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Diversity of bacterial community structure and its driving factors in
three bays of Bohai Sea
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(3. Yantai University, Yantai, Shandong 264005, China)

SUN Yan-Yu'”

Abstract: [Background] Sustainable development of coastal ecosystem has become one of the most
important concerns for people nowadays. Riverine output and anthropogenic interrupt have important
impacts on the coastal environment. [Objective] In this study, we collected 12 samples from three
transects including Bohai Bay, Liaodong Bay and Laizhou Bay to explore the microbial community
and diversity in summer of 2015. [Methods] DNA was extracted from water samples by using DNA
extraction kit. Samples were analyzed by Illumina HiSeq sequencing technology. We compared the
differences among these three transects according to the analysis results. [Results] The diversity
index and rarefaction curves showed significant differences among these three transects. The order of
diversity value was Laizhou Bay>Bohai Bay>Liaodong Bay. The distribution of the dominant
community was as follows: the proportion of Proteobacteria, Bacteroidetes, Cyanobacteria,
Actinobacteria and Planctomycetes in the Bohai Bay was 39.8%, 25.7%, 22.4%, 5.85% and 4.38%,
respectively. The dominant community proportion in Liaodong bay was Proteobacteria (37.8%),
Bacteroidetes (25.7%), Cyanobacteria (17.8%), Actinobacteria (10.4%) and Planctomycetes (5.64%).
While in Laizhou Bay there were only four dominant communities as follows: Proteobacteria
(59.0%), Bacteroidetes (17.5%), Cyanobacteria (8.2%), Actinobacteria (7.88%). By using the
principal component analysis (PCA) and Heatmap correlation analysis, we found that environmental
factors were key roles in controlling the microbial diversity in the Bohai Sea. Among them, the
concentration of nitrate was particularly significant according to the Mantel test analysis.
[Conclusion] The microbial diversity in the three bays of Bohai Sea was very rich and multifarious.
The population structure and species in the Laizhou Bay is the most complex and abundant among
these three bays, and then it is Bohai Bay and Liaodong Bay. There was a significant correlation
among microbial diversity, environmental factors and the spatial distribution. Above all, this study
will provide a theoretical basis for further protection and ecological development of Bohai Sea.

Keywords: Bohai Sea, High-throughput sequencing, Microbial diversity, Bacteria
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b BEIREL . B ARERRER R B S R SE T Y
HIE TR @ s b =P,
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Table 1 Environmental factors of Bohai Sea
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Figure 1 Rarefaction curves of OTU numbers

T TR HhE fad e WERRER HSBRER Biedh VA ARER AR
Samples Temperature (°C) Salinity (PSU) DO (umol/L) PO4-P (ng/L) NOs;-N+NO,-N (ug/L) NH4-N (ng/L) NO»-N (ng/L) SiO, (mg/L)
S46 25.08 30.809 6.113 5.30 12.103 14.848 12.985 0.300
S47 25.43 30.965 6.733 6.35 37.833 21.819 9.803 0.250
S48 24.87 30.890 6.841 5.44 36.281 10.861 1.868 0.252
S49 24.15 30.870 5.703 11.45 76.344 41.306 4.744 0.272
S50 25.12 30.894 6.957 7.77 26.517 34.029 11.572 0.587
S51 24.83 30.899 5.212 15.40 55.759 76.613 8.433 0.845
S53 2273 30.975 6.587 9.41 64.853 19.199 2.320 0.356
S54 21.03 31.319 7.709 9.02 14.333 26.836 9.433 0.206
S68 25.79 29.558 5.927 26.22 329.263 324.616 3.584 0.449
S69 26.41 20819 6.019 10.02 192.664 170.298 11.439 0.506
S70 25.68 29.536 5.911 9.78 238.513 199.646 5.991 0.193
S71 26.19 29.659 6.164 11.97 153.585 71.590 4.574 0.501
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324.616 pg/L, W& T HAS AW E IR ER
e YO 3 AT, IR R R 2E A RARK, 3K
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Community barplot analysis
1.0

T

0.8

W
|l N
L

0.6

I
H N
I 0N B

0.4

Percent of community abundance on Family level

0.2F
0
S46 S47 S48 S49 S50 S51 S53 S54 S68 S69 S70 S71
Samples
M Desulfobulbaceae M Porticoccaceac M SHWN-night2 mm Verrucomicrobiaceac Ml Erythrobacteraceae

mNorank o Bradymonadales m Flammeovirgaceae mm Hyphomonadaceae mm OCS116_clade

Norank p_Marinimicrobia_ SAR406_clade % Unclassified k norank ' Schleiferiaccac 1 Hydrogenophilaceae

OM182 clade _mmJTB255 marine_benthic_group mIDEV(007 ~ Norank_o_Sphingobacteriales Il Bdellovibrionaceae
Unknown_Family_o_Order_III 1 ZD0405 mNorank o MB11C04 marine_group mm Rhodospirillaceae

m Unkonwn_Family_o_Gammaproteobacteria_Incertac_Sedis mm Rhodobiaccac m NS11-12_marine_group

M Alteromonadaceac 1M Surface 2 miNS9_marine TgrOUP m Methylophilaceac W Acidimicrobiaceae
Saprospiraceae 1 Norank_o_PeM15 1 SAR86_clade m Nnorank_o_E01-9C-26_marine_group | Cryomorphaceae

MSAR116 clade mm Planctomycetaceae OMI1 clade mm Norank ¢ Cyanobacteria urface 1 = Halieaceae

mFamilyl o Subsection] m Rhodobacteracecac M Flavobacteriaceac Il Others

¢ 10 Community barplot analysis

T |
5 _——= =2 = =

5 — — —_— L =
2 | — -
S 0.8 ——
2 [

g |

8 ||
_§ -—

£ 0.6
<
2
‘g
g
g 0.4
3
G
(=]
3
5 0.2
o

oL By B B B B B B B B e B

S46 S47 S48 S49 S50 S51 S53 S54 S68 S69 S70 S71
Samples

I Desulfobacterales [l Sphingomonadales [ Bradymonadales [l Cytophagales lCaulobacterales
I Nnorank_PMarinimicrobia_SAR_clade_ i Unclassified_k_norank i Hydrogenophilales

M Xanthomonadales ' MB11C04 marine group [ Bdellovibrionates Rhodospirillales |l Order II1
[ Gammaproteobacteria_Incertac_Sedis [l Verrucomicrobiales [l Alteromonadales Methylophilales
Il Rhizobiales PeM135 E01-9C-26 _marine group [l Sphingobacteriales [l Rickettsiales

B Oceanospirillales [ Planctomycetales [l Norank c¢_Cyanobacteria [l Acidimicrobiales

I SARI11 clade mu Cellvibrionales WM Subsection] M Rhodobacterales Flavobacteriales

I Others

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1962 TEY 8

Microbiol. China

Community barplot analysis

0.6

0.2+

Percent of community abundance on Class level

S46 S47 S48 S49 S50 S51 S53 S54 S68 S69
Samples

I Cytophagia [l Norank p Marinimicrobia SAR406_clade_ [ Unclassitied_k_norank

I Sphingobacteriia ] Planctomycetacia [ Actinobacteria Gammaproteobacteria

I Cyanobacteria [ Flavobacteriia [l Alphaproteobacteria [l Others

Community barplot analysis

0.9 1

0.7 -

0.5 1

03+

Percent of community abundance on Phylum level

0.1

S46 S47 S48 S49 S50 S51 S53 S54 S68 S69
Samples

S70

1.0~ I I

S71

I Opitutae
M Verrucomicrobiae [l Bacteroidetes Incertae_Sedis [ Betaproteobacteria [l Deltaproteobacteria

S70

S71

I Marinimicrobia SAR406 clade Ml Unclassified_k norank [ Verrucomicrobia HlPlanctomycetes

B Actinobacteria Il Cyanobacteria [ Bacteroifetes Wl Proteobacteria Ml Others

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRER: Wi =R 45 2 e SR I by

1963

Community barplot analysis

1.0 -

0.8

LR
L

0.6

0.4

0.2

Percent of community abundance on OTUSs level

BE I PR (I —-—

o - .
S46 S47 S48 S49 S50 S51 S53 S54 S68 S69 S70 S71
Samples

I OTU751 M OTUl66 [ OTU1432 M OTU150 M OTU977 M OTU963 I OTU616
[ OTU821 M OTUI514 OTU79 OTU78 OTU1136 M OTU739 OTU781
I OTU264 M OTU484 OTU881 M OTU1173 OTU884 OTU610 [ OTU601
I OTU533 M OTU399 [ OTU2128 Ml OTU401 [ OTU2306 M OTU368 [ OTU921
I OTUg22 M OTU727 OTU375 0TU2248 OTU1023 M OTU1175 OTU332
I OTU367 WM OTU746 OTU598 Il OTU2127 OTU799 OTU99 M OTU19
I OTU2327 @ OTU9% [0 OTUI2 [ OTU2149 Il OTU731 [ OTU439 [ OTU810
I OTU2151 I OTU438 OTU626 OTU1201 OTU669 M OTU712 OTUS538
B OoTU718 M OTU1174 OTU604 Il OTUS524 OTU622 OTU319 [ OTU408
I 0OTU2322 M OTU353 OTUS531 I OTU60 WM OTU245 M OTU2343 OTu717
I OTU691 B OTU200 OTU795 OTUS572 OTU1085 MM Others

El2 MEmRSHE

Figure 2 Community bar plot analysis

T G BE> 1% R AT A G, A J& (Genus)/KE FIOREELL; B: Fh(Family)/K i Y Fhie i 4 ;
C: H(Order)/KFHBEH AL ; D: H(Class)/KFMBFEALS; E: I'1(Phylum)/K B AL Fr AHRIE>97% OTU /KF

ATV LA

Note: Species with relative abundance (>1%) were chosen for the statistics. A: Community composition of genus level; B: Community
composition of family level; C: Community composition of order level; D: Community composition of class level; E: Community
composition of phylum level; F: Community composition of OTU level.

MR AT o] AR it 2 2
FEAL B A AL # ] (Proteobacteria) . AT FR
I'](Bacteroidetes) . % 44 ] (Cyanobacteria) . Ji{Zk
# ] (Actinobacteria) f1 7% 2% I# | ] (Planctomycetes)
A Z R B (B 3) AT DL X JLE L4
ERETERNERTS | SNSRI AR TS /3 A B 1 X
Sl o, TEEEEE KTV RD R A N R

& I] (Proteobacteria) 2 5 39.8% , L #F & I']
(Bacteroidetes) i 25.7%, Wil [ ](Cyanobacteria)
i 22.4%, ] (Actinobacteria) /5 5.85%,
# 1 J(Planctomycetes) i 4.38%. FEiL 7R Wi 4 Fh
20 1% 43 AT 1 G A A8 T T 1] (Proteobacteria) 24 (Y
37.8%, fUFFE T 1(Bacteroidetes) i 25.7%, Wi
I"J(Cyanobacteria) i 17.8%, JilZE 1A ] (Actinobacteria)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1964 (DG ESE Microbiol. China

di 17.5%, WE4HET J(Cyanobacteria)5 8.2%, itk
1] (Actinobacteria) ti 7.88%. -5 ¥ Wi i F13L 25
TBWTTE H A, SEMNEWIRIRAT IR &1, AR AR
TERT 1 = A, AR

ti 10.4%, FEH( J(Planctomycetes) i 5.64%. fij
TE IR DL TR 1 2041 5 100 P AT SR )
25, SRIMVE W DGR RE T & e AR T
(Proteobacteria)? i 59.0% , #UFF [ ] (Bacteroidetes)

A

Community analysis sunburst plot: Bohai Bay

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRER: Wi =R 45 2 e SR I by 1965

Community analysis sunburst plot: Laizhou Bay

3 SRIMERAR S TE

Figure 3 Community analysis sunburst plot on Phylum level

e A ENETEWIE; B LRSI ; C. SN W
Note: A: Bohai Bay; B: Liaodong Bay; C: Laizhou Bay.

23 IE=EREMSHEES T
231 EBZEMEY o-ZHEMS T

30 2ok v A N S I e s SR A T EeXT, I
XPREFEMIEAT o-ZFEMES BT, 15t ZAEPEFR AL
FATRGER 2). MR 2 7TLE AR 0 55
FEHE 99%LA b, 1 B P 0 e A T SE
AL R 3BT A HE . o Sobs 8 EIU2 48 2 bR
M F) Y OTU #H, Shannon F5%(A1 Simpson F54{
FEA KM I ZFEER O, Ace FREUAN
Chaol #8% FE AR M= A IFEE &, Coverage
8 B0 32 L he Ao I X b ) A R R . R 3R
2 FTLAE L, Sobs THEA M B> HF S > 1L ARV
HiPE Shannon FEHUFN Simpson FEEATLIEH, 3K
NS Wr AT Shannon #8480 % = T HAL 2 S Wr
A, Simpson F§%CE FHMLFHA 2 AWrif, ¥

BIBEMIVE B 2 R 3 i T A 2 IR . AR Y
Chaol F5EUFN Ace F5EXZEIR LI, Chaol F8E(AN
Ace FEEUR/ NI A M VE > >10 R, Ui
SN B TRAE PRI o B Rt s 1, LU i
TEHLARE . DL 45 SRS h i SRV SR M S
T VS R L AR VS K A e (R A 3 B R 2 R A AE
W ZE 5.
232 EIEBZIEWEY p-ZHM S0

M4 Bray-curtis FES 3L, XS WIFPEA TR R

Z 4t R ¥ (Non-metric multidi-mensional scaling,
NMDS)/Hr(El 4), KBNS | SIS L ATE
3 AN R S FELESE NMDS1 FI4EE NMDS2 fig
ARG X 53 FF, Horh Stress {H4 0.095, fR47HY
HER T s 0 T SR
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Table 2 Microbial diversity index of sea water samples in the Bohai Sea
Types Samples Sobs Shannon Simpson Ace Chaol Coverage
it S46 536 3.125 0.194 675.509 657.852 0.997
Bohai Bay S47 654 4.100 0.049 1128.142 924.647 0.996
S48 807 4.400 0.034 1 105.497 1101.409 0.995
S49 1 057 4.570 0.031 1 454.500 1 461.503 0.993
Sum 3054 16.196 0.308 4363.648 4145.411 3.980
LR S50 670 4.017 0.044 1 064.782 972.165 0.995
Liaodong Bay S51 736 3.989 0.053 1222.283 1 068.905 0.995
S53 762 4514 0.026 953.306 951.150 0.996
S54 727 4.248 0.033 974.955 972.310 0.995
Sum 2 895 16.767 0.156 4215.326 3 964.530 3.981
SIS S68 1053 4.397 0.034 1 505.742 1 447.744 0.992
Laizhou Bay S69 1533 5.135 0.021 1790.362 1 759.939 0.993
S70 899 4.540 0.029 1477.174 1241.045 0.994
S71 984 4.513 0.025 1 684.054 1 387.673 0.993
Sum 4 469 18.585 0.108 6457.332 5 836.401 3.972

R 17K A3 3 M (B 5), BN | i)
VTS RT3 AR TS T T A5 it 22 (B AP AR P B I 22 5
BATA 5 AN R (4 3 55 B F 22 180 A 7 25 5% D) A B
Z, HpEhEE(P<0.01) FIAHERER (P<0.05) A BEXTT ]
IR o A DA B s T,
BT SIATHE PCL 4EE IR REE N 67.49%, 7E PC2
YEFE IR N 22.37%, UERHIZ M — & BT 58
Pk, REDSAR 7 b i PR = B B A3 AR 485 W) D = B [
FHITER.

NMDS on OTUs level

02
0.1
A0
@)
=
Z 0.1
» Liaodong Bay
s+ Laizhou Bay
-0.2 ¢ Bohai Bay
0305 02 o1 0 01 02 03
NMDS1
4 ETHIM>97%H OTU KL LEEESHE S
#r

Figure 4 NMDS plot on OTU level (similarity over 97%)

MAEABMINERE FBRX R

1 Heatmap FHMESMT, LT TEI]43280K
b A TR T AE ) 2SR X g T 7K A 558 1 3 o7 M B K
TR SRR R F7EAf B Ao A1iAs S . 38
i} Spearman AHOCHEITER, XTEREEINFFIdFh)=2Kk
FIRSRAEI 00 b T R, B K E=F B R

2.4

15 000 - « Bohai Bay PCA on Phylum level
+ Liaodong Bay
10000 4 Laizhou Bay Tem
S S46 o Sili 179569
x 000¢ Nitri $53 549 §70
2 > 0= ° Ammon a
a 0t >hos
8 Phosp
A& —5000 |
—10 000 | Sal *
-15 000 . L w . . .
—15000 —10 000 -5 000 0 5000 10000
PC1 (67.49%)
5 1TKFELEERS

Figure 5 Principal component analysis (PCA) of phylum level
T: Tem: ¥RFE; Nitra: fffRE:; Ammon: #Eh; Silic: AR
&L ; Phosp: WEERLL; Nitri: WASERLE; Longi: ZF; Latit:
;5 Do: A Sal: #hHE.

Note: Tem: Temperature; Nitra: Nitrate; Ammon: Ammonium; Silic:
Silicate; Phosp: Phosphate; Nitri: Nitrite; Longi: Longitude; Latit:
Latitude; Do: Dissolved oxygen; Sal: Salinity.
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H 30 AP ES T Heatmap AHSCHE AT (1R] 6), 4551
KRB | BERREL . fSERER B ER 51K oAb
S3AA W I IEADE G R (P<0.01), AR . 26
FEFNER B 55 11K i 2 A B S 7 B A DG OG
R (P<0.05), #&Y)Fh 5341k 7E, Lgnavibacteriae .

Aminicenantes . Jii#FT [ ] (Deferribacteres) . i
ERIE | ] (Lentisphaerae) . ZZJE I [ ] (Proteobacteria) |
HYZF P TR ] (Gemmatimonadetes) . 4 Jit $0 1 ]
(Chloroflexi) . M #F B I (Acidobacteria) .

Latescibacteria 1Al LIZHE R ] (Nitrospirae) 7 i 45
AL, BREECONAT, FFH ST
SEE . EREE . OJREE . WERREL . fHRRER AR AT B
FARSCME: , 10 RH I — V5 K AR A i ST A W Rkt
IREE R 1048 Ak LB BUR%

EITHEYS Weighted-unifrac 5 B8 8 FFREE
F Bray-curtis I B H EXTGE N 751 K # 2
(] AR S 0EF T Mantel test ZEi1AG56 (3% 3), K i 4%
REBALEH 5T 1KY Z 8 1R K i AH

Spearman correlation heatmap

e

6 [17KF L Heatmap HHX14ES1F

Figure 6 Heatmap correlationship analysis on Phylum level

--%- I SBRI0O93

BRC-1

Armatimonadetes
RBG-1_Zixibacteria_
TM6_Dependentiae
Verrucomicrobia
Hydrogenedentes
Marinimicrobia SAR406 clade
Nitrospinae

Fibrobacteres

Aminicenantes

Lgnavibacteriae

Deferribacteres

Lentisphaerae

Proteobacteria

PAUC34f

Unclassified_k norank ) ¢
Gemmatimonadetes

Chloroflexi 04
Acidobacteria

Latescibacteria 0.2
Nitrospirae
Spirochaetae
Planctomycetes 02
Bacteroidetes

Cyanobacteria -0.4
Actinobacteria

Tenericutes -0.6

- Firmicutes
[ |

0.8

0.0

Chlamydiae

¥ Tem: WRE; Nitra: fEfREL; Ammon: #dh; Silic: #EfREL; Phosp: BifaLh; Nitri: WANAREL; Longi: £J¥; Latit: ZiJ;

Do: V4 Sal: EHEE. *. P<0.05; **: P<0.01; ***; P<0.001.

Note: Tem: Temperature; Nitra: Nitrate; Ammon: Ammonium; Silic: Silicate; Phosp: Phosphate; Nitri: Nitrite; Longi: Longitude; Latit:
Latitude; Do: Dissolved oxygen; Sal: Salinity. *: P<0.05; **: P<0.01; ***: P<0.001.
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%= 3 117KF_LE Mantel test 103545 R

Table 3 Mantel test for environmental factors on Phylum level

Environmental factors Mantel test (r statistics) P-value Number of permu Tail type
Hekh Ammonia 0.259 82 0.074 999 Two sided
%A Dissolved oxygen 0.11583 0.546 999 Two sided
Zh ¥ Latitude 0.215 15 0.077 999 Two sided
2] Longitude —0.038 54 0.804 999 Two sided
fiffid$h Nitrate 0.488 40 0.001 999 Two sided
AR ER Nitrite —0.036 21 0.817 999 Two sided
WAz #: Phosphate —0.011 96 0.970 999 Two sided
EHF Salinity 0.221 84 0.149 999 Two sided
TR EL Silicate —0.025 84 0.876 999 Two sided
¥ Temperature 0.098 45 0.686 999 Two sided

P, U A ER X 117K -9 A 0 5% i) 5 oy S 25
(P<0.01), %R LS RKE T IRATXHUE RS
IEE R F Z [AAH G i 4 R, RIAFRATTAY 404
B —E T Sk
3 W
3.1 RSB IR TR S

FATTX 1 = T K ARG AR IR VE S5 A TE T
B H. . 1T, OTU K740, ARHE A4
TESAN, UEPIREE S AL B B A L
IR TE R 3 /W] H 35 B X A s 1) L A3
R 3 AW AL L T o AR R I TR
B T — e BERAR A A PRI LE 25 T T
HRT I LB 22O, BRI RR =R, R
W ] ZREE AN o I AT R KO TR AL
RIL, TR =75 3 NI RE R AL, REkEE
J&(Synechococcus) MALIAGERE, Frdi tufoilie K.
RERM, REKEEE (Synechococcus)d& T W],
ENMEERALE ., MERENFETES KEH
i, T H R EKEER (Synechococcus )i A KR E
N 25-35 °C, 1M 5 2Rt = AR B A ME 2
P, R AT 25 R S E R AR T 4 SR — 2P 7
BEFN H 7K - b 05 o0 A W e v 4R e B0 EE R 1R
(Flavobacterium) 5 # i . HFREZENGETLE,
SRMIEE, AT TR SR AN DA AT A 1 R AR R

TR S MR A PR 1S A B A K RE &=
KR, NI R i £ R ARG/ L a-
AT 2M (Alphaproteobacteria) & T HE, £
VBT BT A R e o TR IKSF FARIE T
(Proteobacteria)FIf f5 M £ fe iy, & Fr A I REH
PIPLIARRE . AT AR FI 28 52 8 il A= 1
TR SRR AR, KA A3t 7 R B2 E )
FER F A IEAT | ] (Proteobacteria) . AT ]
(Bacteroidetes) . #4f[# [ J(Cyanobacteria), JIZ#
IJ(Actinobacteria) FI7% 25 8 | ] (Planctomycetes)5,
YV T S RN A O AR TE — N R POKE A —E
AIRRALEERS Y AR FEAF B T ] (Proteobacteria)) V2 17
TETHFEIAEE T, BhifE =B K B sRE
5341 5 JERT B A — 2 RAR I . B =T8T
HE IR TR A A A R AR T AR A VR 2R
AR, BIOFAERTA PRl o A i RS 1 )
[, YRR R 53 A TC IR S TR VR B B 0 I T T AR A
Bi, #BxLAK A PyFnFn A 5 WA R 43 A 1)
BB, 0 HAX AP A 2 PR S P A= 2k
e
32 EEZEEXKGHEMESHMESHERT
XE&

30 2 B 9 T A O R i 45 ) R BT A 1) A
SN RAR NI W RE TR S A BN T RE T A 2 4
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PRI FHRTRFZE 1540 APk R 9 O r
Ab R R A DL S Z R0 IR 2 1l A8 BAE R
O A Y R I 2 ity — TS A TR
PROVHBERA B, 523 NZETE S AN %) 52 e
o PEE R B WRSTARIE B A WU 0234
FH 52 B BT 1 4 S, 3 e 1 XA AL
(12 R A S T e X ANV S S B R
ER IR BE A R B SCNE , BF9E R A S L B 2SS
IR, W20 T (Cyanobacteria) -5 il 2 £k ¥k B A7
BERACYE, M Parcubacteria B9 =F & 2Bl IR &
ARACAT B S, TR E IRV e bl
FH ISR T AR A i BT TR R AT A RIS
RIS TR Y Z AR O | FE R R
IINRUR RSN T > T > T AT, SNSRI E £
FEM: B 5 T AL AT . e A &
B, 1K B KT 30 By,

Lgnavibacteriae . Aminicenantes . Jii £k #F & [']
(Deferribacteres) . KifitEKIETE I |(Lentisphaerae), 2%
¥ [ ] (Proteobacteria) . H ZF H Jifg ']
(Gemmatimonadetes) . ZgJiti#lL [ J(Chloroflexi), &
FFIE [ J(Acidobacteria) . Latescibacteria il fL 12 ¢
AT J(Nitrospirae) & S HE S AR AL . ShEERLh B 2 9l
WL TAHDCC R, SR, WEIRER | fHPREhAEL
EAYRMIEMCRR . B IS E T R,

SNV F T 52 0T i s o, R SRRk
BRI, X 53N S R E D 2w
FERAIRTR Y o TEAMIE P RATARIABTE R, U
FREATT. SRS ] BT IR &I 1A A
E R, XSS S AR R R R SR T
UL AR A R 56 200 MU e Ay
B TR SR A R PUEVE R, TR
REWNHAEYI G A B ER, YT
TEAE S RGO RE & R B s B g A,

TR A0 TRk A2 B, 52 27T 11 5 b A
ANEWES TP, HitdE i, & WEE
FEVIBIAR , B REY 2R e BT

e
SR

4 4w

3 o 7R 3 0 R AR K vl Y W TR A )
RETR S AR T3 BT B SNV | it s
LR 3 AW Z A AR EOE = B, iR
Shannon FI Simpson 88K, FEMZHEAL A3k
PHIE>ENIETE>IT -7 o i Chaol FEEUAT Ace F54K
RUVEA Y 5 B RSN > g > AR T . AR
B B2 RIS AR, SR | i ALAE
3NN Z IR I Y 25 5

Li BT, B IR E YR FE LSRR
I"J(Proteobacteria) . f4#T 4[] (Bacteroidetes) . i il
B[ J(Cyanobacteria) , & | ] (Actinobacteria) 177
18 [ ] (Planctomycetes) N, T4 YIREE L5 AN
P A R I 2, TEANIA] X022 ok
Vi Y 35, — VS AR A ) 22 R M 2 b B0 A AR B IR 1
SL[EISE0 Wi — V2 ] A 283 Bl 52 e A
%, WIS A PR A H 2 R K 5l
TA BT AR SRR N RE TR RE , I R4 ih
T AR S FREE AT Hp 2 AR L B 7 i B LA
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