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Quantitative Genetics/Genomics 
Journey
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PhD 

2012-2017

Proof of 
concept for 
GS in spruce

PDF
2017-2019

Application of GS 
in WRC
(Proof of concept)

Research Scientist
2019-2020 (MoF)

• Bigleaf Maple
• Hemlock
• WRC

NSERC PDF

2020-2022
Application of 
GS in WRC

Selecting and identifying individuals for seed orchard and 
breeding populations establishment

Traditional Breeding
•

Molecular Breeding



Selection

Testing Breeding

Breeding 
Values (EBVs)

Genetic 
parameters 
(h2, VA, etc.)
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Recurrent selection program

Traditional Tree Breeding
Phenotypic-based selection

• Produces improved 
individuals, and 

• increases genetic gain over 
generations

• Time & cost consuming, mainly 
due to the testing phase. 

• Depending on the trait, It can 
takes up to 25 years
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1- Clonal Bank 
Management

2- Increasing BV Accuracy 
[Incomplete mating design]

3- Predicting BV 
[Eliminate testing phase]

Increase 
Breeding 
Efficiency

Accuracy ↑
Time↓ 

Gain↑



Cedar Enhanced Durability and Resistance
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futurecedarforests.ca

Dr. John H. Russell
World’s leading expert on the 
western red and yellow cedars
Years of Service 1985-2018

Objective
Deliver elite selections to 

industry seed orchards 
decades ahead of 

traditional breeding 
methods using GS



Western Redcedar (Thuja plicata)

• Cupressaceae
• Culturally and economically significant species in BC
• Range: From Northern California to Southern Alaska
• Known for natural wood durability (outdoor products)
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WRC Improvement Program in British 
Columbia

Phenotype Height & Diameter Heartwood extractives Foliar extractives

Selection age 7-year-old 25-year-old 1-year-old

Generation 1st gen 2nd gen 
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Heartwood durability 
(fungal resistance).

Deer browsing 
resistance

Growth

Phenotype  Breeding Value (BV)  Selection  Reforestation

Wildstand Selection
1000 Parents



1st generation PX progeny trial
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• 1000 female parent trees 
• Polycrossed with a common set of pollen parents from (21 

males)
• Seven testing series with four to seven field test sites per 

series.
• For this study, we sampled trees from series #3 (planted in 

2000), which tested 111 PX families for growth over six sites. 

futurecedarforests.ca

Training population 

● 1,520 trees (~ 18 years old)
● 26 PX families (~58 HS offspring)
● 3 sites
● Phenotyped (3 traits) 
● Genotypes: Parents (21 + 26) + Offspring
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1-Clonal Bank Management
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Measure of genetic similarities/differences among  individuals due to 
ADDITIVE genetic effects of shared alleles

Average relationship matrix    
(Pedigree A matrix)

Average amount of shared alleles

• Parent-Offspring = 0.50

• Full-Sib (FS) = 0.50

• Half-Sib (HS) = 0.25

Actual relatednessAverage relatedness

Coefficient of Relatedness

Realized relationship matrix
(SNPs G matrix)

Mendelian sampling term (HS)



Expected Genomic Relationship
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futurecedarforests.ca

0.5 0.5 0.25
Coefficient of Relatedness

Parents-Offspring Offspring-Offspring (FS) HS



Unexpected Error
TWO possible genotypes for 8 female parents

26 PX families (~58 HS offspring)
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futurecedarforests.ca

Parent-Offspring
0.5

Offspring-Offspring
0.5 & 0.25

One family

TWO families

1) Breeding on two non 
identical clones ?

2) Root stalk + tree are 
producing cones ?

Total maternal pedigree error of 12%  31.26%



Take home message:
Are we propagating the right winners?
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Confirm that all the clones of the 
WINNERS are correct 

futurecedarforests.ca



2- Increasing BV Accuracy 
[Incomplete mating design]
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Training population 

● 1,520 trees (~ 18 years old)
● 26 PX families (~58 HS offspring)
● 3 sites
● Phenotyped (3 traits) 
● Genotypes: Parents (21 + 26) + Offspring



Background
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1st generation progeny trial

• Open-Pollinated (OP) INCOMPLETE pedigree
• Poly-Cross (PX)   Mating Design

–  Forward selection  (selection from offspring): 
Inaccurate offspring BVs estimate

– Backward selection (selection from parents): 
Female only

2nd generation progeny trial
• FS COMPLETE pedigree

–  Forward 
Accurate offspring BVs estimate

– Backward  selection
Female & males only

futurecedarforests.ca

HS



Unequal male contribution 
(21 males)

• Range: 7-187 offspring/male
• Mean: 68

Unbalanced small FS families
26 PX (avg.size: 58)  438 FS (avg.size: 3.3)

• Range: 1-15 offspring/FS
• Mean: 3.3

1. Pedigree Reconstruction
(Training population, N=1520, PX FS)

PX (Polycross): Each female parent is pollinated with a pollen mix collected from a group of known males 
FS (Full-sib): Each female parent is pollinated with one known male



Traits
(Applied perspective: 3/ Academic perspective 8)
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• Growth: 
o Height  [HT]
o DBH      [DBH]

• Foliar specialized chemistry  (34 compounds): 
o Total monoterpenes [F.TM]
o α-thujone [F.AT]

• Wood specialized chemistry (19 compounds): 
o Total thujaplicins [W.TT]
o Total lignans [W.TL]
o Total extractives [W.TE]
o α-thujaplicin [W.AT]
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HT DBH F.TM F.AT
Heritability 0.13 (0.04) 0.09 (0.04) 0.28 (0.05) 0.25 (0.05)

Genetic Gain% 6.01 7.44 22 25.5

2. Genetic estimates (Heritability, BV, GxE & genetic gains)
PX-pedigree (ABLUP) vs. Genomic (GBLUP)

(Training population)

W.TT W.TL W.TE W.AT
0.18 (0.05) 0.14 (0.04) 0.20 (0.05) 0.19 (0.05)
6.15 55 11 7.7

ABLUP resulted in 

• Up to 51% overestimation in genetic gain, and 
• Up to 44% in genetic diversity

Gains (%): Gains are expressed as the percentage of the selected 75 (5% of 1520) trees' mean BV 
relative to the population phenotypic mean.
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Genomic Analysis
GBLUP

BV

BV                    
Accuracy
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PX-pedigree (ABLUP) vs. Genomic (GBLUP)
Up to 22%  BV accuracy

 Forward selection  (selection from offspring): 
Inaccurate offspring BVs estimate

Backward selection (selection from parents): 
Female only
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3. Trade-offs?
Growth↔ Foliar extractives ↔ Wood extractives

Growth for the  indirect selection of Lignans?
Thujaplicins for the  indirect selection of Lignans? 



PX-pedigree (ABLUP) vs. Genomic (GBLUP)
(Training population, N=1520, 3 measured phenotypes)

Breeding Values
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– PX limitation

•Backward  selection: Female only
• Forward selection: Inaccurate offspring BVs estimate

– Backward selection (from 45 parents) 

 Selection intensity (Female and male BVs)

– Forward selection (from 1520 offspring)

• 22%  BV accuracy
• 35%  Expected genetic gain

PX (Polycross): Each female parent is pollinated with a pollen mix
collected from a group of known males 



Take home message:
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PX mating design will benefit the most 
from GBLUP

futurecedarforests.ca

Each tree  ~ 58 HS from the female parent
~ 72 HS from the male parent
~  3 FS 



3- Predicting BV 
Eliminate testing phase Early selection at the SEEDLING phase 
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Genomic Selection 
From Proof-of-Concept to Application

Target



Genomic Selection (GS) 
Predicting phenotypes from genotypes

1. Model Validation 
(Prediction Accuracy)

2. GBV prediction
Prediction

Model

Genotype Phenotype Genotype

Training Target

Prediction Accuracy (PACC): Correlation between measured BV and predicted GBV for validation population
GBV: Genomic Breeding Value El-Kassaby lecture notes



GS approaches 
(Y) GBV (Genomic Breeding Value)
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Models
GBLUP

Genomic Best Linear 
Unbiased Prediction

Regression Models
Ridge Regression,

Bayes-A,-B,-C, Bayesian Lasso, 
,and Kernel regression 

SNPs
(Xs)

Genomic relationship
Prediction + 

Increasing Accuracy 

SNPs effects

Prediction

Phenotypes
(Y)

Raw (Progeny Trial)
* Same concept as 

pedigree analysis (ABLUP)

1. BVs (Progeny Trial)

2.  Adjusted phenotypes

Traits Poly-genic Poly- and oligo- genic



Genomic Selection Efforts in Canada
(A) Proof-of-Concept (Eastern Canada) 
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Genomic Selection Efforts in Canada
(A) Proof-of-Concept (Western Canada) 
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Genomic Selection Efforts in Canada
(A) Proof-of-Concept (Western Canada) 
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Several publications on other species:

black spruce, Norway spruce, Douglas fir, and lodgepole pine.

GBLUP

HBLUP

We used 
data 

available 
online from
J. Beaulieu 
et al. 2014



 BVs, and genetic estimates 
accuracies [GBLUP]

Predicting BV 
(wood + growth)
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(A) Proof-of-Concept 
Conclusions 

Training 
(measured phenotypes)

Target 
(predicted phenotypes)

• GS is very promising for conifers breeding and has the potential to reduce 
the TESTING phase into one-year increase genetic gain/unit time.

• Prediction accuracy is driven by RELATEDNESS between Training and 
Validating populations.

• Growth and wood density traits are complex quantitative traits.



Genomic Selection Efforts in Canada
(B) Applications (i. Quebec) 
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http://fasttracproject.ca

PROJECT LEADERS

Jean Bousquet
Guy Smith

(2015-2018)



Genomic Selection Efforts in Canada
(B) Applications (ii. Quebec, Alberta, and British Columbia) 
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https://spruce-up.ca/en/

PROJECT LEADERS

Joerg Bohlmann
Jean Bousquet

(2016-2022)
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https://resfor.ualberta.ca/

Genomic Selection Efforts in Canada
(B) Applications (iii. Alberta) 

PROJECT LEADERS

Barb Thomas
Yousry El-Kassaby

Nadir Erbilgin

(2016-2022)

HBLUP



(B) Applications (iv. British Columbia)
Cedar Enhanced Durability and Resistance

37
futurecedarforests.ca

PROJECT LEADERS

JOHN RUSSELL
World’s leading expert on 

western red and yellow cedars
Years of Service :1985-2018

Joerg Bohlmann
Alvin Yanchuk

(2014-2015)
(2016-2021)



WRC unique biology

• Selfing + glacial refugia (small Ne)
• Seedlings (< one year) can be reproductively 

induced

Five selfing generations in 10 years!

Hypothesis: 
WRC has a stronger LD compared to other conifers
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LD: non-random association between  molecular markers and causal genes

Tal Shalev, Omnia Gamal El-Dien et al. Western redcedar genome reveals excessive  low genetic 
diversity in a self-compatible conifer. Genome Research



WRC Improvement Program in British 
Columbia

Phenotype Height & Diameter Heartwood extractives Foliar extractives

Selection age 7-year-old 25-year-old 1-year-old

Generation 1st gen 2nd gen 
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Heartwood durability 
(fungal resistance).

Deer browsing 
resistance

Growth

Phenotype  Breeding Value (BV)  Selection  Reforestation

Wildstand Selection
1000 Parents



Traits
(Applied perspective: 3/ Academic perspective 8)
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• Growth: 
o Height  [HT]
o DBH      [DBH]

• Foliar specialized chemistry  (34 compounds): 
o Total monoterpenes [F.TM]
o α-thujone [F.AT]

• Wood specialized chemistry (19 compounds): 
o Total thujaplicins [W.TT]
o Total lignans [W.TL]
o Total extractives [W.TE]
o α-thujaplicin [W.AT]



• Fitting models  Training population (PX progeny trial, 21 males)
● 45 Parents trees
● 1,520 trees (26 PX)
● 3 sites
● Phenotyped (3 traits) + genotypes

• Validating models  A. Training population (cross-validation)
All traits

B. Target population  (independent-validation)
Foliar extractives

• Predicting phenotypes  Target population (1-year-old) 
● 3,000 seedlings (168 FS families)
● Phenotyped (foliar extractives) + genotypes 
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Cedar Enhanced Durability and Resistance 

Genotypes: 45K filtered SNPs (genic and non-genic)
PX: Polycross FS: Full-sib



Prediction Accuracy
Correlation between (predicted and true BV) for validation

population
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BV (GBLUP)  Prediction Accuracy (PACC)

Correlation between predicted BV (GBLUP, CV) and
…….?



1. GS validation in TRAINING population
(N=1520, All traits)

A. Random cross-validation (pooled sites)
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GBLUP
90% (fit the model) 
10% (test the model)

HT DBH           F.AT F.TM W.AT W.TT W.TL W.TE
Trait



B. Removing relatedness
PACC= Relatedness + LD
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GBLUP
Leave one-out CV
*ABLUP PACC = 0

HT DBH         F.AT F.TM W.AT      W.TT         W.TL       W.TE
Trait

Expected PACC=0 



Others CV
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C. Across-Sites
– Small or no decrease in PACC

D. Across-Ages
– Small decrease in PACC

E. Across-Generations
– Small decrease in PACC
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Training
18-year-old

(N= 1,520 trees)
PA=0.74

120 HS + 4 FS

Sharing BOTH parents
PA=0.60
103 HS 

Sharing ONE parent
PA=0.53

62 HS
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Target (N ≈ 3,000 seedlings)
1-year-old

168 Full-Sib families

Prediction Accuracy: Correlation between measured BV (GBLUP, full data) and 
predicted BV (GBLUP, CV) for validation population

2. GS validation in TARGET population 
independent-validation 

(Foliar extractives,α-thujone, GBLUP)

Expected to 
be higher



3. Predicting growth & wood extractives for TARGET
A. GBLUP (genomic) vs. ABLUP (pedigree) prediction  

47

Pedigree 
Prediction
(family mean)

Best FS family
(15 seedlings)

329 611
Genomic Prediction

478

Wood extractives example



1) Predicting BV for growth and wood resistance traits

2)    Multi-trait selection
(Selection index: GROWTH, WOOD, foliar)

3) Optimal selection for the best 100 seedlings: 
• Seed orchard 
• Field  testing
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4. Genomic Selection Application
Early selection from the target population

futurecedarforests.ca
Optimal selection: balancing between genetic gain and diversity



Overcome limitation of PX
Pedigree reconstruction/GBLUP

- Backward selection (45 parents) 
 Selection intensity (male 

BVs)

- Forward selection (1520 offspring)
– 22%  BV accuracy
– 35%  Genetic gain

Predicting BV 
(wood + growth)

Multi-traits selection

Early selection +  Accelerated breeding
Breeding cycle 25  2 years

 Genetic gain
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Conclusions

Training (measured phenotypes) Target (predicted phenotypes)

Omnia Gamal El-Dien et al. Genomic selection 
reveals hidden relatedness and increased breeding 
efficiency in western redcedar polycross breeding 
(Published in Evolutionary Applications)

Omnia Gamal El-Dien et al. Genomic Selection: 
From proof-of-concept to application in western 
redcedar (Thuja plicata) breeding program 
(in preparation)



Future GS projects
CEDaR-B2

Cedar Enhanced Durability and Resistance to Blight and Browsing
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• Forest health issues 
– Cedar Leaf Blight.

• Significant loss of incremental growth
– Wildlife Browse 

• The industry spends ~ $6 million to protest seedlings

• Phenotyping TRAINING population: 
– Cedar leaf blight (in-vitro) 
– Browsing resistance (field experiment)

PROJECT LEADERS

Joerg Bohlmann
Alvin Yanchuk

(2022-2024)



Fast Tests for Rating and Amelioration of Conifers
• Target species: black spruce and red spruce 

• 95 million planted seedlings per year in Quebec and 
Maritime provinces

• Goals: 

– Multi-trait genomic selection for growth
productivity, wood quality, and  RESILIENCE to 
drought and cold stress in relation to climate
instability

PROJECT LEADERS
Lead

Jean Bousquet
(ULaval)
Co-lead

Patrick Lenz
(NRCan) 

Bruce Stewart
(Nova-Scotia DNR)

(2022-2026)



Overview of
my current research 

project 



Multi-Agency Ground Plot (MAGPlot) 
database:

Agglomerating forest sampling data for 
pan-Canadian research projects



MAGPlot Database

• Collate Canadian forest ground-plot data from multiple sources into a 
single, centralized, and a Canada-wide standard format

• Serve data in standardized, analysis-ready format.

• Data Sharing Agreement
 Receiving Data

[Plot & Tree measurements, Ecological, Site Treatments & 
Disturbance, Growth, Age, etc.]

 Quality Control
 Standardization

Objectives



Current status



Can we have the same 
for Genetic Trials? 



PhD Team
(El-Kassaby Lab, 2012-2017)
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Team
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GS Team
Quebec
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• J.-P. Laverdière, graduate student, Laval University (now CWFC)

• Claire Depardieu, postdoc, Laval University

• Simon Nadeau, GS analyst, Canadian Wood Fibre Centre

• Martin Perron, scientist, Quebec Ministry of Forests

• Nathalie Isabel, scientist, Canadian Forest Service

• Jean Beaulieu, invited professor, Laval University

• Patrick Lenz, scientist, Canadian Wood Fibre Centre

• Jean Bousquet, professor and CRC, Laval University



Thanks!
University of British Columbia

• Dr. Joerg Bohlmann
• Dr. Carol Ritland
• Tal Shalev
• Mack Yuen
• Dr. Inanc Birol
• Bohlmann Lab
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RAPiD Genomics

• Dr. Leandro Neves

• Dr. Jesse Breinholt

FPInnovations

• Dr. Rod Stirling

BC Ministry of Forests, Lands and 
Natural Resource Operations

• Dr. John Russell

• Dr. Alvin Yanchuk
• Lise van der Merwe

University of Florida

• Dr. Matias Kirst
Joint Genome Institute

• Jeremy Schmutz

futurecedarforests.ca
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Traditional breeding Molecular breeding
Late selection Early selection
Measured BV Predicted BV

Forest Statistics, NFI, CFS

“Science is for Sharing, Applying and Raising the Bar Limitlessly”
Omnia.Gamal@alumni.ubc.ca


	Slide Number 1
	Slide Number 2
	Quantitative Genetics/Genomics Journey
	Slide Number 4
	Slide Number 5
	Cedar Enhanced Durability and Resistance
	Western Redcedar (Thuja plicata)
	WRC Improvement Program in British Columbia
	1st generation PX progeny trial
	Slide Number 10
	1-Clonal Bank Management
	Slide Number 12
	Expected Genomic Relationship
	Unexpected Error�TWO possible genotypes for 8 female parents�26 PX families (~58 HS offspring)
	Take home message:�Are we propagating the right winners?
	2- Increasing BV Accuracy [Incomplete mating design]
	Background
	�1. Pedigree Reconstruction� (Training population, N=1520, PX FS)
	Traits�(Applied perspective: 3/ Academic perspective 8)
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	PX-pedigree (ABLUP) vs. Genomic (GBLUP)� (Training population, N=1520, 3 measured phenotypes)�Breeding Values
	Take home message:
	3- Predicting BV �Eliminate testing phase Early selection at the SEEDLING phase 
	Genomic Selection (GS) �Predicting phenotypes from genotypes
	GS approaches �(Y)  GBV (Genomic Breeding Value)
	Genomic Selection Efforts in Canada�(A) Proof-of-Concept (Eastern Canada) 
	Genomic Selection Efforts in Canada�(A) Proof-of-Concept (Western Canada) 
	Genomic Selection Efforts in Canada�(A) Proof-of-Concept (Western Canada) 
	Slide Number 33
	Genomic Selection Efforts in Canada�(B) Applications (i. Quebec) 
	Genomic Selection Efforts in Canada�(B) Applications (ii. Quebec, Alberta, and British Columbia) 
	Genomic Selection Efforts in Canada�(B) Applications (iii. Alberta) 
	(B) Applications (iv. British Columbia)�Cedar Enhanced Durability and Resistance
	WRC unique biology
	WRC Improvement Program in British Columbia
	Traits�(Applied perspective: 3/ Academic perspective 8)
	���Cedar Enhanced Durability and Resistance � 
	Prediction Accuracy�Correlation between (predicted and true BV) for validation population
	1. GS validation in TRAINING population�(N=1520, All traits)�A. Random cross-validation (pooled sites)�
	B. Removing relatedness�PACC= Relatedness + LD
	Others CV
	Slide Number 46
	3. Predicting growth & wood extractives for TARGET�A. GBLUP (genomic) vs. ABLUP (pedigree) prediction  
	4. Genomic Selection Application�Early selection from the target population
	Slide Number 49
	Future GS projects�CEDaR-B2 �Cedar Enhanced Durability and Resistance to Blight and Browsing
	�Fast Tests for Rating and Amelioration of Conifers
	Slide Number 52
	Multi-Agency Ground Plot (MAGPlot) database:�Agglomerating forest sampling data for pan-Canadian research projects
	MAGPlot Database
	Current status
	Slide Number 56
	PhD Team�(El-Kassaby Lab, 2012-2017)
	�Team
	GS Team�Quebec
	Thanks!
	Slide Number 61

