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The Promise of Insect Farming...

...Reduce, Resilience, Reliable...

Growing human population
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The Black Soldier Fly (BSF)...

...An emerging hero for insect farming?

Advantages of insect farming

Added bioremediation capacity

Circular Agricultural Economy

Sustainability

Pharma &
Cosmetics

Bio-Fuel Animal Fee
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“What” is the Black Soldier Fly (BSF)?

...Isita bird? Is it a wasp? No, it's SuperFly!

Cosmopolitan species of the Stratiomyidae family
South American origin

Human mediated global distribution
Benign ‘invader’

Commercial production globally

Genetic and phenotypic variation

o e G T BMC Biology

Global population genetic structure and gﬂ
demographic trajectories of the black !
soldier fly, Hermetia illucens

Genetic clusters Samplesize  Provenance Colonisation patterns
T Whole region sourced — Range expansion
J == «= = Single founder source
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: . l 4l 15f16 Single population sourced ** Serial colonisation
— Wild =P Domesticated resource trade

Kaya et al., 2021
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Black Soldier Fly (BSF) Diversity

A rich germplasm resource for genetic improvement

Advantages
High genetic diversity — high evolutionary potential
Scope for artificial selection

Opportunities for cross breeding strategies — hybrid vigour

Caution
GxE might alter phenotypic performance B insects o)
Outb reed | ng d ep res S|On A(r;”g;\otype-by-Diet Interactions for Larval Performance and

Body Composition Traits in the Black Soldier Fly,
Hermetia illucens

Christoph Sandrock (%, Simon Leupi ™, Jens Wohlfahrt !, Cengiz Kaya 1%, Maike Heuel 2, Melissa Terranova ¢,
Walf U. Blanckenhom ', Wilhelm Windisch 50, Michael Kreuzer * and Florian Leiber !
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Black Soldier Fly (BSF) Diversity

Factors that impact the genetic diversity of populations

Insect populations are demographically dynamic

Frequent extinction and recolonisation events, metapopulations

Insects have r-selected life history characteristics

Short life cycle
High fecundity

Skewed reproductive success

A variety of mating systems R insecrs ey

Positive assortative mating and genetic polyandry in BSF
Patterns of Genetic Diversity and Mating Systems in a

Selection pressures with functional intersections MusRoncOucs Splllie R sl

Lelanie Hoffmann !, Kelvin L. Hull !, Anandi Bierman ?, Rozane Badenhorst %, Aletta E. Bester-van der Merwe !
and Clint Rhode **

Phenotypic plasticity?
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Black Soldier Fly Populations

.What happens during a colonisation event?
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Genetic and phenotypic consequences of early domestication in
black soldier flies (Hermetia illucens)

C. Rhode* ([, R. Badenhorst™", K. L. Hull*, M. P. Greenwood*, A. E. Besler-van der Merwe®,
A A. Andere’, C J. Picard® and C. Richards’
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Mean pairwise relatedness (r)
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Black Soldier Fly Populations

.What happens during a colonisation event?

0.800
[ 0.700
®
L. W 0.600
I 0.500
. A : 0.400
| v
L 9 = . ! 0.300
? 1 ? ? 0.200
. ‘ - _ 0.100
Wild2015  Wild2018 F F48 F52 F62
Cohorts
BAy mA: "AruPAz Bl ®uH: ®Ho AFis
e -
o=
— [e— i — —-— —
= Mean
-]
-
Wild2015  Wild2018 F28 F48 F52 F62
Cohorts

A wilgz015
& Wild2012

DA eigenvalues

A
* o — e
¥ iy - "“\N o
®» & i L I
> & o 9 ey
Vi P * 0
[ ’/ /
%o, »__— /
e <% o y
‘ {
O e

Article
Patterns of Genetic Diversity and Mating Systems in a
Mass-Reared Black Soldier Fly Colony

Lelanie Hoffmann , Kelvin L. Hull !, Anandi Bierman
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Black Soldier Fly Populations

.What happens during a colonisation event?
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Research Question & Objectives

v

Obijective 1: Comparative genomic assessment of BSF strains (:}

A\
Objective 2: Population genomics of a colonisation event X

v

v

Obijective 3: Transcriptomic analysis of differential gene expression

v

Obijective 4: Microbiome of BSF strains on different feeds
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Objective 1

Comparative genomics of BSF strains

GB Accessory

Genes
EL] (Biological process )
! significantly enriched:
! 1+ Muscle development

+ Blood coagulation
+ Signal transduction
\# Carbohydrate transport )

Hull et al. in prep.

Biological process

significantly enriched:

* DNA replication
and transcription

Generalovic et al. 2021

Bioloqical 179 genes with evidence\
lological process of positive selection
significantly enriched: ac:;ss strains Bg':n(;:’e
* RNA-directed DNA - + No biological process
p°'Y’T‘e'?S’3 activity I significantly enriched
+ Replication fork - \ J
process
v + DNA CN Accessory
recombination Genes

Zhan et al. 2020 \ Matabuiiarn
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Objective 2

Population genomics of BSF colonisation event
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Objective 2

Population genomics of BSF colonisation event
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Objective 2

Population genomics of BSF colonisation event

Individual Larval Weight
' Larval Weight
'
H
'
2 ( B :
Pupation f
o ; > }
Eclosion > . ’ E .
Clutch Size - o o ¥ { ; Generatlon
S —~ T 3 ‘.
o~ R — =
- Hatchability : . Zf : ®| FO
~ A m Ny N
e s Gaeeae <. IR e U e Base F1
o ' £ I
O ' 3
o " 4 F2
; / F3
:
'
: = Recetves 2 Docorater 223 | Aecepene: 7 e 2004
9 : OO 101U e 13940
: RESEARCH ARTICLE
S Drivers of genomic diversity and phenotypic development
"% - - in early phases of domestication in Hermetia illucens
S Kelvin L Hull*© | Matthew P.Greenwood' © | Melissa Uoyd*© |
$ Marissa Brink-Hull’ © | Aletta E. Bester-van der Merwe' 0 | Clint Rhode' ©
-2,5 0.0 2,5
PC2 (54.2%)

EAAP | Insect Genetics IMP 2025 | Athens | Greece n



Objective 2

Population genomics of BSF colonisation event
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Objective 2

Population genomics of BSF colonisation event
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MDS2

Objective 3

Population Transcriptomics of BSF colonisation event

o
o O NS-F2 = SEL-F2
<
A NS-F3 4 SEL-F3
o -
~ 4
o
n
o

o -

R n
- A n

o c

o
| |
n

~ u]

I I I | T I I

-4 -3 -2 g | 0 1 2

MDS1

Transcript abundance

Transcript abundance (%)

24

12

40

20

Generation
(a)
NS SEL
I T T T 1
-0.1 -0.05 0 0.05 o1
Selection differential S
(b)
1 I I I 1
-0.24 -0.12 0 0.12 0.24

Selection differential C

EAAP | Insect Genetics IMP 2025 | Athens | Greece



Objective 3

Population Transcriptomics of BSF colonisation event

Experimental grouping Differentially Expressed Genes
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Gene expression differentials driven by mass rearing and
artificial selection in black soldier fly colonies
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Objective 4

Microbiome of BSF strains on different feeds

Actinobacteria; Actinomyces
Bacteroidetes; Chryseobacterium
Bacteroidetes; Sphingobacterium
Firmicutes; [Ruminococcus]
Firmicutes; Clostridium
Firmicutes; Enterococcus

~
i
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Proteobacteria; Acinetobacter
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Proteobacteria; Citrobacter
Proteobacteria; Frischella
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Proteobacteria; Proteus
Proteobacteria; Providencia
Proteobacteria; Pseudomonas
Other
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Background (G) 1 0.357 0.078 3.033 0.009
Feed (E) 3 1714 0.374 4885 <0.001
Background x Feed (G x E) 3 0.637 0.139 1.815 0.031
Residual 16 1.872 0.409
Total 23 4.580 1.000
. insects o)

Arlicle

Feed and Host Genetics Drive Microbiome Diversity with
Resultant Consequences for Production Traits in Mass-Reared
Black Soldier Fly (Hermetia illucens) Larvae

Matthew P Greenwood ', Kelvin L Hull "0, Marissa Brink-Hull *, Melissa Lloyd ? and Clint Rhode ' (0
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Conclusions

Unique accessory genes amongst global BFS strains

Random genetic drift was the major evolutionary driver of genomic diversity (Drift-
barrier hypothesis)

Functional trade-offs between growth metabolism and immune function;
Production traits and Fitness traits

Microbiomes act as classical quantitative genetic trait with correlations with other
traits

EAAP | Insect Genetics IMP 2025 | Athens | Greece m



Acknowledgements

EUROP >

e

EAAP

European Federation
of Animal Science

"I:DSI:

EUROP FAN COOPERATION
IN SCIENCE & TECHNOLCGY

.eVT " Fg,

D\

National
Research
RF Foundation

DAAD

Deutscher Akademischer Austauschdienst
German Academic Exchange Service

Humanizing Genomics

macrogen ) Genomics

‘ The Genomics Services Company

Otein

technologies

AgriPr

A o
2 inseco

Central
‘ A F ( Anal tical
Facl ities

STELLENBOSCH UNIVERSITY

EAAP | Insect Genetics IMP 2025 | Athens | Greece n



THANK YOU!

Clint Rhode, Ph.D., Pr.Sci.Nat.
Department of Genetics, Stellenbosch University

clintr@sun.ac.za

MBB

R e
Molecutar Breeding & Biodiversity

N
Stellenbosch

UNIVERSITY
IYUNIVESITHI
UNIVERSITEIT

Rozane Badenhorst, M.Sc. Lelanie Hoffmann. M.Sc.

Kelvin Hull, Ph.D.

Matthew Greenwood, M.Sc.
EAAP | Insect Genetics IMP 2025 | Athens | Greece n



