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il £ 4> ¥1 ( Amplified ribosomal DNA restriction
analysis , ARDRA ) 77 73 M7 A~ [7) it o 22 e i 3 Y
FETE 9B T W3 F & A ny 28 4k, #2220 PCR-
DGGE A 5 i fn i N Il W a2 A s 10
PR, A Z M7 5 BORT7 % RE B LS 0 B A
0 SRS I8 T AN TR i Ao 5 i fi T N AR R £
ARAY, AT Sl TR R AR T G e i R A AH LG
FATF & A U as A AR P S 5 M

1 #oRAn 7 %

1.1 ##
1.1.1 #EK5KE K& Ak FH i 505 A Te FaR
AN 734, d b BB B AL S TR A
1.1.2 FEUSIRF: DCode™ system A5 P4 ¥t
JREHLIK R GE A 164 — 5050 Ak i I L kA ( 5 Bio-
Rad /3 F]) ;Syngene Gene Genius SEAE RS R G0 FEH
BHE( FI) HBRA T ] PCR X (R ABLAH) . 40
PREEI 4] DNA $2HUGR & Bobn /Mg & Rz S
il DHSa Al Gene Green Yt (A ( KARAEALRIE A
FRANHE],JEED) ; Tag DNA RABEESE FREITEME NI
fi§ Afa 1A Msp 1. J50K: pMDI19-T (4% TREA BRA
A, R ) 5 BN WEEE I [ SR o 2R DN s O e B
IR & (& E OMEGA A H]) ; #5514 . DNA
Sy F-EARE AL R (A T A TR A B
OEl) o A S R A N
1.2 REFEF

AR H T IEME T R 2 4 WA I 5
TR a4t o0 4 X, P X6 IR 41 IR 2 38 /K IR I 15
min J5 SR BT 8T 68 SR 55 A0 XK 0 2 W
200 mg/kg NaF YRS 15 min J&5 H 2R BT A0 5
FZM A8 hMEE 1R, —K3K, #S5I3 REX
AH10 kA, UK 36 h %1,
1.3 FEMAEEEZ DNA 2EFIZHE 16S rRNA
Fr 5414

BULER G B R A1 75% BSR4 OF7E
ST MR . O A1 T il K A, iU Ay
JV T P9 R N 25, B B L R B I B 0 A R
20 PR 2 i B EL AR R A T DL R AR A AR R (b
70) A BRSNS F 40 L R 20 DNA 2B £ ( DP302)
VLI BRI 4 28 1% WO B RE HHBE IS v TR A ( 24 23
kb) JG T — 20°C UKAFH R AF. LA 42 HCAY 41 7 56 1R 21

DNA {ERBH, #4018 16S vRNA FE K38 514
27F (5'-AGAGTTTGATCCTGGCTCAG-3") il 1492R
( 5'-GGCTACCTTGTTACGACTT-3") # 47 4" 44,
50 pLy Ak £ .4 wL DNA i, iF 6 #1651 4
(10 mol/L) 4% 1 uL, 10 x PCR buffer (Mg** plus)
5 wL,dNTP Mixture( 4% 2. 5 mmol/L)4 pL,Tag DNA
BAWEF(5 U/uL)0.3 wl, KAk #ME 250 pl,
SRR N :94°C FiAEYE 5 min;94°C 725 40 s,55°C
Bk 40 s,72°C FE A 1 min, 35 NE R 72C 1T fif
10 min;4CHRAF, § =2 1. 2% BEAG HEGE I
TKAEIN (29 1.5 kb)) , BN A B Mg [l Ac ik ) e ik
TTEALJE T - 20°C VKA DR AFE 45 AR Ry o B SR 1Y
PN f5 2258550 PCR BREAR
1.4 16S rRNA X EMHESHE

1.3 4ifbf5 1 PCR 74, ' pMD19-T #R {4
PR IR 8 A B2 25 41 DHS o Hf, 23 1) # 7t
16S rRNA FEPR SO, A SO 0 34 1% 5 40 ok 1Y)
FHEFERE T 40 A, TR /MRS , LR BUTRLAE A
Bt H] 27F F1 1492R S35 |47 PCR 973 153>
W251.5 kb, FHBR &% N VIR Afa T F0 Msp 1T X}
PCR 434 7= A7 XAV (37°C YT 1 h) 2 )
P2 3% SR WEEE A L UK R I 45 381 5 B 1 )
I AREZ RS S 5 % BE4 SCPE A i BT e e 1
AT oy AL, B — B 2SR RD A — A B fE oo
(operational taxonomic unit, OTU) R TR
OUT My seFE R AN 258 & —FF  E R G 2K bl
oy BT DAk — AR TR, W S5 SR
BLAST #1 RDP ( ribosomal project )
classifier'*' 55 GenBank %4 & [t %, 3 Rio-DAP
AR 2 FE TR 5
1.5 #3 PCR-DGGE

¥ 1.3 aifb 5 B9 PCR 724, i 1 519
343F-GC (5 -CGCCCGCCGCGCGCGGCGGGCGGE
GCGGGGGCACGGGGGGACTCCTACGGGAGGCAGCA
G-3") Fl F W5l ¥ 534R (5’ -ATTACCGCGGCTG
CTGG-3") X 40 16S rDNA f{) V3 7] 28 X gk 474"
el R R IR 1.3, BRI PCR AR
94°C 5 min;94°C 40 5,65 —55°C 1 min( - 0.5°C/
Cycle) ,72°C 30 5,20 MG ;94°C 40 5,55°C 1 min,
72°C 30 5,30 MEH;72°C ZEAH 10 min; 4°C {57,
H B F- B2k 200 bp, 45 2% B NS0 B IR i, 1k R
Ja, T - 20°C UK 46 IR 77, R H] Bio-Rad 24 7] Y

database
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DCode ™38 HI 5 AE K5l 2R Ge 4T DGGE vk, HUEE
A PCR =¥ 15 pL 5 3 pL 6 x Loading Buffer JE4
I Z SEREFL R 3R DI Tt Joe 22 P BE IR K 8%
ARPERR BEEE S 30% -60% , HLVKTEfH R 60°C 1H
JE150 V R i#4T 4 he HLUKSE AT ORI A
200 mL Gene Green {0 12 YL 25 min, Z )5 i
Syngene Gene Genius BERE NG RGEFAM, VI Rk
B 25 LA 20 pL K@ 4k, 4C % 5
- 20°CHRAF, Bl S 4l A 5 5 pMDI19-T 44K
PEAT I PRI PE e B ik 28 1o 2k T E A7 )y
45 S 7E NCBI (http ;//www. ncbi. nlm. nih. gov)
8RS CRF S EAR T ¥ 51
1.6 REREDH

JFAX L TE RS , B GenBank 4 1 ke &
(R B = B33, Clustal X 35T 207 51)
EEXH, FH MEGA 5. 05 FfF Y& Heik (N- i) # i

REPAW T RE LT W, I RDP
classifier #7532,

2 HERFupAr

2.1 REHEWAESFENEEIEST

2.1.1 16S rRNA X FEHE T ARDRA 53 # : X 4L
) ST 08 J5 |, AT 2K A T6 Fil 734 A
) OUTs itk 14 v, Horb i 3 AT 6 Fi OUTs AHIA]
(1), #EHIT OTUL ,OTU2 F1 OTU3 K f7mil N
MIOL S TERE, UL B N #:4F 55T OTU4 , OTUS
FIOTUG6, S HEG 554 T6 1 734 il NFRIE AT
OTU1 H1 OTU4 A3 i B R 0 s B g5 i LU A1) B A1
I o5 53 )M 25% /15% 30% /5% F1 10% /5% |
17.5% /5% , Wi#RAE o0 OTU2 B 32 i BE ) va e
B BT E o 12, 5% /17. 5% 10% /30% .

1. XREFHENHEE 16S rRNA TIEXELER
Table 1. Results of bacterial 16S rRNA clone library in the gut of silkworm

GenBank accession Clone No. ( Proportion)

OTU . Strai Phylogenetic
No. (Similarity)  T6-Control T6-Test 734-Control 734-Test ram ylogenehic group
OTU1 g;i;lS;S ! 10(25.0% ) 6(15.0% ) 12(30.0% ) 2(5.0% ) Enterococcus sp. SMG137 Firmicutes
(2
oTu2 I((;,;;O;ili ! 5(12.5% ) 7(17.5% ) 4(10.0% ) 12(30.0% )  Staphylococcus sp. A9 Firmicutes
(a
OTU3 ?5327;42' ! 7(17.5% ) 8(20.0% ) 9(22.5%) 7(17.5% ) Thermus sp. B70-05 Deinococcus Thermus
(2
0OTu4 ]((;;?9)45 : 4(10.0% ) 2(5.0%) 7(17.5%) 2(5.0% ) Bacillus sp. KT12 Firmicutes
(a
OTU5 I(—Ill\:[)g;zl)()& ! 4(10.0% ) 4(8.0%) 2(5.0%) 5(12.5%) Acinetobacter sp. BS6 vy-Proteobacteria
0
KJ174506. 1 Methylobacterium sp. .
OTU6 (100% ) 3(7.5% ) 4(10.0% ) 2(5.0% ) 4(10.0% ) TCI 66211 a-Proteobacteria
OTU7 1(233744;92 ! 1(2.5%) 3(7.5% ) 1(2.5%) - Curtobacterium sp. EGY-WCJ2 Actinobacteria
0
OTU8 KF826885. 1 1(2.5%) - - - Pseudoxanthomonas sp. B14  ~y-Proteobacteria
(100% )
KF442785. 1 Phyllobacteriaceae .
OTU9 (99% ) - - - 1(2.5%) bacterium BAS211i a-Proteobacteria
KC759398. 1 Enterobacter cloacae subsp. .
OTU10 (99% ) 2(5.0% ) - 1(2.5%) 1(2.5%) SR3013 y-Proteobacteria
OTU11 ?;392;4;‘40’ ! 1(2.5%) - 1(2.5%) 1(2.5%) Pantoea sp. An4-1 y-Proteobacteria
0
KJ722475. 1 Exiguobacterium Lo )
OTU12 (99% ) 1(2.5%) 2(5.0%) - - aurontiacum 104NE Firmicutes
OTU13 1550832,3?9 ! 1(2.5%) - 1(2.5%) 3(7.5%) Uncultured bacterium B671 y-Proteobacteria
0
JQ427273. 1 e Uncultured N
OTU14 (99% ) 4(10.0% ) 2(5.0% ) bacterium ANI4CI ACO1 y-Proteobacteria

- : Without the operational taxonomic unit ( OTU) in the library.
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2.1.2 RDP classifier 53 3 #1078 48 &= & & £ 5
BT OUTs {CFE ¥ 413 RDP classifier 7E 284K
o3 H e  ATA T 12 DR (R 1) Bk
J& Enterococcus % BRI J& Staphylococcus Wi &
Thermus . % 0 #T W J& Bacillus, A 31 ¥ &% J&
Acinetobacter | IEFT T J& Methylobacterium J&/INFF B
& Curtobacterium . & ¥ ¥ J&
Pseudoxanthomonas . " ¥ 5 J& Phyllobacteriaceae . %
FFed J& Enterobacter 17 W6 J& Pantoea . T /N FT 0 J&
Exiguobacterium, W3 1 A]Hl , FER B H g Bk
W & Enterococcus F1ZEFFT I JE Bacillus WA A I§,

DA A ERE B Staphylococcus B 4N TE A 1 %
s,

FIH Bio-DAP A= ¥ Z FEPE TR B 1155
A FE i B R T I A AR AR IR H5 BOM 3 &) 4R
oMt mES S (R2), k2 AT, 4
AR Y 5 R AE R /N 87, 5% , 1G] B B
SCPER P & B B R 2R e e, G T AR
PR-HEIRAEE A R R Wb B 5 K & To 19
B N LA 0 R RE 22 T AT R IR A AR R
M 28 i 734 1 i 18 W 00 A6 0 o v 22 1 ) 1Y
Bam,

3R 2. 16S rRNA REXERIBEE M SHIEIRH
Table 2. Coverage and diversity index of the 16S rRNA clone library

Line Species richness Evenness index Coverage C/% Shannon-Wiener index
T6-Contral 12 0.88 87.5 2.18
T6-Test 9 0.95 100 2.10
734-Contral 10 0.83 90 1.90
734-Test 11 0.87 92.5 2.08
2.1.3 R SEE N4 BLAST JPAI X, 4,7 - 16 S =R KN . HP 54 To i N

He S R AR AT (N-) 5 M R gL L 7 it
FERE(E 1), 8 2% OTUs K 16S rRNA 5110 KA B
1] Proteobacteria, H-oH1 6 25 J& T y-Proteobacteria,
S0 R A AT B B Acinetobacter | i B i T &
Pseudoxanthomonas 7 ¥F 7 J& Enterobacter . 17 ¥ J&
Pantoea M T FHEH, 5 2 £ T o
Proteobacteria , i FH 3& 4T 54 J& Methylobacterium F10
FFEE JE Phyllobacteriaceae ;4 5% OTUs 1) 16S rRNA J¥
SN R JERET ], 53 5 R W 3K )& Enterococcus | i
R E R Staphylococcus I H B Bacillus A/
TEE Exiguobacterium ;1 A~ OTU 19 16S rRNA JF# 41|
VA g 5 3R T G AR TR T, O W AR B Thermus; 14
OTU 1Y 16S rRNA J7 5 IH R it £ i 1], Ry /N T
J& Curtobacterium, HFE 1 MK 1 0] Hl , FRNpiE N
FEAPEH BRI T AERER ], A2 1Ak
S 5 K 3K R B Enterococcus | 25 f8 4T 7 J&
Bacillus FIHZER A JE Staphylococcus 47 ¥ 3 J& T
JERERR ],
2.2 REHENMEME L PCR-DGGE 717
2.2.1 PCR-DGGE BEli& 5 #7 : 58 &7 18 N 40 T8
16S rRNA V3 [XJ¥51(1) DGGE i (&1 2) I IE3k44
16 WA, B 2 ATHL 1 -6 545 It A 2%

PEF TR b 25 50 s AR DR AN 7 5 i K 4 734
TER BT BRI A A0 B AR R 9 -
12 SHEAE N 13 - 16 52, WL % 7k 734 1
T IR AL R

2.2.2 DGGE %% FF 5 %t bk 53 47 : U1 it DGGE
KIE E A i 450 2 00)F J5 5 GenBank $40E P2 L
XF(F3) . B3 AALT ML 54 R
J& Acinetobacter, 2 Fl 6 5 577 Ml N B
Thermus ,3 5 A E/MT & Curtobacterium ,4 F15 5
S R AT H R Methylobacterium , 8 .12 13 =
SRR R Bacillus 9 10 5 2574 4 7 3R
J& Enterococcus |14 ‘5 5717 NG ER FR A, 15 54
TR BB B Pseudoxanthomonas ,16 B4
FFea & Phyllobacteriaceae ,iX ¥6 5517 7 GenBank (¥
JE X eh A R R Rl I . DGGE 6l i 8 4 Ji 1
WA RO TERE I WIEN R Thermus AN SR
Acinetobacter ./ IEH & Methylobacterium 4G /N
W& Curtobacterium , 3¢ A% JL J& 240 8 X AL W) 1 52
Ml AR, TR 2 TR R ESUER R 9 .10 S nEkiE
J& Enterococcus M , F1 8 12 5 ZFfUAT B J& Bacillus
40T, U B JRCAE B T RE X I T 1 4 T AR
il
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82
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68 | Enterobacter cloacae subsp. SB3013 (KC759398.1)
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Curtobacterium sp. EGY-WCJ2 (KJ524492.1)
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99 | OTU3

! Thermus sp. B70-05 (AF407742.1)

98| Exiguobacterium aurantiacum 104NE (K1722475.1)

80

69

LOTU12

94 OTU2
8 Staphylococcus sp. A9 (KC310815.1)

o3| Bacillus sp. KT12 (KJ733945.1)
OTU4

69

OTU1

% Enterococcus sp. SMG137 (KJ784541.1)
67 OTU13

67 | Uncultured bacterium B671 (KF843309.1)

B 1. REFHENAEET 16S rRNA FIHENSEERER B UK

Figure 1. Phylogenetic analysis of bacteria in the gut of silkworm with Neighbor-Joining method based on the sequence of 16S

rRNA. “OTUL-OTU14” represents different band. Numbers represent the sequences, accession number in GenBank. The

number at each branch points is the percentage supported by bootstrap. Bar, 5% sequence divergence.

3 it

JITA A H 1 i T R s o R A R B Ak
P XS 2 5 1 B BN AR L 2
SR SR R EARY A AR ARG 3 1o v e
SCPRYE WL T R AAE 5 W 1 N A i e v
USRI AL (2 1 AN 2) S5 R B A R R
J& Enterococcus F1ZEHFT & Bacillus T F A5 B

5 1 T R TR R BT o L A9 AT T 7 R R
J& Staphylococcus Ft 7 LU T &7, IF HooR 8 5 K &
VB R 2R A A U, BRI S R I I s
KA i N B RESE

SR SCREIARIG KA TN BRERY 14 4> OTUs
FAL Hr 6 4> OTUs ALAT, 5341 8 A~ OTUs 2y 22
SR, H IR R R Enterococcus | 1 A TH &
Thermus FIAZNFTH & Acinetobacter iX JLE R & il
PSR 55 AR A5 0T A I 45 R — 30, AR



TR« AR A T g 3 el A M R R ) R WL/ AR 541 (2015) 55(7) 931

To6-test 734-control 734-test

T6-control

B 2. R&ERENHE PCR-DGGE
Figure 2. PCR-DGGE profiles based on 16S rRNA of

bacteria in the gut of silkworm.

J& Thermaus 4T RE 7 Az A SREME Tl 1 3 453 6, DA T E
s ) F 2 R OR O E E BT R B AF
Acinetobacter RE A5 & £ 111 Tl | T 03 1 1 JIi U it , 3
SETi AT B T o A R B SR BT AR, T2 Bk
B Pantoea TN Exiguobacterium ¥ Hg = A JE
WG, REHE B R A IH L 205 A FT ) Enterobacter

PR AR I AR R A i T P Y R A
FHARAEF 38 TR P17, (5328 4 v 1) BAR D g e
T B — 5% . DGGE B 15 5a b SO A 35 i
A E A B AT R R Methylobacterium 5 /INFF
B Curtobacterium R MI R JB Pseudoxanthomonas
AT & Phyllobacteriaceae , X ¥E 40 TR |12 1 yevin
T AR A, HIEFFE Methylobacterium REWS) {2
MR —B AL & YT 2 5 3 R 5 b i B A0E B ad
P22 S/ N Curtobacterium flaccumfaciens
SEREP) 0 — R IR | R S BUE Y TR X
P 20 A ] BE B SR — R A K &R IE N, H
TEfp BN B AE M AN TR, R R
Pseudoxanthomonas )%t $2 T/ ¥k g % 53 fift A7 AL il
K DDT , {H i g 40 & H H BLAE T6-Contral F1
734-Test FEH, T RESS I B0 2 3L A AR 25 5% B
ZE R T R A I AR IREE ) NTTTE A 2 5
mh ik A B i, Sophie %577 & B M FF E R
Phyllobacteriaceae 2 T i F) FH it 12 £ v 1) Z T R A2
PEREI R A K O A0 TR ALAE 734-Test K, 2 1]
2% A T BES 18 IR P R R P K R i A S R B
IR

ZRAY R W B KA R G ER R 8 Enterococcus |
ZEHIFT TR Bacillus FE Z BRI & Staphylococcus Y
WA . SERTRIBEST R, 2 5 A i i
Y ZE KT B Bacillus (58 7N 28 {8 4T B Bacillus

% 3. DGGE %75 NCBI ##REELL 3 25 R
Table 3. Results of DGGE band sequence of alignment against NCBI database

Band No. Closed relative Accession no. Identity/ %
1 Acinetobacter johnsonii HGO08810. 1 99
2 Thermus scotoductus strain SR55-1 KF279363. 1 97
3 Curtobacterium flaccumfaciens KF003415. 1 99
4 Methylobacterium sp. JC259 HG974550. 1 100
5 Methylobacterium rhodesianum clone YBO10 GU430671. 1 99
6 Thermus sp. TC10 GU119889. 1 99
7 Acinetobacter johnsonii strain SW074 KC178882. 1 99
8 Bacillus sp. Al4 KF220427. 1 97
9 Enterococcus faecium strain Bal 12 FJ619708. 1 99
10 Uncultured Enterococcus sp. JF427737. 1 98
11 Acinetobacter sp. PUCM1018 FJ816065. 1 99
12 Brevibacillus sp. HNI109 KF933640. 1 97
13 Paenibacillaceae bacterium DV9-8 GQ407153. 1 98
14 Uncultured bacterium clone AN14C2BH09 JQ428643. 1 99
15 Pseudoxanthomonas sp. Bl14 KF826885. 1 100
16 Phyllobacteriaceae bacterium BAS211i KF442785. 1 99
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pumilus B MR Bacillus atrophaeus AR 2R
¥F B Bacillus licheniformis F1 f# J€ ¥y 2F 8 #T &
Bacillus amyloliquefaciens ) &% 2 I 18 N & ¥4 45 T %2
IRERYA i AR W), 1 SE B A W BE T 2% B L 4
AT DR E R AR R T A, 2R
FFRE Bacillus 35 BE % 73 i F) FH A SME BT RLAF 21 L
Wl EE 1 VER AR AR R ISR, AT LA R A AR
ZRE SR o, P 2 T B Bacillus W] BE 5 5K A
(15 % R B A2 WS D AR DGR (R Ak 4 T
REXT HATHHIVE A, 80T KA xh B 3R I RE 1 1
REAR TR R H 58 T R A A BTG ), A WHoTdiRiE
JBKTA Enterococcus J& 8 A JIp 18 v (1) sy A A ), He
RESEAN i K A 1A L Nosema bombycis , I X} At I
AH—ERAPUEA T R AE 2 ¥R 1 ix)E
20 R 1 2 e P R i I D BT R B AR AL
Prxos i e 4 v AT AR E 2 80T KR ) R
B, AW TR oK & N A AR
Staphylococcus FEEF= g i ), i 5 4 98 P 8 5 1%
o AR W S 22 1 S A AN BR FE 43 R T SR i Y
MRS IR My, X WA et — D ST K
AR BT IS

25 ERTIR ALY BE R 5 i i TE DN AR ) R
REZSAEMEITF IR T i W E S R G, XA
ARREAR T 1 T8 PN T A Tl 124 0% P 0 5 A 1) A B
fliFR a2 B E I, R T i 2 — 2
i 196 5 e J T DA T AT i 2B ), T O T 2 4
PR ZS TR, AR o 58 A 1) el e A DA i i i 7% 4
A& ATSEHR 2P A 8 Bacillus AR
B Enterococcus W K 26 B R X 4% B A 5 4 1F
FHPST SR I & 10 25 28 B, DR MO 4 % % g d
N ZEHIFTF I E Bacillus FERE & Enterococcus HY T
PP RTATIY . BT 25 25 TR RS 2 S A T 1)
B 7 8 A FH T 98 2 2 TR 0 AH DG IR SR TE AR i — 2P
WA Z

5% Xk
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Effect of fluoride on gut microflora of silkworm ( Bombyx
mori)

Guannan Li', Xuejuan Xia®, Parfait Sendegeya' , Huanhuan Zhao',

1 1 %
Yaohang Long , Yong Zhu
'College of Biotechnology,”College of Food Science, Southwest University, Chongqing 400716, China

Abstract ;[ Objective | We examined the effect of fluoride on gut microflora of silkworm. [ Methods | After DNA
extraction and PCR amplification, clone libraries of 16S rRNA gene fragment were constructed. Amplified ribosomal DNA
restriction analysis (ARDRA) was performed by digestion of the 16S rRNA gene, and each unique restriction fragment
polymorphism pattern was designated as an operational taxonomic unit (OTU). A total of 14 OTUs were identified from
intestinal samples of both T6 and 734. Phylogenetic trees of bacterial 16S rRNA nucleotide sequences were constructed
and analyzed. Furthermore, the dominant bacteria were studied by the nested polymerase chain reaction denaturing
gradient gel electrophoresis (PCR-DDGE) technology. [ Results ] After fluorosis, the flora of Enterococcus and Bacillus
reduced. However, the flora of Staphylococcus increased. [ Conclusion ] Fluoride can destroy the balance of microflora in
the gut of silkworm by changing the bacteria diversity and proportion, which has bigger effect to 734 than T6.
Keywords: Bombyx mori, fluoride, intestinal microflora, clone library, nested PCR-DGGE
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