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SR TRACIRASUBEE S, BGH A TRGs % L ik
RBEEAFAITZUOE N, RIFERTRGSIWRL, &
i S5 A1 i AU AP R IR A A B 2 =] (fid
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Wy o BRI 5 72 5], AT TRE e
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1.3 £EYMEEFES

K I 54158 . BUCHEREIRIS, X2k
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oy 2R DhARTI . i KEGG PATHWAY%K
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2 453%
21 RERANFRAZER

R KRG E BRI, 4515 2 UG EOE
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f197.40% . A B8 2R BT = Qo) b i
99.79%, KU TR = Q301 Hh h9s.62%, A
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BB I T 4 55 Contigt H . $UH BV . NS0
K. HEELSKEHK, AR BT, HA5E808
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2.2 EYHER S

F FIDIAMOND# /- Unigenes 5 NR _meta/%
FEATEORT, FFR &5 R TRy 2 . il MEGAN
B ENCBIIRI Y K 2 %, ¥R KBRS
unigenesf FEE L&, WARR & A KRN
F A BT 3 A3 255 iy BAR P AR A B
(K1) o HKrona 1 /R IIREA R A BY LA 20
BN, RHEFF AR 3 536, Hrp
FUFFIA (Lactobacillus ) YHEEZEH o [FIRF, FEACHIA
BEDRREE (0.9%) . TUZAY (0.03% ) MIdE
(0.001% ) , PASILALI 1M AR o

& 1 TKGs Prfpii s R Plib R

2.2.1 FEYFI RS

FFAERIUFFA (Lactobacillus kefiranofaciens )
ditb54%, LN TR o 2SR i A
Il ( Pseudomonadota ) 5 b11%; JFAE/RIZ I
( Lentilactobacillus kefiri ) f7b6%; JSHFAE/RMEEL
¥ (Lentilactobacillus parakefiri ) 5 H63%; 4432k
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Lentilactobacillus (MBFUFHEBEAD M) HIE2%.
2.2.2 HAt i Kaki b
It FUFF A (Lactobacillus helveticus¥i+
FLFF IR ) A5 be3% s SRk LT JE ok o3 25 b
(Lactobacillus ) (7t63%; ZRITEEFFER (Acetobacter
orientalis ) (51b5%; FEEKIFE} (Streptococcaceae )
Fb1% o
2.2 3 JiE M E YR IS
(1) FEGHEE L RN AR FUFT BRI A i
Llun1 ( Lactobacillus phage Llunl ) 51b5%; FEGLIL
I R VB _VpaM_IME15 ( Vibrio phage vB_VpaM._
IME15) 51b4%; FUFFRIERAP108 ( Lactobacillus
phage P108) 3% (E2)

Pl 2 TKGs Ji s REA R i YL o
(2) EETTHA L ETTREE R NIEEE 5
W (Kazachstania exigua ) (5 168%, J&F B

\
[ 3 TKGs SURHERLE ST UL B
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H P LR B YRl BRINTERE (Saccharomyces
cerevisiae ) 1 Ib5%; by W oo & 4k B L)
( Kluyveromyces marxianus ) 1£2% (E3) .

2.3 KEGG PATHWAY ##BE T

KEGG PATHWAY ¥ & & H 17 5 i
B A HIDIAMOND# ¥ Unigenes S KEGG
PATHWAY U ZER & 7 S 3 TN, B H i
FIKEGGEE X4, R 7 A B FE/E 1% Unigenes) 7
HIRARE . 455 KEGG PATHWAY Kda e /= IR 45
1, #FHHKEGG PATHWAY &N ERK K5 B
(KE4) .

KEGG Pathway Classification

‘ Cellular Processes

tal Information Processing

‘ Genetic Information Processing

Metabolism

4398

T T T T T 1
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Percent of Genes (%)

[#l 4 TKGs KEGG PATHWAY ¥R RS HHE R

2.3.1 RIS G %

AWFFEHH TR Gs AR ARG DG % 77 1 5L A bb %
W, oA SRR IR . Hodh, AR
WA RS ( Global and Overview Maps ) JHE 5L 5
k4 398 Funigenes, 75T BN P E A7
WKL SRS ( Carbohydrate Metabolism ) 1§
LA N1 477 Seunigenes; ZAFERICIH ( Amino Acid
Metabolism ) AHFEIIEA N1 236 Sunigenes; AR,
PN AN 208 ( Metabolism of Cofactors and
Vitamins ) 1l LA 2902 /—%unigenes; A AR

(Lipid Metabolism ) 1B EN 47408 Sunigenes;
R ( Nucleotide Metabolism ) 3 & HIHEA Hy
630 Z&unigenes.

2.3.2 IR S AL P G it
TEREfE BALFE Ty 1, BE%6iZE ( Membrane
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Transport ) Ml {55 ( Signal Transduction ) i
(LR /3 HI2934 41503 Seunigenes, AER S,
UERIRE A4 7 55 A Rk T P [ 32 4 DA B RSN A%
HEANAE ST DR RS H
2.3.3 NJPwHH s

10 N 2 5 993 AE S A B R, A R e
( Bacterial Infectious Disease ) TRV 12 4
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BetE oI B R SRk e /b s b A= W 25 Wi 25 1
( Antimicrobial Drug Resistance ) 1% A5 5265
Funigenes, UFHIFEARIMAEY PTRE R —E 2y
CIEVAR
2.3.4 At FRAH G i

1E 4 REAE DG, iR AR P i 4 i A A
( Cellular Community—prokaryotes ) 1 (% 3L K
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WA A0z (Cell Motility ) IR ZE Ny
97 Zunigenes; ALK 5401 (Cell Growth and
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2.3.5 BHE(E B AL FIAH G
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B R, FIREAE G KR A 2 1 L gk
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fa T GEAL FDONAZ GG ; BT & . o 2K SR
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R, WA E A TREIE AT & . BRI
3% ( Transcription ) WFKIJEEEC42 Sunigenes, HH
XRAR

2.4 CAZy #IRE &

WG IE 1 CAZy B PE S W TR Gs KA &
YRIGVERE (CAZymes) HIBERAL, S5 MIAE(L A B
4, I FIDIAMOND# A #unigenes 5 CAZy B
A FFII TN, IUME RS CAZy A 45
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W KRR (GH) Kf: unigenesBUR L
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e FEE A0 i R TR W 25 A ke 5 B s i 20 W0 S 1 R R R
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E TR Gs BRI A AR R b Eh /Ny 2R
fifets (PL) SRR 10 2R K A R S SR«
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[l 6 TKGs eggNOG il EBE G HE R

AKEFFEH, ThRERA (S) HEFEKZ,
16 000 Zunigenes, FITKGsHIAREEKFTIT)
RE A BN, ARt PO RRERE; B
WSS 5 AP R A () FHOCERIEGE 292 500 &%
unigenes, SIMLTKGsfE A 15T BOMH I AR Hr R
B SR E SR (E) ML EEUR£)2 200
Zkunigenes, U TR GsA 2550 162 ARG 1
He oK K EIE SR (G) A
E2)2 000 Zunigenes, T/RTRKGSIERR/KIL PN
S s PR 5 T AT — o R BE TR Rk B il
WE TR GsATRE AR Tk s ek (K) AHR
FERECR 291 800 Zeunigenes, EIKETKGsHIA R
LN 5B L5 L MDNAZI R NAR 3 7
S, mASBE (L) HREEEERZ 600 4
unigenes, /R TKGsHERFEE A LI FRE MRS 15
BRHERL s Hil a5 (H) | BhftizYS
R (1) S DR AHSCEE A GE 1 000 ~ 1 500
Zunigenes, B NZSHM . TR IZ
FRL R, R ERR M 1 AR BE ) AR AS T Bl 5
RNANI T S5&M (A) . B S a8E
(B) FIIREMIEE R EdRE D, 751 000 Zkunigenes
PAR L 30 X 28 T e A0 A AR Hh 1 7 R R X 2
%, TKGsRAMRIFLE

3 itig
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&, TRGSHANRE L S0, AR R
T RFEH, Lactobacillus kefiranofaciens HbiE5ik54%
FUMF R AE D A= A g BRARER, RRIA T I i -
i, MEEFWEARK, MRpEbEDR" ", X5
TRGsBGE M D AR I 26 AR ik A D&
R RE . TURAEPIRN TR B B, BB AT RUE
W v 1) AR 5 Al R AT R AT S AN T 2RI PE T
Bian, WEEAK ( WLactobacillus phage Llun1%5: ) W 1M
T GANTRT, PR AN R PSR R KPR A2
A YR B S M FNThBE" . AE DA RN R
i, KRS M Zeng S W15 51k, EHKEGG
PATHWAY . CAZy. eggNOG 3 ™7 axt
TRGsiF T2 H57 1T o

KEGG PATHWAY 73 1 # R TR GsE AU 2l
TR IER . AROMAHSCIE S H, Global and Overview
MapsiB % SE R B 5 (4 398 Sunigenes ) , X
W TR GsHITAE YIRS 22 5 ) T2 H A 2R o 2
Hor, BoKMEWRET (1 477 Sunigenes ) FIEiHE
B (1236 Sunigenes ) IHEGILIN T bR, i
A L2 i 3380R T /KA S P RS R RR I AR ) 03X
AT B & A KRt ae e M LA, i
AIREF= A AR = (Qm e . 4Ed: %
E DI DN N 35 T sy Y8 AL I 7 N S SRS
JiT, WEHEIn (934 Zkunigenes) FIESHS (503
Funigenes ) MEEEEA S LR, RIGAEYIANIEEE
R 55 AN AR A T L A RIS B 38, DA R
IR, 4R E B,

CAZyBIE A R B R, GHEIEMGTH K
unigenesBURBET2 000 4%, RIATKGSER KIS
Wt 5 & BB 1y T Re J1sR s, XA BT HA L
TR AR 2 2R, [ IS R RIS i 0 i 5 T
gk, Z54fRR] . AT A . CBM
KIRZI500 Funigenes, PRI RKAL AP
E5Re)0, FIHIEIBOKIE SR . 1TTAAREHIPL
FIGEER D, B O AT B SO RN 200 S ARh
T REAARRR KA SR R R

eggNOGHEUR TR, KigSL A2 58
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WL AR 5 DIRER A, PR EbIE
WITR GsT AR AR R I R ms o 1T BDRE
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AR s —Jo i, WA SHs
TRGsH AP ERDhReRe Bt Tt .
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KRR R WEFER, TTARR R R A B
PRADUA . RIBREEA L DU, DrsiiE .
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e 2EDRE . ARE T AR A MR s I
IR (ORI R T AR RN 75, A
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AR I i AL T R O 1 Bl
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HRFAE 2 AR TR TR R 2 AL, e 4k P At e e
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AR, RICTRGSHI R T2, DA
A A M 2R DhRe™ o R, 256N
ANFFEAR, KA USEAHES, L4
FHA MRS R TR GsF A & et R AR
WA AEH], AT AEE Ik a It A 2
HATRPE R DIRE A A BEAL I, , O HAE TSI AG
T IR T TR R BE T RARRT S5t I
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Research and Application of Metagenomic Sequencing Technology
in Evaluating the Microbial Composition and Probiotic Functions of
Tibetan Kefir Grains

YU Zhiwei', LIBen®, ZHOU Meiling’, YANG Zigi®, LIN Guangyu', YU Jin" ¥
'Naqu People's Hospital, Naqu Tibet 852000

*Medical College of Jinzhou Medical University, Jinzhou Liaoning 121000

* Affiliated Stomatological Hospital of Jinzhou Medical University, Jinzhou Liaoning 121000
"Liaoning Agricultural Development Center, Shenyang Liaoning 110000

Abstract: [Objective]Tibetan kefir grains ( TKGs ) , as a traditional fermented product with a long history in
Tibet, China, hold a unique position in folk dietary culture.The aim of this study was to utilize metagenomic
sequencing technology to analyze the microbial composition and probiotic functions of TKGs, providing a basis
for their development and utilization.[Method]TKGs samples were collected from Linzhi, Tibet. After cultivation
and DNA extraction, a metagenomic library was constructed by high-throughput sequencing, and bioinformatics
analyses were performed using multiple databases.[Result]The sequencing data had high quality and the assembly
was successful. Bacteria were the dominant microorganisms in TKGs, with the Lactobacillus group being
predominant. Lactobacillus kefiranofaciens accounted for 54% of the total microorganisms, and there were also a
small amounts of viruses, ecukaryotes and archaea. Lactobacillus phage Llunl accounted for 5% of the viruses, and
Kazachstania exigua accounted for 68% of the fungi. Functional gene annotation revealed that the microbial strains
exhibited vigorous metabolic activity, with 1477 genes related to carbohydrate metabolism pathways.The strains
also demonstrated strong capabilities in environmental information processing, with 934 genes associated with
membrane transport and 503 genes related to signal transduction pathways. While the proportion of genes related
to bacterial infectious diseases was relatively low at 12, there were 265 genes associated with antimicrobial drug
resistance.Annotations from the CAZy and eggNOG databases revealed that the strain had outstanding carbohydrate
metabolism capabilities and overall high metabolic activity.[Conclusion]Metagenomic sequencing had revealed
the microbial composition and probiotic functions of TKGs.This study not only emphasized the potential value of
TKGs as a natural source of probiotics but also provided a scientific basis for the development and utilization of their
probiotic functions.

Keywords: Tibetan kefir grains ( TKGs ) ; metagenomic sequencing; microbial composition; probiotic function
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