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Hypothesisdriven research:
Kill-the-Winner

* Viral-mediated killing of dominant microbes
* Leads to community structure changes



Micr obes?
Bacteriophages?
Wh at ?!

* Q: Why do we even care?

* A: Evolutionary theory.
* A: Estimated to be 10°° and 10°' on Earth

* A: Carbon cycle surprise. Microbes range
between 10* mI™* and 10° ml™* in oceanic

waters and effect greatly the oceanic
biogeochemical cycles.
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Sampling locations

San Diego,
California,
USA

Two sites: Kent Sea
Tech's fish farm, Bay
Saltworks' solar
saltern

3 ponds in the solar
saltern

2 ponds in the fish
farm



Coarse-grained an al yses

* NCBI's sequenced genome database
* Phage Proteomic Tree (PPT)

« SEED

* XIPE
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PPT and environmental signatur es
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SEED and environment al
signhatures

(A) Freshwater microbiomes
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(©)  Medium salinity microbiomes
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(B) Low salinity microbiomes
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(D) High salinity microbiomes
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Fine-grained an al yses

* Assembly, cross-assembly
* Taxi-phi



FW1-1105V vs. FW1-0406V FW1-1105V vs. FW1-0806V
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A) Low Salinity Phages - ca. 16 months apart A) High Salinity Phages - 9 days apart
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% shared —>»
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(K-V)

0 20 40 60 80 100"

'y i i -
ek B rnebe

-

0 20 40 60 80 100

(100 )
80 !
60 i
40 i
20 E
DD 20 40 60 80 100
100 . TT00 f
80?' ! 30! !
60 ; 60 ;
40 i 40 i
20 E 20 E
D{] 20 40 60 80 100 l:-'}till 20 40 60 80 100
100 100 .
80 0 ﬂ 80 * !
60 -« ]
40 i 40[e ;
20 20 E
DD 20 40 60 80 100 00 20 40 60 80 100
100 100 ,
80 ! 80 !
60 'E 60 j
40 40 ;
20 E-’ 20 E
0 -

0 20 40 60 80 100

N\

|
i)

0 20 40 60 80 100

0 20 40 60 80 100

100 gg—
80

20
0

60 ! !
40 E g

020406080100 ~

100
80
60
40
20

0

1 JRERRE

020406080100

Nov 10

(G-V)

Nov 11

(H-V)

Nov 16

(I-V)

Nov 20
(J-V)

% permutted —>»

Nov 28

(K-V)



How about the micr obes?



E\Aetagenomeﬂ E\Aetagenomezj

TBLASTX vs
genomes
List of abundances List of abundances
of sequenced of sequenced
genomes genomes

Take a random sample (with
replacement) and create a
rank abundance for the sample,
truncated at the top 22 elements.

1 Species A 1 Species A
2 Species C 2 Species B
3SpeciesF P P }L 4 ¢ { 3 Species C
12 Species D v 12 Species D
Calculate a distance @~ & between the two rank
abundances. This W distanceis based on the
change of rank for W species.Also, calculate the
% of shared elements. ~gr

h 4

Store the values for
distance and % shared

Repeat 5'000 times, plot the density of distances, %-shared pairs
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Connecting community
structureand metabolism, a
welghted linear combination of

thetopranked genomes



tBLASTX vs.

microbial Rank-abundance
P — genomes of sequenced
2 mmm- | genomes
Anrstate Annotate each
using the SEED genaime
using the SEED
{Metagenome} Microbial
metabolism metabolisms
Express it Express them
as a vector as vectors
V5 ™~
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d ddd4d4444
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tBLASTX vs.

microbial Rank-abundance
genomes of sequenced
- genomes

Annotate Annotate each
using the SEED 'genome
using the SEED
Metagenome Microbial

metabolism

metabolisms

Express it Express them
as a vector as vectors
E=(ay,aya3.,a) | | M1=(mTy,miymils, .., mizs)
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M3= ( m31, m32, m33, ey m323 )
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Distance to the reference metagenome

Fresh-
water
microbes

Low
salinity
microbes

Medium
salinity
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High
salinity
microbes
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Kill-the-Winner seemsto be happening
mostly at the strain level, with the species
having some KTW dynamics, but not
necessarily dominant

Natural Systems seem to be self-similar
(sort of, depending on the proper time)



Futurework

* |'d like to have a flying lizard

 |'d like to to swim (for days)
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