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Microbiome
Research
Key Challenge:

eComplexity of
ecosystem

eBig-data
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Microbiome
Research

Key Challenge:

eDynamics of ‘OI: TH[ GUT % i

A calendar of m
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eBig-data again!



Microbiome Research

Key Challenge: “complexity and big-data”
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Microbiome Research
Key Challenge: “un-culturable, complexity and big-data”
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Microbiome Research
Key Challenge: “un-culturable, complexity and big-data
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Sunlight and heat
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@ Environmental microbiome:

*Part of microbial ecosystem
*Source of big-data
*Impact on global environment
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Microbiome Research
-- At present

From microbial communities to big-data...




EBl metagenomic portal (MGnify)

* https://www.ebi.ac.uk/metagenomics

Home Search | Sequence search | Submit data

((

101177 data sets

Browse projects

By selected biomes

W @

Soil (422) Engineered
(193)

Projects | Samples | Comparison tool | About | Help

Submit, analyse, visualize and compare your data.

SUBMIT DATA

79918 amplicons
E 2360 assemblies
1293 meiabarcoding
16311 meiagenomes
1175 metatranscriptomes

P ® 9

Host- Marine (145) Human
associated digestive
human (169) system (130)

nn 101177 runs ﬁ 6983 runs
77796 samples 6711 samples
Public 41354 projects Private 150  projects

Latest projects €EZ)
Bos taurus breed:Angus Hereford Targeted Locus (Loci)

MWasopharyngeal microbiota of feedlot catile exposed to commingling
and auction market stress. _.
View more - 107 samples
@ Bos taurus Targeted Locus (Loci)

Maonitoring the nasopharyngeal microbiota in feedlot cattle from entry
fo exit ..
Wiew more - 1 sample



NODE SysEcoKit portal

Home Project Sample

NODE Microbiome
Y

70 45,328 11,393,850,212

Total project number Total sample number Total sequence number

Soil Human Marine

Freshwater Animal Engineered

HUST &
Bulletin of CAS, 2017 SIBS-CAS



Microbiome Research@HUST
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(4 colors for big-data towards healthy microbiome)
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Human microbiome
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Big-data integration




From a sample to thousands of samples

ﬁl—META

E}Xsample analysis ¢ oF
Su, et al, BMC Sys. Bio. 2012. .

Su, etal, PLoS ONE 2014.
Zhou, et al, Scientific Reports, 2017
II. MetaSee veta: Sample visualization | i
See % =
Song, Su, et al, PLOS ONE 2012 ELE wil

[II. Meta-Storms Sample comparison =}

Su, et al, Bioinformatics, 2012;
Su, et al, Bioinformatics, 2014

IV. Meta-Mesh

Sample search and data-mining

autfeces
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Su, et al, Scientific Reports, 2014c, d
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Wang, et al, PeerJ, 2014 . :
V. Vistabool Gabriel , et al, Bioinformatics, 2016 Biomarker discovery



From structure to function =MRE \éitﬁ::ri (E&)

~ VI. Parallel-Prism Sample indexing

Su, et al, Scientific Reports, 2017
Yu, et al, Bioinformatics, in revision

VII. Meta-Network Species interaction interpreta§i6n§
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Yang, et al, Bioinformatics, in revision P
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VIII. Meta-BGC BGC interpretations L -
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Zhang, et al, NAR, in revision :u_--i* ﬂf\,

Chen, et al, in preparation
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[X. Meta-Biomarker 2.0 Biomarker for noisy data {_iﬁ:-

Tan, et al, Bioinformatics, in revision

X. Meta-Discover Integrated Metagenomic analysis

GPU and cloud computational platform...
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Meta-Storms
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Similarity matrix  Gpy |ogical structure

\3. Parallel computing in GPU kernel

File System
100000000
1600 m GPU .
o 10000000 | m CPU with 16 cores ~ _
=R Its Savi 1200 —— . . il
. = W W & |2 100000 | W CPU with single core ~
g B GPU Kernal ; qé " .
8 m=RAM to GPU 0 § S 100000 - 2000*2000 pairs
E == Input Loading w & o0 gl . I
© Total running time = £ 10000 - Wlthln 10 m|nutes.
400 :
c
o o 1000 -
8 64 128 256 512 1024 1920 4096 8192 10240 ’ E
Sample number 100 A
2
10 -
Data source: MG-RAST database
1 - >
. . . 8 64 128 256 512 1024 1920 4096 8192 10240
Bioinformatics, 2014 sample number

Scientific Reports, 2017
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1. Microbiome plasticity
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3. Microbiome dysbiosis
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Microbiome for Health - Applications ANFRRAHIE (48)
/ O e Human microbiome

i Deep leaming Cloud
for models computation

Data mining and knowledge discovery Global health microbial database

User compare, search and ‘
personalized suggestions - B \ %/

Digitalizationand
management

Phenotype
analysis
Genome
analysis

Microbiome
analysis

Ning, et al. (invited review), Science Bulletin



Microbiome for Health - Applications AFERAHIE (L&)

/ e D Human microbiome

Plasticity of gut microbiome

Gut microbiome plasticity

Inadaptability :

desynchronosis (time)

acclimatization (location)




Microbiome for Health - Applications AFERAHIE (L&)

/ R S Human microbiome

Plasticity of gut microbiome
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Microbiome for Health - Applications ANFRRAHIE (48)

/ R S Human microbiome

Plasticity of gut microbiome

. o _ : (I11) The realtionship with
1) Immediate mirobiome change after dietar shift environment

Doctor

Native Microbacterial
o community

Microbacteria
community

(IV)Differences with natives

(I1) Resilient species in gut microbiome (%{}\) @ K
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(V) Can these changes be reverted back to orginal status? FYHALY voMirafhiuts ARUREER

N HOSPITAL

e



Relative abundance

Trends of key genus ; o
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Firmicutes/Bacteroidetes

4
3 o . -
The ratio of Firmicutes:
2 Bacteroidetes, considerable
1 group-wise variations.
0

BJN  T1 T2 T3 T4 T5 T6 TTC TIN TTP
Phase

Unpublished data



Sample similarity assessment
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Clear separation of samples...
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Environmental drivers of
community composition

Mantel's r
>0.5

P-value

@ <0.001

@ 0.001<x<0.01
0.01<x<0.05
>0.05

0.25-0.5 <0.25

Functional
composition

Gender

Taxonomic
composition
(16S OTUs)
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Microbiome for Health - Applications AFERAHIE (L&)
/ . Human microbiome

Plasticity of gut microbiome

Gut microbiome plasticity

Summary:

(1) Obvious differences in gut microbiota during Chinese groups stayed at TAT.
(i) The percentage of Top 6 phyla, shifted dramatically.
(ii) The ratio of Firmicutes: Bacteroidetes, considerable individual variations.
(iii) These changes might be associated with acclimatization.
(1) The stable states of the gut microbiota during stayed at TAT.
(i)70,544 OTUs, 18 OTUs, all samples and 68 OTUs, more than 90% samples.
(ii) Important: correlations between 18 core OTUs.
(I1)The PCoA and CCA results also reveled the differences in gut microbiota.
(i) Taxonomical composition of samples from the same person with different time,
immediate changes.
(ii)the samples from same person showed obvious clustering.
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Microbiome for environment - Applications

1. Microbiome heterogenity 3. Microbiome dynamics
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Microbiome for environment - RENEERE (RE)
Applications Healthy environments

Freshwater lake data mining

A

We have more questions:

(i) The relationship of lake microbiome
with eutrophication

sediment sample

W ony

' water and sediment
sample

water

(i) The relationship of lake microbiome
with antibiotics

(iii) The relationship of lake microbiome
with herbicides

(iv) The dynamics of lake microbial
communities in time-series

(V)

GPB, 2018
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Microbiome for environment -

Applications
v Freshwater lake

data mining

BRNEGTHER (RE)

—S ]

Healthy environments

B water
B Sediment

**  p-value <0.01

Abundant phyla (at least 0.3% of microbita)

B k__Bacteria.p__Proteobacteria.c__Gammaproteobacteria.o__Pseudomonadales.f__Moraxellaceae.g__Acinetobacter

| k__Bacteria.p__Actinobacteria.c__Actinobacteria.o__Actinomycetales.f__ACK.M1.g__

~ k__Bacteria.p__Firmicutes.c__Bacilli.o__Bacillales.f__Planococcaceae.g__Paenisporosarcina

Bl k__Bacteria.p__Firmicutes.c__Clostridia.o__Clostridiales.f__Clostridiaceae.g__Clostridium

B k__Bacteria.p__Cyanobacteria.c__Synechococcophycideae.o__Synechococcales.f__Synechococcaceae.g__Synechococcus
Bl k__Bacteria.p__Bacteroidetes.c__Flavobacteriia.o__Flavobacteriales.f__Flavobacteriaceae.g__Flavobacterium

B k__Bacteria.p__Bacteroidetes.c__Sphingobacteriia.o__Sphingobacteriales.f _.g__

[l k__Bacteria.p__Proteobacteria.c__Gammaproteobacteria.o__Pseudomonadales.f__Pseudomonadaceae.g__Pseudomonas
I k__Bacteria.p__Proteobacteria.c__Alphaproteobacteria.o__Rickettsiales.f__Pelagibacteraceae.g__

B k__Bacteria.p__Actinobacteria.c__Actinobacteria.o__Actinomycetales.f__.g__

11| k__Bacteria.p__Proteobacteria.c__Betaproteobacteria.o__Burkholderiales.f__Comamonadaceae.g__

© k__Bacteria.p__Bacteroidetes.c__.Saprospirae..o__.Saprospirales..f__Saprospiraceae.g__

g

k__Bacteria.p__Bacteroidetes.c__.Saprospirae..o__.Saprospirales..f _Chitinophagaceae.g__

(A) Phylum (B)
©O _
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[ k_ Bacteriap_ G imonad o
M Unassigned.Other
0.00 B other S
8
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1
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ez
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©0.25
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B k__Bacteria.p__Cyanobacteria.c__Chloroplast.o__Stramenopiles.f__g__
I B k__Bacteria.p__Chloroflexi.c__Ellin6529.0__.f _
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Microbiome for environment - BENEERE (&)
Applications Healthy environments

Freshwater lake data mining Focusing on spatial
differences!
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Microbiome for environment - EBRNEFESE (&)
Applications Healthy environments

Freshwater lake data mining

(A)

Planctomycetaceas ( B )
Saprospiraceae

Microbacteriaceae

Pirellulaceae
Pseudomonadaceae

Comamonadaceae
Flavobacteriacea

Gemmatimonadaceae
Microbacteriaceae Syntrophaceae

Isosphaeraceae

I’ Sinobacteraceag ‘ \
.. = .""ri i i ¥ tis e
- A ammatimonadaceae
o000 e SCIES R - > Gemmatimonadaceae
o000 X 7 o :
Sinobacterac e : ;
St * %
ramencpiles Cytoph. i
Synechummaceai ) @ Module-1 phingomonadaceae
pe e @ Module-2
acteriaceae) @ Module-3 Isosphaeraceae
bhacteriaceae ® Module4 P
. ® Module-5 Module &
L4 ® ® Module-6
[ 3 ® @ Module-7
lavobacteriaceae
3 @ Module-8
Chitinophagaceae
@ Module-9

Module-1
Module-2
Module-3
Module-4
Madule:s Module 8
Module-6

Module-7

Module-8

Module-9

Module-10

Actinobacteria
Chiorofexi

Bacteroidete
Verrucomicrobia
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Microbiome for environment - EBRNEFESE (&)
Applications Healthy environments

Freshwater lake data mining

(i) The dynamics of microbial communities
in Honghu: water-body and sediments
There are significant differences
among them.

(i) The species-species  co-occurrence
ecological patterns

(i) The relationship of microbial

communities with environmental factors

The relationships with
eutrophication, herbiside, antibiotics.

; animal waste "\ i
There exist core- and pan-
microbiota in freshwater lake. \ 4 < e N X
KL S= TH)
emmphlmonv% herbicides

\

"ade »D0»

Burkholderiales Sinobacteraceae

\

Controlling pathogens and enabling % effect of
sustainable ecosystems &

GPB, 2018



How to push them forward?
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From microbial communities to big-data...
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From data to knowledge and treatment

E* in which collaborations would be essential!

A
ﬁ Modified based on:

Lauren Davis with sources via Shutterstock



Collaboration network

Beaufort Sea
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AC k N OWI e d ge me nt S  http://www.microbioinformatics.org/

@  Members:

o Staff: H Bai, YM Zhao

O Students: MZ Han, Q Yao, CY Chen, CF Zhong, CY
Tan, PS Yang, MY Cheng, X Gao, YG Zha, X Zhao, X
Zhu

® Collaborators:

o Jack Gilbert (U. Chicago) (on metagenomics)

o JIANG Tao (UC riverside, USA; ACM Fellow) (on
metagenomics)

o WONG Limsoon (NUS, Singapore) (on omics)

® CUI Xingping (UC riverside, USA) (on biostatistics
and metagenomics)

o BU DB(CAS-ICT) (on computational algorithems)

o ZHANG Yang (U. Michgan) (on protein structure)

o Alexey Nesvizhskii (U. Michigan, USA) (on
proteomics)

[ Ansgar Poetsch (RUB, Germany) (on proteomics)
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