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Differences of the intestinal microbial structure of adult giant panda in
different regions and its correlation with the digestibility of cellulose®
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PADstract VI giant panda is one of the rarest species in our country. People focus on raising, breeding, and conservation
of giant pandas. The intestinal microorganisms are very important for giant pandas’ digestion, absorption, metabolism, and
immunity. The purpose of this study was to investigate the differences in the intestinal microbial structure of adult giant
pandas between Shanghai and Sichuan and the relationship with their ability to digest cellulose. The gut microbial diversity and
cellulase activity of giant pandas, as well as the environmental differences and food properties in two places were analyzed.
The correlation of the microbial properties and cellulase activities of adult giant pandas were analyzed. The microbial diversity
was greater in the gut of adult giant pandas in Shanghai, and the dominant bacteria and unique genus of giant pandas in
Shanghai were vastly different than that in Sichuan pandas. Moreover, the cellulose digestibility was higher in Shanghai
because of its richer bacterial diversity and more abundant Bacillus and Unclassified_f Montagnulaceae. The differences in
the intestinal microbial structure and cellulose digestive abilities of adult giant pandas might be affected by some external
environmental factors, such as food and attitude. Overall, the difference in the intestine microbial diversity of adult giant
pandas in different regions could partly affect cellulolytic capacity.
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Table 1 Basic information of the experimental giant panda
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Ab PR U9 FE Sl PowerSoil® DNA Isolation Kit
(Mo Bio Laboratories Inc., Carlsbad, CA, USA) i®
& kb B, $RMOIF 4ifk M DNA, Jf i i Nanodrop™
2000 Spectrophotometer ( Nanodrop, Wilmington, DE,
USA) U2 f MIDNAW B, -20 CORAF & M. 4 E Al
JH338F (5'-ACTCCTACGGGAGGCAGCAG-3") Fl1806R
(5-GGACTACHVGGGTWTCTAAT-3") #4749 14 2 b
&R %20 uL: 5 x Fastpfu Buffer 4 uL. 2.5 mmol/L dNTPs
2 uL. FastPfu Polymerase 0.4 uL. 5/4/450.8 uL, BSA
0.2 pL ., BH10 ng, I HIIH, 0% 55 ; H & FHITSIF
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10 x Buffer 2 L., 2.5 mmol/L dNTPs 2 puL . rTaq Polymerase 0.2
pL, 514450.8 uL, BSA 0.2 puL, #i 410 ng, HddH,0%h5F. J
J7 454+ 95 °C 3 min, 95 °C 30's, 55°C 30s, 72 °C 45 s (4
2IEH . R 3SAMEER) L 72 °C 10 min, 10 CEE R M. §7
S 700 0 P29 M W BE 825 4004k . 598, R Hlumina

¥4 A AR Ll 35 J& 7% 1t {232 2INVA FE G
Name Lineage Age Sex Weight (m/kg) Location Health condition ~Sample number
JEJ¥ Tongtong 586 12 HEPE Male 118 Pu 1| Fi e 3 H Wolong, Sichuan fid i Health P1
H 4T Feifei 476 20 W1 Female 121 VY I Jg 3 4 Wolong, Sichuan fg ¢ Health P2
TR Yaao 583 12 HETE Male 134 P A B9 bl Shanghai Animal Park fidt i Health P3
14t Youyou 474 20 MY Female 96 VB A= s lEl Shanghai Animal Park @ B Health P4
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Table 2 Results of the alpha diversity analysis on intestinal funga and bacteria of giant panda

oy H.IH Fungi 4 1§ Bacteria
Sample OTUNEL  FiiREl  vRARE  E&E OTUNEL  FRIRE  FRARE  H&F
OTUs Shannon Simpson Coverage (/%) OTUs Shannon Simpson Coverage (1/%)
Pl 712 3.05 0.15 99.75 123 1.58 0.38 99.91
P2 522 1.65 0.37 99.69 406 1.91 0.35 99.83
P3 454 3.07 0.14 99.88 139 2.06 0.21 99.93
P4 575 3.48 0.07 99.84 471 2.98 0.14 99.73

RI AREHEERMAR D LKFOMHESHEEER

Table 3 Results of the intestinal fungal and bacterial diversity of giant panda at phylum level

BE L4 R H.# Fungi 4 Bacteria
Sample T4 ] Ascomycota 0¥ ] Basidiomycota HiAh Others  JELREE ] Firmicutes Z8JE &[] Proteobacteria  Hffh Others
P1 97% 2% 1% 79% 4% 17%
P2 99% 1% 0 83% 14% 3%
P3 52% 46% 2% 57% 42% 1%
P4 85% 11% 4% 65% 26% 9%

Acidobacteria
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Cyanobacteria 4I

Firmicutes

Proteobacteria

B
Ascomycota

Basidiomycota
4.5
4.0

Unclassified k_Fungi 5

Pl

P2

P3

P4

3
2 2.0
1 Zygomycota 1.5
1.0
0
P1 P2 P3

P4

Bl [JIIKAES (P1, P2) F LA RESE (P3, P4) EETKFEHE (A) FMMAHE (B) £ 1% Heatmap.
Fig. 1 Heatmap of the fungal (A) and bacterial (B) diversity at phylum level in Sichuan giant panda (P1,P2) and Shanghai giant panda (P3, P4).
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Fig. 2 Heatmap of the fungal diversity at genus level in Sichuan giant panda (P1, P2) and Shanghai giant panda (P3, P4).
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Fig. 3 Heatmap of the bacterial diversity at genus level in Sichuan giant panda (P1, P2) and Shanghai giant panda (P3, P4).
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Table 4 Determination of the bamboo and steamed bread compositions in Shanghai and Sichuan

Ji 43 Composition C (w/%) N (/%) C/N (R/%) 214 % Cellulose (W/%) AJi % Lignin (w/%)
17 (_E¥#) Bamboo in Shanghai 44.18 £0.72a 2.325+0.04a 19.26 + 0.29a 32.51 £4.0la 9.89 +0.19a
7 (P4Ji]) Bamboo in Sichuan 42.21 £0.53a 0.91 £0.05b 47.06 + 1.79b 34.95+3.04a 9.81 £0.18a
#53k ( I¥) Steamed bread in Shanghai 42.97 +1.308a 3.17+0.074a 13.57 £ 0.098a 24.31 +£0.903a 3.73 £ 0.165a
453 (PY)I]) Steamed bread in Sichuan 43.42 +0.368a 3.301 +0.047a 13.17 £ 0.053a 18.53 £ 2.728b 5.71 £ 0.141b

SR R 2 7 0% (P<0.05).
Different letters indicate significant differences (P < 0.05).

AT ( Pseudomonas) . 2E 4N ( Bacillus) % 4F I
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K RERM o 38 (W R 2 B AR e AT T b B R &2 B (B AT T
TR 0 LR BUE R AR A SR A ), W AT R
YT (Shiraia) 782 0K REMG A 16 g R 346, 1WA
TR MR BE R TE (Fusidium) RAEVD )| K sl Zefdirh &
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T VT TR A B BE R AR P kil S 0 o e PR
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Escherichia-Shigellaff) & fifi 215 i B i % A A8 65, it
P00 R8T 25 S Ui L TR BE L R ST, A S O R
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KAEM I T8 P A F I —E 2 5, BAREL
P ARAEA .
22 Fib A KREEERAEEZRBETERESH

EMAEYREXE

RSMLEHR R, [ K BESH 25 (8 A AR P3N PAY- 44 41 4
KRG (4.16-16.6 U/g) B & =5 10U )11 K BEA PIAN P21 £F 4
KRG (0.69-3.93 Ulg) , 3% 2 B i K AEA TH AL 47 4 3511
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Table 5 Results of cellulase activity measurements in giant panda stools

o~ 8 i i 11 g TR
Sample number Enzyme m_lAug Enzyme m_lNov‘ Enzyme on average
(4/0g") (4/0g") (4/0g")
P1 0.746 + 0.315 0.629 +0.037 0.687 +0.201
P2 1.62 £ 0.444 6.23 +0.370 3.93+£2.68
P3 2.07 £ 0.667 6.44 +0.259 4.16+2.54
P4 13.6 £ 0.501 19.5 £ 0.481 16.6 +3.43

AT T 36 U M A O R i 3 TP A B 22 SR R i
AWETE A DURE U I fifk 2 4 3 ) A W e JR KF- i O TUA KL
FAE A A W 5 5 T 1) 7 A 8 K0S D ARG 1A 2T 4 3% T 1V
FTRIRAE I3 M, AOC R B AE R L3R 6. T I, b i K AR
oo 3 PR OB Bl A, AR PR M 2 FRURT B A AR T LA AT
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Table 6 Pearson correlation analysis of cellulase activity and gut microorganisms in giant panda stools

ZH AR LABERER RARER O EE 7 wE L 2 T R 0 1 I AN LR B
Parameter Acinetobacter  Trichosporon Pseudomonas  Bacillus Shiraia  Unclassified f Montagnulaceaec Bacterial diversity Fungal diversity
CEE Y10
B AH 1 R AL -0.090 -0.141 0.897 0.962 0.911 0.925 0.996 0.395

Cellulose activity

RT REHEEEPFERBEES L BERENTENBRST

Table 7 Path analysis of some variables of gut microorganisms and cellulase activity in giant panda stools

(1 SLFAE R BRI AR Pl R WIS R K Indirect path coefficient :
Independent variable Correlation coefﬁf:lc‘%nt with Dlrectl}{ path Fatil ] S W i [J_]Ql]"% AR E P‘F‘f@ﬂ: wE At
cellulase activity coefficients  Bacterial richness Unclassified f Montagnulaceae  Bacillus Total
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