFE BRI TE 3 DIRAR 2 MEKR
KEE(FR 1) . AP —FPEAAY B 1L G FL
il i, AR TR A e 2 R A R A S,
A SRR (il L [ 043 B L0, 1 2 W5 AR vk
B, B A 1 AR R B G i 7R B ] 3 H N
S T T PO — Bl R S R BRIV | 2 8 o o S 0
A H 22 U030 & T i) 1) 25 T K TRORL
FL ] b AR R G E Hh F 4R T T o) B, o 4R ik
FE AL AT AT & b ds A ol & B, r ok
LEIREARIAEAEAE 50 mL RHE B L&, T4 3
VKFEIRIR (1 ~4 C) IRA7, B E iz =050 =, I
F -80 CHAFEH.

®1 EAKEER

Table 1~ Specific locations where samples were collected
FEAR ARG S e S i 15
3 H AY 26 A
AY_ 27 HEAT
AY_30 Fa 37 it 1) 5 9 A
EehIAk AY_20 BAERIRA
AY_31 BT 437 1 39 v 9 A
AY_37 L2 s IR AR 5 A AR I
EEAITES AY_08 BT 0
AY_ 24 SRR A
AY_25 AEAT
AY_29 EE A H Ay
AY_32 ETN I BPi N
AY_39 CLEE s Wy AR Al H AR I

1.1.2 EZXAEMEEE E Z.N A soll
DNA kit ( Omega Bio-tek, Norcross, GA, U. S. ) ;
DNA Zfifk [l & (Jb st RAR A AR A IR A
A)) s SR RE (B TAEY TR A BRA ) ;
5 x TransStart FastPfu Z¢ i ( LA TAY) T

A AR ) 2.5 mmol/L ANTPs (|2 T.4F
Y TRERAN A PR T]) ; TransStart FastPfu DNA 3
(B TAY TR A BR | 5 %R G
BHC B TR TR By A R ) 5 DNA
Marker (b0 F HEAYIF AR AR A]) , BT
YR (ZHIH-1115B, 1 I8 k73 Bir 13 2% 1 36 A7 B
23w])  HLYK R 5 LKA (BIO-RAD, REASR) 5
FRARIR VK AS (DW-8615781), T & 13 /K A= W B2 97 Ik
ABRA TR ) 3 B OHL(TC16-WS, I #HI{L) ; PCR
PG (Veriti 96-Well, ABI 23 &) ) 5 #4066
B3t ( Thermo NanoDrop 2000, 3¢ [# Thermo Sci-
ence) .

1.2 FHiE

1.2.1 DNA#HAf=PCR ¥ 3 M E Z.N.A.®
soil DNA kit 15 B 5 DA F1 200 1L = 45 K HC 3L ) o A
ml AR T Y A DNA (S 14 ITSIF(5'-
CTTGGTCATTTAGAGGAAGTAA-3") #1 ITS2R (5'-
GCTGCGTTCTTCATCGATGC-3") Xt EL B 1 ITS 3
P SIHEAT PCR &1, PCR WA % : DNA #AR
10 ng, ' NHF51445 0. 8 pL,5 x TransStart FastPfu
ZWI 4 wl,2.5 mmol/L dNTPs 2 pL, TransStart
FastPfu DNA -4 0.4 wL, i ddH,0 %2 & 20
wlo PCR 4 IEHRSF  HULTE 95 °C 3 min; B 95
°C,30 s;iR k55 °C,30 s; FEH 72 °C,45 5330 M
e AEA 10 min,4 CHR, DA 3 NHE,
PCR W) F FH 1% S WEBE S i vk Bk, I 1
it S DNA gtk [ st & oAl , A i 7y
TG T s B PRIV B Al

1.2.2 Illumina MiSeq ® & Brafifb iy 5 1 LA
SRR w4, I 44 I Majorbio Bio-Pharm Tech-
nology Co. Ltd. ( P E L) AR HEPMY T Nllumina
MiSeq PE300 *F-£5 (Illumina, San Diego, USA) #£47
Kt

1.2.3 R FHIELE R fastp 0.20. 0 (ht-
tps : // github. com/OpenGene/fastp ) X} Ji i [ 2%
L2 % % FCFL o it R A Y BT IS S TR 91 5
Jifi ¥, iz H FLASH1. 2. 11 (http ://www. cbcb.
umd. edu/software/flash ) #f 17 PF e # 4., F|
UPARSE 7. 1 (http ://drive5. com/uparse/ ) # #&
97% HIARBLBE HEAT OTU B2, IF B i & 14
f& 8 RDP classifier2. 2 ( http://rdp. cme. msu.
edu/) B % B 5% F 91 54T W B 03 28 R RS, bE X
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B RIET TH(3.3. 1 A s 75N D e
D4 BT, 80 5 ECBA T 95 B ) KEGG AR 153 4% LA
& FUNGuild 1 fig 4328 | i i3 Majorbio I-San-
ger B AT EYE B0, KA Kruskal-
Wallis kA1 30 AT 4L [ Ge 150 #1, P < 0. 05 %
INHEA B EMN2ZES ., #H Origin 2020b #17
P SZLN

2 BREHN

2.1 EFITS EEFEES

PN 55 oy BT 7 3 b DX A L 2 | B s A
KL H W RE AR 28 3 X B0 RN R 5 3K AR
859 924 55 FLIA ITS JE[K 741, P BAFEA 1
fea Jo i EL B TS 751 71 660 £5(SD =1 551)
HLA TS JEH P8 - B2y 428 bp, 2
AL, BT e T Y L LTS JE R P 8145 97 % 1Y
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0. 99, 16 WA AT 7y 45 5 AT DL sz e it 179 L 5 A
o FHIE 1 A FEA TR P 91 (030 B 1th 4 P A
FRBh L al 0, AR & T 92, %R
DU R BERRL RN I 500 o 5 3, AR AR v B TR 3
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Fig. 1  Dilution curves (A) and Shannon index curves (B) for fungi based on OTU levels

k2 EHEITSHEFFIHEE

Table 2 Sequence information of fungal ITS genes in samples

FEA i 5 27k S OTUs/ 4~ Good’s coverage
AY_32 72 666 64 0.999 9
AY_25 71 365 47 0.999 9
AY_26 70 431 85 1.000 0
AY_31 73 439 87 0.999 9
AY_39 70 196 45 0.999 9
AY_30 70 199 33 0.999 9
AY_20 74 225 28 0.999 9
AY_24 71 112 86 0.999 9
AY_37 73 460 78 0.999 9
AY_08 72 461 72 0.999 9
AY_29 70 048 43 1.000 0
AY_27 70 322 19 0.999 9

2.2 E7H Alpha ZHMSH
Alpha ZHEME RS — M REEHIX A B R G
R 2 REpE ) BT E H IX YL SR
KL EL T 9 Alpha 22 REPE 43 B 45 5L 0L &
2, HE 2A 2B AL, B hiak 0 W b 2 eV A
i, FLUCR PR L A T S H R R 2 R
A%, GRS EE A B AS T EL IR Y Shannon
FRER Em FLHE (P =0.037 3), 1 Simpson
EREFMTLHE(P=0.0623), HFILF
Wy FNEE A5 FA% H B TR A Shannon 8 2L AT Simpson
BRI B FE 2R (P >0.05), MK 2C.2D Al
ISR TR LY E U IE SR = S E R ITE S 3
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MAFTE I EVE 2 S TERIVESC H A Fe vp Bl
R AR TR BN R R R A R A
I A8 S5 — S P AR R A AR T BEAR, AT 3L
HAFh Z R TR,
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LIESES RS T (e N IS E WIS RIS
A P 4 L TR TR RE 2 40 A e B AR, S H
IE 1% L 1 A v 45 1 55 R B, 5 D SR A
HE A AR 1 BCRR I I A AP e 22 e, h K 3B
AR A T Y B BT, RN AR A Rl A
V& LIS I) R AL B g 212 B A B R i T
BT H LTI A P X8k, R B E 40
SRR A 1T 1) TR A 7 A B e BE AR A
P 5 VBRI 5 R i Y X5 S H R Y X
SRRHAE  EAR S T AR /N R BT a8 A s A 3L
I L PR I BT A v A 0L 22 e T B A LA A
il (189 DI 30 H AR i A X BB SC 5 R
e i AR M SE H L Y BT A R 4R 2
P HE AT BESE T30 H R i VR 20 R
J5 AW B v 2 A
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Fig.2 Analysis of fungal Alpha diversity and intergroup differences for fungi based on OTU levels
#* P <0.05

B3 ETF Brary Curtis BB E A EH Beta ZHMES

Fig.3 Beta diversity analysis of fungi based on the brary_curtis distance algorithm
A HREFAZ R B BT PCoA A
A Hierarchical clustering plot of fungal samples; B: PCoA plot of fungi
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Fig.4 Venn diagram of fungal species based
on OTU level for white cashmere goat milk, bishylag and airiga
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FHEUW, 3 H AL G R B R, T 2R
FNEL 28 5¢ W K T (14 36 A i 5 SO B s
fRlcs  FR T H R B 5 L A TR, R
HE K- BB YRR AL RS 0L S S e A
FEAFAE 1 35 25 57, 1% 45 B U 1T 36 3E T PCoA &
(18 3B) 4k

Bs5 HEEHZEARRERMES
Fig.5 Fungal community composition and differential analysis
A TR FUBR 78 ZE AT 2 B8 s B 2 Jm KV ELRR RFVE LU 2 B2 5 C L JR AP Rh 22 5V 34 5 = . P <0.05

A ; Relative abundance of fungal community composition at the phylum level; B:Relative abundance of fungal community composition at the

genus level; C:Species dissimilarity analysis at the genus level; * represents P <0.05

2.6 HEHEREIIEETN
2.6.1 EAaAAB e ixrFEERE WA
6 P, 9L ET, Seds ks I 8 H IR FEA Th

BRI 025 b AU A 5C 1 B% 2 T KEGG % dls /K F

AR LT 5 A9 £ 2N a1, 4- 40 K I g

(glucan1 , 4 -alpha-glucosidase ) | = i ik i 15 i
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Fig.6 Heatmap of enzyme-related gene function

prediction and relative abundance
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