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What is a quantitative trait ?
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What is a quantitative trait ?

seed coat color in pea body height in human
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What is a quantitative trait ?
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New genetic approaches for dissecting quantitative traits

Interpretation
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Pangenomes are available for many crop species
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Pangenomes are available for many crop species

Presence-absence variants (PAVs) in 46 distinct genomes
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Structural variants (SVs) in 100 distinct genomes
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Genes and mutations that explain QTLs in crops
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Genes and mutations that explain QTLs in crops
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- Natural variants have often only weak effects on gene activity
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New genetic approaches for dissecting quantitative traits

Interpretation
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Genome editing using CRISPR-Cas9

sgRNA

Cas nuclease (singlegguide RNA)
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Mapping photoperiodic flowering in tomato
F2 phenotyping

genetic cross

wild tomato X cultivated tomato
(S. galapagense) (S. lycopersicum)
70

i rapid XA 62
oweringa .. 4 5
’M‘i a'd 40

30

20 I

| 1

o /M I..---—— - -

7 8 91011121314 1516 17 18 19 20 21 22 23 24
flowering time
late
Progeny

N E—

WA

"'.i\'\,‘

individuals

o

genome sequencing allele frequency analysis —
an “anti-florigen” gene

| : SP5G
il 50.5—
i Ji ! A) C 04_

) Q)
jilie g e L 2 0.3 k=4
| ' ' o 0.2
| I % 0.1-
@ o.

0.0-

I I I I I I I
52 54 56 58 60 62 64

M/ Chromosome 5 (Mb)
Soyk et al, 2017

UNIL | Université de Lausanne Sebastian Soyk | 25.11.2022



Editing photoperiodic flowering in tomato
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Editing photoperiodic flowering in tomato

genome-edited
cherry tomato cherry tomato

(Sweet 1 OO) (Sweet-100)

multiplexed genome editing

GCAA ACAT CAGA GAGC RB
NPTII 'J—i Cas9 'J—ingNM ngNA2'J-|ngNA3 ngNA4'J—| L6E

67 bp
TargetJ Target 2 SP: Solyc06g074350

-

ATG R Stop
SP TCTGTCCA TGTT ACAAC(23) TGAATTCTTTCCTTCCTCAGTAACTTCTAAACCTAGGGTTGAAGTTCATGGTGG
al TCTGTCCAAGT--TA. 'GTTGTTTATAACAAC (23 ) TGAATTCTTTCCTTCCT-AGTAACTTCTAAACCTAGGGTTGAAGTTCATGGTGG
a2 TCTGTCCAAGTGTTAAGATGTCTGTTGTTTATAACAAC (23 ) TGAATTCTTTCCTTCCATCAGTAACTTCTAAACCTAGGGTTGAAGTTCATGGTG
a3 TCTGTCCAAGTGGTTAAGATGTCTGTTGTTTATAACAAC (23 ) TGAATTCTTTCCTTCCATCAGTAACTTCTAAACCTAGGGTTGAAGTTCATGGT

61 bp
Target_J Target2  SP5G: Solyc059g053850

- B o

ATG R Stop
SP5G TGCC' 'CTTTA. TCTGGAGTTGTTGGA (38 ) TGTGGTT! AACA. 'TATAATGGATGTTCCTTGAGGCCTTCACA
al TGCCTAGAGATCCTTTAATAGTTTCTGGAGTTGTTGGA (38 ) TGTGGTTTACAACA TCACA
a2 TGCCTAGAGATCCTTTAATAGT--CTGGAGTTGTTGGA (38 ) TGTGGTTTACAACA. 'GGTCT. ATGGATGTTCCTTGAGGCCTTCACA

tasty fruits tasty fruits
late flowering & fruit set early flowering & fruit set
large plants (indeterminate) compact plants (determinate)

M/ Soyk et al, 2017

UNIL | Université de Lausanne



Engineering quantitative traits by editing gene networks

Genetic architecture for flowering time

How can gene networks be rewired ?

b and plant height in rice
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- Agronomic traits are often polygenic (controlled by many genes)
- Engineering single mutations fails to reconstitute full phenotypic effects
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Engineering quantitative traits by editing gene networks

Network of growth-related

genes in maize
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Engineering quantitative traits by tuning gene activity

Known single mutations with agronomic value have weak or moderate molecular effects

Hormone (GA) mutations Hormone (florigen) mutations

Rht Natural Variants Rhi-1

Rht-B1d

How can we engineer such mutations?
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Engineering quantitative traits by tuning gene activity
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New loss-of-function alleles into old and new crops

Generating allelic series for phenotypic selection

Generating identical alleles in elite backgrounds Base edits or in-frame deletions in coding regions

Introduction of species-specific gene modifications
e.g. Male sterility for hybrid seed production, o .
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Engineering quantitative traits by base-editing protein sequences

Proof-of concept: directed evolution of herbicide resistance gene using base editing

Amino acid substitutions
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Engineering quantitative traits by editing cis-regulatory regions

fruit size regulator gene CLV3 ; multiplex-targeting J—
“‘"‘"’“&' ‘ of the CLV3 promoter @

Domestication U'g N, RNAS ATG 500 bp pu:
fas (SICLV3) B < F » 9 o (il @

I (SIWUS) , h R seee

Lol S
Wild ancestor Cultivated tomato i
S. pimpinellifolium S. lycopersicum 2 Kbp target reg|on - R

g locules per fruit (%)
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| organ number
fruit size

collection of regulatory alleles
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Engineering mutations in regulatory regions allows quantitative changes in gene activity
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Genome edits can be challenging to detect

PCR + Gel + Sanger NGS
WT 1 2 3 4
= c o g = am o= . o=
B J S ———— | - — — e — —
— ' r | E—
AGATGAACTACAATGAGTATGTGAGGCTAAAAGCTAGAGTTGAGCTCCTTCAACGTTC-TCAAAGG g ]
: ; I R e
I H I | ‘ M“ ‘ \" ’H’ g : :: i
Ml AJ\ i /\M’AA’ i o f E—
AGATGAACTACAATGAGTATGTGAGGCTAAAAGCTAGAGTTGAGCTCCTTCAACGTTCTTCAAAGG '% !..-..........- — _:J! LA 'I'I-"-————-'v' —
Advantages Advantages
- Low cost (at low sample sizes) - High throughput
- High accuracy - High accuracy
- Low frequency edits
Disadvantages Disadvantages
- Low throughput - High cost (at low multiplexing level)
- Mainly for homozygous edits - Computational expertise
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Technical and computational challenges in QTL editing

Editing of gene networks

- Scalability (multiple targets in many individuals)
- Sensitivity (low frequency edits)

Editing of cis-regulatory regions
- Haplotypes with multiple edits across large regions
- Detection of complex haplotypes (SVs)

Editing of protein sequences T

- Haplotypes with multiple edits across larger regions
- Effect prediction

il
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NGS approaches for analysing genome editing

Short-read
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Long-read
(PacBio)

o Il or  [EENHE) [ wr

100 ~ — e

Normalized Allele Frequency (%)

SMRT-Seq
Hendel et al., 2014, Cell Rep
Karst et al., 2021, Nat Method

Long-read
(Nanopore)

- — b ——
*\/":"%" T =

Label individual DNA molecules with UMis Amplification Sequencin 8 Grouping and analysis

w3 ]
= = EPOR
S
| tll I |
— —
.
i 1
h #
EPOR
g T A = s
S 33
S ]
5
N I
é."" haad TR S = Z ""'—-—"'I.'-
E i
= 3
=" B —seenre—s—wesies
; _— |
g X -
H
3

IDM-Seq
Bi et al., 2020, Genome Biol



Computational tools to analysing genome editing events

AmpliCan (Labun et al., 2019, Genome Research)
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Computational tools to analysing genome editing events

CRISPResso (Clement et al., 2019, Nat Biotech)
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GGAGCC|C/ICTTCGAGCIAGCCGCA 36.58:/0(64.160reads) GGAGCC|CICTTCGAGCIAGCCGC A 35.79% (64,160 reads)
GGAGCCACTTCGAGC:AGCCGCA 17.59/0(30.685reads) GGAGCC|CICTTCGAGCI---CGCA 4.65% (8,336 reads)
GGAGCCIACTTCGAGC,---CGCA 6.24% (10,938 reads) GGAGCC|ICICTTCGAGC,---- - - A 1.01% (1,806 reads)
GGAGCCICICTTCGAGC!- - -CGCA 4.75% (8336 reads)
GGAGCC|AICTTCGAGCIA|IAGCCGC 254% (4,450 reads) P23H allel
GGAGCC|A[CTTCGAGCIC/AGCCGC 205% (3,604 reads) allele
GGAGCC|A|ICTTCGAGCITIAGCCGC 1.40% (2,461 reads) GGAGCCIAICTTCGAGCAGCCGCA Reference
GGAGCCAICTTCGAGC,--CCGCA 1.40% (2,451 reads) G G/AGCClAlCTTCGAGCIAGCCGCA 17.12% (30,685 reads)
GGAGCCICCTTCGAGCH- - - - — - A lgg:ﬁog.ggg:zggg GGAGCCIA/ICTTCGAGCI---CGCA 6.10% (10,938 reads)
G GIAIGICCIAICT T CGAIGC,-GCcCcGcal 1.0% (1 GGAGCC|AICTTCGAGCIAJAGCCGC 248% (4,450 reads)
s — — . GGAGCC|/AICTTCGAGCICIAGCCGC 201% (3,604 reads)
Bold Substitutions [ Insertions GGAGCC|AICTTCGAGCITIAGCCGC 1.37% (2,461 reads)
; . . - GGAGCCIAICTTCGAGC!--CCGCA 1.37% (2451 reads)
- Deletions Predicted cleavage position GGAGCCIAlICTTCGAGCI-GCCGCA 1.00% (1,795 reads)
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Review on methodologies for editing quantitative traits

What approaches are used for editing quantitative traits ?
- Rewiring gene regulatory networks

- Editing of cis-regulatory sequences

- Editing of protein coding sequences

What quantitative approaches allow the detection of genome edits ?

- short read / long read
- amplicon / whole genome

- multiplexing
- detection tools

What are the advantages and disadvantages per methodology ?
- accuracy

- scalability and costs

- limitations (complex mutations, rare edits, etc.)

Where is the field at ?
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