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study on Bacteria Diversity in Chicken Intestinal Tract by Molecular Approach

165
rDNA
5 (duodenum)
(jejunum) (ilium) (large  intestine) (caecum)
Restriction Fragment Length Polymorphism  (RFLP)
212
Haelll Rsal 212
8
8
Genbank
5 8 Uncultured bacterium
clone SITU (EF403242.1) 99 % Uncultured bacterium clone
cc 99 (GQ175432.1) 9 % Uncultured bacterium clone cc 99
(GQ175432.1) 9% % Lactobacillus aviarius strain: LAV7
(AB175732.1) 99 % Lactobacillus aviarius strain: LAV4
(AB175729.1) 98 % Uncultured bacterium clone EI (AM500763.1)

99 % Uncultured bacterium clone SI-25 (GQ898117.1)
9%  Uncultured Bacteroidetes bacterium clone M0015 (EF071148.1)
9 %



Study on Bacteria Diversity in Chicken Intestinal Tract by Molecular Approach
Abstract

The study on bacterial diversity in the chicken intestinal tract was identified and
compared the community structure in different regions of the intestinal tracts of chickens. The
165 rDNA sequences were analyzed from the five parts of the duodenum, jejunum, ileum, large
intestine and caecum. The DNA fragments (RFLP) from 212 clones were analyzed by using
species specific PCR, enzyme Hagin and Rsal. There were identified as eight different bands
which were compared to the GenBank Data Base. The results indicate that there are eight groups
of bacterial community from the five parts of chickens” intestines. They are Uncultured bacterium
clone SJTU(EF403242.1), Uncultured bacterium clone - CC 99(GQ175432.1), Uncultured
bacterium ~ clone  CC 99(GQ175432.1), Lactobacillus -~ avarius  strain:LAV7(AB 175732.1),
Lactobacillus avarius strain:LAV4(AB 175729.1), Uncultured bacterium clone E1(AM500763.1),
Uncultured bacterium clone 51-25(GQ898117.1) and Uncultured bacteriodes hacterium clone
MOO015(EF071148.1) which are 99%, 95%, 95%, 95%, 99%, 98%, 99% and 99% identical to the
GenBank Data Base, respectively.
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(Gastrointestinal - system)
gut-associated lymphoid tissue (Resident microflora)
(Dibnex and Richards,
2004)

| (Beneficial - microbes) 1)
competitive_exclusion (Gabriel et al., 2006)
6- glucanase  Aspergillus liiger GPB - glucanase Trichoderma

longibrachiatum (Mottaghitalab and Ebrahimiyan, 2007)



10-20

165 rDNA
165 1DNA
(Madigan and
Martinco, 2006)
165 rDNA
(Bioinfonnatics)
1)
165 IDNA
2)
]
2) 165 rDNA
3) 165 rDNAt
4
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(Literature review)

( , )
1. (small intestine) (duodenum)
(loop) Duodenal loop (pancreas)
(pancreatic juice) (jejunum) (ilium)
2 (caecum) 2
(ileo-caeco-rectal junction)
Duodenum Jejunum
Anus
Bursa
|1e0-caeco-rectal junction Meckel’s diverticulum
1 ( , )
3 (large  intesting)
10 1

(cloaca)



Cloaca

Peristaltic movement Electrolyte
Electrolyte

(culture dependent method)

pH
10-20
(molecular biology ~  culture-independent method)

(Zhengdong et al., 2002; Kamara, 2005)

(DNA sequencing)
Ribosomal
RNA gene ( ,2545)
L Ribosomal RNA (rRNA) 165 rRNA gene
108 2
50S  (large  subunit) 30S  (small  subunit)
23S IRNA 2,904 5S rRNA 120
34 165 rRNA 1541

A (2547 RNA

rRNA

(Madigan and Martinco, 2006)



165 rRNA gene
165 rRNA gene 5S

rRNA gene 120
165 rRNA gene 1500 235 TRNA 2,900

(Deng et al., 2007) 165 rRNA gene

(alignment)
(Madigan and Martinco,
2006) (2547) 165 rRNA gene
165
rRNA gene
165 rRNA gene
165 rRNA gene
2 165 rRNA gene (Staley et al., 2007)

. 1923 David Bergey
4

Bergey’s Manual of Determinative Bacteriology

Bergey’s Manual of Systematic Bacteriology
rRNA gene

2 Bergey’s Manual of Systematic Bacteriology-2nd ed. Emphasis on 165 rRNA



sequence  phylogenetic  classification
5
1 (Archeae & Deeply Branching &

Phototrophic Bacteria)

2 (Proteobacteria)
5
3 G+C (The Low G+C Gram-positive
Bacteria) 3 Myroplasma ~ Clostridium
Bacillus ~: Lactobacillus
4 G+C  (The High G+C Gram-positive
Bacteria) G+C G+C 50
5
(Planctomycetes, Spirochaetes, Fibrobacteria, Bacteroidetes & Fusobacteria)
rRNA gene

(Mead, 2000)



anaerobic bacteria cecum 38 (Bames, 1979
10-60% cecum
(Mead, 1939)
Jiangrang et al. (2003)
165 1DNA ileum
Lactobacillus 70% Clostridiaceae 11% Steptococcus 6.5%  Enterococcus 6.5%
cecum Clostidiaceae 65%

Culture-independent approach

Culture-independent  approach
Culture-incependent approach

(Deng et al., 2007)

L 165 rRNA gene (16S rRNA gene libraries)
165 rRNA gene
(cultured)
(Uncultured)
Gene cloning
(
2547, McSween ey et al., 2007) ( , 2533)
1 (gene)
(total DNA)
(polymerase chain reaction, PCR) (primer)



2 1 (vector)

3 (host)
4, (recombinant’ DNA) (host)
(transformation)
Cell envelope
Competent  cell ~R~ (screen)
2. (RFLP, Restriction Fragment’Length Polymorphism)

(restriction  enzyme)

(recognition site)
4 6bp

(5



(Augustin et al., 1994)

3, (DNA sequencing) (Mulhardt, 2007)
970 2
1 Maxam-Gilbert sequencing Alian Maxam  Walter Gilbert
2. Didoxy sequencing Sanger Sequencing Fred Sanger

Automate machine

Dideoxy sequencing Dideoxy
chain terminating method DNA polymerasel
(dlenature) Sequencing primer
3
Sequencing primer
DNA  polymerase 1 Deoxyribonucleotice 4
(dATP, dTTP, dGTP, dCTP)
3 Sequencing primer

Deoxyribonucleotide 4~ (ddATP, ddTTP, ddGTP, ddCTP)
(chain terminator)  Didexyribonucleotide 4

DNA  polymerase 3™-OH

Didexyribonucleotide 3-H 3’-OH

DNA polymerase 1 Didexyribonucleotide
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Deoxyribonucleotide

Phosphodiester bond ~ 5'-P
AT C G
PCR DNA
] 1
Thymine (T)
G C

Polymerase Chain Reaction
DNA Replication
..2528  Kary Mullis

PCR

3'-OH !

Deoxyribonucleotide

R \\ ' )
Deoxyribonucleic (DNA)

4 Adening (A), Guanine (G), Cytosine (C),

2

(Albertsetal., 1983)
(gene)

(PCR)

Cetus Corporation PCR
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(gene cloning)
(gene sequencing) (DNA probe)
MRNA (in vitro mutagenesis)
(point mutations and deletions)
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3 10
duodenum
Meckel’s  diverticulum jejunum Meckel’s
diverticulum ileocecal junction ileum caecum large
intestine - 80°C.
2)
300 extraction buffer
-20°C 30 05°C 10
3 lysozyme SDS 31°
30 proteinase K aRi~e? | |
phenol-chloroform ahsolute
ethanol 10% ethanol
-20°C
3) 165 rDNA
Kanokratana et al., 2004
BSF8/20 = 5*-AGAGTTTGATCCTGGCTCAG-3’
REVB = 5-GGTTACCTTGTTACGACTT-3’
1 25
0.5 ng, IX Buffer [75mM Tris-HCI, 20mM (NH42504, 0.01% Tween
20) with (NH42 4, 400 pM dNTP mix, 2 mM MgCl,, 0.4 pM,
Taq DNA Polymerase 0.05
(thermocycler)
94°c 3 1 3

9°c 1 50°C 1 °c 1 45



°c 10 1

1%

Gel Extraction Kit

4) E. coli
165 rDNA
T4 DNA - Ligase 3
E. o0z heat shock (Sambrook et al. 1989)
E. coli 100 pi ! 10
13 20 pi
30 42°c 90
3 LB
(Luria-Bertani) i 200 Jc 1
LB plate
31°c 12-16
165 rDNA blue/white screening
5 16S rDNA
(replica) (master plates)
IX Tag Buffer, dNTP 200 pM, MgCI22 mM |, M13F (5-
GTAAAACGACGGCCAGT-3) ML3R (5-CAGGAAACAGCTATGAC-3) 0.2
M, Taq DNA Polymerase 5
20
(themalcycler)
9°c 3 30 %%
C X 50°c 40 12°C 2
7°c 10 1

14



6) 165 rDNA
3 il Rsal
Hhal 20 20 1
1 37°C 12-16

165 rDNA GenBank
BLAST  (http://www.nchi.nlm.nih.gov/)
(phylogenetic tree) Neighbor-Joining (Saitou and Nei, 1987)
9)
(GenBank ID)
GenBank

15


http://www.ncbi.nlm.nih.gov/

165 TRNA  gene BSF8/20 REVB
PTZ5TRIT
Competent cell Escherichia coli . DHCX

MEGA 4

(Anetal., 2005)
0.8 %
©100 30
Lambda
Hindm 23.1 kb 2
Lane 1
260 (AZ) 2.17

230 (AZ) 280 (AZ)

AZJAZ) DN (duodenum) 163,

JJ (jejunum) 160, LI (large intestine) 170, cc (caecum) 169 M

(ilium) 169  AX) AZ) DN 188, JJ 139, Ll 2.13, CC
192 M 157 2

(Harry et al., 1999; Miller et al., 1999)



0.8 %

M DN W L CC M

23.1kb

0.8 % Lane M (100
Lambda Hind (I11) Lane DN (duodenum) Lane JJ (jejunum) Lane LI (large
Intestine) Lane cc (caecum)  Lane IM (ilium)
5

16S rRNA gene library
L 165 rRNA
165 rRNA 3

121375



BSF8/20  REVB (Kanokratana el ., 2004)
1% 100
40
100 bp DNA Ladder
1,500 bp 3

M~ J DN cc LI IM

1,500 bp
165 rDNA gene
' 1% Lane M
(100 100 bp DNA Ladder) Lane DN (duodenum) Lane JJ
(jejunum) Lane LI (large intesting) Lane cc (caecum) Lane IM (ilium)

5

18



(-1,500 bp)
QIAquick Gel Extraction
Kit
1% 100

40

100 bp DNA Ladlder 1,500 bp
4

4

1% Lane M (100 100 bp DNA  Ladder)
Lane 1

19



(pick up) MI3F  MIL3R
08 %
100 30

100 bp
DNA Ladder 165 rRNA gene 1500

bp 1,500 bp

5 -9 DN (duodenum)

85 3 (jejunum) m IM

(ilium) 120 LI (large intestine)

107 cc (caecum) 191

M 24 ¥|(¥ &5 qheastaiiaa® 10° dIWACLS @ 9 16 17

5 DN (duodenum)
165 rRNA gene 0.8%
Lane M (100 100 bp DNA Ladder) Lane  1- 7
165 rRNA gene

20



M T 23 4 5 6 78 9 1010 22 13 14 15

1,500 bp
1,000 bp
6 JJ (jejunum)
165 rRNA gene 0.8 % Lane
M (100 100 bp DNA Ladder) Lane 115
165 rRNA gene
M A2 ST AV N ~
PO IKMWMW wim*zrm
1,500 bp
1,000 bp
® t n
1 IM (ilium)
165 rRNA gene 0.8 % Lane M
(100 100 bp DNA Ladder) Lane 1.7
165 rRNA gene

21



MIT 23 4567 8 9 10U 2 BU BKIWK W

LI (large intestine)
165 rRNA gene 0.8 %
Lane M (100 100 bp DNA Ladder) Lane -7
165 rRNA gene

22



M1 23 4567 89 10112 13 1415170

9 cC (caecum)
165 rRNA gene 0.8 % Lane
M (100 lkb DNA Ladder) Lane — 1-17
165 rRNA gene
2

(Restriction Fragment Length Polymorphism; RFLP)

1 Rsal Haelll 3%
100 90
100 bp DNA  Ladder
Phyiotype
! 614 212
Duodenum & 4
3
3

23



Genbank Duodenum

Lactobacillus aviarius strain: LAV7(ABL757 32.1) 9 %
Uncultured  Bacteroidetes bacterium (EF071148.1) % %
Uncultured bacterium clone cc 99 (DQ071521.1) 9% %
Jejunum 111 80
8
8
Genbank Jejunum
Lactobacillus aviarius strain: - LAV7 (AB175732.1) 9 %
Uncultured Bacteroidetes bacterium (EF071148.1) 96 % Uncultured
bacterium clone SJTU (EF403242.1) 99 % Uncultured bacterium
clone 125 (GQB8981LT.L) 99 %  Uncultured bacterium
(AM500763. 1) 99 % Lactobacillus aviarius strain: LAV4
(AB175729.1) 9% % Lactobacillus aviarius strain; LAV7
(AB175732.1) 9 % Uncultured bacterium clone cc 99
(GQ175432.1) % %
[lium 120 19
3
3
Genbank Ilium Lactobacillus
aviarius - strain: - LAVT (AB175732.1) 99 % Uncultured
Bacteroidetes hacterium (EF071148.1) % % Uncultured
bacterium (AM500763 .1) 99 %
Large intestine 107 20
Genhank Last intestine
Uncultured bacterium clone SI-25 (GQ898117.1) 99 %

24



Caecum 191 89

5
5
Genbank Caecum
Lactobacillus aviaries strain: LAV7 (AB175732.1) 9 %
Uncultured Bacteroidetes bacterium (EF071148.1) 9 % Uncultured
bacterium clone SJTU (EF403242.1) 99 % Uncultured bacterium
clone cc 99 (GQL75432.1) %%  Uncultured bacterium clone
1-25 (GQ898117.1). 99 %
Phyiotype
10- 14

25



1,000 bp
500 bp

400 bp
300 bp

200 bp

100 bp

10 0 DN (duodenum)
7%l Haewl 3%
Lane M (100 100 bp DNA Ladder)  Lane
1-14 tisal  HaeWl

26



MIT 2 3 4567 8 9101 12 13141516M

1000p

1
%8l Haelll
Lane M
1-16

3 (jejunum)
3%
(100 100 bp DNA Ladder)  Lane
tial  Haelw

21



M1 2 3 4 5 6 78 910 10283 U IDH B

1,000 bp
500 bp
400 bp
300 bp
200 bD
100 bp

12 IM (ilium) Vi

Haelll 3%
Lane M (100 100 bp DNA Ladder) = Lane 116
tiial  Haelll

28



M 12 345 678 9 1010 121311415161V

13
Rscil ~ Haelll
3% Lane M
DNA Ladder) ~ Lane 117
sl Haelll

29

LI (large intestine)

(100

100 bp



M 12 34 56 78 9 101U 121314 1516

000 bp_
500 bp_
400 bo- . -
300 br- 1T
200 bp- ‘ |
100 bp_
I
14 cc'(caecum)
A Haelll 3%
Lane M (100 100 bp DNA Ladder)  Lane
1-16 flsal - Haelll
BLASTN (basic local alignment search tools) NCBI
(% identity) (% similarity)
Duodenum 1 Lactobacillus  aviarius
strain: LAV7 (AB175732.1) 9 % 2
Uncultured Bacteroidetes hacterium clone M0015 (EF071148.1) 98 %
1 Uncultured bacterium clone cc 99 (GQ175432.1)
% %

30



Jejunum 20 Uncultured bacterium clone
cc 99 (GQ175432.1) 9% % 52 Lactobacillus
aviarius strain: LAV (AB175732.1) 99 % 12
Lactobacillus aviarius strain: LAV4 (AB175729.1) % % 2

Uncultured bacterium clone EI (AM500763. 99 %
1 Uncultured Bacteroidetes bacterium clone M0015 (EF071148.1)
B % 1 Uncultured  bacterium  clone
SJTU_AL 5 23 (EF403242.1" 99 % 1
Uncultured bacterium clone  1-25 (GQ898117.1) 99 %
|leum 16 Uncultured Bacteroidetes
bacterium clone M0015 030 (EF071148.1) % % 1
Lactobacillus aviarius, strain: LAVT (AB175732.1) 99 %
2 Uncultured bacterium clone EI (AM500763.1)
99%

Large intesting 20 Uncultured bacterium
clone 1-25 (GQ898117.1) 99 %

Caecum 2 Lactobacillus aviarius, strain;
LAVT (ABL75732.1) 99 % 3 Uncultured
Bacteroidetes bacterium clone M00L5 030 (EF071148.1) 9% %

46 Uncultured bacterium clone SJTU AL 5 23 (EF403242.1)
9% % 15 Uncultured bacterium clone cc_99 (GQ175432.
1) % % 22 Uncultured bacterium clone
1-25 (GQB98LLT.L) 99 %
Jejunum
Lactobacillus aviaries

Uncultured bacterium Large intestine
Caecum 1

31



5
Phylotype Neighbor-joining  (NJ)
(Nucleotide substitution) — Kiruma-2-parameter

model MEGA 4
Bootstrap test 1,000
Jejunum JJ17, 0039, 03 JJ6 Lactobacillus
aviaries AB1757321  AB17571291 9% %
J)93 Uncultural bacterium IM14 CC30
lleum . Ceacum Large intestine
LI65 Uncultured bacterium
GQB898117.1, EF403242.1  EF0711481 CC43 Ceacum
Uncultured bacterium GQ175432.1
15

32



Section

Duodinum

Jejunum

lleum

Clones

20

52

16

Closest specie

AB175732.1
EF071148.1

GQ175432.1

GO175432.1
ABLT5T3.L
ABLT5729.4

AB175729.1
EF071148.1

EF403242.1
GQB89811/1

EF071148.1

AB175732.1
AM500763.1

Description

Lactobacillus aviarius, strain:LAV7

Uncultured Bacteroides bacterium clone
M0015 030
Uncultured bacterium clone cc 99

Uncultured bacterium clone cc_99
Lactobacillus aviarius, strain: LAV7
Lactobacillus aviarius, strain:LAV4

Uncultured bacterium clone El

Uncultured Bacteroides bacterium clone
M0015 030

Uncultured bacterium clone SITU AL 5 23
Uncultured bacterium clone S1-25

Uncultured Bacteroicles bacterium clone
M0015 030

Lactobacillus aviarius, strain; LAV7
Uncultured bacterium clone El

3

|dentity

99%
96%

9%

95%
99%
98%

99%
96%

99%
99%

96%

99%
99%



contig JJ17
63 contig JJ39
55 contig JJ3

g ABLTSTEL
%| AB175729.1
contig JJ6
— AM500763.1
100 g contig CC46
6Q175432 1
9 gg Contig | 165
6Q898117.1
97 EF403242.1
' N W
contig 1393
— Contig IM14
83" Contig CC30
5
02  Evolution distance 1

(Node)

Bootstrap test ~ AB175732.1  Lactobacillus aviarius gene for 165 rRNA, strain:
LAV7, AB175729.1 Lactobacillus aviarius gene for 165 rRNA, strain: LAV4,
GQL75432.1  Uncultured bacterium clone cc 99 165 ribosomal RNA (rrs) gene,
EF403242.1  Uncultured bacterium clone SJITU Al 523 16S ribosomal RNA gene,
EF0711481  Uncultured Bacteroidetes bacterium clone M0015 030 165 ribosomal RNA
gene, AM500763.1  Uncultured bacterium 165 rRNA gene, clone EI  GQ898117.1
Uncultured bacterium clone S1-25 16S ribosomal RNA gene
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1)

Section ~ Clones  Closest specie

Large intestine
-0 GQB8YBLLTL

Caecum
2 AB 1757321

3 EF071148.1

46 EF403221
5 GQLTS432L

22 6089sLLTL

Description

Uncultured bacterium clone S1-25

Lactobacillus aviarius, strain - AV

Uncultured Bacteroidetes bacterium clone
M0015 030

Uncultured bacterium clone SITU Al 5 23
Uncultured bacterium clone cc_99

Uncultured bacterium clone ~ 1-25

34

|dentity

99%

99%

96%

99%
95%

99%



165 rDNA 5 Restriction  Fragment  Length
Polymorphism (RFLP) 212 614
Haelll  Rsal

b 8 Uncultured bacterium clone SJTU

(EF403242.1) 1 99 % Uncultured  bacterium clone cc 99

(GQ175432.1) 9% % Uncultured bacterium clone cc 99

(GQ175432.1) 9 % Lactobacillus aviarius strain: LAV7

(AB175732.1) 99 % Lactobacillus aviarius  strain: LAV4

(AB175729.1) 98 % Uncultured bacterium clone EI (AM500763.1)

99 % Uncultured bacterium clone = 1-25 (GQ898117.1)
9%  Uncultured Bacteroidetes bacterium clone M0015 (EF071148.1)
% % Jejunum
Lactobacillus  aviarius
Uncultured bacteria
Caecum

Lactobacillus aviarius
Jejunum
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