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53910954: MAJOR: MICROBIOLOGY; M.Sc. (MICROBIOLOGY)
KEYWORDS: GLOBAL WARMING/ MARINE BACTERIA/ BANGSAEN BEACH/
PATTAYA BEACH/ CHON BURI PROVINCE/ THAILAND
KITTITACH SUPANNAPAN: EFFECT OF GLOBAL WARMING ON MARINE
BACTERIAL DIVERSITY AT BANGSAEN AND PATTAYA BEACHES, CHON BURI
PROVINCE, THAILAND. ADVISOR COMMITTEE: SUBUNTITH NIMRAT, Ph.D.,

VERAPONG VUTHIPHANDCHALI Ph.D. 140 P. 2015.

In this study, the effect of global warming on marine bacterial diversity at
Bangsaen and Pattaya beaches, chon buri province, Thailand in the year 2011 was
investigated. The results showed that seawater and air temperature of eight sampling
sites from Bangsaen (as Ang-Sila market, Ang-Sila Pier, Bangsaen beach and Won
Napha beach) and Pattaya (as Na Klua Market, North Pattaya beach, South Pattaya
beach and Jomtein beach) beach areas in this study changed in the range of 25.00 +
0.00 to 34.90 £ 0.00 and 25.30 = 0.60 to 35.00 + 0.00 °C, respectively. The physical
properties of seawater and sediments including pH of seawater, pH of sediment,
dissolved oxygen and salinity at Bangsaen and Pattaya beach were 6.30 + 0.00 to 9.69
+ 0.01, 7.35 £0.01 to 9.60 £ 0.10, 4.36 + 0.10 to 10.37 = 0.01 mg/L and 3.0 to 34.0
ppt, respectively. Correlation analysis study revealed significant correlations between
seawater temperature values and total marine bacterial concentration at WWon-Napha
beach site only (r* = 0.801, p-value = 0.005). The other sites showed no correlations
between seawater temperature values and total marine bacterial concentration.
Moreover, the identification of total culturable marine bacteria with standard
technique isolated from seawater and sediment were classified into four families
which were Bacillales, Pseudomonadaceae, Vibrionaceae and Enterobacteriaceae.
Types of marine bacteria found in seawater and sediment in each area were different.
The highest frequency found of those marine bacteria were Bacillales followed by
Pseudomonaceae, Enterobacteriaceae and Vibrionaceae, respectively. While the most
prevalent unculturable marine bacteria recovered from seawaters and sediment
samples were identified as Proteobacteria which were class Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria and Deltaproteo-bacteria. A small numbers
of bacterial phyla Cyanobacteria, Bacteroidetes, Firmicutes, Acidobacteria and
Actinobacteria were also observed. Unculturable marine bacteria found in this study
showed a higher diversity, compared to culturable marine bacteria.
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= 4 A o v =
4. ﬁgamummzamﬂummmmwﬂwaQa
4.1 10 mM dNTP mix (%0 Vivantis, A¥WUsSgu1aIT0)
4.2 Tag DNA Polymerase (‘]Ji%ﬂf’)‘uﬁjﬁfl 10X PCR reaction buffer, 50 mM MgCl, Lag
o laaf Taq DNA Polymerase; B1ie Vivantis, ﬁwﬁ’uﬁgmzm%)
J o J a o . . [ a
4.3 ulWiLllf’Ji (FUNTITHIINUIT YN Biodesign, ‘]Jigl‘ﬂﬁul‘ﬂfl; aaaadluasen 1)
4.4 6X Loading buffer
4.5 8% Polyacrylamide

4.6 50X TAE buffer
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A s =
AT NN 1 ]'lWiﬂJ@iT]ﬂl‘IafhlUﬂTiﬁﬂH']

¢ . v o ; VUIAVDI . -
Inses mauua (5’3" mqﬂizmﬂ . e e 91909
HannUN (QLua)

[x:) @ v o a S oA P 4
7W§'t1135ﬁ'77’151/ﬂ75?)ﬁi)‘llllJﬂ“D’uﬁllﬂﬂ?’lﬁf]ﬂqlfﬂlw‘la‘ﬂﬁf]ﬂ7@

D1 AGA-GTT-TGA-TCC-TGG-CTC-AG L‘ﬁ'nﬂ’%mmﬁu 16 S ~ 1,500 Weiburg, Barns,
P2 ACG-GCT-ACC-TTG-TTA-CGA-CTT rRNA* Pelletier, and

Lane (1991)

P v o - aa oA = oy
?Wﬂﬂajﬁ‘l”jﬂﬂ‘ljﬂﬁ7)7“uﬂWuﬁ”l/ﬂ?’lljf]ﬂﬁqﬂ?’llw_l&'ﬂﬁf]q'ZZJ'Z@

338GC-F CGC-CCG-CCG-CGC-GCG-GCG-GGC- tut3uaitu 168 ~200 Wongwilaiwalin
GGG-GCG-GGG-GCA-CGG-GGG-GAC-  rRNA Tudunounis etal. (2010)
TCC-TAC-GGG-AGG-CA 11 PCR Tude 5.3

SI18R ATT-ACC-GCG-GCT-GCT-GG

338GC-F-  CAG-GAA-ACA-GCT-ATG-ACG-GGC-  tiwifSinadu 16s ~200 Wongwilaiwalin

M13R GGG-GCG-GGG-GCA-CGG-GGG-GAC-  RNA i Idnnwanda etal. (2010)
TCC-TAC-GGG-AGG-CA 715%1 DGGE lude

518R-AT- GTA-AAA-CGA-CGG-CCA-GTA-AAT- 5.4 waziy
MI13F AAA-ATA-AAA-ATG-TAA-AAA-AAT- Sequencing primer

TAC-CGC-GGC-TGC-TGG

5. gadu3agdmiuanuiiluaga

5.1 y@ﬁﬁ’@ﬁg%m@ﬁwﬁﬂgﬂ GF-1 Soil Sample DNA Extraction Kit (ﬁﬁ/iﬂ Vivantis,

szmanuaiie; N1wh 11)

AW 11 gaanaadwed 5931 GF-1 Soil Sample DNA Extraction Kit

a Ao A
(M las NAATY gWITUNRUT)
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°o

o I a Q'{ H <3 ]
5.2 gah IR ueUs gnsd 133y (8o Promega, UszmedTusa; nni 12)

u

Lo g

A o Yy I a a Ao A
M 12 gari InaueLIgnsa ezl (mnlas ATy gussuiug)

6. g1lnsal

6.1 NTTAIYNITDI YUIAINTDI 0.2 "lﬂmmm (ﬂTIN‘ﬁ 13)

H a Ao A
AIND 13 NITAIHNITDI YUIAINTD 0.2 "liliﬂililﬂ'i (ﬂW‘IIﬂﬂ NANDY quWi'iﬂ!Wl!ﬁ)

<3 % ' ~
6.2 VIANVAIDYN (AINN 14)

o

! < @ T a a A
ﬂTW‘ﬁ 14 UIANUAIDYN (ﬂTWIﬂfJ NOATY f;fWiimW'uﬁ)
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A A
7. 13931
A y A a . A Y 1 .
7.1 m'imﬂmmaumummuqmwgu (Centrifuge; 8¥1® Eppendoff, 3U Centrifuge
v 7 o
5804R, ﬁWWH‘ﬁﬁTﬁTiﬂ!iﬁlﬂ@iNﬁ)
A4 & A . ) dy ) . o ¢
7.2 105090 UINIB9 (Microcentrifuge; #¥® Sartorius, §U Sigma 1-14, aUNWUT
51T UTTeTUN)
Y dy = 9 ] v J [ =\
7.3 AVUINISITO (Incubator; %19 Memmert, U BE400, ﬁWWH‘ﬁﬁTﬁTiﬂ!if@Lﬂ@iNH)
7.4 vitotlanwau lo (Autoclave; 8% Tommy, j1 $8-325, Uszmaaiiu)

[

7.5 93 e NeoN 2 Aunila 5% Mettler Toledo, §1 PG802-S, AU IWUTTY
L))

7.6 m‘%mﬂu Wl (Vortex mixer; Vortex-2 Genie, & 14’3’@; IUTNT)

7.7 m‘%mﬁuqmmwmﬁ (Vacuum pump; Gast éu 0211-V45F-G230CX,
ANIFOINTNI)

7.8 ﬁﬂaam%a (Laminar flow; Super clean VC150, ngunnuniiuas, Uszme Ing)

7.9 douaniou (Hot air oven; WTB Binder, anWlsas1saigioosuil)

7.10 m‘%mﬁaﬁ”ﬂﬂmmwﬁw (Multiprobe; ?;ﬁ}ﬂ Horiba, ﬂizmﬁﬁjﬂu)

o a I'4
7.11 M3 luNn03 (Thermometer)

A 4 1 v 7 [
7.12 17304 Thermocycler (8% Biometra, ju T-Gradient, aWHUS 51305 g0051il;

NN 15)

{ ! a Ao A
AN 15 19509 Thermocycler (MW 1A8 AAATY NI TUWUT)
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7.13 19304 Electrophoresis (8% Bio-Rad, 1 Bio-Rad sub-cell GT; 010 16)

a o

' ' A A
AN 16 19504 Electrophoresis (1N 1A NAATY qW35WUT)

7.14 17599 UV-transilluminator @ﬁj’ﬂ Spectroline, § U Model TVC-312A,

ANTFOITN, MWD 17)

a o

' ' a A
AN 17 19509 UV-transilluminator (1N 1a8 AAATY qW55WUT)

7.15 19394 Denaturing Gradient Gel Electrophoresis (DGGE) (DCodeTM system, Bio-

Rad; 7WA 18)
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. ) .
NN 18 g1 N3811a21A3 04 Denaturing Gradient Gel Electrophoresis (DGGE)
A Aav Y4
(M las NAATY gWITUNUT)
o o 1 4 1 %
n) gunsallumsiaaa, v) ginsallunmsilasana, a) ginsailszneuneuiuaa,

q) IATD4 Denaturing Gradient Gel Electrophoresis (DGGE) Nilsznovd Ngiﬂf
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7.16 1309 Gel Document (Molecular Imager® Gel DocTM XR System

é U Universal Hood II; NN 19)

{ : a Ao A
AN 19 19509 Gel Document (MW 1A NAATY W35 UWUT)

Q

ad o =) a W
AFAUUUNTIVY
d‘d a
L amuNANY (NTUAILAUNANY)
UINUMIAVILAY IAUA AA1A919Aa1 M5 0019Aa1 FIOMIAVILAY LASHIHIA
10UUN FIUVTIUNN Taun aanaunae serIaKineunils yemianneld uaz
=\ [ a ~ o = < @ [} @ [} 3
FIe¥IAvONNIY Taguaaz UTNUNIMIANYUNDAIENYAAE 1 420819 1TUIzezIal 10
A g‘/ A = =R o
DY AUAADULUIANDITUINY W.A. 2554
o < % 1 g a [ a -
TagrmnsnuaI0819IMEatazaAuazno U LAz UT NUMNTLIZTN1INH9910
) Y D D
e a9l 1) a1 1AaT 52eHININAUNINY 500 IAT 2) NTD019AAT TLELHIIIARAY
0 100 1UAT 3) F1PHIAVIUAY TLOSHINAUNINY 10 (VAT 4) F1IHIAIDUUNT
52ELUNNAUNIAY 100 AT 5) AAIAUUNAD TLELHIIAAUNIAD 100 1UAT 6) F1EW1A
WNGUNIID T2eZHNNARWNNY 10 AT 7) Fremianine1ld 5oz dunny 10 was
= 1 4 1w ~ = = 3
A 8) WUHIADNUNYU TTILHIINHUNIND 500 LUAT (NINN 20) FI518aL1DealUNITIAY

fvgaaznanae llludon 4
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i 20 3naufiudediata 8 9 (M 1ae AnAty gnsTuiug)
1) AaA819AaT 528 W19 INAUNITY 500 WAT, 2) 115 0819AAT STz RN
IR 100 119R13, 3) FIOWIAVIAY T2o2H199 AT 10 103, 4) Fena
2OUUN F2EZHIINAWMTY 100 10AT, 5) AmIALINED 52ozH1 ATy 100
AT, 6) WMIANNE NI Tzazri1eanduiiiy 10 was, 7) Memaineld
SexUNINAWIMIAY 10 WAs 1ag 8) MenAdomfion s2ezH199INAUnIfY 500

¥\19p)
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2. MIANHIAMANTANIMEMNYB9UIMEIA (Cavallo & Stabili, 2002, 2004; Stabili,
Acquaviva, & Cavallo, 2005)
° YR ] < 1 I 1 a ~ g
MNITATIIAMAMAN MANWYUNTA-AS (pH) ﬂ‘%mm’eaﬂm%uﬂazmﬂum

. a au} 9 A A v %}
(Dissolved oxygen; DO) Hazgungivesimezialneldlasldiniosiioiananini

3. MIINQMUVHUVEIDINA
% a 9 4 a 4 =
as193agungil laeldimes lulmesuazaatiunnna
=S =Y a A :’ a \ d' du 8% ad
4. msannfSinamuanGaluimzarazduaznounguimziaesladra3sinnsgiu
(Spread plate technique) #8z35M19%313ana (M1ITN13U04 Cavallo & Stabili, 2002, 2004;
Stabili et al., 2005)
<] (3 T ¥ a A o Y A Aaa o )
4.1 umeiaimeannusnuimrua 13 Usuas 500 daaaas Taevihnsitach
<3 o ] o a A 3 a 1 Y A dy
VIAUNVAIDENAIAIINUTNUANINTZINU 20 - 30 xudwas laluviaudindsiainiye
A = = dy a a 9 %‘ 3‘, o a 4 a A
menanmesn1syueuninusnarmt i 1nuuiih ldasiedmsgvuuanGenanea
b4 9
Tae1991111518891%0 Marine agar (MA) H1@20819411190919UUD Ten - fold dilution 1% 1@

Y Y A v Y o
ANUAUVNIUNHVIZETUAIYIT1TE D18 0.85% Normal saline ﬂlﬂ@lﬁ']iaza']ﬂﬂ:l@ﬂ']\?ﬂgll'mi 0.1

4
A A 9 a

9 k4
yaaanag ZN‘LI“L!’éﬂ?ﬂi!,aENL%@meﬂaﬂl%@ﬂﬁEJL‘I/IﬂUﬂﬁL‘]JiﬂLWﬁ‘ﬂ (Spread plate technique)

=

1% A %’ o ] a =1 I o
(szaunNUABINaz 3 51) 1hlJdungumngil 35 esruwamen 1Tunan 24-48 9219
3 @ [ a o w [l a @ [y <3 'o a
4.2 1NUAI081AUALNOU 1IA10819AUAZADUNN 10 AU TasNUA1a31n U
Aa A a [ a I~ @ [ H o <3 % 1
AAUsZINaL 10 - 20 UAIAT (AIUUSNANVAIDEEN 1, 2 uag 8 3LINMIINUAIDE11 1A
' T ' : - ¥
1H1a30930 Grab sampler tHoatluvsnaiian; swi 21) laluviaudindsieeiniae
k) '
anuilaasluasazats 0.85% Normal saline U31105 90 Hadans a2 lad1081991)
FEAUANNDDIN 107 139919@2081911U Ten-fold dilution U 1AAI10619NTTZAUANNIDDN
F) Y Y
AUADINIT NUUDIAI0EUABLTZAVANNIDD19a9 U0 1M1T1R8UF0 MA 2 1Uag 0.1
A Aaa d' dy 9 a [} A gc}. [ z:gl} dy 9
Uadans wazinaealematiagilsaman (s2AUANNRINAE 3 F1) UNOIMITIREuTD UG

] a < o
UNQMUYN 35 parnaae 11uan 24-48 13109
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[

A I o ] ¥ A A a a A
NINN 21 ﬂ?ilﬂ‘].l@]ﬁ]@ﬂNTﬂﬂi‘lﬂﬂi@ﬂiJﬂ Grab sampler (ﬂTWTﬂEJ NAADTY qwsmwu‘q)

) g a o %] o 1
4.3 1A79g 1t INZaLazAuazney 1M HuIIUIU Ialati luuaazaumiy
d" 1 d' ) = o 1 A o o dd’d
o vinuaaeduIulalatly 1 91U murmma1 CFU/(g W30 mL) uazidiuaulalaung
anpazaniu linaaeuguavianeduaiiiosasuunuuaiis en1u Bergey’s Manual of
Sytematic Bacteriology (Krieg & Holt, 1984; Holt et al., 1994)

1 4
4.4 Aauenuuaiisen 14 HuSqnuazih lsaswunsiavewuaiiiseTasld 163

S A

RNA Tasiwuaiisei1dldasandue uazihmuiusiuiudemaiin PCR reaction
TavasilFlumaiius s ueisimzlsynoudis 2.5 mM MgCl,, 100 uM dNTP, 0.64
uM vod lnswof D1 forward primer LL81% rP2 reverse primer 8% 1X PCR reaction buffer ‘ﬁlall
1.25 U Y04 Tag DNA Polymerase #0U31105591 50 luTnsans wazhndui e Ha

1 9 E4
Ty Yavasailgnsenliaiin 1 11 1ua509 Thermocycler Tagaalilsunsuaatl

I
Initiation denaturation 95 evfusaFed  Wunar 5 W (1590)

gﬂ o A ad gﬁ 1 dy o
NNUUMMSINYT AU mumu@au@a"lﬂu 1UIU 30 59U

. = < =
Denaturation 95 DIAUHALFYE Wunar 1 UIN
. = < =
Anneahng 55 99Uy L‘]J‘L!L’Jﬁ”l 1 HIN
. = < =
Elongatlon PAGNGRINGIS TG L‘]J‘L!L’Jﬁ”l 1 HIN

= < a
Final extention 72 DAL ALY Wi 30 UM (1 991)
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vnuu ldiey fT‘]Jﬁ U 5lsljfﬂialjfﬂ GenBank 1Y National Center for Biotechnology
Information (NCBI) (http://www.ncbi.nlm.nih.gov/) #1871/511n51 BLAST (Altschul, Gish,

Miller, Myers, & Lipman, 1990; DeSantis et al., 2006)

5. maanmwiianaidelinhmaanazauazneunduiimnzashilddwimeiTuana
5.1 MSIAILNAIVEL
g 19AuALNON 0.5-1.0 N5 Maias sgaaiandued 15931 GF-1 Soil
Sample DNA Extraction Kit (Vivantis, Malaysia) audedihnzaldiinimea so Jadans
1IN3BIRIINTZATHNTO Microfilter v11A3n309 0.22 ulaswas mntfuinszatunseail

ldmnanaaduodne 11

v A g
5.2 mMaanaaloue
o w ] a ] @ <3 a
Lﬂ@n@‘(’JN@H@]Zﬂ@HLLﬁZLLNHﬂiZﬂTHﬂi@\iﬂ?ﬂéﬁl@ 5.1 MANAADUIDAINITNITVOY

YA Aafdued 1!%‘1)3 1 GF-1 Soil Sample DNA Extraction Kit (Vivantis, Malaysia)

5.3 maindSanaEu 16S rRNA Qlaimadin Polymerase Chain Reaction (1%
MU0 Weisburg et al., 1991)

o A d A oy 9 A o Y] a . Aq

uTﬂL@u&@ﬂﬁﬂﬂqﬂ%TﬂﬂJ@ 5.2 VUNWHUIUAUNAUA PCR reaction Iﬂﬂﬁ?ﬁ“ﬂi%’iu
MIATIUIUABU NS UNIZU5EN0 VA 2.5 mM MgCL, 100 uM dNTP, 0.64 uM VD3
Ins1ue3 338GC-F forward primer 8¢ 518R reverse primer (ii¥ 1X PCR reaction buffer nay

' - gy g ¥

1.25 U 494 Tag DNA Polymerase aol311a359 50 lulnsans vazihnaudsiseinide werw

! v E4
Ty PanaealgnsenTiaiin 1 liidua5eq Thermocycler TagadTilsunsuaail

I
Initiation denaturation 95 DIFUFAFeE Wua1 5 W (1591)

gj o A a g gj 1 dy o
NAUUMMSINYT AU mwuumamm”lﬂu 1UIU 40 59U

. = <3 =
Denaturation 95 oNfI ALY Wuna 1 HUIN
. = <3| =
Annealing 55 oA UYaLTY Wuna 1 HUIN
. = I =
Elongation 72 oAU ALHE Wuna 1 HIN

= < =
Final extention 72 DNAUYALTY Wunar 30 wn (1 59v)
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54 msAnuIvHavesnuafiSeA18inAlin Denaturing  Gradient  Gel
Electrophoresis (DGGE) (A1425115U04 Griffiths, Melville, Cook, & Vincent, 2001)

5.4.1 111 PCR product 1 180109 5.3 uazanefidiue 1 DGGE gel loading buffer

5.4.2 LBNAD U 8% Polyacrylamide Tu 1X TAE Tae1¥ Linear gradient U84

Urea 1 Formamide 0§3£1314 40-60% A261A304 Electrophoresis 15111721 15 92Tu4 i

a

o w 4
maaluih 80 Trad guivigil 60 eerusaHoa
A 9 v =K 9 A .
5.4.3 A51FADVADUONS DU UNNAINAIBIATDI Gel Documentation
° A a a2 g Ay v o . .
544 mmaulSuafeuen 189101511 Denaturing  Gradient  Gel
g’/ o I~} { 1 1 o ] 1 1
Electrophoresis (DGGE) 9033 Iagaauaufnuenilsinguuunuaauaazdivialauiuy
I~ & 1 @ [ A o I~ 1
1 TE buffer Wunan 24 ¥ 704 usazuuuae 1 aredralumamudnudnue ludoasli))
o ) A o a g a g Aq v A
5.4.511A10URNNT 5.4.4 Iy uIudDumednase Tagaranldlunismm
o < { o 4
A weNTuMzlsznouaIe 2.5 mM MgCL, 100 UM dNTP, 0.64 UM v03 Insiwos
338GC-F-MI3R 11ag 518R-AT-MI3F 11a2 1X PCR reaction buffer Mit@iy 1.25 U U094 Tag DNA
] A Aa H < 4 Y
Polymerase #01/3110553% 50 luTnsans vazinaudsianimie wanldnu Yaviasa

1] 9 9
Ugnsenldaiin 1 1 un5 e Thermocycler TaoasT1lsunsugail

I
Initiation denaturation 95 DaFUFAFed Wuna1 5 W (1591)

gj o A a g gj [ dy o
NAUUIMMSINYT AU mwummmm'lﬂu 1UIU 40 59U

. = <3 =
Denaturation 95 ALY HJL!L'J’E’I"I 1 UIMN
. = 3 =
Annealing 55 aNAUBAlsYd HJ“LJL'J'GTI 1 UIMN
. = 3| =
Elongation 72 DNAUYALTY nJunm 1 UIN
. . = < =
Final extention 72 DNAUYALYE !fﬂul')ﬁ'l 30 UM (1 59v)

o { o a £ o < a Lo 2
5.4.6 11 PCR product N lau1ilduignsareyamldaweusgniduiagal
2 ¢

1A d o w v A o w {
(Promega, France) laza@dadasizHarnuiua nuudnsiziarnuiuan laaselysunsy

BLAST tiloiatuunwiinveuuaiiize Inaifiouiugiuioya GenBank Ul National Center for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/) #2811510n51 BLAST

(Altschul et al., 1990; DeSantis et al., 2006)
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[y v d [y
6. MIANMIANNFUNUTIZH N RMImamMnABLUANTaMINA
o = [ ] J 1 I d' o = g}/ dy [
MINTANHIANNTUNUTIZHINTIVTeN19n1enInNiInsany1 luasatinens
d' =3 A 2 1 d' dy Y J [ a a
ldsudasFnanuaiGentanzianguinizides ld lngn1sniardulsg@nsuuy
[ o 4 % % du 1 4
ANAUNUT (Correlation coefficient; /) LasARMIANNTNIUTAIAD 11)T]
= [ % 4 [ a d' a ==
6.1 ANEIANNTUNUTIZHINQuUglaenslasunlaslsavenanise
NNNIA
= [ @ 4 1 < [ d' =Y ==
6.2 ANHIANVAUNUTTEHINANWANAoT I asuulasdsuavesuuanise
NN
= [ Y] 4 [ ] a3 [ ] d‘ =
6.3 ANEIANUAUNUFIZHINMANWTUNTA-A19 (pH) nomstlasuntast/suu
A A
VBILUANGFIN NI
1% 9 4 1 =Y a { g [
6.4 An¥IANUTUNUTIzINYSUaesndunazatsluiimea (DO) Aons

wasuuilassnavesuanizenanga

a ¢ Y aa
7. MIAATHUBYaTOA

o 1 Ay y v 9 S 1A 1A 0o 9 Ay v
“LﬂﬂTVIllﬂmﬂﬂﬁ?ﬂﬂlf’)i;!allﬁﬂ\ilﬂuﬂuﬂaﬂ = ANVYUVUNIATFIULASUIUBY AN LA

a 9y % o ] %

a J a a {

ANTIZUNADAR8TD 2-Way ANOVA Nszautiodinn 0.05 Taeldlusunsy SPSS for
a 4 o v J ana J @

Windows version 21.0 a3 51eHMIANNFURUTNIA AT HINTgn1anIen Iy

a A A oA dsl Y 1w a A @ @ J

YSumuuaiiGennnzianguitniziaesld lagnisviaidulse@ansuuuandunus

(Correlation coefficient: )



UNN 4

Han1Ineae

= [ 1 I 1 a = g
ANNTANHIANHUSNINNIYNIN (ﬂ?ﬂ’ﬂlllﬂuﬂiﬂ-ﬂN USuaeengaunazaieluin
a <3 [ a
UMY HAZAINIAY) HAZANHAINTA18VDILUATITININNSIANIHUAUT IUBI181i19
o [ [ =} g.l/ a d' L:al/ 9 a d' dy [} 9 [ =
VUL ULDZ NN ﬁ]ﬂﬁ?ﬂ‘ﬂauiﬂ\i%uﬂﬂLWT&ﬁﬂﬂllmlﬁ%ﬂfuﬂﬂlWszﬂﬂulllllﬂ TagyinsAny

Y
seazidlunan 10 weu lanaminaassnne 1l

1. MSANHIANHAUSNIMEMNVBININZIAUAZAUAZNDULTNIUT B HIALIMTUIAZ N
\ 3 \
1.1 manuilunsa-ars
[ I [ a a @ [ [
1AMIANYIAANUTUNTA-A1NVDIAUAZADULTNUMIAVLAULAT NN F9n A
= [ [ I [ a =\ d' =

¥a1j3 WuNMnNNunTa-anvesauazneuinalasunlaswasaszeznainsany Tag
[ [ [ [ I~ [ a a {
UA19g U519 6,30 £ 0.00 - 9.69 + 0.01 AANMIYUNTA-AVBIAUAZNOUTUNNLT BN
o = A y A X = a A A g
MMSANENUU THUWNAIUAADATZEZAINTANET 1ASAUAZNDUUDIADUNATNIGUNT
ABWHAINTIIANIANYIAD VT NAUFGWIAVILAY (AA1AD AT NTD01AAT MIALILAY

=l 1

[ I [ { [ {
HAZHIAIBUUANT) UAIANNAIUNTA-ANGINGA UAUNIAY 9.47 +0.01-9.67 = 0.02Tuvynzh

D

a @ A @ A @ 9 =1 = 3 [ ~
UINWUWNE (WUNAL Wneunile Winela uazuiseumen) NAnnuunsa-a1aganga i
AWNIND 9.15 £ 0.01-9.69 = 0.01 A AAI1UAIT19N 2 Az INT 22

o o 1 I 1 ’é = ] 9 I 1 A 1 1
dwmsuamanuiunsa-anvesimsalmnouinaiuaisinmed luge 7.35 £0.01 -
=\ = 1 = 1 I 1 g
9.60 = 0.10 uazimMsasuulasnuriwiaivesnsdnyl Tagainnuiunia-a1avea
1 a 1 1 3 1 ‘é a
nzalinun Tdugsudeiduaznou nanasninuiunia-a1veuimzausnuLIay
(Aa1Ao 1A MITe A1 MIaLIwdUIaznIAIeUUNT) Uaigegalumoungainiou
WA, 2554 TaeliA1egsena1e 9.30 =0.01 D4 9.60 + 0.10 TuamzNUTNUNNE (WUNAD 1HNen
A @ 9 ~ A A A 1w
mile vinerlauazuiveuien) uaigegalu@eaugainn w.a. 2554 Taglauning 8.93 «

0.01 84 9.58 +0.01 AauandluA13199 3 LazA NN 23



{ 1 I J a a @ [ @
A1519% 2 AR UNTA-ANVOIAUAZN DU LTI UL ULAS WNE %Qﬁﬁﬂsﬂﬁ‘i_ﬁ

U3 TRLYY B ngEMAY ey NINYIAN EEAGH ueneu Aan NYAIN Y 54NN
ARIAD 1A 8.00 + 0.05 7.53 £0.06 7.80 +0.00 7.92+£0.03 8.17 +£0.02 8.49 +0.01 8.51+0.01 8.20 +0.02 9.67 £0.02 7.76 £ 0.01
Misee1edan 7.55 +0.05 7.73 £0.06 7.78 £0.03 7.90 £ 0.00 8.41 +0.04 8.39+0.01 8.98 £0.02 8.23 +0.01 9.61 £0.01 7.77 £0.01
HIAUNLTU 6.79 £ 0.04 7.53 £0.06 7.60 £ 0.00 7.97 £0.06 8.29£0.01 8.32+£0.00 7.81 £0.02 7.64 £0.01 9.51£0.01 7.95+0.01
HIADUUM 6.55+0.01 7.53 £0.06 7.72 £0.03 7.87+0.12 8.12+0.03 8.28 +0.01 8.19 £ 0.02 7.64 +0.01 9.47 £0.01 8.00 +0.01
uuNao 7.70 £0.02 7.70 £ 0.00 7.70 £ 0.00 7.82 +0.00 7.57 £0.02 8.32+0.01 8.45+0.03 8.12+0.03 9.31+£0.01 8.08 +£0.01
Winouile 6.42 +0.03 7.80 +0.00 7.59 £ 0.02 7.76 £ 0.00 7.69 +0.01 8.07 +0.01 8.07 £0.01 7.21 £0.01 9.22 £0.02 8.12 +0.02
Winenld 6.30 +0.00 7.80 +0.00 7.55+0.01 7.50 £ 0.00 7.60 +0.01 8.01 £0.01 8.08 +0.03 7.60 + 0.03 9.15+0.01 7.07 £ 0.03
YRR LRVIA 7 g, 7.81 £0.01 7.40 £ 0.00 7.66 £ 0.02 7.94 £0.00 8.00 £ 0.08 8.29 +0.01 8.57 +0.02 8.05 +0.03 9.69 +0.01 7.99 £0.02
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ARIAD 1A 7.89 £0.01 7.47 £ 0.02 8.25+0.01 8.19+0.01 8.93 £0.07 8.07 +£0.01 8.11 +0.00 8.64 +0.01 9.36 +0.02 7.56 +0.01
Misee1edan 7.86 +0.02 7.38 +£0.01 8.16 +£0.01 8.15+0.01 8.61 +0.01 8.07 +£0.01 8.02 £ 0.00 8.41 +0.00 9.36 +0.01 7.35+0.01
HIAUNLTU 7.96 £ 0.02 7.58 +£0.01 8.39+0.01 8.48 +0.01 8.75+0.03 9.01 +0.01 8.37 £0.02 8.71 £0.01 9.30+0.01 7.69 £ 0.00
HIADUUM 8.14 +0.03 7.57 +0.01 8.35+0.01 8.23 +0.01 8.90 £0.02 9.04 +0.02 8.63 +0.01 8.42 +0.01 9.60 +0.10 7.72 £0.02
uuNao 8.19+£0.01 8.28 +0.03 8.29 +0.02 8.21 £ 0.01 8.24 +0.04 8.13+0.03 8.75+£0.01 8.93 £0.01 8.80 +0.01 8.07 +0.01
Winouile 7.97 £0.02 8.23 +0.02 8.37+0.01 8.39+0.01 8.31+0.01 8.67+0.01 8.87 £ 0.00 9.24 +0.01 8.54 +0.01 7.94 £0.01
Winenld 7.82 +0.01 8.33+0.01 8.44 +0.02 8.23 £ 0.06 8.38 £ 0.06 8.76 £ 0.01 8.06 +0.01 9.58 +£0.01 8.73 £0.02 8.06 +£0.01
YRR LRVIA 7 g, 8.25+0.02 8.26 +0.01 8.32+0.01 8.08 +0.02 8.49 +0.02 8.80 +0.01 8.85+0.01 9.30+0.01 8.74 £0.01 7.99 +0.02
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VI N B ngEMAN Ngueu NI CEAGH ueneu Aan NYAIN Y ATRRTEY
ARIAD 1IN 6.67 £0.08 6.71 £0.03 6.46 + 0.05 5.96 £0.02 6.15 +0.06 6.23 +0.05 8.12+0.01 6.59 +0.01 8.59 +0.01 7.68 +0.03
Misee1edan 6.23 +0.06 6.02 +0.03 5.86 +0.06 5.24+0.01 4.36+0.10 6.10 + 0.05 8.77+0.01 7.84 +0.01 8.30 +0.02 7.72 £0.01
HIAUNLTU 7.00 + 0.06 6.72 £ 0.04 7.55 +£0.09 7.70 £0.03 6.14 + 0.04 7.72 £0.01 7.71 £0.03 10.37 £ 0.01 10.19 £ 0.01 10.04 +0.02
HIADUUM 6.97 £0.05 6.77 £0.05 7.44 + 0.06 6.54 +0.03 6.73 £0.07 8.32+0.02 9.35+0.02 10.07 = 0.01 7.86 +0.01 10.71 £ 0.01
uuNao 3.52+£0.09 4.25+0.05 4.86 £ 0.06 5.68 +0.41 5.73 £0.02 4.33 £0.32 6.94 £0.01 4.81 £0.01 4.52 £0.02 7.96 +0.02
Winouile 5.62 +0.09 5.93+£0.05 6.12 +0.04 7.69 +0.33 4.49 £0.06 5.53+0.04 5.81+0.01 6.67 +0.03 5.18 +£0.02 5.97 +0.01
Winenld 5.74 £0.05 5.99 £0.07 6.80 +0.01 7.38+0.11 6.58 +0.02 6.15+0.12 6.10 +0.01 5.70 £0.07 6.75+0.01 6.88 +£0.01
YRR LRVIA 7 g, 6.78 £0.03 6.52 +0.03 6.66 + 0.04 6.71 £0.01 6.02 +0.03 5.28 +£0.02 5.52+0.01 7.16 +0.05 5.38 +£0.02 5.76 £0.22
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2101NANADATTHZIIAINITNAABY WUIUA1DETUYIN 25.0 £ 0.00 - 34.8 £0.30 Tagwun

UINUWINIALUEAUTADE 11U 25.0 = 0.00 — 33.8 + 0.30 TasWuN IUFIUADUTUNAY
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A [ I 1 g a 'o A A o w a

woufuIguaznsn AN U NNgunidNgauarganga Mud 1Ay uazuIw

= 1

WA N1 uA10g U3 27.0 £0.00- 35.0 + 0.00 TasnunlusrudougaInnLas

v
a o

I (] A A A o [ ~ A
Wﬂyﬂ1ﬂulﬂusﬁj\3ﬂu@ﬂlﬁQuﬂ1ﬂ@jﬂlla$@3\3ﬂ@?ﬂ AU Y ﬂ\jllﬁﬂ\jiﬂﬂ1ﬁ1\3ﬂ 5-6 LLAZHNINN

25-26



] a Y A o [ [
AN 5 UNHUUIMNLIA (@Qﬁ%‘ﬁ)’m‘%ﬂﬁ) VONUIIUUNUTAULUASWNY %Qﬂ?ﬂ“]fﬁ‘]_ﬁ

VI TRLYY B ngEMAY Nguey NINYIAN Famau ueneu AaA NYAIN Y TR
ARIAD 1A 29.1+£0.4 26.8+0.3 32.7+£0.6 32.0+0.0 30.0+0.0 29.7+0.6 29.5+0.0 28.1+0.3 27.0+1.0 27.0+0.0
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HIAUNLTU 29.8+0.3 30.2+0.3 33.8+£03 32.0+0.0 31.7£03 30.0+£0.0 29.7+0.6 29.1+0.3 29.0+0.0 25.0+0.0
HIAIDUUM 29.9+0.1 29.7+0.3 322+03 322+03 31.0+0.0 30.3+0.3 29.4+0.5 29.0+0.0 29.0+0.0 27.0+0.0
uuNa 30.1+0.4 30.1+0.8 34.9+0.0 34.0+0.0 348+0.3 31.0+ 0.0 28.6£0.4 31.1+0.3 27.6 £0.6 26.2+0.3
Winouile 29.6 £0.1 30.8 £ 0.1 33.5+0.0 344+0.0 322+0.3 30.8+0.3 29.4+£0.1 30.6 £ 0.0 29.0+0.0 27.5+£0.0
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MINN 6 QUNUNNOINA (BIAUFAITHE) VOIUTNUVNUAULAS NG TINIAYAL

VI TRLYY B ngEMAY ey NINYIAN Famau ueneu GEIGH NYAIN Y YRR
amAoNAaY | 31.0+0.5 30.5+0.5 31.0+0.0 34.0+0.0 35.0 £ 0.0 29.2+0.8 29.0 0.0 27.2+0.3 30.7 +0.6 28.0+0.0
WiTeaeAal | 32.9+0.3 30.5+0.5 333403 333403 33.0 £ 0.0 29.8+0.8 29.5+0.5 27.2403 31.0+0.0 28.0 £ 0.0
ALY 31.0+0.4 293+0.3 33.7+0.8 33.2+0.3 31.2+0.3 29.5+1.5 30.8 0.8 27.2+0.8 33.0+0.0 31.0+0.0
MAeUUM | 30.9+0.1 29.0 £ 0.0 32.8+0.3 33.0+0.0 29.5+0.9 30.3+0.3 25.7+0.3 262+0.8 32.0+0.0 31.0+0.0
wunie 29.2+0.3 30.3+0.6 35.0+0.0 31.0£0.0 33.2+0.3 32.7+0.6 30.5+0.5 27.3+0.6 28.0 0.0 28.0£0.0
Wneunile 27.1+0.4 32.0+0.0 32.0+0.0 32.0 £ 0.0 27.7+0.3 30.7 £ 0.6 28.8+0.7 27.0 £ 0.0 29.0 0.0 28.5+0.0
Wneld 28.4+0.4 29.0 0.0 33.5+0.0 30.5+0.0 253+0.6 30.3+0.8 293+0.6 27.0£0.0 29.0 0.0 29.7+0.3
wveNeY 293+0.3 31.0+0.0 32.00.0 34.0 £ 0.0 33.0£0.0 28.5+0.0 29.7+0.6 27.5+0.0 29.0 0.0 31.540.5
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AR1AB1NAAT 29 30.5 32.5 23.5 10.0 4.0 3.0 16.0 28.0 33.0
Wiseeeda 29 30.5 26.5 23.0 10.0 4.0 3.0 16.0 28.0 33.0
ALY 25 28.5 27.5 24.0 13.0 5.0 6.0 18.0 26.0 33.0
MAIBUUM 28 29 26 24.0 13.0 5.0 6.0 16.0 27.0 32.0
wunie 32 26 32 11.0 25.5 14.0 26.0 23.5 23.5 29.0
Wneunile 31 26 31 30.0 27.5 27.5 24.0 23.5 28.5 29.0
Wneld 31 27 31 31.0 25.5 27.0 27.5 29.5 28.0 30.0
wveNeY 30 26 32 34.0 28.0 26.5 26.0 26.5 29.0 28.5
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S A :’J
2. PBnamuanizemeanzansun
2.1 1]%341ﬂ!!!llﬂﬁﬁﬂ°ﬂ1\‘i7]3!?.1ﬁ\‘i‘I"illﬂcl‘lr!1:!1°ﬂ%!ﬁU%nﬂ!‘lf1ﬂﬁ1ﬂﬂ1ﬂllﬁul!a$ﬁﬂﬂ1
g F a -
YSuauanizenmeanzanivua luiimzman 8 A UINIUBWHIAUNUTULAS NN

9
(4 =)

' o J J S
mumﬁauﬁmﬂu N.¢1. 2554 ﬁ\iflllﬂﬂ/‘lu‘ﬁ W.f. 2555 NARaNIINAaeINUNYsaLYaANGe

g H a 1 L} 1
nangananualuidimezausnuseniauiauauiinieglusig 4.50+1.41x10° 9
1 g}J 301 a U
4.17+1.69x10' CFU/mL eufsmanuaiienianzianinualinimeauinumenianme
WUNUA9G1UBI 1.83+0.76x10° D9 9.83+1.50x10° CFU/mL Aueraaluai1319i 8 uagnmi
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H 2 y =) U - U
M13199 8 YsuauanFenanzanivua luinng@us nunNema LI ULz N 3IMInYa3

A
DU

== 3’;
Usunauanzentangansviva (CFU/mL)

Aa1A019Aa1

Misoe19/an

HWIAULL Y

NIAIDUUN

AaNAUINAD

o A
NNYUriLe

inenld

WA UNYU

=S
JUINY

1.04+0.20x10"

1.64+0.99x10" "'

3.47+0.06x10° ™

9.07+2.08x10°

3

1.09+0.19x10° *

7.33+1.99x10° **

6.17+0.45x10° **

1.83+0.76x10°**

HIU

1.61£0.23x10"

7.50+1.86x10°

1.95+0.42x10"

1.35+0.44x10° "

1.28+0.38x10" "'

5.37+0.17x10°

2.0740.21x10° **

3.43+1.23x10°%°

NHHNIAY

2.30+0.45x10° "

6.40+1.06x10° ™

3.70+0.25x10" "'

1.71£0.27x10* >

1.88+0.10x10*

4

2.80+0.36x10° *

8.60+8.20x10° ™

1.34+0.41x10°**

TTRIAN

4

8.77+0.1.38x10° "

8.03+0.76x10° ™

8.00+2.16x10° ™

4.17+1.69x10" "

9.83+1.50x10" "'

9.33+1.36x10° ™

1.18+0.32x10" **

4.10+0.53x10° %’

NINHINY

4.50+1.41x10° %

6.83+0.58x10" >

7.53+1.53x10° >

9.93+1.53x10° >

2

5.40+1.41x10*"

7.53+0.58x10**'

8.13+1.53x10**'

4.80+2.00x10"**

AVALGH

4

7.95+0.71x10°*

3.60+1.00x10° ¢

2

6.23+2.08x10° >

6.63+1.15x10°

6.23+2.52x10" "'

4.7342.08x10°

7.93+2.52x10° **

3.60+2.65x10°

AU

4

4.1342.12x10°"

4

7.43+1.53x10°"

1.06+0.58x10"*

8.50+3.46x10" ™

8.10+2.00x10**"

6.70+1.73x10°

1.97+1.00x10° "

7.67+0.58x10"

Aa1AY

1.22+1.41x10"*

1.18+7.00x10**

5

7.8742.08x10°"

8.63+4.93x10" ™

4.33+0.58x10""™'

3

9.63+0.58x10""

4

1.08+3.06x10° >

4

9.77+0.58x10""

WoAIN U

4

5.17+2.83x10°"

5.47+4.51x10""

3

7.87+1.53x10°"

6.90+2.00x10"**

8.90+1.00x10"*'

2

1.04+2.08x10°*

9.07+1.53x10> "

6.1042.65%10°

FUIAY

6.90+7.07x10" >

4.8742.52x10° %

9.70+6.93x10" >

6.67+2.52x10°**

1.07+2.52x10" "

1.11+3.00x 10"

7.87+3.06x10°

9.70+1.73x10> "

HULyie

v @

A o [
9

SIS

] 9
9 ﬂyiﬁu@mmqﬂu1mmamuﬁmﬁqmmummmuammuaﬁmmmmam (P<0.05)
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0’ . . . . . . . . .
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L¥D v | Wy | W | e | e | da. | Y| an. | WY, | 5.9. é

)

X
Acinetobacter sp. - - - - - - - - - - -
Acinetobacter johnsoniii/ v v v - - - - - - - 95
A. junii
Aeromonas caviae - - - - v - - - - - 98
A. salmonicida subsp. smithia - - v - v - - - - - 97
Bacillus brevis/ B. sphaericus - v - v - - - - v - 926
B. cereus subsp. mycoides/ - - - - - - - - - - -
B. anthracis
B. circulans - - - - - - - - - - -
B. firmus I VA A A BV BV BV R IV VA P
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da1 nuaniselndy Flavobacteria-Bacteroidetes  (Arenibacter latericius, Bacteroidetes,
Flavobacteriaceae bacterium, Flavobacterium sp., Uncultured Flavobacterium sp., Uncultured
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@081 BHANUANITY nguUDANGY % Similarity
AN AN au Uncultured proteobacterium Proteobacteria 80
ATNOU Uncultured Burkholderia sp. Betaproteobacteria 80
Uncultured Geobacteraceae Deltaproteobacteria 81
Enterobacter sp. Gammaproteobacteria 94
Shewanella woodyi Gammaproteobacteria 97
1%’1‘1/I$m Uncultured proteobacterium Proteobacteria 83
Uncultured gamma proteobacterium Gammaproteobacteria 79
Uncultured Synechococcus sp. Cyanobacteria 80
Marine gamma proteobacterium Gammaproteobacteria 78
Pantoea agglomerans pv. betae Gammaproteobacteria 89
Caulobacter sp. Alphaproteobacteria 91
Shewanella sp. Gammaproteobacteria 91
Pseudoalteromonas sp. Gammaproteobacteria 95
au Uncultured Salmonella sp. Gammaproteobacteria 85
ATNOU Uncultured Burkholderia sp. Betaproteobacteria 82
Uncultured delta proteobacterium Deltaproteobacteria 81
Uncultured Pseudoalteromonas sp. Gammaproteobacteria 84
Uncultured Flavobacterium sp. Flavobacteria-Bacteriodetes 79
Halomonas sp. Gammaproteobacteria 97
Ca A Pseudoalteromonas sp. Gammaproteobacteria 97
NUTDDWAAN
Streptomyces sp. Actinobacteria 92
1%’1‘1/I$m Uncultured Alteromonas sp. Gammaproteobacteria 90
Uncultured proteobacterium Proteobacteria 83
Uncultured cyanobacterium Cyanobacteria 83
Uncultured Shigella sp. Gammaproteobacteria 78
Uncultured Burkholderia sp. Betaproteobacteria 71
Pseudoalteromonas sp. Gammaproteobacteria 91
Mises1edal 1%’1‘1/I$m Zymobacter palmae Gammaproteobacteria 92
Oceanospirillum multiglobuliferum Gammaproteobacteria 91
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Wnainm | §esu BHANUANITY nguuuANY % Similarity

HIAUNUTY au Uncultured Acetobacteraceae Alphaproteobacteria 71
ATNOU Uncultured gamma proteobacterium Gammaproteobacteria 70

Uncultured Burkholderia sp. Betaproteobacteria 82

Shewanella sp. Gammaproteobacteria 81

Oceanisphaera sp. Gammaproteobacteria 91

Oceanospirillum multiglobuliferum Gammaproteobacteria 94

Erwinia chrysanthemi Gammaproteobacteria 99

Erwinia papayae Gammaproteobacteria 99

1%/1‘” ¢ | Uncultured proteobacterium Proteobacteria 80

Uncultured beta proteobacterium Betaproteobacteria 75

Uncultured Comamonadaceae Betaproteobacteria 73

Pseudoalteromonas sp. Gammaproteobacteria 97

Shewanella sp. Gammaproteobacteria 98

Oceanospirillum multiglobuliferum Gammaproteobacteria 99

TIAIDUUN AU Uncultured gamma proteobacterium Proteobacteria 77
ASNOU | Halomonas sp. Gammaproteobacteria 94
Pseudoalteromonas sp. Gammaproteobacteria 93

Enterobacter sp. Gammaproteobacteria 93

1%/1‘”5@ Uncultured Flavobacteria bacterium Flavobacteria-Bacteriodetes 71

Uncultured proteobacterium Proteobacteria 72

Pseudoalteromonas sp. Gammaproteobacteria 93

Winodgradskyella epiphytica Flavobacteria-Bacteriodetes 99

Bacteroidetes Flavobacteria-Bacteriodetes 77

wunde au Uncultured delta proteobacterium Deltaproteobacteria 78
AN Uncultured Burkholderia sp. Betaproteobacteria 88
Pseudoalteromonas sp. Gammaproteobacteria 94

1%/1‘” ¢ | Uncultured proteobacterium Proteobacteria 72

Uncultured gamma proteobacterium Gammaproteobacteria 74

Uncultured Shewanella sp. Gammaproteobacteria 74

Uncultured Bacteroidetes bacterium Flavobacteria-Bacteriodetes 82

Shewanella oneidensis Gammaproteobacteria 98

Psychrobacter sp. Gammaproteobacteria 94
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@081 BHANUANITY nguuuANY % Similarity
Vinounile au Uncultured Neisseriaceae Betaproteobacteria 81
ATNOU Uncultured gamma proteobacterium Gammaproteobacteria 71
Flavobacteriaceae bacterium Flavobacteria-Bacteriodetes 70
Enterococcus sp. Firmicutes 96
Shigella flexneri Gammaproteobacteria 99
1%/1‘” ¢ | Uncultured proteobacterium Proteobacteria 71
Uncultured Pseudoalteromonas sp. Proteobacteria 77
Marine gamma proteobacterium Proteobacteria 85
Pseudoalteromonas sp. Proteobacteria 85
Flavobacterium sp. Flavobacteria-Bacteriodetes 87
Arenibacter latericius Flavobacteria-Bacteriodetes 94
Winenld au Uncultured bacterium Proteobacteria 73
ATNOU Vibrio sp. Gammaproteobacteria 84
Pseudoalteromonas sp. Gammaproteobacteria 92
Halomonas sp. Gammaproteobacteria 92
1%/1‘”5@ Uncultured gamma proteobacterium Gammaproteobacteria 73
Uncultured proteobacterium Proteobacteria 70
Pseudoalteromonas sp. Gammaproteobacteria 85
Flavobacterium sp. Flavobacteria-Bacteriodetes 84
Psychrobacter sp. Gammaproteobacteria 88
Arenibacter latericius Flavobacteria-Bacteriodetes 95
wneuiiou au Uncultured Pseudoalteromonas sp. Gammaproteobacteria 74
AznauU Uncultured Acidobacteria bacterium Acidobacteria 74
Uncultured gamma proteobacterium Gammaproteobacteria 71
Uncultured Burkholderia sp. Betaproteobacteria 71
Alpha proteobacterium Alphaproteobacteria 70
Pseudomonas fluorescens Gammaproteobacteria 97
1%/1‘”5@ Uncultured Flavobacteria bacterium Flavobacteria-Bacteriodetes 83
Uncultured gamma proteobacterium Gammaproteobacteria 84
Uncultured Bacteroidetes bacterium Flavobacteria-Bacteriodetes 71
Uncultured Erwinia sp. Gammaproteobacteria 75
Psychrobacter celer Gammaproteobacteria 92
Enterobacter sp. Gammaproteobacteria 92
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A = a A VoA d" v VoA dy " v
AT 19N 28 ﬂﬁ!‘]ﬁﬂ‘umEJ‘]Jﬂ’N?JWaTﬂWaTEJﬂl@QLL‘UﬂVILiEJﬂZjiJ‘VILWWLaElﬂulﬂLLaZﬂQiJVILWTZLaEJQHliJ"lﬂ

VINUUNUTUUAS NG TIHIAFALT

‘U,%L’Jm‘ﬁ . Culturable bacteria Non-culturable bacteria
AIDYN
finn yilauuniize nguYBUATIEY yilauundiize NguUBILLANGY
AaIAONAAT | AUASNOU | Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured Burkholderia Betaproteobacteria
sp.
Uncultured Geobacteraceae | Deltaproteobacteria
Enterobacteriaceae Gammaproteobacteria | Enterobacter sp. Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria | Shewanella woodyi Gammaproteobacteria
Vibrionaceae Gammaproteobacteria
1%’1‘14%!6 Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured Synechococcus | Cyanobacteria
sp.
Caulobacter sp. Alphaproteobacteria
Pseudomonadaceae Gammaproteobacteria | Uncultured gamma Gammaproteobacteria
Vibrionaceae Gammaproteobacteria | proteobacterium
Marine gamma Gammaproteobacteria
proteobacterium
Pantoea agglomerans pv. Gammaproteobacteria
betae
Shewanella sp. Gammaproteobacteria
Pseudoalteromonas sp. Gammaproteobacteria
Mi50819 AuazNoU | Bacillus sp. Firmicutes
fan Uncultured Burkholderia Betaproteobacteria
sp.
Uncultured delta Deltaproteobacteria
proteobacterium
Uncultured Flavobacteria-
Flavobacterium sp. Bacteriodetes
Streptomyces sp. Actinobacteria
Enterobacteriaceae Gammaproteobacteria | Uncultured Salmonella sp. Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria | Uncultured
Vibrionaceae Gammaproteobacteria | Pseudoalteromonas sp. Gammaproteobacteria
Halomonas sp. Gammaproteobacteria
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‘U,%L’Jm‘ﬁ . Culturable bacteria Non-culturable bacteria
AIDYN
finwn wilauuaiiTy nguIBIUATIETY wilauuaiiTy NguUBILLANGY
Mi50819 Auaznou Pseudoalteromonas sp. Gammaproteobacteria
fan 1%’1‘1/|$m Bacillus sp. Firmicutes
Uncultured Burkholderia Betaproteobacteria
sp.
Uncultured Proteobacteria
proteobacterium
Uncultured Cyanobacteria
cyanobacterium
Pseudomonadaceae Gammaproteobacteria | Uncultured Shigella sp. Gammaproteobacteria
Uncultured Alteromonas Gammaproteobacteria
sp.
Pseudoalteromonas sp. Gammaproteobacteria
Zymobacter palmae Gammaproteobacteria
Oceanospirillum Gammaproteobacteria
multiglobuliferum
WIAUNUAY | AUAZNOU | Bacillus sp. Firmicutes
Uncultured Alphaproteobacteria
Acetobacteraceae
Uncultured Burkholderia Betaproteobacteria
sp.
Enterobacteriaceae Gammaproteobacteria | Uncultured gamma Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria | proteobacterium
Vibrionaceae Gammaproteobacteria | Shewanella sp. Gammaproteobacteria
Oceanisphaera sp. Gammaproteobacteria
Oceanospirillum Gammaproteobacteria
multiglobuliferum
Erwinia chrysanthemi Gammaproteobacteria
Erwinia papayae Gammaproteobacteria
1%’1‘1/|$m Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured beta Betaproteobacteria
proteobacterium
Uncultured Betaproteobacteria
Comamonadaceae
Enterobacteriaceae Gammaproteobacteria | Pseudoalteromonas sp. Gammaproteobacteria
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‘U,%L’Jm‘ﬁ . Culturable bacteria Non-culturable bacteria
AIDYN
finwn yilauundiize nguIBIUATIETY yilauuniize NguUBILLANGY
HWIauau 1%’1‘14%!6 Pseudomonadaceae Gammaproteobacteria | Shewanella sp. Gammaproteobacteria
Vibrionaceae Gammaproteobacteria Oceanospirillum Gammaproteobacteria
multiglobuliferum Gammaproteobacteria
WIAWPUUN | AUAZNOU | Bacillus sp. Firmicutes
Uncultured gamma Proteobacteria
proteobacterium
Enterobacteriaceae Gammaproteobacteria | Halomonas sp. Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria | Pseudoalteromonas sp. Gammaproteobacteria
Vibrionaceae Gammaproteobacteria | Enterobacter sp. Gammaproteobacteria
1%’1‘14%!6 Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured Flavobacteria Flavobacteria-
bacterium Bacteriodetes
Bacteroidetes Flavobacteria-
Bacteriodetes
Pseudoalteromonas sp. Flavobacteria-
Bacteriodetes
Enterobacteriaceae Gammaproteobacteria Winodgradskyella Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria epiphytica
wunde AuAzNoU | Bacillus sp. Firmicutes
Uncultured delta Deltaproteobacteria
proteobacterium
Uncultured Burkholderia Betaproteobacteria
sp.
Pseudomonadaceae Gammaproteobacteria | Pseudoalteromonas sp. Gammaproteobacteria
1%’1‘14%!6 Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured Bacteroidetes Flavobacteria-
bacterium Bacteriodetes
Pseudomonadaceae Gammaproteobacteria | Uncultured gamma Gammaproteobacteria
Vibrionaceae Gammaproteobacteria | proteobacterium
Uncultured Shewanella sp. Gammaproteobacteria
Shewanella oneidensis Gammaproteobacteria
Psychrobacter sp. Gammaproteobacteria
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‘U,%L’Jm‘ﬁ . Culturable bacteria Non-culturable bacteria
AIDYN
finwn yilauundiize nguIBIUATIETY yilauuniize NguUBILLANGY
fineunile AuAzNoU | Bacillus sp. Firmicutes Enterococcus sp. Firmicutes
Uncultured Neisseriaceae Betaproteobacteria
Flavobacteriaceae Flavobacteria-
bacterium Bacteriodetes
Pseudomonadaceae Gammaproteobacteria | Uncultured gamma Gammaroteobacteria
Vibrionaceae Gammaproteobacteria | proteobacterium
Shigella flexneri Gammaproteobacteria
1%’1‘14%!6 Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Uncultured Flavobacteria-
Pseudoalteromonas sp. Bacteriodetes
Pseudoalteromonas sp. Flavobacteria-
Bacteriodetes
Flavobacterium sp. Flavobacteria-
Bacteriodetes
Arenibacter latericius Flavobacteria-
Bacteriodetes
Pseudomonadaceae Gammaproteobacteria | Marine gamma Gammaproteobacteria
Vibrionaceae Gammaproteobacteria | proteobacterium
Tmenld AuAzNOU | Bacillus sp. Firmicutes
Uncultured bacterium Proteobacteria
Enterobacteriaceae Gammaproteobacteria Vibrio sp. Gammaproteobacteria
Vibrionaceae Gammaproteobacteria | Pseudoalteromonas sp. Gammaproteobacteria
Halomonas sp. Gammaproteobacteria
1%’1‘14%!6 Bacillus sp. Firmicutes
Uncultured Proteobacteria
proteobacterium
Flavobacterium sp. Flavobacteria-
Bacteriodetes
Arenibacter latericius Flavobacteria-
Bacteriodetes
Pseudoalteromonas sp. Gammaproteobacteria
Uncultured gamma Gammaproteobacteria
Pseudomonadaceae Gammaproteobacteria | proteobacterium
Vibrionaceae Gammaproteobacteria | Psychrobacter sp. Gammaproteobacteria
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‘U,%L’Jm‘ﬁ . Culturable bacteria Non-culturable bacteria
AIDYN
finwn yilauundiize nguIBIUATIETY yilauuniize NguUBILLANGY
wneuiiou AuAzNoU | Bacillus sp. Firmicutes

Uncultured Acidobacteria Acidobacteria
bacterium
Uncultured Burkholderia Betaproteobacteria
sp.
Alpha proteobacterium Alphaproteobacteria

Enterobacteriaceae Gammaproteobacteria | Uncultured Gammaproteobacteria
Pseudoalteromonas sp.
Uncultured gamma Gammaproteobacteria
proteobacterium
Pseudomonas fluorescens Gammaproteobacteria

1%’1‘14%!6 Bacillus sp. Firmicutes

Uncultured Flavobacteria Flavobacteria-
bacterium Bacteriodetes
Uncultured Bacteroidetes Flavobacteria-
bacterium Bacteriodetes

Enterobacteriaceae Gammaproteobacteria | Uncultured gamma Gammaproteobacteria

Pseudomonadaceae Gammaproteobacteria | proteobacterium
Uncultured Erwinia sp. Gammaproteobacteria
Psychrobacter celer Gammaproteobacteria
Enterobacter sp. Gammaproteobacteria
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1) fa1d Alphaproteobacteria 1&un Caulobacter sp.  ua¥ Uncultured
Acetobacteraceae

2) Aa1d Betaproteobacteria 18un Uncultured Burkholderia sp., Uncultured
Comamonadaceae (181¢ Uncultured Neisseriaceae

3) AR1E Gammaproteobacteria 1@un Enterobacter sp., Shewanella woodyi,
Marine gamma proteobacterium, Pantoea agglomerans pv. betae, Shewanella sp.,
Pseudoalteromonas sp., Uncultured Salmonella sp., Uncultured Pseudoalteromonas sp.,
Halomonas sp., Uncultured Alteromonas sp., Uncultured Shigella sp., Zymobacter palmae,
Oceanospirillum multiglobuliferum, Oceanisphaera sp., Erwinia chrysanthemi, Erwinia papaya,
Pseudoalteromonas sp., Enterobacter sp., Uncultured Shewanella sp., Shewanella oneidensis,
Psychrobacter sp., Shigella flexneri, Vibrio sp., Halomonas sp., Psychrobacter sp., Pseudomonas
Sfluorescens, Uncultured Erwinia sp. W& Psychrobacter celer

4) AA¥ Deltaproteobacteria 1@11A Uncultured Geobacteraceae

wonnESamunuAiFolu &y Cyanobacteria 1&UA Uncultured Synechococcus sp.

198y Bacteroidetes 1@t Bacteroidetes, Uncultured Bacteroidetes bacterium, Flavobacterium
sp., Arenibacter latericius 19 Flavobacteriaceae bacterium 19l&y Firmicutes laun
Enterococcus sp. I9&u Acidobacteria 1@tiA Uncultured Acidobacteria bacterium uag 13dy

Actinobacteria JAtR Streptomyces sp.
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2. Citrate utilization test

aulszneualls

Magnesium sulfate

Ammonium dihydrogen phosphate
Dipotassium phosphate

Sodium chloride

Sodium citrate

Bromthymol blue

Agar

0.2
1.0
1.0
5.0
2.0
0.08

15.0

nN5Y

NIy

Y 1

1 g 3 o a aa
iaulszneunivuaazareluiinau 1,000 waaans auaualIu

a = I = 2 Y I dy g A
UNHU 110 e saded 111na1 10 uIn ‘mmmﬂmﬂuLmzmmimmwa‘ﬂ

Y
1senpunaviue

< dy = [ o & ] dy A a ~ o o
azanaiuilomedIny uﬂﬂuwu%mqmwgu 121 a9fusatsed A21NAY 15 Youaao

£ I = o % ] f Y = 2 { A
A151912 Wumal 15 wn Wﬂ\ﬁﬂﬂﬁ\i‘&lﬂ%ﬂuﬂ’l TNUADADIUTTUU VLB YN ﬂ?ﬁWﬁLﬁﬂ\iL%ﬂ‘ﬂllﬂ

A A
SUAVYD

vy



121

3. Lysine Indole Motility medium (LIM)
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Peptone 10.0 nyu
Yeast extract 3.0 N3
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L-lysine dihydrochloride 100  N3W
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4. Methyl Red test 1122 Vogas-Prokauer test (MR-VP test)
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5. Nitrate a2 Nitrite test
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6. Ornithine decaboxylase test
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7. Phenol red broth for carbohydrate/sugar utilization
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Sodium chloride 10 Ny
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9. Tryptic Soy Agar (TSA)

'd"J‘l—!‘iJiSﬂi’)‘iJslli‘Ni‘ﬂ‘rﬂi
Pancreatic Digest of Casein 15 n3u
Enzymatic Digest of Soybean Meal 5 n3u
Sodium chloride 5 N3
Agar 15 N3N

a =

pH73+0.2 ‘ﬁqmwﬂu 25 Rl e

u

o 1 g}./ g A A o =1 1 ﬁy = a
Waiudsenounanuaazaisluiin 1,000 yaaans 1!111]1! WUTONYUKHU

121 parusaFod auau 15 doua Hunat 15 un

10. Tryptic Soy Broth (TSB)
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12. Vibriostatic compound (0O/129) susceptibility
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18. Marine agar
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Peptone 5.0 nyu
Yeast extract 1.0 N3
Ferric citrate 0.1 N3
Sodium chloride 19.45 nju
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Sodium sulfate 324 N3N
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1. ym’f@mmsu (Gram strain solution)
= = J
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Crystal violet stain
Crystal violet (Gentain violet)
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Decolourizer
95 % ethanol
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4. MR reagent
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Methyl red 0.5 n3u
Ethyl alcohol 95% 300  Uadans
Distilled water 200 Uanans
Y 9 o

J Y a 3 o
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6. Nitrate reagent
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Solution A
Sulfanilic acid 8 N3
Acetic acid, 5 N 1,000 Uaaans
Solution B
Alpha-naphthylamine 5 n3u
Acetic acid, 5 N 1,000 Naaans

7. Oxidase test
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