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Composition and variation of gut microbiome of trained, preparatory

reintroduced, reintroduced and wild giant pandas™
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Ammﬂ This study aims to investigate the composition and variation of gut bacteria and fungi of juvenile giant pandas
(GPs) during different stages: training (N = 4), preparatory reintroduction (N = 4), and reintroduction (N = 5). The samples
from the juvenile GPs as well as 5 feces samples from wild GPs were analyzed using high-throughput sequencing technology
to investigate the relationship between the gut microbiome and the survival rate of GPs. The results showed that, at phylum
level, the bacteria in juvenile giant pandas mainly consisted of Firmicutes (61.33%) and Proteobacteria (35.09%), and the
fungi mainly consisted of Ascomycota (81.56%). At genus level, the bacteria mainly consisted of Clostridium sp. (39.68%),
Escherichia sp. (20.94%) and Leuconostoc sp. (8.75%), while the fungi mainly consisted of Humicola sp. (26.43%), Sphaerulina
sp. (12.42%) and Aspergillus sp. (4.49%). The composition of bacteria in preparatory reintroduced GPs was similar to that
of reintroduced GPs, contrarily, the composition of fungal communities was opposite. The richness and diversity of bacteria
showed no significant difference between trained, preparatory reintroduced, and wild GPs. Contrarily, the richness of fungi
showed significant differences between wild vs. trained, and wild vs. preparatory reintroduced GPs. However, in bacterial

communities, the proportion of Leuconostoc sp. increased continuously over the four stages, while Acinetobacter sp. and Zea
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sp. decreased. In fungal communities, the proportion of Stachybotrys sp., Fusarium sp., Retroconis sp., and Debaryomyces sp.

displayed a continuous increase, while Cryptococcus sp. and Lulwoayna sp. decreased over the four stages. Additionally, the

proportions of Clostridium sp., Bacillus sp., Sphaerulina sp., and Aspergillus sp. in reintroduced GPs were larger than those

in other groups. The study showed that GPs gut microbiome fluctuated during the prejaratory reintroduction stage, especially

fungi. Thus, we suggested shorter preparatory reintroduction stage. In general, the richness, diversity, and composition of the

gut microbiome in trained and reintroduced GPs gradually approached that of wild GPs. Besides, training and reintroduction

can help the GPs reestablish their gut microbiome and improve the survival rate.

[Zgpsyenils trained; preparatory reintroduction; reintroduction; wild; giant panda; gut microbiome

K AESE (Ailuropoda melanoleuca) J&: 3% [E R4 U2 T i
fEWFh, ER VL s A m, #r gy XK
AR PEAT 500 O B 0 BB DR 7 B 22 L AR A, (HIZ T A A K
IR, TR X R R A 33X 2 IR ST /N e 11 i 4 A B I vk 2
JBCUR AR B R REA AR, it m Al i A5 491 A2
el £ 5 AR R e ) 3 £ B 5 I8 T AR S N RR B, A
HRRE R A A7 IR BATT, ELAA B T A S AR AR A
TR e = RS (R BCRPRE 4)) , rhE O 4P oK A
WFFE LT 20034E 7T IFA TR RS EFAMBOA T H , B 1E 45 28
N T EPARRE IS B O BB VA 21 3 48 21 455 v LUCKD 58 B SRR
REA Bt , B2 i B AR BB 8t 4% 2 RE M, 52 UK RE I 7 41
FlRE A0 A, o 23 ST R 1] T A R 0 M A R R L 32 E Y
A E TR R KRB 7E B A AE TR S GOUE I P A 1
IR ZEBIAR 2, ABAT AT 38 70 SR 28 A i AR T i SR 0 A
T, PRI R 7 BT B I 58 38 KRB B U b vl 2 i vy L
WA A R A S

Ji 38 Tl A= A 2 AR i T I B AR B A AL T RE R
HEAE I, 2 30 TR S A AT B, B AT RE S 1A 45 Rl A
FERp R KRR IE e, I Ok W KRR T 7
MEEAE, BRAHE SR AR R T A R
A1, B T8 B 9 BT S T BOK RN WA A 1) B R 2 — 1P
DR T A 570 A 4 M 3 TR AR X B g i U1 DK BB G BT A/ ) A7 1
A B SC, HET BRI R AT SR B R 2, (HE
X HC 3 TR R S D, ELH AR A3 A A A 5 R
JEALGUI 47 B K 5E FI6rDNA-RFLPE, X 2677 A AE JR iR
M, ANBE 58 4 R WK BRI 3 rh R A B L A, X
L T 5 RIS 1 2 P Bl S DK R A S T B 2L R AT i 1 A A
P2 LT O, E A I 5T 3R R AR B A AR
TV B 1 1 1 B SR ARARR Y, FLAE K R v A P 3 K RE A i
VA R T 16 il A S A/ RE RN T SE T (0 S 1, BRI T S 4 v
JCYA R R 4 A 1% 3 feft L B Rl A B AP BB M, BRI B
U514 K R A 0 S T 5t 0 2o AR B I, il B OR ™, R
AT, 33 BRI 53 45 R 00 I PR AR, R aE T T B Bk
RN R VA A DR, FRATIEREREIN . BUROA | il VA R Ab
B R REHT , ) FH v 000 e 5 AR o JHL g T A4 A4 00 T R 14 2
AR HEATBIE S, 70 H R BRI 110 e R4 (I aih K dls , ok
B AL 550 5 vk S B BOR S, Iy WU IE DR BB B 5
iz FE A AR SR 4 A Al

1 GRS

L1 R E

FEVU I EM e b E R BEAE H AR PR B R 5 oy, JB B R A —
SURC U T RE A DB A 35 D11 B A0 U 4 o 7 14 i 2% o A i
134>, HrP B AR RR IR S 44 CAD) . PCHIIE 208003 /i (SCrp
PR BRI ) BE 5L A (A2) , BOEAE S SAS (A3) , RFEKRE
A ST T BEARAS. TRIA, SRAE 254 BFAMK RE A AL
(A4) . RSP — 0T £, RERMBIH B
B R A T IO A, AR T KA, 24 hp sk ] S2 50
L, FETCREEMT, F 2 AN g, Borh (B 2808 31750 %,
FTF =70 CIRAF .
1.2 FE(EhHEEEDNARRE

TR FRIS0 g IAE i F B0, I A JC i w1 4
2% % (Phosphate buffered saline, PBS) 2 & i Ff i1k, &0
J5 FiMobio Power Fecal DNA Isolation Kiti®5] & il it £E A rh
Y% DNA, FJOmega Fungal DNA Kitix ¥ & $2 B £ % DNA.
1.3 PCR¥ 1

EEXFRES T AN T 19 16S rRNA VAX A E B MWITSI
X, w514 (520 F-5'-AYTGGGYDTAAAGNG-3’,
802R-5'-TACNVGGGTATCTAATCC-3"; ITS1-5"-
TCCGTAGGTGAACCTGCGG-3', ITS2-5-GCTGCGTTCT
TCATCGAT GC-3') #4747 #51,
14 SEENF

o A6 I A 1) 40 TR RN L B DNATE T IR 2% i A W R
A BR 2 7 912 Fi Hlumina Miseqil )3 - & #E 47 = 38 2 10 .
L5 HiE DAL E

B4t iz FAMothur® 44 1 Uchimelry J7 32 25 B I ¥ JiF 15
SRR 7 0 kA AT 81, AR IR F A0 0 S O R AT PE
PO B QUIME HExd PF82 5 007 A ik A7 ad g (1)
F B0 5 5 | R AR S BOR TR F 15 (2) 2Bk & A B
BRI AP 31 5 (3) 25 Bk B 7 3% S AH R B 32 0K T 819 ¥ 471 5
(4) EBRKE/NTZT150 bp BFEH; ZER#ASIRITEY], K
I3 U8 A5 2 (9 )7 51 5 NCBIEUHE 2 U A7 b XS I 25 B FE P (1 it
Ak, LIS RF 51 9% 5 ff FH Qiime 4 19 Uclust
J7 1, RGO Y% AL M AR, B A T 0 R o S B AR
57 (Operational taxonomic units, OTU) . & f5, HR# A
1% Chao-1 (The Chaol estimator) FllShannon ( The Shannon
estimator) f8 8 M & AEIE F B E MW 2ZE 5, IS
HINMDS ( Non-Metric Multi-Dimensional Scaling ) X #4) i, 4% £
M E M B REUE AT RIS AT

http://www.cibj.com/

Chin J Appl Environ Biol ) JH 53551244k



346

WEARFE IS5 0T | A RE A 0 1B A A 2L R E £ 240

GHE

2.1 KREEEPZENE EAFRARFEL
21,1 EREKRERFEMRRFNARK ENTW TSN
61 8104540 T WA 50T, ¥ 97% ML B 2K JF 15519 873
A~OTU, &Y Fh R G k1518171304048 H 1008 91)R . 7
14325 7K, Firmicutes (61.33%) FllProteobacteria (35.09%)
SR 20 B BAT R B i 1 2 T TR R R T R BT, R
KRBT (EILA) . 78R3 SR, BURH X =F 3 17 20104 41 7
FEE (EB) , A X = B R T 1%00 41 B e A7 12, mirs
ki Clostridium (39.68%) . Escherichia (20.94%) . Leuconostoc
(8.75%) . Pseudomonas (5.08%) F1Epulopiscium (4.69%) , A~
A E RIS,
2.1.2 I, AU, AUAFEF MR RE M AFE AR E BRI
AL 46, i it Chao-171 Shannondg £ 57 4% 2H K
BE T I 38 A0 o R R R M 2 R AR fE, S5 R i E 20T
7R, A4EA IR E Y Chao- VR AR 1) Shannonds £ (B (330.167F1
1.96) , ALFNA243 5 A f5¢ #85 #) Shannon Al % {1 £ Chao- 135 %
B (2.63F1249.13) . [l i 45 20 18] 3 & o A2 BE VAN AEAE B 3
P2 5F (P> 0.05, rtest) . BMARE, Chao-IHEEUE 2 F
B SR )5 H A% A4FR 2 FTF, T Shannonds 5 ix B A15) A4F%
ZER %

LR, FIFHNMDSXT 5 2H K RE il b 18 41 v v b AT 3

1.00 T ® Thermi

= Verrucomicrobia

= Thermotogae

= Tenericutes

= T™M7
Synergistetes
Spirochaetes

= Proteobacteria

= Planctomycetes

0.80 1

0.60

= Fusobacteria

= Firmicutes

= FBP

= Cyanobacteria

= Chloroflexi

= Chlorobi

* Bacteroidetes
Actinobacteria

= Acidobacteria

= Crenarchaeota

= Others

0.40 1

020 T

0.00
Al

A2

A3 A4

= Gemmatimonadetes

ForHr, AR MEBFTR, T A2FIA3L] REEAE—, AT
AAYLHER A ST RAE , W A2 A3 RE A 17 3 20 TR 1A A 1 4L A
BEARARL, ATFI A4S H A & 41K BB 1 3 40 T BT A 2 10 7 A
IR, 5 J5 45 G R 2074 i 7225 B Be ity B A AR A0 1% 1
AT AT, K IR LeuconostocHWI A XT F BETE Al-Ad i 452 |
Jt, i AcinetobacterxWFF S B (ANEARFINE) (£1). 1IX
AN, B & Clostridium® Bacillus{E A3 i 35 5 5 T H AW
41, TijEscherichia. StreptococcusHLactococcusHH %t = N
EAHR MR (R .

F1 HEEETHHKEEGEAE R
Table 1 Differences of the bacterial communities in giant pandas (GPs)
gut microbiome among different groups

J& Genus Al A2 A3 A4
Leuconostoc 0.34% 3.14% 12.30% 29.25%
Acinetobacter 3.14% 1.23% 0.46% 0.02%
Clostridium 23.73% 34.95% 59.82% 20.44%
Bacillus 0.03% 0.01% 0.06% 0.01%
Escherichia 14.94% 37.24% 3.24% 31.10%
Streptococcus 1.85% 0.30% 0.26% 6.32%
Lactococcus 3.55% 0.78% 0.03% 2.96%

Al BFAEERYIRE S A2 DTG B TR (SChAR B ) FE G A3:
JBORBE S Ad: PR B HEARE .

Al: The samples from the GP at training stage; A2: The samples from the
GP at preparatory reintroduction stage; A3: The samples from the GP at
reintroduction stage; A4: The samples from wild GPs.
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Fig. 1 Composition of the bacteria in giant pandas (GPs) gut microbiome. a: At phylum level. b: At genus level. Al: The samples from the GP at training
stage; A2: The samples from the GP at preparatory reintroduction stage; A3: The samples from the GP at reintroduction stage; A4: The samples from wild GPs.
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Fig. 2 Richness (a) and diversity (b) of the bacteria in giant pandas (GPs) gut microbiome. Al: The samples from the GP at training stage; A2: The samples
from the GP at preparatory reintroduction stage; A3: The samples from the GP at reintroduction stage; A4: The samples from wild GPs.
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Fig. 4 Composition of the fungi in great pandas (GPs) gut microbiome. a: At phylum level. b: At genus level. Al: The samples from the GP at training stage;
A2: The samples from the GP at preparatory reintroduction stage; A3: The samples from the GP at reintroduction stage; A4: The samples from wild GPs.
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Fig. 5 Richness (a) and diversity (b) of the fungi in great pandas (GPs) gut microbiome. a: At phylum level. b: At genus level. Al: The samples from the GP
at training stage; A2: The samples from the GP at preparatory reintroduction stage; A3: The samples from the GP at reintroduction stage; A4: The samples from
wild GPs. "P <0.05.
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Table 2 Differences of the fungal communities in great panda gut
microbiome among different groups

J& Genus Al A2 A3 A4
Stachybotrys 0.00% 0.00% 0.12% 12.57%
Fusarium 0.48% 1.04% 1.95% 2.47%
Retroconis 0.00% 0.00% 0.01% 4.87%
Debaryomyces 0.01% 0.15% 0.16% 2.34%
Cryptococcus 2.31% 0.76% 0.57% 0.55%
Lulwoana 1.08% 0.41% 0.00% 0.00%
Sphaerulina 21.55% 3.70% 24.32% 0.10%
Aspergillus 6.85% 1.04% 9.53% 0.52%

Al BFAEERIRE St A2: ITUBBCART (SCR AR B FEdh i A3:
JBORBE S Ad: HFAMR BB HEARE .

a: At phylum level. b: At genus level. Al: The samples from the GP at training
stage; A2: The samples from the GP at preparatory reintroduction stage; A3:
The samples from the GP at reintroduction stage; A4: The samples from wild
GPs.
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Fig. 6 The NMDS of the fungal communities in great panda gut
microbiome. a: At phylum level. b: At genus level. Al: The samples from

the GP at training stage; A2: The samples from the GP at preparatory
reintroduction stage; A3: The samples from the GP at reintroduction stage;
A4: The samples from wild GPs.
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