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UE 52 A e B AR AL 5 H 2 b AR Bl 1) 22 7 T
W TR o Wk G R IR 07 1R R AR W B 5R
15> TSR, B TAE 3% & 30w A6 g ok
10 20 P 2 00 A T DU A T S SRR -y T 4l T A
s B 4 N
Proteobacteria) , AT &[] (Bacteroidetes) J % 2% [ FH
1 Foh B -8 Brinkmeyer 5 A (2003) W57 £ W], /g
Fe g UK BE b 15 16S rRNA JE (R 50 [ A7 18 o 1) 7 8 o
overlapping ) , JE& T % Ot JR 7 ¢ &
(Fluorescence in situ hybridization, FISH) #% AR % #i
O T R R 95% . Li (2005) % AT
ik DCGE J5 vk W 5% B AL A5 5= KU 4 DX 38k 3 oK
M E RPN aproteobacteria, ~y-proteobacteria,
Bacteroidetes , F= 4] Bacteroidetes 1] & 42 JIK )2 5 UK 1)
RFMELBE™ . Collins (2010) 45 A % I AL Ak i )2
UK N 40 3 LA aoproteobacteria iy - B2 35 B, {H 78 B
e /T R AW B a-proteobacteria 1O Cowie (2011)
S I T i PCR R R B B RS 2 i oKk 4l v = T
75 0.35 - 24 x 10" copie/mL, 7 ¥ 40 L 501 93% -
96% "' .

FEATIEZE 5 38 i %€ 06 i A7 2% A2 B J& DAPT %t

( y-Proteobacteria ) , ( a-

( closely

04 AR U UK AN (7] )28 % ) 4 B B R AT 5 OF B
MW R 16S rRNA KR PR 3L (¥ 75 V2 WF 5 B A
ZZVE WG VK ERE S T MBI REKRE 2R [
IZ FH AR O B X 40 v F B 2 B R R R B I
BEAT AH OGP 23 0T > T 6F ¥ UK A (7] 2 2k 40 B 1 =
DA K 2 R R o0 Al HEAT AR VE 2 B e 32 4 2 ik X T
T AC AR A UK 40 B R B 2 AR TR 2 R T AR R R
HEUK S R AT XA R JZ VUK 4N B DL K %2 BRI
AHOGHRIE » PR G » AS BIF 50 AS AL 7R Ab 24 55 5 50 1 A AL
WO AR UK RGP A ST ft— e i
P BE A

1 BB 7k

1.1 ##

L1.1 #amRE&E:S DAL Ri KR & T 5 26 K
P AR RE 5 2 g2 YT, A5 5 ) 2% SR B TR DK DK
(R 1) o FEMCRIETIES RO, -20°C {117,
M v RIS 4T o 9 AN B OGRS R TR DK B
BORE dh micRE , T B IS Flpe, YT AR 5o AT 45
RUF 2.

z1 KERENESHE

Table 1  Ice core collection stations and sections

Stations Date Longitude Latitude Length of ice core/cm  Sections/cm
Top:0 -20

101 2009-42-09 76°26°589°E 69°17°500°°S 167 Middle:76 -96
Bottom:161 - 167
Top:0 -20

102 2009-42-09 76°26°756°'E 69°17°572°°S 168 Middle:75 - 94
Bottom: 158 — 168
Top: 0 -20

103 20094209 76°26°750"'E 69°177564°°S 168 Middle: 74 - 94
Bottom: 158 - 168
Top: 0 -20

104 20094244 76°27368'E 69°19°774°°S 183 Middle: 83 - 103
Bottom:172 - 183
Top: 0 -20

105 20094244 76°27308'E 69°197747°S 191 Middle: 80 - 100

Bottom: 181 - 191
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Table 2 Physical and chemical characteristics of sea ice
Stations Sections T,/ Salinity/  ¢(TOC) /  ¢(TON) / ¢(Chla)/  ¢(PO,>") /1 ¢(Si0,>7 )/ ¢(NH, ")/ C<N,O; +
%o (mg/L) (mg/mL) (mg/L) (mg/L) (mg/L) (mg/L) NO, ) / (mg/L)

101 01T -2.17 7.1 2.213 0.5013 0.264 20. 34 234. 88 255.55 11.55

101M -2.0 4.1 1.434 0.4729 0. 150 47.72 105. 46 61.6 10. 42

101B -1.45 5.3 7.989 2.117 8. 142 395. 88 293.35 489. 67 704. 67
102 02T -2.3 7.1 1.509 0.471 3.513 177. 41 78.58 217.95 15.05

102M -1.9 4.2 1.033 0.253 0.117 14.73 130. 25 ND 10. 53

102B -1.6 6.8 7.074 1.692 7.499 289.76 384. 11 73.79 513.33
103 103T -2.4 7.4 1.332 0.294 0. 892 38.49 79.57 ND 9.87

103M -2.5 3.7 0.781 0. 167 0.103 13. 64 114.13 40.2 8.87

103B -1.0 6.1 8.452 1.824 7.095 353.78 397. 46 ND 376.73
104 104T -1.5 4.6 0.953 0.322 0.311 12.03 14.17 103.23 3.33

104M -1.9 3.8 1.442 0.229 7. 466 6.78 83.95 120. 93 9.59

104B -1.1 7.9 11.4 3.078 8. 885 603. 55 823.18 387. 89 622.58
105 105T -1.8 3 1.162 0.279 0. 845 166. 54 120. 44 394. 34 7.56

105M -2.3 4.5 0.923 0.302 1. 405 20.18 124.93 274. 61 6. 81

105B -1.7 7.6 10. 99 2.592 5.473 180. 6 322.77 884. 83 14. 89
L1.2  FEZRFMMF[: Tag DNA R 58 IKEIEE A T BOR K/ R 517 & 38 7 BOR /NI R

(TaKaRa, [ A) ; pMD18-T (TaKaRa, H A) ; £ R I8
IBCR & (Lig RS A TRARAR) ;96 L2
B B PCR A (ABI, ) ; /N & 5w 704 O B0
Wl (Eppendorf, £ ) ; Gel Doc #t ik i 1% & ¢ (Bio-
Rad)
1.2 RHERAZX (FISH) i+

¥ 5 AL A AR A REAT FISH 3R 5, SR
Cy3 ¥ ic 19 40 B £ £ Eub338 (5-GCWGCCWCCC
GTAGGWGT3") , 4t i Ll A& LAY TRAERA
A AR R TTES IR Y, A 45 9US T Nikon
80i 7 A e T B A 4 B (PR 6k K R 515 nm,
REBE KKy 570 nm) , /20 MRLEF . SEIG R R
0B8R AE g E X e TE A 3K O B A A 25/ R0
TAR) > 308 5 aok 08 10 A/ R T 8 AR R SR A cell/
mL.
1.3 DNA i2H

2% Li (2005) 4 N (09 77 ¥ HE AT 03 UK RE
DNA 42, —20°C {47 .
1.4 PCR ¥ 1% ARDRA £ #f

L 102 {07 fFF i 12547 40 B 16S rRNA JE [X] 52
JE K 78, 2 W Bosshard 26" [ J7 3 34T 16S rRNA
S PCR. & Jf 2 =3 X PCR 4, 2 41 LU Im i
A 2 A, pMDI8-T 2 4K 3% £ S e b, T B B
Mo BRELCAPE, RA T Btk 5l M13 + (57—
GTA AAACGACGGCCAG 37) F  MI13-( 5-
CAGGAAACA GCTATGAC 37) HEAT 94, T IS W

it I BRI P9 DD Alu T 34T ARDRA Z3 #7» $F B
p =5 7110 07 N T 5 71 1 D5 P 5 O W (i T 3 SO B
Y CRE AR R 25 A PR A ) 58 o
1.5 RAZ{LENMBE

73R AT 16S rRNA JE [K] )7 1) £ NCBI % %
FE 3k 47 BLAST L X} Chttp: //www. ncbi. him. nih.
gov) » Bp 45 J¥ 51 5 BLAST 343 2 45 AL 582 & 11 )7
G| H CLUSTALXL.8 #F 47 Ut fid Lk Xt 4R 5 H
MEGA4 #AF R G K & Mo WF 03R4 7 41 4
A¢ GenBank, % 3% 5 4 JQ753095 % JQ753235.
1.6 0TUs EE N

Oy HEAT = B 1) LU AN MR P S IR LG s A R
16S rRNA FE K 7 FIAH AP =97 % 1 — A Fh R AL,
45 R B % 4% EstimateS (version8) o & 70 [ )% 71
A AR — A FE R P S BEASFE LK OTUs 3= 2 ot
5, # T AE S O Chao 1Y o 4 Y J5 45 3 (19 7
A BT e v 55 S 7E 95% BAS X Mg .
1.7 HEXMESH

I SPSS Statistics17 JEATAHICHE 20475 73731 K- 4
(IR R 20 R = 8 15 25 BN ST A T A DG 23 H o

2 4R
2.1 FERFEMIZE (FISH) 5347

K DAPT Ze )5 3 % it oK v 40 i 5 Beadb A7 it
HO(E 1B, 45 R W, U UK RE A b 4 i S A
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1.97 x10° - 1.8 x 10° cells /em® Z ], 5 /M7 5 |
J2 s 2 R 2 UK B Ui AR ) B3R A e
(8.84 +0.66) x10°, (2.78 £1.02) x10°, (9.26 +4.4) x
10°, 102 1 103 3 £7 s 41 Mg 35 40 A o v — 50
e BRI A s RS s G ol 7 T OKORE 2 B L 4
Mg EA ErP 2R m e K ey3 Frid 4 4
ST B 2 U UK A PR R AT e i SRR W] (1A
UK T 41 T B AR 0.92 x 10° — 1. 22 x 10°cells/cm’

aT
(A) 1.6E+06

1.2E+06
0.8E+05

04E+05

Number of bacteria
(cells/em?)

0.0E+00

], % U UK S A8 43 0 D (2.1 £0.578) x
10°, (1.3 £0.435) x10°, (6.91 £4.01) x10°,F- 3
5B P o A0 e ) B A 4y S 230 7% 5 58. 3% Al
93.4% i@ i KR LLE H (B 1-A) .5 AN AR AL 2T
3 AR UK 2 OCRE B 40 B R T AR 2 v A Ok o
B LR R 4 B AR K R o A R 1
J2 R A 5 ¥ UK JER 2 VKR it 1) = B A e v » oy Al i
MHF Ll E(55.9% -83.56%) .

B M BB

101 102
(B) 256406
2.0E+06 +

1.5E+06 F
1.0E+06 F

Number of bacteria
(cells/cm?)

0.5E+05

0.0E+00

103 104 105

Collection stations

101 102

104 105

Collection stations

& 1 FISH #1 DAPI i+#( 45
Fig.1 The result of FISH and DAPI. A: FISH; B: DAPL. T, M and B: respectively represent the top, middle, and bottom section of

sea ice core.

2.2 HEXMSER

R CUE I 4l 1) 2 R (B R A 5 5
BRI IE A G, r = 1,000, % B 4% 5 1 1) RE
JE R W) A B I UK AN TR 2 AR 2 R 40 A 1 R EE T
Fo M T AR E F BRI 101 A7 £k /D b5 OK
Hs WK T 4 AL B R R AT OGP 4y
Mro i3 W LLE 102 A7 55 10 40 i F 5 o
Foa LUK B TR R I B A, o =
0.992(P =0.008 M 4:% a) fl r = — 1.000 (% 55
T) 5103 A7 k5K 2 R A0 R I HCR 4 ) 5 i DKL B
TOC, TON DL K& i 19 5 1 ok 5 52 IRl 35 1 E AR OG 43
WK r=0.999 (P =0.032) ,r=0.999 (P =0.035) , r
=0.998 (P =0.0037) fl r =0.998 (P =0.035) ;104
A7 AR 0 2 BE 43 0] 5 TON DL K Ml IR & 110k 2 52
L2 3 W 1EAH OC ;T 105 £z sl 5 TOC, TON DL % i
R MR R E W EAC, 2k r=1(P =
0.015) ,r =0.999 (P =0.034) fl r =0.998 (P =

0.040) .
2.3 HAEFHF!E PCR i IE

W A R R R S ) AT PCR 4 1 45 2 41 R
16S rRNA JE R 4 K@ 51, i BOK/NA 1. Skb, 371
I 2 v Bess g B — 4, R W R 7 ) g WY R IR
AT I A
2.4 40 16S rRNA EE X ES

% T02T.102M. 102B #f & 16S rRNA % [X] ¢
5, o3 R I 144 A 3E, 22 T 304k PCR 4 3 £
R4 P o (104.80.73) L B Ji5 485k ARDRA #F &
LS 5 43 503K 43 86.53.67 4 1l JI] 16S rRNA 3
P4 K7 51, 5 GenBank 1 O A7 1) 7 41 AH L £E
90% - 100% 2 [il. 3k 3 /¢ 5 & 2 5 fi T y-
Proteobacteria , a-Proteobacteria 1 Bacteroidetes, . 1
y-Proteobacteria AL REE, RERKBH WLE 2 (A:
102T-.B:102M #1 C:102B) .
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Table 3 Correlation analysis between the physicochemical parameters and the bacterial diversity and abundance within the sea ice
T, Salinity  TOC TON Chl a PO,-  Si0,°°  NH, " NO, - +NO, -
Diversityl02 Correlation -.984 . 347 -.656 -.602 -.304 -. 157 -.811 1. 000 ** —-.703
Significance . 113 L7174 .544 .589 .803 . 899 .398 . .504
FISH 102 Correlation 514 754 .938 .960 .999” .979 .834 -1.000™  .914
Significance . 656 .456 .225 .181 .033 . 130 .372 . .266
103 Correlation . 999" 179 .999° .998" .996 .998" .994 ND 1.000 ™
Significance . 032 . 885 .035 .037 .059 .035 .070 . 005
104 Correlation .904 . 995 .992 999" .562 997" .987 .991 .996
Significance  .281 . 066 .078 .034 .620 . 047 . 102 . 087 .058
105 Correlation . 662 .932 1.000" .999° .988 .603 .998° .990 .999°
Significance  .539 .235 .015 .034 .099 .588 . 040 .090 .025

* * significant correlation at 0. 01 level (double side) ;

2.4.1 T02T: i ok b2 FE G )7 41 K B A 1424 -
1522bp 2 [8], 4 BLAST Lt X, 5 i 15+ & 507 )
AHLME N 95% - 99% , J& F y-Proteobacteria (71) ~ -
Proteobacteria (9) F1 Bacteroidetes (6 ), I v—
Proteobacteria Jj 25 L # e, =P 51 84.3% »
MR A LRSS 2 Ky B RE 2 2R B 1K
Y503 B REIR B VR I B 0 G A M ¥ v B 5 0 Al R
A A= 7 SUARRE G vy 08 B e 70 A T
R AE #5203 )8 (Pseudoalteromonas) R FR 3L 3 8
(Methylophaga) %5 7 A~ & » 34 4% J& T B A 5 5L Jf0 14 )
e 51 552K 11 TR PR 0 40 B 0K A AR ALL 1 B,
12 45 7 A1 5 b UK N 5 OK M AU DK TP R 4
BSi20339 (DQ537497) (] 16S rRNA & [X 7 41 #H 3T, itk
B AE % 7 A I I i AN E T EL R R AR LT B
RE 7> W] RE 2 55w AU e ML 4 T 1 % At LA B g o
PSS e (T 461 o JE B 102717 A1 102194 &
B A A I K A R R R KR (Colwellia)
Bsw20968 (GU166136) J3 41 A ALL 1 55 v » M6 1 J 2 43 125
R A R PR I5E » 32 A 3R AR W] B IR R AR SR T8 v
BRI A B o a SR 195 5140 8 T BT IR AT
W& (Sulfitobacter) FNELILAT B J& (Rosebacter) , 4 & T
Sulfitobacter W]y [ 7 H 47 6 4% 55 U5 T 1E A 58 1 P
PSR OR F O DL 7 T O R b SR A T e T R
5 GO BRI A VIR S R e ZERUFT BT T
3 %74V JE T Polaribacter, M1 J3 51 4= ¥ 5k A # Hh
K e A W LR o 5 T R R
RO B » AT ST 1038 R P B AR A R IR R PR 5
2.4.2 T02M: tf 2 BE S SE 3R AT 53 4% v B R 81, &
BLAST Lt » b5 Hodl e o 1 2 %0 5 SUAH AU 2 93% —
99% , 4y 5| J& T y-Proteobacteria (44) \ a~Proteobacteria
(8) F Bacteroidetes (1) , Horfr y-Proteobacteria 4 XA

" significant correlation at 0. 05 level (double side) .

PRBE, G 5 83% ol 7 8 B X 2 BT A
HRRE > 2 e (K~ HL 5 23 8 55 9% B e 5 0 3
Je AR b A A B 05 1 A B R A A 2 R A0 A AL
U yAZ R A 16S rRNA KL PR 7 41) 3 A - A8 5
H BB R 6 R IR A5 7 A AR UASR H  E  H 19
Z PP 51 4 0 g RS T T A A 58 1 20 8 R 9 A AL AR
s o 10 46 17 91 b5 A S 6 8 A AR I 7K R il P 23
23] B BSw20104 (EU365600) #iI BCw012 (FJ889600)
B P S AL B s JB T R R R IR 10 45 7 41
i IRSE NS M e NI = R Y B | o 5 N A e
] BSw20188 (EU365586) 1 BSw20736 (GU166126) K
5 7% e A0 R AT, AT RLYE AR 97% - 99% Z Al o
Proteobacteria T 44T (1) 7 41 » 4 H5 AU T35 7 14585
J& T VB R R (1 102M109 55 Y51 3% g e A 4 o
KB J% 40 1 B13SH (EU617818) 3 % 5% & &t -
Bacteroidetes "ME—] 1 45 Fp 71 55 15 4 g Wk % 22 i 7K
1) 50 [ )5 %1) DBS1h1 (GQ984357) 41 FHABL M 5% i o
2.4.3 102B: g UK )2 A L3RS 67 SRS,
Holla 12 i 0 A AR 95% - 99% 5 o3 A T
y—Proteobacteria (64) \a-Proteobacteria (3) & 1, & |21
UKEE 5 FE K K ) Bacteroidetes. y-Proteobacteria
g XL B KB b & P S 95.5% . Al y-
Proteobacterial6S rRNA 3& [X ¥ 41| #8 fig 73 28 2] J& 11 7K
s oA TR RN T R R A 4 e RS
B R AR A 37 4k b E 17 A1 5 A vk
SR A I VK P 43 B8 B0 41 % BSi20339 (DQ537497)
A A B 5 JB T Thalassolituus ) v [ 102B77 5
SKAE 3% R 75 e 1) XJ137 (EF648167) J 51 HI UL TE Ay
95% , % N LA IEH - aProteobacteria T, B
A FE B 55 53 B REI7 E A 58 1 e I AR RO B v
un Sulfitobacter J& 1) 5 102B12, 552k A [ #3150
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(A)

—_
0.02

100

o OOV i jteromonas sp. HO2C48-19 (HQ161426) | Alteromonas

102T47 (8,4Q753095)

102T132 (10,JQ753096)

Methylophaga sp. V4 ME.29 (AJ244761)
L 102T138 (2,JQ753097)

69 102T136 (JQ753098) Methylophaga

102175 (JQ753099)

102T115 (JQ753100)
100 clone UV-RV-090 (H(Q326462)

clone DY 1-109 (FJ624430)

102122 (JQ753233)

10217 (JQ775519)

102794 (JQ753101)

100! Cohwellia sp. Bsw20968 (GU166136)

102T19 (JQ753102 ,

lUOEGFﬂcIeC((Jl'c? sp. 13512)01 38 (DQ492706) | Gtaciecola

gor102T131 (JQ753103)

100 Alteromonas sp. CF11-8 (FJ170015)

102T18 (JQ753104)

62
100

Colwellia

851 102T46 (JQ753105)
96! Alteromonas sp. CF14-4 (FJ170034)

102T135 (JQ753232)
) 102T53 (JQ753235) ,
y-Proteobacteria

102797 (JQ77520)
Pseudoalteromonas sp. 1C1-18 (HQ448936)
E 102T50 (JQ753234)
102T127 (JQ753231)
2| Pseudoalteromonas sp.BSW20582 (EF639360)
4’1021'73 (JQ753106)
1027133 (5,JQ753107)

{ 102T36 (10,JQ753108)
99(! clone Bsi20594 (DQ537518) Pseudoalteromonas

64-102T124 (JQ753109)
clone ESB-3 (HM595408)
8 | 1027102 (3,1Q73111)

Pseudoalteromonas sp. Bsi20339 (DQ537497)
74 { 102T103 (JQ753110)

102T59 (2,JQ753112)

102T61 (3,JQ753113)
60| 102T43 (4,JQ753114)

102T120 (3,JQ753115)

Pseudoalteromonas sp. Sp31 (F1404756)

100 [ 102T29 (JQ753116) | Alcanivordx
Aleanivorax sp.H02P23-34 (HQ161390)

% clone 210 (GU370082)
—‘100 10213 (2.JQ656328) )
100! Marinobacter clone 2PR56-13 (EU440994) | Marnobacter
100,102T32 (JQ753151)
Roseobacter sp. JL-129 (AY646161) | Roseobacter

102T17 (4,JQ753152)

98

=]

100

100 clone ATII3 (AF254101)
100 clone AOM-SR-B26 (HQ405613)
92 102139 (2,JQ753153) Sulfitobacter
1027134 (JQ753154)
68| 102T82 (JQ753155)
69l Sulfitobacter sp. SPB-4 (DQ412074)
102T42 (2,JQ753156)
1004 polaribacter sp. Vis St3 14 (FN433463) | ppraribacter
93 clone 55 (GQ452889)
102T133 (JQ753157)
100 | 102T58 (JQ753219)

a-Proteobacteria

Fig. 2 Phylogenetic trees

| Bacteroidetes Bacteroidetes

100 clone DBS1h1 (GQI84357)

102T57 (JQ753158)
clone St1838 (FN433306)

102T10 (JQ753220)
100t clone BCT 02 (DQO07442) | Psychroflexus

| Dokdonia

2 ERENEZTEZTBKELAE 16S rRNA EEFIIRFKE R EHM

of bacterial 16S rRNA gene sequences obtained from sea ice clone libraries. The trees were constructed by using Jukes—

Cantor distances and the neighbor—oining method. Bootstrap support values over 55% (1000 replicates) are shown. The numbers in parentheses

are the number of closely related sequences with similarity >99% in the same library and accession numbers of sequences. Scale bars indicate the

estimated numbers of base changes per nucleotide sequence position. A, top section, 102T; B, middle section, 102M; C, bottom section, 102B.
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(B) 68

72
69

82
0.05

102M13 (5,JQ753118)
Pseudoalteromonas sp. SP31 (F]404756)
clone ESB-2 (Hm854019)

102M119 (2,JQ753119)

— 102M66 (JQ753117)

{ 102M6 (7,JQ753224)

Pseudoalteromonas sp. BSw20104 (EU365600) Pseudoalteromonas

~J

100

99

100

87

69

100

98

100
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Bacterial diversity within different sections of summer sea—
ice samples from the Prydz Bay, Antarctica

Jifei Ma'?, Zongjun Du’, Wei Luo', Yong Yu', Yixin Zeng', Bo Chen',

. L
Huirong Li
'SOA Key Laboratory for Polar Science, Polar Research Institute of China, Shanghai 200136, China
* Marine College, Shandong University at Weihai, Weihai 264209, China

Abstract: [Objective] In order to assess bacterial abundance and diversity within three different sections of summer sea—
ice samples collected from the Prydz Bay, Antarctica. [Methods] Fluorescence in situ hybridization was applied to
determine the proportions of Bacteria in sea-ice. Bacterial community composition within sea ice was analyzed by 16S
rRNA gene clone library construction. Correlation analysis was performed between the physicochemical parameters and the
bacterial diversity and abundance within sea ice. [Results] The result of fluorescence in situ hybridization shows that
bacteria were abundant in the bottom section, and the concentration of total organic carbon, total organic nitrogen and
phosphate may be the main factors for bacterial abundance. In bacterial 16S rRNA gene libraries of sea-ice, nearly
complete 165 TRNA gene sequences were grouped into three distinct lineages of Bacteria ( ~y-Proteobacteria, o-
Proteobacteria and Bacteroidetes) . Most clone sequences were related to cultured bacterial isolates from the marine
environment, arctic and Antarctic sea-ice with high similarity. The member of Bacteroidetes was not detected in the bottom
section of sea-ice. The bacterial communities within sea-ice were little heterogeneous at the genus-evel between different
sections, and the concentration of NH, “may cause this distribution. [Conclusion] The number of bacteria was abundant
in the bottom section of sea-ice. Gamma-proteobacteria was the dominant bacterial lineage in sea-ce.

Keywords: Antarctic, Prydz Bay, bacteria, 16S rRNA, abundance, diversity
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