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A warmer, future Earth

2090 - 2099

2020 - 2029
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Anticipated temperature increase ranges from
2 to 11.5 °C for “full range”, or
3.1to 7.2 °C for “best estimate” (midpoint)

(Intergovernmental Panel on Climate Change, 2007) @i
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What did we learn from the past?

20th-Century global warming of roughly 0.6°C has been already
affecting many forests and has already caused :

» changing phenology

 changing patterns of tree growth & mortality

» y g TV KV NN
ol Y Ny 120

« severe droughts that promoted pest and disease outbreaks
* shifts in species distributions

» shifts In forest tree ranges, particularly at higher latitudes
and towards the poles

« shifts in seasonality of ecosystem processes
| (e.g., Parmesan 2006 Ann Rev Eco Evo Sys 37:637) |
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What did we learn from the past?
Severe droughts promote pest outbreaks!

AN ) 0A )
damage caused by Douglas-flr E?eetle W
06 “Eastern Idaho,fUSA

B8 'Jand kills lodgepole,
The mountain pine bark beetle, |8 . % ponderosa, s%ng,

Dendrolimus spectabilis infesting

: ) : and western white
Pinus densiflora in Korea :




What did we learn from the past?
Forest trees have tremendous adaptive potential!

They are sessile, long living organisms and
developed unigue adaptive mechanisms to
survive In spatially and temporally
heterogeneous environments, such as high:

* phenotypic plasticity
* genetic adaptive variation

* epigenetic memory
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To unlock the adaptive potential and to be able
to predict and mitigate effects of climate change
and to breed resilient trees we have to
understand evolutionary responses and
molecular mechanisms of genetic adaptation

 evolutionary response Is a genetic adaptation via
genetic change that promotes adaptation of plants
and animals to their natural environment, including
their Interactions with members of their own and
other species (the biotic environment) as well as the
physical environment (the abiotic environment).

« multiple genes are involved in genetic adaptation,
SO Its study reqguires innovative genomic methods
and genome-wide approaches
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Innovative genomic methods to study
genetic adaptation in forest trees
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new type of functional genomic markers of candidates genes for
Quantitative Trait Locus (QTL) mapping and association studies

use of adaptive trait related candidate genes in population studies

association mapping with phenotypic and environmental
variation using high-density genome-wide genotyping via high-
throughput sequencing (NGS) in field and common garden
experiments (provenance, progeny and clonal tests)

detecting selective signatures and loci under adaptive genetic
divergence in natural populations using neutrality tests and
outlier-detection approaches

genomic breeding using intense phenotyping, high-density
genome-wide genotyping and regression models to predict
phenotypes and breeding values in the progeny based on their
genome-wide genotypes alone




Douglas-fir and Loblolly pine case studies

« United States Department of Agriculture (USDA) National Research Initiative Competitive Grant
Program (NRICGP), Plant Genome, Bioinformatics, and Genetic Resources, # 2004-35300-14670,
Pl: D. B. Neale, CoPlIs: K. V. Krutovsky, Glenn T. Howe, and J. B. St. Clair, 3 years, 2004-2007, $
490,000, "Association mapping of adaptive traits in Douglas-fir (Pseudotsuga menziesii Mirb.
Franco)".

« USDA NRICGP Plant Genome Program / National Institute of Food and Agriculture (NIFA)
Agriculture and Food Research Initiative (AFRI) Competitive Grants Program, Applied Plant
Genetics Coordinated Agricultural Project (CAP), #CA-D-PLS-2038-CG, Project Directors: D. B.
Neale, T. D. Byram, D. E. Harry, G. T. Howe, D. A. Huber, F. Isik, K. V. Krutovsky, S. E.
McKeand, C. D. Nelson, J. B. St. Clair, J. L. Wegrzyn, N. C. Wheeler, R. W. Whetten and others
(http://dendrome.ucdavis.edu/ctgn/people/), 2004-2011, $6,000,000; “Conifer Translational
Genomics Network”.

« USDA NIFA AFRI Competitive Grants Program, CAP, Climate Change Program 1: Regional
Approaches to Climate Change, Program Area Code — A3101, #2011-68002-30185, PI: Timothy
Martin, CoPls: R. Abt, D. Adams, G. Boyd, R. Boyles, H. Burkhart, T. Byram, D. Carter, W.
Cropper, F. Cubbage, J. Davis, J.-C. Domec, T. Fox, J. Gan, D. Grebner, S. Grunwald, T. Hennessey,
J. Holliday, W. Hubbard, D. Huber, J. Idassi, F. Isik, K. Johnsen, E. Jokela, J. Jones, M. Kane, J.
King, M. Kirst, K. V. Krutovsky, C. Loopstra, D. Markewitz, S. McKeand, S. McNulty, M.
Megalos, M. Monroe, C. D. Nelson, A. Noormets, G. Peter, G. Powell, R. Rubilar, L. Samuelson, J.
Seiler, S. Sriharan, J. Stape, B. Strahm, G. Sun, E. Taylor, R. Teskey, J. Vogel, R. Whetten, R. Will,
D. Wilson, R. Wynne, 5 years, 3/1/2011-2/28/2016, $19,976,825; “Integrating research, education
and extension for enhancing southern pine climate change mitigation and adaptation”. @
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Douglas-fir and Loblolly pine case studies
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Douglas-fir Genome Project
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Candldate gene based association mapping in Douglas-fir

7N L7 -4+ ~700 trees In the association mapping population
- R N / ,  representing the entire range
y | ::. -,“‘;‘ . ’, "; J ‘I' o~ :"
s w8+ phenotyped for 21 growth rhythm (bud flush,
N AN ~ bud set) and cold-hardiness related traits
, ey . VIR '
s 0 TON.}\_' e | . -
S - * genotyped for 384 SNPs in 117 candidate genes
i T ARt L ) using [llumina GoldenGate genotyplng assay
| 24 ~

‘The dotted ligie circles the
coastal Douglas-firrange

LT “ ;. ) ‘\ A

wEL

Eckert AJ A D Bower J L Wegrzyn B Pande K D. Jermstad KV Krutovsky, J.B. St.
Clair and D.B. Neale, 2009 Association genetics of coastal Douglas-fir (Pseudotsuga
menziesii var. menziesii, Pinaceae). |I. Cold-hardiness related traits. Genetics 182: 1289-1302 @
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GIS derived maps of parent trees in the common-garden population
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Candidate gene-based association mapping in Douglas-fir

» 30 highly significant genetic associations for 12 candidate
genes (4CL, LEA, F3H2, MADS-box and MYB-like TFs, a-
expansin, etc.) and 10 were discovered.

7 markers had elevated levels of differentiation between
sampling sites situated across the Cascade crest In
northeastern Washington.

« Marker effects were small (1% < r? < 3.6%) and within
the range of those published previously for forest trees, but
6 SNPs explained 17% of the phenotypic variance in cold
damage to stems.

Eckert, A.J., A.D. Bower, J.L. Wegrzyn, B. Pande, K.D. Jermstad, K.V. Krutovsky, J.B. St.
Clair and D.B. Neale, 2009 Association genetics of coastal Douglas-fir (Pseudotsuga
menziesii var. menziesii, Pinaceae). |I. Cold-hardiness related traits. Genetics 182: 1289-1302

@
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Conifer Translational Genomics Network
Coordinated Agricultural Project

CTGN |CAP

Bringing Genomic Assisted Breeding ™ -
to Application in Tree Improvement

USDA  united Statas Department of Agriculture

s 'National Institute of Food and Agriculture

$5.9M (2007-2011)

Www.pinegenome.org/ctgn


http://www.pinegenome.org/ctgn

Conifer Translational Genomics Network (CTGN)

« CTGN Is a multi-state, multi-institution Coordinated
Agricultural Project (CAP) funded by USDA and USDA
Forest Service

* Project goal: Genomic Assisted Breeding by Ilnklng
experimental research with tree breeding o

* Project Approach:

— large scale genotyping in elite loblolly pine and Douglas-fif*
populations belonging to tree iImprovement cooperatives

— validating genetic marker / phenotypic trait associations

— modeling, outlining and implementing optimal approaches for
Incorporating markers in breeding programs

WWW.pinegenome.org/ctgn
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http://www.pinegenome.org/ctgn

CTGN/CAP

UC Davis Texas A&M

David Nease, PD

weqrry
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http://dendrome.ucdavis.edu/ctgn

CTGN: Linking Genotype to Phenotype & Environment

Structural

Genomics:

* high-throughput
sequencing

Quantitative » marker development Population
R * linkage, physical and - -
Genetics: QTL mapping Genomics:

* outliers

 phenotyping
* heritability (G x E)
e trait correlations

* neutrality tests

« candidate gene,
allele, SNP
association mapping

Ecological

Genomics:

* clinal variation

e association with
geographic factors
and environmental
variables

Gz
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C TGN Results of ecological & population genomic
studies of loblolly pine (Pinus taeda L.)

« SNPs from >4000 loci were genotyped in >4500 trees sampled
from numerous natural and breeding populations covering the
full-range of the species

« Significant associations were found between adaptive trait
phenotypes, geographic and environmental variables
(temperature, growing degree-days, precipitation and aridity)
and a diverse sets of genes including abiotic stress response
genes ranging from trans-membrane proteins to proteins
Involved In sugar metabolism and transcription factors

« Numerous genes under selection were found (outliers)
« Multiple allele candidates for local adaptation were discovered

Eckert et al. 2010 Genetics 185: 969-982;
Eckert et al. 2010 Molecular Ecology 19: 3789-3805
Chhatre et al. 2012 Tree Genetics and Genomes (submitted) (( _‘
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CTGN:
Genomic based
selection for more
resilient and better

trees



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

Adaptability Straightness
Qedes
I

Disease resistance Insect resistance Wood quality

(Adapted from Dave Neale) ( L _}J!
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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

 Genomic based selection 1s needed to
accelerate breeding
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Genomic selection

Training population

Phenotype

Genotype
for high-density
SNP panel

Breeding population

Genotype

‘ == >| forhigh-density

SNP panel

4

Develop
genomic
prediction

model

Y=Xb+Zh+e

Predict BV
from marker

genotypes

1st cycle of early MAS

)

Genotype
T——>| forhigh-density
SNP panel

Predict BY
from marker
genotypes

2nd cycle of MAS
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Traditional pine breeding:

L 10+ years L 8+ years .L 8+ years J
| | i & ;l

L Propa
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Genomic selectlon
Genomic Selection Guided Crosses

% mTop-
g Cross graft
y“ :3 ¢ “Surgical” breeding
| ||,,| S,
Breeding [ | P &
123456 ?227!3? (Adapted from Matias Kirst)
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Genomic selection — Conclusions

» Accuracy of predicting desirable traits and
breeding values (BV) based on genome-
wide genotypes will increase with:

— more markers
— more individuals

— higher heritability

— higher LD

 Genomic selection can be done, but most
Ilkely In the famlly based breeding

(" mar
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e Bt Yew Hgtory Pockmiarks Bl dHep
B ecosystem soence & Mansgemen... (4] &3 Most Prestigious Departmental Aw... | + -

Fle Edit View History Bookmarks Topols Help
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The Most Prestlglous USDA Departmental Award *

Ecosystem Saence and Management presented by the Secretary of Agriculture to the
0 i snesamn wn moesses % || Conifer Translational Genomics Network

including Dr. Tom Byram, Dr. Konstantin

B essm.tamu.edu/awards/most-prestigious-der 77 - & || #8- ogronykneorn®| B A

| Ecosystem Krutovsky, and PhD student Vikram Chhatre
| Science and -
Management |
b . i Excerpt from the letter:
-\ ‘, \ e smarcn P Congratulations!
N 4 =
Pl(‘\tlL, (A)Ll\ LTSD l . News ana En )
DL par rm ental -\\\ ard e ,r_ - : s The Conifer Translational Genomics Network Coordinated Agricultural Project has been
e selected to receive a 2011 U.S. Department of Agriculture (USDA) Secretary's Honor Award
Awards & Merits News & Events in the category of Helping American promote sustainable agricultural production and

biotechnology exports as America works to increase food security. These awards are the
S e EE L Rl most prestigious Departmental awards presented by the Secretary of Agriculture and

Dr. Brad Wicox - Outstandirg
Contribution to Rasgeland Manaxgament

The Mozt Prestiginus USDA Nﬂﬂm e _ute of F;"d and Agriculture recoghize exceptional leadership, contributions, or public service by individuals or groups

r:'-xnu o . ,.,".l:;;l.:;;.t? ;:l‘l ek y 5 N a who support the mission/goals of USDA. L
Translatosal ;T- v‘-.l’m:. Neswork Al‘l.‘]l.n'“ @ {1

:”:""r poe m)" Ly""'” e / I am very pleased that you have been selected to receive a 2011 Secretary's Honor Award in

Chibwtre recognition of your efforts to create the Conifer Translational Genomies Network

Coordinated Agricultural Project. On September 14th, I look forward to recognizing you for

your contributions.

Sincerely

Chavonda Jacobs-Young
Acting Director

The group from TAMU was part of a team comprising 30 researchers working from nine
different institutions on a project coordinated by Dr. David Neale at UC Davis.

All three are from the Department of Ecosystem Science and Management, College of

Agriculture and Life Sciences. Texas A&M Universitv and Telxas Forest Service. b ( 3 ; |
s > -



USDA NIFA Climate Change Program 1: Regional Approaches to Climate Change
Pl: Timothy Martin, 2011-2016, $19,976,825; “Integrating research, education and
extension for enhancmg southern plne cllmate change mitigation and adaptation”.

—— $20 million grant to study effects of climate
change

kcosystcm Science and Management

Qoo Flon Baten. Pl P e |

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

On Friday, Feb. 18, the USDA National Institute of
Food and Agriculture (NIFA) awarded three
Coordinated Agriculture Projects (CAP) representing a
major scientific investment in studying 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 scientific 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 Krutossky will be the genetics team from Texas  for southern pine, notably loblolly pine. They will study climate change mitigation and

AZM 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 o

potential climate change. The goal is to use this knowledge to develop a new seed paperproduction; and has great potential for hinfuel production.

deployment tool that will help mitigate the detrimental effects of warmer and drier climate

in the southeastern United States. Association and population genetios analysis will beused NIFA 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 blophysical carbon balance modeling, multi-scale policy and economic analysis

systems and preparing the nation's agriculture and forests to adapt to changing climates.
of market and non- market forest benefits and services, and an education program to delver
state-of-the-art forest management solutions. Texas A%M will assist collaborators at sister

Mey Orsanizations in meeting these objectives through a local genetics team Two-thirds of all the drinking water in the 1.S. comes from forested watersheds.



Genomic markers development and genotyping using next generation sequencing

bar-coded DNA
/' or mRNA —— _
\ - next generation
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individual genomic or LA high-throughput
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individual
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image
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|
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Genomic DNA target enrichment for high-throughput massively parallel
seguencing using the Agilent's SureSelect Target Enrichment System
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35,550 unigenes

« Capture target
size = 39 Mb

7

7 Ganomic DNA
l Shear Genomic DNA

v
DNA fragments with o

base pair peak of 200
L Rapair ends
inded fragments

with 5" phosphorylated
ands
IV Add Kienow and dATP

T Genomic Locations

¢Pf be Design in eArray i Ligate adapters

o gn

' " Adapter-modified ends

m Capture

¢ Gel purify ligation product
Removal of unligated
adapters
¢ PCR

7 Prepped Library
J

Figure 1

m}idﬁzm’on

{ 26 hours atesec
WSUIection

l Magnetic bead selection
T Amplification

‘ PCR and purification
T Blstity Assessment

l Bioanalyzer and Quantitation
_§uu‘mbu

Overall sequencing sample preparation workflow.

QENOMIC SAMPLE

(Sat of (hromesonies)

900000000000C  7re
500000000000C

SureSelect™
et Enrichment System
Capture Process

0000C 00000
000G 00000 +

: VY '\ \n‘“

000G 00000 b
GENOMAIG SAMPLE (PREPPED) SureSelect HYB BUFFER BIOTINYLATED RNA LIBRARY
— J

]

Hybridization

\/  STREPTAVIDIN COATED MAGMETIC BEADS

0000C  TUR0Q
| W

J
N
fi’ﬁﬁ&i’»@% {;?o

0000C
00000 ' 080G 1y
00000 a0000 _ 90608
B e
Digest ANA
AR 2“)” Sequencing
'\.-j AVANAY fﬁ‘\. Vo

Figure 2 SureSelect Target Enrichment System Capture Process

http://www.opengenomics.com/SureSelect Target Enrichment System
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http://www.opengenomics.com/SureSelect_Target_Enrichment_System

Genomic DNA enrichment for 35,550 genes in loblolly pine for high-

throughput massively parallel sequencing using bar-coding and the
Agilent's SureSelect Target Enrichment System
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647 634 oligonucleotide hybrldlzatlon 120 bp Iong probes (baits) based on
35,550 unigenes build by Dr. Chun Liang (Miami University) were
designed to target 39 Mb of gene space using Agilent Genomic Workbench
software to gene enrich DNA libraries for sequencing
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Example of 113 baits covering unigene #14
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Mapping short reads back to the unigenes or other
reference sequences using the CLCbio software

Rows: 35,550 Filter:
* Column width

Name Consensus length Total read count Average coverage Reference sequence Reference length Automatic -

+ | = Show column
contig2 mapping 2042 5888 62,48 contig2 9058 — Name
contig3 mapping 8214 5915 69,25 contig3 8231
“ontig4 mapping 7614 894 10,37 contig4 7360 Consensus length
—ontig5 mapping 7594 1981 24,31 contigs 7643 Total read count
contigh mapping 7377 2465 30,90 contigh 7504 i
-ontig7 mapping 7368 1045 13.59 contig? 7415 [C] Single reads
contig® mapping 7252 2013 26.20 contig8 7247 7] Reads in pairs
contig® mapping 6791 2511 31.83 contigd 7202

A
“ontig 10 mapping 7180 1264 16.78 contigld 7185 R
contigll mapping 7036 5415 73.21 contig1l 7047 Reference sequence
contig12 mapping 6991 3129 41.54 contigl2 7017 Reference length
contigl3 mapping 5935 2063 27.82 contig13 5995
—ontig 14 mapping 6345 2435 33.59 contig14 6936 [[] Reference common name
contig15 mapping 6826 2644 36.27 contig15 65898 _ D Reference latin name
[ Select Al |
= Open Mapping ] [ i= Extract Consensus ] ’ E= Extract Subset [ Desclect Al ]

= [contigl map...] |

JCONTICT | | I TCONTT I
onflict |Conflict |Conflict LC;nﬂit

>

I I - a
Conflict Conflict Conl |\, - 3 7B

* Read layout

| |
Conflict Conflict tonﬂict
G

Consensus TG - AACCCAGTGTCTATGAGG

ATGGACCTGCTTCTCATTGGTCCATTGAACCTGAAT TCTTTCTGTTATACAAACAAGACTTCATCGCCATAI— COI‘“DECUTESS:PE‘*EC' ':
ey |E Gather sequences at top
Coverage |
0 = Show sequence ends
TG-AACCCA TGCTTCTTATTGGTCCATTAAAGTTAAATATCTTTCTGTTATACAAACAAGACTTCATCGCCATA +| 7] show mismatches =
TG-AACCCA CTTCTCATERGTCCATTGAACCTAAATATATTTCTATTATACAAATAGGACTTCATCGCCATA[ e e 1
TE- AACCAARTGTCTATGAGGAATGGTCTTGCTTCTGATTGGTCCATTGAATATGAATATCTTTCTGTTATACAAACARBACTTCATC ‘E‘ Padedread height: | bicdimey|
AACCHEARTGTCTATGAGGAATGGTGTTGCTTCTTATTRAGTCCATTRAAAGTTRAATATCTTTCTGTTATACAAACARNGACTTCATCGCCATA— [ Find Conflict ]
T TGTCTATGAGGAATGGTCTTGCTTCTCATTGGTCCATTAAAGCTGAATATCTTACAGTTATACAAACAAGACTTCATCGCCATA
TT - AAC ATGAGGAATGGAGTTGCTTCTCATTEGTCCATTGAACGTGAATATCTTTTATTTATACAAACAATACTGCATCHACCATA Low coverage threshold |3

CCCAATGTCTATGAAGAATGGAATTGCTTCTAAATGGTCAATTGAACCTAAATATATTTCTGTTATACAAACAAGACTTCATCGCCATA
TGTCTATGAGGAATGGGCCTACTTCTCATTAGTCCATTGEACCTAAATATATTTCTATTATACAAACAAGACTTCATTGCCATA [
TGTCTATGAGGAATGGGCCTACTTCTCATTAGTCCATTGEACCTAAATATATTTCTATTATACAAACAAGACTTCATTGCCATA |,

TT-AACCTAATGTCTATGAGGAATGAAATTGCTTCTCATTGGTACATTGAACCTAAATATGTTTATGTTATACAAATAGGACTTCAT

Find Low Coverage ]
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SNP detection using the CLCbio software

Parameters:

Window length = 97

Maximm
Minimum
Minimuam

gap and mismatch count = 4
central quality = 30
gverage gualitv = 25

Minimuam
Minimam

coverage = 15

variant frequency (%) = 35D48,761 candidate SNPs, 1 SNP per ~1,000 bp

Maximm

Use advanced significence settings = Ho

expected varlationzs (ploidy) 2

Ennotate reference seguence = Yes (tOtaI Contig Iength / number Of SNPS)

Annotate consensus sSegquence = Yes
Create table = Yes

Fenetic

code translation = Standard

Merge SNHPs = HNo

Parameters:

Window length = 47

Maximam
Minimuam

gap and mismatch count = 4
central quality = 30

Minimum average mmalitv = 35 97,140 candidate SNPs, 1 SNP per =500 bp
Minimam coverage = 10

Minimum wariant frequency (%) = 30.;::::;)

Maximam expected variations (ploidy) = 2

Uze advanced significance settings = Ho

Annotate reference segquence = Yes
Annotate CONSensus sSequence = Yes
Create table = Yes

Fenetic

Merge SHNP3 = HNo
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SNP detection using the CLCbio software

Rows: 249,641 SMP Detection Table Filter:
» Column width
Mapping Reference Po... ConsensusP... Variation Type  Length Reference Variants Allele Variations  Freguencies Counts Coverage Owerlapping ... Coding Regio... Amino Add C... _MEHUE| =
contigl mapping 72 72 SMP 1cC 2CT 59.4/40.6 19/13 32 + | w» Show colurnn
contigl mapping 39 89 SNP 1T 2TfC 60.0/40.0 18/12 30 = Mapping
contigl mapping 106 106 SMP 1cC 1T 80.5 33 41
contig1 mapping 120 120 SNP ile 2TjC 56.8/40.9 25/18 44 Reference Position
contigl mapping 170 170 SMP 1G 1A 53.7 22 41 Consensus Position
contigl mapping 208 208 SMP 1G 1A 85.7 42 49
contig1 mapping 224 224 sNP ic 1T 68.4 33 57 Variation Type
contigl mapping 234 234 SNP 1G 1A 4.1 43 58 Length
contigl mapping 242 242 SMP 1cC 1T 56.9 29 51
contig1 mapping 244 244 SNP ilG 1A 32.0 % 50 e
contigl mapping 299 249 SMP 1cC 1T 35.8 19 53 Variants
contigl mapping 277 277 SNP ile 2/TjC 50.0/42.6 27/23 54 R
contigl mapping 279 279 SNP 1C 2cT 51.7/48.3 30/28 58
contigl mapping 340 340 SNP ilG ilA 81.0 94 116 Frequendies
contigl mapping 351 351 SNP 1c 27/C 57.3/39.3 67/46 117 —
contigl mapping 371 371 SNP ilG 2 AfG 52.0/44.7 64/55 123
contig1 mapping 377 377 SNP 1c 2TjC 51.2/38.0 62/46 121 Coverage
contigl mapping 382 382 SNP 16 1A 2.4 98 119 [] Variant #1
contig1 mapping 423 423 SNP 1G 2.G/A 63.6/35.6 75/42 118
contigl mapping 426 426 SNP ile 1A 83.1 113 136 [ Frequency of #1
contigl mapping 438 438 SNP 1C 2CT 46.0/41.1 57/51 124 [[] Count of #1
contigl mapping 445 445 SMP 1G 1A B66.4 73 110 .
contig1 mapping 455 455 SNP 1G 2.G/A 60.2/39.8 53/35 38 (O] variant #2
contigl mapping 458 458 SNP 1G 2AfG 53.5/44.2 46/33 36 [ Frequency of #2
contigl mapping 459 459 SMP 1T 1G 84.2 54 75 D Count of 2
contigl mapping 493 493 SNP 1|C 1T 74.5 33 51
contig1 mapping 506 506 SNP 1A 1G 84.8 34 99 Overlapping Annotations
contig 1 mapping 507 507 SNP ic 1A 9Ll 92 101 Coding Region Change
contigl mapping 532 532 SNP 1c 1T 93.6 160 171
contig mapping 564 564 SNP 16 1A 84.6 126 149 Amino Acid Change
contigl mapping 565 565 SNP 1A 1c 72.0 18 25
contigl mapping 596 596 SNP 16G 1A 75.7 227 300
e
contigl mapping 615 615 SMP 1G 1A 93.1 296 318
contigl mapping 635 635 SNP ilG 2 AfG 56.8/38.4 189/128 333
contigl mapping 643 643 SNP 1G 1ic 49.2 190 386
contigl mapping 708 708 SMP 1T 1|C 68.8 170 297
contig1 mapping 709 709 SNP 1A 27T/A 56.7/41.1 131/95 231
contigl mapping 736 736 SNP 1G 2 G/A 56.1/38.9 10170 180
contigl mapping 738 733 SMP 1G 1A 89.6 163 182
contigl mapping 752 752 SNP 1G 2 G/A 57.3/37.2 94f51 164
contigl mapping 780 760 SMP 1G 1cC 42,9 42 93
contigl mapping 792 792 SNP ile 2/T/C 64.3/35.7 151/84 235
contigl mapping 805 805 SNP 1G 1A 92.9 2497 266
contigl mapping 809 809 SMP 1A 1|6 70.1 188 268
contig1 mapping 816 816 SNP 1G 2 afG 64.6/35.0 179/97 277
conlticll manning 858 858 SMP 1T 2/CiT 50.7/49.3 106/103 209 ! S
] I ¢
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Conclusions

» Genome-wide association mapping help to
Identify genes responsible for adaptive trait
variation, to study local adaptation, and to
find genes and alleles under selection

» Genomic selection should help with
breeding for resilient trees

» Technology of gene enrichment are effective
for genome-wide gene genotyping via
sequencing

Gz
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Current & Nearest Future Studies

Discover all expressed genes in loblolly pine and provide partial to
complete sequence (e.g., on-going DOE JGI sponsored projects)

Complete genome sequence for major conifers (Douglas-fir, Norway
spruce, Loblolly, Sugar, Scots and Maritime pines: (there are several
projects in progress in Sweden, USA, EU and Russia)

Landscape and ecological genomics: finding associations of SNPs,
alleles, haplotypes, and genotypes with environmental factors,
adaptive traits and phenotypes

Genomic Selection (selection based on genome wide genotyping):
genome wide markers are used to infer Kinship relationships and to
develop a regression model between markers and phenotypes in a
training population and apply it to other breeding populations to
predict and select the best performing individuals

Gz
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Why complete genome seguence IS important?

How would forest genetics and forest protection benefit from complete genome
sequence for major conifers?

 identify and annotate genes, other functional elements (SRNA, transcription factors,
regulatory elements, etc.) and genetic networks that control adaptation and disease
resistance

« develop highly informative genetic markers that can be used in population genetic
studies to create database of barcodes for individual populations to fight illegal
timber harvest and trade

« develop genome-wide genetic markers for association studies for linking genetic
variation (SNPs, alleles, haplotypes, and genotypes) with environmental factors,
adaptive traits and phenotypes for better understanding genetic control of
agronomically and economically important traits

« develop genome-wide genetic markers for genomic-assisted selection to breed for
better adapted and desirable quality trees

 Integrate proteomics, transcriptomics and metabolomics

« reference genome for resequencing @

Me:xa. HayaHas KoHd. «3ammra Jieca — HHHOBAIKA BO M4 pasBuTus» 29-30 wosopa 2012 . BHUNJL, r. lIymkuuno, P® - 5 &



Current complete de novo conifer genome sequencing projects

Species

Leading organization (P,
budget, start year)

Norway spruce (Picea abies)

Umea Plant Science Centre, Sweden
(Dr. Par Ingvarsson, $12M, 2010)

Loblolly pine (Pinus taeda),
Douglas-fir (Pseudotsuga menziesii),
Sugar pine (Pinus lambertiana)

University of California, Davis, USA
(Dr. David Neale, $15M, 2011)

White, Sitka and Black spruce (Picea
glauca, P. sitchensis & P. mariana)

Université Laval, Canada
(Dr. John MacKay, $10M, 2010)

Maritime pine (Pinus pinaster),
Scots pine (Pinus sylvestris)

European Union
(Dr. Maria-Teresa Cervera, INIA
CIFOR, Spain, $10M, 2011)

Siberian larch (Larix sibirica),
Siberian pine (Pinus sibirica)

Siberian Federal University, Russia
(Dr. Konstantin Krutovsky, $2M, 2011)
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Scale of the problem: gigantic size of the genome!

Comparative genome sizes in conifers that are objects of genome sequencing in current projects

DNA (1C) Ratio to

Species ! human

pg Gbp genome
Human (Homo sapiens) 2 3.47 3.20 1
Siberian larch (Larix sibirica)° 12.30 12.03 4
Douglas-fir (Pseudotsuga menziesii) 4 19.05 18.63 6
Norway spruce (Picea abies) ° 20.01 19.57 6
White spruce (Picea glauca)® 20.20 19.76 6
Loblolly pine (Pinus taeda) 4 22.10 21.61 7
Scots pine (Pinus sylvestris) ° 22.98 22.47 7
Siberian pine (Pinus sibirica) ® 24.15 23.62 7
Maritime pine (Pinus pinaster) 3 24.35 23.81 I
Sugar pine (Pinus lambertiana) ’ 29.55 28.90 9

LAl Pinaceae species have 12 chromosome pairs except Douglas-fir that has 13
(http://data.kew.org/cvalues); 2IHGSC 2004; 30Ohri & Khoshoo 1986; *O'Brien et al. 1996;
SFuchs et al. 2008; 8Siberian pine genome size hasn’t been studied yet, and the data are (
given for the closest species P. cembra (Greilhuber 1986); "Wakamiya et al. 1993. @
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http://data.kew.org/cvalues

Scale of the problem: gigantic size of the genome!

Sugarpine
(Pinus lambertiana):
1C =28.90 Gbp

Slberlan pine 7
* mus SIblrlca)
= 23 62 Gbp

Human
~ genome,
Homo

;arlx 5|b|r|ca)
=12.03.Gbp
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Other problems

Pf—* NEPRETTHN

* highly repetitive (75- :
80% of entire genome)/-f

» high allelic variation | '

* large gene families

Optimization and innovative
approaches are needed!
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Innovative approaches

Combination of different size libraries: 200-800 bp
paired-end tags (PET), 2-5 kb mate paired-end tags
(MPET) or paired-end jumping libraries, 454 long reads,
barcoded pooled fosmid libraries (30-40 Kb)

Haploid tissue from single megagametophytes
New assemblers (i.e., based on deBruijn graphs)

Optical mapping (OpGen, Inc.; www.opgen.com)

Haploid tissue culture

Genome partitioning:

— chromosome microdisection using laser capture microscopy
(LCM) followed by
— whole genome amplification (WGA) @,

]
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IlepcnexkTuBbl corpyanuyectsa: Ilpoexkrsl B CIIHA

Hayunstit forosop c JlecHoi canyx06oii CIIIA, pykoBoauTe b npoekTa «'eHOMHBIN aHAJIU3 JIaJIaHHOH COCHBI - CEKBEHHPOBaHHe U
KapTupoBaHue», 1 ron, 6/29/2012-4/30/2013, 6romxet $42,491 (USDA Forest Service Coop Agreement Award #12-CA-11330126-064,
Pl: K. V. Krutovsky, CoPl: Nurul Islam-Faridi, 1 year, 6/29/2012-4/30/2013, $42,491, “Genomic Analysis of Loblolly Pine - Sequencing
and Mapping”)

Texacckuii arpo-MexaHU4YECKUN yHUBEepcuTeT, HayyHas HHUIMATHBA 1O LEJIOCTHO-CUCTEMHBIM T€HOMHOM HMCCIEIOBAHUSAM, PYKOBOAUTEIb
npoeKTa «BblCOKOl’[pOI/I?.BOIlI/ITe.JIbHOG CeKBeHI/IPOBaHI/Ie HeJbIX XpOMOCOM I/I30.J'II/Ip0BaHHLIX ¢ MOMOIIBIO .11a3epH01”4 MHKpOCKOl’lI/II/I»,
1 rox, 1 centsiopst 2011 r. — 31 aBrycra 2012 1., 6romxer $10,000 (Texas A&M University Whole Systems Genome Initiative (WSGI)
Catalyst Research Grant, PI: K. V. Krutovsky, CoPls: Nurul Islam-Faridi, C. Dana Nelson, 1 year, 9/1/2011-8/31/2012, $10,000; "High-
throughput Sequencing of Laser Microscopy-captured Individual Loblolly Pine Chromosome 12")

MunmncrepcrBo cenbckoro xosgiicrsa CIITA, TIporpaMMa perHoHaIBHBIX ITOAX0HA0B K Ipo0iIeMe n3MeHEHHs KinMara, # A3101,
COPYKOBOAUTEJIb IIPOEKTA «I/IHTeraIII/Iﬂ HaAyKH, 06pa30BaHI/Iﬂ U NNPUHRJIAAHOTO X0391licTBa AJIS YJIIyYIIEHUS aJanTalluu HKHBIX
COCHOBBIX JIECOB K H3MEHEHHMI0 KJIMMATA ¥ CMSATYeHHsl ero naryoHbIX mocjaeacTeuin», 5 jert, 1 suBaps 2011 r. — 31 nekabps 2015 r,
oromxker $19,976,825 (USDA NIFA Agriculture and Food Research Initiative (AFRI) Competitive Grants Program, Climate Change
Program 1: Regional Approaches to Climate Change, Program Area Code — A3101, PI: Timothy Martin, CoPI: K. V. Krutovsky (with
$696,559 research budget allocated) et al., 5 years, 1/1/2011-12/31/2015, $19,976,825; “Integrating research, education and extension for
enhancing southern pine climate change mitigation and adaptation”)

MunuctepcTBO cenbekoro xo3siicta CIIA, [Tporpamma pa3BuTHs HallMOHATBHBIX KaJIpoB, # 2009-:38420-05631, pykoBoauTe/ib NpoeKkTa
«IloaAroToBKa aCIMPAHTOB B 00/1aCTH JECHBIX PeCypPCcOB, BOCCTAHOBJIEHUS U COXPaHeHHUs JiecoB», 5 net, 2 suBaps 2010 . — 31
asrycra 2014 r., 6romker $349,200 (United States Department of Agriculture (USDA) Cooperative State Research, Education, and
Extension Service (CSREES), Food and Agricultural Sciences National Needs Graduate and Postgraduate Fellowship (NNF) Grants
Program, # 2009-38420-05631, K. V. Krutovsky et al., 5 years, January 2, 2010 - August 31, 2014, $349,200, “A Graduate Program in
Forest Resource: Developing Integrated Expertise in Forest Resource, Management, Conservation and Restoration™)

MunucrepcTBo cenbekoro xo3sicTa CIITA n Cenbcko-X03IMCTBeHHAS IKCIEPUMEHTaIbHAs cTaHIus mT. Texac, [IporpamMma siecHoro
pazsutus, TEX09122-0210381, pykoBomutens npoekTa «CpaBHUTENbHAS TTOMYISIIUOHHAS TCHOMHUKA U TEHETUIECKHIA KOHTPOJIb
3aCyXOyCTOMYMBOCTH FOXKHBIX cocen», 5 set, 1 mast 2007 1. — 30 ampenst 2012 1., 6Gromker $132,800 (United States Department of
Agriculture (USDA) Cooperative State Research, Education, and Extension Service (CSREES) Current Research Information System
(CRIS), Texas Agricultural Experiment Station (TAES) Mclintire-Stennis Project, TEX09122-0210381, K. V. Krutovsky, 05/01/2007 -
04/30/2012, $132,800, “Comparative population genomics of drought resistance-related candidate genes in Southern pines”)
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IlepcnexkTuBbl coTpyauundecTtsa: Ilpoexrsl B PO u EBpone
P®:

MunuctepcTBo 006pa3oBanus U Hayku Poccuiickoit @eneparnu, PenepanbHas nenaeBas nporpamMmma «Haydnoie u
Hay4YHO-IIe/IarOrH4eCcKre Kaapbl MHHOBaMOHHON Poccum» Ha 2009 — 2013 roasl (Mmeponpusartue 1.5, ecTecTBEeHHbIE
Hayku ouepens X1X), mudp 3asBku 2012-1.5-12-000-1001-002, pykoBoauten npoekta «Ilosnorenomuoe
CeKBEHHPOBAaHME JMCTBEHHULBI CHOMPCKOiT», LIeHTp reHOMHBIX HcciieqoBaHuil deepaabHOro rocy1lapcTBEHHOIO
aBTOHOMHOT'O 00pa30BaTeNIbHOTO YUPEXKIEHHUS BhICIIEr0o MpodeccrnoHanbHOro oopazoBanus "CuOupckuit
denepansubiii yauBepeutet”, 1,5 rona, 24 cenrsaops 2012 r. — 14 vos6ps 2013 1., Oromket 2 MiH pyo ($65,000)

EBpomna:

EvolTree (EVOLution of TREEs as drivers of terrestrial biodiversity; http://www.evoltree.eu) - a network of excellence
that was launched and financially supported by the European Union within the 6th framework programme in April
2006. The network has been extended under the umbrella of the European Forest Institute (EFI) network. The new
consortium is now made up of 23 research groups in 13 European countries. Coordinator from Georg-August-
University of Gottingen, Germany — Prof. Dr. K. V. Krutovsky

NovelTree — research consortium (http://www.noveltree.eu), composed of 15 public and private European partners
coordinated by Dr. Catherine Bastien (INRA-Orléans, France) and is designed to enable significant genetic
improvement of the composition and characteristics of forest products to satisfy the needs (quality, quantity,
sustainability, vulnerability) of consumers and the forest-based sector. NovelTree has received an EC contribution of
4.1 million Euros in the frame of the priority "Life Sciences, Biotechnology and Biochemistry for Sustainable Non-
Food Products and Processes“for 4 years (2008-2012). Coordinator from Georg-August-University of Gottingen,
Germany — Prof. Dr. K. V. Krutovsky

SustainPine — research consortium “Genomic tools in maritime PINE for enhanced biomass production and
SUSTAINable forest management” (http://www.scbi.uma.es/sustainpine), composed of 6 working parties and 11
public and private European partners coordinated by Dr. Francisco M. Céanovas (Universidad de Malaga, BMB,
Spain) funded by the PLANT-KBBE 2009 Program: “Scientific and Technological Cooperation in Plant Genome
Research as basis of the 'Knowledge Based Bio-Economy*”. Coordinator from Georg-August-University of
Gottingen, Germany — Prof. Dr. K. V. Krutovsky

Me:xa. HayaHas koHd. «3ammra Jjeca — HHHOBAIKUA BO uM4 passutus» 29-30 wossopsa 2012 . BHUNUJL, r. Iymkuuo, PD


http://www.evoltree.eu/
http://www.evoltree.eu/
http://www.noveltree.eu/
http://www.noveltree.eu/
http://www.scbi.uma.es/sustainpine

IlepcneKTUBBI COTPYAHUYECTBA

KOMIIVIEKCHAIS ITPOI'PAMMA
pa3BuTusa 0uMorexHosorui B Poccuiickou @egepauuu
Ha nepuoa a0 2020 roga
Yr1Bepxaéunas Illpasureascreom Poccuiickoit @enepauuu 24 anpeis 2012 r.

Koopaunarop IIporpammel. MUHHUCTEPCTBO 3KOHOMUYECKOTO pa3zBuTus Poccurickon Oenepanuun

OcHoBHBI¢ YuacTHUKU [Iporpammbl: MuH-BO 00pa30BaHus U HAYKH, MUH-BO MPOMBIIIJICHHOCTH U
TOPTOBIJIM, MUH-BO CEJIBCKOTO XO0351MCTBa, MUH-BO NPUPOIHBIX PECYPCOB U 3KOJIOTUH, MUH-BO
3APaBOOXPAHEHUS U COLMAJIBHOTO pa3BUTHsI, MUH-BO SHEPTreTUKUA, MUH-BO PETMOHATILHOTO Pa3BUTHS,
denepanbHOE areHTCTBO JIECHOTO X03s1iicTBa, DenepaibHOE areHTCTBO MO pbIO0IOBCTRY, Poccuiickasi
akaJieMus HayK, Poccuiickas akagemusi MEIUIIMHCKUX HAyK, Poccuiickas akagemust
CENIbCKOXO3SIMCTBEHHBIX HAYK, OPraHU3allMA-KOOPANHATOPHI TEXHOJIOTHUEeCKUX Tuiargopm "MenuimHa
oynymero", "buonnnycrpust u ouopecypcsl - buoTex2030", "buosnepretuka

Ctp. 28: Ilpuopurterhbl pA3BUTHA:

— OouodapmarnieBTHKa U OMOMEIUIINHA;

— MPOMBIIIJICHHAs: OMOTEXHOJIOTHUS U OMOYHEPreTUKA;
— CCIBCKOXO3SMCTBECHHAS M IHIIECBAs OMOTEXHOIOTHS;
— JiecHasi OMOTEeXHOJIOT U ;

— IPUPOJI0OXpaHHast (PKOJIOTUYECKasi) OMOTEXHOJIOTHS;

— MOpcKasi OMOTEXHOJIOTHS. @
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IlepcneKTUBBI COTPYAHUYECTBA

KOMIIVIEKCHAA ITPOT'PAMMA
pa3BuTusa 0uMorexHosoruii B Poccuiickonn @egepanuu

Ha nepuon a0 2020 roga

C1p. 47-50: 7. JlecHasi 0MOTEXHOJIOTHS:
Peanuzanus [IporpaMmMbl B 4acTu puopuTETHOTO HampasieHus "JlecHass OMoTexXHOMOrus" NpUBEAET K
CO3/IAHUIO B CTPAHE COBPEMEHHOW CUCTEMBI YIIPABJICHHUS JIECOHACAKICHUSIMU C MPUBJICYEHUEM METONOB
JIHK mapkupoBaHusi, CO34aHNI0 HOBBIX OMOTEXHOJOTMYECKUX (DOPM JIEPEBHEB C 3aJITaHHBIMU MPU3HAKAMU,
Pa3BUTHIO IUIAHTAIMOHHOTO JIECOBBIPAIIUBAHUS, CO3JJAHUIO YCIOBUM /JIsI MAJIOOTXOTHOM MepepadbOTKu
IPEBECHUHBI, YTUIN3AIUN OTXOAO0B JIECOMUIICHUS, a TAKXKE K CO3/IaHUIO CITIPOCAa HA COBPEMEHHBIE
AKOJIOTUYECKU 0€30TacCHbIE CPE/ICTBA 3AIUTHI JIeCa.

7.1 "TlpumeHeHUe OUOTEXHOJIOTHI VISl YIIPABJIEHUS JIECOHACAKIEHUSAMH "'
OnHuM U3 IPUOPUTETHBIX HAMPABICHUN Pa3BUTHUSA JIECHBIX OMOTEXHOJOTHUH SBIISIETCS MOJIEKYJISIPHOE
(JIHK) MapkupoBaHue, HAPaBJICHHOE HA PEIICHUE CICAYIOIIMX 3a/1a4 JICCHOTO X03sIMCTBA U
MIPOMBIIIJIEHHOCTH
— COBEPIICHCTBOBAHME NPUHIIUIIOB M IMOAX0/0B JIECOCEMEHHOI0 PAHOHHUPOBAHMNS;
— reHeTH4YeCKAasl MACHOPTU3alMs U CePTU(PUKALUA CEMSH;
— MOHUTOPUHT (PUTOCAHUTAPHOIO COCTOSIHUS MUTOMHHUKOB U JIECOHACAXKICHUN;
— KOHTPOJIb 3aKOHHOCTH MPOUCXO0KICHHUS IPEBECHHBI.
7.2 "TlpuMeHeHne OMOTEXHOJIOTHIA IUISI COXPAHEHHS W BOCIIPOU3BOICTBA JIECHBIX TeHETHYECKHX PecypcoB’’
— co3/aHue 0aHKOB 1N Vitro peIkuX U UCYE3AIOIINX BUIOB JIECHBIX PACTCHHUI;
— KIIOHAJIbHOC MHUKPOPA3ZMHOKCHHUC PCAKHNX U NCUC3A0OINX BUJIOB JICCHBIX APCBCCHLIX U TPABAHUCTBIX paCTeHI/Iﬁ
JUISL CO3JIAaHUS PE3EPBATOB;
— MOHHUTOPHHI COCTOSTHUS JIECHBIX FeHETHYECKHUX PeCcypcoB ¢ MpuMeHeHneM MeroaoB anaausa JTHK;
— OIeHKAa reHeTHYeCKOro Pa3HO00PA3Hsl JeCHbIX HACAKICHHI ¢ HCIOIb30BaHHeM MeTonoB anain3a J{IT
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IlepcneKTUBBI COTPYAHUYECTBA

KOMIUVIEKCHASA ITPOT'PAMMA
pasButus OuorexHosioruii B Poccuiickoun ®eagepauun

Ha nepuon a0 2020 roga
7.3 "Co3nanmne OMOTEXHOJOTMYECKHUX (DOPM /iepeBbEB € 3aJaHHBIMM NPU3HAKAMH "'

DOxoHomudeckas 3p(HEeKTUBHOCTD JIECOHACAKACHUHN (JIECHBIX IUIAHTAIIMN B YACTHOCTH) B TIEPBYIO
o4yepe/ib 3aBUCHUT OT MPOAYKTUBHOCTH U YCTOWYHMBOCTH K OMOTUYECKUM U aOMOTUYECKUM (haKTOpam CpeJibl
UCIIOIB3YEMBIX JIECHBIX MOPOA. B CBOIO ouepeb 3TU XapaKTEPUCTUKHU 3aBUCAT OT TEHETUYECKOW IIEHHOCTH
Y Ka4ecTBa MOCAJ0YHOI0 MaTepuaa.

Heobxonmma ... cejieKIusi 0OCHOBHBIX JiecooOpa3yromux nopoa Ha ocHoBe JIHK mapkupoBanus mis
BBIBEJICHUS HOBBIX THOPUJIHBIX M COPTOBBIX (POpPM; co3anne OMOTEXHOIOTUUECKUX (POPM JEPEBHEB C
3aIaHHBIMU MPU3HAKAMH, HATPUMEP, C MOHMKEHHBIM COJIEPKAHUEM JIUTHUHOB, YCTOMUUBOCTHIO K
repOuIMIaM; KJIOHAJbHOE MUKPOPA3MHOKEHNE T€HETUYECKHU LIEHHBIX ()OPM JEPEBHEB C LIEIbI0 OBICTPOTO
BBIBE/ICHUSI HA PHIHOK HOBEUIIIUX CEJIEKIIMOHHBIX JOCTUKEHHUM U MOBBIIICHHS KaueCTBa MOCaJ0YHOIO
Marepuara.

... BBICTpOpacTyIre AepEBhA SBISIOTCS TaKKe OAHUM U3 3(DPEKTUBHBIX CITIOCOOOB OOPHOBI €
U3MEHEHHEM KJIMMaTa B Ka4€CTBE MOTTIOTUTENEH YITIEKUCIIOro ra3a. Jpyrum HarpaBlieHUEM UCIIOJIb30BAHUS
OBICTPOPACTYIIETO Jieca ABJISIETCS €r0 UCIOIb30BAaHUE B KAUE€CTBE ChIPhS JIJI1 OMOTOIIINBA.

7.4 "buoJsioruyeckue CpeacTBa 3aluThI JIeCaA«

B pe3syabrare peanusanuu [Iporpammel B Poccuu Oyaer co3gana coBpeMeHHasi 0a3a NPOMBINIJIEHHOIO
MPOM3BOACTBA, XaPAKTEPU3YIOIIAACH NOBbIIIEHHBIM PECYPCHBIM MOTEHIMAJIOM JIECOB M CYIIECTBEHHO
CHUKEHHBIM YPOBHEM 0€3BO3BPATHBIX 0TX0/J0B JIECHOTO NMPOU3BOACTBA.

OTBeTCTBEHHBIH 32 Pa3paldO0TKy U peaju3alui0 KOMILJIEKCa Mep 10 HanpaBJieHHIo - Pociiecxos.
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IlepcneKTUBBI COTPYAHUYECTBA

KOMIUVIEKCHAASA ITPOT'PAMMA
pa3Butus Ouorexnosorud B Poccuiickonn @exepanuu
Ha nmepuopa 10 2020 roxa

BakHOCTHL reHOMHBIX HCCJIEI0BAHNN MHOTOKPAaTHO oTMedeHa B [IporpaMmMe B KOHTEKCTE:

pa3BuTHs cucteMHol ouonoruu (ctp. 30)
TCHOMHBIX U ITOCTICHOMHBIX TexHojorui (cTp. 30)
ououndopmaruku (ctp. 30)

KJICTOYHBIX TeXHoJorui (ctp. 30)

UACHTU(UKAIIMYA HOBBIX JUATHOCTUYCCKUX M TEPAICBTHUCCKUX MHIICHEH, 0COOCHHO C MO3UITUN
nepconudukanuu jgedeHus (ctp. 32, 67)

CO3/1aHUs1 HOBBIX COPTOB CEIBCKOXO35MCTBEHHBIX PACTEHUM U )KUBOTHBIX HOBOTO MTOKOJIEHUS, YCTOMYMBBIX
K O0JIe3HsIM, 3acyXe, repOulnIaM, HACEKOMBIM-BPEUTENSIM U HEOIArONPUATHBIM YCIOBUSIM CPE/IbI
(MeToAbl FEHOMHOM CEeJEKIIMH, OCHOBAaHHBIE Ha UCIIOJIb30BAHUU MOJIEKYJISIPHBIX MapkepoB) (cTp. 41, 42,

73, 75)

pa3paboTKa U BHEJIPEHNE METO0B I'€HOMHOM NMacOPTU3aLMU AJIs MOBBIIEHUS 3P(HEKTUBHOCTU
CEJEKIIMOHHO-TIJIEMEHHOU pabO0Thl, TEXHOJOTUM KIIOHUPOBAHUS KUBOTHBIX-TIpOM3BoaUTENEH (CTp. 41)

CKPUHUHT OOJIBIIIOTO YUCiIa MyTalui (mo1uMopdu3MoB), CBSI3aHHBIX C YPOBHEM PAa3BUTHS SKOHOMUYECKU-
3HAYUMBIX CEJICKIMOHHBIX MPU3HAKOB CEIIbCKOXO3SIMCTBEHHBIX KUBOTHBIX (CTp. 42, 75)

paci@poBKa FeHOMOB OCHOBHBIX CEJIbCKOXO3SHMCTBEHHBIX pacTeHui (cTp. 73) ( (,1-;
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IlepcneKTUBBI COTPYIHUYECTBA

KOMIUVIEKCHAS TPOT'PAMMA

pa3BuTusa 0uMorexHosoruii B Poccuiickon @egepanuu

Ha nmepuopa 10 2020 roxa

Ipeanonaraemspie 00beMbl GUHAHCUPOBAHUSA 10 HANIPABJICHUNAM,
MJIPA. pyOJieil, B IeHaX COOTBETCTBYOINMX JIeT:

2011

2012

2013

2014

2015 | 2016 | 2017 | 2018

2019

2020

2011-2020

%

1 3 3 3 4 5 5 6 [ 8 45 3,8
IHJUAH
NMepBoOOYECPEAHBIX MEePONPUATHN 0 peasusanuu Iporpammbl
Cpok npunsaTHS
Ne Buna Cpok /BHecenusi B |OTBETCTBEHHbIH
o/ Conepmaﬂne MeponpusTHi JTOKyMeHTAa npeacrasjaeHud [['ocylapCcTBeHHYIO| HCIHOJHUTENb
Aymy
PazpaboTka npeainoxeHuit mo co3aaHuto Jokman B
2 CIIELIMAIIN3UPOBAHHOTO HAYYHO- [IpaBurtenscTBO 2012 rox i Pocnecxos,
[IPOU3BOACTBEHHOIO LIEHTPA JIECHBIX Poccuniickon PAH, u np.
OMOTEXHOJIOT Uil Denepanuu
[ToaroroBka nmpeaoKeHu 1o BHEAPEHU IO
TEXHOJOTHI MOJIEKYJISIPHOTO MAPKUPOBAHUS Hoxnan B
6 | B MPAKTHKY JIECOCEMEHHOTO parionnpoBanus, | IIpaBurtenscTBO 2012 ron i Pocnecxos,
cepTudUKaIy CeMsIH, MOHUTOPUHTA Poccuiickon PAH, n np.
(UTOCAHUTAPHOTO COCTOSIHUS U ®denepanuu
O1opa3zHo00pa3usl JICCHBIX HACAKICHHI
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o XX century:

Evolutionary theory + Genetics

= Synthetic theory of evolution

(Genetic theory of evolution or
Evolutionary Genetics)

Theodosius
Dobzhansky

population genetics level of thinking  (1900-1975)

o XXI century:

Molecular genetics + Bioinformatics
= Genomics

population genomics level of thinking

Krutovsky, K.V. 2006 From Population Genetics to Population Genomics of Forest Trees:
Integrated Population Genomics Approach. Russ. J. of Genetics 42(10): 1088-1100
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