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ABreeding Invertebrates for NextGenerationbiOcontrol

Alnnovative Training Network for Early Stage Researchers (202620)
A 13 PhD students, 13 partners from academia & industry

AAdvance current knowledge on the use of natural genetic variation in
biocontrol practice

AEnhance the application of (quantitative) genetic methods to
Invertebrate biocontrol

ATrain young researchers in an extensive suite of interdisciplinary skills



Using genetics in biocontrol

A Selective breeding for biocontrol traits

Field monitoring
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Common practice, now more efficient
Relatively easy
(Coelho et al., 2016; Rugman-Jones & Stouthamer, 2017)

Feasible

More challenging

(Miyatake, 1997; Bochdanovits & de Jong, 2004;
Nomikou et al., 2003)

Under development, used in livestock
Most challenging
(Meuwissen et al., 2001)
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Next-generation biological control: the need for
integrating genetics and genomics
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AExplore the potential for
genomic prediction In insect
biocontrol agents

AWing morphology traits in
Nasonia vitripennis




Nasonia vitripennis

AGregarious parasitoid of blowfly pupae
A20-40 offspring per host
AMales haploid, females diploid

AParasitoid genetic model:
A Studied since 1940s
A Easy culturing
A Visible mutants

A Large set of genomic tools & resources
A Annotated genome sequence
A Fine-scale genetic maps
A RNAI
A CRISPR/Cas9

A 4 interfertile sister species




Nasonia vitripennrswings & biocontrol

ASold as biocontrol agent of houseflies in stables

(b) Augmentative Biological Control
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AFitness of paraS|t0|ds related to wing size and wing shape.:
ALarger wingsA more dispersal A more hosts parasitized
AOptimum dispersal rate for biocontrol agents

Heimpel & Asplen, 2011



Methods

AHVRXx outbred laboratory population ,=236)

AN=1,248 females:
A720 females from generation 169 (G169)
A528 females from generation 172 (G172)

AFor each female:

AFront wing and hind tibia mounted on microscope slide
ABody used for DNA extraction

AHost identity recorded only for G172, not for G169




Methods- phenotyping

forewings and hind tibia mounted with Euparal

photographed on a Zeiss scope at 2.5X magnification
digitized landmarks usingtpsDig software

Traits measured:
Tibia length (1m)
Wing length 1m)
Wing width (um)
Aspect ratio WL/WW )




ADNA extraction

Methods- genotyping

AGenotyping-by-Sequencing (GBS)
Reduced representation method:
A Restriction enzyme ApeK)
lllumina HiSeq X Ten (150bp reads, paired end)

Reads mapped back on to reference genome
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Methods- GEBV estimation
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« vector of phenotypic records

intercept

design matrix

fixed effects vector

vector of random additivepolygenic effects
incidence matrix for breeding valuesto animals

vector of zeros for G169

random host effects vector for G172
indidence matrix for host effects

m Om Vvector of random residuals for G169 and G172

A G matrix of genomic relationships

—— -

A Analyses done using ASREML 4.0 a@hlc_grm
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Methods- validation

ACross validation:

AcCross generations
A Forward: G169A G172
A Backward: G172A G169

5-fold cross validation
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ADispersion: regression of slope of phenotype on predicted GEBV



Results- phenotypes

Traits (units)

Tibia length (um)

Wing length (um)

Wing width (pm)

Aspect ratio ()

Mean (SD)

G169 G172 combined
603 (42.2) 618 (30.1) 610 (38.3)
1921 (118.5) 2009 (88.7) 1958 (115.4)
874 (57.7) 898 (44.0) 884 (53.6)
2.20(0.04) 2.24(0.03) 2.21(0.04)
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Results- genotypes

A8,405,551 SNPs
AMany ofttarget reads due to imperfect size selection step
A Strict filtering was needed (on target sites)
A8,639 SNPs

LD ( r?)

ASlow decay of LD
AHalf-decay distancer?=34.1 kb
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Resultst population structure

PCA plot of genotypes
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ResultsT validation of GEBVsS

across generation forward across generation backward
_ 5-fold cross-validation
Traits validation validation
Q Accuracy Dispersion Accuracy Dispersion Accuracy Dispersion
B Tibia length 0.21 -0.22 -0.21 0.21 2.21 0.52 0.96
L
N —  Winglength 0.22 -0.12 -0.12 0.17 1.72 0.60 1.18
n
| Wing width 0.20 -0.06 -0.06 0.22 1.62 0.67 1.19
Aspect ratio 0.22 0.47 0.73 0.65 1.48 0.55 0.79

A Moderate h2 for all traits

A Size traits small or negative accuracy across generations
A Accuracy higher for 5fold cross validation

A Aspect ratio higher accuracy & little dispersion




Discussion

APromising accuracies for 5fold cross validation and for wing
aspect ratio across generations (0.470.67)

AAccuracy of prediction in range with beekeeper workability traits in
honeybees (0.440.65, Bernsteinet al. 2023)

ALow accuracies in size traits likely due to strong common host
effect (Xiaet al., 2020):

A~50% ofV,, for S|zerelated traits
A8% ofV, for wing aspect ratio

ACommon host effect is important




OutlookT genomic selection in biocontrol

Alnsect biology
ASmall body sizes:destructive sampling
AFast generation times: fast genotyping needed

AReliable and fast genotyping remains difficult
AGBS not optimal

A Other genotyping methods
A SNP arrays for large scale production insects (e.g. B®fc)
A Low coverage (0.1x) WGS ddinlon platform

AOverall: genomic selection in insects works, but is technically
challenging, likely more gain from phenotypic selection

Paper: Xiaet al., 2024 bioRxiv H
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Off diagonal values of G matrix



