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wIFK !

FWE AR AR P A B (Trionyx sinensis) 1738 T 2 % FE M X B B 5, 2R BN 480 R AT 441K
A (31.75£7.20) g vy At , W B R A 0 oy xt A (RSF 7 A 50 (RS2). 100 (RS3)F7 150 mg/kg
(RS4)Hy 3 Mg dl, LK g, RIPALE T 420 5 DNA, #47 16SRNAV3-4 K H[H 4
M %R B R, L5 4 8y % 1E 4 2 3 70 (Operational taxonomic units, OTUs) %k & ¢ & & T xt B 41,
e EBELERFTERNBARNE I, HEERENA R AN, RSI 5 RS2 £H% 4
#:T, 7 RS1 5 RS3.RS4 #2314 £ AK-F £, & H [1(Proteobacteria) #1 & & & | ] (Chlamydiae)
LB ER; ERBSEAF L, B H B Heicobacter) b 43t h . BT K I, L4 o AT
WEFERMBALE TR, T T304 % EAcinetobacter) . 7L 4T # /& (Lactobacillus) Fn 5 B AT # &
(Bifidobacterium) & 58 ¥ B LA, #F R KA, £ BRI fniE & B i AR5 (100~150 mg/kg) Ak A 3L
RETHEERF LSRR FEE, TRBAEREFHLEN,

KR HAL e MARBG HBEENF; WA

FESES S917  XEARIREE A XEHRS  2095-9869(2021)01-0177-09

rhAE s (Trionyx sinensis)je ¥ [ & B 14 44 R 7K
PR Z —, BAT R W E SR E A 25 A e
(Zhang et al, 2018), T4k, FEFHIS R PP WA
A5 HARRE, brd: R BARREA A shyds, A
2 B0 DR T 241 DL S 24 ) 5% BE S I A, % 3R BE A
B RN N fdt R s — e R . FEILE R T, FoRER
(SN /235 N R R (UE IRA B =2 AW 7/ IRy ) W R R |
b AT HFEE R SR I (A SR A, 2018),

YRR E &2 mMEEs s, FFHEAX
SR, R ToTG Y SRR, AR A P B U LA B
g1yt AE 2B (B R4, 2018). AR AR
T#9% [n] (Macleaya cordata) 4355 Hi 3k 19 — Fh A< JE e
SEERE A MER, 7E 2011 AERALE N R R 2
252011 FrHEZIET 34 5), fERSE . L4 mA
AEREBERC ) N TR, I E
Hh B I AR £ 15 /0N i 200 B BRI, o0 i (ke B
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L = A T8 S HLRE (R RIS, 2018), W& IAIE
A YA RER A (Chen et al, 2018), i A= #y i
FUETEE Y B AL (B AE, 2013) . 4K
B R G e L PR E R AT BRI (2% 05 4F,
2016) . B i A= WU RE R 2 I8 50 2248 e i 2 LA O
(Khachatryan et al, 2008), 7 & M il 5 17 38 b T A8
MINRERY N R, 815 (Turnbaugh et al, 2009), &4
(Hildebrandt et al, 2009)F1245 4 4% A (Russell et al,
2012) 5T #0245 THER .

AHGE LA AR B R S ), 1R AR BRAS N
ANIF PR A T FRAE SR . TSR SR I A RS, A
3 o rh AR B g TE A L EAT 16S tRNA V3-4 [X
5T, B FERFST AR X Hh A2 i T T A 9 26
PE K P = BE A2 o A ST AN BR2 0 A B SR PE A 1L
HRAAS TR B VE R, Ry il AR A e Hp A s A R R A 2
AR RS A 4 o

1 #RERFZE
1.1 SRIEHR

SO AR S A T I R R T I A A EAL, Bk
V& 480 HAKTE H(31.75+7.20) g ML HEE Uk 1 rh Ak
BFETKIEFRR M 1A, $% REOR RN vk B i T
e (RS1: 0; RS2: 50 mg/kg; RS3: 100 mg/kg;
RS4: 150 mg/kg), ®AH®K 3 NHE, BAHEZAK
Fr 40 Hrp AR il AR A1 1] 50 W I8 R 36 PTGk AR
WEIRA AR, HA RS R AR (= 98%) . )
0 S0 A 9 18 [l ARDRE R S I AR B, IR AT, B
P PR 2 TP AR IR 1Y 3%, RERPRER 2 1K,
3% 75 do

TSR, 256 24 h, WA 4 bl
Hs Hpdeis B HAER ES0 =, M T &k
BRI s T S, B 75 %P TRRS R4 TR 3R TH
7, FEH 0.85%MY JC A HER K Wik 2~3 YRk, i IR AL
5 50 ) A 1) ) AR R AE TG TR R E R T R T
B ipdi gy, FA sk b skis NAEYI)E , SEEDEA
WA, WG E-80CRHLER.

1.2 EFEZH DNA gy BRI FF

e A0 I P 0 44 2 FE b R R BUR B I 1y
A FRA FJ(NOVOGENE)E I, AAAEAET BT -

(HZEH L DNA FHEECRT PCR ¥4 . AE 5 L
2] DNA R F SDS iEHEH, -3 o Ty is b 56 1 i Uk ks
I DNA Wy EAREE . fEBLAE T, FCHACKHE
iR 1 ng/ule UFRBERYIENZ DNA I, R

Py X AR(16S V3-V4 X)iE$E, 4 Barcode
RU4%ESE 5%, Phusion High-Fidelity PCR Master Mix
with GC Buffer (New England Biolabs) 11 24 =5 {4 FL fiff
HEAT PCR, B ORY S8 HE R FIR0R

(2)PCR Wy HIRAEFIAIAL : PCR P2 ¥ fdi ] 2%HY
TN B 6 15 P DK AL 5 AR AR PCR 7= e B EA 745 I i
R, RS, T 2% sk vk 4lifk PCR
7Y, UIEIE B AR5 o BT GeneJET B RIS
% (Thermo Scientific) [FII ™4 .

(3) ALy 5 Fdk gt it il ] TruSeq DNA PCR-
Free Sample Preparation Kit i(5f &4 A SO, Fo iy
SCPEZE T Q-PCR 1 Qubit & &, #fiE G5, i
Ion Plus Fragment Library Kit 48 rxns (Thermofisher)
Fa g SCPE o X6 SCIE AT Qubit 58 &8 FSCFEMNL, SR )5,
f#i ] Life Ion SSTM &, Ion SSTMXL (Thermofisher)iil
¥ . f#F Cutadapt JCX%} Reads {& B #8473 80 V], F34R
P Barcode M155 1) Reads H x4 i B ds, #4
% Barcode FI51 WP 50 ¥, 753 R 6 508 (Raw
reads), ZiLL FAREE, 75300 Reads T2 LRk &
P, G R 2 RA PO Z [ ) 245874, 1]
RE 2R DR ML R DB O A= W A, P 33 i3 UCHIME
algorithm 5 %4} % (Gold database)kill 2 Aol 4~ F
Biiic G e g, R & A7 81, I LR
AT, 158520 A B85 (Clean reads).

1.3 #HIEHH

PRI 715 3] 0 R s Hidls , i A RO, T
A ROE A #E 17 #4573 28 59T (Operational  taxonomic
units, OTUs)R25r#r. it Alpha ZFEVESHT R4
B TEUE DR 2R, IRYE Beta ZAEME
Ay MR 2 A BE B JE RS R 4T UPGMA R85, 458 m]
Mk 22 SRR . 456G )8 2K P Heatmap #4743
B, MWERZEEEIR T, FEMTEIR 2 FOKF BB
TEA AR U Fn 22 S

2 HBRE5HW

2.1 16SrRNA MFZERSH

XF 4~ 21 120/ F b (9 iR B s E A T A B, R4S
f) B2 8(Total reads) 41478897, YJ{EH N73945( 1),
HRIE97% AL 4 2K 3 HOTUF 51, RSI~RS44H i
OTUs/3 514258, 412, 977F11004(F2 1), ML LIE
th, LA ROTUS H 2 = T4 R ZH (P<0.05), J
HIERS3FIRS44 .
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100000 - ™ JEF3 Total reads (avg:73945) W R5JF3 Unclassified reads (avg:863) W 34 8IT OTUs (avg:264) 800
W 532431 Taxon reads (avg:66656) 455 73 Unique reads (avg:6426)
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FF I I I I I F IS FTIFITFES
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K1 RFEEEAR R OTU SEit4i R
Fig.1 The OTUs statistical results of different samples
x1 EERPSEENFHESRIT *2 BHEMABAEILERENFEE%)
Tab.l Summary of high throughput sequencing Tab.2 Dominant bacterial phyla and the relative
results of each sample abundance of each sample (%)
2 5 s Al G
i H H 5l Group '1% Phylum 1% Group
Item RS1 RS2 RS3 RS4 RS1 RS2 RS3 RS4
JE A7 5] Raw reads 77763 74476 76982 77813 LT Proteobacteria  91.81 88.18  50.98 59.40
KJFARTT Chlamydiae 393 0.05 1521 8.87

B30T Effective reads 76366 72726 73560 73123

4 OTU Total OTUs 158 412 977 1004 JRZEH ] Actinobacteria 0.91 0.92 8.15 1.78

WFFE T Bacteroidetes 0.84 434 263 11.75

M FEE Coverage 0.999 0.999 0.998 0.999 FLEEET] Firmicutes 151 483 670 1130
FMEHT] Tenericutes 0.00 0.00 0.0 2.33
22 MEERBHSEMEARRENFEE V4N I] Cyanobacteria 050  0.16 1.74  0.16
AU SR RO PR 4 RAR O OTUs S, T Tusobaeeria 005 001 A8 028
ANl OTU fURA B YIRS, it ANl OTU 3 H2EIARTT]  Spirochaetes 0 0 0:04 0:02
LB TP IR RN (R 2). S5 R 2R, RSI HAlh Others 046 150 1424 4.07
21 rp ARSI B A T 12 A2 JE TR 1T (Proteobacteria) | .
KJFAKT I (Chlamydiae) . JEREFAT ] (Firmicutes) . HLFF BB drsenphonus B BILUR oo
1] (Bacteroidetes) . ZE T[] (Actinobacteria) . W4 .Eﬁgg Ié‘;‘c"tse‘:."l‘;es .gﬁﬁggﬁ ;éfg:g:’f::j’“
'] (Cyanobacteria) F1#2 #T 1% | ] (Fusobacteria), FR T W KEKIR Chlamydia W NSFFER Acinetobacter
ATGEIT . AT TR BT, JEAl 125 5 AR 100 W SRFFAJR Helicobacter
B 1%, RS2 AArh FLA BRI R, JERER TR o
FFTT. RS3 AP EEABIREIT . RIEATT. K § os
LETATT . BRI BUFFITRIEANEE ). RS4 4R B
EEATET PFFETT. ERER T AT, £ 00
LR [ ] (Tenericutes) MUEL B 1. ML Al A1, Hdg C
e B PR I AL I 4 A T I AR, o, AR TR % 025
BT B T M3 (P<0.05); AJEATT TR, ;»g '
PAFFBE T T 2 AR R T2 W LT
(P<0.05), WA, L2l I it o HE AL IR S iyt Te @
MG, VISR, ATR]ZH 5 Different groups
i 10 2L i R RH RS 2 B B e BRI 10 B OTU X B2 RIS B YRl o

MEZE, TEESEKE T80 (7 2). Fig.2 Relative abundance of species at the genus level
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g N, 78 RS1 4, FEALH TN IRFT &
(Helicobacter)(90.80%) , J: ¥k J& 4 Ji {4 J& (Chlamydia)
(3.92%). RS2 dirh, PLHAHF IR B (87.15%) .
L #F i J& (Bacteroides)(2.04%) 1t wi ¥ A H &
(Elizabethkingia)(1.49%). RS3 4, LHEE R A2
FF & (40.59%) . AKJFAKJE (15.21%) . AU AT 1# 8
(Bifidobacterium)(6.31%) . 57 #x i J& (Lawsonia)(3.74%)
I 4 8 (Arsenophonus)(1.51%) . RS4 41, fh#
Tl Sk BB AT TR I (41.19%) . S 3l AT 1 & (Acinetobacter)
(11.54%) . KJFIRJE(8.87%) . PIHHTH & (4.70%) . Ik
JF A& (Ureaplasma)(2.31%) . FL#T B J& (Lactobacillus)
(2.78%) FHUFT I ) (2.45%) o

AR FE S AR 43 FOK T L IERMEEER,
TEHUCE LR35 B 4r R 2L, JF 4l Heatmap ([X13).

TEJE r 2K Ll B 5, SR B A 2 BT S e 21
I T R S BEE AN I A3, DU B O R
igo

2.3 FFEEEE Alpha SHEEES

7 % (Goods coverage)fi £ AT LUKz BRI 5 1) TR
J& o ANWFIE P45 RE i 1 B S5 A8 A 7E0.99 L 1 (El4a),
& BN %) % B R A 7 55 30 R S b i T A R P T
B, Shannond§ % £ 2 H FIFAL FEAS i A 9 1) 2k
P4, ShannonfH kK, FIAREYE ZHEME#KE . Shannon
BAUR LR (Bl 4b) s, S 22 RE 357 v 0 HE A
Hidr, RS44H i35 TRS14H(P<0.05), RS34H FIRS4
20 I R TRS241(P<0.05), TMiRS1£H FIRS24H I G .
#2255 (P>0.05), Chaol 85I Acedd B nT LIPFAN B

Helicobacter

unidentified Lachnospiraceae

Blautia

Phylum N \ o) >
m & & $ 8
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I"12& Phylum
TR ] Actinobacteria
HIFTH 1] Bacteroidetes

Lautropia
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Elizabethkingia 05 g
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B3 il el A s 23 2K 4 B

Fig.3 Heatmap of the classification level of gut microbes
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BEVIFR AR, FRECHCR A FER . Ace
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Fig.4 Comparison of Alpha diversity between groups

HE— 25 03 W7 4% 43 2 T ORE TR [R) Z2 A P 0 A B
KF, FAE Venn F(K 5), 458 B8, RS1IHEA
B OTU Sk 258; 54, RS2~RS4 41f) OTU
BB 412, 977 F1 1004, Horb, RS1~RS4 4H 4%
A OTUs 4359k 10, 37,302 1 347, 4 M= OTU
9160, 5 OTU B 6.04% . MAEAS [a) B REAH
KA, K RELH 5 S 41 R A AR A, AP, AR
) T 00 %o M A T TR 2L L A A I S, A AR 1
P T B A Y R 0 5 e R

2.4 BHIEEEE Beta ZHEMSH

RS1 5 RS2 A7 W FFA RLAE PC1 _EAHZEEL
/NIE 6a), i RS3 Fil RS4 205 RS1 ZHPH &4, £
W], RS1 5 RS2 HRYGREHEM M2 FH /N, 5 RS3,
RS4 4 22 555 K JE T Weighted UniFrac 2 1) PCoA

K5 AFESEEA R OTU 7 i
Fig.5 OTU analysis of different experimental groups

T aE B R (B 6b), RS1 5 RS2 ZHEBER AR,
5 RS3 ., RS4 AIAHZERGE , FET LA A9 2/ 240
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E %425

FEFT UPGMA RENHT (K 7), IR LRES
BT FERER AT, 458 BoR, RS1 5
RS2 A EAHRIPERE, 5 RS3. RS4 AHAHMIMERAR .,

PCA plot

PRI PR, LRl X T 4 4 R 2 A ]
M, IR 100 mg/kg I, JiE N ERFSS KR
WEAA, FRAMXTE S, MREZ,

PCoA-PC1 vs PC2

10F N 0.2 ¢
a
] 0.1
oL - ___ A
K 7 2 0
S 10} I a
151 | S
—0.1
= ! EO
&K _ |
x 20 ! RS ‘H% 02 ;
H ! « RS3 ~ ;
® 30! ! RS4 | & 3] .gsi .
| « RS2 .
I « RS3 !
! 041 “RS4 |
_40 L 1 L L L L L L L L
-20 0 20 40 08 06 04 02 0 02
SE1FE MY PC1(18.09%) 551 EHSMPC1(61.99%)
&l 6 #A] PCA Fl PCoA 43H7
Fig.6 PCA and PCoA analysis between groups
W ZEFE ] Proteobacteria
RS4 B A& Chlamydiae
TR Actinobacteria
O #I4TE ] Bacteroidetes
M JEEEEH ] Firmicutes
RS1 O ZRHEHE ] Tenericutes
[ ¥4 1] Cyanobacteria
I #%#F 1] Fusobacteria
O 1] Chloroflexi
RS2 M 1EjE/A ] Spirochaetes
[0 HAth Others
N~ RS3
IS B A M
Weighted unifrac distance 0 025 0.50 075 100
0 0.05 0.10 0.15 0.20 0.25 I TRARRT K-

Relative abundance in phylum level

% 7 #T Weighted Unifrac #F 25 UPGMA %M}
Fig.7 UPGMA clustering tree based on Weighted Unifrac distance

3 it

i 3 A A O R P R R i — A R s A
A2 R G5, Wil e 25 I A B X T sh i HLIAR T
RN ICE F= 0T . W T e TIRe . A i
W17 SR HA B X (Huang et al, 2018; Pérez
et al, 2010; De Schryver et al, 2014), 78 & 25HIAY
P AT e 2 TR G s% R G018 BBEIR | 40 B T
I 7k K (R SCHR A, 2019) 0 ARFFE R 16S TRNA 1538
I, AT A ) B2 1l AR A X w4 8 g T 7 P I
FAREZE R 52, DU SR R 5 1t AR 6k 1) SO0 A FH B3
T AR B DR T A B LS AR i

i 1 AlphaZ £ 4 43 AT AT A1, 5255 21 (9 Shannon
B R T IRAL, HA EFHEaE, B0 AR o
TE—E R AT LA il R 2R . M Ace
Chaol S AT FT AT, I AR PT 2 5 W 3w ik 2 40 v A 110
FRE, BEAEREASE, RSIX A FIRS24 2 7] If
Jo % 2 7 (P>0.05) . ERLST 7 HrPCA W] KA i 7]
X F, PCARIP GG 2 I e TR SR I 22 5%, R
R R A AL RS A A ABL, EATTAEPC A 43 A I E
BT . BetaZ HEE ST ERIA, RS15RS241[H] 4
WhiB AL S5 M 2= 8/, TS5 RS3. RS4RI %A
R NS 22 SR . AL, AN [A] e JBE 0 1 4R
TS L v, B 28 L B R () AR G = B R A
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FERA T8I A28 A, 156 BH VS I AR 6 mT £2 55
BRI E R Z A . HU N IAE 100 mg/kg
A, M 38 G R 2 AR B 2 4 = (P<0.05)

WIFh R R W, X BEZH v g G TR AL BT S
MITIZEA AT BT AR JERER T . A )
FAFFET], H, BRI TERSHERE, HAXHk
P, WARRFERRARERTT, SMTT%Q2018)%f i
2 I B T W R AR SR A5 SR AR AL . AT DA AR T TR )
FA AR Ay e AR 1 i 3 RIS | B 0 [T TR TE
SPAOKOE L BRAT I R AR Jw A IS R s, o,
WRAT TR R R A XS L, FESC R, AR 2
TREEaR, 75 RS3 A AL, AT EA
A, 7R85 2K |, B R LR )
o 5 AR BRI 2 OEARDG, b, RS S
FLAT VAT Ja8 R0 SUbE AT 1 Ja8 =F 3 i 2 4 1 (P<0.05), 1 822
T e = B W Jnd AT 8 5 =5 SR 3 A P 3 T A A
PER L, BEA AR GRS & 3G 0, B 3 R R AR AL P
RG] UL, FE DR A S I AR B e A AR A
IRAT TR R Y i, IR B S N SIAT R R - FLAT B R L
AT P Y it

R, BAEIE 5 SR A O, B an
P2 FT 1R (Helicobacter )5 1 fi1(Mal acocher sus tornieri)
WL IfiLJE A 5<(Stacy et al, 2010), 44l JH2FT 1 (Helicobacter
pylori)—fh B K AR LA, BRAS 15 5 77 5 FH BT
e 19 % 1. (Oreochromis mossambicus) (Abdel-Moein
et al, 2015), i FLAT B AUBUEE AT B X 1 1 1R AT 7 EL AT
ARG B3I 4F F (Wang et al, 2013, 2014), FEARFS
o, SR R R B TR SR AL B R R, HAERS3,
RS4R3 T B (P<0.05) 5 10 LT T8 Jas A SUBFT T
TR SR 2 R W s o I it AR AR R T TR
AL PR B EE AR AT, LA RO s ST TR ADBUE
FrTEJE I &, JFA0 G RAT 8 (193 58 (Mahady et al,
2003), FEARIEAT I BRI (<7 2255, 2014), H
HAEFVLEA it — 2L UEFEoT . ok, & &IMA
ST T B 1Y BT S e 2 v AR T, AR BT
B AR 5B TR ERRNO,, BB IE I UK
AR, AIRSA TS FLIRAT B . OBUBEFF 1R A A 4 20
Bl T AR ARBE S (AR5, 2016), ABF5ET,
AT R « FUAT T FOSUE AT 3 %) 3 B AF SE 50 0
IR BT, Sar AR AL, T RE S
WIS AR A G, BARPLEIA feiE— 2P 50k . ZLAT
TR i UL A i e, He, FLIR AR A RS fin
FE LGN Z N, AN ARE R, o4
1E JLEN 5 5 HF (Litopenaeus vannamei) (Wang, 2007) £/
K ffi(Larimichthys crocea) (filifflgi %5, 2018)H175 %)

RAF BN o RUEFF 1 0T 72 BB T8 A W 2s BE b, LA
RHL 1 200 TR AR (R UE A%, 2007), HACEIRE ™4 H
MK AR, EESA P IHERTE 2, DU Ik 21990 1 9 Ji
WAKMER . BUERE, MARBXT R FE A K
BB I HIE, XA ST R . LT
e TR AT T i 14 R RS B — 2 AR AR o X PP 4
TERS3 . RS4RI W o I Y 4R0 Ak v iy i AR
TR L3 (100~150) mg/kghf, REAT Rk A B 1Y)
FRiB R RE, X T4 e fR R A EEE X,

4 it

ZE L TR, TEGDREF A IN(100~150) mg/kg A IfiL
MR B B8 A 28 B v v A e g 1 R R b B TR B 2 A
KFEBER R, BGE B R L R TR SE A o AHE
GEARAR T IR BT r A2 8 i T b B I R AR S R 1)
EEAF R, FERBULE AR AR RE A R0 i SR 5 i 1
B, TREE, SRS AT . FLAT R R ST R
) BE o ASBIR GRS I 2 & 73 2K, k-8 o4
%5, HIBeHLEA R — LR AW .
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High-Throughput Sequencing Analysis of the Effects of
Sanguinarine on Trionyx sinensis Intestinal Microbiota

CHEN Zhennian1’ WANG XianingI’ LUO Laitingl, WANG PeiI’
TU Kaifa', YANG Tao', HU Yazhou'", XIONG Gang®”

(1. College of Animal Science and Technology, Hunan Agriculture University, Changsha 410128;
2. Hunan Biological and Electromechanical Polytechnic, Changsha 410127)

Abstract To study the effect of sanguinarine on intestinal microbiota diversity in Trionyx sinensis,
480 individuals [initial weight (31.75+7.20) g] were randomly selected and divided into four groups.
Three experimental diets RS2, RS3, and RS4 were formulated with 50, 100, and 150 mg/kg sanguinarine,
respectively, and no sanguinarine was included in the control group. At the end of the experiment, the total
DNA of the midgut tissue was extracted and the 16S rRNA V3-4 region was sequenced. The results
showed that the total number of operational taxonomic units (OTU) in experimental groups was
significantly higher than that in the control group, and the complexity and richness of intestinal flora was
also significantly higher than that of the control group. Analysis of the structure and composition of the
intestinal flora revealed that RS1 and RS2 were closer in structure, whereas RS1 was farther away from
RS3 and RS4. Proteobacteria and Chlamydiae were the dominant phyla, and Helicobacter was the
dominant genus. Helicobacter abundance in experimental groups was significantly lower than that in the
control group, whereas the abundance of Acinetobacter, Lactobacillus, and Bifidobacterium were all
significantly higher than that in the control. Therefore, the study demonstrated that adding an appropriate
amount of sanguinarine (100~150 mg/kg) in the feed could effectively promote intestinal flora diversity
and richness, and improve the community structure of T. Sinensis intestinal flora.

Key words Trionyx sinensis, Sanguinarine; High-throughput sequencing; Intestinal microbiota

D Corresponding author: HU Yazhou, E-mail: 949186029@qq.com; XIONG Gang, E-mail: 949186029@qq.com



