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An Analysis of the Gut Microbial Community of Bullfrog

(Rana( Lithobates) catesbeiana)Fed with Soybean Meal Based Diets

WANG Jian, WANG Ling, LU Kangle, SONG Kai, ZHANG Chunxiao
(Key Laboratory for Feed Quality Testing and Safety Evaluation & Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: In this study, bullfrog ( Rana( Lithobates) catesbeiana) were fed with soybean meal based diets.
After feeding for 56 d, the intestinal mucosa layer ( DC) and the intestinal digesta ( DN) samples of the bullfrog
((133.56 +£0. 14) g) were collected, then the microbial community was analyzed by the 16S rDNA sequencing
technology. The results are as follows: 1) The most dominant bacterial phyla were Proteobacteria, Fusobacteria,
and Firmicutes. 2) The microbial abundance index and diversity index of DN were larger than those in DC,
however, there was no significant difference between the two sample units (P >0.05) . The bacterial taxonomic
composition showed better repeatability among all DC samples than that among all DN samples. 3) At phylum
level, the dominant bacterial in DN were Proteobacteria(75%), Firmicutes( 15%) and Fusobacteria(5%),
while there was no obvious reqularity at genus level. In DC, the dominant bacteria were Fusobacteria(78% )
and Proteobacteria(20% ) . At phylum level, and at genus level, the most dominant bacteria was Cetobacterium,

which was able to fement and utilize carbohydrates. 4) It also found some Escherichia-Shigella and Edwardsiella
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colonized the intestinal mucosa layer. These results suggest that the intestinal mucosa layer of bullfrog is more
suitable for evaluating the influence of feed on microbial community, and the high abundance of Fusobacteria
and Cetobacterium in bullfrog’s intestinal mucosa layer maybe a reason for that bullfrogs can use plant ingredi-
ents efficiently.

Keywords: bullfrog; 16S rDNA; intestinal mucosa layer; intestinal digesta; microbial community
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REFEFREMMEMD > ORRW, /M h R E Y R R LR E R, 258 M iE
ERARHE, JF HX IR R I BRI A RE s AT B A T LA B I A A
BT e R, BB A REYIRRE N KEEET (Scophthalmus maximus) Wil i EH) S5
KAL), BHEERR, AR, ERRASTIREAC . Pk, Shoesh AR, JoHUR B SR, e
B EYE

TERE Z0 Il A 2RI 58 T, (6587780 DGGE . TGGE, T - RFLP, FISH 4%, fEfE&AR
DR b T A M 3 02 W 1 W R AT g i G = BT g 0 R A LA A v AR R B 1Y
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i AT s S H TR S E A Mg R R TR
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PRI FEARGEIAIE N 5 27 R A DG I B RE ' Rl i E M AR R AR ok T
ShYIRI A ERBE T B, B A RS & B X GORATR A7 g oo, IF L XHE 4 2 (A FOR A
BRI AR AR AT T 45 A, B e 2 B0 A ek i 3 v A7 AR e L 1
FPEIERNE AR DGR TERE, SRTIT, A AT X A e J 0 A ) 2 R DGR, AR S ] i i
MR, WFFEEE 4 GO PRI A e iR I S s N S I RO U 2 A8, A T Fd A= 2 ok
L BT GRS R R TR IR, IR ARG At B SR A LS (S i
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1.1 SEoedrsd

RIS R A SR B R, . SRR eSO SRR, ML R B 40% |
B BN 7% o BRI e G 4Bim s 60 HIfiR,  FHK =1l B ALHLET A 4. 0 mm f4 AL 0
RERE, HARBET S T -20 CUKFATPORAE . 1S imeHee 7 A 3 1,
1.2 RIEHEHANFEETE

FRAE M B A T )2 X — R AR A R et i, B SOREETIFLA R, R T ENK
JEEL (1.5 mx0.7 mx0.6 m) 1, B A skt (fhamda e A RA R R, B3R
15 d J&, #5824 h, PR MEI/NYS), RFTCH A fE R4 EREAL BRI = N 6 D /KIRED (0.7 m x
0.4mx0.4 m) ", BRSO, E AN, HGLER, JEIR . KB RFF— 8 K84 sy h ik E R
(40.01 £0.24) g, BFNIRIGIHTRE 14 Kb, A R4 2 K (8:00,18:00) , KR MIHEIRE, FRH
RIGHELE 56 d, RIGHIRIKIR 30 ~32 °C, &MRATE/INEEXT R I TE VAR, KK 3 ~5 em,
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Tab.1 Ingredients and proximate composition of experimental diet( dry-matter basis)

Jﬁi*lr Ingredients ﬁ%ﬁﬁ( Content/ % ﬁ*’l’ Ingredients Eﬁ%ﬁﬁ Content/ %
E*H Soybean meal 60.00 éﬁéﬁ%/ﬁ:ﬁ% Vitamin premixz) 0.10
TAT K} Wheat flour 28.79 LR T Ethoxyquin 0.05
EU%EE Lecithin 1.00 %m%ﬁ/ﬁ%/ﬁ% Mineral premix” 0.50
LM Soybean oil 2.00 TRIRES CaCO, 3.15
fa 3 Fish oil 3.00 A FRERFRER Lysine - HCI 0.28
AEB Choline 0.50 DL - T2 DL - Methionine 0.48
YUK IR 22 25 1 - ascorbate -2 - phosphate 0.10 B Crude protein 40.70
58 7 Antimold") 0.05 BB Crude lipid 7.08

B 1) SECE [19]; 2), 3) SF3CHk [18],

Notes: refer to referenc [19]; 2), 3) refer to reference [187.
13 BERERE

56 d IRIGEERAHSEE 24 h 5, BEERERORGL R AT, K/MARI Ak CP IR R (133.56 £0.14) g)
gL o K, FIXUSBEELIE, BT A= wbiiE JF 8T s R kN S T KIS A 5 ik
SR I B, IO AR BEER K m e iR S, WS —RAF A ARG A 5 B 2 D FRIFELAE &
RA AR R FEACRESE S BB AT ORAT, T 2R
1.4 ZHE V3 + V4 XEEY SHENF

FEWRE AR DNA J5 , ARAECRSY BT 215 1), 751 YR B gk, #2547 PCR 9734 %)
H= i aif | 2 s M — AT M e SCE X G i SR e A T SO ok, Bk 4% 1 SCPE
Hlumina HiSeq 2500 #4744 P 22 FEEIN)T
L5 WEMFITHE

3] QIIME  ( Version 1.8.0) #f4:H1AY UCLUST X Tag 7E 97% HIARLE /K T #£4T OTU  (operational
taxonomic units) 2T, FIH QUME ZRA4-A: WA 6] 43 28K T B9 Fh 3 B 26 {3 Mothur ( Version
1.30) #fF, XFESh Alpha ZFEVEFEEL (Chaol | Ace. Shannon. Simpson) #EFTPFAl; {441 SPSS 18.0 #kff
MEAEHATIT 200, SRAARR A CFYE 2 niEiR2E) F0R; 5T unweighted unifrac A BIREAE]
BT £ (PCA) 3 FET non-parametric factorial Kruskal — Wallis (KW) sum —rank test (=
B 7 e B RIR— IR AIRAS ) ANEA 8 2R, MR T (LDA) SRAG 225
RN ASCHTA IR R 167 THZ,

300

2 R //// )
2.1 HUEEIE. HHEREEHL , 2001 — Soiz

XL G BB (DN I KA R - e

[ Y —DNI1
i/ // DN2
(DC) 4HEHY 16S rDNA KA V3 - V4 X 100 |/ o
4
|

S

OTUu/

BT RE G 28 33 X reads (PE read) $F32)5 15 3|
517 972 KIEHAFS] (Raw Tags) , ZadJiiaFsid
UE J5 15 2 M L4k ¥ 51 (Clean read ) 3t A5

0 25000 50000 75000 100000

487 821 7%, “FIIEEREAL L 81 303 AKIFSI, fix BEAR 7 515X Number of sequences sampled/4¢

Z B 108 448 J%, H/DIY6S 44355, HEMCTHY 1 SHSBEMEE%

A (Avglen) 5 436. 17 bp, Ak e 5 B0 Fig.1 Multy samples rarefaction curves

P 5 JERA U reads 5L 63. 035% ’ LA AR “ amongd‘ifferent samples -
HURE 5 ) DNA 5t BL A7 ULHT . DC A= e g R BEAE: s DN O A ek Js PR 25 DA

Notes : DC represented the sample of intestinal mucosa; DN represent-

ﬁ?*%ﬁﬁﬁ?f ( IJ—LIAK/{I 1 ) EZT_\‘ , %Tﬂﬂﬁlf?ﬂﬁiﬁj ed the sample of intestinal digesta.
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| 50 000 Z&IF, FRAHFE M RR R 2R T30, BRI B 1 R a8 O, T 22 i B 1 ok R IR
OTU MBTRRAR/D, SRIIIC I FF REA IR 9 5803, SR ATHE
2.2 HuERAtERR R BARE B EY OTU X5 K Alpha ZREEELER

2 PR ST IR R NFIVEBGHA TR IS, TE 97% ALK T, HeAL Alpha ZFEEFEEL,
GUREIR, 7E0.99 WREASCEE SR, Mg OTU %, FREHE%L Ace & Chaol, DN ¥R T
DC 4, HARHEZEN: (P > 0.05) ; ZFE1E Shannon 18825 A B (P > 0.05) ; Simpson 5%k DN
HRFEMT DCYL (P <0.05) .

xR2 ARAEMEEYRENEEMSEEREY
Tab.2 Richness and diversity index of bacterial community for different samples

Sample ID ¥ i OTU Ace Chao 1 Simpson Shannon B T Coverage
DC 170.33 £21. 14 195.26 £20.30 198.78 £19.53  0.60 £0.10" 2.12+1.26 0.99
DN 269.33 £32.77 282.18 £34.14 281.72+33.36  0.21 £0.06" 2.67 +0.25 0.99

Ui [F— SR R AR AR B, RIR B 255 (P < 0.05)

Note: In the same column values with different small letter superscripts mean significant difference (P < 0.05) .
2.3 11, BoZEKFE L4 mRR IR N BRI EYER

Yikh o AR s, FEMT0 20K F (WK 2) F, DC A RAFE T (Fusobacteria) HZASHE i
["] (Proteobacteria) A2F i Bz il B O AL 3R, o0 ) o5 B R E R S I 78 % M1 20% , JEBETE ] ( Firmi-
cutes) 25 1% ; DN 49, R I] (Proteobacteria) . JEBEF[] ( Firmicutes) FIBAFTE ] ( Fuso-
bacteria) R4t N AP PRI, 0 G S E R 76% . 15% F1 5% , LR ] ( Actinobac-
teria) 215 1% , 7EJE/P2KF (WK 3) L, DC AR R4 R 00w B, Hoh R AT i)
( Fusobacteria) [ 5 ¥T B J& ( Cetobacterium) . ZZE B ] ( Proteobacteria ) B Y& 75 [C 1 — & 24 [ H &
( Escherichia — Shigella) M ZEAL R G ( Edwardsiella)  FZACEERE, 4350 M B EBE LB 75% |
3% M1 2% 7o A7 ; DN AR AR AR &8 502K oA s H B B AL

100%

100% N
— — . - ¥ Unknown
B = Others o
= Others
— B Chloroflexi B
¢ % | b B Incerate_Sedis
%
80% Gemmatimonadetes q P e
Clostridium sensu stricto 1
Cyanobacteria
Enterobacter
o 60%
00% Bacteroidetes .
eroidete Edwardsiella
B Acidobacteria c B Staphylococcus
o
40% Deinococcus-Thermus & I Pseudomonas

%
=]

&
=}

B Actinobacteria ¥ Acinetobacter

%)

Escherichia-Shigella

Firmicutes

X B Relative abundance
FH X B Relative abundance

¥ Fusobacteria | i B Bradyrhizobium
% Proteobacteria % Cetobacterium
° DC1 DC2 DC3 DN1 DN2 DN3 DC1 DC2 DC3 DN1 DN2 DN3
B2 FH&EIKEHDFDHERE B3 ‘HRERBEKEYFSHEERE
Fig.2 Relative abundance of the dominant Fig.3 Relative abundance of the dominant
bacterial phyla in different samples bacterial genus in different samples

2.4 HuERAFERER B N BRI YRS PCA 7

FEMIA Y PCA 70t (WK 4) B, PCL U BTk A 70.57% , PC2 A3 BTN 19.00% ,
2 Bl ) BT TTRCR LA 89. 57% , R BFEA I IR AME B, R PCA 28T T DU I X 43 F
i SLHIREIEAE f DC BB . SRR AL, H 3 4IRS AR R IENAEY DN B 3
HFES B — . PUZRBR, HALRIM R, RMAL 56 d HFR)E, A4k iR b i A= P 4
BEARE, HS5WENEYMA W R AR B 25 5
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2.5 HEHFGR LDA E5 %

ZIAREAL Y LDA {23 WL 5. 4352
Pl N 2= Mm S R B RECER T i ) =R 028
GO, TEARFII2EG00 b dE— /R AR
WIKCE T B—AN02, /MBI P8 AR RN S5 AR
FREEI/NRIEL, T €50 A T 2 2% 5
R G OO R, A2 YRR Y)
Foft I B2 s ) A AT 8, S5 R R,
DC 415 DN 4 A= Yy AH X 2 BE A7 7R 1B 35 25
(LDA{H >4) WEHE, 0@ T =412, 209
WAL TR v ZRTE H49 ( Gammaproteobacte-
ria) o ZFJEEZN (Alphaproteobacteria) , 4T
B TR AT 24X (Fusobacteriia ) FilJ5BE T 7]

PC2 W43 T kR

PC2-Percent variation explained 19.00%

> DC

0 © DN

-20

=25 0 25 50
PCI1 B 73 BTk A
PC1-Percent variation explained 70.57%

4 SRR EENEYMENHEGR PCA SiTE

Fig.4 Principal coordinate analysis of bacterial
community composition among different samples

(Firmicutes) AYZFAIATEEN (Bacilli) , Hp, 7EJEAKFE L, DC HPEFFEIE (Cetobacterium) | HA K
- BWRICHE (Escherichia — Shigella) FIEFEEICIH)E (Edwardsiella) FAXTFEEER T DN 41; DN A4
TS (Acinetobacter) . BHMIEE (Pseudomnas) FHHERFE (Staphylococcus) X FRE R T DC 4.,

B nc —

! | | | I
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piprui[eubuclcria

¢ G 2 eobacteriz
>+ Gammaprdteobacteria

¢ Alphaprdteobacteria

o Rhizobiales

f Bradyrljaizobiuccuc
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f Mu'raxcllaccac
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I;Pscudu:ﬁonuduceue
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. f Staphylococcaceae
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g Elizabéthkingia
8 Edwardsie lla tarda
' Edwardsiella
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LDA SCORE (log 10)

E5 LDAESHRHERE
Fig.5 The dominant bacteria with higher LDA score than 4.0 between two groups
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3 itig

VB RAEY E D E RS RS, BEE X W IEMA YD Re R B R A, P2
A BB A P RN 2 5 0T R 4 8 IR AR R S e R 0 R rE s AR A Y, R R E R
W, A% R EHE Y IVER . DIERIBFSRE G SRR, /KA S W i ik 28 43 J2 52 e H:
Ji 8 A Oy A R R & — 2 , WNEEE SO AR AT B ( Oncorhynchus mykiss) , HJpiE "HAFLE
o FL A PR RE T RS TR B B SRR AY B 41 ( Crenopharyngodon idellus) At ( Carassius
auratus) , JIE TPAELE RS LI JRERE G R AS T 1, O FLE 0l 8 30 A7 48 5 LU B BRAT I R
AR 423k 6 (Sparus aurata) , HIHTEAFAE S LBIRERER | B . AURGRESS R ER, #
BRTMEAFEE, HipE FEUHRER R R, SRR SRR, X5 DR ToRE N
(1 1 28 i ot A DA 98 45 SR — B0, IR HL S 4l 55 R B Mk ) A8 K A Sk 87 (Megalobrama
amblycephala) WiERHUEP TR A AL, BLURIE R ] SIERER [ VA0 R A M B AT, ALY 25
SRARLPE R L) Xof il b 2 B Sh A ORI TR A 4, S ] S B A i T R A O A A T R R
YRR A K

DATE ST 2 28R K= 3h W s 9 280 5 W R B v R A D A A T — 8 I AR L, I FL#B
SZHMNEIREE (K, RAE) AR, [ AR B B R R R B R — i IR ERE
ARYGRE T, MUEYVA NS E RS, S ENEY PR RTINS ETT (76% ) . JREER
I (15% ) MBATRIT (5% ) ; “FiERRE AR b b LS R A TN RAT R 1T (78% ) FIAZIE AT
(20% ) ; LDA{HAM G /R, AN AEY hARSTE R T TR 35 B3 TR A, RNEEeT
R R A A I N PR T N A TE W, HZBORREFEA- e R - e b, T RERR G A
FERYVLTL I A o2 T BRI TR K A h e LA B, A el i Js N 28 ) 28l Rl e AL &
WA N, AR E AT N 2R R SRR P A U WAl AR TR, 3X R RE S TR AR i
F ARSI HR O ST R Y R, TR S AT O R I AN IR AR ) R /NER o REAE I RS b E
W S A T RS AR T R TE R R i A X5 DRI A R —
EVGIS

AUIRIE AR IR . A SR b B T TR ET], B B2 w TR NS iz
W, RIS RZ MR BN, Al IR R I EE Al TEJR 0K, BRAF R T S s
SERARAER . DRI RM, fEASS . KRR A= DLRCRE B 40 10 R 5l = o IR M A Ak 3R AL
KPR, R 27 4 38 AT AL 32 BEAK SR M P 5 T A R PR R AT SE A B RE ; Parma 25V BFSE R, M
& S R R PR AT o s e, OB TE o B A EF E R BRI MR S 2 Wu YRR AR B,
T E TS AR R T A0, HEA AR 2T 4 | e dEar oK AL 5 100 & TR A RE B 5 1 )
AE, TR EALAS; SCHR [16,29] BFFERET, MRAT ] T ST 5 R AN 7E IR OK R ik | 2
EHEAEE AR E T w WL, BARKBEZA, Bokibamee)s, L4k R B,
PN —Fh B A VE M, AUGRE 45008 WoR, 4tk 8 s S R ) £F 4 0 00 R 1A R
I, JCRGIRE b 2e A R R AT I 1) B LT T S R R A0 A, X S G S Bk AL & ) S 7 4 31T AU
5%, ATLAAE e AR A MR B, X T ABJE: Zhang 45" & B At X AR} v b 40 ek JURL A
E AR R R Z —

PCA 73 i &R B, 2k 56 d FRFHIAI T, ol IR it 1] B 2k W 20 AR AL S 35 v, T aE
FVRE T )2 AR B . X R YA el I SR AR E AR BT I, W s NS e 2
TS 5y 3% BVANE A W s, AR 28 S B, TR AR A O TR A 5 A 3k B Bl A SRR
W, ZAMRZER RN, HIE A TR R A e 1 S A R

B IR — 2520 QR A2 A8 AR IR B R 2K ™ sh W WBOW I, RES S BUK ™ s iEds | K &
WCIRE S 0 DAERFSE Ny, ORI B0 3% I 7 RE A IR I 1 1 L 254, 5% A8 3% 40 T

http : /xuebaobangong. jmu. edu. ecn/zkb



55 4 1] A, A BCEATONE A TR A i E A P 4R - 247 -

WA, J25 RK - S I RAE M E BRI 2 — 2 RS S B R, I AR de 4 R AR A
K, B R L2 R — i IR A QTR — RSB TR i A PR TR R R AR, X S T 4 4 AF
BUR, TERPESITET, 251k EmiEsdN, XeRiyE SR ans, shiimiE R & LR
JRNZ—,

ARREH T, AR IEN A Y RSO SRR B R T, ARSI 22
(P >0.05) , HJEHATAERA UL Hokt 2R MR AR — R B TN, i i A ST AR A
A, WG 22 AR %, NAESFHFTE PRt R A, AYGlie /R, fa e oM E B iR
{18 A4 e F R 2 S AL S B /K A ) e £ 4 3 A AR S BT T 1 DRI TR TR A T, o X 2 e 4]
b SRR AS I EC A0 Rt AR A 2R A B AR AR AT RS, NI — 2B 7S I B (R 2R 0 A i
[EERAN N

4 g

AR YRR 25 542 W £ 4 TR 1RV B 2 e I R B - 2 5 R A IR 5 B K A B ) R A 4 2 A A
S HORFT I T B T T ST R RN, T 2 A e XA A P SR A e o R PR P S D, R R 25 K
S M7 7 5 A e 3 o D XU
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