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* Genomic selection
* Metagenomics
 Nutrigenomics

* Phylogenomics
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Traditional forest tree breeding
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Traditional forest tree breeding

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

i Traditional molecular breeding and
Marker-Aided Selection (MAS)
Growth Adaptability Straightness
At YYTT vk L
twai,r

Disease resistance Insect resistance Wood quality

(Adapted from Dave Neale)
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Traditional molecular breeding and
Marker-Aided Selection (MAS)

Classification of three different types and
resolutions of marker-trait associations:

QTL mapping using random Markers g, o pased Linkage Disequilibrium (LD) MAS

g (LD markers)
* Ex. microsatellite markers flanking a QTL mapped in a high
LD pedigree - Centimorgan resolution - 105 107 bp
Association mapping or candidate
TL i .
5 gene based Q. mapping Population-based LD MAS
= (LD and direct markers)
S + Ex. SNPs strongly associated with the QTL or candidate
a gene - Subcentimorgan resolution - 1w0la w"bn
o
Gene and exact polymorphism (QTN) identified
Gene-based LD MAS
(direct markers)
+ Ex. causal SNPs (QTHs) of quantitative variation
d i f exact allele
s Madified from Grattapaglia (2007)

Traditional pine breeding

L 10+ years i 8+ years Ji 8+ years |
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Top grafting using cuttings (scions)
from improved or plus trees
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-

(Adapted from Matias Kirst) !
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Genomic selection

Training population

Phenotype Develop

genomic

prediction
Genotype = s

-

for high-density 54
SNP panel @  Y=Xb+Zh+e
Breeding population
* Genotype Predict BV
* I:f} for high-density I:b from marker
SNP panel genotypes
)
1st cycle of early MAS

Genotype Predict BY
| forhigh-density from marker
SNP panel genotypes

C 2nd cycle of MAS lj
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New type of Marker-Aided Selection (MAS):
Genome-wide based selection or
Genomic selection

* needs genome-wide comprehensive number of markers

* needs efficient high-throughput genotyping

* needs complex regression models to predict phenotypes
and breeding values (e.g., GBLUP, Bayes A/B)

* needs high-quality phenotyping

* depends on Linkage Disequilibrium (LD) (ideally —
genotyping-by-sequencing — GBS):
— low LD — more markers are needed;
— high LD — less number of markers needed {q
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Traditional pine breedinq:

10+ years B+ years B+ years

_
123456789 10121314151617 18 19 20 21 22 23 24 25

Top-grafting
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Genomic selection:

Genomic Selection Guided Crosses

% A year Top

Sof Cross graft

5o .
ayears (710 § ;;‘ Surgical” breeding
— v Y,
12345686 Genotype

& Select (Adapted from Matias Kirst) tq
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Genomic selection incorporated into pine breeding

Modified from Matias Kirst: I (\,\tear . Top-

Cross graft

Mate pair allocation - —>

‘\\"'—3" Top-

Cross graft
i
= I
4 ] Prediction population:
Propagation,
GBLUP Genotype clonal trial &

Training population — me—— & Select deployment q
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Genome-wide linkage disequilibrium (LD)

II m 1v

\Y VI

VII

VIII IX

X XI XII

502 mapped SNPs in 12 loblolly pine linkage groups (I-XII)

Chhatre, V., T. Byram, D. B. Neale, J. L. Wegrzyn, and K. V. Krutovsky, 2013 Genetic structure and association mapping of adaptive
and selective traits in the East Texas loblolly pine (Pinus taeda L.) breeding populations. Tree Genetics and Genomes 9(5): 1161-1178.
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Pairwise LDs for SNPs mapped in 12 loblolly pine linkage groups

LD between pairs of markers (Kb) In 12 Linkage Groups In Pinus taeda
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Based on Linkage Map by Eckert et al (2010)

Distance between pairs of markers (Kb)

Distance between pairs of markers (Kb)

Distance between pairs of markers (Kb)

Distance between pairs of markers (Kb)

Mapping Distance to Physical Distance Conversion Based on O’Brien et al (1996)
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LD in E. Texas Natural Populations
Linkage Group # 8
=18
124 Markers
g 570 463 Individuals
£
e Low map resolution
o g .
g i and SNP density to
E «l® . P trace LD decay
° 18
0 500000 1000000 1500000 2000000 2500000
Distance between pairs of markers (Kb)
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LD in the first generation selection trees in Texas (natural
populations) Zoomed-in region: 0 — 3.5Mb

Linkage Disequilibrium (r2)

0.0 0.5 1.0 1.5 2.0 25 3.0 35

Distance between pairs of markers (Mb)

Low map resolution and SNP density to trace LD decay ‘
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How much LD do we need for genomic selection?

Simulation of probability for detecting association
between marker and QTL at different LD levels

. .. LD required to attain the power of 0.9 at n=463
Given conditions:

» Sample size = 463

* Marker minimal allele

frequency (MAF) =0.2

QTL MAF=0.2

Additive effects

* Statistical significance =
95%

Goal:
Power to detect LD between

Power to detect associations

0.9

0.4 0.5 0.6 0.7 0.8

0.3

0.2

*

T

T

0.4 0.6

marker & QTL=0.9
ldDesign R Package (Ball 2007 & 2008)

‘ Linkage Disequilibrium (r2)

lis LEHOMUKA:

How many samples do we need for genomic selection?

Simulation of LD and sample size needed for genome-

wide association mapping
. . Sample size needed to detect assoclations
Given conditions:

*

5000

* Power =0.9

e Marker MAF =0.2
« QTLMAF =0.2

» Additive Effects

* Significance = 95%
*R2=0.1t0 1.0

3000 4000

# Samples

2000

Goal:
Estimate sample size
needed at a given level of .
LD 02

’ IdDesign R Package (Ball 2007 & 2008) ‘

1000
|
*

0.4

rA2 at Power=0.9
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Pairwise relationship (kinship) coefficients for all 1,548 trees
in the first (G1) and second (G2) generation selections based
on 4,187 SNP markers (partial 1548 x 1548 matrix)

JALLLOCI [T0062 [T0159 [T0160 [T0162 [T0163 [10164 [T0166 |T0169 [T0170 [10171 [0172 |10173 |T0174 [10175 [10177 [10178 [10179 [T0180 [10182 [10184 [T0185 [T0187 [10188 [10330 |T0397 |T0419 [10419

[T0062 0.004| -0.134| -0.178| -0.082 -0.066| 0.005| -0.038) -0.153| -0.096| -0.095 -0.036| -0.143) -0.090| -0.084] -0.199| -0.169] -0.166| -0.058 -0.074| -0.108| -0.108| -0.148| -0.081 -0.037| -0.033 -0.027|
frosss | o.004 0.022] 0,029 0.022] 0.048] -0.012] 0.033] -0.004 0.051] 0.007 0.066| -0.041] 0.079] 0.025] 0.08| -0.008| -0.029| 0.036] -0.032 0.017] -0.002] -0.089] -0.073] 0.013] -0.092] -0.089
froseo | -0.134] 0.022] -0.054] -0.028] -0.023] -0.084] -0.066] -0.042] -0.046| -0.083| 0.037] -0.064] 0.109] -0.048| -0.076| -0.081] -0.093] 0.009] -0.015| -0.016] 0.049] -0.051] -0.172| -0.040] -0.163] -0.155]
froses | -0.178] -0.029] -0.054] -0.024] -0.057] -0.115] 0.037] 0.464] 0454 0.404 0.438 -0.073] -0.026] 0.523] 0.131] 0.487] -0.017] 0.016] 0.021 0.028 0.202| 0.237] -0.162] -0.138] -0.172 -0.184]
froses | -0.082] 0.022] -0.028] -0.024] -0.022] -0.046]_0.530[ -0.027] -0.041] -0.054] 0.057] -0.083| 0.112] -0.001] -0.122] -0.072| -0.091] 0.051] 0.011] -0.027] -0.056] -0.090] -0.133[ -0.040] -0.102] -0.098
froses | -0.066] 0.048 -0.023] -0.057] -0.029 -0.009] -0.022] -0.079] -0.021] 0.009] 0.041] -0.065| 0.038] 0.007] -0.061] -0.064] -0.040| 0.100| -0.007] -0.042] -0.021[ -0.093[ -0.104] -0.042] -0.115] -0.105]
froses | 0.005] -0.012] -0.084] -0.115] -0.046] -0.009) -0.039] -0.122] -0.080] -0.106] -0.013] -0.171] -0.020] -0.059| -0.175[ -0.168| -0.145] -0.051] -0.047] -0.058| -0.108| -0.180] -0.131] -0.045| 0.018] 0.020]
froses | -0.038] 0.033] -0.066 -0.037] 0.530] -0.022] -0.039 -0.029] -0.032] -0.030] 0.077] -0.073] 0.108] -0.006] -0.099| -0.032| -0.034] 0.103] 0.031] 0.011] -0.040] -0.053] -0.136] -0.029] -0.085] -0.073
fros7o | -0.153] -0.004] -0.042] 0.464] -0.027] -0.079] -0.122] -0.029 0.460]_0.441] 0.464] -0.045| 0.012| 0.478] 0.161] 0.460 -0.044] -0.020] 0.003] 0.039 0.187] 0.180] -0.137] -0.141] -0.200] -0.203]
froi71 | -0.096] 0.051] -0.046 0.454] -0.041 -0.021] -0.080] -0.032] 0.460 0.448_0533] -0.074] 0.010] 0.504 0.056 0.457] -0.046] 0.006] 0.023] 0.017] 0.214] 0.161] -0.145| -0.107] -0.156] -0.153]
froi7a | -0.005] 0.007] -0.083] 0.404] -0.054 0.009] -0.106] -0.030] 0.441 0.443 0.552] -0.080 0.001] 0.492 0.117] 0.457] -0.034] -0.004] -0.003] 0.004| 0.210| 0.154] -0.148] -0.158] -0.183] -0.186]
froi7s | -0.036] 0.066 0.037] 0.438 0057 0041 -0.013 0077] 0a6q 0533 0552 -0.042] 0064] 0549 0.212 0506 0.020] 0.089 0.069 0.042 0237] 0.214] -0.047] 0.033] -0.098] -0.104]
fros7a | -0.143] -0.041] -0.064] -0.073] -0.083] -0.065| -0.171] -0.073] -0.045| 0.074] -0.080] -0.042 -0.051] -0.061] -0.140] -0.072| -0.062| -0.012] -0.089] -0.060] 0.014[ -0.084] -0.209] -0.152] -0.208| -0.204]
frorzs | -0.090] 0.075| 0.109 -0026 0.112] 0.038 -0.020] 0.108] -0.012] 0.010] 0.001] 0.064] -0.051 0.039] -0.050] -0.033] -0.039] 0,098 0.025| 0.038] 0.071] 0.043] -0.065] 0.045] -0.071] -0.064|
o177 | -0.084] 0.025] -0.048 0523 -0.001 0.007] -0.059] -0.006] 0.478] 0.504] 0.492] 0.549] -0.061 0.039) -0.090] -0.011] 0.026] 0.068 0.035| 0.025] -0.006] -0.019] -0.097] -0.075] -0.123] -0.127]
froszs | -0.199] -0.098] -0.076 0.3 -0.122] -0.061] -0.175] -0.099] 0.161] 0.056] 0.117] 0.212] -0.140] -0.050] -0.090] 0.444] -0.065] -0.032] -0.056] 0.159| 0.475| 0.451] -0.169] -0.182] -0.234] -0.255|
fros7s | -0.169] -0.008] -0.081] 0.487] -0.072 -0.064] -0.168| -0.032] 0.460] 0.457] 0.457 o0.506| -0.072] -0.033] -0.011] 0.444] -0.065| -0.036] -0.006] 0.040] 0.426| 0.443] -0.158] -0.172] -0.218] -0.236|
fro180 | -0.166] -0.025] -0.093] -0.017] -0.091] -0.00] -0.145| -0.034] -0.044] -0.046[ -0.034| 0.020| -0.062 -0.039] 0.026[ -0.065| -0.065] 0.004] -0.023] -0.043] -0.084] -0.110] -0.163] -0.156] -0.170] -0.178]
frossa | -0.058] 0.036] 0.009 0016 0.051 0.100] -0.051] 0.103] -0.020] 0.006[ -0.004 0.089] -0.012] 0.098 0.068| -0.032] -0.036] 0.004 0.086]_0.047]_0.019| -0.055] -0.099] 0.001] -0.091] -0.092
[r0184 -0.074] -0.032| -0.019| 0.021] 0.011 -0.007| -0.047| 0.031) 0.003| 0.023| -0.003| 0.069 -0.089| 0.025| 0.035) -0.056| -0.006| -0.023| 0.086| -0.034] 0.020| -0.061| -0.140| -0.046| -0.076 -0.088|
[T0185 -0.108) 0.017| -0.016| 0.028| -0.027| -0.042| -0.058| 0.011) 0.039| 0.017| 0.004| 0.044] -0.060| 0.038] 0.025| 0.159| 0.040| -0.043| 0.047| 0.172| 0.066| -0.105| -0.104] -0.162| -0.170|
[T0187 -0.002| 0.049) 0.202| -0.056| -0.021| -0.108 -0.040| 0.187| 0.214] 0.210| 0.237| 0.014] 0.071] -0.006] 0.479| 0.426| -0.044| 0.019| 0.172| 0.486| -0.122| -0.088 -0.167| -0.165|
[ro188 -0.089 -0.051) 0.237| -0.090| -0.093| -0.180| -0.053| 0.180| 0.161) 0.154| 0.214] -0.084| 0.043| -0.019) 0.451] 0.443) -0.110| -0.055| 0.066 0.486| -0.140 -0.180| -0.230| -0.233|
[T0330 -0.073| -0.172| -0.162| -0.133| -0.104| -0.131| -0.136| -0.137| -0.149| -0.148| -0.047| -0.209| -0.065| -0.097) -0.169| -0.158) -0.163| -0.099| -0.105| -0.122| -0.140] -0.148) -0.081| -0.082|
[T0397 0.013| -0.040| -0.138| -0.040| -0.042| -0.045 -0.029| -0.141] -0.107| -0.158| -0.033| -0.152 0.045| -0.075| -0.182| -0.172| -0.156| 0.001] -0.104| -0.088| -0.180| -0.148| -0.069| -0.065|
[T0419 -0.092| -0.163] -0.172| -0.102| -0.115[ 0.018 -0.085| -0.200 -0.156| -0.183| -0.098| -0.208| -0.071) -0.123| -0.234] -0.218| -0.170| -0.091) -0.162| -0.167| -0.230| -0.081] -0.069)| 0.999)|
[T0419 -0.089| -0.155 -0.184| -0.098 -0.105[ 0.020| -0.073| -0.203| -0.153| -0.186| -0.104| -0.204| -0.064| -0.122| -0.255| -0.236| -0.178| -0.092| -0.170| -0.165| -0.233| -0.082| -0.065 0.999|

[T0420 -0.102| -0.139) -0.082| -0.007| -0.123| -0.208 -0.166| -0.145| -0.100| -0.223] -0.196| -0.225| -0.079 -0.085| -0.129 -0.189| -0.111] -0.118| -0.078 -0.083|
[T0421 -0.083| -0.110| -0.178| -0.101 -0.154| 0.002 -0.134| -0.180| -0.162| -0.165 -0.106| -0.200| -0.049| -0.128 -0.240| -0.220| -0.204| -0.060| -0.137| -0.153| -0.212| -0.084| -0.103| 0.182| 0.187|
[roa22 -0.156] -0.155] 0.222] -0.144] -0.151] -0.048] -0.148] -0.268| -0.182] -0.184] -0.110] -0.209| -0131] -0176] -0.277] -0.262] -0.227] -0.140] -0193] -0.185] 0.247] -0157] -0179] 0237 0233
fro423 -015] -0.105| -0.186] -0.144] -0.064] -0.00] -0.113] -0.194| -0.123] -0.141] -0.070] -0.161] -0.050] -0137] -0.269] -0.212] -0.245| -0.124] 048] 0.162] 0.214] -0.176| -0.052] -0.023] -0.009)
[T0424 -0.147| -0.130] -0.219| -0.108| -0.106| 0.017| -0.120| -0.242| -0.152| -0.186| -0.118 -0.198| -0.106| -0.172| -0.235| -0.241) -0.211| -0.090| -0.161| -0.176| -0.242| -0.128 -0.093| 0.249] 0.251|
[roa2s -0073] -0.094] -0.130] -0.08¢| -0.046| -0.091] -0.092| -0.116| -0.049| -0.074] 0.005] -0.104| -0.074] -0.047] -0.138] 0.147] -0.120] -0.047] -0.056] 0.032] -0.101] -0.100] -0.101] -0.089 0.074
[roa26 -0.16] -0.125] 0.224] -0.103] -0.078] -0.032] -0.122| -0.266| -0.184] -0.242] -0.142] -0.205| -0.119] -0.219] -0.249] -0.253] -0.258| -0.108] -057] -0.168] 0.243] -0.124] -0.083] 0241 0.243
[roa27 -0.088] 0150 0.237] -0.146| -0.065] 0033 0.127] -0.231] -0.187] -0.188] -0.094] -0.255| -0.083| -0.188] -0.251] 0.234| -0.246] -0.097] -076] 0138 0.207] -0.134| -0.052] -0.016] 0,013
[T0428 -0.048| -0.111] -0.104| -0.086| -0.081| -0.098 -0.088| -0.126| -0.071| -0.093| -0.004] -0.157| -0.055| -0.053] -0.146| -0.121) -0.132| -0.040| -0.055| -0.065| -0.155| -0.122| -0.109| 0.161] 0.165|
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Genomic selection — Conclusions

* Accuracy of prediction will increase with:
— more markers
— more individuals
— higher heritability
— higher LD

* It can be done, but most likely in the
family based breeding
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Western Gulf Forest Tree Improvement Program
Texas Forest Service Gene Conservation Program
Forest Science Laboratory, Texas A&M University,
College Station, TX, USA

http://www.ars-grin.gov/misc/wgftip/about.html

« The WGFTIP is a cooperative tree breeding
project founded in 1969 with the objective of
providing the best genetic quality seed for
use in forest regeneration programs in the
Western Gulf Region of the United States.

 Base Population: 3300 loblolly & 1000 slash
pines.

* Progeny Tests: > 1500, 3 mln trees, 4,000 ac
* Current members include S states and 8

industrial members collectively responsible
for planting 300,000,000 seedlings per year.

* The cooperative is preserving and improving
populations of five southern pine species and
several hardwood species "

; BT 1

(A F;,

10
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Medical genomics

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

 provides basis for novel drug development

 provides basis for novel genetic and stem cell

therapies

 provides the basis for preventive medicine

LEHOMUKA; B LoHOMHKE, 7 aUDeas 2017 Mamuna 46

Use of genomic information

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;} N
« Infectious Diseases OMIM /
* Pathogenic Bacteria

b2 * Viruses LEHOMUKA: . 2 apeas 2017, Ngra, #6
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Personalized genomic medicine

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

From Genome Research to Personalized Medicine

Assessment of
Disease and Treatment

Counseling and
Informed Consent.
I

blood Cluster Analysis Sequencing

1 =T
It '

S |
ST LN Al [

Wi

( \ SNP Typing
sl
tissue L] /
e
v [
:
Tissue Array
SES4
= @€ On
) Most Effective Therapy
LEHOMUKA; B LCHOMHEC, Zanpeas 2017, Uaruuua, 46 |

Examples for complex polygenic diseases & responses

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 is 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)
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Personalized genomic medicine
The right treatment, for the right patient, at the right time

up-nn nmnumnnlnwmnﬂ
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LEHOMUKA; B renovuice, 7 anpeas 2017, Taruuna, #6 |
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Personalized genomic medicine

. Article in the ,,New York Times* June 4, 2014: «In a
First, Test of DNA Finds Root of Illness» - tells about a
miraculous cure of a young boy due to the Next-
e Generation Sequencing (NGS), described in The New

| oo e England Journal of Medicine (Wilson et al. 2014)

g Ferr— — 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

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

* Leptospira was readily treated with penicillin. s

LEHOMUKA; B reovuie. 7 anpeas 2017, Tatuuua, #6 |
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Preventive medicine

“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. Ist Chinese Medical Text

27

Genomics allows to predict

When thinking about diseases,

deseases, establish their relations I never think about how to

with particular genes and

cure them, but instead | think

genotypes, and therefore createsa  gpout how to prevent them.

foundation to prevent them

LEHOMHKA:

-Louis Pasteur (1822-1895)

........ 2017, Hayuuua, #6
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Preventive medicine

IFEHY3

LEHOMUKA:

Preventive medicine based on the
whole genome sequencing is
becoming a reality!

[llumina presented a new and the most
powerfull sequencer HiSeq X at the
Plant and Animal Genome conference
in San-Diego in January, 2014

In his presentation, [llumina’s chief
executive Jay Flatley said the HiSeq X
would be able to deliver a human
genome for just under $1,000

He said the world is “entering the
supersonic age of genomics”.

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

Qatar’s human genome project

http://www.qatartodayonline.com/qatar-genome-launched-at-wish H

14



Paleogenomics and sequencing of ancient DNA

Scientists create complete genetic map of a | m—
Neanderthal from a TOE - and put it online [
for free | o i e
. Scientists from Germany's Max Planck Institute sequenced genome from L ¥
toe bone found in southern Siberia ] g
+ Hew technigues allowed them to sequence avery position in the genome 8 2 ]
50 times over for greater accuracy — Ve (33 201 g
+ They hope it will help answer questions about our own genetic history et 33,10
and how we're related to Neanderthals T
=y oamENCrE San
LI 4550 T e 0 | RIS 7 T e Yanim

Modern humans

avaiisble free-oi-chargs to resarchers
across the workd

Scientists from the Max Planck Institute for
Evolutionary Anthropology in Leipzig

Germany, have made the data avaiatle as
a free download from their website.

R O BE EeS 39 L B
o

The first complete Nesnderthal genome 3 [o—

sequence has been compilated and made A ! =

T g e e e e [
PR ——— e ——

The group will present a paper describing

the genome later this year. ram P————
T e ey G sy, e O tathe decovary of bz & com o, and was. an.

‘But we make the genome sequence fresly o Pz, -

available now to allow other scientists lo

profit from it even before it is published’

=aid Dr Svante Psbo, who led the project

Dr Piibo and his colleagues in 2010 o — i s e 8 e

presentsd the first draft of the Neanderthal
genome from dats collected

bones found in a cave in Croatia. e = = e
They have now used 3 toe bone excavated .
in 2010 in Denisova Cave in southem iy o s s o D[P,
Siberia lo generale 2 high-quality genome
from a single Neandertal individual.
o

The Leipzig tesm used sensitive techniques.

developed there Gver the past two years to Thm e, gt f X v ot [
‘saquencs avery position in the genome =
about 50 times over, using DNA exracted
from 0.035 grams of the bone. “tequenced: The Brst ul Nemnderinel ganoms hax oz
‘2s0n s2quensed ana mase svamsts fres.atanarge 3y
The analysis of the GENOME SIS Wt e Max Planck: Inttule - i
partial genome sequences from other _— AT
Neandarthals, and the genome from a small =
finger bone discovered in the same cave, shows that the individual is clossly related to
other Neanderthals in Europe and westem Russia. P :""""“::m'::" —
Remarkatly, Neanderthals and their relatives, Denisovans, were both present in this
unique cave in the Altsi Mountains on the border between Russia, China, Mongolia and
|12 LEHOMUKA: 5 renovuie, 7 anpeas 2017, Nanuua, #6

Paleogenomics and sequencing of ancient DNA

AGeographic origin of tBhe Neandertal bones used to isolated DNA

[

: Mezma|§lta;(a
60-70,0f

-

Neandertal DNA was sequenced. b
(B) Map showing the four archaeological sites /\f
from which bones were used and their g
approximate dates (years B.P.)
Green et al. Science 2010; 328: 710-722

“i(},"‘

ey Denis a Cave (Altal
R Mo

untams Smberia, Rusfla)

Bo LEHOMUKA; L Zaupcas
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Paleogenomics and hominid paleophylogenomics

Neandertal genome
&———— assembled from DNA
of a tooth found in the

pr— A ltai

Denisova Cave

Mezmaiskaya (KaBka3)

Vindija (33.25)

Neandertals

Vindija (33.26) (XopBaTus)

Vindija (33.16)

- ii) < Genome assembled
- Denlecya (Aumna) from DNA of a pedal
San phalanx found in the
Denisova Cave in 201(
Yoruba I (Meyer et al. Pddbo 201
= Science 338(6104): 222
Papuan £ 226)
=
- =
Han c
i [
e, Kearitiana .8
— ) =
Mixe
French
http://www.eva.mpg.de/neandertal/index.htmi H
1 LEHOMUKA; BreHoMuKe, 7 aupeas 2017, Naruuua, #6.

L3 L3 [ o
Historic migration of modern human
2" S .""..'\ SES —e
' 1_5:3-0-ka-l3_l_’____. 2
; 54,
25-38 ka BP
N %
62-75 ka BP
YRI
®
ae w p

{ »

‘; oy Ty
4 > |
( - A Aboriginal Australian (ABR) F <) N
\ ( > * CEPH European (CEU) .50 ka BP
\ J Han Chinese (HAN) A *‘;R ,

O Yoruba representing Africa (YRD) 7. 5

Morten Rasmussen et al. An Aboriginal Australian Genome Reveals Separate Human Dispersals into Asia

Science 2011: Vol. 334 no. 6052 pp. 94-98. H
32 LEHOMUEKA; B renoyuice, 7 aupeas 2017, Nauuua, #6




Paleogenomics and hominid ancestry

World Ancestry of the Denisovan Gene

LSS 4 38

00
migration
European 1M l .

Morlemine slemy

Burcpe
‘ - oo

iddls Easp’” g &
‘ o@ﬁgx 03 Facifc Ooear

L)
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eoeds hdia "
s, L
: L] o
& » ’.
[ 2 .ﬂustmlia.%
2 4 o®
®
B3 LEHOMUKA; Breyovuxe, 7 aupeas 2017, layuuua, #6 !
Paleogenomics and hominid paleophylogenomics
Neanderthals and humans Nuclear DNA:

Anthropologists annouced they have created a complate Neanderthal
ganome using anciant ONA samplas. Neandarthals, the closest ancestor
o modem humans, became exhingt over 30,000 years ago.

How they compare to us

Fossil evidance suggests that Heanderthals
wars muscular, with broad shoukdars ;
and strong limbs \ )

MNeanderthal b | Modern
(Homa nemdarms}sns iz} | .| human
Lower, Iarger skull S treme
Larges browridge . . sipns)
\
L \ |
Larges shouldor joint 3 \“
Larger, broader : : e
b cage s 1\
Larger elbow joint /& . |_'-.‘
Shortar forearm y | l \
Larges hig: JO!HI e r= :
.r | AR
" )
b
Largos, thicker
v © 3000 MET
. | o
Shorter, more ;\Ef'-\,:
Illammn:g lower e
i S5 s
Gragh
Larger ankie P Car,
joint . L
p A
ot {
LEHOMUKA:

Common Ancestor and Divergence Times

TB) Mutsear DHA

Analysis of genomic DNA from fossilized
Neanderthal bones indicated that Homo sapiens
and Homo neanderthalensis last shared a
common ancestor approximately 700,000 years
ago. The two hominids split into separate specie
approximately 400,000 years ago, with no
evidence of any significant crossbreeding
between the two after that time.

s renoMuie, 7 aupeas 2017, Tlaruua, 6
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Paleogenomics and hominid paleophylogenomics

Ancestors evolve z Neanderthals Researchers locked at

into Neanderthals e die out five groups of modern

and first 'l;nodern humans
umans

Neanderthal
Common ancestor of

Neandertal and modern
human appeared in Africa
~700,000 years ago

C&?t'l:nﬁgah":imnm Some modern humans leave Africa

Some
Neanderthal
and Homo sapiens
interbreeding

Source: Sclence journal Note: Time pericds not to scale

Split between Neandertal Dispersal of modern
and modern human human from Africa to
occured ~400,000 years Eurasia began ~40,000-
ago 70,000 years ago
Bs LEHOMUKA; B renomuice, 7 anpeas 2017, Taruuna, #6 - !

Paleogenomics and sequencing of ancient DNA

Special challenges:

» Ancient DNA is degraded by nucleases

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

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

 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)

Bs LEHOMUKA; B reovuie. 7 anpeas 2017, Tatuuua, #6 - |
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Paleogenomics and paleophylogenomics
Donkey
4.0 million to Middle Pleistocene horse
4.5 million=—"
years ago
—e —— Late Pleistocene horse
Przewalski's horse :
{ A * The most ancient, 700,000 year old DNA was
Ll N—‘) isolated from the remnants of the ancient horse
; found in the permafrost in Canada and was used
to assemble a whole genome.

&= Domestlc horses * Phylogenomic analysis demonstrated that the
common ancestor of domestic horses, zebras and
their relatives lived ~4 mln years ago (Orlando et
al. Nature 2013: http://dx.doi.org/10.1038/nature12323).

7 . LEHOMUKAL Brenovuke. 7 anpeas 2017, Nainuua, #6

Paleogenomics and sequencing of ancient DNA

Genome of wool mammoth (Mammuthus primigenius)was
partially sequenced in 2008 using hairs of two females found
in permafrost in Siberia and dated as ~20,000 and 60,000 year|
& old (Miller et al. 2008 Nature 456: 387-390).

The best preserved wool mammoth was found in 2013 in Maly Lyakhovsky Island in
the far north of Siberia

Scientists from the Siberian Northeastern Federal University in Yakutsk and the Siberian
Federal University in Krasnoyarsk have a joint project for the whole genome sequencing

Bs LEHOMUKA; B reovuie. 7 anpeas 2017, Tatuuua, #6 |
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Paleogenomics and sequencing of ancient DNA

Dissection and sampling of the Maly Lyakhovsky mammoth by the scientists from the
Siberian Northeastern Federal University and the Siberian Federal University in 2014 . The
genome sequencing will be done at the Genome Research and Education Center of the
Siberian Federal University (http://genome.sfu-kras.ru/en)

Metagenomics and sequencing of
complex communities

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

study of genetic material recovered directly from
environmental samples: '

e external environments (ecological) = =

hot spring, ocean, sludge, soil, etc.

* internal environments (organismal)
guts, saliva, feces, lung, etc.

lao LEHOMUKA: s renoMuie, 7 aupeas 2017, Tlatua, 6
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Metagenomicsample
3 ;

856558
ATGIC Sequence analysis 560000
fJAC: G 000000

genome annotation, etc.)

(species identification, 600000 !

Sampling in Metagenomics

 Take a sample off of the environment
* Isolate and amplify DNA/mRNA

* Sequence it

21



Shotgun Sequencing

e =)

& e’" r?ﬂﬁm 1:_
NN EEER =

O

43

*i.
&%
Q?Q h L.-“Jmummm --—.J..Jl o

—
10,000 Basa Plasmid Library

LEHOMUKA:

B renovuice, 7 anpeas 2017, Taruuna, #6 |

Computer assembly

o How do we know which genes belong to which genome?

A B

Vlruses Archae

Eukaryota 3 7% *Archae
Bacteria “ed

28%
H

How do we assemble them"

N -

Eukaryota Bacteria 1 f—

63% 90.8% |
| - |

~3 Million ~5.6 Million GOS
| Previously Known Sequences I
Sequences
R — |
e — — —
I
]
|
Global Ocean Sampling (GOS) metagenomic data q
4 LEHOMUEKA; B renoyuice, 7 aupeas 2017, Nauuua, #6
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The Best Case Scenario

Coverage is enough to assemble independent genomes

What normally happens

Coverage is not enough and assembly is fragmentary

Worst Case Scenario: Some fragments can not be assigned

LEHOMUKA; B reovuie. 7 anpeas 2017, Tatuuua, #6 |
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Down Side of Metagenomics

= often fragmentary

often highly divergent

rarely any known activity

no chromosomal placement

no organism of origin

ab initio ORF predictions

huge data

Marine Metagenomics

* Microbes account for more than 90%
of ocean biomass, mediate all
biochemical cycles in the oceans and
are responsible for 98% of primaryii®
production in the sea.

« Metagenomics is a breakthrough
sequencing approach to examine the
open-space microbial species
without the need for isolation and
lab cultivation of individual species.

lss LEHOMUKA: s renoMuie, 7 aupeas 2017, Tlaruua, 6
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Marine Genome Sequencing Project
Measuring the Genetic Diversity of Ocean
Microbes

% Tanzania/_/ ””’"E‘“. .

Zanzibar & ° SOL Vanuatu
U '.Seychelles e ‘..C'oc.o;-' o ot "}g?samples oy Fiji
. Madagascar Keeling Is. %) * S5 oo oy
S 0 Australia ~* Jow Caledonia ~ Islands
s e L ” -
South Africa ) 8" B mpes l@ Of
Sorcerer Il Data from this area has D ] oy
already reach to 10% of GenBank. @)

The Entire Data Will Double Number

Of Proteins in Embankl ® Analyzed  ® Sampled, bumotAnalyzed‘ D

7 0.

2/ &
Holl )

ko LEHOMUKA; B renovuice, 7 anpeas 2017, Taruuna, #6

Sample Metadata from GOS (Global Ocean Sampling)

+ Site Metadata
— Location (lat/long, water depth)

Site characterization (finite list of types plus “other”)

Site description (free text)

Country
* Sampling Metadata

— Sample collection date/time

Sampling depth
— Conditions at time of sampling (e.g., stormy, surface temperature)

— Sample physical/chemical measurements

“author”
* Experimental Parameters
— Filter size

— Insert size

5o LEHOMUKA; B reovuie. 7 anpeas 2017, Tatuuua, #6 |
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Sargasso Sea Data

Dedicated
Compute Farm
(1000 CPUs)

Sorcerer Il Expedition
(GOS)

Calit2’s Direct Access Core Architecture
Will Create Next Generation Metagenomics Server

Traditional
User

$

1
1
1
i
. ! 1
JGI Community ' -
Sequencing Project ! I fE @ m
| Data- | | o i g
o 1
Moore Marine ! | Base | Fabrgilc = W :
Microbial Project i'| Farm m § :
| ol § + . Local
NASA Goddard  [Fiat Fi == ! _Environment.
Satellite Data i S?erwlare ne Direct | ' ! et |
1
; f : : Farm [ : : f\CCiSdS : i (Otherseervice) i
Community Microbial i == é:‘xnsa ! ! !
—b. Metagenomics Data e e _\_"\:'\ l i
~ mm >
T. Craig Venter = opteuter | c';-oca' !
I'NSTITUTE ! |USteri

TeraGrid: Cyberinfrastructure Backplane |t___________!
(scheduled activities, e.g. all by all comparison)
(10000s of CPUs)

SAN DIEGO SUPERCOMPUTER CENTER

L LEHOMUKA:

uuuuuuu

Marine Metagenomics

Drug discovery Metabolic pathway discovery

Microbial genetic survey Environmental survey

Symbiosis

Who is there?

Evolution study

Endosymbiosis

Microbial genomic survey

Marine conservation

Organism discovery

Bioenergy discovery

Biogeochemistry mapping

Ecological restoration

=2 LEHOMHUKA;
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What is Nutrigenomics?

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

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

* Studies using this approach can examine people (i.e.
populations, subpopulations - based on genes or
disease - and individuals), food, life-stage and life-
style without preconceived ideas.

LEHOMUKA; 5 renovuie, 7 anpeas 2017, Nanuua, #6 |

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!

27



Problem 1: Nutrition — complex roblem

T s

USA TODAY - TUESDAY, OCTOBER 14, 2003 - 7D

ease Control and Prevention present

By 2010, if weight
isn't reined in
By Nanci Hz-ﬂmu h
USATODAY
i\l)l)ul 40% of Americans, or 68 mil-

e, will be obese by 2010 if
at the current rate,

g}
lllwwmrgh(
Scientists with the Centers for Dis-

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
inthe Ubl\ with Healthy People 2010, a

tive is an obesit mtcnl 15%

But the m-n(r:‘ headed in the opr
site direction. To come up with the lat.
est projections, researchers tracked
data from the mid-"70s through 2000

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

Obesity is “a complex problem that
will require res 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

predicted for 40% of America

Sturm, a senior economist.

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

Afew, 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.”

Samuel 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.”

ks

LEHOMUKA: 5

Zanpcus 2017, Tlsuunua, #6
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The same genes — The changed diet

Paleolithic era

1.200.000 Generations between
feast and famine

Modern Times

| 2-3 Generations in energy abundance

% Energy % Energy
— Grai
1007 Low-fat meat 100 M:ﬁ(l/rjproducts
Chicken Isolated Carbohydrates
| Eggs - Isolated Fat/Oil
Fish Alcohol
] — Meat
50 Fruit 50 Chicken
Vegetables (carrots) Fish
| Nuts ]
Honey
Fruit
Vegetables
0- 0- Beans
7 LEHOMMWEKA: E Zaupens 2017, syuuua, #6 q

Molecular nutrition

LEHOMUKA: i

Zanpcus 2017, Tlsuunua, #6
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Problem 2:
Our “gene passports” and nutrition

Optimal Nutrition
Redesign

Individual genotype
Functional phenotype

AB BB

Lifestyle

Improvement
Maintenance
“Eat right for your genotype??”

of Health

LEHOMUKA: B Zaupeas 2017, Maguuua, #6 = |

B
P li d d° t
crsonaiize iets?
Consumers warned that time is

enelex< Nutritional Genetic Profile

L reaes o MOL yet ripe for nutrition profiling
Client Information o e '\. Pr

encles disecth et it cither by fax ot + ‘ (

TS e s ey it e ki el o~ 2 s

Name Fhone Emi "l‘ y

i

‘Nutritional Genetic Profile Requested

Toem Number Cost Total

ordered (per item)

[virvismnal Cencts Pamel SET

Natritnanal Coone t L olk<tion Rat [3Lrg

fort o

Amcunt Do
Payment: Prepayment is required. Send Cach, Check, ar Money Order 10 the address hown shove.

Cash Check or Money Order Credit Card (all maor cards)
Typs of redit cand:
Print candhokder's mame:
Card number. Expraton date:
For immediate consultation Call 800-TEST-DNA (800-837-8362)
o e-mak: piogosnc o “ o -
Www.genelex.com
o NATURE|VOL426|13 NOVEMBER 2003 |
leo LEHOMUKA: " Zaupes 2017, [, #6 e |
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Nutrients acts as dietary signals

Nutritional factors

Transcription factors

Gene transcription

Energy Cell
proliferation

homeostasis

Nutrient
absorption

LEHOMUKA;

Genes (normal genotype)

ZA\V/A\V/A\

l Normal phenotype l

renoyuke. 7 aupens 2017, Taruuua, 6
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Transcription-factor pathways
mediating nutrient-gene interaction

Nutrient Compound
Macronutrients
Fats Fatty acids
Cholesterol
Carbohydrates Glucose
Proteins Amino acids
Micronutrients
Vitamins Vitamin A
Vitamin D
Vitamin E
Minerals Calcium
Iron
Zinc
Other food components
Flavonoids
Xenobiotics

CEHOMMUEA: Npugosenus & renovuie, 7 anpeas 2017, Tarunua, #6

Transcription factor

PPARs, SREBPs, LXR, HNF4, ChREBP
SREBPs, LXRs, FXR

USFs, SREBPs, ChREBP

C/EBPs
namnre
REVIEWS
RAR, RXR GENETICS
VDR !
PXR

Calcineurin/NF-ATs
IRP1, IRP2
MTF1 | <

ER, NFxB, AP1
CAR, PXR &

31



Nutritional Systems Biology

‘w3

Sample Types: Protein

+ 10 ApoE3 mice : e ‘ i
+ 10 wildtype mice f; il

« liver tissue
+ plasma

- urine . Tontomaics Surrogate
Wetabolite UM Tarnets ) Biomarkers
| Nz vl and Late biomarkers l

Biomarkers Of disease
Early biomarkers

Onset of of disease

disease

Diagnostic
markers

...................................................

Predisposition
Genotype

.......................................................
Changes in pathway dynamics
to maintain homeostasis

163 LEHOMUKA; BLCcHoMuKe, 7 AuDe/s] 2017, Ilaruuua, #6

Nutrigenomics

Foods .
Target Genes - Signatures
Mechanisms ’ NUtrltlon\ Profiles

Pathways

Biomarkers

«|dentification of dietary signals
+Identification of dietary sensors
+|dentification of target genes
*Reconstruction of signaling pathways
Small research groups Large research consortia

Small budgets Big mone:
Complexity

joa LEHOMUKA; B ICHOMIKE, Zaupeas 2017, Nsuuua, #6

*Measurement of stress signatures
+|dentification of early biomarkers

E
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“Molecular Nutrition & Genomics”
The strategy of Nutrigenomics

naure
REVIEWS

cnemics
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Integration of enabling technologies
in nutrigenomics

Blotechnology J Molecular Medicine

. p—

Genomics
(establish DNA sequence)

\

Transcriptomics
Nutrition (patterns of gene expression)

\

Proteomics
(synthesis and structure of proteins)

Y

Metabolomics
(metabolite profiles and function)
Y

Nutrition

Pharmacogenomics Function Nutrition and Diet
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Two Strategies

(1) The traditional hypothesis-driven approach: specific genes and
proteins, the expression of which is influenced by nutrients, are
identified using genomics tools — such as transcriptomics, proteomics
and metabolomics — which subsequently allows the regulatory
pathways through which diet influences homeostasis to be identified.
Transgenic mouse models and cellular models are essential tools.

provide us with detailed molecular data on the interaction
between nutrition and the genome.

(2) The SYSTEMS BIOLOGY approach: gene, protein and metabolite
signatures that are associated with specific nutrients, or nutritional
regimes, are catalogued, and might provide ‘early warning’molecular
biomarkers for nutrient-induced changes to homeostasis.

Be more important for human nutrition, given the difficulty of
collecting tissue samples from ‘healthy’ individuals.

LEHOMUKA; B renomice, 7 anpens 2017, Ilanuna, #6 |

| (2

EU programs

DIOGENES NuGO

obesity
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Metabolic stress
Inflammation

Muscle insulin
resistance

Nuclear
transcription
factors

Gut Health

Adipocyte ) Metabolic health
fat oxidation Life stage nutrition

Risk Benefit analysis

LIPGEN

Lipids & genes
(EU, 14M€)

Periconceptual
nutrition

Systems biology

Nutrigenetics

Genetic epidemiology

Early biomarkers [l§ Diabetes Il

Toxicogenomics

EARNEST Innovative Cluster Nutrigenomics

early life nutrition

(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 identify 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

LEHOMUKA; 5 renovuie, 7 anpeas 2017, Nanuua, #6 |

Gerontogenomics

GerontoGenomics is the genomics of aging and senescence

_— ' * Individual genome in the

S inepbtieyie,  multpleblood cells of

oligoclonal hematopoesis Hendrikje van Andel-

¥ e Schipper (1890-2005), at one
point the oldest woman in the
world, were sequenced and
compared (Holstege et al.
2014 Genome Res. 24(5): o
733-742) '

~ «She was remarkably healthy '
until her death

*450 mutations were found
= in her cells, but none of
them was detrimental

genomes of 17 of the world's oldest living people (110-116 year old) have
been sequenced and published recently (Gierman et al. 2014 PLoS ONE 9(11):
€112430 http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0112430)

Japanese project to sequence genome and metagenome of all centenarians
LEHOMUKA. prenovuie, 7 anpess 2017, Tlarumua, #6
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