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Pangenome (iZEE4H)

A pangenome refers to a collection of genomic sequences in
the entire species or population rather than in a single individual.

s o FERE: F-YHSNEENES

« Core genome: containing
genes present in all strains.

« Accessory genome:
containing 'dispensable’
genes present in a subset of
the strains.

« Strain-specific genes:
present in only one strain.
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Escherichia coll genomes
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E. coli Pangenome
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Pangenome evidence for higher codon usage bias and stronger translational
selection in core genes of Escherichia coli. Frontiers in Microbiology 2016
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E. coli Pangenome

~11%
~ 26%

Pan genome
Evolutionary  ‘Average E. coligenome

forces
Core Genome &

Gene acqunsmon

- e e

~18000 genes

Gene Loss

Gene Maintenance

Adaptive response”

Gene persistence Pathogenicity

A Gene volatility
and genomic islands

Phylogenetic signatures _ -
Adaptive metabolism Strain specificity

House-keeping functions Unknown functions
Stress tolerance

Metabolic versatility IS elements

Environmental hardiness Phage-like elements
Differential nucleotide usage

Survival of Escherichia coli in the environment: fundamental and
public health aspects. The ISME Journal 2011
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Core vs. dispensable genome

- ZHEEA:
» BERST, AR—MHAREFMBRKRFEFEE
 (REFEWMINEARINEE, ANRIDFPRIEARFREUFIE
- IEIRERA
» FHARRNHASE L, AENAERGTIARA
EaV\ S 2T ASE kfﬁksE

" EAREREERE. EE5l. S HEA
SHENS N, REFNAFERIEESHM

Pangenomes arise due to gene gain by genomes from other species through
horizontal gene transfer and differential gene loss among genomes.
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Horizontal Gene Transfer

7}(:'2%5? %g . ﬁ{%%}ﬁ{%ﬁgﬁjEE%{% A. Vertical evolution
« Horizontal gene transfer (HGT), first

described in microorganisms in the late / N
1940s, is the movement of genetic
material between organisms that are not @

in a parent—offspring relationship.

« HGT is an important factor in the Bi Hoftadutal svahition _
. . . Conjugation from another bacterium
evolution of many organisms and a widely
recognized mechanism for adaptation. O L0 O
 The pan-genome size of many microbial Donor Recipient
species illustrates the importance of Transformation
additive gene transfer, which is the o age
process of the integration of novel N V@
enetic material into a genome. O ~3
g . . . . . .g ﬁiim%ﬁ
* Microbial 8.-n.'[IbIO'[IC reS|§tance gnd FEH M — —
pathogenlcnty are associated with HGT. from a bacterial virus from the environment
Horizontal gene transfer: building the web of life. https://www.futurelearn.com/courses/introduction-to-
Nature Reviews Genetics 2015 bacterial-genomics/0/steps/45331
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Horizontal Transfer of Entire Genomes via
Mitochondrial Fusion in the Angiosperm Amborella
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mt, mitochondrial; pt, plastid; Labeled black lines: horizontally transferred mitochondrial genomes.
;Al, A2, B1, B2, and C1to C4: three green algal-derived
genomes. D: seven fragments of a partial genome from a fourth green algal donor. Science 342, 1468 (2013)
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» Pelagibacter ubique has the é : “.j"’

smallest genome and encodes ¢ @ Wogoorortis gossnida

. 0.5 ‘

the smallest number of predicted © | Wepsragantaun b e

open reading frames known for a

free-living microorganism. | @Free-ining

. O Host-associated

* P Ublque has no pseUdOgeneS’ ® Obligate symbionts/parasites

Introns, transposons, o M Pelagibacter ubique

extrachromosomal elements, or 100 500 1000 5000 10000

Number of protein encoding genes

inteins; few paralogs; and the
shortest intergenic spacers yet
observed for any cell.

PaH TR T

Genome Streamlining in a Cosmopolitan
Oceanic Bacterium. Science 2005
http://www.doi.org/10.1126/science.1114057
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Pangenome: Open or Closed

Open pangenome

o Op en pangenome: Size increases indefinitely with every
. added individual and cannot be
sequencing a new mathematically predicted

Individual adds to the
pangenome content.

 Closed pangenome:
sequencing a
sufficient number of
iIndividuals would
capture almost the
entire gene space and
the theoretical size of
the pangenome can
be predicted.

Contains a finite amount of
genes/sequence and the total
pangenome size can be predicted

Pangenome size

Number of individuals

Pangenomics Comes of Age: From Bacteria to Plant and Animal Applications. Trends in Genetics 2020
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Open vs Closed

Open pangenomes Closed pangenomes
Species with sympatric lifestyles Allopatric bacterial species tend
tend to have open pangenomes. to have closed pangenomes.

Large accessory genome ]
9 9 The size of core and Small accessory genome

accessory genomes is
correlated with lifestyle.
Core genome Core genome

Strain gene content

Sharing environment with other organisms facilitates

gene transfer, leading to larger, open pangenomes.
Common among....

Niche generalists Niche specialists
Diverse community interactions Limited community interactions
Large population size Small population size

The Ecology and Evolution of Pangenomes. Current Biology 2019
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First pangenome paper
RESEARCH ARTICLE »n  FTIARKEE—ME=[ICFHMHETK

.......

Genome analysis of multiple pathogenic =~ B, A]5|ieHETE LR &AL R
isolates of Streptococcus agalactiae: 2, LN TEMBEHRRKTE
Implications for the microbial “pan-genome” §$EI'J RATIRT, SESIEREN
Hervé Tettelin, Vega Masignani, Michael J. Cieslewicz, Claudio Donati, Duccio Medini, 'mlrﬂ%u HLIH%# ’ ﬁtl:'\ = E,Jﬁ%z

Naomi L. Ward, Samuel V. Angiuoli, Jonathan Crabtree, Amanda L. Jones, A. S 2500
Robert T. DeBoy, Tanja M. Davidsen, Marirosa Mora, Maria Scarselli,

Immaculada Margarit v Ros, Jeremy D. Peterson, Christopher R. Hauser, Jaide
William C. Nelson, Ramana Madupu, Lauren M. Brinkac, Robert J. Dodson, Mz
Steven A. Sullivan, Sean C. Daugherty, Daniel H. Haft, Jeremy Selengut, Miche 1
Liwei Zhou, Nikhat Zafar, Hoda Khouri, Diana Radune, George Dimitrov, Kisha ' 2300
Kevin J. B. Q'Connor, Shannon Smith, Teresa R. Utterback, Owen White, Craig d e

24004 38 -

o
8
Guido Grandi, Lawrence C. Madoff, Dennis L. Kasper, John L. Telford, Michael 2200 - 2 @ _
Rino Rappuoli, and Claire M. Fraser 8 -
PMNAS September 27, 2005 102 (39) 13950-13955: https://dol.org/10.1073/pnas.0506758102 3 2100 - g -
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o 20004 ©
h o
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The term ‘pan-genome’ was
defined with its current e i E’ g
meaning by Tettelin et al in e b ]
PNAS 2005. b —
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Core and dispensable genomes

Prokaryotes Eukaryotes
a Gene b Intergenic
!—I—| [ : 1
Strain1 —__ T - Individual A ey el
Stan2 — — Individual B ezl el
Strain3 —_ T }— Individual C ey —————
Core genome Core genome
Dispensable genome Dispensable genome (insertions in core)
Accessory genes | | | Accessory I
Unique genes - Singleton (unique) | | | |
Pan-genome

Pan-genomics in the human genome era. Nature Reviews Genetics 2020
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E. coll strains

# NCBI reference genome
[ Strain selected for analysis
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PGAP (Linux)

Legen

* All protein sequences Checking input data

+ Nucleotide sequences — )

+  Function annotation and extra programs Program section
] oupuwdim

Cluster analysis of proteins [------->
Bioinformatics 2011
[ [ [ \

Pan-genome profile analysis | = Genetic variation analysis | Species evolution analysis | Function enrichment analysis

+ Pangenome curve
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BMC Genomics 2018
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Fp— Front Microbiol. 2018
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E. coll pangenome
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Core genes and strain-specific genes

50S ribosomal protein L20 hypothetical protein

30S ribosomal protein S9

membrane protein, GPR1/FUN34/yaaH family / hypothetical protein

hypothetical protein hypothetical protein

DoxX family protein / quinol oxidase subunit / inner

membrane protein YqjF / hypothetical protein hypothetical protein

50S ribosomal protein L15 hypothetical protein

Core Strain-

— 50S ribosomal protein L16 specific hypothetical protein
30S ribosomal protein S12 genes : _

hypothetical protein

fumarate reductase subunit D / fumarate reductase
(anaerobic), membrane anchor subunit hypothetical protein
periplasmic ATP-independent protein refolding _
chaperone, stress-induced / spheroplast protein Y / putative transposase
hypothetical protein ORF2, 1566 family
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GC content and gene length in pangenome
A

o P-value = 1.1e-57 ! —
= B cirain-gpecfic ganes T : j
O low-zhared genes - _ ! ! T
B medum-shared genes | | - | T H |
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s . £ 1500
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PO

With an increased presence in more isolates, genes tend to have higher GC
content and Ionger sequence.
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Codon usage bias in E. coli pangenome
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Core genes
POSSess more
biased codon
usage than
strain-specific
genes.




Translational selection in pangenome

Gene SetS CDC C A| NC N C, A strain-specific genes B low-shared genes C o medium-shared genes
= ¥ R=-0111 “ ° _R=-0025
Strain- - _° LN
. -0.223* -0.047 -0.015 -0.036 == T TS
specific g, g . g .
Low-shared -0.128* -0.111* 0.053 -0.025 ° ° o
° B e R
015 025 035 045 01 02 03 04 05 02 03 04 05
MEdlum- . CUB CuB CuB
S h ared 0026 _O' 025 O 071 0007 D high-shared genes E core genes

o
o
5,96

High-shared 0.193* 0.179* -0.095* -0.138*

log;o(RPKM + 1)
2
log:o(RPKM + 1)

Core 0.249* 0.364* -0.193* -0.258*

Codon usage bias correlates positively with gene presence and core genes
tend to have higher CUBs and experience stronger translational selection.
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Ne
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Ne¢
30 40 50 60

ENC-plot: investigate the influence of
mutation and selection acting on codon usage

strain-specific genes B

Nc
30 40 50 60

low-shared genes Percentage Percentage

Gene set  (Deviation (Deviation
Value>5%) Value>10%)

02 03 04 05 06 07 08 09
GC,

medium-shared genes D

30 40 50 60

02 03 04 05 06 07T
GC,

core genes

Strain-
specific 82% 38%
high-sh:rC:u genes genes
CaE Low-shared 8704 46%
genes
Medium-
s i o5 o6 o7 o8 shared 88% 45%
- genes
High-shared 96% 69%
genes
Core genes 99% 80%

. Strain-specific genes are primarily affected by mutation, and selection
gradually dominates as an important factor to influence codon usage as

genes are present in an increased number of isolates.

University of Chinese Academy of Sciences
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Neutrality plot: quantify the relative ratio
between mutation and selection

* The correlation between
GC;and GC,, the slope
of GC,;-GC,, regression
function decreases from
strain-specific genes to
core genes.

Mutation governs strain-
specific genes and
selection dominates core
genes.
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Protein-protein interaction (PPI)

50

B P-value =1.2e-71 —

Translational selection

caters for high

- expression and highly
expressed genes are more

enriched in PPI network.

|

30

20

Number of protein-protein interactions per gene

10
\

Core genes are hubs
In protein interaction
network.




Evolutionary rates: synonymous (Ks) &
nonsynonymous (Ka) substitution rates

B

>

. P-value =0 T T P-value =0

In contrast to strain-
specific genes, core genes

KalK
00 0.1 0|2 0|3 0|4 05 06
Ka
0‘2 0i4 OIS
Ao- R | [,

L E ~ ¢, . ..~ aremore conservative and
F ancient, highly connected
= e In protein-protein
) L interaction network and
| thereby undergoing

stronger selection
constraints.
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Pangenome

Pangenome is the global gene repertoire of a
bacterial species.
» Core genes --- shared by all individuals
= basic aspects of the biology
= major phenotypic traits
* Dispensable genes --- shared by some
Individuals

= species diversity supplementary biochemical
pathways

 Strain-specific genes --- unique to an individual

@ tedsmxy EE4H% - Genomics



Core genes vs. essential genes

- Essential genes (WEEI[A]) are those genes of an organism that are
thought to be critical for its survival.

« Essential genes encode proteins to maintain a central metabolism,
replicate DNA, translate genes into proteins, maintain a basic cellular
structure, and mediate transport processes into and out of the cell.

Organism Essential Genes

Core genes

1,113 Escherichia coli 1617

. Bacillus subtiis 271
essz::;%r'::’il"es Haemophilus influenzae 642
Streptococcus pneumoniae 244

Mycoplasma genitalium 381

Vibrio cholerae 779

Staphylococcus aureus 653

Saccharomyces cerevisiae 1110

https://doi.org/10.1111/1462-2920.14635 Database of Essential Genes: http://tubic.tju.edu.cn/deq/
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http://tubic.tju.edu.cn/deg/
https://doi.org/10.1111/1462-2920.14635

Timeline of Pangenomic Research

2005

The pangenome
introduced by
Tettelin et al. [2]

2007
Plant pangenome
concept proposed

by Morgante ef al.

2009
Human pangenome
built using three

genomes [50]

Bacterial super-
kingdom
pangenome built

2013
Pangenome of
phytoplankton
Emiliania huxleyi

2015

Review of analytical
tools and models

developed over 10
ears of pangenome

research [16]

E. coli pangenome
built using 2085
genomes [12]

Rice accessory

2017

Pangenomes of
bread wheat [40]
and stiff brome [33]

2019

Human pangenome
built using 910
genomes from
humans of African
descent [51]

Human pangenome
built using 275 Han
Chinese genomes

3]

[31] using 573 genomes [97] genome characterized Pig pangenome
[5] [99] 53]
2005 2006 2007 2008 2009 2013 2014 2015 2016 2017 2018 2019
2018
- N4 Rice pangenome
Soybean wild relatives b N
2006 2008 2016 uilt using 3010

nangenome [39 e
P 159 Brassica oleracea accessions [56]

pangenome [34]

Sireptococcus Escherichia coli
pneumoniae pangenome [18] Maize pan-transcriptome
pangenome [17] [101]

Qilseed rape
Poplar pangenome pangenome [35]

iy )
[100] Saccharomyces

cerevisiae
pangenome built
using 1011 isolates
[27]

Pangenomics Comes of Age: From Bacteriato Plant and Animal Applications. Trends in Genetics 2020
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Virus pangenome

Giant viruses open Pandora's box

Genome of largest viruses yet discovered hints at ‘fourth domain’ of life.

Ed Yong
https://doi.org/10.1038/nature.2013.13410

18 July 2013

R Rights & Permissions

The organism was initially called NLF, for “new R
life form”. Jean-Michel Claverie and Chantal AL AR . s YA,
Abergel, evolutionary biologists at Aix-Marseille ' :
University in France, found it in a water sample -

collected off the coast of Chile, where it seemed | S Ty : \i 1
to be infecting and killing amoebae. Under a * " A ;‘3"
microscope, it appeared as a large, dark spot, ’? . 4 e %
about the size of a small bacterial cell. ',zk-"( &5
Y 1]
?;;» i"n""’?. i'\\ 3

LA - ' A A

Later, after the researchers discovered a similar 3‘, SN - o ..5‘? ¥
5. »‘\...._. S -/,.,'_:,- : g
organism in a pond in Australia, they realized that % 557 s Qv"l z;u\(". e |
both are viruses — the largest yet found. Eachis | 5.‘;,( .'gy;—-"‘;‘:".?r;.;;‘ ;u = '-"")c;\':

. 5 E fy = Lp
around 1 micrometre long and 0.5 micrometres : ¢ 8 At L

A i el

Miche

across, and their respective genomes top out at ) .
Pandoraviruses infect amoebae and are larger

1.9 million and 2.5 million bases — making the :
than some bacteria.

viruses larger than many bacteria and even some
eukaryotic cells.

Pandoravirus salinus, 2473870 bp,1647 genes

https://www.ncbi.nlm.nih.gov/genome/22431

PaHTRRS

The core genome of 8 pandoraviruses
comprises 352 genes, and the ratio core
genome/pangenome is less than 0.05.

=@=Pangenome =m=Coregenome

8000 r 800
7000 700
6000 600
5000 r 500
4000 r 400
3000 r 300
2,836
2000 200
1000 r 100
0

P. salinus/ P. dulcis P. salinus/ P. dulcis / P.P. salinus / P. dulcis / P. P. salinus / P. dulcis / P.P. salinus / P. dulcis / P.
inopinatum inopinatum/ P. inopinatum/ P. inopinatum/ P.
massiliensis massiliensis / P. massiliensis / P
braziliensis braziliensis /P.
pampulha

A Large Open Pangenome and a Small Core Genome
for Giant Pandoraviruses. Front Microbiol 2018

HEH - Genomics
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https://www.ncbi.nlm.nih.gov/genome/22431
https://doi.org/10.1038/nature.2013.13410

Soybean pangenome

C || Summary of the Assembly and Annotation of
= 0 26 Soybean Genomes

Volume 182, Issue 1, 9 July 2020, Pages 162-176.e13 CellPress ) Assembl ] Chr Repetitiv  Gene
Sample CN:g(r)]t(llg/lb) zggfmg) y Size (CZ’\?tr))Slze Loading e Content Number
(Mb) Ratio (%) (%) *)

Resource Soyw01 23.9 52.1 1,021.3 1,010.7 99.0 53.9 57,920

. . Soyw02 205 51.9 1,007.0 983.9 97.7 54.2 55,516

Pan-Genome of Wild and Cultivated Soywo03  26.8 52.3 1,0145  1,0081  99.4 55.3 57,884

SoyL01 23.3 50.6 999.2 991.8 99.3 54.8 54,502

Soybeans Soyl02  23.1 52.3 1,011.7  1,0036  99.2 54.7 54,803

SoyL03 21.3 51.3 1,039.5 1,002.7 96.5 54.2 55,769

Yucheng Liu »7'8 Huilong Du? 73, Pengcheng Li 3, Yanting Shen *, Hua Peng 27, Shulin Liu !, SoyL04 23.0 51.4 1,005.2 995.5 99.0 54.5 58,881

Guo-An Zhou 1, Haikuan Zhang 3 Zhi Liu Y7, Miao Shi 3, Xuehui Huang 5 Yan Li ¢, Min Zhang 1 SoyL05 22.1 51.2 1,059.8 993.8 93.8 54.5 56,086

Zheng Wang !, Baoge Zhu !, Bin Han 6, Chengzhi Liang 7 & &, Zhixi Tian 1" 7 ? & = SoyL06 21.5 50.7 997.8 997.2 99.9 54.5 56,573

SoyL07 23.7 50.9 1,004.7 991.0 98.6 54.8 58,259

de novo genome assemblles for 26 SoyL08 22.6 51.1 999.7 993.6 99.4 54.8 58,496

. SoyL09 23.1 51.0 1,028.2 997.1 97.0 54.6 59,588

representative soybeans that were selected SoyC01 235 51.5 10038 999.7  99.6 54.7 54,405

H SoyC02 23.8 51.2 1,011.1 997.1 98.6 54.4 55,191

from 2’898 deeply Sequenced aCCGSS|OnS SoyC03 23.9 51.3 1,007.8 994.6 98.7 54.0 57,792

SoyC04 22.7 50.9 1,001.5 998.7 99.7 54.4 57,777

. g LS accacsions SoyC05 227 50.3 992.3 989.3 99.7 54.3 58,040

i l SoyC06 23.0 52.0 1,007.9 997.4 99.0 54.1 55,619

I} SoyCO07 21.8 51.2 1,008.8 1,000.9 99.2 54.7 54,792

SoyCO08 22.4 50.9 1,002.3 990.0 98.8 54.0 54,747

JreATa, SoyC09 22.6 50.4 1,004.1 995.3 99.1 53.6 55,926

// — Ly . < T : . T:‘; ! A - o SoyC10 19.8 51.0 1,004.9 995.4 99.1 54.1 56,011

i i ps l' L. T, TeecAc’  SoyCll 188 51.4 10245 10001  97.6 53.8 56,750

o P T i HSggh SoyC12  20.0 50.8 1,0251  995.6 97.1 53.8 55,000

SoyC13 23.8 51.1 1,010.1 991.4 98.2 54.3 57,976

Cell 2020 https://doi.org/10.1016/}.cell.2020.05.023 SoyCl4 230 516 10074 9885 981 541 55267
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https://doi.org/10.1016/j.cell.2020.05.023

High-quality genome sequencing

Cell 3

Volume 182, Issue 1, 9 July 2020, Pages 162-176.e13 CellPress|

Resource

Pan-Genome of Wild and Cultivated
Soybeans

Yucheng Liu »7 8 Huilong Du > 78 Pengcheng Li 3, Yanting Shen #, Hua Peng %7, Shulin Liu !,
Guo-An Zhou 1, Haikuan Zhang 3 Zhi Liu Y7 Miao Shi 3, Xuehui Huang 5 Yan Li ¢, Min Zhang 1
Zheng Wang !, Baoge Zhu !, Bin Han 6, Chengzhi Liang > 7 & &, Zhixi Tian " 7 * A =

Article \ Open Access \ Published: 14 March 2019

Areference-grade wild soybean genome

Min Xie, Claire Yik-Lok Chung, Man-Wah Li, Fuk-Ling Wong, Xin Wang, Ailin Liu,
Zhili Wang, Alden King-Yung Leung, Tin-Hang Wong, Suk-Wah Tong, Zhixia Xiao,
Kejing Fan, Ming-Sin Ng, Xinpeng Qi, Linfeng Yang, Tianquan Deng, Lijuan He, Lu
Chen, Aisi Fu, Qiong Ding, Junxian He, Gyuhwa Chung, Sachiko Isobe, Takanari
Tanabata, Babu Valliyodan, Henry T. Nguyen, Steven B. Cannon, Christine H. Foyer,
Ting-Fung Chan & & Hon-Ming Lam & -Show fewer authors

Nature Communications 10, Article number: 1216 (2019) ‘ Cite this article

...using single-molecule real-time (SMRT)
sequencing with an average coverage depth
of 96 x, optical mapping with an average
coverage depth of 277x, chromosome
conformation capture (Hi-C) sequencing with
an average coverage depth of 136x, and
lllumina sequencing (HiSeq) with an
average coverage depth of 68x. The contig
N50 sizes of the 26 whole-genome
assemblies ranged from 18.8 to 26.8 Mb
pairs with a mean of 22.6 Mb.

After gap filling and polishing, the final
assembly for W05 is 1013.2 Mb in length,
with 988.6 Mb unambiguous bases
(Supplementary Figure 1g and Table 1). In
total, 95.7% of sequences are anchored to
20 superscaffolds, corresponding to 20
chromosomes, whereas 43.6 Mb in 1098
contigs remain unplaced. The contig N50 of
the final assembly is 3.3 Mb.

PaH TR T
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https://www.nature.com/articles/s41467-019-09142-9#MOESM1
https://www.nature.com/articles/s41467-019-09142-9#Tab1

Soybean Pangenome
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Cell 2020 https://doi.org/10.1016/j.cell.2020.05.023 Distribution of larger structure variations and repeat sequences.
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Rice Pangenome

a pan-genome of rice comprising 66,636 protein-coding genes: 20,374
genes categorized as “core genes’; 46,262 genes categorized as
“variable genes” which included 14,609 accession-private genes
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Pan-genome analysis of 33 genetically diverse rice accessions reveals hidder genomic variations. Cell 2021 @
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Pangenome of Brassica napus(H3g)

= N

e}
33,000 4 B .
I = Number Homologous Orphans Singletons
All 874,105 annotated genes ) g (clusters; genes) percentage (%)
in the 9 B. napus genomes 1 ok ZS11 75,298; 100,602 317 0.31
igned to 105,672 | cangan 742050643 407 042
were assigne ) Orphan gene angan  74,209; 96, ;
= A lomologous gene No2127 69,203; 93,952 1,433 1.5
gene clusters. S s Quinta  74,039;95252 240 0.25
. ~5R0 - Shengli  71,631; 94,088 548 0.58
58,714 (~56%) .core _gene 000 4 Tapidor 73,572; 95,888 229 0.24
clusters that existed in at Westar 74833 97,235 279 0.29
- A Zheyou7 73,518; 95,901 308 0.32
least seven genomes Fo ol 3
« 44,035 (~42% - TIH . i
: ( ) II I g S S S o & 0o RESS ‘a°"&»si*’»sv“| S0 P>
dispensable gene clusters | M T EEE et T PR
» The remaining ~2% (2,923 2127 -
gene clusters and 5,041 ..o II .
singletons) specific genes g I .
with no orthologues in p— I .
other genomes — ¢ o
Quinta I ®
Gangan ®
Eight high-quality genomes reveal  \yegtar ® °
pan-genome architecture and Js11 .

ecotype differentiation of Brassica
napus. Nature Plants 2020

Core genes clusters Dispensable gene clusters Specific gene clusters
(58,714) (44,035) (2,923)
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Read mapping to a reference (iterative assembly)

Pan g e n O m eS Unaligned reads
are the new

Pangenome reference

reference —4—4M8Mm -

b Alignment of de novo assembled genomes
A pangenome graph can
be constructed from whole
genome alignments or by de
novo graph assembly, and
efficiently stores variant c

iInformation of dispensable Pan-genome graph

regions as unique paths
through the graph. o

Plant pan-genomes are the new
reference. Nature Plants 2020

B Dispensable genome B Core genome
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Human Pangenome Reference

Launched in 2008
The first HPRC data

release comprises the T TG
sequencing data from 47 _ ,
.. Deletion Insertion SNV
participants, from 1KGP. —
Paternal sssssssae L L] L L]
S
Maternal
L]
Paternal e N _—— L]
S2
Maternal
L
Paternal e C L L
S3
350 people from Maternal
26 populations —
Whose genomes Paternal . ] L] L L] L]
will be analysed sS4
in the Human Maternal
Pangenome 75% A
0000 25%
....—»--— D TGEE aam = « P eGEEE D

25% 50%
The Human Pangenome Project: a global resource to map genomic diversity. Nature 2022
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Human Pangenome Reference

Iteratively generate full pangenome variation map from individual maps

I ~I N
° “@" (W (Y (Y
11T nn*m@@go@o@@e -
iiii iiii 70% 60% 60%

Generate individual maps

v

HPRC pangenome graph

! '

Example extracted graph for population 2 Example extracted graph for population 3

80%@ 38%@ 38%@ D%O 12%@ BB%°
e (9 g (D o) (5 9 @.0@@@}

20% 62% 62% 100% 88% 12%

The Human Pangenome Project: a global resource to map genomic diversity. Nature 2022
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Pangenome grap

Pangenome graphs are 2 = cenom ) o1 L
emerging data structures £ 07 0 0/ V¢ D
designed to represent L o c!>—<la o
pangenomes. 2 !
K iii (R iv (R ) Unaligned sequences Multiple sequence alignment

Genome graphs are : 07 io oo
sequence graphs used :‘ o o c!>\ /‘la d 1 ‘;\x -
to represent whole 5 (] o X
genome relationships, in  ; i De Bruijn graph
which sequence graph . g :[:" ‘E[;[:]
serves to compress e . — II’D
many redundant input b o R S
sequences into a smaller EF=m= —=jfiggo :K;]J’!‘dig:
data structure that iS Still  ugmeneduwitvariations) - representation Bidiecied genomagraph
representative of the full el -
S et. % Unmapped segment

. e

Pangenome graphs. Annu Rev Genomics Hum Genet 2020 https //dx.doi.org/10.1146%2Fannurev-genom-120219-080406
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Pangenome graph

A genome graph is built by starting with a conventional genomic reference sequence
and adding new variants as additional branches. The power of the graph structure is
that is can be updated as new haplotypes are discovered.

C r G
o (o
fm' 299
G AT GA ACCTAGGACTGT
N
(|
DNA sample l
Reference genome A
sequence
INSERTION SNP DELETION
(heterozygous) (heterozygous) (homozygous)
Deleted
/\ region

Allele 2
https://www.sevenbridges.com/graf/better-reference/
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Pangenome graph: world population

INSERTION SNP DELETION

Allele 1 ——==» Deleted
% region

Allele 2 ——=

% Height of the region is
proportional to allele frequency

If we take all the genomic information available worldwide and put it into a
single graph structure, we can build a world population or pan-genome
graph. Each branch has an allele frequency associated with it, which
measures how often it appears in the individuals included in the graph.

https://www.sevenbridges.com/qgraf/better-reference/

HEH - Genomics



https://www.sevenbridges.com/graf/better-reference/

Pangenome graph: population tracing

INSERTION SNP DELETION

=== UK population
Finnish population

Pan-genome graph '
With a pan-genome graph, we 30% — L 15%

can trace the structure of SPecific  indvess from o
populations on the graph and
compare their allele frequencies

and linkage structures. A A2 ,i1 A2 Al A2
Pan-genome graph @ - - |- - 30% )  70% e 10% |{ 20% Ce 60% |  40%
a SNP that is present ; N s .
in the UK population UK population @ - - | 80% ) 20% . 12% | 88% = 35% 65%
bFlt a_lbsent n the Finnish population © - - - 38%) 62% ) 0% |(100%) - 75% | 25%
Finnish population. : Do .
- Allele 1 f - Allele 2 fi
https://www.sevenbridges.com/qgraf/better-reference/ AT -Allele Tirequency Az - Allele 2 frequency
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Pangenome graph: individual tracing

INSERTION SNP DELETION
(heterozygous) (heterozygous) (homozygous)

The genome of each individual is a set of paths along the population graph and
can be tracked to compare his or her variants and their allele frequencies to the
population frequencies. On the other hand, each individual can be anonymized by
not storing path information, whereby his or her variants are aggregated to the
population graph with no link to the individual.

https://www.sevenbridges.com/graf/better-reference/
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The Human Pangenome Reference Initiative

a RPC1-13 (2%) Rp(1-3 (206) <
RPC1-4 (3%) CTC (2%) East Asian (6%)

RPC1-5 (3%) 2000 2003 | 2005
Draft of the human Completion of the International HapMap
RPC1-1 (5%) genome sequence Human Genome Project Project

CTD (5%)

O @ O @ O

RPC1-11

European
(57%)

2008
2015 2013 2010 ;25}23‘*“““
US All of Us biobank Global Alliance for Draft of the
. sy and et st N
The majority of the reference human
genome sequence (65%) is derived 02014 ® 02 - ® O ®
from a single bacterial artificial i Fﬁé‘:ﬁgaﬁ{)ﬁf:%ica - Bectronc Medical Records
- rica
Ch romosome Ilbrary (R PC1_11) . 2016 = Trans-Omics for - Applicants accepted
Precision Medicine for the UK Biobank
GWAS Catalog (TOPMed) Program
Not reported/ Simons Diversity
b other (5.75%) Study 2019

Other Asian (2.01%)
East Asian (8.21%)

Hispanic or Latin
American (1.13%)

Human Pangenome Reference Consortium

O ® O ®

2017 2020

African (2.03%) Population Architecture Telomere-to-telomere
i 0, Using Genomics and assembly of the human X
MUItlple (2'48 A)) Epidemiology (PAGE) chromosome

= Implementing Genomics
European in Practice (IGNITE)

. Also reported in GWAS databases, where the vast majority
of data are from people of European ancestry (78%).

The Need for a Human Pangenome Reference Sequence. Annual Review of Genomics and Human Genetics 2021
https://doi.org/10.1146/annurev-genom-120120-081921
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The Human Pangenome Reference Initiative

a Population representation and sampling b Multicenter sequencing technology and production
University of 4
- Population genetics Washington The Rockefeller
. . . Seattle, WA University

« Ethics, policy, and oversight " New York NY

« Production of cell line resources University of California, ¢ ° Coriell Institute for
Santa Cruz Washington University  Medical Research

Santa Cruz, CA in St. Louis Camden. NJ

St. Louis, MO

€ Reproducible workflows to reach finished
telomere-to-telomere assemblies

f Outreach and education to support
implementation

TGP - g Misiias . agtr%n;\;led and scalable - 100%)
: Pangenome '8
= ¢ Reference *  «Goal: telomere-to-telomere g & -
: g Consortium diploid genome sequence 5 & |
‘ i C N g_g_ L
‘ ! : g - - 85
il
v ) % U] r
€ Human pangenomics: genome ’ d Open data sharing and cloud-based
reference representations data management

—@-@— - Development of pangenome E——

reference data structure P

oo D « Support for standard analyses RgggrEPﬂthT%F

HUMAN GENOME
DIVERSITY

The Need for a Human Pangenome Reference Sequence. Annual Review of Genomics and Human Genetics 2021
https://doi.org/10.1146/annurev-genom-120120-081921
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A draft human pangenome reference

Article | Open Access | Published: 10 May 2023

A draft human pangenome reference

Wen-Wei Liao, Mobin Asri, Jana Ebler, Daniel Doerr, Marina Haukness, Glenn Hickey, Shuangjia Lu, ® ®
®
Julian K. Lucas, Jean Monlong, Haley J. Abel, Silvia Buonaiuto, Xian H. Chang, Haoyu Cheng, Justin Chu ®
[ ()
Vincenza Colonna, Jordan M. Eizenga, Xiaowen Feng, Christian Fischer, Robert S. Fulton, Shilpa Garg, e ® o
Cristian Groza, Andrea Guarracino, William T. Harvey, Simon Heumos, ... Benedict Paten
+ Show authors

47 people

Nature 617, 312-324 (2023) | Cite this article
lSequence
j Genome 1
Genome 2
Human Pangenome Reference Consortium

Genome 94
The Human Pangenome Reference Consortium (HPRC) is a project funded by the National lGenirate
Human Genome Research Instititue to sequence and assemble genomes from individuals from dJrap
diverse populations in order to better represent genomic landscape of diverse human
populations. Shared Sm.JCt;”al Shared
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Metagenome and Metagenomics

H[XZH (Metagenome, tFRINMEEREABDTEEZAR),
HandelsmanZ 1998 IR T2 1E, HEY R
the genomes of the total microbiota found in nature”,
REElRrh 2 SR vVEDNS 4’54&1 RIS, B8 7 HEE
HIAIR A B ARRIMEYIRE
» nEREZEZF (metagenomics) E')Bxs—ﬁllu\% IS An PRI
AR AHFRFRXIR, LATIER EbceAl/ sl F 7o
FRARFRR, LIEDSZS M. %ﬂlﬂﬁi AN S
R, DDeEEE. BEEIMERENRSINEZIEIRR R I
B RYRIFTHRE A 730,

Metagenomics is the study of genetic material recovered directly
from environmental samples. The broad field may also be referred to
as environmental genomics, ecogenomics or community genomics.

< Al Y
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Metagenome vs. Pangenome

« Pangenome is the global gene repertoire of
ial :  culturable / non-
a bacterial species. culturable (~99% of

- Metagenome is the genetic material present =~ Microbial species
cannot be cultivated)

In an environmental sample that consists S e § Wler
genomes of many individual organisms.

Strain Genome

Metagenome

Pangenome

Community
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Metagenomics Applications
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I\/Ilcroblota Metagenome & Microbiome

a. WMEME: XH
16S rRNARIR 73k %
TE Lt TFME B /A YRS
FhE,

b. HEFH: MEY
HOERMERES,
BIERAL. IR
FIRESFHRE.

c. EYE: MEY
HOERMERS,
U R A E BB =)

. ol i
¥ Microbiota metabolites ¥ Host metabolites 5 18 E%iﬁ, o

@ Microbiota protein

Microbiota <48 Metagenome HEEFELA

@ Host protein

Microbiome i 440

Microorganisms (by type) living The genes of microorganisms in
in a specific environment a specific environment

Microorganisms (and their genes)
living in a specific environment

Refers to the taxonomy (name) Refers to the microbial genes

of microorganisms in the and genomes, highlighting the
environment identified based on  genetic potential of the
16S rRNA. population.

Refers to the microbial genes and
genomes, as well as the products
of the microbiota and the host
environment.

The microbiome of the urinary tract—a role beyond infection. Nat Rev Urol 2015
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Microbiome — Ri%E¥4R

A microbiome is the collection of all microbes, such as bacteria, fungi, viruses,
and their genes and genomes that naturally live on our bodies and inside us.

« Diversity: human microbiome is diverse and each body site — the gut, skin,
and oral and nasal cavities — is home to a unigue community of microbes.

* Role: microbes contribute to human health and wellness in many ways.

= Microbes protect us against pathogens, help our immune system
develop, and enable us to digest food to produce energy.

= Some microbes alter environmental chemicals in ways that make them
more toxic, while others act as a buffer and make environmental
chemicals less toxic.

WERE

Microbiota RREE S

W 428 AR ELE 4
Microbiome Genomes ERFFS
MEEBESEE e

Interactions
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AREYH

VAR RN A R S NS E M I
S S R
Nasal oo AMERHRBEIMEZIRI AT, MELY

100J8 £ 10005k, 3|28 HERRE
MRAEE, XWIHRAANRE_EEAE.

- IHEEE (Gutz{gastrointestinal
microbiota) : EEBERNEFRME
MEZEE, REREARN HIEWE
g IR B [E 2

. BF-Bidh (gut-brain axis) : 2 XENFIRF
HER AN S E B R AET R, mES
FiETHNEE BT RERRMEX, =
EHEZMHFPTLEZMWEIRER,
MK SRR EA % B B i 2AE S pU 2R TR
MBS St EE ik A E BTN X R



https://www.genome.gov/27528490/2008-release--researchers-establish-international-human-microbiome-consortium

Gut Microbiome

A =t Stomach B ) Host Genetics )
pH 1-3 Geographical Exercise
10" 10°CFU/ml location
pO, 77 mm Hg 4

Lactobacillus, Streptococcus,
Staphylococcus, Enterobacteriaceae

\/\ j.Duodaenum +_"3E87 -

Y 10'-10°CFU/ml
X \ pO, 33 mm Hg -Small
= Lactobacillus, Streptococcus, Intestine
Staphylococcus, Enterobacteriaceae
pH 6-7
~Jejunum & lleum
10% 107CFU/mI 3
Bifidobacterium, Bacteroides,
Lactobacillus, Streptococcus,
Enterobacteriaceae
7 MBERHY O
1% <1§)3 CFU/;{M 12719 , ;H; |:|:| Hi,
mm '
g “ j& 510009

Bacteroides, Eubacteruim,

Clostridium, PeptostreptocosSus, A 17-|§ ”;‘ﬁ ’ﬂ: ,‘,zrt 2}3 ':F'

,S:trepgococgus, Blﬁdobgct{:};lum, g = i 7;& | g'(] "
usobacterium, Lactobacillus, %3307 /l\; =2 Gastric secretion ~)

Enterobacteriaceae =
= /) Antimicrobial peptides &~
ARERHHE
1501 oA

Gastric motility

Gut Reactions: Breaking Down Xenobiotic—Microbiome Interactions. Pharmacological Reviews 2019
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Microbiome = | :I'II Metagenome :

- E I\ Metagenomic data set
QR Sl DNA DNA TC;G;GEGCE;:EGT_ R Multiole TR | e S iy
P o o A I | “Taacercaracca ! B rocatoaTncen 1) DIoeaToaTooh 1 - TaaGToaTocA |
collection o extraction JOOW sequencing | tcacarcacatcaacea | samples Tech o e B Toch |
Q AV, ] e ook (o | oo b oo |

—_— D _— % ATATCATGCACCATCGTA i
Qb @ WWW | TATCCACGACGGGGCCCC ! ) :,: L[' :
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L | TEARCEF ) = -EEE e 1) B R T SR
ST e B AR

i @ : N iz
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Contigs Qc
/ \ YPQDQIVD Assembly-based profiling /
Biological/clinical '\h\l '\‘h I\ l h (IR (Co)assemble reads into contigs Preprocessed data set
L} interpretation P e b s -
e
Twaar ig) - wococaTees |
% v E NE %
o ; ; : | {re
b I B!omarker Genes Taxonomic and functional annotation < : : .LAAQ‘ ke !
smasy YW W v -] - g - o] - -
Map reads to annotated contigs
ﬁ Microbiome-based A . 2

\ Size: ~TBs
#ﬁ prediction tools YN G A\ "/
J

Microbial species Read-based taxonomic profiling

Subtype/ y
@*ﬁ clustering analysis Map reads to genomes or marker genes
Reference information
% f\q:l Available microbial proteins,

genomes and annotations
Annotated pathways

Size: ~GBs

Co-occurrence/

Functions/path
QH};‘Z ecological modeling g e
\

=y m Read-based metabolic profiling
-4 Phylogeny

) Map reads to annotated genes,
reconstruction Size: ~MBs proteins or pathways

KHE o N
5 ;ﬁ 1{ Strain tracking \

% Epidemiology and
Kpopulation genomics

) PEMTRRT

Shotgun metagenomics,
from sampling to analysis.
Nature Biotechnology 2017

- i

Independent
validation

(1. Experimental pipeline) [2. Pre-processing) (3. Sequence analysis ) (4. Post—processing) [5. Validation ]
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Operational Taxonomic Unit (OTU)

o2 {EnZEEIT (Operational Taxonomic Unit, OTU)

JHEFH1TS \1‘5 ANREE—NDEETT (REA. .
J%\ 5 \QH=E) EEI’JIT ﬁuu

pE= kI
. “1El‘|"‘ ZISEJE’JWEFQHEJZ&——E
» OTURREMIZHIEEE, EHEERT:
« [RIZEYIRIOTU(ERI16S IDNAKE =
 BEIZEYIRIOTUERI18S DNAKEE
« An operational taxonomic unit (OTU) is an operational definition used to
classify groups of closely related individuals.
« OTU also refers to clusters of (uncultivated or unknown) organisms, grouped

by DNA sequence similarity of a specific taxonomic marker gene (originally
coined as mOTU; molecular OTU).




e EHFEYSERINE

Microbial community

Shotgun metagenomics

1

16S rRNA gene amplification and amplicon sequencing DNA fragmentation and sequencing

OTUs generation Metagenomic reads pool

s N

| Reads-based analyses ‘ | Assembly-based analyses |

N N

Taxonomic classification of OTUs Taxonomic Functional Assembly
profiling analysis and mapping

o

OTU_2 OoTuU_3

GGTATGCGTGATTA
GGTATGCGTGATTA
GGTATGCCGTGATTA GTC
T GGTATGCCGTGATTA e}

Abundance

OTUs l

Taxonomic proﬁling of the Microbiota

-
o
S
X

Virus

Archaea
Bacteria
Eukaryotes

ETF16S rRNA = E BF A [KZHLH
Ax INTYAN
Y Elaiir_ ETE o # 8 % @& 5 B https://doi.org/10.1128/MMBR.00036-17 2 ALIRESTHT
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ARMEDATR
Human Microbiome Project

[ ] 4
Iﬁl Human H Animal o Environment

Terabases
MetaHit
600Gb
130 Gb Saoil

%NIHZOOBEEE, EE%EEF@ Eﬂf\n . . 100 Gb human gut
®

NS R S AR S O B I RE RO ) - ..

https://commonfund.nih.gov/hmp ® 14Gb Cow rumen @ o

4 Gb Costal ocean . . . .

Gigabases 2 Gb Lean/obese gut . e
+-600 Mb Open ocean

250 Mb Human ° -

150 Mb Lean mouse microbiome + ot

* . . . . . O 1
80 Mb Deep sea C : : |

10 Mb Diarrheal
illness -+
Megabases

I I I I I I I 1
2006 2007 2008 2009 2010 2011 2012 2013

The Human Microbiome Project: A Community Resource for the Healthy Human Microbiome. PLoS Biology 2012
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AR EIHMP

HMP1 -*lc\l)?glal Community Microbial Host genome Microbial isolate
composition pathways sequences genomes
Gut o Pl S
Vagina Skin “, —ﬁ—?—@— R S \‘l
. s
4 ° ‘ @ s N /"
2 ., &
Healthy cohort study Ty 0 e ~N
r Y e Characterize microbiomes
® ¢ Correlate with phenotype
Demonstration projects
. ) ) . . HMP DCC
HMP2 Community Microbial Virome Antibody Data. tools
composition pathways profiles profiles prot’oc ols
—Aa- —
%, °
’ ' S
g ‘ ®
Host genomes Epigenome profiles Cytokine profiles
Longitudinal ‘ ﬁ gt ,_@Aﬁ @7 ‘i ¢ ¢ .& —/
sampllng L4 s

The ten-year NIH
) (Meta Jtranscriptomics (Meta)proteomics Metabolomics . .
blnfla:ndn_'latory ° @ Human Microbiome
owel diseases .
@ OOD o Project (HMP)

T

Pre-diabetes

e Characterize the host and microbiome
® Follow dynamics over time

program, organized
into two phases
(HMP1 and HMP?2).

The Integrative Human Microbiome Project. Nature 2019
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ANEimEEEE AR (MetaHIT)

2008%F, BURIEWHEENT “ AIEREEA

Xl” (Metagenomics of the Human Intestinal Tract,

MetaHIT) , AAkRBZEE. ZXEH. EZH. X, =
| % B A 53 [Z] PA L [5] 7% 3

Home ‘ Paris 2012 Live News Project ’ WPs Our Team Publications Conf 2010 ’ Media Links Intranet

https://cordis.europa.eu/project/id/201052
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Intestinal Flora Affects Your Health

The microbes that live inside your intestines influence your health in
beneficial and harmful ways

Immunity

Providing a physical barrier to
invasive microbes, our gut flora
enhances the functionality of
the immune system.

Vitamins

Bacteria in the gut plays a
direct role in the synthesis of
vitamins B and K as well as the
absorption of calcium and iron.

Metabolism

Metabolic activity of the gut
flora allows our body to utilize
food that would otherwise
not be digested.

Bad Gut Microbes

DRJOCKERS.com

SUPERCHARGE YOUR HEALTH

Increased
Inflammation

drjockers.com/10

-Wways-lmprove-gut-microbiome

Obesity

In 2009, Dr. Krajmalnic-Brown
discovered gut bacteria of obese
patients differs significantly from
normal individuals.

Inflammation

Gut flora likely plays a major
role in the development of
various inflammatory diseases
including IBD and colitis.

Autism

New research by

Dr. Krajmalnic-Brown suggests a
link between autism and
decreased gut bacterial diversity.

Poor Quality of Life

PaH TR T

University of Chinese Academy of Sciences
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Dynamics and Stabilization of the Human Gut Microbiome
during the First Year of Life. Cell Host & Microbe 2015
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Vaginal microbiome: TB vs PTB

2 L. crispatus-dominated v
i = P B
Term birth

* ~15 million preterm births
at less than 37 weeks of
gestation occur annually
worldwide.

* Preterm birth (PTB)

sample; exhibited a Preterm birth
much higher proportional

metabolic potentia/
-

[ 2N
remains the second most =
common cause of :
1
neonatal death across v
the globe, and the most ,,"
common cause of infant o
mortality in middle- and
high-income economies. _ . , )
. Despite these statistics Lactobacillus crispatus Lactobacillus delbrueckii
P ] o Lactobacillus iners B Prevotella cluster 2
there remains a paucity Lactobacillus gasseri Streptococcus cluster 29
of effective strategies for . Lachnospiraceae BVAB1 - Streptococcus agalactiae
dicti q . B Gardnerella vaginalis B ‘Ca. Mycoplasma girerdii’
predicting and preventing Atopobium vaginae B No type

PTB.

B Sneathia amnii

The vaginal microbiome and preterm birth. Nature Medicine 2019
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Vaginal Microbiome

African

« There is variation in vaginal
microbiome diversity in healthy
women according to ethnic group.

« Women of African ancestry show
higher diversity and women of

European and Asian ancestry Hispanic

show lower diversity.
« High vaginal diversity is associated
with bacterial vaginosis.

- Pregnancy leads to the European

convergence of the maternal
microbiome into a low-diversity,
Lactobacillus-dominated
microbiota.

« High vaginal diversity during
pregnancy is associated with
increased risk of preterm birth.

Gestational shaping of the maternal vaginal
microbiome. Nature Medicine 2019
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Clinical metagenomics

PaH TR T

Clinical metagenomic next-
generation sequencing
(MNGS), the comprehensive
analysis of microbial and host
genetic material (DNA and
RNA) in samples from patients,
Is rapidly moving from research
to clinical laboratories.

The capacity to detect all
potential pathogens —
bacteria, viruses, fungi and
parasites — in a sample and
simultaneously interrogate host
responses has great potential
utility in the diagnosis of
infectious disease.

University of Chinese Academy of Sciences

Patient with illness
o <

* Access to mNGS testing

A\ | « Unclear clinical indications

* Upfront or second-line testing

-

Sample collection

* Human host background
* Sample stability and transport
= Contamination

viruses Bacteria Fungi  viruses Parasites Human

* Host depletion and microbial enrichment
* Standardized clinical laboratory protocols
* Universally accepted reference standards (positive and

negative control materials)

p

Library preparation

dlat

* Contamination
¢ Quality control metrics
* Workflow complexity (manual versus automated)

Sequencing

* Cost
¢ Turnaround times
* Sequence quality

R

=
Bioinformatic analysis

* Computational power
* Misaligned sequences
* Database misannotations and biases in representation of

organisms

¢ User-friendly software
* Bioinformatics software validation

Reporting

Patient 2=
chart

* Patient privacy

¢ Data confidentiality

* EMR integration

* Regulatory approval

* Medical reimbursement

Clinical metagenomics. Nature Reviews Genetics 2019

HEH - Genomics

Diagnosis and

e Clinical interpretation
e Clinical utility

* Available treatments
* Clinical indications

@

treatment

Clinical microbiology
sequencing board




Metagenome-wide association of gut
OTUs with human diseases

The Manhattan plot shows the 490 © . o 2BURIK o| ame2
phylogenetic distribution of _ Chinese cohort
species—disease associations for 3, 70008088
different metagenomic studies.

Each point is one species-level &

OTU and point height indicates g

the P value from a two-sided T
Wilcoxon rank-sum test of

Atherosclerotic
cardiovascular
disease

. n=176 cases
2% n =187 controls

estimated species abundance % Liver cirhosis
between diseased and healthy LI%’ n = 114 controls
individuals after correction for
multiple hypothesis tests. . Ankylosing
. ) 5,0 spondylitis
AR, Archaea; AB, Actinobacteria; BC, § n = 97 cases
T

Bacilli; BD, Bacteroidetes; CB,
Coriobacteriia; CS, Clostridia; CY,
Cyanobacteria; DS, Desulfobacteraeota; EP, __

n =114 controls

Colorectal
Epsilonbacteraeota; FB, Fusobacteria; NV, S cancer
Negativicutes; PR, Proteobacteria; SN, =3 n = 46 cases
; ; L n = 63 controls
Synergistetes; SP, Spirochaetes; VM, [
Verrucomicrobia. 0+ : ——————— - — -
SN CS NV CB AB CY BD VMDS PR EP BC FBSPAR

New insights from uncultivated genomes of | — 1] i Spemeséype _
the global human gut microbiome. Nature 2019 @ New OTU (filled)
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O Known OTU (open)
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healthy

solid food
healthy

# 65 to 80 years
formula-fed
obese @

(

breast-fed malnutrmon
antibiotic >100 years

treatment

Firmicutes = EE%'_
N Bacteroidetes 'T’l;lﬂ:lil

N Actinobacteria W E

B Proteobacteria

others THAFE

b

Unborn Baby Toddler Adult Elderly

The function of our microbiota: who is out there and what do they do? Front Cell Infect Microbiology 2012

PRMNTRRT EEHY - Genomics

University of Chinese Academy of Sciences



Metagenomics and Longevity

* %

nature International weekly journal of science 250 — L]
Home | News & Comment | Research | Careers & Jobs | Current Issue | Archive | Audio & Video | : 3
v
Article D 200
D Nows ) 2017 ) i ) Arce 4 Smeaksold -
< '§ 150 _| .
. ®
‘Young poo’ makes aged fish live longer g . C
o
The gut microbes of young killifish can extend the lifespans of older fish - hinting at the (@] 100
microbiome’s role in ageing. = e
50 ol
Ewen Callaway k y Id 1 cm
16 weeks old , 6 weeks 16 weeks
04 April 2017 | —
Regulation of life span by the gut microbiota in the -
short-lived African turquoise killifish. eLife 2017 Abx Omt wt Ymt W Abx
— Abx[ - M Omt
=y = .
Ymt oYMt e e e - . Ymt
) —> -=> *
6 weeks old - f —+
— ' ** — k%
8 0.8 ' *%
Omt = : 100 X%
2 ' £ —
» —> A - R iy TR £
9.5 weeks old — " r 2 0.4 : o 50
: i S : L
P e B - £ i
@ 1
L 00 . 0
| I | I

Abx
> 1 week
) —> i & o
m r 0 7 14 21 29 s post transfer 16 Weeks
Time (weeks) o 2o

PR TR HELHY - Genomics

University of Chinese Academy of Sciences



FEREBEFMT

FETZHE (Fecal Microbiota Transplantati

on, FMT) , 2BIdE
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The Gut Microbiota Modulates Energy Metabolism in the Hibernating Brown Bear Ursus arctos. Cell Reports 2016
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MGnify: microbiome analysis resource

# EMBL-EBI % Services &% Research & Training @ About us EMBL-EBI :

Examples: MGYS00000410, Tara Ocedns, Human Gut

MGnify EX -

Submit, analyse, discover and compare microbiome data

Overview ’ Submit data Text search ‘ Sequence search ‘ Browse data Genomes API ‘ About ‘ Help ’ ALogin

= 7 | Mo . : :
1\ @ e P The Earth Microbiome Project
]
Human Digestive  Aquatic Marine Digestive The Earth M!cmb!ome Prnj.ect is now1alvallablle in MG_‘nlfy.
(129201)  system (43822) (32069) system The Earth Microbiome Project (EMP).. is a wide ranging
(85564) (25668) eo r.l.h collaborative effort that attempts to characterise the
taxonomic and functional diversity of microbial life on the

Q.F . microbiome planet. Founded in 2010, the project includes 96 different

~ .
( 6 i DrOJeCT studies, comprising approximately 26k individual
W sequencing runs from a diverse range of biomes.

Plants Soil Skin Wastewater Food
(24135)  (20553)  (9564)  (3479)  production ~ Read more Project Home
(2668)
https://www.ebi.ac.uk/metagenomics/ https://www.earthmicrobiome.org
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Further Reading

A draft human pangenome reference. Nature 2023

« The Human Pangenome Project: a global resource to map genomic
diversity. Nature 2022

« Pangenome graphs. Annu Rev Genomics Hum Genet. 2020

« Pan-genomics in the human genome era. Nature Reviews Genetics 2020
 Pan-Genome of Wild and Cultivated Soybeans. Cell 2020

« The Ecology and Evolution of Pangenomes. Current Biology 2019

« Computational pan-genomics: status, promises and challenges.
Briefings in Bioinformatics 2018

«  Why prokaryotes have pangenomes. Nature Microbiology 2017
* Clinical metagenomics. Nature Reviews Genetics 2019

 New insights from uncultivated genomes of the global human gut
microbiome. Nature 2019

 The Integrative Human Microbiome Project. Nature 2019

« Shotgun metagenomics, from sampling to analysis. Nature
Biotechnology 2017
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