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* TepMuH «reHom» (genome) ObLT IPEJIOAKEH HEMEUKUM OoTaHukoM Ipod. Hans
Winkler (1877- 1945) B 1920 r. (University of Hamburg), koTopbiii 00beIUHIII
TEpPMUHBI «LeH» (“gene”) u «xpomocomay (“‘chromosome’) 1151 0003HAYCHUS
OJTHOBPEMEHHO BCEX T€HOB BO BCEX XPOMOCOMAX SJIpa KIECTKU

* TepMUH «reHOMHKA (genomics) ObLT MPEIJIOKEH OTHOCUTEIIBHO HEJTaBHO B 1986 T,
Thomas Roderick (Jackson Laboratory, USA) nisa HoBOrO KypHana Genomics n
OMUCAHUS HAYYHOU JUCIUILIUHBI CBSI3AaHHOW C CEKBEHUPOBAHUEM, KAPTUPOBAHUEM U
aHaJIN30M I'€HOMa
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* ['eHOMMKa OOJIEE MIMPOKOE MTOHITHE B HACTOSIIIEE BPEMS M OXBATHIBAET CPABHECHUE
F€HOMOB pa3HbIX BHJIOB (comparative genomics), ux 3Botonuio (evolutionary
genomics) U PyHKIIMOHUpPOBaHUE TeHOMA B 11e7ioM (functional genomics)

I'eHoMuka — 310 N3yueHUe reHoB U X MVHKIMH B UX NOJHOM
COBOKVIIHOCTH U B3aMMOAENCTBUM
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OCHOBBI TEHOMHOM CTPYKTYPhbI

T'en Crtpouka B Tekcre/llpensioxxenue

(cocTosimiee u3 4-x «0ykB»-HykJeoTuaoB A, T, C u G,
l U 3-X OYKBEHHBIX «CJIOB»-TPHUILJIETOB WJIH KOJIOHOB)
Chromosom
XpoMocoma InaBa
I'enom
I'enogoHna

OcHoOBHAasI 321242 TeHOMMKH - TOJIHOE CEKBEHHMPOBaHUE U pacminpoBKa reHoMa
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I'eHOMUKA - MHTErPAIMOHHAA HAYYHAS JUCIUILINHA

Mendelian Genetics

Genetic inheritance
Allele segregation
Genetic linkage
Gamete and haplotype
Dominance
Mutation

Evolutionary & Population Genetics

Allele and genotypic
frequencies
Genetic diversity and
polymorphism
Selection, drift, migration,
mutation and adaptation
Genetic equilibrium
Homology and phylogeny

Structural Genomics

DNA libraries
Genome and mRNA sequencing
Linkage analysis and mapping
Genome organization
Gene annotation

KpytoBckmii K.B. 2006. Ot momyisiimoHHON TeH
Tenemuxa T. 42. Ne10. C. 1304-1318.

Gonzalez-Martinez S.C., Krutovsky K.V., Neale D.B. 2006. Forest tree population genomics and adaptive evolution. New Phytologist 170(2): 227-238.

Krutovsky K.V. & D.B. Neale. 2005 Forest genomics and new molecular genetic approaches to measuring and conserving adaptive genetic diversity in forest trees, pp. 369—
390 in Conservation and Management of Forest Genetic Resources in Europe. edited by Th. Geburek and J. Turok. Arbora Publishers. Zvolen.

€TUKHU K IOITYJISAIA

Cytogenetics

Karyotype
Chromosome
Meiosis and Mitosis
Recombination,
crossover and linkage

L

Genomics

DNA sequence and genetic markers

Genetic linkage, physical maps and QTL

mapping

Gene discovery, location and identification

Genetic control of complex traits and
metabolic pathways

!

Functional & Ecological Genomics

Molecular Genetics

DNA structure and sequence
Genetic code
Gene regulation, transcription
and translation
Genetic vectors
DNA mutation

Gene expression analysis
Gene function
Gene-trait relationships
Transcriptomics
Proteomics
Metabolomics

Quantitative Genetics

Heritability
Additive and Non-additive
Genetic effects
Genetic by Environment
Interaction
Breeding

Bioinformatics & automation

Database management
Sequence assembly, alignment,
comparison and annotation
Data collection and
communication
Robotic systems

CCHBIX BHJOB: HHTETPUPOBAHHBIN MOMYJISAIIMOHHO-TEHOMHBIN TIOXOI.



OcHOBHBIC pa3aesibl TEeHOMUKH

Structural Genomics
* DNA libraries and complete genome sequence
* Gene annotation and homology search
* Linkage analysis, genetic and physical mapping
* Development of genome-wide genetic markers

Functional Genomics Gene

* Gene expression analysis (transcriptome & metabolome profiling) discovery
* Gene function, gene-trait and gene-environment relationships

Comparative & Evolutionary Genomics
* Comparative mapping and search for orthology and synteny
* Gene and sequence comparison across different species
» Signatures of selection, evolutionary footprints

Statistical Genomics
* Mapping algorithms and associative analysis
* Database management, data collection and communication
* Sequence assembly, alignment, comparison and annotation

Population & Ecological Genomics
o Genome wide scan for nucleotide diversity
* Genome wide and candidate gene based mapping
» Assessment of association between alleles and phenotypes and
environments via association mapping
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Haubouiee 3HaunTeIbHbIE cCOObITHS B [ eHeTHKe, NpuBeamne K ['enHoMmuke

1944: vpentupuranus JHK kak reHeTuueckoro Marepuasia aJst BCeX KUBbIY
OpPraHu3MoOB

1953: pacuungpoBka reHeruueckoro koaa (Watson & Crick, Nature 171, 737:
1953)

TOJIBKO 5386 nykieorumaoB, B 60000 pa3 MmeHbIIIe TeHOMA YeJI0BEKA (Sang
al. Nature 265, 687: 1970).

mid-1980s: OypHoe pa3BuTHE AaBTOMATU3ALUU U KOMIIbIOTEPU3ALUU
CeKBEHUPOBAHUSA

1990: HayaJ10 MPOEKTA MOJHOI0 CCKBEHHPOBAHUA ICHOMA YeJI0BEeKAa

natre !

e huente

1997: nosiHBIA CMKBEHC reHoMa apoxaxeit (~12 Mbp)
1998: nemaroani (~97 Mbp)

2000: apadougoncuca (~125 (Mbp) il
2000: xpo3oduini (~180 Mbp) i
2001: gyesoBeka (~3,200 Mbp)

2002: mpimu (~3,500 Mbp) u puca (~420 Mbp)
2006: Tomoss (~550 Mbp)

2008: HoBoe nokonenue cekpeHupyromux miargpopm - Next generation seuencin
(NGS) platforms - high-throughput massively parallel sequencing

2013: veangepraasua (~3,200 Mbp)
2013: esqiu 1 2014: cocHbl (~20,000 Mbp) 2015: keap u JUCTBEHHHUIIA?

Jlekuus crynenram COY 9 uronst 2014 r. 6



ba3a 1aHHBIX TeHOMHBIX NPOoeKTOB http://www.genomesonline.org

é’ i www.genomesonline.org

o ] ) ¢ [$- Google -l Pl B
GOLD | Home (4 | -

b

Home | Search  Distribution Graphs Biogeographical Metadata Statistics

References Team Help News

= o Welcome to the Genomes OnLine Database

GOLD Release v.5
GOLD:Genomes Online Database, is a World Wide Web resource for comprehensive access to information regarding genome and metagenome sequencing projects, and their associated
Biosamples 23528\ metadata, around the world.
Seguencing Projects 23329
33891 Studies Biosamples Projects Organisms
Analysis Projects i—
= Metagenomic 460 &, Classification @ Complete Projects 6366 = Organisms 48772
* Non-Metagenomic 22286 * Ecosystems &9 Permanent Drafts 16884 Archaea 873
Host-associated 153 = A Bacteria 35373
Engineered 228 a Incomplete Projects 24508 Eukarya 8155
Environmental 2892 @ Targeted Projects 920

1. Register 2. Annotate 3. Publish
G S S1G S
— =

A D Ao e of P Gl Ebaatars Cirmoriorm

Register your project information and Metadata in the Annotate your microbial genome or metagenome with

Publish your genome or metagenome in open access
Genomes Online Database IMG/ER or IMG/MER

standards-supportive journal.

Register .nnlmmte. | Publish

©2012 The Regents of the University of California

US. DEFARTMENT OF Oﬁice of
Disclaimer | Credits

ENERGY Science

Complete Projects 6366 * Organisms 48772

e Permanent Drafts 16884 Archaea 8

Incomplete Projects 24508 Bacteria 3537
Targeted Projects 920 Eukarya 15

)

)

n

Jlekuus crynenram COY 9 urons 2014 r.



dyHIaMeHTAJbHAs MP00JieMa FreHeTUKU — CBA3b (PEHOTUIIA C TEHOTUIIOM!

E€ MOKHO peliuTh JJIS CJI0KHBIX MPU3HAKOB TOJbKO M3y4asi
U3MEHYUBOCTD IO COBOKYITHOCTH BCEX T€HOB B T€eHOME
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N VR (i AS GENETICISTS!
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Nature (genome) vs. Nurture (environment)

P=G+E + GXE

Phenotype = Genome(Genotype) + Environment + Interaction

Organisms are different because of the:

« genomic/genetic (G) differences among individuals
* different environments (£) where individuals are growing

e and interactions between the genotypes and the
environments in which they grow (GxE)

Jlekuus crynenram COY 9 uronst 2014 r.



Nature (genome) vs. Nurtur
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Mendelian traits vs. Complex traits

e Mendelian = Qualitative

— single gene responsible for most of the
observed phenotypic variance

 Complex = Quantitative

— multiple genes with gene X gene, gene X
environment interactions contributing to
phenotypic variance

Jleknus ¢t YAeHTaM CDY 9 urousi 2014 r.
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Single vs. Multiple Genes in Population

P'=G" + E" + G"XE"

n — multiple phenotypes, genes and environments

Great Ferma Theorem : Z" = X" + }”
does not have integer solutions X, ¥, Z for n > 2

My Theorem : PZ — Gx + Ey Andrew Wiles, 1994

My Great Theorem: P* = G* + EV + G*XEY
I'enomuka — eouncmeennoe peuwenue!

Jlekuus ¢t yAeHTaM C®DY 9 uronsn 2014 r. 12



Linking Genotype to Phenotype & Environment

Structural

Genomics:
* sequencing

Quantitative R I il Population
G < . lmkage physical and S
enetics: QTL mapping Genomics:

* neutrality tests

 candidate gene,
allele, SNP
association mapping

+ heritability (G x E)

* trait correlations

B

Ecological

Genomics:

* clinal variation

e association with

geographic factors
and environmental
variables

Jlexuus cryaenram COY 9 urons 2014 r. 13



Nature (genome) vs. Nurture (environment)

Nature Phenotypic Nurture
Expression

Proteins &
Regulatory
Factors

4l Hamen rex, \
KOTOPBIU
3aCTaBJISIET HAC
BEPUTDH, YTO

BCE IPHU3HAKHU
OCHOBAHBI Ha

\reHaX! /

Genome

(blueprint)
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Expression of genetic variation

Nucleotide variation in DNA sequence

_—

regulatory
regions

protein coding region
€X0ns: NoNn-synonymous

protein coding region
exons: synonymous

non-coding regions,
introns, 5’ & 3’utrs

!

—

regulatory factors variation

protein variation

\l

1/\

1

Environmental variation

“silent” variation

Z
* =P nherited

=P non-inherited

Jlekuus crynenram COY 9 uronst 2014 r.

Phenotype:
Morphological variation
Physiological variation
Behavioral variation

)( neutral

http://encodeproject.org

/[ENCODE
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Kak ¢BsI3aTh CJI0KHYI0 (PCHOTHUITHYECCKYIO
N3MEHUYHNBOCTD C TCHEeTHYCCKON?

CoBpeMeHHBbIE MONYJAANMOHHO-T€eHOMHbIE
MOIAXOAbI:

* aCcComMaTuBHOC KapTUPOBAHHUC

* oOHapy:KeHMe reHOB-«ayTcaugaepoB» (outliers)

KpyroBckuii K.B. 2006. OT nonyisiiMOHHON T€HETUKHU K MOMYJISIIUOHHON T€HOMUKE JIECHBIX

JPEBECHBIX BUJOB: UHTEIPUPOBAHHBIN NOMYIALIMOHHO-T€HOMHBIN oaxoA. [ enemuka T. 42. Nel0. C.
1304-1318.

Gonzalez-Martinez S.C., Krutovsky K.V., Neale D.B. 2006. Forest tree population genomics and
adaptive evolution. New Phytologist 170(2): 227-238.
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ACCOMATUBHOE KAPTUPOBAHUE

ancestral
favorable mutation

chromosomes
| — T _— (e.g., growth rate)

[ A c_ |

recombination
through
evolutionary

*20 o7

chromosomes [HIE clH BB B B
in natural N || H HEE B "

population

-AI:I
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I10/IHO-T€eHOMHOE ACCONUATUBHOE KAPTUPOBAHUE C
HUCIO0JIb30BAHUEM CAYYAUHBIX MAPKEPOB (HaAanpumep,
«cHUNOB» - SNPs — single nucleotide polymorphisms)

VS.
N30upareIbHOr0 aCCOMATUBHOIO KAPTUPOBAHUS,
OCHOBAHHOI'0 HA (DYHIIMOHAJILHBIX MAPKEPaX B reHaX-
KaHIMIaTaX

Quantitative Trait Nucleotide (QTN)
SNP, SNP, P, SNP SNP,

I i candidate
gene

HepaBHoBecHe 1o CuenjieHur

HepaBnoBecue no cuemiaenuro (Linkage Disequilibrium - LD) —
ITO HECJAYYANHAA acCOUMAMA aJlJIeJIed CHEeINJICHHbIX JIOKYCOB

Jlekuus crynenram COY 9 uronst 2014 r.



Association Mapping Components

* Phenotypes
— trait values

 Numerous Molecular Markers
— SNPs

v SNP genotyping assays based on preselected SNPs
v SNP genotyping by sequencing

o Statistical Models

— Linear model: phenotype as response and

genotype as predictor

19



COBDEMEHHBIE METOAbI MOJYUYEHUSI MAPKEPOB M TEHOTUIIMPOBAHMS MYTEM NPSIMOI0 CEKBEHUPOBAHUS

v
genotyping and
phenotyping in

mapping or natural
population

/'

bar-coded DNA
or mRNA

individual genomic or
mRNA (tissue-specific
or total)

1) RAD
complexity

reduced, or 2)
/ target-enriched

individual
genomic DNA

genomic DNA
bar-coded pools

library pools \
/

high-throughput
SNP genotyping

Jlekuusi crynenram CO®Y 9 uons 2014 r.

quantitative trait loci
(QTL), candidate gene
or association mapping

«—_ high-density «—
SNP marker

next generation
high-throughput
massively parallel
DNA sequencing
(NGS)

image
analysis

fl

Pt ,ﬁL’X

DNA chromatograms

= sequence
§ processing . =
@l and analysis -

N

development



Genome-Wide Association Mapping (GWAS)

Gene A (SNP A/G)

A/G G/G A/A GIG
®

253

A/A  G/G GG A/
® [

Affected

AIA AIG GIG AIG
AIG G/IG A/IG G/G
® ® ® ®

AAA

Unaffected

‘05-30

Gene B(SNP C/T)

C/C C/T C/C T/T C/T

C/C C/ CIT C/C C T
Affected

T T/T TIT T[T T[T

Unaffected

Jlekuus crynenram COY 9 urons 2014 r.

21



Genomic Architecture of Genetic Diseases

* rare e common

* simple e complex

°* monogenic * multigenic,

* Mendelian... * non-Mendelian...

mostly protein coding mutations * mostly regulatory mutations

Jlekuus crynenram COY 9 uronst 2014 r.
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Example from traditional genetics for

monogenic deceases:
Newborn screening for Phenylketonuria (PKU)

Screen for newborn for elevated phenylanaine
\
Identify atfected newborns

"

Diet to prevent mental retardation

enram CD®Y 9 urons 2014 r. 23



Spectrum of genetic
contribution to disease

Mostly Genes and Mostly
Genetic Environment Environment
Cystic Diabetes, Chicken

fibrosis Asthma pox

Jlekuus cT yaenTam CDY 9 urons 2014 r. 24



The First GWAM Success Story:
Age-Related Macular Degeneration

Complement Factor H Polymorphism in Age-Related Macular Degeneration

Robert J. Klein,l Caroline Zeiss,2=e= Emily Y. Chew,3* Jen-Yue Tsai,4* Richard S. Sackler,l Chad Haynes,l

Alice K. Henning,’ John Paul SanGiovanni,3 Shrikant M. Mane,(’ §usan il Mayne,." Michael B. Bracken,7

Frederick L. Ferris,” Jurg Ott,' Colin Barnstable,” Josephine Hoh’" Science (2005)

e Because of high costs, initial high-density
screens are often conducted on a few

hundred cases and controls

— Age-Related Macular Degeneration: 96 cases, 50
controls, 105,980 markers analyzed (Science 2005;
308:385-389)

— Breast Cancer: 390 cases, 364 controls (Nature 2007;
447:1087-1095)

Aliaas  — Coronary Heart Disease: 322 cases, 312 controls
(Science 2007; 316:1488-1491)

Jlexuus cryaenram COY 9 urons 2014 r. 25



Example for complex polygenic deceases

Medullary thyroid cancer & RET mutation testing: Multiple Endocrine
Neoplasia 2 (MEN2) (If RET +, prophylactic thyroidectomy is offerred)

Predicting toxicity from chemotherapy based on retrospective analysis of
clinical trial data. Toxicity and sensitivity depend on thiopurine
methyltransferase (TPMT) activity. There 1s individual genetic
polymorphisms that affect this enzymatic activity.

Multiple contributors to asthma: Genetics (beta-adrenergic receptor, GSTMI,
GSTTI, IL-4, IL-4RA, IL-13, TNF-alpha, and 30-50 other genes) +
Environment (mites, cockroaches, pollens, animal danders, cigarette smoke,
diesel fuel)

Estimate of lifetime diabetes risk based on presence/absence of disease-
associated mutations

Risk of age-related macular degeneration (AMD) depends on variation in 3
genes T

1% have > 50% risk of AMD
most have risk close to average
(Nat Genet 2006; 38:1055-9)

MNumber of risk
alleles present
at 1410996 “‘“«\A

CFH homozygate LOC387715
Jlekuus crynenram COY 9 uronst 2014 r.
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OO0 MM BKJIAJA TreHOMUKH B MEIUIINHY

Genomics can discover disease associated genes
Genomics can discover disease causing genes.
Genomics provides understanding of disease

Genomics and bioinformatics provides basis for
novel drug development

Genomics provides basis for novel genetic and
stem cell therapies

Genomics provides the basis for preventive
medicine

Jleknus ¢t YAeHTa M CDY 9 urons 2014 r.
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Ucnoab30BaHve reHOMHOM HH(OPMAIINHA

Novel Diagnostics
* Microchips & Microarrays - DNA
* Gene Expression - RNA

e Proteomics - Protein
Novel Therapeutics

* Drug Target Discovery
* Rational Drug Design
* Molecular Docking

* Gene Therapy

* Stem Cell Therapy

Understanding Metabolism

Understanding Disease
* Inherited Diseases - OMIM Nﬁ;‘"
. : : OMIM
Infect10u§ Dlsease§ il

* Pathogenic Bacteria
* Viruses

Jlekuusi crynenram CO®Y 9 uons 2014 r.
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Personalized genomic medicine

The right treatment, for the right patient, at the right

From Genome Research to Personalized Medicine

Counseling and
Informed Consent

blood

|
-

Lissue

'._‘?F..-‘

Cluster Analysis

.
R I
&A1l

b P
g % o2l

Sequencing

| ﬁﬂﬁ/\?[ Y\

SNP Typing

Tissue Array

Jlekuus crynenram COY 9 uronst 2014 r.

=

Assessment of
Disease and Treatment
Ploc )

« Bchemosensitive

. fchemoresistant

Ao

Mo Adverse Effect

Most Effective Therapy
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Personalized genomic medicine

The right treatment, for the right patient, at the right time

Y
HHtieN
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/ \
f X

with  Aesponders ndpa ents not predisposed (2) Non-responders and toxic
wmﬂn toxicity responders

M
LLAALL

___!!!titﬂtt

at with conventional drug or drug or dose

|
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Personalized genomic medicine
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HEALTH =B

Ina First, Test of DNA Finds Root of Iliness

By CARL ZIMMER  JUNE 4, 2014

= Joshua Osborn, 14, lay in a coma a
L {]

v

-

+ cause.

from swelling in the brair
Match case L% Reached end of page,

Actionable Diagnosis of Neuroleptospirosis
by Next-Generation Sequencing

SUMMARY

A M-year-old bay with severe combined immunodeficiency presented three tmes  From the Deparments of Bochemisir
s

t0 a medical facility over a period of 4 months with fever and headache that pro- 45
e (MW, and Laters
gressed 1o hydrocephalus and status epilepticus necessitating a medically induced %" 1y 4 2
coma. Diagnostic workup including brain biopsy was ing. Unbiased next-
generation sequencing of the cerebrospinal fluid identified 475 of 3,063,784 sequence 1o O
reads (0.016%) corresponding to lepiospia infection. Clinical assays for lepiospirosis
were negative. Targeted antimicrabial agents were administered, and the parient
was discharged home 32 days later with a status close to his premorbid condition. ©
Polymerase-chain-reaction (BCRJ and serologic testing at the Centers for Disease Concrol &
and Prevention [CIXC) firmed evidence of Lept te infection.

ORE THAN HALF THE CASES OF MENINGOENCEPHALITIS REMAIN UN- ™

diagnosed, despite extensive clinical labotatary testing.* Because more

than 100 different infectious agents can cause encephalitis, establishing
a diagnosis with the use of cultures, serologic tests, and pathogen-specific PCR 1»
assays can be difficult. Unbiased nexi-generation sequencing has the potential to '
revolutionize our ability to discover emerging pathogens, especially newly identified 1
viruses.* However, the usefulness of nexi-generation sequencing for the diagnas:
of infectious diseases in a clinically relevant timeframe is largely unexplored.® W
used unbizsed next-generation sequencing to identify a treatable, albeit rare, bacte
rial cause of meningoencephalicis. In this case, the results of nex-generation se-
quencing contribured directly to a dramatic effect on the patient’s care, resuling
ultimately in a favorable outcome.

CASE REPORT

A 14-year-old boy with severe combined immunodeficiency (SCID) caused by aden-
osine deaminase deficiency and partial immune reconstitution after he had under-
gone two haploidentical bone marrow transplantations initially presented to the
emergency department in early April 2013 after having had headache and fevers,

JMED nEpuone
The New England Joumal of Medics

e without permissicn
d

Cratbs B Hero-Mopk Taiimc 4 mast 2014 1. «dxenpece-
Tect JHK nuarnocruponaJi 3a00/ieBaHue y MAJIbYUKA
- pacCKa3bIBACT O UYJIECHOM HCIICJICHUHN Ojlarogaps
HOBEHIIIEH TUAarHOCTHUKHU C IIOMOIIBIO HOBBIX T€HOMHBIX
TEXHOJIOTUM — HOBOTO TMOKOJIEHUSI CEKBEHUPOBAHUA -
Next-Generation Sequencing (NGS), onrcasHoro B
nociennem Boinycke )kypHaia The New England Journal
of Medicine B crarbe Wilson et al. 2014

e Joshua Osborn, 14, laid in a coma at American Family
Children’s Hospital in Madison, Wis. For weeks his
brain had been swelling with fluid, and a battery of

tests had failed to reveal the cause.

* DNA-based test for diagnosing elusive pathogens

* DNA was isolated from different tissues, sequenced
and compared with database within 48 hours

e Joshua’s cerebrospinal fluid contained DNA from a
potentially lethal type of bacteria called Leptospira

* Leptospira was readily treated with penicillin.

Jlekuus crynenram COY 9 uronst 2014 r.




IIpodbniaakrnueckass MeIUIIMHA

“Superior Doctors Prevent the Disease.

Mediocre Doctors Treat the Disease Before Evident.
Inferior Doctors Treat the Full Blown Disease.”
-Huang Dee: Nai - Ching (2600 B.C. 1st Chinese Medical Text

I'eHoMmuKa mO3BOJISIET MPEABUACTD
3200/1eBaHUsl, YCTAHABJIUBASA UX
CBSA3b C FTEHOTUIIOM, U TAKUM
o0pa3oM co31aeT OCHOBY JIJIsI
NPOPUIAKTUKH ITUX 3200/ ICBAHUN.

When thinking about diseases,
I never think about how to
cure them, but instead I think

about how to prevent them.
-Louis Pasteur (1822-1895)

Jlexuus crynenram COY 9 uronst 2014 r. 32



HpO(]mJIaKaneCKaﬂ MEIMIIMHA

llumina e T IIM Ha ocHOBE IMOJTHOI'€HOMHOI'0
CEKBEHUPOBAHUS CTAHOBUTCSH
pPeajibHOCTHIO!

* B aHBape 31010 rojaa Ha
e = MEXIYHapOJHON KOH(pEPEHIIUHU MO

TC€HOMHUKE PACTEHUH U )KUBOTHBIX B

::i— -h: 3‘ Can-/Iluero kommnanus Illumina
IIPEICTABUIIA HOBBIA CAMbIUM MOIIHBIN
cexkBeHarop HiSeq X

* In his presentation, Illumina’s chief
The First $1000 Genome Populatlon Scale Studies . . °
e Eamon, aggdd | Sxecoutive Jay Flatiey said the HiSeq X
would be able to deliver a human
genome for just under $1,000

* He said the world 1s “entering the
supersonic age of genomics”.

* 1.6-1.8 Tb for 3 days =>500 human
genomes

* Qatar’s human genome project

(http://www.gatartodayonline.com/qatar-genome-launched-at-wish)
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IlajieoreHOMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

Scientists create complete genetic map of a

In tha 2270 crat vermen o the Mesncerihel genoma. aech poiicn W celenTIneS. @7 EEEgE.
onoa. I the now-compeled veren T Hhe DENome o DCELIDN AR CebenTined on weersge 30

Neanderthal from a TOE - and put it online
for free

» Scientists from Germany's Max Planck Institute sequenced genome from
toe bone found in scuthern Siberia

« Mew techniques allowed them to sequence every position in the genome
50 times ower for greater accuracy

« They hope it will help answer questions about our own genetic history
and how we're related to Neanderthals

By DUAMIEN GAYLE

IPUELSHE: (AT ST 3T Manch 2032 | A I (T8 GAIT. 3T Manch 2072

FEZ1 O3 BIE CGE=

The first complete Meanderthal genome
sequence has been completed and mads
available free-of-charge to researchers
scross the world.

Scientists from the Max Flanck Institute for
Ewclutionany Anthropology in Leipzig,
Germany, have made the dsta svailsble as
3 free download from their website.

The group will present a paper describing
the genome later this year.

"But we make the genome sequence freshy
available now to allow other scientists to
profit from it even before it is published
said Dr Svante Padbo, who led the project.

Cr P3bo and his colleagues in 2010
presented the first draft of the Neanderthal
gemnome from data collected from three
bomes found in a cave in Croatia.

They have now used a toe bone excavated
in 2010 in Denisova Cave in southern
Siberia to generate 3 high-guality genoms
from a single Neandertal individual.

The Leipzig team used sensitive technigues
developed there over the past two years to
SequUence every position in the genome L
about 5D times over, using DMNA extracted L

from 0.038 grams of the bone. Eaquenced: The firsd full Kesnds rifal genoms hss

been seg d and mads fres-of-ohangs by
The analysis of the genome together with e Max Planck Insithls

partial genome sequences from other

Meanderthals, and the genome from a small

fimger bone discovered in the same cave, shows that the individual is closehy related to
other Neanderthals in Euwrope and western Russia.

Remarkably, Meanderthals and their relstives, Denisovans, were both present in this
unigue cave in the Altsi Mountsins on the border betwesn Russia, China, Mongolis and
Hazakhstan.
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IlajieoreHOMHKa M ceKBeHUpoBaHue reHomMoB apesHer THK

MecTa 1 00pa3ubl KOCTeH HeaHepTajbleB, U3 KOTOPbIX ObLIa Bbigesaena JJHK

A B
viz3-16) [viss-25) |vi33-26

] Mezmaiskaya
G e B0- 700

1ndluzﬁw

>38

| Sidron”" S
~49,00Qg8

(A) The three bones from Vindija from which
Neandertal DNA was sequenced.

(B) Map showing the four archaeological sites from : ¢
which bones were used and their approximate
dates (years B.P.)

R E Green et al. Science 2010;328:710-722
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IlajieoreHoMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

I'eHom HeaHaepTaabLA

—— A lTA b U3 I[HK 3Y6a,

- 00HApY/KEHHOI'0 B
Mezmaiskaya (KaBkas) TLE JleHHCOBOIi nelepe
Vindija (33.25) ﬁ
@ -
— Vindija (33.26) (XopBatusi) 2
Vindija (33.16) o A5t
: . I'enom n3 IHK
D e
1 Silso/aR i) ¢aganru najabua,
San O00HapYyKEeHHOI B
JleHucoBoH nemiepe B
r Yoruba 0 2010 r. (Meyer et al.
ﬁ Paidbo 2012 Science
Papuan E 338(6104): 222-226)
Han 'E
i :
antiana o
== _ =
Mixe
French

http://www.eva.mpg.de/neandertal/index.html
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IlajieoreHoMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

World Ancestry of the Denisovan Gene

o e miwe £ m o
&
3 % %, 238008 *,#. . «gP8® =
Ao — o . ;
T o ‘: Erapedn wn*lglramﬂ-? I oo @ Middle East.. | ‘ {j
i % '.'l 3 -,.,... ‘ i 0 “ - : Facic Coean
oBea e 4o 08, o ;
® & %25 _ 4 hdia %
HEpank: age? '?S'hut._}, @ Africa : ‘
Amerbang 0y O 'ﬁ ﬂ' . EE
< e 5 o

Ch &

o
South S T 4 fustralia,,
Arnerca g : o %1
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IlajieoreHoMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

Neanderthals and humans
Anthropologists annouced they have created a complete Neanderthal N u c Iea r D NA:

genome using ancient DNA samples. Neanderthals, the closest ancestor
to modern humans, became extinct over 30,000 years ago.

How they compare to us

Fossil evidence suggests that Neanderthals
were muscular, with broad shoulders
and strong limbs

Common Ancestor and Divergence Times

Neanderthal ks & 1 Modern
(Homo neandert 5i5) f ) human (b) Nuclear DNA
Lower, larger skull - A A

f (Home
Larger browridge

~ iens)
\55.0

Larger shoulder joint —

Larger, broader
rib cage

Larger elbow joint - Modern humans

Shorter forearm —4@_ &1 e |5 W appear~190,000 years ago
Larger hip joint — F e ’ﬁ | }\\ Common Ancestor : Divergence time of ancestral
) . P NE1 and human reference human and Neanderthal populations
U genome sequences 400,000 years
! 700,000 years J. Pritchard
/ U of Chicago
|
tz;%e.r, thicker "2““590"‘um
Shorter, more !' Eneﬁfn\:?:rﬁga.
flattened lower | st o . . ol
g bone - | ey Analysis of genomic DNA from fossilized Neanderthal
Graphic:

Larger ankle | Pafj Carl. . . .
2 i = bones indicated that Homo sapiens and Homo

neanderthalensis last shared a common ancestor
approximately 700,000 years ago. The two hominids
split into separate species approximately 400,000
years ago, with no evidence of any significant
crossbreeding between the two after that time.
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IlajieoreHOMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

Neanderthals Researchers looked at
die out five groups of modern
humans

Ancestors evolve
into Neanderthals
and first modern
humans

OO0muii npenok
COBPEMEHHOI0 YeJIOBeKa
U HeaH/1epPTaJiblla BO3HUK Neanderthal

Han-Chinese

B Adpuke oxo;10 700 ThIC.
Some
JIeT Ha3zaa Meanderthal
and Homo sapiens

interbreeding

Common ancestor i
with Neanderthal Some modern humans leave Africa

Homo sapiens Yoruba

Source: Science journal Note: Time periods not to scale

Pazanenenue Ha Paccesienne u3 A¢ppuxku B
COBPEMEHHOI0 YeJI0BeKa EBpa3uio coBpeMeHHOro
U HeaHJepTaJjbua YyeJIOBeKa M HeaHepTajbla
NMPoMn301LI0 0K0J10 400 HA4YaJ10Ch 0K0J10 40-70 ThIC.
TBIC. JIeT HAa3a/l JIeT Ha3aj
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PacceﬂeHne COBPEMEHHOI0 'eJ/10BeKa

-7-'!'-\-... z

/’ff' ~ T -Fr_._--.lL S et
F/ o e i
i f : .

e 5|

\ “ __ B 1 Aboriginal Australian (ABR) = 50 ka BP
| : 7 CEPH European (CEU) % ABR
) Han Chinese (HAN) . e —
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IlajieoreHoMHKA M ceKBeHHpoBaHue reHomMoB apesHer JTHK

Special challenges:

e Ancient DNA is degraded by nucleases

e The majority of DNA in samples derives from
unrelated organisms such as bacteria that
invaded after death

e The majority of DNA in samples is
contaminated by human DNA

e Determination of authenticity requires special
controls, and analysis of multiple independent
extracts

Green, R. E. et al. A draft sequence of the Neandertal genome. Science 328,
710-722 (2010)
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IlepBble JIOMIAAY BO3HUKJIUA 4 MUJIJIMOHA JIET HA3a/l

Donkey

my

Middle Pleistocene horse
4.5 million—@ pE—

4.0 million to

=~

years ago J.
. q
N W'

.Y
J LS

—— Late Pleistocene horse

— Przewalski's horse

®- Domestic horses
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ITaneoreneTrkaM yiajioCchb BOCCTAHOBUTH TEHOM
ApEBHEH JIOMIAIN, YbH OCTAHKU OBLIN 3aXOPOHCHEI
B KaHAJICKOW BEYHOUM Mep3iioTe mpumMepHo 700
TBICSY JIET HA3aJ;, €ro aHaJInu3 IOKa3aj, 9To
MOCJICAHUM OOIIUM IIPEIOK JOMAITHUX CKaKyHOB,
3¢0p M UX poamudei KU 4 MUJUTMOHA JIST Ha3a/
(Orlando, L. et al. Nature 2013
http://dx.doi.org/10.1038/nature12323).
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I'eHoMm MaMOHTA YyacTU4YHO pacmu@pponaH B 2008 r.

buonoru u3 Yausepcurera rara [leHCuibBaHUs OnpeaeIniIn
ITOYTH IMOJIHYIO TTOCIEI0BATEIbHOCTh reHoMa (3.3 MJIpa HYKJI.)
mepcucToro MamMoHuTa (Mammuthus primigenius). JIHK Oblia

IOJIy4E€HA U3 MIEPCTHA ABYX MAMOHTHUX BO3pacToM 20 u 60 ThICAY
_1eT, HaitneHHbix B Cubupu (Miller et al. 2008 Nature 456: 387-390).

Haxoaka MaJjioi1X0BCKOro MAaMOHTA B IPEKPACHOU coXpaHHOCTH B Mae 2013 1.
(H1N npuxnaguoit skosorun Cesepa (HUUIIDC) CB®DY, pyk. nporpammbl CeMeH

EropoBu4 I'puropbes, 3aB. 1a0. My3eit mamonTa um. I1.A. JIazapesa).
B mapre 2014 HOII renomubIx ucciaeaoBanuid COY B3sii1 00pa3ubl 1JIs CCKBEHUPOBAaHUA.
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I'enom Majgoas1XoBCKOro MaMOHTA

B3siTue o0Opa3uos piist cekBeHupoBaHus cOTpyaHukoM HOLI reHoMHBIX
uccaenosanuii COY OpemkoBour Haranabeit Bukroposnoit B maprte 2014 .

Y

“Opemkosa
Haraabsa
BukropoBHa
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PacuiugpoBaH reHoM ""sKUBOT0 MCKOMAEMOro' apuKaHCKOro
uegakanrTa (Latimeria chalumnae) - npeBHell KUCTENEPOH PbIOBI

* PacmmdpoBaH reHOM, JJaTUMEPHH, KOTOPYIO BILIOTH 70 KoHIIA 30-X rooB XX Beka CUuTalu
BbIMepIeit 70 MitH JieT Ha3zaa. McciaeqoBaHne reHoMa 3TUX "JKUBBIX HCKOTTAaeMbIX' 000raTHUiIo0 HAyKy
Maccoy LIEHHBIX HAOMIOIeHU. B 4acTHOCTH, BBIICHWIIOCH, UTO YaCTOTa MyTallui y LIETAKaHTOB KpaliHe
HU3Ka, T.€., UX '€Hbl HE OYEHb CUJIBHO U3MEHWIIUCH 38 MUJUITUOHBI JIET.

Taxxe okazajioch, YTO y LETAKAHTOB HET '€HOB, KOAUPYIOIUX UMMYHOII00ynuHbl M (IgM) - anTuTena,
MPUCYTCTBYIOLIME Y BCEX MTO3BOHOUYHBIX U 00€CTICUNBAIOIINE TEPBUYHBIM UMMYHHBIN 0TBET. BO3MOXHO,
(PYHKIHIO 3aIIUTHI OT MUKPOOOB OepyT Ha ceOst uMMyHOr100yauHbl W (IgW) - Monekyisl,
OOHapy>KEHHBIE TOJIBKO Y ABOSIKOJBIIIAIINX U XPSIIEBBIX PbIO, & TENEPh U Y JIATUMEPHH.

* @uIOreHeTUYECKUM aHaIu3 TToKa3all, 4YTo, MO-BUAUMOMY, Hanbosee OJIU3KUMU POACTBEHHUKaAMU
YETBEPOHOTUX KUBOTHBIX OBUIM HE JJATUMEPHUHU, a IBOSIKOJIbIIIIAIIME PHIOBI. BbLI0 OBl KpailHe HHTEPECHO
BBISICHUTD, KAKME UMEHHO MOJICKYJISIPHBIE COOBITHS TIO3BOJIMIIA pblOaM BBUIE3TH Ha CYIITY, OJTHAKO T€HOM
JIBOSIKOZBIIIAIINX PHIO YPE3BBIUANHO BEJIMK, YTO MOKa MPEMATCTBYET €ro paciuiu@poBKe.

Amemiya et al. The African coelacanth genome provides insights into tetrapod
evolution. Nature, 2013 Apr 18; 496(7445): 311-316.
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CexkBeHHpPOBaHHE CMEILIAHHBIX
MUKpocooO1necTB (Metagenomics)

Metagenomics (also Environmental Genomics,
Ecogenomics or Community Genomics) is the

study of genetic material recovered directly from
environmental samples: i

hot spring, ocean, sludge, soil, etc.

* internal environments (organismal)

guts, saliva, feces, lung, etc.

Jleknus ¢t YAeHTa M CDY 9 uronst 2014 1.



Metagenomic sample
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Marine Metagenomics

 Microbes account for more than 90%
of ocean biomass, mediate all
biochemical cycles 1n the oceans and

are responsible for 98% of primaryg
production in the sea.

* Metagenomics 1s a breakthrough
sequencing approach to examine the
open-space microbial species
without the need for isolation and
lab cultivation of individual species.
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Marine Genome Sequencing Project
Measuring the Genetic Diversity of
Ocean Microbes led by Craig Venter

®q
. Tanzania/_ /X7 Mg
Zaitbarss * "% e Vanuatu
¥ ..Seychelles gliee .C.OEO;- e 2 .' 17 samples \ Fiji
. Madagascar. Keeling Is, \!ﬁ %00
s o 0® Australia ~ © ew Caledonia  Islands
[ ] ® A s e
[l i e @ - b
SOu‘th Af”ca i ‘l..I \xsmmpms I‘Q I-l'""":i -w‘ll
Sorcerer |l 2003-2007 data from this areéer e @
oy A
has already reach to 10% of GenBank. O O @ | O

The entire data doubled number-of
proteins in Embank! ® Analyzed !Sampled.butnotAnalyzed| a 0 o,
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Marine Metagenomics

Drug discovery Metabolic pathway discovery

Microbial genetic survey Environmental survey

Symbiosis Who is there? Evolution study
Endosymbiosis Organism discovery
Microbial genomic survey Bioenergy discovery

Biogeochemistry mapping

Marine conservation

Jleknus ¢t yaentam COY 9 uronst 2014 r.
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What is Nutrigenomics?

* Nutrigenomics 1s the science that examines the
response of individuals to food compounds using
post-genomic and related technologies.

* The long-term aim of nutrigenomics 1s to understand
how the whole body responds to real foods using an
integrated approach.

* Studies using this approach can examine people (1.e.
populations, subpopulations - based on genes or
disease - and individuals), food, life-stage and life-
style without preconceived 1deas.
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Why is Nutrigenomics important?

* Most non-genetic diseases are nutrition related.

* Diabetes, obesity and other nutrition related
diseases are growing!!! Of course genes are a
factor.

* Finding the right combination of nutrients for
each genotype can help in changing behavior and
preventing many of these diseases.

» This combination may change with age, sex!



Nutrition — complex problem

= i . USA TODAY - TUESDAY, OCTOBER 14, 2003 - 7D
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®4 Obesity predicted for 40% of America

By 2010, if weight
isn't reined in

By Nanci Hellmich
USA TODAY

Y About 40% of Americans, or 68 mil-
lion people, will be obese by 2010 if

| people keep gaining at the current rate,

government researchers predict,

About 31% of Americans are now
= obese, which is defined as roughly 30 or
| more pounds over a healthy weight.

Scientists with the Centers %r Dis-

- ease Control and Prevention present

their predictions this week in Fort Lau-
derdale at the annual meeting of the
North American Association for the
Study of Obesity, co-sponsored with
the American Diabetes Association.

Being overweight increases the risk
of diabetes, heart disease, cancer, ar-
thritis and other health problems. Fed-
eral officials hoped to decrease obesity
in the USA with Healthy People 2010, a
national health-promotion and disease-
prevention initiative. One major objec-
tive is an obcsi:?r rate of 15%

But the trend is headed in the op
site direction. To come up with the lat-
est projections, researchers tracked
data from the mid-"70s through 2000

with the National Health and Nutrition
Examination Survey. It is considered
the most definitive assessment of
Americans’ weight.

Obesity is “a complex problem that
will require renewed efforts by individ-
uals, health care professionals, commu-
nities and policymakers to create a
more comprehensive solution,” says
CDC health economist Larissa Roux.

Another report, released today by
the Rand Corp., found that the number
of severely obese people (100 or more
pounds over a healthy weight) in-
creased from one in 200 in 1986 to one
in 50 in 2000. More than 4 million US.
adults are in this category, says Roland

SV .
= L
5= T

R b

Sturm, a senior economist.

John Foreyt, director of Behavioral
Medicine Research Center at Baylor
College of Medicine in Houston, esti-
mates that aimost every American will
be overweight or obese by 2040.

A few, possibly 5% to 15%, might able
to maintain a healthy weight, he says.

“But most of us are in trouble,” Foreyt
says. “We are affected so strongly by the
environment - fast food, big portion
sizes and the lack of a need to be active
- that we are doomed.”

Samue] Klein of the North American
Association for the Study of Obesity
says, "More lives are being lost to obesi-
ty than any war or terrorist attack,”




Genes — Lifestyle — Calories
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The same genes — The changed diet

Paleolithic era

feast and famine

1.200.000 Generations between

Modern Times

2-3 Generations in energy abundance

% Energy % Energy
Grain
100 L%\{V-lat meat 100 Milk/-products
(E: icken Isolated Carbohydrates
ggs Isolated Fat/Qil
Fish Alcohol
50 _ 50 Meat
Fruit Chicken
Vegetables (carrots) Fish
Nuts
Honey
Fruit
Vegetables
O O _Beans
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Molecular nutrition

Jexkuus crynenram COY 9 urons 2014 r.
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Our “gene passports” and nutrition
e | Optimal Nutrition
\ Individual genotype Redesigrng he
' Functional phenotype
AB

o e i
i

i

Lifestyle

Improvement
P of Health
Maintenance
“"Eat right for your genotype??”
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Personalized diets?

Nutritional Genetic Profile
Request Form

genelex<

R

Client Information

To order testing. ether contact Genelex directly or compleie this form and retum it cither by fax at
(425) 825.1870 or maul to Genclex Corponation, 12277 1347 Ct NE, Ste. 130 Redmonxd, WA 8052

Name Phone E-eail
Address
City Stxe Dip

Nutritional Genetic Profile Requested

ltem Number Comt Total
ordered (per item)

Nutnbonal Genetse Panel SHS00

Nutntonal Genete Collection Kit S35.00

(Addtronal S410 due with samples)

Internatioral Shapping $20.00

Amcunt Dee

Payment: Prepayment is required Send Cash, Check, o Money Order 10 the sddress shown above
Cash Check or Money Order Credit Card (all major cards)

Type of aredit card

Print cardholder s name:

Card number: Expiration date:

For immediate consultation Call 800-TEST-DNA (800-837-8362)
Hours 7:00 AM to 6:00 PM PST, 10:00 AM to 9:00 PM EST, fax 425-825-1870,
e-mad: nioRotneitx Com
www.genelex.com
£.2002 Genelex Corporation

Consumers warned that time is
not yet ripe for nutrition profiling

Eriba Chach

v, Genelink of Mar T o ethins and ool rgems s

gt her harw the focl abuwt ot -

NATURE|VOL426|13 NOVEMBER 2003 |
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Nutrients acts as dietary signals

Nutritional factors

Transcription factors

Gene transcription Sigrattirgthrough

Energy Cell
homeostasis proliferation

sensor-mechanisms

}

Genes (normal genotype)

ZA\V/A\V/ A\

l Normal phenotype l
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Transcription-factor pathways
mediating nutrient-gene interaction

Nutrient Compound Transcription factor

Macronutrients

Fats Fatty acids PPARs, SREBPs, LXR, HNF4, ChREBP
Cholesterol SREBPs, LXRs, FXR

Carbohydrates Glucose USFs, SREBPs, ChREBP

Proteins Amino acids C/EBPs

: ; namre

Micronutrients REVIEWS

Vitamins Vitamin A RAR, RXR GENETICS
Vitamin D VDR ;'
Vitamin E PXR ’

Minerals Calcium Calcineurin/NF-ATs o
Iron IRP1, IRP2 : A=
Zinc MTF1 r S 7

Other food components v " .
Flavonoids ER, NFkB, AP1

Xenobiotics CAR, PXR b
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Nutritional Systems Biology

metabolite index

Sample Types: Protein

* 10 ApoE3 mice
+ 10 wildtype mice

« liver tissue

Biostatistics

: 5:18::13 s ' Bioinfimatics Surrogate

Metabolite Targets . Blomal’kerS
o Late biomarkers
Biomarkers Of disease
Early biomarkers
Onset of of disease
disease

Diagnostic
markers

Predisposition
Genotype

Changes in pathway dynamics
to maintain homeostasis
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“Molecular Nutrition & Genomics”
The strategy of Nutrigenomics

namre
REVIEWS

__GENETICS

-

P
i' a";_a;“ v
E’ il 7 4
50000 (?)

metabolites
A

80-100000

proteins

100000
transcripts

20-25000 genes

Transporter ——

Nutrient

Molecular-
biology tools

‘ Tet-On
| Transgenics |

RNA

tdnAd

->®

DNA

Nucleus

Transcription

factors _
. . Proteins
©_00
4 %800
00 ©

(o] A
mMRNA

Systems-biology

databases and bioinformatics

AL
4 A

\

Metabolomics and

Functions functional

genomics

Transcriptomics
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prevention
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Integration of enabling technologies
in nutrigenomics

Blotechnology J Molecular Medicine

\ Bioinformatics /
Genomics
(establish DNA sequence)

Y

Transcriptomics
Nutrition (patterns of gene expression) Nutrition

\

Proteomics
(synthesis and structure of proteins)

\

Metabolomics
(metabolite profiles and function)

Y

Pharmacogenomics Function Nutrition and Diet
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EU programs

DIOGENES NUGO

obesity
(EU, 12M€)

Absorption Host microbe
Proliferation in terac tion

Differentiation
Apoptosis

Lipid metabolism

Carotenoids

Metabolic stress

Gut Health

—— Inflammation

Adipocyte Metabolic health
fat oxidation Life stage nutrition Muscle insulin
resistance
nutrition

LIPGEN

Risk Benefit analysis

Lipids & genes
(EU, 14M€)

Periconceptual

Nuclear
transcription
factors

Systems biology

Genetic epidemiology Nutrigenetics

Early biomarkers [l Diabetes Il

Toxicogenomics

EARNEST
early life nutrition

Innovative Cluster Nutrigenomics

(EU, 14M€) Chronic metabolic stress
(Dutch, 21M€)
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Conclusion and future perspective

(1) Nutrigenomics researchers must know the challenge of
understanding polygenic diet related diseases.

(2) Short-term goals:

1. to 1dentify the dietary signals.

2. to elucidate the dietary sensor mechanisms.

3. to characterize the target genes of these sensors.

4. to understand the interaction between these signalling pathways and pro-
inflammatory signalling to search for sensitizing genotypes.

5. to find ‘signatures’ (gene/protein expression and metabolite profiles).
(3) Long-term goals:

Nutrigenomics is to help to understand how we can use nutrition to prevent many of
the same diseases for which pharmacogenomics is attempting to identify cures.

Future == personalized diets
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I'eponrorenomuka (Gerontogenomics)

GerontoGenomics is the genomics of aging and senescence

Downloaded from genome.cship.org on June &, 2014 - Published by Cold Spring Harbor Laboratory Press

Research

Somatic mutations found in the healthy blood
compartment of a 115-yr-old woman demonstrate

oligoclonal hematopoiesis

Henne Holstege, "' Wayne Pfeiffer,? Daoud Sie,® Marc Hulsman, Thomas ). Nicholas,®
Clarence C. Lee,® Tristen Ross,® Jue Lin,” Mark A. Miller,? Bauke Ylstra,*

Hanne Meijers-Heijboer,” Martijn H. Brugman,® Frank |.T. Staal,® Gert Holstege,”
Marcel |.T. Reinders,* Timothy T. Harkins,5 Samuel Levyjs and Erik A. Sistermans’

’Depur!menl of Clinical Genetics, VU University Medical Center, 1007 MB Amsterdam, The Netherlands; ’Su{l Diego Supercomputer
Center, UCSD, La [olia, California 92093, USA; *Department of Pathology, VU University Medicol Center, T007 MB Amsterdanm,

The “Delit Bioi s Laboratory, Delft University of Technology, 2628 CO Delit, The Netherlands, *Deportment

of Moleculor and & Medicine, Seripps Science Institute, San Diego, California 92037, USA; ®Advanced
ications Group, Life Te gies, Beverly, 01915, USA; "D of Biochemistry and Biophysics UCSF,

San Francisco, California 94143, USA; De of and Biood Tr Leiden University Medical Center,

2333 ZA Leiden, The Netherands; *Centre for Clinical Research, University of Queensland, Herston, QLD 4008, Austrafia

The somatic mutation burden in healthy white blood cells (WBCs) is not well known. Based on deep whole-genome
sequencing, we estimate that approximately 450 somatic mutations accumulated in the nonrepetitive genome within the
healthy blood compartment of a lI5-yr-old woman. The detected mutations appear to have been harmless passenger
mutations: They were enriched in nonceding, AT-rich regions that are not evolutionarily conserved, and they were
depleted for genomic elements where mutations might have favorable or adverse effects on cellular fitness, such as regions
with actively transcribed genes. The distribution of variant allele frequencies of these mutations suggests that the majority
of the peripheral white blood cells were offspring of two related hematopoietic stem cell (HSC) clones. Moreover, telomere
lengths of the WBCs were significantly shorter than telomere lengths from other tissues. Together, this suggests that the finite
lifespan of HSCs, rather than somatic mutation effects, may lead to hematopoletic clonal evolution at extrene ages.

[Supplemental material is available for this article]

Mutations are called somatic If they were acquired in a tissue cell
during organismal development or later in life, rather than being
inherited from a germ cell. As such, somatic mutations lead to ge-

offspring clones with multipotent progenitor eells that generate
the much larger number of diverse blood cells via hematopoiesis
(Catlin et al. 2011). Over time, somatic mutations will gradually

notypic and possibly y
tissues, and they may compromise growth or lead to a growth ad-
vantage (Frank 2010). Because somatic mutations often occur during
cell division, frequently dividing cell types are more prone to acquire
somatic mutations than tissues that rarely divide (Youssoufian and
Pyeritz 2002). Comsequently, frequently dividing cell types, i.e.,
epithe 1ls, hematopoietic cells, and male germ cells are vul-
nerable to somatic mutations that may lead to tumor development
or other diseases and disorders. Therefore, most studies regarding
somatic mutations have been attempts to discover mechanisms
leading to cancer and disease (Youssoufian and Pyeritz 2002;
Erickson 201 nahan and Weinberg 2011)

It has been estimated that the adult human blood compart-
ment Is populated by the offspring of approximately 10,000-
20,000 hematopoletic stem cells (HSCs) (Abkowitz et al. 2002),
HSCs self.renew about once every 25-50 wk to create two daughter
cells equivalent to their parent, and they differentiate to create

*Corresponding author

E-mail h.holstege@vumc.nl

Article published erline before print. Arice, lemental material, and publi

cation date are al hitpi vwvew.genome.org)cgiidol /10,1101 g 162131113
hrough the e o

accumulate within the HSCs, and the genotypes of the HSCs
along with their offspring clones will diverge and lead to new
clones of varying sizes.

Recent publications show that the genomes of patients with
acute myeloid leukernia (AML) contain hundreds of somatic mu-
tations that accumulate with age (Ley et al. 2008; Mardis et al.
2009; Ding et al. 2012), and that most of these mutations occur as
random events in HSCs before one of them acquires a specific
pathogenic mutation leading to AML (Welch et al. 2012). Similar
patterns of clonal evolution have also been shown for the de-
velopment of chronic lymphocytic leukemia (CLL) {Landau et al
2013). However, it is currently unknown to what extent healthy
HSCs acquire ic mutations and which types of mutat
can be tolerated in the genome during a lifetime without causing
disease.

We set out to determine the prevalence and types of single
nucleotide and small insertion/deletion mutations that are somatic
within the healthy blood genome. Since the occurrence of somatic
copy number changes has been shown to increase with age in sev-

© 2014 Holstege etal, This artidle, published in Genome Research, is available
under a Creailve Commons License (Atibution NonCommercial 4.0 In
temational), as described at htp: i 14,0/

24:733-742 Published by Cold Spring Harbor Laboratory Press; 1SN 108B-9051/14; www. gename.org Genome Research 733

www.genome.org

* Individual genome in the
multiple blood cells of
Hendrikje van Andel-

Schipper (1890-2005), at one
point the oldest woman in the

world, were sequenced and
compared (Holstege et al.

2014 Genome Res. 24(5): 733~ -

742)

* She was remarkably healthy
until her death

*450 mutations were found in

her cells, but none of them
was detrimental

* Japanese project to sequence genome and
metagenome of all centenarians
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IloueMy M 3a4eM HY’KHbI TCHOMHBIE

HCCJICI0OBAHMM B JIECHOM X03AMCTBE

o e

Kakasi BbIroa JIeCHOM I'eHeTUKE M 3aIIUTe Jieca OT paciiM(ppPoBKH reHOMA
OCHOBHBIX BUI0B XBOMHBbIX?

UACHTU(DUKALNS U aHHOTAUs BCEX (PYHKIMOHAJIBHBIX T€HOB U PETYISTOPHBIX JIEMEHTOB (BKJIIOUas
kopotkue PHK, Tpanckpunimonsbie (hakTophl U T.J1.) U ONPENEIeHHEe META00INYECKUX CeTer
Te€HOB, KOHTPOJIMPYIOIINX aJalTAllMI0 U YCTOMYUBOCTh K OOJIE3HAM

pa3paboTKa BHICOKO MH(OpPMATUBHBIE TEHETUUYECKHUE MapKephI (IIPEkK/Ie BCETO MUKPOCATEIUTUTHBIX
JIOKYCOB ¥ OJTHOHYKJICOTUAHBIX TOTUMOP(PU3MOB - SNP — T.H. «CHUIIOBY), KOTOPBIE MOT'YT OBITH
MCIIOJIb30BaHbl B TCHETHUECKUX MCCIICIOBAaHUH MOMYIIAIMA U JIJISl CO3/IaHUsI TEHETUYECKOM 0a3bl
JTaHHBIX (Hamog001e MOJIEKYJISIPHO-TEHETUYECKUX ITPUX-KOJOB JJIsI OTJEIbHBIX TOMYIISIIINN) JJIs
OOpBOBI ¢ HelleralbHOW 3arOTOBKOM M TOPTOBJIEH APEBECHHBI

pa3pabOTKa MOJHOTEHOMHBIX T€HETUYECKUX MAapKEPOB AJIsl OOHAPYKEHUSI CBA3U MEKIY
TreHETUYECKOM N3MEHUMBOCTHIO (SNP, anienu , ranioTUIbl U TEHOTUIIBI ) ¢ U3MEHYUBOCTHIO
aJalTUBHBIX U CEJEKIIMOHHO-LIEHHBIX MTPU3HAKOB U ()EHOTHUIIOB, U € (DAKTOPAMU OKPYKAIOIIEH
CpeAbl IS JIYUIIErO MIOHUMAaHUS TEHETUYECKOTO KOHTPOJIA ATATUBHBIX, CEJICKIIMOHHBIX U
DKOHOMHUYECKH BaXKHBIX IPU3HAKOB

pa3paboTKa MOJIHOTEHOMHBIX TEHETUYECKUX MapKEPOB /11 TEHOMHOM CEJIEKIIMU OBICTPOPACTYIINX
1 00J1e€ YCTOMUYUBBIX MTOPOJ] C LIEHHBIMU MTPU3HAKAMHU

UHTErpaius NpoOTEOMHUKH, TPAHCKPUIITOMHUKN U META0OTIOMUKHU

pedepeHCHBIN TeHOM JIJIs1 KapTUPOBAHUSI ITPU TOBTOPHOM CEKBEHUPOBAHUHU (PECEKBEHUPOBAHUH )
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Ucnoib30BaHne MOJICKYJIAPHO-TCHETUYECKUX MAPKEPOB LIS
0OpbLOBI ¢ HeJlerajJbHOM 3ar0TOBKOM M TOPIOBJICH JIPeBeCHHbI

YcnoBHast iecHast KapTa, Ha KOTopon Ha nenaporpamMmme 3Tu onyJsiiuv pacIioiaokKeHbl Ha
FCHECTUYICCKHA PA3JINIAOTINECA HOMYIAITNN OCHOBE T€HETUYCCKHUX PA3JIMUYUN MEXKIY HUMU
BBIJICJICHBI pa3HBIM HOMEpPaMU
0952
0.65 8

1.0 4|1-0 X?

7
150 4
1.0 i 1
0.51 2
3
10" X0
Le *
IMocTpoenue
HOBOM
A€HIPOrpaMMBbI
) Boigeaenue - -
- JTHK u reno- CBepka ¢ KOMITbIOTEPHOM 0a30i
| THIUPOBAHUC JNAHHEIX 110 YaCTOTaM aJuIeJIen

gy P | MapkEpOB (MUKPOCATEILUIHTHBIC
JIOKYCBI M «CHHUIIBI») JUIs BCEX
OCHOBHBIX TIOMYJIALMAX JaHHOM
HOPOJIBl B JAHHOM PErHOHE
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Traditional pine breeding

+ 8+ years + 8+ years )‘

Breeding Propagation
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(Adapted from Matias Kirst)
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Traditional molecular breeding and
Marker-Aided Selection (MAS)

- — -

Growth Adaptability Straightness

!@@G@

Disease resistance Insect resistance Wood quality

(Adapted from Dave Neale)

Jlekuus crynenram COY 9 uronst 2014 r.

73



What we have learned from
traditional forest tree breeding:

* Most breeding and adaptive traits are
complex quantitative traits controlled
by environment and multiple genes of
small effect

e Genomic based selection is needed to
accelerate breeding



Genomic selection

Training population

Breeding population

&

m@

Phenotype EE:D Develop
= genomic
= prediction

f imnijpe : "—_E‘\rh/" model

r high-density = -

SNP panel o Y=Xb+Zh +e

Genotype Predict BY

* |::,‘> for high-density :> from marker

SNP panel genotypes

1st cycle of early MAS )

Genotype Predict BY

for high-density from marker

SNP panel genotypes

2nd cycle of MAS

)
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Traditional pine breeding:

8+ years J, 8+ years

0

10+ years
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Genomic selection:

: £ Genomic Selection Guided Crosses
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g ECO\ Cross graft
; ‘: r (] n
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Breeding . F’ < <
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& Select (Adapted from Matias Kirst)
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USDA NIFA Climate Change Program 1: Regional Approaches to Climate Change

PI: Timothy Martin, 2011-2016, $19,976,825; “Integrating research, education and

extension for enhancmg southern pine cllmate change mitigation and adaptation”.
daleci & $20 million grant to study effects of climate

[Teaching /Research /Extension

Ecosystem Sc1ence and Management change  http://www.pinemap.org

) Facebak || Flickr Future Stydents  Parents  Former Siudents |

Six scientists from Ecosystem Science and Management will be part of
a $20 million grant to study effects of climate change on agricultural
Aoout e © and forest production

Facilibes

Academics

On Friday, Feb. 18, the USDA National Institute of
B Food and Agriculture (NIFA) awarded three
News and € Coordinated Agriculture Projects (CAP) representing a

Awands anc

Extension F

major scientific investment in studving the effects of
climate change on agriculture and forest production.
NIFA Director Roger Beachy made the announcement
at the annual meeting of the American Association for
the Advancement of Science in Washington, D.C.

"Climate change has already had an impact on agriculture production. Going forward
agriculture producers need sound scientifie information to plan and make decisions to
ensure their economic viability," Beachy said. "These projects ensure we have the best
available tools to accurately measure the effects of climate change on agriculture, develop
effective methods to sustain productivity in a changing environment and pass these
resources on to the farmers and industry professionals who can put the research into
practice.”

Institute of Food and Agriculture announced the award of a five-year, $20 million grant, to
fund research, outreach and education to develop and transfer better management methods
Drs. Tom Byram, Carol Loopstra and Kostya Krutovsky will be the genetics team from Texas  for southern pine, notably loblolly pine. They will study climate change mitigation and
A&M University. adaptation as it relates to southern pines, particularly loblolly pine, which comprises 80
percent of the planted forestland in the Southeast. It's widely used for lumber, pulp and
Among this project’s main objectives are the study of loblolly pine's genetic adaptation to . . . .
potential climate change. The goal is to use this knowledge to develop a new seed paper production, and has great potential for biofuel production.
deployment tool that will help mitigate the detrimental effects of warmer and drier climate
in the southeastern United States. Association and population genetics analysis will be used ~ INIFA made the awards through its Agriculture and Food Research Initiative funding
to characterize important adaptation and mitigation traits to support future breeding opportunity. AFRI's Climate Change challenge area is focused on reducing greenhouse gas
efforts. The genetics program will support development of growth and yield models, emissions and increasing carbon sequestration in agricultural and forest production
stand-level biophysical carbon balance modeling, multi-scale policy and economic analysis
of market and non-market forest benefits and services, and an education program to deliver

systems and preparing the nation's agriculture and forests to adapt to changing climates.

state-of-the-art forest management solutions. Texas A&M will assist collaborators at sister
T . . . Two-thirds of all the drinking water in the U.S. comes from forested watersheds.
organizations in meeting these objectives through a local genet{pfécmmﬂ cryaentam COY 9 mions 2014 r. 77



USDA NIFA Climate Change Program 1: Regional Approaches to Climate Change
Project: “Integrating research, education and extension for enhancing southern pine
climate change mitigation and adaptation” http://www.pinemap.org

* 2,8 min SNPs y:xxe reHoTunupoBano B moutu 40,000 resax JagaHHOM COCHBI B MOECH
naboparopuu B Texas A&M University B 3TOM IPOEKTE MyTEM NPSMOT0 CEKBEHUPOBAHUS
renoMHo# JIHK, oOoraménHoi 3K30MHBIMU palilOHAMU C IIOMOIIBIO THOPUIN3AIIUH
totanbHOM JJHK ¢ 600 MIH OJUTOHYKISTUAHBIX P00, IPEACTABIISIONINX ITOYTH MOJIHBIN
TpaHCKpUnToM (~40 ThIC. SKCIIPECCUPYEMBIX T€HOB) JIaJJAHHON COCHBI

* 0Oonee uem 400 nepeBbAX €O BCEro apeaJja, NpogeHOTUNHMPOBAHHBIX 10 00JILILIOMY
YHUCJY AJANTHBHBIX U CeJIEKIMOHHO-IIEHHBIX MPU3HAKOB, 4 TAKXKE N3YUYCHHBIX MO
OOJIBIIIOMY YHCITY CPEIOBBIX (DAKTOPOB OYAYT re HOTUIMIHPOBAHBI 0 BCeM 00HAPYKEHHBbIM
SNPs 117151 00OHapyKeHHMs ajljieJiell ¥ ralIOTUIIOB CBSI3aHHBIX ¢ M3MEHUMBOCTHIO a/IalTHUBHBIX
IPHU3HAKOB, a TAKXKE C YCTOMYMBOCTBIO K CPEIOBBIM (paKTOpam

* (pakTHYECKH, ’TO O3HAYAET MePexoq OT OTAeJbHbIX MAPKEPOB K MOJHOMY
reHOTHPOBAHUIO Yepe3 CeKBeHUupoBaHue!

* Jpa MAPKEPOB 3aKAHYMBAETCS — HACTYNAET IPa MOJTHOT€HOMHOI0 CeKBEHUPOBAHUSA!

* MOMYJANMOHHAS N€eHOMHKA BMeECTEe ¢ MOJICKYJISIPHOM 3KO0JI0rue (3KOreHOMHKOM)
MO3BOJIAT:

- O6H3pY)KI/ITB I'CHBI N aJIJICJIIN OTBCTCTBCHHBIC 3a adaIllTalluiO

— CBiA3aTb I'CHOTHIIBI C aJalITUBHBIMH (I)CHOTI/IHaMI/I 151 cpeﬂoﬁ
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3aKkJII0UeHHue

* IlotHOreHOMHOE CEKBEHHPOBAHHUE CTAJIO
PeaJIbHOCTHLI0 U HAau0oJ1ee MHPOPMANMOHHBIM
CIOCO00OM reHOTUNIMPOBAHM A

* UaTerpupoBaHHBIN MONYJISAIMOHHO-TEHOMHBIN
IOXO0/1 X MMOJTHOTCHOMHOE aCCOIIUATUBHOE
KAPTHUPOBAHUE NMO3BOJSAOT O0HAPYKUTH I'eHbI
OTBETCTBEHHbIE 32 3200/IeCBAHUS Y YeJI0BEeKA U 3a
CeJICKIMOHHO-ICHHbIC MPU3HAKMN U a1aNTANMIO Y
PACTCHHUM U JKUBOTHBIX
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The International Climate-Resilient Crop Genomics Consortium
(ICRCGQC) http://www.climatechangegenomics.org

“)} About :: Climate change genomics - Mozilla Firefox
Fle Edt \iew History Bookmarks Toos Help

Members Advisory Board Coordinators Links White Paper 7

About

Climate change poses a major challenge for
global food security. Climate influences both
yield and quality of crop plants. The
application of genomics will be a key strategy
to tackle this challenge. Development of crop
varieties that will be productive in harsh and
variable environments will therefore be
imperative.

Genomics-based breeding and transgenic
approaches result in a better understanding
of crop performance in a changing climate
while supporting crop improvement programs.

Characterization of available germplasm and
exploration of wild crop genetic resources will
greatly benefit from the utilization of
genomics tools.

Research needs to target appropriate traits,
species and regions to achieve optimal
impact on food security.

Coordination of international research efforts
will be instrumental to better define and faster
advance the priority objectives.

The formation of an International Climate-
Resilient Crop Genomics Consortium
(ICRCGC) is proposed as a forum and
network to accomplish this important mission.
The ICRCGC currenly has a membership list
and an advisory board.

We are currently preparing a white paper and
we welcome contributions to its sections and
subsections. The current draft outline is
available here.
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The International Climate-Resilient Crop Genomics Consortium
(ICRCGQC) http://www.climatechangegenomics.org/members.php

limate change genomics - Mozilla Firefox
Fle Edt \iew History Bookmarks Toos Help

About Members Advisory Board Coordinators Links RsiicRsEIelSg

ge genomics

Genomics of Climate Resilient Crops

1. Assessment of effects climate change on agriculture with examples from case studies on major crop plants

2. Work done so far on genetics and breeding for climate-resilience traits (CRTs)

3. Rationale for using genomics resources and allied gene pools (AGPs) including wild crop relatives (WCRs) for
accelerated breeding for adaptation

Genomics in major crops with the following examples: briefs on classical genetics and traditional breeding for CRTs and genetic
mapping and molecular breeding of/for CRTs — information available from genome drafts — structural and functional genomics
resources focusing CRTs — libraries, transctipomics, proteomics, metabolomics — utilization of AGPs — requirement of WGS and
genotyping by sequencing of AGPs.

. Introduction

. Cereals: Rice, Maize, Wheat, Sorghum, pearl Millet

. Oilseeds and Pulses: Soybean, Brassicas

. Pulses: Pigeonpea, Cowpea, Common Bean

. Vegetables: Tomato, Cucumber, Melon, Water Melon

. Fruit Crops: Apple, Peach, Grapes, Papaya, Apricot, Almond, Cherry, Plum, Strawberry, blueberry

DA WwN =

Forest Trees: Eucalypius, Poplar, Oak, Chesinut, Pine
8. Industnial Crops: Cofton, Cocoa, sugarcane

Proposed strateqies for improvement in CRTs: focus on advanced tools
and AGPs

. Introduction

. Early and late maturity

. Drought adaptation

- Cold tolerance

. Heat siress tolerance

. Flooding and submergence tolerance
. Salinity tolerance

. Disease resistance

. Insect resistance

. Higher nutrient and water use efficiency
11. CO2 sequestration

12. Greenhouse gas emission

oL ~NDO A WN =

Potential for genomic characterization of wild and collected germplasm to enhance global germplasm exchange and use in crop
improvement — socio-political and regulatory issues

Education on genomics for plant breeders and plant breeding for genomicists
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United States Department of Agriculture

National Science Foundation, USA

Western Gulf Forest Tree Improvement Program, USA
Texas Forest Service and Industry Partners, USA
Conifer Translational Genomics Network

Genetics Graduate Program, Texas A&M University
Siberian Federal University

Ministry of Science and Education, Russian Federation
Russian Foundation for Basic Research

Russian Government
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Dr. Carol Loopstra || "
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Haraabsa BukroposHa OpelikoBa Dr. Tom Byram e AS
y FOREST 2~ SERVICE
I/Ipal/llla HI/IKOJIaeBHa TpeTI)HKOBa The Texas A&M University System
Genome Research and Education Center &
Siberian Federal University @RI Dr. DaVld Neale
EBrenuit Asiekcanaposuy Baranos UCDAVIS

DEPARTMENT of PLANT SCIENCES
College of Agricultural and Environmental Sciences

FOuiusa Auapeesna Ilyrununesa

Krasnoyarsk Center

Dr. Jill Wegrzyn
& UCONN

Blotechnology-aneN.ces Center

/ for Forest Protection

Baagumup Baagumuposuu CoJizaros
HNpuna Biaagumuposna Yyoyruna
Eaena Anekceesna lllnnkuna
AJgexceint Asekcanaposuu Noe
Kcenuns Osneroua Jleinu

Dr. Chang Liang

Department of Botany UNNI{V%Q/IS%TY
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Dr. Nurul Islam-Faridi

JIa0. momyaaiMOHHOM Dr. Dr. Dana Nelson ORE”“E”‘”C
TreHeTUKH q Dr. Craig Echt [,
.. > Sedley Josserand et o o
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Laboratory of Forest Genomics
TAMU Department of Ecosystem Science and Management
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Dr. Judy Brooks jebrooks@tamu.edu
Spring 2008 TR A Research Assistant Graduate Student
Seminar series of  vjkram Chhatre (Graduate Research Assistant) . .
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Science & (Graduate Research Assistant)
Management:
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Graduate Student

personal F gt S : ® Student now Research
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i{ Former Graduate Student
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(now Research Associate at
the University of Maryland
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Graduate Student
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HayuyHo-00pa3oBare/ibHbIN HEHTP FT€eHOMHbIX UCCJIeIOBAHUM
Cubupckoro ¢genepajbHOI0 YHUBEPCUTETA

[ o 5

About us | Genome Research an...l + |

€ @ genome.sfu-kras.ru/en/main ¢ | |B- Google

=

Genome Research and Education Center ||{JFSFes genome sfu-krasru/en/krutovsky & |[B- Googie 2l 3 A& DO | 6

Siberian Federal University

Search
News
Main Genome Research and Education Center
Leadership About us = ’ . : Siberian Federal University
:ta: Genome Research and Education Center
artners
Contacts The Center was established at the Siberian Federal University in Krasnoy; News = Pyccinit
2012 with the support from the Department of Genetics and Breeding of ff|  Main L
for Forest Protection in Krasnoyarsk Region (Regional branch of the Russi{ | |eadership Leadership 1
{' for Forest Protection at the Federal Forestry Agency) and the Laboratory Staff
. Leadership of Genome Research and Education Center
Genetics and Breeding at the V.N. Sukachev Institute of Forest, Siberian § |  Partners v
Russian Academy of Sciences in Krasnoyarsk. Contacts The Scientific director of the Center is Dr.
Konstantin V. Krutovsky, Professor of Texas A&M
The main objectives of the Center are: . - .
g University (USA) and the University of Géttingen
Fundamental and applied scientific research in molecular biology, genetics {' (Germany).
biotechnelogy, and bicinformatics.

Training of highly qualified experts and education specialists using complg
and educational programs directly associated with innovative activities at|
and the University.

Development of the theoretical and methodological foundations for biolog

Address: Department of Forest Genetics and Forest
Tree Breeding
Bisgen-Institute

education. Georg-August-University of Géttingen
Development of new, progressive forms of innovative activities, scientific Blsgenweq 2 e
technological cooperation with the scientific, engineering, technological al D-37077 Gottingen W
German .
organizations, foundations, and other structures to jointly address the cri Y "] Partners | Genome Research an... | + |
scientific, technical, and educational problems. E-mail: kkrutov@qwda.de -
Development of new technologies and expansion of their use in molecula) 6 & genome.sfu-kras.ru/en/partners c ' Google P ¥+ & B~ V] @

genetics, genomics, biotechnology, and bioinformatics.
Development of international scientific and technological cooperation with| Title: Professor _
organizations, academic institutions, and industry to increase participatiol
global system of sdence and education.

Establishment of the financial basis of the research and development thr
external funding and innovative activities.

Special : Forest genomics, population genetics, cf
Education: Ph.D., Population Genetics, N. 1. Vavilov Inst| ¢ AAAGICCCACECE WIATA Genome Research and Education Center
Russian Academy of Sciences, Moscow, Russia, 1984 ¥ - Siberian Federal University
M.Sc., Genetics, Institute of Cytology and Genetics, Rus: d -

Department of Life Sciences, Novosibirsk State Universit
to conduct genetic and genomic research. In particular, the Center install B.5c., Genetics, Department of Genetics and Embryolog

and most powerful next-generation DNA sequencer HiSeq 2000 (Illumina,|

The Center has the latest and mest productive equipment and trained pr

Samara, Russia, 1978

Currently, only thr.ee research urgar.uzatluﬂs in Russia have similar eq?.npn Diploma, Computer application in information and comm Leadership Partners
Center has established communication and cooperation with the leading Institute of Information Systems and Communication, M Staff our partere:
foreign laboratories of genome research in the U.S. and Europe. Partners P .

Research Interests ) .
Our projects Contacts o Department of Genetics and Breeding of the Center for Forest Protection in
The main current project of the Center is the de novo sequencing and an o Evolutionary, population, conservation and ecolo Krasnoyarsk Region (Regional branch of the Russian Center for Forest
complete genomes of two conifer species - Siberian larch and Siberian stdq stress and adaptive genes study Protection at the Federal Forestry Agency). Go to website (only russian version
the main boreal forest tree species in Siberia and the most valuable treed o Comparative and population genomics I' = available
The genomes of conifers are uniquely large (4-6 times greater than the hi o Genome, QTL, comparative, candidate gene and @ Laboratory of Forest Genetics and Breeding at the V.N. Sukachev Institute of
genome) and are very difficult to sequence and assemble. The innovative o Plant molecular systematics and phylogeny Forest, Siberian Branch of the Russian Academy of Sciences in Krasnoyarsk. Go
developed by the Center will allow succeeding in these projects and geng o Introgressive hybridization, gene flow and matin to website (only russian version lable)...
invaluable research data along with the recently initiated similar projects © Molecular genetic marker development @ Theodosius Dobzhansky Center for Genome BioInformatics. Go to website. ..

<4 1

@ Dr. Andrey Alexeyenka, Science for Life Laboratory (SciLifeLab), Stockholm
Bioinformatics Centre (SBC). Go to website...

Current Research

My primary research interest is in understanding the gel

that define adaptation and response to environmental o SB RAS Genemics Core Facility (http://www.niboch.nsc.ru/doku.php/corefacility)
traits of practical value, such as wood quality, growth, g o Prof. Jeffrey F.D. Dean, Associate Director, Institute of Bioinformatics, University

1 of Georgia, USA (http://iob.uga.edu/faculty/dean-jeffrey).

© 2012 Genome Research and Education Center of SibFU
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* 20-bI1 BEK:
JBOJMIOIUOHHOE YueHHe + ['eHeTHKA
= CHHTeTHYEeCKAsl TEOPHS IBOJTIOIUHU

(I'eHeTH4YeCcKast TEOPHUS IBOJTIONMHN WIH
JBOJTIOIMNOHHAS I'€HETHKA)

'

NONYJISINAOHHLIN YPOBEHL MBIIIICHUST  ®eonocuii Jobmanciuii
(1900-1975)

* 21-bIH BeK:
MoJiekyasipHasi reHeTuKa + buonHndopmaruka =
I eHoMuKa

HOHYJIHHHOHHO-FGHOMHLIﬁ YPOBCHDb MbIIIJICHU

Kpyrosckuii K. B. OT nonyisiiimOHHON T€HETUKH K MOMYJISIIIMOHHON T€HOMUKE JIECHBIX JIPEBECHBIX BUJIOB:
HHTEerprpOoBaHHBIN MOMYIISIITMOHHO-TeHOMHBIN 1oxon // I'enetuka. 2006. T. 42. Ne10. C. 1304-1318.
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