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1000 Genomes

A Deep Catalog of Human Genetic Variation
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The blood of a thousand Icelanders.

Large-scale whole-genome sequencing of the Icelandic population

Daniel F Gudbjartsson, Hannes Helgason, Sigurjon A Gudjonsson, Florian Zink, Asmundur Oddson, Arnaldur Gylfason, Soren
Besenbacher, Gisli Magnusson, Bjarni V Halldorsson, Eirikur Hjartarson, Gunnar Th Sigurdsson, Simon N Stacey, Michael L
Frigge, Hilma Holm, Jona Saemundsdottir, Hafdis Th Helgadottir, Hrefna Johannsdottir, Gunnlaugur Sigfusson, Gudmundur
Thorgeirsson, Jon Th Sverrisson, Solveig Gretarsdottir, G Bragi Walters, Thorunn Rafnar, Bjarni Thjodleifsson, Einar S

Bjornsson et al.

Nature Genetics 47, 435-444 (2015) doi:10.1038/ng.3247

A. Developing and developed countries
e

Developing w low R&D spending il Developing w high R&D spending il Developed

B. Genome sequencing projects per country

Sequencing Centers and Projects

No projects 1~10 1~50 @ 51~100 i 101~500 W 501~1000 W >1000

C. Genome sequencing centers per country

Sequencing Projects

\:;:h >

“« g

No centers 1~10 1~20 M 21~40 WM 41~60 M 61~100 [ >100




Plant Genomes — Haploid Size

‘ Human

Arabidopsis
Rice

Potato
Wheat
Sugarcane

Cotton

o
)
o
‘ Barley

lameter proportional to genome haploid genome size

CSIRO. INI Meeting July
Tutorial - Applications



Plant Genomes — Total Size

Human Cotton Barley Sugarcane

CSIRO. INI Meeting July 2010 -
Tutorial - Applications
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nature

genetics

The draft genome of watermelon (Citrullus lanatus) and

resequencing of 20 diverse accessions

nature
genetlcs

Resequencing of 31 wild and cultivated soybean genomes
identifies patterns of genetic diversity and selection

nature
genethS

Genome-wide patterns of genetic variation among elite
maize inbred lines



The Plant Cell, Vol. 26: 121-135, January 2014, www.plantcell.org © 2014 American Society of Plant Biologists. All rights reserved.

nature
biotechnology

LARGE-SCALE BIOLOGY ARTICLE

Insights into the Maize Pan-Genome
and Pan-Transcriptome"™

o - _ ~ De novo assembly of soybean wild relatives for
Candice N. Hirsch,2b-1 Jillian M. Foerster,°2 James M. Johnson,°? Rajandeep S. Sekhon,®4 German Muttoni,®* . . . . .
Brieanne Vaillancourt,®® Francisco Pefagaricano,® Erika Lindquist, Mary Ann Pedraza,’ Kerrie Barry,! pa n _ge n O m e a n a |yS I S Of d Ive rs Ity a n d a g ro n O m I C ‘tra ItS

Natalia de Leon,*9 Shawn M. Kaeppler,>< and C. Robin Buell2t-5

» Pan-genome: The set of all genes present in the
genomes of a group of organisms

s Core genome: shared among individuals.

= Dispensable genome: an individual-specific or partially-shared
among individuals.

1.67
Gb
W 7
Dispensabie Core
QeNoOMe genomes atter delehon of

dispensabie genome

From: Morgante et al. Current Opinion in Plant Biology 10, 149-155 (2007)



ARTICLE
Received 10 Feb 2015 | Accepted 11 Mar 2015 | Published 16 Apr 2015 OPEN

High-resolution genetic mapping of maize
pan-genome sequence anchors

Fei Lu', Maria C. Romay1, Jeffrey C. Glaubitz!, Peter J. Bradburyz, Robert J. Elshire!, Tianyu Wang3, Yu Li3,
Yongxiang Li3, Kassa Semagn4, Xuecai Zhang5, Alvaro G. Hernandez6, Mark A. Mike|6'7, llya Soifer8,
Omer Barad® & Edward S. Buckler'?

In addition to single-nucleotide polymorphisms, structural variation is abundant in many plant
genomes. The structural variation across a species can be represented by a ‘pan-genome’,
which is essential to fully understand the genetic control of phenotypes. However, the
pan-genome's complexity hinders its accurate assembly via sequence alignment. Here we
demonstrate an approach to facilitate pan-genome construction in maize. By performing

18 trillion association ap 26 million tags generated by reduced representation

accurately mapp ence anchors, 1.1 million of which are presence/absence
variations. Structural variations exhibit enriched association with phenotypic traits, indicating
that it is a significant source of adaptive variation in maize. The ability to efficiently map
ultrahigh-density pan-genome sequence anchors enables fine characterization of structural

variation and will advance both genetic research and breeding in many crops.
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1.28 cm

[raen

Actual size of
GeneChip" array

Millions of DNA strands built up in each location 1

500,000 locations on each GeneChip® array

Actual strand = 25 base pairs
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The Dutch famine and schizophrenia spectrum disorders
Hoek HW, Brown AS, Susser E
Soc Psychiatry Psychiatr Epidemiol. 1998 Aug;33(8):373-9

Prenatal exposure to the 1944-45 Dutch 'hunger winter' and addiction later
in life.

Franzek EJ, Sprangers N, Janssens AC, Van Duijn CM, Van De Wetering BJ
Addiction. 2008 Mar;103(3):433-8. Epub 2008 Jan 8

Rates of adult schizophrenia following prenatal exposure to the Chinese
famine of 1959-1961

St Clair D, Xu M, Wanqg P, Yu Y, Fang Y, Zhang F, Zheng X, Gu N, Feng G,
Sham P, He L

JAMA. 2005 Aug 3;294(5):557-62

Epigenetic regulation in psychiatric disorders.
Tsankova N, Renthal W, Kumar A, Nestler EJ.
Nat Rev Neurosci. 2007 May;8(5):355-67



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Franzek EJ"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Sprangers N"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Janssens AC"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term="Van Duijn CM"[Author]&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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LTR Hypomethylated When to Intervene?? LTR Hypermethylated

Yellow Agouti

Mouse Mouse

High risk cancer, diabetes, Lower risk of cancer, diabetes,

obesity & reduced lifespan obesity and prolonged life

Maternal Supplements with zinc methionine
betaine choline, folate B,,

Cooney et al. J Nutr 132:2393S (2002)
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Epigenetic Bioactive compounds
in plants

Artichoke Oleander Tomato Garlic Carrots
(Silymarin) (Oleanderin) (Lycopene) (Diallyl sulfide, ajoene,

S-allyl cysteine, allicin)

Red grapes Red chilli Turmeric Cloves Honey-bee propolis Cruciferous
(Resveratrol) (Capsaicin) (Curcumin) (Eugenol & (Caffeic acid, CAPE) vegetables
isoeugenol) {Sulforaphane)

0

ennel, Soybean ‘ Aloe

Pomegranate
(Ellagic acid) (6-Gingerol) (Ursolic acid) (Anethol) (Genistein) (Emodin)
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Evolution of Mammals
and Their Gut Microbes

Ruth E. Ley,1 Micah Hamady‘,2 Catherine Lozupone,l’3 Peter ]. Turnbaugh,1
Rob Roy Ramey,” ]. Stephen Bircher,® Michael L. Schlegel,® Tammy A. Tucker,®
Mark D. Schrenzel,® Rob Knight,3 Jeffrey L. Gordon™*

Briefings in Functional Genomics Advance Access published December 18, 201

Briefings in Functional Genomics, 2014, 1-6

doi: 10.1093/bfgp/eluo49
Letter to the Editor

Functional marker development is challenged by the
ubiquity of endophytes—a practical perspective
Birgit Arnholdt-Schmitt, Vera Valadas and Matthias Doring

THE METAGENOMICS PROCESS

DETERMINE WHAT THE GENES ARE

(Sequence-based metagenomics)
Identify genes and metabolic pathways
Compare to other communities

and more.

Extract all DNA from
microbial community in
sampled environment
DETERMINE WHAT THE GENES DO
(Function-based metagenomics)
Screen to identify functions of interest, such as

vitamin or antibiotic production

Find the genes that code for functions of interest
and more
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Oral Microbiome

The community of microbes living in the oral cavity performs multiple functions. While
the microbial composition for individuals is relatively stable, it can vary substantially
among individuals.®* Altered oral microbiomes are informative of health status, such
as nutritional deficiencies®® and cardiovascular disease.>®

The microbial communities in the oral cavity are organized in compartments and
biofiims. Excessive buildup can form plague and cause oral diseases. Metagenomic
studies have identified specific metabolic pathways of oral disease.*” During oral
diseases—such as chronic periodontitis, dental caries, and gingivitis—the subgingival
microbiome undergoes dynamic changes that are associated with infection of dental
implants by oral pathogens®® and smoking.* These changes can be monitored to
assess disease progression and therapy effectiveness.®®

During oral diseases—such as chronic periodontitis, dental caries, and gingivitis—the subgingival
microbiome undergoes dynamic changes that can be monitored to assess disease progression an
therapy effectiveness.

Periodontitis.
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Molecular cartography of the human skin surface in 3D

Amina Bouslimani®', Carla Porto®", Christopher M. Rath™", Mingxun WangP®, Yurong Guo®, Antonio Gonzalez9*°,
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Microbial Skin Inhabitants: Friends Forever
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:' frontiers
in Microbiology

Back to the Future of Soil
Metagenomics

OPINION
published: 10 February 2016
doi: 10.3389/fmicb.2016.00073
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Geospatial Resolution of Human and Bacterial
Diversity with City-Scale Metagenomics
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‘ MegaBLAST-LCA alignment ‘
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‘ MetaPhlAN classification ‘
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Fine mapping and marker-assisted selection (MAS) of a low glutelin content
gene in rice
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DNA barcoding-Biodiversity
identification and discovery

Spot thedifference:
orchids canbe
distinguished

with a single DNA
sequence.

0.80GARIN

Use of DNA barcodes to identify flowering plants

W. John Kress*f, Kenneth ). Wurdack*?, Elizabeth A. Zimmer?*, Lee A. Weigt®, and Daniel H. Janzen®

*Department of Botany and *Laboratories of Analytical Biology, National Museum of Natural History, Smithsonian Institution, P.O. Bax 37012, Washington,
DC 20013-7012; and SDepartment of Biclogy, University of Pennsyhvania, Philadelphia, PA 19104

Contributed by Daniel H. Janzen, April 15, 2005

Methods for identifying species by using short orthologous DNA paper is not to debate the validity of using barcodes for plant
sequences, known as “"DMA barcodes,” have been proposed and identification, but rather to determine appropriate DINA regions
initiated to facilitate biodiversity studies, identify juveniles, asso- for use in flowering plants.

ciate sexes, and enhance forensic analyses. The cytochrome ¢ A portion of the mitochondrial CO1 gene was deliberately

not™

M nEwsFocus

W. John Kress* and David L. Erickson

Washington, DC 20013-7012

barcoding has developed in concert

tis not a coincidence that DNA
with genomics-based investigations.

DNA barcoding (a tool for rapid
species identification based on DINA

BNAS

DNA barcodes: Genes, genomics, and bioinformatics

Dapartmant of Botany, MRC-166, National Mussurm of Natural History, Smithsonian Institution, P.O. Box 37012,

TAXONOMY

Wanted: A Barcode for Plants

Barcoding

DNA G nu_;n):s
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Triticaceae

86

Triticum spelta GRC 1755/04
Triticum durum GRC 621/04

Aegilops speltoides GRC 202/08
Triticum aestivum GRC 182/05

Secale cereale

dloo02

Aegilops triaristata GRC 121B/04
Aegilops caudata GRC 120/04
Aegilops comosa GRC 752/04
Aegilops lorentii GRC 988A/04
Aegilops orata GRC 547/04

IDinkeI

Triticum monococum

5 |
Triticum boeticum GRC 200/08



DirvkcerS

Secale cereale

Tritie

Triticurr spelfta GRC T755/0F
Aegilops triarfistata GRC 727187
Aegilops spelftoides GRC Z202/08
Triticursy durim GRC 6Z27/0<4
Aegilops loremntii GRC_988A/0%
Aegilops orata GRC 53704
Aegilops cormosa GRC 75204
Triticurry aestivimr GRC 18205

< = r GIRC TZ20/0F
Triti r_ k> F r GIRC Z00/08
Dirnkel

Secale cereale

Triticeurr momnococuns

Triticwurm spelta GRC 1755/04
Aegilops_ triaristata GRC_TZ27T8/
Aegilops speltoides GRC 20208
Triticenrrr olerrwmnmy GRC 6Z27/04
Aegifops lorentii GRC S988A/04
Aegilops orata GRC_S537/0F
Aegilops cormosa GRC 752/04
Triticawrr aestiviam GRC 18205
Aegilops cawdata GRC TZ20/0F
Triticwurr boeticumnr GRC Z00/08

Dinnkers

Secale cereale

TriticCasrss _mi1omnococirrs

Triticerrr spefta GRC 175504
Aegifops triaristata GRC T27168/
Aegilops speltoides GRC ZO0Z/08
Triticerry durimnr GRC 627/04
Aegilops lToremntii GRC 9884/04
Aegifops orata GRC S37/04

a it op GRC 752/04
Triticarrn acestivim GRC 18205
Aegifops cawdata GRC TZ20/04
Triticerrr boeticaumnr GRC Z00/08

DirskceS

Secale cereale

FTriticarr monococwuns

Triticoum spelta GRC 1755/04
Aegilops triarfstata GRC 7271875
Aegilops speltoides GRC 20208
Triticurry _dursrmry GRC 62704
Aegilops lorentii GRC S988A/04
Aegilops orata GRC 53704
Aegilops cormmosa GRC 7F5Z2/04
Triticwum _aestivim GRC_ T8Z2/05
Aegilops caudata GRC TZ20/04
Triticaurm Bboeticium GRC Z200/08

Dirrkes
Secale cereale
Triticesrrr mrorrococirmns

Triticaceae

ACATAAT T T T TTGCGGATAATCCCAAT TTTGGTTTAA
ACATAAT TTT TTGCGGATAATCCCAAT TTTGGTTTAA
CATAAT TT T TTGCGGATAATCCCAAT T T TGGTTTAA
CATAAT TT T TTGCGGATAATCCCAAT TTTGGTTTAA
I Rl A AT T T T T TGCGGATAAT CCCAAT TTTGGTTTAA
AT AAT TT T TTGCGGATAATCCCAAT TTTGGTTTAA
GATA-TTTTTTGCGGATA TCCCAATTTTGGTTTAA
Rl ¥ A AT TT T TTGCGGATAAT CCCAAT T T TGGTTTAA
CATAAT T T T TTGCGGATAATCCCAAT T T TGGTTTAA
L NI T A AT T T T T TGCGGATAATCCCAAT TTTGGTTTAA
ACATAAT TT T TTGCGGATAATCCCAAT TTTGGTTTAA
ACATAAT TT T TTGCGGATAAT CCCAAT TTTGGTTTAA
ACATAAT TTTTTGCGGATAATCCCAAT TTTGGTTTAA

60 7o 80 20 100
L L. T B B I B B B B |
TAGTACATCCCAATAAAGGACGACC| | TACTTGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCE TACTTGTTCAACTTATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATAC T TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACTTGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACTTGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA

TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATAC T TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACCATACT TGT TCAACT TATCTCTTTCA
TAGTACATCCCAATAAAGGACGACC| e TACT TGT TCAACT TATCTCTTTCA

AC T TGGATACCATGAGGCGGGOCCOC T TGEGOGOAAAGT TT T TGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGCC T TGGAAAGT T T T TGAATAAGTAGGGGG
ACTTGGATACCATGAGGCGGGCOCCOC T TGGAAAGT TT T TGAATAAGTAGGGGG
ACTTGGATACCATGAGGCGGGCC TTGGAAAGT TT TTGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGCC T TGGAAAGT T T TTGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGCCOC T TGGAAAGT TT T TGAATAAGTAGGGGG
Ac'I'TGGA'I'AI:f_‘A'I'GAGGCGGGECTTGGAAAGTTTTTGAATAAGTAGGGGG
ACTTGGATACCATGAGGCGGGC C TTGGAAAGT TT TTGAATAAGTAGGGGG
ACT TGGATACCATGAGGCGGGCC T TGGAAAGT TT TTGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGCOCCOC T TGOGOAAAGT T T T TGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGCC T TGGAAAGT T T T TGAATAAGTAGGGGG
AC T TGGATACCATGAGGCGGGC C T TGGAAAGT TT T TGAATAAGTAGGGGG
ACTTGGATACCATGAGGCGGGCC T TGGAAAGT TT TTGAATAAGTAGGGGG

AATTCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TTTGAAACCAAATA
AAT TCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TT TGAAACCAAATA
AAT TCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TT TGAAACCAAATA
AAT TCGTAGATCCTCCAAACGTAGAGCACGTAGGGC T T TGAAACCAAATA
AATTCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TTTGAAACCAAATA
AAT TCGTAGATCCTCCAAACGTAGAGCACGTAGGGC TTTGAAACCAAATA
AA'I'TCGTAGATcc'I’ccAAACGTAGAGCAGGTAGGGETTTGAAAGCAAATA
AAT TCGTAGATCCTCCAAACGTAGAGCACGTAGGGC T T TGAAACCAAATA
AATTCGTAGATCC TCCAAACGTAGAGCACGTAGGGCTTTGAAACCAAATA
AATTCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TTTGAAACCAAATA
AATTCGTAGATCCTCCAAACGTAGAGCACGTAGGGC TT TGAAACCAAATA
AAT TCGTAGATCC TCCAAACGTAGAGCACGTAGGGC TT TGAAACCAAATA
AAT TCGTAGATCCTCCAAACGTAGAGCACGTAGGGC T T TGAAACCAAATA

CG T TACC TACAATGGAAGTAAACATGT TAGTAACGGAACCC TCTTCAAAT

CGTTACC[HACAATGGAAGTAAACATG T TAGTAACGGAACCCTC TTCAAAT
CGTTACCTACAATGGAAGTAAACATGTTAGTAACGGAACCCTCTTCAAAT




RESEARCH ARTICLE

Achromosome-hased draft sequence of the hexaploid bread wheat (Triticum aestivum) genome

The International Wheat Genome Sequencing Consortium (WGSC)"F
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ARTICLE opeN

doi:[[0.1038/nature22043

A chromosome conformation capture
ordered sequence of the barlev genome

AlaBdaotnke To DNA ToUu Kp10apiou
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The Plant Journal (2017) doi: 10.1111/tpj.13515

RESOURCE

The pangenome of hexaploid bread wheat
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Figure 2. Dendrogram of the 19 cultivars based on the presence-absence variation of genes in each cultivar.



