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Abstract: Snakes are model animals for studying vertebrate energy balance. The gut microbes help the host
get energy and nutrients. Currently, researches focused on the captive animals, but little is known about the
gut microbes in the wild snakes. We described intestinal microflora in large intestine, small intestine and

cloaca in 3 wild Rhabdophis tigrinus by using a V4 region of 16S rRNA gene amplicon sequencing and
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analyzed the core composition and distribution characteristics of the intestinal microflora. The results showed
no significant difference in the diversity of alpha index in different intestinal regions (Table 1). The three
intestinal regions shared 534 Operational Taxonomic Units (OTUs), among which the large intestine contained
388 more unique OTUs (Fig. 3¢c). At the phylum level, Fusobacteria were found to be dominant in the small
intestine (52.87% =+ 14.49%), large intestine (41.12% =+ 22.60%) and cloaca (65.70% + 10.44%) (Fig. 1). At
the genus level, we indicated that the genus of Cetobacterium had an advantage in all intestinal segments,
including the small intestine (46.36% =+ 13.86%), large intestine (21.95% + 9.82%) and cloaca (58.18% +
14.29%) (Fig. 2), and that Citrobacter showed a significant difference between small intestine and cloaca. In
addition, many potentially pathogenic bacteria, for example, Citrobacter, Trichococcus and Erysipelothrix,
were detected in the gut, which is helpful for. understanding the distribution of potential pathogens in the
intestines of Rhabdophis tigrinus. In cluster analysis, the data repeatability of cloaca samples were well (Fig.

3d) and combined analysis with the Agkistrodon piscivorus data provided the theoretical basis for further

comparison analysis of intestinal microflora among different snake species (Fig. 4).

Key words: Rhabdophis tigrinus; Intestinal microflora; Fusobacteria; Cetobacterium
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#f (Rooks etal. 2016) . &7 (Flint et al.
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Table 1 Alpha diversity analyses of bacterial 16S rRNA gene high throughput sequencing data

Observed_species 5% Chaol 5%k ACE 6% R Simpson #8%¢  Shannon $8%{
Observed_species Chaol ACE Coverage Simpson Shannon
/N Small intestine 478.3+189.8 823.5 + 306.7 891.3 +339.3 0.99 + 0.003 0.7+0.1 34+0.6
KW Large intestine 651.7+491.7 866.8 + 516.6 913.4 + 566.7 0.99 + 0.004 0.8+0.1 44+12
WFAfE Cloaca 480.7 + 294.0 739.8 +409.2 763.8 + 464.8 0.99 + 0.004 0.6+0.2 3.1+04
P{f Pvalue 0215 0.576 0.073 0.888 0.885 0.765

BHELFIME + bR ERIR, P<0.05 RREREE.

Data are expressed as Mean + SD, P<<0.05 indicates significant difference.
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Fig. 1 Top ten phylum-level relative abundance of microbiota in different

intestinal regions of Rhabdophistigrinus
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Fig.2 Top fifteen genus-level relative abundance of microbiota in different intestinal regions of Rhabdophistigrinus

TEJRACE L ARBEHER S EM, FHILIT 3B RHTIA . Not named at the genus level, described at the family level.
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Fig. 3 The similarities and differences of microbiota from different intestinal regions

a. FEF bray_curtis FE RS KA E 8 2 4 RU% 4041, NMDS1 Il NMDS2 SRR AL BAREE: b, 5T A3 F] il 1 Berbh = 18 (4 = oy 434
PC1 il PC2 /s BRI TR ¢ HRERANFMB L HILERE R OTUs; d. & TINAL UniFrac B &5 IIREA T 40 IR R 26

a. NMDS (nonmetric multidimensional scaling) plots based on bray_curtis, NMDS1 and NMDS2 represent com-positional gradients; b. PCA
(Principle component Analysis) is based on species abundance of different GI tract segments, PC1 and PC2 represent the cumulative contribution

rate; c. Venn diagrams of samples from different intestinal regions based on sharing and unique OTUs; d. Hierarchical clustering of samples

analysis based on weighted UniFrac distance.
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Fig. 4 The differences of cloacal microorganisms in Rhabdophis tigrinus and Agkistrodon piscivorus

a. [ DRSNS IE A1 A #0308 2 T 1 17K B R 50 3 B RO R AN, e P 5300 3 A5 P #E 28 LEfSee T H 7B pk, BEAR B E R
LDA 734, BUAN[RIZH (6] &2 72 R Fnnospmafe e, B BoR T B filg (LL0) 5REIM (GE) 2 ZERRENMAENFERH (LDA
W4 >2) 5 b T RINAL UniFrac B85 IREAR AT 2 2 B2

a. LEfSe (Linear discriminant analysis Effect Size) of Rhabdophis tigrinus and Agkistrodon piscivorus from cloaca in the phylum levels (The plot
was generated using the online LEfSe project. The length of the bar column represents the LDA score (The influence degree of species was
significantly different between different groups). The figure shows the microbial taxa with significant differences between the Agkistrodon

piscivorus (red) and Rhabdophis tigrinus (green) (LDA score > 2); b. Hierarchical clustering of samples analysis based on unweighted UniFrac

distance.
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HEFE e o AL, AT T o Heg e
Kb b AR AL o BbAh, AT AR A
W T IEAS R AL BT o5 el AR, BoFRE . 1R
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JaE ) R GO0t 1 RE TR, AT AT BEIRAS
HEERW, (HEXE EA4EH B TR LH]
BRI

ARWFFAR R T REIA aw, BaRAT
B & ST B A Akkermansia. F /% 1 BAF
TE T PRBESTURE e (1) K P R HE I s o 76 £ g A
AR RS A T A R X PR IR AR B (Tii et
al. 2008). MBI JE NG KA, BRI iR
FEB GRS, 724 T (McCoy et
al. 2013) o A EENLIEIRE, BRAAMK
TR K S5 ThRE, RN 25 Z R4
WA, X N N 3h P R IR
(Turnbaugh et al. 2006) . Akkermansia 3= %17
TET RBESAE I /N R, HOoN A% A,
RERS DUTE = 25 E AR E— kIR, T B
VER— P B (A 25 40 B 5 Wl T s A SRk,
SARE . BERRIE . O 2 AR A S RE A
% (Dao etal. 2016, Canietal. 2017) . L4},
Akkermansia F 4 ] 95 i 25 £ 1 7] () i 1B i A=
Vb EiRIE, HSURREEMS, S5Emm
R INGAE (Costello et al. 2010) o AHF
FOLRKI T REWAEBUREE,  BIaFT i RRAT w
J&. BIERERTH & (Trichococcus) FIFTE 421 &
(Erysipelothrix) 405 . F78 BRAT # 8 3 247
TET R BESHUE e 1)/ NaR K g, ZE BN
REW, M BEAEwRME, 25 kKERE
(Mundy et al. 2010) . BH 5 2k 56 )& AP 88 22 16
Ja& FBAE K AL 5 s B RRAT - BH R R R R A
HME DR, K EE RS, W&
BRI 2, IX PR B A2 51 R ARG AL
SEURE (FEREIMAE) (EFRE 2013) .
Fra5 22 1 J@ W 75 A T FLah . SRR,
N0 I fh 52 S B2 5 G I B BB )
w0 BUBGY, IR R AR O P IR 98 55
(Reboli et al. 1989) .

W R, FEEMAH R 5 B Y
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5. AEATE (Bifidobacterium) fEN€4T S
THALTE B SRR, T E U TRAT B4 -
BEXR, ZMMESEAET RIAN, X
PG a7 1 B A A RS B )
FI2% (Kopeény et al. 2010) o 7EX+ 2 Ff 2y
T U Y TE AR DRI T b ORI, RN S i TE
TAEYD 22 R i T R, 2R o AR AE
W, XA AE AR H TR S 1 B T e
W, SRR AN, XFERE S
TRV I TE AR E LM (Vences et al.
2016) o EE R 7 R SR dres B s o 2R )
MR E A R IR E 2 . g E )
PR, A RIRITEIY). SR HES)
Yy, (HEERE MRS, HipEid
VIR AR TR 1) 3 B L B SR e B vy, 1 HL
Xof 6 H AT 8 A BB A A R 73 5 5 2R
SEARABL, A B e v & R0 FL g TE T A 4
HIZH s K (Colston et al. 2015) o FEBE
HUREREIR R, [FRE S E A IS AN
28, T BAEVE IS BRI MR T
T &K (AR 2002) , H 5 fig
H I 3 22 S 0 LA B TSR 5 K AR SR AR
% (Akins et al. 2018, Huang et al. 2019) , £l
5 TRE SR e i T Al A D 2 52 B BT A ) B
A B Bl PR IR ) 520

AT YIS B 2 ARV i
AF XA REZE R, WET] JEAKF
¥ 386 AN [R] EB AL 1) 45 1 B AN A 7 B 35 22
e, ANAEFE BAAER . BRI ZE
S, B MBI R A SRS R . IR
RE SR e i T Sl A R AZ O A A D A S o S
ARG EYEERE VIR, 58 Mg
G ECA o dr, Pl i E A 2= 5
SREPIE S TE, KRNI A E
TE AR EEA o A i B A AR

Z % X W
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