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Abstract

— Characterization of Geochemistry and Molecular Biology
in Leachate Derived from Animal Carcass Disposal -

By Choi, Eun Ju
Adv. Prof. : Park, Cheon Young
Dept. of Advanced Plant Construction Engineering

Graduate School, Chosun University

The leak of leachate in animal carcass disposal is a significant issue since
diseases can be easily spread to humans and other livestock. In this study, the
physicochemical properties of leachate and the aerobic bacteria existence in
leachate using molecular biology methods for 16 animal carcass disposals in the
first stage (been buried 5 months) were analyzed. The result of leachate
physicochemical analysis showed higher total coliforms, TOC NH, and NOs3
concentration compared to the relevant literature data. Also the concentration of
NH;  and NO; in most leachate samples appeared to exceed the Korea
guideline value for drinking water. For distribution of leachate using isolation
and 16S rRNA sequence analysis in the aerobic condition, high frequency of
Bacillus pumilus, Lysinibacillus sphaericus and Bacillus sphaericus was
observed, while there were detections of food poisoning bacteria such as
Buctllus cereus. This study improves our knowledge of the fate and transport
in geologic media, treatment, risk analysis on the leachate from animal carcass

disposal sites.



1. NE

a7l 7

T A9 (Foot and mouth disease, FMD)& 2%, #A], %, A%, Als 59 $A4F
FEAA TE B¢, 3§, fF B S Alelol RV AV w4 vleld 2 A
o]t} (Bachrach, 1968). 749 Z2d &L FXo 93 TFoz &g &5
2 H N7 fE A ofo] whel Ak e] dAAsHA AskE W ofyet A o]
st AAE 5 AA v, A A TE R 5= FAA uy
Az o= ik AAHQ st FAstr] wiol AAE
International des Epizooties, OIE)ol A List A Ao 2 BEF{F31 Q3L A=
A€ 7tEdd¥e=z XAste] #estal I (Grubman et al, 1985 ; Krystynak
and Charlebois, 1987 ; Saiz et al., 2002 ; Yoo, 2011).

T FAg2 19179 A AR oY 1934d7tA = A=A or EAE AT
o] % 2000 3€el AUk, F5H W FHEAGY LolA vA] BA S 18275 7ol A
2216575 AR 89, 259145 7F 1,522470F2] AF s=ol tste] o5& A
LAt FFS AL 1 5 20029 59 A7t TEA G s Ao A Ao,
16277 160,155F5 A&, wl&Este] -t (Fd AR F5, 2012). L=
2010 11 A5 ¢tEolA HAx=2 4y Buyd FAGeR HAAE 7FE5S oF 340
ol whe]) wjEA = A=A o2 45000 3 The] @At (Fig 1), AT ER
Aot A Zﬂﬂo}"’ BE, A7 2 S
= SFUTHEHAEF, 2011).

= A9 AHE = (World Organization for Animal Health)ol &= vid Alad =
A2F(Avian Influenza, AD 2 FA9 3 22 7598 S EQ=2 ®wF

=2 o] =

arT A=

o @ Ay QPR ANHL, AFALG FhHe] FAU el o yHof

AT Zhs ARl diei M A 712, A, HvlEk a7, v, ] bl
[ox]

hl =
dhda, vAE U S 4 40 A9 e AdEstel Aesiit

ol
=
B
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Fig 1. The status of the animal carcass disposal sites

by foot and mouth disease in January 2011, Korea
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Fig 2. Installation of the animal carcass disposal sites

by foot and mouth disease
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ol EATL A A AAE ok 0%
o peageld wse %
PN

[e]
o
A7l el At LABA JPoz A4F WEA Fu EF L &
%

Are 9F0d oy 7
A3k o] dutmAAN Bk FEAFALAN 2024 F FE] A

A
g s A @ Al ey, AEFE Vst xeeAdAded A Add A
=]

Ay
-
il
Y
2
>
i3
0%
ol
s
JataD
i
-
il
)
Ay
M
kr
of
of
AU
>

b9 BODE 10,000mg/Lol AW 74 ul &2 o] A
30,000mg/L ©]3Ql Aoz FAH Y HEF7F 7SR E A gAA A ERES
zo FAF dAE o HeE e Aot

HA 175 W= A AR A wep dAdets JAEFEd tgEn
(Carcass disposal: a comprehensive review, 2004)l] <] 3tH, FA 75kge = #] A}
AE WHAS wol HEol 740mg/Le NH,-Neo| @radstn, 1 & 85000L 9]
S US EPA &8 719 10mg/L 722 S9N F e o date A
2 A (Table 1). 7FEAR oAM= diddS £33t Salmonella
enterica serotype Typhi 5< 2w dzgtt3} Camphylobacter jejuni, C. coli, C.
fetus 9 FDZurE oty 22 WAy v H 2~9t E(Bacillus sp.)°l 715 wl&
AW EGOA 7MY =& NER TEE D e ASRE ZAMEASH o]
TES EgA EY 2 FH Aotgrt 29E 7 Jdon, odH E8 Aldo]l A

2

A A% ol #ol o wgd Ago] Wy 5ol ¥ Aoz wekuol

o md



Table 1. The leachate emission for various animal types

animal types

leachate emission (L)

after 1 week

after 2 months

cattle (500~600kg)
calf
pig (70~100kg)
pigling

sheep

80

10

6

0.4

160

20

12

0.8




MEA 19 FEFN EARE JA8 B o T ARE A AT
w, ol e T WA AGHe FF
18F, A4t 19Folt}. olF 4
ol SeIHE B9l faAagFol A3 )
oo £ fAstel wAFEl Basrin AP AGWL T
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2
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b
rr
Hl
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Jo
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e 3ti 3% ASE ¥ 13 RisEE Ho] 9itl Table 25 FooA xA}
s AL AR 3 FMD #AA A odss Hdd vAEY] T/F 2 EFE
ol t}.

Davies ¢} Wray (1996)= 4714 A9 59 & AS Folx|ol Al A FA}sh
2]

o] % § oF I E o2 wjEsATh vlE & 157U v FRAA A7 &
¥ 2ol #AFAUY Salmonella’= W52 F43] T4 F 1553 A% 2

&
ko
Q. Bacillus cereusit2 A& wetd® AlE EElEHAow, Clostridium
perfringenst =l B A5 #FE AT

Turnbull (2001)= WHO<9 Azt3} FE9 anthrax ¥ Guidelinesol| 4] th23

2ol wrsla vk ¥AF FA A2 dubHor SAA AVt AED ¢ A
A A 7] mEel viE fSAME FES e Aot AzshANE, o]
Altel e 534 e F4, dE &9 =3 AEGAA S weks A2

Fe AAE 8P duE fg4 2 A

A WA ol @tk webd R el A @Azt gaHE 39 5
Bo AARAL Foha Ak B AA Y9 FHP B4 T PARPS B
B3 0] o] AbEsh AR 2msh e TR webd dekxin e
GoaAde A 3, 9, 3R] AEAe B BEHe #4209 FE

Akar skA T
Bartley et al. (2002)2 =9 wWjAdE3 9 dGAA FA G vfole =9 A

= A
& SA8AT. d7AY volY s FEsTUl 8l AR E AED

o)
R AN
A7, BAE AhEe] W BulB® olu od® ARAdMAE AET £ U
o FRAA 249, & BdeA 2~349 Bt 4TAA AE sbsd, = A



2y ) eo] SEbd AEgo] gtk
Aol wo)Amel ostd 2

dHE FEAHAE wE Al wiEA A BAA
S, Blol# 2, zEl)o]l odll V| A=Y F

o
R

i<h
Rom wiEA A FEEHE

Aol oeir ¥ adso] 752 7FeAol AUtk
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Table 2. The pathogenic bacteria from the animal carcass disposal sites

classification

pathogenic bacteria

first
epidemic

diseases

second
epidemic

diseases

third
epidemic

diseases

fouth
epidemic

diseases

designate
epidemic

diseases

Clostridium tetani, Corynebacterium

Avian influenza, Streptococcus, Bacillus anthracis,

Leptospira, Mycobacterium Tuberculosis, Cryptosporidium

Clostridium botulinum, Coxiella burnetii

Campylobacter, Clostridium perfringens, Escherichia coli,

Listeria, Salmonella spp, Prion, Scrapie, Compylobactor
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2. NEAA 2 EAWY

2.1. 9 7t= WEX

AT 7 mEAE 20109 129 5H 2011 1€97HA FAG ez late] H

AbE 7EES did e ® 20109 119 S RIF A g VS vijEA] S A A HTS
Ao g o MEAE A% AR A9 W F 167 wEAel, T
AA9 AL Table 30 YERIRT

W 7Hs AW A= =9k A= 54S geotetr] flste, m=
S 5 Z2EF o o/MEA Y 2011 5€ ¥ 69 VI FF wiEA Y AR EH
of A& AFFAA At A AHEEE wWde] (bailer)E

HFig 3). AFAE FE=FE dFdA 045um 718 27|15 7HA L e 2
HE o] &ste] FRhE=ds AAT §F, F4ol2% % (pH, TOA HM-14P), 23}t
AH9 (Eh, TOA HM-12P), A7l 1 =% (EC, TOA CM-14P), &&4k4 (DO, YSI
95), Lga Fug&E2 (TDS, HACH COS50)S A3ttt 2da AEF A8
= @rﬂﬁ)—ﬂé e 4Ceolst2 WHaRA Tt Fol FAE A9
Ca®’, Mg“oll tjgt a2 Ae GrA%Zet=n} (inductively coupled plasma)Z
]88k, POsP, SO, CI, NOs-N# & Lol e o] eaRnE 17y
(ion chromatography)& ©|-&3F3th 18]al ¥ 7] g4 (total organic carbon) &+
A7) (TOC analyzer)Z O]%E}M.‘l‘ﬂ Z AT (total

S
coliforms) =42 FZeATG A H fAste] HAHdAdger S5

lj
o
ofo
prL
£
o
e
-
il

F T AU £
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Table 3. The conditions of animal carcass disposal in this study

sample construct species(unit) size(m)
No. date cattle pig total length wide

CDL-1 2011.01.06 104 - 104 21 6
CDL-2 2010.12.15 - 422 422 14 7
CDL-3 2010.12.15 6 123 129 12 6
CDL-4 2010.12.15 133 - 133 16 3
CDL-5 2011.01.11 - 3,000 3,000 26 6
CDL-6 2011.01.11 - 625 625 16 5
CDL-7 2011.01.17 72 - 72 30 6
CDL-8 2011.01.21 - 4,925 4,925 40 12
CDL-9 2011.01.18 2 1,299 1,301 31 7
CDL-10  2011.01.31 34 - 34 14 4
CDL-11 2011.01.25 - 7,381 7,381 36 13
CDL-12  2011.01.25 - 293 293 11 5
CDL-13 2011.01.25 - 1,147 1,147 25 6
CDL-14 2011.01.15 21 - 21 8 6
CDL-15  2011.01.12 10 - 10 7 6
CDL-16  2011.01.07 12 - 12 7 5

_13_



|

Fig 3. Sampling of leachate from animal carcass disposal in this study
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Z 16709 &S A7 1 mLE FHdke] AE2ds €9 9 mLyt E£3s}o]
127 A3t (vortex)stg on, #2433 & 10" ~ 10722 473 a9

Aol 23 o] AdEujxol] Z4z} m=rste] 30Tl 48413 o] wjkskdl o,

B |
AR

FA = mAE 2= 9% Blood agar plate?t Macconkey agar plateZ
AF-&-3F vt
w Aol ARSE A= vl ol&% wixl= DIFCO Co. (USA)OIA %ist
of Abgetaion, vief = FAHE FEY (colony)S 7], BFH A Fo FHd
A B4 d wet 2F, FASE g F2YE dYsid o, 339 Al wds
3 MAES = T tHFig 4)
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(a)

(b)
Fig 4. The photograph of aerobic bacteria culture.

(a) Blood agar plate, (b) Macconkey agar plate (CDL-9)
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2.4. A3stA Y

= E8E nAEY thele] 5 FF (Blood agar plate, Macconkey agar plate,
Salmonella-Shigella agar, Choco agar % thiosulfate citrate bile salts sucrose
agar)?] 7|4 AEIAE o] &3t 5~8%2 CO, 7oA 24A3F FoF T7]A
kS AAstg o, 2 F=F(Phenylethanol agar @ Brucella agar)e] @714 A=
HiA| & o] &ako] 48A17F st AV wldSs AASEAT & Aol AR E mAd=E
Hj kol o]-&%¥ Hl A (medium) &< DIFCO Co.(USA)olA FHste] AFg3tlom,
5 @A E =¥ (colony)> A7), B3 A 5o FETA Sl wel &,
2 b FEYE AY9sigion, 339 Al wids S MAES oF
P

H&e catalaser & (Ca.), oxidaser] & (0x.), motilityAl & (Mo.), Bacillus

[e]

e

[e)

}

Hj
=y
=

i
o M N o
o, Ho

1>
it

cereus chrome medium *] & (BBC), nitrate 3Fd7AAHNIT), Triple Sugar Iron 5+
SHATSD e 22 AFA s AJdd  F7isted  VITEK 2 system
(bioMerieux, Marcy 1'Etoile, France) 2.2 54 39t}
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25. &5 3714 MAR B@ EALELH

el 2714 Al dEd fFdA d7IHE 245 5422 Genomic

DNA extraction& 1mL¢] PBS (Phosphate-buffered saline) & ol zt7z}e] &<

AA EEE PAES £ §, A3 avk(vortex mixing)dte] AlEE AT Al
21tk YAEE 7 E o] &3] 8000rpm, 5% b ol s & AT AL HE
3, Lysis sol. 200uLE #F3}ar, A3 wwk(vortex mixing)dte] 23} 3= A

% 33 wHEEdth 100C 9 heat blockolA 58 w¢t wldS A AgE
13,000rpm, 10+ &< A AT e del did FXE  nanodrop
(Nanodrop ND-1000)& ©]&3te] A3t PCRS 95T 58379 denaturation

@A, 56 C 2 annealing @A} 72T ¢ extension ©HAIS 7z} 45%% & 383 A3
<, post-extension= 72C 10%%F Aldste] 4TCeol| R #3Fa (Table 4), 5 uLe]
PCR 2t=S ethidium bromide’} 3 7Fd 1.8% o}7F2 9. 2 (agarose)ol Al 7] 4
Fote gt TFE PCR 222 Geneall kitE o]€3le] E o,
Basic Local Alignment Search Tool (BLAST)®} GenBank database® ©]-83d}¢]

97199 vay sk
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Table 4. Primers for amplification of 16S rRNA genes in this study

Genes Primers 6"~ — 37) Amplicon

F : ACTTTGATCCTGGCTCAG
16S rRNA 527bp
R : GTATTGCCGCGGCTGCTG

_19_



31. MEA AEFol B Bel-sety 54

EAel e FEFe =2H 54& Table 50 YebHSIv pHE 557

(CDL-8)°ll Al 7.40 (CDL-1)¢] WH<le} v 6.35= f-evet Aste #2471+ A
4 (pH 58~85)¢ 54&F (pH 6.0~85)¢] Mol i vrsit A5 v
A= A Y Fe Hola UM wiEA 2A4A el A= AMEE =

751
om AgE A8 oete] PEF & pHIE AFFeE BTem pHA B
e olfi Yy 27l yREde] @714 A ou EASE F714 A
Aitelut Al mael oe) AAE f71e] ol@ Ao weke ol
54 A9 AR AEF o FEA Ehs F
W4 W7e R pHeb HEo] Aa4] Ehae vl FRe/ AFHE A 5erd
AAolth, YRR §E ool AFEA ($A% L FHE)S 1 FE&A pH
S oabs/@eAs W 2 G with YE5e] WF Bhi o UTmVE 3
AR YL FeEiA oleld o] fi wEA A

QkaL, 7k /‘]—Xﬂi—rﬂ SE AR AL

=

E
o
o,
pay
2
DY
off
k1
E
e
g

4

AEFol g sk =84 5A4S stetsty] fste] Tl TS 23T F
1371 &) g EAZA3EZ Table 69 YeEhAY. Foigdse Ht
1,226,394.7 MPN/100mLZ #HZH A 2H, o] Yoon & (2009)0] =& oA 4

b St 30 MPN/mLel 3l Bt} ofF 12268 =okow =) 97)e] Aes4=
Qo] dldE e stRstdeA EAE Hd FdETT 14948 MPN/100mL K.t}
oF 82v =A HEH AUt
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TR dEYolol &2 Wi 68219 mg/Lot 3014 mg/LZE wl¢ =& F
= Ut 7hsiEA AEol A AR Bl o3 & w9 T
st olo] wWE FEYol o] HAAFo] e AHA §EH] titiEe
27F dEYold A4 FHE EA5H7] wliEolth. MacArthuret Miline (2002)+&
TAGeE wEd ZFEuEAW AEFodA wiEzd A 1FY v R ofo] 2
o] F%7} 1,000~2,000 mg/LolA 2,000~4,000 mg/LZ S7Fstchar o). 7F5 v
= A Aadael] mE e gkl A A 1,0000 ol thste] 1d o] wiE A d
FolA FH7]ethe dryololo FE= 7 662mg/Let 80mg/L ©] o}
= Aol A ole} FAFe 279l CDL-13 mi&EA] (== 1,14778]) HAEFolA =
=20 27230mg/Le Ff7] A9t 324.3mg/Le] oEUolol 2o FEryF 45}

a9 HER, 2F, b, UG % ol F9 J19e AFAA e Rl
% 2l

o Aow Ay o, Q1o ATl wE AEHE EFsde W, A3
FE T4 (63%), 2ha (2565%), T4 (95%) R AA (1.3%)9 1% vwke] Zrg
(0.3126), 1 (0.22%), ¥4 (0.06%) & (0.05%), HEF (0.04%), ZF (0.03%), v}=L
g (0.01%)= o] FoA dvkal sttt alg=e] Zgold2 7FSAA Bk ofy
et wjEA] SdE A Ee] Fafol e %}%Ol% <72 e o X
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Table 5. The physical characteristic of leachate from animal carcass disposal in

this study
sample Water pH EC TDS Eh DO
No, ) mSm  (mgh)  mV)  (mg/L)
(m)

CDL-1 2.2 7.40 0.61 6.51 -358 0.72
CDL-2 1.0 5.75 0.22 5.60 -215 0.52
CDL-3 2.0 6.77 94.90 14.77 -330 0.20
CDL-4 26 5.92 0.31 0.90 -242 0.88
CDL-5 16 6.67 30.05 38.70 -314 0.04
CDL-6 2.6 6.11 2.23 12.50 -281 0.11
CDL-7 2.2 6.01 1.99 21.40 -334 0.20
CDL-8 38 557 0.23 16.40 -239 0.14
CDL-9 29 6.52 1.13 10.50 -257 0.13
CDL-10 1.2 6.50 0.88 25.40 -266 0.12
CDL-11 0.4 6.87 0.39 3.72 -214 0.10
CDL-12 0.9 5.68 0.79 6.70 -139 0.04
CDL-13 1.2 5.70 1.99 7.08 -134 0.21
CDL-14 0.2 6.45 0.31 12.72 -194 0.82
CDL-15 0.6 6.88 0.89 0.64 -225 0.64
CDL-16 0.8 6.81 0.99 12.08 -215 0.21

mean 1.64 6.35 8.62 12.23 -247 0.32
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Table 6. The chemical and biological characteristic of leachate from animal

carcass disposal in this study

total
TOC Na* K* Ca™ Mg™*
No. coliforms
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
(MPN/100mL)
CDL -1 3,664.00  2,360.00 174.4 139.9 336 1,142.20
CDL - 2 100 4,441.00 242.8 203.9 229 19.8
CDL - 3 6,405.00  1,300.00 75.6 416 105.1 382.8
CDL - 4 310 299.9 735.5 4471 3,015.80 967.2
CDL - 5 3,448,000.00 2.3 17 1.8 35.1 89
CDL - 6 14,136,000.00  1,245.60 216.3 1.3 40 10.8
CDL - 7 127,400.00 2.6 14.5 1.6 33 99
CDL - 8 141,400.00 985.2 338.4 05 31.1 56
CDL - 9 1,414,000.00 785.1 478.7 09 22 8.7
CDL - 10 344,300.00 925.1 677.9 2.2 34.2 8.6
CDL - 11 34.8 38,730.00 424 125.4 741.6 34.6
CDL - 12 36.2  26,030.00 78.1 94.8 963 83.4
CDL - 13 103.2 27,230.00 65.1 8.8 752.7 107.3
CDL - 14 23 767 218.3 254.4 841.2 472
CDL - 15 205  2,187.00 121.2 1579 852.3 134
CDL - 16 29  1,860.00 95.6 1314 753 176
mean 1,226,394.70  6,821.90 224.5 100.8 517.3 179.3
Std. Dev 3,557,199.80 12,150.00 225.7 124.3 769.3 355.5
Guideline' n.d.” - - - - -
w @ - drinking water guideline in Korea (2012, Ministry of environment in
Korea), ® - not detected.
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Continue in Table 6.

NH," NO;-N SO, Clr HCOs~  PO,-P T-N

Ro (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
CDL -1 2,334.00 9.9 36.9 185.8 21 0.1  2,358.00
CDL - 2 939.7 34.8 304 2149 57.9 0 1,123.10
CDL - 3 384.4 10.3 3.2 81 58.7 0.4 428.1
CDL - 4 17.9 232 3177 9453 48.6 0.1 265.2
CDL - 5 0.3 5 5.4 15.1 23.9 0.7 6.9
CDL - 6 155 19 355 5778 22.9 0.2 42.9
CDL - 7 0.2 0.3 124 39.1 12.6 0.8 1.3
CDL - 8 15.1 10.3 54.3 328 33.5 0 276
CDL - 9 14.6 26.2 21.7 214 26.6 05 446
CDL - 10 5.4 216 1574 6197 30.6 0.2 30.2
CDL - 11 169.1 235 - 20.2 53.8 16.1 23.8
CDL - 12 122.3 375 - 38.2 55.7 259 23.6
CDL - 13 324.3 424 - 18 25.7 6.9 34
CDL - 14 150.3 35.6 0.1 26.6 16.2 6.4 0.8
CDL - 15 107.2 41.8 - 35.1 15.1 10.5 0.7
CDL - 16 221.8 49.1 - 29.2 20.4 5.8 0.8

mean 301.4 375 614  211.7 32.7 4.7 273.8

Std. Dev 592 53.9 95.6 2759 16.5 74 626.2
Guideline® 0.5 10 200 250 - - -
w @ - drinking water guideline in Korea (2012, Ministry of environment in

Korea), ” - not detected.
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T AdldeR ve =& s SAS YW (Table 7). 53] dEUopd AAi
(¢F 12,6000H), Alkalinity(¢F 1378), Cl (¢F 90#H), Na(%F 628]) 2 SO4(F 44¥l)%
o] Z}EAtAe] 71e] & diolA =A vERdTh AAE 52012 A% 3
Bl SR ke wiEAE AdEste] B, Aste B vAES B4 A
EddA = =A=HE 15m oldE AF AsolA dRYokd HAiTt dix+-9
of 80Ml o= HE=HATaL AT

AAY T 1670 A HAEFel st T 34T sFulds 3 vAE #
ot Aste FAHTable 8, 99 "AE A7I7IE ol&ste] MAES 4%
Ay F 509 A ENA Bacillus cereus?t 7% % A tH(Table 10).

Bacillus cereus= Gram ¥4 Mo 2 7|4 Z7olA Z AgAwt w2 &7
A BANNE AEaH thFkst Ao HLe EA(pore)E FAFTE w3 AF

h4

d

O{

I
1 Y ]

o P~ ol

doy= Ao A E=xZ AWAFG] TE 24 MA 24 5 % 2
AW S f43 v (Kramer and Gilbert, 1989; Granum, 2001). T+ 49
=2 peptide 542 emetic toxin Wi ¥ E ™ cereulide 2Fal B2 ©
Aol eFA3st A A 7] (stationary phase)ol] A% 1, 7+ & 1~6A] 7t
HH(Monika et al, 2004). ®kHo] AAl FAe AF52 A 47] (exponential
phase)oll XA ¥+= diarrhoeal toxin® & WH E | o W7ksl7|o] 56T, 5% <A
o] 243} ®rk(Agata et al, 1995; Granum, 1994).

Tk o] & oYy FFY FWe A3 HAALES AUM AFE Ve AAAA
stainless steel A& T Fwol FF3le] biofims FAdh Adrt A=
biofilm <toll EAjsteE A= HE& AHFE=0O7%4H 1 ol%h)e 7ol ==%H
Farel @A AgATI7Iel AFAdA B2 £A4E o718 (Ryu  and
Beuchat, 2005). 18], Bacillus spp.”} XA 3= extracellular polysaccharide
matrix2hi biofilm A £& FAEH TOoZRYH S FEdoR BoE

= 7% < 8y, w3 pH, osmotic shock, A%, Ao =% 3% A+S Hsse

Lo

(¢}

.
= o
-1 =
914

o

.|_4

_

rir

i)
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Table 7. A comparisons of average concentration between mortality leachate and

typical groundwater

Average concentration (mg/L)

ratio
mortality leachate (A) typical groundwater (B) (A/B)
Na 1,800 29 62.069
K 2,300 66 34.848
NH4-N 12,600 0 -
SOy 3,600 32 43.902
Cl 2,600 29 89.655
Alkalinity 34,600 253 136.759
Fe 20 0.55 36.364
Mg 40 25 1.600
7n 2 0 -
Cu 1 0 -
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Table 8 The results of leachate isolation under BAP medium condition from

animal carcass disposals

Sample BAP(09.01) Ca. Mo. BBC NIT
CDL 1-1 p.p + - _
CDL 1-2 yellowish mucoid + - -
CDL 1-3 gray mucoid
CDL 2-1 spread(1/8) - - +
CDL 2-2 gray + +
CDL 2-3 gray mucoid + + -
CDL 3-1 white-hemo.(1/8) + + +
CDL 3-2 yellowish + + + +
CDL 4-1 spread + + -
CDL 4-2 white + -

CDL 4-3 gray mucoid + -

CDL 4-4 gray —/+ + -
CDL 5 spread(all) + + -
CDL 6 spread(4/5) + + -
CDL 7 spread(2/3) + + -
CDL 8-1 spread(1/2) + + -
CDL 8-2 gray + + -
CDL 9 spread(4/5) + + -
CDL 10 spread(4/5) + + -
CDL 11-1 spread(4/5) + -
CDL 11-2 yvellowish + + + +
CDL 12 spread(all) + -

CDL 13-1 spread(3/4) + -

CDL 13-2 yellowish + + + +
CDL 14-1 white + + +
CDL 14-2 gray mucoid + - +
CDL 14-3 gray + + -
CDL 14-4 gray small + + +
CDL 14-5 gray spread(1/9) + + +
CDL 15-1 spread(1/8) + + +
CDL 15-2 gray mucoid + +
CDL 15-3 p.p - +
CDL 16-1 gray mucoid +

CDL 16-2 gray + - +
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Table 9. The results of leachate isolation under MacConky medium condition

from animal carcass disposals

Sample MacConky 0oX TSI MOT
CDL 1-1 NG K/K -
CDL 1-2 NG K/K -
CDL 1-3 NG K/K -
CDL 2-1 NG A/A -/+
CDL 2-2 NG A/A +
CDL 2-3 NG K/K +
CDL 3-1 NG K/A +
CDL 3-2 NG A/A +
CDL 4-1 spread(A/AG)(+) Serratia liquefaciens - K/K -
CDL 4-2 NG + K/K -/+
CDL 4-3 pink mucoid(A/AG)(+) + K/K -
CDL 4-4 pale pink op.(-) P. putida + K/K +
CDL 5 NG K/K +
CDL 6 NG K/K +
CDL 7 NG K/A +
CDL 8-1 NG K/A +
CDL 8-2 NG K/K -
CDL 9 NG K/A +
CDL 10 NG K/A +
CDL 11-1 NG K/K -
CDL 11-2 NG K/K -
CDL 12 NG K/K -
CDL 13-1 NG K/K -
CDL 13-2 NG
CDL 14-1 pale pink mucoid(A/AG)(+) + A/AG +
CDL 14-2 pale pink op.(-) + K/K +
CDL 14-3 colorless(+) P. fluorescens + K/K -/+
CDL 14-4 NG K/K +
CDL 14-5 NG K/K +
CDL 15-1 NG K/K +
CDL 15-2 colorless(+) P. fluorescens + K/K +/-
CDL 15-3 NG + K/K +
CDL 16-1 NG K/K -
CDL 16-2 colorless P. fluorescens + K/K +
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Table 10. The results of identification
in this study

for leachate from animal carcass disposal

Colony
No.
A B C
CDL -1 - _ _
CDL - 2 - _ _
CDL - 3 Bacillus cereus - -
Pseudomonas putida ] o ]
CDL - 4 ] o Aeromonas hydrophila Serratia liquefaciens
Acinetobacter ursingii
CDL -5 - - -
CDL - 6 - _ B
CDL - 7 - _ B
Brevundimonas
CDL - 8 ] _ _ B
naejangsanensis
CDL - 9 - _ B
CDL - 10 - - -
CDL - 11 Bacillus cereus - -
CDL - 12 - - -
CDL - 13 Bacillus cereus - -
Pseudomonas
o ] fluorescens
CDL - 14 Bacillus cereus Serratia liquefaciens
Pseudomonas
aeruginosa
Pseudomonas
CDL - 15 Bacillus cereus
fluorescens
Pseudomonas
CDL - 16 Acinetobacter ursingii
fluorescens
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Aoz Hixo dti(Marinda et al., 2002).

Bacillus spp.= AAAl FRLISA EAlstH, et AT AES = &
d& 7HA L A B cereus® A% thdd SAES AAdstal o, ol B4
5ol od) AAF 2 FEE of7|$tt}. B, cereus©l o3t AL Sl AekA] &
ow, Fd W2 Ad AFEe A7 Bol B st A7 =50 AA

dEol va] RusA k= A97F Boh B3 B ocereus® T THHEE A

3} $-oll= Clostridium perfringens®t 737 2 Z4}o]

F@et= Aol Staphylococcus aureus 54 9 T4 FAFsH]
g e goQdl HAA el olegol Avk mulel A BAs = B cereus®]
FSol gk A= A 2R sHRAATY 34 AArd S AgA A
AP 20079 = AFg O] ofsti = A o2 534559 HAL Fib Aol
W, o] & 33759 B. cereus7t wel¥o] HA HAA b Al e 6.3%E
(Division of Enteric Bacterial Infections, 2007). 2814 FEZFIFTS
cereusol| ¥t Hi= gle AAolth 19709t 20k Gore] T2 AE
H Aol o #dE AL AFoz 19899 74A] 1170 = 7ol A 2000] 2
g HJaddAo]l Byt (Kramer and Gilbert, 1989). +E& 9] A9 A H o]
w2, 2B frob ol 14 TollA FE ZEErE Hu, 53 A& xejd B
10~100% T+EE B. cereus’t 295 At (Taylor, 2005). 2-S wWo] AH]|ste= =u
A A AR Sxpe] WAy 9] o] At B cereusel hbl A7 &A1 A
= 34~84% Aoy, nhe$} entFM F#AAE= 92~100% EAst= Aoz B
H A tHRusul and Yaacob, 1995). T3t F+E3 o] 749 hbl FH1A7F §loWA nhe
kel EAstE 5A4S /MY FEE f¥cte Sav Jdde=
(D-O-Leu-D-Ala-L-OVal-L-Val)3¢] +x& ©]F+= 1.2 kDa®| @ o]t}

Cereulidet= Al 9] wEZE=glo}uto] A potassium ionophore$} rARSE 2F-8-S

Jo

>~

=

ol

ol

)

o,

o

o

2 32
o

i3
PrL
e
R ee I

@ 41 W
ft

i

,

u

st o= duxich gl do] wlg 2o FAAo] e o] F R Q| HAE 4
Ao g A 4 9= Wiol gt /Mg REHos 549 & s 9l
st W o ® cell cytotoxicityS =4 et WY Hep-2 cello] FE23AS ol

Olr

= W o] A tH(Nishikawa &, 1996).
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o AFE

.

Aol FAAE A st WHoem  Aopd At
hydrogen peroxide, potassium sorbate(Rice and Pierson, 1982), ben-zoic acid(Kim
et al., 1997), propionic acid, citric acid, acetic acid, lactic acid & ++7]2HOh and
Marshall, 1994 ; Ita and Hutkins, 1991 ; Yonng and Foegding, 1993 ; Fernandes
et al., 1998)7} NaCl(Masuda et al, 1998)% 7|} HEAE Wxo2 = WL
AHA A7 Fo] B gl
Ethanol®] &g B3 ddHy doAd Aoy 4F5e MAd=S A
2 o]&3 A2 1970d i F-El o]t} &5 ethanol> 2% 9] 4
E3A 9 70% ethanol> FEWHATAZ o] £¥H g, #d, <
A, Ar W FRo TRTF AF P A AREH $tew, ol ethanol> &
o S@Ho], AFe g A AAHEE S HAL dd A9S H7HA

1
1 %’4‘8}01 AgEol gov, AFY FrE FA
A

g mrow A4FHo

i
2
1
el
lo
N
o3
o,
filo
otk
o
>
N
N

qq o

el A

of mAE] g WA =
2], 24849448, Cl ione] 54§, AtAgslE 4 2 COl o
Aoz d#HA dth(Jang et al., 2003).
2 EAol f3l v AE Bacillus cereus?} Al v A& TS

o} T 435 Bacillus cereus® 5ol wgl 8 101
w8 A3 Bacillus cereus?7t HEWA ¥ A 9| Bacillus cereus’t H=%
A el vt SOy 9F Clo] Htr w=7F 2H7; oF 464819} oF 88 = A ‘/]'E]r%}fli
A S04t Clol Bacillus cereus® A&l S48 2835 Zlo] g dAwso] 3
tH(Table 11).

2
N 2
. fr
A I
© to m o
o 2R
NI o
N
=
Sl
[-‘O

prL
=
2L
jatad
e
4y 2
o
b
i)
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Table 11. A comparisons of average concentration between without B. cereus

and with B. cereus

Average concentration (mg/L)

ratio
total Without( f) cereus with L(?B )cereus (A/B)
Na 224.487 279.018 104.518 2.670
K 100.847 93.226 117612 0.793
NH, 301.385 335.163 2271.072 1.476
SOy 61.366 74.641 1.625 45.947
Cl 211.743 291.549 36.169 8.061
HCOs 32.702 32.157 33.900 0.949
T-N 273.805 356.746 91.335 3.906
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33. A&5Y 3714 WA B BAASEH

EAW HAEFY] 714 wAE tig 16S rRNAE ol&sto] A8 A
ZFo BARle] 3714 mAEo ALY e W= 0% Bacillus pumilus (4
A7), Lysinibacillus sphaericus (3A1%), Bacillus sphaericus (24 7) 0. & e
tH(Table 12).

2 9] Pseudoclavibacter helvolus, Pseudochrobactrum saccharolyticum,
Corynebacterium callunae, Paenibacillus lautus, Bacillus arvi, Brevundimonas
bullata, Acinetobacter ursingii 2 Bacillus psychrodurans?t 3%t aA 7}
ZujEAY oA A EHo=m AlgE 1 9l EM (Effective microorganisms)?]
A, AT 50w o]Fol4 glon B o

24e 5Ax 3%
M 4 wA=s Ao ARG vieAY EgA fHE Aow

s o] Xtk (Moon 5, 2011).

AAE 5 (20082 Al HAo= Q& AHEH T&F AAE wES AHA Al
55 AFAste] A= DNAE F=¢ 7 AdsFEs (PCR) 2 AsA7IA4<E
TAE B wEAdd EAse eSS FAEAT A wjEA ] R ES

AN Bacillus€} Caryophanons 213}k
Hol $HFo® Yetwth 3 b

%}, Acidovorax, Actinoplanes, Agricultural, Archangium, Bacillus soli, Bacillus

=
H EddA 223 55 243 4

sp., Bacterium, Bradyrhizobium, Chromobacterium, Enterococcus, K. flaccidum,
Lactobacillus, Lechevalieria, M.  purpureochromogenes, Methylobacter,
Methylobacterium,  Microbacterium,  Nocardioides, = Paracoccus,  Parkia,
Phenylobacterium, Ralstonia, Rhizobium, Rhodanobacter, Solirubrobacter,

Sphingomonas, Stenotrophomonas 2 VIAES sAstd o, &2 HETo

= Acidovorax, Alcaligenes, Alicyclobacillus, Bacterium,
Beta-proteobacterium, Clostrium, Cystobacter, Frankiaceae, Malikia,
Ochrobactrum, Polynucleobacter, Rhizosphere, Stenotrophomonas,

Sterolibacterium, Virgibacillus, Xanthomonas s ©| A3t o2 H st
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= B 7Y (UK Department of Health, 2001)¢] 7o w2 mj&Ex &4
Wol= E. coli 0157, Campylobacter, Salmonella, Leptospira, Cryptosporidium,
Giardia 59 nAEo] ZAst= Aoz delx v} Davies®t Wray (1996)= 4
7HA M= T EFAS AW FALSEe] FopAE Q1§ °F 25m (8 feet)
Zolz wiEste wiEx FH EY ods #ES A Salmonellae, Bacillus
cerus, Clostridium perfringens 52 W4 vAES g9 oW Salmonellae,
Bacillus cerus® 749 A& <ol = Fo| BEy
Atk Turnbull (1999)> WHO®| <17t &9 anthrax #%  Guidelines©l A
Bacillus anthracis@} 722 XA 84 vAES Atz o= oA Z7|7 A&
T A gdeAd 7] wwel wiE SAAAE JEdE s Aew AZeA
olgJgt MAES FEF2 EAAR wm Fae AATH 5o woA AAE
L HRl v lTh

AE=TU F 443" (CDL-7, 8, 9, 10)ol4 sHE B. pumilust H& E A
AR E a9-dA4, 3714 2 ERFA vhE g ololtt (Priest, 1993). B. pumilus

At om Ao =% Ax B st To 22 AFskAl SR04 ¢
22 ANz ANME A AFgHS HArh 59 EolA Al (Black tiger

| SAHY B pumilus+= PR 82 LA = E]F 2 (Vibrio alginolyticus)
o AEFEEATY LS AAstr ndel Aol Aol BE AT (Hill et al,
2009). ol = Woo 5 (2007)2 B. pumilus RS77}F Foly =348 &&=
7hE2k A7 ER B EE 95 (Feather)E 3744 AlRZ vte=d a8 o
2 olgrtsstthe A5 FHEAT B pumilusE XFstE 22 BacillusE
(B. amyloliquefaciens® B. licheniformis)€< 22U EAA 54E YA o
ANEE e LEES G281, E3) WA EAIEE (Endospore—forming)®] Bacillus
52 do A3 A=EHS IR 9lo] A2ATH (74T, 15-20 sec)I} whey
evaporation® (G0-70C)olAM %= A4S HFstar At (Mikkola et al, 2000;
Salkinoja-Salonen et al., 1999; Suominen et al., 2001; Mikkola et al., 2004).

AETd F 244 (CDL-12, 13)°l 4 A% B. sphaericusv Sl E & 1%
%A (Gram positive) BHH o2 FF5 AFAe] dFow B §F5 WAL OR

A}E-5E= = 37]4(Obligate aerobe bacterium) EA4S 9w, 39 WA EA}

ki
)
dp>
[0
2
i
o
=2
2

ofN

AV
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(Endospores)ES & A3t} B, sphaericus= Culex®} Anopheles 52 27] f5<&
AFe 7 A A FEA A4 54 GRS Asste ARdo] g
olZ| B. sphaericus®| 54 S4 @A Hojd 83 54 9 Egol e &
s A5, o2 HATE G ZAadel o A3 WA T AFE5EAES 7HA
At} (Miller et al.,, 1983; Myers and Yousten, 1980; Elizabeth et al., 1984). %3k
10C o= 25~35TCoA vevs Axe 2% a8 §X 3ttt B sphaericus
EA] AEY FE Ga9e Aol Y FdE EA o] mAdEo] dEm,
B. sphaericus= 718} =AAE (ol 2R, tF4olw, s, Z2uw 2 o
Sl 9gdas Fx &=t} (Stowell and Sazama, 2007). = Woll A Joa % (2007)

B B3 B sphaericus PSB-137F EYW EA8t= H&A QA S e
st Al7l=d EfA o, AER RN JteAdS AAlet A E3 dds A

=

=

M

A (1995)2 Culex, Anopheles & 3l 2719 35S AH3] 453
sphaericus 1593% Ht} ] ZEsta ¢ A AFdes 27N ATTE SF8H7)
Astel B. sphaericus 1593 2% 2315 Systs A& s

AE7U F 3A%4 (CDL-5, 6, 11)ellA A% Lysinibacillus sphaericus®] 3l
A= Lysinibacillus % 5+ Ahmed -5(2007)0] #|<Fsted Bacillus 4 2.2 5-F
AMEFE PAERZA UFEE9  Bacllusg PIAEELS AlxXE A AJEQ
peptidoglycan type°o] Alyel wtACl  Lysinibacillus% "AEES Ada type¢l
lysine (Lys)-aspartic acid (Asp)©e.Z T4 interpeptide bridgeE 7FA 1 ¢l
Bacillus% 2. 258 AEF HJoew, ¥+ F5F=2+= L boronitolerans, L.
fusiformis, L. sphaericus “L2] 3l L. parviboronicapiens 5°] <& <t}

Kim & (2011)2 165 &<t AFS53F A o] Eisenia fetide®] Fdl vAES
9 FA A3 oF 15%2] L. sphaericus®] £A = AF AAE AA FH L
W, Kim & (201D &A= FZA7E ¥ ds 2438 A5AA
S #g AFolA FHEASE & PSS d5HAAHAAN HF HsdH L

sphaericus®] 7 A %A}

A

4
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Table 12. The results of PCR for leachate from animal carcass disposal in this

study
No. species

CDL 1 Pseudoclavibacter helvolus / Pseudochrobactrum saccharolyticum /
Corynebacterium callunae

CDL 2 Paenibacillus lautus / Paenibacillus sp. / Bacillus arvi

CDL 3 -

CDL 4 Brevundimonas bullata /' Acinetobacter ursingii

CDL 5 Lysinibacillus sphaericus

CDL 6 Lysinibacillus sphaericus

CDL 7 Bacillus pumilus

CDL 8 Bacillus pumilus

CDL 9 Bacillus pumilus

CDL 10 Bacillus pumilus

CDL 11 Lysinibacillus sphaericus

CDL 12 Bacillus sphaericus

CDL 13 Bacillus sphaericus

CDL 14 Bacillus psychrodurans

CDL 15 Pseudomonas sp.

CDL 16 -
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4. 4 &

TAd oz Qo] WEE A& wEAY wAHE FE5e G4e sotel]

datel MExs (NBEFL o 549 F3He] F 167 Aol e 5 whEA e

=

=
Aelstal, 4 pH &4doz yeyn FHETCS =8 of
12260 A= =7 dEtster, oz Qo] iAol & ddow yEut

o o
=2
il
Y
il

EAS AN A3, EAY FHAA BHoz F9) 753 EM AR
o] ol Z}EAAANA FH: Y Bacillus pumilus, Lysinibacillus sphaericus 2
Bacillus sphaericus 5°] 3% qom AAfuat el Bacillus cereus’t HAZ&%H A

OB ATE Fa, hE EAY BEF 54 Rl AE WA 3
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Appendices A

The results of isolation for leachate from animal carcass disposal(CDL 1-16).
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Appendices B

The results of PCR for leachate from animal carcass disposal(CDL 1-16).

1-16sRNA

>gb| JN377788.1] Lysinibacillus sphaericus strain VCRC B545 165 ribosomal RNA
gene, partial sequence
Length 1481

Score = 734 bits (397), Expect =
Ident I ties = 397/397 (100%), Gaps = 0139? (O%)
Strand=Plus/Plus

Query 1 CCGAATAATCTGTTTCACCTCATGGTGAAA GAAAGACGGTTTCGGCTG 60
IIIIIIiJII\IIIIIIIEI\II\IIIII L1l I\IIIII[IIIIII!EIIIIIIIII
Sbjct 144 GGCTAATACCGAATAATCTGTTTCACCTCATGGTGAAA ABAGACGGTTTCGGCTG 203
Query 61  TCGCTATAGGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCAGE 120
PLLEL AT ERE LR ILIIITlIIlIII\IIIIII!
Sbjct 204 TCBCTATAGGATGEGCCCGCGGCECATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGE 263
Query 121 GACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT GAGACACGGCC! 180
IIII\IIilIII|||\I|IIIII|1iIIIIIII\IIIIIIIIIIiIiIIIlIIIlIIlIl
Shjct 264 GACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG 323
Query 181 ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGGCGAAAGCCTGATGGAGCAA 240
|||iill\||Il|1|i1\|||!!I|I11i|11l||\IIII]rIIIILII\IIIIIII\II
Sbjet 324 ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAA 383
Query 241 CGCGGCGTGAGTGAAGAAGGATT TCGGTTCGTAAAACTCTGTTG GGAAGAA 300
1IIIIIIII\IiIIIIIII\II!I!IlI1IkI1IIIIIilIIJ\kI!I 111 IIII
Sbjct 384 CGCCGCGTGAGTGAAGAAGGATTTCGGTTCGTAAAACTCTGTTGTAAGGG AA AACAAGT 443
Query 301 CAGTAGTAACTGGCT GTACCTTGACGGTACCTTATTAGAAAGCCACGGCTAACTACGTG 380
IIIIIIIIIIi&I][iIIII!IIILi!IIIll PECLLELETELTTVERELITTLETLL L
Sbjct 444 ACAGTAGTAACTGGCTGTACCTTGACGGTACCTTATTAGAAAGCCACGGCTAACTACGTG 503
Cuery 361 CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGT 397
TEELEP LR LR R L el
Sbjct 504 CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGT 540
2
samp]e: 2
prlmEr 168sANA
ult: Bacillus sphaericus (100%)
>de[AB271742 1| Bacillus sphaericus gene for 16S rRNA. partial sequence
Length=1477
Score = 789 bits (427), Expect =
Identities = 427/427 (100%), Gaps = 0J42? (0%)
Strand=Plus/Minus
Query 1 CCAGTTACTACTGTACTTGTTCTTCCCTTACAACAGAGTTTTAC CGAAATCCTTCT &0
. IEIII\IIIIIIIEiiIIIIIILIIIIIi\Il|IIIIIl}IIIIEI1|| [ERRNNRAY]
Sbjct 452 CAGTTACTACTGTACTTGTTCTTCCCTTACAACAGAGTTTT CGAAATCCTTCT 393

Query 61  TCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTG 120
lIIIlIIIIIIIIll\llllIIIIIIIllIIIIlIIEEIIIIIIII\IIIIlI\IIIII
Sbjct 392 TCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTG 333

el i T i i e
Sbjct 332 CCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTC 273

Query 181 GGCTAGGCATCGTTGCCTTGGTGAGCCGTTAGCTCACCAACTAGCTAATGCGCCGCGGGE 240
llIIIIlIlLIi PLCLLER R L et e i b ity

Sbjot 272 ACGCATCGTTGCCTTGGTGAGCCGTTACCTCACCAAGTAGCTAATGCGCCGCGGGE 213
Query 241 GCATCGTATAGCGACAGCCGAAACCGTCTTTCAGTATTGTCCCATGAGGGACAAAAG 300
|||1IIIIIIIliIlllIIIIIIIIllllIIiIIIIIlIIIIi!ilIIII\EIIIII\H
Sbjct 212 GCATCCTATAGCGAGAGCCGAAACCGTCTTTCAGTATTGTCCCATGAGGGACAAAAGATT 1563
Query 301 ATTCGGTATTAGGCCCGGTTTCCCGGA AAACTATAGGGTAGGTTGCCCACGT 360

IIIIII!Ellill1lIIII|IIIIIII\II\IIIRlklll\lllllllllll!llil!H
Sbjct 152 ATTCGGTATTAGCCCCGGTTTCCCGGAGT TATCCCAAACTATAGEGTAGGTTGCCCACGT 83

ettt Tativina iyttt
Sbjct 92  GTTACTCGACCCGTCCGCCGCTAACGTCAAAGGAGCAAGCTCCTTCTCTGTTCGCTCGACT 33

Query 421 I???TGT 427
Sbjct 32  TGCATGT 26

- 55:3 -



Continued

sample: 3
primer: 16sRNA
result: Bacillus sphaericus (100%)

>dbj |AB271742 1] Bacillus sphaericus gene for 16S rRNA, partial sequence
Length=1477

Score = 743 bits (402), Expect 0.0
Ident ities = 402/402 (100%). Gaps = 0/402 (0%)
Strand=Plus/Minus

Query 1 CCCTTACAACAGAGT TTTACGAACCGAAATCCTTCTTCACTCACGCGGCGTTGCTCCA
IIII|I|||I|||||l!¥IliIII||||||||||H1|IIIIIIIIEi|I||I|||||1|
Sbjct 430 TTCGCTTAGAACAGAGTTTTACGAAGCGAAATCCTTCTTCACTCACGCGGCGTTGCTCEA

Query 61  TCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCG 120
[ENERRRNN llIIIIIIIIlhll|I||||||||||||I|||||||lHI|||||||II|

Sbjct 370 TCAGGCTTTCGCCCATTGTGGAAGATTCCCTACTGCTGCGTCCGGTAGGAGTCTGGGCCG 311

Query 121 TGTCTCAGTCCGAGTGTGGGCGATCAGCCTCTCAGGTGGGCTACGCATCGTTGCCTTGGT 180
1lIII!IlJII\IIIIIIIIIIILkIIIIIIIIIIILIIIIIIIH!\I\IIIIIIIIII

Sbjct 310 TGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTTGCCTTGGT 251

ey g, o
Sbjct 250 GAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGCCCATCCTATAGCGACAGCCGAA 191

Query 241 ACCGTCTTTCAGTATTGTCCCATGAGGGACAAAAGA ATTCGGTATTAGCGCCGGTTT 300
|||||I|||||1I|||IIII||||JI\III||IIEH\I\II RANARN RNy
Sbjet 190 ACCGTGTTTGAGTATTGTCCCATGAGGGAGAAAAGATTATTCGGTATTAGCCCCGGTTTC 131

el ittt
Sbjct 130 CCGGAGTTATCGCAAACTATAGGGTAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTA 71

s 01 pSOIRTIE T
Sbjct 70  ACGTCAAAGGAGCAAGCTCCTTCTCTGTTCGCTCGACTTGCA 29

sample: 4-1
primer: 16sANA
result: Paenibacillus lautus (99%)

>gb|HQ323447 . 1] Paenibacillus lautus strain F9 165 ribosomal ANA gene. partial
sequence
Length=1523

Score = 715 bits (387), E€xpect = 0.0
Identities = 395/400 (99%). Gaps = 2/400 (1%)
Strand=Plus/Minus

Query 1  ACTCACGCGGCGTTGGTCCGTCAGGGTTTCGCCCATTGCGGAAGATTCCCTACTGCTGCC 60
I%ttllt&t!LlIIII1111||I|I!!!I||IIIIIII|I||||||||III|II11II!

Sbjct 412 ACTCACGCGGCGTTGCTCCGTCAGGCTTTCGCCCATTGCGGAAGATTCCCTACTGCTGCC 353
Query 61  TCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTTCACGCTCTCAGETCGE 120
. illllllllll\Llll|IIII!}iiIIIIIIIIIIIIIIIlllllltttlltIIIIIIH
Sbjct 352 TCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGTTCACCCTCTCAGGTCGG 203
Query 121 CTACGCATCGTCGCCTTGGTGAGCCATTACCCCAGCAACTAGCTAATGCGCCGCA 180
) PULLELEREEL LU R gt \IIIiiIIIII\\ItIIL]II
Sbjot 292 CTACGCATCGTCGCCTTGGTGAGCCATTACCCCACCAACTAGCTAATGCGCCGCAGGCCG 233
Query 181 ATCCCCAAGTGACAGATTGCTCCGTCTTTCATTATTCCACAATGCTGTCAAATAAATTAT 240
llIiiiilliLtiIIlllIiilllII|!||II||I||||!||||||||II||||!||I!
Sbjet 232 ATCCCCAAGTGACAGATTGCTCCGTGTTTCATTATTCCACAATGCTGTGAAATAAA 173

e e thatibnnh it
Sbjct 172 CCGGTATTAGCTACCGTTTCCGGTAGT TATCCCAGTCTTGAGGECAGGTTGCCTACGTGT 113

s 01 PGS T T
Shjct 112 TAGTCACCCGTCCGCCGCTAAC-CATCAGGAATGCAAGCACTCCATCAAGTCCGCTCGAC 54

owrs 0 I
Shijct 53  TTGCATGTATTAGGCACGCCGCCAGCGTTCGTCCTGAGCC
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Continued

4-2
sample: 4-2
primer: 16sANA
result: Paenibacillus sp. (99%)
>dbj |AB257598.1] Paenibacillus sp. KSM-M126 gene for 16S rRNA, partial sequence
Length=1480
Score = 872 bits (472), Expect =

0.0
Identities = 476/480 (99%), Gaps = 0/480 (0%)
Strand=Plus/Plus

GQuery 1 AAGTCGAGCGGAI G TAY GCTTTCAAARTHACTTAGCGGCGGAGGGGTGA 60
~ TELELLTTLT |||| | \IF|||||||IIIII|II (SRR NN
Sbjct 32 AAGTCGAGCGGA TTTGAAAGCTTGCTTTCAAANNNACT TAGCGGCGGAGGGGTGA 91
Query 61 TAGGCAACC CTGGGATAACTACCGGAAACGGTAGCTAATAC 120
= ||||||I|||l|!||| IIEJIIIIIII\|||||!§|l|\I\I!!llllfil!l
Sbjct 92 GTAACACGTAGGCAACCT TTCAGACTGGGATAACTACCGGAAACGGTAGCTAATAC 151
Query 121 CGGATAATTTCTTTTITCT! GCAA CTGTCACTGAGG 180
. IIIIIIIIII||||[!\lllllllIlIllllI\I\lii ||||||||II\I\[
Sbjct 152 CGGATAATTTCTTTTITTCTCC GTCACTGAGG 211
Query 181 GATGGGCCTGCGGCGCATTAGCTAGTTGGTGGGG GGCCCACC CGACGATGCG 240
||||IIIIIII||||III\lIIIIIIIIIIlI\IWIIIIIIIIIIII|||||||||i|\I
Sbjct 212 GATGGGCCTGCGGCGCATTAGCTAGTTGGTGGGGTAACGGCCCACCAAGGCGACGATGCG 271
Query 241 GACCTGAGAGGGTGAACGGCC&CACTGGGACTGAGACACGGCCCAGACTCCTACG 300
i | 1|4l!|||||||||l|I|||||||I|||||||||||I!|\|||||I|I ISSANNN
Sbjct 272 TAGCCGACCTGAGAGGGTGAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG 331
Query 301 GGAGGCAGCAGTAGGGAAT CTTCCGCAA GCGAAAGCCTGACGGAGCAACGCCGCGTG 360
[NNINERNE ||||f|ll||||f|i|||||\I\IlililllilllllllllllllI\II
Sbjct 332 GGAGGCAGCAGTAGGGAATCT GAGCAACGCCGCGTG 391
Query 361 AGTGATGAAGGT TTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACG TCCGGTAGAGTA 420
. PELLILELLTLED ||i||||||IIII||||||||||IIIIIIIIIIIIIIIIIIIIIII
Sbjet 382 AGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACGTCCGGTAGAGTA 451
Query 421 ACTGCTATCGGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGGC 480
|||||||lIIIIElIIIIIllf§|iI¥I!iEIIIIIIIIII\I\I||!if FEELLLTEN
Sbjet 452 ACTGCTATCGGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCC 511
4-2(new)
sample: 4-2
primer: 16sRNA
result: Paenibacillus Paenibacillus odorifer. (99%)

>dbj |AB210070. 1|

Length=540

= 867 bits (469). Expect = 0.0
Identities = 475/4B0 (99%), Gaps = 0/480 (0%)
Strand=Plus/Plus

Score

Query
Sbict
Query
Sbict
Query
Sbjct
Query
Sbict
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1
55
61
115
121
175
181
235
241
295
301
355
361
415
421
475

AAGTCGAGCGGAGTTAY TTTGAAAGCT TGCT TTCAAARTRACT TAGCGGCGGACGGGTGA
PELLELELLLLLL 1 EIIIIIIIIIII!IIIII!I (RN RN NNy
AAGTCGAGCGGAGTYAT TTTGAAAGCTTGCT TTCAAAATAACT TAGCGGCGGACGGGT GA

GTAACACGTAGGCAACCTGCCCTTCAGACT GGGATAACTACCGGAAACGGTAGCTAATAC
IIIII[fIIIIIIIIII\iIIIIIIIIIII11IIFIIIIIIIIIIIIIIIIIIIIIJ\\I
GTAACACGTAGGCAACCTGCCCTTCAGACTGGGATAACTACCGGAAACGGTAGCTAATA

CTTTTTTCT! GACGGAGCAATCTGTCACTGAGG
IJJIEIIIIIIIIIIII\\IIIIIIIIIIIIIIIi!!IIIIIIIIIIIIIIIIIIIi\\I
AATTTCTTTTTTCTCCTGA ACGGAGCAATCTGTCACTGAGG

CTGCGGCGCATTAGCTAGT TGGTGGGGTAACGGCCCACCAAGGCGACGATGCG
IllltllIIIIIIIIII\\IIIIIIIIIIIIIII DPLLLLEL LT EE Lty rl
GCGGCGCAT TAGCTAGT TGGTGGGGTAAGGGCCCAGCAAGGCGACGATGCG

TAGCCGACCTGAGAGGGT GAAGCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG
ALLLEET LR TR R L L e el
TAGCCGACCTGAGAGGBGT GAACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACG

GGAGGCAGCAGTAGGGAATCTTCCGCAAT GGGCGAAAGCCTGACGGAGCAACGCCGOG G
I!IIlIIIIIIIIIIIIJ\I|||I||||||l1||=|IIIIIII||III||I|||||| 111
GGGAATCTTCCGCAAT GGGCGAAAGCCTGACGGAGCAACGCCGCGTG

AGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACBTCCGRTAGAGTA

|||||||E§l|||||||ii|IIIiIIIIIIIIiIIIIIIIIIIIEIIIIIIIIIIIII|l
GTGATGAAGGT TTTCGGATCGTAAAGCTCTGTTGCCAGGGAAGAACGTCCGGTAGAGTA

GCTATCGGAGTGACGGTACCTGAGAAGAAAGCCCCGBLTAACTACGTGCCAGCAGCC
IIIilII IIIIEIEIIII!IIIIIiIIIIIIfIIIIIIIJI1IIIIIIIIIEF£EIIII
ACTGCTACCGGAGTGACGGTACCTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGGE

Paenibacillus odorifer gene for 185 rRANA, partial sequence

80
114
120
174
180
234
240
294
300
354

414

420

474

534
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Continued

4-3
sample: 4-3
primer: 16sANA
result: Bacillus arvi (100%)

>ref|NR_025627 1l Viridibacillus arvi strain LMG 22165 165 ribosomal ANA, partial
sequen

embIAJ627211 1l Bacillus arvi partial 165 rRNA gene, type strain LMG 22165
Length=1505

Score = BS2 bits (461), Expect
ldentities = 464/465 (99%), Gaps
Strand=Plus/Minus

o i ittt et i i B
Sbjct 465 CGTCAAGGTACGTTGAGTTACTAACGTACTTGTTCTTCCCTTACAACAGAGTTTTACGAT 406

0.0
1/465 (0%)

Query 60  CCGAAAACCTTCATCACTCACGCGGCGTTGCTCCATCAGACTTTCGTCCATTGTGGAAGA 119
lrIIIIIIIIHIEIIIII}IHIIIIIIIIIIIIIIII\IIII!HIIIIHIIIIII

Sbjct 405 AACCTTCATCACTCACGCGGCGTTGCTCCATCAGACT TTOGTCCATTGTGGAAGA 346

Query 120 TTGCCTAGTGCTGCCTCCCGTAGGAGT TTGGGCCGTGTCTCAGTCCCAATGTGGCCGATG 179

|||||||||||III1|||||I|IIIJII\IHEIIII\IIIIIIlIIIIIIHHIIIlI
Sbjct 345 TTCCCTACTGCTGCCTCCCGTAGGAGT T TGGGCCGTGTCTCAGTCCCAATGTGGCCGATC 286

Query 180 ACCCTCTCAGGTCGGCTATGCATCGTTGCCTTGGTAGGCCATTACCCCACCAACTAGCTA 239
IIIHIHIHIlIIIIIHIHIIIII||I|I|IIIII!IIIIIIIIIIIIIIIIIIII
Sbjct 285 ACCGTCTCAGGTCGGCTATGCATCGTTGCCTTGGTAGGCCATTACCCCACCAACTAGCTA 226

Query 240 ATGCACCGCGGGCCCATCTAGTAGTGACAGCCGAAACCGCCTTTCAGCATTTTGCCATGT 209

IIIIIIIIIIHHII|||||III\I[IIII!I!HFIIHHIIIIIHIHHIIIII
Sbjct 225 CAGCGCGGGCCCATCTAGTAGT GACAGCCGAAACCGCCTTTCAGCATTTTGCCATGT 166
Query 300 GACAAAATGGATTATTCGGTATTAGCCCCGGTTTCCCGGAGT TATCCCAATCTACTAGGT 359

IIIIIIII IFIIIIIIIHH!IIIIIII||IIIIIIIIIIIIIIIIIrtIIIIIIIII
Sbict 165 GACAAAATGGATTATTCGGTATTAGCGCCGGTTTCCCGGAGTTATCCCAATCTACTAGGT 106
Query 360 AGGTTGCCCACGTGTTACTCAGC{:GTCCGGGGCTAAA GAAGCAAGC 419

LELEELLTEEE LT L L Ll IIIIIIIIHIIIIIIiHIf
Sbjct 105 AGGTTGCCCACGTGTTACTCAGCCGTCCGCGGCTAAATC 46
Query 420 TTGGCTCGACT TGCATGTAT TAGGCACGCCGCCAGCGTTCGTC 464

lrt LULLLT LR e L L LEEL LT
Sbict 45  CATTCGCTCGACTTGCATGTATTAGGCACGGCGCCAGCGTTCGTC 1

sample: 6-2
primer: 16sANA
result: Brevundimonas bullata (100%)

>emb |AJ717390.1]1 Brevundimonas builata 16S rANA gene, isolate AC23
Length=1367

Score = 750 bits (406). Expect = 0.0
ldentities = 406/406 (100%), Gaps = 0/406 (0%)
Strand=Flus/Minus

Query 1 COTCATTATCGTCCCCGRTGAAAGAATTT TACAATCCTAAGAC ACGCGG 60
IiillllIrlt!r!llthlllllIIIHIIJIIIIIIIIIrIII||HHIIIJIH
Sbjct 410 CGTCATTATCGTCCCCGGTGAANGAATTTTACAATCCTAAGACCTTCATCATTCACGCEE 351

Query 61  CATGGCTGCGTCAGGCTT GCAAGATTCCCCACTGCTGCCTCCCGTAGGA 120
: iIIIIIJHIHIIIIIHIIIIIIIIIII|H|HHIllIIIiHIIIIrIHlIIH
Sbjct 350 CATGGCTGOGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGCCTCCCGTAGGA 291

b ittt
Sbjet 280 GTTTGGGCCGTGTCTCAGTCCCAATGTGGCTBETCATCCTCTCAGACCAGCTACTBATCG 231

Query 181 TCGCCTTGGTGAGCCATTACCTCACCAACTAGE CAGACGCGRECCGCTCTAAAGGE 240
IIIIIIl]lIHIIHIIIIIIIIIIII|||]IprL[HIIIIHIIIIIHIIIIIII!
Sbjet 230 TCGCCTTGETGAGCCATTACCTCACCAACTAGCTAATCAGACGCGEGCCGCTCTAAMGEE 171
Query 241 GATAAATCTTTCCCCCGAAGGGCACATTCGGCATTACCACCCGTTTCCAGGAGCTAT 300
IIIIII!IIIIIfIIfIIIIIiH[HHElII||||Ith|I[||||||IIIIIIJIJ
Sbjet 170 GATAAATCTTTCCCCCGAAGGGCACATTCGGCATTACCACCCGTTTCCAGGAGCTATTC 111
Query 301 T TCCCACGTGT TACTCACCCGTCCGCCACTAACCCCGAAGH 360
IIIIHIIIIIHIIIJIIIIIIII!IIIIIIHHTIIIIIIIIIIHIHIIIIIIII
Sbjet 110 GAACCTAAAGGCACGTTCCCACGTGTTACTCACCCGTCCGCCACTAACCCCGAAGS 51
ey Ao T
|
Sbjct 50 TTCGACTTGCATGTGT TAGGCCTGCCOGCCAGGGTTCGCTCTGAGE 5
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Continued

sample: 6-4
primer: 16sANA
result: Brevundimonas bullata {100%)

>emb|AJ717390.11 Brevundimonas bullata 16S rRNA gene. isolate ACZ3
Length=1367

Score = 754 bits (408), Expect = 0.0
Identities = 408/408 (100%). Gaps = 0/408 (0%)
Strand=Plus/Minus

1 CGTCATTATCGTCCCCGGTGAAAGAAT TTTACAATCCTAAGACCTTCATCATTCACGCGG 60
aney CLLELETLT YT TR T LTI LT
Sbjct 410 CGTCATTATCGTCCCCGGTGAAAGAATTTTACAATCCTAAGACCTTCATCATTCACGCGG 351

61 CATGGCTGCGTCAGGCTTTCGCCCAT TGCGCAAGAT TCCCCACTGCTGCCTCCCGTAGGA 120
auery nintimnntiinnaiimniiainaniannn
Shjet 350 CATGGCTGCGTCAGGCTTTCGCCCATTGCGCAAGATTCCCCACTGCTGCCTCCCGTAGGA 291

wer 21 GRS AT
LELET]
Sbjct 280 é}%TGéGéCéTGTCTCAGTCCCAATGTGGCTGGTCATCCTCTCAGACCAGCTACTGATCG 231

181 TCGCCTTGGTGAGCCATTACCTCACCAAGTAGCTAATCAGACGCGGGCCGCTCTAAAGGS 240
Query Il\1|1||L!iiII|!II1I||IIIIIII!1I!ilIIIIIII|I|I||||||||I!|1II

Sbjct 230 TCGCCTTGGTGAGCCATTACCTCACCAA GCTAATCAGACGCGGGCCGCTCTAAAGGH 171
Qs 241 ATAAATCTTTCCCCCGAAGGGCACATTCGGCATTACCACCCGTTTCCAGGAGCTATTCC 300
Hery |||||||||||||mmmm shnIniaaai
Sbjct 170 GATAAATCTTTCCC CCCGAAGGGCACATTCGGCATTACCACCCGTTTCCAGGAGCTATTCC 111
Query 301 CTAAAGGCACGTTCCCACGTGT TACTCACCCATCCGCCACTAACCCCGAAGGGTC 360

1iiLrt||||||||II\|| i||||||||||IIIItkkl|||||1|1!llll!l||Ilhll
Sbjct 110 GAACCTAAAGGGACGTTGGGACGTGTTACTCACCCGTCCGCCACTAACCCCGAAGGGTCE 51

poshbe 11y il ittt
Sbjct 50 TTCGACTTGCATGTGT TAGGCCTGCCGCCAGCGTTCGCTCTGAGCCA 3

7-1
sample: 7-1
primer: 16sRANA
result: Pseudoclavibacter helvolus {(95%)

>gb|HM584267 . 1]  Pseudociavibacter helvolus strain CJ-G-TSA2 16S ribosomal RNA
gens, partial sequence
Length=1445

Score = 702 bits (380), Expect
ldentities = 421/441 (95%), Gaps
Strand=Plus/Minus

0.0
2/441 (0%}

Query 1 TACCGTCACTTTCGCTTCTTCCCTACTAAANGAGGTTTACAACCCGAAGGCCGTCGTCCC 60
- INYNNARNRERERNR ]! \II||||||||||||i||||||||||||||IIIII|| III!
Sbjct 440 TACCGTCACTTTCGCTTCTTCCCTACTAAAAGAGGT TTACAACCCGAA 381

Query 61 TCAC GCGGCGTTGCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCCTC 120
. LELLLLLL L LR L L R LR LRI R LRI
Sbjot 380 TCACGCGGCGTTGCTGCATCAGGCT TTCGCCCATTGTGCAATATTCCGCACTGCTGCCTC 321

N iyttt it
Sbjct 320 COGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGGTCACCCTCTCAGGCCGGCT 261

St
Sbjct 260 CCCGTCGTCGCCTTGGTGAGCCATTACCTCACCAACAAGCTGATAGGCCGTGAGCC&AI 201

ey 2 S T o o ensgrar 250
Sbjct 200 CCATAACCAAAAAATCTTTCCAAACACAGACCATGCGATCGTGTTA-GATATCCAGTATT 142

i i it e
Sbjct 141 AGCCACCGTTTCCGGAGGTTATCCCAGAGTTATGGGCACGTTGCTCACGTGTTACTCACC B2

ittt e
Sbjct 81 CGTTCGCCACTAATCCACCCAGCAAGCTGGGCTTCATEGT'CGACTTGCATGTGTTAAGC 22
Query 420 GCCGCCAGCGTTCGTCCTG 440

iliilWiI[Ii[IIIilili
Sbjet 21  ACGCCGCCAGCGTTCGTCCTG 1
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Continued

7-3
sample: 7-3
primer: 16sRNA .
I result: Pseudochrobactrum saccharoiyticum {100%)
| >gb]FJ652596.1] Pseudochrobactrum saccharolyticum strain PSY-S 165 r ibosomal
RNA gene, partial sequence

| Length=1
Score = 756 bits (409) Expect = ¢.0
Identities = 409/409 (100%), Gaps = DMGB {0%)
Strand=Plus/Plus
! Query 1 AGTCGACGGTCTCTTCGGAGGCAGTGGCAGACGGATGAGTAATGCATGGGAATCTACC 60

IIIIIIIIIIIIHHIIIIIIIH||IHHHHH||||iHH|I|I||I||II|I
Sbjct 20 AGTCGACGGTCTCTTCGGAGGCAGTGGCAGACGGGTGAGTAATGCATGGGAATCTACCGT 79

I Query 61 TCTCTACGGAATAACTGAGGGAAACTTGTGCTAATACCGTATACGCCCTTTTGGGGAAAG 120
i |IllllllllllllillllllllllIl!%i!lil!illl!II!IIIIIIIII!IIIIIH
Sbjet 80  TCTCTACGGAATAACTCAGGGAAAGTTGTGCTAATACCGTATACGGCCTTTTGGGGAAAG 139

Query 121 ATCGGAGAATGATGAGCCCATGTTGGATTAGCTAGTTGGTAGGGTAAMGGCCTACC 180
IllllllillillIlilllilllllii IIlilllIII!!!IIIIIIIIIIIiIIIIi]

Sbjct 140 ATTTATCGGAGAATGATGAGCCCATGTTGGATTAGCTAGTTGGTAGGGTAAAGGCCTACC 199

Query 181 AAG GCGACGATCCATAGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGG 240
Y illlllllillll1 ]IIIIIIIIIJIII!IIIIlllllllllllllllllllllii

Sbjct 200 AAGGCGACGATCCATAGCTGGTGTGAGAGGATGATCAGCCACACTGGGACTGAGACACGG 259

Query 241 CCCAGACTCCTAGGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCC 300
CLCPCCCLEELCE TR L LR T L
Sbict 260 CCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCC 319

Query 301 AGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTCTTTCACCGGTGAAGAT 360
’ |I||I||II|I||lti||IllliilliIikillllllllllitlIIlIIIIIIIIIIII
Sbjct 320 AGCCATGCCGCGTGAGTGATGAAGGCCCTAGGGTTGTAAAGCTGTTTCACCGGTGAAGAT 379

Q 361 AATGACGGTAAGCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCC 409
very IEltiIIIIIIIIIIIlElIllIIll!!IiIIIIlIlll!llI|l1ii
Sbjct 380 AAGCCCCGGCTAACTTCGTGCCAGCAGCC
-4

sample: 7-4
primer: 16sRANA
result: Corynebacterium callunae (99%)

>ref|NR_037036.1] Corynebacterium callunae strain NCIMB 10338 16S ribosomal RNA,
partial sequence
emb|X84251.1] Corynebacterium callunae 165 rBNA gens, strain NCFB 10338

Length=1

Score = 809 blts (438) Expect = 0.0

ldentities = 2 (99%), Gaps = 3/452 (1%)

Strand—Plus!Hmus
Query 1 CGTC—ATATAACTCTTCGTCCCTAGC CGGAAGGCCTTCATCCCC 59

) TLLE LD YPRLLT T R LErrety |H|||IIHHHIHI|IIIII [RENNY

Sbjet 450 CGTCAATGTAACTCTTCGTCCCTAGCGAAA TTTACAACCCGAAGGCCTTCATCCCC 391
Query 60 CACGCGGCGTCGCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGCTGCC 119

) |IIll|I|IlllliHlIllll|I|IHliHHIIIIiIIIl|I|I||l||||||lHl
Sbjet 390 CACGCGGCGTCGCTGCATCAGGCTTTCGCCCATTGTGCAATATTCCCCACTGGTGCCTCC 331

Query 120 CGTAGGAGTCTGGGCCGTGTCTCAGTCCCAATGTGGCCGTACACCCTCTCAGGCCGGCTA 179
) DIVTTE LT LT O EL R T L L LT L R T LRI ]
Sbict 330 CGTAGGAGTCTGGGCCGTGTCTCAGTCCCAATGTGGCCGTACACCCTCTCAGGOCGGCTA 271

Query 180 CGACGCCTTGGTAGGCCATTACCCCACCAA CAAGCTGATAGGCCGCAGGCTCATC 239
] II|I|IIII|IIHIIIII|III JIELEE L R LT e nrit

Sbjct 270 CGACGCCTTGGTAGGCCATTAGCCCACCAACAAGCTGATAGGCCGCAGGCTCATC 211

Query 240 CAAAAGCTT TCCACACACC ACCGTAAAGATAGTGTGTCCTATTCGGTATTAG 299

) IHHIIIHIIIIIIIH PLELERIA L LT T T R LTI LTl
Sbjct 210 CCACACGCGCAAAAGCTTTCGAGACAGCACCGTAAAGATAGTGTGTCCTATTCGGTATTAG 151

Query 300 ACCCAGTTTCCCAGGCTTATCCCAAAGTGCAGGGCAGATTACCTACGTGTTACTCACCCG 359
|IIlIl|IlHIIIH!IIIIIHHHHIHIIlHHIIHHlIlIlIIIIIIHF

Sbict 150 AGCCAGTTTCCCAGGCTTATCCCAAAGTGCAGGGCAGATTACCTACGTGTTACTCACCCG 91
Query 360 GCACTAATCCACCT GCAAGCTAAGCT TCATCGTTCGACTTGCATGTGTTAAGCAC 419
i Ill [ENNRRENRARN IflII|IIIlIIiIiIfll|IIIlIIIIlIIIlIIHIIliH
Sbjct 80  TTCGCCACTAATCCACCTAGCAAGCTAAGCTTGATCGTTGGACTTGCATGTGTTAAGCAC 31
Query 420 GCCGCCAGCGTTCGTCCTGAGCCAGGAATCAA 451
) HIHIHHIl!lllllllHlll! 5y
Sbjct 30  GCCGCCAGCGT-CGTCCTGAGCCAGGA-TCAA

_58_



Continued

sample: 8-2
primer: 18sANA
result: Bacillus psychrodurans (100%)

>gb| JFO09578. 1|1 Bacillus psychrodurans strain CBG_LBI134 165 ribosomal RNA gene,
par tial_sequence
Length=738

Score = 878 bits (475), Expect = 0.0
ldentities = 475/475 (100%), Gaps = 0/475 (0%)
Strand=Plus/Plus

Query 1 GATTTAGCGGCGG uuGGTGAG B0
i11IIIIIIII!lIIIIlIIlIEIIIIIIIIIIIIIIII kkllliiillllll I
Sbjct 21 GTCGAGCGAATGA TCTGATTTAGCGGCGGACGGGTGAG 80
Query 61 ACGTGGGCAACCTGCCCTGTAGATTGGGATAACT CGGGGCTAATACCGAA 120
III||IIIIIllIIlIIIIIlIII\i!IIIIIIIIIIIIIlI\\1%!!IIIIIIIII]II
Sbict 81 CGTGGGCAACCTGCCCTGTAGATTGGGATAACTCCGGGAAACCGBGGCTAATACCGAAT 140
Query 121 TTTCCTCACATGGGGAAATGTTAAAAGA CTCGGCTGTCACTACAGGATGG 180
IIIIIIIIIIIlIIliIIIllIIEii!!i%\t |III11IIlIIIillIIIIII\Ll\ll
Sbjct 141 ATGGGGAAATGT TAAAAGACGGTCTCGGCTGTCACTACAGGATGG 200
Query 181 GCCCGCGGCGCATTAGCTAGTTGGTGAGGT, AACGGCTCAC CAAGGCGACGATGCGTAGCC 240
IIIIIIIIIIIEIlEIIIII!ll‘llllllt klllllllll]I111!ll|llllili|
Sbjct 201 GCGCGCGGCGCATT. AGTTGGTGAGGTAACGGC TCACCAAGGCGACGATGCGTAGCC 260
Query 241 GACCTGAGAGGGTGATCGGCCAGACTGGGACTGAGACACGGC! GGCCCAGACTCCTACGGGAGG 300
||||| || IIII11 !II!111111!ll} [NV RAR AR YRR NANY
Sbjct 261 GGCCA GGGACTGAGACACGGCCCAGACTCCTACGGGAGG 320
Query 301 CAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAATGCCGCGTGAGTGA 360
III 1111 IlEill iill IIIi!!!ilIIIII|11l|||||IlllllllllllIILi
Sbjct 321 GCAGT, TCTT GGAGCAATGCCGCGTGAGTGA 380
Query 361 AAAA AAGAACAAGTACGAGAGTAACTGC 420
IIIII|IIIIII | t [ |||||lIIIIII!IlIIIIIIIIIIIIIIIIII||||
Sbjct 381 GTTTTCGGATCGTAAAACTCT GAGGGAAGAACAAGTACGAGAGTAACTGC 440
Query 421 ACCTTGACGG ACCTCA AGAAAGCCACGGCTAACTACGTGCCAGCAGCC
II|1II!IIIIIIIIII!1] III IIIIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 441 TCGTACCTTGACGGTACCTCAT GGCTAACTACGTGCCAGCAGCC 495
9-3
sample: 9-3

primer: 16sRNA
result: Pseudomonas sp. {99%)

>gb|DQ337603.1| Pseudomonas sp. BBTR25 16S ribosomal RNA gene. partial sequence
Length=1506

Score = 793 bits (429), Expect = 0.0
ldentities = 439/445 (99%), Gaps = 0/445 (0%)
Strand=Plus/Minus
Query 1 TGCCCTTCCTCCC) TTAAAGTGCTTTACAATCCTAAGACCTTCTTCACACACG 60
. ||||||!||||||!11||||||IIII\ RN AR AR RN
Sbjct 457 GCCCTTCCTCCCAACTTAAAGTGCTTTACAATCCTAAGACCTTCTTCACACACG 398

Query 61 GCTGGATGAGGGTTGGCCCCATTGTCCAATATTGCCCAGTGCTGCCTCCCGTA 120
II||E!I!%i|LIIIIIl!1I RN RN AR Ry RN URARRRNRRARNEN

Sbjct 397 CGGCATGGCTGGATCAGGGTTTCCCCCATTGTCCAATATTCCCCACTGCTGCCTCCCGTA 338

Query 121 GTCTGGACCGTGTCTCAGT TCCAGTGTGACTGATCATCCTCTCAGACCAGTTACGGA 180
) I|IIIII|III|I\IIIIIIIIIII CECLLELLLL R DL e L

Sbjct 337 GTCTGGACCGTGTCTCAGTTCCAGTGTGACTGATCATCCTCTCAGACCAGTTACGGA 278

e titiinstidnmimisdiivtontin v

Sbjet 277 TCGCGGTCTTGGTGAGCCATTACCTCACCAACTAACTAATCCGACCTAGGCTCATCTAAT 218

Query 241 AGCGCAAGGCTCCGAAGAGTCCCCTGCTTTCTCCCGTAGGACGTATGCGGTATTAG 300
) |III PLCLELEELEE LTty IIIIIIIIIIIIII\\IIIiilIIIIILLII!I

Sbjct 217 GAAAGGCTCCBAAGAGTCCCCTCCTTTCTCCCGTAGGACGTATGCGGTATTAGCTTA 158

Query 301 TCGGCAAGTTATCCCCCACTACTAGGCAGATTCCTAGGCATTACTCACCCGTCCGC 350

IIELIIIIIIIIIIJII\||||||III|I%III AR AR RNy Y
Sbjct 157 CCTTTCGGCAAGTTATCGGCCACTAGTAGGCAGATTCCTAGGCATTACTCACCCGTCCGC 98

Query 361 CGCTCGTCAGCARAAWAGTAAACTACTCTCTGTTACCGCTCGACTTBCATGTGTTAAGCE 420
IR N AR RN NN RNy
Sbict 97  CGCTCGTCAGCAGAATAGTAAACTACTCTCTGTTACCGCTCGACTTGCATGTGTTAAGCG 38

oy 1 ERASTIMTTIIG
Sbjct 87  TGCCGCCAGCGTTCAATCTGAGCCA
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Continued

sample: 11-1
primer: 16sANA
result: Bacillus pumilus (100%})

>gb|JF904523.1] Bacillus pumilus strain bubt19 165 ribosomal RNA gene. partial

seguence
tength=636

Score = 750 bits (406), Expect =
ldentities = 406/406 (100%), Gaps = 01406 {0%)
Strand=Plus/Minus

Query 1 TTCTTCCCTAACAACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCT 60
||||IIIII||II|||||IIII|I]|1Elil!llllII!IIIIIIIIIIII11Illl
Shjct 422 TTCCCTAACAAGAGAGCTTTACGATCCGAAMACCTTCATCACTCACGCGGCGTTGCT 363
Query 61 CGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGG 120
|I||||||I|||||1\LEI||IIIII||1|11il|l|||||!||IIII||IIII1Illi
Sbjct 362 CCGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGG 303
Rl bttty
Sbjct 302 CCGTGTCTCAGTGCCAGTGTGGCCGATCACCCTCTCAGGTCGGCTACGCATCGTCGCCTT 243
Query 181 GGTGAGGCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTGACAGCC 240
IIHHIIIIIIIIIIIHIII|I|||IIIIIHl|||IIIIII|I|IIIIII|IlI|11
Sbjct 242 GGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGGGTCCATCTGTAAGTGACAGC 183
Query 241 CCGTCTTTCATCCTTGAACCATGCGGTTCAAGGAACTATCCGGTATTAGCTCCGGT 300
II1l¥lIlIIIIIIII||IELEIIIIIIIIIIl|1I||II||||||||IIIIIIIII!W
Sbjct 182 GAAACCGTCTTTCATCCTTGAACCATGCGGTTCAAGGAAGTATCCGGTATTAGCTCCGGT 123
Query 301 CCCGGAGTTATCCCAGT CTTACAGGCAGGT TACCCACGTGTTACTCACCCGTCCGCCG 360
Illllltkilllllllllllllllllllllllll!!IIIIIIIIIIIlIIIIIIIIIIl
Sbject 122 TTCCCGGAGT TATCCCAGTGT TACAGGCAGGTTACCCACGTGTTACTCACCOGTCCGCCG 63
Query 361 CCGGGAGCAAGCTCCCTTCTGTCCGCTCGACTTGCATGT 406
iIIIIIIIIHIIIIIIIIIHliIIIIIIIIIIIIIIIIIIIHl
Sbjct 62  CTAACATCCGGGAGCAAGCTCCCTTCTGTCCGCTCGACTTGCATGT 17
11-2
sample: 11-2
primer: 16sANA
result: Brevundimonas naejangsanensis (99%)
>gb|HQ238771.1] Brevundimonas naejangsanensis strain J9B-8 16S ribosomal RANA
gene. partial sequence
Length=772
Score = 701 bits (379), Expect = 0.0
Identities = 381/382 (99%). Gaps = 0/382 (0%)
Strand=Plus/Plus
Query 1 TTTTGGTTCGGAATAAL GAAACTTGTGCTAATACCGAATGTGCCCTTCGGGGGAA 60
. IIIIIIIIIIIIH[IIIIIIIIIIHIIIIIIll 1!I\IIHI|IIIII!HHIIII
Sbjoct B4  TTTTGGTTCGGAATAACTCAGGGAAACTTGTGCTAATACCGAATGTGCCGTTCGGGE! 123
Query 61  AGATTTATCGCCATTAGAGCGGCCCGCGTCTGATTAGCTAGTTGGTGAGGTAAAAGCTCA 120
, IItIIIlIII|III1I||IIIIIIIII!!!lHIIIIIIl!IIIIIIIIIIIIIIlHlI
Sbjct 124 AGATTTATCGCCATTAGAGCGGCCCGCGTCTGATTAGCTAGTTGGTGAGGTAAAAGC 183
Query 121 CCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACAC 180
) I\HIHIlHlIIIIIIHIIIIIIIIII||IIIIIIIIII|I|||IIIIFHIII||!
Sbjct 184 CCAAGGCGACGATCAGTAGCTGGTCTGAGAGGATGACCAGCCACACTGGGACTGAGACAC 243
Query 181 GBCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATCTTGCGE 240
_ IIIIIIIIIIIIIIIHIIIIIIIIIIH IlIIIIIH!H\ILH!!HIIHIIIII
Sbjct 244 GGCCCAGACTCCTAGGGGAGGCAGCAGTGBGRAATCTTGCGCAATGGGCGAAAGCCTGAC 303
Query 241 GCAGCCATGCCGCGTGAATGATGAAGGTCTTAGGATTGTAAMMTTCTTTCACCGGGGACE 300
) |I|IIIIIIIIIIIII1IIIIIIIIIIIIHHIIIIIIIII|||IIIIIIIIIIII1ll
Sbject 304 GCAGCCATGCCGCGT GATGAAGGTCT TAGGATTGTAAAATTCTTTCACCGGGGACG 363
Query 301 ATAATGACGGTACCCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATA 360
. RO EEEE T ek b LR EE L Ll
Sbject 364 ATAATGACGGTACCCGGAGAAGAAGCCCCGGCTAACTTCGTGCCAGCAGCCGCGGTAATA 423

s 1 GBSEHERITIE
Sbjct 424 CGAAGGGGGCTAGCGTTGCTCG 445

- (;() -




Continued

sample: 12
primer: 16sANA
result: Bacillus pumilus (99%)

>gb |HM103345. 1| Bacillus pumilus strain ZH25 16S ribosomal RNA gene, partial
sequence
Length=1385

Score = 544 bits (294), Expect = 2e-151
Identities = 298/300 (99%), Gaps = 0/300 (0%)
Strand=Plus/Plus

Query 1 AACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGT GATCGGCCACACTGGEA 60

PVLLLLECTEECEEEEL T CEEREEE R T LT EEEEEETb L
Sbjct 193 AACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGA 252

Query 61  CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA 120

COLLLTCCRRRLULCEL P EERL LT L LT ] ]
Sbjct 253  CTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGA 312

e L TR T T TSI e 0
Sbjct 313 AAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGBATCGTAAAGCTCTGTTG 372

Query 181 TTAGGGAAGAACAAGTGCAAGAGTAACTGCTTGCACCTTGACGGTACGTAACCAGAAAGE 240
llll\\IIIIIIIIIIIIIIII||||III|IIII!IIIIIIIIIliIIIIIIIIIIIl!
Shict 373 TTAGGGAAGAACAAGTGCAAGAGTAACTGCTTGCACCTTGACGGTACCTAACCAGAAGE 432

e G i R
Sbjct 433 CACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGGAA 492

13
sample: 13
primer: 16sRNA
result: Bacillus pumilus (99%)
>gb|HQ670600.1]1 Bacillus pumilus strain AIMST 5.Mi.10 16S ribosomal RNA gene,
partial seaquence
Length=750

Score = 702 bits (380), Expect
Identities = 383/385 (99%), Gaps
Strand=Plus/Minus

ey 1 TSR T
Sbjet 396 ATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAA 337

[}

0.0
0/385 (0%)

wery o1 TR e Ry
Sbjct 336 \TTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCC 277
Query 121 TCACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACT) 180
I|IIIIIIIIII!|I{IIIIIIIIII\IlIiilll&llll!lillllllll!l\\III[I
Sbjct 276 TCACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGC 217
Query 181 GCGCCGCGGGTCCATCTGTAAGTGACAGCCGAAACCGTCTTTCATCCTTGAACCAT 240
) I||I||IIII||11IiIIIIIIIIII\IIFIIII|i31I11IIl!IIIIIIII\\IIEII
Sbjet 216 TAATGCGCCGCGGGTCCATCTGTAAGTGAGCAGCCGAAAGCGTCTTTCATCCTTGAACCAT 157
Query 241 TCAAGGAACTATCCGGTATTAGCTCCGGTTTCCCGGAGT TATCCCAGTCTTACAG 300
] IlIIII||||||1||iII|||I||I! IIFIIIIIIIIIIWIIliIIIIIIII\\IIEII
Sbict 156 AAGGAACTATCCGGTATTAGCTCCGGTTTCCCGGAGT TATCCCAGTCTTACAG 97
Query 301 GCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAACATCCGGGAGCAAGCTC 360

. |5||||||||||lltIIIIIIIIII!iIIIIIIIIIIIEI\III%?IIIIIII\\ I
Sbjct 96  GCAGGTTACCCACGTGTTACTCACCCGTCCGCCGCTAAGATCCGGGAGCAAGGTCCCTTC 37

et ittt iyl
Sbict 36  TGTCCGCTCGACTTGCATGTATTAA 12

- 61 -



Continued

14
sample: 14
primer: 16sRNA
result: Lysinibaciilus sphaericus (99%)
>gblEU741100. 11 Lysinibacillus sph i i
BartTa seflente v sphaericus strain 13651U 16S ribosomal RNA gene,
Length=1493
Score = 833 bits (451)., Expect = 0.0
Identities = 465/472 (99%). Gaps = 0/472 (0%)
Strand=P |us/Minus
Query 1 GGTACCGTCAAGGTACAGC CAGTTACTACTGTACTTG‘I'I’CTTCCC’TI’ 60
. ||I|IIIIIIIIHHIIIIIIIIHEIIII!II IIIIIIIIII]JIHH!!HII
Sbjct 475 ACCGTCAAGGTACAGCCAGTTACTACTGTACTTGTT CCCTTACAA 416
Query 61 CGAAAACC TTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTG 120
) iIIEIIIIHIIIIIIIIIIHlHIIIIIIIIIIII||||I||li!IlIIIIIIIII||
Sbjet 415 CCGAAAACC TTCACTCACGCGGCGTTGCTCCATCAGGCTTT 356
Query 121 GATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGE 180
IHIHIFIIIIIIIIIHIIIIIIIIIIIIIIIHHIIIIIIIIIIIIIIIIIIII\
Sbjct 355 GATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGG! 296
Query 181 GATCACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACC‘FCACCAACT 240
i LELEEL T L LR L R R LT T LI T
Sbjct 295 CGATCACCCTCTCAGGTCGGCTACGCATCGTCGGCT TGGTGAGCCGTTACCTCACCAACT 236
Query 241 CTAATGCGCCGCGGGCCCATCTTATAGCGACAGCCAAAACCGTCTTTCAGTATTTCAC 300
. ||II|IiIHlIIIJIIIH||||IIIII|||||||| PELLLLTL HIIIIHJIIIH
Sbjct 235 AGCTAATGCGCCGCGGGCCCATCTTATAGCGACAGCCGAAACCGTCTTTCAGTATTTCAC 176
Query 301 GTGAAATAAATTATTGGGTATTAGCCGCGGT TTCCCGGAAT TATCCCAAACT. 360
) IIIIIHIIIIIII LLLFLIL UL LI i I||IIIIIIIIHI
Sbjct 175 GTGAAATAGATTATTCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAAACTA 116
Query 361 AAGGGAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCAAAGGAACAAGCTCG 420
. 111 IIIIIIIIFH\IIIIIliIHHF!HIIIIIIHIII\II!IH IIHIIII
Sbjct 115 AAGGTAGGTTGCCCACGTGTTACTCAGGGGTCCGC! 56
Query 421 TTTTCTGTTCGCTCGACTTGCATGTATTAAGCACGCCGCCCGCGTTCGTCCT 472
. P LRI TR E L LR L L TN LEL TR
Sbjct 55 TTATCTGTTCGGTCGACTTGCATGTATTAAGCACGCCGCCAGCGTTCGTCCT
15
sample: 15
primer: 16sBNA
result: Lysinibacillus sphaericus (98%)
>gblEU741100.1]1 Lysinibacillus sphaericus strain 136510 16S ribosomal RNA gene.
partial sequence
Length=1493
BOE bits (437), Expect = 0.0
ies = 458/468 (95‘%) Gaps = 2/468 (0%)
St rand—P lus/Minus
Query 2 ‘GTC—-AGGTA-AGCCAGTTACTACTGTACTTGTTCTTCCCT TACAACA 59
lIIII [YNNA| IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHHIIIIIIIII
Sbject 471 CCGTCAAGGTACAGCCAGTTACTACTGTACTTGTTCTTCCCTTACAACAGAGTT 412
Query 60 CCGAAAACCT TCTTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTGGAAG 119
IIIHIHEIHIIIII!IlHIIIIIIIIIIIIIiHIIIIIIIIIIIIIIIIIIIIII
Sbjct 411 CCGAAAACCTTCTTCACTCACGCGGCGTTGCTCCATCAGGCTTTCGCCCATTGTGGAAG 352
Query 120 ATTCCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGT GGCC! 179
IIIIIIIIIIIIIIIHIIIIIIIHHIllIlHIIHHIIIIIIII!II[HI!HI
Sbjct 351 ATICCCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGC! 292
Query 180 CACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAAC 239
[RNRNRRRARNSRNNN RN NRRANY IIIIIIIHEHIIIIHI!II\IIIIIIIIII
Sbjet 291 CACCCTCTCAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTA 232
Query 240 TGCGCCGCGGGCCCATCTTATAGCGACAGCCGAAACCGTCTTTCAGTATTTCACCATG 299
iIIIIIIIIHIIIIIIIIIIIlliIIIIIIIIIIII IIIIIII]III\IlIIIIIIII
Sbjct 231 CCCATCTTATAGCGACAGCCGAAACCGTCTTTCAGTATTTCACCATG 172
Query 300 AAGTGAAATAAA GGTATTAGCCCCGGTTTCCCGGAATTATCCCAAACTA 359
TELREELELY IiIIIIIIIliiIIIIIIIIIIIIIIIIII IIIIIIIIIiIIIIIIII
Sbjct 171 AAGTGAAATAGATTATTCGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAAACTATAA 112
Query 360 GCCCACGTGTTACTCACCCGTCCGCCGCTM TCAAAGGAACAAGCTCCTTTT 419
iHH!H PEEDLES LR LR e et b eien o
Sbjct 111 TAGGTTGCCCACGTGTTACTCACCCGTCCGCCGCTAACGTCAAAGGAGCAAGCTCCTTAT 52
Query 420 CTGTITCCCTCGACTTGCATGGATTAAGCACGCCGCCCGCGTTCGTICCT 467
FLIRRL TRELRL ey e e e ety
Sbject 51 CTGTTCGCTCGACTTGCATGTAT TAAGCACGCCGCCAGCGTTCGTCCT 4
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Continued

sample:
primer:
result:

Score

16

16

16sRANA

Bacillus pumilus (99%)
>gb|JFO04523 1| Bacillus pumilus strain bubt19 16S ribosomal RNA gene. partial
seqguence
Length=636

= 771 bits (417), Expect
Identities = 419/421 (99%), Gaps

0.0
0/421 (0%)

Strand=Plus/Minus

Query
Sbhjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Shjct
Query
Sbjet
Query
Sbjct

1
437
61
377
121
317
181
257
241
197
301
137
361
77
421
17

CTTGGAGTTG TCTTCCCTAACAA TCCGAAAACCTTCA
i11!|1||!1 IIIIIIIELIIIIIIIIIII ||||||||||||II1lllLtEIIIIII
CTCTTGCACTTGTTCTTCCCTAACAACAGAGCT I TACGATCCGAAAACCTTCATCAC
CACGCRGCGTTGCTCCGTCAGACTTTCGTCCA CGGAAGATTCCCTACTGCTGCCTC

Hnnatiatinnit ||||||I1I\IIII ULLLELTETTTELT ]
TCACGCGGCGTTGCTCCGTCAGAGT TTCGTCCATTGCGBAAGAT TCCCTACTGCTGCCTC

c GTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGGTCGGCT
LEELCELREE Ly e b g (i iy
CCGTAGGAGTCTGGGCCGTGTCTCAGTCECAGTGTGGCCGATCACCCTCTCAGGTCGGC

ACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCBGGTCCAT
FLLUIRRER L Rnen e i e b i iei il
ACGCATCGTCGCCTTGGTGAGCCGTTACCTCA CCAACTAGCTAATGCGCCGCGGGTCCAT

CTGTAAGTGACAGCCGAAACGGTCTTTCATCCTTGAACCATGCGGT TCAAGGAACTA
I|I||IIIIIIIILLtIIIIIIlIIll{\IIIliii||I|1I1!!IIIIIIIII\LII
CTGTAAGTGACAGCCGAAACCGTCT TTCATCCTTGAACCATGE! AAGGAACTATS

GGTATTAGCTCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTA
FELVEEE LR Lt s et e e i
GGTATTAGCTCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGT TACCCACGTGTTA
CTCACCCGTCCGCCGCTAACATCCGGGAGCAAGCTCCCTTCT!
III|IIIlIIIIliIIIIIIIti!Il11tIII!IIIIilIIII\IIIIIIIIII\IIII
CTCACCCGTCCGCCBCTAACATCCGGGAGCAAGCTCCCTTCTGTGCGCTCGACTTGCATG
T 421

T 17

60

378
120
318
180
258
240
198
300
138
360
78

420
18
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