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Abstract: Gut microbiota can help hosts maintain homeostasis, enhance nutrient absorption and energy
metabolism, which is of great significance for the survival and environment adaption. Many factors can affect
the gut microbiota, including microhabitat, captivity, seasonal changes, feeding items, sex, and development
stage. In this study, the Big-eyed Ratsnake (Ptyas dhumnades) from Guilin and Xiangyang populations were
selected as the research objects. The total microbial DNA was extracted from snake feces to sequence the V1

- V3 regions of 16S rRNA gene using the amplicon sequencing and the differences in gut microbial
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composition, abundance, and gene function between the two populations were analyzed. At the phylum level,
the dominant phyla included Bacteroidetes, Proteobacteria, Firmicutes and Fusobacteria (Fig 1). Linear
discriminant analysis effect size (LefSe) analysis showed richly distributed bacteria and gene functions were
different in the two populations (Fig. 2). However, there was no significant differences in a- diversity between
the two populations (Fig. 3). The relatively high bacterial abundance in the Guilin population included the
order Cardiobacteriales, the family Wohlfahrtiimonadaceae and the genus Koukoulia in Proteobacteria, and the
members of the order Acidaminococcales and the genus Phascolarctobacterium in Firmicutes. However, the
Xiangyang population owned the relatively high proportion in the order Burkholderiales, the family
Aquaspirillaceacke and the genus Microvirgula of Proteobacteria. In addition, the gene functional differences
of gut microbiota between two populations were reflected in the high expression related to environmental
information processing including ko02010 and k002060 in Guilin populations. In contrast, those related to the
ko02020 and ko00910 were mainly expressed in the Xiangyang population (Fig. 4). The high expression
genes were related to the metabolism including ko00010, ko00520, ko00230 and ko00240 in the Guilin
population, and ko00680 and ko00900 in the Xiangyang population (Fig. 4). Guilin population expressed a
highly of ko03018, k003010 and ko00970, while Xiangyang population expressed highly of k002030. In the
future, more studies are needed to focus on the composition of gut microbiota and the evolutionary

relationships between gut microbiota and their hosts to provide relevant suggestions for the protection of wild
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animals.
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VIR [F AL 52 1 2 AR S T R s, S A
F R AL (Kartzinel et al. 2019). &
(Campos et al. 2018) DL KA EZH =5
(Kartzinel et al. 2019) FI#fi S}t (Zhang et al.
2018) %o, Rtt, WEMAEMAMUEA T E
Festt, 22BN HER R, W 7imiE
A D 2HL I R DR LA B B A A A S

KEMBF TR, il e 5 i F =+
FELEA RN P A7 AE 3 IR et o J5ERE
B[] (Firmicutes) FIHUAFE1] (Bacteroidetes)
JE Wi Z Y (Kohl et al. 2013) . J€4T 54 Zhang
et al. 2018) FIHFLENH (Zhao et al. 2018) 1)
Jo TE AR R 1) s TR BE TR AR R B T

(Proteobacteria) NI & R A . A K iE

WA AR (Dewar et al. 2014, Li et al.
2014, Ye etal. 2014). B T shW)RBE 1R 1,
W7 T 0 A ) 2L R RR SRR AIE I 4 52 22 R 2R (1)
Wel, GOFREE. FREEARDL. VTR SEYIR A
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THAZEHALEM (Takydromus septentrionalis)
BB AP A G R T S R RIS LR FE R
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L8| R BT 48 77 B SO B A4 B AR A %
(Zhou et al. 2020),

5 ki (Ptyas dhumnades) &) 32 70 4ii T
WHE AR KR TG . RS R
WHEEA N TEFEBII RG], P DL Rie
AR FEXT G RT DLIEE G N T TR R A i 7 1
VIR . AT ST DL S RS ORI SR B,
1 16S rRNA W FF AR R AN R AR L A i Jl 1 ol
AL FEERSRRI )RR, DAL 5L iE
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AT RN EE A . TR ARR AT
SO I T S A A AE ) SRR AL, X S AR A
DR BIARARAE T

1 MR5T5E

11 sSERAE
2014 4 6 H T PUEEARFIII AL 38 BH T R B7

TH & AT 3 S DR IR O BRI, AR AN 2 B
AMMERIAR K 5N (124.13 £ 2.25) mm Al

(120.87 £1.48) mm, FMEFAKILEEES

(t=091, df=4, P=0.41). {£4H3REFEAR
S SEZRK e N ARG A £ 1 R R A
R, WARFEE, 15 23808 5} L B E T,
W4T 30 (0 FE AR TR A UK AT (B S5 = B L
DNA. FREGEHEFEANS, Mgt 7 RUR
12 WFpHE

fiH Qiagen #{F DNA P2 B &

(Hilden, Germany) #2HUZ& {# 1 A JE K 41
DNA, U7 iEiE MR S A AT . A
WEFLH 15 168 rRNA FEF ) VI ~ V3 X, FXf
PCR W) iAT FEBERR I - W P 7E 2 K 454 GS
FLX+£& 4t (454 Life Sciences, USA) H15EK,
SIS FE R 8F (5-AGA GTT TGA TCC
TGG CTC AG-3") H1533R (5-TTA CCG CGG
CTG CTG GCA C-3") {E51Pn% 35 40 1 3k 4T
DNA Ul /7, J PCR 74 F| H i & 51 9
5'-454adapter-mid-CCT ACG GGA GGC AGC
AGC-3' (1E[f]) il 5'-454adapter-mid-CCG TCA
ATT CMT TTR AGT-3' ([ 3855,
1% M AT R AT IR, MO A B C, R
N A B G, PCR MNARFZA 25 pl, 45 2.5 pl
10 x JMNZEM. 2 ul DNA #R (20 g/L)
51914 1 ul (10 pmol/L)+ 0.125 pl Pyrobest %
4§ (Takara) A5 pl (1) ANTP (2.5 pmol/L).
PCR [ NAEFF N, 94 ‘CAEME S min; 94 C 30,
55 ‘CiBk 45s, 72 °C lmin, 27 MEF; &
J& 72 CHEAH 7 mino BEMEE b 3548 FH 350 i A
JEE TAE %P3 (20 mmol/L Tris-HCI,
10 mmol/L Z &%, 0.5 mmol/L Na,EDTA, pH

8.0) il PCR /=4 A1 % PCR =W € &,
fifi FH 1) 38 P #E 47 1) PicoGreen dsDNA BR il
WA &EREAT. &E, WEHREER, £2 K
GS-FLX 4541 & XM 24T 16S RNA (1
V1~ V3 XK.
1.3 St

B Joxt IR B HEAT B, SRR
Hlo R FHIHKELE 320 ~ 680 bp 2 [A], 240
JPHIAEE 25%, ESAFEEIENT 6, A
BB ORI, %) SEERTG 83 838 MR E:
JEH, PRI 475 bp, X S EHE 2 R L4
Feo (R fBkeA i — 26 8D J5
iiENCE e

it FHl Usearch 7.0 418 97% 1 ARAULIE Az Xof
Ba{E 4328950 (operational taxonomic units,
OTUs) #4740 M1 (Edgar 2010), 7RI
i RBRiR AR, 338 OTU BF RN T,
N T BERERI S EAIMZ, ¥ OTU FJE
& BRI 5 i/ N IREARBAT AR AL, i
FErp ORI 7 & 2 MEAH OTU 2K T 5 4
HEHCKT 20 AN OTU AT HE— 250 H7. 2
J5i % F} RDP Classifier 2.2 (Quast et al. 2012)
XTERELE) OTU LA 70%[) BA5 5 B EL{E Silval32
B B AT 3 2K b, SRR OTU X
3 RAE B

ST PR S o- 2 AR PR SR
F EAFEREEF E & (abundance-based coverage
estimation, ACE). 7K@ 4445%L (Shannon-
Weiner index). #4443 2] & (Shannon-
Weiner evenness index ) M7 i & (Goods’s
coverage index) PYIiFEHR. {84 mother 1 R
P AEF & (R development core team 2020) 73]
T o-ZFEEIREOHER] S M EE a-2FF
PEREEAR S, H t R LA a-2
FEPEIRBOR BAFEE ST .

M EE T A E A (bray_curti) PHEGH)
F A 45 #1 Canalysis coordinate principal ,
PCoA) Harill i3 MM SEAE G A= 3 Hh OTU AH
X BER 2 7, HAEH ANOSIM X 5 AP 5 A
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U PR SR S AR AT AR A A 56 20 A e )
53 BT 308 K /N (linear discriminant analysis
effect size, LEfSe) A5 M FhHEFE(H A 5 M
BRI R F 2 RRHE, RN EREER
M40 73, SR J5 FH 2k B A 43 At Clinear
discriminatory analysis, LDA) fiti 58205 %} =
B ZE TR S 1)K/ (Segata et al. 2011).
TEARBFET, WA LMEH bR dE s E v LA
10 NIRRT B R T55T 4.

{8 FH Tax4Fun 7E 50 #R & PR A1 JE DR 20 5 L4
T # ¥ E (Kyoto encyclopedia of genes and
genomes, KEGG) % & 1 /51 J7° 41| I Tl 2 [
Thfie (Kanehisa 2019) . 4R 54k H6 3 R 04T 43
RIFBC A B H KEGG % (Langille et al.
2013) o AR %38 2% Dy e 55 D8] A B0 v P A JE R A
ANTEI PR AR ARG SRR, R 200 2 AT 2k
IR ZINFHZ AR 340 301 53 i LA [F) K8 1A KEGG
[EYE%E A (KEGG Orthology, Ko) 1 ~ 3 /KF
i) KEGG =K D e 3 BE BN KPR, 2k
PEFIAN o HrdstE e E LA 10 R Ed% e
RKTET 4. rGHEBCLFIME + nEREK
Ry AE a=0.05 BEMKF NS

2 SR

2.1 S R A D R ZE T R E
NFE RN 2 BH P S FPRE % 3 RAMA [ 2
Wy T IR A T 5 R e W 38 B AR ) R R T A
(40 079 + 1 084) 4 (11793 ~ 15442 %) Fl
(49 640 £ 962) %% (15810~ 17591 %%). & Jit
IR , R SH P A % R4S (37 453 +
537) % (11054 ~14313) F1 (46 385+357)
2% (14804 ~16 030) miEFS, FPylFHK

FEJN (464 +18) bp (428 ~488 bp) Al (486 +
2) bp (482 ~489 bp), IXLELFFHIFLF=4: 103 4
OTUs, B& 51717419 H 33 £1#150 J&, H
H, JBIKT A 14.9% R R E 4, 1%104)
FhOGEIRA I 3 2845 8 o FEARFN 22 BAAREE 2 S0l 0.
&7 97 M99 A~ OTUs. HFHEEILA OTUs
1593 Ay, HEMFHEEMA 4 4> OTU, ZEFAAHRE
A 64 OTUs.
2.2 GiEiwfmE s Y PR A 2 R

AR 22 PH 5 W i S A I E ) -2
FEPERRH, QHHEFE . FREMEE
ERBNHENE G TR EER (K
Do A TAET 537, SO AR = AAMET 3%
AN EAT T B FEARFI A 35 T2 40T
17 (38.87% + 10.20%) AEF B ] (32.13% +
9.59%) JEEEH T (15.94% £ 10.93%) AT
B 1] (Fusobacteria, 9.85% =+ 6.22%) FlIiHisT
B 1] (Desulfobacterota, 3.20% + 2.46%), %
FRAPEERI LA T R AUAT BT (47.90% + 8.98% )+
TIHIT (39.56% + 14.89%). JEEERH ]
(6.66% = 2.33%) FURFFHI] (5.87% =
5.54%) (& la). WRUKFE, TR
HBECNTEFE AL (Flavobacteriaceae, 19.57% +
10.72%)+ #ATE %} (Bacteroidaceae, 14.90% =+
8.96%). Wohlfahrtiimonadaceae (10.90% =+
6.59%) BATE Rl (Fusobacteriaceae, 9.85% =
6.22%) I B FL (Enterobacteriaceae, 8.77% +
5.94%). Caloramatoraceac (6.69% =+ 6.16%)-
Morganellaceae (4.77% + 1.74%) MW EF
(Pseudomonadaceae, 3.36% =+ 3.35%). it
LAl (Desulfovibrionaceae, 3.20% =+ 2.46%)
F=FHREKE £} (Erysipelotrichaceae, 3.01% =+

K1 RS IR IERAEMRE o- SH IR

Tablel Thefaecesmicrobial a-diversity of Ptyasdhumnadesin Guilin and Xiangyang populations

Z FEPEFRHL Diversity index

FEF =L
Abundance-based coverage
estimation, ACE

Fh# Population

AR BN

Shannon-Weiner index

AN 5 R A
Shannon-Weiner evenness
index

B

Goods’s coverage index

HA Guilin
#FH Xiangyang

77.80 +1.34
74.62 +3.90

2.82+0.18
243 +0.22

0.66 +0.04 0.999 +0.000 2

0.57 +£0.04 0.999 + 0.000 3
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Fig. 1 Therelative abundance of the gut microbiota in two populations at the phylum (a),

family (b), and genus(c) levels
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The color for ‘others’ indicates all other phyla (a), families (b), or genera (c) combined.

0.94%) (K&l 1b). FFHFEEIR AR BT B
B} (25.64% £ 13.61%) FURIEEFF (19.22% +
19.13%) FFE AR (18.31% £ 15.69%) Wit
B} (7.74% + 6.39%) Morganellaceae (6.28%:=
4.29%). BITHEEL (5.87% + 5.54%). WEEE
(Aquaspirillaceae, 3.48% +2.97%) FIFFZ5RER
FRF (3.46% +2.23%) (& 1b). MWJEHIKF E
B, MBS E SR EE (Myroides,
19.57% + 10.72%)+ #UFFEJE (Bacteroides,

14.90% + 8.96% ) Koukoulia (10.20% + 6.11%)-
FrEERAT R B (Citrobacter, 7.68% + 6.20%)+
fii AT )8 (Cetobacterium, 7.56% = 6.66%)-

K& (Clostridium, 6.69% + 6.16%) FIFEfH
# )& (Bilophila, 3.20% +2.46%) (& 1c). %

FHM BRI A B A FREE (25.64% +
13615%) AT EJE (18.31% + 15.69%). T
BRRATHEE (5.69% = 4.83%). fk & )&
(3.51%+ 3.38%) AT JE (Microvirgula,
348% + 2.97% ) M ¥ B 4 % W W R
(Providencia, 3.42% +2.57%) (B 1¢c).
FAFR TR, PRI S A M 2H
AR (B2, R=022, P=0.79), {H#
PR A PIAR N R 22 e B3 . BRI A
RORE R /N7, PR P 5 A e S 1 i 2 P
HEZENFEZRFHE, LDA HIHExR, B
B TR0 AT # H (Cardiobacteriales ) (U B H
1) Wohlfahrtiimonadaceae £}F1 Koukoulia J& DA
N EEER | TH LML EK T H (Acidaminococcales)
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MIEF AT 8 (Phascolarctobacterium) (4 & (F 3D,

YIEREMRMBE R NS, MARTEET MawE 23 SIS ERMAEYI TR T

IR G H (Burkholderiales )+ Aquaspirillaceaeke FIF Tax4Fun F3 AT 5 A0 e 9 B 32 (1 A 11
BT AT B &8 B A P 7E B BH A s o= 16S RNA, Tl 3 it B 5 A s 38 5 46l 2 40 1)

04 .
0 bk Guilin | _
4 B Xiangyang | 4 Bl 2 PEFhEEL RIS A i AR 3 A
2t | . L . .
9 0 ‘ i o Fig.2 Principal coordinates analysis of
g‘ 0 i Bray-Curtisdistance matrix for bacterial diversity
§ i 4 differences between two populations of Ptyas
-02 i dhumnades
o |
i o el e A B b ) 1 3 R s AN R A b o AR S R RE
-04 - !

-06 -04 - '02 0 0'2 0.4 The percentages in the figure indicate the explanatory power of
’ ) PCl ( 42.82%) ’ ’ different coordinates for the total variation.
. 0

m AR Guilin

#2H Xiangyang °
m a: H BREHEREH o Acidaminococcales
m b B_ELHFTHEE g Phascolarctobacterium

c: H_fAFLEE H o_Burkholderiales

d: B} JKIZHERR, £ Aquaspirillaceaerium
‘ ge f° e: JB BT B g Microvirgula

) m £ H OFFFEH o_Cardiobacteriales
m g: f Wohlfahrtiimonadaceae
e H h: g_Koukoulia

JB_MWBF BB g_Microvirgula | |
P KIRHESER) f__Aquaspirillaceaerium | ]
H_{A5 KM H o_Burkholderiales

f Wohlfahrtiimonadaceae
H_.>FH B o_Cardiobacteriales
g_Koukoulia

JB_%RIFFER g _Phascolarctobacterium
H_BREHERE H o_ Acidaminococcales

5 4 3 2 1 0 1 2 3 4 5 b
LDA score (logo)
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Fig. 3 Differencesin bacterial taxa between two populations of Ptyas dnumnades

a. PR S U E AL 2 M I ROR RANGI T s b, R 0 T AL IS S 7 e S A Sl A DR T 2 A AL 22 R I 2R T

a. Differences in bacterial taxa between two populations are determined by linear discriminative analysis of effect size (LEfSe); b. Linear
discriminatory analysis (LDA) scores reflect the differences in relative abundance between two populations.

Bttt py cv ov £AI g RIAAERIT. M. B, BAUE.

Letters p, ¢, o, f and g represent phylum, class, order and family, genus, respectively.
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BRI IR, ok IX S RE R D RE TN ] KEGG I
REX 2R B =ANKT . PRI ZE — LK Th R
Wi BAR AL R Thae SACITAE G, fEpc A 22
BH 20 1 5 B THRE Y 58.39% + 0.36% fll
56.76% + 1.32%; HIREGIHEA(E BAFAHOE,
FEAKFN 22 BH AR EE 20 0 5 S ThREHT 21.30% +
0.23%F1 22.79% + 0.64%; Hidife(s BALFEAH
JHE R Ty REAE AR AN 22 BHFREE 2001 7 S D BRI
11.95% =+ 0.46%A1 10.41% £ 0.08%; 54 i 3
T A G 358 R 1) B0 A AR 38 FH B 23 1) o A )
REMR 4.10% + 0.18%A11 5.26% + 0.35%; #x)&5
N7 FH 9% 25 [R] T 6 7 AR PR A 22 BH A 43 )

FH%+3E FF Relative abundences

AR Guilin

F2[H Xiangyang
#E4 Samples

S IIAE) 3.24% £ 0.08%A1 3.75% + 0.38%
(H 4a),
FREREThAESE ZEREE 1 ANGHEE=
3%) FEEFINEE, &FENEFRaES
A RISV AR 4
BhIR PR A IR, AEEAR
U MR AU AR AR A AR - AN SR R D
FEREMRATZE BH AL ) 5 S DI REY 49.66% +
0.30%A11 48.17% + 1.13%; 5¥FEE{5 EALFEAH
KIS F AE 5 A% 3P0k R FE FEARFT 2211
FhEE A B IIEER 21.30% + 0.23%F!
22.78% + 0.64%, JLF- s 7 iZ2R AR IRES

= i Metabolism

mm 375515 543 Environmental information processing
== 51%&(5 S 4L Genetic information processing
w2144k, Cellular processes

— _AZ5¥% Human diseases

= #1154 Organismal systems

== [}z %] Membrane transport

mm FR/KAL S P18 Carbohydrate metabolism

= F A Amino acid metabolism

mm {5533 Signal transduction

= 4B T4k E 45 Metabolism of cofactors and vitamins
= fE L Energy metabolism

== R Nucleotide metabolism

mmm B33 Translation

== & | f1{& 5 Replication and repair

w5/ Lipid metabolism

= SNEYR A WA AT Xenobiotics biodegradation and metabolism
mmm oAb Others

== ABC#3Z & ABC transporters

w4 5} 245 Two-component system

== &M Purine metabolism

= B4 YA R Aminoacyl-trna biosynthesis

= BERE{Lif Pyrimidine metabolism

w533 R 4 Bacterial secretion system
AR R A0/ Amino sugar and nucleotide sugar metabolism
S E FR IR R/ Arginine and proline metabolism
= YEHFIREREC 5 Starch and sucrose metabolism

== kB4 i Peptidoglycan biosynthesis

= BRI W R S Phosphotransferase system (PTS)
= HAth Others

B4 PIFESHESEMEMRE KEGC ZRE—BK () FEKR (b) ME=ZFR (o) KAHENEE
Fig. 4 Genefunctional categoriesbased on 16S RNA in the gut microbiota at top (a), second (b) and third (c)

levels of relative abundance. Linear discriminatory analysis (LDA) scoresreflect the differencesin relative

abundance of gene functional categories between two populations (b)

b Alerh “HAt” RBRHERIEFTIRES IFHILR

The colors for “others” in plots b and ¢ indicate all other gene functions not listed in these two plots.



539 PEMRGEAR SRS R A A A SRR P R 1) 22 5 - 703 -

—ZX LRI el A, SifeE R
S FEAH SR I BIPE . SIS S AN B RIE AR
1 BHFREE S 70 5 S DIREY 9.22% + 0.42% A
7.93% + 0.07% (& 4b). FERThEESH =2k L,
PIATIESL R Kos JE[K] 261 A, AHXT 35 i iy
FIFER TR 2 ABC #isik. XU RE M
SRS (] 40D,

BTN FRE = 1%/ Kos HIZRE R 4>
BTN RN, PIANSFREE () 25 Rl D g B A7 AE
B 22 5. fERERI T AR = A2k 1, LDA #|
AR, REMMOEE S A R A IR S L
i () 534515 BALFE (ABC #5315 AR RR 5 7%
B 24 | LIS EALTEE (RNA &R, Ak
MEBAEYE RO AR CREREAR . =LA
ARG . MO AT nE A ) AH SR

B (B 5) o EEHRPEE R IR B A
DIResE 2 RN 5 MM AE (A2 |
WEE B O 240 A CH B
WA AR AR (B 5) .

3 iR

R S AR IR AE T TP B DA ]
W] JERER T IAMRAT R T8 E, BHKP
EoBCwE A E R . W R R
Wohlfahrtiimonadaceae. MRAFFHEH I B EF
Caloramatoraceae. Morganellaceae FI{E 0 B
BEAE, B BRI 3 8 A vk e
J&. fUFF# & . Koukoulia. FrigBe T w & Al i
Mo g T AFESIREE B A A R A
BEKRER, EHARITET, BRI

B AR Guilin [ | 22FH Xiangyang
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Fig.5 Linear discriminatory analysis (L DA) scores reflect the differencesin relative

abundance of gene functional categories between two populations
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JTE A OL S 1) AT B )RR BE R ]
I, fnHh iR A ( Gopherus polyphemus, Yuan et al.

2015) . £¢¥#fa (Chelonia mydas, McDermid et al.

2020). ZL¥#§fh (Caretta caretta, Arizza et al.
2019). #ifa (Chrysemys picta, Fugate et al.
2020). % f (Chinemysreevesii, Qu et al. 2020)

FNLL B3 2 (Trachemys scripta elegans, Qu et al.

20200, {EMGE, HIEAY A RAET]T K
EUUEERER T, WAFE IR E, W
i B i J& ( Conolophus, Hong et al. 2011 ) #5 .
& (Amblyrhynchus cristatus, Hong et al.
2011). i (Shinisaurus crocodilurus, Jiang
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