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Background
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Results and discussion




Culturing the marine sediment microbiotas based on the enrichment method
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Culturing the marine sediment microbiotas based on the enrichment method
Table 51 Cultivable bactenal numbers at different periods of ennchment-culture

Sample Enrnchment-culture (days) Cu'ﬂﬁ;b;rt}?;;nal }:L?:;Sr
XSDO 0 2105 121
XSD1 5 1=107 110
XSD2 12 7x105 30
XSD3 91 7x108 65
XSD4 30 4x105 55
HGDO 0 1108 107
HGD1 5 9=10" 38
HGD2 12 4x107 45 N e p e L
HGD3 91 4x107 41 EHEMAENSNEER S KES
HGD4 30 F=10° 58 \ N . .
30 0 3408 123 b EIE 7R R RE < MIZR AT PR
51 5 3=10° 121
52 12 7107 50
a3 21 4x107 45
sS4 30 2x107 132




Culturing the marine sediment microbiotas based on the enrichment method

Table 52-1 Mumber of different phylumi/class strains cultured from 5 sample

S0 51 52 53 54
Bacteroidetes 15 27 27 23 18
Firmicutes 33 5] 12 3 3
Actinobacteria 15 g 2] 15 ]
—3':' 0- protecbactena 249 12 21 g 15 I
— . >< .
o 8 |wpoteobactera 130 |27 15 115 6 HOEERR: 12518k
@ - protecbacena 0 3 3 3 1]
T | §-protecbacteria 0 0 0 3 0 Z\ %
summary 132 a4 ar a1 42 16S I'RNAE. *ﬁ Eﬂ .¢*Hﬁ£g ﬁ
AY . b e P == =
Table 52-2 Number of different phylum/class strains cultured from XSD sample 4/|\| j . EEE | j\ Qﬂ:ﬁ | j\
X500 X501 X5Dz2 x5D3 x5D4
Bacteroidetes 12 12 12 11 15 Q =5 \ =il
Firmicutes GG 51 36 22 21 E %Ij‘ j:[,)\*:l: j
Actinobacteria 0 3 G 3 G
g a- proteobactena 21 2 282/|\$¢|
T | B- protecbacterna ] ] a
" § | v-proteobacteria Bler B lg T g O g B9 [0 SHI7 M EEF T
T | e proteobaderia 0 1 0 0 0
summary 126 32 102 66 72
IMEEFFE  (order)
Table 52-3 Mumber of different phylumJsclass strains cultured from HGD sample
HGDO  HGD1  HGD2Z  HGD3  HGDA4 1/\1 ZI‘E*-'I' (famlly)
Bacteroidetes 24 15 14 10
Firmicutes 75 15 10 g /\
Actinobacteria 27 G 3 2 1 6 1 ITE)= (genera)
X | a- protecbacternia 12 0 3 6 6
=]
_ & | B-proteobacteria o [ |8 0 . |0 . |9 79 M &5 FH R (species)
(= .
@ Y- prateabacteria 20 21 0 0 1]
T | £ proteobacteria 0 6 0 0 0
summary 183 63 33 36




Culturing the marine sediment microbiotas based on the enrichment method
| Table S5 ] |
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Composition and diversity of microbial communities in enrichment culture

SERNF (165 V4-VSRPCRF=H)

157 3R ST ESEE)

914059 NEREFY, BRAMEFEY609371MNES, TEENMEATIENZEIFNOTUREE
SOEIM1285F2982 %

fTabte 56 Mean bacteria diversity of the samples
Coverage Shannon Simpson OTUs

|Sample\Estimators
'HGDO
'HGD1
HGD2
'HGD3
'HGD4
'S0
S1
|S2
1S3
'S4
XSDO
XSD1
XSD2
IXSD3
XSD4

ACE Chao1

3383.4 3376.94
3230.39 3130.75
3229.68 320091
2808.22 2786.95
2111.94 212437
3013.46 3051.86
2819.69 2i57
3049.24 3019.01
3044 59 2989.41
2637.46 2606.82
3539.47 3505.66
3150.15| 3129.36
3248.81 3218.01
2991.15 2983.47
1331.22| 1326.71

0.978867 6.37459 0.00483
0.9866 541304 0.01931
0.989158 5.6832 0.01389
09687157 596619 0.00748
0.995373 584251 0.00926
0.989523 6.42639 0.00543
0.982118 510554 0.0275
0.988835 5.12455 0.03629
0.983918 507835 0.0401
0.980029 571587 0.01476
0.986391 6.42176 0.00469
0.989764 548623 002089
0.984544 504109 0.0387
098786 5.81911 0.01054
0.997882 521056 0.01849

AlphaZZHFHEEGR

2690
2485
2590
2261
1970
2674
2052
2437
2190
2248
2982
2566
2307
2411
1285

Reads num

51490
65516
69758
50443
61359
60111
51473
67879
56863
037D
69562
71632
68229
57578
56691

HEEFHEE: Chaol. ace;

Chaol EHEANEMEENE  ace MITEREPEF 0TU #18,
HEFEEL#ME: Shannon. Simpson.

Simpson FEEHEMT, WAAEHE S TS Shannon FEETHT,
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Sobs index of OTU level

Composition and diversity of microbial communities in enrichment culture
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Composition and diversity of microbial communities in enrichment culture

A/B/C/D/E-BEEZFAY0/5/12/21/30K
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Composition and diversity of microbial communities in enrichment culture

A/B/C/D/E-BEEZFAY0/5/12/21/30K
et . 011 mooy

f Mariniabiacese [ * 0004743 W12d
e ™ 21d
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Composition and diversity of microbial communities in enrichment culture
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Mechanism of culturing the 1solates
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Mechanism of culturing the 1solates
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Mechanism of culturing the 1solates
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Mechanism of culturing the isolates
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Mechanism of culturing the isolates
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Mechanism of culturing the isolates
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Mechanism of culturing the 1solates
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Mechanism of culturing the isolates
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Mechanism of culturing the isolates
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Mechanism of culturing the isolates
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iptomic and comparative genomic analyses of the resuscitation mechanism during enrichme
Overview

metatranscriptomic and comparative genomic analyses
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iptomic and comparative genomic analyses of the resuscitation mechanism during enrichme
Overview
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iptomic and comparative genomic analyses of the resuscitation mechanism during enrichme
Stress responses
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iptomic and comparative genomic analyses of the resuscitation mechanism during enrichme
Stress responses
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The Black Queen Hypothesis: Evolution of Dependencies through
Adaptive Gene Loss

J. Jeffrey Morris,>P Richard E. Lenski,®P and Erik R. Zinser®

Michigan State University, East Lansing, Michigan, USA2: BEACON Center for the Study of Evolution in Action, East Lansing, Michigan, USA®: and University of Tennessee,
Knoxville, Tennessee, LUSAS

ABSTRACT Reductive genomic evolution, driven by genetic drift, is common in endosymbiotic bacteria. Genome reduction is less
common in free-living organisms, but it has occurred in the numerically dominant open-ocean bacterioplankton Prochlorococ-
cus and “Candidatus Pelagibacter,” and in these cases the reduction appears to be driven by natural selection rather than drift.
Gene loss in free-living organisms may leave them dependent on cooccurring microbes for lost metabolic functions. We present
the Black Queen Hypothesis (BQH), a novel theory of reductive evolution that explains how selection leads to such dependen-
cies; its name refers to the queen of spades in the game Hearts, where the usual strategy is to avoid taking this card. Gene loss can
provide a selective advantage by conserving an organism’s limiting resources, provided the gene’s function is dispensable. Many
vital genetic functions are leaky, thereby unavoidably producing public goods that are available to the entire community. Such
leaky functions are thus dispensable for individuals, provided they are not lost entirely from the community. The BQH predicts
that the loss of a costly, leaky function is selectively favored at the individual level and will proceed until the production of public
goods is just sufficient to support the equilibrium community; at that point, the benefit of any further loss would be offset by the
cost. Evolution in accordance with the BQH thus generates “beneficiaries” of reduced genomic content that are dependent on
leaky “helpers,” and it may explain the observed nonuniversality of prototrophy, stress resistance, and other cellular functions
in the microbial world.
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