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Phylogenetic diversity of cultivable bacteria associated with Atrina
pectinata collected from the tidal flat of Naozhou
Island in the South China Sea
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Abstract: [Objective] To understand the diversity of cultivable bacteria associated with Atrina
pectinata collected from the tidal flat of Naozhou Island (20°52"-20°56' N, 110°33'-110°38" E) in the
South China Sea. [Methods] Bacteria strains were isolated from homogenates of the sample by using
the conventional culture-dependent method and then investigated by using phylogenetic analyses
based on 16S rRNA gene sequence comparisons. [Results] We isolated 125 bacteria strains from the
sample on MA (marine agar), MH (moderate halophilic medium agar) and NA (nutrient agar)
supplemented with 0-25% (W/V) NaCl. Based on partial morphological, physiological and
biochemical characteristics, out of them, 90 strains were selected and subjected to a molecular
systematic study based on 16S rRNA gene sequences. The results showed that the 90 isolates were
members of 10 genera (Marinobacter, Chromohalobacter, Halomonas, Salinivibrio, Vibrio, Bacillus,
Halobacillus, Virgibacillus, Staphylococcus, Micrococcus) of 6 families (Alteromonadaceae,
Halomonadaceae, Vibrionaceae, Bacillaceae, Staphylococcaceae, Micrococcaceae) in 3 phylogenetic
groups (Gamma-proteobacteria, Firmicutes, Actinobacteria). The most abundant and diverse isolates
were within the phylum Firmicutes (56 strains, 62.2%) and the subphylum Gamma-proteobacteria
(31 strains, 34.5%). The results of phylogenetic analyses suggested that there were obvious genetic
divergences between most isolates and their closestly related type strains (16S rRNA gene sequence
similarities ranging from 95.7%-99.9%). The results also showed that, out of the 90 isolates, at least
5 JSM strains (112019, 112024, 114045, 114058, 114083) should represent potential new taxa. Strain
JSM 112024 could represent a novel genus in the family Halomonadaceae, and strains JSM 112019,
JSM 114045, JSM 114058 and JSM 114083 could represent four novel species with in 4
characterized genera Salinivibrio, Bacillus, Halomonas and Virgibacillus, respectively. [Conclusion]
There are abundant bacterial species diversity and phylogenetic diversity in the Atrina pectinata.

Keywords: The South China Sea, Atrina pectinata, Cultivable bacteria, 16S rRNA gene, Phylogenetic
analysis, Biodiversity
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(Lamellibranchia) (Mytiloida)
(Pinnidae) (Atrina)!"®
[17]
16S rRNA
( )
1 MRS5H&
1.1 ##
111 EZLHF/MLF: PCR Bio-Rad
(PE 29600) Leica (DM 3000)
DNA 16S rRNA
[18]

112 #EFE(/L): (1) MA
2216) NaCl19.5 MgCl,5.9 Na,S043.2 CaCl,

(Marine agar

1.9 5.0 1.0 A  20mL
B 1mL 20.0 1L pH
7.5-7.8 A KCI27.5 Na,COs 8.0
5.0 1L B SrCl1 34.0

KBr 80.0 H3;BO;22.0 Na,SiO; 4.0 (NH4),SO4 1.6
Na,HPO, 8.0 IL (2)

(Moderate halophilic medium agar MH)!"*)  MgCl,
7.0 NaCl81.0 MgS049.6 KCI2.0 CaCl,0.36

NaHCO; 0.06 NaBr 0.026 5.0 1.0
1.0 20.0 1L pH7.5-7.8
3) (Nutrient agar NA) 3.0
10.0 NaCl 5.0 20.0 1L

pH 7.5

NaCl

0.1 g/L

12 HRXEMEHRS S
121 HFmRIRRANE: 2011

7
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48 h
10 g
3.4% ( )NaCl 90 mL
150 t/min 10 °C
30 min
10

122 HEHHSBERIEF: MA MH NA

NaCl 0 5% 10%
15% 20% 25%( )
0.2 mL
28 °C 7-284d
(45 )

1.3 EF 16S rRNA EEFIIMNARKABE S #
T #7
DNA 16S rRNA PCR
PCR Cui 9

PA 5-AGAGTTTGATCCTGGCTCAG-3’

Escherichia coli  8-27f PB 5-AAG
GAGGTGATCCAGCCGCA-3' E. coli
1523-1504r
(Potential new taxa)
GenBank
(Accession number) NCBI
EzTaxon-¢ server”'!
16S
rRNA ClustalX 221
Kimura
[23] MEGA 4.0 (Molecular evolutionary
genetics analysis) (Neighbor-

Joining method)

[24] 1 000 (Bootstrap value)
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(23] ( 1 16S rRNA
1.4 HEYIFHHE 90
NaCl (0 5% 10% 15% 3 ( )(Gamma-
20% 25% ) MA MH NA proteobacteria Firmicutes Actinobacteria) 6
NaCl (Alteromonadaceae Halomonadaceae Vibrionaceae
[26] Bacillaceae Staphylococcaceae Micrococcaceae)
2 ERELH 10 (Marinobacter Chromohalobacter

2.1 BB E Halomonas  Salinivibrio Vibrio  Bacillus
| B & Halobacillus Virgibacillus Staphylococcus

125 Micrococcus)( 1) (Firmicutes)
56 62.2% -
5%-10% ( )NaCl MA ( 0) 4
M (Gamma-proteobacteria)(31 34.5%)
. . 0
15%-25% ( ) NaCl (Actinobacteria) @3 3.3%)
2.3 YIMZEMAEES Y
sle s s V)
22 EEZHM 16S rRNA 97%
27190 33
) 22
125 90 16S rRNA 100%
PA 16S rRNA
800 bp 90 95.7%-99.9% (D
16S rRNA GenBank

JX220727-JX220816

F1 WIRAEFRARSEXZSEEVINANFRENRZRTLERR

Table 1 Phylogenetically closest neighbors of bacteria isolated from Atrina pectinata based on
16S rRNA gene sequence analysis
Strain Similarity

Phylum/Family . Closest type strain (accession number) %)
Gamma-proteobacteria (31/90)

Alteromonadaceae (3) JSM 112006 Marinobacter hydrocarbonoclasticus MBIC1303" 995
(JX220727) (AB019148) ’
JSM 112005 . .. T
(1X220728) Marinobacter salsuginis SD-14B" (EF028328) 100
JSM 114008 . .. T
(1X220729) Marinobacter salsuginis SD-14B" (EF028328) 100

Halomonadaceae (13) JSM 112024 . . i
(IX220730) Chromohalobacter israelensis ATCC 43985 (AJ295144) 95.7
JSM 114058 . T
(IX220731) Halomonas gudaonensis SL014B-69" (DQ421808) 98.9
JSM 112016 . T
(1X220732) Halomonas halophila CCM 3662° (AM941744) 99.4
JSM 112023 . T
(1X220733) Halomonas halophila CCM 3662° (AM941744) 99.4

«C )
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C )

JSM 114095 . T
(JX220734) Halomonas halophila CCM 3662° (AM941744) 99.4
JSM 112009 . i
(JX220735) Halomonas salina F8-11" (AJ295145) 99.6
JSM 114021 . T
(JX220736) Halomonas salina F8-11" (AJ295145) 99.5
JSM 114028 . T
(JX220737) Halomonas salina F8-11" (AJ295145) 99.2
JSM 114051 . T
(JX220738) Halomonas salina F8-11" (AJ295145) 99.5
JSM 114062 . T
(JX220739) Halomonas salina F8-11" (AJ295145) 99.6
JSM 114067 . i
(JX220740) Halomonas salina F8-11" (AJ295145) 99.5
JSM 114078 . i
(JX220741) Halomonas salina F8-11" (AJ295145) 99.5
JSM 114089 . T
(X220742) Halomonas salina F8-11" (AJ295145) 99.6

Vibrionaceae (15) JSM 112021 Salinivibrio costicola subsp. vallismortis DSM 16359" 98.9
(JX220743) (AJ640132) ’
JSM 114005 Salinivibrio costicola subsp. vallismortis DSM 8285" 99.0
(JX220744) (AF057016) ’
JSM 114016 Salinivibrio costicola subsp. vallismortis DSM 8285" 99 3
(JX220745) (AF057016) ’
JSM 114040 Salinivibrio costicola subsp. vallismortis DSM 8285" 98.9
(JX220746) (AF057016) ’
JSM 114049 Salinivibrio costicola subsp. vallismortis DSM 8285" 99.0
(JX220747) (AF057016) ’
JSM 114076 Salinivibrio costicola subsp. vallismortis DSM 8285" 98.8
(JX220748) (AF057016) ’
JSM 114081 Salinivibrio costicola subsp. vallismortis DSM 8285" 98.8
(JX220749) (AF057016) ’
JSM 114085 Salinivibrio costicola subsp. vallismortis DSM 8285" 98.8
(JX220750) (AF057016) ’
JSM 114011 R . T
(JX220751) Salinivibrio proteolyticus AF-2004" (DQ092443) 98.9
JSM 114060 R . T
(JX220752) Salinivibrio proteolyticus AF-2004" (DQ092443) 98.7
JSM 114074 T . T
(JX220753) Salinivibrio proteolyticus AF-2004" (DQ092443) 98.2
JSM 114082 NP . T
(JX220754) Salinivibrio proteolyticus AF-2004" (DQ092443) 98.7
JSM 112019 3o i . T
(JX220755) Salinivibrio sharmensis BAG = (AM279734) 98.8
JSM 114037 L . T
(JX220756) Vibrio diabolicus HE800™ (X99762) 99.9
JSM 114001 o . T
(JX220757) Vibrio nereis ATCC 25917 (X74716) 99.8

Firmicutes (56/90)

Bacillaceae (16) JSM 114080 . . i
(JX220758) Bacillus butanolivorans K9 (EF206294) 99.7
JSM 114006 . oy T
(JX220759) Bacillus cibi JG-30" (AY550276) 100
JSM 114002 . . . T
(JX220760) Bacillus herbersteinensis D-1-5a" (AJ781029) 99.7
JSM 114041 . S feree T
(JX220761) Bacillus idriensis SMC 4352-2" (AY904033) 99.8
JSM 114045 . . . T
(IX220762) Bacillus litoralis SW-211" (AY608605) 98.8

«C )
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«C )
J(?)l\(/lz;(l)%/ggf Halobacillus dabanensis D-8* (AY351395) 99.6
J( ?}1\(’[2;(152%‘ Halobacillus faecis IGAT-4" (AB243865) 99.9
J( ?}1\(’[2;(152(;; Halobacillus faecis IGAT-4" (AB243865) 9.5
J( ?}1\(’[2;322‘; Halobacillus faecis IGAT-4" (AB243865) 99.9
J( ?}1\(/'2;52;; Halobacillus faecis IGAT-4" (AB243865) 99.9
J( %(/[2;52?;? Halobacillus faecis IGAT-4" (AB243865) 99.9
J( ?}“{g:ﬁgg? Halobacillus faecis IGAT-4T (AB243865) 100
J( ?}I‘gé‘;‘;‘g Virgibacillus halophilus SBT3C" (AB243851) 99.7
J(§>I\<A2 ;(1)‘7‘3?5’ Virgibacillusihalodensirificans DSM 100375 (AY 543169) 97.6
J( ?}“{42;(1)‘;%; Virgibacillus kekensis YIM-kkny16" (AY 121439) 100
J( ?}%éé‘;ggi Virgibacillus salinus XH-22" (FM205010) 99.7
Staphylococcaceae (40) J( ?}1\(42;(1)‘;2;;’ Staphylococcus arlettae ATCC 439577 (AB009933) 100
J( ?}1\(’[2;(1)‘,‘/25 Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}1\(’[2;(1;‘/22 Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}1\(’[2;(1;‘/%‘ Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}“{’[2;(1)‘7‘%? Staphylococcus arlettae ATCC 43957" (AB009933) 99.8
J( ?}“{"2;‘7‘%? Staphylococcus arlettae ATCC 43957" (AB009933) 99.8
J( ?}1\("2;‘7‘%;‘ Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}1\("2;(1)‘;‘;%; Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}I‘gé‘;gi Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}“{42;(1)‘;2‘3‘; Staphylococcus arlettae ATCC 439577 (AB009933) 99.9
J( ?}“{42;(1)‘;23;’ Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( a0as ? Staphylococcus arletiae ATCC 43957" (AB009933) 99.9
J( e ; Staphylococcus arletiae ATCC 43957" (AB009933) 99.9
J( ?}1\(’[2;(1)‘,‘123? Staphylococcus arletiae ATCC 43957" (AB009933) 99.9
J( ?}%%f‘/gg Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}“(’Izé(l)f‘/gg‘)‘ Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
J( ?}“{’[2;(1)‘7‘8(9)(; Staphylococcus arlettae ATCC 43957" (AB009933) 99.9
«C )
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«C )
J(il\(/lz;(l)‘;g?i Staphylococcus arlettae ATCC 439577 (AB009933) 99.9
J(il\(/lz;(l)igg Staphylococcus equorum ATCC 43958 (AB009939) 99.9
J(il\(/lz;(l)‘;gi;‘ Staphylococcus epidermidis ATCC 14990" (L37605) 100
JSM 114009 Staphylococcus saprophyticus subsp. bovis GTC 8437 100
(JX220794) (AB233327)
JSM 114057 Staphylococcus saprophyticus subsp. bovis GTC 12277 99.9
(JX220795) (AB233331) ’
JSM 114061 Staphylococcus saprophyticus subsp. bovis GTC 153057 99.9
(JX220796) (AP008934) ’
JSM 114048 Staphylococcus succinus subsp. succinus AMG-D1" 99.9
(JX220797) (AF004220) ’
JSM 114073 Staphylococcus succinus subsp. succinus AMG-D1" 100
(JX220798) (AF004220)
JSM 114054 Staphylococcus sciuri subsp. sciuri DSM 20345" 100
(JX220799) (AJ421446)
JSM 114056 Staphylococcus sciuri subsp. sciuri DSM 20345" 99.8
(JX220800) (AJ421446) ’
J(il\(/lz;(l)zg?; Staphylococcus xylosus ATCC 299717 (D83374) 100
J(il\(/lz;(l)zgg Staphylococcus xylosus ATCC 299717 (D83374) 100
J(i\(/lzé(l):gif Staphylococcus xylosus ATCC 299717 (D83374) 99.7
J(?)l\(/lzé(l)zgif Staphylococcus xylosus ATCC 299717 (D83374) 100
JSM 114053 T
(1X220805) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114064 T
(1X220806) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114068 T
(1X220807) Staphylococcus xylosus ATCC 29971 (D83374) 99.8
JSM 114077 T
(1X220808) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114079 T
(1X220809) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114086 T
(1X220810) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114087 T
(1X220811) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114091 T
(1X220812) Staphylococcus xylosus ATCC 29971 (D83374) 100
JSM 114092 T
(1X220813) Staphylococcus xylosus ATCC 29971 (D83374) 100
Actinobacteria (3/90)

Micrococcaceae (3) JSM 112001 . . T
(1X220814) Micrococcus yunnanensis YIM 65004° (FJ214355) 99.7
J(il\(/lz;(l)é?g Micrococcus yunnanensis YIM 65004 (FJ214355) 100
J(?)l\(/lz;(l)?;?gi Micrococcus yunnanensis YIM 65004" (FJ214355) 99.8

Note: Strains marked in bold refer to potential new taxa.
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112024 JSM 114045 JSM 114058

(JSM 112019 JSM
JSM 114083)

16S rRNA ( 1 1

PA
16S rRNA (
KJ685884-KJ685888)

JSM 112024  16S rRNA
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112024
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16S rRNA
98.8% 97.6% 4

112024

Salinivibrio

Virgibacillus

98.9% 98.6%
97%
( )
( 1B)
(Salinivibrio)
(Halomonas)

(Bacillus)
(Virgibacillus)

DNA-DNA

3 Wit
16S rRNA
90
3 6 10
33
16S rRNA
5
(Potential new taxa)
[3-5]
4
3
(Gamma-proteobacteria Firmicutes Actinobacteria)
(Firmicutes) (
62.2% 50.8% 40.5%) 3
y_
(Gamma-proteobacteria)(34.5%)
Actinobacteria  (26.5%)
(Proteobacteria)(52 68.9%)

(Bacteroidetes) a-

(Alpha-proteobacteria) (5]
(Micrococcaceae)
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(Vibrionaceae)

(Bacillaceae) (Staphylococcaceace)
2 (Chromohalobacter
Micrococcus) 4
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http://journals.im.ac.cn/wswxtbcn



2224 WA 2# ik Microbiol. China 2014, Vol.41, No.11

(Jeotgalibacillus Jeotgalicoccus Serratia Enterococcus  Trichococcus)
Sporosarcina Streptomyces)
11 (Idiomarina  Morganella Proteus

Paracoccus Wohlfahrtiimonas Shewanella
Oceanimonas Nitratireductor Myroides (MA ISP2 NA SWA HAA)

Chromohalobacter beijerinckii ATCC 19372" (AB021386)

60 Chromohalobacter japonicas 43" (AB105159)
82|Chromohalobacter canadensis ATCC 43984" (AJ295143)
Chromohalobacter sarecensis LV4' (AY373448)
Chromohalobacter nigrandesensis LTS-4N" (AJ277205)
Chromohalobacter marismortui ATCC 17056" (X87219)
Chromohalobacter israelensis ATCC 43985" (AJ295144)
100% Chromohalobacter salexigens DSM 3043" (CP000285)
Salinicola halophilus CG 4.1" (AJ427626)
Salinicola salaries M27" (AM229316)
Salinicola socius SMB35" (DQ979342)
Halomonas dagiaonensis YCSA28" (F1984862)
Halomonas shengliensis SL014B-85" (EF121853)
Halomonas fontilapidosi 5SCR" (EU541349)
90— Halomonas ventosae A112" (AY268080)

Modicisalibacter tunisiensis LIT2' (DQ641495)

1001~ Cobetia marina DSM 4741" (AJ306890)
Cobetia crustatorum JO1T (EU909460)
55 Halomonas salifodinae BC7" (EF527873)

68 Halomonas taeanensis BH539" (AY671975)
100 Carnimonas nigrificans CTCBS1" (Y13299)
Halotalea alkalilenta AW-7" (DQ421388)
— JSM 112024 (KJ685885)
90 Kushneria sinocarnis 735" (F1667549)
_|:<ushneria aurantia A10" (AM941746)
100 Kushneria avicenniae MW2a' (DQ888315)
WEEKushneria marisflavi SW32" (AF251143)
98— Kushneria indalinina CG2.1" (AJ427627)
Oceanospirillum beijerinckii IFO 15445" (AB006760)

75

0.02
—

58 Salinivibrio costicola subsp. costicola NCIMB 701" (X95527)
1001 — JSM 112019 (KJ685884)
Salinivibrio siamensis ND1-1" (AB285018)
Salinivibrio sharmensis BAG' (AM279734)

100 JSM 114058 (KJ685887)
97 Halomonas gudaonensis SL014B-69" (DQ421808)
100 Halomonas cerina SP4* (EF613112)
Halomonas dagiaonensis YCSA28" (F1984862)

100~ JSM 114045 (KJ685886)

e Bacillus litoralis SW-211" (AY608605)

Bacillus fastidiosus DSM 91" (X60615)

Bacillus muralis LMG 20238 (AJ628748)

100 75— JSM 114083 (KJ685888)
0.02 Virgibacillus halodenitrificans DSM 10037" (AY543169)
: 100 Virgibacillus necropolis LMG 19488" (AJ315056)
Virgibacillus alimentarius J18" (GU202420)

E Salinivibrio costicola subsp. alcaliphilus DSM 16359" (AJ640132)

1 £TF 16S rRNA £ E FHMEZMHIIBHEXRAHEFARE PR BEM LB RFLEN
Figure 1 Neighbor-Joining tree derived from the 16S rRNA gene sequences of some isolates (potential new taxa) from
Atrina pectinata and their closely related taxa
1 000 50% 100 2
Note: Numbers at nodes indicate bootstrap values (>50%) based on a Neighbor-Joining analysis of 1 000 resampled datasets; Bar: 2
substitution per 100 nucleotides.
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