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Abstract: Gut microbiota play important roles in host physiological activity, immune regulation, and health. Although
numerous studies have found that gut microbiota of plateau pikas are related to food and environment, the differences of gut
microbiota between wild and laboratory-reared plateau pikas are still unclear. In this study, we used 16S rRNA gene high-
throughput sequencing technology to compare the differences of gut microbial communities between wild and laboratory-
reared plateau pikas. Our results suggested that laboratory-reared plateau pikas had higher abundance of Bacteroidetes and
Spirochetes, but lower abundance of Proteobacteria and Actinobacteria than wild plateau pikas. There was 50.1% overlap of
gut operational taxonomic units (OTUs) between wild and laboratory-reared plateau pikas, while 49.9% of gut OTUs were

specific in the wild and laboratory-reared plateau pikas. Significant differences were detected in both composition and
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community structure (B diversity) of gut microbes in the wild and laboratory-reared plateau pikas. Therefore, laboratory-

reared plateau pika could not effectively reflect the gut microbiota of plateau pika in the wild.

Keywords: plateau pika; microbiota; 16S rRNA; high-throughput sequencing; operational taxonomic units; community

structure; Tibetan Plateau
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B, AR5 Bl SEIG AR 75 °C BEIRAE T &
fEEIF R IFE D ok & &, RJEIE T
Vs K8 IR, BRI R Rk, LK
AR EBBE L A LR AR R SE . EEIR
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Table 1 Food material and nutrition contents of wild and laboratory-reared plateau pikas

BV Food material 5 7+ i/ Nutrition contents F154 & Average content/%
P4 ) Wild food
¥% &% Kobresia humilis, 7K4r Water 5936
ﬁi%?ﬁﬁ)ﬁﬁﬁ Elymus nutans, H15 [ Crude protein 6.06
B8R Poa annua, L
Y& Z WK Potentilla anserina, MW Crude fat 132
HE Asﬁagalus membranaceus, FLZF% Crude fiber 1739
TWACIS. Oxytropis ochrocephala, i
WA Y Taraxacum mongolicum, ¥ K73 Crude ash 3.45
ANiEi - Kobresia pygmaea Te%&IR W) Nitrogen-free extract 12.42
= &%) Indoor food
7K 4> Water 7.80
§ﬂ€ Zea mays, #HEE A Crude protein 16.60
74 Soybean meal
Ef& ¥ Lucerne meal, FAE T Crude fat 3.10
éﬁ Salt, HHEF4E Crude fiber 11.20
B E45 Dicalcium phosphate,
4%} Mountain flour H1K 53 Crude ash 8.50
T RIR H ¥ Nitrogen-free extract 52.80

1.3 16S rRNA N FFEMEEF S

K AE T2 Ezup £ 20+ 3% DNA 42 4 7 6 32 B
i N A B DNA. AT 2 % Ot i Xt
DNA #EAT 4 s aifh . $2H0 DNA ] 10 ng-ul ™' H9
B KAl PCR 93184 . FH 38 I 514 515F(5-GTGY
CAGCMGCCGCGGTA-3), 909R(5-CCCCGYCAATT-
CMTTTRAGT-3) 1 12 nt 5 (1) % JE i3 £ 515F f
575K Uit 47 6 B0 W 16S tRNA [ VA-V5 X 45,
PCR ¥ 3 1 &4 1 x PCR G2 ) 25 pL | S VR &
¥, 1.5 mmol-L" MgCl, 1 0.2 mmol-L" ffJ it %0 k% 1
= BEER N 1.0 pmol-L™ # 3] # 1 0.25 U i Ex Taq,
G I 10 ng £ [K 41 DNA. A T Jik /> PCR 1w £,
FEAEEM A 2 A PCR “F4T. 7E PCR AX LT 94~96 C
T #JL+F0 2 L5 %, MBI DNA 78 70 & 1%,
SRIGRENY PG IR . S5 T 94 °C LR ¥F 3 min A 15
AR, SRJG W IARFR 94 °C [ 4082 56 °C ] 60 s+
72 °C 1) 60's, nibfi 30 NMEIS, FJEE 72 CH
T B4 10 min £ /=¥ 1E A 58 8 . f% J5 B 44K 1) PCR

PR B AE A [R) R B 4 Tlumina Miseq 31 5 4 3E
A7

JR 46 7 51 505 48 F QIIMEL.7.0 4b P (http://qiime.
org/tutorials/tutorial.html). FT A J7 Z1 &8 4% 4% 8Y AR H5
FIC 7 B A FEA GRS AR = 0). fi 1]
Flash-1.2.8 8 {F AR 415 XUA S 7 51 36 B 14 [X 350247 9)F
U AT A 7 AT 1L U8 (PR B S K
& >300bp, JCHUMITFHIN, P55 515 =54 > 30
50 A — 2 43 #r . B T7E PCR 4 3 M 444 7
FIFT RS 4%, K H Metaxa2 FAF T 5 K& 1 57
500 I e 2k 3 50 °7 . % 5% 19 16 TRNA 3 PR 5
5 4% F -4 il Uchime 573 #E 47 0 & e i &%, i
A W FIEH CD-HIT A 97% [ FH AL 58 25 # A
5K HIE (OTU), I HA 1 47510 oTu™. K
THEAF W TR E R REA, SRR S
—HN5070 NMFH. tHE o ZHEMEIR S, B4 PD_
whole tree, Chaol, Shannon, Observed-species, Goods-
coverage, Simpson, Equitability 5 % #4855,
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i+ QIIME 4t # it 5 weighted UniFrac 1 unweighted

UniFrac B B 5 5,

JiR 46 7 0 B ] LE BRI A% R O R
B4 9w 5 K W ik PRIEB26642 (http://www.ebi.ac.
uk/ena/datd/view/PRJEB26642).

14 Sty

AT SR 7 B, P % v i B A i T AR A
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B 2 5. J& T OTUs f# H Venny 2.1.0 i 4 L&,
I3 AT PR LR S B TE AR DI 22 S K . A8 vegan
package %} weighted UniFrac il unweighted UniFra i
23 FE 23 ) 34T PCoA 43 #r >k E e R 20 BR. 4 i 8 7k
YRR SR (B 2R I ER . BRAERES, H
RGP AR 32,5 B

2 R

2.1 BREREYIAE R

TEITRIK b B A= v D B e W 3 i A 4 = B2
H #FF 56 1] (Bacteroidetes)(43.06% + 5.52%). 28T B
I'] (Proteobacteria)(24.84% + 5.70%) JEE£ 1 [] (Firmic
utes)(11.21% + 4.07%). J £ B '] (Actinobacteria)
(8.62% + 3.14%). 5 41 (Cyanobacteria)(0.98% =+
0.11%) F1 42 i 14 ] (Spirochaetes)(0.75% % 0.31%)+
PE W 1] (Verrucomicrobia)(0.31% + 0.20%) &5 4H
BCs A IR R SR W TE AR ) LA A
[T (61.61% + 5.57%) JEEER ] (21.82% + 3.15%)+
I (4.32%+1.31%) P TT(2.41%+1.38%)-
BEHEAR ] (2.11% £ 0.50%)~ T 40 (1.23% + 0.16%)
FREL 1] (0.68% = 0.07%) 254 Al (K 1)

FETTHIZKSE b, = 0 BR  W T8 TCE W AT B
] FH W e AR TR T B R N S R R e TR AR R R
T A8 T B TR0 JBC2E TR 1] 1 AH 0 =F B 2 2K T 5 4R
R (K 2). TERMIAKE B, % W07 E R R R
TEREY T S24-7 LR . EEIRIKEE (Prevotella)-
A E R N B REJE (Clostridium). R H T
g B ERE B (Ruminococcus) T8 B H BT K
J& . WHF# & (Carnobacterium) W) 3 & 15 B 2 & T
BB R, 1S AT B B (Flavobacterium) M E
0 & B} F K J& (Comamonadaceae.Other). 77 # [ J&

OHAhE ] Other D4 Cyanobacteria
WJERE ] Verrucomicrobia MUZE(A ] Spirochetes
LT ] Actinobacteria K28 JE 4] Proteobacteria

1B ] Firmicutes X1 1] Bacteroidetes
S 100 o on o
3 90t PR & aiE
=] L
< 80 F ™ 1N
g 70 tH 4 N E
o .
.2 F X
R
&
M 30 T
w20t
' 10
S
vy o~ on — Nel o0 on wy
dlal@|s|=|& 2|8
[agalial ala) a) ala
74 wild % P 1FE Laboratory

1 FEMEARAFSRERRFEERFHETKFE LS
ARMS (XERETEE > 1% WER)
Figure 1 Composition of bacterial communities at phylum
level in the gut microbial communities between wild and
laboratory-reared plateau pikas (Only those phyla with mean
relative abundance > 1% were shown)
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Code of horizontal ordinate are codes of bacterial commuities.

(Arthrobacter)~ 4 AT B J& (Chryseobacterium) {5
M TR 8 (Pseudomonas). E W& e W R T KB
(Lachnospiraceae.Other) 1) =F i $5 & 35 11K T B 4= Bt
(P<0.05)(% 2). #T OTUs RHI4E B KM, Z55R
R WY AR A A IR R OTUs A 50.1% B &,
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2.2 BEMEYR SN

B AP RN E N A 5 R R AR E AR o 2 R
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I (E3), HBEZHMERAREER.
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x2 FEMEARFREFPENEVETENE (FHENEE > 1%) KF LK (FHE £ 7F7EIR)
Table 2 Comparison of main phyla and genera (mean relative abundance > 1%) of gut microbial communities
in wild and laboratory-reared plateau pikas (Mean + SE)

432 Taxon 54 wild % N Laboratory F P
i'] Phyla
JAZE R 1] Actinobacteria 0.0862+0.031 4 0.006 8 + 0.000 7 6.396 0.030
fILFF B ] Bacteroidetes 0.430 6 + 0.055 2 0.616 1 +0.055 7 5.597 0.040
W20 Cyanobacteria 0.009 8 +0.001 1 0.0123+0.001 6 1.636 0.230
JEEET ] Firmicutes 0.112 1+ 0.040 7 0.2182+0.0315 4.244 0.066
AFJLEE ] Proteobacteria 0.248 4+ 0.057 0 0.0432+0.013 1 12.323 0.006
124 ] Spirochetes 0.007 5+ 0.003 1 0.021 1+ 0.005 0 5.364 0.043
PERH 1] Verrucomicrobia 0.003 1+ 0.002 0 0.0241£0.013 8 2.281 0.162
HABE ] Other 0.098 1 +0.041 6 0.046 5 + 0.006 4 1.505 0.248
J& Genera
S24-7 BT #JF S24-7. Other 0.101 4+ 0.026 3 0.417 4 £0.043 0 39.266 <0.001
PN I8 Flavobacterium 0.1302+0.057 2 0.000 7 + 0.000 2 5.137 0.047
W IR KB & Prevotella 0.031 3 +0.009 8 0.0742+0.011 6 7.975 0.018
A E R T 38 Bacteroidaceae. Other 0.021 7+ 0.005 3 0.059 0 + 0.006 3 20.562 0.001
WH R Clostridium 0.023 8 +0.008 8 0.055 5+ 0.005 8 9.097 0.013
B H THJE Clostridiales. Other.Other 0.018 2+ 0.008 1 0.045 2 + 0.008 8 5.120 0.047
éiijiiiﬁ;ﬁimm 0.0532+0.0219 0.001 1+0.000 3 5.663 0.039
T & Arthrobacter 0.0363+0.010 5 0.000 5 +0.000 1 11.678 0.007
J B WRHT 28 Ruminococcaceae. Other 0.008 6 +0.002 7 0.018 7+ 0.003 0 6.320 0.031
&AW B Chryseobacterium 0.023 6 + 0.006 9 0.000 2 £ 0.000 1 11.487 0.007
BB 8 Pseudomonas 0.021 6 £ 0.006 2 0.000 7 £ 0.000 6 11.350 0.007
J8 H BRI J& Ruminococcus 0.004 9 + 0.001 2 0.021 0+ 0.005 8 7.363 0.022
WA & Carnobacterium 0.002 4 = 0.000 7 0.010 2 +0.003 0 3.346 0.030
EIZHE R R N HJ8 Lachnospiraceae.Other 0.014 6 + 0.006 4 0.000 1 % 0.000 1 5.059 0.048

B4k Wild % 1A 7% Laboratory

1109 2277
(50.1%)

(24.4%)

B2 4#EREERFEMNERNRAASERRBERRH

OTUs ESE
Figure 2 Venn diagram showing the overlapped OTUs of gut
microbial communities between wild and laboratory-reared
plateau pikas

fo, AT TR S24-7 1 E T B AE R
o S24-7 5 ZIREE A YIHIFS I, Ormerod 251!
R S24-7 AT % i 4 TR 2= 5 B AR ik K AL S ) 1) TG
FEWM, AHAFTEANFEFEESWLRR BN
SEEESTHAESY, S24-7 GTE &Y 7 iE X
TRR BV IR EmoKLEEIR A, X0l EE
A FEE NI R RGE P S24-7 M FEE B

B A AR B B . R TR 2 B A e ]
AR AR LT 2 51, B2 v R S I T o o o i %
WITFEHEEESTEARR, WTRRETIEY T
PR AgE o m T ENERAA L. B AR R pE
HETEMNER. SEMAEE. BERERE. N
ERMEE T EEMEBBRREE T EENEEY

http://cykx.1zu.edu.cn



536 L4

B #36%

BEHTENEFR A DFFETHEMEE
MEEATEE . LI E ] H B R 5w E A2 Bh
WyEeE W BOREY, X R SR E =R
TR 2 — Y,

Y R g R KR, = N A IR A R B R
BV OTUs 5 49.9% & % HAS A I, XAl fg
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57 B AR AN P9 ] R e R i i A
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AMETAR, REFFHIEMAEY o ZFEERRE
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®3 FEMEARNFREHERRD o SHMHER

Table 3 Comparison of alpha diversity of gut microbial communities between wild and laboratory-reared plateau pikas

Z FE PR 2L Diversity index B4 Wild ‘2 4 Laboratory F P
W RZFEME PD_whole_tree 74.747 + 7.644 87.758 + 1.619 2.773 0.127
P E EFE 2 Chaol 2210.641 +231.442 2 402.784 + 64.174 0.640 0.442
AR TS Shannon 8.158 +0.352 8.325+0.171 0.181 0.679
WEZEF ) OTU % Observed-species 1176.333 +112.413 1265.500 +32.276 0.581 0.463
W EFE % % Goods-coverage 0.868 +0.019 0.853 + 0.006 0.578 0.465
AR Simpson 0.981 + 0.008 0.985 + 0.003 0.214 0.654
¥)5] ¥ ¥ 50 Equitability 0.801 + 0.025 0.808 + 0.014 0.053 0.823
PCoA
D178 !
o i
02 i
D177 i D76 Dgl
m} | [e)
01 k |
D179 |
o i
D173 i
o g D175 i
% o !
g 0 e :P _____________________________________________ 0 % Laboratory
S ! 0 Ik Wild
4 D176 !
o !
0.1 b i D37
i D73
: [e}
02 + i
D25/
D28 O |
° i
—0.2 0 0.2 0.4

PCOI (53.07%)

B3 FEMEAREFSERRBEMEMET I UniFrac 35/ 5 B0 E LART 7
Figure 3 Principal coordinate analysis (PCoA) of the weighted UniFrac dissimilarity metrics compared with the gut microbial
communities between wild and laboratory-reared plateau pikas
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