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Abstract: The plateau pika ( Ochotona curzoniae) is one of the most distinctive small mammals on the Qinghai-Xizang Pla-
teau and plays an important role in the ecosystem of the plateau. There have been some studies of the bacterial community
of specific sites in the plateau pika, but fewer studies of biogeographic mapping of bacterial communities at multiple sites.
In order to explore the difference in bacterial community composition in different part of the plateau pika, we captured pla-
teau pikas from the Menyuan region of the Qinghai-Xizang Plateau, collected samples from their faces, fur, livers, stom-
achs, small intestines, and cecum, and probed the bacterial communities in these parts of the pika using 16S rRNA gene
sequencing. The results of the study revealed that the bacterial community composition varied greatly among different parts
of the plateau pika. Relative abundance of Proteobacteria was highest in the face, fur, liver, stomach and small intestine of
plateau pikas, whereas Firmicutes was highest in the cecum. The highest « diversity was found in the cecum and the low-
est in the liver. B diversity analysis showed that the bacterial profiles of the face and fur of plateau pikas differed significantly
from those in the digestive organs (liver, stomach, small intestine, and cecum). Network analysis showed that the com-
plexity of bacterial networks on the face and fur of plateau pikas was higher than that of the digestive organs. Community as-
sembly analyses revealed that bacterial community assembly in the face, fur, liver, and cecum was dominated by determin-
istic processes, whereas bacterial community assembly in the stomach and small intestine was dominated by stochastic pro-
cesses. The results revealed biogeographic mapping differences between different parts of the plateau pika and identify
characteristic bacterial community in different parts. It is important for elucidating the regional microbial ecological niche and

mapping the complete biogeographic profile of the plateau pika microbiome.
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PCR AR BRI Y 590 A7 552 B B A ], 473

FEWIAE NanoDrop 2000 & %€ & , Z 5 BT A 4tk 5
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Table 1 Samples information
Gt Jhiz EE JHFHE B /N {217

Code number Face Fur Liver Stomach Small intestine Cecum
e ﬁéﬁ ! — Furl Liverl — Small intestinel Cecuml
Plateau pikal
a3 ﬁgﬂ 2 — Fur2 — Stomach?2 Small intestine2 Cecum?2
Plateau pika2
i ﬁg‘i 3 Face3 — Liver3 — Small intestine3 Cecum3
Plateau pika3
i fﬁﬁ'ﬂ 4 Face4 Furd Liver4 Stomach4 Small intestine4 Cecum4
Plateau pika4
B RS
i Lﬂﬁl > Face5 Fur5 Liver5 Stomach5 Small intestine5 Cecum5
Plateau pika5
ﬁjﬁﬁigﬂ6 Face6 Fur6 Liver6 Stomach6 Small intestine6 Cecum6
Plateau pika6
IQJJEE&%7 Face7 Fur7 — Stomach7 Small intestine7 Cecum7
Plateau pika7
R 8 Face8 Fur8 Liver8 Stomach8 Small intestine8 Cecum8

Plateau pika8

E: — NAERAREAR,

Note: —. A nonconforming sample.
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PR 2 T e D R GRS [ A7 %) 200 B A 7 v 1 A (Bacteroidetes) ,
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§ L LR L N Inls L [ Cyanobacteria
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ZZ 04t H | L T T Thermi
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&~ LI EHCH | H Il [ Others
02| I M
0 L
Ji B EXR S B N7 {517
Face Fur Liver  Stomach Small intestine Cecum
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B 10 — .
[ Escherichia
B [S24-7 UG
08l HE B = L [ Clostridiales UG
N L I Ll | B Enterococcus
§ M alin L=l H M| =] Ruminococcaceae UG
S5 o6t j HEE B m ]; FIFIHE | =2 Bacillus
B E =N Fi- 0 A [LFEHD | &= Erysipelotrichaceae UG
s B FH FILEC LOE L] | B2 Prevotella
ZZ o4t L S BN B S | pesria
== = H M H L mlw= [ Oscillospira
= I N H L [ Others
02f F I H i
| B ; nlln
IR B BE JHEE ERY N7 W
Face Fur Liver  Stomach Small intestine Cecum
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A TR B JBIKF; UG ROEMIE.
A. Phylum level; B. Genus level; UG. Unclassified genus.
B SRR AR AR B TS AR

Figure 1 Bacterial community composition of different parts of plateau pika
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G891 559325177156 116 .67 1 7EJE K 14
HJE7R THDX FEERT 10 19)8 (K 1B) . fEB AL
JE 2R A [RAT 8 (Escherichia) R ZEH0FT 1 )& (Bacil -
lus) , TEMG R3S 2 BR TR & (Enterococcus) F1ZF
PR o 7RSI b L35 2 5 A DO AT T s A K T
J& o TEEFRF N R E e e A AT I s A1 S24-7
Bl JE (S24-7 unclassified genus) , 7£ 5 I 08 &
% B8 (Clostridiales unclassified genus)ﬂlf’éf.ﬁJ BBk
AR JE (Ruminococcaceae unclassified genus) .
2.2l B e AR AR AL 2R T AR RE SR ALK
i 2 5

H T 2A T L 7 e J B SR AR AR AL i 2w AR Y T
iz, EEETEESERTE](Fusobacteria) |
2% ] (Chlorobi) F11i {6 4R Ji€ 71 ] (Nitrospirae) (P <
0. 05) 5% , ¥ 2. 35 & 4 T Thermi 778 B '] (Plancto-
mycetes) IR ETT(P < 0. 05)%, HILAVE BEBE
MR8 7E 18 8 W2 W 4 T IR BEAATAE ] (Spiro-
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2 Bacteroidetes

Spirochaetes

-2 Proteobacteria
I -4 Thermi
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Acidobacteria
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Planctomycetes

Actinobacteria

Armatimonadetes

FBP
Wl | BR[| APEE | N7 E17]
Face Fur Liver | Stomach [Small intestine] Cecum
4151 Group

A BEFENET; B, BEFENEE; UG, RIFENIE.

chaetes) FIFUFTFEATT(P < 0. 05) , 7E/NG B E £ T4
JEHET AR 1(P < 0. 05) 76 B W i & 5 4 T H04T
PRI JREERT AR BE R TT(P < 0. 05) , FEJFIE 2. 3%
EARAN R, HAZIERTT126(P <0.05),

Hi 11 2B A] UL, 7 I B B b B 2 e A e
2, W5 & IR ICE & (Prevotella) I8 5 BR# & (Ru-
minococcus ) F1E IR B J& (Oscillospira) % (P < 0. 05) ;
T v 25 4R A0 die /b S R A IRAT I s (P <
0.05) o 75 H A F 73 W 35 5 A2 B 240 7R Ji 7 K50 A
2 B, Horp R 2w R R A v N
o J& (Gammaproteobacteria unclassified genus) |78 J&
W [ 155 )& (Proteobacteria unclassified genus ) F1°77 T F#
J& (Arthrobacter) 55 (P < 0. 05) ; 7E B A T B & & 1Y
J&@A kR T R (Pseudonocardia) /Nt TR RS
J& (Micromonosporaceae unclassified genus ) F1 77 ¥
J& (P <0.05)5 ;76 5 ¥ i 2 & L A UR R R A 8
(Delfiia) .S24-7 B} 5= J& A1 BE G 1] B )& (Firmicutes
unclassified genus) 5 . 7E/N7 & £ T HHIKIK
B A YRC22(P < 0. 05).

N YRC22

Prevotella

Bacteroidales UG

Ruminococcus

Clostridiales UG

Ruminococcaceae UG

Oscillospira

Lachnospiraceae UG

Erysipelotrichaceae UG
Firmicutes UG

$24-7 UG

Delftia

Escherichia

:: Brachybacterium
Arthrobacter

Micromonosporaceae UG

Gemmatimonadetes

Pseudonocardia

::!‘: Bacillus

Proteobacteria UG

Gammaproteobacteria UG

el | Bk | HPIE | FEE N L7

Face Fur Liver | Stomach [Small intestine] Cecum

4151 Group

A. Significantly enriched phylum; B. Significantly enriched genus; UG. Unclassified genus.
B2 SEREAEIMBAUARHEZARNERE

Figure 2 Bacterial community composition of different parts of plateau pika
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B AN 2 e e, 3 TR I L
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I (P < 0. 05) 3 I A 240 B 22 B 251K oA
HE(P <0.05); &K M A0 22w T B 3B/
(P <0.05). FEFARFEE L (K3C), SR
PRI 25 54 RIE W h i 4 B 2 e 1 i s L P IE
TN TE ZRE AR (P < 0. 05) .

PCA Z3-#1 57 15 JL BR A A [RI50 7 20 0 1Y) B 22
PR FR B 3D AT UL AN [RIFASE ) Fr 248 AT 1l 33 53 15 T 4k
HE PERMANOVA 2558 (32 2) WK, e Jit RS  #1

A 100001 .
8000
Q L
o E 6000 ) §
g3 =
55 4000F b
© a a a %
2000 é b
= e
0
s £k MR B M EW
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C 10r . ad d
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5 T
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REE 4f b
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2 - Q
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s £k MR B M EW
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AN/ NG FhER R AR]85 25 5, Mann-Whitney U555, P < 0.05.

Observed species

BREHE . EH NG FE B B2 FEE AR 25
225 (P <0.05), BHS5 B KM BZ AL
25 (P>0.05). BRULZAL, Hm 5 RHIE E A
/NI B R EAFE 255 (P <0.05) . £ b3k
W], v D B SR AR AV 5 T A 2 B 2 [ ) A o L 1S A7
TEMFEZES . RIS AN EATHACE A B Z M R B

WIS 25 5 .
2000 d
ad
1600F ac
C
1200
C
800 F
b
400 1
e —
WA 'R O BE M BB
Face  Fur  Liver Stomach Small Cecum
intestine
4151 Group
D
2151 Group
[@)13 Face
2k Fur
Ir E Liver
3 Stomach
;\3 [@1/]\% Small intestine
2 @)% Cecum
)
d o}
S
<
@)
&
_] L

PCAI (31.44%)

Different letters indicate significant differences, Mann-Whitney U test, P < 0.05.
E3 SEREARIMBUNHEERSHEERERD DT

Figure 3 Bacterial diversity and principal component analysis of different parts of the plateau pika
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i 10 P YA X R T 0. 01% FPE 3 OTUS
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FHEE AR W25 2 2 PR e o e R8T MRFAE
SR (32 3) , -1 B0 0 2% 48 B2 ] Ak I 2% 14 52
2T P RIS R BRI W 2% 1 JZ ISR L

BEHAL F AR N 45 7T LU 53R 22 DA B B FREE
545 FE R W, vy it B AR 0 1 I 288 05 B 2% (T o5y
90214~ , 1M 47 208 45, -2 BE N 104. 674, M 25 55 Ji
H0.116) , LMK R E & CE TR CE B AU
o WSS 20 TR 45 2 IR 25 ¥ fe 22 CE YRR R BN
0.938) , U EME . EX HE EMA/NG . /Mg
(1) 24 P D) 2 S A b R e v (R ERAE R 0. 867) , R
P =17/ EY. ANt N 1)
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Table 2 Differences in bacterial profiles of different parts of plateau pika as indicated by PERMANOVA analysis

) LA B ) e
A5 Bray-Curtis distance 25 Bray-Curtis distance
Group Group
F R’ P F R? P
A - A =
B s, B 1.784 0. 140 0.137 B os. Eh 23.759 0. 646 0. 002%
Face vs. Fur Fur vs. Cecum
Ml us. JPAE 3.787 0.275 0.013¢ | M. H 3.103 0.237 0.057
Face vs. Liver Liver vs. Stomach
T . P L/
Wit os. S 3.236 0.244 0.0agx | TEes B 5.697 0.322 0. 006*
Face vs. Stomach Liver vs. Small intestine
5 vs. /N H
Wdfos. NG 8.043 0. 401 0.004% | MWEes. Fil 18.304 0. 604 0.001%
Face vs. Small intestine Liver vs. Cecum
ol vs. B 3 vs. /N
Wi os. Fil 10. 208 0. 460 0.001x | HFbws M 2.196 0.155 0.105
Face vs. Cecum Stomach vs. Small intestine
. R
B o FFE 7.610 0. 409 0.012+ | it us 9.246 0.435 0. 001*
Fur vs. Liver Stomach vs. Cecum
Z vs. /N vs. B
B s, B 8. 408 0.433 0.002¢ || /W5 FH 13. 105 0.483 0. 002%
Fur vs. Stomach Small intestine vs. Cecum
Z vs. /N
BRw N 18.542 0.588 0. 003*
Fur vs. Small intestine

TE: = WHFVEN P <0.05.
Note: *. Significance is P <0. 05.

H#F Stomach /N7 Small intestine % Cecum

[r|>0.6,P<0.05,
B4 BIERS%RE AL E M & IEX

Figure 4 Patterns of bacterial network co-occurrence in different parts of the plateau pika
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Table 3 Characterization parameters of network topology in different parts of the plateau pika
.. ) P45 4 K g N DAL S
) wek s opmr T OEERE Mg TOFERR g
Group Nodes Edges Average degree gep Graph diameter  Graph density & . & Modularity
length coefficient
JRE Face 902 47 208 104. 674 4.746 12 0.116 0.938 0.734
EX Fur 1321 52047 78.799 9.678 27 0. 060 0.814 0.741
JFFHE Liver 146 2350 32.192 1.677 9 0.222 0.922 0.289
 # Stomach 447 7875 35.235 3.574 15 0.079 0.811 0. 449
/I Small intestine 444 1354 6. 099 11.785 31 0.014 0. 604 0. 867
F Wi Cecum 454 1674 7.374 3.510 12 0.016 0. 695 0.750

2.5 R bARUR GBI A T AN B
PR

o T 2 AR A PPAS s Dt Bl S A [ A5 200 T A
MR 5) o 295, m I R R B A T
HIEFE B £ MST SP-{E/INT 0. 5, 2 I e Ji B ek 4
TS 4 BRI v 2 2R LA 7 1k e o T T 8 AN
A MSTF-E(E KT 0. 5, F W AN R Vs 418 LG AL
PN £,

101

08}

0.6

"""" N L

A R T

Face Fur Liver Stomach Small Cecum
intestine
4151 Group
5 BEREARIBBAAREMNEREAELE

Figure 5 Community assembly of bacteria from different parts of the pla-
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Jin v 00 A TR R s DA R RE TR T TR B T ) o 2 i 5
Liet al. "IWFFR 45 R —8 A R B e i B A B
AR LB AT 1T, 3 T g5 JE BRI R85 v A4
Yy LIRS RSB E T B>, A
5 4 SR s, i i B T o O 2T T A AT o
B a ZHEME (K 3) o IX— &Y Lu et al. " BB 5T 45
BARL BB agrh e pH AT GE b E R pd B R T
— AR NERIAEE . KT 5 LR B kUt
Hn RS SHYTEEY & B E BT, NIk, 28
PR B A B TR 7 1T i TRk — 2 R T AL B
(o TR Ak, O L R e M T IR
QTR @ A 1 K , Z A A i 1 ik SE R R 5 A
SRARR K AL A P R A R (0 S DY), AN 2 R 2T 4 Rl 2
21 24 22 It S oA o T 1 5 A R DR T DA X S TR
JRA R T R R e & B R I 2 h . IeAh, 3
T P Z2 R Ml 5 R AR MR A 7 g
%o BN, N i s b Y 2R S R AT
Aoy R IERCR R IEA Y M, m IR R
1) 750 20 TR 22 AP T RE B AL T 22 Y s R IR AR T
o, BT R A g A e i v I
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