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High-throughput sequencing analysis of intestinal flora
diversity of two freshwater snails (Radix auricularia and
Planorbella trivolvis)
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Abstract:  Freshwater snail is an important biological group in aquatic ecosystem and an intermediate host of many parasites.
Intestinal flora plays an important role in animal energy metabolism and resistance to pathogens. We analyzed the intestinal
microbiota diversity of Radix auricularia (RA) and Planorbella trivolvis (PL) by 16S rRNA high-throughput sequencing. At
the phylum level, RA had 23 phyla, including Proteobacteria (33.63%), Cyanobacteria (15.33%), Chloroflexi (13.95%), and
Actinomycetes (12.99%). PL had 13 phyla, including Proteobacteria (54.88%), Bacteroidetes (28.49%), and Actinomycetes
(7.65%). At the genus level, there were 445 genera in RA, including Pleurocapsa, Thiodictyon, Leptotrichia, and
Nocardioides. There were 238 genera in PL, including Cloacibacterium, OM60NORS5_clade, Pseudomonas, and Rhodobacter.
Ninety-three genera were the common core flora of the two snail species (all the samples were present), and 27 genera had an
abundance greater than 0.5%. The structure of intestinal microbiota was significantly different between the two groups
(P=0.027). We performed the functional prediction of intestinal microbiota using Phylogenetic Investigation of Communities
by Reconstruction of Unobserved States (PICRUSt), and the results show that the KEGG functional composition of the
intestinal flora of the two snails was similar, and the abundance of the amino acid metabolism, carbohydrate metabolism and
membrane transport were large. In summary, the intestinal microbiota of the two snails was high in diversity and significantly
different, but there were a large number of common core flora.
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1.1 HARESLIE

SCIG MR FE B RPR K IR, H8 MR (Radix
auricularia, RA) >k H N Z i 10 i — /M v .
HEKIRY 0.5 m, /KR 23 C, MEN FEE
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BUZ A iEAE L2y 0.5 g, %884 H MP-bio +
15 DNA $2 B 7] G0 106 W1 52 0O B 5 DR 2 o
i) DNA #E1T 1.5%35 g i 5 e LIk , 7 NanoDrop
X} DNA [ B Fi1 OD260/OD g0 fEHHEA T 1E -

K FH 16S rRNA J:[H V3-V4 X 5|4 (338F:
5-ACTCCTACGGGAGGCAGCA-3', 806R: 5-GG
ACTACHVGGGTWTCTAAT-3) 4T PCR 4,
I M s A 12 bp MBS, FH LR BIAS AR
s 41 . PCR 31448 F] TransStart FastPfu (422X
&, dexnt, hE)IKR &, RMIKR: 40 ub
5xFastPfu 2% Wik, 2 uL dNTPs (4% 2.5 mmol/L),
0.4 pL FastPfu DNA B4, 10 ng DNA B,
0.8 uL 1E[ 5[4 338F (5 mmol/L), 0.8 pL JZ[a]5]
) 806R (5 mmol/L), #AJ5H ddH,O #h & 20 pL.
BT 95 °C HiAst: 3 min; 95 CAFM: 30s,
55 ‘CiR:k 30s, 72 Citfift 45s, TEIFNECH 26 ME
W, 5 72 CHEM 10 min, § 14 1.5%55
REHEE I B4 T VKA, {5 Thermo Scientific 2
Al 1) GenedET it [nl e ik 1) & 11 ie 7 9 , il
Ilumina %% 1 # NEB Next® Ultra DNA Library
Prep Kit 80751 &5 37 5L R va B SO o R 1) SO %
KA IR A TR IR TEA Flid@ad lumina
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fdi Fi} Usearch (version 7.0) #kf4f (http://drive5.
com/uparse/), ¥ BT 15 FIAR BE 97%AH L ¢ Rk
TT#EE 40255 0 (Operational taxonomic units,
OTU) &4, 4 OTU %, It5 Silva $ids
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i (http://www.arb-silva.de) e %F #1773 22 43
Br, PSR QIME “E&  (http://giime.org/
scripts/assign_taxonomy.html), %iit /515 3 &FEA
MIRFETE AL o SRS X HEVRE AT R T OTU KK 11 o
Z FEPE S M, Bt 0 3/ 5 Mothur (version
v.1.30.1, http://www.mothur.org/wiki/Schloss_SOP
#Alpha_diversity) , 7T 35Fr 045 Sobs 5% .
Shannon 5%k, Chao #§%{. Simpson #5%k. Ace
FEHL S B 5 i (Coverage), 1B BERELL 4B
EMEMA R ES T HEER, £ ln o0
(Principal component analysis, PCA) RH RiEH
() vegan EROFALHAT A BT FIVE IR o iy 1 TR A 1
Yy € BT f£ JH PICRUSt

Investigation of Communities by Reconstruction of
Unobserved States) #1150 4. Rk Fitlk

B 1Q-TREE #4710 MrifilfE. 25 B
Kruskal-Wallis Bk FIRGES oA, 45 LISEYE +hR
WEEFIR, P<0.05 FREFEE,
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VSEE ki

I P 45 3] 1 R0y 4 28k e s o, A dE 2%
R o F ARG T 20 A9 B2 A me 3 S B AU A B , A i
XUty S 41 ) 19 B 2 D¢ 2R UEA T Lo 17 4 I DF 2,
i R U ISR AT B FEAR DTS, 8 N
IR LA B T 5 B 367 979 4k, EHIFEHIK
JEh 425.48 bp o = HEEENIE (PL) 4 AR
AT 225 592 2%, VY RAFEL 56 398 4%,
HE MR (RA) 4IRS A 8UT 51 142 837 4%,
SEEERE N 35 597 4. LT 97%)F 41 [R] JE
R85 1 117 4 OTU, Hiv PL 445 505 4>
OTU, %)@ 297 4~ J& . 173 B, 105 H . 36 4.
19 []; RA ZHA 949 4~ OTU, 43J& 457 1V & .
218 B}, 129 H., 4244, 24 1], 1EJGLrHH,
BEAFEAR T IVEH 2 25 733 4%, iR &
Chloroplast ] OTU, #xJi#kfs 967 4~ OTU, HH

(Phylogenetic
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PL 4145 382 /> OTU, 43J& 238 1~J& . 137 1. 86 H .
28 %M. 15[7; RA4A 874/ OTU, 445 Mg .
209 B, 126 H. 4149, 23], ERE RN, &
SR P FIR AR R AR KIS AN [R] , (HI A OTU X
289 1, %l PL & RA (1) 75.65% K% 33.07%.
RA Fif5 OTU (585 1) i PL A OTU %%
(93 1) fEEKY- L, HEHEA 204 4, 45
di PL J2 RA [ 85.71%}% 45.84%, RA ¥if5HiE
(241 1) i T PLEFARHE (34 1), Moh, 78
PR B A RTT 15 4, di PL BLTTEEY 100%,
fi RA G TH 64.22% (&1 1),

MR 1AL, PIAREARR o ZFEHIRECE %
5 (P<0.05), Sobs f8%( RA 413 KT+ PL 41
(P<0.05), 3R W] H-2 |EAEA T UL S 21 1) P R 4L
H/bF =JiE5mi 12 ; Shannon 5%k RA 4 B 5T
PL 41 (P<0.05), Simpson #&% RA &L T PL
2 (P<0.05), FEHH % NIZN7IE W20 =
JiE 45 N R S s Chao 5%k RA 41 F PL 41
(P<0.05), Ace 8% RA 41T PL 41 (P<0.05),
FWIH 27 8 R Rl o R A T 48
Himr. PR B AR R B 2 R B T kA
FEW, RUINFIRE TS, B8 B0 R A
R ZHR AR (B 2).

TEITKF b, PLFIRA B RS A ]
43R 13 1 23 A, Hr At B R T 1% 1] 43
BA TAF101 (36 2). A IE ] (Proteobacteria)
TEP A PR E RO ], 76 PL Fil RA 1
AR =B 451~ 54.88%F1 33.63%. ItLAh, PL 4
AR XT3 A B9 A UFF B T] (Bacteroidetes
28.49%) . JTZETE ] (Actinobacteria, 7.65%). %
25 % '] (Chloroflexi , 2.55%) . ¥t i & I']
(Verrucomicrobia, 2.76%) A4 J5i 44 ] (Chlamydiae,
1.22%). 7€ RA MpiEwH#E, BRI, @
41 % |7 (Cyanobateria , 15.33%) . i £k Wi i)
(Actinobacteria, 12.99%) F1%¢25 141 ](Chloroflexi,
13.95%) W HAT—E . IAh, RA IGE R
FERT 1% 04 JEEE ] (Firmicutes, 7.09%) |
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I 1] (Bacteroidetes, 2.27%) . %X BE 5[]
6.10%) . — F K % & B E ]
(Unclassified, 4.80%). PEf# ] (Verrucomicrobia,
1.49%) FIHRFF i1 1 (Fusobacteria, 1.23%) (3 2).

(Tenericutes ,

174, A 9 NAREESFHKENE AT, AIE R —H%H)
KFEAREE B B, FERT 1%8)E
)L K 52.18% (& 3). 45 [H] F= FEAR I R %
S v = A X o 1 A R A e B TR R R R

RN F, RAHPEFET 1% EEA  (Unclassified_f_Chloroflexaceae, 6.92%). 54

A B C [ RA
. Il PL

1 ETFIIKE (A). BAFE (B) X OTUKFE (C) B Venn 94k
Fig. 1 Venn analysis of gut bacterial community based on phylum (A), genus (B) and OTU (C) level.

T 1 AMRKEREER o ZHM

Table 1 e-diversity indexes of intestinal microbial flora of two snails

Samples Shannon Simpson Ace Chao Sequences
PL 3.41+0.21° 0.09+0.03? 324.38+10.47° 329.06+14.05" 56 318.50+12 717.32°
RA 5.00+0.26° 0.02+0.01° 774.08+30.88° 780.70+41.74° 33 777.33+1 977.36°

Notes: PL stands for the gut microflora of Planorbella trivolvis; RA stands for the gut microflora of Radix auricularia. The
letter “a” and “b” represent the significant different between two groups (P<0.05).

A 300 Rarefaction curves B Shannon curves
5 RA _ 5 RA
5 :
E 600 5 4
O Ea PL
“5 o 3
% 400 °©
#

2 )
= PL: R=
§ 200 _“é ,
%: 177)

0 0

500 10000 15000 20 000 25 000 500 10000 15000 20 000 25 000

Number of reads sampled Number of reads sampled

B2 #wRih&nERisHths
Fig. 2 Sobs and Shannon indexes of snail gut microbiota. (A) Rarefaction curves of snail gut microbiota. (B) Shannon

curves of snail gut microbiota. PL represents the samples of Planorbella trivolvis group, RA represents the samples of
Radix auricularia group.
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xK2 MHEMNFEEAT 0.15% (FHSNUFERSLEF) &

il

Table 2 Bacterial phyla with relative abundance above 0.15% (sequence percentage of total sequence amount)%

Phylum Groups
PL RA PL-Sd RA-Sd

Proteobacteria 54.88 33.63 4.10 4.32
Bacteroidetes 28.49 2.27 7.12 1.18
Actinobacteria 7.65 12.99 1.76 2.85
Cyanobacteria 1.35 15.33 0.56 5.75
Chloroflexi 2.55 13.95 0.56 5.09
Firmicutes 0.58 7.09 0.52 3.28
Tenericutes 0 6.101 0 5.19
Unclassified 0 4.80 0 3.14
Verrucomicrobia 2.76 1.49 1.59 0.97
Fusobacteria 0.18 1.23 0.11 0.34
Chlamydiae 1.22 0.010 0.56 0.12
Planctomycetes 0.25 0.20 0.14 0.10
Acidobacteria 0.06 0.35 0.02 0.15
Deinococcus-Thermus 0 0.19 0 0.27

0.8 |

0.6 +

04 |

The relative abundance (%)

0.2t

-
=

R 4

Samples

P1 P2

3 ETRKFRRKIBIEERLEMR

P3

m Cloacibacterium
m Norank f Rhizobiales Incertac Sedis
m Unclassified f Rhodobacteraceae
Unclassified f Chloroflexaceae
m OM60NORS-clade
Norannk_f norank o PeM15
M Norannk_f Mycoplasmataceae
m Pseudomonas
M Rhodobacter
M Unclassified k norank d Bacteria
W Pleurocapsa PCC-7319
Norank_Caldilineaceae
W Thiodictyon
W Candidatus Alysiosphaera
M Unclassified f Enterobacteriaceae
W Azospirillum
Aeromonas
M Luteolibacter
Norank f Phormidiaceae
M Nodosilinea PCC-7104
m Nocardioides
Leptolyngbya ANT.L52.2
M Agathobacter
W Bacteroides
M Others

P 4

Fig. 3 The composition of gut bacterial community in Radix auricularia and Planorbella trivolvis. Notes: all the
genera with abundance below 0.03 was showed as others; norank or unclassified represent the bacteria can not identified

in genus level; f_ represents family; o_

represents order; R_1-R_4 stand for the intestinal microflora of Radix

auricularia (RA); P_1-P_4 stand for the intestinal microflora of Planorbella trivolvis (PL).

BER%NJE (Norank_f_Mycoplasmataceae, 5.42%).
J& i % J& (Pleurocapsa , 4.27%) . #i ™ & &
(Thiodictyon , 3.70%) # B8 48 & & & %1 &

&: 010-64807509

(Norank_f_Caldilineaceae, 4.08%). HAthif A i i
Bl (Phormidiaceae, 2.04%). Nodosilinea (1.58%) .
K% RICHEE (Nocardioides, 1.49%). ¥z ¥R

=
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(Leptolyngbya, 1.44%). £FER )& (Leptotrichia,
1.23%) . ZL #F & Bt ok # J&  (Unclassified_f_
Rhodobacteraceae , 1.64%) HI AR 9% & Bl A& A1 &
(Norank_f Rhizobiales_Incertae_Sedis, 1.48%) Z5(1%] 3).
M PL PR T 1% R A 141, A 61
ABEIF KB E K, AITE R — R BRG] 5
(FH. BEE) . HAh A AR T 1% 1) & B F
i) 14.25% (& 3), LA Cloacibacterium i =F B £ =
(ik 24.33%) . H AR T 1% & & 2K
U R AR B B R %08 (Norank_f_Rhizobiales_
Incertae_Sedis, 7.33%). OMG60NORS5_ clade (6.25%) .

21 FF R AR 401 )& (Unclassified_f Rhodobacteraceae ,
5.76%) . RN JE (Pseudomonas, 4.45%). £LFTH
J& (Rhodobacter, 3.86%) . Candidatus_Alysiosphaera
(3.39%) . M # W B K M J& (Unclassified_
Enterobacteriaceae , 2.28%) . [# A 12 & 8
(Azospirillum, 3.01%) . 431 & (Mycobacterium,
2.15%) . ¥ J8 (Aeromonas, 1.97%) M
Luteolibacter (1.85%) %5 (/41 3).

22 HAERUOEESH
% 3 NIEACE EWRIRKIE A B ERE,
B b R AT A2 B . K RO TR SN

#x3 HEXMFEEXTF 05% (FHEMNFDELLH) MEFROER
Table 3 The core bacterial genera shared by all samples in two snail species with relative abundance above 0.5%

(sequence percentage of total sequence amount)

Phylum Family Genus PL-mean PL-SD RA-mean RA-SD
Proteobacteria Rhizobiales_Incertae_Sedis Norank 7.33 0.49 1.48 0.45
Proteobacteria Halieaceae OMBG60ONORS5_clade 6.25 1.68 0.08 0.07
Proteobacteria Rhodobacteraceae Unclassified 5.76 1.05 1.64 0.99
Proteobacteria Pseudomonadaceae Pseudomonas 4.45 0.40 0.97 1.06
Proteobacteria Rhodobacteraceae Rhodobacter 3.86 0.44 0.96 0.31
Proteobacteria Geminicoccaceae Candidatus_Alysiosphaera 3.39 0.75 0.13 0.06
Chloroflexi JG30-KF-CM45 Norank 2.54 0.55 1.36 0.65
Proteobacteria Enterobacteriaceae Unclassified 2.28 0.84 0.94 0.81
Actinobacteria Mycobacteriaceae Mycobacterium 2.15 0.48 0.39 0.08
Proteobacteria Aeromonadaceae Aeromonas 1.97 0.71 0.78 0.66
Verrucomicrobia  Rubritaleaceae Luteolibacter 1.85 1.29 0.54 0.31
Proteobacteria Sphingomonadaceae Polymorphobacter 1.62 0.36 0.14 0.05
Proteobacteria Reyranellaceae Reyranella 1.34 0.37 0.10 0.11
Proteobacteria Acetobacteraceae Roseomonas 1.13 0.09 0.41 0.15
Bacteroidetes Chitinophagaceae Dinghuibacter 1.09 0.36 0.035 0.06
Bacteroidetes Flavobacteriaceae Flavobacterium 1.08 0.32 0.40 0.49
Bacteroidetes Bacteroidaceae Bacteroides 0.88 1.65 0.12 0.15
Actinobacteria Microbacteriaceae Aurantimicrobium 0.68 0.16 0.74 0.20
Proteobacteria Burkholderiaceae Polynucleobacter 0.62 0.09 0.12 0.11
Proteobacteria Burkholderiaceae Norank 0.52 0.18 0.23 0.12
Proteobacteria Hyphomicrobiaceae Hyphomicrobium 0.47 0.17 0.56 0.09
Fusobacteria Leptotrichiaceae Leptotrichia 0.18 0.11 1.23 0.34
Proteobacteria Burkholderiaceae Hydrogenophaga 0.14 0.05 0.56 0.27
Proteobacteria Rhodobacteraceae Paracoccus 0.03 0.01 0.78 0.38
Proteobacteria Acetobacteraceae Unclassified 0.01 0.01 0.51 0.21
Chloroflexi Caldilineaceae Norank 0.01 0.01 4.08 1.43
Actinobacteria Microbacteriaceae Microbacterium 0.01 0.01 0.55 0.40

http://journals.im.ac.cn/cjbcn
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ZIRTA N EREAR A W ERE, A
FEM A & A B R AR T L 5Bk . &ad o, 3k
/T 93 NMEAEROER, HPhFEERT 0.5%
I BOEBEE 27 MR (R 3). XLERE E
WO EAR I E ] (Proteobacteria) N, /5
Iy A5 AE 4% 25 & ) (Chloroflexi) . it £ B 1)
(Actinobacteria) . JEFEET] (Verrucomicrobia)
KAFET] (Fusobacteria).

23 AMEZFEEFHERMTH
PCOA 437 ok e /m AN [RIAE i ] 1) B e 22

FEVE, Qg 4 fros  ZEAE A 3= B2 R & (Unweighted
unifrac) MIZ1E T o0 (K 4A), RMES B R
AHREE B N — D EEA (R*=0.735, P=0.027),
PC1 ALBRAEl %52 K2R 5 S L4 1Y 73.59%. TEI
A BE IR & i 4514 T (Weighted unifrac) (& 4 B),
5 Rl OUR R B AR 4y BE R AE B 3 (RP=0.843
P=0.027), PC1 Ak#rfh Ay m R % 5 ka1
84.65%. M BB AF A AE W b 43 By K P b (AR IAR
FERRMMAFEERR) BB E N
(P<0.05) , /1% W R 2 10 0 24 W THE % %) 445 ) = i
#A A S A ARE

Sk B R IR K SR B R R SE R, AR
T EWR RIS RN R RIS RZW I IE S
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Fig. 4 PCoA analysis of gut bacterial community based on OTU level. (A) Analysed by unweighted unifrac calculate
mode. (B) Analysed by weighted unifrac calculate mode. R?and P were the correlation coefficient and significance of
Adonis of two snail gut microflora.
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Fig. 5 Heatmap analysis of intestinal flora. Norank or unclassified represent the bacteria can not identified in genus
level; f_ represents family; o_ represents order; R_1-R_4 stand for the intestinal microflora of Radix auricularia (RA);

P_1-P_4 stand for the intestinal microflora of Planorbella trivolvis (PL).
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