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Intestinal bacterial structure evolution of giant panda cubs during the food
transformation stage and its correlation with cellulose digestion*
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IAbstract Iy adapt to their environment, giant pandas have gradually formed a habit of eating bamboo, i.c., they are a special
type of carnivore with a herbivore transformation stage. However, the giant panda has a very low ability to digest cellulose,
and it relies mainly on the function of intestinal microbes. Giant panda cubs are sensitive and fragile at the food conversion
stage, and their ability to adapt to cellulose digestion is key to their survival. This study analyzed the changes in cellulase
activity and intestinal bacterial diversity of giant panda pups during the food conversion period and investigated the co-
relationship between bacterial properties and cellulase activities to provide a guide for optimizing the feeding of giant pandas
during the food conversion stage. Cellulase activity in giant panda infants was found to change significantly during the food
transformation stage, especially after they increased their intake of bamboo. The structure and quantity of giant panda gut
bacteria also showed marked changes during the food conversion stage; these changes were closely related to the young
cubs’ ability to digest cellulose. The abundance of the typical carnivorous intestinal bacteria, Lactobacillus and Romboutsia,
decreased, whereas the abundance of Cellulosilyticum significantly increased. In particular, Streptococcus, the dominant genus
of the giant panda, showed a close association with cellulose digestion. In general, the adaptation of panda cubs for cellulose

digestion in the food conversion stage was related to the evolution of their intestinal bacterial flora.
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Table 1 Basic information of the experimental giant panda
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il ' A ELAR P 25 DL R 1A 2.
1.2 HFmRESHAE

R AR AN Bl I K RRAN G AT 10 A i 28 (455 S1-S4) . 258
TR RN, Z AR TN, EEoRES d,
RRAR150 g2 H R RUPRAT, SRAES0 g2 RO AF. RAESG4h
AP AR RS0 00 %, B H i i 25 AR (05 d) B
D JETE YR 43 FEATIR A AL BEE N — AN Ze A RE (R4 3
W — AR B FEAS) . IRA AR B4 CORAE, FIRTEL
e ORBE R S PG ) ) R AT 2F 2k 22 W0 M A . SR AR ) i) 24 2017
AESH 2201845, R4, 4 AE8A L 1A L 2. 5H. %
PR AR 1 2 A RE S P 5 5 DA AR BRUHE , vk 48 Ak vk — B i
[B], B B3 RRERG AAT5 dRYSRAERE, TG 2541 & BUZ L T8 TS
PeERAT10 g, IR FIC N —FREAS (B A RS — AR TR
FEMEAE) I BUGEAE iU )  DNAHEAT 2 FE M50
1.3 A&
1.3.1 KEEM AN 1T 78 4T 4 REiF T 5 g K RE %
R E T 50 mL= AT, INAS mL 1% L 47 4k 2 15 o
5 mL pH 5.5MMS R $h 22 vl , MR, 37 C&MF, ¥R
72 hIfHIDNSTATE 540 nmAd (6 0 5 BT v, 15 & V473050
(N = 3) I MTc I Jooxt 18 (fff F 281K R R L 47 2 R
W) . A RERRE 2 My = 0.6099x — 0.0059, R*=0.9935. 1 h
TR ng i BB SO A BTG B0 (U) |, S5 3CRk 6T
5 2 A A 2 s g 1
132 KEBHITFHEMEDSHEEDH SOEE IR RIRES
VR FE S F PowerSoil® DNA Isolation Kit (Mo Bio Laboratories
Inc., Carlsbad, CA, USA) i® 5 & Ab B, $EHUIT 4L I DNA,
It i i NanodropTM 2000 Spectrophotometer ( Nanodrop,
Wilmington, DE, USA) {{ &5 % M DNAJ J&, 20 CI-1F &
. 4HEE{d H338F (5-ACTCCTACGGGAGGCAGCAG-3')

44 HER A4 H P51 PR T V&l 3 3l {il R [iNRE R
Name Lineage Date of birth Sex Weight (m/kg) Location Health condition Sample number
AA e b vE BB A By g el 135
Yueyue 1052 2016.10 Male 336 Shanghai Animal Park Health St
e W T A f h
Banban 1053 2016.10 Female 324 Shanghai Animal Park Health S2
WL WA VY ) Fip e s 1353
Chuxin 1020 2016.07 Female 299 Wolong, Sichuan Health S3
JHEH L 3E3 VU )1 b i 1353
Pangniu 1037 2016.08 Female 313 Wolong, Sichuan Health 54
R2 BEHEHFEYELBER
Table 2 The food conversion stages of the panda cub
jegzl i SRAE I E] 0 5 7 B Bt /S
Food conversion stage Developmental stage during sampling Food type
\ VLS o 32 )
-2017.08 10 # 10 months Milk powder as the main food
N S NPEN RR=R B Dol NS RR=N
017,081 BAE (%) Vmonths VM SIECBIk. DRVTSE, VR MY N, R T

2017.11-2018.02 16H % 16 months

2018.02-05 197 # (—%>f) 19 months

Milk powder, supplemented steamed corn bread, apples, carrots, a few bamboo shoots, and a few bamboo
Wiy, FE e e AT S SRR W AR, AT T

Milk powder, supplemented steamed corn bread, apples, carrots, bamboo shoots, and bamboo

Wk, fHEE Sk AT R TS N, ERE AT

Milk powder, supplemented steamed corn bread, apples, carrots, bamboo shoots, and bamboo normally
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Table 3 Cellulase activity results of the giant panda cub at food conversion
stages (4/U g")

FE S 4 104 13 164 19
Sample 10 months 13 months 16 months 19 months
number (2017.08) (2017.11) (2018.02) (2018.05)

S1 12.02+1.52 977 +1.148  31.43+1.037 5.53+0.111
S2 15.08 +0.815 977+ 1.148  34.67+0.444 21.89+0.889
S3 3.50+0.463 076 £0.259  43.21+£1.259  0.63+0.074
S4 9.21 +0.981 1.34 +0.852 571+ 1111 0.76 + 0.185

KRB Sl AT B W 55 AL I B £ 4 2t 35 M %) B sh ok
AP 10H I B K BERE L AT AU TS PR ARG BBHIE (—%) B4
£t 335 1 B S (S4BRAE) , Ho S35 ik 43.21 Ulg; 19
W (—2%28) 1Y REAN W AT B 2T 4 RS 1 B FRAK. 4 T
KEET AT B W AR AE I 2 B, REAN 4l 47 N 20174F 11 H FF
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FLR. AT )1 K BES AT B i 1 £ 2 R s P A AR A A
SRELAKHARL, P L 0 4 20 A ) A Ak T B R B MR A AT 4T 4
ZBEG P ) TR

165 1) SA% FL A4, 5 31 2 31 2T i 2 il 175 2 57 e
3 (P<0.01), #RS3M LK 58 ML & 5S4t , T LA
6] £ 2k 2R W PE 22 0T R S A AT e G R B g T A

USRS A4 Chin J Appl Environ Biol

http://www.cibj.com/

%
2 % ; ——S1
% = 40 — 54
I >,
& =30 /\ —_—2
# 5 20 >~ 3
<
g =/ \
e i; 0 \/“\
3 10 (Aug) 13 (Nov) 16 (Feb) 19 (May)

A (CRFEBIE] ) Month (Sampling time)

Bl REBHFRUEAHMRGESERHBFETLER.
Fig. 1 Changes of cellulase activity in the giant panda cub at food
conversion stages.
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Table 4 Analysis of alpha diversity of intestinal bacteria in the panda cub

AE % Months F545 Index Sl S2 S3 S4
OTU 93 113 98 102
Shannon 1.95 2.55 1.79 1.91
( All?g) Simpson 0236 033 0289 0251
Chao 121 1387 1358 1383
i Coverage  99.90% 99.90%  99.90%  99.90%
OTU 179 143 127
Shannon 2.16 1.94 0.94
13 Simpson 0.242 0268  0.621
(Nov)
Chao 242 200 205.4
41T Coverage 99% 99.90%  99.90%
OTU 188 163 202 199
Shannon 1.86 1.77 1.98 1.57
(Fleéb) Simpson 0268 0273 0237 0318
Chao 2566 2186 332 3319
4 Coverage  99.90% 99.90%  99.90%  99.90%
OTU 170 216 191 167
Shannon 2.72 2.07 2.29 2.03
(Nl[zy) Simpson 0122 0235 0162  0.249
Chao 2663 2933 2415 2495

&1l Coverage  99.90% 99.90%  99.90%  99.90%
20174F VU By L W HARA ST () RS2 (oF2f) IS AE AR X 7, R AR
o it B S 30 K58 S P AR ) 2
In November, 2017, the stool of two pandas S1 (Yueyue) and S2 (Banban) in
Shanghai could not be distinguished. The experimental data of the collected
samples was both of them.

SCE P 78 35 R 7E99.9%, 55 AT, 45T EE. AR
5 RE MG 1 38 40 7 O TUZK - 114 & 45 %4 (Shannon index) |
Chaof5 %% (Chao index) RJAI, KAEM X140 T B WL ALY B
B, HC 3 20 B Y 2 R LA B T AR . RSN 4
171 T8 40 W 2 B A G AT B S | 9 A At £ i
i, W10 A 8 AT A A4 ChaotE BN 131.2, /B K E16A %
A AP35 Chaods # h284.8, 1 i W 1K RE A 44+ 1 4
T 485 R R TN A A%, T I S AN B ) o N 2R S AR Jn 2 A AR B
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Fig. 2 Intestinal bacterial structure of the giant panda cub at food conversion stages at genus level. The color degree represents the species abundance in

genus. Red means high abundance, and green means low abundance.
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Fig. 3 Changes of intestinal dominant bacterial richness and cellulase
activity of the giant panda cub at food conversion stages.
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Table 5 The proportion of intestinal dominant bacteria in the giant panda cub at food conversion stages

e Streptococcus Escherichia-Shigella Clostridium
Sample I LI oAl 1 10K IR 1638 190 104Kk Ak oI 19k
No 10 months 13 months 16 months 19 months 10 months 13 months 16 months 19 months 10 months 13 months 16 months 19 months
’ (Aug) (Nov) (Feb) (May) (Aug) (Nov) (Feb) (May) (Aug) (Nov) (Feb) (May)
S1 15% 51% 16% 33% 18% 30% 5% 15% 10%
229 460 159
S2 15% % 46% 40% 27% 6% 26% 30% 11% 3% 13% 10%
S3 6% 9% 48% 14% 49% 47% 19% 30% 20% 24% 11% 30%
S4 2% 1% 19% 28% 44% 5% 17% 42% 26% 79% 51% 12%
R6 KM FRWENMNERFIERAE RS 4 K EE $ A Pearsontf X 4 5547
Table 6 Pearson correlation analysis of intestinal bacterial properties and cellulase activity of the giant panda cubs at food conversion stages
ki 2 . s o » 21 ] A A 1 KL il 14 Chao# 4% RN
Index Streptococcus  Escherichia-Shigella  Clostridium_sensu_stricto 1 Bacterial Shannon Bacterial Chao Cellulose intake
LT Ui 25 il T
LAk A WA AT 0.709 -0.562 0.113 -0.803 -0.349 0.681

Cellulose activity
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