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Abstract: Giant pandas, despite having the digestive systems of carnivores, have evolved to
thrive on a bamboo-based vegetarian diet, which results in a unique gut microbiota. With the
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advancement of science and technology, our understanding of the gut microbiota of giant
pandas has evolved from simple strain isolation to exploring the intricate relationship between
the microbiota and metabolic functions of the hosts as well as predicting the functions of the
microbiota. In this review, we summarize the characteristics of the bacterial and fungal
communities in giant pandas, examining the effects of the factors such as age, diet, habitat, and
health conditions on gut microbiota. Furthermore, we discuss how these factors influence the
metabolism of the gut microbiota. This review is expected to provide a theoretical basis for the
future research on the intricate structure and functions of gut microbiota in giant pandas. The
knowledge can pave the way for innovating the measures to enhance and stabilize the gut
microecological environment, ultimately contributing to the conservation of giant pandas.
Keywords: giant panda; gut microbiota; bacteria; fungi; influencing factors
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Table 1 Effects of age on the dominant gut microbiota and metabolic functions in giant pandas
Correlation Main Changes of gut microbiota Possible metabolic pathways References
age food
Cub Milk Escherichia-Shigella, Streptococcus, Coenzyme A biosynthesis, phospholipid, and  [34,37]
Clostridium sensu stricto 1, Sarcina, heme biosynthesis; lipid, nucleotide, and
Pseudomonas, Turicibacter, amino acid metabolism; cushing syndrome
Terrisporobacter, Enterococcus, pathway
Lactobacillus
Young Milk+  Escherichia-Shigella, Streptococcus, Carbohydrate metabolism: hemicellulose and  [34,43-45]
bamboo Clostridium sensu stricto 1, Weissella amylase degradation; gluconeogenesis and
pentose phosphate; isoflavonoid biosynthesis
Adult Bamboo Escherichia-Shigella, Streptococcus, Energy production: deoxythymidine [34,40,45-46]
Clostridium sensu stricto 1, Lactococcus,  diphosphate (dTDP), nicotinamide adenine
Enterobacter dinucleotide (NAD), and guanosine
pentaphosphate biosynthesis; cellulose
degradation; isoflavonoid biosynthesis
Old Bamboo Escherichia-Shigella, Streptococcus, Degradation processes: cellulose, glycogen, [34-35,47]

Clostridium sensu stricto 1, Klebsiella,

Terrisporobacter, Weissella, Lactococcus,

Raoultella

histidine et al.; methane and seleno compound

metabolism; lipid metabolism
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Table 2 Effects of bamboo part on the dominant gut microbiota and metabolic functions in giant pandas

Bamboo part  Changes in gut microbiome Possible metabolic pathways References

Shoots Escherichia-Shigella, Streptococcus, Protein metabolism; Kyoto encyclopedia  [58-59,70]
Turicibacter, Cellulosilyticum, Lactococcus, of genes and genomes (KEGG) pathways
Bacillus, Citrobacter, Pantoea, Ralstonia, of amino acid transportation (arginine, acid
Raoultella, Acinetobacter, Bradyrhizobium, amino acids, glutamine, and methionine);
Leuconostoc, Massilia, Providenicia aminoacyl-tRNA biosynthesis (isoleucyl

and lysyl); fatty acid degradation

Leaves Clostridium, Actinobacillus, Veillonella, Cellulose and hemicellulose degradation; [58-59,70]
Citrobacter, express B-glucosidase and B-xylosidase;
Lachnospiraceae NK4A136_group, focused involvement in the step of
Terrisporobacter cellodextrin to glucose

Culms Paenibacillus, Leuconostoc, Acinetobacter, Degradation and digestion of cellulose and [58,71-73]

Enterococcus, Weissella, Pseudomonas

lignin; fermentation to produce glucan
from sucrose; sugar alcohol fermentation
to produce acid
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VA B 3 R v i T AR TR AR AR AR, R IRAEOH
A=5 AT Ja , TR B P 3 A0 T 45 A i ) B A R
AEAA 00 200 TR AR TR SR A, X I o 0 i e 71 hy B
AR BB AR TRT AR AR AT o 388 o X K BRI 7 1 4 TR A
TR ARSI, ASURT LA B AL O B I 2
BhFdE T, RE A /NRIEE R SO A AR A A
ERYE R
1.5 HtERXFENERZ

Br T CHIARR RE A TR AR R R b,
TR AE A 1) A S50 0 i R R 0, W) A XoT i 0 400 T A
GG BB, TR 1KCE b, MEME R RE
V7 1 JEERE AT ) A R 3 A0 T Mk R R, AR B TR
WS =i 3 SN 7 4= N O 1 2
K RESH I 18 K TR = B I T e, AR B
A BT BT i 2 8 0538 g T B AT
SR eSS N /T 92 2 IRV RIS T . a
P, Y KRR K 7 (canine  distemper  virus,
CDV) R REA 5 B X RRALAH L, JERETR TR
FREWFEN N, MASTE TR T
1E J& K ¥ &, Arcanobacterium . g iR ¥
(Corynebacterium) . Peptoniphilus . % [ 1§ &
(Prevotella)35 5 AF PRS00 T8 =F B2 H BRIE(E, IRIT
PR AR ZF AT T O 35 B R FERBI 3R 1
KBEF D, IR S0 () HE DL K A Bl i S0 2

Table 3  Effects of environment on the dominant gut microbiota in giant pandas

Environment conversions Changes in gut microbiome References

Captive Escherichia, Clostridium, Streptococcus, Turicibacter, Terrisporobacter, [80-82]
Solibacillus, Lactococcus, Leuconostoc, Epulopiscium, Bacteroides, Bacillus

Wild Pseudomonas, Yersinia, Janthinobacterium, Flavobacterium, Comamonadaceae [81-82]

Wild training and reintroduction Streptococcus, Clostridium, Pseudomonas, Roseburia, Coprococcus, Sutterella,  [82-86]

Dorea, Ruminococcus
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DL IG: . Tun™ HAE T R ARSI HE A
2SS B2 TR AR R B, DR BN R R S A8 v A
AR s R S ST o ZARTEER I E R T O
HHEAE, I HRIREF AT I 2 25 3R . Zhao
A POTT DRBRE K RN 114 1 3 B R AT TS
K B AR LR, DR B R B i 3 4 7R
J¥ ZHEE(Chaol ZAEME) B AR, Wm0+
JE SR, LR R | BT R T R AR TR
02 B AT, R BT TR AN T 1 = B A2 fL P RE
RREA DR EAE R A A LR AT AE AR S o EAHE Y
7, Zhao FPULK I, HEBRTE SR E R Z H A7
FERAHG R, RWIEEER A A RBIE A —Fh 45 4=
TR, U B0 TR A TR A AR o RS R R 1 4
TR -5 = 1] A AH S , XT3 5 308 7 g 4
SR AT BN BA T2 S HATI B 2
e TR BE A s T A TR, T TR A £ A TR
MR GR AR, AR RIS T5 0] o] LAAR TRV AE
i A TR0 R BB A A R OS2 MR, 2% R X 26 45
A TR A D PR A s R 7 T b, NP B R R H
REEFE P M2 IR I, LA AR A A HE 44
filt FREAR DL

2 KRR W AR
kS

2.1 KEEEMEEERSH KR INEE

RAEA BB e eV, BR T A Sb,
FLPE A 88 T ARS B e FEN K |, KRB
Ji 18 BT AT RE T T ] (Ascomycota) FIFHF
I"1(Basidiomycota) h ., BRI ZINAHEERTE H
I'1(Glomeromycota) . B[ 1(Mucoromycota) Flfil
17 W ] (Microsporidia)®"; 1EJ@ K |, FH
fu 1% & 0 % J& (Purpureocillium) . #{ 1 J&
Bk BOER
(Cryptococcus) . Ramichloridium . 4 ¥ F &
(Aureobasidium) . W57¢HE 17 J& (Phaeosphaeria)

(Cladosporium) . Pezicula .

R 22 EE TR (Candida) . IR 18L& (Monographella)
FIHRAL R 8 (Fusarium)® . FLRAE K RER A 25
PEIE Ny T A & ¥ A AR L R REA i E v
FLIE AT LAGRASTERT | £ 4 2 R 20 4E 20 AL g
, B RRER AT A 4T K Re A 2
Y — 26 B HAG W AE 27 4k 22 K AT v, L35 h
% (Aspergillus) . B4 T (Bjerkandera) . Ganoderma
J& JT 85 TR (Humicola) . 75 %% W (Penicillium) . &t
FRfLBE (Postia) . 7Z AR B (Trametes) FI 22 4R EL A
B K EE (Trichoderma)™ , X 21 S54RIV i AF
KEEFEAE P AL T 4 PREBBIEMGA 4R EH
W: HHEL(Galactomyces geotrichum), Z41FiE
%% I (Mucor ramosissimus) . 22 {05 (Trichosporon
sp. ) A {6 & Bk i (Candida albicans), Tun 2P0
078 K RES W i vh 2 B A R T R A RE 1Y
H A B Z 4 14 & (Perenniporia medulla-panis) .
FLIE IR AT DA 3E o 5 4 AR BLAE A, SR [R]5 m K AE
TR D, K 2B BN A B S BLE AR
5%, WETEY AR 4 A ke E R AT,
Zhu SERIETEAE Y, R ARSI 1A T Y LT AT RS A
RAFTESE PG R, B A BT AE R 3Ehn 1 4074
REFEE ST, TN AN APk i 251D,
2.2 KEEMMEEERFIEER

5 90T 5 e PR AL, R REH Y 1 LA
SER I SE I N R AR . AR R A T AR
B R E R R AR K REA I 1 B A R 15
Wi PR v oy S S s, AN T AT RS SR LT
I 1 L TR 54 LA S W R 405 . Jin S POTRG 1F
FERI, REEREARZERWITF, Wi,
FIIAT . PIARAT A T, 25 W2 5 Ho s 1 B
RHETE P : TET KO B, SREDIRAT AR &
PrTEY R BEM B rh R A F IR TR 5
THA;h 2 45 FEEACE b, SRR
KEEM BT E B RT3 PR A Rk
B . Cystofilobasidium FUR 2R, REPIHE
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T REEM I Eh FERm 3 MMEEN
Mrakiella. Barnettozyma FUHT A RERE, REE
HIRUNOPN i 7B ERE L S % = =T R & =Nz )
Calycina. Cystofilobasidium Fl Mrakiella; iH—
ST FE IR TS R AT Z 0] AR DG PE
RIE AR &S FREFELEE
FHOC, SHHF R TR 2 G B KF ||
EHR SRS Microdochium F£EREIFAK,
i &t Phoma FEEEIEADC, RN & S5
BRE A, Kang ZPWF5RE TR A 4R
PR R AR 3 Fh R BT A B EIER LB,
BETR [ VI T AT i RS R
BT I [ A T A R 28 P B 2 52 e oK RE
T LR A5 . ARSI A AE B AR B B, IR
AEEZLRNTC W32 i AT s 55 3k, XAk
B A P G i 1 B TR 02 Ak o R BT
T W B, KRB i 1 v 3 B ey BRI — b B A
AR 22 WEBE TR | W BE TR (Saccharomyces) FI L1
W (Microidium); FCITW+4TF BB, KAEEM
TE PR =P R e AR A L T O Al 2 T
W . RSB RIIR 8 B (Gibberella); TEREAT
THB, KRR Y 18 v =R R e R A A
NRERL T (Cystofilobasidium) . Guehomyces Flfi{
AR, Ak, WA KRER TR
SiR )RR, M BRI R R Z , HpiE R
R AT 2R 26 H IR KAEMGZEMH 1 B
W ZHEPERIE & B R BEE, B 36 H k)5,
BT AR E SO A TR RN A AR -4 P it T
HEe®,
BR TR B RIZR A, Al A 16 PRI L2 5%
KEESH LA A5 ) LR 3R O AN [RAE IS B B R
REAN, Ho 18 BLIR Z2 FE M 0T R AT K AE A >
LAERRENE> WA KRB, Tun 255 AR AT
KEEM AR ImIE AP, AR KRE
WFREFNPRFERE Sordariomycetes,
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M &4 KRB BT 4 rh i T & 1Y a2
Saccharomycetes , 3 H EA 155 3 B B #at R A
(Candida tropicalis), iXFhF B 7E A K RES H
B R, WA PRI RMT, AR XS R AR AN H
WA ARV BRI 2R, KRAESE
[ 18 LA VR G5 TE 2 % Z T — H AR S, B
2 FRRE YRR g ERRE™ . K
AEH 4 A 05 PR 55 [ A X6 HL i 18 L TR RV )™ A 5
M o B A K BE M W7 8 h ) Gongronella il
Ophiocordyceps B ey , BPALHUA K AES i i v
(LT TR (Rhodotorula) £ B fe i P AEEFAR I Z5-
OH-EPAM R, KRB I L A 2 AR
Zie, Hh Stachybotrys . BRAAHE . Retroconis
Fl Debaryomyces [/ HIHFEE B I, BRBk A Al
Lulwoayna HHFEE TR, 3 HEHERUH AT
10 R 05 A1 N e [ M S N 1P DN =5, 78 1B
I BFTEIE e, REBWIFE D T B AR
ZERRIIRER, X B I TE S REIR = RSk
HIBFFE . AT AR A5 I 18 EL A AE K BEN Y
faE T R FERPERT, Qs iE v EE S AR B AH B
VEFR LA SGX RV E FH XS R REA AR BRI, XK
BT AT S 4 TR b LA DR R A U T A A 1 B
PE, GE R R B e SR SR

3 #wE5RE

AR NAIFTE , I HR A )i T8 240 T LU EEBE By
FIFVRIE BT o0 3, il 0 LA T4 3 ) A 1
BRI 108 T X BE Gl A IR IR I 25 A RIS RE 2 21 22
FRIAZR A2, AR IR ER 4 2 . K
AE M Iy 4 300 1) £ L B By L 2 B LAAT 5
AR, LR ZE AR AN [ ah R AT A
AR BT BBAL, #B 2> 5 20U 38 40 1 F1 I 454
R A, PR R S RE R Qs kA o fildn
R BRI M BIAF B BUAR [ B BB A o, A TR 2
TR R A B SR A iR A e 8 g B KA
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PR A s MR BT S AL R A 25 AT i
03 A e 2 S A T AU AR 1 S A i AR e
AR AT HEAC IR A o A e A AR TG PR L 2 S K
AR o XL A R R TR ARV o B AR IR I G, R
AR i 1 20 17 22 AR S A 1 B e 0 s B Y
M, BIEHPE, KM EEORE S, &
HUL KB 5 o BP0 KRR A R A R 3 .
A B FEFRCREAN | BRI UA O R A A
A TR RN 4 3 Sl A My A A B AR 22 5, M
Ji 3 440 A 1472 A R LA S A B A T 2 4
—E B REE RN T AN, (HEM
2 (6] AT EL AR OO T 4 5 KRR 1) A B i
TR Al R 22 G 2

R, KA B WA 2 RE T 25
O FISRIR AT T, 1O T A M v 1 D e
AR FIALA] , LR BT AR5 18 R R 22 57 22 ]
AR DR RO R SIS AR R Bk o ALt , AT AT
FELE AL TR AR AR A8 B R 24 7
TET A8 7 PR AR XA R o R SAe AT U TR A HLERTE R
AR 7 3 TR RE LB S L A R A R R 5 T 4 7
TEINRE, TP R HAREIRER s 2R 1, (A o)
RABTHAR AT T B AR U B AR R AR AN AY
fEREIR DS , W HA FIB B . AN ) A= DR S
AR AR IR e A B SRG o E b, HE—
ARGE R AR B A T | EL i LS AR AR i
PRI AR B IRLER , 7T LA SE 42 17 b 3 A K REA 1
WA ASFRRE , O B O BN A A f AR (3T 1Y
A FNTT 1] o BEF OISR, A B 0 B
RREH B W A PRV 0 S 2 1, I 0TI S8 R
PR SRR A A A7 A LA

1B Tk 9 A

PrRists . SCEBEE BN e, F0E.
WRFERRE . Bt RISCREE G EHS . ST
ZHIRIOTE .

1B A 22 v KT 7= A
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