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Data science and statistics in molecular plant breeding
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Genome — trait associations

LegtheLegécy

Identify genomic regions (DNA sequences) that control / influence target phenotypic traits

Marker — trait associations
— Linkage mapping and quantitative trait locus (QTL) analysis
— Single marker regression, interval mapping, multiple regression, ...

Genome — wide association mapping
— Analyse the whole genome in a large number of diverse populations
— Generalised linear models, linear mixed models, Bayesian approaches, ...

|dentification of candidate genes (i.e. genes controlling the trait)
— Sequence comparisons to model species (BLAST analysis in large databases)
— Transcriptomics (analysis of gene expression)

Validation of candidate genes
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What is genetic diversity?

%r

Legumelegacy

Al

» Genetic diversity can be defined as the genetic differences between individuals within a species or a
population

ETH:z(rich Molecular Plant Breeding 16.04.2024 7



How can genetic diversity be measured?

LegumeLegécy

« Calculation of genetic diversity (or similarity) based on pedigree information
- ldentity By Descent (IBD)

O
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Coefficient of coancestry

LégumeLegécy

» The similarity (or diversity) between two individuals can be expressed using the coefficient of
coancestry O;

» The concestry coefficient is defined as the probabilty that two alleles at a locus, drawn at random
from two individuals are identitical by descent

 Examples:
— parent — offspring © = (1/2)? = 1/4
— half-sibs © = (1/2)=1/8
— full-sibs © = (1/2)3+ (1/2)3=1/4
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Calculating the coancestry coefficient

LééumeLegécy

» Algorithms to obtain kinship coefficients often use a technique called "path counting«

» To get the coancestry coefficient for X and Y, we would identify the path linking them through their

common ancestor(s) A

7N

Nl |/
X Y

» |If the X and Y have ancestor A in common, and if there are n individuals (including X, Y) in the path
linking them through A, then the coancestry of Xand Y , is 1\"
Oxy = ()

2
 |f there are several ancestors, this expression is summed over all the ancestors
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Path counting: parent-offspring

LegtheLegécy

N
Y

« The common ancestor of parent X and child Y is X. The path linking X; Y to their common ancestor is
YX and this has n = 2 individuals. Therefore

9_121
Y2 4
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Path counting: half sibs

LegtheLegécy

« The common ancestor of half sibs X and Y is V. The path linking X, Y to their common ancestor is XVY
and this has n = 3 individuals. Therefore

1\°> 1
QXY_(Q) =3
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Path counting: full sibs

LegtheLegécy

U 1%
LN 7
L v N
X Y

« The common ancestors of full sibs X and Y are U and V. The paths linking X and Y to their common
ancestors are XUY and XVY and these each have n = 3 individuals, therefore

oo _ (1Y (1) L1
XY =\ 2 2] T4
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Path counting: first cousins

LégquheLegécy
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« Calculate the kinship coefficient for first cousins X, Y using path counting
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Limitations of pedigree-based estimates of genetic diversity

(=~
0 ; %
¢ (NEl

Leg umelegacy

« Often very complex pedigrees in breeding schemes, particularly for population-based cultivars in
outbreeding crops

» Pedigree information not or only partially available

« No comparison possible to unrelated populations, wild ancestors etc.
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Estimating genetic diversity

\ J\(ﬁ i (l/ \J’
Legumelegacy

Compare heritable properties of individuals and calculate genetic diversity

 Phenotypic markers
— binary traits
— leaf marks, awns
— quantitative traits

— leaf width, spike length, plant height,
flower morphology,...

— need to eliminate effects caused by
environmental factors

- replicated field trials
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Estimating genetic diversity

LééumeLegécy

* Molecular genetic markers

— Differences in DNA sequences
— Large number of markers available
— Not influenced by the environment

— Various marker systems
— Simple Sequence Repeats
— Amplified Fragment Length Polymorphism
— Single Nucleotide Polymorphism
— Genotyping By Sequencing
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Simple Sequence Repeat (SSR) markers

LegtheLegécy

» Repetitive DNA motifs (2-4bp)

i i e - e m——
CA CA CA CA CA CA

» Polymorphisms: variable number of repeated elements

» Flanking regions are often conserved - PCR amplification
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Simple Sequence Repeat (SSR) markers
3

LegumeLeg acy

WSy
At

150 160 170 180 190 200 210 220 230 240
ATATGCATAGACAGC CTCCTGAATCACACAATAATCACAAGCACACACACAC CTCTYGT GCAGACACATCAG GAAGAAGALACC GTAAAGACACTCS
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Simple Sequence Repeat (SSR) markers

LegtheLegécy

Plant 1 (AA) Plant 2 (BB)
I o e I I s I
=== ] I o I

P

AA x BB =A§
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Simple Sequence Repeat (SSR) markers

ETHzurich

A BCDETFGH
!

Molecular Plant Breeding
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Estimating genetic diversity

LééumeLegécy

» Describe individuals under investigation with as many markers (phenotypic or genotypic) as available
« Compute pairwise differences between individuals using all marker information

» Different measures available depending on marker data
— Euclidean Squared Distance

EUZ - Zk(xki - xkj)2

;j = individual plants, , = marker locus
— phenotypic data (qualitative and quantitative)
— dominant marker data (e.g. AFLP): equals the number of marker differences between two individuals
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Euclidean squared distance
e ki i..“ ‘ﬁﬁ’w

Legumelegacy

A

 Example
— Two individual plants (A, B)
— Two traits (plant height, number of flowers)

— Data: _ Plant height Number of flowers

A 150 cm 15
120 cm 35

B
2 2
Eij — Zk (xki _ xkj)

— E? =(150-120)? + (15 -35)> =130
— Different scales - scale (and center) data

ETH:z(rich Molecular Plant Breeding 16.04.2024 23



Measures of genetic diversity

« Simple Matching Coefficient
— (a+d)(a+b+c+d)
— for dominant marker data (AFLP)
— considers that absence corresponds to homozygous loci

« Jaccard Coefficient
— al(a+b+c)

— for co-dominant data (SSR)
— only counts bands present in either individual

* Nei-Li Coefficients
— 2al/(2a+b +c)

— for co-dominant data (SSR)
— percentage of shared bands

ETH:z(rich

Molecular Plant Breeding
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Measures of genetic diversity

LégumeLegécy

« ldentity By State (IBS)
— proportion of loci at which two individuals share the same alleles (1 for complete identity)
— note the difference to IBD (independent mutations

 Rogers Distance RD =1-IBS

« Modified Rogers Distance MRD = \/1 — [BS

— for co-dominant data (SNP)

ETH:urich Molecular Plant Breeding 16.04.2024 25



Data analysis / interpretation

LegurﬁeLeg acy

» Analysis of genetic diversity usually involves a large number of individuals characterised at a large
number of loci

AccID LG1_1001490 LG2_26125099 LG5_6958144 LG6_10423959 LG/_27042118 scafl56_111229 scaf358_82618 scaf999_42394 scaf999_42400
TPOO1 0.95 .88 0.82 .37 .74 .75 0.52 A7 0.78
TP0O02 0.98 .96 0.78 .48 .22 .91 0.49 .74 0.98
TPO81 .81 .00 -59 .44 .57 .82 .44 .55 .99
TP102 .85 .94 -39 .39 .57 .91 .82 .80 A7
TP183 .90 .97 .70 .37 .54 .97 .40 .92 .89
TP191 .81 .98 -58 .42 .63 .86 .42 .83 .96
TP253 .88 .95 .62 .37 .55 .70 .50 .86 .90
TP26/ .90 .00 -69 .39 .42 .63 .81 .89 .97
TPEO1 .97 .00 .26 .43 .45 .95 .68 .00 .99
TP6b2 .90 .93 .47 .38 .68 .65 .31 .94 .97

SHHEFoDOoDOoDOoOHEODO
o I e e e e e e e e
SO OO OooO O
o B e e e e e e e e
SHoSDoODODOD oo OO

0
0
0
0
0
0
0
0

oo ooo oo
cDooooo oo
CcCoocooo oo

« Multivariate descriptive analyses facilitate the identification of groups of individuals
— cluster analysis
— principle component analysis
— multidimensional scaling
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Cluster analysis

e group observations using objective criteria

* calculate similarity or difference between individual observations (e.g.using

Euclidean distance)

» draw graphical representation starting with most similar observation

e and’let the tree grow’

* various clustering algorithms depending on research question

1 2 3 4

g B W N

0.20

0.25 0.40

0.45 035 0.30
0.80 050 0.60 0.70

LegumeLgécy
D1 Pairs of objects
0.20 1-2
0.25 1-3
0.30 3-4
0.35 2-4
0.40 2 -3
0.45 1-4
0.50 2 -5
0.60 3-5
0.70 4 -5
0.80 1-5
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Clustering algorithms

LegumeLegacy

« UPGMA: unweighted pair group method with arithmetic mean
— Proximity between two clusters is the arithmetic mean of all the proximities between the objects of one, on
one side, and the objects of the other, on the other side.

* Ward’s method of minimal increase of sum of squares
— Proximity between two clusters is the magnitude by which the summed square in their joint cluster will be
greater than the combined summed square in these two clusters

ETH:z(rich Molecular Plant Breeding 16.04.2024 28



UPGMA clustering
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Ward clustering

D B W N

ETH:z(rich
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Interpreting dendrograms

ETHzurich

Molecular Plant Breeding

Distance measure

)
AN N AT

Legumelegacy

]

All objects used in the analysis
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Interpreting dendrograms

e N i%’r

Legumelegacy

Al

 Define numer of relevant clusters

» Bootstrap analysis for cluster support

Renova —‘ 73

MC Ritfinova —— Bl

hilvis —Jv

Formica ———————— g

()

Corvus

MC I Pica

Pavo

Merila
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Principal Component Analysis

basic idea: visualise multidimensional data
@ reduce the dimension of the data set
@ retain most important variation of the data

@ transform original data into new uncorrelated variables in a way that
variation on new variables is maximised

history

@ 1901: first proposed (Karl Pearson)
@ 1933: general procedures established (Harold Hotelling)
@ 1970's: widely adopted

<k
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The principles of principal component analysis

|acy

Principle Components (PC) o

@ represent the underlying structure in the data

@ give the directions where there is the most variance

X X 34



The principles of principal component analysis

Principle Components (PC) e

@ give the directions where there is the most variance

@ are linear combinations of the original variables

X X 35



The principles of principal component analysis

Principle Components (PC) —

@ are linear combinations of the original variables (PC 1 = ajx + b1y)

@ are orthogonal (uncorrelated) to each other

36



Principal component analysis

LegumeLegacy
» Visualisation of similarity or relatedness of
samples
* The closer the point, the more similar the samples
8 eiz ;i a o
6 S P2 PN
/\; 4 -—3'- ;i"-vvv -e
Qo LD S 4 TV
S __ i -
- 02 Fesa . Y o7 ‘
2 . = e * 8
-6 = 6
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5 - 2 b?\o\
4 NG
2 2 o
0 Q
o, -2 4
2
feqo -4 6
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Multidimensional scaling

Legumelegacy
 visualizing between-object distances in a multi-
dimensional space by minimizing a loss function
. ) PCO1vs. PCO2
* based on distance matrix
. ™
« when based on Euclidean distance == Principle S5 sy e
LI * ® * .
. ' . . -? ‘0 :. : * - .
component analysis! i el e L
2 S R A D .. D AL
E * g o.:: &ﬁ.’:’ :‘; : ™ .0 * .q: *
é 8 | * o® ..o . ..f.e..“. - - ® . '.0: ....o:
E = . ". .o.. - ’ .)0000: -
% i o * . * ... . . :.. . . L]
> . . L o LI .
° S S
S - EPTRAOAERP I
) o. :. °.. .. i
7 -015 -0.10 -0.05 0.00 005 010 015

explained variance = 1.7 %
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Summary

FROM MARKER DATA TO POPULATION
STRUCTURE




AFLP (Amplified Fragment Length Polymorphism)

£E
iresd
(=~

0 %

e [‘.\/ NATPR .
Legumelegacy

n‘t‘i' ‘

AR =S
nanh

1.) Digestion of DNA using restriction enzymes

2.) Selection and
amplification of frag ts
using PCR

Jo Ll

Genetic Analyzer

3.) Separation based on
size
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AFLP peaks

i ’ o
Sty S
=
| P
A

Legumelegacy

6Qbp 8Qbp 1Q0bp 120bp 140bp 160bp 180 bp

AFLP patterns of three red clover cultivars
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AFLP data

\J( Hx It

LegumeLegacy

Pflanze AFLP1 AFLP2 AFLP3 AFLP4 AFLP5 AFLP6 351 352 3531354 355 356 357 358 359 360 361
351 0 0 0 1 0 0 351 0
352 0 0 0 1 0 0 352 7 0
353 0 0 0 1 0 0 353 9 4 0
354 0 0 1 0 0 0 17.20._22. 0
355 0 0 0 1 0 0» 55 12 9 13 19| 0
356 0 0 0 1 0 0 10 O
357 0 0 0 1 0 0 357 9 8 8 20 9 3 0O
358 0 0 0 1 0 0 358 16 11 11 23 14 10 11 0
359 0 0 0 1 0 0 359 11 8 12 18 9 7 8 11 0
360 0 0 0 1 0 0 360 9 10 10 20 11 9 8 13 8 0
361 0 0 0 1 0 0 361 7 10 10 16 11 9 6 11 10 4 O
Data matrix >> Distance matrix >>
principle component cluster analysis,
analysis . .

multidimensional

scaling
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Tabelle1

		Pflanze		AFLP1		AFLP2		AFLP3		AFLP4		AFLP5		AFLP6

		351		0		0		0		1		0		0

		352		0		0		0		1		0		0

		353		0		0		0		1		0		0

		354		0		0		1		0		0		0

		355		0		0		0		1		0		0

		356		0		0		0		1		0		0

		357		0		0		0		1		0		0

		358		0		0		0		1		0		0

		359		0		0		0		1		0		0

		360		0		0		0		1		0		0

		361		0		0		0		1		0		0





Tabelle2

		





Tabelle3

		






Tabelle1

		Pflanze		AFLP1		AFLP2		AFLP3		AFLP4		AFLP5		AFLP6

		351		0		0		0		1		0		0

		352		0		0		0		1		0		0

		353		0		0		0		1		0		0

		354		0		0		1		0		0		0

		355		0		0		0		1		0		0

		356		0		0		0		1		0		0

		357		0		0		0		1		0		0

		358		0		0		0		1		0		0

		359		0		0		0		1		0		0

		360		0		0		0		1		0		0

		361		0		0		0		1		0		0

				351		352		353		354		355		356		357		358		359		360		361

		351		0

		352		7		0

		353		9		4		0

		354		17		20		22		0

		355		12		9		13		19		0

		356		10		9		9		21		10		0

		357		9		8		8		20		9		3		0

		358		16		11		11		23		14		10		11		0

		359		11		8		12		18		9		7		8		11		0

		360		9		10		10		20		11		9		8		13		8		0

		361		7		10		10		16		11		9		6		11		10		4		0





Tabelle2

				351		352		353		354		355		356		357		358		359		360		361

		351		0

		352		7		0

		353		9		4		0

		354		17		20		22		0

		355		12		9		13		19		0

		356		10		9		9		21		10		0

		357		9		8		8		20		9		3		0

		358		16		11		11		23		14		10		11		0

		359		11		8		12		18		9		7		8		11		0

		360		9		10		10		20		11		9		8		13		8		0

		361		7		10		10		16		11		9		6		11		10		4		0





Tabelle3

		






Data analysis

S
S

%
@ VAP il
1 /2 34 5 6 usw. Legumelegacy
Alo 1 101 0 .. A
B|I1 1 o1 11 ...
Cl|1 1 01 11 ... Cluster analysis
Do 1 111 0 ... B ‘/ y
¢
Distance matrix / D
A B C D /
A 0 O.IOO ' ' ' ' 4.I00 ' ' ' ' 8‘00 ' ' ' ' 12I.00 ' ' ' ' 16‘.00
B 16 O
C 16
D 16 A.

993
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Tabelle1

		1		4		29

				Peak1		Peak2		Peak3		Peak4		Peak5		Peak6

		A		0		1		1		0		1		0		1		0		1		0		0		1		0		1		0		0		0		0		0		0		0		1		1		1		1		1		1		0		1

		B		1		1		0		1		1		1		0		0		0		1		0		1		1		1		1		1		0		1		0		1		0		0		0		1		1		1		0		0		0

		C		1		1		0		1		1		1		0		0		0		1		0		1		1		1		1		1		0		1		0		1		0		0		0		1		1		1		0		0		0

		D		0		1		1		1		1		0		0		1		0		0		0		0		1		0		1		1		1		1		0		0		0		1		0		1		0		0		1		1		0





Tabelle2

		

				A		B		C		D

		A		0

		B		4		0

		C		4		0		0

		D		1		3		3		0

				A		B		C		D

		A		0

		B		16		0

		C		16		0		0

		D		16		14		14		0





Tabelle3

		






Tabelle1

		1		4		29

				1		2		3		4		5		6		u.s.w.

		A		0		1		1		0		1		0		.....		0		1		0		0		1		0		1		0		0		0		0		0		0		0		1		1		1		1		1		1		0		1

		B		1		1		0		1		1		1		.....		0		0		1		0		1		1		1		1		1		0		1		0		1		0		0		0		1		1		1		0		0		0

		C		1		1		0		1		1		1		.....		0		0		1		0		1		1		1		1		1		0		1		0		1		0		0		0		1		1		1		0		0		0

		D		0		1		1		1		1		0		.....		1		0		0		0		0		1		0		1		1		1		1		0		0		0		1		0		1		0		0		1		1		0

																1

																0

																0

																0





Tabelle2

		

				A		B		C		D

		A		0

		B		4		0

		C		4		0		0

		D		1		3		3		0

				A		B		C		D

		A		0

		B		16		0

		C		16		0		0

		D		16		14		14		0





Tabelle3

		






Exercise

=
\i?ﬂ
Legumelegacy

» Genetic diversity among individuals
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Exercise - AFLP data

ETH:z(rich

)
il NNAETI
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2000
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Exercise - Genetic distance

LééumeLegécy

« Calculate the genetic distance between plants 1, 2 and 3 using the following formula:

E1J2 = Zk (X, — xkj)z

i,j = individual plants, k = marker locus

 Draw a dendrogram illustrating the relationships among the plants

ETH:z(rich Molecular Plant Breeding 16.04.2024 46
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al il

Legumelegacy
- Calculate the genetic S
distance between plants i e Tl o TN E
1, 2 and 3 using the il [ ﬁ’ lﬁ g
following formula: SHI D i

[9.1_E35M15_E3q415 |E3N15_HOB_2006-0%13 |0844 fea

E; = zk (xkl —_ xk])z _*1- 13 140 150 50 170

5,000

4000 1|
ij = individual plants, k = Plant 22| || ,U/U\

marker locus et (NS 41 A N1 WY VN PSPV AL IC VR UV I PN VY O I
 Draw a dendrogram o tsim {\
illustrating the L | 1| r-
relationships among the e L S —
plants
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Exercise - solution

« Binary matrix

e

A il

BN
nanh

Legumelegacy

Fowzsh Calla b o e |

Plant_l 0.0o0a0 O.0o0 O.0oa0 1.000 1.000 1.000

Plant_E 1.000 1.000 1.000 1.000 O.0oa0 O.oaan O.0o0

Plant_S O.0oa0 0.0o0a0 O.0o0 O.0oa0 O.0oa0 O.oaan 1.000
* Distance matrix

Rowsh Co Flant 1 |Plant Z |Plant 3

Plant_l

Plant_E 7.aoa o.ao0

Plant_3 2 .00an0 L .aano o.o0ao

ETH:z(rich
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Exercise - dendrogram

e N i%’r

Legumelegacy

\J?@\&H

Plant_1

Plant_3

Plant_2

T T T T I T T T T
0.00 1.00 200 3.00 4.00 5.00 6.00
Euclidean squared distance
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Exercise
&Y ;‘ "“
s M 00 =

«J‘-\'S“If‘ JITCEAN V2 SAYPD) i
Legumelegacy

Five populations of Centaurea jacea have been sampled from five
countries (Switzerland; CH, Hungary; HU, Italy; IT, Norway; NO and
Slovenia; SL). Populations consisted of 19 individual plants each and were
analysed using amplified fragment length polymorphism (AFLP) markers.
The file "centData.txt” contains the data of 268 markers for the 95
individual plants. Use multivariate analyses such as cluster analysis,
principle components analysis (PCA) and analysis of molecular variance
(AMOVA). You profit the most if you try to find the solutions yourself.
However, don’t hesitate to ask for assistance during the lecture. Also, a
possible solution is given in
"https://n.ethz.ch/~rolandko/download/cent_fancy.R".
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Centaurea jacea

y
v i%’r

Legumelegacy

h{:}"‘
nanh

P

p
H

N T

elvetica - Haupt Verlag
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Example

Y
<§‘ s 1= .‘ :'. @Q%
JITCEAN (VX RYAY, It

LegumeLegacy

 MARKER ASSISTED POLYCROSS
BREEDING IN ITALIAN RYEGRASS



Breeding forage crops

LééumeLegécy

* Mostly cross-pollinating species
— Wind or insect — pollination
— High degree of self-incompatibility

» Breeding mainly focused on population cultivars
— Open pollinated cultivars
— Population improvement through recurrent selection

— Synthetic cultivars

— Intercrossing of a limited number of selected parents
— Multiplication by random open pollination in isolation

ETH:z(rich Molecular Plant Breeding 16.04.2024 53



Ryegrass breeding Y
ka | %ﬂ{

Legumelegacy

* Perennial ryegrass
— Important forage grass of temperate regions
— Outbreeding species
— Poly cross breeding; cultivar = heterogeneous population

» Genetic diversity
— Heterosis, combining ability
— Inbreeding depression, self-incompatibility
— Uniformity >> cultivar registration
— Variability >> performance, adaptability

Task: Finding optimal diversity

ETH:z(rich Molecular Plant Breeding 16.04.2024 54



Aim of the study

LegufheLegacy

» To assess the effect of genetic diversity among parental plants on agronomic performance and diversity
of polycross progenies
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Polycross breeding

Year l Base material .
3-4 *
Spaced plant nursery (F1, F2)

ecotypes, Ianfraces;

[ g Y ‘%y
NN NP

LegtheLeg acy

cultivars
.' & 4 @ n m
+« @ J:l n e n @
X = m = # u >
. ] [ | ¢ B
@ e # m @
|, @ > A4 X n u
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Polycross breeding

Year l Base material g f
3-4 *
Spaced plant nursery (F1, F2) X ))5

4-6 X X
Clonal rows m @

LegtheLegécy

H H BH B 5 H
A
HE E EE NN
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Polycross breeding

vear l Base material
3-4 *
Spaced plant nursery (F1, F2)
40 l Clonal rows
6-7
l Polycross (4-40 genotypes)

n‘t‘i'
Nz

nanh

i'\‘\
T\ (TP
AN VP e

Legumelegacy

D
D
D

& 3
%
B ED

x X

“E B EH N

& & &

[ —

o

B B B 8 B
Y Y VY VY VYY
ok & & & &

< = = = 8 3D

(8 5 5 &5 & 8

|

—
%

%yl

H o ¢ % He
x 35 om $ n

$anﬂ*/<
\

o W x H ¢

B $“H n
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Polycross breeding

o

nanh yNAET
Legumelegacy
"
i
Y r ) "
ca l Base material S
"
i
3-4 i
Spaced plant nursery (F1, F2) e
P
o,
4-6 e
Clonal rows e
- ::::
6-7
Polycross (4-40 genotypes)
8-9

Synthetic1
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Polycross breeding

.‘ f,— ‘:.
Mea e ‘I‘\ ll/

o
nanh \J\i‘ﬁyﬁ

Legumelegacy

a4 i Pay A xPa, ,AxPHE
Yearl Base material ma P na Sy

= ﬁl-
i ﬂfgc’i ™ "Eq ® ptt o tgh"
R i e I B
3-4 1;&';“156;“13’5
o v IBE] ¥ pd IBQ | a}h Hepm
4 K ’Bq:t oS K Bq: AL i
4-6 '«l;‘lﬁ '-l%lﬁ‘_ A
Clonal rows B P u ph 2 e % p~ H o

|

., B ., 4B
_‘Q:l 1 f@ ‘{;QI *E"!"iﬂﬂ:t 1R
¢ at “ noo,,wE
e X B tgq X BT T %
mat e % P o t’E.BQ:t o R
x o E  a, P “ oo e .
wike S R S O
l. m A ma
e m o o n oo, e
W e X pE IBQ‘ L tBﬂ‘ ¥ B

Spaced plant nursery (F1, F2)

6-7
Polycross (4-40 genotypes)

8-9

Synthetic1 Synthetic 2
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Polycross breeding

Legumelegacy
a g ¥ ax® a PR
l Base material RE o B2 na
4

L
i :g X p U wpd B
'E@‘-‘“’Q:‘ 'E@‘-‘"QI Eﬂ‘-‘(’lﬁﬁ‘:
>+ Q spaced plant F1, F2 "en W o ma
P plant nursery (F1, F2) nda® S ond g o
e X pt T n ptyt b
- e E ki | B ki |
Clonal rows ad thie % 2 P by x p¥ 2 oeh
6-7
Polycross (4-40 genotypes) l
8-9 : : a g ® a4k’
Synthetic1, Synthetic 2 P T Ky wY K
Q‘:‘*ﬂf’a pB oy o8 By Tx b
10-13 . ma T K Bgy oA K ’Bqﬂ:‘
Performance trials < ok <1 Eﬂf ma Eﬂlf'
ot » po g % pd Pae * B
18-22 e : P K P RS K Per R
Multiplication, Production e m B9, LI
Mg X pY T npT T up
ETHzurich

Molecular Plant Breeding

16.04.2024 61



Experimental setup

Vear m
3-4 *
Spaced plant nursery (F1, F2)

40 l Clonal rows )
6-7

l Polycross (6-40 genotypes) .
8-9 _ .

l Synthetic1, Synthetic 2
10'13' Performance trials
18'22l Multiplication, Production

ETH:z(rich

Molecular Plant Breeding

LégumeLegéch

Molecular characterisation of potential
parental plants

Selection of parents based on AFLP
marker diversity

Genetic and phenotypic assessment of
progenies
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Selection of parental plants

LééumeLegécy

 Plant material

— 98 perennial ryegrass plants Base material Year
— Advanced breeding germplasm
— 3 groups (date of heading) SPN (F1, F2) 3-4
— Early, intermediate, late
— ~4 days difference between groups Clonal rows 4-6

— All plants early flowering

6-7
 Genetic diversity Polycross

— 184 AFLP polymorphic markers
— Pairwise comparison of plants
— Euclidean squared distance (E?)
— Marker diversity (E?/No. of markers)
— Multivariate analyses
— Selection of parental plants based on genetic diversity

Syn1, Syn2 89

P. trials 10-13

N

Multipl., Prod. 18-22
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Diversity among parents

No grouping of parental germplasm
according to date of heading

LegumeLegécy
Principle Component Analysis

« Considerable genetic diversity (E? = 51.7)

» AFLP results reflected pedigree information

o
ETH:z(rich

intermediate
()
Molecular Plant Breeding

-6 °
late
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Selection of parental plants

LééumeLegécy
» Polycrosses (PC) with
different levels of genetic Base materiall Year
diversity
— Selection of parental plants based on molecular markers SPN (F1, F2) 3-4
— 6 closely related plants >>
PC narrow

Clonal rows 4-6
— 6 more distantly related plants >> PC wide

— 2 PC per group T E

Syn1, Syn2 89

P. trials 10-13

T

Multipl., Prod. 18-22
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Cluster analysis group “late”

LegumeLegécy
% ] PC "narrow*
A 5— PC "wide"
| -
Cq | -
rr~ r .t r 111t [ 1t 1 Tt 1T 1 Tt T 1T T 1]
29.00 41.50 4.00 66.50 79.00

Euclidean distance
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Cluster analysis of individual PC

LegtheLegécy

PC "narrow" PC "wide"
136 105
137 ‘ 116
141 I i 3127
>145 114 B
144 1133 -
S —— 112
2000 4150 5400 6650 79.00 0 A ~n A4 e~ EAAN onEn oa

2000 4150 500 6650 79.00

Euclidean distance i i
ucli ' Euclidean distance

Cluster analysis based on 184 AFLP markers
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Diversity among selected parental plants

gl W
Rl N N A

e Fal ol
Legumelegacy

PC "narrow" PC "wide"  Within group
Groups E2 % E? % E2 %
Early 34.1 18 60.4 33 50.7 28
Intermediate 42.2 23 99.3 32 525 |29
Late 42 .4 23 64.5 35 52.0 28
Average 39.6 22 61.4 33 51.7 28

E?=Euclidean distance, %=Marker diversity (E%/no. of markers)

Diversity is considerably lower In
"narrow"” polycrosses
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Validation of marker data

LegumeLegécy

« Does AFLP diversity reflect the breeding history of the plants?

« Pedigree Information
— Pair-crosses
— Mutual pollination (only 1 parent known)
— Self pollination

» Covariance coefficient
— 2 x probability of a shared allele at a locus

ETH:z(rich Molecular Plant Breeding 16.04.2024 69



AFLP — pedigree: PC “narrow”

2
NN AT

Legumelegacy

AFLP analysis Pedigree

C33
3141
3145
3144
3136

— | n37 _

—+rr+rn. |+~ ¢&¢ 11 rrr —— ey ™ T T T T T T
200 4130 5400 6650 79.00 0.50 0.38 0.25 0.13 0.00
Euclidean distance Covariance coefficient

AFLP and pedigree data are consistent
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AFLP — pedigree: PC “wide”

Z
0 X ‘%y
v Fa il

Legumelegacy

AFLP Pedigree
analysis

105
7116
27
114 I
133

I 3112:
2000 4150 5400 6650 79.00 050 038 025 013  0.00
Euclidean distance Covariance coefficient

hlﬂAlll‘ h

Partial consistence
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Genetic diversity of progenies

LééumeLegécy

« 216 Syn1 plants

— 36 progeny per PC Base material Year
— 6 progeny per motherplant

SPN (F1, F2) 34

* Genetic diversity

— 184 AFLP markers previously
scored in parental plants

— Euclidean squared distance (E?) Polycross  6-7

Clonal rows 4-6

Synthetic 1 8-9

P. trials 10-13

N

Multipl., Prod. 18-22
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Separation of populations

¥
nanh It

Leg umeLegacy
Principle Component Analysis

Parental germplasm (98 plants) Syn1 progeny (216 plants)

Early narrow
Early wide
Intermed narrow
Intermed wide
Late narrow
Late wide

>@®h>o »e

ETH:z(rich
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Diversity in parents and Syn 1

GEh
......

i
&Y <)
| o/ i
[ .
* Vid

S Legumelegacy
Genetic diversity based on 184 AFLP markers
70
60
50 -
40 O Parental
H Syn1

30
20 -
10 -
0

Euclidean squared distance

narrow wide narrow wide narrow wide
early intermediate late

Clear differences between narrow
and wide populations
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Phenotypic characterisation

LégumeLegécy

* Field trials with Syn1 and Syn2 populations in 2004
Base material Year

« Agronomic performance

— Dry matter yield SPN (F1, F2) 3-4
— Plot trials
Clonal rows 4-6
* Uniformity
— Heading date (UPOV) Polycross  6-7

— Spaced plant measurements
Syn1, Syn2 89

P. trials 10-13

AH

Multipl., Prod. 18-22
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Dry matter yield

J%‘i ]f(r.\(\ (l W i’ﬁﬁ’h

Leg umeﬁeg acy

126
124
122

-
N
o
(9]

bcd []
cd - Syn1
A Syn2
114 I — @ Syn1/2

RN
. A
o O

|

dt/ha (5 cuts)

Average yield increase of 4% in
wide polycross progenies
el BN BN N el

narrow wide narrow wide narrow wide narrow wide
early intermediate late average

ETH:z(rich Molecular Plant Breeding 16.04.2024 76



Phenotypic variation (heading date) ) o o
T

16% LegumeLeg acy

14% d
| K

S 12%
© A
CE 10% —r A DSyn1
"é 8% | Syn2
S — @ Syn1/Syn2
£ 6%
3

No significant differences in
phenotypic variation

e
narrow wide narrow wide narrow wide narrow wide
early intermediate late average
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Conclusions

LegumeLegécy

« AFLP markers allow for the selection of parental plants with different levels of genetic diversity
» Differences in genetic diversity are partially transmitted to Syn1 progenies

» High genetic diversity among polycross parents can have a positive effect on agronomic performance
of progenies

ETH:z(rich Molecular Plant Breeding 16.04.2024 78



	Data science and statistics in molecular plant breeding��Roland Kölliker�16.04.24 LegumeLegacy Event 3, Zurich�
	Data science and statistics in molecular plant breeding
	Data science and statistics in molecular plant breeding
	Data science and statistics in molecular plant breeding
	Genome – trait associations
	Data science and statistics in molecular plant breeding
	What is genetic diversity?
	How can genetic diversity be measured?
	Coefficient of coancestry
	Calculating the coancestry coefficient
	Path counting: parent-offspring
	Path counting: half sibs
	Path counting: full sibs
	Path counting: first cousins
	Limitations of pedigree-based estimates of genetic diversity
	Estimating genetic diversity
	Estimating genetic diversity
	Simple Sequence Repeat (SSR) markers
	Simple Sequence Repeat (SSR) markers
	Simple Sequence Repeat (SSR) markers
	Simple Sequence Repeat (SSR) markers
	Estimating genetic diversity
	Euclidean squared distance
	Measures of genetic diversity	
	Measures of genetic diversity
	Data analysis / interpretation
	Cluster analysis
	Clustering algorithms
	UPGMA clustering
	Ward clustering
	Interpreting dendrograms
	Interpreting dendrograms
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Principal component analysis
	Multidimensional scaling
	Summary�
	AFLP (Amplified Fragment Length Polymorphism)
	AFLP peaks
	AFLP data
	Data analysis
	Exercise
	Exercise - AFLP data
	Exercise - Genetic distance
	Slide Number 47
	Exercise - solution
	Exercise - dendrogram
	Exercise
	Centaurea jacea
	Example
	Breeding forage crops
	Ryegrass breeding
	Aim of the study
	Polycross breeding
	Polycross breeding
	Polycross breeding
	Polycross breeding
	Polycross breeding
	Polycross breeding
	Experimental setup
	Selection of parental plants
	Diversity among parents
	Selection of parental plants
	Cluster analysis group “late”
	Cluster analysis of individual PC
	Diversity among selected parental plants
	Validation of marker data
	AFLP – pedigree: PC “narrow”
	AFLP – pedigree: PC “wide”
	Genetic diversity of progenies
	Separation of populations
	Diversity in parents and Syn 1
	Phenotypic characterisation
	Dry matter yield
	Phenotypic variation (heading date)
	Conclusions

