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FEHE AR BB, 5 PCR-$8 SC K% £ A R B 75 B 5
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Bl A Yy 22 R e AT E 5T, 43 A AN (6] 36 8 3 i A e A
W) 3 A v (%) 4 o R B 2R, R [A] 2215 AN [)
B R b b A% G A WU T A5 A AR A HEAT o T, LA
T R DA TR Ak e v A ) FE DA% A A 0 B T 4
HERIR AR

1 #REFE

1.1 HERE

20164F 10 2 11 A MI20174E4 H 29 H 1A,
H 1R, DWRHEEUH H WER37(118°3'117E, 39°15'43"N)
SRAEIRAIK . TR K BB AS AN R 5 1 k3 1< K
b3 5 KB K, £k B JLF- A48, &bt 4k
JEANZR 1 fim . MK R 10 em AbER 7K 200 mL,
LA 200 H AR08 B8 BR IF i 20 P R IR S
FEATCHMR LI, Pestiz [l SL 5 = 90 15 200

1 FRSGHE

Tab.1 Salinity of different ponds
it 45 EhEE/PBE
I 6
IIi 9
I} 12
v 15
\Y 18
Vi 21
Wi 24
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1.2 DNA XK

¥ 200 mL /K FEZ 0.22 pm FL AR B TS R 2T 4k i o
U8, W KFE I FEAZ A . DNA $RBCR Iy A5
AR BRSNS BER E AT 200 uL
TE buffer (10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH
8.0), JIIA 3 uL % B i} (50 mg/mL), 65°C /K 15 min,
KBEEHRIFMA 5 L FHHBF K20 mg/mL), LK
25 uL 10% SDS ¥, 37-56°C /K 30 min, ZJ5 A
2 uL RNAse, 37°C/K¥A 30 min, JIAZERFAGE © &
i« SIREE(V 1 V1 V=251 24 1 1), B EIERK
J&, 10000 r/min B5.0> 10 min. WHCEJZ/KAH, BAMA
SRFRGEMT © BIREE(V 2 V=24 1 1), b SRR,
10000 r/min #.0> 10 min, WHL FZEKH . A 1/40
RFRE B AN (3 mol/L, pH 5.2) % 2.5 AR 1
Tok B, %R A), —20°CHUE 7% . 10000 r/min
B0 15 min, 37 BT .4 70%BE0E S, B TR,
T 30 uL TE buffer, 20 CIR /245 H .

1.3 PCR ¥ ¥

FIIH PCR F AR 3 500X 40 1R Al 78 16S rDNA
P93, AR R A WA FE W59 GC-357F
(5'-CG-clamp-CCTACGGGAGGCAGCAG-3")F1 518R
(5'-ATTACCGCGGCTGCTGG-3"), -ilF5 [ MIfy 5/ 1%
¥% N TGGE ¥t CG-clamp(CGCCCGCCGCGCC
CCGCGCCCGGCCCGCCGCCCCCGCCCC), itk
Z25ul: _BHF 9910 pmol/L) 1 ul, "Fi#5141(10 umol/L)
1 pL, Premix Taq™ 12.5 pL, ddH,0 10 pL, DNA #&#x
1 L 38 440 94 C A M 5 min; 94°CAR T 45 s,
57°CiB 2k 45 s, 72°CHEf 1 min, R 35 Yk; 72°C G
10 min, 5 051 9R FH Arc-GC-344F(5'-ACGGGG
YGCASAGKCGVGA-3")Hil Arc958R(5'-YCCGGCGTT
GAVTCCAATT-3"). LiF51¥M 5mikti &l TGGE
BT CG-clamp(CGCCCGGGGCGCGCCCCGGGCG
GGGCGGGGGCACGGGGG)™, FWiAZ 25 uL: |-
HE514)(10 pmol/L) 1 pL, THF514(10 pmol/L) 1 uL,
Premix TagTM (TaKaRa TaqTM Version 2.0 plus dye)
12.5 uL, ddH,0 10 pL, DNA #47 1 pL. #3544
94°C HiAEH: 5 min; 94°C7AEM: 45 s, 52°CiRk 455, 72°C
FEfH 1 min, JEF 35 IK; 72°C ZEfH 10 min,

PCR 9347 W) 4 B AR e e F Uk, 8 M AR R
ki, o — H 58U A BeR/MHEIERY PCR 77
YWHF T —# TGGE 4#7 .

1.4 TGGE %47 B3R 5 #7
PCR ¥ 347 ¥)#t47 TGGE 4347, X Bio-Rad
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TGGE T R4, SLH AR 405 PCR ¥ 147~
PR 10%(w/v) R BERE (30 @ D)AEPERE, R
PCR =¥ R A 6%(W/V) IR IIEEERE (0 - 1),
AR P BE Y Ry 54~66°C, AR 2K 3°C/h, 1xTAE H,
VK% K (Tris Acetate-EDTA Buffer) ' #E77HL 7k, H
JE 130V, HLUKATE 4 h, FAREAEH IS 8 T
VA HEAT . HERERE: 10 pL PCR Z#1+1 pL 10x DNA
Loading Buffer. F1 k45 55, TGGE BELZ: 0.5 pg/mL
IRALZEE(EB)JL (0, 10 min, £ TAE ZEPiEye)s,
BN LG R G Bl Sk A T 40T o

XA REER AW AT STV, RARRE
K5 IO e 5 J¢ TP WSC3A0) BB A7 IR, 0.5l A9 [mT i ™= 9y
FE BT PCR Y4 G CG-clamp 41 1 (357F,
518R)FITH 14 (Arc-344F, Arc-958R)iE 5141, PCR #”
MO L SCRTR o G 28 1.2%30 e ek Jie
VARSI, 2% Ll 28 7] (A6 5T B R A 8 A g L
FoA B EDFEATIF o Iy 45 558 1 NCBI B 2
Blast F X347, {81 MEGA 7.0.14 %144, SR NJ ¥
¥y 8 2 58 AL, Bootstrap B {5 {E 4l B F & AL
1 000 7%,
1.5 3 HHBEIH

i H Quantity one 4.6.2 B4 X &R AR R G ak
1909 B AT B A A BT, RTAS A UK 1 SR B A
Je £ 5t AR XL B AHXERS R, H T 2T
O IR RS [RVRE S v SR T A ) 0 S5 A 1 L

| FH A% - 18 4 5 %2 (Shannon-Weiner index, H) .
JnACE & B $6 %U(Range-weighted richness index, Rr)
FE4 5] B2 F8 8 (Pielou evenness index, E)ZrHrisd:4
Bk ZhEdE . EEEMBSE, FR-EBIENE(H) .
F & ERBR)MIY L) E REE)IT R AKX R

H=-3(ni/N)log(ni/N),
Rr=($’xTg),
E=H/logS,

Horr, ni $845 4500 BIAHXREEBE, S REA ) S5y

B, N A T I SR AR R DG R 2 L

2 SR ERE ST
2.1 PCR-TGGE B#45#7

ARWFFEAE 2016—2017 48] 3T — 4= (1) i ) B 3% 452
W 7 R AR H SR 3 A [ £ 3 v i K g 5
ey Asie, B 12 A—3 AT AT, K
AL S ECE L mAEWAK, 510 45 vk B B4F X 4
B ER AN E K, BT LA PUAS H BORE S A R . AR

) H@ART/CLE

gt 8 Hibvk, Mk 9 AFESN AT T 4N A
16S rRNA %[ i) PCR-TGGE 4347 -

A HRIE, R AR T AR AR Y 1.0
10%, SPHEREAT L 5%10* cells/em® P, T 76 FHAK IR
LRI AT K IR Z T, T R K AT I S R TR
PR AU HECO R S SR AR AT B I K R A H
B FH A9 30 A W A 1 KR A e B o AR T o SR Al
PRI TR 1 38 FH 51 90 53 50l PR Ak 7K BRI 7K i i
17 PCR P34, 455K BT 718 467, RWALEL
IR IR AT B BEANR A L IR B2 S5, IR
A T 7K T i SR AZ AR W B R D, HE DRI T
B LR S HISHRT, RIAHREKETIKETIAH
W ER 37 5, Ao A W e A oy TR Ak W v K A P S5 7E 1 7K
r g T T

ANFEEREER 7 AR ki K B4R 16S rDNA
V3 X[ PCR ¥ 34 r= W28 1.2% 1) 3 JE AR 58 i Uk G
M, AT R BRI/ 200 bp BUBHTESE SR XF 7
AR A RE S T 16S IDNA V3 X Y PCR 971445
Wk IR B e i VIS PCR 938 S BH PR 25 21, 3K
1529 600 bp 1) F B, HAbER b PCR 473 2 P45 2R,
FEWIAL =1 R B VI3t 1 K P oA TR A AE

ANFFRHAE 4—11 H < KFE S A ZHTR 16S rDNA
V3 X PCR-TGGE £ 1a frox . MWIE LRI A
T SR UKIE S A 1~8 25 ANAE, Hi, B ILH
WA 3%, Al 1S 25 8 Y, fEER A
VIREVE R T I AT o 4 A 7 SRR S
VI 15/ 25500 5 A 1~7 SEeefh 15
SR 2 S A AEAE, Hih 1 S3hrh 2 54400
RS, 8 TR MBIAE T\ IV~ VIS5 4 -3kt
e, 6—7 A 7 3huirh, 155 2 50384
B, 8 ST [~ SRt Aedhrp, 3 5/ 45
SO BAE 7 A 1S53 uie b 8 45 Eh A
(450 BOR FLM T A T 3 R i 22 Ak, 1 5550
HEIRAERR TS5 28 A Y A ER A St v, 2 5 557X
HEAE T . VI VIS b ke v, 8 5 2 tHBAE 1T |
M5 ke 5, 9~13 5 5% H 37 VIS Eh ke 5t
H 9—11 A& ERMAES P 1 SR 5A B, B 9
AWMN . VI, ISEae A 10 Ay 1. 580
FElh, 2 S 4 TE A ER AR S P A R, 14 S5 R0
15 54, S22 7 B H I AE A R A7 B A 4 B
R[] —ADwHA, LSUINTF, 145 F1 15 55405 751055
M5 1 5. 2 SFSIMERE. TGGE Eligt, fH—1
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Zeas AR — LA R A — N 45:/E #.0(Operational
taxonomic unit, OTU), —/NykiE &4 H itk £,
WL B XA REA R AR ) ZREME R R, (S S
5o, WIUE A Z b A 3 e PO AR T A 2 Y
TGGE i i 45 545 B9 AT 52 B, m] B0 A A
[7) 3 473 45 3k dth v %) I 34 BR R AR G 258

i | Quantity One 4.6.2 X} TGGE &3 b 247 1)
ARG 5 B HEAT 52 o T o X FE AR TR A 43 HpoR [l 8
FERES I AT R B, 15 505 2 AR R B dh ath v 2 B %
i, BEE LR T s B K. 2 B A TR IR ER B £k
WA SE R R, BEFhEE T, 52 RE WAL . 8
5 LA BRAE R R B (<15°Be) g kit
AL, e TGGE KSR, 4 H 4 i 551
FEXTHE 22, (HRE X 58 BE e At T A A% 8 A i VIS
b ER B 21°Be), A% B s AR &, Horp
11, 12 S URITEIZEAR Y . VIS ERAE 4—
11 A pi /KEE S T 16S rDNA V3 X PCR-TGGE %%
RANE 1b fiR, E# TGGE FEHGH LA —AN 41,
FWLE @ Eh B A B A HE T TR ZREHEAR
22 TGGE B#+ £F e ER

TGGE KEligH 16 A~ (15 MK F 1 4
W SHHUEAT T . 4lifk. PCR §7#8 T, 45
A 12 AT L) o ASBRSE TR T 5 2 4 28
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% GenBank £EE, B35 MK182943-MK 182954,
IRALH0 7553 W 7E GeneBank %4 2 P 4T BLAST
R PRME L XS, FEXS 2 W3R 2. S5 SRR ra 1 5kai
J¥%1 5 GeneBank ™LA B R PR 5 (AR A
90%~100%, AH LI ) T AR #ROR IR T K . % R IK
K. HEME . ERWISEE AR AN F B y-Proteo-
bacteria, o-Proteobacteria #1 Actinobacteria — K2,
H A i3 A y-Proteobacteria, 1 5 fl 14 5 557 AU
P N Spiribacter salinus, 2 5 Fl 15 5 5% 1L
% N Pseudoalteromonas sp., 16 ‘5 254 BUAEH T
A Halogeometricum sp., FARIPESEE 99%. K H NJ
IS P RGN E 2 R, RZ
AT G TARWI], E2MHE o-Proteobac-
teria(5 {~4577 ) Fll y-Proteobacteria(4 > 557r), VHSc
WA E TR ] Actinomycetales(l ~4577), 1
AN TR S5 288 )Tl R T] (Euryarchaeota) JL ] B
J& (Halogeometricum sp.)E Ak
2.3 ZAEIBESH

A58 % FH Quantity one 4.6.2 # /4 ¥ TGGE &
TR AR BB, B NE AR AN EU(H)
IASL & B2 45 0 (Re) R &) i R BU(E) = A 2 AR R
T % R LT TR A VR T K R AR AR W 2
P Fw RIS T, a5 E 3 R,
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Fig. 2 Phylogenetic tree constructed using the neighbor-joining method based on the 16S rDNA gene sequence of bands
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Fig. 3 Correlative indexes of bacterial diversity for different samples based on TGGE patterns
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ARHIFFE R AT AR - B A8 B R R E W i %2
FEE, FA-m g Botk &, Wi B AR A= ) 2 4
PR R o BT — SR B AR AR LA, 4 H AR -
BRI e T A T 3, A0 D R W A KR
g, 2R 15~22°C, 3 B BRI B v AR A
TR AT DL A, PR R 2R . e L
W ~IVESEu)h, 5—7 HBEFR-BANHERE)E
T 8-11 H, XUHITERRIWE, KiES hh
JE Rt v A T A A A R R R T, TR R
B A - AN R B (ED A, T 7 T B AR X AR 1 7 2
FIRKZE T 5 o I R o 7 3 28 A0 s, G IR
(B, T e 8 kb v i K IR d i T 3R B 50°C,
o AT A0 A A A S

JAL =& BE R B (Re)/N T 10, T 08 T3 R B AN
WA A, FEERECRT 30, MBI
BiARH & BT AR 4 AR, M,
VIS HEA, 7 A T SHEA, NABV . VISEEARR
FEEREE I, REBFEAN T & R E(Rr)
FOAET 10, X156 £ FHERBE NS B AR W A A A7
B, SR T 32 1 iR 0 A i M S RITI h B A W 1 A= )
T SEADY4E 2012 4F R DGGE ¥4 ¥ H
MG b FH ) 2 D RV EAT T 3 T, T REAS 9 i A
FE R 12.15~20.08 Z[0] . 55338 H PG ER HIAH
F, IR Ak v K AR B SR P 0 S B R BORAIR,
H A58 H WG ER o 8 D0 R0 5 A SO i L 3R
AT, X R BIR AL e v /K 51 A SR B ) 3 v b A
(AR P AR 3 T — S I R

BRI — A 3y 5] BE REBUE) i R B, 4—8
AR FEAR 5] B R B 22 AR, B LE X LA
Horp, TR —ER R b rb A0 B VR S5 R R, B
AR E . BLE—H A AR R B SRt b i 40 P 75
iR iR E, AR E . 9—11 H & REARR)
V151 R BB, BRI B iR A i Fk A 22
A, FhH A E A A R R S5 R A T AR, FhE
AN ) Rt v 20 PR R V5 5 A AR AR AT, 4 B i
Tt b Eh W =, Spiribacter salinus 28T UL
Pseudoalteromonas sp. ¥R 7 32 1A (A0 S5 B Fr o
3 i

ARWFFEFRH PCR-TGGE HIMF 7%, i TR
HEDUTH IR AL I 7K R A% S W) 2 RE MR BUIR, T
fift T — A O [R5 B R b ) R A B e W VR S A A
b S5 R BRI KRR G K b, JFAZ AR Y

'm@mARnaf

EH D, & PCR ¥ MBI R, IRACHTIEFEACHEA
HWER S, AR W2 A 1 7K 3608

TE R EEDO IR A e 6 K B W ER F v, L34t A
FEN v ZZFE ] (y-Proteobacteria) 11 /) Spiribacter
salinus F Pseudoalteromonas sp.. RH N EE N
] B 1] (Euryarchaaeota) W1 %) Halogeometricum sp.
A HE A R B e e i VI it

B A -G E o3 48 AR U] v R 8k v vp [ A%
WAV ZN RS TER. T8 BRI E
1R H PR AR T e W 0y AR KRB . B8 &R
By BT 25 R AR WY A B 215 4% 3 s v 4 TR VR Al A A
R, FRACZET R BEANTR] 0 6 it v 20 TR R U 4 A A2
ek, A LR B, Spiribacter salinus 2% 4T
B Pseudoalteromonas sp. il A i =5 B M A£G 3
P,

2% ik
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Abstract: Coastal solar saltern has a stable and unique ecosystem. Concentrated seawater discharged into a solar
saltern for salt production would exert a certain influence on the ecosystem stability and the sustainable develop-
ment of the solar saltern. To provide a theoretical basis for evaluating the effect of concentrated seawater from de-
salination on prokaryotic microorganisms in the solar saltern, the prokaryotic microbial diversity and the commu-
nity structure changes in the salt ponds at different salinities and seasons were analyzed in the solar saltern of
concentrated seawater from desalination in Hangu, Tianjin. Temperature gradient gel electrophoresis and
sequencing methods were used to analyze the bacterial and archaeal diversity and community structure in the
concentrated seawater solar saltern of Hangu every month in a year. The Shannon—Wiener index (H),
range-weighted richness index (Rr), and Pielou evenness index (£) were evaluated to analyze the diversity, richness,
and evenness of the microbial community, respectively. Results indicated that bacteria and archaea were not
detected in the concentrated seawater after the processes of seawater desalination and bromine production,
respectively. The bacterial diversity demonstrated little changes in the samples at different months and salt ponds,
and the dominant bacterial species were primarily Spiribacter salinus and Pseudoalteromonas sp. in the phylum of
y-Proteobacteria. Archaea was found only in pond of No. VI with the highest salinity, and the dominant archaeal
species was primarily Halogeometricum sp. in the phylum of Euryarchaeota. Analysis of the diversity indexes
revealed that both the diversity and richness of bacteria were lower in the concentrated seawater solar saltern of
Hangu. The bacterial community structure was relatively stable in spring and summer and changed obviously in
autumn and winter. The bacterial community structure changed significantly in salt ponds with different salinities,
and S. salinus gradually replaced Pseudoalteromonas sp. with the gradual increase in salinity and became the
dominant bacterial species.
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