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Abstract : The aim of this study was to investigate the microbial communities in animal carcass disposal soils to examine the
possible threat of pathogens from leachate. DNA extraction was performed for the soils in three carcass disposal sites located in
Gyeonggi-do, Korea, and then 16S rRNA pyrosequencing was conducted to identify the microbial communities. Results indicate that,
according to phylum classification, Proteobacteria (100%) was identified in soil A, Actinobacteria (66.4%) > Proteobacteria (31.1%)>
Bacteriodetes (2.1%) > Acidobacteria (0.3%) in soil B, and Actinobacteria (63.1%) > Proteobacteria (36.9%) in soil C. According to
genus classification, Pseudomonas was dominant in soil A (98%), Arthrobacter in soil B (68%) and C (61%). There were no detections
of pathogens such as Salmonella, Campylobacter and Clostridium perfringens. However, high concentration of Ralstonia pickettii causing
bacteremia was observed. Although carcass disposal soils examined in this study were not highly contaminated with pathogens, further
monitoring is still needed to examine the potential threat of pathogens in leachate derived from carcass disposal sites.
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Table 1, Description of animal carcass disposal sites

Sites Parameter Description
Location Gyeonggi-do
Type of buried animals Cattle
A Number of buried animals 58

Dimension of disposal site 12 m(L) x 6 m(W) x 6 m(H)

Year of burial 20111
Location Gyeonggi-do
Type of buried animals Cattle

B Number of buried animals 123

Dimension of disposal site 12 m(L) x 6 m(W) x 6 m(H)

Year of burial 20111
Location Gyeonggi-do
Type of buried animals Swine
C Number of buried animals 3,708
Dimension of disposal site 13 m(L) x 6 m(W) x 6 m(H)
Year of burial 20111

AR AT 7}6‘?— i ﬂﬁ#ﬂl Xl

+ viEet 2|o|ck A9t B 2|99] 9 717t 4 58%e} 123

F5 st on, C A9 7| 3,7081,:—% o235} T},

2 dAtolA= 2012 & ZHEARAIE Aol sk I ol A
L2 mEA] YR BESS Fste] (20129 49) HAI5H

o}k o &R o] AR A3FS Table 10 AAEF .

2.2.DNA ==

E9F u]g o] DNA 222 93] Wizard® genomic DNA
purification kit (Promega, Madison, WI, USA)E A&-3}%i T}
DNA FZ& oJ5= 1.2% agarose gelof|A] %17]%5(electropho-
resis)5Fo] BHo15tAT}E 3, Quant-iT™ PicoGreen”™ dsDNA
assay kit (Invitrogen, Calrsbad, CA, USA)E ©]|-83F DNA &
2 9 HAF7IE S8, DNAZ} L @EA] Q¥a Jgzos

22 E9=A AT

2.3. OiO|ZA|HAEZ 0|28t HI7|AME L SCHYM 2M

DNA templateo}] A 16S rDNA G2} ZZ2 V1A V37}
Z19] A F(region)S EX 2, primer 27f (5°-GAGTTTGATC-
MTGGCTCAG-3’), 518r (5’-WTTACCGCGGCTGCTGG-3")
£ 7|Wto 2 St fusion primerE A3} 1L, Z} primer 20
pmol¥} =% DNAE ©o]§3to] FFas HA4RE5(poly-
merase chain reaction, PCR)& 4335} tl. PCR mixture:=
template 1 pL, 10xbuffer (w/o MgCly) 5 uL, dNPTs mixture
(100mM) 1 pL, primers (forward/reverse) 20 pmol 2 pL, Taq
polymerase (Roche, Basel, Switzerland) (5 U/uL) 0.25 pL2
T4tk DNA £Z-2 9J3f] 2720 thermal cycler 2 2(Ap-
plied biosystems, Foster City, CA, USA)S ©]-&3}o] emPCR
5£(ampliﬁcati0n)£ =343} 9it}t. A A}= initial denaturation
(94C, 48L& 3+ &, denaturation (94C, 30%), annealing(5
8°C, 4% 30%), extension (68°C, 30%)3F A 50 cycle ¥t
B e 7 upAsto s 10CHA YAHold)SHc 5=
E PCR AHEE 717} beado] H-&Fslo] PCRE &)1l GS FLX
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titanium system (Roche, USA) &7]4 ¥ EA7]E o|-&35}o]
ato] 2 A] HJ(pyrosequencing)S X85 Holxl HF7]A
&2 Hidden Markov Model (HMM)1} blast searchE =3,
non-16S readE A 73}l profileS XYAI3}o] Eztaxon(http:/
www.eztaxon.org) 2 © & 16S rDNA sequenceS H|il 573}
At} 24 £ 3% %](minimum number of operational taxo-
nomic units)= ACE"'9} Chao 1'"E E3| AAlstdon, A
9] ZtheFA 242 Shannon A 4(index)”S ©]-&-5}%]
o g ARl olE 24 Al AolE ABuAsy
(phylogenetic) © & v w3 7] €|3}o] UniFrac W< AME-
stk

3. Zn Y m
3.1. 7IZ AN 0 EX| 0182 22 H X

o] ZA|EA A3}, A BEoFE 12,6977, B E9F 6,723
7N, C E9F 6,8687112] 16S rRNA gene sequences 3535}
CH(Table 2). v]¥=9] &(phylum) 57 23k A E9F] 7
A EoFu|WE0] Proteobacteria (100%) 1719 Fo &2 &
AE e, B BE%2 A& Actinobacteria (66.4%) >
Proteobacteria (31.1%) > Bacteriodetes (2.1%) > Acidobacteria
(0.3%) =02, C B9 HLo|= Actinobacteria (63.1%) >
Proteobacteria (36.9%)% 33T L(genus)F&E L&
3 B, A EF| A= Pseudomonas7} 98% v &= LERT
a1, B} C EoFQ] 79 Arthrobacter7} ZVZ: 68, 61%= $-
Aol E=3h B B 9 Ralstonia (29%) > Pedobacter
2%) o2 FrHH o7 AHEE UL C EFS Arthrobacter

20 2 Pseudomonas (27%) > Stenotrophomonas (4%) > En-
terobacter (3%) > Ralstonia (2%) <22 YEGTHFig. 1).

B A= mAgES] sl ARt AAAR Eaut
vithEh AR e S Wi, YukEo s 10°~
10” celly/g®] Aol AAlste sloz dejA A" A &
FoN A 98% Bl &= VeRD Pseudomonas®] 735~ 712] % (op-
portunistic) H|ER FAAS o]-85HA] EIATE, FEY

s 5 AR 59 718E ol8st &2 =2 24

o 32

Table 2, Comparison of operational taxonomic units, richness
and diversity index derived from 16S rRNA genes in
animal carcass disposal soils

Soil A Soil B Soil C

Target reads 12,697 6,723 6,868
OTUs 125 208 194
ACE 158.6 280.6 254 1
Chaot 15682 2817 242 1

Shannon 2370 3.452 3432

ESC 0.996 0.990 0.992

OTUs : operational taxonomic units

ACE and Chao1 : nonparametric richness estimators
Shannon : Shannon diversity index

ECS : estimated sample coverage
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M Bacteroidetes
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20% |
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Soil A Soil B Soil C
Fig. 1. Bacterial phylum compositions in animal carcass dispo-
sal soils,
I} w2 AL Hol Aoz ruwlo] k' Arthrobacter
v EYolA F= A=Y, ExKspore)E FJsHA] kil
= AzsAL gopo] AW Aol sl Aol &k
ERE A=A, 7HE], His, 715 5 o 9d=EE
ot Eallse 7HITEY sl ekl SadLeix| oA Pre-
udomonas~ 2

S71E AA D GR-NRS Arthrobacter= §-7]
EA7 7)5S gaets Ao® dEA Uk 71% ojEx
Eope] A%, A Baln Qstel $712A W Aak
T7} &0} Pseudomonas®} Arthrobacter7} o] A&E= A
S 2 #HAEch Ralstoniay W EA Q] 44AFSHhydrogen-
oxidizing) Bte|2]o}2 =43} & Av(hydrogenase enzyme)S
AU glon, 22 B EokoA WAL Z(species)
Ha AR Y BeF C EY|A Ralstonia pickettii, Ralstonia
mannitolilytica, Ralstonia insidiosa 5°| A& %=, B
B9\ A E3| Ralstonia pickettii7} AA| & & 28.2%2] v]&
2 7P =A YeElRgt}. Ralstonia pickettiiv= B8 AJ(non-
fermentative), 13-2-%J(gram negative), 7+a(rod-type bacteria)
S 7 713] ZFaH(opportunistic pathogen) % slLfo|tt ol
S v PYdo] EE R A o, AlEs
(bacteremia) Ao o~ UL 7o W7t Wom 2
2 slsipelge] S5t Qlold 018 sl golof gt

3o =} vAE A0 F thpg e ulwet] gistol
=& 2 A (refraction curve)S 413+ ATKFig. 2), A EoF0]
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Fig. 2, Refraction curve of operational taxonomic units (OTUs) de-
fined by sequence variation in animal carcass disposal soils,
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Table 3. Phylogenetic distribution of isolates from animal carcass disposal soils using EzTaxon-e database,

Bacteria Soil A Soil B Soil C
No. of isolate Distribution rate No, of isolate Distribution rate No. of isolate Distribution rate

Pseudomonas 12404 97 .69 27 0.40 1886 27 .46
Arthrobacter 0 0.00 4440 66.04 4210 61.30
Ralstonia 0 0.00 1947 28.96 125 182
Stenotrophomonas 0 0.00 3 0.04 245 357
Enterobacter 0 0.00 4 0.06 209 3.04
Caulobacter 152 120 8 012 0 0.00
Pedobacter 0 0.00 120 178 0 0.00
Terrabacter 0 0.00 1 0.01 101 147
Acinetobacter 86 0.68 0 0.00 0 0.00
Cupriavidus 0 0.00 33 0.49 15 022
Rhoaanobacter 0 0.00 17 025 16 023
Micrococcaceae 0 0.00 10 0.15 13 0.19
Rhizobium 22 017 0 0.00 0 0.00
Pseudomonadaceae 14 0.11 0 0.00 2 0.03
Chitinophaga 0 0.00 16 024 0 0.00
Burkholderia 0 0.00 5 0.07 ih 0.16
Pantoea 0 0.00 9 0.13 4 0.06
Herbaspirillum 5 0.04 0 0.00 6 0.09
Micrococcales 0 0.00 6 0.09 4 0.06
Pseudomonadales 5 0.04 0 0.00 4 0.06
Xanthomonaagaceae_uc 0 0.00 2 0.03 7 0.10
Brevunadimonas 5 0.04 3 0.04 0 0.00
Ralstonia_f_uc 0 0.00 7 0.10 0 0.00
Mesorhizobium 0 0.00 7 0.10 0 0.00
HMO61872_g 0 0.00 6 0.09 0 0.00
Actinobacteria_c_uc_g 0 0.00 3 0.04 2 0.03
Pedobacter g3 0 0.00 5 0.07 0 0.00
HM243779_f uc 0 0.00 5 0.07 0 0.00
Variovorax 0 0.00 4 0.06 0 0.00
HM243977_f uc 0 0.00 4 0.06 0 0.00
AB240356_g 0 0.00 3 0.04 0 0.00
Burkholderiales_uc_g 0 0.00 2 0.03 0 0.00
Duganella 2 0.02 0 0.00 0 0.00
Anaerolinaceae_uc 0 0.00 2 0.03 0 0.00
Sphingomonas 0 0.00 0 0.00 2 0.03
DQ453805_g 0 0.00 2 0.03 0 0.00
Burkholderiaceae_uc 0 0.00 1 0.01 1 0.01
Gammaproteobacteria_uc_g 1 0.01 0 0.00 1 0.01
Actinobacteria_uc_g 0 0.00 1 0.01 1 0.01
HM748676_g 0 0.00 2 0.03 0 0.00
Pseudoxanthomonas 0 0.00 2 0.03 0 0.00
AF280846_g 0 0.00 2 0.03 0 0.00
Sphingobacteriaceae_uc 0 0.00 2 0.03 0 0.00
FM253572_f uc 0 0.00 2 0.03 0 0.00
Phyllobacterium 0 0.00 1 0.01 0 0.00
EU335192 g 0 0.00 1 0.01 0 0.00
Citricoccus 0 0.00 0 0.00 1 0.01
EUSE1937_ g 0 0.00 1 0.01 0 0.00
Intrasporangiaceae_uc 0 0.00 0 0.00 1 0.01
AY673410_g 0 0.00 1 0.01 0 0.00
Agromyces 0 0.00 1 0.01 0 0.00
EU335197_g 0 0.00 1 0.01 0 0.00
Phycicoccus 0 0.00 0 0.00 1 0.01
Aminobacter 0 0.00 1 0.01 0 0.00
GQ396871_g 0 0.00 1 0.01 0 0.00
Rhizobiales_uc_g 1 0.01 0 0.00 0 0.00
Telmatobacter 0 0.00 1 0.01 0 0.00
AB240310 g 0 0.00 1 0.01 0 0.00

Total 12697 100 6723 100 6868 100

uc = unclassified, X = Genus Xis proposed without family relationship
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Fig. 38, Comparison of microbial community in animal carcass
disposal soils using UniFrac method.
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