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Pornpimon Buachaoko 2011: Distribution of Tetracycline Resistance Genes and Microbial
Community Shift in Agricultural Soil Through Fertilization with Animal Manure. Master of Science
(Soil Science), Major Field: Soil Science, Department of Soil Science. Thesis Advisor:

Assistant Professor Kannikar Sajjaphan, Ph.D. 113 pages.

The study on the distribution of tetracycline resistance genes in agricultural soil through fertilization
of the soil with animal manure was performed using soil microcosms. In this study, the diversity of tetracycline
resistant genes (fet genes) in the soil microcosms was explored after fertilization of the soil with tetracycline-
free swine manure which amended with tetracycline at various concentrations (0 0.2 20 2000 mg/kg soil). The
certain tetracycline resistant genes tefC tefD fetA tetG tetL tetM and tetO were detected in the soil samples
collected from the microcosms to which swine manure was amended with tetracycline. However, these genes
were detected in almost all soil samples supplemented with tetracycline at all time intervals of soil samplings
while these genes were found only in some manured amended soil samples without prior supplementation with
tetracycline. In addition to those genes, other genes namely; fefB tetO fetS tefP and tefX were also detected in
the soil samples collected at different time intervals from soil microcosms fertilized with manure either
tetracycline-free manure or tetracycline-amended manure. The outcome of this study strongly indicated that an
increase in the number of tetracycline resistant genes was detected in the soil fertilized with manure
supplemented with tetracycline. The concentrations of tetracycline also affected the diversity of tetracycline
resistant genes. For soil fertilized with pig manure with tetracycline supplementation even once or several
times, similar diversity of tetracycline resistant genes was observed from soils fertilized with tetracycline-

supplemented pig-manure, both single and repeated supplementation.

The study of the shift in the microbial community structure in the agricultural soil fertilized with
animal manure was performed using DGGE and the grouping of the outcome of microbial community structure
in the soil samples was performed using UPGMA programme. Analysis of the dendrogram based on the major
patterns of DNA fingerprints showed 3 major groups of bacteria. Outcomes also revealed that soil samples
collected from the same sampling intervals gave almost identical microbial community structure regardless of

the different concentration of tetracycline supplemented in the manure.

Student’s signature Thesis Advisor’s signature
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Sites of action hanisms of resistance

Agents that inhibit ¢ \ Permeability barriers
DNA synthesis: [ .\ F 2
¢ Fluoroquinolones e @ o @

Agents that inhibit
RNA polymerase:
¢ Rifampin

RNA
polymerase

Bacterial &
cell wall
Antibiotic target
-- modification:
Agents that inhibit Ribosorties : - * Altered penicillin-

cell wall synthesis: binding proteins

* Penicillins o Altered DNA gyrase
. . .
@ Eﬁfﬂ’:;‘;";’,‘s"’ Agents that bind to activating enzymes:
« Glycopeptides and inhibit proteii * B-lactamase
(vancomycin) * Aminoglycosides * Aminoglycoside-
» Tetracyclines modifying enzymes
* Macrolides

e Clindamycin
» Chloramphenicol
¢ Linezolid

@ Antibiotic

d' a Aa Y ad aA
MNAN 3 ﬂgﬂiﬂmaxna"lﬂmimumumiﬂg%auzmmumm‘sa

31: Neu (1992)
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d' Y ag Y] [] = A Y ad A A
M1919N 2 ﬂa”lﬂmimumumiﬂ;]mumazm’aﬂmmﬂm Emmumumsﬂgmuzmmm

MWz IRe T rIue

Mechanism

Resistant organism

Antibiotic affected by
bacterial resistance

Antimicrobial inactivation
B-lactamase

Aminoglycoside

inactivating enzymes

* Staphylococcus
aureus

* Haemophilus
influenza

* Enterobacteriaceae

* Enterobacteriaceae

* Penicillins
* Cephalosporins

» Gentamicin
* Tobramycin

Altered target site

Altered penicillin binding
proteins

Altered DNA gyrase or

topoisomerase

* Streptococcus
pneumoniae

» Methicillin-resistant
* S. aureus

* S. pneumoniae

* Enterobacteriaceae
* Pseudomonas

aeruginosa

* Penicillin
» Methicillin
* Cloxacillin

* Ciprofloxacin
* Levofloxacin

* Moxifloxacin

Decreased access to the
target site

Change in outer membrane
proteins or porins

Efflux pump

 Enterobacteriaceae
* P. aeruginosa
8. aureus

* streptococci

* Gentamicin

* Tobramycin

* Tetracycline
* Clindamycin
* Erythromycin

HINYLHA SADWUANISY Escherichia coli, Klebsiella spp., Proteus spp., Enterobacter spp.,

Serratia spp. 0 Salmonella spp.

nn: Mulvey and Simor (2009)
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Manure type Faecal coliforms Faecal streptococci Salmonella spp. Protozoa and others Source
43x10 t0 1.3 x 10° 9.3 % 10’ 0 Unc (1999)
Liquid swine manure 24x10° 72%10"t0 4.5 x 10° 0-5x10 Weigel (1995)
9.5x10"to 1.1 x 106(E,coli) (streptococci-D) (S. infantis) Riiprich (1994)
, 9.3 % 10° .
L 2.4 %10 ) 5 0 Weigel (1995)
Liquid cattle manure 2 6 ] 45x10"t09.5%x 10 1
4.5 %10 to 1.5 x 10 (E.coli) ) 0 Riiprich (1994)
(streptococci-D)
. 6.3%10*t0 1.0 x 10 P Ostling and Lindgreen (1991);
airy sluu .
Y i (enterobacteria) 4.7 x 10 Crane et al. (1983)
. 24 % 10° . Weigel (1995);
Solid beef manure 6 6 1.5 10 0
1.9 %10 to 6.8 x 10 Unc (1999)
o 2.0%10°t0 1.0 x 10’ " ,
Solid dairy manure . Ostling and Lindgreen (1991)
(enterobacteria)
From 25to 1.8 in
) Mawdsley et al. (1995)
healthy animals to 1 x .
5 4 0. . . Clinton et al. (1979)
Fresh cow manure Upto 1.0 x 10 Upto 1.0 x 10 10" in sick animals
(Crpi i Scott et al. (1994)
osporiaium
iy’ Smith et al. (1991)
parvum)
Sheep 6.0 x 10° 6.6 x 10° Crane et al. (1983)
Horse 9.4 % 10" 6.3 % 10° Crane e al. (1983)
Poultry 13x10°to 1.4 x 10° 6.2%10°1t09.7 x 10° Crane e al. (1983)

31 Unc and Michael (2004)
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mimmmmsﬂgmuzmmﬂ«mau Taol tetracycline resistance genes (fet gene) Fuiluou
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Efflux ° Ribosomal protection and/ or efflux

One determinant Two or more determinants One determinant Two or more determinants

Actinobacillus tet B Edwardsiella tet A, D Eikenella tet M Bacteroides © tet M Q
Moraxella tet B Providencia tetBEI® Fusobacterium ° tet M Veillonella © tet LM Q
Treponema ¢ tet B Plesiomonas tet A B D Kingella tet M Haemophilus tet BKM

Citrobacter tet AB CD Porphyromonas tet Q

Klebsiella tet AB CD Mitsuokella tet Q

Shigella tet AB CD Capnocytophaga tet Q

Pseudomonas tet ACE Prev otella © tet Q

Aeromonas tet ABDE

Serratia tet ABCE

Salmonella tet ABCD

Escherichia tet ABCDEI

Vibrio tet ABCDEG

9¢



M3519N 4 (D)

Efflux ° Ribosomal protection and/ or efflux
One determinant Two or more determinants One determinant Two or more determinants
Yersinia tet B Proteus tet ABC Neisseria tet M Pasteurella tetBDH,M
Alcaligenes tet E Enterobacter tet BCD Campylobacter tet Q

HINYLHA ‘(Mendez et al., 1980; Jones et al., 1992a; Hansen et al., 1993; Morse et al., 1986; Taylor and Courvalin, 1988; Speer et al., 1991; Kisker et al.,
1995; Levy et al., 1984; Marshall et al., 1984; Roberts et al., 1991; Sorum et al., 1992; DePaola and Roberts, 1995; Andersen and Sandaa,
1994; Lee et al., 1993; Roberts et al., 1991; de Barbeyrac et al., 1991; Roberts and Smith, 1980; Roe ef al., 1995; Roberts and Hillier, 1990; Zhao
and Aoki, 1992; Aoki et al., 1987; Marshall et al., 1983; DePaola et al., 1988; DePaola et al., 1993; Martinez-Salazar et al., 1986; Kariuki et al.,
1992), *Ribosomal protection genes have not yet been found in enteric genera and when these genes are cloned into Escherichia coli the level of
resistance conferred is relatively low., ‘Anaerobic species.
‘T. denticola is an anaerobic species but not all species in the genus are anaerobes.
“This is the first time this gene has been given a letter designation but it does not hybridize with fetA-E, G, H and thus should have a new letter

designation.

31 Roberts (1996)
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suafizeunsuauRlsHavesduneatosny TlsaunTninTuas U T vzinns lendu
] a U a a a 2 g
vz lusaudeansi§Foue Tunquinas lendu el Tulenau endu e Fuiluguduni
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Tu'lsnduld (Chopra er al., 1992; Mendez et al., 1980)



39

d‘ = Y ad a == .
MINN S &Jumumumiﬂgmuzmm31"1%auiuumm‘smm5maﬂ”luﬁf]a Mycobacterium

Mycoplasma Nocardia Streptomyces W% Ureaplasma®

Efflux

Ribosomal protection and/ or efflux

One determinant

Two determinants

Three or more determinats

Bifidobacterium
Corynebacterium
Gardnerella
Gemella
Mycoplasma
Ureaplasma ©
Bacterionema

Nocardia

tet M

tet M

tet M

tet M

tet M

tet M

tet M

tet K

Actinomyces
Aerococcus
Bacillus
Lactobacillus

Mobiluncus®

tet LM
tet M, O
tet K, L
tet O, Q

tet O, Q

. b
Eubacterium
L. b
Clostridium
Listeria
. d
Mycobacterium

Staphylococcus

b
Peptostreptococcus

Enterococcus
Streptococcus

Streptomyces ©

tet K, M, Q

tet K,L.M. P

tet K, L, M, S
tetK,L,Otr A, B
tet K,L,M, O
tetK.L,M, O, Q
tetK,L.M, O, S
tetK,L,M, O, Q

tetK,L,Otr A,B, C

LENRETN G| * Acid-fast bacteria.(Roberts, 1989; Charpentier ef al., 1993; Reynes et al., 1988;

Dittrich and Schrempf, 1992; Butler et al., 1989; Doyle et al., 1991; Sloan et al.,

1994; Sakaguchi and Shishido, 1988; Needham et al., 1994; Schwarz et al., 1992;

Roberts et al.,1994; Pang et al., 1994; Sanchez-Pescador et al., 1988; Roberts et al.,

1993; Brown and Roberts, 1987; Roberts and Hillier, 1990; Clewell et al., 1995;

Le Bouguenec et al., 1990; Facinelli et al., 1993; Olsvik et al., 1994; Brown and

Roberts, 1991; Pang et al., 1994; Roberts and Kenny, 1986; Roberts et al., 1986;

Horaud et al., 1991; Charpentier et al., 1994; Lacroix and Walker, 1993; Roberts

and Kenny, 1987; Roberts et al., 1992; Buu-Hoi ef al., 1989; Fletcher and Daneo-

Moore, 1992)., ® Anaerobic species.,c Cell wall-free bacteria with a Gram-positive

metabolism., Multicellular bacteria.

31 Roberts (1996)
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1¥@10819AUNVAALIDIA (AIDITIAUNFIUAZUNTIVUIA 0.5 HAAUAT) T

ﬂf]ﬁ“%m wet oxidation (Walkley and Black, 1934)

NMIATUIN

(me K,Cr,0, —me FeSO,) x 0.003 x 100 x 1.33

a S J 4
% DUNTINNTUDU =
weight of sample in grams

~ [

a J a A J J
%0UNTYIAY = % DUNTIATUDU x 1.72
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a 4 g’/
1.1.3 Bnszsim luIasnunavue (total nitrogen)

mM3unseri lulasnunanua 1935 Kjeldahl method (Jackson, 1965;

Y]

=4 [4 Y ' =) . . . . .
AUG 11azTNY, 2542) Usenouaie 2 UMD digestion 410 distillation

. < ' @ ' a @ ' a o
Digestion 1Wunseosn10g19a U (ﬂ')’f)fJ"l\'iﬂLl‘ﬁN']Uﬂleﬂﬁ\isllu"lﬂ 0.5

a_ A ) v A a Y Y A A -
UaaLuag) ﬂ?ﬂﬂiﬂ%ﬂ?\l]iﬂ!ﬂmﬂ]u Ny 320 DKLy e

AN & & & ly v . v o
Distillation Lﬂumumaumiﬂauaﬁazawﬁ”lﬂmﬂmiﬂaﬂuaz@mw

luTas1ude H,BO, indicator

NMTATUIN

ml HCI used (sample — blank titration) x normality Y94 HCI x 1.4
% N=

weight of soil sample (grams)

1.1.4 aszimleanosanidlulse Tem (available phosphorus)

a 4 [ $ g I A
msnaszrreanesaniuilszTewileis Bray 11 (Bray and Krutz,
9
1945) ANAAI0819AUAIIAITALANY Bray 11 910HUNI09AI8NTZAIHATOI Whatmann (195 2
y . 4 y cale ., o 4
vnumihesazaleinge @ (filtrate) TilaA1n159AnAUIAT (absorbance) AWEIINAY

882 w1 Tumag 1A ob M ldnadnarifSinarearesandluilss Towi

a 4 1 : Y .
1.1.5 Ansenm Inunadeuinaniasnld (exchangeable potassium)
o w 1 a v Y 9 A [~
11A0819AUNANAAIEITaZ A8 NH,0AC [819181A3 030811 ua1 30
g’/ 14 a 4 =
IR 91N UNTBIAIUNTTATHATOS Whatmann 1185 2 uagias1eim1l3uia K A28 Atomic

absorbtion spectrophotometer (Pratt, 1965; ﬁﬁﬁg ag 95" ﬂﬁ, 2542)
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1.2 MIwIguANIIand

Gl d‘d 9y an a d' 9 a
1.2.1 mimmuyjaqmmmﬁﬂﬂmwmmiﬂgﬁmuzmmﬂcﬁﬂauma“l%“luﬂu

91899 (soil microcosm)

v v H

Fayagns 12.7 5y nndudvasUgsvzma leadaulugdarsazaren
= 9y 9 o P~ = 9y an
F0INAWANVAVNTUAINITNN 6 1aza3190 7 Agriaaiyagnitazasazalsl v

a @ v 2 I o 4 a
a1 leadudhdrenutuneIAiiuner 12 ¥ T e Srassanmassasdfiausiaast lan
Y
aululudrgns uazimiontih lagnindwaniuauludunouse 11
o a Aa v+ v JAA am a

122 mssaesammnvesauniinislafjeyadainiiarslfivzeas landu

¥
ANAN

v a Y

Y v
faau 150 nSu 91nuuii ldagniadinuyagnsninisanaievesdls
an A A =~ 9 ng a U 9 a aa A ]
UFzaan leaduiaion 13 vimiuussgaulduraudiviia 700 Tadaas ArunIsei
A v Y = o A Y v A = ' ° v =
Wodnenveilannuau'le taviaudidrernuuiane ldinsaiemeina uaziinsiunn
aoJ v A 4 A o (% < o 1 a 2’,
rinaunseuuIAiiols NIINIINAAD AT HAIININUAIDE1IAUNNATINADANITNAADY
) < o 1 a o o 1 a < o 1 a @ H
MMaNUAI0819aUTIUIN 5 A5 Taganaradn (Tasnudioseauluium 5, 10, 15, 30 uay
~ < @ ] a o Jd a3 @ o ~

40 Tumsnaaedn 1 uaznudgNRauNnl dlaniitlunal 6 davilunminaaen 2)

gl.z @ 90’ v a g’/ [ < o 1 a o @ @
MniuuiniiinaunienviaudmnaTInaINsNUA0619a Y taziINITnEIsEAY

dy a 2 A o . o o a da !+
ANNFUTAIMIANIINITZAY field capacity (FC) 1m3diaosanimyssauninis laijoya

o oA

= an a 9 A = as a
ﬁ@]’J‘VI‘JJﬁﬁ‘ﬂ{]%”lu%mﬁﬁll%ﬂﬁu%ﬂﬂiﬂuﬂﬁlﬂyﬁi LW@ﬁﬂHWNaﬂl@ﬂﬁﬁﬂg%’lu%mﬁiﬂ%ﬂﬁ

1 U = Y

UABMTUNTNIZDIWVDITUAIUMIUAITU Tz lendunazmaldeundasdeny

[

a = A Aa 1 4 A A Aad a 9 [ dy
yaunsdluaunimslaifeyadaindaslfiuzeas leaduaniieasil

N13NAADIN 1 ANEINTUNINTZIV0IBUAIUMIUAITURTIuzInns1 land

v

d' 1 4 d‘d == a 9y A o w g‘a

witesninms lafjeyadainfiarslgFuzieas landuanme Taslissunisnaaosnivug 5

MSuMsnaass AMTUMINaaelins ldau 150 n5u uazyagns 12.7 n5u sniudmiums
A = = U an A Y I o w

naaeed 1 &9 hilimslayagnsuazasUfFvziiosnnldiludisunsnaassniugy lu

[ o @ A =} a an a A Yy 9

AIUUDIMTUNMINAA0IN 2, 3, 4 uaz 5 ImsauasUFuzmas leadu Aanududu o,

A a o 1A @ o v { S o ] o ] a
0.2,20 itag 2000 Naaﬂiﬂﬁﬂﬂiﬁﬂiﬂ ﬁ’]i]ﬁw;lllﬂ\iﬁ'ﬁ'l\iﬁ 6 mﬂuummim‘umﬁ)mmuiu
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[ d' A = 1 = 9 = a
IUN 5, 10, 15, 30 Hag 40 LW’é]ﬁﬂ‘]sﬂﬂﬁLlWﬁﬂizﬁ]?ﬂﬂlﬂﬂEJ‘LWITL!‘V]11!@’(13‘].];]%31!81@]@]311%?]%11!
I A

= [ a = A Ao 14 [ as a 9
maasuulasdenugdaunsdluauninsldifeyadainliaslfFuzman lenduanaia

Femailn PCR tiag DGGE

M3190 6 MsumInaasdlunsnaaead 1

D) )
ANVVNVUFANYUD

ATUNIINAAD A . miﬂgmuzmmﬂmﬂau
(A5Y) (NIW) ., N\ o -
(Haansuson lansuay)
1 150 - -
2 150 12.7 -
3 150 12.7 0.2
4 150 12.7 20
5 150 12.7 2000

A = 1 =S Y an a
N1TNAQIIN 2 ﬁﬂmmiuwa*ﬂszmammﬂumumumsﬂgmuzmmﬂmﬂa

Ia A

A U [ Aag a 9 901 A o w
‘LlL‘L!EN%1ﬂﬂ1§ﬂlﬁﬂ‘ﬂll“aﬁ@]’)‘ﬂll’L’H3ﬂ§]%3ﬂ$L@ﬂﬁ1‘l“Kﬂﬁuﬂﬂﬂ1Q%1 Taglid15un15naaos

o o

9
NINUA 4 TUMINANDY nnmwmmmmﬁmﬂmu 150 NTU Yagns 12.7 N3y Hazinsg

]
A Aa o 1A

wuasUfsvzma laaduianududu 0, 0.2, 20 wag 200 Taansuasn lansy Aud1Al
Y

A3 6 lumsnaaesi 2 mmsauasUgFvzima leaaua ludsumsnaasi 2, 3
=y d’ [ < 3 [ 4 A’ = [

waz 4 awdsnalumsen 7 9o 1 dlaiilunar 6 dilan eAnyINIsTUNINIZIBU0

= (zrl a d‘ 1

=S 9 ad a = [ a = +i o J
dusumumslFvuzma landu mandeunlasdeaugaunsdluauniimsladoyadad

A as a Y Y a
mmsﬂgmusmmw"lcuﬂaumﬂma AUNAUA PCR 1as DGGE
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M35190 7 MsumIinaasslumsnaasan 2

Y 9 v
ANUVNVUFANIYUD

AMTUNITNAAD . N msﬂgmuzmmﬂcﬁﬂau
(N3W) ("3) A a e 1Ay o oA
(Haansuson lansuay)
1 150 12.7 -
2 150 12.7 0.2
3 150 12.7 20
4 150 12.7 200

13 mMsananduLe
[ = 1 9 an A 9
1.3.1 MIANAADUDAILITN 1%V Zhou ef al. (1996)

TagsuaNAR1MINAUAI10819A1 0.1 AU AU soil-extraction buffer (Tris-
Y 9 Aa A 4 Y 9 A A 4
HCI buffer [pH 8.0] ANuAdY 50 Jadlua1i tag EDTA anududy 100 Jaaluals)

k) v
1351195 500 TuTasans 91mi@Y soil-extraction buffer 111190 500 Ty Tasanswenlddinu

a

o Y { 1 <3 1 I
nazih 1y T dumdes Nguugll 4 eermuaidod dAron11u137 12,000 soUABUI (Hual 5

Ll

9 Y
W udamiumauazatelang 1 soil-extraction buffer U193 380 lulasanswauaslu

a

U { a 4 a a o ! aa =
gauazneumae uaziAueu lui lysozyme ANMTNTYU 50 Faansuaeiiadans Ysuag 20

a <

a Y Y o 9 Y o oA = =1
lllliﬂiﬁﬁi Nﬁmﬂlﬁlﬂﬂﬂuﬂ’w vortex umm”lﬂuw@mwﬂu 37 oo 111ual 30 uIn

Q QU

4 o s a 4 gJ/ a 4 A Aa o J
iogounIiuTadveIauni o 9101 uaANew Tal proteinase K Auidudy 20 Jadniuao
ianans Usumas 7 lulasaas wanldidinuaae vortex udnirliduigungii 37 omn

=1 I a A Y Y S J A A
e 111a1 30 W0 1N SDS ANUANTY 10 1Wesisua UYSuas 100 hllljﬂiﬁﬂi Uag

a A a

RNase AMUduau 100 Haansuaeiiaaans Ysuias 5 lulasaas udnihluuhgungil 65

U

= < = E 1 g3 A a = <
parnsaied (unal 10 Wi 3110w Tusude (freeze) N1l -80 varuKaIFye 11U

U

9
[

a1 15 Wi ud1wazae (thaw) NQuugi 65 IR UFAITE ¥1N13 freeze 1A thaw DNAT

a =

o y { <3 1 < {
ezt luiesdrenuEa 15,000 seuaewi dunat 10 w1l Nguwngil 4 esruwaFoa

£

a3 U o . J A
mudinazasla 1dnih ldneaudie potassium acetate AU 5 Tuars U5uas 1 lu 3

U 9 ' 1 %’ [~ = Y o y = ~ <
ﬁ')u"ll’f]\iﬁ'liaza'lflclﬁ Llaﬁﬂﬂﬁﬂiuunlﬂlﬂlﬂunﬁ’] 15 UM Llaju']llﬂﬁulﬁjﬂ\iﬂﬂj']uﬁﬁ
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1 3 Z}, o ' .
15,000 39UA0U Wua1 10 Wi mivihaIvazarelanaudg sodium acetate AN
14 =Y 1 =y { [
Wuvu 3 Twars sues 1 w10 aavvesansazarele waz isopropanol TuifSuasimiiu
° y A Y ] ' A d = EY) 9
wazi I umleaaienu57 8,000 seuaew IR \WuNa12 WA MNUUANAZNBUAIY

S 3 4 Aa aa o ' { <3
ethanol AMUEAUTY 70 WosiFud 15u1as 1 Haaaas 1 lddumieadrenuis) 8,000 581

=1

] a g = 1 2 1 Yy 9 Aa g I =
apui iunar 1w maruazatelans nazdesldunangurgivos Wumal 15 win
{ =Y a I'4
aza18 DNA 1'1d@18 TE buffer Y5193 360 TuTasans waudie NaCl anududy 5 Tuais
a AR~ S A a [ H
151105 60 luTA5805 tag CTAB anududy 10 wlosidud 1511035 45 TuTasans udriun
a I [ 3’,
gaungil 65 oaruwaFed 1Wunal 10 1A HaIINTUHANAIY equal volume VD4 chloroform
° Y 1 < ' < < o 3
Ml Tumeadrenu59 15,000 soudeui a5 wii wuazarelaliudrviaon
& Y Ay ¥ v o Y A v
ase nwhazarelan ldnauaie equal volume V®dphenol/chloroform 1 1l Tumeedne
<3 ' = A o Ay ¥ Yy v
AN 15,000 soUAEMIN Wua1 5 w1 azarelan lanaudiea1e equal volume Y94
4 X A v < ' A d A Y Y
isopropanol ez uHIBIA28A152 8,000 seuaAeUI U1 2 Wl d1eazneuAIY
Yy 9 9 Aa aa y A 9 < 1 ~
ethanol ANWNTUTBEAE 70 USRS 1 aaans uazilumiedsalsnu5) 8,000 ToUABUIN
I = [ Qy 1 Y 9 ~ a9 I
Wunar 1 i mdwazaelans wazideslidiunzneu DNA usiguvgiivios ifluna

15 U1¥ aza1e DNA #1180 TE buffer 20 IuTasans uaziin 1igangil 20 ssmisadod

1.3.2 myanaadueRoyaana SoilMaster " DNA Extraction Kit (EPICENTRE

Biotechnologies, USA)

o [ <3 o 1T A @ . .
VHﬂ”I'iﬁ’ﬂﬂammi’)mﬂ@]GQSTQﬂuﬁﬁﬂ‘yﬂﬁﬂﬂ SoﬂMasterTM DNA Extraction
Kit (EPICENTRE Biotechnologies, USA) Tae35U09 Park and Crowley (2005) Fagau)aan
A A o a <3 o 4
mm%msmmmumj’wam uazmmﬂmmwmmﬁmmﬁﬂ%mﬁm electrophoresis YU agarose

gel ANUWTNIY 1 lofidudly 1X TAE buffer

1.3.3 m3anaaduedoyaana PowerMax™ Soil DNA Isolation Kit (MO BIO

Laboratories, USA)

o o <] o ' a v .
WIMSANAAIDUIBIINAIDE1NAURI0YAANA  PowerMax™ Soil  DNA
Isolation Kit (MO BIO Laboratories, USA) 1a835984 Jareonmit e al. (2009) Faaatilaiuiain
a o a < o .
ABNMIVOIVTHNAWAA 1AZATIVNUNINUDIAIOUID TAeN13W electrophoresis UL agarose gel

Y 9 73
AMUANIY 1 1o51%ua 1Y 1X TAE buffer
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A < a 4
1.4 mamudSnaduediamaiiaiiaes (PCR)

9 o T Aag Ay ¥ 9 I Y A = 2 1 adg 9
I¥dedreaouen laninde 1.3 Wuduuuulumsnulsnasudiuaiouedie
. Sy an a o = A
primers GuENfmmmmumiﬂgﬂnuzmmﬂ%ﬂaummu 14 8u (19190 8) (Ng et al., 2001)
A 2 . ag ' Ay ax a = o ¥
maulSunaFudrawueludiuvedudumumsUitiuzeas lanau 14 du sild
) I o ] a § o o Aann a X
Tasmsihawevesdtegauana lauinjiser PCR TuilSunassaw 50 lulnsaas el
I o dy a g3 a
aruilszneudatl avweisuas 1 lulasans dNTPs (dATP, dCTP, dTTP ag dGTP) AW
a A 4 a a = a
gy 100 Haa Tuans Usuias 1 lulnsaas 10X buffer S5 5 Tulnsaas Mgcl, anu
a a 4 a
Wt 50 Had Tuars Ysues 1.5 lulnsans forward primer LAY reverse primer ANMTUTY
rd ] a .
100 lulasTuars Ysuasedieay 2.5 lulasans uaz Taq DNA Polymerase (Invitrogen,
a 1 a a ) 1 aan o o
California) AN 5 giiae luTasans USuas 0.1 lulasaas dmSul§nsedunsizs

a =

< 3 ! < '
AOUIDU initial denaturation NQUUAN 94 peruaIFed 1Tua1 5 1A AWAIY denaturing 7

U

a

a a 3 = . A = < =
UNYY 94 DIFNLFALTY Aunar 1w annealing NYUNHN 55 DIFUBALTYT Wunar 1w

QU

a

{ I a o
1ag extension NQMUHAN 72 o3rusaEae (JuIa1 1 UIN 30 1IN TIUIU 35 301 HAAY

Y] d A a ~a < = ¥ A 2 a a g
A28 final extension NYUNHY 72 DA NS DLHY T !‘]Jut'la’] 5 UM Iﬂﬂisﬁlﬂﬁﬂﬂlwuﬂﬁuﬁlmﬂ!@ulﬂ

34 TC512 (Techne, UK)
1.5 MINTNADUHANAA PCR (PCR product) A agarose gel electrophoresis

a 4 a
ATINAOLLAZIATICHHANAR PCR A28 agarose gel electrophoresis AMITUTY 1
J I 14 ~ Y 9 J 2 J Y
odiua luasazais 1X TAE buffer lag@son agarose gel ANUANTY 1 1ilodiguanan
o [ = = ay 9 S o A Y =X g’; < o
1 ldmlalu gel tray uazidound (gel comb) Nl 3unanisdinudlfeesn nunih
agarose gel GNGERE electrophoresis NUA1502019 1X TAE buffer E]§J: WEN6X loading dye Une
9
mawan PCR lusasidau 2:5 Tae15uas 9niiuussguanan PCR aeluwoq agarose gel 19
< : a g
100 bp plus ladder (Fermentas, Maryland) 1iun3eeruelunsns1naouyuIaveIaouLe
Y
@ o v < o
waanmintasenszua lWihvuia 100 v dwnar 25 A udni agarose gel lidouane
A a o 1 A aa I = £ 1 %
ethidium bromide AU 0.5 FaanSuaeladans Wunai 10 Wi nniuurluiazeia
A 9 Y. . U a I =~ 9 Y
IN®A19  ethidium bromide @AUNUBOMNYUIAT 10 WIN LAInTIVAOVIIaN B lALA S

o 9 J <] Y A a 4
@ﬁ?‘liT“hiﬂl,a@]Wi@llﬂ”IEJﬂ"IWLﬂ‘]JllfJLW‘O’JLﬂ'ﬁSWWEI
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A . ~Aq Y aaa & ) an a
M1919N 8 primers mi%iuﬂgﬂiﬂw PCR L‘W'ﬂﬂ']f!'@]ﬁ:ﬁ]ﬁaﬂﬂu@']uvnuﬁ1iﬂg%:]uglﬁm51]1‘:]5?1131!

U 14 BU

Tetracycline

PCR primer sequence 5’3’

Amplicon size

resistance gene (bp)

F GCT ACA TCC TGC TTG CCT TC

tetA 210
R CAT AGA TCG CCG TGA AGA GG
F TTG GTT AGG GGC AAG TTT TG

tefB 659
R GTA ATG GGC CAA TAA CACCG
F CTT GAG AGC CTT CAA CCC AG

tetC 418
R ATG GTC GTC ATC TAC CTG CC
F AAA CCA TTA CGG CAT TCT GC

tetD 787
R GAC CGG ATA CACCAT CCA TC
F AAA CCA CAT CCT CCA TAC GC

tetE 278
R AAA TAG GCC ACA ACC GTC AG
F GCT CGG TGG TAT CTC TGC TC

tetG 468
R AGC AAC AGA ATC GGG AAC AC
F TCG ATA GGA ACA GCA GTA

tetK 169
R CAG CAG ATC CTA CTC CTT
F TCG TTA GCG TGC TGT CAT TC

tetL 267
R GTA TCC CAC CAA TGT AGC CG
F GTG GAC AAA GGT ACA ACG AG

tetM 406
R CGG TAA AGT TCG TCA CAC AC
F AAC TTA GGC ATT CTG GCT CAC

tetO 515
R TCC CAC TGT TCC ATA TCG TCA
F CAT AGA CAA GCC GTT GACC

tetS 667
R ATG TTT TTG GAA CGC CAG AG
F CTT GGA TTG CGG AAG AAG AG

tetP 676
R ATA TGC CCA TTT AAC CAC GC
F TTA TAC TTC CTC CGG CAT CG

tetQ 904
R ATC GGT TCG AGA ATG TCC AC
F CAA TAA TTG GTG GTG GAC CC

tetX 468
R TTC TTA CCT TGG ACA TCC CG

HMNYNA F = forward primer

R =reverse primer

lan: Ng et al. (2001)
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= d' 14 ' v a A d a v a . .
2. ﬁﬂ‘lel'lﬂﬁ!ﬂﬂtl‘l!!!llﬁﬁiﬂiﬁiﬁ]ﬂﬂqNﬁﬁﬂuﬁﬂuﬂiﬂjuﬂuﬂ’mmﬂuﬂ denaturing gradient gel

electrophoresis (DGGE)
2.1 MIANARDUID

o [ <} @ ] a o . . .
1/]1miﬁﬂﬂaL’e)uL’EJMﬂ@n@EJNﬂuﬁlﬂt’JG]gﬂﬁﬂﬂ PowerMax™ Soil DNA Isolation Kit

(MO BIO Laboratories, USA) 1a835U04 Jarconmit e al. (2009) Fsaauilasnninisnsduan
ad o . Yy 9y P-4
u,axmmﬂmmwmmm@umiﬂﬂmﬁ‘w1 electrophoresis U agarose gel ATUIUVNUU 1 SIGHEATE

14 1X TAE buffer
2 a g 9 A Aaa o
2.2 fﬂilfWMlﬁﬂTmﬂlﬂulﬂﬂ’JﬂmﬂUﬂW%ﬂﬁ (PCR)

W maFudinddueludiuuesdy 165 rRNA Tasmsiaidueuseiiedie
Aufiadal@uiifise per TufSinassa 5o lulasdnas Faildamlsznondadl Mdue
Y5195 1 1uTA5805 dNTPs (dATP, dCTP, dTTP ag dGTP) anududy 10 Haaluals
51105 0.40 TuTnsans 10X buffer Y311a5 10 TuTasdns MeCL anududu 25 ad Tuars
Y5u1a5 2 luTA58aT universal primer (PRBA338F 5’-ACTCCT ACGGGAGGCAGCAG-3’
11a2 PRUN518R 5-ATTACCGCGGCTGCTGG-3") (Cindy et al., 2000) ANMYNIY 60 11 Tns

Tua1s Y3umsedear 0.75 lulasans uas Taqg DNA polymerase (Invitrogen, California)

9 a 1

F) a = a 2 dy 2 g
AITULUNUU 5 ﬂu@]ﬁ@ulﬂiﬂiaﬁi ﬂiiJ’lG]ﬁ 0.4 lllli‘ﬂiaﬁi U PRBA338F G]NUJH forward

U

. = a 9 A Y s R A ' o A
primer IETUNIANLVE G iaz C WnYangau 3 th‘ilI HFU38NIT GC clamp 31UIU 20 bp IND
] I A (% o @ aan
F0TATOAOWBNUINIINAUYY  acrylamide 198 (Muyzer ef al., 1993) GRVESTHERELR

o o g a g ~a
mmﬁwamummu initial denaturation 2uUNYY 92 ENPHL%’Q@EJ’(?{ !‘lJ‘LlL’Jﬁ1 5 UIN @1%@2!]’38

a a =

. p | .
denaturing NQUXAN 92 DIAUTATHA 1111901 30 U annealing NYWUUYN 55 DIAUFAITHA

I a =1 . ~ Aa = I a A o

17141921 30 3N 1Az extension NYUNYN 72 DI K ALTY T Wua1 30 U1 1 IUIU 35 SOU
{ a I [

1LAZAIRIY final extension NYUHAN 72 o uwaiFoe 1unar 15 WA (Aaudasnn Becker

QU

et al., 2006) TaglHiaTouiu/Tanaddum TCS12 (Techne, UK) Hananaidumanilgnsen

{ o a <
PCR #711841113131A512 UU agarose gel ANMTNTY 1 1Wosidud 11 1X TAE buffer @28

aszua lWihwine 100 Trad dwnar 30-40 w1 Tagld 100bp plus ladder (Fermentas,
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< A ad £ o ¥
Maryland) Lﬂu!ﬂﬁ’f)\i‘ViﬂJ)t’JGluﬂ"lﬁﬂﬁﬂﬂﬁfJ°]J‘llu'lﬂﬂlﬂﬂﬂlf)u!f)ﬂ)ﬂﬁl@mﬁ\?@aGli"lll’ﬂf)!,ﬁﬂ NIvU

D1UNIN
2.3 113N Denaturing gradient gel electrophoresis (DGGE)

o o A ) ] 1
ﬂ)ilﬁ%ﬂu@ﬂﬂiﬂﬂuﬂﬁﬂ) DGGE (3UMNMITUIMNUNTZIN 2 UNUUYUIA 16 x 16
FUAUAT HAZTVUIA 1614 (FUAUAT TIANVTLDIANTZINAIY alcohol ANMAUTU 70
-4 Y 9 /il I Y @ . \ 9 ' Yt
Lﬂ@imﬁl@ 1ag alcohol ANMVUUU 95 LTJGSL"H‘L!G] LFANYNIEATHYY Kimwipe i%]\i@ﬂﬂ‘ﬂll
1 v a ° [l 1 a (4 o { Y
duw%ﬂimmmm@ Winszanunung (16x16 yuAmag) 1M9uuIazuaziii spacer NN1AY
= d' Y a =4 U 1l g).z dg d' (% g’/ o
'J'lﬁﬁ‘LlL‘W’Oﬂlﬂlﬂﬂﬂ15ﬂﬂ5$W’J'l\‘llmuﬂigi]ﬂ‘]/lﬂﬁﬂilﬂellu ANNUDUNIEIN HAJIINDUUUINTSIN
1 < a 9 v W S Y o H) 9 9
LLNUHLAN (16 x 14 wummm) 3J11J§$ﬂ‘]J‘W§E]3Jﬂ“]_li]ﬂﬂi%ﬁ]ﬂ‘ﬂQﬁﬁ]\ﬂﬂlﬁuﬂﬂuﬂﬂﬂ1uﬂﬂ\1uﬁ$
Y 1 [ g‘/ o Y o = Y o o
ATHA NN WENiﬂﬂuuu'lﬂigi]ﬂnl‘ﬂﬂigﬂ’ﬂ‘]JHﬂﬂ“LILLﬂ‘LlEJ@ (plate Clamps) uazﬂizﬂammﬂum
X A A 9y 1 Y 9 A A Y o
31U (pourlng Stand) mmammﬂﬂﬂaﬂmmumzimmmmmmmumamammEm"l,a ITN
1 Y d’ < v 9 o =l =1 1 [ 1
E]EJ'IGLWMW’EN’Enﬂ'Iﬁ LUDINAAIULRANULUNUNISINULAIUIN (Well Comb) ll“]JL’dEJ“LIﬁ%W’NQ‘]YOQ’NQ
A I % 9 o ] @ Y o Y o
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1,000 bp

500 bp

I

1000bp —>
500bp —2

L4

A 11 AdueRasa ldndee1aduY agarose gel AT 1 nlofiFud

A, MIanaAEuedIeTEN 1594 Zhou ef al. (1996) Fouwad 1, F19619AUA 1:
Fouvaf 2, §egAUA 2: ¥ouvaf 3, ladder 100 bp (Fermentas, Maryland)

¥, MsafaAUIAIYAANA SoilMaster ' DNA Extraction Kit (EPICENTRE
Biotechnologies, USA) Gﬁmmaﬁ 1, ladder 100 bp (Fermentas, Maryland);
Fourad 2, M0tAuR 1; Yourad 3, fehaaud 2

A, MIANAADUIBAIYAANA PowerMax™ Soil DNA Isolation Kit (MO BIO
Laboratories, USA) Gﬁama‘ﬁ 1, ladder 100 bp (Fermentas, Maryland); "]}’f)\il,im‘ﬁ

2, 920819AUTN 1; ¥o9waN 3, AI0819AUN 2; FOUaN 4, A 19AUN 3
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1 2 3 4 5 6 7 8 910 11 12 13 14 15
x >
1000 bp —
500 bp -
p——
S~
100bp
.
1 2 3 4 5 6 7 8 910 11 12 13 14 15
1000 bp —>
500 bp —>
100bp

Ml 12 wawaa PCR vosdudumuasdFiuziaai lenau soavad 1, ladder 100 bp
(Fermentas, Maryland); 2, tefB; 3, tetC; 4, tetD; 5, tetA; 6, tetE; 7, tetG; 8, tetK; 9,

tefL; 10, tetM; 11, tetO; 12, tetS; 13, tefP; 14, tetQ 11 15, tefX 1agf
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=3 [ 4
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. 929819AUTN 40 U

Lo



1 2 3 4 5 6 7 8 910 11 12 13 14 15

1000 bp

500bp

100bp

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1000bp
500bp

100bp —>

MNN 12 (99)



d‘ a = Y an a a d‘d 1 as a Yy 9 a Aa o
M1319N 11 ﬂfuﬂmmﬂumumumiﬂgﬂnuzmmw”lcmaueluﬂummﬂﬁgat;rﬂiuazmiﬂgmuzmmfl«maummwmu 0, 0.2, 20 ttag 2000 Haansy

1 A v Aa { <3 @ 1 [
@on lanTuAN NTLELNIAINTINUAIDE1 0, 5, 10, 15 LAZ40 TU

MIUAILAY au -+ yaqgns + mslfFvzman lendu (Wadnsuaen lansuau)
= Y
JUAUMUETS =
AU 0 0.2 20 2000
ot - yagns
UfFmzeas landu E
0 5 15 40 0 5 15 40 0 5 15 40 0 5 15 40 0 5 15 40

tefB 2 - - ] - - N\ Y A" € + : - - - - - - + +
tetC + - BV - . + - A, =2 + + + + + + + + + + +
tetD + - - . - - 5 - s + + + + + + - + - + - +
tetA + - - v ! - - SE + + + + + + + + + + +
tetG + - - - - - + + - + - + + - + + + + + + +
tetk - - - - - - - - - - : - - - - - - - - -
tefL + - - - - + + + - + + + + + + + - + + + +
tetM + A U ¢ + + -+ + + + - + - + - + + +
tetO + - - - - - + + - + - - + - - - - - + + +
tetS - - - - . - - - - - + - + - - - + - + -

0L



M3190 11 (99)

au -+ yagns + MslfFvzman lendu Wadnsuaen lansuau)

Y ﬂ‘u
UMUNMIUAS L
AU 0.2 20 2000
ant - yagns
UFmezmaslengu 50
5 15 40 15 40 15 40 15 40 15 40
tetP 2 3 - - - + - + + + +
tetQ 4 > I- - - 3 Y - - - -
tetX - - . + - + - + + + +

IL



12

10 -
8 -
—
=
=
'qg 6 -
=
c
=
—
°®
4 - =10 U
=75 U
2 =15 U
i () U
0 1

control 0 0.2 20 2000
Pnamsd§uzmas lvndunlaludu @adnsuaen lansuau)

d' [ a G Y ad A A a [ o w A a A ad
MAUN 13 mmu%uﬂmmfnmmwmmiﬂ;]Gmuzm@1i1"l<=mau‘n@1s’mw1J“luﬂummlmazmmmsmaamumimuyjaqﬂsmmﬁﬂgmuz

a Y ~ 3’/ =
mﬁiﬂcﬁﬂauﬂﬂﬂNLWENﬂNLﬂEJ’J

L



73

a A a g an a a Ada '
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MINWUINN 1 32AUANUFUITIVOIURATN

€

LAl (rating) neo (range)
& = .
AuNIAFUNTNNGA (ultra acid) <3.5
I .
Lﬂﬂﬂiﬂ?ﬂuiﬂiﬂﬂ (extremely acid) 3.5-4.5
I v .
TuUnsadanIn (strongly acid) 45-5.0
Hunsada (strongly acid) 51-55
Hunsa11na1e (moderately acid) 5.6-6.0
Hunsadniies (slightly alkaline) 6.1-6.5
L‘]dJuﬂaN (neutral) 6.6-7.3
Wuaradniios (slightly alkaline) 7.4-78
L‘ﬂuﬂlNﬂ1uﬂaN (moderately alkaline) 7.9-84
Huaavn (strongly alkaline) 85 -9.0
Fuaesanin (very strongly alkaline) >9.0

d' 4 a an
Ny ﬂmﬁ]ﬁﬂﬂWﬂ’J%’TﬂgW’Jﬂfﬂ (2541)
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FZA1 (rating)

Nao (%)

@%’mm (VL)

1 (L)
Aoudad (ML)
1huna1e (M)
ADUY19g (MH)
74 (H)

9110 (VH)

<0.5
05-1.0
1.0-1.5
1.5-25
25-35
3.5-45

>4.5

NIN: DTUNAINAY (2548)
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FZA1 (rating) nego (%)
ss:mnﬂ (VL) <0.1
M (L) 0.1-02
a1 (M) 0.2-0.5
9 (H) 0.5-0.75
11N (VH) >0.75

N3N: NTUNAINAY (2548)
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FZA1 (rating) neo (%)
ss:mnﬂ (VL) <3
(L) 3.5
ABUTNIAT (ML) 6-10
a1 (M) 11-15
ADUT19g (MH) 16 - 25
99 (H) 26— 45

>45

g0 (VH)

N3N: DTUNAUINAY (2548)
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M31907 5 Usana Twuma@euiilulse Tond (Available K) (NH,0Ac)

LAl (rating) nNao (%)
@%’mm (VL) <30
(L) 30 - 60
1huna1e (M) 60 - 90
94 (1) 91 - 120
g0 (VH) >120

N3N: DTUNAUINAY (2548)
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